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L ® | Coaboryion with L,
-TTLiu“E“me a_g E &% QHGNAS;EEECAICT

i W CALIBRATION
Add: No.52 HuaYuanBei Road, Haidian Districy, Bedfing, 100191, China '
Tek +86- 1062304633217 ' e @ CHAS LOST0

E-miail; enl@chinanl.com hzp.fwww.caictac.cn
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CALIBRATION CERTIFICATE

Object EX3DV4 - SN : 7441
Calibration Procedure(s) FFzi1

Calibration Procedures for Dosimetric E-field Probes
Calibration date: May 16, 2022

This calibration Centificate documents the traceability to national standards, which realize the physical units of
measurements(Sl). The measurements and the uncertainties with confidence prabability 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 crilical for calibration)

Primary Standards D# Cal Date{Calibrated by, Certificate No.)  Scheduled Calibration
Power Meter NRP2 101818 15-Jun-21(CTTL, No.J21X04466) Jun-22
Power sensor MRP-Z91 101547 15-Jun-21(CTTL, No.J21X04466) Jun-22
Power sensor  NRP-Z91 101548 15-Jun-21(CTTL, No.J21X044E8) Jun-22
Reference 10dBAtenuator | 1BNSOW-10dB  20-Jan-21(CTTL, No.J21X00486) Jan-23
Reference 20dBAttenuator | 1BNS0W-20dB  20-Jan-21(CTTL, No.J21X00485) Jan-23
Reference Probe EX3DV4 | SN 7464 26-Jan-22(SPEAG, No.EX3-T464_Jan22) Jan-23
DAE4 SN 1555 20-Aug-21(SPEAG, No.DAE4-1555_Aug21/2)  Aug-22
Secondary Standards ID# Cal Date(Calibrated by, Certificate No.) Scheduled Calibration
SignalGenerator MG3700A | 6201052605 16-Jun-21(CTTL, Mo.J21X04467) Jun-22
Network Analyzer ES071C | MY46110673  14-Jan-22(CTTL, No.J22X00408) Jan-23

Name Function Sigraturs”

Calibrated by: Yu Zongying SARTestEngineer THER S

Do Ry
Reviewed by: Lin Hag SAR Test Engineer
Approved by: Qi Dianyuan SAR Project Leaer

Issued: May 23, 2022
This calibration certificate shall not ba reproduced except in full without written approval of the laboratory.
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Add: No.52 HuaYuanBei Road, Haidian District, Beijing, 100191, China
Tel: +86-10-62304633-2117

E-mail: ctth@chinanl com hetpedwww. caket.ag.cn
Glossary:
TSL tissue simulating liquid
NORMzxy,z sensitivity in free space
ConvF sensitivity in TSL/ NORMx,y.z
DCP diode compression point
CF crest factor (1/duty_cycle) of the RF signal
ABCD modulation dependent linearization parameters

Polarization @ @ rotation around probe axis

Polarization 8 8 rotation around an axis that is in the plane normal to probe axis (at measurement center), i

8=0 is normal to probe axis

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

Calibration is Performed According to the Following Standards:

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

b) IEC 62208-1, "Measurement procedure for the assessment of Specific Absorption Rate (SAR) from
hand-held and body-mounted devices used next to the ear (frequency range of 300 MHz to 6 GHz]",
July 2016

c) IEC 62208-2, "Procedure to determine the Specific Absorption Rate (SAR) for wireless communication
devices used in close proximity to the human body (frequency range of 30 MHz to 6 GHz)", March
2010

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

Methods Applied and Interpretation of Parameters:

= NORMzx,y,z: Assessed for E-field polarization 8=0 (fS800MHz in TEM-cell; f=1800MHz: waveguide).
NORMzx,y,z are only intermediate values, i.e., the uncertainties of NORMx,y,z does not effect the
E* -field uncertainty inside TSL (see below ConvF).

»  NORM(Nxyz = NORMx,y z* frequency_response (see Frequency Response Chart). This
linearization is implemented in DASY4 software versions later than 4.2. The uncertainty of the
frequency response is included in the stated uncertainty of ConvF.

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

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

e Axyz Bryz CxyzVRxyz:AB,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: Assessed in flat phantom using E-field (or Temperature
Transfer Standard for f<B00MHz) and inside waveguide using analytical field distributions based on
power measurements for f >B00MHz. The same setups are used for assessment of the parameters
applied for boundary compensation (alpha, depth) of which typical uncertainty valued are given.
These parameters are used in DASY4 software to improve probe accuracy close to the boundary.
The sensitivity in TSL corresponds to NORMx,y,z* ConvF whereby the uncertainty corresponds to
that given for ConvF. A frequency dependent ConvF is used in DASY version 4.4 and higher which
allows extending the validity from+50MHz to+100MHz,

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

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

s Connector 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:7441

Basic Calibration Parameters

Sensor X Sensor Y Sensor Z Unc (k=2)
Norm(uVI{Vim)*)* 0.40 0.47 0.38 +10.0%
DCP{mV)® 80.8 102.2 105.8

Modulation Calibration Parameters

uiD Communication A B c D VR Unc®
System Name dB dBJpV dB mV (k=2)
0 cw X 0.0 0.0 1.0 0.00 1475 |£2.7%
¥ 0.0 0.0 1.0 169.7
4 0.0 0.0 1.0 155.0

The reported uncertainty of measurement is stated as the standard uncerainty of
Measurement multiplied by the coverage factor k=2, which for a normal distribution
Corresponds to a coverage probability of approximately 85%.

A The uncertainties of Norm X, ¥, Z do not affect the E*-field uncerainty inside TSL (see Page 4).

B Numnerical linearization parameter: uncertainty not required.

