DASYS5 Validation Report for Head TSL

Date: 24.02.2022
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 1750 MHz; Type: D1750V2; Serial: D1750V2 - SN:1090

Communication System: UID 0 - CW; Frequency: 1750 MHz

Medium parameters used: f = 1750 MHz; o = 1.35 S/m; & = 40.4; p = 1000 kg/m’
Phantom section: Flat Section

Measurement Standard: DASY5 (IEEE/IEC/ANSI C63.19-2011)

DASY52 Configuration:
o Probe: EX3DV4 - SN7349; ConvF(8.67, 8.67, 8.67) @ 1750 MHz; Calibrated: 31.12.2021
e Sensor-Surface: 1.4mm (Mechanical Surface Detection)
o Electronics: DAE4 Sn601; Calibrated: 01.11.2021
 Phantom: Flat Phantom 5.0 (front); Type: QD 000 P50 AA: Serial: 1001
e 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 = 106.9 V/m; Power Drift = 0.03 dB

Peak SAR (extrapolated) = 16.7 W/kg

SAR(1 g) = 9.14 W/kg; SAR(10 g) = 4.84 W/kg

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

Ratio of SAR at M2 to SAR at M1 = 55%

Maximum value of SAR (measured) = 14.1 W/kg

-3.20
-6.40
-9.60

-12.80

-16.00

0dB = 14.1 W/kg = 11.50 dBW/kg
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Impedance Measurement Plot for Head TSL
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Client Sporton Certificate No:  Z21-60553

CALIBRATION CERTIFICATE

Object D1900V2 - SN: 5d182

Calibration Procedure(s) FF-Z11-003-01

Calibration Procedures for dipole validation kits

Calibration date: December 20, 2021
This calibration Certificate documents the traceability to national standards, which realize the physical units of
measurements (Sl). 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 (2243)°C and
humidity<70%.

Calibration Equipment used (M&TE critical for calibration)

Primary Standards ID # Cal Date (Calibrated by, Certificate No.) Scheduled Calibration
Power Meter NRP2 106277 24-Sep-21 (CTTL, No.J21X08326) Sep-22
Power sensor NRP8S 104291 24-Sep-21 (CTTL, No.J21X08326) Sep-22
Reference Probe EX3DV4 | SN 7307 26-May-21(SPEAG No.EX3-7307_May21) May-22
DAE4 SN 1556 15-Jan-21(SPEAG No.DAE4-1556_Jan21) Jan-22
Secondary Standards ID # Cal Date (Calibrated by, Certificate No.) Scheduled Calibration
Signal Generator E4438C | MY49071430 01-Feb-21 (CTTL, No.J21X00593) Jan-22
NetworkAnalyzer ES071C | MY46110673  14-Jan-21 (CTTL, No.J21X00232) Jan-22

Name Function Signature

Calibrated by: Zhao Jing SAR Test Engineer ’g Z

Reviewed by: Lin Hao SAR Test Engineer L‘ﬁ#ﬂ({)

Approved by: Qi Dianyuan SAR Project Leader %\_’/.

Issued: December 27, 2021
This calibration certificate shall not be reproduced except in full without written approval of the laboratory.
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lossary:
TSL tissue simulating liquid
ConvF sensitivity in TSL/ NORMx,y,z
N/A not applicable or not measured

Calibration is Performed According to the Following Standards:

a) IEEE Std 1528-2013, “IEEE Recommended Practice for Determining the Peak
Spatial-Averaged Specific Absorption Rate (SAR) in the Human Head from Wireless
Communications Devices: Measurement Techniques”, June 2013

b) IEC 62209-1, “Measurement procedure for assessment of specific absorption rate of human
exposure to radio frequency fields from hand-held and body-mounted wireless
communication devices- Part 1: Device used next to the ear (Frequency range of 300MHz to
6GHz)”, July 2016

c) IEC 62209-2, “Procedure to measure the Specific Absorption Rate (SAR) For wireless
communication devices used in close proximity to the human body (frequency range of
30MHz to 6GHz)”, March 2010

d) KDB865664, SAR Measurement Requirements for 100 MHz to 6 GHz

Additional Documentation:
e) DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

o  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.

e 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.

e Feed Point Impedance and Return Loss: These parameters are measured with the dipole
positioned under the liquid filled phantom. The impedance stated is transformed from the
measurement at the SMA connector to the feed point. The Return Loss ensures low
reflected power. No uncertainty required.

o Electrical Delay: One-way delay between the SMA connector and the antenna feed point.
No uncertainty required. ,

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

e  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%.
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Measurement Conditions
DASY system configuration, as far as not given on page 1.

DASY Version DASY52 V52.10.4 —‘
Extrapolation Advanced Extrapolation
Phantom Triple Flat Phantom 5.1C
Distance Dipole Center - TSL 10 mm with Spacer
Zoom Scan Resolution dx, dy, dz=5 mm
Frequency 1800 MHz + 1 MHz
Head TSL parameters
The following parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Head TSL parameters 220°C 40.0 1.40 mho/m
Measured Head TSL parameters (22.0+0.2) °C 384+6% 1.41 mho/m +6 %
Head TSL temperature change during test <1.0°C e
SAR result with Head TSL
SAR averaged over1 ¢m’ (1 g) of Head TSL Condition

SAR measured 250 mW input power

10.0 W/kg

SAR for nominal Head TSL parameters normalized to 1W

39.6 Wikg + 18.8 % (k=2)

SAR averaged over 10 ¢m” (10 g) of Head TSL Condition

SAR measured 250 mW input power

5.07 Wikg

SAR for nominal Head TSL parameters normalized to 1W

20.2 Wikg + 18.7 % (k=2)
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Appendix (Additional assessments outside the scope of CNAS L0570)

Antenna Parameters with Head TSL

Impedance, transformed to feed point 54.30+ 6.57j0

Return Loss -22.5dB

General Antenna Parameters and Design

Electrical Delay (one direction) ' 1.112ns

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
connections near the feedpoint may be damaged.

Additional EUT Data

Manufactured by SPEAG
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DASYS Validation Report for Head TSL Date: 2021-12-20

Test Laboratory: CTTL, Beijing, China

DUT: Dipole 1900 MHz; Type: D1900V2; Serial: D1900V2 - SN: 5d182
Communication System: UID 0, CW: Frequency: 1900 MHz; Duty Cycle: 1:1
Medium parameters used: f= 1900 MHz: ¢ = 1 .414 S/m; &= 39.36; p= 1000 kg/m?
Phantom section: Right Section

Measurement Standard: DASY5 (IEEE/IEC/ANSI C63.19-2007)
DASYS5 Configuration:

e Probe: EX3DV4 - SN7307; ConvF(8.32, 8.32. 8.32) @ 1900 MHz; Calibrated:
2021-05-26

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

¢ Electronics: DAE4 Sn1556; Calibrated: 2021-01-15

e Phantom: MFP_V5.1C (20deg probe tilt); Type: QD 000 P51 Cx: Serial: 1062

o DASYS52 52.10.4(1535); SEMCAD X 14.6.14(7501)

System Performance Check/Zoom Scan (7x7x7) (7x7x7)/Cube 0: Measurement grid:
dx=5mm, dy=5mm, dz=5mm

Reference Value = 101.3 V/m; Power Drift = -0.01 dB

Peak SAR (extrapolated) = 19.6 W/kg

SAR(1 g) = 10 W/kg; SAR(10 g) = 5.07 Wikg

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

Ratio of SAR at M2 to SAR at M1 =51%

Maximum value of SAR (measured) = 15.9 Wikg

dB [
]

-3.80
-7.61
-11.41

-15.22

-19.02 L

0 dB=15.9 W/kg = 12.01 dBW/kg
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Impedance Measurement Plot fpr Head TSL
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Cnlibrnbop propedures)
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D2450V2 - SN:924

QA CAL-05.v11

CALIBRATION CERTIFICATE I

Callbration Procedurs for SAR Validatlion Sources belween 0.7-3 GHz

Seplamber 02, 2020

Calibmtion FEquipmeant sed (MATE gritical tor caliimation)

Thiz ealibration carttticato documents tha Irnceability Yo npbonal smandams, whkch realize the physical unts of measyromants (S,
This measuremants antd the unesrainties with confidence probabilily are given an tha tollowing pages and-are part of the cerilicats.

