SPORTON LAB.

D2300V2, serial no. 1006 Extended Dipole Calibrations
If dipoles are verified in return loss (<-20dB, within 20% of prior calibration), and in impedance (within 5 ohm

of prior calibration), the annual calibration is not necessary and the calibration interval can be extended.

<Justification of the extended calibration>

D2300V2 — serial no. 1006

2300MHZ
Date of Measurement|Return-Loss (dB)|Delta (%)|Real Impedance (ohm)|Delta (ohm)|Imaginary Impedance (ohm)|Delta (ohm)
01.18.2022
-31.938 49.391 -2.4405
(Cal. Report)
01.17.2023
-32.11 0.539 46.957 -2.434 -3.2857 -0.8452
(extended)
01.16.2024
-28.398 -11.08 47.703 -1.688 -3.0782 -0.6377
(extended)

The return loss is < -20dB, within 20% of prior calibration; the impedance is within 5 ohm of prior calibration.

Therefore the verification result should support extended calibration.

SPORTON INTERNATIONAL INC.
TEL : 886-3-327-3456
FAX : 886-3-328-4978



SPORTON LAB.

<Dipole Verification Data> - D2300V2, serial no. 1006 (Data of Measurement : 01.17.2023)
2300MHz - Head

PH# 511 Log Mag 10.00d8/ Ref 0.000de [F1]

3000000 GHz -32.110 dB

1 Stet g LbHE £ 2L s Stop 2.3 GHE gt

PHEE 511 smith (R+§x) Scale 1.000u [F1 Del]

>1 2.3000000 GHz 46.957 0 -3.2857 0 21.060 pF

1 Start 2.1 GHz IFBW 70 kHz Stop 2.5 GHz [@H)1

SPORTON INTERNATIONAL INC.
TEL : 886-3-327-3456
FAX : 886-3-328-4978



SPORTON LAB.

<Dipole Verification Data> - D2300 V2, serial no. 1006 (Data of Measurement : 01.16.2024)
2300 MHz - Head

P S11 Log Mag 10.00dB/ Ref 0.000dB [F1]
se.00 —m4m——————on———

>1 2.3000000 GHz -28.398 dB

1 Start 2.1 GHz IFBW 70 kHz Stop 2.5 GHz

P S11 smith (R+jX) Scale 1.000U [F1 pel]

>1 2.3000000 GHz 47.703 Q -3.0782 Q 22:480 EF

[1 start 2.1 GHz IFBWY 70 kHz Stop 2.5 GHz

SPORTON INTERNATIONAL INC.
TEL : 886-3-327-3456
FAX : 886-3-328-4978
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Zeughausstrasse 43, 8004 Zurich, Switzerland S

Swiss Calibration Service

Accredited by the Swiss Accreditation Service (SAS)
The Swiss Accreditation Service is one of the signatories to the EA
Multilateral Agreement for the recognition of calibration certificates

Accreditation No.: SCS 0108

Calibration procedure(s)

Calibration date:

Calibration Equipment used (M&TE critical for calibration)

This calibration certificate documents the traceability to national standards, which realize the physical units of measurements (51).
The measurements and the uncertainties wilth confidence probability are given on the following pages and are part of the certificate.

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

Primary Standards 1D # Cal Date (Certificate Ma. ) Scheduled Calibration

Power meter NRP SM: 104778 08-Apr-21 (Mo, 217-03291/03282) Apr-22

Power sensor NRP-Z91 SN: 103244 09-Apr-21 (Mo, 21 7-03291) Apr-22

Power sensor NRP-Z91 SN: 103245 08-Apr-21 {Mo. 21 T-03292) Apr-22

Reference 20 dB Attenuator SN: BH9394 (20k) 08-Apr-21 (Mo. 217-03343) Apr-22

Type-M mismatch combination SM: 310982 / 06327 02-Apr-21 (Mo. 217-03344) Apr-22

Reference Probe EX3DV4 SN: 7349 28-Dec-20 (No. EX3-7348_Dec20) Dec-21

DAE4 SN: 601 02-Mov-20 (No. DAE4-601_Naov20) Nov-21

Secondary Standards ID# Check Date {in house) Scheduled Check

Power meter E44198 SN: GB39512475 30-0ct-14 (in house check Oct-20) In house check: Oct-22

Power sensor HP 84814 SM: US37292783 07-0cl-15 {in house check Oct-20) In house check: Qct-22

Power sensor HP 84814 SN MY41092317 07-0ct-15 (in house check Qct-20) In house check: Oct-22

RF gensrator R&S SMT-06 SN: 100972 15-Jun-15 (in house check Oct-20) In house check: Oct-22

Network Analyzer Agilent EB358A | SN: US41080477 31-Mar-14 (in house check Qet-20) In house check: Oct-21
MName Function

Calibrated by: ' Laborz

Approved by:

This calibration certificate shall not be reproduced excepl in full without written approval of the laboratory.

Issued: August 25, 2021

Certificate Mo: D2600V2-1008_Aug21
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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-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.

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

e 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: D2600V2-1008_Aug21 Page 2 of 6



Measurement Conditions

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

DASY Version

DASYS2 V52.10.4
Extrapoclation Advanced Extrapolation
Phantom Modular Flat Phantom
Distance Dipole Center - TSL 10 mm with Spacer
‘E:mm Scan Resolution dx, dy, dz =5 mm
Frequency 2600 MHz £ 1 MHz
Head TSL parameters
The following parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Head TSL parameters 22.0°C 39.0 1.96 mho/m
Measured Head TSL parameters (22.0x0.2)°C 374+6% 2.04 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 —|
S5AR measured 250 mW input power 14.9 Wikg

SAR for nominal Head TSL parameters

normalized to 1W

58.0 Wikg + 17.0 % (k=2)

SAR averaged over 10 cm?® (10 g) of Head TSL

condition

SAR measured

250 mW input power

6.56 Wikg

SAR for nominal Head TSL parameters

normalized to 1W

25.8 Wikg +16.5 % (k=2)

Certificate No: D2600V2-1008_Aug21
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Appendix (Additional assessments outside the scope of SCS 0108)

Antenna Parameters with Head TSL

Impedance, transformed to feed paoint 42.20-30i0

Return Loss -30.0 dB

General Antenna Parameters and Design

Electrical Delay (one direction) 1.153 ns

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

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

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

Additional EUT Data

Manufactured by SPEAG

Certificate No: D2600V2-1008_Aug21 Page 4 of 6




DASYS5 Validation Report for Head TSL

Test Laboratory: SPEAG, Zurich, Switzerland

DUT: Dipole 2600 MHz; Type: D2600V2; Serial: D2600V?2 - SN:1008

Communication System: UID 0 - CW; Frequency: 2600 MHz

Medium parameters used: = 2600 MHz: ¢ = 2 04 S/m; &= 37.4; p = 1000 kg/m?

Phantom section: Flat Section

Measurement Standard: DASYS5 (IEEE/IEC/ANSI C63.19-201 1)

DASY52 Configuration:

Date: 17.08.2021

e Probe: EX3DV4 - SN7349; ConvF(7.84, 7.84, 7.84) @ 2600 MHz: Calibrated: 28. 12.2020

* Sensor-Surface: 1.4mm (Mechanical Surface Detection)

* Electronics: DAE4 Sn601; Calibrated: 02,1 1.2020

* Phantom: Flat Phantom 5.0 (front); Type: QD 000 P50 AA; Serial: 1001

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

Dipole Calibration for Head Tissue/Pin=250 mW, d=10mm/Zoom Scan (7x7x7)/Cube 0:

Measurement grid: dx=5mm, dy=5mm, dz=5mm

Reference Value = 119.8 V/m; Power Drift = 0.08 dB

Peak SAR (extrapolated) = 29,9 Wikg

SAR(I g) = 14.9 W/kg; SAR(10 g) = 6.56 Wikg

Smallest distance from peaks to all points 3 dB below = 9 mm
Ratio of SAR at M2 to SAR at M1 = 49 99;

Maximum value of SAR (measured) = 24.4 Wikg

-4.80
-9.60
-14.40

-19.20

-24.00
0dB =24.4 W/kg = 13.87 dBW/kg

Certificate Mo: DESGDV2-1DUB_ﬁug21 Page 5of 6



Impedance Measurement Plot for Head TSL
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SFORTON LAB.

D2600V2, serial no. 1008 Extended Dipole Calibrations
If dipoles are verified in return loss (<-20dB, within 20% of prior calibration), and in impedance (within 5 ohm

of prior calibration), the annual calibration is not necessary and the calibration interval can be extended.

<Justification of the extended calibration>

D2600V2 — serial no. 1008

2600MHZ
Date of Measurement|Return-Loss (dB)|Delta (%)|Real Impedance (ohm)|Delta (ohm)|Imaginary Impedance (ohm)|Delta (ohm)
08.17.2021
-30.017 49.162 -3.0168
(Cal. Report)
08.16.2022
-25.072 -16.47 46.926 -2.236 -5.6571 -2.6403
(extended)
08.15.2023
-26.988 -10.09 48.921 -0.241 -4.544 -1.5272
(extended)

The return loss is < -20dB, within 20% of prior calibration; the impedance is within 5 ohm of prior calibration.

Therefore the verification result should support extended calibration.

SPORTON INTERNATIONAL INC.
TEL : 886-3-327-3456
FAX : 886-3-328-4978



SFORTON LAB.

<Dipole Verification Data> - D2600 V2, serial no. 1008 (Data of Measurement : 08.16.2022)

2600 MHz - Head

P! 511 Log Mag 10.00de/ rRef 0.000dB [F1]

50.00

GHz -25.072 dB

-40. 00

IFBW 70 kHz Stop 2.8 GHz [0

[1 start 2.4 GHz

IFEWV 70 kHz stop 2.8 GHz [

SPORTON INTERNATIONAL INC.
TEL : 886-3-327-3456
FAX : 886-3-328-4978



SFORTON LAB.

