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CALIBRATION CERTIFICATE
Object EX3DV4 - SN : 7322
Calibration Procedura(s) FE-Z11-004-02

Calibration Procedures for Dosimetric E-fleld Probes

Calibration date: February 28, 2023

pages and are part of the certificate,

humidity<70%,

This calibration Certificate documents the traceability to national standards, which realize the physical units of
measurements(S1), The measurements and the uncertainties with confidence probabiiity are given on the following

All calibrations have been conducted In the closed laboratory facility: environment temperature{22:3)°C and

Calibration Equipment used (M&TE critical for calibration)

Primary Standards 1D # Cal Date(Calibrated by, Cerlificate No.)  Scheduled Calibration
Power Meter NRP2 101919 14-Jun-22(CTTL, No.J22X04181) Jun-23
Power sensor NRP-Z91 101547 14-Jun-22(CTTL, No.J22X04181) Jun-23
Power sensor NRP-Z91 101548 14-Jun-22(CTTL, No.J22X04181) Jun-23
Reference 10dBAltenuator | 18NS0W-10dB  19-Jan-23(CTTL, No.J23X00212) Jan-25
Reference 20dBAttenuator | 18NSOW-20dB  18-Jan-23(CTTL, No.J23X00211) Jan-25
Reference Probe EX3DV4 SN 3846 20-May-22(SPEAG, No.EX3-3846_May22) May-23
DAE4 SN 1555 25-Aug-22(SPEAG, No.DAE4-1555_Aug22) Aug-23
Secondary Standards 1D # Cal Dale{Caltwrated by, Certificate No,) Scheduled Catibration
SignalGenerator MG3700A | 6201052605 14-Jun-22{CTTL, No.J22X04182) Jun-23
Network Analyzer ES5071C MY46110673  10-Jan-23(CTTL, No.J23X00104) Jan-24

Name Function Signature

Calibrated by: Yu Zongying SAR Test Engineer ~_:V;b

Reviewed by: Lin Hao SAR Test Engineer M

e Qi Dianyuan SAR Project Leader i N

Issued: March 06, 2023

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

Certificate No: Z223-60067

Page | of 9

Page: 1 of 48




intertek

Total Quality. Assured.

Test Report Intertek Report No.: 230403080SZN-002_SAR Appendix 2
APPSS"  in Colisbaration wih
&777 s p e a g CAICT
Sl CAUBRATION LABORATORY ———

Add: No.52 HuaYuanBei Road, Haidian District, Begjing, 100191, China
Tel: +86-1062304633-2117

E-muil: emfaocaict ac cn Bipiwww ealetac.cn
Glossary:
TSL tissue simulating liquid
NORMx,y.z sensitivity in free space
ConvF sansitivity 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 0 0 rotation around an axis that is in the plane normal to probe axis (at measurement center), |

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 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

¢) IEC 62209-2, "Procedure to determine the Specific Absorption Rate (SAR) for wireless communication
devices used in close proximity fo 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:

«  NORMy,y,z: Assessed for E-field polarization 8=0 (fS800MHz in TEM-cell; I=>1800MHz: waveguide),

NORMx,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).

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

e 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.

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

o Axyz; Bx,yz Cxy.zVRx.y.z:AB,C are numerical linearization parameters assessed based on the
data of power sweep for speific modulation signal, The parameters do not depend on frequency nor
media. VR is the maximum calibration range expressed in RMS voltage across the diode.

e ConvF and Boundary Effect Paramelers: Assessed in flat phantom using E-field (or Temperalture
Transfer Standard for fS800MHz) and inside waveguide using analytical field distributions based on
power measurements for f >800MHz. The same setups are used for assessment of the paramelers
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 tot100MHz.

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

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

« 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:7322

Basic Calibration Parameters

Sensor X Sensor Y Sensor Z unc (ke=2)
Norm(pV/(Vim)*)* 0.45 0.56 0.53 +£10.0%
DCP(mV)® 96.4 96.1 98.7

Modulation Calibration Parameters

uio Communication A B Cc D VR Unc®
System Name d8 dBpV de mV (k=2)
0 cw X 0.0 0.0 1.0 0.00 161.1 +2.0%
Y 0.0 0.0 1.0 177.2
z 0.0 0.0 1.0 175.7

The reported uncertainty of measurement is stated as the standard uncerlainty of
Measurement multiplied 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 E*-field uncertainty inside TSL (see Page 4),

9 Numerical linearizatlon parameter: uncertainty not required.

£ Uncertainly Is determined using the max, deviation from linear response applying rectangular distribution
and is expressed for the square of the field value,

Centificate No:Z23-60067 Page 3 of 9
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DASY/EASY — Parameters of Probe: EX3DV4 — SN:7322

Calibration Parameter Determined in Head Tissue Simulating Media

G
f (MHz]" P.R'::::;y, c°"':';h°'“")':"' ConvF X | ConvF Y | ConvF Z | Alpha® m :::;')‘
750 4.9 0.89 1048 | 1048 | 1018 | 049 | 145 | +127%
835 a5 0.90 9.81 9.81 981 | 042 | 1.56 | £12.7%
1750 40.1 1.37 8.36 8.36 8.36 | 025 | 1.02 | £127%
1900 40.0 1.40 8.05 8.05 8.05 | 026 | 1.03 | +127%
2300 39.5 1.67 .17 .77 777 | 065 | 0.68 | £127%
2450 3.2 1.80 7.50 7.50 7.50 | 060 | 068 | +12.7%
2600 39.0 1.96 7.30 7.30 730 | 052 | 079 | £127%
5250 359 an 5.38 5.38 538 | 045 | 1.30 | £13.9%
5600 355 5.07 481 481 481 | 050 | 1.30 | £13.9%
5750 354 5.22 4.90 4.90 490 | 050 | 130 | +139%

© Frequency validity above 300 MHz of £100MHz only applies for DASY v4.4 and higher (Page 2), else it s resiricled to
£50MHz. The uncertainty is the RSS of CanvF uncertainty at calibration frequency and the uncertainty for the indicated
frequency band. Fraquancy validity below 300 MHz is 2 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 up to 6 GHz, the validity of tissue parameters (¢ and o) can be relaxed to +10% if liquid compensation
formula is applied to measurpd SAR values. The uncerainty is the RSS of Ihe 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 altee 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 hall the probe tip diameter from the boundary,

Centificate No:Z23-60067 Page 4 of ¢
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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 (®), 6=0°

=600 MHz, TEM f=1800 MHz, R22
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Uncertainty of Axial lsotropy Assessment: £1,2% (b=2)
Certificate No:Z23-60067 Page 6 of 9
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Uncertainty of Linearity Assessment: £0.9% (k=2)
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Conversion Factor Assessment
=750 MHz,WGLS R9(H_convF) =1750 MHz,WGLS R22(H_convF)
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Uncertainty of Spherical Isotropy Assessment: £3.2% (k=2)
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CAICT