All ealibwations hisve been condusled in the oleaed labokatary taclity: environment femperntiire (22.43)°C and humidity < 706%.

Py Standords {6 ‘Cal Date {Caditloata No.) Sehaduled Catbdalian

Pisicr mster HAP: SR 104778 Di<Apr-20 (No, 217-03100/03101) Apr2

Fawer senhaar NRP-Z91 SN o244 DY -Ap=20 (No. 217-03100) Apr-24

Powar sensor NAP-Z81 SN 10d245 D1-Ape-20 (No. 217-03101) Apr-21

Rederence 20 dB Attanuator SN BHR394 (20K 31-Mar20 (No. 217-03106) Ape-21

Type-h mismateh combination SN 310082/ 06327 31-Mar-20 (No. 217-03104) Apr-21

Aoterenca Proba EX30OV4 SN 7340 20-Jun-20 (Mo. EX3-7341_Jun2o) Jm-21

DAE4 SN, 601, 27-Dec-19 (No. DAE4-601_Dec1s) Dec-20,

Secondary Standards =X Check Date (in houss) Scheduted Chick

Power maiel EA4198 BN GB38512475 A0-De14a [In hedss chesik Feb-18) I hiedise shack: Cal=20

PoWer sangor HP 84814 SN: USH7282783 OFOEE15 (I halise dhieck et 18) Iih s check: Cet-20

Power sensor HP B481A SN MY41002817 07-06t-18 (in holto check Det-15) 10 hibuse chedk: O&-20

AF geremtor BES SMT-08 SN 0ng72 15-0un-15 {in howuse ehaglk O61-18) In holise chack; Ogj-200

Natwork Analyzan Agilent EBISBA | SN: US41080477 31-Mar-14 (In house chigck Ocl-19) In house check: Gcl-20
Hama Fungtion Signature

Calibrated by: Jafiray Katzman Laboratory Technigian % é z

Apptotsd by: Kil|a Pakiovio Tochnical Manager W

|zsund; Soptamber & 2020

This calibration canificate shall not ba teproduead sxeeg in lull withoul wriltsn spproval of he laboratary,
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Glossary:

TSL tissue simulating liquid

ConvF sensifivity in TSL/ NORM x,y,z
MN/A not-applicable or not measured

Calibration is Performed According to the Following Standards:

a)

b

c)

d)

|EEE Std 1528-2013, "IEEE Recommended Praclice for Determining the Peak Spatial
Averaged Speaific Absorption Rate (SAR) In the Human Head from Wireless
Communications Devices: Measurement Technigues”, June 2013

IEC 62209-1, “Measurement procedure for the assessment of Specific Absorption Rate
(SAR) from hand-held and body-mounted devices used nexl lo the ear (frequency range ol
300 MHz to 6 GHz)", July 2016

IEC 62209-2, "Procedure to determine the Spacific Absorption Rate (SAR) for wireless
communication devices used in close proximity to the human body (frequency range of 30
MHz to 6 GHz)", March 2010

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

Additional Documentation:
e) DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

Measurement Conditions: Further detalls 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 lo position its feed
point exactly below the center marking of the flat phantom section, with the arms oriented
parallel to the body axis. _
Feed Point Impedance and Return Loss: These parameters are measured with the dipole
positioned under the liquid filled phantom. The impedance stated s transformed from the
measurement at the SMA connector to the feed point. The Return Loss ensures low
reflected power, No uncertainty required.

Electrical Delay: One-way delay between the SMA connector and the antenna feed point.
No uncertainty required.

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

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

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

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

Certificate Mo; D245012-024 Sepdd Page 2 ol 6




Measurement Conditions

DASY system canfiguration, as |ar as nol given an page 1.

DASY Version DASYS V52104
' Extrapolation Advanced Extrapoiation

Phantom Modular Flal Phantom

Distance Dipole Center - TSL 10 mm with Spacer

Zoom Scan Resolution dx, dy, dz = 5mm

Fraquency 2450 MHz + 1 MHz
Head TSL parameters

Tha foliowing parameters and caleulations wera applied.
Temporature Permittivity Conductivity

Mominal Head TSL parametors 22.0MC Ju.z2 B0 i

Measured Head TSL paramelers {2202 02)"C 3B.9 +8% 1:84 mhedmis 6%

Head TSL temperalure change during test <05"C weas -
SAR result with Head TSL

SAR averaged over 1 em?® (1 g ol Head TSL Gonelition

SAH meastired 250 mW input pownr 13.0 Wikg

SAR for nominal Fead TSL paramelers narmelized e 1W 51.4 Wikg = 17.0 % (k=2)
| SAR averaged over 10 em* (10 g) of Head TSL condition
SAR measiired 250 mW nput power .04 Wikg
SAH for nominal Head TSL paramaters norialized to 1W 24.0 Wikg = 16.5 % (k=2)
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Appendix (Additional assessments oulside the scope of SCS 0108)
Antenna Parameters with Head TSL

Impedancs, tanalormed 1o feed point 539Q+72|a

Feturn Loss 591 4B

General Antenna Parameters and Design

Elaolical Delay {(one direction) 1.155ns

Altar long term use with 100W radiated power, only a slight warmiiig of the dipole near the legdpoinl can be measured,

The dipate Is made of standard semirigld coaxlal cable. The center conductor ol the lebding line is dirsctly connected lo the
second arm of the dipole. The antenna s therslore shpr-cieuited for DC-gignals. O same of (he dipoles, simall ol caps
are added 1o the dipole arms in order o improve matehing when joaded scooding lo the posilion #s explained in ie
“Measuroment Conditions* paragraph. The SAH data aje not affected by this change. The overall dipole leagth fs stil
aceording o the Standard.

Mo Bxcassive loree migl beapplied o (he dipole arms, becauss ey mighl bend or the solkeed connssions: near ha
leadpoinl may be daniaged

Additional EUT Data

Manulaclired by SPEAG
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DASYS5 Validation Report for Head TSL

Date: 02,09.2020
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 2450 MHz; Type: D2450V2; Serial: D2450V2 - SN:924

Communication Systerm: UTD 0- CW; Frequency: 2450 MHz

Medium parametets used: f= 2450 MHz: o= 1.84 S/m: .= 38.9: p = 1000 kg/m’
Pliantom section: Flal Section

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

DASYS2 Conhiguration:
«  Probe: EXADV4 - SNT349; ConvF(7.74, 7.74, 7.74) @ 2450 MHz: Calibrated: 290620120
o SensorSupee: Tdmim (Mechanicadl Suiluce Detection)
o Electropics: DAEL Snh01,; Culibrated: 27 122019
« Phantom: Flat Phantom 5.0 (fronmt); Type: QD 00D PSO AAL Serial; 1001

o« DASYS252.10401527): SEMCAD X 4.6, 14(7483)

Dipole Calibration for Head Tissue/Pin=250 mW, d=10mnm/Zoom Scan (7x7x7)/Cube 0:
Medasuretnent grid: dx=5Smin, dy=5min, dz=5nim

Reference Value = 115.2 V/m; Power Drift = -0.05 dB

Peik SAR (exttapolated) =254 W/kg

SAR(1 g) = 13.0 W/kg; SAR(10 g) = 6.04 W/kg

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

Ratio of SAR at M2 to SAR at M| =51%

Maximum value of SAR (measured) = 21.2 Wikg

-A4.00
-B.00
-12.00

-16.00

-20.00

0.dB=21.2 Wikg = 13.26 dBW/ke
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Impedance Measurement Plot for Head TSL
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SPORTON LAB.