E Uncertainly is determined using the max, deviation from linear response applying rectangular distribution
and is expressed for the square of the field value.
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DASY/EASY — Parameters of Probe: EX3DV4 — SN:7441

Calibration Parameter Determined in Head Tissue Simulating Media

3 G
f MHz]" P:I:'i:t:;w cm'w:‘;',” ConvE X | ConvF ¥ | ConvF Z | Alpha® E::::] :i';:
750 418 0.89 10.04 10.04 10.04 0.12 1.39 +121%
500 415 0.87 9.61 9.61 59.61 0.16 1.41 +121%
1450 40.5 1.20 B.52 8.52 8.52 0.28 0.95 +12.1%
1750 404 137 832 | 832 | 832 | 029 | 088 | x121%
1800 40.0 1.40 T7.84 7.94 7.94 0.27 1.03 +12.1%
2000 40.0 1.40 T7.99 7.99 7.95 0.25 1.16 +12.1%
2300 39.5 1.67 7.7T8 7.78 7.78 0.65 0.65 +121%
2450 38.2 1.80 7.54 7.54 7.54 0.65 0.67 +12.1%
2600 390 196 730 | 730 | 730 | 064 | 067 | +124%
3300 382 271 708 | 708 | 7.08 | 047 | 089 | +133%
3500 378 2.91 6.89 6.89 6.89 0.42 0.95 +13.3%
3700 377 3142 6.55 6.56 6.55 0.42 1.01 +13.3%
3300 ars 3.32 560 | 660 | 660 | 035 | 135 | +133%
4400 3.9 384 634 | 634 | 634 | 035 | 135 | =13.3%
4600 6.7 4.04 6.26 6.26 B6.26 0.45 1.20 +13.3%
4800 364 4.25 6.16 6.16 B.16 0.45 1.25 +13.3%
4950 36.3 2.40 585 | 585 | 685 | 050 | 1.45 | £133%
5250 353 a7 535 | 535 | 635 | 055 | 116 | £13.3%
5600 355 5.07 4.85 4.85 4.85 0.55 1.20 +13.3%
5750 35.4 5.22 4,83 4.83 483 0.55 1.20 +13.3%

© Frequency validity above 300 MHz of +100MHz only applies for DASY wd.4 and higher (Page 2), else it is restricted to
+50MHz. The uncertainty is the RSS of ConvF uncertainty at calibration frequency and the uncertainty for the indicated
frequency 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. Above 5 GHz frequency validity can be extended to £ 110 MHz.

F At frequency below 3 GHz, the validity of tissue parameters (€ and o) can be relaxed to £10% if liquid compensation
formula is applied to measured SAR values. Al frequencies above 3 GHz, the validity of tissue parameters (€ and o) is
restricted to £5%. The uncertainty is the RSS of the ConvF uncertainty for indicated target lissue parameters.

G Alpha/Depth are determined during calibration. SPEAG warrants that the remaining deviation due to the boundary
effect after compensation is always less than £ 1% for frequencies below 3 GHz and below + 2% for the frequencies
between 3-6 GHz at any distance larger 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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Uncertainty of Axial Isotropy Assessment: £1.2% (=2)
Certificate No:Z22-60101 Pape 6 of 9

Page 6 of 39




Shenzhen Accurate Technology Co., Ltd. Report No.: SZNS220909-40985E-SA

S * \, Colsbaration with
E€77L s p e ag CAICT

Tel: +86- 10-62304633-2117
E-mail; ctil @chinattlcom harpefwwcaletacen

Dynamic Range f(SARnead)
(TEM cell, f = 900 MHz)

Input Signal[uV]
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Uncertainty of Linearity Assessment: £0.9% (k=2)
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Conversion Factor Assessment
f=750 MHz WGLS R9(H_convF) f=1750 MHz,WGLS R22(H_convF)
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Uncertainty of Spherical Isotropy Assessment: £3.2% (k=2)
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DASY/EASY — Parameters of Probe: EX3DV4 — SN:7441

Other Probe Parameters

Sensor Arrangement Triangular
Connector Angle (°) 100.7
Mechanical Surface Detection Mode enabled
Optical Surface Detection Mode disable
Probe Overall Length 337mm
Probe Body Diameter 10mm
Tip Length 9mm
Tip Diameter 2.5mm
Probe Tip to Sensor X Calibration Point 1mm
Probe Tip to Sensor Y Calibration Point 1mm
Probe Tip to Sensor Z Calibration Point 1mm
Recommended Measurement Distance from Surface 1.4mm
Certificate No:Z22-60101 Page 9 of
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Client ATC Caortificate No: Z21-60438

CALIBRATION CERTIFICATE

Object D835V2 - SN: 4d103

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

Calibration Proceduras for dipale validation kits

Calibration date: Octobar 27, 2021
This calibration Certificate documents the traceability to national standards, which realize the physical units of
measurements (S}, The measurements and the uncertainties with confidence probability are given on the following

pages and are part of the certificate

All calibrations have been conduced in the closed laboratory facility: environment temperature (22:3p°C and
| hurmidity<7 0%

Calibration Equipment used (ME&TE critical for calibration)

Primary Standards ID # Cal Date (Calibrated by, Certificale No.) Scheduled Calibration
Power Metar NRP2 108277 24-S5ep-21 (CTTL, No.J21X08326) Sep-22
Power sensor  NRPBS 104281 24-S5ep-21 (CTTL, No.J21X08326) Sep-22
Referance Probe EX30W4 | SN 7517 D3-Feb-21{CTTL-SPEAG Mo.Z221-80001) Feb-22
DAE4 3N 1556 18-Jan-2 1{SPEAG Mo, DAE4-15886_Jan21) Jan-22
Secondary Standards D # Cal Date (Calibrated by, Certificate No.) Schedulad Calibration
Signal Generator E4438C | MY49071430 01-Feb-21 (CTTL, No.J21X00593) Jan-22
NetworkAnalyzer ES071C | MY46110673  14-Jan-21 (CTTL, No.J21X00232) Jan-22

Mame Functicn Signature

Calibrated by Zhao Jing SAR Test Enginser 4

(=
Reviewed by: Lin Hac SAR Test Engineer ‘Fﬁjt%
Approved by Qi Dian 1
yuan SAR Project Leader 1'_—_5{5"'(',7?
Mg

Issued: October 31, 2021
This calibration certificate shall not be reproduced except in full without written asproval of the laboratory.
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Glossary:
TSL tissue simulating liquid
ConvF sensitivity in TSL / NORMx,y.z
MNiA not applicable or not measured

Calibration is Performed According to the Following Standards:

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

b} IEC 62209-1, "Measurement procedure for assessment of specific absorption rate of human
exposure to radio frequency fields from hand-held and body-mounted wireless
communication devices- Part 1: Device used next to the ear (Frequency range of 300MHz to
6GHz)", July 2018

c) IEC 62208-2, “Procedure to measure the Specific Absorplion Rate (SAR) For wireless
communication devices used in close proximity to the human body (frequency range of
J0MHz to 6GHz)", March 2010

d) KDBB65664, SAR Measurement Requirements for 100 MHz to 6 GHz

Additional Documentation:
e} DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

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

s Antenna Farameters wilh T5L: The dipole is mounted with the spacer to position its feed
point exactly below the center marking of the flat phantorm section, with the arms oriented
parallel to the body axis.

