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|CALIBRATION CERTIFICATE

| Okact

Calibration procadure(s) QA CAL-05.v12

Calibration dabs: June 06, 2024

D2450V2 - SN:1014

Calibration Procedure for SAR Validation Sources between 0.7-3 GHz

This calbration cartificate docurmants Fhe raceabilly 1o national slandards, which reallze the physical units of measuremeants (31}
The measurements and the uncerainties with confidence probabiity are given on tha following pages and ana part of the cerificate.

A8 callbrations have been conducted in the clossd laboratory facility: environmant tamparature (22 £ 2)°C and humidity = 70%.

Cafibrasion Equipment used (MATE crilical for caSbration)

Cerificata Mo: D2450V2-1014_Jun24

This calibratian cerificaba shal not be reproduced excepl In full without wiitban appraval of the laborstary

Prinary Standards [T Cal Date (Certificala No.) Schaduled Calibration
Powar meter NAP2 SN: 104778 26-Mar-24 (Mo, 2170403604037} Bar-25
Fowar sansar NRP-791 SN: 103244 26-Mar-24 (Mo, 217-04036) Mar-25
Powar sansor MAP-291 SN; 102245 26-Mar-24 (M. 217-04037) Bdar-2%
Reference 20 dB Altanuator SN; BHPI94 (20k) 26-Mar-24 (No. 207-04046) Mar-25
Typa-M mismaich combination | BM: 3109E2 / DER2T  26-Mar-24 (Mo, 217-04047) Mar-26
FRisfarence Probe EXA0V4 SM: 7349 O5-HoV-25 (Mo EX3-7349_MNoviE3) how-24
DAEA SN B 22 May-24 (Mo, DAE4-501_May24) Miy-26
Secondary Standanda 10 # Chack Date (in housa) Scheduled Check
Powar meder E44198 BN (GEINE12478 20-Oct-14 (in house check Oct-22) In house chieck: Oct-24
Powar sanzor HP 84814 SN US37282783 07 -Cct-1% (in housa check Oel-22) In house check; Oot-24
Powar sensor HP 84814 SN MY41083315 07-0ct-15 (in house check Ocl-22) In howse check: Oct-24
AF ganarator A&S SMT-06 SM: 100972 15-Jun-15 {in house chack Cct-22) In house check: Ocl-24
Matwork Analyzar Agilent ES35EBA | SN: US41080477 31-Mar-14 {in house chack Oct-22) in howse chiack: Det-24
Mame Function Signature
Gallbrated by; Jaanna Liesha) Labaratory Technician Y, / éj
."",]?'I':' i 44 )
Approved by Syan Khn Technical Maragyer P
T

lsgied: Juina 7, 2024
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Glossary;

TSL tissue simulating liquid

ConvF sensitivity in TSL / NORM x,y.z
MYA, not applicable or not measured

Calibration is Performed According to the Following Standards:

Accreditation No.: SCS 0108

a) IEC/IEEE 62209-1528, "Measurement Procedure For The Assessment Of Specific
Absorption Rate Of Human Exposure To Radio Freguency 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 865864, "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 dipole is mounted with the spacer to position its feed
point exactly below the center marking of the flat phantom section, with the arms oriented

parallel to the body axis.

s Feed Point Impedance and Retum Loss: These parameters are measured with the dipole
positioned under the liquid filled phantom. The impedance stated is transformed from the
measurement at the SMA connector to the feed peint. The Return Loss ensures low

reflacted power. No uncertainty required.

s Electrical Delay: One-way delay between the SMA connector and the antenna feed point.

Mo uncertainty required,

SAR measured: SAR measured at the stated antenna input power.
SAR nomalized: SAR as measured, normalized to an input power of 1 W at the antenna

cannector.

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

nominal SAR result.

The reported uncerainty 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 J

probability of approximately 95%.

Cerificate No: DE450VE-1014_Jun2d Faga2 ol &
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Measurement Conditions
DASY systam configuration, as far s not given on page 1.