<Dipole Verification Data> - D2600V2, serial no. 1008 (Data of Measurement : 08.15.2023)
D2600V2 MHz - Head

g

1 Start 2.4 GHz IFEW 70 kHz Stop 2.6 GHe @

11 Start 2.4 GHe IFEVY 70 kHe Stop 2.8 GHz [

cor [
)

SPORTON INTERNATIONAL INC.
TEL : 886-3-327-3456
FAX : 886-3-328-4978
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Swiss Calibration Service

Accrediled by the Swiss Acereditation Service (SAS)
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Accreditation No.: SCS 0108
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CALIBRATION CERTIFICATE '|

Object DAE4 - SD 000 D04 BJ - SN: 661

Certificate No: DAE4-661_May23

Calibration procedure(s) QA CAL-0B.v30

Calibration procedure for the data acquisition electronics (DAE)

Calibration date: May 23, 2023

This calibration cerfificate documents the raceability to national standards, which realize the physical units of measuraments (S1).
The measurements and the uncedainties with confidence probability are given on the tollowing pages and are part of the cenificate.

Al calibrations have been conductad in the closed laboratory facility: environment temperature (22 = 3)°C and humidity < 70%.

Calibration Equipment used (M&TE critical for calibration)

Primary Standards D # Cal Date (Cerificate No.) Scheduled Calibration
Keithley Multimeter Type 2001 SN: DB10278 28-Aug-22 (Mo:34389) Aug-23
Secondary Standards ID # Check Date {in house) Scheduled Check

Auto DAE Calibration Unit
Calibrator Box V2.1

Calibrated by:

Approved by:

SE UWS 053 AA 1001
SE UMS 006 A8 1002

Mame
Adrian Gehring

Svan Kihn

27-Jan-23 {in house check)
27-Jan-23 {in house check)

Function

Laboratory Technician

Technical Manager

Thiz calibration cerificate shall nol ba reproduced except in full without written approval of the laboratory.

In house check: Jan-24
In house check: Jan-24

Signature

/f “/Jff’?_::;

W, Q‘lem‘

lssuad: May 23. 2023

Certificate No: DAE4-661_May23
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Calibration Laboratory of
Schmid & Partner

Engineering AG
Zeughausstrasse 43, 8004 Zurich, Switzerland

S Schweizerischer Kalibrierdienst

c Service suisse d'étalonnage
Servizio svizzero di taratura

S swiss Calibration Service

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

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.

* 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. Qutput 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 [nput 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.

Cerificate No: DAE4-661_May23 Page2of 5



DC Voltage Measurement
A/D - Converter Resolution nominal

High Range: 1LSB = 6.1uv, fullrange = -100...+300 mV
Low Range: 1LSB = 61nV , fullrange= -1....... +3mV
DASY measurement parameters: Auto Zero Time: 3 sec; Measuring time: 3 sec
Calibration Factors X Y Z
High Range 404.486 + 0.02% (k=2) | 404.875 + 0.02% (k=2) | 405.230 + 0.02% (k=2)
Low Range 3.96919 + 1.50% (k=2) | 3.97892 + 1.50% (k=2) | 3.99933 + 1.50% (k=2)

Connector Angle

Connector Angle to be used in DASY system 207.0°%t1°

Certificate No: DAE4-661_May23 Page 3 of 5



Appendix (Additional assessments outside the scope of SCS0108)

1. DC Voltage Linearity

High Range Reading (uV) Difference (uV) Error (%)
Channel X + Input 199996.36 0.95 0.00
Channel X + Input 20006.53 3.89 0.02
Channel X - Input -20002.24 -0.70 0.00
Channel ¥ + Input 199992.59 -2.53 -0.00
Channel Y + Input 20002.55 0.03 0.00
Channel ¥ - Input -20002.43 -0.76 0.00
Channel Z + Input 199896.00 147 0.00
Channel 2 + Input 20005.26 2.84 0.0
Channel Z = Input -20003.89 -2.05 0.0
Low Range Reading (uV) Difference (pV) Error (%)
Channel X + Input 2001.42 0.05 0.00
Channel X + Input 201.31 -0.42 -0.21
Channel X = Input -197.86 0.22 -0.11
Channel ¥ + Input 2001.81 0.18 0.01
Channel ¥ + Input 201.37 -0.23 0,11
Channel Y = Input -199.82 -1.83 0.92
Channel Z + Input 2001.23 -0.12 -0.01
Channel Z + Input 200,76 -0.80 -0.40
Channel Z - Input -198.31 -0.19 0.10
2. Common mode sensitivity
DASY measurement parameters: Auto Zero Time: 3 sec; Measuring time: 3 sec
Common mode High Range Low Range
Input Voltage (mV) Average Reading (uV) Average Reading (uV)
Channel X 200 19.54 17.81
- 200 -17.16 -18.82
Channel ¥ 200 0.49 -0.72
- 200 -0.93 -0.58
Channel Z 200 9.25 10.06
- 200 -12.82 -12.77

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

Input Voltage (mV)

Channel X {(uV)

Channel Y (pV)

Channel Z (pV)

Channel X 200 - 0.93 -3.76
Channel ¥ 200 8.24 1.48
Channel Z 200 7.68 7.08

Certificate No: DAE4-661_May23
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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 15668 14256
Channel Y 16085 16467
Channel Z 16336 15709

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

Input 10MQ
Average (LV) min. Offset (uV) | max. Offset (uV) Std. ?:\\;;atlon
Channel X -0.15 -1.41 1.36 0.55
Channel Y -0.07 -1.40 1.22 0.59
Channel Z -0.30 -1.61 0.78 0.50
6. Input Offset Current
Nominal Input circuitry offset current on all channels: <25fA
7. Input Resistance (Typical values for information)
Zeroing (kOhm) Measuring (MOhm)
Channel X 200 200
Channel Y 200 200
Channel Z 200 200
8. Low Battery Alarm Voltage (Typical values for information)
Typical values Alarm Level (VDC)
Supply (+ Vec) +7.9
Supply (- Vcc) -7.6

Typical values

9. Power Consumption (Typical values for information)

Switched off (mA)

Stand by (mA)

Transmitting (mA)

Supply (+ Vecc)

+0.01

+6

+14

Supply (- Vec)

-0.01

-8

-9

Certificate No: DAE4-661_May23
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Zeughausstrasse 43, 8004 Zurich, Switzerland

Schweizerischer Kalibrierdienst
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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

Client  Sporton Certificate No: DAE4-699_Feb23
CALIBRATION CERTIFICATE I
Obiject DAE4 - SD 000 D04 BM - SN: 699

Calibration procedure(s) QA CAL-06.v30

Calibration procedure for the data acquisition electronics (DAE)

Calibration date: February 22, 2023

This calibration certificate documents the traceability to national standards, which realize the physical units of measurements sy,
The measurements and the uncertainties with confidence probability are given on the following pages and are part of the cedificate.

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

Calibration Equipment used (MATE critical for calibration)

Primary Standards 104 Cal Date (Certificate No.) Scheduled Calibration
Keithley Multimeter Type 2001 SN: 0810278 28-Aug-22 (No:34389) Aug-23
Secondary Standards ID & Check Date (in house) Scheduled Check |
Aute DAE Calibration Unit SE UWS 053 AA 1001 27-Jan-23 (in house check) In house check: Jan-24
Calibrator Box V2.1 SE UMS 006 AA 1002 27-Jan-23 (in house check) In house check: Jan-24
Mame Function Sjgnature
Calibrated by: Adrian Gehring Laboratory Technician

Approved by: Svan Kihn Technical Manager x4 y
V1V ‘Q Lt

Issued; February 22, 2023

This calibration cerificate shall not be reproduced axcept in full without written approval of tha laboratory.
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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

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,

» 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.

* 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.

* 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 Mo: DAE4-693_Feb23 Page 2 0f 5



DC Voltage Measurement
A/D - Converter Resolution nominal

High Range: 1LSB = 6.1uV, full range = -100...+300 mV
Low Range: 1LSB = 61nV , full range = -1....... +3mV
DASY measurement parameters: Auto Zero Time: 3 sec: Measuring time: 3 sec
Calibration Factors X Y Z
High Range 404.748 + 0.02% (k=2) | 403.388 + 0.02% (k=2) | 404.556 + 0.02% (k=2)
Low Range 3.93511 + 1.50% (k=2) | 3.95123 + 1.50% (k=2) | 3.97647 + 1.50% (k=2)
Connector Angle
Connector Angle to be used in DASY system 169.0°+1°

Certificate Mo: DAE4-699_Feb23 Page3of 5



Appendix (Additional assessments outside the scope of SCS0108)

1. DC Voltage Linearity

High Range Reading (uV) Difference {uV) Error (%)
Channel X + Input 200031.08 -3.64 -0.00
Channel X + Input 20004,33 -1.83 -0.01
Channel X - Input -20002.28 3.55 -0.02
Channel ¥ + Input 200033.79 -1.03 -0.00
Channel ¥ + Input 20002.01 -4.00 -0.02
Channel ¥ - Input -20004.79 1.18 -0.01
Channel Z + Input 200034.06 -0.91 -0.00
Channel Z + Input 20003.51 -2.43 -0.0
Channel Z - Input -20005.32 0.75 -0.00
Low Range Reading (uV) Difference (uV) Error (%)
Channel X + Input 2002.20 0.82 0.04
Channel X + Input 201.21 -0.21 -0.10
Channel X = Input -199.38 -0.82 0.41
Channel ¥ + Input 2001.30 0.01 0.00
Channel Y + Input 199.97 -1.30 -0.65
Channel ¥ - Input -199.50 -0.80 0.40
Channel Z + Input 200113 -0.13 -0.01
Channel Z + Input 200.86 -0.29 -0.14
Channel Z = Input -199.19 -0.38 0.19
2. Common mode sensitivity
DASY measurement parameters: Auto Zero Time: 3 sec; Measuring time: 3 sec
Common mode High Range Low Range
Input Voltage (mV) Average Reading (uV) Average Reading (pV)
Channel X 200 -3.53 -4.37
- 200 3.76 2.77
Channel ¥ 200 2210 2248
- 200 -24 .36 -24.62
Channel Z 200 8.55 8.16
- 200 -8.96 -8.91

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

Input Voltage (mV)

Channel X {uV)

Channel Y (pV)

