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Calibration Laboratory of

i,
Sha

K e, Schwaizerischer Kalibrierdienst
Schmid & Partner % —— E". Service sulsse détalonnage
Engineering AG o Servizio svizzero di taratura
Zoughaussirasse 43, B004 Zurich, Switzerland e rﬁ»"‘" Swiss Calibration Service
T

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

Client  TUV
Shenzhen

Certificate No. D2450V2-1014_Jun24

Accreditation Ne: SCS 0108

[CALIBRATION CERTIFICATE

Objact

Cakbeation procedurads)

Calibration data:

D2450V2 - SN:1014

QA CAL-05.v12

Calibration Procedure for SAR Validation Sources between 0.7-3 GHz

June 08, 2024

Cafibration Equipment used (M&TE critical for calibraion)

This calibration cenificale documents the traceability to national standards, which reallze the physical units of measuremants (S1).
The measuremants and the uncerainties with confidence probability are given on the following pages and are part of the carificats.

All calibrations have been conducted in the dosed laboratory faciity: snvirenrment 1emganature (22 £ 3)°C and humidity = 7%,

Primary Standards |ID# Cal Date (Certiicate No.) Scheduled Calibration
Powear meter NAP2 SH: 104778 26-Mar-24 (Mo, 217-04038/04037) Iar-25

Power senaor NAP-Z01 SN: 103244 26-Mar-24 (Mo, 217-04035) Mar-25

Powar sansor NFRP-281 SNz 108245 26-Mar-24 (Mo, 217-04037) Mar-25

Raference 20 dB Atherustor SM: BHO304 (20k) 26-Mar-24 (Mo, 217-040448) Mar-25

Type-M mismatch combination SN 310982/ 05327 26-Mar-24 (Mo, 217-04047) Mar-25

Refarence Probe EX30V4 | BM: 7249 03-Mov-23 (Mo, EX3-7345_Novz3) Mow-24

DAE4 SM: 601 22-May-24 (Mo, DAE4-601_May24) May-25

Secondary Standards | D # Check Date (in house) __ Schaduled Check
Power meter E44198 SN: GB3RR124T5 A0-0ct-14 {in house check Oct-22) I house check: Oc-24
Pawear sanaar HP 84814 SM: USaT292783 07-0ct-156 (in house check Oct-22) In house checs: Ocl-24
Pewer sensor HP 84814 SHN: MY41083315 07 -0ct-15 (in house chick Ool-22) In houss check: Oot-24
AF genarater R&S SMT-06 | SN: 100972 15-Jun-15 (in house check Oct-22) In houss check: Oct-24

Netwaork Analyzer Agilent EE3588 | SN: US4 1080477

Cabbrated by:

Approved by:

This caibration cartificate shall not be reproduced axcapl in full without written approval of the laboratory

MName
Joanna Liesha

Swan Kohn

31-Mar-14 (in house check Oot-22)

Function
Laboratory Technician

Technicel Manager

Certificate No: D2AS0W2-1014_Jun24
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Calibration Laboratory of
Schmid & Partner

Engineering AG
Zeughaussirasse 43, 8004 Zurich, Switzerland

s Schweizerischer Kalibrierdienst

c Service suisse d'étalonnage
Servizio svizzero di taratura

S Bwiss Calibration Service

Ancredited by the Swiss Accretiation Service (SAS) Accreditation No.: SCS 0108
The Swiss Accreditation Service is one of the signatories fo the EA
Multilateral Agreement for the recognition of calibration certificates

Glossary:

TSL tissue simulating liquid

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

Calibration is Performed According to the Following Standards:

a) |EC/IEEE £2209-1528, "Measurement Procedure For The Assessment Of Specific
Absorption Aate Of Human Exposure To Radio Frequency Fields From Hand-Held And
Body-Wom Wireless Communication Devices - Part 1528: Human Models, Instrumentation
And Procedures (Frequency Range of 4 MHz to 10 GHz)", October 2020.