DASY Version DASYS2 VE2A0.4
E_xtmpulaﬂm Advanced Exirapotation
Phantom Maodular Flat Phantam
Distance Dipole Center - TSL 10 mm with Spacer
Zoom Scan Resolution dx, dy, dz =5 mm
Fregquency 2450 MHz = 1 MHz
Head TSL parameters
Tha following parameters and calculations were apphied, -
| Temperature Permittivity Conductivity
Nominal Head TSL parameters 220°C - @2 1,80 mhaim
Measured Head TSL parameters (F2.0£02°C BOLEH 1.88 mhoim = 6 %
Head TSL temperalure change during test =05"C — |
SAR result with Head TSL
SAR averaged over 1 cm® (1 g) of Head TSL Candition
SAR measured 250 MW input power 127 Wikg
| SAR for nominal Head TSL perameters normalized to 1W 53.4 Wikg = 17.0 % (k=2)
SAR averaged over 10 cm? (10 g) of Head TSL | conditian '
SAR measurad 250 mW input power 6.35 Wkg
SAR for nominal Head TSL parameters normalized o 1W 25.0 Wikg + 16.5 % (k=2)

Certificate No: D2450V2-1014_Jun2d Page 3of 6
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Appendix (Additional assessments outside the scope of 5CS 0108)
Antenna Parameters with Head TSL

Impedance, transformed to feed point 5410 +05)K

Raturn Loss - 28.0 dB

General Antenna Parameters and Design

[ Etectrical Delay (one direction) | 1.147 ns

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

The dipole is made of standard semirgid coaxial cable. The center conductor of the feeding line is directly cannecied fo the
sacond arm of the dipale. Tha antenna is therefore short-circuited for DC-signals. On some of the dipoles, small end caps
are added 1o the dipole amms in order to improve matehing when loaded according to the position as explained in the
‘Measurement Conditions” paragraph. The SAR data are not affected by this changa. The overall dipoée length is still
according o the Standard.

Mo excessive forca mist be apphed to the dipole amms, because they might band or the soldered connections near he
feedpoint may be damaged.

Additional EUT Data

| Manutactured by SPEAG

Cenrtificate Mo: D2450V2-1014_Jun24 Page 4 of 6
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DASY5 Validation Report for Head TSL

Date: 06.06.2024

Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 2450 MHz; Type: D2450V2; Serial: D2450V2 - SN:1014

Communication System: UID 0 - CW; Frequency: 2450 MHz

Medium parameters used: f = 2450 MHz; 6 = 1.88 S/m; & = 38.0; p = 1000 kg/m’
Phantom section: Flat Section

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

DASY52 Configuration:

Probe: EX3DV4 - SN7349; ConvF(7.96, 7.96, 7.96) @ 2450 MHz; Calibrated: 03.11.2023
Sensor-Surface: 1.4mm (Mechanical Surface Detection)

Electronics: DAE4 Sn601:; Calibrated: 22.05.2024

Phantom: Flat Phantom 5.0 (front); Type: QDOOOPS0AA; Serial: 1001

DASY52 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 = 117.3 V/m; Power Drift = 0.09 dB

Peak SAR (extrapolated) = 27.4 Wikg

SAR(1 g) = 13.7 W/kg: SAR(10 g) = 6.35 W/kg

Smallest distance from peaks to all points 3 dB below =9 mm

Ratio of SAR at M2 to SAR at M1 = 504%

Maximum value of SAR (measured) = 22.0 W/kg

0 dB = 22.0 W/kg = 13.41 dBW/kg

Certificate No: D2450V2-1014_Jun24 Page 50f 6
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A TUVRheinland®

Impedance Measurement Plot for Head TSL
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Centificate No: D2450V2-1014_Jun24 Page 60f 6
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Justification for Extended SAR Dipole Calibrations