Channel Z (uV)

Channel X 200 -2.37 -2.29
Channel Y 200 6.29 -1.55
Channel Z 200 4.46 537 -

Certificate No: DAE4-69%_Feb23
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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 (L5B)

Low Range (LSB)
Channel X 16106 15711
Channel Y 16432 16547
Channel Z 16297 16238

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

Input 10MG
Average (uV) min. Offset (uV) | max. Offset (uV) R ?:;;atinn
Channel X 0.21 -1.03 1.37 0.49
Channel ¥ -0.78 -2.15 0.82 0.54
Channel Z -0.03 -1.27 1.07 0.43
6. Input Offset Current
Nominal Input circuitry offset current on all channels: <25fA
7. Input Resistance (Typical values for information)
Zeroing (kOhm) Measuring (MOhm)
Channel X 200 200
Channel Y 200 200
Channel Z 200 200
8. Low Battery Alarm Voltage (Typical values for information)
Typical values Alarm Level (VDC)
Supply (+ Vec) +7.9
Supply (- Vcc) 7.6
9. Power Consumption (Typical values for information)
Typical values Switched off (mA) | Stand by (mA) Transmitting (mA)
Supply (+ Vec) +0.01 +6 +14
Supply (- Vec) -0.01 -8 -9

Certificate No: DAE4-699_Feb23
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Accredited by the Swiss Accreditation Service (SAS)
The Swiss Accreditation Service is one of the signatories to the EA
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Accreditation No.: SCS 0108

Client Sporton Certificate No: DAE4-1399_Feb23

|CALIBRATION CERTIFICATE I

Object DAE4 - SD 000 D04 BM - SN: 1399

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

Calibration date: February 21, 2023

This calibration certificate documents the traceability to national standards, which realize the physical units of measurements (SI).
The measurements and the uncertainties with confidence probability are given on the following pages and are part of the certificate.

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

Calibration Equipment used (M&TE critical for calibration)

Primary Standards 1D # Cal Date (Certificate Mo.} Scheduled Calibration

Keithley Multimetar Typa 2001 SNM: 0810278 28-Aug-22 (No:34389) Aug-23

Secondary Standards 1D # Check Date (in house) Schedulad Check

Auto DAE Calibration Unit SE UWS 053 AA 1001 27-Jan-23 (in house check) In house check: Jan-24

Calibrator Box V2.1 SE UMS 008 AA 1002 27-Jan-23 (in house check) In house check: Jan-24
Name Function Signature

Calibrated by: Adrian Gehring Laboratory Technician /gg"é
s
N (g\} (oS

Issued: February 21, 2023

Approved by: Svean Kihn Technical Manager

This calibration certificate shall nol be reproduced except in full without written approval of the laboratory.
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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.

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

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

» 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.

» 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.

Cerificate No: DAE4-1399_Feb23 Page 2 of §



DC Voltage Measurement
ASD - Converter Resolution nominal

High Range: 1LSB = 6.1u\V | full range = -100...+300 mY
Low Range: 1LSE = BinV full range =  -1......+3mV
DASY measurement parameters: Auto Zero Time: 3 sec; Measuring time: 3 sec
Calibration Factors X Y z
High Range 403.622 + 0.02% (k=2) | 403.881 + 0.02% (k=2) | 403.735 + 0.02% (k=2)
Low Range 3.98246 £ 1.50% (k=2) | 3.98160 £ 1.50% (k=2) | 3.98090 + 1.50% (k=2)

Connector Angle

Connector Angle to be used in DASY system 3025%+1°

Certificate Mo: DAE4-1398_Feb23 Page 3of 5



Appendix (Additional assessments outside the scope of SCS0108)

1. DC Voltage Linearity

High Range Reading (uV) Difference (uV) Error (%)
Channel X + Input 199992 .42 117 -0.00
Channel X + Input 20002.95 0.85 0.00
Channel X - Input -19999.65 2.0 -0.01
Channel ¥ + Input 199991 .96 -1.74 -0.00
Channel ¥ + Input 20000.54 -1.41 -0.01
Channel ¥ - Input -20002.18 0,43 0.00
Channel Z + Input 199992 69 -0.80 -0.00
Channel Z + Input 19999.92 -1.90 -0.01
Channel Z - Input -20002.51 -0.85 0.00
Low Range Reading (uV) Difference (uV) Error (%)
Channel X + Input 2000.94 -0.18 -0.01
Channel X + Input 201.82 0.30 0.15
Channel X = Input -198.14 0.31 -0.16
Channel ¥ + Input 2000.92 -0.01 -0.00
Channel ¥ + Input 201.06 -0.31 -0.15
Channel ¥ = Input -199.01 -0.46 0.23
Channel Z + Input 2000.63 -0.24 -0.01
Channel Z + Input 200.20 -1.04 -0.51
Channel Z - Input -199.67 -1.03 0.52
2. Common mode sensitivity
DASY measurement parameters: Auto Zero Time: 3 sec; Measuring time: 3 sec
Common mode High Range Low Range
Input Voltage (mV) Average Reading (uV) Average Reading (uV)
Channel X 200 -4 .96 -6.92
- 200 8.28 6.15
Channel ¥ 200 -5.63 -5.74
- 200 5.09 4.50
Channel Z 200 -6.81 -7.06
- 200 4.30 4,78
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 (V)
Channel X 200 5.30 -2.24
Channel Y 200 8.23 5.47
Channel Z 200 8.40 7.21

Certificate No; DAE4-1399_Feb23
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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 15809 14353
Channel Y 16128 17531
Channel Z 15878 15052
5. Input Offset Measurement
DASY measurement parameters: Auto Zero Time: 3 sec; Measuring time: 3 sec
Input 10MG
Average (uV) min. Offset (uV) | max. Offset (uV) i ?::;almn
Channel X 0.63 -0.15 1.58 0.32
Channel Y 0.11 -1.36 1.12 0.37
Channel Z -0.38 -1.29 0.61 0.39
6. Input Offset Current
MNominal Input circuitry offset current on all channels: <25fA
7. Input Resistance (Typical values for information)
Zeroing (kOhm) Measuring (MOhm)
Channel X 200 200
Channel Y 200 200
Channel Z 200 200
8. Low Battery Alarm Voltage (Typical values for information)
Typical values Alarm Level (VDC)
Supply (+ Vcc) +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) +0.01 +6 +14
Supply (- Vec) -0.01 -8 -9

Gertificate Mo: DAE4-1399_Feb23
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CALIBRATION CERTIFICATE

Object DAE4 - SD 000 D04 BO - SN: 1694

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

Calibration date: November 17, 2023

This calibration cerificate documeants the traceability to pational standards, which realize the physical units of measurements (51},
The measurements and the uncertainties with confidence probability are given on the following pages and are parf of the cedificate.

Al calibrations have been conducted in the closed laboratory facility: envirenmient temperature (22 « 3)°C and humidily < 70%.

Calibration Equipment used (M&TE critical for calibration)

Primary Standards 1D # Cal Date (Cerificate Mo.) Scheduled Calibralion
Keithley Multimeter Type 2001 ENM: 0810278 20-Aug-23 (No:37421) Aug-24
Secondary Standards 10 & Check Date (in housa) Scheduled Check
Auto DAE Calibration Unit SE UWS 053 AA 1001 27-Jan-23 (in house chack) In house check: Jan-24
Calibrator Box V2.1 SE UMS 008 AA 1002 27-Jan-23 {in house check) In house check: Jan-24
Name Funetion Signalure

Calibrated by: Dominique Steffen Laboratory Technician ’%‘5

e
Approved by: Svan Kihn Technical Managar
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Issued: November 17, 2023

This calibration cerificate shall not be reproduced except in full without writtan approval of the laboratory,
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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.

e 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.

e 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.

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

e 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

e 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.

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

e 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.

Cerificate No: DAE4-1694_MNov23 Page2of 5



DC Voltage Measurement
A/D - Converier Resolution nominal

High Range: 1LSE = 6.1p\V, full range = -100...+300 mV
Low Range: 1LSE = s1nY , full range = -1......+3mV
DASY measurement parameters: Auto Zero Time: 3 sec; Measuring time: 3 sec
Calibration Factors X Y z
High Range 405.372 + 0.02% (k=2) | 405.050 + 0.02% (k=2) | 405.338 = 0.02% (k=2)
Low Range 4.00028 £ 1.50% (k=2) | 3.99552 + 1.50% (k=2) | 4.01874 £ 1.50% (k=2)

Connector Angle

Connector Angle to be used in DASY system 1015%+1°

Certificate Mo: DAE4-1694_Nov23 Page3of5



Appendix (Additional assessments outside the scope of SCS0108)

1. DC Voltage Linearity

High Range Reading (uV) Difference (uV) Error (%)
Channel X + Input 200036.95 -0.68 -0.00
Channel X + Input 20007.35 0.46 0.00
Channel X - Input -20003.88 1.62 -0.01
Channel ¥ + Input 200036.56 -0.90 -0.00
Channel ¥ + Input 20005.05 -1.68 -0.01
Channel Y - Input -20005.86 0.00 -0.00
Channel Z + Input 200036.31 -0.66 -0.00
Channel Z + Input 20005.67 -1.07 -0.01
Channel Z - Input -20006.77 -0.97 0.00
Low Range Reading (V) Difference (uV) Error (%)
Channel X + Input 2001.94 -0.03 -0.00
Channel X + Input 201.84 0.07 0.03
Channel X - Input -188.06 0.04 -0.02
Channel Y + input 2002.33 0.49 0.02
Channel ¥ + Input 201.00 -0.66 -0.33
Channel Y - Input -189.03 -0.95 0.48
Channel Z + Input 2001.92 0.03 0.00
Channel £ + Input 201.28 -0.40 -0.20
Channel Z - Input -198.54 -0.85 0.43
2. Common mode sensitivity
DASY measurement parameters: Auto Zero Time: 3 sec; Measuring time: 3 sec
Common mode High Range Low Range
Input Voltage (mV) Average Reading (uV) Average Reading (uV)
Channel X 200 -11.06 -12.56
- 200 14.58 12.41
Channel Y 200 -0.16 -0.28
- 200 -1.47 -2.13
Channel Z 200 -0.18 -0.65
- 200 -0.59 -0.58

