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2  Calibration report “Probe EX3DV4” — SN: 3944

r f AV, S Schweizerischer Kalibrierdienst

garl‘l;r:t;o;a?nb; sonyo 3 \&///"5_,_ c Service suisse d'élalonnage
chmia & Servizio svizzero di taratura

Engineering AG bS] S  Swiss Calibration Service

Zoughaussirasse 43, BI04 Zusich, Switzerland N

Accredited by the Swiss Accreditation Service (SAS) Accreditation No.: SCS 0108

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

Cliont Cetecom Advanced Certificate No. EX-3944 May25
| SearbrOcken, Germany
CALIBRATION CERTIFICATE ]
Cbject EX3DV4 - SN:3944
Calbration precadure(s) QA CAL-01.v10, QA CAL-12.v10, QA CAL-14,v7, QA CAL-23.v6,
QA CAL-25.v8

Calibration procedure for dosimetric E-field probes

Callbration date May 16, 2025

This calibration certificate documents the traceabilty to national standards, which realize 1he physical unils of measuremants |SI),
The measuremants and the uncertainties with confidenca protabdity are givan on the following pages and are part of the cartificate.

All calibrations nawe been conducted in the closed laboratory faciity: enyironment tamparatura (22 + 3)°C and humidty < 70%.
Callbeation Enupment used (MATE ¢ritical lor calibration)
Primary Slandards D Calbraten Date (Certificate No.) Sched. Cal.
Powar Sensor RAS NRP-23T SN: 100967 | 26-Mar-25 (No. 217-04280) Aar-26
Type-N mismatch combinaton SN L1118 | 26-Mar-25 (No. 217-04282) AMar-26
OCP DAK-12 SN: 1016 24-Sept-24 [No, OCP-DAK12-1018_Sepld) Sep2b
OCP DAK-3.5 SN 1249 23-Sept-24 (No. OCP-DAKE.5-1240_Sep2d) Sep26
Referance Prope £X30V4 SN: 7349 10-4an-25 (No. EX3-7348_Jan25) Jan-26
DAE4 - 1501 07-Nov-24 (No. DAE4-1301_Nov2d) Now-25
| Secondary Standards [1D | Chack Date (in hause) | Sched. Check |
| ACAP 2020 Satup 1 [ SN L1904 | 30-Sepi-24 (No. Report_AGAP2I20E -Cave_202408305) | Sep-25 |
Name Furction Signatura
Calibeated by Aidonia Gaorgiadou Laboralory Technician ;1[
). S

Appeoved by Swan Kilhn Technical Manager ,' A //,/A (

|ssued: May 16, 2025
This calibrabon cerlificate shall not be reproduced excepl o full without wrillen approval of the |aboratary.

Certilicate No: EX-3344 May25 Page 1 of 22
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R Teo S Schweizerischer Kalibrierdienst
Callbfatlon Laboratory of N z »\ Sorvics sufase d Alklor
Schmnd 8‘ Partner i c Servizlo svizzero di taratura
Engineering AG D SN \‘ 4/ S Swiss Calibration Service
Zewghaussirasse 43, D04 Zurich, Switzedand "’q,:m\\‘_ & &
Accreditod by the Swiss Accraditation Service (SAS) Accreditation No.: SCS 0108

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

Glossary

TSL fissue simulating liquid

NOHRMy,y.2 sensitivity in free space

ComvF sensitivity in TSL / NORMx.y.z

oeceP diode compression peint

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

ABCD modulation dependent linearization parameters

Polanzation g y rotation around probe axis

Polarization £ £ rotation around an axis that is in the plane normal to probe axis (at measurement center], e, £ =01s

normal to probe axis
Connector Angle  information used in DASY system 1o align probe sensor X to 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 Radio Frequency Fields From Hand-Held And Body-Worn Wireless Communication Devices — Part 1528: Human
Modets, Instrumentation And Procedures (Frequency Range of 4 MHz 1o 10 GHz2)", October 2020,

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

Methods Applied and Interpretation of Parameters:

» NORMzx,y.z: Assessed for E-field polarzation # =0 (f < 900MHz in TEM-cell: / = 1800MHz- R22 waveguide), NORMx yv.z
are only intermediate values, i.e,, the uncertainties of NORM y,z doas not atect the EZ-field uncertainty inside TSL {see
below ConvF).

NORMt)x.y.z = NORMx,y.z * frequency_respanse (see Frequency Response Chart), This linearizalion is implementad in
DASY4 soltware verswons later than 4.2. The uncertainty of the frequency response ts included In the stated uncertainty ol
ConvF.

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

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

Ax.yz; Bxyz: Cxyz: Dx.yz; VRxyz: A, B, C, D are numerical linearization parameters assessed based on the data of
power sweep lor specific modulation signal. The parameters do net depend on frequency nor media, VA is the maximum
calibration range expressad in RMS voltage across the diode.

ConvF and Boundary Effect Parameters: Assessed in fiat phantom using E-field (or Temperature Transler Standard for

f = BOOMHZ) and inside waveguide using analytical field distributions based on power measurements for | > 800MHz. The
same seiups are used ‘or assessment of the paramelers applied for boundary compensation (alpha, depth) of which typical
uncertainty values are given. These parameters are uged in DASY4 software to improve probe accuracy close to the
boundary. The sensitivity in TSL corresponds to NORMx,y.z * ConvF whereby the uncertainty correspends Lo that given for
ConvF. A frequency dependent CanvF is used in DASY version 4.4 and highar which allows extending the validity from
+50 MHz 10 +100 MHz.

Sphencal lsotropy (30 devialion from isotropy): in a field of low gradients realized using a flat phantom exposed by a patch
antenna.

Sensor Offset. The sensor olfset corresponds to the offset of virtual measurement center from the probe tp (on probe axis).
No tolerance required.

« Connector Angfe: The angle is assessed using the information gained by determining the NORMx (no uncartainty required).

.

Certificate No: EX-3344_May25 Page 2 of 22
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Test report no.: 1-9708-25-01-12_TR1-A201-R01 Cetecom
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EX3DV4 - SN:3%44 May 16, 2025
Parameters of Probe: EX3DV4 - SN:3944
Basic Calibration Parameters
| Sensor X Sensor Y Sensor Z Unc (k=2)
Norm (pV/(VimpE) A 0.55 0.61 0.42 £10.1%
DCP (mV) © 100.8 100.7 103.6 +4.7%
Calibration Results for Modulation Response
uiD Communication System Name A B [+ D VR Max Max
d8 | dB Vv d8 | mV | dev. | Unc*
k=2
0 cw X | 000 0.00 1.00 | 0.00 | 1324 | £1.6% | £4.7%
Y| 0.00 0.00 1.00 1476
Z| 000 0.00 1.00 141.0
10352 | Pulse Waveform {200Hz, 10%) X | 20.00 91.92 21.33 | 10.00 60.0 | +2.8% | +9.6%
Y | 20.00 85.43 24.04 60.0
Z | 2000 B7.84 18.52 60.0
10353 | Pulse Waveiorm {200Hz, 20%) X | 20.00 93.54 2124 | 699 | 800 | £1.6% | £9.6%
Y | 2000 9553 2295 80.0
Z|2000 | 89S 18.17 8.0
10354 | Pulse Wavetorm (200Hz, 40%) X | 20.00 98.48 2246 | 398 | 950 | £1.3% | +9.6%
Y | 20.00 98.33 22.90 85.0
Z | 20.00 94,54 1342 850
10355 | Pulse Wavelorm (200Hz, 60%) X | 20.00 106.08 2480 | 222 | 1200 | £1.2% | =9.6%
Y | 20.00 103.01 23,76 120.0
Z | 20.00 104.87 23.07 120.0
10387 | QPSK Waveform, 1 MHz X| 1.76 €6.87 1549 | 1.00 | 150.0 | £1.9% | +9.6%
Y 1.78 65,64 15,00 150.0
Z| 173 6794 15.77 150.0
10388 | QPSK Waveform, 10MHz X| 234 68,80 1620 [ 0.00 [ 150.0 | £1.1% | 9.6%
Y| 234 BB.0E | 1566 150.0
Z] 225 6B.78 16.28 150.0
10396 | 64-CAM Wayveform, 100kHz X| 299 71.00 19.04 | 3.01 | 150.0 | £0.8% | £9.6%
Y| 321 7051 18.65 150.0
Z| 270 70.82 19.06 | 150.0
10393 | 64-QAM Waveform, 40 MHz X | 3.60 67.58 16.04 | 0.00 [ 150.0 | £0.8% | +9.6%
Y| 346 66.56 15.46 150.0
Z| 353 67.55 16.04 150.0
10414 | WLAN CCDF, 64-QAM, 40 MHz X | 477 65.33 1539 | 0.00 | 150.0 | «+2.0% | +9.6%
Y| 488 65.23 15.28 150.0
Z| 485 65.42 15.43 150.0
Note: For detalls on UID parameters see Appendix
The reported uncertainty of measurement is stated as the standard uncertainty of measurement multiplied by the coverage
factor k=2, which for a normal distributicn corresponds to a coverage probability of approximately 95%.

A The uncertaintias of Norm X,¥.Z da not atect 12 EX-lakd uncartainty ingida TSL (528 Pages 5 and 6)
B Linearzason pammesar urcertninty ar masimum speciliad fiakd slrangth
£ Uncertainty is dalermingd using the mae. deviation fram linear respanss applyrg rectanguiar distrbuton and s expressed 1or the souam of tha ek value,

Certificate No: EX-3944_May25 Page 3of 22
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Test report no.: 1-9708-25-01-12_TR1-A201-R01 Cetecom

advanced
EX30V4 - SN:35944 May 16, 2025
Parameters of Probe: EX3DV4 - SN:3944
Sensor Model Parameters
c1 cz « T T2 T3 T4 T5 T6
tF fF v msV2 | msv! ms v-2 v
X 456 336.45 34.85 20.04 0.00 5.10 1.22 D.22 1.01
y 56.8 421.46 3517 2145 0.55 5.10 0.63 047 1.01
z 36.7 267 00 34.02 11.07 0.00 5.03 1.65 0.07 1.00
Other Probe Parameters
Sensor Arrangement Triangular
Cennector Angie 0.7
Mechanical Surface Detection Mode enabied
Optica! Surface Detection Mode disabled
Probe Cverall Length 337 mm
Probe Body Diamater 10mm
Tip Length amm
Tip Diameter 25mm
Probe Tip to Senser X Calibration Point 1 mm
Probe Tip to Sensor Y Calibration Point 1 mm
Probe Tip to Sensor Z Calibration Point 1mm
Recommended Measurement Distance from Surtace 1.4mm

Note: Measuremant distance fnm surace can ba INZeaBed to 3—4 mm Lr an Aved Scan job.

