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APPENDIX C CALIBRATION CERTIFICATES

o, S ischer Kalibrierdi
Callbfatlon Laboratory of S e pvs
Schmid & Partner m‘* ”A'-. C  Servizio svizzero di taratura
Engineering AG T S Swiss Calibration Service
Zoughaussirasse 43, 8004 Zurich, Switzerland Ky
Accrodited by the Swiss Accreditation Service (SAS) Accreditation No.: SCS 0108
The Swiss Accredilation Service is one of the signatories to the EA
Multilateral Agr for the recognition of calibration certificates
Client BACL Certificate No. EX-7329_Mar24
Shenzhen
| CALIBRATION CERTIFICATE ]
[ Object EX3DV4 - SN:7329
|
| |
| Caliration procedure(s) QA CAL-01.v10, QA CAL-12.v10, QA CAL-14.v7, QA CAL-23.v6,
| QA CAL-25.v8
Calibration procedure for dosimetric E-field probes

Calibration date March 27, 2024

This calibration cerlificate documents the traceability to nationa standards, which realize the physical units of measurements (SI).

The measuremants and the uncertainties with confidence probebilty are given on the following pages and are part of the certificate.

All calibrations have been conducted In the closed laboratory fasilty: environment lemperature (22 +3) C and humidity < 70%.

Calibration Equipment used (MATE critical for calibration)

_Primary Standards b | Gii Dato {Certificate No.) Schaduled Calibration
Power meter NRP2 SN: 104778 30-Mar-23 (No. 217-03804/03805) | Mar-24 -
Power sensor NRP-Z91 SN: 103244 3¢-Mar-23 (No. 217-03804) Mar-24 ]

" OCP DAK-3.5 (weighted) SN: 1249 0i-Oct-23 (OCP-DAK3 5:1249_0ct23) Oct-24
OCPDAK-12_ SN: 1016 03-Oct-23 (OCP-DAK12-1016_Oci23) Oct-24
Reference 20 dB Anenuator | SN: CC2552 (20x) 34-War-23 (No. 217-03809) Mar2d =
DAE4 SN: 660 21-Feb-24 (No. DAE4-660_Feb24) Feb-25
Aelerence Probe EX30OV4 | SN: 7349 03-Nov-23 (No. EX3-7349_Nov23) Nov-24
Secondary Standards D Chack Date (in house) Scheduled Chick
Power meter E44198 SN: GB41293874 06-Apr-16 (in house chock Jun-22) in house chedk: Jun-24
Powor sensor E4412A | SN: MY41498087 | O6-Apr-18 (in house check Jun-22) In house check: Jun-24
Power sensor E4412A SN: 000110210 06-Apr-16 (in house chack Jun-22) In house check: Jun-24
AF generalor HP 8648C SN: US3642U01700 0=-Aug-99 (in house check Jun-22) In house chack: Jun-24
Network Analyzer EB358A | GN: US41080477 3 -Mas-14 (in house check Oct-22) in house check: Oct-24 |
Name Function Signature
Caibrated by Joanna Lieshaj Laboratory Technician ﬂy{(j‘“{
Approvad by Sven Kihn Tochnical Manager e A
) . é ’ \
Issued: March 27, 2024
This calibration cenificate shall not be reproduced except in full sithout written approval of the laboratory.
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S  Schweizerischer Kalibrierdienst
g:‘lbl"albn Laboratory of o Sorvice suisse détalonnage
mid & Partner Servizlo svizzero dl laratura
Engineering AG S Swiss Calibration Servico
Zeughausstrasse 43, B0O4 Zurich, Swilzerland
Accredited by the Swiss Accreditation Service (SAS) Accreditation No.: SCS 0108

The Swiss Accreditalion Service Is one of the signatories o the EA
Multilateral Agreement for the recognition of calibration certificates

Glossary

TSL tissue simulating liquid

NORMx.y,z sensilivily 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 ¢ ¢ rotation around probe axis

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

Connector Angle  information used in DASY system to align probe sensor X lo the robol coordinale syslem

Calibration is Performed According to the Following Standards:

a) IEC/NEEE 62209-1528, "Measurement Procedure For The Assessment Of Specific Absorption Rate Of Human Exposure
To Radio Frequency Fields From Hand-Held And Body-Woen 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:

* NORMx.y.z: Assessed for E-fleld polarization =0 (f < 900MHz in TEM-ced; f > 1800MHz: R22 waveguide). NORMx.y,z

are only intermediale values, |.e., the uncertainties of NORMx.y.z does not affect the E2-field uncertainty inside TSL (see

below ConvF).