. Date of Retum Loss Impedance Delta
Dipole Measurement (dB) 2a A5 (ohm) (ohm)
Head Jun 06, 2024 -28.00 54.10
-1.68 445
2450MHz Jun 09, 2025 2753 4965

Note: The retumn loss is <-20dB, within 20% of prior calibration; the impedance is within 5 chm of prior
calibration. Therefore the verfication results meet the requirement of extended calibration.
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Calibration Laboratory of S S Schweizerischer Kalibriordienst
SRkl & Pastries = c mm:am
Engineering AG v
ot S Swiss Calibeation Service
Zoughausstrasse 43, 8004 Zurich, Switzerland "c,,,@\.s‘
Accredited by the Swiss Accreditation Service (SAS) Accreditation No.: SCS 0108
The Swiss Accreditation Service Is one of the signatories to the EA
Multitateral Agreement for the recognition of calibration certificates
coont | TUV CortiicateMo. | EX-7506_Nov24
Shenzhen
CALIBRATION CERTIFICATE
Object EX3DV4 - SN:7506
Caitraton procedure(s) QA CAL-01.v10, QA CAL-12.v10, QA CAL-14.v7, QA CAL-23.v6,
QA CAL-25.v8
Calibration procedure for dosimetric E-field probes
Calibeasion date November 12, 2024

This caloration certficate documents the traceabilily fo national standards, which realize te physical unis of measuremnants (Sl)
The measurements and the uncertainties with confidence probability are given on the following pages and are part of the certificate.

All calibraions have been corductad in the closed laboratory faclity: environment lemperature (22 + 3)°C and humidety < 70%.
Calivration Equipment used (MATE critical for calbration)

Primary Standards (] Cal Date (Cortfcato No.) Schedued Calibration
Power meter NP2 ~ | SN 104778 26-Mar-24 (No. 217-04036/08037) | Mar2s
POWor sansor NRP-231 | SN 103244 26-Mar-24 (No. 217-04036) | War25
| OCP DAK-35 (wolghted) | 8N 1249 23-5ep 24 (OCP-DAK35-1248_Sep24) | Sep-2%
2 | SNhoe ) 24-520-24 (OCP-DAK12-1018_Sep24) Sep-2% |
Aeference 20 9B Aeruator | SN: OC2552 (20%) 26-Mar-24 (No. 217-04048) Mar 25
DAE4 SN: 660 23Fe0-24 (No. DAEA-660_Feb2d) | Fb3S
| Aelorence Probe EXSIVE | 8N 7340 o 03-Jun-24 (No. EX3-7348_Jun24) Jun-26
Secondary Standards [o | Check Date (in house) | Scheduiled Check
Power moter £A4 190 | SN GB41 290874 | 706-Agr-18 {in heuse check Jun-24) in Pouse check: Jun26
Powor sansor E4412A | SN WVa1498087 1 06-Ape-16 {in house check Jun-24) | Intouse checc Jun-26 |
Power sensor E4412A SN: 000110270 | 06-Ape-16 (In house check Jun-24) | In bouse check: Jun-26
RF porerator HP BE48C SN: US36420U01700 04-A50-99 (in house check Jun-24) In Fouse ohock- Jn26 |
Network Analyzer ERasBA | SN US4T084TY 31-Mar 74 (n house chech Sep-24) | In house chock. Sep-26
Name Function Signawre
Calibrated by Kredimir Franjc Laboratory Tachnician
Issued: November 12, 2024

This calbration certfoate shall not be reproduced except In full without written approval of the laboratory.