D2450V2, Serial No. 924 Extended Dipole Calibrations

Referring to KDB 865664 D01, 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.

D2450V2 - serial no. 924

2450 Head
Real Imaginary
Date of Return-Loss | Delta Delta Delta
Impedance Impedance
Measurement (dB) (%) (ohm) (ohm)
(ohm) (ohm)
2020.9.2 -22.1 53.9 7.2
2021.9.1 -22.1 0.0 51.2 2.7 7.4 -0.2

<Justification of the extended calibration>

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 LAB.

Dipole Verification Data> D2450V2, serial no. 924
2450MHz - Head----2021.9.1
PR <11 Log
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Calibration procedure{s)

Calibration date:

QA CAL-05.v11
Calibration Procedure for SAR Validation Sources between 0.7-3 GHz

Calibration Equipment used (M&TE ¢ritical for callbration)

November 26, 2020

This calibestion cedilicale documents the raceablity tonational- standards. which realize the physlcal units of measuremants (Sl
The meeswrements and the uncerainiies with confidence probability &re given:on the foliowing pages and are part of the cerificate

All callbrations have been conducted in the closed fabomtony fadility, environment lemperature (22 + 3)°C and Humidity < 70%.

ICAL[BRATION CERTIFICATE |

D2600V2 - SN:1061

Frimary Standands 1e} Cal Daie {Cerificats Nd.) Scheduled Calibration
Fowsr meter NRF SN 104778 o1-Apr-20 (Mo, 217-03100/03101) Apr-21
Power sensor MRP-£81 SN 103244 Dt-.ﬂ.pr-i‘ﬂ (Mo 217-03100) Apr-21
Power sensor NRP-Z81 SHN; 103245 01 -Apr-20 (No; 217-03101) Apr-z1
Reterence 20 dB Atienuaior Sh: BHE394 (20k) F1-Mar-20 (No. 217-03108) Apr-21
Type-N mismatch combination SN: 310882 / OB32Y 31-Mar-20 (No, 217-03104) Apr21
Reference Probe EXA0V4 SN: 7405 26-Jur-20 (No. EX3:7405_Jun20) Jun-21
DAE4 EN;: 601 02-Mov-20 (No. DAE4-801_Nova0) MNow-21
Sacondary Standards D8 Check Data [in housa) Scheduled Chéck
Fawar mater E44180 SN GB39512475 30-0ct-14 (In house check Ol-20) In hose check: Oo-22
Pawer sansor HP 84814 Si: LiS37202783 07-0ct16 (in house check Osl-20) In House check: Qot-22
Fawer sensor HP B4814, SN: MY41082317 07-0ct-15 (in house check Oct-20) In howse check: Qot-22
AF genarator RES SMT-06 SMN: 100672 15-Jun-15 {In hawse cheak Oct-20) In housa chack: Dc:!
Network Analyzer Agilent EB3584A. | SN: US4 1080477 31-Mar-14 (in housa chack Oct-20) In house ¢heck: Oct

Mama Funciion &gﬂat
Calibrated by Clawdio Laubler Laboratory Tachnician
Approved by Katja Pokovie Technical Managér

Thig galibration cartificate shall not bis reproduced except in full without writen approval of the aboratory.
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Calibration Laboratory of S,

. s S Schweizerischer Kalibrierdianst
Schmid & Partner % c Service suisse d'étalonnage
Engineering AG T—— Servizlo svizzero di taratura
Zeughaussirasse 43, B004 Zurich, Switzerland DN S Swiss Calibration Service
Tl bt
Accradited by the Swiss Accreditation Service (SAS) Accreditation No.: SCS 0108

The Swiss Accraditation Service is'one of the signatories to the EA
MuHitateral Agreement for the recognition of ealibration certificates

Glossary:

TSL tissue simulating liquid

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

Calibration is Performed According to the Following Standards:

a) |EEE Std 1528-2013, "IEEE Recommended Practice for Determining the Peak Spatial-
Averaged Specific Absorption Rate (SAR) in the Human Head from Wireless
Communications Devices: Measurement Technigues”®, June 2013

b) IEC 62209-1, “Measurement procedure for the assessment of Specific Absorption Rate
(SAR) from hand-held and body-mounted devices used next o the ear (frequency range of
300 MHz to 6 GHz)", July 2016

¢) IEC 62209-2, "Procedure to determine the Specific Absorption Rate (SAR) for wireless
communication devices used in close proximity to the human body (frequency range of 30
MHz to 6 GHz)", March 2010

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

Additional Documentation:
e) DASY4/5 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.

e Feed Point Impedance and Return Loss: These parameters are measured with the dipole
positioned under the liquid filled phantom. The impedance stated is transformed from the
measurement at the SMA connector to the feed point. The Return Loss ensures low
reflected power. No uncertainty reguired.

e Electrical Defay: One-way delay between the SMA connector and the antenna feed point.
No uncertainty required. _

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%.

Eertificate No: D2E00V2-1061_MNoval Page 2 of &




Measurement Conditions

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

DASY Version DASYS V52.10.4
Extrapolation Advanced Extrapolation
Phantom Modular Flat Phantom’
Distance Dipole Center - TSL 10 mm with Spager
Zoom 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 1.98 mho/m
Measured Head TSL parameters {220+ 0.2)“C 376+6% 203 mho/m +6 %
Head TSL temperature change during test <085 - -
SAR result with Head TSL
SAR averaged over 1 cm’ {1 g) of Head TSL Condition
SAR measured 250 mW inpul power 14.5 Wikg
SAR for nominal Head TSL parameters normalized to 1W 56.6 Wikg = 17.0 % (k=2)
SAR averaged over 10 em” (10 g) of Head TSL condition
SAR measured 250 mW input power 637 Wikg

SAR for nominal Head TSL parameters

normealized to 1W

25.1 Wikg = 16.5 % (k=2}

Certificate Mo: DEE0OV2-1061_Nov20
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Appendix (Additional assessments outside the scope of SCS 0108)

Antenna Parameters with Head TSL

Impedance, transformed 1o feed poim 5560 -230

Retum Loss - 24.8.dB

General Antenna Parameters and Design

Elegatrical Delay (one direction) 1.149 ns

Aftar 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 canductor 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 ascording to the position as explained in the
“Measurement Conditions® paragraph. The SAR data are nol affected by this change. The overall dipoie length is still
according to the Standard.

Mo excessive force rmust be applied to the dipole arms, because they might bend or the soldered connections near the
feedpoint may be damaged.

