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DASY5 Validation Report for Head TSL

Date: 07.06.2024
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 750 MHz; Type: D750V 3; Serial: D750V3 - SN:1109

Communication System: UID 0 - CW; Frequency: 750 MHz

Medium parameters used: f= 750 MHz; 6 = 0.9 S/m; & = 42.4; p = 1000 kg/m’
Phantom section: Flat Section

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

DASY 52 Configuration:
» Probe: EX3DV4 - SN7349; ConvE(10.11, 10.11, 10.11) @ 750 MHz; Calibrated: 03.11.2023
» Sensor-Surface: 1.4mm (Mechanical Surface Detection)
+ Electronics: DAE4 Sn601; Calibrated: 22.05.2024
» Phantom: Flat Phantom 4.9 (front); Type: QD 00L P49 AA; Serial: 1001
+ DASYS52 52.10.4(1535); SEMCAD X 14.6.14(7501)

Dipole Calibration for Head Tissue/Pin=250 mW, d=15mm/Zoom Scan (7x7x7)/Cube 0:
Measurement grid; dx=5mm, dy=5mm, dz=5mm

Reference Value = 60.87 V/m; Power Drift = -0.06 dB

Peak SAR (extrapolated) = 3.31 Wikg

SAR(1 g) = 2.15 W/kg; SAR(10 g) = 1.40 Wikg

Smallest distance from peaks to all points 3 dB below = 23.4 mm

Ratio of SAR at M2 to SAR at M1 = 64,9%

Maximum value of SAR (measured) = 2.90 W/kg

-2.13
-4.27
-6.40

-8.54

-10.67

0 dB =2.90 W/kg = 4.63 dBW/kg

Certificate No: DT50V3-1109_Jun24 Page 5 of &
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Impedance Measurement Plot for Head TSL
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Justification for Extended SAR Dipole Calibrations

. Date of Return Loss Impedance Delta

Dipole Measurement (elB) Delta (%) {ohim) {ohm)
Jun 07, 2024 -25.90 54.00

Head - 7.99 0.37
750MHz Jun 09, 2025 -23.83 54.37

Mote: The retumn loss is <-20dB, within 20% of prior calibration; the impedance is within 5 chm of prior
calibration. Therefore the verfication results meet the requirement of extended calibration.
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Justification for Extended SAR Dipole Calibrations

. Date of Return Loss Impedance Delta

DRSS Measurement (dB) Deha {3a] {ohm) (ohm)
Jun 07, 2024 -25.90 54.00

Head = 1.93 150
750MHz Jun 01, 2026 -25.40 55.50

Mote: The retumn loss is <-20dB, within 20% of pricr calibration; the impedance is within 5 ohm of pricr
calibration. Therefore the venfication resultz meet the requirement of extended calibration.
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Calibration Laboratory of S, Tioln g Schwelzerischer Kallbrierdienst
Schmid & Partner s S -’oi c Service suisss d'étalonnags
Engineering AG L =\ Servizie svizzern i aratura
hugrl:rlgusaim?l. 8004 Zurich, Switzeriand ’aﬁf \\\_ _/’/ S swiss Callbration Service

Accredited by the Swiss Ascreditalion Service (S45) accraditation No.: SCS 0108
The Swiss Accreditation Service is one of the signatorias 1o the EA

Multilateral Agreement for the recognition of calibration cerfificates

Crem TUV Certficate No. DBI5V2-4d242_Jun24
Shenzhen
[CALIBRATION CERTIFICATE
Object DB35V2 - SN:4d242
| Gambration procedure(s) QA CAL-05.v12

Calibration Procedure for SAR Validation Sources between 0.7-3 GHz

Calibration date; June 07, 2024

This calbrafion conificales documents e Faceabdity to national stendards, which realize the physical unils of measuresments (51).
Tha measuraments and the uncertainfies with confidence probability ane given on the follewing pages and are part of the cerificale.

&l calibrations have been conducted in e dosed Bboratory faciity; ardronmant femperature (22 ¢ 3)°C and bumidily < T0%.

Cafibration Equipment used (MATE aritical for calibration)

Primary Standards o Cal Date (Certificata Mo} Scheduled Calibration.
Power meter MRP2 | =N: 104778 26-Mar-24 (No. 21 7-04036:04037) Mar-25

Bowar sansor MRP.Z01 SN: 103244 T6-Mar-24 (No. 21 7-04036) Mar-25

Powar sensor NRP-291 SN: 103246 26-Mar-24 (No. 217-04037) Mar-2%

Reference 20 08 Attarwator SN: BHEAG4 (20%) 26-Mar-24 (No. 217-04048) Mar-25

Type-N mismalch combinaSon SM: 310962 | DEIET 2h-Mar-24 (Mo, 217-04047) Mar-25

Riefarencs Brobe EXI0WY SM: 7349 03-Mo-23 (Mo, EX3-7348_Nov2d) Mene-24

DAE4 SM: B0 2-hiay-24 (Mo DAE4-E01_May24) May-25

Secondary Slandards lok-3 Chack Daie (n house) Scneuled Check
| Peswar mater E44198 SN: GEIAB1Z4TE 30-Oct-14 (in house check OG22} In housa chack; Oot-24

Poswar sersar HP 84814

Power sensor HP 84814

RF ganerator RAS SMT-06
Mabtwork Analyzar Agilert EE3IGAA

Calivrated by:

Approved by:

This calibration cerificate shall not be raproduced except in full without written approval of e labaratony.

SN LU53T2aiTas
SN MY4109315
SN 100872

SN US4108047 T

Mame
Lt hysrgr

Sven Kihn

Carificate No: DE3SV2-4d4242_Jund4

O7-Cet-18 (in house cheok Ol 22)
07 -0ci-1% (i house chek Oal-22)
15-Jun-15 (In housa check Oct-X2)
31-har-14 (im housa chack Oct-Z2)

Funiction
Laberatory Technician

Tachmital Marcger

In houge chack: Ool-24
In house chack: Ocl-24
In house check: Qcl-24
In house chack: Oct-24

Sagnatura

e

S
S

lsguwad June T, 2024

Page 1af 6
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Calibration Laboratory of ,{"‘QQE"}A_,‘ %Fﬁ\ § Schweizerischer Kalibrierdionst

Schmid & Partner ot s ) c Service suisse d'élalonnage
Enginearing AG T |\ & Servizlo svizzero di taratura

Zeughaussirasse 43, 8004 Zurlch, Switzarland R "\::: . _:'*// S swies Calibration Sarvice

":-'.I'..-l.. i

-

Accradited by the Swiss Accreditanon Sarvcn (S05) Accreditation Mo.: SCS 0108
The Swiss Accreditation Service is ane of the signatoras to the EA

Multitateral Agresment for the recognition of calibration certificates

Glossary:

TSL tissue simulating liquid

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

Calibration is Performed According to the Following Standards:

a) IECAEEE 62209-1528, *“Measurement Procedure For The Assessment Of Specific
Absorption Rate Of Human Exposure To Radio Frequency Fields From Hand-Held And
Body-Wom Wireless Communication Devices - Part 1528: Human Models, Instrumeantation
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:

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

s 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
paraliel to the body axis.