Certificate No: EX-3944 May25 Page 401 22
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Test report no.: 1-9708-25-01-12_TR1-A201-R01 Cetecom

advanced
EX30V4 - SN:3944 May 16, 2025
Parameters of Probe: EX3DV4 - SN:3944
Calibration Parameter Determined in HSL
1 (MHz)© Relative Conductivity™ | ConvF X | ConvFY | ConvFZ | Alpha® | Depth® unc*
Permittivity® {S/m) (mm) (k=2)
6 55.0 0.75 17.64 18.18 20,60 0.00 125 +13.3%
13 55.0 0.75 16.33 16.83 19.07 0.00 1.25 +13.3%
450 435 0.87 11.01 11.01 11.01 0.16 1.30 413.3%
600 27 0.88 10.58 10.56 10.56 0.10 125 113.3%
750 a9 0.89 9.45 9.79 967 0.35 127 £11.0%
850 a5 0.92 B97 928 917 0.35 127 +11.0%
a0D 415 087 8.25 9.58 8947 0.35 1.27 +11.0%
1450 405 120 821 8.50 8.40 0.35 1.27 +11.0%
1640 402 131 8.01 8.30 8:20 0.35 1.27 £11.0%
1750 40.1 1.37 8.00 8.29 8.19 0.34 1,27 £11.0%
1900 40.0 1.40 7.67 7.04 7.85 0.34 1.27 “11.0%
2150 397 153 7.70 7.97 7.88 0.24 127 411.0%
2300 395 1.67 7.52 7.79 7.69 0.34 127 411.0%
2450 9.2 1.80 7.53 7.80 7.7 0.34 127 +11.0%
2600 39.0 1.96 7.31 7.57 7.48 0.3¢ 127 +11.0%
3300 382 27 6.55 5.79 8.71 0.33 1.27 +13.1%
3500 37.9 291 6.71 6.95 687 0.33 127 +13.1%
3700 317 312 6.77 7.01 693 0,33 1.27 +13.1%
5200 36.0 4.66 5.48 568 561 0.30 1.27 +13.1%
5300 359 476 5.29 5.47 541 0.29 1.27 +13.1%
5500 356 4.96 511 5.20 523 0.28 127 £13.1%
5600 355 507 5.13 5.32 5.25 027 1.27 +13.1%
5800 35.3 527 5.02 520 5.14 025 1.27 £13.1%

C Froquecy vaidity sbave 300 Mz of +100 MHz only apoiins far DASY vd.4 ard highar (sea Paga 2}, @56 It 5 msincied fe 150 MHz, Tha unceranty is the
REE of the Comnf uncertainty at callbration draguency and ha uncertainty %or the ingicated fraquency bard. Frequercy validity below 300 MHz = +10, 25,
40, 50 and 70 MHz for ConvF assassmaents at 30, 64, 128, 150 and 220 MH2 respectively. Validty of ConvF asseseed at 6 MWz = 4-8MHz, ard ConvF
paspssed at 1IMHZ 5 S99 MHEz. Above 5GHZ Ieguancy valdity can be extended % =1 10MHz,

" The probes are calbeatad using tssue simulating Squide [TSL) Tat deviate for ¢ and o by less than =5% lrom the target vakses {lypically batier shan +2%)
and are valid for TSL with devasons of up 1o + 1095 it SAR comeclion i apoded.

U ApnaDepm ans detarmined duneg calibration. SPEAG warants that he remaining deveton due to the y oitect atter 15 aways kss
than £1% tar fraguencies baka 3 GHz and below £2% far Fequencies betwean 3-6 GHz at any dstarce largar than hall the praba tip diametes from the
boundary.

" Tha stated uncanainty Is the 1otal calbeation unceriainty {k = 2 of Narm-ConvF. This is squivalent %o the urcartainly campocsnt with the symbol GF in
Tablz 9 cf IECIEEE 6220515282020,

Certificate No: EX-3344_May25 Page 5 of 22
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Test report no.: 1-9708-25-01-12_TR1-A201-R01 Cetecom

advanced
EX3DV4 - SN:3944 May 16, 2025
Parameters of Probe: EX3DV4 - SN:3944
Calibration Parameter Determined in HSL
f (MHz)© Relative Conductivity” | ConvF X | ConvFY | ConvFZ | Alpha® | Depth® une"
Permittivity™ (Sim) (mm) (k=2)
6500 345 6.07 5.62 5.682 575 0.20 1.27 +1B.6%

C Fraquency vaidity & —600/+700 MHz a1 6.5 GHz. +700 Mrlz at or sbove 7GHz. and 4150 Miz at 9,85 GHz. The uncortaingy is the ASS of fa CornF
urcerlainty al calbeation requency and the uncertainty Jor e ndcated frequency band.

F The probes are cathirated Usng 15sua amuiasng auids (TSL) that dswiate for & and o by 1685 than 105 from the targel vakees (ypically betier than 6%)
and are walid for TSL with deviasons of up 1o + 109%.

G ApnaDept ane datarmiosd during calibaton. SPEAG warants that the ramaining deviston due 1o the Doundary effect after compensatian is aways less
tian =1% for frequencies below 3 GHz; below =24% for frequencies betaren 3-6 GHz; and balow =4% far freguencies betwesn 6-10GHz at any dstance
largar $han halt the penbe Yp dlametar fram the boundary.

" The stated uncertany is the total calbeation uncartainty i = 2} of Norm-ConvF. This (8 soutvaient 10 the uncetgnty comporen wilh the symbel GF i
Table 9 of IEC/IEEE 62206-15282020.

Certificate No: EX-3944_May25 Page 6 of 22
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Test report no.: 1-9708-25-01-12_TR1-A201-R01 cetecom
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EX3DV4 - SN:3944 May 16, 2025

Frequency Response of E-Field
(TEM-Cell:ilI110 EXX, Waveguide:R22)
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Uncertainty of Frequency Responae of E-fleld: +6.3% (k=2)

Certificate No: EX-3944_May25 Page 7 of 22
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EX3DV4 - SN:3944 May 16, 2025

Receiving Pattern (¢), ¢ = 0°

=600 MHz, TEM, 0° 1=1800 MHz, R22, 0°

0.5
)
2 . .
8 0 mtww
w
-05
0 80 120 180 240 300 360
Roll |"]
—a— 100 MHz —— 600 MH2 « 1800 MHz —»— 2500 MHz
Uncertainty of Axial lsotropy Assessment: +0.5% (k=2)
Certificata No: EX-3944_May2s Page 8 of 22
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EX3DV4 - SN:3844

108

108

Input Signal [uV]

10°

10¢

Error [dB]

-2

Dynamic Range f(SARust)
(TEM cell, fova = 1900 MHzZ)

May 16, 2025

—

10°2 10! 10° 10 10?
SAR [mWiem?]
—»— rot compensated —»— compensated
O =gt =g o-—o —
..\_\
~
1072 10! 100 10’ 107
SAR [mW/cm?)
~=— not compensated —e— compensated

Uncertainty of Linearity Assesement: +0.6% (k=2)

Certificate No: EX-3944_May25

Page 9 of 22
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Test report no.: 1-9708-25-01-12_TR1-A201-R01 @ cetecom

EX30V4 - SN:ag44 May 16, 2025

Conversion Factor Assessment

121000 MHz, WGLS R22 (H_convF)
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—=— analytical —e— measured

Deviation from Isotropy in Liquid
Error (.4), { = 300 MHz

4 m

185 g5y
X [deg]

Ed
-1 -08 -0 -04 -02 O 02 04 06
Uncertainty of Spherical Isolropy Assessment: +2.6% (k=2)

Certificate No: EX-3944 May25 Page 10 of 22
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Calibration report “750 MHz System validation dipole”

Calibration Laboratory of R
SN
Schmid & Partner % (S:
Engineering AG Le—m
Zeughausstrasse 43, 8004 Zurich, Switzerland TN s
AN,
Accredited by the Swiss Accreditation Serdos (SAS)
The Swiss Accreditstion Service is one of the signatories 1o the EA
Multiiatersl Agreement for the recognition of calibration cenificates
Client  CTC advanced GmbH Cortificate No.

Saarbricken, Germany

@ 2

ischer Kalib
Service suisse d'étalonnage
Servizio svizzero o taralura
Swiss Calibeation Service

Accreditation No.: SCS 0108

D750V3-1041_May23

|CALIBRATION CERTIFICATE

o

D750V3 - SN:1041
Calbration proceduris) QA CAL-05.v12

Calibration Procedure for SAR Validation Sources between 0.7-3 GHz
Casbrason date: May 11, 2023

| This calbration cartitcate documents the racsatilly 10 national standands, which reales Ihe prysical unts of messurémants [S1)
The measuraments and the Lrcertantios with confidonca Rrobabifly ara graen on the 18cwing pagss and are part of the cedilcate

AL Calbratons have been conducted in the cosec

Primary Stancdans

y faciity: env

Calioration Equipment uaad (METE crincal %or calbrasion)

D #*

" temperatune (22 & 35°C and humidity < 7P

This calbeation ceniticate shall not be reproduced axcapt in ful without writen approval of the laborateey.