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

« FElecirical Dalay: One-way delay between the SMA connector and the antenna feed point,
No uncertainty required.

e SAR measured: SAR mzasured at the staled antenna input power.

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

e SAR for nominal TSL perameters: The measured TSL parameters are used to calculate the
nominal SAR result,

The reported uncerainty of measurement is stated as the standard uncerainty ol‘
Measurement multiplied by the coverage factor k=2, which for a normal distribution
Corresponds to a coverage probability of approxirmately 95%. |

Certificale MNo: 22160438 Page 2 0f 6
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Measurement Conditions
DASY system configuration, as far as nol given on page 1.
DASY Version DASYS2 V52.10.4
Extrapolation Advanced Extrapolation
Fhantom Tripte Flat Phantom 5.1C
Distance Dipole Center - TSL 15 mm with Spacer
Zoom Scan Resolution dx. dy, dz = 5 mm
Fraequency B35 MHz £ 1 MHz
Head TSL parameters
The following parameters and calculations were appiied.
Temperature Permiltivity Conductivity
Mominal Head TSL parameters 220°C 415 0.90 mho/m
Measured Head TSL paramaters (22.0+£0.2)°C 416 %6 % 080 mhedm £ 6 % |
Head TSL temperatire change during test <1.0°C —
SAR result with Head TSL
?HR averaged over 1 t'hr" 1 g} of Head '_|‘3|_ Condition
SAR measured 250 mW input power 2.42 Wihkg

SAR lor nominal Head TSL parameters nomalized to 19

9.65 Wikyg £ 18.8 % (k=2)

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

SAR measured 250 mW input power

1.57 Witkg

normalized fo 1W

SAR for nominal Head TSL parameters |

6.27 Wikg * 19.7 % (k=2)

Certificate No: 22| -60438 Page 3 of &
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Appendix (Additional assessments outside the scope of CNAS LOST0)

Antenna Parameters with Head TSL

Impadance, iransformed fo feed point 52.70- 0.83j0

Raturn Loss -31.3dB

General Antenna Parameters and Design

Elactrical Delay (one direction) 1.303 ns

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

The dipole is made of slandard semirigid coaxial cable. The center conductor of the feeding line is directly
connected to the secend arm cf the dipole. The antenna is therefore short-circuited for DC-signals. On some
of the dipoles, emall end eaps are added fo the dipole arms in order to improve matching when loaded
according to the position as exolained in the “Measurement Conditions™ paragraph. The SAR data ara not
affectad by this change. The overall dipole length is still aceording to the Standard.

Mo excessive force must be applied to the dipale arms, because they might bend or the soldered
connections near the feedpoini may be damaged

Additional EUT Data

@lnufantured by SPEAG

Certificate No: Z21-60418 Puge 4 of &
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DASYS Validation Report for Head TSL Date; 10.27.2021

Test Laboratory: CTTL, Beijing, China

DUT: Dipole 835 MHz; Type: DB35V2; Serial: D835V - SN: 4d103
Communication System: UID 0, CW; Frequency: 835 MHe; Duty Cyele: 1:
Medium parameters used: 7= 835 MHz; o= 0.904 S/m; & = 41,62; p = 00D kg/m’
Phantom section: Right Scction

DARYS Configuration:

+  Probe: EX3DV4 - SN7517; ConvF(9.81, 9.81, 9.81) (@ 835 MHz; Calibrated:
2021-02-03

«  Sensor-Surface: |.4mm (Mechanical Surface Detection)

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

+  Phantom: MFP_V5.1C (20deg probe tilty; Type: QD 000 P51 Cx; Serial: 1062

+  Measurement SW: DASYS2, Version 52,10 (4); SEMCAD X Version 14.6.14
(7501)

Dipole Calibration/Zoom Scan (7x7x7) (Tx7x7)Cube 0: Measarement grid: dx=5mm,
dy=3mm, dz=5mm

Reference Value = 38,95 V/m; Power Drift = 0,00 JB

Peak SAR (extrapolated) = 3.77 Wik

SAR(L g) =2.42 Wikg; SAR(10 g) = 1.57 W/kg

Smallest distance from peaks to all points 3 dB below = 19,4 mm

Ratio of SAR at M2 1o SAR at M1 = 64.3%

Maximum value of SAR {measured) = 3.29 W/kg

dB
1}

-2.15
-4.30
-b.44

-B.59

10.74 —

0 dB =3.29 W/kg = 5.17 dBW/kg

Certificate No: Z21-60438 Pape S of &
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Impedance Measurement Plot for Head TSL
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CALIBRATION CERTIFICATE

Diject D1800vz2 - BN 2diBe

Calibration Procedure(s) FE-Z11-003-04
Calibration Procedunes for dipole validation kits

Cabbralion date: October 16, 2020

This calibration Certdicate documents the traceabdity to national standards, which reafize the physical units of
mgasurementsSl), The measurements and the wncenaimies wilh conlidence probability are given on the following
pages and are part of the cartificaba

All calibrations have been conducted In the closed laboratory facity. emvironment temperalureiz2esc and
humidily<70%.,

Calibralion Equipment used (MATE ofifical for calibration)

Primary Standards i0# Cal Dat|Calibrated by, Certlicate No)  Soheduled Calbration
Powar Metar  NRP2 105278 12-May-20 (CTTL, No.J20K02965) May-21
Powar sensor - NRPGA 101388 12-May-20 (CTTL, No.J20K02065) May-21
ReferenceProbe EX30V4 | SN 3817 30-Jan-20{SPEAG, No.EX3-3617_Jan20) Jan-21
DAE4 SN TT1 10-Fab-2{CTTL-SPEAG Mo F20-60017) Feb-21

_Sacondary Standards__| 1D # Cal Dale{Calixated by, Corticata No) __ Schedied Calibraion
Signal Generator EA438C | MYJ9071430  25-Feb-20 [CTTL, No.J20X00518) Feb-21
MetwornAnalyzer ESOTIC | MY4B110672  10-Feb-20 (CTTL, No.J20X00515) Fet-21
Namg Function Signabure
Caibrated by Zhao Jing SAR Tast Enginear ﬁ[
Reviewad by: Lin Hao SAR Test Enginesr ‘dTF ﬁ)
Approved by: Qi Dianyuan SAR Project Leader . - N

lssued: Octobar 22, 2020
This calibration certilicate shall not be reproduced except in full wilhout writhen approval of the Iaboratony.