3. Channel separation

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

Input Voltage (mV)

Channel X (uV)

Channel Y (pV)

Channel Z {uV)

Channel X 200 - 2482 -2.02
Channel ¥ 200 B8.07 4.98
Channel Z 200 8.55 515 =

Cerificate Mo: DAE4-169%4_Nov23
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4, AD-Converter Values with inputs shorted
DASY measurement parameters; Auto Zero Time: 3 sec; Measuring time: 3 gec

High Range (LSB)

Low Range (LSB)

Channel X 16014 15630
Channel ¥ 156895 14845
Channel Z 16129 15218
5. Input Offset Measurement
DASY measurement parameters: Auto Zero Time: 3 sec; Measuring time: 3 sec
Input 10ML2
Average {(uV) min. Offset (V) | max. Offset (uV) Hate: I?::;atiun
Channel X 0.58 -0.52 241 0.42
Channel Y -0.61 =-1.75 0.30 0.38
Channel 2 -0.35 -1.76 1.45 0.52
6. Input Offset Current
Moaminal Input circuitry offset current on all channels: <25{A
7. Input Resistance (Typical values for information)
Zeroing {kOhm) Measuring (MOhm)
Channel X 200 200
Channel ¥ 200 200
Channel £ 200 200
8. Low Battery Alarm Voltage (Typical values for information)
Typical values Alarm Level (VDC)
Supply (+ Vee) +7.9
Supply (- Vee) -7.6
9. Power Consumption (Typical values for information)
Typical values Switched off (mA) | Stand by (mA) Transmitting (mA)
Supply (+ Vee) +0.01 +B +14
Supply {- Vec) =0.01 -8 9

Certificate No: DAE4-1694_NovZ3d
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CALIBRATION CERTIFICATE

Object

Calibration procedure(s)

Calibration data;

DAE4 - SD 000 D04 BO - SN: 1696

QA CAL-06.v30

Calibration procedure for the data acquisition electronics (DAE)

October 23, 2023

Calibration Equipment used (MATE eritical for calibration)

This calibration certificate documents the traceabiiity to national standards, which realize the physical units of measuraments (51}
The measuremants and the uncertainties with conlidence probability are given on the following pages and are par of the cenilicate,

Al callbrations have been conducted in the closed laboratory facility, environment lemperature (22 = 3)°C and humidity < 70%.

Calibrated by:

Approved by:

Mame Function
Dominique Steffan Laboratory Technician
Svan Kahn Technical Manager

This cahbration certificate shall nol be reproduced except in full without written approval of the laboratory.
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Calibrator Box V2.1 SE UMS D08 AA 1002 27-Jan-23 {in house check) In housa chack: Jan-24
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Issued: October 23, 2023
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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.

e DC Voitage 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.

e 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

e Input Offset Measurement. Qutput voltage and statistical results over a large number of
zero voltage measurements.

o 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.

e 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.

Cerificate No: DAE4-1696_0ct23 Page 2of 5



DC Voltage Measurement
A/D - Converter Resolution nominal
High Range: 1LSB = 6.1u\v . full range =  -100.. 4300 mV
Low Range: 1LSB = BInV , full range = -1.....,+3mV
DASY measurement parameters: Auto Zero Time: 3 sec: Measuring time: 3 sec

Calibration Factors X Y Z

High Range 404.294 + 0.02% (k=2) | 404.624 + 0.02% (k=2) | 404.740 + 0.02% (k=2)

Low Range 3,09068 + 1.50% (k=2) | 3.98414 + 1.50% (k=2) | 4.00204 + 1.50% (k=2)

Connector Angle

Connector Angle to be used in DASY system 250°£1°

Certificate No: DAE4-1696__Oct23 Page3ol b



Appendix (Additional assessments outside the scope of SCS0108)

1. DC Voltage Linearity

High Range Reading (uV) Difference (V) Error (%)
Channel X + Input 199898.70 1.34 0.00
Channel X + Input 20000.99 -2.22 0.0
Channel X - Input -189989.91 1.52 0.01
Channel ¥ + Input 199997.20 0.12 0.00
Channel ¥ + Input 20000.95 -2.02 -0.01
Channel ¥ - Input -20003.15 -1.61 0.01
Channel £ + Input 199997 .81 0.53 0.00
Channel Z + Input 20001.02 -2.00 -0.01
Channel Z - Input -20002.97 -1.32 0.1
Low Range Reading (uV) Difference (uV) Error (%)
Channel X + Input 2002.02 0.21 0.0
Channel X + Input 202.48 0.36 0.18
Channel X - Input -187.36 0.37 -0.19
Channel Y + Input 2001.79 0.14 0.01
Channel Y + Input 201.45 -0.41 -0.20
Channel ¥ - Input -188.49 -0.62 0.31
Channel Z + Input 2001.48 -0.15 0.0
Channel Z + Input 200.80 -1.03 -0.51
Channel Z - Input -199.01 -1.08 0.55
2. Common mode sensitivity
DASY measurement parameters: Auto Zero Time: 3 sec; Measuring time: 3 sec
Common mode High Range Low Range
Input Voltage (mV) Average Reading (uV) Average Reading (pV)
Channel X 200 8.56 7.68
- 200 -6.27 -8.55
Channel Y 200 12.28 11.57
- 200 -13.18 -13.60
Channel £ 200 -26.92 2713
- 200 26.24 26.02
3. Channel separation
DASY measurement parametars: Auto Zero Time: 3 sec; Measuring time: 3 sec
Input Voltage (mV) | Channel X (uV) | Channel ¥ (pV) Channel Z (uV)
Channel X 200 - 2.96 -3.80
Channel Y 200 6.82 - 4.42
Channel 2 200 B.72 516

Certificate No: DAE4-1696_0ct23
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4. AD-Converter Values with inputs shorted
DASY measurement parameters: Auto Zera Time: 3 sec; Measuring time: 3 sec

High Range (LSB) Low Range (LSB)
Channel X 16311 13456
Channel ¥ 15860 16669
Channel 2 16185 15424

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

Input 10ME2
Average (uV) | min. Offset (V) | max. Offset (uv) | St Ef:;“"“"
Channel X 0.48 -1.79 2.00 0.54
Channel ¥ -0.18 -1.30 155 0.39
Channel Z -0.31 -1.20 0.84 0,38
6. Input Offset Current
Neminal Input circuitry offset current on all channels: <25fA
7. Input Resistance (Typical values tor information)
Zeroing (kOhm) Measuring (MOhm)
Channel X 200 200
Channal ¥ 200 200
Channel £ 200 200

8. Low Battery Alarm Voltage (Typical values for information)

Typical values Alarm Level (VDC)
Supply (+ Vec) +7.9
Supply (- Vec) 78

9. Power Consumption (Typical values for information)
Typical values Switched off (mA) | Stand by (mA) | Transmitting (mA)
Supply (+ Vec) +0.01 +B +14
Supply (- Vee) -0.01 -8 -8

Certificate No: DAE4-16896_0ct23
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Object

Calibraticn procedura(s)

Calibration date:

DAE4 - SD 000 D04 BO - SN: 1697

QA CAL-06.v30

Calibration procedure for the data acquisition electronics (DAE)

November 20, 2023

Calibration Equipment used (M&TE critical for calibration)

This calibration certilicate documents the traceability to national standards, which realize the physical units of measurements (S1).
The measurements and the uncertainties with confidence probability are given on the fellowing pages and are part of the cerificate.

All calibrations have been conducted in the closed laboratory facility: environment temparature (22 = 3°C and humidity < 70%.

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

e 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.

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

e 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

e [nput Offset Measurement. Output voltage and statistical results over a large number of
zero voltage measurements.

e 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.

o 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.
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DC Voltage Measurement
AD - Converter Resolution neminal

High Range: 1LSE = 6.1uV full range = -100...+300 mV
Low Range: 1LSE = 81nV , full range = -1.......+3mV
DASY measurement parameters: Auto Zero Time: 3 sec; Maasuring time: 3 sec
Calibration Factors X Y Z
High Range 404.425 + 0.02% (k=2) | 404.730 % 0.02% (k=2) | 404.608 = 0.02% (k=2)
Low Range 4.00002 + 1.50% (k=2} | 4.00732 £ 1.50% (k=2) | 3.94355 % 1.50% (k=2)

Connector Angle

Connector Angle to be used in DASY system 10.5°%°+1°
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Appendix (Additional assessments outside the scope of SCS0108)

1. DC Voltage Linearity

High Range Reading (uV) Difference (uV) Error (%)
Channel X + Input 199995.29 0.16 0.00
Channel X + Input 20001.33 -1.07 -0.01
Channel X - Input -19599.98 1.87 -0.01
Channel ¥ + Input 198288.81 3.58 0.00
Channel ¥ + Input 20000.53 -1.79 -0.01
Channel Y = Input -20003.44 -1.48 0.01
Channel Z + Input 199985.45 0.68 0.00
Channel Z + Input 20000.65 -1.60 -0.Mm
Channel £ - Input -20002.49 -0.47 0.00
Low Range Reading (uV) Difference (uV) Error (%)
Channel X + Input 2001.19 -0.00 -0.00
Channel X + Input 201.83 0.36 0,18
Channel X - Input -1958.18 0.06 -0.03
Channel ¥ + Input 2001.12 0.02 0.00
Channel ¥ + Input 200.38 -0.98 -0.48
Channel ¥ - Input -199.77 -1.33 0.67
Channel 2 + Input 2002.08 0.96 0.05
Channel 2 + Input 200,42 -0.88 -0.44
Channel Z - Input 19914 -0.68 0.34
2. Common mode sensitivity
DASY measurement parameters: Auto Zero Time: 3 sec. Measuring time: 3 sec
Common mode High Range Low Range
Input Voltage (mV) Average Reading (uV) Average Reading (uV)
Channel X 200 -3.27 -4.37
- 200 5.57 4.42
Channel ¥ 200 -18.07 -18.96
- 200 17.11 16.73
Channel £ 200 6.32 5.86
- 200 -6.63 -7.18

3. Channel separation

DASY measurement parameters: Auto Zero Time: 3 sec; Measuring time: 3 sec

Input Voltage (mV)

Channel X {pV)

Channel ¥ (V)

Channel Z (uV)

Channel X 200 - (.45 -2.96
Channel Y 200 6.36 - 2.70
Channel Z 200 9.48 3.14 -
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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 16238 15118
Channel Y 16237 16357
Channel Z 16032 16383

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

Input 10ME2
Average (uV) min. Offset (uV) | max. Offset (uV) Stk I'E'I::;atmn
Channel X 1.18 -0.41 2.19 0.32
Channel Y -0.73 -2.3 0.86 0.49
Channel 2 -0.37 -1.18 0.51 0.34
6. Input Offset Current
Mominal Input circuitry offset current on all 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 (+ Vee) +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) +0.01 +B +14
Supply (- Vcc) -0.01 -8 -9
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ciem  Sporton Cortificate No: DAE4-1776_Mar23
CALIBRATION CERTIFICATE l
Object DAE4 - SD 000 D04 BP - SN: 1776
Gallbation procedure(s) QA CAL-06.v30

Calibration procedure for the data acquisition electronics (DAE)

Calibration date: March {]'3, 2023

This calibration cerilicate documents this traceatiility to national standards, which realize the physical units of measurements (St
The measurements and ihe uncerainties with confidance probability are given on the fallowing pages and are part of the cedificate.