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

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

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

SAR 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 comesponds to a coverage
probability of approximately 95%,

Certificate Mo: DEREV2-44242 Jun24 Page 2 of &
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Measurement Conditions

DaSY system configuration, as far as nol given on page 1 o
DASY Version DASYE2 WE210.4
Extrapolation Advanced Extrapolaion ,

' Phantom Modutar Flat Phantom |

| Distance Dipole Center - TSL 15 mim with Spacer
Zoom Scan Resclution dx, dy, dz = 5 mm

| Frequency | 835 MHz £ 1 MHz -j

Head TSL parameters
The folowing parameders and calculstions were applied

Temperature Permittivity | Conductivity

Mominal Head TSL parameters 220°C 41.5 080 mhadm

Measured Head TSL parameters | (22.0x0.2)°C 4226% 0.93 mhofm £ 6 %

Head TSL temperature change during test | =05°C —en ——
SAR result with Head TSL

SAR averaged over 1 em?® 1 g) of Head TSL ' Condition

SAR measured 250 mWW ingul power 2.49 Wikg

SAR for nominal Head TSL parameters nomalizad o 1W 9.75 Wikg £ 17.0 % (k=2)

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

SAR measured 250 mW input power 1.81 Wikg

SAR for nominal Head TSL paramseters normalized to 1W 6.32 Wikg % 16.5 % [(k=2)

Cenlificals Mo, DE3ISV2-4d242_Junzd Page 3of
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Appendix (Additional assessments outside the scope of SCS 0108)
Antenna Parameters with Head TSL

Impedancea, ransformed to feed paoirnt S0.00-43]0
Retum Loss -27.2dB

General Antenna Parameters and Design

Elecirical Dalay (one direction ) | 1,394 ns

After long term use with 100W radiated power, onfy & slight warming of the dipole near the feedpoint can be messured.

The dipole is made of standard semirigid coaxial cable. The center canductor of the feeding line is direcily connected 1o the
sacond arm of the dipole. The antenna is therefare short-circuited for DC-signals. On some of the dipoles, small end caps
are added o the dipole anms in order fo improve matching when loaded according to the position as explained in the
“Measurement Conditions" paragraph. The SAR data are not sffected by this change. The overall dipoke length is still
according to the Standard,

Mo 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

Certificale Mo: DE3EV2-4d242_Jun24 Page 4 of 6
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DASYS Validation Report for Head TSL

Date: 07.06.2024
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 835 MHz; Type: DE35V2; Serial: D835V - SN:4d242

Communication System: UTD 0 - CW; Fregquency: 835 MHz

Medium parameters used: f= 835 MHz; o = 0.93 S/m; & =42.2; p = 1000 kg/m*
Phantom section: Flat Section

Measurement Standard: DASYS (IEEE/TEC/ANSI C63.19-2011)

DASYS2 Configuration:
»  Probe: EX3DV4 - SN734%; ConvF(9.69, 9.69, 9.69) (@ 835 MHz; Calibrated: 03.11.2023
« Sensor-Surface: 1.4mm {Mechanical Surface Detection)
+ Electronics: DAE4 Sn601; Calibrated: 22.05.2024
« Phantom: Flat Phantom 4.9 {front); Type: QD 00L P49 AA: Serial: 1001
«  DASYS2 52.10.4(1535); SEMCAD X 14.6.14(7501)

Dipole Calibration for Head Tissue/Pin=250 mW, d=15mm/Zoom Scan (7x7x7)/Cube 0:
Measurement grid: dx=53mm, dy=3mm, dz=5mim

Reference Value = 64,14 ¥i/m; Power Drift = 0,01 dB

Peak SAR (extrapolated) = 3.77 Wikg

SAR(1 g) = 2.49 Wikg; SAR(10 g) = 1.61 Wikg

Smallest distance from peaks to all points 3 dB below = 17.5 mm

Ratio of SAR at M2 to SAR at M1 = 65.5%

Maximum value of SAR {measured) = 3.34 Wikg

=218
-4,36
-6.53

8.1

-10.89

0 dB=3.34 Wkg = 5.24 dBW/kg

Certificate Mo: DB3SV2-4d242_Jun24 Page Sof 6
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Impedance Measurement Plot for Head TSL
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Certificate No: DE35V2-41242 Iunz4 Page 6 of 6
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Justifizcation for Extended SAR Dipole Calibrations

. Date of Retum Loss Impedance Delta
Ly Measurement (dB) Dielin (%) {chm)) (ohm)
Head Jun 07, 2024 -27.20 1551 50.00 -

§35MHz Jun 08, 2025 -31.42 ' 51.27 -

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

calibration. Therefore the verfication results meet the reguirement of extended calibration.
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Justification for Extended SAR Dipole Calibrations

; Date of Retum Loss a |I'I"I|JEIﬂEII'IEE Delta

Dipole Measurement (dB) Delta {o) (ohm) (ohm)
Jun 07, 2024 -27.20 50.00

Head 12.13 0.40
835MHz Jun 01, 2026 -30.50 50.40

Mote: The return loss is <-20dB, within 20% of prior calibration; the impedance is within 5 ohm of prior
calibration. Therefore the verification results meet the requirement of extended calibration.
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Calibration Laboratory of iﬁ‘“{x'_'}:}"'z, Schwezerischer Kalibrierdienst
Schmid & Partner m“‘“” : Service suisse d'italonnage
Engineering AG L Servizlo swizzers di taratura
ng 1] T e 7
Zeughaussirasse 43, B004 Zurich, Switzeriand ‘E%ﬁ“; Swiss Calibration Service
Accradilad by the Swiss Accrecitation Service (SAS) Accreditation Ho: SCS 0108

The Swiss Accreditation Service is one of the signatories to the EA
Multilataral Agresment for the resognition of calibration certificates

Client  TUV Certificate No.  D1750V2-1166_Jun24
Shenzhen

[CALIBRATION CERTIFICATE ]

‘Dﬂlm D1750V2 - SN:1166 |

Calbralion procedunas) QA CAL-05.v12
Calibration Procedure for SAR Validation Sources between 0.7-3 GHz

Calibeation date: June 07, 2024

Thiz calbration cerlificate documents this raceability 1o nabional stantards, which realize the physical units of maasuramants (S1),
Thar s wements and the uncaranties with confidere probabiity are given on the following pages and are part of the cenilicete.

Al calibrations heve bean conductad in the closad laboratony taciity; arvironment tempesstuna (22 + 3)°C and huemidity = 70%

Calbration Equipment used (MATE eritical for calbratan]

Primary Standinds |iDa Cal Date (Cerificaie Moy Seheduled Caliration |

Powar matar NRF2 SM; 104778 2E-Mar-24 (Mo, 217-04036 08007 Mar-25

Power sensce NAP-Z91 S 105244 25-Mar-24 (Mo, 217-04036) blar-26

Power sensor NRP-291 SN 103245 Hishliar-24 (Mo, 217-04037) Mar-25

Referance 20 di Atenuatar EN: BHEI94 (20k) Se-Miar-24 (Mo, 217-04046) Mar-25

Type-M mismatch combination SN- 310982 7 06327 26-Mar-24 (Mo, 21 7-04047) Mar-25

Rrimranon Probe EX30V4 SM: T34 03-Mov-E3 (Moo EX3-T340_NovEd) Mew-24

DAEL SM: B 22-May-24 (No. DAED-B01_May24) May-35

Secondary Standards 10 & Chick Data (in hcuisa) Sehaduled Check

Powar mater E24158 SN GB3BS1247T3 300114 (in house chack Ocl-22) In howss check: Oct-24

Power sensor HP BEB1A SN USI7282Ta% 0700115 (in howuse chack Oct-22) Im houss check: Oct-24

Power sensor HP 64614 S Y 03316 O7-061-15 (in house chack Oct-22) Im house check: Oct-24

RF generator RES SMT-08 SH: 100aTE 16-Jur-15 {in moisa chetk Ocl-22) I batese emed: Oet-24

Metwork Analyzar Agland EB3SEA | SN: US4H1080477 31-Mar-14 {in house check Ocl-22) In heami ok Ohct-24
Mame Function Signatura

Cafibrasad bry: Leit Kiysnar Labsratory Technician A P

i
Aporowved by Svan Kihn Technical Manager g_'-s'_““"f-

[ |ssued: Jurne 9, 2024
This calbration certificale shall nat be reprodused axcapt in full withoul writien approval of the labomtony

Cerilicabe No: D1TE0V2-1186_Jun24d Page 1of &
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Calibration Laboratory of A S
) S weizerischer Kalibriardianst
Schmid & Partner Sa=r g Sarvice suisse d'étalonnage
Engineering AG z ] Servizio svizzero di taratura
Zeughausstrasse 43, B004 Zurich, Switzeriand T S gwiss Calibration Service

Arcredibed by the Swiss AccradRation Service (SA5) Accreditation Ne.: SCS 0108
The Swiss Accreditation Service is one of the signatories o the EA
Multliateral Agreemenl for the recagnition of calibration certificates

Glossary:

TSL tizzue simulating liquid

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

Calibration is Performed According to the Following Standards:

a) |IEC/IEEE 62209-1528, “Measurement Procedure For The Assessment Of Specific
Absorption Rate Of Human Exposure To Radio Frequency Fields From Hand-Held And
Body-Womn Wireless Communication Devices - Part 1528: Human Models, Instrumantation
And Procedures (Freguency Range of 4 MHz to 10 GHz)", October 2020.

b) KDB BE5664, "SAR Measurement Requirements for 100 MHz fo 6 GHz"

Additional Documentation:
c) DASY System Handbook

Methods Applied and Interpretation of Parameters:

s Measurement Conditions: Further details are available from the Validation Report at the and
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
paraliel to the body axis.