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

Additional Documentation:
c) DASY System Handbook

Methods Applied and Interpretation of Parameters:

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

» Antenna Parameters with TSL: The 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 Retumn Loss: These parameters are measured with the dipole
positioned under the liquid filled phantom. The impedance stated is transformed from the
measuremeant at the SMA connector fo the feed point. The Return Loss ensures low
reflected power. Mo uncertainty required.

s FElectrical Delay: One-way delay between the SMA connector and the antenna feed point.
Mo unceriainty required.

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

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

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

Certificate No: D2450V2-1014_Jun24 Page 2 of 6
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Measurement Conditions

Dis‘t' system configuration, as far as not given on page 1.

DASY Version DASYS2 V52.10.4
Extrapolation Advanced Extrapolation
Phantom Modular Flat Pha-nm_m
| Distance Dipole Center - TSL 10 mm with Spacer
_chm Scan Resolution dx, dy, dz =5 mm
Frequency 2450 MHz + 1 MHz
Head TSL parameters
The following parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Head TSL parameters 22.0°C | 392 1.80 mhao/m
Measured Head TSL paramaters (22.0£0.2)°C 3B0+6% |1 88 mho/m £ 6 %
Head TSL temperature change during test <0,5°C m - -
SAR result with Head TSL
SAR averaged aver 1 cm? (1 g) of Head TSL Condition
SAR measured 250 mW input powar 13.7 Wikg

SAR fer nominal Head TSL parameters

normalized to 1W

53.4 Wikg = 17.0 % (k=2)

SAR averaged over 10 cm® {10 g) of Head TSL

candition

SAR measured

250 mW input power

£.35 Wikg

SAR for nominal Head TSL parameters

normalized to 1TW

25.0 Wikg = 16.5 % (k=2)

Cerfificate Mo: D2450V2-1014_Jun24

Page 3 of 6
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Appendix (Additional assessments outside the scope of SCS 0108)
Antenna Parameters with Head TSL

Impedance, transformed 1o feed point I 5410+ 055
RAeturn Loss -28.0dB

General Antenna Parameters and Design

rEIe'clrical Delay (one direction) 1.147 ns T

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

The dipale is made of standard semirigid coaxial cable. The center conductor af the feeding line is directly connacted 1o the
second arm of the dipale. The antenna is therafore short-circuited for DC-signals. On some of the dipoles, small end caps
are added to the dipale ams In order to improve matching when loaded according to the position as explained in the
"Maasurement Conditions* paragraph. The SAR dala are not affected by this change. The overall dipole length is still
acocording 1o the Standard

Mo 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

Corificate No: 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; o = 1.88 S/m; & = 38.0; p = 1000 kg/m?
Phantom section: Flat Section

Measurement Standard: DASYS (IEEE/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: QDO0OPS0AA; 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 W/kg

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 = 50.4%

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

-4.52

-9.04

-13.56

-18.08

-22.60

0dB =220 W/kg = 13.41 dBW/kg

Certificate No: D2450V2-1014_Jun24 Page 5¢f 6
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Impedance Measurement Plot for Head TSL
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S Schwalzerischer Kalibrlerdienst

c Service sulsse d'étalonnage
Servizio svizzero di taratura

S Swiss Cailbration Service

Calibration Laboratory of
Schmid & Partner

Engineering AG

Zaughausstrasse 43, B002 Zurich, Switzeriand

Accredited by the Swiss Accraditation Servica (SAS) Accreditation No.: SCS 0108
The Swiss Accreditation Service Is one of the signatories to the EA
Muhilateral Agresment for the recognition of calibration certificates

Client | TUV Certificate No. EX-7506_Nov24
Shenzhen

L R N E— A

CALIBRATION CERTIFICATE

Object EX3DV4 - SN:7508
| Gaitration procedurais) 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

| Caftration date MNovember 12, 2024

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

1
| A calibrations have been conducted in the closed laboratory tacility: ervironmant temparature {22 4+ 9)°C and humadity < 70%.
Calibration Eqguipment used (MATE critical for calibration)

Frimary Stanciards o Cal Date (Cerficate MNo.) flon

Power mater NAP2 SN 04778 B5-Mar-24 [No. 217-04036/04037) Mar25 |

Power sansor NAP-Z91 SM: 103244 | 26-Mar-24 (No. 217-04036) Mar-25 I
| OCPDAK-3.5 (weighted] | SN: 1249 B _mm Sep-25 |

