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Glossary

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

Calibration is Performed According to the Following Standards

» |[EC/IEEE B2202-1528,"Measurement Procedure For The Assessment Of Specilic Absorption Rate O Human Expesure To
Radio Frequency Fieids From Hand-Held And Body-Worn Wireless Communication Devices - Part 1528 Human Models,
Instrumentation And Procedures {Frequency Fange ol 4 MHz to 10 GHz)", October 2020,

= KDE 865664, “SAR Measurement Requirements for 100 MHz 10 6 GHz"

Additional Documentation
= DASY System Handbook

Methods Applied and Interpretation of Parameters

« Measuremen! Conditions: Further delails are available from the Validation Report al the end of the certificate, All figures
stated in the certificate are valld al the freguency indicated.

« Antenna Parameters with TSL: The dipole is mounted with the spacer to position iIs feed point exaclly balow the center

marking of the flat phantom section, with the arms oriented parallel to the body axis.

Feed Point Impedance and Return Loss: These parameters are measured with the dipole positioned under the liquid filled

phantom. The impedance stated is transformed from the measurament at Ihe SMA connector 1o the feed point. The Return

Loss ensures low refiected power. Mo uncertainty required.

Elgctrical Delay: One-way delay between the SMA connector and the anlenna teed poinl. No uncertainty required.

« SAR measured: SAR measured al the stated antenna inpul power.

= S4R normalized: SAR as measured, normalized to aninput power of 1 W at the antenna connector.

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

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

Cerfificate No: D1800V2-5d185_Jun25 Page 2 ol B




D1900V2 - SN: 5d185

Measurement Conditions

DASY system configuration; as far as not given on page 1.

June 11, 2025

DASY Version DASYE Moedule SAR 16.4.0
Extrapolation Advanced Extrapolation
Phantom Maodular Flat Phantom
Distance Dipole Center - TSL 10 mm with spacer
Zoom Scan Resolution dx, dy = 6mim, dz = 1.5mm Graded Ratio = 1.5 mm (Z direction)
Frequency 1900MHz £ 1MHz

HSL parameters at 1900 MHz

The following parameters and calculations were applied.

Temperature Permittivity Conductivity

Mominal HSL parameters 22.0°C 40.0 1.40 mha/m
Measured HSL parameters (22.0 £0.2)°C 40.2 +6% 1.38 mho/m 6%
HSL temperature change during test <0.5°C

SAR result with HSL at 1900 MHz
SAR averaged over 1 ¢cm® (1 g) of HSL Condition
SAR for nominal HSL. parameters 24 dBm inpul power 9.94 Wikg
SAR for nominal HSL parameters normalized 1o TW 39.6 Wikg £17.0% (k=2)

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

Condition

SAR for nominal HSL parameters

24 dBm input power

5.23 Wikg

SAR for nominal HSL parameters

normalized lo 1TW

20.8 Wkg £16.5% (k=2)

Certificate Mo: D1900V2-5d185_Jun25
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D1800V2 - SN: 5d185 June 11, 2025

Appendix (Additional assessments outside the scope of SCS 0108)
Antenna Parameters with HSL at 1900 MHz

Impedance 5320+4.0(0
Reaturn Loss -26.1 dB

General Antenna Parameters and Design

[ Electrical Delay (one direction) | 1.203 ns |

After long term use with 100W radiated pawer, only a sligh! warming of the dipole near the leedpeint can be measured.

The dipole is made of standard semirigid coaxial cable. The center conductor of the feeding line is directly connected 1o
the second arm of the dipole. The antenna is therefore short-circuiled for DC-signals. On some of the dipoles, small end
caps are added to the dipole arms In order 1o Improve matching when loaded according to the posilion as explained in he
"Measurement Conditions” paragraph. The SAR data are not affected by this change. The overall dipale length is still according
1o the Standard. Mo excessive force must be applled to the dipole arms, because they might bend or the soldered connections
near the feedpoint may be damaged.