. Cal Dana (Cetricate No.) Schaduled Caldoeation
Powes mater NAPZ SN 104778 30Mar-23 (No. 217-03804:03805) Mear-24
Power sensor NRP-291 SN 103284 30-Mar-23 (No. 217-03804) Mar-24
Fowar sansor NRP-Z91 SN 103245 30-Mar-23 (No, 217.03805) Mar-24
Relorenco 20 98 Ameraaar SN BHA994 (20<) 30-Mar-23 (No. 21 7-03808) Mai 24
Type-N msmaltch combination SN: 310062 / 06527 30-Mar-23 (No. 27703810} Mar24
Relaranca Probe EXI0VA SN 7348 10.0an-23 (No EX3-734D Jan23) Jan-24
DAF4 SN: 601 19-00c-22 (No. DAE4-601_Dec22) Dec-23
Secondary Standards iDa Check Date (in house) Scheduied Checs
Power meler E44198 EN: GB39512475 30-Cet-14 {n houss check Cct-22) In house check: 0-24
Pomer sermor HP BaBTA SN: USaT262783 07-0c1-15 i Houss check Cct-22) In hewse check: Oct-24
Pomer sacmor HP D481 A | SN: MYA108G315 O7-0e1-15 {n house check Cct-22) In house check: Oct-24
RAF ganarato: RAS SMT-06 ! SN: 100872 15-Jun-15 (in house check 022 In house check: 0124
Network Analyzer Agikent EBISAA | SN US41080477 31-Mar14 {in house chack Oct-27) In house check: Oct-24
Harwe Function Sgnature
Calimted by, Pauls Pina Laboratory Techmaian 53 T Y
g
Appraved oy Swen Kihn Tochnical Manager Pl
pS =

Issued: May 12, 2623

Centticate No: D7S0V3-1041_May23
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Test report no.: 1-9708-25-01-12_TR1-A201-R01 cetecom
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Calibration Laboratory of S,

NoNL 7 S Schwelzerischer Kalibrierdienst
Schmid & Partner S G Service susse détaionnage
Engineering AG el Servizio svizzero di taratura
Zeughausstrasse 43, 5004 Zurich, Switzerland £ /7’:\\\9" S Swiss Calibration Service
e
Accradted ty 1o Swiss Accreditation Sendos (SAS) Accreditation No.: SCS 0108

The Swiss Accreditation Service Is one of the signatories to the EA
Multiisteral 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 Specific
Absorption Rate Of Human Exposure To Radiwo 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)", October 2020.

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

Additional Documentation:
c) DASY System Handbook

Methods Applied and Interpretation of Parameters:

* Measurement Conditions: Further details are availabie 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 source is mounted in a touch configuration below the
center marking of the flat phantom.

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

e 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,

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%.

Certificate No: D750V3-1041_Mayz3 Pags 2ol 8
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Test report no.: 1-9708-25-01-12_TR1-A201-R01 advanced

Measurement Conditions

DASY system configuration, as far as not given on page 1
DASY Version DASYS2 V52.104
Extrapolation Advanced Extrapolation
Phantom Madular Flat Phantorm
Distance Dipole Center - TSL 15mm with Spacer
Zoom Scan Resolution o, dy, dz =5mm
Frequency 750 MHz = 1 Mz
Head TSL parameters
The following parameters and calculations were appled.
Temperature Permittivity Conductivity
Nominal Head TSL parameters 220°C 419 0 8% mha/m
Measured Head TSL parameters (220+02)"C 41526% 0.91 mho'm 26 %
Head TSL temperature change during test <05°C - ee
SAR result with Head TSL
SAR averaged over 1 cm® (1 g) of Head TSL Condition
SAR measured 250 mW input power 217 Wkg
SAR for nominal Head TSL parameters nommalized to 1W B8.52 Wikg = 17.0 % (k=2)
SAR averaged over 10 cm?® (10 g) of Hoad TSL condition
SAR measured 250 mW input power 142 Wikg
SAR for nominal Head TSL parameters normalized to TW 5.60 Wikg = 16.5 % (k=2)
Body TSL parameters
The lollowing paramsters and calculations were apphed.
Temperature Permittivity Conductivity
Nominal Body TSL parameters 220°C 555 0 98 mho'm
Measured Body TSL parameters 220+0.2)°C 55426% 0.96 mho/m + 6 %
Body TSL temperature change during test ~05°C -
SAR result with Body TSL
SAR averaged over 1 cm’ (1 g) of Body TSL Condition
SAR measured 250 mW input power 215 Wrkg
SAR for norminal Bedy TSL parameters normalized to TW B.60 Wikg = 17.0 % (ke2)
SAR averaged over 10 cm? (10 g) of Body TSL condition
SAR measured 250 mW input power 1.42 Wikg
SAR for nominal Bogy TSL parameters normalized 10 1W 5.68 Wikg = 16.5 % (k=2)
Centificate No: D750V3.104)_May23 Page3of 8
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Test report no.: 1-9708-25-01-12_TR1-A201-R01

cetecom
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Appendix (Additional assessments outside the scope of SCS 0108)

Antenna Parameters with Head TSL

Impedanca, transformed 1o feed point 5450-1802
Retum Loss -26808
Antenna Parameters with Body TSL
Impedance, transformed 1o feed point 4990Q-44 |0
Retumn Loss -270dB
General Antenna Parameters and Design
| Erectrical Detay (one direction) | 1013 ns

After long terrn use with 100W radiated power, only a sight warming of the dipcie near the feedpoint can be measured

The dipole is made of standard seminigid coaxial cable, The center conductor of the feeding line is dractly connacted to the

second arm of the dipole. The antenna is therefore shon-circuited for DC-signals, On some of the dipoles, small end caps
are added 10 the dipole arms in order 10 improve malching when loaded according Lo the position as explaingd n the
‘Measurement Conditions® paragraph. The SAR data are not alfected by this change The overall dipole length is still

according to the Standard.

No excessive force must be applied Lo the dipole arms, because they might bend of the sokiered connections near the

fesdpoint may be damaged.

Additional EUT Data

l Manulactured by

SPEAG

Certificate No: D750V3-1041_May23
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Test report no.: 1-9708-25-01-12_TR1-A201-R01 cetecom
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DASYS5 Validation Report for Head TSL

Date: 11.05.2023
Test Laboratory: SPEAG. Zunch, Switzerland

DUT: Dipole 750 MHz; Type: D750V 3; Serial: D750V3 - SN:1041

Communication System: UID 0 - CW; Frequency: 750 M1z

Medium parameters used: f = 750 MHz: 6 = 0.91 S/m; & = 41.5: p = 1000 kg/m’
Phantom section: Flat Section

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

DASY52 Configuration:
«  Probe: EX3DV4 - SN7349; ConvE(10.11. 10,11, 10.11) @ 750 MHz; Calibrated: 10.01.2022
o Sensor-Surface: 1.4mm (Mechanical Surface Detection)
« Electronics: DAE4 Sn601: Calibrated: 19.12.2022
« Phantom: Flat Phantom 4.9 (front); Type: QD 00L P49 AA; Senal: 1001
o DASYS52 52.10.4(1535): SEMCAD X 14.6.14(7501)

Dipole Calibration for Head Tissue/Pin=250 mW, d=15mm/Zoom Scan (7x7x7)/Cube 0:
Mecasurement grid: dx=5Smm, dy=5mm, dz=3mm

Reference Value = 59.92 Vim: Power Drift = -0.06 dB

Peak SAR (extrapolated) = 3.29 Wikg

SAR(I g) = 2.17 W/kg: SAR(10 g) = 1,42 Wikg

Smallest distance from peaks to all points 3 dB below = 17 mm

Ratio of SAR a1 M2 10 SAR at M1 =65.7%

Maximum value of SAR (measured) = 2.89 Wikg

dB
0

-1.80
-3.60
-5.40
-7.20
-4.00

0dB = 2.89 W/kg = 4.61 dBW/kg

Certificate No: D750V3-1041_May23 Page 50f 8
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Impedance Measurement Plot for Head TSL
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Antenna Parameters with Head TSL

From cal. data

Measured 2024-06-21

Impedance; transformed to feed
point

54.5Q -1.6jQ

52.7Q -3.1jQ

Return Loss

-26.8dB

-27.9dB

Page 19 of 65
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Antenna Parameters with Head TSL

From cal. data

Measured 2025-06-06

Impedance; transformed to feed
point

54.5Q -1.6jQ

53.6Q -2.4jQ

Return Loss

-26.8dB

-27.6dB

Page 20 of 65
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DASYS5 Validation Report for Body TSL

Date: 09,05.2023

Test Laboratory: SPEAG, Zurich, Switzerland

DUT: Dipole 750 MHz: Type: D750V 3; Serial: D750V3 - SN:1041

Communication System: UID O - CW: Frequency: 750 MHz

Medium parameters used: [ = 750 MHz; 6 = 0.96 S/m; £ = 55.4; p = 1000 kg/m’
Phantom section: Flat Section

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

DASYS52 Configuration:

.

-

Probe: EX3DV4 - SN7349; ConvF(10.23, 10.23, 10,23) @ 750 MHz; Calibrated: 10.01.2023
Sensor-Surface: 1.4mm (Mechanical Surface Detection)

Electronics: DAEA Sn601; Calibrated: 19.12,2022

Phantom: Flat Phantom 4.9 (Back): Type: QD 00R P49 AA: Senial: 1005

DASYS52 52.10.4(1535): SEMCAD X 14.6.14(7501)

Dipole Calibration for Body Tissue/Pin=250 mW, d=15mm/Zoom Scan (7x7x7)/Cube 0:
Measurement grid; dx=5Smm, dy=5mm, dz=Smm

Reference Value = 59.47 Vim: Power Drift = -0.00 dB

Peak SAR (extrapolated) = 3.23 Wikg

SAR(I gi = 2.15 Wikg; SAR(10 g) = 1.42 Wrkg

Smallest distance from peaks to all points 3 dB below = 17.1 mm

Ratio of SAR at M2 to SAR at M1 = 66.6%

Maximum value of SAR (measured) = 2.87 Wikg

-1.80
-3.60
-5.40
-1.20
“9.00

0dB =2.87 W/kg = 4.58 dBW/kg

Certficate No: D750V3-1041_Nay23 Page 7oi8
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Impedance Measurement Plot for Body TSL
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Calibration report “835 MHz System validation dipole”

Calibration Laboratory of
Schmid & Partner

Engineering AG
Zuughausstrasse &3, 8004 Zurich, Switzerland

Accredied by 1he Swiss Accredtabion Senvica {SAS]

The Swiss Accreditation Service |5 one of the signatories to the EA
Multitsteral Agreement for the recognition of calibration certificates

Client  CTC advanced GmbH
Saarbricken, Germany

Certificate No.