OGP DAR-TZ SN 1016 | 24-Sep-24 (OCP-DARTZT0T6_SepPd)] | Sep25

Reference 20 dB Afenuator | SW: CL26b2 (20%) W Mar-25

DAE NGB0 23-Feb-24 (No. DACS-680_FebZd] Feb-25

Reference Probe EXG0VE | SM: 7340 [ 08-Jun-24 (Mo, EX3-7348_Junga) Jon-25

Secondary Standards G Check Date {in housa) Scheduled Check

Power mater E44188 SN: GB412836874 DE-Apr-16 {in house check Jun-24) In housa check: Jun-26
"Power sensor E4412A SN MY4 1458087 DE-Apr-16 (in house check Jun-24) T house n |

Power sensor E4412A Sh: 000116210 DE-Apr-16 {In house check Jun-24) I houss chack: Jun-26

RF generator HP BB4EC SN: US3as4Z001700 Dd-Aug-33 (In house check Jun-24) In housa chack: Jun-26

Network Analyzer EBIG8A | SN: US4T08D47T | &1-Mar-14 [in house check Sep-24] In house chack: Sep-26

Name Function Signature
Calibrated by Kregimir Franjé Laboratory Technician

Approved by Sven Kihn Technical Manager .;_ A / %

Issued: Movember 12, 2024
| This calibration certificate shall not be reproguced except in full without written approval of the labaratory.

Certificate No: EX-T506_Mov24 Page 1ot 8
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Calibration Laboratory of gy, Schweizerischer Kallbrlerdienst
Schmid 139?Parmer et Service suisse d'stalonnage
Enai y i Servizio svizzero di 1aratura

ngineering AG = Swiss Calibration Service

Zeughaussirasse 43, B4 Zurich, Switzerland R
Accredited by the Swiss Accreditetion Sarvice [SAS) Accrediiation No.: SCS 0108

The Swiss Accreditation Service is one of the signatories 1o the EA
Mubtilsleral Agreement for the recognition of calibration ceriificates

Glossary

TSL lissue simulating liquid

NORMx,y.z sensithvity in fres space

CorwvF sensitivity in TSL / NORMx,y.z

DGP diode compression paint

CF cresi factor (1/duty_cycla) of the RF signal

A BCD modudation dependent linearization paramesters

Polarization ¢  rotation areund probe axis

Polarization # # rotation around an axis that ks in the plane normal to probe axis (at measurement center), ie., #=01is

normal to probe axis
Connector Angle  information used in DASY system lo align probe sensor X to the robat coordinata system

Calibration is Performed According to the Following Standards:

a) IEC/IEEE 82209-1528, *Measurement Procedure For The Assessment Of Specific Absarption Rate Of Human Exposure
To Radie Freguency Fields From Hand-Held And Body-Worn Wireless Communication Devices — Part 1528: Human
Modets, Instrumentation And Procedures (Frequency Range of 4 MHz to 10 GHz)", October 2020.

b} KDB BE5664, "SAR Measurameant Requirements for 100 MHz to 6 GHz"

Methods Applied and Interpretation of Parameters:

+ NORMx yz: Assessed for E-lield polasization # = 0 (f < 900MHz in TEM-cell; f > 1800 MHz: A22 waveguide). NORMzx.y.z
are only intermediate values, i.e., the uncertainties of NORMx,y.z does not affect the E2-field uncertainty inside TSL (see
below ConvF),

NOBRM(fIx 2 = NORMY ).z * frequency_response (see Frequency Response Chart). This linearization is implemented in
DASY4 software versions later than 4.2. The uncertainty of the frequency respense is included in the stated uncertainty of
CanwF,

DCPyy.z: DCP are numerical linearization parameters assessed based on the data of power sweep with GW signal. DCP
does not depend on frequency nor media.

PAR: PAR Is the Paak to Avarage Ratio that is not calibrated but determined based on the signal characteristics

Axy.z; Bxyz; Cxyz; Dxpz; VAxpz: A, B, C, D are numerical linsarization parameters assessed based on the data of
power siweep for specific moedulation signal. The parameters do not depend on frequancy nor media. VR is the maximum
calivrafion range expressed in BMS voltage across the dioda.