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

» Elsctrical Delay: One-way delay between the SMA connector and the antenna feed point.
Mo uncerainty required.

s  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.

multiplied by the coverage factor k=2, which for a normal distribution corresponds to a coverage

The reporied uncerainty of measurement is stated as the standard uncertainty of measurement |

probability of approximately 95%.

Certificate No: DATS0W2-1186_Jun24 Page 2of 8
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Measurement Conditions

DASY systemn configuration, as far a8 not given on page 1.

DASY Version DASYS5E V52,104 |
Empblﬂﬁﬂl Advancad Extrapolation
F'lanhum bdodular Flat Phantom
Distance Dipole Center - TSL 10 mm with Spacar
Zoom Sean Resolution dx, dy, dz = 5 mm
Freguency 1750 MHz +1 MHz _—I
Head TSL parameters
Thix following parametars and caloulations were applied.
Temperature Permittivity Conductivity
MNominal Head TSL parameters 2200 401 1.37 mha'm
| Measured Head TSL parameters 22.0£0.2) °C W04=6% | 1.35mhaim=6%
Head TSL temperature change during lest =0.5°C -
SAR result with Head TSL
SAR averaged over 1 em® {1 g) of Head TSL Condition
SAR measured 250 mW input power B.96 Wikg

SAR for nominal Head TSL parameters

nomalized to 1%

36.2 Wikg £ 17.0 % (k=2)

| SAR averaged over 10 cm? (10 g) of Head TSL condition
SAR measured 250 mW input power 4.74 Wikg
| SAR for nominal Head TSL pasarmelers normakzed to 1W 19.1 Wikg = 16.5 % (k=2)

Gentificate Mo: DA1TS0V2-1186_Jun24

Page 3of b
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Appendix (Additional assessments outside the scope of SCS 0108)

Antenna Parameters with Head TSL

[ impedance, transformed to feed point 4800160

| Ftatum_Luss

- 34.3 dB

General Antenna Parameters and Design

| Electrical Delay {one direction)

| 1.215 ns ]

Atter lang tarm use with 100W radiated powsr, enly a slight warming of the dipole near the feedpoint can be measured.

The dipele is made of standard semirigid coaxial cable. The center conductar of the feeding line is diractly connected 1o the
sacond arm ol the dipoke. The antenna is herelore shant-circuited for DC-signaks. On seme of the dipoles, small end caps
are added to the dipole arms in arder 1o iImprove matching when leaded aceording to the position as explained in the
*Maasurament Conditions” paragraph. The SAR data are not affected by this change. The overall dipole langth is still

according o the Standard.

Mo excessive forcs must be applied to the dipale arms, because they might bend or the soldered conneclions near the

feedpoint may ba damaged.

Additional EUT Data

Manufactured by

SPEAG ]

Certificate Mo: D1T50V2-1168_Jun24

Page 4 of &
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DASY5S Validation Report for Head TSL

Date: 07 .06.2024
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 1750 MHz; Type: D1T50V2; Serial: D1750V2 - SN:1166

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

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

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

DASY 52 Configuration:
s Probe: EX3DV4 - SNT349; Conv[(8.67, B.67, 8.67) @ 1750 MHz; Calibrated: 03.11.2023
¢ Sensor-Surface; 1.4mm (Mechanical Surface Delection)
s Electronics: DAE4 Sn601; Calibrated: 22.05.2024
«  Phantom: Flat Phantom 5.0 (front); Type: QDOCOPS0AA; Serial: 1001
«  DASYS2 32.10.4{1535); SEMCAD X 14.6.14(7301)

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 = 105.7 V/im; Power Drift = 0.09 dB

Peak SAR (extrapolated) = 16.7 Wikg

SAR( g) = 8.96 Wike: SAR(10 g) = 4.74 W/kg

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

Ratio of SAR at M2 to SAR at M1 =547%

Maximom value of SAR (measured) = 13.6 Wikg

0dB = 13.6 Wikg = 11.34 dBW/kg

Cartificale No: D1750V2-11868_Jun24 Page Sof&
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Impedance Measurement Plot for Head TSL
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Cartificate No: D1750V2-1166_Jun24

PageGof 6




Appendix C )
Priifbericht - Produkte CN268P4L 001 A TUVRheinland®

Test Report - Products Page 23 of 74

Justification for Extended SAR Dipole Calibrations

) Date of Return Loss Impedance Delta

— s Measurement (dB) —E (ohm) (ohm)
Head Jun 07, 2024 3430 208 4890 ) 1e
1750MHz Jun 09, 2025 3317 o 5105 T

Mote: The retumn loss is <-20dB, within 20% of pricr calibration; the impedance is within 5 ohm of prior
calibration. Therefore the verfication results meet the reguirement of extended calibration.
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Justification for Extended SAR Dipole Calibrations

: Date of Return Loss o Impedance Delta

Dipole Measurement (dB) Deita (%) (ohm) (ohm)
Jun 07, 2024 -34.30 48.90

Head 0.58 -0.30
1750MHz Jun 01, 2026 -34.50 48.60

Mote: The return loss is =-20dB, within 20% of prior calibration; the impedance is within 5 ohm of prior
calibration. Therefore the verification results meet the requirement of extended calibration.
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Calibration Laboratory of ;{%ﬂ: Schwaizerischer Kallbrierdienst
Schmid & Partner . 3 Service suisse d'étalonnage
Engineering AG T Servizio svizzero di taratura
Esughausstrasse 43, B004 Zurich, Switzerland ﬂ‘mﬁ\f Swisa Calibration Service
Acoradited by the Swiss Accraditation Sandce (SAS) Accreditation Mo SCS 0108

The Swiss Accreditation Service is one of the signalories o the EA
Multilateral Agreamant for the recognition of calibration certificates

Client  TUW Cerlificate No. D1900V2-5d229_Jun24
Sheanzhen

CALIBRATION CERTIFICATE

Obgact D1900V2 - SN:5d4229

Calibration procedures) QA CAL-05wv12

Calibration Procedure for SAR Validation Sources between 0.7-3 GHz

Calibration data: June 08, 2024

This calibralion cartificate documents the tracaability 1o national standards, which realize the physical unlte of measuremants (S1).
Tha measuraments and the uneertainties with conlidancs probabdity ane giver an the following pages and ane part of the cerificate

All calibradions have baen conducied in the closed laboratory faclity: environment temperature (22 + 3)°C and hurmidity < T0%.