Additional EUT Data

Manuiactured by SPEAG

Certificate No: D2E00V2-10671_Nav2d Page4 ol 6



DASY5 Validation Report for Head TSL

Date: 26.11.2020
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 2600 MHz; Type: D2600V2; Serial: D2600V2 - SN:1061

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

Medium parameters used: f = 2600 MHz; 6 = 2.03 S/m: &, = 37.6; p = 1000 kg/m’
Phantom section: Flat Section

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

DASY52 Configuration:
» Probe: EX3DV4 - SN7405; ConvF(7.54, 7.54, 7.54) @ 2600 MHz; Calibrated: 29.06.2020
« Sensor-Surface: 1.4mm (Mechanical Surface Detection)
= Electronics: DAE4 Sn601; Calibrated: 02.11.2020
« Phantom: Flat Phantom 5.0 (front): Type: QD 000 P50 AA; Serial: 1001
« DASYS5252.10.4(1527), SEMCAD X 14.6.14(7483)

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

Reference Value = 119.2 V/m; Power Drift = -0.04 dB

Peak SAR (extrapolated) = 30.9 W/ikg

SAR(1 g) = 14.5 W/kg; SAR(10 g) = 6.37 W/ke

Smallest distance from peaks to all points 3 dB below = 8.9 mm

Ratio of SAR at M2 to SAR dat M1 =47%

Maximum value of SAR (measured) = 25.0 W/kg

dB

-4.80
-9.60
-14.40

-19.20

-24.00

0dB = 25.0 W/kg = 13.98 dBW/kg

Cerificate No: D2600V2-1081_Nov2D FPage 5 of6



Impedance Measurement Plot for Head TSL
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SPORTON LAB.

D2600V2, Serial No. 1061 Extended Dipole Calibrations

Referring to KDB 865664 D01, 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.

D2600V2 — serial no. 1061

2600 Head
Real Imaginary
Date of Return-Loss Delta Delta
Delta (%) | Impedance Impedance
Measurement (dB) (ohm) (ohm)
(ohm) (ohm)
2020.11.26 -24.79 55.63 -2.31
2021.11.25 -24.75 0.00 56.70 -1.07 -2.62 0.31

<Justification of the extended calibration>

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.

Dipole Verification Data> D2600V2, serial no. 1061

SPORTON INTERNATIONAL (KUNSHAN) INC.

TEL : 86-0512-5790-0158
FAX: 86-0512-5790-0958




Calibration Laboratory of A,

g Schweizerischer Kalibrierdienst
Schmid & Partner QHE\M%JJ!EE g Service suisse d'étalonnage
Engiﬂeal‘lng AG :‘;ﬁ = Servizio svizzero di tsratura
Zeughausstrasse 43, B004 Zurich, Switzerland U NS S swiss Galibration Service
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Accradited by the Swiss Accreditaticn Sarvide (SAS) Ascreditation Ne.: SCS 0108

The Swiss Accreditation Sarvice is one of the signatorics lo the EA
Multitateral Agreemént for the recognition of calibration certificates

ciet  Sporton Certificate No: D5GH2V2-1113_Sep19
[CALIBRATION CERTIFICATE

Object D5GHzV2 - SN:1113

Calibration proceduras) QA CAL-22.v4

Calibration Procedure for SAR Validation Sources between 3-6 GHz

Galibration date: September 24, 2019

Ths calibration cérificats decumants the traceability to natioral standards, which realize tha physical units of maasurements (S1)
This measurements and the uncedainties with mnlidenca-mbahi'lityr are givin an the following pages and are part of the certificats.
All ealibrations have been conducted in the clesed Isboratory faciity: snvironment temperature (22 + 3)'C and humidity < 70%.

Calibration Equipmant used (M&TE critical fo callbration)

Primary Standards g Cal Date {Carfilicate No.) Schaduled Calibration
Power meter NAP SN; 104778 03-Apr-19 (Mo, 217-02892/012883) Apr-20

Fowarsensor NAF-Z99 SNy 103244 D3-Apr-19 (No. 217-02622) Apr-20

Fower sensar NAP-Z91 SN: 103245 03-Apr-18'(Mo, 217-02853) Agr-20

Feferance 20 dB Attenuator SN: 5058 {20k) D4-Apr-18 (Mo, 217-02894) Apr-20

Type-N mismalch combination SN:5047.2/ 06327  04-Apr-19 (Mo, 217-02885) Apr-20

Reterence Probe EX30V4 SN: 3503 25-Mar-18 (No. EX3-3503_Mar{9) War-20

DAE4 SN: 801 30-Apr-18 (Mo, DAE4-E01_Aprig) Apr-20

Secondary Standards i0e Check Date (in house) Schedulad Check
Fower meter E44198 SN: GRIDS12475 30-Cot-14 (in house check Feb-18) In hintsie cheek: O¢t20
Fower sensor HP 84814 SN US3r29Z783 O7-0e-15 (in hoose check Oct-18) In House check: Oci-20
Pewer sensor HE B4B1A SN: MY41082347 O7-001-15 (in housa chack O&1-18) In house check: Cet-20
AF generator RES SMT-D6 SM: 100972 15-Jun-15 [in house chack Ocl-18) In house check: Ooi-20
Network Analyzer Agilent ES358A | SN: 1JS41080477 B1-Mar-14 (in house check Oct18) In haisse cheok: Oct-19

Marrig Function Signature
Cafibrated by: Jaton Kastratl Labaratory Technician ;:ﬁ/ﬁ W
L}
Approved by; Katia Pokovic Technical Manager ﬂ

lsseed: September 25, 2019
This calibration cerificate shall not be reproduced axcept in tull without written appraval of the laboratary,

Certificate No: D5GH2V2-1113_Sep18 Page 1of8



Calihra“ﬂn Lahﬂrﬂtuw n‘f l\'\“h“'““?ﬁ
Schmid & Partner

Schweizerischer Kalibrierdienst

ER e Y S
— c Service suisse d'étalonnage
S

Engineering AG T Servizie svizzero di taratura
Zeughausstrasse 43, 8004 Zurich, Switzerland £ rﬁ@" Swiss Calibration Service
T T
Accredited by tha Swiss Accreditalion Service (SAS) Accreditation No.: SCS 0108

The Swiss Accreditation Service is one of the signatories to the EA
Multilateral Agreement for the recegnition af calibration certifjeates

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) |EEE Std 1528-2013, “IEEE Recommended Practice for Determining the Peak Spatial-

Averaged Specific Absorption Rate (SAR) in the Human Head from Wireless
Communications Devices: Measurement Techniques”, June 2013

b) IEC 62208-1, “Measurement procedure for the assessment of Specific Absorption Rate

(SAR) from hand-held and body-mounted devices used next to the ear (frequency range of
300 MHz to 6 GHz)", July 2016

¢) IEC 62209-2, "Procedure to determine the Specific Absorption Rate (SAR) for wireless

communication devices used in close proximity to the human body (frequency range of 30
MHz to 6 GHz)", March 2010

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

Additional Documentation:
e) DASY4/5 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.

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
measurement at the SMA connector to the feed point. The Return Loss ensures low
reflected power. No uncertainty required.

Electrical Delay: One-way delay between the SMA connector and the antenna feed point.
No uncertainty required.

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

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

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

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%.

Cerificate No: D5GHzV2-1113_Sep1d Page 2 of 8




Measurement Conditions

DASY system configuration, as far as not given on pags 1.
DASY Version DASYS V52102
Extrapolation Advanced Extrapolation
Phantom Modular Flat Phantom V5.0
Distance Dipole Center - TSL 10.mm with Spacer

Zoom Scan Resolution

cx, dy = 4.0 mm, dz =1.4mm

Giraded Ratio = 1.4 (Z direction)

Frequency

5250 MHz + 1 MHz
5600 MHz =1 MHz
5750 MHz = 1 MHz

Head TSL parameters at 5250 MHz

The following parameters and calculations were applied.