Schwelzenischer Kalibrierdienst
Sarvice sulsse d'étalonnage
Servizio svizzero di taratura
Swiss Calibration Service

Accreditation No.. SCS 0108

D835V2-4d153_May23

[CALIBRATION CERTIFICATE

|

| Otfect

Cakbeation procecurels)

QA CAL-05.v12

DB35V2 - SN:4d153

Calibration Procedure for SAR Validation Sources between 0.7-3 GHz

Calioration cane May 11, 2023
Tris calit 1 Certficae o he v 10
Tha meas ) v

Caibrason Equipment used (MATE critical for calibeation)

Natwaork Analyzer Agilet ES3584 | SN: US41080477

Nams
Calorated by. Paulo Pira
Appromed by Svan Kinn

Stanclards, which réalze the physical unils of measuremants (S1)
with confidence prebabilty are given on the following pages and are part of e certficale

All calibrations have boeen conducted in the closed Bhorsiony faciity. ervionment lemparatus (22 + 3)°C and humtly < 70%

Schedued Calbration

Mar-24
Mar-24
Mar-24
Mar-24
Mar-24
Jan24
Dwec23

Primary Standarda [De Gal Date (Canificate No )

Power meter NAP2 SN 104778 30-Mar-23 (No. 217-03804/0G805)
Power secsor NAP-291 SN 103244 J0-Mar-23 (No. 217-03804)
Powsr sersor NAP-281 SN: 103245 30-Mar-23 (No. 217-03805)
Relarancs 20 4B Attanuator SN: BHOA0M (20K) 30-Mae-23 (No. 217-03808)
Typa-N miamatch combination SN: 310662/ 06327  30-Mar-23 {No 217-03810)
Releronos Probe EXIDVE [ SN: 7042 104an-23 (Mo, EX3-7348_Jan2d)
DAES | 5N: 801 18-Doc 22 (No, DAE4-601 Dec22)
Secondary Standards (DA Check Dato (0 hoese)

Pawer meter £44198 | SN: GB3gs12476 300114 {in housa chwck OG1-22)
Pawer sersor HP BAB1A | SN: US37200783 07-Oct-15 {In housa chak Oct-22)
Powee sarmor HP BAETA | SN MY43056315 07-0ct-15 {in housa chack Oct-22)
RF ganerstor RSS SMT-06 | SN: 100972

15-Jun-15 (in house check 0c1-22)
31-Mar-14 (in house chack Oct-224

Function

Ladoratory Techncian

Technical Managee

Tha calbraton certficale shal not bc‘rc_g‘n_x_t::m wxcapl i fil without wrtten approval of 116 BOGaIGey,

Scheduled Check

In house chec Oct-24
In house chece Cct-24
In house check: Oct-24
In house chec: Ocl-24
In house check: Oct24

L~

Taswed: May 12, 2020

Certificate No: D835V2-44153_May23
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Test report no.: 1-9708-25-01-12_TR1-A201-R01 Cetecom
advanced

Calibration Laboratory of

Schvwelzerischer Kalib
Schmid & Partner Service suisse d étalonnage
Engineering AG Servizio svizzoro di taratura
Zeughausstrasse 43, 8004 Zurich, Switzeriand Swiss Calibration Service
Avcrediled by the Swizs Acrediaion Senvice (SAS) Accregitation No.: SCS 0108

The Swiss Accreditation Service is one of the signatcries to the EA
Multilataral Agreoment 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 Precedure For The Assessment Of Specific
Absorption Rate Of Human Exposure Te Radio Frequency Fields From Hand-Held And
Body-Worn Wireless Communication Devices - Part 1528: Human Models, Instrumentation
And Procedures (Frequency Range of 4 MHz to 10 GHz)", October 2020.

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

Additional Documentation:
c) DASY System Handbook

Methods Applied and Interpretation of Parameters:

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

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

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

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

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%.

Cenificate No: DBISV2-43153 May23 Fage2ol8
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Measurement Conditions
DASY system configuration. as far as not given on page 1.
DASY Version DASYS2 V52,104
Extrapolation Advancad Extrapolation
Phantom Modular Fiat Phantom
Distance Dipole Center - TSL 15 men wih Spacer
Zoom Scan Resoclution dx, dy dz « 5 mm
Frequency 835 MHz = 1 MHz
Head TSL parameters
The following parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Head TSL parameters 220°C 415 0.80 mho'm
Measured Head TSL parameters {220+02)°C 12+6% 0.94 mho'm 6 %
Head TSL temperature change during test <05'C - —_
SAR result with Head TSL
SAR averaged over 1 cm® (1 g) of Head TSL Conation
SAR measured 250 mW Input power 2.43 Wikg
SAR for nominal Head TSL parameters nomalized 10 1W 9.63 W/kg £ 17.0 % (k=2)
SAR averaged over 10 em? {10 g) of Head TSL condition
SAR measured 250 mW ingut power 1.61 Wikg
SAR for nominal Head TSL parameters normalized to 1W 6.27 Wikg £ 16,5 % (k=2)
Body TSL parameters
The following parameters and calodaticns were appied
Temperature Permittivity Conductivity
Nominal Body TSL parameters 220°C 55.2 0.97 mha/m
Measured Body TSL parameters (220=:02)°C 552 +6% 099 mha/m + 6 %
Body TSL temperature change during test <05°C ssas
SAR result with Body TSL
SAR averaged over 1 cm’ (1 g) of Body TSL Condition
SAR measured 250 mW input powes 246 Wiy
SAR for nominal Body TSL parameters normalized to 1W 9.69 Wikg = 17.0 % (k=2)
SAR averaged over 10 cm® (10 g) of Body TSL condition
SAR measured 250 mW input power 1.62 Wrkg
SAR lor nominal Body TSL parameters normalized to TW 6.40 Wikg = 16.5 % (k=2)
Certificate No: D833V2-4d153_May23 Page 3of 8
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Appendix (Additional assessments outside the scope of SCS 0108)
Antenna Parameters with Head TSL

Impedance, transformed to feed point 510Q-35/
Return Loss - 269 dB

Antenna Parameters with Body TSL

Impedance. transformed to feed point BS50-72iQ
Retumn Loss ~216dB

General Antenna Parameters and Design

| Esectical Delay (ane direction) [ 1.438 ns |

Adter leng term use with 100W radiated power, onfy a skght warming of the dipole near the feedpoint can be measured

The dipole is made of standard semirigid coaxial cabla. The center conducior of the feeding line is dectly connected to the
sacond arm of the dipole. The anténna is theredore shont-creuted for DC-signals. On some of the dipoles. small end caps
are added 10 the digole arms in order 1o improve malching whan loaded according to the positicn as explained in the
‘Measurement Conditions® paragraph. The SAR data are nct affected by this change The overall dipole length is stal
according to the Standard.

No excassive force must be applied (o the dipole ams, because they might bend or the soldered connections near the
feadpoint may be damaged.

Additional EUT Data

| Manufactured by | SPEAG |

Canéicate No: D835V2-40153_May23 Pago dof 8
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Test report no.: 1-9708-25-01-12_TR1-A201-R01 advanced

DASYS5 Validation Report for Head TSL

Date: 11.05.2023

Test Laboratory: SPEAG, Zurich, Switzerland

DUT: Dipole 835 MHz: Type: DB35SV2; Serial: DB3SV2 - SN:4d 153

Communication System: UID 0 - CW; Frequency: 835 MHz

Medium parameters used: f = 835 MHz: 6 = 0.94 S/m: 5= 41.2; p = 1000 kg/m?
Phantom section: Flat Section

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

DASYS2 Configuration:

Probe: EX3DV4 - SN7349; ConvF(9.69, 9,69, 9.69) @ 835 MHz: Calibrated: 10.01.2023
Sensor-Surface: 1.4mm (Mechanical Surtace Detection)

Electronics: DAE4 Sn601; Calibrated: 19.12.2022

Phantom: Flat Phantom 4.9 (from); Type: QD 00L P49 AA; Senal: 1001

DASYS52 52,10.4(1535). SEMCAD X 14.6.14(7501)

Dipole Calibration for Head Tissue/Pin=250 mW, d=15mm/Zoom Scan (7x7x7)/Cube 0:

Measurement gnd: dx=Smm, dy=Smm, dz=5Smm

Reference Value = 63.18 V/im: Power Dnift = -0.04 dB

Peak SAR (extrapolated) = 3.77 Wikg

SAR(I g) = 2.49 W/kg; SAR(10 g) = 1.61 W/kg

Smallest distance from peaks to all points 3 dB below = 16.3 mm
Ratio of SAR at M2 10 SAR at M1 = 65.7%

Maximum value of SAR (measured) = 3.31 Wikg

-2.00
-4.00
-6.00
-8.00
-10.00

0dB =3.31 W/kg = 5.20 dBW/kg

Centficate No: D835V2-4153_May23 Page5cf8
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Antenna Parameters with Head TSL

From cal. data

Measured 2024-06-21

Impedance; transformed to feed
point

51.0Q -3.5)Q

49.7Q -4.5|Q

Return Loss

-28.9dB

-26.8dB
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Test report no.: 1-9708-25-01-12_TR1-A201-RO1 @ cetecom

Antenna Parameters with Head TSL

From cal. data

Measured 2025-06-05

Impedance; transformed to feed
point

51.0Q -3.5)Q

51.7Q -3.5/Q

Return Loss

-28.9dB

-28.4dB

Page 29 of 65
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Impedance Measurement Plot for Head TSL
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DASYS5 Validation Report for Body TSL