Calipeation Equipment used (MATE critical for calibration)

an Standars ) ID il Cal Dwle (Certificata Mo,) Scheduled Calibealicn

Poawar matar NRPZ EH 104778 26-Mar-24 (Mo, 217T-040360 04037 Mar-25

Powar sansor NAP-291 SN 103244 26-Mar-24 (Mo, 217-04038) Mar-25

Powear sansor NAP-Z91 Sh: 103245 26:Mar-24 (Mo, 217-04037) Mar-25

Rafarence 20 dB Atterisator SM: BHEG94 (20k) 26-Mar-24 (Mo. 217-0404E) Mar-25

Typa-h mismatch combination SM: 3109827 06327 26-Mar-24 (Mo, 217-04047) Mar-g5

Rafarenca Probe EX30V4 SM: 740 C3-Mov-23 (No, EX3-7349_Nov2s) Mow-24

DAaE4 | BN BN 22-May-24 (No. DAES-501_May24] May-25

SBO'_.‘-\nda.ry Standards |10 2 Check Date (in house) Schaduled Chack

Power mabar E44198 | SM: GRIS12475 30-0ct-14 {in house check Ocl-22) I house check; Oct-24

FPowar sansor HF B3814 5M: US3T2827T83 O7-0ct-15 {in house check Oct-22) In howse chieck: Col-24

Powear zansor HP BAE1A SM: MY41083315 OF-Oet-15 {in housa chack Cot-25) In hoigse check: Ocl-24

RF generalor &S SMT-08 SM: 100972 15-Jun-15 (0 housa chack Oo-22) I Pise check: Ocl-24

Mabwork Analyrer Agilend EAZRAA | SM: LIS91080477 31-Mar-14 (in housa check Oc-22) In howuse check; Qct-24
Nama Funation Signature

Calibraled by: Paula Fina Laboratory Technician s

r"_ .f" = -HE!

Approved by Svan Kilhn Tachnical Managee i W%

|sgamad: Jurm 12, 2024

Thig calbration cedificate shall not be reproduced axcept in full without written approval of the labormbory.

Certficate No: D1900V2-54220_Jun24 Page 1 of &
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Calibration Laboratory of Q&\L}"li §  Schwaizsrischer Kalibrierdianst
Schmid & Partner m Service suisse détalonnage
Engineering AG s Servizio svizzers di taratura
Zeughausstrasse 43, 8004 Zurich, Switzertand 'y__ﬁb? S  Swiss Calibration Service
I
Acoradited by the Swiss Accrediation Sanvice (SAS) Accreditation No.: SCS 0108

The Swiss Accreditation Service |s one of the signatories to the EA
Multilateral Agreement for the recognition of calibration certificates

Glossary:

TSL tissue simulating liguid

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 62209-1528, "Measurement Procedure For The Assessment Of Specific
Absorption Rate Of Human Exposure Te Radio Fregquency 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 Reguirements 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.

s 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 Retum Loss: These parameters are measured with the dipole
positioned under the liguid 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 uncerainty required.

= Elecirical Delay: One-way delay between the SMA connector and the antenna feed point.
Mo uncerainty reguired.

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 measurad TSL parameters are used to calculate the
nominal SAR result.

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

Cerlificate No: D1900V2-54229_Jun24 Pape 2 of 6
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Measurement Conditions
DASY system configuration, as far as not given on page 1.
| DASY Version DASBYS2 WE2.10.4
Extrapolation Advanced Extrapolation
Phantom Modular Flal Fhantom
Distance Dipole Center - TSL 10 mm with Spacer
Zoom Scan Resolution dy, dy, dz = Smm
Frequency 1900 MHz + 1 MHz
Head TSL parameters
The fallowing parameters and calculations ware apphad.
| Temperature Permitlivity Conductivity
Nominal Head TSL parameters | 220°C 40.0 1.40 mhodm
Measured Head TSL parameters (220 x0.2)°C 411 6% 1.41 mho/m £ 6 %
Head TSL temperature change during test =05 ;C — —
SAR result with Head TSL
SAR averaged over 1 em? (1 g) of Head TSL Condition
SAR measured 250 mW input power 10.0 Wikg
SAR tor nominal Head TSL parameters nermalized to W 40.1 Wikg = 17.0 % (k=2)
SAR averaged over 10 cm? (10 g) of Head TSL condition
SAR measured 250 mWW input power 5.21 Wikg
SAR for nominal Head TSL parameters nomalized to 19 20.9 Wikg = 16.5 % (k=2)

Cerificate No: D1 900V2-5d228_Jun24 Pege dof 6
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Appendix (Additional assessments outside the scope of SCS (108)

Antenna Parameters with Head TSL

Impadance, transfarmed to teed paint BO+41 0

Return Loss

- 276 dB

General Antenna Parameters and Design

| Elactrical Delay {one dirsction)

| 1.199 ns

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

The dipole is made of standard samirigid coaxdal cable. The canter conductor of the feading line i direcily conneciad o the
second arm of the dipole. The antenna is therefore shor-circuited for DC-signals, On some of the dipoles, small end caps
are added o the dipale amms In crder 10 mprove matching when baded accarding to the position as axplamed in the
‘Measurement Conditions® paragraph. The SAR data are not affected by this change. The overall dipole length i still

according to the Standard.

Mo excessive force must be applied to the dipole arms, becausa they might bend or the soldered connections near the

faadpoint may be damaged.

Additional EUT Data

| Manufactured by

SPEAG

Certificate No: D1900V2-5d229_Jun24

Page 4 of 6
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DASYS Validation Report for Head TSL

Drate: 06.06.2024
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 1900 MHz; Type: D900V2; Serial: D1900V2 - SN:54229

Communication System: UID 0 - CW; Frequency: 1900 MHz

Medium parameters used: f = 1900 MHz; o = 1.41 5/m; & =41.1; p = 1000 kg/m*
Phantom section: Flat Section

Measurement Standard: DASYS (IEEETEC/ANST C63.19-20113

DASYS2 Configuration:
« Probe: EX3DV4 - SN7349: ConvF(8.43, 8.43, 8.43) @ 1900 MHz: Calibrated: 03.11,2023
+  Sensor-Surface: 1.4mm (Mechanical Surface Detection)
+ Electronics: DAE4 Sn601; Calibrated: 22,05 2024
« Phaniom: Flai Phantom 5.0 {front); Type: QDOO0OP50AA; Serial: 1001
= DASYS2 52.10.4(1535); SEMCAD X 14.6.14(7501)

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

Reference Value = 109.7 V/m; Power Drift = 0.09 dB

Peak SAR (extrapolated) = 18.7 Wikg

SAR(1 g) = 10.0 Wikg; SAR{10 g) = 5.21 W/kg

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

Ratio of SAR at M2 to SAR at M1 = 54 8%

Maximum value of SAR (measured) = 15.2 Wikg

-3.42
-6.05
-10.27

-13.70

A7.a2

0dB =152 Wikg = 11.82 dBW/kg

Cerlificate Mo: D1900V2-5d228_Jun24 Page 5ol &
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Impedance Measurement Plot for Head TSL

[Eie View Channel Sweep Calbrabion Trace GSeade Maker Sysiem  window  Hep

-

ChlAwgs 20 — -
Cnl: St 170000 GHz ——

050 [N ' ' ] ] i T

5.00 —_— | : } ] | |

[T] I t t 4 1 £ L]

ooe 1

L1600 | o —g 1l 2 = L - { e ———

L1500 ! -t - : { - =
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__Chi: St 17000 GHz = — Sop 2. 00000 GHz
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Ceertificate No: D1300V2-54229_Jun2d PageGof 6
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Justification for Extended SAR Dipole Calibrations

) Date of Return Loss Impedance Delta

— s Measurement (dB) —E (ohm) (ohm)

Head Jun 08, 2024 2780 o7e 50.80 083
1900MHz Jun 09, 2025 24,91 o 5163 '

Mote: The retumn loss is <-20dB, within 20% of prior calibration; the impedance is within 5 ohm of prior
calibration. Therefore the verfication results meet the requirement of extended calibration.
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Justification for Extended SAR Dipole Calibrations