Certdficate No: EX-7506_Nov24 Page 10/ 9
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Schwelzerischer Kalibrlerdianst

Calibration Laboratory of 5
c Servies sulsse d atalonnage
5

Schmid & Partner
Engineering AG
Zpughaussirasse 43, BI04 Zurigh, Switzerland

Sarvizio svizeero di laratura
Swiss Calibration Service

Accradiied by the Swiss Accreditation Service (S45) Accreditation No.: SCS 0108
The Swiss Accreditation Service is one of the signatories 1o the EA
Multilateral Agresment for the recognition of calibration certificates

Glossary

TSL tissue simulating ligquid

NORMy.2 sensithity in free space

ComvF sensilivity in TSL / NORM:,y,7

DCP diode compression paint

CF crest factor (1/duty_cycle) of the RF signal
ABCD midulation dependent linearization paramslers

Polarization g w rotaflon areund probe axis

Polarization &  rofation around an axig that is in the plane normal to probe axis (at meagurement centar), ie., #=0Is
narmal o probe aods

Connector Angle  informafion used In DASY system to akign probe sensor X fo the robot coordinate system

Calibration is Performed According to the Following Standards:

a) |EC/EEE 62208-1528, "Measurament Procadure For The Assessment Of Specific Absorption Rate Of Humen Exposure
To Radio Freguency Fields From Hand-Hald And Body-Worn Wireless Communication Devices — Part 1528: Human
Modals, Instrumentation And Procadures (Frequency Range of 4 MHz 1o 10 GHz), Octobar 2020.

b} KDB 8&5664, "SAR Measuremant Reguirements for 100 MHz to & GHz"

Methods Applied and Interpretation of Parameters:

+ NORMx, 22 Assessed for E-lield polarization & =0 (f = 900MHz in TEM-cell; f = 1800MHE: RE2 waveguide), NORMxy.z
are only intermediate values, i.e., the unceriainties of NORMx,¥.2 doss not affect the EZ-figld uncartainty inside TSL (see
below ConvF),

NOFM( Tk, .z = NOFfikx .2 * frequency_response [see Frequency Responsa Chart). This linearization is Implemented in
DASY4 software versions laber than 4.2, The uncertainty of the frequancy response is included in the stated uncertainty of
ComwF

« DCPyyz: DCP ang numerical linearization parameiers assessed based on the data of power sweap with CW signal. DCP
does not depand on frequency nor maedia.

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

Axyz; Bxyz; Cxyz; Dxyz; VAR y2: A, B, C, D are numerical Bnearization parameters assessad based on the data of
power sweap for specific modulation signal. The parameters do not depend on requency nor media. VR is the maximum
caliprafion range axpressed In AMS vollage across the diode.

ConvE and Boundary Effect Parameters: Assessed in flgt phantom using E-fiald (or Temperatura Transfer Stendard for

f = BOOMHz) and inside waveguide using analylical field distributions based on power measurements for f > 800MHz. The
same setups are used for assasement of the parameters applied far boundary compensation (alpha, depth) of which typical
uncedtanly values are given. These parameters are used Iin DASY4 sottware to Improve probe accuracy close o the
boundary. The sensitivity in TSL cormesponds to NORAMr, .2 * ConvF wheraby the uncertainty comesponds to that given far
ComE. A Trequency dependent Comv is used in DASY version 4.4 and higher which allows sxanding the validity from
+S0MHz to £100 MHz.

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

Swensor Offsel: The sensor offeet comesponds to the offeet of virlual messuwemant camtar rom the probe tip (on probe axis).
Mo toleranse requined,

Connecfor Angfe: The angle is assessed using the information gained by determéning the MORMY (no uncertainty required).

-

&

Carfiicate No: EX-7506_Nova4 Page 2 of 5
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EX3DV4 - SNIT506

Parameters of Probe: EX3DV4 - SN:7506

Movember 12, 2024

Basic Calibration Parameters
I T I —
| - | Sensor X S:nur ¥ | Sensor Z Unc [k = Z)
[ Maem (Vr{vim)®) 0,50 [ 0.62 0.56 +10.1% .
| DCP (mv) B [ 103.8 ' 1042 108.4 a7 |
Calibration Results for Modulation Response
[0I0 T Communication System Name [y B [ [1] VR Max | Max |
: [ dB | dB.,/uv dg8 | mV | dev. | UncE

| k=2 |
[0 [CW ¥ | 000 0.00 100 000 | 1920 | 22.4% | 2d.75% |
[ YT OO0 oo | 140 TaEE |
[ ] (2000 000 | fO0| @ [735@

| The reported uncertainty of measuremant s slaled as the standard uncartainty of measurement multiplied by the cowsrage

factor k=2, which lor a normal distribution coresponds to a coverage probability of approximately 95%.

