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Client BACL Certificate No: Z22-60101

CALIBRATION CERTIFICATE

Object EX3DV4 - SN : 7441

Calibration Procedure(s) FF-Z11-004-02

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

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

All calibrations have been conducted in the closed laboratory facility: environment temperature(22:3)°c and
humidity<70%.

Calibration Equipment used (M&TE ciitical for calibration)

Primary Standards ID# Cal Date(Calibrated by, Certificate No.) Scheduled Calibration
Power Meter NRP2 101919 15-Jun-21(CTTL, No.J21X04466) Jun-22
Power sensor NRP-Z91 101547 15-Jun-21(CTTL, No.J21X04466) Jun-22
Power sensor NRP-Z91 101548 15-Jun-21(CTTL, No.J21X04466) Jun-22
Reference 10dBAttenuator | 18NS0W-10dB 20-Jan-21(CTTL, No.J21X00486) Jan-23
Reference 20dBAttenuator | 18N50W-20dB 20-Jan-21(CTTL, No.J21X00485) Jan-23
Reference Probe EX3DV4 | SN 7464 26-Jan-22(SPEAG, No.EX3-7464_Jan22) Jan-23
DAE4 SN 1555 20-Aug-21(SPEAG, No.DAE4-1 555_Aug21/2) Aug-22
Secondary Standards ID# Cal Date(Calibrated by, Certificate No.) Scheduled Calibration
SignalGenerator MG3700A | 6201052605 16-Jun-21(CTTL, No.J21X04467) Jun-22
Network Analyzer ES5071C | MY46110673  14-Jan-22(CTTL, No.J22X00406)

Name Function B

Calibrated by: Yu Zongying SAR Test Engmeer

Reviewed by: Lin Hao SAR Test Engineer

Approved by: Qi Dianyuan SAR Project Leader

Issued: May 23, 2022
This calibration certificate shall not be reproduced except in full without written approval of the laboratory.
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Glossary:
TSL tissue simulating liquid
NORMx,y.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 6 rotation around an axis that is in the plane normal to probe axis (at measurement center), i

0=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

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:

« NORMx,y z: Assessed for E-field polarization 8=0 (fs300MHz in TEM-cell; f>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).

e NORM(N)x,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 of 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.

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

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

e 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 >800MHz. 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.

e  Spherical isotropy (3D deviation from isotropy): 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:7441

Basic Calibration Parameters

Sensor X Sensor Y Sensor Z Unc (k=2)
Norm(pVi(Vim)*)* 0.40 0.47 0.39 +10.0%
DCP{mV)® 90.9 102.2 105.6

Modulation Calibration Parameters

uID Communication A B c D VR UncE
System Name dB dBVpv dB mv (k=2)
0 cw X 0.0 0.0 1.0 0.00 1475 |+2.7%
Y 0.0 0.0 1.0 169.7
z 0.0 0.0 1.0 155.0

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%.

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

B Numerical 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

s G
f [MHz]¢ Fe::‘g:;y,: c°"1;f;::iw ConvF X | ConvF Y | ConvF Z | AlphaS [::’:] ::r'l:ll
750 a8 0.89 1004 | 1004 | 1004 | 042 | 139 | £121%
900 s 0.97 9.61 9.61 961 | 046 | 141 | £12.1%
1450 205 1.20 8.62 852 | 852 | 028 | 095 | £121%
1750 40.1 1.37 8.32 8.32 B.32 0.29 0.88 +12.1%
1900 40.0 1.40 7.94 7.94 7.94 0.27 1.03 +12.1%
2000 0.0 1.40 798 | 798 | 799 | 025 | 145 | £121%
2300 395 167 778 | 778 | 778 | 065 | 065 | £121%
2450 392 1.80 754 | 754 | 754 | 065 | 067 | +12.1%
2600 39.0 1.96 7.30 7.30 7.30 0.64 0.67 +121%
3300 382 271 709 | 7.9 709 | 047 | 089 | £13.3%
3500 379 2.91 6.89 6.89 6.89 0.42 0.95 +13.3%
3700 3r.7 3.12 6.55 6.55 6.55 0.42 1.01 +13.3%
3300 37.5 3.32 6.60 6.60 6.60 0.35 1.35 +13.3%
4400 36.9 3.84 634 | 634 | 634 | 035 | 135 | £13.3%
4600 36.7 4.04 6.26 6.26 6.26 0.45 1.20 +13.3%
4800 364 4.25 6.16 616 | 616 | 045 | 125 | £13.3%
4950 36.3 4.40 5.85 5.85 5.85 0.50 1.15 +13.3%
5250 359 471 5.35 5.35 535 | 055 | 145 | £13.3%
5600 35.5 5.07 4.85 4.85 4.85 0.55 1.20 +13.3%
5750 354 522 4.83 483 | 483 | 055 | 120 | £13.3%

© Frequency validity above 300 MHz of +100MHz only applies for DASY v4.4 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 @) can be relaxed to +10% if liquid compensation
formula is applied to measured SAR values. At frequencies above 3 GHz, the validity of tissue parameters (e and o) is
restricted to £5%. The uncertainty is the RSS of the ConvF uncertainty for indicated target tissue parameters.