NORM(f)x,y.z « NORMx,y,z * frequency,_response (see Frequency Response Chart). This inearization is implemented in

DASY4 software versions later than 4.2. The uncertainty of the frequency response is included in the stated uncerlainty of

ConvF.

DCPx,y.z: DCP are numerical linearization parameters assessed based on the data of power sweep with CW signal. DCP

does not depend on frequency nor media.

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

Ax,y.z; Bx.y.z; Cx.y.z; Dx,yz; VAXy2: A, B, C, D are numerical linearizalion paramelers assessed based on the data of

power sweep for specific modulation signal. The parameters do not depend on frequency nor media. VA Is the maximum

calibration range expressed in RMS voltage across the diode.

« ConvF and Boundary Effect Parameters: Assessed in flat phantom using E-field (or Temperalure Transfer Standard for
1 < B00MHz) and inside waveguide using analytical field distributions based on power measurements for / > B00MHz. The
same setups are used for assessment of the paramelers applied for boundary compensation (alpha, depth) of which typical
uncertainty values are given. These paramelers are used in DASY4 software to improve probe accuracy close to the
boundary. The sensitivity in TSL corresponds to NOAMx,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 valdity from
+50 MHz to 4100 MHz.

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

+ Sensor Offset: The sensor offsel corresponds to the offset of virtual measurement center from the probe tip (on probe axis).
No lolerance required.

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

Certificate No: EX-7329_Mar24 Page 20l 9




China Certification ICT Co., Ltd (Dongguan)

Report No.:2403U82009-20

EX3DV4 - SN:7320 March 27, 2024
Parameters of Probe: EX3DV4 - SN:7329
Basic Calibration Parameters
- il Sensor X Sensor Y [ " Sonsorz Unc lk_ =2)
‘Norm (uV/(Vim)?) A 051 0.41 } 0.62 +10.1%
DCP (mv) B ) 99.8 102.9 1065 +4.7%
Calibration Results for Modulation Response
UID | Communication System Name A B c D | VR | Max | Max |
d8 | dB /v dB8 | mV | dev. | Unct
k=2
o | oW ' [X| 000 000 1.00 | 0.00 | 1414 | £1.4% | =4.7%
Y| 0.00 000 | 1.00 [ 13_9_.'{'
| [Z] 000 000 | 100|  [1360

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

A The uncertainties of Norm X.Y.Z do not affect the EZ-tield uncertainty ingide TSL (see Page 5)
B |incarization parameter unce rlainty lor maximum specifiad field sirangth.

E Uncariainty is determined using the max. deviation rom Finear response applying reclangular distribution and is expressed Yor e squane of the leid value.
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EX3DV4 - SN:7329

Parameters of Probe: EX3DV4 - SN:7329

Other Probe Parameters

Report No.:2403U82009-20

March 27, 2024

Sensor Arrangement Triangular |
Conneclor Angle -20.0°
Mechanical Surface Detection Mode enabled ‘
Optical Surface Detection Mode disabled
Probe Overall Length - 337mm
Probe Body Diameter 10mm
Tip Length 9mm
Tip Diameter - o 2.5mm

| Probe Tip to Sensor X Calibration Point - 1mm

[Probe Tip to Sensor ¥ Calbration Port mn

[ Probe Tip to Sensor Z Calibration Point 1mm

t Rocommund_ot_! Mgasuro_munl Distance from Surface 1.dmm |

Note: Measurement distance from surface can be increased fo 3-4 mm for an Area Scan job
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EX3DV4 - SN:7329 March 27, 2024

Parameters of Probe: EX3DV4 - SN:7329
Calibration Parameter Determined in Head Tissue Simulating Media

" tHz® | Relative | Conductivity® | ConvF X | ConvF Y | ConvFz | Alpha® | Depth® | unc

