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Appendix C

Calibration certificate

1. Dipole

D2450V2-SN 808

2. DAE

DAE3-SN 373

3. Probe

EX3DV4-SN 3805
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Add: No.52 HuaYuanBei Road, Haidian District, Beijing, 100191
Tel: +86-10-62304633-2117
E-mail: cttl@chinattl.com http://www.caict.ac.cn

Client SHENZHEN LCS Certificate No:  23J02Z80105
CALIBRATION CERTIFICATE

Object D2450V2 - SN: 808

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

Calibration Procedures for dipole validation kits

Calibration date: October 23, 2023

This calibration Certificate documents the fraceability to 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 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 106276 15-May-23 (CTTL, No.J23X04183) May-24
Power sensor NRPG6A 101369 15-May-23 (CTTL, No.J23X04183) May-24
Reference Probe EX3DV4 | SN 3617 31-Mar-23(CTTL-SPEAG,N0.Z23-60161) 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 E5071C | MY46110673 10-Jan-23 (CTTL, No. J23X00104) Jan-24

Name Function Signature

Calibrated by: Zhao Jing SAR Test Engineer {_l

Reviewed by: Lin Hao SAR Test Engineer TF]F)?;

Approved by: Qi Dianyuan SAR Project Leader c_/.;q,@,/

Issued: October 31, 2023
This calibration certificate shall not be reproduced except in full without written approval of the laboratory.
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Add: No.52 HuaYuanBei Road, Haidian District, Beijing, 100191, China
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E-mail: cttl@chinattl.com http://www.caict.ac.cn
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 point. The Return Loss ensures low
reflected power. No uncertainty required.

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

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

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

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

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

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

CAICT

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, dz =5 mm
Frequency 2450 MHz + 1 MHz
Head TSL parameters
The following parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Head TSL parameters 220°C 39.2 1.80 mho/m
Measured Head TSL parameters (22.0+0.2) °C 396+6% 1.81 mho/m + 6 %
Head TSL temperature change during test <1.0°C - -
SAR result with Head TSL
SAR averaged over 1 ¢m’ (1 g) of Head TSL Condition

SAR measured

250 mW input power

13.4 Wikg

SAR for nominal Head TSL parameters

normalized to 1W

53.5 Wikg % 18.8 % (k=2)

SAR averaged over 10 ¢’ (10 g) of Head TSL Condition
SAR measured 250 mW input power 6.21 W/kg
SAR for nominal Head TSL parameters normalized to 1W 24.8 W/kg + 18.7 % (k=2)
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Appendix (Additional assessments outside the scope of CNAS L0570)

Antenna Parameters with Head TSL

Impedance, transformed to feed point 51.40+ 4.73jQ

Return Loss - 26.3dB

General Antenna Parameters and Design

Electrical Delay (one direction) 1.061 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: 23102780105 Page 4 of 6
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DASYS5 Validation Report for Head TSL Date: 2023-10-23

Test Laboratory: CTTL, Beijing, China
DUT: Dipole 2450 MHz; Type: D2450V2; Serial: D2450V2 - SN: 808

Communication System: UID 0, CW; Frequency: 2450 MHz
Medium parameters used: f= 2450 MHz; o = 1.813 S/m; & = 39.57; p = 1000 kg/m®
Phantom section: Right Section
Measurement Standard: DASYS (IEEE/IEC/ANSI C63.19-2007)
DASYS5 Configuration:

s Probe: EX3DV4 - SN3617; ConvF(7.68, 7.68, 7.68) @ 2450 MHz; Calibrated:
2023-03-31

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

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

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

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

Dipole Calibration/Zoom Scan (7x7x7) (7x7x7)/Cube 0: Measurement grid: dx=5mm,
dy=5mm, dz=5mm

Reference Value = 97.77 V/m; Power Drift = -0.01 dB

Peak SAR (extrapolated) =27.8 W/kg

SAR(1 g) =13.4 W/kg; SAR(10 g) = 6.21 W/kg

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

Ratio of SAR at M2 to SAR at M1 = 48.9%

Maximum value of SAR (measured) = 22.5 W/kg

dB
]
-4.33
-8.65
-12.98
-17.30
£ :
-21.63 e ——
0dB = 22,5 W/kg = 13.52 dBW/kg
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Impedance Measurement Plot for Head TSL
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Client . SHENZHEM LCS Certificate No: 25J02Z000060
CALIBRATION CERTIFICATE
Olbject DAE3 - SN: 373
Callbraton Procedurads) FE-711-002-01
Calibration Procedure for the Data Acguisition Elecironics
{DAEX)
Caliprateon date: February 17, 2025

This calibration Cerificate documents the traceabillty to nationsl standards, which realize the physical units of
measurements(Sl). The measuremants and the uncerainties with confidance probabdity are given an e following
pages and are part of the cerificate.