& 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 (®), 6=0°

f=600 MHz, TEM f=1800 MHz, R22
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Uncertainty of Axial Isotropy Assessment: +1.2% (k=2)
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Dynamic Range f(SARnead)

(TEM cell, f = 900 MHz)
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Uncertainty of Linearity Assessment: +0.9% (k=2)
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Conversion Factor Assessment
f=750 MHz,WGLS RS(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
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APPENDIX D DIPOLE CALIBRATION CERTIFICATES

Calibration Laboratory of

SO, S Schweizerischer Kalibrierdienst
Schmid & Partner % c Service suisse d'étalonnage
Engineering AG g Servizio svizzero di taratura
Zeughausstrasse 43, 8004 Zurich, Switzerland N S  swiss Calibration Service
LT Mt
Accredited by the Swiss Accreditation 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

Client BACL USA Certificate No: D750V3-1194_Jan20

|CALIBRATION CERTIFICATE

Object D750V3 - SN:1194

Calibration procedure(s) QA CAL-05.vi1
Calibration Procedure for SAR Validation Sources between 0.7-3 GHz

Calibration date: January 13, 2020

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

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

Calibration Equipment used (M&TE critical for calibration)

Primary Standards | 1D #& Cal Date (Certificate No.) Scheduled Calibration |

Power meter NAP SN: 104778 03-Apr-12 (No. 217-02892/02893) Apr-20

Power sensor NRP-731 SN: 103244 03-Apr-13 (No. 217-02892) Apr-20

Power sensor NRP-Z91 SN: 103245 03-Apr-19 (No. 217-02883) Apr-20

Reference 20 dB Attenuator SN: 5058 (20k) 04-Apr-18 (No. 217-02894) Apr-20

Type-N mismatch combination SN: 5047.2 / 06327 04-Apr-18 (No. 217-02885) Apr-20

Reference Probe EX3DV4 | SN: 7349 31-Dec-18 (No. EX3-7349_Dec19) Dec-20

DAE4 | SN: 601 27-Dec-19 (No. DAE4-601_Dec19) Dec-20

Secondary Standards i D # Check Date (in house) Scheduled Check

Power meter E44188 SN: GB39512475 30-Cct-14 (in house check Feb-19) In house check: Oct-20

Power sensor HP B4B1A SN: US37292783 07-0ct-15 (in house check Oct-18) In house chack: Oct-20

Power sensor HP B481A SN: MY41082317 07-0ct-15 (in house check Oct-18) In house check: Oct-20

RF generator R&S SMT-06 SN: 100972 15-Jun-15 (in house check Oct-18) In house check: Oct-20

Network Analyzer Agilent EB358A | SN: US41080477 31-Mar-14 (in house check Oct-19) In house check: Oct-20
MName Function Signature

Calibrated by: Leif Klysner Labaratory Technician %/ %"

Approved by: Katja Pokovic Technical Manager /@/

Issued: January 14, 2020
This calibration cerificate shall not be reproduced except in full without written approval of the laboratory,
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Muitilateral 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 Technigues”, 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.
Antenna Parameters with TSL: The dipole is mounted with the spacer to position its feed
point exactly below the center marking of the flat phantom section, with the arms oriented
parallel to the body axis.

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

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

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

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

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

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

Certificate No: D750V3-1184_Jan20 Page 2 of 6
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Measurement Conditions
DASY system configuration, as far as not given on page 1.

DASY Version DASYS V52,103

Extrapolation Advanced Extrapolation

Phantom Modular Flat Phantom

Distance Dipole Center - TSL 15 mm with Spacer

Zoom Scan Resolution dx, dy, dz =5mm

Frequency 750 MHz £ 1 MHz
Head TSL parameters

The following parameters and calculations were applied.
Temperature Permittivity Conductivity

Nominal Head TSL parameters 22.0°C 419 0.89 mho/m

Measured Head TSL parameters (22.0+0.2)°C 4286 % 0.88 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 2.11 Wikg

SAR for nominal Head TSL parameters nermalized to 1W 8.55 W/kg = 17.0 % (k=2)

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

SAR measured 250 mW input power 1.39 Wikg

SAR for nominal Head TSL parameters normalized to 1W 5.62 Wikg £ 16.5 % (k=2)
Certificate No: D750V3-1194_Jan20 Page 30f 6
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Appendix (Additional assessments outside the scope of SCS 0108)
Antenna Parameters with Head TSL

Impedance, transformed to feed point 53.7Q-27iQ
Return Loss -27.1dB

General Antenna Parameters and Design

l Electrical Delay (one direction) 1.030 ns —l

After long term use with 100W radiated power, enly 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: D750V3-1194_Jan20 Page 4 of 6
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DASYS5 Validation Report for Head TSL

Date: 13.01.2020
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 750 MHz; Type: D750V3; Serial: D750%3 - SN:1194

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

Medium parameters used: f = 750 MHz: ¢ = 0.88 S/m; &, = 42.8; p = 1000 kg/m’
Phantom section: Flat Section