DASY/EASY — Parameters of Probe: EX3DV4 — SN:7322

Other Probe Parameters

Sensor Arrangement Triangular
Connector Angle (°) 41.2
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 Tmm
Probe Tip to Sensor Z Calibration Point imm
Recommended Measurement Distance from Surface 1.4mm

Certificate No:223-00067 Page 9 of 9
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Fpeail: cttbmchinal com Mitp:/www.chinetl.cn
Client Intertek Certificate No: Z21-60408
CALIBRATION CERTIFICATE
Obyect D835V2 - SN 4d196
Calibrabon Procedure(s) FF-211-003-01

Calibration Procedures for dipole vaidation kits
Calibration date: October 18, 2021

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

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

Calibration Equipmant used (MATE crtical for calibration)

Primary Standards D# Cal Date (Calitrated by, Certificate No.)  Scheduled Calibration
Power Moter  NRP2 106277 24-Sep-21 (CTTL, No.J21X08328) Sep-22
Power sensor  NRPES 104291 24-Sep-21 (CTTL, No.J21X08326) Sep-22
Reference Probe EX3DV4 | SN 7517 03-Feb-21(CTTL-SPEAG No.221-60001) Feb-22
DAEZ SN 1558 15-Jan-21(SPEAG No DAE4-1556_Jan21) Jan-22
Secondary Standards 1D # Cal Date {Calibeated by, Certificate No,) Scheauled Calibration
Signal Generator E4438C | MY45071430 01.Feb-21 (CTTL, No.J21X00563) Jan-22
NetworkAnalyzer ES071C | MY48110873  14-Jan-21 (CTTL, No J21X00232} Jan-22

Name Function Signature

Callbrated by Znao Jing SAR Test Engineer «g,f,

Ruvidyed by: Lin Hao SAR Test Engineer 1;1:3%

Approwed.by: Qi Dianyuan SAR Project Leader =2

Issued October 24, 2021
This calibration certificate shall not be reproduced except in full without wrilten approval of the faboratory.

Certificate No; Z21-60408 Page 1 of 6

Page: 10 of 48




intertek

Total Quality. Assured.
Test Report

Intertek Report No.: 230403080SZN-002_SAR Appendix 2

(TTLj' speasg

Add: No.32 HuaYuanBel Rosd, Haidin Diswiet, Beijing, 100191, China
Tel: +86-10-62504613-2079 Fax; +86-10-62304633-2504

E-muil: enldichinesl com Wpiwww chinsttl en
Glossary:
TSL fissue 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) |[EEE Std 1528-2013, "IEEE Recommended Practice for Determining the Peak
Spatial-Averaged Specific Absorption Rate (SAR] in the Human Head from Wireless
Communications Devices: Measurement Techniques®, June 2013

b) IEC 62208-1, *Measurement procedure for assessment of specific absomption rate of human
exposure to radio frequency fields from hand-held and body-mounted wireless
communication devices- Part 1: Device used next to the ear (Frequency range of 300MHz to
6GHz)", July 2016

¢) IEC 62209-2, “Procedure to measure the Specific Absorption Rate (SAR) For wireless
communication devices used in close proximity to the human body (frequency range of
30MHz to 8GHz)", March 2010

d) KDBB85664, SAR Measurement Requirements for 100 MHz to 6 GHz

Additional Documentation:
e) DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

= Measursment Conditions: Further details are avarlable from the Validation Report at the end
of the certificate. All figures stated in the certificate are valid at the frequency indicated.

» Antenna Paramelers 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 orfented
parallel to the body axis.

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

« Electnical 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 resuft,

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
Correspands to a coverage probabifity of approximately 95%.

Centificate No: Z21-60408 Page2ofs
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E-madl; enfatchinaz] com by chinantlen
Measurement Conditions
DASY configuralion, as far as not given on page 1
DASY Version DASYS2 V52104
Extrapolation Advanced Extragolation
Phantom Triple Fiat Phantom 51C
Distance Dipole Canter - TSL 15 mm with Spacer
Zoom Scan Resolution Ox, dy, 9z = 5 mm
Frequency 835 MHz £ 1 MHz
Head TSL parameters
The following parameters and calcwations were applied
Temperature Permittivity Conductivity
Nominal Head TSL parameters 220°C 415 0.80 mha/m
Measured Head TSL parameters (220+02)'C A0926% 088 mho/m = 6 %
Head TSL temperature change during test <10°C — l —

SAR result with Head TSL
SAR aversged over 1 cm’ {1.9) of Head TSL Condition ]
SAR measurad 250 mW input powsar 236 Wiy
SAR for nominal Haad TSL parameters normalized 10 1W 9,64 Wikg £ 18.8 % (&=2) |
SAR averaged over 10 cm’ (10 g) of Head TSL Gondition '
SAR measured 250 mW input power 155 Whg
SAR for nominal Head TSL paramestars norralized to 1W B6.25 Wikg £ 18.7 % {k»2)
Certificate No: Z21-60408 Pageiof e
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Appendix {Additional assessments outside the scope of CNAS L0570)

Antenna Parameters with Head TSL

Impedanca, transformead to faed point 51.30- 4290

Retum Loss -27.108

General Antenna Parameters and Design

[ Etectrcal Detay (ore direcson) | 1304 ns ]

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

The dipale |s made of standard samingld coaxial cable The canter conductor of the feeding fine is directly
conneacted to the second arm of the dipole. The antenna is therefore short-circuited for DC-signals. On some
of the dipcles, 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 Conditicns™ 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 apphed 1o the dipole arms, because they might bend or the soldered
connections near the feadpoint may be damaged.

Additional EUT Data

[Mawfacmm by SPEAG

Cerutficate No: Z21.60408 Page 4 of 6
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DASYS Validation Report for Head TSL Date: 10182021
l'est Laboratory: CTTL, Beijing, China
DUT: Dipole 835 MHz; Type: D835V2; Serial: D835V2 - SN: 4d196
Communication System: UID 0, CW; Frequency: 835 MHz; Duty Cycle: 111
Medium parameters used: f = 835 MHz o = 0.886 S/m; g, =40.9; p = 1000 kgr‘m’
Phantom section: Right Section
DASYS Configuration:

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

« Scnsor-Surface: L.4mm (Mechanical Surface Detection)

o Electronics: DAES Snl556; Calibrated: 2021-01-15

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

o Measurement SW: DASYS2, Version 52.10 (4); SEMCAD X Version 14.6.14
(7501)