* ConvF and Boundary Effect Parameters: Assessed in fiat phantom using E-flald (or Temparature Transfer Standard for

f = BOOMHz) and inside waveguide using analytical fisld distributions based on power measurements for f > B00MHz. The
same setups are used for assessment of the parameters applied for boundary compensation (alpha, depth) of which typical
uncertainty values are given, These paramelers are used in DASY4 sottware to improve probe accuracy close (o the
boundary. The sensitivity in TSL comespands to NORMx,kz * ComvF whereby the uncertainiy corresponds to that given for
ConvF. A frequency dependent ComvF is used in DASY version 4.4 and higher which allows extending the validity fram
+50MHz to £100 MHz.

Spherical isatropy (30 deviation fram isotrepy): In a fisld of low gradients realized using a flat phantom exposed by a pateh
anlenna.

Sensor Offsef: The sensor offset coresponds to the offset of virflual measurement center from the probe tip (on probe axis).
Mo telerance required,

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

Certificate No: EX-7506_Nova4 Page 2 of 9
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EX30V4 - SN:7506

Parameters of Probe: EX3DV4 - SN:7506

Basic Calibration Parameters

| Sensor X Sensor Y
Marm (uv/(vim)?) A 0.58 0.62
| pePimw) B [ 103.8 ' 104.2

Calibration Results for Modulation Response

[UID | Communication System Name A B
dB | dB./uvV
[ W X | 000 0.00
¥ 000 0,00
2] 000 0.00

MNovember 12, 2024

Sensor Z Unc (k = 2)
0.56 [ £10.1%
1084 [ +4.7%
C [ O [ VR | Max | Max
dB my dani. Unc®
| | k=2
100 000 | 13929 | 22.4% | 4.7% |
.00 [TEEz |
o] [T

Tne reparted uncarfainty of measurement is staled as the standard uncertainty of measurement multiplied by the coverage
factor k=2, which for a normal distribution corresponds to a coverage probahility of approdimately 955,

A The uncertaintias of Norm M¥,Z do noi aflect The E2 -iald uncertainty insige TSL [see Page 5).
% | inaarzation parametar uncer|ainty for maximum spaeciiied field strength

Eu nigarairty is determined uding tha max. deviafion from inear response applying rectangular distrbution and is expressed for the squar of the fisld valun.

Ceriificate No: EX-7506_Nov24 Page 3 of 9
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EX30V4 - SM:7508

Parameters of Probe: EX3DV4 - SN:7506

Other Probe Parameters

Sensor Arrangement

Connactor Angle
[ Mechanical Surface Detection Mode
| Optical Surface Detection Mods

| Probe Overall Length
Frobe Body Diameter

[ Tip Length
Tip Diamatar
Probe Tip to Sensar X Calibration Paint

| Probe Tipto Sensor ¥ Calibration Point

Probe Tip lo Sensor Z Calibration Point

Movember 12, 2024

- Triangular
A
enabled
disabled
337 mm

| Frecommended Ma;surem;rt Distance from Surface

Mote: Measuremant digtanoe from surtace can ba increased to 3—4 mm for an Asea Sean job.

Certificate Mo: EX-7506_Movad

Paga 4of 8
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EX3DV4 - SN:7508 Movember 12, 2024

Parameters of Probe: EX3DV4 - SN:7506

Calibration Parameter Determined in Head Tissue Simulating Media

f(MH° | Relative | Conductivity” | ConvF X | ConvF Y | ConvFZ | Alpha® | Depth® | uUnc"
Pormittivity™ (S/m) [ {mm) (k=2)

T aso 435 087 | 1072 | 1072 | 1072 016 | 130 | +133%
T 7m0 49 | os | a3 5.96 az7 038 127 | s11.0%

B35 415 ‘ 0.0 8,12 8.72 9.05 0.38 127 | +11.0% J
200 as | oer T 056 | 891 0.38 127 | +11.0% '
1450 405 1.20 B.04 ase | 797 0.7 127 | +11.0%