, Date of Return Loss o Impedance Delta

Dipale Measurement (dB) Delta () (ohm) (ohm)
Jun 06, 2024 -27.60 50.80

Head -6.88 2.50
1900MHz Jun 01, 2026 -25.70 53.30

MNote: The return loss is <-20dB, within 20% of prior calibration; the impedance is within 5 ohm of prior
calibration. Therefore the verification results meet the requirement of extended calibration.
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Calibration Laboratory of S, Schwelzartseher Kalibrierdicnst
Schmid & Partner a2 Service suisse détalonnage
Engineering AG et Sorvizio svizzero di taraturs
Zoughaussirasse 43, BI04 Zurich, Switzerland %Mﬁuﬁ Swiss Calibration Service
it

Accredited by ina Swiss Accreditation Senvice (SAS)

Accreditation Ne.: 'SCS 0108

The Swiss Accreditalion Service |a ona of the signatorios to the EA
Multilateral Agreement for the recognition of callbration certificates

cient  TUV
Shenzhen

Certificate Mo. D2450V2-1014_Jun24

|CALIBRATION CERTIFICATE

| Oknact

D2450V2 - SN:1014
Calbranon procadurels) oA CAL-05.v12

Calibration Procedure for SAR Validation Sources between 0.7-3 GHz
Caalibration daba: Juna 08, 2024

This calbration carttficate docurmants Fha raceabilly o national slandands, which reallze the physical units of measurements (31
The measursmants and the uncertainties with confidence probabiity are given on the following pages and ana part of the certificate.

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

Cafibrasion Equipmant used (MATE crilical for casbration)

Typa-M mismatch sambanatian

Frimary Siandards D#

Powar meter NAP2 EM: 104778
Fowar sersar NRP-F91 SN 103244
Powar sansor NAP-£91 SN 103245
Reference 20 dB Albanualor S BHEE94 (208}

SNz 310982 | DE3ZT

Cal Dale (Cerificaba ho.)

Schaduled Calibration

26-Mar-24 (Mo, 21 7-0403604037)
26-Mar-24 (Mo 217-04036)
26-Mar-24 (Ne. 21704037}
26-Mar-24 (No. 217-02046)
26-Mar-24 (Mo, 217-04047)

Powar sangar HF 84814

Perwar sansor HP 84814

AF ganarator RAS SMT-06
Maiwark Analyzar Agilent EB35BA

Caallbrated by;

SN: US3TZ8ETRI
SN MY41083315
SN 100972

SM; US4 1080477

Mame
Joanna Uesha|

Svan Kdhn

Certificata Mo: D2450V2-1014_Jun24

Refarenca Probe EXAD4 SM: Ta43 03-Mov-23 (Mo, EX3-7349_MNov2l)
CAE4 SN- BN 22-Aay-24 (Moo DAE4-601_May24)
Secondary Slandands 0 # Chack Dads (in housa)

Povwar meter E44198 S GHINE12475

A-Cct-14 (in house chack Ool-22)
07Ot % (in housa chedk Oet-22)
O7-0ct-15 (in house check Ocl-22)
15-Jun-15 (In house chack Cct-23)
31-Mar-14 (in house check Oct-22)

Function
Labaratery Technician

Technical Manages

This calibratian cenificaba shal not be reprocuced excepl In ful without wiithan appraval of thi laboeaiong:

Mar-25
Mlar-25
Bdar-2%
Blar-25
Mar-25
Maw-24
May-25

Schedled Check

In house check: Oct-24
In house check: Ogt-24
In howse check: Oct-24
In house check: Oct-24
In howsas chiack: Oct-24

ﬁig.'l:ﬂLl'D .
A fl’n.;:j

Si~

lsgwed: Juna 7, 2024

Page 1 ofd
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Calibration Laboratory of 28, g §  Schweizerischer Kalibrierdienst
Schmid & Partner %’é (4 ¥\ o Servics suisse détsionmage
Engineering AG T % o Servizio svizzero di taratura
Zoughausatrassa 43, BO04 Zurlch, Switzeriand % ﬂﬂ\}e ;:'/ Ewiss Calibration Servics
Aocreditad by tha Swiss Accredtaiion Sarvice (SA5) Accreditation No.: SCS 0108

The Swiss Accreditation Service is one of the signalaries to the EA
Multilateral Agreerment for the recegnition of calibration cerlificates

Glossary;

TSL tissue simulafing liguid

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

Calibration is Performed According to the Following Standards:

a) IEC/IEEE 62209-1528, "Measurement Procedure For The Assessment Of Specific
Absorption Rate Of Human Exposure To Radio Freguency Fields From Hand-Held And
Body-Worn Wireless Communication Devices - Part 1528: Human Models, Instrumentation
And Procedures (Frequency Range of 4 MHz to 10 GHz)", October 2020.

b) KDB 8656864, "SAR Measurement Requirements for 100 MHz to 6 GHz"

Additional Documentation:
c) DASY System Handbook

Methods Applied and Interpretation of Parameters:

s 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.

s 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 Retum Loss: These parameters are measured with the dipole
positioned under the liquid filled phantom. The impedance stated is transformed from the
measurement at the SMA connector to the feed peint. The Return Loss ensures low
reflacted power. No uncertainty required.

» Elgctrical Delay: One-way delay between the SMA connector and the antenna feed point.
Mo uncertainty required.

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

Cerificate No: DE450VE-1014_Jun24 Faga2 ol &
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Measurement Conditions

DASY systam configuration, as far s not ghven on page 1.

DASY Yersion DASYs2 VE210.4
Etmpulaﬂm Advanced Exirapotation
Phantom Maodular Flat Phantom
Distance Dipale Center - TSL 10 mm with Spacer
Zoom Scan Resolution dx, dy, dz =5 mm
Frequency 2450 MHz = 1 MHz
Head TSL parameters
Tha following parameters and calculations were applied, =
| Temperature Permiltivity Conductivity
Mominal Head TSL parameters 220°C 39.2 1,80 migm
Measured Head TSL parameters (22002 °C 3B026% 1.88 mho'm £ & %
Head TSL temperature change during test =05°C _.] — |
SAR result with Head TSL
SAR averaged over 1 cm® (1 g) of Head TSL Candition
SAR measured Z50 W input power 13.7 Wikg

| SAR for nominal Head TSL parameters

narmalized to W

53.4 Wikg = 17.0 % (k=2)

SAR averaged over 10 e’ (10 g) of Head TSL

condilion

SAR measured

250 mW input powear

SAR lor nominal Head TSL parameters

£.35 Wikg

nomalized to 1W

25.0 Wikg + 16.5 % (k=2)

Certificale Mo, D2450V2-1014_Jun24

Page3of B
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Appendix (Additional assessments outside the scope of SC5 0108)
Antenna Parameters with Head TSL

Impedance, fransiormed to feed polnt 5410 +0.5 K

Raturn Loss - 28.0 dB

General Antenna Parameters and Design

Electrical Delay (one direction) | 1.147 ns

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

The dipols is made of standard semirgid coaxial cable. The center conductor of the feeding line is diractly connected to the
gacond arm of the dipole. Tha antenna is therefore short-circuited for DC-signals, On some of the dipoles, small end caps
are added 1o the dipole amms in order to improve matching when loaded according to the position as explained in the
*Maasurement Conditions” paragraph. The SAR data are not affected by this change. The overall dipoée length is still
according o the Standard.

Mo excassive forca mist be apphed to the dipole arms, because they might band or the soldered connections near he
feedpaint may be damaged.