Temperature Permittivity Conductivity
Neminal Head TSL parameters 22.0%C 359 4.71 mhg/m
Measured Head TSL parameters (22,0 20.2)°C 3B1£6% 4.53 mhe/m £ 6 %
Head TSL temperature change during test =D57C - ——
SAR result with Head TSL at 5250 MHz
SAR averaged over 1 em® (1 g) of Head TSL Condition
SAR measured 100 mW input power 8.08 W/kg
SAR for nominal Head TSL parameters nomnalized to 1W 80.5 Wikg = 19.9 % (k=2)
SAR averaged over 10 cm® (10 g of Head TSL condition
SAR measured 100 mW input power 233 Wikg

SAR for nominal Head TSL paramelers

narmalized to 1W

23.1 Wikg = 19.5 % (k=2)

Head TSL parameters at 5600 MHz

The following parameters and catculations were applied.

Temperature Permittivity Conductivity
Nominal Head TSL parameters 22.0°C 355 5.07 mho/m
Measured Head TSL parameters (22.0 +0.2) °C. 346+6% 4.88 mho/m £ 6 %
Head TSL temperature change during test <05°C — —_
SAR result with Head TSL at 5600 MHz
SAR averaged over 1 cm’ (1 g) of Head TSL Condition
SAR measured 100 mW input power 8.40 Wikg

SAR for nominal Head TSL paramaters

normaiized to TW

83.4 Wikg = 19.9 % (k=2)

SAR averaged over 10 cm® (10 g) of Head TSL condition
SAR measured 100 MW input power 2.40 Wikg
SAR for nominal Head TSL parameters normalized to 1W 23.8 Wikg = 19.5 % (k=2)

Certificate No: DSGHzV2-1113_Sep19
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Head TSL parameters at 5750 MHz

Thie following parameters and calculations were applied.

Temperature Permittivity Conductivity
Mominal Head TSL parameters. 220°C 354 5.22 mho/m
Measured Head TSL paramelers (22.0£0.2) °C 344 6% 5.03 mho/m £6 %
Head TSL temperature change during test <05°C e s
SAR result with Head TSL at 5750 MHz
SAR averaged over 1 em’ (1 g) of Head TSL Condition
SAR measured 100 mW. input power 8.06 W/kg
SAR for nominal Head TSL parametars normalized to 1TW 80.0 W/kg = 19.9 % (k=2)
SAR averaged over 10 cm” (10 g) of Head TSL condition
SAR measured 100 mW input power 2.30 Wikg

SAR tor nominal Head TSL parameters

normalized to 1W

22.8 Wikg +19.5 % (k=2)

Certificate No: D5GHzV2-1113_5Sepi2
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Appendix (Additional assessments outside the scope of SCS 0108)
Antenna Parameters with Head TSL at 5250 MHz

Impedance, transformed to feed point B70a-620
Retirn Loss -24.0dB

Antenna Parameters with Head TSL at 5600 MHz

Impedarnce, transformed to feed point 5600 -2.7 0
Return Loss -24.1 dg

Antenna Parameters with Head TSL at 5750 MHz

Impedarice, transformed to feed paint S56.702-10i0
Heturn Loss -239d8

General Antenna Parameters and Design

I_E[ectrl::al Delay (one direction) 1.185 ns

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

The dipole is made of standard semirigid coaxial cable, The center conductar of the feeding line is directly connected to the
second arm of the dipole. The antenna is therafore short-circuited for DG-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 pesition as sxplained In the
"Measurement Conditions" paragraph, The SAR data are not affscted by this change. The overall dipole length s still
according to the Standard,

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

Additional EUT Data

Manufactured by SPEAG

Certificate No: DSGHzV2-1113_Sep10 Page Sof 8



DASY5 Validation Report for Head TSL
Date: 24.09.2019

Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole DSGHzV2; Type: DSGHzV2; Serial: D5GHzV2 - SN:1113

Communication System: UID 0 - CW; Frequency: 5250 MHz, Frequency: 5600 MHz,
Frequency: 5750 MHz

Medium parameters used: f = 5250 MHz; 0 =4.53 Sim; e =35.1;p= 1000 k.gfm:f :
Medium parameters used: f = 5600 MHz; ¢ = 4.88 5/m; & =34.6;p= 1000 kg/m” ,
Medium parameters used: = 5750 MHz; o = 5.03 8/m; & = 34.4; p = 1000 kg/m’
Phantom section: Flat Section

Measurement Standird: DASYS (IEEE/[EC/ANSI C63.19-2011)

DASYS52 Configuration:

« Probe: EX3DV4 - SN3503; ConvF(5.4, 5.4, 5.4) @ 5250 MHe,
ConvE(4.95, 4.95, 4.95) @ 5600 MHz, ConvF(4.98, 4,98, 4.98) @ 5750 MHz Calibrated:
25.03.2019

« Sensor-Surface: 1.4mm (Mechanical Surface Detéction)

» FElectronics: DAE4 Sn601; Calibrated: 30.04.2019

« Phantom: Flat Phantom 5.0 (front); Type: QD 000 P50 AA; Serial: 1001
» DASYS5252.10.2(1504); SEMCAD X 14.6.12(7470)

Dipole Calibration for Head Tissue/Pin=100mW, dist=10mm, f=5250 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Measurement grid: dx=4mm, dy=4mm, dz=1 4mm

Reference Value = 78.54 V/m; Power Drift =0.01 dB

Peak SAR (extrapolated) = 27.9 W/kg

SAR(1 2) = 8.09 Wikg: SAR(10 g) = 2.33 W/kg

Maximum value of SAR (measured) = 18.1 Wikg

Dipole Calibration for Head Tissue/Pin=100mW, dist=10mm, f=5600 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Measurement grid: dx=4mm, dy=4mm, dz=1.4mm

Reference Value = 78.00 V/m; Power Drift =0.02 dB

Peak SAR (extrapolated) = 31.1 Wikg

SAR(1 g) = 8.40 W/kg; SAR(10 g) = 2.40 W/kg

Maximum value of SAR (measured) = 19.4 W/kg

Dipole Calibration for Head Tissue/Pin=100mW, dist=10mm, f=5750 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Measurement grid: dx=4mm, dy=4mm, dz=1.4mm

Reference Value = 75,13 V/m; Power Dnift = 0.03 dB

Peak SAR (extrapolated) = 31.8 Wikg

SAR(1 g) = 8.06 W/kg; SAR(10 g) = 2.30 W/kg

Maximum value of SAR (measured) = 19.0 Wikg

Certificate No: D5GH2zV2-1113_Sep1d Page 6 of 8



-6.00

-12.00

-18.00

-24.00

-30.00

0dB = 18.1 Wikg = 12.58 dBW/kg
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Impedance Measurement Plot for Head TSL
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SPORTON LAB.

D5GHzV2, Serial No. 1113 Extended Dipole Calibrations

Referring to KDB 865664 D01, if dipoles are verified in return loss (<-20dB, within 20% of priorcalibration),
and in impedance (within 5 ohm of prior calibration), the annual calibration is not necessary andthe

calibration interval can be extended.