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

Reference Value = 59.28 V/m: Power Drift = -0.01 dB

Peak SAR (extrapolated) = 3.68 Wikg

SAR(1 g) =239 W/kg: SAR(10 g) = 1.55 Wikg

Smallest distance from peaks to all points 3 dB below = 22.7 mm

Ratio of SAR at M2 1o SAR at M1 = 64.8%

Maximum value of SAR (measured) = 3.23 Wikg

A

-10.69 fe—

0 dB = 3.23 Wikg = 5.00 dBW/kg

Certificate No: 72 1-60408 Page sofe
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Impedance Measurement Plot for Head TSL
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Client Intertek Certificate No:  221-80409
CALIBRATION CERTIFICATE
Object D200V2 - SN: 1d182
Calivration Procedure(s) FF.211-003-01

Calibration Procedures for dipofe valigation kits
Calibration date: Ociober 19, 2021

This calibrabon Cartificate documents the traceadty 1o national standards, which realize the physical units of
measurements (Sl). The measurements and the uncertainties with confidence probabiiity are given on the following
pages and are part of the certificate

All calibrations have been conducted in the closed laboratory facllity. environmen! temperalure (2243)°C and
humidity<70%

Cafbration Equipment used (M&TE critical for calibration)

Primary Standards ID# Cal Date(Calibrated by, Certificate No}  Scheduled Calibration
Power Meter NRP2Z 108277 24-Sep-21 (CTTL, No.J21X08328) Sep-22
Power sensor NRPES 104261 24-Sep-21 (CTTL, No.J21X08328) Sep-22
Reference Probe EX30V4 | SN 7517 03-Feb-21(CTTL-SPEAG N0.Z21-80001) Feb-22
DAE4 SN 1556 15-Jan-21(SPEAG No.DAEA-1556_Jan21) Jan-22
Secondary Standards 10 # Cai Date(Callbrated by, Certificate No.) Scheduled Calibration
Signal Generator E4438C | MY49071430 01-Feb-21 (CTTL. No.J21X00583) Jan-22
NetworkAnalyzer ES071C | MY48110673  14-Jan-21 (CTTL, No.J21X00232) Jan-22

Name Function Signature

Calibrated by: Zhao Jing SAR Test Engineer "é i_,

Reviewed by: Lin Hao SAR Test Enginesr ﬁ?,#]

—HAppaued by o trgrgaT—— SARPTOjoCY LESsEr — S~
Issued: October 24, 2021
This calibration cerlificate shail not be reproduced except in full without written approval of the lsboratory

Certificate No: 221 -60409 Page L of 6
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(TTLj' soes 9

Add: No.52 HunYusnBei Road. Haldies District, Beging, 100191, Chins
Tek: ~86-10-62304633-207% Panc +86- 0623046332508

F-masdl: coobid cassati) com It/ www.chieani.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) |[EEE Std 1528-2013, "IEEE Recommended Practice for Determining the Peak
Spatial-Averaged Specific Absorption Rate (SAR) in the Human Head from Wireless
Communications Devices: Measurement Techniques”, February 2013

b) IEC 82209-1, "“Measurement procedure for assessment of specific absorption rate of human
exposure to radio frequency fields from hand-held and body-mounted wireless
communication devices- Part 1 Device used next to the ear (Frequency range of 300MHz to
6GHz)", July 2016

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

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

Additional Documentation:
o) 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 i transformed from the
measurement at the SMA connector to the feed point. The Return Loss ensures low
reflected power. No uncertainty required.

= Electncal 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

ominal SAR res

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

Certificate No: Z21-60409 Page2of6
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. In Collsboration with

I7TL tats—

AdE No52 HeaYusnBel Road, Haidn Distrct, Deijing. 100191, Ching

Tel: +86-10-62304633-2079

E-mmail; et @ehinasl com Bttpe/iwww chinatil cn

Measurement Conditions

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

Fax: +86-10-62304833.2504

DASY Version

DASYS2

§2.104

Extrapolation

Advanced Extrapalaton

Phantom

Tripla Fiat Phandom 5.1C

with Spacer

Distance Dipole Center - TSL

15 mm

Zoom Scan Resolution

dx dy. der=5mm

900 MHz 2 1 MHz

Froquency

Head TSL parameters

The following paramelers and calculations were spolied

Temperature

Permitivit

Conductivity

Nominal Head TSL parametors

20°'C 415

087 mho/m

Measured Head TSL parameters

(220202 °C

412:6%

0.87 mho/m £ 6 %

Head TSL temperature change during test

<1.0'C —

SAR result with Head TSL

& 3
SAR averaged over ¢’ (1 g) of Head TSL

Condition

SAR measured

250 mhY nput power

260 Wiy

SAR for nominal Head TSL parameters

normalzed to 1W

10.7 Wikg £ 18.8 % (k=2)

SAR averaged over 10 cmi' (10 g) of Head TSL

Contdition

SAR measured

250 MW inoul power

1.73 Wikg

SAR for nominal Head TSL parameters

normalized 1o 1W

6.90 Wikg £ 18.7 % (k=2) |

Intertek Report No.: 230403080SZN-002_SAR Appendix 2

Certificate Na: Z21-60209
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. In Collabormtion with

T7L S —

Add: No.52 Hus YeanBel Road, Haidian Dissricr, Bedjing, 100191, China
Tel: 4 86-10-625114613-2079 Fux: +86-10-62304633-2504
Esmull; ettl@@chinad com ot wws chinattl en

Appendix (Additional assessments outside the scope of CNAS L0570)

Antenna Parameters with Head TSL

Impedanca, transformead 10 feed point 5200-0.81)0
Return Loss «33.608

General Antenna Parameters and Design

&wwmay(m&edim) ] 1.313 ns

After long term use with 100W radiated power, anly 2 sight warming of the dipole near the feedpoint can
be measured

The dipole Is made of standard semirigid coaxial cable. The center canductor of the feeding Ine is dirsctly
connected fo the second arm of the dipole. The antenna is therefore shoa-circuited for DC-signals, On some
of the dipeles, 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 Condiions” paragraph. The SAR data are nol
affected by this change. The overall dipole length is &till according to the Standard

No excessive force must be applied 10 Ihe dipole arms, because they might bend or the soidered
connections near the feedpoint may be damaged

Additional EUT Data

LMlnufaclumd by j SPEAG

Certificate No: 221-60409 Pagedofa
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Add: No.52 HusYumeBei Reod. Haldien Districe, Heljing, 100192, Chvima
Tel: «86-1D-62304635-2079 Fax, = BA-1U-62504633-2504
E-amil: crtbigehinant com hrtpe P wie et s

DASYS Validation Report for Head TSL Date: 10.19.2021
Test Laboratory: CTTL, Beijing, China
DUT: Dipole 900 MHz: Type: D90V2; Serial: D900V2 - SN: 14182
Communication System: UID 0, CW; Frequency: 900 MHz; Duty Cycle: 1:1
Medium parameters used: = 900 MHz: o = 0.973 S/m; g = 41.23; p = 1000 kg/m’
Phantom section: Right Section
DASYS3 Configuration:

¢ Probe: EX3DV4 - SN7517; ConvF(9.4, 9.4, 9.4) @ 900 MHz; Calibrated:
2021-02-03

+ Sensor-Surlace: | 4mm (Mechanical Surface Detection)

» Electronics: DAE4 Sn1536; Calibrated: 2021-01-15

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

« Measurement SW: DASY32, Version 52,10 (4); SEMCAD X Version 14.6.14
(7501)

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

Reference Value = 59.80 Vim; Power Dnft = (.04 dB

Peak SAR (extrapolated) = 4.22 W/ikg

SAR(I g) =2.69 Wikg: SAR(10 g) = 1.73 W/ke

Smallest distance from peaks to ell points 3 dB below = 17 mm

Ratio of SAR at M2 t0 SAR a1 M| = 64%

Maximum value of SAR (measured) = 3.67 Wikg

-11.13

0 dB = 3.67 Wikg = 5.65 dBW/kg

Cerntificate No: Z21-60409 Page 5 of o
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Add: No.52 HuaYuanDei Road, Haidian Distnict, Boijing, 100191, Chira

Tel: 186-10-62304633-2079 Fax: +80-10-62304633-2504
E-mail: cni@chinusil. cons htpfwww chinattl en

Impedance Measurement Plot for Head TSL
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TTL s b e a g N2 M pexy
CALIBRATION LABORATORY GNAS g
Add: No:82 Hua YusnBel Roed, Haidian Diszrict, Belfing, 100191, 4 %, 3 CALIBRATION
lzl.-m«-m-uz;mu;';-;m-) rul;.:m-wumfn';‘izsm“ ; m CNAS LOSTO
Eomail: entl @chinan com hatprstwwwchinil, ca
Client Intertek Certificate No: Z21-60410
CALIBRATION CERTIFICATE
Object D1750V2 - SN: 1138

Calibration Procegura{s) FF-Z11-003-01

Calibralion Procedures for dipole validation kits

Calibeation date: October 19, 2021

This caiibration Certificate documents the traceability to national standards, which realize the physical umds of
measuraments (SI). The measurements and the uncertainties with confidence probability are given on the followsing
pages and are part of the cartificate

All calibrations have been conducted in the cicsed lsboratory faciity: environment temperature (2243 and
humidity<70%.

Calibration Equipment used (METE critical for calibration)

Primary Standards D" Cal Date (Cafiorated by, Cerlificate No.) Scheduled Calibration
Power Meter  NRP2 108277 24-Sep-21 (CTTL, No.J21X08326) Sep-22
Power sensor  NRP8S | 104291 24-Sep-21 {CTTL. No J21X08328) Sep-22
Reference Probe EX3DV4 | SN 7517 03-Feb-21(CTTL-SPEAG N0.Z21-60001) Feb-22
DAE4 SN 1556 15-Jan-21(SPEAG No DAE4-1586_Jan21) Jan-22
Secondary Standards D # Cal Date (Cafibrated by, Certificate No.) Scheduled Calibration
Signal Generator E4438C | MY48071430 01-Feb-21 (CTTL. No.J21X00593) Jan-22
NetworkAnalyzer ES071C | MY48110673  14-Jan-21 (CTTL, No.J21X00232} dan-22

Name Function Signature

Callbrated by. Zhao Jing SAR Test Engineer '4{ ; 40

Reviewed by Lin Hao SAR Test Engineer ﬂﬁ%

AT" d h.',— o o

Issued: Oclober 24 2021
This calibration certificate shail not be reproducad except in full without written appraval of the laboratory

Cenificate No: Z21-60410 Page 10l &
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CALIBRATION LABORATORY
Add: No.52 HusYussBei Road, Haidien Districe, Beijmg, 100191, Chima
Tel: +BA-10-AZ3M633-2070  Fax: ~B-10-62304A33-2504

Eegoil: enlikchinanl. com htp:Pwww.chinattl o
Glossary:
TSL tissue simulating kquid
ConvF sensitivity in TSL / NORMx,y,z
N/A not applicable or not measured

Calibration is Performed According to the Following Standards:

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

b) IEC 62209-1, “Measurement pracedure for assessment of specific absorption rate of human
exposure lo 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

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

d) KDB865664, SAR Measurement Reguirements for 100 MHz 1o 6 GHz

Additional Documentation:
e) DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

« Measurament 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 onented
parallel to the body axis.

« Feed Point Impedance and Refurn 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
conneclor.

* SAR for nominal TSL paramefers: The measured TSL paramaters are used to calculate the
nominal SAR result.

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

Centificste No: 22160410 Page20f6
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Add: No.32 HusYusnBiel Rosd, Haidian Disanct, Bedjing. 100191, Ching

Tel: +36- | US23504633-2079

Eemall; entidehinml com B wwwe chinattl cn

Measurement Conditions
DASY system configuralion, as far 3s not gven on page 1

Fax: +86-10-6204633-2564

DASY Version

DASYS2

V52104

Extrapofation

Advanced Extrapolation

Phantom

Triple Faat Phantom 51C

Distance Dipole Center - TSL 10 mm

with Spacer

Zoom Scan Resolution ox, dy, dz =

Smm

Frequency

1750 MHz = 1 MHz 1

Head TSL parameters
T d

and calculations were applled

Tomperature

Conductivity

Nominal Head TSL parameters

290°C 40.1

1.37 mho/m

Measured Head TSL parametsrs 220+

02°C

0826%

1.3 mhovm + & %

Head TSL temperature change during test

<10°C -

SAR result with Head TSL

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

Condgition

SAR measurad

250 MW Input power

9268 Wikg

SAR for nominal Head 1SL paramstars

normalized o W

36.8 Wikg £ 18.8 % (k=2)

SAR overaged over 10 cm’ (10 g) of Head TSL

Condition

SAR measured

250 MW Input power

4.85 Wikg

SAR for nominal Head TSL parameters

normaized to 1W

19.3 Wikg £ 18.7 % (k=2)

Intertek Report No.: 230403080SZN-002_SAR Appendix 2

Cenificate No: Z21-60410
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*  In Colisboranion with
CALIBRATION LABORATORY
Add: No.52 Hea YeanBoi Road, Haidlun Desarict, Beijlng, 100191, Chins

Tek: +86+10-62304633.2079 Fuux: +86-10-62104633-2584
E-mail: ctl@chinanleom hotp v chimatt] en

Appendix (Additional assessments outside the scope of CNAS L0570)

Antenna Parameters with Head TSL

Impedance, transformed %o fead paint 5010 1 49i0
Return Loss -3650a8

General Antenna Parameters and Design

[ Blactrical Delay (one drection) l 1122ns

After long term use with 100W radiatea power, only & slight warming of the dipole near (he fesdpoint can
be measured.