Additional EUT Data

Manufactured by SPEAG

Cenrtificate Mo: D2450VE-1014_Jun24 Page 4 of &
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A TUVRheinland®

DASY5 Validation Report for Head TSL

Test Laboratory: SPEAG, Zurich, Switzerland

DUT: Dipole 2450 MHz; Type: D2450V2; Serial: D2450V2 - SN:1014
Communication System: UID 0 - CW; Frequency: 2450 MHz

Date: 06.06.2024

Medium parameters used: f = 2450 MHz; o = 1.88 $/m; & = 38.0; p = 1000 kg/m*

Phantom section: Flat Section

Measurement Standard: DASYS (TEEENEC/ANST Co3.19-2011)

DASY 52 Configuration:

« Probe: EX3DV4 - SN7349; ConvF(7.96, 7.96, 7.96) @ 2450 MHz; Calibrated: 03.11.2023

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

s Electronics: DAE4 Sn601; Calibrated: 22.05,2024

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

« DASYSZ52.10.4(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 Yalue = 117.3 ¥im; Power Dnft = 0,09 dB
Peak SAR (extrapolated) = 27.4 Wikg

SAR(L g) = 13.7 Wkg; SAR(10 g) = 6.35 Wikg

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

Ratio of SAR at M2 to SAR at M1 = 30.4%
Maximum value of SAR (measured) = 22.0 Wikg

0dB =220 W/kg= 1341 dBW/kg

Cartificate Mo: D2450V2-1074_Jun24

Page Sof 6
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A_ TUVRheinland®

Impedance Measurement Plot for Head T5L
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Corificate No: D2450V2-1044_Jund4
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Justification for Extended SAR Dipole Calibrations

_ Date of Retumn Loss Impedance Delta

—E Measurement (dB) s (ohm) johm)
Jun 06, 2024 -28.00 54.10

_ Head ' 168 4.45
2450MHz Jun 09, 2025 -27.53 49 65

Maote: The return loss is <-20dB, within 20% of prior calibration; the impedance is within 5 chm of prior
calibration. Therefore the verfication results meet the reguirement of extended calibration.
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Justification for Extended SAR Dipole Calibrations

, Date of Return Loss . Impedance Delta

Dipole Measurement (dB) Deita () (ohm) (ohm)
Jun 06, 2024 -28.00 54.10

Head 6.79 -1.00
2450MHz Jun 01, 2026 -29.90 53.10

Mote: The return loss is =-20dB, within 20% of prior calibration; the impedance is within 5 ohm of prior
calibration. Therefore the verification results meet the requirement of extended calibration.

Tecd S1d 4B Mag 5 B/ Red -20 0B Cal

Tec) (G0, Sewianhs 200, mikj Rul LU Cal
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Calibration Laboratory of S CrmelN g Schweizerischer Kaiibrierdienst
Schmid & Partner = (f ) g Service suisse détalonnage
Engineering AG 2 3 . Servizio svizzera di taratura
Zoughausstrasse &3, B004 Zurich, Switzerland iﬁﬁ* U S suiss Calibration Service
Acerediled by the Swiss Acored#ation Sendoe (SAS) Asereditation Ne: SCS 0108

The Swiss Accreditation Service is one of the signatories to the EA
Multiipteral Agreement for the recognition of calibration certiflcates

Client  TUVY Certificate No. D2600V2-1153_Jun24
Shenzhen
ICALIBRATION CERTIFICATE |
Oajact D2600V2 - 8N:1153
Calioration procedure(s) QA CAL-05.v12

Calibration Procedure for SAR Validation Sources between 0.7-3 GHz

Calibraion date: June 06, 2024

Thiss calibration camficale documents the recaablity 1o national standamds, which realize the physical units of measurements (51).
The resswrements and the uncariainties with confidance prababilty are given on I folowing pages and are part of the canficass.

Al calibertions hawe bean conducted in the dased laboratory Tacility: envirenmeant lemperabna (22 & 370 and humidity < 70%.

Calpration Equipment used [MATE critical for calibralion)

[_Prim.arp Standards |iD# Cal Date (Certificaba Ma.) _ Scheduled Calinratisn
Power mabar MAFZ | BN 104778 265-ar-24 {Ma. 217-D40GRD4037) Mar-3g
Powar senscr NRP-Z81 She 103344 26-Mar-24 (Mo, 217-04055) . Mar-25
Power sensor MRP-Z81 SN 103245 26-Mar-24 (Mo, 217-080G7) Mar-26

| Anfarence 20 4B Attenusior SM: BHESE (20k) PEdar2d (Mo, 217-080448) Mar-26
Type-h mismabsh combinaticn SN: 310982 /06327 BS-Mardd (No, 217-04047) Mar-25
Aelarence Proba EX3I0VE SN 349 O3-hore-23 (Ma. EXI-7348_Now23) More-24
DaE4 | BN: B 22024 (Mo, DAES-B_Mayad) May-25
Secandary Standards 1D # Chack Daba (in housa) Scheduled Chack = |
Praar mater 441898 SM: GEIGE12475 I-0el-14 (in house chack Oel-22) In house check: Oct-24
Powiar sersar HP BLE1A SM: USE72827TEA O7-0et-15 (in house check Ocl-22) In housa check: Dict-24
Poaar sensar HP B4E1A SM: MY41083315 07-0et-15 (in housa chack Oet-22) I house check: Dt-24
RF ganesaior AAS SMT-06 SM: 100872 15=Jum-1% {in house check Ccl-23) In housa check: D24
Melwork Anaiyzer Aglent EA358A | 5N US41080477 3u=Mar-14 {in hause check Del-22) In housa chacke 024

Mame Function Signature

Callbrated by Joanna Lisshaj Labaratory Technician y

Mppraved by Svan Kiohn Tachnical Manager 45}_,.;

Isgued; Juna T, 2024
This calbralion cerificabe shall nat be reproduced sxcept in full withoul writhen approwal of Bhe @baralony.
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Calibration Laboratory of
Schmid & Partner

Engineering AG
Zeughausstrasse 43, 8004 Zurich, Switzerland

5 Schwedrarischer Kalibrierdienst

c Sarvice sulsse d'étalannage
Servizio svizzero di tarsiura

S Gwiss Calibration Service

Aerrediled by The Swiss Acceeditation Service (SAS) Accreditation o SCS 0108
The Swiss Accredilation Service is one of the signatories fo the EA
Multilsteral Agreement for the recognition of calibration certificates

Glossary:

TSL tissue simulating liquid

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

Calibration is Performed According to the Following Standards:

a) |EC/IEEE 62208-1528, “Measurement Procedure For The Assessment Of Specific
Absorption Rate Of Human Exposure To Radio Frequency Fields From Hand-Held And
Body-Worm 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 Condifions: 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 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 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.

s Electrical Delay: One-way delay between the SMA connector and the antenna feed paint.
Mo uncertainty required.

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

»  SAR normalized: SAR as measured, nomalized to an inpul power of 1 W at the antenna
connector,

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

The rapnrted 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%.

Cartficata Mo: D26000W2-1163_Jun24 Page 2 of 6
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Measurement Conditions

DASY system configuration, as far s nol ohven on page 1.
DASY Version DASYS2 52104
Extrapolation Advanced Extrapolation
Phantom _M:H:luIEII Flat Pheastom
Distance Dipole Center - TSL 10 mim with Spacer
Zoom Scan Resolution dx, dy, dz =5 mm
Frequency T 2E00 MHZ £ 1 MHz
Head TSL parameters
The foliowing parameters and calculations were applied.
Temperature Permittivity Conductivity

Mominal Head TSL parameters 220C 300 1.96 mhio'm
Measured Head TSL paramaters. 220+ 0.2)°C AT4+£8% 2.04 mho/m = & %

?Ild TSL temperature change during test < .60 | s === ]

SAR result with Head TSL

| SAR averaged over 1 cm? (1 g) of Head TSL Condition

| SAR measured 250 mWW input power 14.6 Wikg
SAR for nominal Haad TSL paramelens normalized 1o 1W 5B.B Wikg = 17.0 % (k=2)
SAR averaged over 10 em? (10 g) of Head TSL condition
SAH measured 250 mW Input power 6.45 Wikg
SAR for nominal Head TSL parameters normalized to 1W 25.5 Wikg = 16.5 %6 (k=2)

Certificate Mo: D2600V2-1153_Jun24

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

Impedance, ransformed to feed point 5060 -56j0
Return Loss - 25.0 4B “

General Antenna Parameters and Design

| Elactrical Delay (one direction) | 1.142 ns J

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

The digole |s made of standard semingid coaxial cable, The centar conductor of the feeding line i directly connectad 1o the
socond arm of the dipole. The antenna is therefore shor-circuited for DG-signats. On some of the dipoles, small end caps
are added 1o the dipole amms in order to improve maiching when loaded according 1o the position as explained in the
“Meazurement Conditions™ paragraph, The SAR data are not affectad by this change. The overall dipole length is stil
according to the Standard.