Al calibrations have been conducted in the closed laboratory taciity: envirenmant temperature (22 « 3)°C and humidily < 70%

Calibration Equipment used (M&TE crilical for calibration)

Primary Standards 1D # Cal Data (Ceriflcale No.) Scheduled Calibration
Kaithley Multimeter Type 2001 Sh: 0810278 20-Aug-22 (Mo:34389) Ag-23
Secondary Standards =8 Check Date (in housa) Scheduled Check
Auto DAE Calibration Unit SE LUWS 053 AA 1001 27-Jan-23 (i house chack) In house chegk: Jan-24
Calibrator Box V21 SE UMS 006 AA 1002 27-Jan-23 (in house chack) In house check: Jan-24
MName Function Bignalura
Calibrated by: Adrian Gehring Laboratory Technician ,r é’% e
4
=)
Approved by Swvan Kihn Technical Manager 5 '1.; % -
VNV

issued: March 3, 2023

This calibration cerificate shall not be reproduced except tn tull without written approval of ihe laboratory,
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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.

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

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

» 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 mltage measurements.

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

« 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: DAE4-1776_Mar23 Page 2of &



DC Voltage Measurement
AJD - Converter Resolution nominal

High Range: 1LSB = B.1uV , lullrange = -100...+300 mV
Low Range: 1LSE = BinV, full range = -1......+3mV
DASY measurement parameters: Auto Zero Time: 3 sec; Measuring time: 3 sec
Calibration Factors X Y Z
High Range 405.607 + 0.02% (k=2) | 405.495 + 0.02% (k=2) | 405.537 + 0.02% (k=2)
Low Range 3.99686 + 1.50% (k=2) | 3.97162 £ 1.50% (k=2) | 3.96110 £ 1.50% (k=2)

Connector Angle

Connector Angle to be used in DASY system

85°%+1"°

Cerificate No: DAE4-1776_Mar23
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Appendix (Additional assessments outside the scope of SCS0108)
1. DC Voltage Linearity

High Range Reading (pV) Difference (V) Error (%)
Channel X + Input 200037.38 073 0.00
Channel X + Input 20005.94 0.30 0.00
Channel X - Input -20004.93 0.61 -0.00
Channel Y + Input 200038.24 7.99 0.00
Channel ¥ + Input 20003.98 -1.48 -0.01
Channel ¥ - Input -20007.58 -1.82 0.01
Channel 2 + Input 200028.86 -7.54 -0.00
Channel Z + Input 20003.66 -1.77 -0.01
Channel 2 = Input -20008.07 -0.30 0.00
Low Range Reading (uV) Difference (uV) Error (%)
Channel X + Input 2000.94 -0.28 -0.01
Channel X + Input 200.85 0.27 -0.13
Channel X - Input -159.50 0.70 D.35
Channel Y + Input 2001.79 0.67 0.03
Channel Y + Input 199.74 -1.31 -0.65
Channel Y - Input -200.09 -1.16 0.58
Channel Z + Input 2000.87 -0.19 -0.1
Channel Z + Input 200.29 -0.74 -0.37
Channel Z - Input -200.21 “1.25 0.63
2. Common mode sensitivity
DASY measuremen! parameters: Auto Zero Time: 3 sec; Measuring lime: 3 sec
Common mode High Range Low Range
Input Voltage (mV) Average Reading (pV) Average Reading (uV)
Channel X 200 2224 21.16
- 200 -22.38 -23.49
Channel ¥ 200 -5,14 -5.41
- 200 3.74 272
Channel 2 200 14.57 14.82
= 200 -17.50 A7.41

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

Input Voltage (mV) | Channel X (pV) | Channel ¥ (pV) Channel Z (pV)
Channel X 200 = 0.73 -2.94
Channel Y 200 4.48 2.44
Channel Z 200 6.72 2.69 =

Ceartificate No: DAE4-1776_Mar23
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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 15086 16473
Channel ¥ 16113 16123
Channel Z 16047 14987
5. Input Offset Measurement
DASY measurement parameters: Auto Zero Time: 3 sec. Measuring time: 3 sec
Input 10M€2
Average (V) | min. Offset (uV) | max. Offset (uv) | S ';::;""“"
Channel X 0.27 -1.33 0.76 0.39
Channel ¥ -1.06 -1.84 0.19 0.43
Channel Z -0.57 -1.65 0.27 0.38
6. Input Offset Current
Nominal Input circuitry offset current on all channels: <2514
7. Input Resistance (Typical values for information)
Zeroing (kOhm) Measuring (MOhm)
Channel X 200 200
Channel Y 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) 76
9. Power Consumption (Typical values for information)
Typical values Switched off (mA) | Stand by (mA) | Transmitting (mA)
Supply (+ Vec) +0.01 +6 +14
Supply (- Vcc) -0.01 -8 -9

Cerificate No: DAE4-1776_Mar23
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Schweizerischer Kalibrierdienst
Sarvice suisse d'étalonnage
Sarvizio svizzero di taratura
Swiss Calibration Service

Accreditation No.: SCS 0108

Client Sporton Certificate No. ES-3184_Sep23
Taoyuan Clty
CALIBRATION CERTIFICATE
Object ES3DV3 - SN:3184
Calibration procedure(s) QA CAL-01.v10, QA CAL-12.v10, QA CAL-23.v6, QA CAL-25.v8
Calibration procedure for dosimetric E-field probes
Calibration date September 18, 2023

This cafbration certificate documants the traceability to national standards, which realize the physical units of measurements {sh.
The measuremaents and the uncertainties with sonfidence probability are given on the following pages and arg part of the cerlificate.

All calibrations have baen conducted In the closed labaratory facility: environment temparatura {22 + 3)°C and humidity <70%.
Calibration Equipment used (M&TE critical for calibration)

Primary Standards o . Cai Date [Certificate No) Scheduled Calibration |
Powear meter NRP2 SN 104778 30-Mar-23 (Mo Eammauﬁ; Mar-24 |
Power sensor NRP-Z91 Sil: 103244 30-Mar-23 (Mo. 217-03804) Mar-24
OGP DAK-3.5 (welghted) SN: 1249 20-0ct-22 (DCP-DAK3.5-1249_Oct22) Oct-23
DCP DAK-12 SN 1016 20-0ct-22 (OCP-DAK12-1016_0ct22) Oet-23
Relerence 20 dB Atlenuator | SN: CC2552 (20x) 30-Mar-23 (No. 217-03808) Mar-24
| DAEZ . SN: 860 16-Mar-23 {No. DAE4-B60_Mar23) Mar-24
Referance Probe ES3DVZ SN: 3013 06-Jan-23 (No. ES3-3013_Jan23) Jan-24
Secondary Standards D Check Date (in house) Scheduled Check
Power meter E44198 SN: GB41293874 0B-Apr-18 {in house check Jun-22) Im house check: Jun-24
Power sansor E4412A SM: MY41488087 D6-Apr-16 (In nouse check Jun-22) In house check: Jun-24
Power sensor E4412A SN: 000110210 0B6-Apr-16 {in house check Jun-22) In house check: Jun-24
RF generator HP B648C SN; US3642001700 04-Aug-39 (in house check Jun-22) In house check: Jun-24
Network Analyzer E8358A | SN: US41080477 31-Mar-14 {in housa chack Oct-22) In house check: Oct-24
Name Function Signatyre
1
Calibrated by Claudio Leublar Labaratory Technician
Approved by Svan Kihn Technical Manager L
e ﬁ_\-.

lssued: September 19, 2023

This calibration cerlificate shall not be reproducad except in full without written approval of the laboratory.
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Glossary

TaL tizsue simulating liquid

NORMux, Y,z sensitivity in free space

ComvF sensitivity in TSL / NORMX y.2

DCP diode compression paint

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

A BCD modulation dependent linearization parameters

Polarization ¢ ip rotation around probe axis

Polarization # rotation around an axis that is in the plane normal to probe axis {at measurement center), Le.. #=01s

normal to probe axis

Connectar Angle  Information used In DASY system to afign probe sensor X 1o the robot coordinate system

Calibration is Performed According to the Following Standards:
a) |IEC/IEEE 62209-1528, "Measurement Procedure For The Assessment Of Specific Absorption Rate Of Human Exposure

To Radio Frequency Fields From Hand-Held And Body-Worn Wireless Communication Devices — Part 1528: Human
Models, Instrumentation And Procedures [Frequency Range of 4 MHz ta 10GHz)", October 2020,

b} KDBE 865664, "SAR Measurement Regquirements for 100 MHz to B GHz"

Methods Applied and Interpretation of Parameters:

NORMx,y,z: Assessed for E-field polarization 8 = 0 (f < 900MHz in TEM-cell; f > 1800MHz: R22 waveguide). NORMx,y.2
are only intermediate values, (.., the uncertainties of NORMx,y,z does not affect the EZ-field uncertainty inside TSL (see
below ConvF),

NORM(fx,y.z = NORMx,y.z * frequency_response (see Frequency Response Chart). This linearization is implemented In
DASY4 software versions later than 4.2, The uncertainty of the frequency response is 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. DCP
does not depend an frequency nor media,

PAR: PAR is the Peak to Average Ralio thal is not calibrated bul determined based on the signal characteristics

Ax.y.z; Bx.hz: Cx,yz! D,z VRx.y.z: A, B, C, D are numerical linearization parameters assessed based on the data of
power sweep for specific modulation signal. The parameters do not depend on frequency nor media. VR is the maximum
calibration range expressed in RMS voltage across the diode.