The dipole is made of standard semingid coaxal cable. The center conducior of the feeding line is directly
connecled 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 whean loaded
according Lo the position as explained In the "Measwement Conditons” paragraph, The SAR data are not
affectad by this change. The overall dipole length is still accoraging to the Standard

No excessive force must be applied to the dipole ams, because they might bend or the soidered
connections near the feedpoint may be camaged

Additional EUT Data

Manufactured by | SPEAG

Cenificase No: Z21-60410 Page 4 of 6
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Add: No 52 HuaYuunBed Road, Haldias Districe, Betbing, 100191, Chins
Tk + RO 1002304633 2079 Fax +86-10-62304633-2504
E~masl: cutl @okamand com himpe/wwew.chinutl.on

DASYS Validation Report for Head TSL Date: 10,19.202)
Test Laboratory: CTTL, Beijing, China
DUT: Dipole 1750 MHz; Type: DI750V2; Serial: DI750V2 - SN: 1138
Communication System: UID 0, CW; Frequency: 1750 MHz; Duty Cyele: [:1
Medium parameters used: £ = 1 750 MHz; o = 1.382 S/m; & = 39.76; p = 1000 kg/m’
Phantom section; Right Section
DASYS Configuration:

» Probe: EX3DV4 - SN7517; ConvF(8.22, 822, 8.22) @ 1750 MHz; Calibented:
2021-02-03

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

« Electronics: DAE4 Snl556; Calibrited: 2021-01-15

« Phantom: MFP_V5.1C (20deg probe tilty; Type: QD 000 P51t Cx; Serial: 1062

«  Measurement SW: DASYS52, Version 52.10 (4); SEMCAD X Version 14.6.14
(7501)

System Performance Check/Zoom Scan (7x7x7) (7x7x7yCube 8: Measurement grid:
dx=5Smm, dy=5mm, dz=5Smm

Reference Value = 99.20 Vim; Power Drift = -0.01 dB

Peak SAR (extrapolated) = 17.5 Wikg

SAR(I g) =9.26 Wikg; SAR(10 g) = 4.85 Wikg

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

Ratio of SAR at M2 10 SAR mt M1 =53.2%

Maximum value of SAR (measured) = 14.5 Wikg

(0 dB=14.5 W/kg = 11.61 dBW/kg

Certificate No: Z21-60410 Page 5 of
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Impedance Measurement Plot for Head TSL
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Add: No.52 HusYuenBei Rood, Headian District, Beijing, 100191, Ch N cnmnon
Tel: 8610624432207 Fax: -85 10.62504631- 2504 m\ CNAS LO§TO
Fomrail: cttbitchinatil. com Titepevewrwcehinaed en
Client Intertek Certificate No:  Z21-60411
CALIBRATION CERTIFICATE
Object D1800V2 - SN: 53203
Calibration Procedure(s) FF.211.003-01

Callbration Procedures for dipole valldation kits

Calibration date: October 18, 2021

Thiz calibration Certficate decuments the traceability to national standards, which reshize the physical units of
measurements (SI). The measurements and the uncesainties with confidence probability are given on the following
pages and are part of the certificate.

All calibrations have been conducted In the closed boratory facility environment temperature (22:3)°C and
humidity<70%,

Cafibration Equipment used (M&TE critical for calibration)

Primary Standards D # Cal Date (Calibrated by, Certificate No.) Scheduied Callbrasion
Powar Meter NRP2 ] 106277 24-Sep-21 (CTTL, No.J21X08328) Sep-22
Power sensor  NRPES 104291 24-Sep-21 (CTTL, No J21X0B326) Sep-22
Reterence Probe EX30DV4 | SN 7517 03-Feb-21(CTTL-SPEAG N0 Z21-80001) Feb-22
DAE4 SN 1556 15Jan-21{SPEAG No. DAE4-15656_Jan21) Jan-22
Seconcary Standards ID# Cal Date (Calibrated by, Certificate No ) Scheduled Cakbration
Signal Generator E4438C | MY43071430 01-Feb-21 (CTTL, No.J24X00583) Jan-22
NetworkAnalyzer ES071C | MY461106873  14-Jan-21 (CTTL. No.J21X00232) Jan-22

Name Function Signatiure

Calibrated by: Zhao Jing SAR Test Engineer /éi,

Reviewed by Lin Hao SAR Test Engineer M

Approved by, ~OiDhanyuan- - SARPropeect teaner W

Issued: October 24, 2021
This calibeation certificate shall not be reproduced except In full without written approval of the laboratory

Centificate No: Z21-60411 Page 1 of &
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CALBRATION LARORATORY
Add No.52 HuaYianBei Rowd, Vaidian District, Beijing. 100191, Ching
Tek: +86-10-62304633-2070  Fax: +86-10-6230633.2404

E-muil: cniidchinanl.com By twww.olinattl.en
lossary:
TSL tissue simulating liquid
ConvF sensitivity in TSL / NORMx,y.z
N/A not applicable or not measured

Calibration Is Performed According to the Following Standards:

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

b) IEC 82208-1, “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
6GH2)", July 2016

¢) IEC 62209-2, "Procedure to measure the Specific Absorption Rate (SAR) For wireless
communication devices used in close proximity to the human body (frequency range of
30MHz to 8GHz)", March 2010

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

Additional Documentation:
€) DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

« Measurament Conditions: Further details are avaitable from the Validation Report at the end
of the cerdificate. 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 Relurn 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 measursd' SAR measured at the stated antenna input power.

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

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

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

Certificate No: Z21-60411 Page2of 6
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CALIEBRATION LABORATORY

Add: No.57 HunYusnBei Rood, Haidian Districe, Beljiog, 100191, Chand
Tek: ¢ B6-10-62304633-2079 Fae: <86 1062304633254

E-mail: ctthigchmatt! com huplwww.ehinanl, oo
Measurement Conditions
DASY systam configurabon, as far &s not glven on page 1,
DASY Varsion DASYS2 V2104
Extrapolation Advanced Extrapolation
Phantom Triple Fiat Phantom 5.1C
Distance Dipole Center - TSL 10 mm with Spacer
Zoom Scan Resolution | dx, dy, dz=5mm
Frequency [ 1900 MHz & 1 MHz
Head TSL parameters
The folowing paramaters and calcuations were applied
Temperature Pormittivity Conductivity
Nominal Head TSL parameters 20°C 400 1,40 mha/m
Measured Hoad TSL parameters 220102)°C 99:8% 135 mhoin =6 % |
| Head TSL temperature change during test <10 —_ — |
SAR result with Head TSL
SAR averaged aver 1 ¢m’ (1 g) of Head TSL Condition
SAR measured 250 mhVY input power 8 B0 Wikg
SAR for nominal Head TSL parametars nommakzed lo 1TW 39.4 Wikg £ 16.8 % (k=2)
SAR averaged over 10 cmi' (10 g) of Head TSL Contiton
SAR measured 250 mW input power 5.01 Wiy i
SAR for nominal Head TSL parsmeters narmalized Yo 1W 20.1 Wkg £ 18.7 % (k=2)
Certificate No, Z21-60411 Pageiofs
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Add: No.52 HuaYuanBel Road, Haldian Dissrict, Beliing, 100191, Ching
Tel: +86-10-62308633:2079 Fux: +86-10-62304633-2504
E«mall: cttla@chinaes] com Mo v cliimatt] en