\ Permittivity” (8/m) (mm) | (k=2)
750 41.9 7 0.89 8.79 10.07 9.05 0.38 127 | +£11.0%
900 #s 0.97 842 9.50 893 | 037 | 127 | +11.0%
1750 40.1 197 | 756 856 7.71 0.27 127 | £11.0%
1900 40.0 1.40 747 832 754 | 029 127 | +11.0%
2300 39.5 1.67 7.21 8.13 741 0.30 1.27 +11.0% .
2450 92 | 1.80 7.05 792 722 | o029 | 127 | +11.0%

" 2600 0 | 19 6.91 777 7.08 0.29 127 | s+11.0%
5250 359 4. 4‘.95 b 561 | 5.16 0.38 153 1:13.?

| 5600 355 507 | 438 498 | 456 | 035 174 | £13.1%
5750 354 522 454 5.16 470 | 035 1.83 £13.1%

€ Frequency validity sbove 300 Mz of 3 100 MHz only applies for DASY wi.4 and higher (see Page 2), else il & restricted 1o £50MHz. The uncenanty s the
RSS ol the Convl uncertainty at calbeation frequancy and tha uncartainty for e Indicated frequency band. Fraquoncy validity below 300 MMz is £10, 25,
40, 50 and 70 MHz for Cornf assessments at 30, 64, 128, 150 and 220 MHz respeciively. Valdily of ConvF assessed al 6 MMz is 4-9 MH2, and ConvF
assossod at 13MHz is 8-19 MHz. Above 5 GHz frequency validity can be extended to £110MHL
’Mpmunmmmlmmmwnmmmu- and o by less than +5% from thae large! valuas (typically better than +3%)
and are vald for TSL with deviations of up to £10% if SAR correction is applied.

G alphaDepth are determined during calibration. SPEAG that the g o due to the boundary ellect alier compensation is always less
than £1% for frequencies below 3 GHz and below £2% lor frequencies batwoen 3-8 GHz at any datanca larger than half the probe #p dameter from the
boundary.
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EX30DV4 - SN:7329 March 27, 2024

Frequency Response of E-Field
(TEM-Cell:ifi110 EXX, Waveguide:R22)
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Uncertainty of Frequency Response of E-field: +6.3% (k=2)
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EX30DV4 - SN:7329 March 27, 2024

Receiving Pattern (), 4 =0°
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Uncerlainty of Axial Isolropy Assessment: 20.5% (k=2)

Certificate No: EX-7329_Mar24 Page 7 of 9




Certificate No: EX-7329_Mar24

China Certification ICT Co., Ltd (Dongguan)

EX3DV4 - SN:7329

Dynamic Range f(SARpgad)
(TEM coll, {4y = 1900MHz)
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Uncertainty of Linearity Assessmenl: +0.6% (k=2)
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EX3DV4 - SN:7329 March 27, 2024

Conversion Factor Assessment

1=1900 MHz, WGLS A22 (H_convF)

SAR [(Wikg)W]
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Deviation from Isotropy in Liquid

Error (¢,6), f = 900 MHz
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Uncertainty of Spherical Isotropy Assessment: £2.6% (k=2)
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DIPOLE CALIBRATION CERTIFICATES

Report No.:2403U82009-20

Calibration Laboratory of
Schmid & Partner

Engineering AG
Zeughausstrasse 43, 8004 Zurich, Swilzerland

Accrediled by the Swiss Accreditation Service (SAS)

e,
SN 7

g =~
CCAED,
»¥ N

wow

The Swiss Accreditation Service is one of the signatories to the EA

Multilateral Agr for the recog
Client BACL
Sunnyvale, USA

ition of calibration certificates

Certificate No.

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

Accreditation No.: SCS 0108

D2450V2-1102_Mar23

CALIBRATION CERTIFICATE

Object

Calibration procedure(s)

Calibration date;

Calibration Equipment used (M&TE critical for calibration)

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

March 27, 2023

D2450V2 - SN:1102

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

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

SN: 100972
SN: US41080477

RF generator R&S SMT-06
Network Analyzer Agilent E8358A

Name
Calibrated by: Jeton Kastrati
Approved by: Sven Kihn

Primary Standards ID# Cal Date (Certificate No.) Scheduled Calibration
Power meter NRP SN: 104778 04-Apr-22 (No. 217-03525/03524) Apr-23