A The wecerlaslios al Nerm ¥.¥,Z do mat allect e £ el uncariainty insida TSL (eae Pags 5

B Linmarization paramatar uncertainty for madimum speciipd fisld strangth.

B Uncetainky s deermingd using the mas. devialion Iram inesr responss apphing rectangular distrbution and is espressaed for the sguane of tha Feld e,

Certificate No: EX-7506_Nova4 Page 3of 9
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EX30N4 - SN:TE06

Parameters of Probe: EX3DV4 - SN:7506

MNovernbaer 12, 2024

Other Probe Parameters
Sensar Arrangement R Triangutar |

| Connactor Angle aree

| Mechanical Surface Detection Moda T | enabled|
Optical Suriace Detection Mode o disabled
Probe Overall Length 33Tmm
Probe Body Diameter 10mm
Tip Length amm |
Tip Dizmetar 25mm |
Probe Tip to Sensor X Callbration Foint 1 mm
Proba Tip to Sansor Y Callbration Polnt 1mm
Proba Tip to Sensor Z Calibration Point - 1 mm
Fiecommended Measurement Distance from Surface o

1.4 mm

Hode: Measureman distance irom surlBoe can be increased to 34 mm for an Area Scan job.

Carfificate Mo: EX-T506_Mov2d Page 4ol 9
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EX30V4 - SN:T506 Movember 12, 2024

Parameters of Probe: EX3DV4 - SN:7506
Calibration Parameter Determined in Head Tissue Simulating Media

f (MHz) Relative = Conductivity™ | ConwF X | ConvF ¥ | ComwF2Z | Alpha® | Depth® | Ung"
Permittivity® | (s/m) {mm) k=2)
450 435 0.67 w7e | 1072 | 1072 | 0416 130 | +133%
750 as 0.8 935 9.96 927 | 038 127 | +11.0%
B35 415 0.80 212 9.72 505 038 127 | +11.0%
300 415 0.97 898 956 | 8o 0.38 127 | +11.0%
1450 405 1.20 204 8.56 787 | o0ar 127 | +11.0%
1750 40.1 137 7.70 821 | 784 | 097 127 | +11.0%
1800 40.0 1.40 747 7.85 7.31 0.7 127 | +11.0%
2000 | 400 1.40 727 775 7.21 0.a7 127 | 211.0%
2300 395 167 7.01 7.47 6.95 0.36 127 | +11.0%
2450 | @92 1.80 678 7.22 £73 0.36 127 | +11.0%
2600 39.0 196 £70 7.14 664 038 127 | 411.0%
3500 7.9 281 T san 682 835 0.35 127 | +134%
3700 a7 | a2 618 | 658 813 | 034 127 | £13.1%
5250 asa an 563 6.00 558 | 041 127 | +13.1%
5600 ass | 507 526 5.60 522 0.28 127 | +13.1%
| a0 353 537 512 545 5.08 0.28 127 | +13.1%

¥ Freguency valicity above 300 MHz of £100MHZ anly appies tor DASY wi.d asd higher (Ses Page 2], sise il i rastricied o =50 MHz The uncariainty is the
ASS ol tha ConvF uncartainty af calbralion inguanty and e uncerainty e the indicalsd fraquency band. Frequenmy valicity balow 300 MHz & 110, 25,
Al S0 and 70 MHz for CorwF asasssments a1 .30, 64, 128, 150 and Z20MHz respectively. Validty of Cam® assessed af 6 MHz b 4=8MHz, and CorvF
apssped at 13MHZ iz 819 MHZ. Abive 5 Gz Irsquanoy validity can be sdended o £110MHz.