Mo excessive force must be apolled 1o the dipole arms, because they might bend or the soldered connactions near the
feadpoint may be damagped.

Additional EUT Data

| Manuiacturad by SPEAG

Certificate Mo: D2800V21153_Junzd Page 4 of &
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DASY5 Validation Report for Head TSL

Diate: 06062024
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 2600 MHz; Type: D2600V2; Serial: D2600V2 - SN:1153

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

Medium parameters used: f = 2600 MHz; a = 2.04 8/m; & = 37.4; p = 1000 kg/m"
Phantom section: Flat Section

Measurement Standard; DASYS (IEEEIEC/ANS] C63,19-2011)

DASYS2 Configuration:
« Probe: EX3DV4 - SN7349; ConvF(7.84, 7.84, 7.84) @ 2600 MHz; Calibrated: 03.11.2023
s Sensor-Surface: 1.4mm (Mechanical Surface Detection)
+ Electronics: DAE4 Snall; Calibrated: 22.05.2024
« Phantom: Flat Phantom 5.0 (front); Type: QDOOOPS0AA; Serial: 1001
o  DASYS252.10.4(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=5min

Reference Value = 1194 Vim; Power Drift = 0,09 dB

Peak SAR (extrapolated) = 29,1 W/kg

SAR(1 g) = 14.6 Wikg; SAR(ID g) = 6.49 Wikg

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

Ratio of SAR at M2 to SAR at M1 = 50.1%

Maximum valoe of SAR (measured) = 24.0 Wikg

0 dB = 24.0 Wikg = 13.80 dBW/ikg

Cartificate Mo: D2E00W2-1153_Jun24 Page 5 of 6
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Impedance Measurement Plot for Head TSL
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Justification for Exdended SAR Dipale Calibrations

; Date of Retum Loss Impedance Delta

Cipole Nee asurement (dB) Dela (%) (ohm) (ohm)
Jun 05, 2024 25,00 50.60

Head 5.52 1.96
2600MHz Jun 09, 2025 -26.38 52 56

Mode: The reum loss s <-30dB, within 20% of prics calibmtion; the impedance is within 5 ohm of pricr
calibrason. Therefone the venmicason reculis meet he requarsment of extended calibraton
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Justification for Extended SAR. Dipole Calibrations

, Date of Return Loss m Impedance Delta
Dipale Measurement (dB) Dekta (%) (ohm) {ohm}
Head Jun 06, 2024 -25.00 50.60

-0.40 0.90
2600MHz Jun 01, 2026 -24.90 51.50

Mote: The return loss is =-20dB, within 20% of prior calibration; the impedance is within 5 ohm of prior
calibration. Therefore the verification results meet the requirement of extended calibration.
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Calibration Laboratory of

Schmid & Partner
Engineering AG

Zeughausstrasse 43, 8004 Zurich, Switzerland

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

cllent TUV
Shenzhen

CALIBRATION CERTIFICATE

i
=N
"ﬁm‘

Cartificate Mo,

Schweizerischer Kalibrlerdienst
Service suisse d'étalonnage
Sarvizio svizzers di taratura
Swiss Calibration Service

Accreditation No.: SCS 0108

D5GHzV2-1280_ Jun24

Otject

Callbration procadura(s)

Calibration date:

DEGHzV2 - SN:1280

QA CAL-22.NT

Calibration Procadure for SAR Validation Sources between 3-10 GHz

June 08, 2024

Thig calibration certificate documents the raceability ko national standards, which reaize the phyeical units of measuraments {51).
The measurements and the uncertalnties with confidence probability are given on the following pages and are part of the cenificate.

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

Primary Standards

' Power meter NRP2

Power sensor MRP-Z281
Power sensor MRP-201
Referance 20 dB Allenuator
Type-M mismaich combination

Calibration Equipment used (MATE critical for calibration)

| o# Cal Date (Cerfificae Ma.)
Sh: 104778 26-Mar-24 (Mo, 217-04036/04037)
SN: 103244 26-Mar-24 (Mo, 217-04036)
SM: 103245 26-Mar-24 (Mo, 217-04037)

SN BHOSRY (20K)
SN 10982 § DBEZT

Powar sansor HP B4B1A
RF generator R&S SMT-06

Calibrated by:

Approwed bty

Refarance Probe EX30W4 SM: 3500

DAE4 SN 601
Secondary Standards o # .
Power meter E44109B BN GE3EE124TE
Power sensor HP B481A SN US37282783

SN: MY41023315
SM: 100972

Mebwork Analyzer Agllent ES3584 | SN: US41080477

MNams

Joanna Liasha]

Sven Kiihn

26-Mar-24 (Mo, 217-04048)
26-Mar-24 {Mo. 217-04047)
07-Mar-24 {Na. EX3-3503_Mar24)
22-May-24 (Mo, DAE4-601_NMay24)

Check Dale {in house)

30-Cct-14 {in house check Oct-22)
O7-0ct-15 (In house check Oct-22)
07-0ct-15 {in house check Oc-22)
15-Jun-15 {in house check Ocl-22)
31-Mar-14 (in house chack Oct-22)

Function

Laboratory Technician

Technical Manager

Scheduled Calibration

Scheduled Check

In house check! Oct-24
In house check; Ool-24
In house check: Oct-24
In ouse check: Ocl-24
In house check: Ocl=24

ﬁﬂﬁf;gg

DT

Isswad: June &, 2024

This calibration cerfificate shall not be reproduced except in full withaut mnen_appm'al of the Iahumﬁry;

Cartificate No: D8GHzV2-1280_Jun24

Page 1 of 8
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Appendix (Additional assessments outside the scope of SCS 0108)

Antenna Parameters with Head TSL

Impedance, tranaformed to fead point 50.6 6 -56 2
Rieturn Loss = 25.0 dB ‘I

General Antenna Parameters and Design

| Electrical Delay (one direction) | 1.142 ns |

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

The dipole |s made of standard semidgid coaxial cable, The center conductor of the feeding line is directly connected 1o the
socond &rm of the dipole. The antenna is therefore short-circuited for DG-signals. On some of the dipoles, small end caps
ane added 1o the dipole amms in order (o improve matching when loaded according 10 he position as explained in the
“Measurement Conditions” paragraph, The SAR data are not affectad by this change. The overall dipole length is still
according fo the Slandard.

Mo excessive force must be applied to the dipole ams, bacause they might bend or the solderad connaections near the
feedpaint may be damaged,

Additional EUT Data

| Manuiactured by SPEAG

Ceadificate No: D2800V2-1153_Jun2d Page 4 of &
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Calibration Laboratory of S, fﬁ“\\ §  Schwaizarischer Kalibrierdienst
Schmid & Partner % {4 Y| o Service suisse dtalonnage
Engineering AG e { i | Servizio svizzero di taraturs
Zeughausstrasse 43, 8004 Zurich, Switzertand "'-.;"3;‘,:\‘_;“:.:@5‘ N //' S swiss Calibration Service
Callinlaihe? Lol

Accredied by tha Swiss Accreditaton Senvice [SAS) Accreditation No.: SCS 0108
The Swise Accreditation Service is one of the signatories to the EA
Mudtilateral Agreement for the recognition of calibration certificates

Glossary:

TSL tissue simulating liguid

ConvF sensifivity in TSL/ NORM »,y.z
N/A not applicable or not measured

Calibration is Performed According to the Following Standards:

a) IEC/IEEE 62209-1528, "Measurement Procedure For The Assessment Of Specific
Absorption Rate Of Human Exposure To Radio Frequency Fields From Hand-Held And
Body-Worn Wireless Communication Devicas - Part 1528: Human Models, Instrumentation
And Proceduras (Frequency Range of 4 MHz to 10 GHz)", October 2020.

b) KDB B65664, "SAR Measurement Requirements for 100 MHz o 6 GHz"

Additional Documentation:
c) DASY System Handbook

Methods Applied and Interpretation of Parameters:

s Measurement Conditiona: Further detalls are available from the Validation Report at the end
of the cedificate. All figures stated in the certificate are valid at the frequency indicated.

s 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 Poinf 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 poini. The Return Loss ensures low
reflected power. No uncertainty required.