Centificate Mo: 220-60411 Page | of &

Page 16 of 39




Shenzhen Accurate Technology Co., Ltd. Report No.: SZNS220909-40985E-SA

*  In Colaboration with

&777. 8
‘__. CALINRATION LABORATORY

Akl Mo 5l Xueyuan Road. Haidian Disivier, Beipisg, 103191 Chine
Tel: +Ra-F0-02104611- 1070 Feoc +#80- 106231463 3-2504

E-mndl: ott b chin ] 2o g o chinsil.en
lossary:
T&L fisswe simulating liquid
ConvF sansitivity in TSL / NORMx v,z
A naot appicable or not measured

Calibration is Performed According to the Following Standards:

a) |[EEE Sid 1528-2013, "|EEE Recommanded Practice for Determining the Peak
Spatial-Averaged Specific Absomption Rate (SAR) in the Human Head fram \Wireless
Communications Devices: Measurement Technigues”, June 2013

b} IEC 62208-1, "Measurement procedure for assessment of spacific absarption rate of human
expasre to radio frequency fields from hand-held and body-mounted wireless
communication devices- Part 1: Davica used nexl 1o the ear (Frequency range of 300MHz fo
BGHz)", July 2018

e} |EC B2209-2, "Precedurs to measure the Specific Absorplion Rate (SAR) For wireless
communication devices used In close proximity to the human bedy (frequency range of
30MHz 1o 8GHZ)", March 2010

o) KDBEGSG64, AR Measurament Requiremeants for 100 MHz to B GHz

Additional Documentation:
a) DASY4/S System Handbook

Methods Applled and Interpretation of Parameters:

+  Measurement Conditions: Further details are avalable from the Validation Report af the end
of the certificate. Al figures stated In the certificate are valid at the fraquency indicated.

= Anlenna Parametars with TSL: The dipobe ls mounted with the spacer to position its feed
point exactly below the conter marking of the flal phantam saction, with the arme oriented
parallal o the body axis

o Feed Point mpedance and Refurn Loss: These parametars are measured with the dipole
positioned under the liquid filled phantom. The impedanca statad is transformed from the
maasurerment at the 5MA connector to the feed point, The Return Loss ensures low
reflected power. Mo uncartainty required.

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

s SAR measured: 3AR measured at the statad antenna input power,

o SAR normalized: SAR as measured, narmalized to an input pewer of 1 \W at the antenna
conneclor,

»  SAR for nominal TSL paramefers: The measured TSL parameters are used o calculate the
neminal SAR resulf,

| The reporfed unceriainly of measurement iz stated as the standard umcertainty of
Measurement multiplied by the cowerage factor k=2, which for a normal distribution
Corresponds 10 a coverage probability of appreximately 95%.

Cestifhcase Mao: Z20-60411 Page 2 af 6
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Aidd: Now51 Xizywan Road, Haldlan Diside, Beijng, 100198, Chis
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E-ermil; entlichinatil com Biggctwwwechinanice

Moasurement Conditions
CIASY syslem configurativn, a8 fiar as not given on page 1.

DAEY Varsion DASYS2 WEZA0A
E_-inpulaﬂnn Advancad I'-.s.elrwnlaﬁm >
;an;nm Triphe Flal Phantam 5,10
Diatance Dipole Gender - TEL = 10mm e with Spacar
.I-I-:l::lll'l ﬂt-&uﬂulnluﬂ:;n | dy, dy, de = 8 mm
Frequency | 1800 Mz 4 1 Mz
Head TSL parametors
The Icllowing parameters and calcisations were appled.
T-m?vrﬂm& Permittivity Ceomductivily
MNominal Haad TSL paramatars ot #0.0 1-.ll}n||hu.frr|
| Measurad Head TSL paramstars (@20$02)°C | 403:6% | 14l momi8%
H'ndTSL bb.rrlpumurc. change during tost <0G | 2 e i

SAR result with Head TSL

SAR averagod aver 1 e’ [1 g of Hoad TSL ~ Cenudilion ==
SAR measured 280 mWW inpul pawer 8.68 Wikg
SAR far nominal Hasd TSL parameters normalized o 1w 0.3 Wikp  18.8 % (ke3)
SAR avaraged over 10 car® (10 g of Head TAL Condiion |
AR measured . 250 iV input powes 5,15 Wikg
L_S_:ﬁ.ﬁ for ;uam-i'ml Head TEL_paramalwa namiized o Ii.w 0.5 |.I'I:.II15] & 18.T % [k=2] )
Certificate Mao: 2206041 Fage 3 of o
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Shenzhen Accurate Technology Co., Ltd. Report No.: SZNS220909-40985E-SA

P“ Ir Callsbaratian with
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L CALIBRATION LARDRATORY
Add: Mo 51 Kueyuan Read, Haidisn District, Beijing, 100191, China
liel: +E6- 10-6230463 52079 Fine #8100 21046372500
Esnmall: enlzdchinatt] com gt wwewchinaiilon

Appendix (Additional assessments oulslde the scope of CNAS LosTo)

Antanna Parameters with Head TSL

T -
| Impedance, iranstonmead o feed point 47 A0 3200
- 27.008

[ Reham Loss

General Antenna Paramaters and Design

Elacirical Delay {ore diraction) 1070 i

Altar long term wse with 100W radiated power, only a slight warming of the dipoée near Ihe feedpoint cen
b measured,

The dipole i mace of standard semirigid cossial cable. The center conduelar of the feeding line is direcliy
coanacted to the second am of the dipole. The antenna is therefore short-circuited for DG-signals. On safme
of the dipoles, smal end cogs are added o the dipole srms in arder to improve matching when lasdd
according ko the position as explained in the "Measurement Cenditiong” peragraph. The SAR dala are not
affacted by this change, The overall dipale langth is still actording o the Standard,

No exgessive forca must be appBed (o the dipole arms, bacause they rright band or the solderad
connections near the feedpaipt may be damaged,

Additional EUT Data

| Manufaciured by SPEAG

Ceriifhcate Mo: Z20-604] | Page 4 of &
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" In Collshesnticn with
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Al B 31 Xusevnam Boad, Hakdian Disei, Deijig, 100191, Clinn

Tk #Ete 142 304G33-2079 Fse #86-10-51 %6513 504
E-mail: etibigehinatil.cam e uvere chinait L cn

INASYS Validation Report for Hend TSL Dt 10, 15,2020
Test Laboratory: CTTL, Beijing, China
DUT: Mpole 1800 MHz; Type: IS0V Sevinl: DIB00V - 5N: 24018
Communication System: UID 0, CW; Frequency: 1800 MHz: Duty Cycle: 1
Medium parameters used: £= | B0 MHz; o = 1.414 Sfm; & = 40.26; p= 1000 kgim?
Phantoan section; Center Section
DASYS Configuration:

«  Probe: EX30V4 - SNI61T; ConvF(8.2, £2, 8.2 &l | 800 MHz; Calibraied:
H0-01-30

+  Sensor-Surfce; | Amm (Mechanical Surface Detection)

+  [lectronica: DAES Sn771; Calibeated: 2020-02-10

+  Phantom: MFP_V5.1C (2deg probe tilt): lype: QU000 P51 Cx; Secial: 1062

¢ Measurement SW: DASYS2, Version 52,10 {4); SEMCAD X Version 14,614
(T483)

System Ferformance Checl!/Zoom Scan (7xTxT) (T TuTWCabe 0; Measuremen| Erid:
dx=5mm, dy=%mm, dz=5mm

Reference Value = 98.92 Vim; Power Dyifl = -0,04 dB

Penk SAR (extrapolated) = 18.7 Wikg

SAR(I g =958 Wikg; SAR(LO @) = 5.15 Wik

Smalbest clistance from peaks to all polnts 3 dB below = 9.8 mm

Ratio of SAR at M2 1o SAR at M1 = $3.4%

Maximum value of SAR (measured) = 15.4 Wik

10.42

-13.89

-17.36

0.dB =154 Wikg = 11,88 dBW/kg

Certificnbe Mo; Z20-60011 Page 3 of &
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Impedance Measuremeant Plot for Head TSL

Tl 511 Log Mg 10 i
| 11
| |
| 1 B30
= A
. —
S s S—
( g eI
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L
I 511 Emith (me ) scale 1000 [P nal) =
+ BOUDOD0 GHT BT 0B 4] =3, 1094 § 27,608 F
& '
'II\' |
I
Y
b Ebwl 18 Qi TR 100k Stop 2 oru
Certifleate Mo: Z30-60411 Page & of 6
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Shenzhen Accurate Technology Co., Ltd. Report No.: SZNS220909-40985E-SA
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Sl CALBRATION LABORATORY MCNAS it

e :
Add: Mo.52 HuaYuanDel Roud, Huidion District, Beijing, 100191, Chi %, f,/f\‘\\:-‘: v CALIBRATION

Tel: +8i-10-62HM633- M7 Fax: +Hfi=] 06216532504 ,,m‘,.\ CNAS LOSTD
E-mnil: ciiligchinanl.com hitpefwwwcehinattLen
Client ATC Certificate No:  Z21-60438

CALIBRATION CERTIFICATE

Object D1900V2 - SN: 5d128

Calibration Procedure(s) FF-711-003-01

Calibration Procedures for dipole validation kits

Calibration date: Qctober 27, 2021

This calibration Certificate documeants the traceability to national standards, which realize the physical units of
measurements (51). The measuramants and the uncerainties with confidence probability are given on the following
pages and are part of tha cerlificate,

All calibrations have been conducted in the closed laboratory facility: environment lemperature (2243°C and
humidity=<70%.

Calibration Equipment used (M&TE sntical for calibration)

Primary Standards ID# Cal Date (Calibrated by, Certificale No.) _ Scheduled Calibration
Power Meter MNRP2 108277 24-5ep-21 (CTTL, No.J21X0B325) Sep-22
FPower sensor  NRPES 104291 24-Sep-21 (CTTL, No.J21X083281 Sep-22
Reference Probe EX3DV4 | BN 7517 03-Feb-21{CTTL-SPEAG Mo .Z21-30001) Feb-22
DAE4 SN 1556 15-Jan-21{SPEAG No.DAE4-1556_Jan21) Jan-22
~Secondary Standards D # Cal Date {Calibrated by, Cerlificate No.) ‘Scheduled Calibration
Signal Generator E4438C | MY49071430 01-Feb-21 (CTTL, No.J21X00583! Jan-22
MNetworkAnalyzer ES071C | MY48110673  14-Jan-21 (CTTL, No. J21X00232) Jan-22
Mame Function Signature
Callbrated by: Zhano Jing SAR Test Engineer i

Reviewed by Lin Hao SAR Test Engineer ﬁ!ﬁi‘}‘%

| Approved by Qi Diamyuan SAR Project Leader ___ﬂérﬁ\___,

lssuad: October 31, 2021
This calibration certificate shall not bz reproduced except in full without written asproval of the laboratory

Certificate No: Z21-60439 Page 1 ol 4
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CALIBRATION LARBORATORY

Aukl: Mo 52 HunYuunBed Road, Haidian District. Beijing, 100091, China
Tel; +RG=10-62MH 63 3-H7% Fao: +86-10-62304633-2504
E-muil: citlichinatilcom hetpefwww chinattlen

lossary:

TSL tissue simulating liquid

ConvF sensitivity in TSL / NORMx,y.z

MA not applicable or not measured

Calibration is Performed According to the Following Standards:

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

b) IEC 62208-1, "Measurement procedure for assessment of specific absorption rate of human
exposure to radio frequency fields from hand-held and body-mounted wireless
communication devices- Part 1: Device used next to the ear (Frequency range of 300MHz to
B6GHz)", July 2016

c) IEC 62208-2, "Procedure to measure the Specific Absorption Rate (SAR) For wireless
communication devices used in close proximity to the human body (frequency range of
30MHz to 6GHz)", March 2010

d) KDBBG5664, SAR Measurement Requirements for 100 MHz to 6 GHz

Additional Documentation:
e) DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

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

= Anfenna Parametfers with TSL The dipole is mounted with the spacer to position ils 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
pasitioned 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 uncartainty required.

» Electrical Defay: 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%.