F Tha prihes ame calbrated using tissus simulating lquids [TEL) that doviate for ¢ and o by less thean 5% bom e targed valuss [lypically betier fan £
and ans vald tor TSL with deviafions of up to £ 10% i 8AR comection is applied.

5 AhaDepth ane detsrmined during calibration. SPEAG warmants that the remaining deniation dus 1o the beundany stiect alter compensation is shways less
than 1% for frequencies below 3 GHz and balow 2% for lrequenties betwesen 3-8 GHe af any distancs leger than balf the probe tip diamater fram e
boandary

H T staed uncertarty is the lotal calbration unceriaindy (k = 2) of MomGom® This s equialant i e unceraingy componeat with ihe symbel CF in

Tatda ol IECNEEE §2209-1 5862020,

Cerfificats Mo: EX-7506_Movad Page 5af 9
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EX3DV4 - SNT506

0.8
0.8
oy
0.6

085200 400

Certificate No: EX-7508_Nov24

Frequency response (normalized)

Movember 12, 2024

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

600 BO0 1000 1200 1400 1600 1800 2000 2200 2400 2600
1 [MHz]

TEM A22

Uncertainty of Frequency Response of E-field: £8.3% (k=2)

Page & of @
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A TUVRheinland®

EX30DV4 - SN:7506

November 12, 2024

Receiving Pattern (¢), 4 =0°

=600 MHz, TEM, 0°

o0°
138° .7 450 | Y 135°
| Tot |
180° < .05 8 s 08,19 ‘ 0° 180°
225 YL 225"
2707
05
@
w
-05
0 60 120 180
Roll [°]
100 MHz 600 MHz

g-8-8-3-8<a-3

1800 MHz

f«1800 MHz, R22, 0*
80°

45°

[ &' N o< x|

- :7:;_:177;“'{;45 o8 _10 0°

_315°

270"

.
.
e

300 360

2500 MHz

Uncertainty of Axial Isotropy Assessment: +0.5% (k=2)

Certificate No: EX-7506_Nov24 Page 7 of 9
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A TUVRheinland®

EX30V4 - SN:7506

Dynamic Range f(SARpead)
(TEM cell, feyy = 1900 MHz)

November 12, 2024

108

108
; ]
5 104‘ ;
e \
c
K-J
7]
= 109

10?|

102 10~ 100 10 107
SAR [mW/cm?]
not compensated compensated
2. S E—
1

g
5 0 '
0

-1

=1 ——

1072 10-! 10° 10' 102
SAR [mW/cm?)
not compensated « compensated

Uncertainty of Linearity Assessment: +0.6% (k«2)

Certificate No: EX-7506_Nov24 Page 80! 8
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EX3DV4 - SN:7508 November 12, 2024

Conversion Factor Assessment

=1900 MHz, WGLS R22 (H_convF)

25
\1
g 20
1
2 '
: 15 3
b= '
3 10 !
5 -
o
0 10 20 30 40
z[mm)
- analytical measured

Deviation from Isotropy in Liquid
Error (¢, 6), 1 = 900MHz

-1 -08 -06 =-04 ~02 [ 02 04 086 08

Uncertainty of Spherical Isotropy Assessment: +2.6% (k=2}

Cortificate No: EX-7506_Nov24 o Page 8 of 9
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Sehmid & Partnar Engineering A5 s E =] 4 E

Zeughsssimsse 43, 0004 Turich. Switserland
Phone #41 44 345 9700, Fax +31 44 245 5078
W speRg e ss, infodspaag swias

IMPORTANT NOTICE

USAGE OF THE DAE4

The DAE unit is a delicate, high precision instrument and requires careful treatment by the user. There are no
sarviceable parts inside the DAE. Special attention shall be given to the following points

Battery Exchange: The battery cover of the DAE4 unit is closed using a screw, over lightening the screw may
causze the threads inside tha DAE 10 wear out,

Shipping of the DAE: Before shipping the DAE to SPEAG for calibration, remove the batteries and pack the DAE
in @n antistatic bag. Thie antistatic bag shall then be packed into a larger box o container which protects the DAE
from impacts during transportation, The package shall be marked to indicate that a fragile instrument is insize.