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

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

s 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 ur;[:er_taﬁty of measurement
multiplied by the coverage factor k=2, which for a normal distribution corresponds to a coverage
probability of approximately 95%.

Cerificate Mo: DEGHzVZ-1280_Jun24 Page 2of 8
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Measurement Conditions
DASY system conflguration, as far as not given on page 1.

"DASY Version DASYS2 vs2.10.4
Extrapolation Advanced Extrapolation
Phantom Modular Flat Phantom V5.0
Distance Dipole Center - TSL 10 mm with Spacer
_zmm Scan Resolution dx, dy = 4.0 mm, dz =1.4mm Graded Ratio = 1.4 {Z direction)
5250 MHz £ 1 MHz
Frequency 5600 MHz £ 1 MHz
N 1 5800 MHz £ 1 MHz ]

Head TSL parameters at 5250 MHz

The following parameters and calculations were applied,

Temperature i Permittivity Conductivity
Nominal Head TSL parameters 220°C 359 4.71 mhoim
Measured Head TSL parameters (22.0:0.2)°C 38.0+6 % 4,57 mho/m £ 6 %
| Head TSL temperature change during test =06°C ——-e —_—
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 7.93 Wikg
SAR for nominal Head TSL parameters normalized to TW T79.3 Wikg £ 19.9 % (k=2)
SAR averaged over 10 cm® (10 g)of Head TSL | condition 1
SAR measured 100 mW Input power 2.27 Wikg
SAR for nominal Head TSL parameters normalized to 1W 22,7 Wikg £ 19.5 % (k=2)
Head TSL parameters at 5600 MHz
The following parameters and calculalions were applied. ) -
Temperature Permittivity | Conductivity
MNominal Head TSL parameters | 220°C 355 I 5.07 mho/m
Measured Head TSL parameters (22.0+02)°C | 353t6% 4,94 mho/m + 6 %
Head TSL temperature change during test =05"C L — ——
SAR result with Head TSL at 5600 MHz
| SAR averaged over 1 em® (1 g) of Head TSL I Condition
SAR measured 100 mW input power 8.35 Wika
[ SAR for nominal Head TSL parameters normalized to 1W 83.3 Wikg £ 19.9 % (k=2)
SAR averaged over 10 em? (10 g) of Head TSL condition
SAR measurad 100 mW input power 2.38 Wikg
SAR for nominal Head TSL paramaters normalized o W 23.7 Wikg £19.5 % (k=2)

Certificate No: DSGHzVZ-1280_Juni4 Page 3 of &
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Head TSL parameters at 5800 MHz

Tﬂ& following parameters and calculations were applied.

Temperature Permittivity Conductivity
Mominal Head TSL parameters 220°C 3653 5.27 mho/m
Measured Head TSL parameters (220+0.2)°C 351+t6% 5.15mho/m+6% |
Head TSL temperature change during test <0.5°C — —_ |
SAR result with Head TSL at 5800 MHz
| SAR averaged aver 1 cm® (1 g) of Head TSL Condition
SAR measured 100 mW input power B.08 Wikg |
SAR for nomingal Head TSL parametars normalized to 1W 80.7 Wikg £ 19.9 % (k=2) ]
| SAR averaged over 10 cm? (10 g) of Head TSL condition
SAR measured 100 mW input power 229 Wikg
SAR for nominal Head TSL parameters normalized to 1W 22.8 Wikg 198.5 % (k=2)

Cartificata No: D5GHzV2-1280_Juni24 Page 4 of &
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Appendix (Additional assessments outside the scope of SCS 0108)
Antenna Parameters with Head TSL at 5250 MHz

Impedance, ransformed to feed point 4520 -27 02
Return Loss -29.5dB

Antenna Parameters with Head TSL at 5600 MHz

Impedance, transformed to feed point S506L+15]0
Retum Loss a -35.7 dB

Antenna Parameters with Head TSL at 5800 MHz

Impedance, transformed to feed point . 5320+ 4.50 !
Retum Loss - 25.5dB |

General Antenna Parameters and Design

Electrical Delay (one direction) 1.188 ns

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

The dipobe is made of slandard 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 whan 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 stili
aceording to the Standard,

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

Additional EUT Data

Manufacturad by SPEAG T

Cerlificate Mo: DBGEHzV2-1280_Jun2d Page 5of 8
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DASYS Validation Report for Head TSL
Date: 06.06.2024
Test Laboratory: SPEAG, Zurich, Switzerland

DUT: Dipole D5GHzV2; Type: DSGHzV2; Serial: DSGHzV2 - SN:1280

Communication System: UID 0 - CW; Frequeney: 5250 MHz, Frequency: 5600 MHz, Frequency: 5800
MHz

Medium parameters used: £ = 5250 MHz; a = 4.57 S/m; &= 36; p = 1000 kg/m®

Medium parameters used: f = 5600 MHz; o = 4.94 S/m; &= 35.3; p= 1000 kg/m’ ,

Medium parameters used: £= 5800 MHz; o= 5.15 S/m; &= 35.1; p= 1000 kgim®

Phantom section: Flat Seclion

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

DASY 52 Configuration:

« Probe: EX3DV4 - SN3503; ConvF(5.39, 5.39, 5.39) @ 5250 MHz, ConvF(5, 5, 5) @ 5600 MHz,
ConvF(4.86, 4.86, 4.86) (@ 5800 MHz; Calibrated: 07.03.2024

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

+ FElectronics: DAE4 Sn601; Calibrated: 22.05,2024

+ Phantom: Flat Phantom 5.0 {front); Type: QDOOOPS0AA; Serial: 1001
«  DASYS2 52.10.4{1535); SEMCAD X [4.6.14(7301)

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 = 76.44 Vi/m; Power Drift = 0.05 dB

Peak SAR (extrapolated) = 26.9 Wikg

SAR(1 g) = 7.93 Wikg; SAR(10 g) = 2.27 Wikg

Smallest distance from peaks to all points 3 dB below = 6,9 mm

Ratio of SAR at M2 to SAR at M1 = 70.5%

Maximum value of SAR (measured) = 17.6 Wikg

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

Reference Value = 76.25 Vim; Power Drift = 0,07 dB

Peak SAR (extrapolated) = 30.8 Wikg

SAR(1 g) = 8.35 W/kg; SAR(10 g) = 2.38 Wikg

Smallest distance from peaks to all points 3 dB below = 7.2 mim

Ratio of SAR at M2 to SAR at M1 = 67.7%

Maximum value of SAR (measured) = 19.1 Wikg

Certificate Mo: DSGHzV2-1280_Jun24 Page Gof 8
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Dipole Calibration for Head Tissue/Pin=100mW, dist=10mm, =5800 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube (: Measurement grid: dx=4mm, dy=4mm, dz=1.4mm

Relerence Value = 74.03 V/m; Power Drifi = 0.06 dB

Peak SAR (extrapolated) = 31.7 W/kg

SAR(1 g) = 8.09 W/kg; SAR(10 g) = 2.29 Wikg

Smallest distance from pezaks to all points 3 dB below = 7.2 mm

Ratio of SAR at M2 to SAR at M1 = 05.8%

Maximum value of SAR (measured) = 18.9 Wikg

0dB =191 W/kg = 1281 dBW/kg

Cerificate Mo: D5GHzV2-1280_Jun24 Page 7 of 8