Additional EUT Data

Manutactured by SPEAG

Certificate No: D1800V2-5d185_Jun2s Page 4 ol &



D1900V2 - SN: 5d185

June 11, 2025

System Performance Check Report

Summary
Dipata Freauency [MH7L T5L Prngiir [l
D1 S00VE - SNEd B3 1an #HaL i

Exposure Conditions

Fhantom Section, TS4  Test Distance Imm]  Band  Gowp, D Fregquency [MHZ], Channel Mambes

Coamversian Factor 55 Condictiveny [5rm] TSL Pafiniinimy

Flag {1+] oW, 0= 1ano, 0 7.6 | 38 0.
Hardware Setup
Phanrom TS Meamured ks Prwte, Calibraiion Dats |A&E, - Calft=ration fats
MFP VA Bipht HAL, 025 == 1 | EX I - TNT G, 20250010 DAESip SAlRAE, JO2S-0H-TT
Scans Setup Measurement Results
Toom Sgan Edarn can
Corid Extents fmmi) I 0% 30 Oate <OZE-06-11
Grid Stons Lnemi B0 x 6.0x .5 PESAR g W/ Kaf 494
Samair Surfacn [mm) 1.4 pISAR10g W/ Ka) 523
Graded Grig s Pervew: Dvelt {cl] LN
Grading Batio % Fower Sealing Lisahlsd
MEALA Ki& Lealing Factor [di]
Hurlioe Detection WHE ¢ fip Tl Crerpciioel Positiva | Negailbes
Srmn Mathod Maaineel

D di =

17.4 WiKg
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D1900YV2 - BN; 5d185 June 11, 2025

Impedance Measurement Plot for HSL
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QA CAL-06.v30

Calibration procedure(s)

Calibration date March 14, 2025

Calibration Equipment used (M&TE entical for calibration)

Calibration procedure for the data acquisition electronics (DAE)

This calibration cerificate documants the traceabillity to nafional standards, which realize the physical unils of measurements (Si).
The measuremeants and the uncerainties with confidance probability are givan on the lollowing pages and are pan of the cenificate:

All calibrations have been conducted in the closed laboratory facifity: environmant temperatura (22 = 3)°C and humidity « 70%.

|CALIBRATION CERTIFICATE '

Object DAES - SD 000 D03 AA - SN: 577

Primary Standards oW Cal Date (Cenilicate No.) Schadulad Calibiration
Keithley Multmeter Type 2001 5N; 0810278 27-Aug-24 (No:40547) Aug-25
Secondary Standards D # Check Date (in house) Scheduled Chack

Aute DAE Calibration Linit
Calibrator Box V2.1

Calibrated by:

Approved. by,

SE UWS.053 A4 1001
SE UMS 006 A4 1002

Mame

Adrian Gehring

Sven Kihn

23-Jan-25 {in house check)
23-Jan-25 (in house chack)

Funetion S'gngll'[ure
Laboratory Technician J E =
= ;
i 7 . -
i s

This calibratlon certlificate shall not ba reproduced excapl in tull withoul writtsrn approval of the laboratory.

Im houwse check. Jan-26
In house check: Jan-26

Issued: March 14, 2025

Cerificate No: DAE3-577_Mar2s
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Glossary

DAE data acquisition electronics

Connector angle  information used in DASY system to align probe sensor X to the robot
coordinate system.

Methods Applied and Interpretation of Parameters
* DC Voltage Measurement: Calibration Factor assessed for use in DASY system by
comparison with a calibrated instrument traceable to national standards. The figure given
corresponds to the full-scale range of the voltmeter in the respective range.

» Connector angle: The angle of the connector is assessed measuring the angle mechanically
by a tool inserted. Uncertainty is not required.

* The following parameters as documented in the Appendix contain technical information as a
result from the performance test and require no uncertainty.

* DC Voltage Measurement Linearity: Verification of the Linearity at +10% and -10% of
the nominal calibration voltage. Influence of offset voltage is included in this
measurement.

e Common mode sensitivity: Influence of a positive or negative common mode voltage on
the differential measurement.