D5GHzV2 — serial no. 1113

5250 Head
Real Imaginary
Date of Return-Loss Delta Delta Delta
Impedance Impedance
Measurement (dB) (%) (ohm) (ohm)
(ohm) (ohm)
2019.9.24 -24.05 51.71 -6.16
2020.9.23 -24.80 -0.03 50.56 1.15 -5.94 -0.22
2021.9.23 -23.93 0.01 51.89 -0.18 -6.28 0.12

D5GHzV2 - serial no. 1113

5600 Head
Real Imaginary
Date of Return-Loss Delta Delta Delta
Impedance Impedance
Measurement (dB) (%) (ohm) (ohm)
(ohm) (ohm)
2019.9.24 -24.09 56.04 -2.71
2020.9.23 -23.95 0.01 57.70 -1.66 -2.85 0.14
2021.9.23 -24.99 -0.04 56.04 0.01 -2.69 -0.02

D5GHzV2 — serial no. 1113

5750 Head
Real Imaginary
Date of Return-Loss Delta Delta Delta
Impedance Impedance
Measurement (dB) (%) (ohm) (ohm)
(ohm) (ohm)
2019.9.24 -23.94 56.70 -1.04
2020.9.23 -21.92 0.08 58.56 -1.86 -1.58 0.54
2021.9.23 -22.90 0.04 57.64 -0.94 -1.04 0.00

SPORTON INTERNATIONAL (KUNSHAN) INC.
TEL : 86-0512-5790-0158
FAX: 86-0512-5790-0958



SPORTON LAB.

<Justification of the extended calibration>

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.

Dipole Verification Data> D5GHzV2, Serial No. 1113
5250MHz — Head——-2020. 9. 23

1 vt T %0 i [Ty e Al

5600MHz — Head——-2020. 9. 23

SPORTON INTERNATIONAL (KUNSHAN) INC.
TEL : 86-0512-5790-0158
FAX: 86-0512-5790-0958



SPORTON LAB.

5750MHz — Head——-2020. 9. 23
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SPORTON INTERNATIONAL (KUNSHAN) INC.
TEL : 86-0512-5790-0158
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SPORTON LAB.

5250MHz — Head——-2021. 9. 23
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5600MHz — Head———2021. 9. 23
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5750MHz — Head—-2021. 9. 23
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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:

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) |EEE Std 1528-2013, “IEEE Recommended Practice for Determining the Peak Spatial-
Averaged Specific Absorption Rate (SAR) in the Human Head from Wireless
Communications Devices: Measurement Techniques”, June 2013

b) IEC 62209-1, “Measurement procedure for the assessment of Specific Absorption Rate
(SAR) from hand-held and body-mounted devices used next to the ear (frequency range of
300 MHz to 6 GHz)”, July 2016

c) IEC 62209-2, "Procedure to determine the Specific Absorption Rate (SAR) for wireless
communication devices used in close proximity to the human body (frequency range of 30
MHz to 6 GHz)", March 2010

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

Additional Documentation:
e) DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

e 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.

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

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

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

o 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%.
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Measurement Conditions

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

DASY Version

DASY5

V52.10.4

Extrapolation

Advanced Extrapolation

Phantom

ELI4 Flat Phantom

Shell thickness: 2 + 0.2 mm

EUT Positioning

Touch Position

Zoom Scan Resolution

dx, dy =4.0 mm, dz = 1.4 mm

Graded Ratio = 1.4 (Z direction)

Frequency

13 MHz + 1 MHz

Head TSL parameters

The following parameters and calculations were applied.

Temperature Permittivity Conductivity
Nominal Head TSL parameters 22.0°C 55.5 0.75 mho/m
Measured Head TSL parameters (22.0 £0.2) °C 547 +6 % 0.72 mho/m =6 %
Head TSL temperature change during test <05°C -
SAR result with Head TSL
SAR averaged over 1 cm® (1 g) of Head TSL Condition
SAR measured 1 W input power 0.539 W/kg

SAR for nominal Head TSL parameters

normalized to 1W

0.555 W/kg = 18.4 % (k=2)

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

SAR measured

1 W input power

0.333 W/kg

SAR for nominal Head TSL parameters

normalized to 1W

0.343 W/kg + 18.0 % (k=2)

Certificate No: CLA13-1011_Jul20
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Appendix (Additional assessments outside the scope of SCS 0108)

Antenna Parameters with Head TSL

Impedance, transformed to feed point 51.5Q-0.7jQ

Return Loss -35.8dB
Additional EUT Data

Manufactured by SPEAG

Certificate No: CLA13-1011_Jul20
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SPORTON LAB.

CLA13, serial no. 1011 Extended Dipole Calibrations
Referring to KDB 450824, 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>

CLA13 — serial no. 1011

13MHZ

Date of Measurement|Return-Loss (dB)|Delta (%)|Real Impedance (ohm)|Delta (ohm)|Imaginary Impedance (ohm)|Delta (ochm)

07.08.2020
-35.789 51.487 -0.71054
(Cal. Report)
07.07.2021
-39.709 10.95 49.575 1.912 -0.94841 0.23787
(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> - CLA13, serial no. 1011 (Data of Measurement : 07.07.2021)
13 MHz - Head

40,00

-10.00

—40.00

1 Start 10 MHz IFEMY 70 kHz Stop 16 MHz BTl

1 Start 10 MHz IFEVY 70 kHz Stop 16 MHz (@)

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




Schmid & Partner Engineering AG s

Zeughausstrasse 43, 8004 Zurich, Switzerland
Phone +41 44 245 9700, Fax +41 44 245 9779
www.speag.swiss, Info@speag.swiss

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
serviceable parts inside the DAE. Special attention shall be given to the following points:

Battery Exchange: The battery cover of the DAE4 unit is fixed 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-stop. Rough handling of
the E-stop may lead to damage of these magnets. Touch and collision 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 unitin a non-dusty environment if not used for measurements.

Repair: Minor repairs are performed at no extra cost during the annual 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 procedure of a DAE unit, are not used by the DASY software, a nominal value of 200 MOhm is given in
the corresponding 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 annual
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.

TN_EH190306AE DAE4.docx 07.03.2019
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Schmid & Partner

Engineering AG
Zeughausstrasse 43, 8004 Zurich, Switzerland

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

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

cient  Sporton Certificate No: DAE4-1338_Dec21
CALIBRATION CERTIFICATE |
Object DAE4 - SD 000 D04 BM - SN:; 1338

Calibration procedure(s) QA CAL-06.v30

Calibration procedure for the data acquisition electronics (DAE)

Calibration date: December 01, 2021

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 D # Cal Date (Certificate No.) Scheduled Calibration
Keithley Multimeter Type 2001 SN: 0810278 31-Aug-21 (No:31368) Aug-22
Secondary Standards ID# Check Date (in house) Scheduled Check
Auto DAE Calibration Unit SE UWS 053 AA 1001  07-Jan-21 (in house check) In house check: Jan-22
Calibrator Box V2.1 SE UMS 006 AA 1002 07-Jan-21 (in house check) In house check: Jan-22
Name Function Sigpature _

Calibrated by: Adrian Gehring Laboratory Technician

¥ {4-:::-:_‘
Approved by: Sven Kilhn Deputy Manager

R QW&'

Issued: December 1, 2021

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

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.

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.