Power sensor NRP-Z91 SN: 103244 04-Apr-22 (No. 217-03524) Apr-23

Power sensor NRP-Z91 SN: 103245 04-Apr-22 (No. 217-03525) Apr-23

Reference 20 dB Attenuator SN: BH8394 (20k) 04-Apr-22 (No. 217-03527) Apr-23

Type-N mismalch combination SN: 310982 / 06327 04-Apr-22 (No. 217-03528) Apr-23

Reference Probe EX3DV4 SN: 7349 10-Jan-23 (No. EX3-7349_Jan23) Jan-24

DAE4 SN: 601 19-Dec-22 (No. DAE4-601_Dec22) Dec-23

Secondary Standards ID# Check Date (in house) Scheduled Check
Power meter E44198 SN: GB39512475 30-0ct-14 (in house check Oct-22) In house check: Oct-24
Power sensor HP 8481A SN: US37292783 07-Oct-15 (in house check Oct-22) In house check: Oct-24
Power sensor HP 8481A SN: MY41093315 07-Oct-15 (in house check Oct-22) In house check: Oct-24

15-Jun-15 (in house check Oct-22)
31-Mar-14 (in house check Oct-22)

Function
Laboratory Technician

Technical Manager

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

In house check: Oct-24
In house check: Oct-24

Signature

Y7
e

Issued: March 27, 2023

Certificate No: D2450V2-1102_Mar23
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2 ; R
Calibration Laboratory of N,:Q“L/\:/-f/"’/.} S Schweizerischer Kalibrierdienst
Schmid & Partner iﬁ‘é—-—/m c Service suisse d'étalonnage
Engineering AG D Servizio svizzero di taratura
Zeughausstrasse 43, 8004 Zurich, Switzerland “ //,:\\\__\-} S swiss Calibration Service
(M M
Accrediled by the Swiss Accredilation 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) IEC/IEEE 62209-1528, “Measurement Procedure For The Assessment Of Specific
Absorption Rate Of Human Exposure To Radio Frequency Fields From Hand-Held And
Body-Worn Wireless Communication Devices - Part 1528: Human Models, Instrumentation
And Procedures (Frequency Range of 4 MHz to 10 GHz)", October 2020.

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

Additional Documentation:
c) DASY System Handbook

Methods Applied and Interpretation of Parameters:

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.

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%.
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China Certification ICT Co., Ltd (Dongguan)

Measurement Conditions

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

Report No.:2403U82009-20

DASY Version DASY52 V52.10.4
Extrapolation Advanced Extrapolation
Phantom Modular Flat Phantom
Distance Dipole Center - TSL 10 mm with Spacer
Zoom Scan Resolution dx, dy, dz =5mm
Frequency 2450 MHz + 1 MHz
Head TSL parameters
The following parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Head TSL parameters 220°C 39.2 1.80 mho/m
Measured Head TSL parameters (220+0.2)°C 380+6% 1.81 mho/m £ 6 %
Head TSL temperature change during test <0.5°C ) ey
SAR result with Head TSL
SAR averaged over 1 cm® (1 g) of Head TSL Condition

SAR measured

250 mW input power

12.9 Wikg

SAR for nominal Head TSL parameters

normalized to 1W

50.9 Wikg £ 17.0 % (k=2)

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

condition

SAR measured

250 mW input power

6.07 Wikg

SAR for nominal Head TSL parameters

normalized to 1W

24.1 Wikg + 16.5 % (k=2)

Certificate No: D2450V2-1102_Mar23
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Appendix (Additional assessments outside the scope of SCS 0108)

Antenna Parameters with Head TSL

Impedance, transformed to feed point 5390+ 48jQ
Return Loss -24.6 dB

General Antenna Parameters and Design

Electrical Delay (one direction) | 1.165 ns

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

The dipole is made of standard semirigid coaxial cable. The center conductor of the feeding line is directly connected to the
second arm of the dipole. The antenna is therefore short-circuited for DC-signals. On some of the dipoles, small end caps
are added to the dipole arms in order to improve matching when loaded according lo 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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DASYS5 Validation Report for Head TSL
Date: 27.03.2023

Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 2450 MHz; Type: D2450V2; Serial: D2450V2 - SN:1102