ConvF and Boundary Effect Parameters: Assessed |n fiat phantorn using E-field (or Temperature Transfer Standard for

f < 800MHz) and inside waveguide using analytical field distributions based on power measurements for f>800MHz. The
same setups are used for assessment of the parameters applied for boundary compensation (alpha, depth) of which typical
uncertainty values are given. These parameters are used In DASY4 software to improve probe accuracy close to the
boundary, The sensitivity In TSL corresponds to NORMz,y,z " ConvF whereby the uncertainty corresponds to that glven for
ConvF. A frequency dependent ConvF is used in DASY version 4.4 and higher which allows extending the validity from
+50 MHz to +100 MHz.

Spherical isotropy (3D deviaticn from isotrapy): in a field of low gradients realized using a llat phantom exposed by a patch
antenna.

Sensor Offse: The sensor offset corresponds to the offset of virtual measurement center from the probe tip (on probe axis).
Nao tolerance reguired.

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

Certificate No: ES-3184_Sep23 Page 2 of 8



ES3DV3 - SN:3184

Parameters of Probe: ES3DV3 - SN:3184

September 18, 2023

Basic Calibration Parameters
[ Sensor X Sensor Y Sensorz | Unc(k=2)
Norm (LV/(Vim)%) & 1.22 1.33 1.21 £10.1%
oCP {mv) B 100.2 101.2 98.1 +4.7%
Calibration Resuits for Modulation Response
UID | Communication System Name A B ¢ [ Db VA | Max | Max
dBé | dB./pV d8 | mV | dev. | Unck
k=2
g |CW X 0.00 0.00 700 | 000 | 1811 | £3.5% | 24.7%
v 0.00 0.00 1.00 1957
Z| 0.00 0.00 1.00 1871

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

A The uncertaintes of Narm X.¥.Z do not affect ihe EZ-tield uncertainty inside TSL (see Page 5).
8 | ingarization paramelar uncertainty for maximum specified field sirangth.
E Uncertainty |g determined using the max. deviation from linear response applying reclangular distribution and i& axpressed for (he square of the lisld value,

Ceriificate No: ES-3184_Sep23
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ES30DV3 - SN:3184

Parameters of Probe: ES3DV3 - SN:3184

September 18, 2023

Other Probe Parameters
Sensor Arrangement Triangular
Connector Angle -111.5°
Mechanical Surface Detection Made enabled
Optical Surface Detection Mode disablad
Probe Overall Length 337 mm
Probe Body Diameter 10mm
Tip Length 10mm
Tip Diameter 4mm
Probe Tip to Sensor X Calibration Paint 2mm
Probe Tip to Sensor Y Calibration Paint 2mm
Probe Tip lo Sensor Z Calibration Poinl 2mm
Recommended Measurement Distance from Surface Imm

Certificate No: ES-3184_Sep23
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ES3DV3- SN:3184 September 18, 2023

Parameters of Probe: ES3DV3 - SN:3184

Calibration Parameter Determined in Head Tissue Simulating Media

f (MHz)® Relative Conductivity® | ConvF X | ConvFY | ConvFZ | Alpha® | Depth® Unc

Permittivity® (S/m) (mm) {k=2)

750 41.9 0.82 6.71 871 | 671 0.80 122 +12.0%
835 415 0.90 6.57 657 | 657 0.49 145 | +12.0%
1750 40.1 1.37 5,85 5.65 5.65 0.41 1.62 +12.0%
1800 40.0 1.40 531 5.31 531 0.65 127 +12.0%
2300 39.5 167 4.99 4.99 499 0.57 1.45 £12.0%
2450 ag2 1.80 471 471 4.1 0.74 1.30 +12.0%
2800 38.0 1.86 4.56 4.56 4 56 0.53 1.63 +12.0%

€ Fraquancy validity above 300 MHz of £100MHz only appiles for DASY v4.4 and righer (see Page 2). else it s restricied to £50MHz. The uncoriainty 13 the
RSS of the ComvE uncerizinty a1 calibration frequency and the uncertainty for the indicated frequency band. Freguency validity below 300 MHz Is £10, 23,
40, 50 and 70 MHz for GonvF assessments at 30, 84, 128, 150 and 220 MHz respeciively. \aligity of ConvF assessed st 6 MHz is 4-9MHz, and ComE
assassed a1 13 MHz k5 8-18MHz. Above 5 GHz fraquancy validily can be exiended 1o 2110 MiHz.

F The probes are calibrated using fissue simulating figuids (TSL) that deviale lor € and o by tess than £5% {rom the target values [typically belter than £3%%)
and are vabd lar TSL with deviations of up to £10%, i TSL with deviations from (he target of less than £5% are'used, the calibration uncertainties are 11,1%
lar 0.7 - 3 GHz ard 13.1%% lor 3- 6 GHx.

8 pipha/Degth are determined during calibration. SPEAG warrants that the remaining deviation due fo the boundary effect afler compensation s always less

than =1% for regliencies below 3GHz and befow £2% for hequancies between 3-8 GHz a1 any distance larger than half the probe lip dizmetar trom tha
boundary.

Cerflficate No: ES-3184_Sep23 Page 5of 9



ES3DV3 - SN:3184 September 18, 2023

Frequency Response of E-Field
(TEM-Cell:ifi110 EXX, Waveguide:R22)
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f [MHz]

&« TEM +- R22

Uncertainty of Frequency Response of E-field: £6.3% (k=2
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ES3DV3 - SN:3184 September 18, 2023

Receiving Pattern (¢), =0°

=600 MHz, TEM, 07

t=1800 MHz, R22, 0°
0"

0.5
)
=
R 0t—t—a—e e — e At g
g
(i}
-0.5
0 60 120 180 240 300 380
Roll 1%
«— 100 MHz + B00OMHZ 1800 MHz + 2500 MHz

Uncertainty of Axial sotropy Assessment. £0.5% (k=2)
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ES30V3 - SN:3184 Saptember 18, 2023

Dynamic Range f(SARnead)
[TEM cell, fyai = 1900MHz)
108 ]
10° o
= 10 !
[ = _‘l
@ P
ol .
10% - o
102 101 102 10 102
SAR [mW/em?]
«not compensated - compeansated
2
1
e 5
k& 0 g i =T : ey e F
&
-1 = .
-z
102 10™7 10% 10" 102
SAR [mW/em®]
«- not compensated - compensated

Uncertainty of Linearity Assessmant: +0.6% (k=2)
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ES30V3 - SN:3184 September 18, 2023

Conversion Factor Assessment

i=1900 MHz, WGLS R22 (H_convF)

30

50| %

15 %

SAR [(Wikg)W]

10

0 10 20 ao 40

= analytical —« measured

Deviation from Isotropy in Liquid
Error (¢, 6), = 900 MHz

80 435

. 180 205 270
X [deg]

ans - jmﬂ

-1 -08 -08 -04 -02 0 02 0¢ 06 08 1
Uncertainty of Spherical Isofropy Assessment: £2.6% (k=2)
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Client Sporton Certificate No. EX-3728_Mar23
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CALIBRATION CERTIFICATE

Object EX3DV4 - SN:3728
Calibration procedura(s) QA CAL-01.v10, QA CAL-12.v10, QA CAL-14.v7, QA CAL-23.v8,
QA CAL-25.v8

Calibration procedure for dosimetric E-field probes

Calibration date March 22, 2023

This calibration certificate documents the traceability to national standards, which realize the physical units of measurements (S1).
The measurements and the uncertainties with confidence probability are given on the following pages and are part of the certificate.

All calibrations have been conducted in the closed laboratory facility: environment temperature (22 +3)°C and humidity < 70%.
Calibration Equipment used (M&TE critical for calibration)

Primary Standards =3 Cal Date (Certificate No.) Scheduled Calibration
Power meter NRP SN; 104778 04-Apr-22 [No. 217-03525/03524) Apr-23
Power sensor NRP-Z91 SM: 103244 04-Apr-22 (No. 217-03524) Apr-23
OCP DAK-3.5 (weighted) SN: 1240 20-O¢t-22 (OCP-DAKZ2.5-1249 Oct22) Oct-23

| OCF DAK-12 SN: 1016 20-Oct-22 (OCP-DAK12-1016_Dct22) Oct-23
Reterence 20 dB Attenuator | SN: CC2552 [20x) 04-Apr-22 (Mo. 217-03527) Apr-23
DAE4 SN: 660 16-Mar-23 (Mo. DAE4-860_Mar23) Mar-24
Reference Probe ES3DV2 SN: 3013 06-Jan-23 (No. ES3-3013_Jan23) Jan-24
Secondary Standards [¥] Chack Date (in house) Scheduled Check

" Power meter E44198 SN: GB41293874 08-Apr-16 (in house check Jun-22) In house check: Jun-24
Power sensor E44124 SN: MY41498087 06-Apr-16 (in house check Jun-22) In house check: Jun-24
Power sensor E4412A SN: 000110210 06-Apr-16 (in house check Jun-22) In house check: Jun-24
RF generator HP BE48C SM: US3642U01700 04-Aug-99 (in house check Jun-22) In house check: Jun-24
Metwork Analyzer EB358A SN: US41080477 31-Mar-14 (in house check Oct-22) In house check: Oct-24 |

Name Function Signature

Calibrated by Jeton Kastrati Laboratory Tﬂﬂhniﬂiab;‘%—f : tﬂ,,{:

V
Approved by Sven Kihn Technical Manager y é
i —\—\.\_\__.