* 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 No: DAE4-1338_Dec21 Page 2 of 5



DC Voltage Measurement
A/D - Converter Resolution nominal
High Range: 1LSB = B.1uV,
Low Range: 1LSB = 61nV,

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

-100...+300 mV

-1

+3mV

Calibration Factors X Y z
High Range 403.698 + 0.02% (k=2) | 404.274 + 0.02% (k=2) | 404.233 + 0.02% (k=2)
Low Range 3.97367 £ 1.50% (k=2) | 3.97833 + 1.50% (k=2) | 3.97560 + 1.50% (k=2)

Connector Angle

Connector Angle to be used in DASY system

2385°+1°

Certificate No: DAE4-1338_Dec21
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Appendix (Additional assessments outside the scope of SCS0108)

1. DC Voltage Linearity

High Range Reading (nV) Difference (uV) Error (%)
Channel X + Input 199996.33 0.86 0.00
Channel X + Input 20002.91 0.74 0.00
Channel X - Input -20001.39 0.16 -0.00
Channel Y + Input 199996.04 1.01 0.00
Channel Y + Input 20000.89 -1.20 -0.01
Channel Y - Input -20001.44 0.29 -0.00
Channel Z + Input 199995.30 -0.06 -0.00
Channel Z + Input 20001.12 -0.80 -0.00
Channel Z - Input -20003.01 -1.17 0.01
Low Range Reading (uV) Difference (uV) Error (%)
Channel X + Input 2001.15 -0.16 -0.01
Channel X + Input 201.70 0.12 0.06
Channel X - Input -198.33 -0.06 0.03
Channel Y + Input 2001.12 -0.19 -0.01
Channel Y + Input 200.66 -0.83 -0.41
Channel Y - Input -199.13 -0.87 0.44
Channel Z + Input 2001.11 -0.08 -0.00
Channel Z + Input 200.30 -1.05 -0.52
Channel Z - Input -199.58 -1.18 0.60
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 (V)
Channel X 200 8.04 571
- 200 -6.18 -7.41
Channel Y 200 -21.43 -21.30
-200 20.02 19.91
Channel Z 200 -2.92 -3.09
- 200 0.80 0.81

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

Input Voltage (mV) | Channel X (uV) | Channel Y (nv) Channel Z (uV)
Channel X 200 - 3.71 -3.33
Channel Y 200 8.13 - 5.21
Channel Z 200 9.33 6.50 ]

Certificate No: DAE4-1338_Dec21
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4. AD-Converter Values with inputs shorted

DASY measurement parameters: Auto Zero Time: 3 sec:; Measuri ng time: 3 sec

High Range (LSB) Low Range (LSB)
Channel X 16194 14362
Channel Y 16278 15573
Channel Z 16104 15149

5. Input Offset Measurement

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

Input 10MQ
Average (V) min. Offset (uV) | max. Offset (uV) Ste, [():J;auon
Channel X 0.66 -0.30 1.49 0.40
Channel Y -0.43 -1.25 0.51 0.33
Channel Z 0.50 -0.85 1.28 0.36
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 (+ 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 (+ Vec) +0.01 +6 +14
Supply (- Vec) -0.01 -8 -9

Certificate No: DAE4-1338_Dec21
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Accredited by the Swiss Accreditation Service (SAS) Accreditation No.: SCS 0108
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Ciient  Sporton Certificate No: DAE4-1279_Sep21

CALIBRATION CERTIFICATE

Object DAE4 - SD 000 D04 BM - SN: 1279

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

Calibration date: September 21, 2021

This calibration certificate documents the traceability to national standards, which realize the physical units of measurements (Sl).
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 No.) Scheduled Calibration

Keithley Multimeter Type 2001 SN: 0810278 31-Aug-21 (No:31368) Aug-22

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

Auto DAE Calibration Unit SE UWS 053 AA 1001 07-Jan-21 (in house check) In house check: Jan-22

Calibrator Box V2.1 SE UMS 006 AA 1002 07-Jan-21 (in house check) In house check: Jan-22
Name Function Signature

Calibrated by: Adrian Gehring Laboratory Technician

Approved by: Sven Kiihn Deputy Manager 3 5/
iV (g ﬂ e U

Issued: September 21, 2021

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

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

e 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.

»  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.

e 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.
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DC Voltage Measurement
A/D - Converter Resolution nominal

High Range: 1LSB = 6.1uV , full range = -100...4+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 403.966 + 0.02% (k=2) | 403.912 + 0.02% (k=2) | 404.639 + 0.02% (k=2)
Low Range 3.98344 + 1.50% (k=2) | 3.98967 + 1.50% (k=2) | 3.98906 + 1.50% (k=2)

Connector Angle

Connector Angle to be used in DASY system

116.0°+1°

Certificate No: DAE4-1279_Sep21
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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 200031.32 -11.36 -0.01
Channel X + Input 20007.08 1.09 0.01
Channel X - Input -20004.95 0.40 -0.00
Channel Y + Input 200032.86 -1.18 -0.00
Channel Y + Input 20006.84 0.98 0.00
Channel Y - Input -20006.13 -0.72 0.00
Channel Z + Input 200032.30 -1.60 -0.00
Channel Z + Input 20005.65 -0.15 -0.00
Channel Z - Input -20006.74 -1.28 0.01
Low Range Reading (1V) Difference (uV) Error (%)
Channel X + Input 2001.83 0.20 0.01
Channel X + Input 200.83 -0.81 -0.40
Channel X - Input -197.70 0.70 -0.35
Channel Y + Input 2001.56 0.13 0.01
Channel Y + Input 201.04 -0.41 -0.20
Channel Y - Input -199.02 -0.44 0.22
Channel Z + Input 2001.51 0.03 0.00
Channel Z + Input 201.06 -0.53 -0.26
Channel Z - Input -198.64 -0,03 0.01
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 -17.56 -19.36
- 200 21.42 20.08
Channel Y 200 5.18 4.74
- 200 -7.16 -6.75
Channel Z 200 7.13 6.83
- 200 -7.68 -8.05

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

Input Voltage (mV) | Channel X (uV) | Channel Y (1V) Channel Z (uV)
Channel X 200 - 2.96 -3.06
Channel Y 200 8.40 - 4.68
Channel 2 200 9.88 6.19 =

Certificate No: DAE4-1279_Sep21
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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)
Channei X 15974 16978
Channel Y 15938 14912
Channel Z 15692 14772

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

Input 10MQ
Average (uV) min. Offset (uV) | max. Offset (uV) Std. I?::;atjon
Channel X 1.03 -0.49 2.15 0.45
Channel Y -1.08 -2.56 -0.24 0.41
Channel Z 0.64 -1.69 2.02 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 (+ Vee) +7.9
Supply (- Vcc) -7.6
9. Power Consumption (Typical values for information)
Typical values Switched off (mA) | Stand by (mA) Transmitting (mA)
Supply (+ Vce) +0.01 +6 +14
Supply (- Vee) =0.01 -8 -9
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ICALIBRA-TION CERTIFICATE

Object DAE4 - SD 000 D04 BO - SN: 699

Acereditation No.. SCS 0108

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

Galibration date: February 24, 2022

This calibration cerifizate documents the {raceabiiity to national standards, which realize the phiysical units of measurements (S1),
The measuremants and the uncertainties with confidance probability are given on the following pages and are part of the cerificate.

All callbrations have been condugied In the cloged labaralory facility: envirenment temparature (22 + 3)°C and humidity < 70%.