Appendix (Additional assessments outside the scope of CNAS L0570)

Antenna Parameters with Head TSL

Impedance, tansformed 1o feed point 54 50+ 4 Q0|0 '
Return |.oss -23648 ‘

General Antenna Parameters and Deslgn

| Biactical Delay (one drection) | 1108 ns |

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

The dipcle is made of standard semingid coaxial cable. The center conductor of the feeding line Is directly
connecled to the second arm of the dipole, The antenna is therefore shoct-circuited for DC-signals. On some
of the dipoles, small end caps are added to the dipole arms in order to improve matching when lcaded
according to the posttion as explained In the "Measuremen! Cenditions” paragraph. The SAR data are not
affected by this change. The overall dipole length is still according to the Standard

No excassive force must be applied to the dipole arms, because they might band or the soidered
connections near the feedpoint may be damaged

Additional EUT Data

Manufactured by SPEAG

Cenificate No: 221-6M11 Pugesofe
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Add: Ni. 52 Huo YeanBel Road, Faidian District, Detjing, 100191, China
Tel: 486-10-62304623-2079 Faoc: +80 1002304653250
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DASYS Validation Report for Head TSL Diate: 10.18,202)
Test Laboratory: CTTL, Beijing. China
DUT: Dipole 1900 MHz; Type: D1900V2: Serial: D190OV2 - SN: 34203
Communication System: UID 0, CW; Frequency: 1900 MHz; Duty Cycle: 1:1
Medium parameters used: f= (900 MHz; o = [.387 S/m; ¢ = 39.88; p = 1000 kg/m’
Phantom section: Right Section
DASYS Configuration:

«  Probe: EX3DV4 - SN7517; ConvF(7.81, 7.81, 7.81) @@ 1900 MHz; Calibrated
2021-02-03

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

« Llectronics: DAE4 Snl536; Calibrated: 2021-01-15

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

*  Measurement SW: DASYSZ, Version 52,10 (4); SEMCAD X Version 14.6.14
(7501)

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

Reference Value = 102.3 Vim; Power Drifi = 0.00 dB

Peak SAR {extrapolated) = 18.8 Wikg

SAR(I g) = 9.8 W/kg; SAR(10 g) =35.01 Wikg

Smallest distance from peaks to all points 2 dB below = 10 mm

Ratio of SAR at M2 to SAR at M = 52.1%

Maximum value of SAR {measured) = 15.5 Wkg

0dB =155 W/kg = 11L90 dBW/kg

Certificate No: Z21-60411 Page s of &
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Impedance Measurement Plot for Head TSL
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Add: No 52 HusYusaliei Rosd, Haidian Districe, Beijmg, 100193, Csi % CALIBRATION
Tel: ~»lm?m33—m7u Fax: 'mmozm";fimu m CNAS LOSTO
E-enuil: entbipchinatfl coe hitpe/fwww.chinail.cn
Client Intortek Ceortificate No: Z21-60413
CALIBRATION CERTIFICATE
Object D2450V2 - SN: 956
Calibration Procedure(s) FF-Z11-003-01

Calbration Proceduras for dipole validation kits
Calioration date: October 21, 2021

This calibration Certificate documents the traceabllity to national standards, which realize Ihe physical units of
measurements (S1). The measurements and the uncertainties with confidence probability are given on the following
pages and are parn of the centificate

All calibrations have been conducted in the closed Isboratory facidy: environment temperature (22+3)C and
humidity<70%.

Calibration Equipment usad (M&TE critical for calibeation)

Primary Standards D# Cal Date (Calibrated by, Cerificate No ) Scheduled Catdration
Power Meter NRP2 108277 24-Sep-21 (CTTL, No.J21X08328) Sep-22
Power sensor  NRPES 104261 24-Sep-21 (CTTL. No.J21X08328) Sep-22
Reference Probe EX3DV4 | SN 7517 03-Feb-21{CTTL-SPEAG N0 . Z21-80001) Feb-22
DAE4 SN 1658 15-Jan-21{SPEAG No.DAE4-1556_Jan21) Jan-22
Secondary Standards D# Cal Date (Calibrated by, Certificate No ) Scheduled Calibration
Signa! Generator E44338C | MY48071430 01-Feb-21 (CTTL. No.J21X00593) Jan-22
NetworkAnalyzer ES071C | MY481106873  14-Jan-21 (CTTL, No J21X00232) Jan-22

Name Function Signature

Calibrated by Zhao Jing SAR Test Engineer

Reviewed by: Lin Hao SAR Test Engineer gﬁf}v

Anmm Q'B‘lﬂ||ﬂ BlR? ' ll ’ R
GVD\/
Issued Oclober 27, 2021
This calibration certificate shall not be reproduced except in full without written approval of the laboratory

Certificute No: Z21-60413 Page | of 6
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CALIBRATION LABORATORY
Add: No52 HunYunnBed Road, Haldiss Districs, Helpmg, 10191, Ohina
Teb 486106206335 201% Fry <R6-10-62304633-2504

Evmul: cotl@cbisart! com g chimant], o
Glossary:
TSL tissue simulating kquid
ConvF sensitivity in TSL/ NORMx,y,z
N/A not applicable or not measured

Callbration is Performed According to the Following Standards:

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

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

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

Additional Documentation:
o) DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

« Measursment 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
paraliel to the body axis.

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

« 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.

e SAR normalized: SAR as measured, nomalized 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 uncerainty of
Measurement muitiplied by the coverage factor k=2, which for a norma! distribution
Corresponds to a coverage probability of approximately 85%.