» Channel separation: Influence of a voltage on the neighbor channels not subject to an
input voltage.

e AD Converter Values with inputs shorted: Values on the internal AD converter
corresponding to zero input voltage

* Input Offset Measurement. Output voltage and statistical results over a large number of
zero voltage measurements.

» Input Offset Current: Typical value for information; Maximum channel input offset
current, not considering the input resistance.

e Input resistance: Typical value for information: DAE input resistance at the connector,
during internal auto-zeroing and during measurement,

* Low Battery Alarm Voltage: Typical value for information. Below this voltage, a battery
alarm signal is generated.

» Power consumption: Typical value for information. Supply currents in various operating
modes.

Certificate No: DAE3-577_Mar25 Page 20l 5



DC Voltage Measurement
A/D - Converler Resolution nominal

High Range: iLSB = B.1uV . full range = -100...+300 mV
Low Range: 1LSB = ainV full range= -1......+3mV
DASY measurement parameters: Auto Zero Time: 3 sec; Measuring time: 3 sec
Calibration Factors X Y Z
High Range 403.541 + 0.02% (k=2) | 403.528 = 0.02% (k=2) | 403.833 + 0.02% (k=2)
Low Range 3.92625 + 1.50% (k=2) | 3.94147 + 1,50% (k=2) | 3.96097 + 1.50% (k=2)
Connector Angle
Connector Angle to be used in DASY system 181.5°+1"

Certificate Mo: DAE3-577_Mar25 Page3of5



Appendix (Additional assessments outside the scope of SCS0108)
1. DC Voltage Linearity

High Range Reading (uV) Difference (uV) Error (%)
Channel X + Input 199995.39 0.03 0.00
Channel X + Input 20007.24 4.81 0.02
Channel X - Input -19999.18 a1z -0.02
Channel ¥ + Input 199998.97 377 0.00
Channel Y + Input 20003.79 1.44 0.01
Channel ¥ - Input -20001,53 .89 -0.00
Channel Z + Input 199996.41 1.10 0.00
Channel Z + Input 20003.06 0.68 0.00
Channel Z = Input -20003.25 -0.81 0.00
Low Range Reading (uV) Difference {uV) Error (%)
Channel X + Input 2001.33 013 0.
Channel X + Input 202.23 0.85 0:.43
Channel X - Input -187.97 0.38 -0.19
Channel Y + Input 2001.43 0.51 0.03
Channel ¥ + Input 200,71 -0.36 -0.18
Channel Y = Input -198.96 -0.35 0.18
Channel 2 + Input 2000.89 -0.10 -0.0
Channel Z + Input 20011 -1.03 -0.51
Channel 2 - Input -200.01 -1.44 0.73
2. Common mode sensitivity
DASY measurement paramelers: Auto Zero Time: 3 sec: Measuring fime: 3 sec
Common mode High Range Low Range
Input Voltage (mV) Average Reading (uV) Average Reading (uV)
Channel X 200 -1.72 -3.70
<200 4.96 368
Channel ¥ 200 -13.93 -14.05
- 200 12.73 13.07
Channel 2 200 278 2.67
- 200 -4.89 -5.34

3. Channel separation
DASY measurement parameters: Auto Zero Time: 3 sec, Measuring time: 3 sec

Input Voltage (mV) | Channel X (uV) | Channel ¥ (uV) Channel Z {uV)
Channel X 200 -0.33 -3.18
Channel Y 200 7.59 = 0.49
Channel 2 200 5.08 5.62 =

Cearificate No; DAE3-577_Mar2s
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4. AD-Converter Values with inputs shorted
DASY measurement parameters. Auto Zero Time: 3 sec; Measuring time: 3 sec

High Range (LSB) Low Range (LSB)
Channel X 16133 16296
Channel Y 16110 17508
Channel 2 16115 16372

5. Input Offset Measurement
DASY measurement parameters: Auto Zero Time: 3 sec; Measuring time: 3 sec

Input 10ML2
Average (pV) min. Offset (uV) | max. Offset {uv) Bt ?::;nﬂnn
Channel X 1.22 0.47 1.83 0.32
Channel Y -0.32 -1.97 0.56 0.46
Channel 2 -0.90 -2.02 -0.13 0.35