Date: 09.05.2023

Test Laboratory: SPEAG. Zurnich, Switzerland

DUT: Dipole 835 MHz; Type: D835V2; Serial: D835V2 - SN:4d153

Communication System: UID 0 - CW; Frequency: 835 MHz

Medium parameters used: = 835 MHz: o = 0.99 S/m; & = §5.2: p = 1000 kg/m*
Phantom section: Flat Section

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

DASYS2 Configuration:

Probe: EX3DV4 - SN7349; ConvF(9.85, 9.85, 9.85) @ 835 MHz; Calibrated; 10,01.2023
Sensor-Surface: 1.4mm (Mechanical Surface Detection)

Electronics: DAE4 Sn601; Calibrated: 19.12.2022

Phantom: Flat Phantom 4.9 (Back): Type: QD O0R P49 AA: Serial: 1005

DASYS52 52.10.4(1535). SEMCAD X 14.6.14(7501)

Dipole Calibration for Body Tissue/Pin=250 mW, d=15mm/Zoom Scan (7x7x7)/Cube 0:
Mecasurement grid: dx=Smm, dy=5mm, dz=5mm

Reference Value = 56.39 Vim: Power Drift = 0.00 dB

Peak SAR (extrapolated) = 3.57 W/kg

SAR(1 g) = 2.46 Wikg; SAR(10 g) = 1.62 W/kg

Smallest distance from peaks te all points 3 dB below = |6 mm

Ratio of SAR at M2 to SAR st M1 = 69.1%

Maximum value of SAR (measured) = 3.19 Wikg

-1.80
-3.60
-5.40
-1.20
-9.00

0dB =3.19 Wikg = 5.04 dBW/kg

Cortficate No: D835V2-4d153_May23 Page 7ol B
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Impedance Measurement Plot for Body TSL
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5  Calibration report “1750 MHz System validation dipole”

ROLR TN S Schwelzerischer Kalibrierdienst
Calibration Laboratory of N G Service suisse d éalonnage
Schmid & Partner M Servizio svizzero di taratura
Engineering AG PN S Swiss Calibration Service
Zeughausstrasge 43, 8004 Zurich, Switzerland ’w,,,.flij-“

Accredited by the Swise Accreditation Service (SAS) Accreditation No.: SCS 0108

The Swiss Accraditation Sarvice Is one of the signatories to the EA
Multilateral Agreement for the recognition of calibration cerlificates

Client Cetecom Advanced ] Certificata No. D1750V2-1093_Aug24

Saarbriicken, Germany

CALIBRATION CERTIFICATE

Otject D1750V2 - SN: 1093

Callbration procedure{s) QA CAL-05.v12

Cafbration dale August 15, 2024

This calbration cerlilicate documents the traceability 1o national standards, which realize the physical uniis of maesuremants (SI).
The measurements and the uncertainties with cenlidence proatility are given an the fllowing pages and are part of the certificate,

Calibration Procedure for SAR Validation Sources between 0.7 - 3 GHz

All calbrations have teen conductad in the closed laboralory faciity: enviranment temperature (22 = 3)°C and humidity < 70%.
Callbration Eguipment used (MATE critical for calibration)

[ Primary Standards 1D Cal Date {Certificate No.) Schaduled Cal

Pawer Sensor RAS NAP-33T SN: 100967 | 28-Mar-24 (No. 217-04038) Mar-25
Power Sensar RAS NAP1BA SN 101853 | 21-Mar-24 (No. 4030A315007801) Mar-25

| Spectrum Analyzer R&S FSV40 SN 101832 | 25-Jan-24 (No. 4030-315007551) Jan-26
Mismatich; Shart [S4188] Atenuator [S4423] | SN: 1152 2B-Mar-24 {No. 217-04050) Mar-26
OCP DAK-12 SN 1016 05-0ct-23 (No. OCP-DAK12-1016_0¢i23) Oct-24
OCP DAK-3.5 SN:1248 | 05-Oct-23 (No. OCP-DAK3.5-1249_Oci23) Oct-24
Reference Probe EX3DV4 SN: 7345 03-2un-24 (No. EX3-7343_Jun24) Jun-25
DAE4ip SN: 1836 10-Jan-24 (No. DAE4ip-1836_Jan24) Jan-25
Secondary Standards | 1D Check Date (In house) Scheculed Chid
ACAD Source Box | SN:1000 | 28-May-24 (No. 675-ACAD_Source_Box-240526] | May-25
Signal Generator R3S SMB100A | SN:1B2081 | 28-May-24 (No. 00O1-300715404) May-25
Mismaich; SMA T8N 1102 22-May-24 (No. 675 Mismalch_SMA-240522) May-25

Name Function Signature

| Calibrated by Kregimir Franji¢ Laboratory Techniclan

Approved by Sven Kinn Teotnioal Marager | é)

Issued: August 15, 2024

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

Certificale No: D1750V2-1093_Aug24 Page 10l 6
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Wy, S Schweizerischer Kalibrierdienst
Calibfaﬂon Laboratory of & @ ” étalonnage
Schmid & Partner flacuRA C Servizio svizzero di tarstura
Engineering AG e S Swiss Calibration Service
Zeughausstrasse 43, B004 Zurich, Swazerland '4,4'J‘:hj\_3~>‘
Accradited by the Swiss Accredilation Sarvice (SAS) Accreditation No.: SCS 0108
The Swiss Accreditation Service is one of the signalories 10 the EA
Multiiateral Ag: for the gnition 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

« IEC/EEE £2209-1528,"Measurement Procecure For The Assessment Of Specilic Absorption Rate Of Human Exposure To
Radic Frequency Fields From Hard-Held And Body-Worn Wirgless Communication Devices - Part 1528: Human Madels,
Instrumentation And Procedures (Frequency Range of 4 MHz 1o 10 GHz)*, October 2020,

» KDB 865664, “SAR Measurement Requirements for 100 MHz to 6 GHz*

Additional Documentation
+ DASY System Handbook

Methods Applied and Interpretation of Parameters

* Measurement Congitions: Further details are avaidable from the Validation Report at the end of the certificaze. All figures
stated in the certificate are valid at the frequency indicated.

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

« Feed Point Impedance and Return Loss: These parameters are measured with the dipole positioned under the liquid filled
phantom. The impedance stated Is transformed from the measurement at the SMA connector 1o the fead point. The Beturn
Loss ensures low reflected power. No uncertainty required.

+ Eleclrical Delay: One-way delay between the SMA connector and the antenna jeed point. No uncertainty required,

« SAR measwad: SAR measured al 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 reported uncertainty of measurement is staled as the standard uncertainty of measurement multiplied by the
coverage faclor k=2, which for a normal distribution corespends 10 a coverage probability of approximately 95%,

Certdicate No: D1750V2-1093_Aug24 Page2¢!8
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advanced
D1750V2 - SN: 1083 August 15, 2024
Measurement Conditions
DASY system configuration, as far as not given on page 1.
DASY Version DASYS Module SAR 16.4.0
Extrapolation Advanced Extrapolation
- Phantom Modular Flat Phantom
Distance Dipole Center - TSL 10mm with spacer
Zoom Scan Resolution dx, dy = 6mm, dz = 1.5mm Graded Ratie = 1.5 mm (Z direction)
Frequency 1750MHz +1MHz
Head TSL parameters at 1750 MHz
The following parameters and calculaticns were applied.
Temperature Permittivity Conductivity
Nominal Head TSL parameters 220°C 401 1.37 mnhoim
Measured Head TSL parameters (22.0 £0.2)°C 40.4 +6% 1.38 mha/m 8%
Head TSL temperature change during test <05°C
SAR result with Head TSL at 1750 MHz
SAR averaged over 1 cm? (1 g) of Head TSL Condition |
SAR for nominal Head TSL parameters 24 dBm Input power 9.08 Wikg
SAR for nominal Head TSL parameters normalized to 1W 36.1 Wikg +17.0% (k=2)
SAR averaged over 10 cm? (10 g) of Head TSL Condition
SAR for nominal Head TSL parameters 24 ¢Bm input power 4.85Wikg
SAR for nominal Head TSL parameters normalized to 1W 19.3 Wikg £16.5% (k=2)
Certificate No: D1750V2-1083_Aug24 Page 3 of B

Page 36 of 65




Test report no.: 1-9708-25-01-12_TR1-A201-R01

cetecom

advanced

D1750V2 - SN: 1083

Appendix (Additional assessments outside the scope of SCS 0108)
Antenna Parameters with Head TSL at 1750 MHz

August 15, 2024

Impedance 5010-04jQ
Return Loss 47,7 dB
General Antenna Parameters and Design
| Electrical Delay (one direction) | 1.215ns |

After long term use with 100W radiated power, only a shight warming of the dipole near the feedpoint can be measured.
The dipole is made of standard semirigid coaxial cable. The center conductor of the teeding line is directly connecied to the
second arm of the dipole. The antenna is therefere short-circuited for DC-signals. On some of the dipoles, small end caps are

added to the dipole arms In order 1o improwe matching when loaded according to the posdion as explained in the

"Measurement Conditions" paragraph. The SAR data are not affected by this change. The overall dipole length is stil
according to the Standard. No 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

Manufactured by

Certificate No: D1750V2-1093_Aug24
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D1730V2 - SN: 1093

System Performance Check Report

August 15, 2024

Summary
Dizow Frequency [Nkz) ™ Pzpear i2m)
D1750v2 - SN1093 1759 (28 24
Exposure Conditions

Prarcgm Section, TSL Test Digtarce mm)]  Bard  Groep, UID Trequescy [Viz], Charnel Nurrbaer Coswersion faster  TSL Conduttmiy Sinl|

TSL Permausity

Hat ‘o O, 0 1500 1% 1.3% 404
Harcware Setup
Phastom TS, Neasuted Date Frote, Calbiration Oate WS, Calbiranon Tate
MIPVAD Righe ML 2024-08-1% EXIVE - SNT 549, 2U24-08-U3 CAZ41p Sn) 30, 202401 -10
Scans Setup Measurement Results
Toam Scan 2ecom Saan
Grig Dazerey [rem 30x30x30 Ouate 202a-08-15
Grig Stege dmm| GOxGON1S 055AK1 g w/sg| 948
Semior Surface [remi 14 FASARI DG IWiXg] 485
Graded Grig Yer Poemer Ceift jot1) 0.0
Gradizg Aatin 1.5 Pomer Scalng Draabshed
NAK NiA Scakng Facror WE
Sutfece Dvtection Al goeany T Correction Positive | Negatae
Scan Wethod Newsured