Certificate Mo: Z21-60439 Page 2 0f &
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CALBRATION LABORATORY

Adld: Mo,52 HunYunnBei Road. Hoidian Disteict, Beijing, 100191, China
Tel: +B6-1{-62304633-20T49 Fax: HH6-1{-62504633-2504
E-nail: ettlgichinan].cam hitp v chinniilen

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

DASY Version | DASYS52 W52.10.4
Extrap;I.a'linn I Advanced Extrapolation
Phantom Triple Flat Phantom 5,1C
Distance Dipole Center - TEL 10 mm with Spacer
Zoom Scan Resolulion dx, dy, dz = 5 mm
Freguency 1900 MHz £ 1 MHz
Head TSL parameters
The following parameters and caleulations were applied.
Temperalure Parmittivity Conductivity
Nominal Head iSL parameters 220°C 400 1._40 mhafm
Measured Head TSL parameters (22002 "°C 401 +6 % 1,38 mhaim = & %
| Head TSL termperature change during test =1,0°C ——
SAR result with Head TSL
SAR averaged over 1 e’ {1 @) of Head TSL Condifion
SAR measured 250 v input power B.91 Wikg

S8R for nominal Head TSL parameters normatized to 1W

40.0 Wikg + 18.8 % (k=2)

SAR averaged over 10 ¢ : {10 g) of Head TSL Condition

SAR measurad 250 mW input power

505 Wikg

SAR for nominal Head TSL paramaters normalized ta 1W

20.3 Wikg £ 18.7 % (k=2)

Certificate No: 221-60439 Page 3 of 6
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Tt chinait ] en

Appendix (Additional assessments outside the scope of CNAS L0570)

Antenna Parameters with Head TSL

Impedance, transformed (o fead paint

54.70% 7450 |

Retumn Loss
|

General Antenna Parameters and Design

- 21.548 |

[ Electrical Delay (one direction)

1110 ns |

After long term use with 100V radiated power, only a slight warming of the dipole near the feedpoint can

be measured,

The dipole is made of standard semingid 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 dipale arms in order to improve matching when baded
according to the position as explained in the "Measurement Conditions" paragraph. The SAR data are not
affectad by this change. The overall dipae length is still according to the Standard.

Ne gxcessive force must be applied to the dipole arms, because they might bend or the soldered

connactions near the feadpoin: may be damaged.

Additional EUT Data

LManuTa.ciured by j SPEAG
Certificate Mo: 221-60439 Page 4 of 6
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CALIBRATION LABORATORY

Adid: Mo 52 HunonnBei Rosd, Haklian Districa, | g, 100191, China

Tiel: +H6- 16230463320 7% Fox! +R6-11- !'l!‘,'l-."_?lu
E-mail: ciibigchmadi].com htpedfwwwchinattLen
DASYS Validation Report for Head TSL Date: 10,27.2021

Test Laboratory: CTTL, Beijing, China

DUT: Dipole 1900 MHz; Type: DI900V2; Serial: DI900V2 - SN: 5d128
Communication System: UID (), CW; Frequency: 1900 MHz; Duty Cyele: 1:1
Medium parameters used: = 1900 MHz; o= 1379 S/m; & = 40.06; p = 1000 kg/m”®
Phantom section: Right Section

DASYS Configuration:

= Probe: EX3DV4 - SN7517; ConvF(7.81, 7.81, T.81) @ 1900 MHz; Calibrated:
2021-02-03

= Sensor-Surface: | 4mm (Mechanical Surface Detection)

= Electronics: DAE4 Snl556; Calibrated: 2021-01-15

«  Phantom: MFP_V35.1C (20deg probe tilt); Type: QD 000 P51 Cx; Serial: 1062

»  Measurement SW: DASYS2, Version 52.10 (4); SEMCAD X Version 14.6.14
(7301)

System Performance Check/Zoom Scan (7x7x7) (7x7x7WCube 0: Measurement grid:
dx=5mm, dy=5mm, dz=5mm

Reference Value = 103 6 Vim; Power Drifl = -0.01 dB

Peak SAR {extrapnlated) = 193 W/kg

SAR(1 g) = 9.91 W/kg SAR(10 g) = 5.05 W/kg

Smallest distance from peaks to all peints 3 dB below = |0 mm

Ratio of SAR at M2 to SAR at M1 = 51.5%

Maximum value of SAR (measured) = 5.8 Wike

dB
1]

-3.76
-T.52

-11.27

-15.03

-18.79 -

0 dB = 158 W/kg = 11.99 dBW/kg

Certificate No: 721 -60439 Page s of 6
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Impedance Measurement Plot for Head TSL

Trl 511 vog Wag 10,00d85 Aef 0.00008 [FL]

" 71 1.9000000 Gnz -il. 516 @&

i 0 —
- N e
G
! *
50.00 L— g =
AN =11 Snith (Refe) Scale L.s0tu [F1 Del]

vl L.90000D0 GHz  S4.T08 @ T.4509 0 624, 13-

I Start 1,7 GHE [FE 100 He

Certificate No: 22 1-60439 Page 6 of &
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Client BACL Cartificate No: z:r:_-_mnz
CALIBRATION CERTIFICATE

Objact D2460Y2 - BN; 761

Calibration Procedunals) FE-Z41-003-01

Calibration Procedures for dipake validalion kils

Calibration date: October 13, 2020

This calivation Cerlificale documents the traceabikty to nabonal standards, which realize the physical uniie of
measuraments(S1]. The measurements and the uncartainties with confidence pratability are given on the folicwing
pagas and are part of the cedificale.

All calibrations have bean conductad In the closed laboratory facility. srmvironment temperalureiz2 3 e and
humbdity<70%.

Calibration Equéprent used (METE critical for caibration)

‘Primary Standards D #_ Gal Date{Calibrated by, Certificate No)  Seheduled Cabration
Power Mater MRP2 106276 12-May-20 (CTTL, Mo J20X02865) May-21
Power sanzor  NRPGA 1043659 12-Meay-20 (CTTL, Mo J20X02965) May-21
ReferenceProbe EX30WY | BM 3617 A0-Jan-20{SPEAG Mo EX3-3617_Jan2d) Jan-21
DAES 5N 7T 10-Fab-20(CTTL-SPEAG, No. Z30-80017) Fab-21
Sacondary Standards 1D # Cal Date{ Calibrabed by, Carlifcate No.} Scheduliad Calbralion
Signal Generalor E4436C | MY4D071430  26-Feb-20 (CTTL, No.J20X00518) Feb-21
NetworkAnalyzer ESOTAC | MY46110873  10-Fab-20 (CTTL, Mo.J20X00515) Feb-21

Marne Funclion Signature

bcicpsmi. Zhao Jing SAR Test Engineer é

Reviewod by: Lin Heo SAR Tos! Enginesr - -ﬁf‘fai’{p
Approved by Qi Dianyuan SAR Project Leader PICEE - T

Isguad: Octobar 22, 2020
This calibration cerlificale shab not b= reproduced except in full withoul wrilken approval of the laboratony.