6. Input Offset Current
Nominal Input circuitry offsel current on ail channels: <25fA

7. Input Resistance (Typical values for information)

Zeroing (kOhm) Measuring (MOhm)
Channel X 200 200
Channel ¥ 200 200
Channel Z 200 200
8. Low Battery Alarm Voltage (Typical values for information)
Typical values Alarm Level (VDC)
Supply (+ Vecc) +7.9
Supply (- Vec) -7.6
9. Power Consumption (Typical values for information)
Typical values Switched off (mA) | Stand by (mA) | Transmitting (mA)
Supply (+ Vec) +3.01 +6 +14
Supply (- Vec) -0.01 -8 -9

Cenrificate No: DAE3-577_Mar25 PagaSaolh
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CALIBRATION CERTIFICATE

Chject ES3DV3 - SN:3115

Calibration proceture(s) QA CAL-01.v10, QA CAL-12.v10, QA CAL-23.v6, QA CAL-25.v8

Calibration procedure for dosimetric E-field probes

Callbration date August 19, 2025

This ealibfation cartificate documents the traceability to national standards, which realize the physical unils of measuremants (S1).

The migasurements and the uncertainiizs with confidence probability are given an the following pages and are part of the cerlificate.

All calibrations have bean conducted in 1he closed Inboratory facility: environment temperature (224 3)°C and humidity < 0%,

Calibration Equipment used (METE crikcal lor calibration)

Primary Standards [5] Calibration Date |Certificate No.j Sched. Cal,

Power Sensor RES NRP-33T GSN: 100967 | 30-Apr-25 (No. 1020-300791788) Apr-26

N-type miematch combination SN L1119 26-Mar-25 (Mo, 217-04292) Mar-28

GCP DAR-12 BN 1016 | 24-Sept-24 [No. DOP-DAK12-1016_Sep24) Sep-25

CCF DAK-3.5 SH: 1248 23-Sept-24 (No, OCP-DAK3.5-1248_Sep24) Sop-25
Referance Probe EASDVA SN. 7348 10-Jan-25 (No. EXa-7349_Jana5) Jan-28

CWME4 SN: 1301 07 -Nov-24 (No. DAE4-1301_Mov24) Mov-25

Sacondary Standards 7] Chack Date (in house) Sched. Check

ACAP 2020 Selup 1 SH: L1and 30-Gopt-24 (Mo, Report_AGAPZ020E-Cave_20240930s) | Sep-25

OCP DAR-12 SHN: 1029 2T:EED'25 iNo, DCP-DAK12-1029_Feb25) Fab-26

OCP DAK-35 SH: 1336 09-Dec-24 (No, OCP-DAK3.5-1336_Dec2d) Deg-25

Mame Function Signature

Calibrated by Joanna Lieshaj Laboratory Technician CM

Approved by Sven Kihn Technical Manager ?ﬁ

lesued: Auguist 18, 2025
Thie calibeation ceriificate shall not be reproduced except in full without written approval of the laboratory,
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Glossary

TSL tissue simutating liguid

NORMx vz sensitivity in free space

ConvF sensitivity In TSL / NORMx.y.z

bCP diode comprassion point

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

A.BCD modulation dependent linearization paramelers

Polarization ¢ o rotation around probe axis

Polarization # {1 rotation areund an axis that is in the plane normal to probe axis (at measurement center), la., #=0is

normal o probe axis
Connector Angle  information used In DASY system 1o align probe sensor X to the robol coordinate system

Calibration is Performed According to the Following Standards:

a) IEC/IEEE 62209-1528, “Measurement Procedure For The Assassment Ot Specific Abserption Rate Of Human Exposure
To Radio Frequency Fields From Hand-Held And Body-Worn Wireless Commuriication Devices — Part 1528: Human
Models, Instrumentation And Procedures (Frequency Range of 4 MHz 1010 GHz)", October 2020,

by KOB 865664, “SAR Measurement Requirements for 100 MHz 1o 6 GHz"