0dB - 16.2 W/Kg

Certificate No: D1750V2-1093_Aug24
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D1750V2 - SN: 1083 August 15, 2024

Impedance Measurement Plot for Head TSL

S11 Smith (R+)X) Scale 1.00
>1 1,750000 GHz 50.074 Q-0.405 0

10.00
5.00 >1 1.750000 GHz 47,719 4B

0.00
-5.00
-10.00
-15.00
-20.00
-25,00
-30.00
-35.00

160 1.70 1.80 1.90
GHz
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Antenna Parameters with Head TSL

From cal. data

Measured 2025-06-05

Impedance; transformed to feed
point

50.1Q -0.4jQ

50.0Q -0.4jQ

Return Loss

-47.7dB

-47.7dB
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Calibration report “1900 MHz System validation dipole”

Calibration Laboratory of 2 S Schweaerischer Kalibrisrdienst
Schmid & Partner Sl ¢ Service suisse dWtalonnage
Engineering AG o Servizio svizzero di taratura
B s ¥, ~
Zaughausstrasse 43, 8004 Zurich, Switzerland £ /’/"r'.\‘l\‘\‘.\ Swiss Calibration Service
Accrodited by the Swiss Accreditation Senvice (SAS) Accreditation No.: SCS 0108
The Swiss Accreditation Service is one of the signatories to the EA
L al Ag for the anition of calibration certificstes

or M@fmmvmmm 0.7-3 GHz

Catbration procsduresy

Cibrasen date: May 12,2023

Ths caibraton certficale documents the Iraceatiity 10 nabional stardards. ‘which reakze the physical units of measuremsnts (S1)
The measurements and 1he undertaintes with confidence probabilty are given on the folkveng pages and are pert of the cenificale.

AN Calbrations hawi been concucted in the closed laboratory tacilty: environment temparatucs (22 + 3)°C and Purmidity « 70%.

| Calbration Equipment used (MATE criics for catbrason)

| Primary Stancards e Cal Date (Corsficata No.) = Sdheduled Calbraton |
Pownt matr NRP2 SN 104778 30-Mar-23 (No. 217-03804/03805) Mar-24
| Power sansor NRP-281 SN: 163244 30-Mar-23 (No. 217-03804) Mar-24
Power sensor NRP-Z201 SN: 103245 30-Mar-23 (Ne. 217-03805) Mar-24
Relerence 20 oF Anernstor SN BHI394 (20K) 30-Mar-23 (No. 217-03808) Mor-24
Type-N msmatch combination SN 310862 / 06327 30-Mar-23 (No. 217-03810) Mar-24
Reference Prabe EX30VA SN: 7348 10-Jan-23 (No, EX3-7349_Jer23) Jan-24
DAES SN 601 19-Dec 22 (No DAE4-601 DecZ2) Dac-23
| Secondary Standards 0% o Check Date (in house) Scheduled Chack
Power Meter £44198 SN GB39512475 30-Oct-12 {in house check Oct-22) In house chack. Oct-24
Pawer sensor HP 84814 SN: US37292783 D7-0et-15 {in house check Oct-22) In house chack Oct-24
| Pawer sersor HP 848714, SN: MY41093315 070t 15 {in house check O1-22) In house check Oct-24
RF generator RAS SMT-C6 | SN: 100972 15-Jur15 {in house check Oc-22) In heuse chedk: Oct-24
Network Analyzer Agikertt EB358A | SN: US41080477 3t-Mar- 14 (N Nouss check Oct-22) In house chedk: Oct-24 ‘
Signature -
| Cabraned by: R e
N L

Issud: May 18,2023
Thes caibration cerdficase shall nat be regeoduced exoept in full without wiitter sppeoval of th laboratory.

Certificate No: D1900V2-54009_May23 Paga 108
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Calibration Laboratory of P S Schweizerischor Kakbr
Schmid & Partner % c Service suisse d'étalonnage
Engineering AG g Servizic svizzero & taratura
Zeughausstrasse 43, 8004 Zurich, Switzerfand . 47’?‘?»*“ S Swiss Calibration Service
Accrecited by the Swiss Accrednaton Service (SAS) Accreditation No.: SCS 0108

The Swiss Accreditation Service is one of the signatories to the EA
Multilaterat Agreemont 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 Specific
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)", October 2020.

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

Additional Documentation:
c) DASY System Handbook

Methods Applied and Interpretation of Parameters:

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

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

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

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

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%.

Certificate No: D1800V2-50009_May23 Pegez2ol8
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Test report no.: 1-9708-25-01-12_TR1-A201-R01

Measurement Conditions
DASY system configuration. as far as not given on page 1.
DASY Version DASYS2 V52.10.4
Extrapolation Advanced Extrapolation
Phantom Modular Flat Phantom
Distance Dipole Center - TSL 10 mm with Spacer
Zoom Scan Resolution dx. dy. dz =5mm
Frequency 1800 MHz £ 1 MHz
Head TSL parameters
The following p ters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Head TSL parameters 220°C 400 1 40 mho/m
Measured Head TSL parameters {220+02)°C WT+6% 1.40 mho'/m £ 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 measured 250 mW input power 9.86 Wikg
SAR for nominal Head TSL parameters normalized 1o 1W 39.1 Wikg £ 17.0 % (k=2)
SAR averaged over 10 cm’ (10 g) of Head TSL condition
SAR measwed 250 mW input power 518 Wikg
SAR for nominal Head TSL paramelters normalized to 1W 20.6 Wikg £ 16.5 % (k=2)
Body TSL parameters
The following parameters and calculations were applied,
Temperature Permittivity Conductivity
Nominal Body TSL parameters 220°C 533 1,52 mhaim
Measured Body TSL paramaters (22.0402)'C 52046% 1.52 mhoim 2 6 %
Body TSL temperature change during test <05°C - —--
SAR result with Body TSL
SAR averaged over 1 cm’ (1 g) of Body TSL Condition
SAR measured 250 mW input power 10.1 Wikg
SAR for nominal Body TSL parameters narmalized to 1W 40.2 Wikg £ 17.0 % (k=2)
SAR averaged over 10 cm’ (10 g) of Body TSL condition
SAR measured 250 mW input power 5.29 Wikg
SAR for nominal Body TSL parameters noemalized 1o 1W 21,1 Wikg £ 16.5 % (k=2)
Certificate No: 01900V2-50009 _May23 Page 3of 8
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Appendix (Additional assessments outside the scope of SCS 0108)

Antenna Parameters with Head TSL

Impedance, transformed to feed pont 5180+340
Return Loss ~-285408
Antenna Parameters with Body TSL
Impedance. ransformed o feed point 4700+386i0
Return Loss -264 0B
General Antenna Parameters and Design
[ Elactrical Delay {one direction) ] 1.187 ns ‘1

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

The dipcle s made of standard sermingid coaxial cable. The center conductor of the feeding line is directly connected o the
second arm of tha dipole. The antenna is therefore short-circuited for DC-signals. On soma of the dipoles. small end caps
are added 1o the dipole arms in order to improve matching when loaded according o the position as explained in the
*Maasurement Conditions” paragraph. Tha SAR data are not affected by this change. The overall dipole length is still

according to the Standard

No excessive force must be appled 1o the dipole arms, because they might tend or the soldered conneclions near the

feadpoint may be damaged.

Additional EUT Data

| Manufactured by

SPEAG

Centificate No: D1000V2-5d008_Nay23
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DASYS5 Validation Report for Head TSL

Date: 12.05.2023
Test Laboratory: SPEAG. Zunch, Switzerland
DUT: Dipole 1900 MHz; Type: DI1900V2; Serial: D1900V2 - SN:5d009
Communication System: UID 0 - CW; Frequency: 1900 MHz
Medium parameters used: = 1900 MHz: o = 1.4 S/m: e = 38.7; p = 1000 kg/m’
Phantom section: Flat Section
Measurement Standard: DASYS (JEEE/IEC/ANSI C63,19-2011)
DASYS52 Configuration:
o Probe: EX3DV4 - SN7349; ConvF(8.35, 8.35, 8.35) i@ 1900 MHz; Calibrated: 10:01.2023
« Secnsor-Surface: |.4mm (Mechanical Surface Detection)
« Electronics: DAE4 Sn601: Calibrated: 19.12.2022
« Phantom: Flat Phantom 5.0 (front); Type: QD 000 P30 AA; Senal: 1001
o DASYS2 52.10.4(1535); SEMCAD X 14.6.14(7501)

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

Reference Value = 108.0 V/m; Power Dnft = 0.08 dB

Pcak SAR (extrapolated) = 17,9 Wikg

SAR(1 g) = 9.86 W/kg: SAR(10 g) = 5.18 Wikg

Smallest distance from peaks to all points 3 dB below = 10 mm

Ratio of SAR at M2 to SAR at M1 = 55.5%

Maximum value of SAR (measured) = 15,2 Wkg

dB8

-3.00
-6.00
-9.00
-12.00
-15.00

0dB =152 Wikg = 11.82 dBW/kg

Ceortificate No: D1500V2-50009 May23 PagaSold
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Impedance Measurement Plot for Head TSL

Ele Vww Charel Swgep Calbration Irace Scale Marker System Window Help

top & 10000 G
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45 40 5 ! } ! 16
i |
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b0y Lohtavge e ] | | | | | _J
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Stahus: CHY: BV 1C1Pat Avge20 Delay LCL
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Antenna Parameters with Head TSL

From cal. data

Measured 2024-06-21

Impedance; transformed to feed
point

51.8Q +3.4jQ

52.3Q +3.8jQ

Return Loss

-28.5dB

-27.4dB
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Antenna Parameters with Head TSL