Certificate Mo: Z20-60412 Page 1 of &
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Shenzhen Accurate Technology Co., Ltd. Report No.: SZNS220909-40985E-SA

C G

CALIBRATION LABORATORY
Achil: Wi 51 Kuseywom Hoad, Hnidion Disirci, Beijmg, 10019, Chinn
Tel; +EG-10-E330HG633-20TF Faciz +80-10:62104631-2 504
E-mmil: extl@chinatiLoom hittpafivmowchinaitlen
Glossary:
TSL tissue simulating liquid
CanvF senaifivily in TSL/ NORMx,y.z
A nel applicable or not measured

Calibration is Parformed According to the Following Standards:

a) [EEE Std 1528-2013, "IEEE Recormmended Practice for Datermining the Peak
Spatial-Averagad Specific Absaorption Rate (SAR) in the Human Head from Wireless
Communications Devices: Measurement Technigues®, June 2013

b} IEC 62208-1, "Measurement procedure for assessment of spacific absorption rate of human
exposune bo radio frequency fields from hand-held and body-mounted wirelass
communication devices- Part 1; Davice used next to the ear (Frequency range of 300MHz to
GBGHz)", July 2016

¢} IEC 62209-2, "Procedure to measure the Specific Absorpfion Rate (SAR) Far wireless
communication devices used in close proximity to the human body (frequency range of
JOMHz ta BGHz)", March 2010

d) KDE365E64, SAR Measurement Requiremants far 100 MHz to 8 GHz

Additional Documentation:
e) DASY4/5 System Handbook

Matheds Applied and Interpretation of Parameters:

+  Measurement Condilions: Further details are avallable from the Validation Report at the end
af the certificate, All figures stated in the cerfificate 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 centar marking of the flat phantom section, with the arms arentad
paraliel to the body axis,

« Feed Poinl impedance and Refurm Loss: These parameters are measurad with the dipole
pasitioned under the liquid filled phantom. The impedarce stated is ransformed from the
measuremant at the SMA conneclor to the feed point. The Refurn Loss ensures low
reflected powar. No uncartainty required.

+  Elecincal Delay: One-way delay between the SMA connector and the antenna feed paint,
Mo uncartainty required.

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

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

o« SAR for nominal TSL parawnefers; The measured TSL parameters ara used to calculate the
nominal SAR result,

The reported uncerainly of measurement |s staled as the standard uncertainty of
Measurement multiplied by the cowverage factor k=2, which for a nomal distribution
Comesponds o a covarage probability of approximately 85%.
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Measurement Conditions

[ASY systam conliguralion, as far ag nod given an page 1.

| DASY Varsion DAEYEE Va2 104
Extrapolation Adwanced Exlrapalation ]
Phantom Triple Fial Phanlom 5.1C
Distance Dipole Genter -EL 10 mim with Spacar
Zoom Sean Resolution d, dy, dz = 5 mm
Fragjuency 2460 MHz + 1 MHz — |

Head TSL parameters
The fiflowing parametars and calculafions were apalisd ;
Tamparature Parmittiwity | Conductiviey
Narminal Hasd TSL paramoters 2207C 392 180 mhom |
Muasured Head TSL paramsters | @2osoze 30016 % 181 mboim £8 %
| Wond TSL lemperature ehange during test|  <10°C = |
SAR result with Head TSL F
SAR averaged over 1 cn’ (1 g of Head TSL Canditkin |
SAR measured 250 m'l.l'-' FIpUt poswer 13.3 Wikg
SAR Tor nominal Head TSL paramalers nnrrmll:bed KW 530 Wikg £ 10.8 % (k=2]
SAR averagad over 10 cm’ {10 g of Heaed TSL Condilion )
SAR measured 250 i inpaut pawar £.12 Wikg |
5AR for nominal Head TSL paramesars nurmn‘izaeél to AW 4.4 Wh;t 18,7 % [k=2)
Certificass Mo; Z20-60412 Page 1 af o
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Appendix (Additional assessments outside the scope of CNAS LO&TD)

Antenna Parameters with Head TSL

L3S 1
impadanca, transfonmead fo faed point E3.60+ 4.03 0 |
| Rotum Lass - 36,740 _—I

General Antenna Paramaters and Design

Elaeincal Datay jone direglion) 1022 s

—

Aftar long term wse with 100W radiated power, anly a alight warming of the dipoie near the feedpoint can
b2 measurzd,

The digele: is made of standard semingid coavial cable. The center sonductar of the feading line s directly
connected 1o the sacond arm of the dipole. The artenna is therelore shor-circuited far DC-signals. On some
afth dipoles, small end caps are added to the dipole arms in ardar to Improve madching when loaded
atcording o the posifion as explained in the “Measurament Congitions” pasagraph, The SAR data are nal
affacted by this change. The overall dipole langth s s&ll according o ihe Standard,

Mo excesgive forca must be applied to the dipole arms, because they might berd or the soiderad
cennechions near the feedpoint may be damaged.

Additional EUT Data

Marufacturad by SPEAG J

Cortificate Mo: Z20-60412 Page 4 af o
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DAEYS Walidation Report for Head TS Deave: 10132020
Test Laboratory: CTTL, Beijing, Ching
DUT: Dipole 2450 MHz; Type: D2450V2; Serial: D2450VE - SN: 751
Commumication System: LITD G, CW: Frequency: 2450 MHz; Dty Cyele: |+
Medium pargieters used: 7= 2450 MHz: o = 1,809 Sim: g - 30.02; p = 1000 kp'm?
Fhantom section: Center Seciion
MASYS Configaration:

*  Probes EX30DVY - SNIGLT; CoavF(7.65, 7.65, T.65) ot 2450 MHz; Calibrated:
2020-00-30

«  Sensor-Surface: 1. 4mm (Mechanical Surface Detection

+  Electronics: DAE4 SaT71; Calibrated: 2020-02-10

»  Phantom: MFP_V5.1C (2ideg probe til); Type: D 00 P51 Cu Serial; 1062

»  Measurement SW: DASYS2, Version 52,10 (4): SEMCAD X Version 14.6.14
(7483)

Dipole Calibration/Zeom Sean (Tx7xT) (T Tx7WCube 0: Measurcment gridl: dx=3mm,
dy=5mam, dz=5mm

Reference Value = 1071 Vim: Power Drifl = -0.04 JB

Peak SAR {exsrapolated) - 28.1 Weky

SAR(I g) = 13.3 Wikg; SAR(I0 g) = 6.12 Wikp

Smallest distance from peaks i all points 3 dR helow = 9 mm

Ratio of SAR a1 M2 10 SAR at M1 = 47.6%

Maximum valie of SAR (mensured) = 22,7 Wikg

13.32

-17.76

2220

dB = 227 Wikg = 13,56 dBW/ke

Certificnle Mo Z20-60412 Page 5 of 6
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Impedance Measuramant Plot for Head TSL

3 L0, oidey” Bal O, dodds [FL]

RN Gaz -1 650 de

I 511 ossinh fRedx) Scale 40000 [r) (15 ]
1 450000 GHE Y0.80R G 4. 00T @

161, BE gl
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Calibration Laboratory of

Schmid & Partner
Engineering AG

Zeughausstrasse 43, 8004 Zurich, Switzerland

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

Client BACL

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

mow

Accreditation No.: SCS 0108

Certificate No: D2600V2-1162 Oct19

|CALIBRATION CERTIFICATE

Object

Calibration procedure(s)

Calibration date:

D2600V2 - SN:1162

QA CAL-05.v11

Calibration Procedure for SAR Validation Sources between 0.7-3 GHz

October 02, 2019

Calibration Equipment used (M&TE critical for calibration)

This calibration certificate documents the traceability to national standards, which realize the physical units of measurements (31).
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)°G and humidity < 70%.