Methods Applied and Interpretation of Parameters:

+ NORMx y.z: Assessed for E-field polarization # =0 (f < 900MHz in TEM-cell, { > 1800MHz: R22 waveguide). NORMx.y.z
are only intermediate values, |.e., the uncertainties of NORMx.y.z does not affect the E*-field uncertainty inside TSL (see
below ConvF),

- NORM(l)x,y.z = NORMzx,y,z * frequency_response (see Frequency Response Chart). This linearizafion is implemented In

DASY4 software versions laler than 4.2. The uncertainty of the frequency response s included In the stated uncertainty of

ConvF.

DCPx,y.z: DCP are numerical linearization parameters assessed based on the data of power sweep with CW signal. DGP

does not depend on frequency nor media.

PAR: PAR is the Peak to Average Ratio that is not calibrated but determined based on the signal characleristics

Ax.y.z: Bxy.z; Cxyz: Dxyz, VRxyz: A B, C, D are numerical linearization parameters assessed based on the data ol

power sweep for specific modulation sigrial, The parameters do not depend on lrequency nor madia. VR is the maximum

calibration range expressed in RMS voltage across the diode.

ConvE and Boundary Effect Parameters: Assessed in llal phantom using E-field (or Temperature Transfer Standard for

f = 800 MHz) and inside waveguide using analytical field distribulions based on power measurements for f = 800MHz. The

same setups are used for assessment of the parameters applied for boundary ocompensation (alpha, depth) of which typical

uncertainty values are given. These parameters are used in DASY4 software lo improve probe accuracy close to the
boundary. The sensitivity in TSL corresponds to NOAMx.y,z * ConvF whereby the uncertainty corresponds to that given for

ConvF. A frequency dependant ConvF is used In DASY version 4.4 and higher which allows extending the validity from

+50 MHz 1o £100 MHz.

Spharical isotropy (30 deviation from isotrapy): in a field ol low gradients realized using a lat phaniom exposed by a patch

antenna.

Sensor Offset: The sensar offse! corresponds 1o the offset of virtual measurement center irom the probe tip (on probe axis),

Mo tolerance required.

Connecior Angle: The angle is assessed using the infermation gained by determining the NORMx [no uncertainty required),

-

-

Certificate No: ES-3115_Aug25 Page 2 0f 8



ES3DV3 - SNi3115

Parameters of Probe: ES3DV3 - SN:3115

Basic Calibration Parameters

August 19, 2025

Sensor X Sensor Sensor £ Unc (k =2)
Norm (uviVimy2) A 1.29 1.21 1.16 £10.1%
DCP (mv) B 103.2 1027 104.0 +4.7%
Calibration Results for Modulation Response
UID | Communication System Name A B [# D VR Max | Max
dB | dB/uV dé | mV | dew. | UncF
k=2
0 [CW X | 0.00 0.00 100 | 00D | 1480 | +1.0% | +4.7%
Y| 0.00 0.00 1.00 1381
0.00 0.00 1.00 1382

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

* Tha unceriainties of Morm X;¥.2 do not affact the E=-figld uncertainty inside TSL (see Page 5).
B {inearization paramater uncerianty for masimum specifisd figld Sangin,
E Unzertalnty s determinad using the max. deviatlon from lnear response applying rectangular dietritiution and is expressed for the square of the Held valie,

Cartificate No: ES-3115_Aug25
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ES3DV3 - SN:3115 August 19, 2025

Parameters of Probe: ES3DV3 - SN:3115

Other Probe Parameters
Sensar Arrangement Triangular
Connector Angle -15.0°
Mechanical Surface Detection Mode enabled
Optical Surface Detection Mode disabled
Probe Qverall Length 337 mm
Probe Body Diameter 10mm
Tip Length 10mm
Tip Diamater 4mm
Probe Tip to Sensor X Calibration Point 2mm
Probe Tip to Sensor Y Calibration Point 2 mm
Probe Tip to Sensor Z Calibration Point 2mm
Recommended Measurement Distance from Surace 3mm