Issued: March 29, 2023
This calibration certificate shall not be reproduced except in full without written approval of the laboratory.

Certificate No: EX-3728_Mar23 Page 1 of 22



S Schweizerischer Kalibrierdienst

c Service sulsse d'étalonnage
Servizio svizzero di taratura

S Swiss Calibration Service

Calibration Laboratory of
Schmid & Partner

Engineering AG

Zeughausstrasse 43, 8004 Zurich, Switzerland

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

Glossary

TSL tissue simulating liquid

NORMx,y,z sensitivity in free space

ConvF sensitivity in TSL / NORMx v,z

DCP diode compression point

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

A B CD modulation dependent linearization parameters

Polarization « o rotation around probe axis

Polarization 8 d rotation around an axis that is in the plane normal to probe axis (at measurement center), ie., §=0is

normal to probe axis
Connector Angle  information used in DASY system to 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
Models, Instrumentation And Procedures (Frequency Range of 4 MHz to 10GHz)", October 2020.

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

Methods Applied and Interpretation of Parameters:

NORMx,y,z: Assessed for E-field polarization 9 =0 (f = 900MHz in TEM-cell; f > 1800 MHz: R22 waveguide). NORMx,y,z

are only intermediate values, i.e., the uncertainties of NORMx,y.z does not affect the E2-field uncertainty inside T5L (see

below ConvF),

NORM{)x,y.z = NORMx,y.z * frequency_response (see Frequency Response Chart). This linearization is implemented in

DASY4 software versions later than 4.2, The uncertainty of the frequency response is 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. DCP

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 characteristics

* Ax.yz; Bxy.z; Cx,y.z; Dx,yz; VAx, ¥.z: A, B, C, D are numerical linearization parameters assessed based on the data of

power sweep for specific modulation signal. The parameters do not depend on frequency nor media, VR is the maximum

calibration range expressed in RMS voltage across the diode.

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

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

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

uncertainty values are given. These parameters are used in DASY4 software to improve probe accuracy close to the

boundary. The sensitivity in TSL corresponds to NORMzx,y,z * ConvF whereby the uncertainty corresponds to that given for

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

+50 MHz to 100 MHz,

* Spherical isotropy (30 deviation from isotropy): in a field of low gradients realized using a flat phantom exposed by a patch
antenna.

= Sensor Offset: The sensor offset corresponds fo the offset of virtual measurement center from the probe tip (on probe axis).

Mo tolerance required.

Connector Angle: The angle is assessed using the information gained by determining the NORMx (no uncertainty required),
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EX30V4 - SMN:3728 March 22, 2023

Parameters of Probe: EX3DV4 - SN:3728

Basic Calibration Parameters

Sensor X Sensor Y Sensor Z Unc (k=2)
Norm (uV/(V/m)2) A 0.34 0.34 0.36 +10.1%
DCP (mv) B 1015 105.0 114.0 +4.7%

Calibration Results for Modulation Response

"UID | Communication System Name A B c D VR | Max | Max

dB | dB/uV dB mV | dev. | UncE

k=2

0 cwW ¥ | 0.00 0.00 1.00 | 0.00 | 166.4 | +3.3% | £4.7%
Y| 0.00 0.00 1.00 1516
Z | 0.00 D.00 1.00 | 1541

10352 | Pulse Waveform (200Hz, 10%) X | 20.00 90.03 | 2047 | 10.00 | 60.0 | £3.0% | +9.6%
Y | 20.00 9251 | 21.74 60.0
Z | 48.00 96.00 | 21.00 0.0

10353 | Pulse Waveform (200Hz, 20%) X | 20.00 9121 | 1968 | 699 | 800 | +2.4% | +9.6%
Y | 20.00 94.33 | 2166 800
Z | 20.00 B7.57 | i7.47 80.0

10354 | Pulse Waveform (200Hz, 40%:) X | 20.00 03.36 1812 | 398 | 95.0 | +2.0% | +9.6%
Y | 20.00 5991 | 2292 950
Z | 20.00 B9.B0 | 16.84 95.0

10355 | Pulse Waveform (200Hz, 60%) X'| 20.00 9552 | 18.69 | 2.22 | 120.0 | +2.2% | +9.6%
Y| 20.00 | 110.02 | 26.24 120.0
Z| 0B85 | 160.00 | 68.89 120.0

10387 | QPSK Waveform, 1 MHz X| 163 66.44 | 1508 | 1.00 | 150.0 | +3.9% | +9.6%
Y| 1.86 69.08 | 1654 150.0
Z | 2000 | 11637 | 32.26 150.0

10388 | QPSK Waveform, 10 MHz X| 218 68.18 | 1584 | 000 | 150.0 | +1.5% | +9.6%
Y| 2.49 7065 | 17.18 750.0
Z| 921 97.94 | 28.08 150.0

10396 | 64-QAM Waveform, 100 kHz X| 328 7240 | 1983 | 3.01 | 150.0 | +1.3% | +9.6%
Y| 339 73.82 | 20.49 150.0
Z| 5.06 8493 | 25.15 150.0

10393 | 64-QAM Waveform, 40 MHz X | 345 67.11 | 1580 | 0.00 | 150.0 | +2.5% | +9.6%
Y| 364 6825 | 16.44 150.0
Z| 406 7252 | 18.90 150.0

10414 | WLAN CCDF, 64-QAM, 40 MHz X 479 6556 | 15.53 | 0.00 | 150.0 | +4.4% | +9.6%
Y| 4.77 65.76 | 15.66 150.0

Z| 480 6833 | 17.21 150.0 =)

Nate: For details 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 distribution corresponds to a coverage probability of approximately 95%.

A The uncertainties of Norm X.¥,Z do not affect the E2-field uncertainty inside TSL (see Pages 5 and &).
Linearization parameter uncertainty for maximum specified fisld strength.

E Uncernainty is determined wsing the max. deviation from linear response applying rectangular distribution and is expressed for the square of the field value.
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EX3DV4 - SN:3728

Parameters of Probe: EX3DV4 - SN:3728

Sensor Model Parameters

March 22, 2023

ci c2 @ T T2 T3 T4 15 T6
fF iF V-1 msV-2 msV-" ms V-2 v-1
X 44.1 329.87 35.67 10.92 0.60 5.05 0.97 0.37 1.0
41.9 306.09 34.36 15.77 0.24 5.10 1.15 0.25 1.01
z 225 158.34 32.47 7.84 0.71 5.03 153 0.08 1.00
Other Probe Parameters
Sensor Arrangement Triangular_
Connector Angle -165.9° |
Mechanical Surface Detection Mode enabled
Optical Surface Detection Mode disabled
Probe Overall Length 337 mm
Probe Body Diameter 10mm
Tip Length gmm
Tip Diameter 2.5 rnm—
Probe Tip to Sensor X Calibration Point 1 mm
Probe Tip to Sensor Y Calibration Paint 1 mm
Probe Tip to Sensor Z Calibration Point 1 mm
Recommended Measurement Distance from Surface 1.4mm

Mete: Measurement distance from surface can be increased 1o 3—4 mm for an Area Scan job.
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EX3DV4 - SN:3728 March 22, 2023

Parameters of Probe: EX3DV4 - SN:3728

Calibration Parameter Determined in Head Tissue Simulating Media

f (MHz)C Relative Conductivity” | ConvF X | ConvFY | ConvFZ | Alpha® | Depth® Unc
Permittivity® {S/m) (mm) (k=2)
750 41.9 0.89 9.54 9.54 9.54 0.24 1.25 +12,0%
835 41.5 0.90 9.42 9.42 9.42 0.46 0.80 +12.0%
900 415 0.97 9.24 9.24 9.24 0.26 1.15 +12.0%
1750 40.1 1.37 8.06 8.06 8.06 0.39 0.86 +12.0%
1800 40.0 1.40 7.95 7.95 7.95 0.36 0.86 +12.0%
2000 40.0 1.40 7.90 7.90 7.90 0.28 0.86 +12.0%
2300 39.5 1.67 7.74 7.74 7.74 0.32 0.90 +12.0%
| 2450 39.2 1.80 7.47 7.47 7.47 0.25 0.80 +12.0%
| 2600 39.0 1.96 7.25 7.25 7.25 0.29 0.90 +12.0%
3300 38.2 271 6.67 6.67 6.67 0.30 1.35 +14.0%
3500 37.9 2.91 6.54 6.54 6.54 0.30 1.35 +14.0%
3700 37.7 3.12 6.49 6.49 6.49 0.30 1.35 +14.0%
5250 35.9 4.71 5.23 5.23 5.23 0.40 1.80 +14,0%
5600 35.5 5.07 4.58 4,58 458 0.40 1.80 +14.0%
" 5750 35.4 5.22 472 472 472 | 040 180 | +14.0%
5850 35.4 5.22 4,58 4.58 4.58 0.40 1.80 +14.0%

¢ Frequency validity abave 300 MHz af +100 MHz only applies for DASY v4.4 and higher (see Page 2), else it is restricted to £50 MHz. The uncertainty is the
ASS of the ComnvF uncertainty at calibration frequency and the uncertainty for the indicated frequency band. Frequency validity below 300 MHz is £10, 25,
40, 50 and 70 MHz tor ConvF assessments al 30, B4, 128, 150 and 220 MHz respectively. Validity of ConvF assessed at 6 MHz is -9 MHz, and ConvF
assessed at 13 MHz is 9-19MHz. Above 5GHz Irequency validity can be extended to £110 MHz.

F Tha probes are calibrated using tissue simulating liquids {T5L) that deviate for ¢ and o by less than +£5% from the target vatues (typically better than +3%)
and are valid for TSL with deviations of up to £10%. f TSL with deviations from the target of less than 5% are used, the calibration uncertainties are 11.1%
for 0.7 -3 GHz and 13.1% for 3 - 6 GHz.