Certificate No: Z21-60413 Page 2 0fn
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Add: No.52 HuaYeanBed Road, Haldlen District, Begjing, 100191, Chins

Teb: +86-10-62304633-2079
Femadl; enl@chinamd com

Fue +B6-10-67784633-2504
Tt V. cimaith cn

Measurement Conditions
DASY s conli 00, @s far as not given on page 1.
DASY Verslon DASYS2 VB2.104
Extrapolation Advanced Extrapotalion
Phantom Tripia Fiat Phantom 5.1C
Distance Dipole Centor - TSL 10 mm with Spacer ]
Zoom Scan Resolution dx, oy. dz =5 mm
Frequency 2450 MMz £ 1 Mz
Head TSL parameters
The foillowing peramelers and calculations were applied
Temparature Pormittivity Conductivity
Nominal Head TSL parameters 220°C 392 1.80 mho/m
Measured Head TSL parameters (220202)°C 395:6% 181 mhoim 8%
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 measurad 250 mW input power 131 Wikg
SAR far pominal Head TSL paramatars nomatized to 1W 52,4 Wikg £ 18.8 % (k=2)
SAR avoraged over 10 ¢m' (10 g) of Head TSL Conaition
SAR measured 250 mW input power 5.98 Wikg
SAR for ) Head TSL pal noemalizad o 1W 23.9 Wikg = 18.7 % (k=2)

Intertek Report No.: 230403080SZN-002_SAR Appendix 2
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CALIBRATION LABORATORY
Add: No.52 HueYomibet Rood, 1odisn District. Beijmg, 100191, China

Tel: = B6-10-6230M633-2079 P + 841 (M62304633-2504
E-maik: ewd@chizatil coen hittpewww chinanl cs

Appendix (Additional assessments outside the scope of CNAS L0570)

Antenna Parameters with Head TSL

l impedance, transformad to feed point 5420+ 3.042
'Lmen Loss - 26.0dB

General Antenna Parameters and Design

Electrical Dalay (one direciion) 1064 ns W

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

The dipole s made of standard semingid coaxial cable. The center conductor of the feeding line is directly
connecied to the second arm of the dipole. The antenna is tharafore short<circuited for DC-signals. On some
of the dipoles, small end caps are added 10 the dipole arms in order 1o Imprave matching when lcaded
according to the position as explained in the "Measurement Conditions" paragraph. The SAR data are not
affectad by this change. The averall dipole length ks sl according o the Standard,

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

Additional EUT Data

Manufaciured by SPEAG

Cernificate No: Z21-60413 Pagedof &
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TTL in Collsboration wath

Acdd: No.52 HusYuanBei Road Handiun District, Beijing, 100191, Ching

Tel: +36-10-62304652.2079 Fax, +86-10-62304633-2504
E-mall; enl@chinas com g Awww chinst en
DASYS Validation Report for Head TSL Date: 10.21.2021

Test Laboratory: CTTL, Beijing. China

DUT: Dipole 2450 MHz; Type: D2450V2; Serial: D2450V2 - SN: 966
Communication System: UID 0, CW; Frequency: 2450 MHz; Duty Cycle: 1:1
Medium piaremeters used: = 2450 MHz: o = 1,809 S/m: & = 39.51: p = 1000 kg/m”
Phantom section: Right Section

DASYS Configuration:

« Probe: EX3DV4 - SN7517; ConvF(7.34, 7.34, 7.34) @ 2450 MHz; Calibruted:
2621-02-03

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

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

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

« Measurement SW: DASY52, Version 52.10 (4); SEMCAD X Version 14.6.14
(7501)

Dipole Calibration/Zoom Scan (7x7x7) (Tx7x7N¥Cube 0: Measurement grid: dx=5mm,
dy=5mm, dz=5mm

Reference Value = 107,2 Vim; Power Drft = 0.00 dB

Peak SAR (extrapolated) = 27.7 Wikg

SAR(I g)=13.1 W/kg: SAR(10 g) = 5.98 W/kg

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

Ratio of SAR at M2 to SAR at M| = 46.9%

Maximum value of SAR (measured) = 22.3 Wikg

d8
0

-4.69

-9.38

-14.06

-18.7%

-23.44

0dB=223 W/kg = 13.48 dBW/kg

Cerificate No: 221-60413 Puge 5 of 6
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Impedance Measurement Plot for Head TSL

w1 SiE Log vag I0. 5000/ waf 0.000dn [F2)
* 31 T.7%0%00 Gz -J8.00% a8
AG,
‘ 20,00
10, 60
0, Coup <
o — T I————
\//
4
39, ¢ S
PEE =3 seich (be4x) Scale 1.0004 (71 sel)
3 £3500 Pz M.IR2 @ 3,061 1%, o =
4
-
N o wepracos Wl

| S 2350

Intertek Report No.: 230403080SZN-002_SAR Appendix 2

Cenificate No: 221.60413 Page 6ot 6

Page: 39 of 48



intertek

Total Quality. Assured.
Test Report Intertek Report No.: 230403080SZN-002_SAR Appendix 2

® I Collsboration wirh s‘w" *“a‘r
S A GNAS i

A No.52 HusYusBei Rood, Haidian Distrit, Beijing, 100191, Chl %77 v CALSRATION
Tek +86-1052304633207%  Fax: +36-10-62304633-2504 "[,m\..\‘ CNAS LOSTO

%

E-mall; onié@chinaul com Batp:/www.chinatil.co
Chient Intertek Certificate No:  221-80414
CALIBRATION CERTIFICATE
Obpject D2600V2 - SN: 1108

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

Cahibration Procedures for dipole validation kits
Calibration date: October 18, 2021

This cabbration Certificate documents the traceability to national standards, which realize the physical units of
measuraments (Sl), The measurements and the uncertainties with confidence prodability are given on the following
pages and are part of the certificate

All calibrations have been conducted in the closed |aboratory facility: environment temperature (2213)°C and
humidity<70%,

Calibration Equipment used (MATE criticad for calibration)

Primary Standards ID# Cal Date (Calibrated by, Cerificate No,) Scheduled Calibration
Power Meter NRP2 106277 24-Sep-21 (CTTL, No.J21X08326) Sep-22
Power sensor NRPAS 104291 24-Sep-21 (CTTL, No.J21X08326) Sep-22
Reference Probe EX3DV4 | SN 7517 03-Fab-21(CTTL-SPEAG No 221-60001} Feb-22
DAE4 SN 1556 16-Jan-21(SPEAG No.DAE4-1556_Jan21) Jan-22
Secondary Standards D#» Cal Date (Calibratad by, Certficate No.) Scheduled Calibration
Signal Generator E4438C | MY49071430 01.Feb-21 (CTTL, No.J21X00593} Jan-22
Nelwork Analyzer ES071C | MY46110673  14-Jan-21 (CTTL, No.J21X00232) Jan-22

Name Function Signaturs

Calibrated by: Znso Jing SAR Test Engineer i_,

Restewnd by. Lin Hao SAR Test Engineer \:ﬂfj{;

AP PINY be—prDtENY T SAR PrOject tesder .

Issued. October 27, 2021
This calibration cartificate shall not be reproduced axcept in full without written approval of the laboratory

Certificate No: 221-60414 Page 1 of 6
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Add: No. 52 HusYumBead Road, Haldinn Deance, Scijmg, 100191, China
Tel: +86-10-62304633-207% Fux: 186-10-62304633-2504

Lol enbitchinntl. com g chinmtl.on
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) 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 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) KDBB65664, SAR Measurement Requirements for 100 MHz to 6 GHz

Additional Documentation:
e) DASY4/5 System Handbock

Methods Applied and Interpretation of Parameters:

« Measurement Conditions: Further details are available from the Validation Report at the end
of the certificate. Al 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 ariented
paralle! 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.