Cartificate No: ES-3115_Aug25 Page 4 of 9




ES3DV3 - SN:3115 Algust 19, 2025

Parameters of Probe: ES3DV3 - SN:3115

Calibration Parameter Determined in HSL

f (MHz)C Relative Conductivity™ | ConvF X | ConvFY | ConvFZ | Alpha® | Depth® | Unc"
Permittivity" (5/m) (mmj (k=2)

750 419 0.89 6.00 6.05 5.84 0.34 2.18 +11.0%
835 41.5 0.90 5.67 5.71 5.52 0.35 218 | +11.0%
1750 401 1.37 4.93 4.97 4.80 0.36 207 | +11.0%
1900 40.0 1.40 4.88 4.92 4.75 0.36 176 +11.0%
2300 39.5 167 4.70 4.74 457 0.36 1.84 +11.0%
2450 39.2 1.80 4.45 4.49 4,34 0.37 1.08 +11.0%
2600 39.0 196 453 4.56 4.41 0.37 177 | +11.0%

© Froguency validily above 300 MHz ol 160 MHz anly applies fot DASY v4.4 and higher (see Page 2), else It s restricted 1o £50 MHe. The uncertainty is the
RS of the ComvF pncortainty at calibration frequancy and the uncartainty far the indicated trequengy band, Froquency validity balow 300 MHz |s =11, 25,
40, 50 and 7O MHz for ConvF assessmpnts a1 30, B4, 128, 160 and 220 MH2 respeciively. Validity ol ComvF assassed at 6 Mz is 4-00MHz, and ConeF
agsessadal 13 MHz i 8-18 MHz. Above 5 GHz frmguency validity can be extanded o 2110 MHz.

F Tha probas ase callbrated Leing tissue simulating Uoulds (TSL) that doviane for ¢ and o by Jess than «5% Irom he fargel values (ypically betier than +3%;)
and ara valld lor TSL with devialions ol up 1o £10% I SAR comeclion is applied

9 AlahaDepth are delermined during calibration, SPEAG warmants thil the remaining devialion due to the boandary elfect aller compensatian is abways less
than +1% a7 (requancies below 3 GHz and balow 2% lor lrequencies belwaon 3-6 GHz a1 any distance iarger than hal! the orobe tip diameter fram tha
boundary.

 The siated uncertainty s 1he 1otal caBbmanon uncortanty (k =2} of Norm ConvE This 15 equivalent to the uncertainty componsnt with the symbol GF in

Tabla &'l IEC/IEEE 62209-1528:2020
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ES3DV3 - SN3115 August 18, 2025

Frequency Response of E-Field
(TEM-Cell:iti110 EXX, Waveguide:R22)

15

1.4
13
12
1A

Lo o e A e e e

0.9

Freguency response (normalized)

0.8

0.7

0.6

U'EU 200 400 600 800 1000 1200 1400 1600 1800 2000 2200 2400 2600 2800 3000 3200
1 [MHz]

—=—TEM —4+—R22

Uncertainty of Frequency Response ol E-figld: +6.3% (k=2)
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ES3DV3 - SN:3115

Receiving Pattern (¢), {1 =0°

=600 MHz, TEM, 0 f=1800 MHz, R22, 0"

August 18, 2025
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—a— 100 MHz —=— GO0 MHZ - 1800 MHz —- 2500 MHz

Uncertainty of Axial Isotropy Assassment: £0.5% (k=2)
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E33DV3 - SN:3115

Input Signal [uV]

Error [dB]

Dynamic Range f(SARus.)
(TEM cell, foym = 1900 MHz)

August 19, 2025
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102 10! 1o? 10!
SAR [mWiem?)
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Uncertainty of Linearity Assessment +0.6% (k=2)

107
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ES3DV3 - SN:3115 August 19, 2025

Conversion Factor Assessment

=1900 MHz, WGLS R22 (H_convF)
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Deviation from Isotropy in Liquid
Error (1), f = 900 MHz
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Uncertainty of Spherical Isotropy Assessment: £2.6% (k=2)
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