G Alpha/Depth are determined during calibration, SPEAG warrants that the remaining deviation due 1o the boundary effect after compensation is always less
than 1% for frequencies below 3 GHz and below +2% for frequencies between 3-8 GHz af any distance larger than hall the probe tip diameter from the
boundary,
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EX3DV4 - SN:3728 March 22, 2023

Parameters of Probe: EX3DV4 - SN:3728

Calibration Parameter Determined in Head Tissue Simulating Media

f (MHz)© Relative Conductivity” | ConvF X | ConvFY | ConvFZ | Alpha® | Depth® Unc
Permittivity® (S/m) (mm) (k=2)
6500 34.5 6.07 4.90 4,90 4.90 0.20 250 | +18.6%

c Frequency vakidity at 6.5 GHz is —600/+700 MHz, and +700 MHz at or above 7 GHz. The unceriainty is the RSS of the ConvF uncerlainty at calibration
frequency and the uncertainty for the indicated frequency band.

The probes are calibrated using tissue simulating liquids (TSL) that deviate for £ and o by less than +10% from the target values (typically betier than +63%)
and are valid for TSL with deviations of up to £10%.
G Alpha/Depth are determined during calibration. SPEAG warrants that the remaining deviation due 1o the boundary effect alter compensation is always less
than 1% for frequencies below 3 GHz; below +2% for frequencies between 3-8 GHz; and below +4% for frequencies between 6-10 GHz at any disiance
larger than half the probe tip diameter from the boundary.
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Frequency Response of E-Field
(TEM-Cell:ifi110 EXX, Waveguide:R22)
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Uncertainty of Frequency Response of E-field: +6.3%, (k=2)
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EX3DV4 - SN:3728
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Uncertainty of Axial Isotropy Assessment: +0.5% (k=2)
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EX3DV4 - SN:3728 March 22, 2023
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Uncertainty of Linearity Assessment: +0.6% (k=2)
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EX3DV4 - SN:3728

Conversion Factor Assessment

[=1800 MHz, WGLS R22 (H_convF)
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Uncertainty of Spherical Isotropy Assessment: +2.6% {k=2}
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EX3DV4 - SN:3728

Appendix: Modulation Calibration Parameters

March 22, 2023

| UID | Rev | Communication System Name Group PAR (dB) | UncE k=2
0 cw CW 0.00 +4.7
10010 | CAB | SAR Validation (Square, 100 ms, 10ms) Test 10.00 +96
10011 | CAC | UMTS-FDD (WCDMA) WCDMA 2.91 9.6
10012 | CAB | IEEE 802.11b WiFi 2.4 GHz (DS5S, 1 Mbps) WLAN 187 +96
10013 | CAB | IEEE 802.11g WiFi 2.4 GHz [DSSS-OFOM. B Mbps) WLAN 946 96
10021 | DAC | GSM-FDD [TDMA, GMSK) GSM 9,33 96 |
| 10023 | DAC | GPAS-FDD (TOMA, GMSK, TN 1) GSM 857 108
10024 | DAC | GPRS-FDD (TOMA, GMSK, TH 0-1) GSM 656 =96
10025 | DAG | EDGE- -FDD (TDMA, 8PSK, TN ) GEM 12.62 +9.6
10026 | DAC EDGE—FDD (TDMA BFSK, TN 0-1) G5M 8.55 9.6
10027 | DAC | GPRS-FOD (TDMA, GMSK, TN 0-1-2) GEM 4.80 186
10028 | DAC | GPRS-FOD (TOMA, GMSK, TN 0-1-2-3) GSM 355 9.6
10029 | DAC | EDGE-FDD (TOMA, 8PSK, TN 0-1-2) GSM 7.78 9.6
| 10030 | CAA | IEEE 802.15.1 Bluetooth (GFSK, DH1) Bluetooth 5.30 96
10031 [ CAA | IEEE 802.15.1 Bluelooth (GFSK, DH3) Blueiooth 1.87 206
10032 | CAA | |EEE B02.15.1 Bluelooth (GFSK, DHS) Bluetooth 1.16 +96
10033 | CAA | |EEE 802.15.1 Bluetooth (PI/4-DGPSK, DH Eluetooth 7.74 06
10034 | CAA | IEEE B02.15.1 Blustooth (PL4-DOPSK, ﬂ'Hﬂ] Bluetoath 4.53 9.6
10035 | CAA | IEEE 802.15.1 Buetooth (PI/4-DQPSK, DHS) Blustooth 3.83 +96
10036 | CAA | IEEE B02.15.1 Blusizoth (8-DPSK, DH1) Bluataoth B0 +8.6
10037 | CAA | IEEE 802.15.1 Bluetooth (8-DPSK, DH3) Bluetooth 477 %96
10038 | CAA | IEEE 802.15.1 Biustooth (5-DPSK, DHS) Bluetooth 4.10 +0.6
10039 | CAE | CDMAZ000 (1xATT, RG1) COMAZ000 457 196
10042 | CAB | 1S-54 /15-136 FOD (TDMA/FDM, PI/A-DOPSK, Halfrate) AMPS 7.78 295
10044 | CAA | IS-81/EIA/TIA-553 FOD (FOMA, FM) AMFS 0.00 +06
10048 | CAA | DECT (TDD, TOMA/FOM, GFSK, Full Siot, 24) DECT 13.80 196
10048 | CAA | DECT (TOD, TOMA/FOM, GFSK, Double Siol, 12) DECT 10.79 9.6
10056 | CAA | UMTS-TDD (TD-SCOMA, 1.28 Mcps) TD-SCOMA 11.00 9.6
10058 | DAC | EDGE-FDD (TOMA, 8PSK, TN 0-1-2-3) GEM 6.52 +9.6
10059 | CAB | IEEE 802.11b WiF| 2.4 GHz (DSSS, 2 Mbps) WLAN ERE =96
10060 | CAB | IEEE 802.11b WiF| 2.4 GHz (D555, 5.5 Mbps) WLAN 2.83 96 |
10081 | CAB | IEEE 802.11b WiFi 2.4 GHz (DSSS, 11 Mbps) WLAN 360 +0.6 |
10082 | CAD | IEEE 802.11a/h WiFi 5 GHz (DFDM, & Mbps) WLAN B.6B +98
10063 | CAD | IEEE B02.11a/h WiF| 5 GHz (OFDM, 5 Mbps) WLAN 863 +96
10064 | CAD | |EEE B02.11ah WiFi 5 GHz (OFDM, 12 Mbps] WLAN 9.09 196
10065 | CAD | IEEE B02.11a/h WiFi 5 GHz (OFDM, 18 Mbps) WLAN 9.00 +96
| 10086 | CAD | IEEE 802.11a/h WiFI 5 GHz (OFDM, 24 Mbps) WLAN 938 +9.6
10067 | CAD | IEEE 802.11a/h WiFI 5 GHz (OFDM, 36 Mbps) WLAN 10.12 296
10068 | CAD | IEEE 802.11a/h WiFi 5 GHz (OFDM, 48 Mbps) WLAN 10.24 196
10069 | CAD | IEEE 802.11a/h WiFi 5 GHz (OFDM, 54 Mops) WLAN 10.56 =96
10071 | CAB | IEEE 802.11g WiFi 2.4 GHz (DSSS/OFDM, 9 Mbps) WLAN 5.83 96
10072 | CAB | |EEE 802.11g WiFi 2.4 GHz (DSSS/OFDM, 12 Mbps) WLAN 5.62 Y
| 10073 | CAB | IEEE 802.11g WiF| 2.4 GHz (DSSS/OFDM, 18 Mbgps) WLAN 9.94 +96
10074 | CAB | IEEE 802.11g WiFi 2.4 GHz (DSSS/OFDM, 24 Mbps) WLAN 10.30 196
10075 | CAB | IEEE 802.11g WiFi 2.4 GHz (DSSS/OFDM, 36 Mbps) WLAN 10.77 0.6
10076 | CAB | IEEE 802.11p WiFi 2.4 GHz (DS5S/OF DM, 48 Mbps) WLAN 10.94 96 |
10077 | CAB | IEEE 802.11g WIF| 2.4 GHz (D5SS/OFDM, 54 Mops) WLAN 11.00 =96
10081 | CAB | COMAZ2000 (1xATT, RC3) CDMAZ000 3.97 196
10082 | CAB | I5-54/15-136 FOD (TOMA/FDM, PIi4-DOPSK, Fullrals) AMPS 477 =06
10030 | DAC | GPRS-FOD (TOMA, GMSK, TN 0-4) GSM B.56 +0.6
10087 | GAG | UMTS-FDO (HSDPA) WCOMA 3.98 196
10098 | CAC | UMTS-FOD (HSUPA, Sublest 2) WCDMA 3.98 +9.6
10093 | DAC | EDGE-FOD (TOMA, 8PSK, TN 0-) GSM 955 +9.6
10100 | CAF | LTE-FDD (SC-FDMA, 100% RB, 20 MHz, QPSK) LTE-FDD 567 295
10101 | CAF | LTE-FDD (SC-FDMA, 100% RB, 20MHz, 16-QAM) LTE-FOD 642 296 |
10102 | CAF | LTE-FDD (SC-FDMA, 100% AB, 20MHz, 64-QAM) LTE-FDD 6.60 296
10103 | CAH | LTE-TDD (SC-FOMA, 100% RB, 20 MHz, GPSK) LTE-TDD 5.29 296
10104 | CAH | LTE-TDD (SC-FDMA, 100% RB, 20 MHz, 16-QAM) LTE-TDD 9.97 +8.6
10105 | CAH | LTE-TDD (SC-FOMA, 100% RB, 20 MHz, 64-QAM) LTE-TDD 10.01 2986
| 10108 | CAH | LTE-FDD (SC-FDMA, 100% RS, 10 MHz, QPSK) LTE-FDD 5.80 +06
10109 | CAH | LTE-FDD (SC-FOMA, 100% RB, 10MHz, 16-QAM) LTE-FDD 6.43 +06
10110 | CAH | LTE-FDD (SC-FDMA, 100% RB, 5MHz, QPSK) LTE-FDD 5.75 9.6
101171 | CAH | LTE-FDD (SC-FDMA, 100% AB, 5MHz, 16-0AM) LTE-FDD 644 0.6
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