From cal. data

Measured 2025-06-05

Impedance; transformed to feed
point

51.8Q +3.4jQ

51.5Q +3.3jQ

Return Loss

-28.5dB

-28.9dB
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DASYS5 Validation Report for Body TSL

Date: 12.05.2023

Test Laboratory: SPEAG, Zunch, Switzerland

DUT: Dipole 1900 MHz: Type: D1900V2; Serial: D1900V2 - SN:5d4009

Communication System: UID 0 - CW; Frequency: 1900 MHz

Medium parameters used: £= 1900 MHz ¢ = 1.52 S/m; 5~ 52; p = 1000 kg/m®
Phantom section: Flat Section

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

DASYS52 Configuranion:

Probe: EX3DV4 - SN7349; ConvF(8.42, 8.42, 8.42) (@ 1900 MHz; Calibrated: 10,01.2023
Sensor-Surface: 1.4mm (Mechanical Surface Detection)

Electronics: DAE4 Sn601: Calibrated: 19.12.2022

Phantom: Flat Phantom 5.0 (back): Type: QD 000 P50 AA: Serial: 1002

DASYS52 52.10.4(1535): SEMCAD X 14.6.14(7501)

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

Reference Value = 103.3 V/m; Power Drift = -0.07 dB

Peak SAR (extrapolated) = 18,7 Wikg

SAR(1 g) = 10.1 Wikg: SAR(10 g) = 5.29 Wikg

Smallest distance from peaks to all peints 3 dB below ~ 9 mm

Ratio of SAR at M2 to SAR at M1 =55.7%

Maximum value of SAR (measured) = 15.2 Wkg

dB

-3.00
-6.00
-9.00
-12.00
-15.00

0dB =152 Wikg = 11.82 dBW/kg

Cartificate No: D1900VZ-50009_May23 Paga7old
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Impedance Measurement Plot for Body TSL
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7 Calibration report “2450 MHz System validation dipole”
Calibration Laboratory of SO, § Schwerzicctue Kallvimtiens)
Schmid & Partner AR C  Serviro svizzeo o trsira
Engineering AG P S Swiss Calibration Service
Zoughaussirasse 43, 8004 Zurich, Switzerland % @- v

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

Multitateral Agreement for the recognition of calibration cerlificates

cient | Cetecom Advanced Cortificate No. | D2450V2-710_May25
Saarbriicken, Germany i \
CALIBRATION CERTIFICATE ]
| Object D2450V2 - SN: 710 ’
Cadbration procedura(s) QA CAL-D5v12
Calibration Procedure for SAR Validation Sources between 0.7 - 3 GHz
Cafbratian daze May 7, 2025

This calioration certificata documeants the traceabllity to nationa! standards, which reaize the plyeical units of measurements (S1),
The measurements and the uncertainties with confidence probability are given on the fallowing pages and are part of the cerdilicate.

A% calibrations have been conducted In tha clead laboratory facility: environment temgerature (22 + 3)°C and humidity < 70%.
Calbraton Equipment used (WM& TE critical for calibration)

Issued: May 7. 2025
Thes calbration certificata shall not ba reproducad except in 1ul without written approval of tha abaratory,

Primary Standards 0] Cal Date (Cerilficate No.; | Scheduled Cal
Pawer Senscr A&S NAP-33T SN: 100867 | 26-Mar-25 (No. 217-04290) | Mar26
Power Sensor RES NRP18A SN: 101859 | 0B-Feb-25 (No. 4030A315003541) Fab-26
Spectrum Anakyzar A&S FEVA0 SN: 101832 | 28.an25 (N, 4DA0A3150D3658) Jan-26
| 3.5mm mismatch combination SNi1i52 | 24Mar-25 (No. 217-04293) War-26
“OCP DAK-12 SN 1016 24-Sept-24 (No. OCP-DAK12-1016_Seped) Sep-25
DAK33 SN: 1249 23-Sept-24 (No. OCP-DAKS 51249 _Sep24) Sep-25
" Rafarence Proba EX30VA SN: 7349 10-Jan 25 (No. EX3-7345_Jan2b) Jan-26
DAEAIp SN: 1636 17-Apr-25 (No. DAESD-1836_Ape2h) Apr-26
Sacondary Standards 5] Chack Date (In house} Scheduled Check
ACAD Setup 1 SN: 1064 28-May-24 [No. 675-ACAD_Socurce_Bex-240528) | May-25
Sigral Generalor RAS SMET100A SN: 182081 | 28-May-24 |No, 675-CAL16-SA508-230528) May-25
Mismanch; SMA N 1102 22-Way-24 [No. 675-Mismatch_SMA-240522) May-25
l Name Function Signature
Calibrated ty Paul Pira Laboratary Techaician %.72 Y
~< CaEE————
Approved by Swen Kiin Tachmeal Manager &s P

Cerilicate No: D2450V2-710_May25 Page 1 0f6
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g g Sy, S Schweizerischer Kalibrierdienst
Callbwhon Laboratory of %, G Service suisse détslonnage
Schmid & Partner A Servizio svizzero di 1aratura
Engineering AG Ay S Swiss Calibration Service
Zeughausstrasse 43, B004 Zurich, Switzerland ‘:,,,‘,m\_“\.-\‘
hecradited by the Swiss Accrediasion Service {SAS) Acereditation No.: SCS 0108

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

Glossary

TSL tissue simulating liqusd
ConvF  sensitivity in TSL / NOBM x,y,z
NA not appliceble or not measured

Calibration is Performed According to the Following Standards

IEC/IEEE £2200-1528,"Measurement Procedure For The Assessment OF Specific Absorption Rate Of Human Exposura To
Radio Frequercy Fields From Hand-Held And Body-Worn Wireless Communication Devices - Part 1528: Human Modsls,
Instrumentation And Procedures {Frequancy Range of 4 MHz to 10 GHz)", Octeber 2020

KDE 885664, "SAR Measurement Requsrements for 100 MHz to § GHz'

Additional Documentation
» DASY System Handbook

Methods Applied and Interpretation of Parameters

Measurement Condifions: Further details are available from the Validation Report at the end of the certificate. All figures
stated in the certificate are valic at the Irequency indicated.

* Antenna Parameters with TSL. The dipole is mounted with the spacer to position its feed palnt exactly below the center
marking of the flat phantom saction, with the arms orlented parallel 1o the body axis,

Feed Pownt Impedance and Return Loss: These parameters are measured with the dipole positicned under the liquid filled
phantomn. The impedance stated s transformed from the measurement at the SMA connector to the feed point. The Return
Loss ensures low reflectsd power. No uncertainty required.

Elactrical Delay: One-way delay between the SMA conneclor and the antenna feed paint. No uncertainty required,

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

SAR normalized: SAR as measurad, normalized to an input power of 1 W at the antenna connactor.

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

The reported uncertainty of measurement is stated as the standard uncertainty of measurement multiplied by the
coverage factor k=2, which for a normal distribution corresponds 1o a coverage probability of approximately 95%

Certificate No: D2450V2-710_May25 Page 2 of 6
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D2450V2 - SN: 710

Measurement Conditions

DASY system configuration, as far as not given on page 1,

May 7, 2025

DASY Version DASYS Module SAR 16.4.0
Extrapolation Advanced Extrapolaton
Phantom Modular Flat Phantom
Distance Dipole Center - TSL 10 mm with spacer
Zoom Scan Resolution dx, dy = 5mm, dz = 1.5mm Graded Ratio = 1.5 mm (Z direction}
Frequency 2450MHz =1MHz

HSL parameters at 2450 MHz

The foliowing parameters and calculations were applied.

Temperature Permittivity Conductivity

Nominal HSL parameters 220°C 392 1.80 mho/m
Measured HSL parameters (22.0 +0.2)°C 37.8 6% 1.84 mho/m £6%
HSL temperature change during test <05°C

SAR result with HSL at 2450 MHz
SAR averaged over 1 cm? (1 g) of HSL Conditien
SAR for nominal HSL parameters 24 dBm input power 13.2 Wy

SAR for nominal HSL parameters

normalized to 1W

52.6 Whkg =17.0% {(k=2)

SAR averaged over 10 cm® (10 g} of HSL

Condition

SAR for nominal HSL parameters

24 dBm input power

6.16 Wikg

SAR for nominal HSL parameters

normalized to TW

24.5 Wikg +16.5% (k= 2)

Certificate No: D2450V2-710_May25
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D2450Ve - SN: 710 May 7, 2025

Appendix (Additional assessments outside the scope of SCS 0108)
Antenna Parameters with HSL at 2450 MHz

Impedance 5270+110
Return Loss 31008

General Antenna Parameters and Design

| Electrical Delay (one direction) [ 1158 ng |

After long term use with 10DW radiated power, only a slight warming of the dipole near the feedpoint can be measured.