AH calibrations have been conducted In the closed laboratory facility. environment temperalure22:3)'C and
husmicliby=T0%.

Calibration Equipment used (M&TE critical for calibration)

Primary Standards [k Cal Date(Calbrated by, Certificate No.) Scheduled Calibration
Process Calibrator 753 | 1871018 11-Jun-24 (CTTL, No.24.J02X005147) Jun-25

HNamea Function Signature
Calibrated by. Yu Zongying SAR Test Engineer ﬁw@
Reviewsd by: Lin Jun SAR Test Engineer - 5
Approvnd oy (i Dianyuan SAR Project Leader

Issued: Faebruary 17, 2025
This calibration cedificate shall not be reproduced except in full without written approval of the laboratory,
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Glossary:
DAE data acquisition electronics

Connector angle  information used in DASY system to align probe sensor X
to the robot coordinate system.

Methods Applied and Interpretation of Parameters:

« DC Voltage Measurement. Calibration Factor assessed for use in DASY
gystem by comparison with a calibrated instrument traceable to national
standards. The figure given corresponds to the full scale range of the
voltmeter in the respective range.

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

« The report provide only calibration results for DAE, it does not contain other
performance test results.

Certificate Moo 2502 7000060 Page 2 of 3
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DC Voltage Measurement
AD - Comsaner Resolution nominal
High Rarge 1LEE = BAp, full range = =100, . +300 mh'
Low Range LS8 = gV, full ranga = Ay +3m
DASY massurament parameters: Aute Jero Time: 3 sac; Massuring time: 3 sec

Calibration Factors 4 Y z
High Range 402 BE2 + 0.15% (k=2} | 403 258 £ 0.15% (k=2) | 402 715 2 0.15% (k=2)
Low Range 302030 + 0.7% (k=2) | 397688 +0.7T% (k=2] | 393416+ 0.7% {k=2)

Connector Angle

| Connector Angle 1o ba usad in DASY systam it E S R
Certificate Mac 25)0EE 000G Page 30 3
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Client SHENZHEN LCS Certificate No: 25J02Z000059
Oitject EX30V4 - SN : 3805

Calibration Procedures for Dosimetric E-field Probes
Caalibration date: Fabnsary 25, 2025

This calibration Carificate documents the iraceabiiity 1o national standands, which realize tha physical units of measurements{Si). The
measurEmEnis and this mcermnties with corfidence probabilty ane given on the following pages and are par of ihe cerificate

Al calibrations have been conducted in the dosed laboeabary Tacilly: anvirenment temperahee2i3 T and hirmidity=70%.

Cadbration Equipment used (MATE critical Sor calbwalion)

| Primary Standards 0 # Cal Dls{Calbrated by, Certficate No.}  Scheduled Galibration
Pawer Nater  NRPZ 108277 18-Oct-24(CTTL, No.24J02X101450) Det 25
Power sanaar  MRPAS 104281 18-0cl-24(CTTL, Mo, 2402 101459) Oct-25
Power sansor  NRPBS 104262 18-Oct-24(CTTL, No.24J02X101459) Oct-28
Refarence 10dBAfteruator | 1BNSOW-1008 22-4an-25(CTTL, No 25J02X000485) Jan-27
Refarence 20dBAtteruator | 1BNSOW-2008 22-4an-25(CTTL, No 25J02X000486) Jan-27
Aefarence Probe  EX3DV4 SN 7307 28-May-24(SPEAG, No EX-7307_May24) May-25
DAE4 SN 1555 16-Aup- 24(SPEAG No DAEA-1555_Augad) Aug-25
Secondary Standards 0" Cal Date{Calibrated by, Cardificabte Mo ) Scheduled Calbraticn
SignalGenerator MGITO0A | 201052805 12-Jun-24{CTTL, No 24.J02X005419) Jun-25
SignalGeneraior APSINZBG | 181-33ABDOTCO-1B58  26-Mar-24(CTTL, No 24 )0ZXDOZ45E) Mar-25
Matwork Analyzer ESOTIC MY48110873 18-Dec-24{CTTL, Mo 24.0025(103832) Digc-25
Reference 10dBARenuator | BTDS2D 11-May-ZHCTTL, Mo JZ3XDA061) May-25
Reference 20dBARenuaior | BTOZET 11-May-2HCTTL, Mo J2AX04062) May-25
oce DAKS SN 0015 05-Oct-24(SPEAG, No. OCP-DAKS-0015_Oct24)  Oct25
Hama Function

Calibrated by Yu Zongying SAR Tast Enginoar _._-it.i : '; :
Feeviewd by Lin Jun HHHII#