E-Stop Fallures: Touch detaction may ba malfunetioning due to broken magnets in the E-step. Rough handling of
the E-stop may lead to damage of these magnets. Touch and collision errars are often caused by dust and dirt
accurmutated in the E-stop. To prevent E-stop failure, the cusiomer shall always mount the probe fo the DAE
carefully and keep the DAE unit in a non-dusty environment if not used for measurements.

Repalr: Minor repairs are performed at no extra cost during the calibration. However, SPEAG reserves the right to
charge for any repair especially if reugh unprofessional handling caused the defect

DASY Conflguration Files: Since the exact values of the DAE input resistances, as measured dunng the
calibration procedure of 8 DAE unit, are not used by the DASY software, @ nominal value of 200 MOhm is given in
the coresponding configuration file

Important Note:
Warranty and calibration is void if the DAE unit is disassembled partly or fully by the
Customer.

Important Note:
Mever attempt to grease or oil the E-stop assembly. Cleaning and readjusting of the E-

stop assembly is allowed by certifled SPEAG parsonnel only and is part of the [
|calibration procadure.

Important Note:
To prevent damage of the DAE probe connector pins, use great care when installing the
probe to the DAE. Carefully connect the probe with the connector notch oriented in the
mating position. Avoid any rotational movement of the probe body versus the DAE
while turning the locking nut of the connector. The same care shall be used when
disconnecting the probe from the DAE.
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[CALIBRATION CERTIFICATE ]
Omject DAE4 - SD000 DO4 BN - SM: 1557
Calibration proceduse(s) QA CAL-0B.v30 -
Calibration procedure for the data acquisition electronics (DAE)
Cabraion datic October 08, 2024

Calibraton Equipment wsed (MATE critical for calibration)

This calibralion cerilicale documents the tracaability to national standards, which realize the physical unils of measwements (5I).
Thie measuremants and the unoarlainiies with confidance probability are givan on the following pages and are pan of tha cerilicate.

All callbrations have besn conducted in the dosed laborsiony taclity: srvironment temperatura (22 + 37°C and humidity =< 0%,

| Primary Standards o] Cal Date (Caniizate Mo,) Sohaduled Calibration -
Waiihley MuFeeler Type 2001 8N: DEHD2TE 27-Aug-24 (No:40547) Aug-25
Sacondary Standards [vE Check Daie (in house) Schedulad Chack |
Aumo DAE Calbration Unit SE UNWE 053 AA 1001 23-Jan-24 (in house check) Im house chack: Jan-26
Calbrator Box V2.1 SE UMS 005 A4 1002 23-Jan-24 (in house check) Im house chack: Jan-25
Marne Functon Signatura
Calibrated by: Adiian Gehiing Labaratory Tachnician M
| Approved by: Swan Kdhn Techncal Managar

This calibralion carlilicale shal not be reproduced except in full without writhen apgroval of the Iaboratary.
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Issuad: Octaber 8, 2024
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Glossary

DAE data acquisition electronics

Connecior angle  information used in DASY system fo align probe sensor X to the robot
coordinate systam.

Methods Applied and Interpretation of Parameters
s 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 volimeter 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 uncartainty.

» DC Voltage Measurement Linearity: Verification of the Linearity at +10% and -10% of
the nominal calibration voltage. Influence of oftset voltage is included in this
measuramant.