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

Medium parameters used: {= 2450 MHz; ¢ = 1.81 S/m; & = 38; p = 1000 kg/m?
Phantom section: Flat Section

Measurement Standard: DASYS5 (IEEE/IEC/ANSI C63.19-2011)

DASYS52 Configuration:
» Probe: EX3DV4 - SN7349; ConvF(7.88, 7.88, 7.88) (@ 2450 MHz; Calibrated: 10.01.2023
o Sensor-Surface: 1.4mm (Mechanical Surface Detection)
+ Electronics: DAE4 Sn601; Calibrated: 19.12.2022
e 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 = 115.0 V/m; Power Drift = -0.01 dB

Peak SAR (extrapolated) = 24.7 W/kg

SAR(1 g) = 12.9 W/kg; SAR(10 g) = 6.07 W/kg

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

Ratio of SAR at M2 to SAR at M1 = 51.9%

Maximum value of SAR (measured) = 20.7 W/kg

0dB =20.7 W/kg = 13.16 dBW/kg
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Impedance Measurement Plot for Head TSL
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D2450V2 - SN:1102 Extended Dipole Calibrations

Report No.:2403U82009-20

DUT Code: | ADK Cal Date: 2024326
Description | Artenme - Dipole Terpenanze: BeT
Model | DM50V2 Hurmdny 51%
Manufacrorer | SPEAG Pressure 1019kPa
Cenificate No- | D2450V2-1102_Mar23 Tester Karl Gong l rarl 4-5
TEST SPECIFICATIONS
Specification: | WP 438 SAR Dipols Verification Version' 2020-Rev0
TEST PARAMETERS
Device ReceivedInTolepnce: | Yes | Calibraed FrequencyRange: | NA Next Cal Due Date: 2024326
Equipment Used to perform Measure
Dem Network Analyzer Idertifier | NAM | Model [ 8758 LastCak | 20231017 | CalDue: | 20241016
Tem |  Calibration Verification - Kit Ideotifir | NAM | Model | 8503F | LamCah| NCR [CalDwe:| NCR
Tem: Terminator Identifier | NANA | Model | 8503210003 | LasCal | 2023420 | CalDue: | 2024428
Trem: Identifier: Model: Last Cal: Cal Due:
Tremx Identifier: Nodel: Last Cal: Cal Due:
COMMENTS, OPINIONS and INTERPRETATIONS
Noce
Measuremen: Uncertainry
Probahilzty Inpedace (dB) | IsersonLoss (4B | Value(dB) | Valwe(+-%)
Distribution
Expandad uncerninty U (level of .
confidebee = 03%) — b
RESULTS
Pass

This measurement was a calibranor verificanon (Instnament parameters are within tolerances )
Measurements are traceable to the intermational System of Unsts (SI) wa NIST

CALIBRATION DATA ATTACHED

1/2
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Per FCC KDB 865664 D01, cahbration mtervals of up to 3 vears may be considered for reference
dipoles when it 15 demonstrated that the SAR target, impedance and return loss of a dipole have
remained stable according to the followmg requurements.

1. The measured SAR does not deviate more than 10% from the target on the calibration

cemficate.

The return-loss does not deviate more than 20% from the previous measwement and meets the

requred 20 dB munimum refum-loss requirement.

3. The measurement of real or imaginary parts of impedance does not deviate more than 5Q from
the previous measwrement.

[ =)

The following dipole was checked to pass the above 3 requurements to have 3-year calibration period

from cahbration date.
Return Loss Real Imaginary
Measured Value (dB) |  -27581 Measured Value () | 54335 0453
Target Value (dB) | 24556 Target Value (Q) | 53856 4795
D2450V2 Devation (%) | 12319 Devation (Q) 0.479 438
- SN:1102 Limsit (%) 20 Limit () 5 5
Lt (< dB) 20 Results Pass Pass
Results Pass

T2 S22 Loy wag 15, 000K ket 6,000 (m3)
.50
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Client BACL Certificate No: J23Z60368
CALIBRATION CERTIFICATE
Object D5GHzV2 - SN: 1245