1760 40.1 137 770 | 821 | 764 | 047 127 | +11.0% |

1800 400 1.40 7.37 7.85 7.31 a7 127 | £11.0% |
2000 40.0 1.40 7.27 775 T 721 0.a7 1.27 +11.0%

- 2300 305 167  m 747 : 695 | 035 127 | #11.0% |
2450 9.2 1.80 | 878 722 | 673 0.36 187 | +11.0%
2600 a39.0 1.96 8.70 7.14 6.64 0.36 127 | +11.0%
3500 374 | 29 6.40 6.82 B8.35 0.35 1.27 +13,1%
3700 377 312 618 | 658 613 0.34 127 | +18.1%
5250 359 a7 563 6.00 558 0.3 127 | +131%
5600 355 507 5.26 560 | 522 | 028 127 | £13.1%
5800 353 527 512 545 | 508 0.26 127 | £131%

¢ Fraquancy valldity sbave 300 MHz af £100 MHz anly apples for DASY wi 4 and higher (see Page 2|, elee [ ks restriclad 1o 250 MHz. The uncertainty is the
RSS of the ComwF uncartainty a1 calibralion Inegquency and the uncartainty for the indicated frequancy band. Frequancy valkdity balow 300 MHz s 110, 25,
40, 50 and 70 MHz for CorvF assessmants 8t 30, B4, 128, 150 and 220 MHE respaciively. Valdly of CanvF assessed at 6 MHz is 4-8 MHz, and GomeF
asseased ak 13 MHz 5 9-19MHz. Above 5GHz frequancy valicity can be extended to =110 MHz.

F The probes ane calibrated using Sssue simulating liguids (TSL) thet deviate lor £ end o bry les Bian +5% fram ihe target walues (typically bater than +3%)
ard are vald for TSL with deviations of up 1o £10% it SAR comaction is applisd.

B niphaDepth are determined during caibmsion. SPEAG warrants that the remaining daviation due b the baundary ellect allar compansation is always less
than =1% for frequencies below 3 GHz and below +2% for fraquancies batwean 3-8 GHz at any digtance langer than hall e prabe lip diameter fnam the
bowrsdary,

H The stated uncertainty Is the total calibration urcertainly (k = 2} al Nerm-GanyF. This is equivalent 1o the uncertainty camponent with the symibal GF in
Table & of [EC/IEEE 62203-1528:2020.

Cerlificate No: EX-7506_Nov24 Page Sol 9
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EX3DV4 - SN:7506 November 12, 2024

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

13
12

11

0.9

Frequency responsa (normalized)

0.8

07
0.6
0.5
0 200 400 800 800 1000 1200 1400 1800 1BDO0 2000 2200 2400 2600
1 [MHz]
TEM R22

Uncertainty of Fraquency Rasponse of E-field: +6.3% (k=2)

Certificale No: EX-7506_Noved Page 6 of §
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A TUVRheinland®

EX3DV4 - SN:7506

Receiving Pattern (¢),

=600 MHz, TEM, 0°

November 12, 2024

9=0°

f=1800 MHz, R22, 0°

90° e
s X X
135° ", 45° Y 135° 45° y
. = z
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225° « _/315° 225° 315°
270° 270°
05
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w
05
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Uncertainty of Axial Isotropy Assessment: £0.5% (k=2)

Certificate No: EX-7506_Nov24
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EX3DV4 - SN:7506 November 12, 2024

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

108
10°
g ;
4
5 10
<
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= 103
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2
1
o
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§ 0
w
-1
R — . — o}
102 10! 10° 10! 102
SAR [mW/cm?®)
not compensated compensated

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

Certificate No: EX-7506_Nov24 Page 8 of 9
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EX3DV4 - SN:7506

Deviation

-1

SAR [(Wikg)/W]
@

November 12, 2024

Conversion Factor Assessment

11900 MHz, WGLS R22 (H_convF)

n
o

10
5
0- = —
0 10 20 30 40
z[mm]
analytical measured

Deviation from Isotropy in Liquid
Error (¢,0), { = 900 MHz

& 4£A

40
30

a & o il

0 138 g
X [deq]

25 =
25 am g 3600

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

Certificate No: EX-7506_Nov24
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Sehrid & Partner Engineering AG s p (=] a g

ZTeughausstrassa 43, 8004 Turich, Switzadand
Phone +41 84 245 5700, Fax +41 44 245 3773
WWW.EDBaT swiss, info@speag. swies

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
serviceabla parts inside the DAE. Special attention shall be given fo the following points:

Battery Exchange: The battery cover of the DAE4 unit is closed using a screw, over tightening the screw may
cause the threads inside the DAE to wear out.