TR by Qi Dianyuan SAR Project Leader

This caibration cericate shall mat be reproduced except in full withoul written apgroval of the laboratory,
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Glossary:
TSL tissue simulating liguid
NORMx v,z sensitivity in free space
ConvF sensitivity in TSL / NORMx,y 2
DCP diode compression point
CF crest factor {1/duty_cycle) of the RF signal

ABCD modulation dependent linearzation parameters
Palarization & @ rotation around probe axis _
Paolarization & 8 rotation around an axis that is in tha plana normal to probe axis (! measurement center), i

B=0 iz normal to probe axs

Connactor Angle  Information used in DASY system to align probe sensor X to the robot coondinate sysiem

Calibration is Performed According to the Following Standards:

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

bl IEC 62208-1, “Measuremant procadure for the assessment of Specific Absorplion Rate (SAR) from
hand-held and body-mounted devices used next to the ear (frequency range of 300 MHz to 6 GHz)",
July 2016

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

d) K

DB BES5S64, “SAR Measurement Requirements for 100 MHz to 6 GHz"

Methods Applied and Interpretation of Parameters:

NORME v 2 Assessed for E-field polarzation 8=0 (f=000MHz in TEM-cell; 1> 1800MHz: waveguida).
NORMx.y.z are only intermediate values, i.e.. the unceriainties of MORMyx vz does not effect the

F? field uncertainty inside TSL (see balow ConvF).

NORMx, y 2 = NORMx, v 2° frequency_response (see Frequency Response Chart), This
linearization is implemented in DASY4 software versions later than 4.2, The uncertainty of (he
frequency response is included in the stated uncertainty of ConvF,

OGPy, v,z OGP are numerical Bnearization parameters assessed based on the data of power sweep
(ne sncertanty required). DCP does not depand on freguency nor media.

PAR: PAR is the Peak lo Average Ratio that i not calibrated bul determined bazed on the signal
charactenstics.

Ax e Bu 2, Cx VR ) 2A B.C are numerical linearization parameters assessed based on the
data of power sweep for specific modulation signal. The parameters do not depend on frequency nor
media. VR is the maximum calibration range expressed in RMS voltage across the diode,

ConvF and Boundary Effect Parameters: Assessad in flat phantom using E-field (or Temperature
Transfer Standard for fs800MHz) and inside waveguide using analytical field distributions based on
power measurements for f =800MHz. The same setups are used for assessmant of the parametars
apphed for boundary compensation (alpha, depth) of which typical uncertainty valued are given
These parameters are used in DASY4 software to improve probe accuracy close to the boundary
Tha sensitivity in TSL cormresponds to NORM:x,y,z* ConvF whereby the uncertainly corresponds to
that ginwen for ConvF A frequency dependent ConvF 8 used in DASY version 4.4 and higher which
alkows extanding the validity from:50MHz to 100MHz

Spherical isofropy (30 deviation from isofropy]: in a field of low gradients realized using a fiat
phantom exposed by a patch antanna.

Sensor (ffsel: The sensor offset comesponds to the offset of widtual measurement center from the
probe tip (on probe axis). Mo tolerance required.

Conneclor Angle: The angle is assessed using the information gained by determining the NORMx
{no uncertainty required).
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DASY/EASY — Parameters of Probe: EX3DV4 — SN:3805

Basic Calibration Parameters

I_ ‘Sensor X Sensor Y Sensor Z lim.{.t-.i] |
Norm{pVi{Vim)?) * 0.50 0.63 0.45 +10.0%
DCP{mV)" 100.8 7.5 {101.1

Modulation Calibration Parameters
uID | Communication A I [ D VR Unc*®

System Name dB | dBupV B mv =2) |
] cW X 0.0 0.0 1.0 0,00 175.5 [ +2.1%
Yy |00 0.0 1.0 196.5
Z |00 0.0 1.0 162 5

The reported uncertainty of measurement is stated as the standard uncertainty of
Measuremeni multiplied by the coverage factor k=2, which for a nomal distribution
Carresponds 1o a covarage probability of approximately 95%.

% The uncertainties of Norm X, ¥, Z do not affect the E2-field uncertainty inside TSL (see Page 4).