Calibration Procedure(s) FF-211-003-01

Calibration Procedures for dipole validation kits

Calibration date: August 23, 2023

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 ID# Cal Date (Calibrated by, Certificate No.) Scheduled Calibration
Power Meter NRP2 106277 22-Sep-22 (CTTL, No.J22X09561) Sep-23
Power sensor NRP8S 104291 22-Sep-22 (CTTL, No.J22X09561) Sep-23
Reference Probe EX3DV4 | SN 3617 31-Mar-23(CTTL-SPEAG,N0.223-60161) Mar-24
DAE4 SN 1556 11-Jan-23(CTTL-SPEAG,N0.223-60034) Jan-24
Secondary Standards ID # Cal Date (Calibrated by, Certificate No.) Scheduled Calibration
Signal Generator E4438C | MY49071430 05-Jan-23 (CTTL, No. J23X00107) Jan-24
NetworkAnalyzer ES071C | MY46110673 10-Jan-23 (CTTL, No. J23X00104) Jan-24

Name Function Sign}ture

Calibrated by: Zhao Jing SAR Test Engineer g Z |

Reviewed by: Lin Hao SAR Test Engineer ’”‘:ﬁti%;
Approved by: Qi Dianyuan SAR Project Leader &?7——5\/

Issued: August 30, 2023
This calibration certificate shall not be reproduced except in full without written approval of the laboratory.

Certificate No: J23Z60368 Page 1 of 8
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Glossary:
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) 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-mounted
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) 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 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 pomt 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 No: 123Z60368 Page 2 of 8
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Measurement Conditions
DASY system configuration, as far as not given on page 1.

DASY Version DASY52 52.10.4

Extrapolation Advanced Extrapolation

Phantom Triple Flat Phantom 5.1C

Distance Dipole Center - TSL 10 mm with Spacer

Zoom Scan Resolution dx, dy =4 mm, dz=1.4 mm Graded Ratio = 1.4 (Z direction)
5250 MHz + 1 MHz

Frequency 5600 MHz + 1 MHz

5750 MHz + 1 MHz

Head TSL parameters at 5250MHz

The following parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Head TSL parameters 22.0°C 359 4.71 mho/m
Measured Head TSL parameters (22.0+0.2)°C 3521+6% 4.63 mho/m £ 6 %
Head TSL temperature change during test <1.0°C e -

SAR result with Head TSL at 5250MHz

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

SAR measured 100 mW input power 7.84 W/kg

SAR for nominal Head TSL parameters normalized to 1W 78.0 Wikg *+ 24.4 % (k=2)
Condition

SAR averaged over 10 e’ (10 g) of Head TSL
SAR measured 100 mW input power 2.22 Wikg

normalized to 1W 22.1 Wikg * 24.2 % (k=2)

SAR for nominal Head TSL parameters

Certificate No: J23Z60368 Page 3 of &
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Head TSL parameters at 5600MHz

http://www.caic.ac.cn

The following parameters and calculations were applied.

Temperature Permittivity Conductivity
Nominal Head TSL parameters 220°C 355 5.07 mho/m
Measured Head TSL parameters (22.0+0.2)°C 34.6+6% 5.00 mho/m + 6 %
Head TSL temperature change during test <1.0°C —— -
SAR result with Head TSL at 5600MHz
Condition

SAR averaged over 1 cm’ (1 g) of Head TSL

SAR measured

100 mW input power

8.15 W/kg

SAR for nominal Head TSL parameters

normalized to 1W

81.0 Wikg * 24.4 % (k=2)

SAR averaged over 10 cm’ (10 g) of Head TSL Condition

SAR measured 100 mW input power 2.30 Wikg

SAR for nominal Head TSL parameters normalized to 1W 22.8 Wikg £ 24.2 % (k=2)
Head TSL parameters at 5750MHz

The following parameters and calculations were applied.
Temperature Permittivity Conductivity

Nominal Head TSL parameters 22.0°C 35.4 5.22 mho/m

Measured Head TSL parameters (22.0+0.2)°C 34.4+6% 5.16 mho/m + 6 %

Head TSL temperature change during test <1.0°C - -
SAR result with Head TSL at 5750MHz

SAR averaged over1 cm’ (1 g) of Head TSL Condition

SAR measured

100 mW input power

7.83 Wikg

SAR for nominal Head TSL parameters

normalized to 1W

77.8 Wikg  24.4 % (k=2)

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

Condition

SAR measured

100 mW input power

2.19 Wikg

SAR for nominal Head TSL parameters

normalized to 1W

21.7 Wikg & 24.2 % (k=2)

Certificate No: 123260368
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Appendix (Additional assessments outside the scope of CNAS L0570)