Calibrated by:

Approved by:

Name
Leif Klysner

Katja Pokovic

Function
Laboratory Technician

Technical Manager

Primary Standards [0 # Cal Date (Certificate No.) Scheduled Calibration
Fower metar NRP | SN: 104778 03-Apr-18 (No. 217-02892/02893) Apr-20

Power sensor NRP-Z21 SM: 103244 03-Apr-18 (No. 217-02892) Apr-20

Power sensor NRP-Z31 SN: 103245 03-Apr-18 (No. 217-02893) Apr-20

Referance 20 dB Attenuator SN: 5058 (20k) 04-Apr-19 (No. 217-02894) Apr-20

Type-N mismatch combination SN: 5047.2 [ 06327 04-Apr-18 (No. 217-02895) Apr-20

Reference Probe EX3DV4 Sh: 7348 28-May-19 (No, EX3-7349_May19) May-20

DAE4 SN: 601 30-Apr-18 (No. DAE4-601_Apr19) Apr-20

Secondary Standards D # Check Dale {in house) Scheduled Check
Fower meter E44198 SN: GB39512475 30-Oct-14 (in house check Feb-19) In house check: Oct-20
Power sensor HP 84814 SN: US37202783 07-Oct-15 (in house check Oct-18) In house check: Oct-20
Fower sensor HP 84814 SN: MY41092317 07-0ct-15 (in house check Oct-18) In house check: Oct-20
RF generator R&S SMT-06 SN: 100872 15-Jun-15 (in house check Oct-18) In house check: Oct-20
Netwark Analyzer Agilent EB358A | SM: US41080477 31-Mar-14 (in house check Cct-18) In house check: Oct-19

e
ez

Issued: October 2, 2019

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

Certificate No: D2600V2-1162_0ct18
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Aceredited 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) IEEE Std 1528-2013, “IEEE Recommended Practice for Determining the Peak Spatial-
Averaged Specific Absorption Rate (SAR) in the Human Head from Wireless
Communications Devices: Measurement Techniques”, June 2013

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

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

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

Additional Documentation:
e) DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

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

e Antenna Parameters with TSL: The dipole is mounted with the spacer to position its feed
point exactly below the center marking of the flat phantom section, with the arms oriented
parallel to the body axis.

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

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

e 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.

Report No.: SZNS220909-40985E-SA

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: D2600V2-1162_0ct19 Page 2 of 6
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Measurement Conditions
DASY system configuration, as far as not given on page 1.

DASY Version DASY5 Vv52.10.2
Extrapolation Advanced Extrapolation
Phantom Modular Flat Phantom
Distance Dipole Center - TSL 10 mm with Spacer
Zoom Scan Resolution dx, dy, dz =5 mm
Frequency 2600 MHz = 1 MHz
Head TSL parameters
The following parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Head TSL parameters 22.0°C 39.0 1.96 mho/m
Measured Head TSL parameters (22.0+£0.2)°C 373+6% 2.03 mho/m + 6 %
Head TSL temperature change during test <0.5°C - -
SAR result with Head TSL
SAR averaged over 1 cm® (1 g) of Head TSL Condition

SAR measured

250 mW input power

14.2 Wikg

SAR for nominal Head TSL parameters normalized to 1TW

55.4 Wikg * 17.0 % (k=2)

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

SAR measured 250 mW input power

6.31 W/kg

SAR for nominal Head TSL parameters normalized to 1W

24.9 Wkg * 16.5 % (k=2)

Certificate No: D2600V2-1162_0ct19 Page 3 of 6
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Appendix (Additional assessments outside the scope of SCS 0108)

Antenna Parameters with Head TSL

Impedance, transformed to feed point 474 Q-79jQ

Return Loss -21.4dB
General Antenna Parameters and Design

Electrical Delay (one direction) 1.146 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 to the position as explained in the
"Measurement Conditions" paragraph. The SAR data are not affected by this change. The overall dipole length is still

according to the Standard.

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

feedpoint may be damaged.

Additional EUT Data

Manufactured by

SPEAG

Certificate No: D2600V2-1162_0Oct19
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DASYS5 Validation Report for Head TSL

Date: 02.10.2019
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 2600 MHz; Type: D2600V2; Serial: D2600V2 - SN:1162

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

Medium parameters used: f=2600 MHz; o =2.03 S/m; &= 37.3; p = 1000 kg/m’
Phantom section: Flat Section

Measurement Standard: DASY 5 (IEEE/IEC/ANSI C63.19-2011)

DASY52 Configuration:
= Probe: EX3DV4 - SN7349; ConvF(7.69, 7.69, 7.69) @ 2600 MHz; Calibrated: 29.05.2019
= Sensor-Surface: 1.4mm (Mechanical Surface Detection)
o Electronics: DAE4 Sn601; Calibrated: 30.04.2019
e Phantom: Flat Phantom 5.0 (front); Type: QD 000 P50 AA; Serial; 1001
o DASYS52 52,10.2(1504); SEMCAD X 14.6.12(7470)

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 = 118.6 V/m; Power Drift = 0.00 dB

Peak SAR (extrapolated) = 29.0 W/kg

SAR(1 g) = 14.2 W/kg; SAR(10 g) = 6.31 W/ke

Maximum value of SAR (measured) = 24.0 W/kg

-4.80
-9.60

-14.40
-19.20

-24.00

0dB=24.0 Wkg=13.80 dBW/kg

Certificate No: D2600V2-1162_0ct19 Page 5 of 6
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Impedance Measurement Plot for Head TSL

File View Channel Sweep Calibration Trace Scale Marker System Window Help
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Stalus  CH1: BTl | C* 1Port Awg=20Delay LCL
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