Calibration Equipment used (MATE eritical for calibration)

Primary Standards I 2 Cal Date (Certificate Neo.) Scheduled Calibration

Kelthlay Multimater Type 2001 SN: 0810273 31-Aug-21 (Na:31368) Aug-22

Secondary Standards D # Check Date {in Housia) Schaduled Cheek

Aute DAE Calibration Undt SE UWS 053 AA 10!31 24-Jan-22 {In house chack) In house ehack: Jan-23

Calibrator Box V2.1 SE UMS 006 AA 1002 24-Jan-22 (in house check) In house eheck: Jan-23
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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.

o 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 commaon mode voltage on
the differential measurement.

o 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 converier
corresponding to zero input voltage

o Input Offset Measurement: Output voltage and stafistical 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 No: DAE4-892_Febz2 Paga2cf 5



DC Voltage Measurement
A/D - Converter Resolution nominal

High Ranga: 1LEB = 6.1uV, full range = -100...3300 mV
Low Range; 1L3B = BinV full range = -1.......48mV
DASY measurement parameters: Auto Zero Time: 3 sec: Measuring time: 3 sec
Calibration Factors X Y d
High Range 404.729 £ 0.02% (k=2) | 403.370 + 0.02% (k=2) | 404.543 + 0,02% (k=2)
Low Range 8.93275 1 1.50% (k=2) | 3.95092 + 1.50% (k=2) | 3.97670 + 1.50% (k=2)

Connector Angle

Connector Angle to be used in DASY syslem

18685°+1°

Certificate No: DAE4-659_Feh22
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Appendix (Additional assessments outside the scope of SCS0108)
1. DC Voitage Linearity

High Range Reading (uV) Difference (uV) Errar (%)
Channel X + Input 189994.75 1.20 0.00
Channel X + Input 18995.74 -1.78 -0.01
Channel X - Input -18897 .90 3.89 -0.02
Channel Y + Input 199093.31 0.03 0.00
Channel ¥ + Input 15847 29 -4.23 -0.02
Channel Y - Input -20002.03 0.16 0.00
Channel Z + Input 199998,79 5.53 0.00
Channel Z + Input 19998.77 2.67 -0.01
Channel 2 = Input -20000.98 0.97 -0.00 I
Low Range Reading (uV) Difference (uV) Error (%)
Channel X + Input 200010 0,73 -0.04
Channel X + Input 201.39 0.22 0:11
Channel X - Input -198.44 0.27 -0.13
Channel Y + Input 2000,39 -0.37 -0.02
Channel Y + Input 201.37 021 0.10
Channel ¥ - Input -198.76 -0.90 045
Channel Z + Input 2001:24 053 0.03
Channel 2 + Input 200,72 -0.31 0,16
Channal Z - Input -189.33 -0.47 0.24
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 -3.03 -3.58
- 200 4.76 3.52
Channel ¥ 200 21.88 2222
- 200 -24.02 -24.12
Channel Z 200 8.79 8.30 i
- 200 -8.42 -8.06
3. Channel separation
DASY measurement parameters: Auto Zero Time: 3 sec; Measuring time: 3 see
Input Voltage (mV) | Channel X {LV) | Channel ¥ (V) Channel Z {uV)
Channel X 200 -2.17 -2.32
Channel ¥ 200 7.46 -0.80
Channel 2 200 4.04 5.64 -

Cerificate No: DAE4-699 Feh22
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4. AD-Converter Values with inputs shorted

DASY measurement parameters: Auto Zero Time: 3 sec; Measuring lime; 3 se¢

High Range (LSB) Low Range (LSB)
Channel X 16101 15333
Channel Y 16425 16302
Channel Z 16286 16248
5. Input Offset Measurement _
DASY measurement parameters: Auto Zero Time: 3 sec: Measuring time: 3 sec
Input 100
Average {uV) min. Offset (V) | max. Offset (uV) S ?::::atlnn
Channel X 0.96 -0.27 215 0.40
Channel ¥ -0.83 -2.49 0.64 0.59
Channel 2 0.23 -1.54 2.08 0.51
6. Input Offset Current
MNominal Input circuitry offset current on all channels: <25fA
7. Input Resistance (Typical values for information)
Zeraing (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 (+ Vec) +7.9
Supply (- Vee) -7.8
9. Power Consumption (Typical values for information)
Typical values Switched off (mA) | Stand by (mA) Transmitting (mA)
Supply (+ Vee) +0.01 +6 +14
Supply (- Vce) =0.01 -8 -9
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IMPORTANT NOTICE C’;F by o/

USAGE OF THE DAE4

The DAE unlt Is a delicate, high precision Instrurment and requires careful treatment by the user. There are no
serviceable parts inside the DAE. Special attention shall be given to the following points:

Battery Exchange: The baltery cover of the DAE4 unit s fixed 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 maifunctioning due to broken magnets in the E-stop. Rough handling of
the E-stop may lead to damage of these magnets. Touch and collision 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 a non-dusty environment if not used for measurements:

Repair: Minor repairs are performed at no extra cost during the annual calibration. Howevar, 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
callbration procedure of a DAE unit, are not used by the DASY software, a nominal value of 200 MOhm is givan in
the corresponding 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 annual
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.

TN_EH190306AE DAE4 docx 07.03.2019
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cClient  Sporton Certificate No: ES3-3279_Aug21
CALIBRATION CERTIFICATE |
Object ES3DV3 - SN:3279

Calibration procedure(s) QA CAL-01.v9, QA CAL-23.v5, QA CAL-25.v7

Calibration procedure for dosimetric E-field probes

Calibration date: August 24, 2021

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 No.) Scheduled Calibration

Power meter NRP SN: 104778 08-Apr-21 (No. 217-03291/03292) Apr-21

Power sensor NRP-Z91 SN: 103244 08-Apr-21 (No. 217-03291) Apr-21

Power sensor NRP-Z91 SN: 103245 08-Apr-21 (No. 217-03292) Apr-21

Reference 20 dB Attenuator SN: CC2552 (20x) 09-Apr-21 (No. 217-03343) Apr-21

DAE4 SN: 660 23-Dec-20 (No. DAE4-660_Dec20) Dec-21

Reference Probe ES3DV2 SN: 3013 30-Dec-20 (No. ES3-3013_Dec20) Dec-21

Secondary Standards D Check Date (in house) Scheduled Check

Power meter E4419B SN: GB41293874 06-Apr-16 (in house check Jun-20) In house check: Jun-22

Power sensor E4412A SN: MY41498087 06-Apr-16 (in house check Jun-20) In house check: Jun-22

Power sensor E4412A SN: 000110210 06-Apr-16 (in house check Jun-20) In house check: Jun-22

RF generator HP 8648C SN: US3642U01700 04-Aug-99 (in house check Jun-20) In house check: Jun-22

Network Analyzer E8358A SN: US41080477 31-Mar-14 (in house check Oct-20) In house check: Oct-21
Name Function Signature

Calibrated by: Leif Klysner Laboratory Techician:

Approved by: Nigls Kuster Quality Manager

Issued: September 6, 2021

This calibration certificate shall not be reproduced except in full without written approval of the laboratory.
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Glossary:
TSL tissue simulating liquid
NORMzx,y,z sensitivity in free space
ConvF sensitivity in TSL / NORMx,y,z
DCP diode compression point
CF crest factor (1/duty_cycle) of the RF signal
A B,C,D modulation dependent linearization parameters
Polarization ¢ o rotation around probe axis
Polarization 8 9 rotation around an axis that is in the plane normal to probe axis (at measurement center),
i.e., 3 =0 is 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) |EC/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"

Methods Applied and Interpretation of Parameters:

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

s NORM(f)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.

o DCPx,y,z: DCP are numerical linearization parameters assessed based on the data of power sweep with CW
signal (no uncertainty required). DCP does not depend on frequency nor media.

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

o Axy.z; Bxy,z; Cx,y.z; Dx,y,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.

e  ConvF and Boundary Effect Parameters: Assessed in flat phantom using E-field (or Temperature Transfer
Standard for f < 800 MHz) and inside waveguide using analytical field distributions based on power
measurements for f > 800 MHz. 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 NORMx,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.

e Spherical isolropy (3D deviation from isotropy): in a field of low gradients realized using a flat phantom
exposed by a patch antenna.

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

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