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

E-Stop Failures: Touch detection may be malfunctioning due to broken magnets in the E-gtop. Rough handling of
the E-stop may lead to damage of these magnets. Touch and cellision errors are often caused by dust and dirt
accumulated In the E-stop. To prevent E-stop failure, the customer shall always mount the probe to the DAE
carefully and keep the DAE unit in & non-dusty environment if not used for measurements.

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

DASY Configuration Files: Since the exact values of the DAE input resistances, as measured during the
calibration procedurs of 2 DAE unit, are not used by the DASY software, & naminal value of 200 MOhm is given in
the comesponding configuration file.

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

Important Note:

Never attempt to grease or oil the E-stop assembly. Cleaning and readjusting of the E-
stop assembly is allowed by certified SPEAG personnel only and is part of the
calibration procedure.

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 Laboratory of \..\\‘k;:',';,i;,‘_ /’F_:\ g Schweiz Kalibrierd)
Schmid & Partner % /4 AN o Sorvics sulsse détaionnage
Engineering AG E, IR . | Servizio svizzers di taratura
Zeughausstrasse 43, BO04 Zurich, Switzerland J/::/’E\::\ \‘L-1 - _;t/f’ S Swiss Calibration Service
Tallpg | 2 2t

Acoredited by the Swiss Acorediaticn Service (SAS) Aceraditation No.: SCS 0108
The Swiss Accreditation Service is one of the signatories 1o the EA
Multilateral Agreement for the recognition of calibration ceriificates

Client TUV -, Certificats No: DAE4-1557_0ct24
i
[CALIBRATION CERTIFICATE |
Onbject DAE4 - SCr000 D04 BN - SM: 1557
Calibretion procadurais) Qﬁl C,AL-GE.@U e I
Calibration procedure for the data acquisition electronics (DAE) |
Calibration dale: October 08, 2024

This calibration car@icats documants the traceabdity 1o netional standards, which realize the phwsical units of measurements. (S1).
The measurements and the uncarainties with corfidence prebability are given on the following pages and are part of the cefificae,

Al callbrations have been conducied in the closed laboratery tacility: environment Wemgerature (22 + 3)7C and humedity = 70%.

Callbration Equipment used (M&TE critical for calibration)

Frimary Standards | 1D Cal Date [Cerificale No.) Scheduled Calibration
Kaithley Multimeter Type 2001 SH: 0B102TA 27-Aug-24 {No:4D54T) Aug-25
Secondary Sltandards [[sX] Chack Date (in howse) Soehetuled Check |
Auto DWE Calibration Unit SE UWS 053 AA 1001 23-Jan-24 {in house check) In hause check: Jan-25
Calibrator Bax V2.1 SE UMS 006 Af 1002 23-Jan-24 (in house check) In hewuse chack: Jan-25

Mame Function Shgnatire
[ Calibrated by: Adrian Gehring Labaratory Technician o

u@/
Apprewad by Swen Kdhn Tachnical Manager \ U E‘/ b, : (
AL\ e

Issued: October B, 2024

|
| This calisration carificate shall not be reprociced excapt in full without written approval of the laboratory.

Cartificate No: DAE4-1557_Oct24 Page 1of 5
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Calibration Laboratory of Sy,

o S Schweizerischer Kalibrierdienst
Schmid & Partner %ﬁ- o Service suisse détalonnage
Engineering AG e Servizio svizzera di taratura
. P s .
Zeughausstrasse 43, B004 Zurich, Switzeriand '{’f/ﬁ:\\}*— Swiss Calibration Service
L
Accraditod by the Swiss Accreditation Service (SAS) Accreditation No.: SCS 0108

The Swiss Accreditation Service is one of the signatorles to the EA
Multilsteral Agreement for the recognition of calibration cerfificates

Glossary

DAE data acguisition 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.

s 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 perfermance test and require no uncertainty.

s DC Voltage Measurement Linearify: 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. Qutput 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.