Antenna Parameters with Head TSL at 5250MHz

Impedance, transformed to feed point 47.0Q- 2.60jQ

Return Loss - 27.8dB

Antenna Parameters with Head TSL at 5600MHz

Impedance, transformed to feed point 49.8Q+ 3.05jQ

Return Loss - 30.3dB

Antenna Parameters with Head TSL at 5750MHz

Impedance, transformed to feed point 51.90+ 0.96jQ

Return Loss - 33.5dB

General Antenna Parameters and Design

Electrical Delay (one direction) 1.101 ns

After long term use with 100W radiated power, only a slight warming of the dipole near the feed-point 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 feed-point may be damaged.

Additional EUT Data

Manufactured by SPEAG

Certificate No: J23Z60368 Page 5 of 8
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DASYS5 Validation Report for Head TSL Date: 2023-08-23

Test Laboratory: CTTL, Beijing, China

DUT: Dipole 5GHz; Type: D5GHzV2; Serial: D5GHzV2 - SN: 1245
Communication System: CW; Frequency: 5250 MHz, Frequency: 5600 MHz,
Frequency: 5750 MHz
Medium parameters used: f = 5250 MHz; o = 4.627 S/m; & = 35.17; p = 1000 kg/m?
Medium parameters used: f = 5600 MHz; o = 5 S/m; & = 34.58; p = 1000 kg/m?
Medium parameters used: f = 5750 MHz; o = 5.162 S/m; & = 34.36; p = 1000 kg/m?
Phantom section: Right Section
Measurement Standard: DASY5 (IEEE/IEC/ANSI C63.19-2007)

DASY5 Configuration:

o Probe: EX3DV4 - SN3617; ConvF(5.5, 5.5, 5.5) @ 5250 MHz; ConvF(5.01,
5.01, 5.01) @ 5600 MHz; ConvF(5.15, 5.15, 5.15) @ 5750 MHz; Calibrated:
2023-03-31

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

« Electronics: DAE4 Sn1556; Calibrated: 2023-01-11

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

« DASY52 52.10.4(1535); SEMCAD X 14.6.14(7501)

Dipole Calibration /Pin=100mW, d=10mm, f=5250 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Measurement grid: dx=4mm, dy=4mm, dz=1.4mm
Reference Value = 61.63 V/m; Power Drift = -0.08 dB

Peak SAR (extrapolated) = 31.2 W/kg

SAR(1 g) = 7.84 W/kg; SAR(10 g) = 2.22 W/kg

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

Ratio of SAR at M2 to SAR at M1 = 65.4%

Maximum value of SAR (measured) = 18.5 W/kg

Dipole Calibration /Pin=100mW, d=10mm, f=5600 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Measurement grid: dx=4mm, dy=4mm, dz=1.4mm
Reference Value = 61.43 V/m; Power Drift = -0.07 dB

Peak SAR (extrapolated) = 35.6 W/kg

SAR(1 g) = 8.15 W/kg; SAR(10 g) = 2.3 W/kg

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

Ratio of SAR at M2 to SAR at M1 = 62.4%

Maximum value of SAR (measured) = 19.7 W/kg

Certificate No: J23Z60368 Page 6 of 8
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Dipole Calibration /Pin=100mW, d=10mm, f=5750 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Measurement grid: dx=4mm, dy=4mm, dz=1.4mm
Reference Value = 61.00 V/m; Power Drift = -0.03 dB

Peak SAR (extrapolated) = 36.0 W/kg

SAR(1 g) = 7.83 W/kg; SAR(10 g) = 2.19 W/kg

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

Ratio of SAR at M2 to SAR at M1 =61%

Maximum value of SAR (measured) = 19.8 W/kg

-9.31
-18.61
-27.92

-37.22

-46.53 .
0 dB = 19.8 W/kg = 12.97 dBW/kg

Certificate No: J23Z60368 Page 7 of 8
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Impedance Measurement Plot for Head TSL

| Tri s11 rLog Mag 10.00d8/ rRef 0.000de [F1]
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