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

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

+  AD Converfer Values with inputs shorfed: Values on the internal AD converter
corresponding fo zero input voltage

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

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

+  [nput resistance: Typical value for informaticn: DAE input resistance at the connector,
during internal auto-zeroing and during measurement,

s 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
mades.
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DC Voltage Measurement
AT - Converter Resalution nominal
High Ranige: 1LSB = GuY, full range = -100,,,+300 my
Low Range: iL8B= &inY, full lange = -1....... +3m
DASY measuremant parameters: Auto Zero Time: 3 sec; Measuring time: 3 sec
 Calibration Factors X ¥ Z
High Range 405,007 + 0.02% (k=2) | 404,694 £ 0.02% (k=8) | 404.784 £ 0.02% (k=2)
| Low Range 3.87308 1 1.50% (k=2) | 4.00504 £ 1.50% (k=2) | 3.99067 L 1.50% (k=2)
Connector Angle
| Connector Angle to be used in DASY system 5257419

Cartificate Mo: DAE4-1557_0cl24 Page 3oi 5
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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 199598.54 242 0.00
'Channel X+ Input 20004.22 133 0,01
Channel X - Input -19998.68 345 =002
Channel ¥ + Input 199897.78 1.71 0.00
Channel Y  +Input 20002 60 0.05 -0.00
Channal ¥ = Input -20002.53 -0.09 0.00
ChannelZ  +Input 190997.83 1,48 000
‘ChannelZ  + Input 20000.53 179 -0.01
Channel Z = Input -20002.41 0.05 =000
Low Range Reading (uV) Difference (uV) Error (%)
Channal X 4+ Input 200116 =000 0.00
Channel X + Input 202.26 087 0.48
Channel X - Input -197.33 1.15 -0.58
Channel Y + Input 2001.07 -0.02 -0.00
Channel Y +Input 200.67 049 024 |
Channel ¥ - Input =194.11 -0.64 0.32
Channel £ + Imput 2001.03 -0.01 =0.00
Charnel Z + Input 20051 0,64 -0.32
Channel £ = Input -199.71 =-1.07 0.54
2. Commeon mode sensitivity
DASY measurement parameters: Aulo Zero Time: 3 sec; Measuring fime: 3 sec
Common mode High Range Low Range
Input Voltage (my) Average Reading (uV) Average Reading (pV)
Channel X 200 0.08 2.12
= 200 4,52 2.85
Channel ¥ 200 423 410
- 200 5,11 -5.78
Channel Z 200 2.84 2.83
| - 200 | -5.20 . 531

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

Input Voltage (mV) | Channel X (uV) | Channel ¥ (V) Channel Z (pV)
Channel X 200 = =1.30 -1.62
Channel ¥ 200 572 0.28
Channel Z 200 10.64 2.33 |
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4. AD-Converter Values with inputs shorted
DASY measuremant paramelers: Auto Zero Time: 3 se¢; Measuring lime: 3 sec

High Range (LSE) Low Range (LSB)
Channel X 15803 16236
Chaninel ¥ 15752 14466
_channnl Z 16034 16152

5. Input Offset Measurement

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

Input 10MG
Average (uV) | min. Offset (uV) | max, Offset (V) | - 'E:'::,';"‘"""
Channal X .84 0.2z 1.36 0.23
Channel ¥ -1.85 -3.47 147 033
Channel Z 219 307 -1.00 0,41
6. Input Offset Current
Mominal Input circuitry offset current on all channels: <25i8
7. Input Resistance (Typical values for information)
Zeroing (kOhrm) Measuring {(MOhm)
Channel X 200 200
Channel ¥ 200 200 |
Channel Z 200 200
B. Low Battery Alarm Voltage (Typical values for information)
Typical values Alarm Level (WDC)
Supply (+ Vec) +7.9
Supply (= Vee) -7.6
8. Power Consumption (Typical values for information)
Typical values | Switched off (mA) | Stand by (mA) | Transmitting (mA)
Supply [+ Vee) +0.0 +B +14
Supply (- Vee) -0.01 -8 -
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