« Ejectrical 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.

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

e SAR for nominal TSL parameters: The measured TSL parameters are used 1o cakulate the
nominal SAR result,

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

Certificate No: Z21-604 14 Page 2 of n
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TTL spc.
CALIBRATION LABORATORY
Add: No.52 HuaYuanBel Road, Haldian Districe, Besjing, 100191, China
Ted; ~86-10-62304635-2079 Fax: +86-10-62304631-1504

Femall; endichinanieom Bty wevw chimattl <o
Measurement Conditions
DASY system configuration, as far s not given on page 1
DASY Version DASYS52 V52104
Extrapolation Advanced Extrapoiation
Phantom Tripte Flat Phantom §1C
Distance Dipale Center - TSL 10 mm with Spacer
Zoom Scan Resolution dx, dy, dz = 5 mm
Frequency 2800 MMz £ 1 MHz
Head TSL parameters
Tha following parametsrs and calculations were applied.
Temperature Permittivity Conductivity
Nominal Head TSL parameters 20°C 380 1.98 mho/m
Measured Head TSL parameters (220202} °C 392:6% 1.95 mhoim 1 6%
Head TSL temperature change during test <10°C e -

SAR result with Head TSL

SAR averaged over1 ¢’ (1 g) of Head TSL Candition

SAR measured 250 mW Input power 14.0 Wikg

SAR for nominal Head TSL parameters normalized 1o 1W 56.2 Wikg £ 18.8 % (k»2)

SAR averaged over 10 ¢’ (10 g) of Head TSL Condilion

SAR maasured 250 miV input power 6.16 Wikg

SAR for nominal Head TSL parametars nomalkzed to 1W | 247 Wikg £ 18.7 % (b*2)
Certificate No: Z21-60414 Page 3 ofa
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CALIBRATION LABORATORY
Add: No.52 HisYuenBei Rood. Huidian Disnict, Beijing, 100191, China

Tel: *86-10-62304633.2079 Froc: +BG-1062304633.2504
E-mail: ol @chinastl.com hirge /iy chinssl o

Appendix(Additional assessments outside the scope of CNAS L0570)

Antenna Parameters with Head TSL

Impedance, transformed to feed paint 50.90-6.47j0
Return Loss -238d8

General Antenna Parameters and Design

Electrical Delsy (one diraction) 1056 ns

Aftar long term usa with 100W radiated power. only a slight warming of the dipole near the feecpoint can
be measured

The dipole is made of standard semirigid coaxial cable, Tha center conductor of the feeding line is directly
connected to the second arm of the dipole. The antenna is therefore short-circuited for DC-gignals. On some
of the dipoles, smali 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 10 the dipole ams, because they might band or the soldered
connections near the feedpoint may be damaged.

Additional EUT Data

Manufactured by [ SPEAG

Cenificate No: 221-604 14 Page 4ol
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DASYS Validation Report for Head TSL Dazer 10.19.2021
Test Laboratory: CTTL, Beijing, China
DUT: Dipole 2600 MHz; Type: D2600V2: Serial: D2600V2 - SN: 1108
Communication System: UID 0, CW; Frequency: 2600 MHz; Duty Cycle: |:1
Medium parameters used: = 2600 MHz: 6= 1.95 S/m; g, = 39.22; p = 1000 kg/m®
Phantom section; Right Section
DASYS Configuration:

» Probe: EX3DV4 - SN7517; ConvF(7.1, 7.1, 7.1) @ 2606 MHz; Calibrated:
2021-02-03

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

« Electronics: DAEA Snl556; Calibrated: 2021-01-15

« Phantom: MFP_V5.1C (20deg probe tilt); Type: QD 000 P31 Cx; Serial: 1062

«  Measurement SW: DASY 52, Version 52,10 (4); SEMCAD X Version 14.6.14
(7501)

Dipole Calibration/Zoom Scan {7x7x7) (7Tx7x7yCube 0: Measurement grid: dx=5Smm,
dy=5mm, dz=5Smm

Reference Value = 108.9 Vim; Pawer Drift = -0,02 dB

Peak SAR (extrapolated) = 30.6 W/kg

SAR(I g) = 14 Wikg: SAR(10 g) = 6.16 Wikg

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

Ratio of SAR at M2 to SAR st M| = 45.4%

Maximum value of SAR (measured) = 24,3 Wikg

0 dB =243 Wikg = 13.86 dBW/kg

Centificate No: Z21-604 14 Page 5 of' 6
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Impedance Measurement Plot for Head TSL
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REPORT(S)
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‘1 T7.s_ p e o g L, a0 CAICT
T CNAS en

Add| No.52 HusYuanei Rood. Haidian District, Beijing, 10019, Chins s gl o rATION
Tel: +86-10-613M633.2117 Condt ™ CNAS LOSTS
E-mall: emflificact. e on DKL SR LD

Client Intertek Cortificate No: Z23-60066

CALIBRATION CERTIFICATE

Object DAE4 - SN: 1473

Calibration Procedure(s) FF-211-002-01
Calibration Procedure for the Data Acquisition Electronics
(DAExX)

Calibration date. Fobruary 08, 2023

This calibration Certificate documents the traceability to national standards, which realize tha physical units of
measuramants(Sl). The measuroments and the uncarainties 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: anviconment lemperature22s3) < and
humidity<70%.

Calibration Equipment used (M&TE critical for callbration)

Primnary Standards 1D # Cal Date(Calibratad by, Certificate No.) Scheduled Calibration
Procaess Callbrator 753 | 1971018 14.Jun-22 (CTTL, No.J22X04180) Jun-23
Name Function Signature
Callbrated by: Yu Zongying SAR Test Engineer ?J"'ﬁ >
Reviewed by: Lin Hao SAR Test Engineer ﬂé" 3%

Approved by: Qi Disnyusan SAR Project Leader —C

lssuad: February 14, 2023
This callbration certificate 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
system by comparison with a calibrated instrument traceable to national
standards. The figure given corresponds to the full scale range of the
voltmeter in the respective range.

« 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.
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DC Voltage Measurement
AJD - Convarter Resolution nomanasl

High Range 1wss = 6.1V tull range = -160.. 4300 mV
Low Range: Iwss = 6inV, full range = ... +8mV
DASY measurement parametors: Auto Zero Time: 3 sec; Measuring lime: 3 sec
Calibration Factors X X z
High Range 403.988 * 0.15% (k=2) | 404 591 + 0.15% (k~2) | 404.442 = 0.15% (k=2)
Low Range 3.86367 + 0.7% (x=2) 390495 £ 0.7% (k=2) 398886 £ 0.7 (k=2)
Connector Angle
l:onnoclot Angle 10 be used in DASY system I 348°+1°
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