The dipole s made of standard semirigid coaxial cable. The center conductor of the feeding line s directly connected to
the second arm of the dipole. The antenna is therefors short-circuited %or DC-signals. On some of the dpoles, small end
caps are added to the dipole arms in crder 10 improve matching when loaded according to the position as explained in the
“Measurement Conditions” paragraph. The SAR data are nol allected by this change. The overall dipole length is still according
fo the Standard. No 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

Manufactured by SPEAG

Certificate No: D2450V2-710_May25 Page 40l &
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D2450V2 - SN: 710 May 7, 2025

System Performance Check Report

§ymvwvv —
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ot 0 ow. n 2450, 706 | 84 8
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D2450V2 - SN: 710

May 7, 2025
Impedance Measurement Plot for HSL
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8 Calibration certificate of Data Acquisition Unit (DAE) — SN: 477

Calibration Laboratory of
Schmid & Partner

Engineering AG
Zeughausstrasse 43, 8004 Zurich, Switzerland

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

Accredited by the Swiss Accreditation Service (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

cient Cetecom Advanced
Saarbricken - Germany

Certificate No: DAE4-477_May25

|CALIBRATION CERTIFICATE

I Object DAE4 - SD 000 D04 BO - SN: 477

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

Calibration date May 12, 2025

This calibration certificate decuments the traceabilty to national standards, which realize the physical units of measurements (S1)
The measurements and the unceramties with confic probability are given on the following pages and are part of the certificate

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

Calibration Equipment used (M&TE cntical for calibration)

Primary Standards IDs# __Cal Date (Cartificate No ) Scheduled Calbration

Keithley Multimater Type 2001 SN 0810278 27-Aug-24 (No:40547) Aug-25

Secondary Standards D# Check Date (in house) Scheduled Check

Auto DAE Calibration Unit SE UWS 063 AA 1001 23-Jan-25 (In house check) In housa check: Jan-25

Cahbrater Box V2.1 SE UMS 006 AA 1002 23-Jan-25 (in house check) In house check: Jan-26
Name Function Signature

Calibrated by: Dominique Steffen Laboratory Technician p
Approved by: Sven Kithn Technical Manager N\ l ¥
R (At

Issued: May 12, 2025

Thig calibration certificate shall not be reproduced except in full without written approval of the laboratory

Certificate No: DAE4-477_May25 Page 1 0f 5
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9 Certificate of “SAM Twin Phantom V8.0”
Schiid & Partner Enginearing AG
— S P e a g
Zeughausstrasse 43, BO04 Zurich, Switzartand
Phone +41 44 245 8700, Fax +41 44 245 9779
Info@speag.com, httpiwwew.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. Certain parameters are retested on series items.
Test Requirement = Details E Units tested
Dimensions Compliant with the geometry IT'IS 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 1,
Materlal thickness | 6mm +/- 0.2mm at ERP First article, All
at ERP - ltems
Material rel. permittivity 2 - 5, rel. permittivity 3.5 +/- 0.5 | Material
paramelers loss tangent s 0.05, at 1< 6 GHz | loss tangent s 0.05 samples
Material resistivity | Compatibility with tissue Compatible with SPEAG Phantoms,
simulating liquids . liquids, ** Material sample
Sagging Sagaing of the flat section in < 1% for filling 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: Compatibility restrictions apply certain liquid compenents mentioned in the standard,
containing e.9. DGBE, DGMHE or 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 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-held and body-mounted
wireless communication devices - Human models, instrumentation, and procedures - Part 1
Procedure to 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 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 Schnd & Fartnar Engineering AG
% Zesghausssuasse 43, BCD; chr; ; f:;m
- g9 4
Signature / Stam s R e e ot e
DocNo 8B1-QDOIDPATA-A Page 1(1)
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10 Certificate of “ELI Phantom V8.0”

Schmid & Partner Engneering AG § Q e a g

Zeughausstrasse 43, BOOS Zurich, Switzerand
Phona +41 44 245 9700, Fax +41 44 245 9779
info@speag com, httplvavw.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 Untersee Composites
e 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
well as on some series units QD OVA 001 B, QD OVA 003 A and QD OVA DO4A.

Test Requirement Detalls Units tested
Shapa Internal dimensions, depth and | Bottom elliptical 600 x 400 Prototypes
sagging are compatible with mm, Depth 190 mm,
standards dimension compliant with (1)
for > 375 MHz
Material thickness | Bottom: dimension compl@nt with all
2.0mm +/- 0.2mm [3] for [ > 800 MHz
Material rel. parmittivity 2 — 5, rel. permittivity 3.5 +/- 0.5 Material
paramelers loss tangent £ 0.05,atf< 6 loss tangent < 0.05 samples
GHz
Material Compatibility with tissue Compatible with SPEAG Phantoms,
resistivity simulating liquads . liquids. ** Material
sample
Sagging Sagging of the fiat section in within tolerance for filling Prototypes,
tolerance when filled with haight up to 155 mm samples
tissue simulating liquid

**"Note: Compatibility restrictions apply certain liquid components mentioned in the standard,
containing e.g. DGBE, DGMHME or Triton X-100. Observe technical note oo material compatibiiity,

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 Wireless 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, 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 62209-2 ed1.0, "Human exposure 1o radio frequency fields frem hand-held 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 ilem is in compkance with the uncertainty
requirements of body-worn SAR measurements and system performance checks as specified in [1 - 4]

and further standards.
LR e & & _
Date 10.06.2016 X
drasne 43, 4004 Duich, Swnereed
USSTASSE 4 N
SIgnnunlsuth/f/ +81 42 245 9700, Fax 41 44 2450779
nfc@spang com, D Mweww.speig com
DocNo E81-QDOVAOO4A-A Page 1(1)
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11 Application Note System Performance Check

11.1 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.

11.2 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.
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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 + 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.

11.3 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 cDASY®6

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 |Divisor| ¢ | ¢ | Standard Uncertainty | y2 o

uncertainty Value Distribution (1g) | (10g)| =%, (19) | £ %, (10Q)| Ve
Measurement System
Probe calibration + 6.6 % Normal 1 1 1 [+ 66%[+ 6.6% %0
Axial isotropy + 47 % | Rectangular | V3 1 1 |+ 27%[x 27% o0
Hemispherical isotropy + 9.6 % | Rectangular | V3 0 0 |+ 00%|+x 00% o0
Boundary effects + 1.0 % | Rectangular | V3 1 1 |+ 06%|+x 06% o0
Probe linearity + 47 % | Rectangular | V3 1 1 |2 27%|x 27% o0
System detection limits + 10 % | Rectangular | v3 | 1 1 |+ 06%|+ 06%]|
Modulation Response + 0.0 % | Rectangular | V3 1 1 |+ 00%|+x 0.0% o0
Readout electronics + 03 % Normal 1 1 1 |+ 03%|+x 03% o0
Response time + 0.0 % | Rectangular | V3 1 1 |+ 00%|+x 0.0% o0
Integration time + 0.0 % | Rectangular | V3 1 1 |+ 00%|+x 0.0% o0
RF Ambient Noise + 10 % | Rectangular | V3 1 1 |+ 06%|x 06% o0
RF Ambient Reflections + 1.0 % | Rectangular | V3 1 1 |+ 06%[+ 06% o0
Probe positioner + 0.04 % | Rectangular | V3 1 1 |+ 00%|+x 0.0% o0
Probe positioning + 0.8 % | Rectangular | V3 1 1 [+ 05%[+ 05%] =
Max. SAR evaluation + 0.0 % | Rectangular | V3 1 1 |+ 00%|x 0.0% o0
Dipole Related
Dev. of exp. dipole + 55 9% | Rectangular | V3 1 1 | 32%|x 3.2% o0
Dipole Axis to Liquid Dist. + 2.0 % | Rectangular | V3 1 1 [+ 12%[+ 12%]| =
Input power & SAR drift + 34 % | Rectangular | V3 1 1 |+ 20%|x 20% o0
Phantom and Set-up
Phantom uncertainty + 4.0 % | Rectangular | V3 1 1 |+ 23%|x 23% o0
SAR correction + 19 % Normal 1 1 10841+ 19%[+ 16% o0
Liquid conductivity (meas.)°* + 25 % Normal 11078071+ 20%|x 1.8% 0
Liguid permittivity (meas,)DAK + 25 % Normal 1]1023]1026|+ 06%|x 0.7% o0
Temp. unc. - Conductivity®® + 34 % |Rectangular [ V3 [ 078071 [+ 15%[+ 14%|
Temp. unc. - PermittivityBB + 0.4 % | Rectangular V31023026 01%|+ 01% o0
Combined Uncertainty t 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;
PAK 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

I Uncertainty | Probability | .. . Ci G Standard Uncertainty
Symbol Error Description S Divisor - -
Value Distribution (19) | (10g) | * %, (1g) |i %, (10g)
Measurement System Errors
CF Probe Calibration Repeat. + 13.1 % Normal 2 1 1 + 93% |+ 93 %
CFdrift  |Probe Calibration Drift + 1.7 %] Rectangular | ¥ 3 1 1 + 10%|x 1.0%
LIN Probe linearity + 4.7 %/ Rectangular [ vV 3 0 0 + 00%|+ 0.0%
BBS Broadband Signal + 0.0 %| Rectangular | ¥ 3 0 0 + 00%|+ 0.0%
ISO Probe Isotropy (axial) + 4.7 %/ Rectangular | vV 3 0 0 + 00%|+ 0.0%
DAE Data Acquisition + 0.3 % Normal 1 0 0 |+ 00%|+x 0.0%
AMB RF Ambient + 0.6 % Normal 1 0 0 |+ 00%|x 0.0%
Agys Probe Positioning + 05 % Normal 1 029|029 |+ 01% |+ 01%
DAT Data Processing + 0.0 % Normal 1 1 1 + 00%[|+ 0.0%
Phantom and Device Errors
LIQ(o) Conductivity (meag,)DAK + 25 % Normal 1 078 071 |+ 20% |+ 18%
LIQ(To) |Conductivity (temp.)®® + 3.4 %|Rectangular[ V3 078|071 |+ 15%[+ 14%
EPS Phantom Permittivity + 14.0 % | Rectangular | V 3 0 0 + 00%|+ 0.0%
DIS Distance DUT - TSL + 13 % Normal 1 2 2 |+ 26%|x 26%
MOD DUT Modulationm + 0.0 %[ Rectangular | V3 1 1 + 00%|+ 0.0%
TAS Time-average SAR + 0.0 % | Rectangular | ¥ 3 1 1 |+ 00%[+ 0.0%
VAL Validation antenna + 3.2 % Normal 1 1 1 + 32%|x 32%
Pin Accepted power + 20 % Normal 1 1 1 + 20% |+ 20%
Correction to the SAR results
C(g, 0) [Deviation to Target + 19 % Normal 1 1 084+ 19% |+ 16%
u(ASAR) |[Combined Uncertainty + 10.8 % |+ 10.7 %
U Expanded Uncertainty + 217 % |+ 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 f fequal to «.
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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11.4 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 I = } } @
Att3
Att2 |;
® =
Attl

&) —=
Dipole

The figure shows the recommended setup. The PM1 (incl. Attl) 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 250mwW
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 3 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 Attl 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.
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+ 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.

» 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 Attl and
calibrate the attenuator with the coupler.

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

11.5 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.

11.6 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.

+ 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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