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

« [ ow Baftery 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 Mo: DAE4-1557_0ct24 Fage 2 of 5
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DC Voltage Measurement
A/D - Converter Hesolution nominal

High Range: 1LSB = 6.1V, full range = -100...+300 mV
Low Range: 1LSB = ginv, full range = -1.......+3mY
DASY measurement parameters: Auto Zero Time: 3 sec; Measuring time: 3 sec
' Calibration Factors X Y | z
High Range 405,027 + 0.02% (k=2) | 404,694 + 0.02% (k=2) | 404.784 £ 0.02% (k=2)
Low Range 397303 + 1.50% (k=2) | 4.00504 + 1.50% (k=2) | 399067 £ 1.50% (k=2)
Connector Angle
[ Connector Angle to tie used in DASY system | 525°41°

Certficate No: DAE4-1557_0Oct24 Paga 3ot 5
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Appendix (Additional assessments outside the scope of SCS0108)

1. DC Voltage Linearity

|_High Range Reading (pV) Difference (LV) Error (%)
"Channel X + Input 199998 .64 ) 2.42 0,00 |
[Channel X+ Input 2000422 138 oo
Channel X = Input -19996.68 345 -0,02 |
Channel ¥ + Input 198997 .78 1.71 0.00
Channel ¥ + Input 20002.60 0.05 -0.00
ChannelY - input -20002.53 -0.09 0.00
(ChannelZ  +Input 19999783 1.48 0.00
Channel Z + Input 20000,83 -1.78 -0.01
Channel Z - Input -20002.41 0.05 | =000
| Low Range Reading (uV) Difference (V) Error (%)
Channel X + Input 2001.16 -0.00 -0.00
Channel X + Input 202.26 0.87 0.48
‘Channel X - Input -197.33 1.15 -0.58 i
Channel Y +Input 2001.07 002 . -0.00 ]
Channel Y + Input 200.67 -0.49 -0.24
Channel ¥ - Input =198.11 -0.64 0.32
ChannelZ  + Input 2001.03 0.01 000 |
Channel Z + Input 200,51 -0.64 -0.32
Channel Z - Input -199.71 -1.07 0.54
2. Common mode sensitivity
DASY measurement parametars; Aulo Zaro 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 0.08 -2.12
[ - 200 4,52 2.85
Channel Y 200 | 4.23 410
- 200 =511 -5.78
Channel £ 200 294 293
1 - 200 -5.28 -5.31

3. Channel separation

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

Input Voltage (mV) | Channel X (uV) | Channel ¥ (uV) Channel ZE\'}
Channel X 200 - .30 TR
Channel ¥ 200 5.72 - 0.28
| Channel Z 200 10.64 2.33 -

Certificate No: DAE4-1557_Dci24
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4, AD-Converter Values with inputs shorted
DASY measurement parameters: Aulo Zero Time: 3 sac; Measuring tima: 3 sec
High Range (LSB) Low Range (LSB)
Channel X 15803 16236
Channel ¥ 15752 14466
| Channel Z i 16034 I 16152
5. Input Offset Measurement
DASY measurement parameters: Auto Zero Time: 3 sec; Measuring time: 3 sec
Input 10K
. Deviatio
Average (uV) min. Offset (uV) | max. Offset (uV) Std mﬂa n
Channel X 0.84 022 138 023
Channel ¥ -1.85 -347 447 0.33
Channel Z 219 , -3.07 -1.00 0.41
6. Input Offset Current
Maominal Input circultry offset cumrent on all channels: <2564
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 (- Vec) T.6
9. Power Consumption (Typical values for information) )
Typical values | switched oft (mA) | Stand by (mA) | Transmitting (mA)
Supply [+ Vee) +0.01 +6 +14
Supply (- Vee) 0.0 8 -8

Cartificate No: DAE4-1557_Oct24
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