& Numerical linearization paramweter: uncerainty not requined,

E Uncertainly is determined using the max. deviation from linear response apphying rectangular distribution
and is exprassed for the squane of the Held value.
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DASY/EASY — Parameters of Probe: EX3DV4 — SN:3805

Calibration Parameter Determined in Head Tissue Simulating Media

Relative Conductivity Depth® | Unct.
f [MHz]" Peemktivity” ‘am* ConvF X | ConvF ¥ | ConvF Z | Alpha® o | Ut
750 41.9 0.89 9.48 9.48 948 | 010 | 167 | +12.7%
835 415 0.80 9.08 908 | 508 | 043 | 140 | £12.7%
1760 40.1 1.37 8.14 B.14 B4 | 023 | 112 | t12.7%
1800 40.0 1.40 7.80 7.80 780 | 023 | 108 | +12.7%
2000 40,0 1.40 7.86 7.86 786 | 024 | 102 | +12.7%
2300 39.5 1.87 7.68 7.68 7.68 053 | 071 | +127% |
2450 39.2 1.80 7.43 7.43 743 | 053 | 072 | +12.7%
2600 39.0 1.98 7.25 7.25 725 | 085 | 0.67 | £12.7%
3300 38.2 271 §.95 8.05 685 | 050 | 0.82 | +13.9%
3500 378 291 6.70 670 | 670 | 035 | 120 | +139%
3700 377 312 646 | 6.5 645 | 035 | 1.30 | +139%
3900 37.5 3.32 642 | 642 | 642 | 035 | 1.60 | +13.9%
4100 7z 3.53 §.50 5.50 650 | 040 | 1.20 | +13.9%
4200 374 3.63 5.30 6.30 6.30 0.40 | 135 | +13.9%
4800 6.4 4.26 £.18 .18 .18 080 | 1.20 | +13.9% |
5250 /I8 | 4N 5.36 5.36 636 | 040 | 150 | £13.9%
5600 | 365 507 | 4T4 4.74 474 | 055 | 120 | £139%
5750 35.4 522 | 488 486 | 486 | 055 | 1.20 | £13.8%

€ Fraguency validity above 300 MHz of +100MHE only applies for DASY wa.4 and higher (Page 2), else it |8 restricted 1o
+50MHz The uncertainty is the RSS of ConvF uncertainty at calibration frequency and the uncertainty for the indcabed
freguency band. Frequency validity below 300 MHz is £ 10, 25, 40, 50 and 70 MHz for ConvF assessments at 30, 64, 128,
150 and 220 MHz respectively. Abowe 5 GHz frequency validity can be extended to £ 110 MHz

F AL Irecuesncy up 1o § GHz, the validity of lssue paranelers (€ and o) can be relaxed o £10% i liquid compensation
formula is appsed to measured SAR valuas. The uncarainty is the RSS of the ConvF uncerainty for indicated target
tissue paramelers.

4 plpha'Depth are delermined during calibration. SPEAG warranis thal the remainmng deviation dus bo the boundany
eflect after compensation is always less than £ 1% for frequencies below 3 GHz and below + 2% for the frequencies
bebween 35 GHz &l any distence langer than half the probe tip diameter from the boundary.
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Frequency Response of E-Field
(TEM-Cell: ifi110 EXX, Waveguide: R22)
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Uncertainty of Frequency Response of E-field: £7.4% (k=2)
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Receiving Pattern (®), 8=0°

f=600 MHz, TEM f=1800 MHz, R22
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{

By~ -100 -50 o T =so 100 150
Pl =]
- ek - T=T=1 R S N - FaTa] TSP - WO P
Unceriainty of Axial lsotropy Assessment: +£1.2% (k=1)
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Dynamic Range f(SARnead)
(TEM cell, f = 900 MHz)

.........

Input Signal[uV]

CAICT
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I i B 1 2
[ = rotcompensaies = compansaied |
Uncertainty of Linearity Assessment: $£0.9% (k=2)
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Conversion Factor Assessment

f=750 MHz, WGLS R8(H_convF) f=1750 MHz, WGLS R22{H_convF)
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Deviation from Isotropy in Liquid
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Uncertainty of Spherical lsotropy Assessment: £3.2% (k=2)
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DASY/EASY — Parameters of Probe: EX3DV4 - SN:3805

Other Probe Parameters

Sensor Arrangement Triangular

Connector Angle [°) 127.3
Mechanical Surface Dl-tll:_ﬁnn Mode enabled

Epﬂuil Surface Detection Mode disable
Probe Overall Length 33Tmm
Probe Body Diameter 10mm
Tip Langth Bmm
Tip Diameter 2.5mm
Frobe Tip to Sensor X Calibration Point 1mm
Frobe Tip to Sensor Y Calibration Point 1mm
Probe Tip to Sensor £ Calibration Point il e 1;
Recommended Measurement Distance from Surface = 1.4mm

Cerificate Mo 2 51022000059 Page %ol 4

Shenzhen LCS Compliance Testing Laboratory Ltd.

Add: 101, 201 Bldg A & 301 Bldg C, Juji Industrial Park Yabianxueziwei, Shajing Street, Baoan District, Shenzhen,

518000, China
Tel: +(86) 0755-82591330 | E-mail: webmaster@lcs-cert.com | Web: www.Ics-cert.com
Scan code to check authenticity



mailto:webmaster@lcs-cert.com