Measurement Standard: DASY5 (IEEE/IEC/ANSI C63.19-2011)

DASY52 Configuration:
« Probe: EX3DV4 - SN7349; ConvF(10.07, 10.07, 10.07) @ 750 MHz; Calibrated: 31.12.2019

Sensor-Surface: 1.4mm (Mechanical Surface Detection)

s« Electronics: DAE4 Sn601; Calibrated: 27.12.2019
¢ Phantom: Flat Phantom 4.9 (front); Type: QD 00L P49 AA; Serial: 1001

o DASYS5252.10.3(1513); SEMCAD X 14.6.13(7474)

Dipole Calibration for Head Tissue re-measure 13.01.2020/Pin=250 mW, d=15mm/Zoom
Scan (7x7x7)/Cube 0: Measurement grid: dx=3mm, dy=3mm, dz=5mm

Reference Value = 59.56 V/m; Power Drift = 0.00 dB

Peak SAR (extrapolated) = 3.16 W/kg

SAR(1 g) = 2.11 W/kg; SAR(10 g) = 1.39 W/kg

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

Ratio of SAR at M2 to SAR at M1 = 66.8%

Maximum value of SAR (measured) = 2.78 W/kg

-2.00
-4.00
-6.00

-8.00

-10.00

0 dB = 2.78 W/kg = 4.44 dBW/kg
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Impedance Measurement Plot for Head TSL
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Client ATC Certificate No:  221-60438
CALIBRATION CERTIFICATE
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| Object DA35sv2 - SN: 4d103

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

Calibration Procedures for dipole validation kits

Calibration date: October 27, 2021

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

Al calibrations have been conducied in the closed laboratory facility: envilonment temperature (22437C and
hurnidity<70%

Calibration Equipment used (ME&TE critical for calibration)

Primary Standards ID # Cal Date (Calibrated by, Certificale No.j Scheduled Calibration
Power Meter MRPZ 106277 24-8ep-21 (CTTL, Mo J21X08326) Sep-22
Power sensar  NRPBS 104291 24-5ep-21 (CTTL, No.J21X08325) Sep-22
Reference Proba EX30V4 | SN 7817 03-Feb-21{CTTL-SPEAG Mo Z221-80001) Feb-22
DAE4 SN 1556 18-Jan-21{SPEAG No. DAE4-1856_Jan21) Jan-22
Secondary Standards 1D # Cal Date {Calibrated by, Certificate Mo.) Scheduled Calibration
Signal Generator E4438C | MY40071430 O1-Feb-21 (CTTL, No.J21X00583) Jan-22
MetworkAnalyzer ES0T1C | MY46110673  14-Jan-21 (CTTL, No.J21X00232) Jan-22

Mame Function Signature

Calibrated by Zhaao Jing SAR Test Engineer ’

Reviewed by: Lin Hac SAR Test Engineer ‘Fﬁjﬁ%

Approvad by Qi Dian i

yuan SAR Project Leader .:—‘-_,F?z;p
ST,

Issued: October 21, 2021
This calibration certificate shall not be repreduced except in full withcut written aoproval of the laboratory.

Centificate No: £21-60438 Page 1 of 6
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—..‘ CALBRATION LABORATORY
Add; No.52 HuaYumBei Road. Haidian District, Beijing. 100191, Clina
Tel: +86 10-02504633-2074 Fa: +86- 10230463323
E-mail: citlialchmatil,com Inttpef e chipniil en
Glossary:
TSL tissue simulating liquid
ConvF sensilivity in TSL/ NORMzx.y.z
MIA, not applicable or not measured

Calibration is Performed According to the Following Standards:

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

by 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 2016

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

dy KDBBES664, 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 al the frequency indicated,

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

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

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

o SAR measured; SAR measured at the stated antenna input power.

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

s SAR for nominal T5L peramelers: 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 multiplied by the coverage factor k=2, which for a nomal distribution
Corresponds to a coverage probability of approximately B5%.

Cerlificate Mo: Z21-60438 Page 2 af 6
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Measurement Conditions

DASY systern configuration, as far as nol given on page 1.
DASY Version DASYSE2 V52 10.4
Extrapolation Advanced Extrapolation
_F'ha.ntnm Tripde Flat Phamntom 5.1C
Distance Dipole Center - TSL 15 mm with Spacer
Zoom Scan Resolution dx. dy, dz =5 mm
Frequency B35 MHz + 1 MHz

Head TSL parameters

The following paramaters and caloulations were applied.
Temperature Parmittivity Conductivity
Nominal Head TSL parameters 220°C 415 | 0.90 mhofm
Measured Head TSL parameters (22.0£0.2)°C 41886% 0.90 mheim £ 6 % |
Head TSL temperature change during fest <1.0°C — o

SAR result with Head TSL

SAR averaged over 1 Hrf" 1 gh of Head TSL Condition

'_E'mH measured N 250 mW input power 2.42 \Wika

SAR for nominal Head TSL parameaters namalized lo 10 .65 Wilkg £ 18.8 % (k=2)

SAR averagod over 10 ¢’ [10 g of Head TSL Condition

SAR measured 250 mW input power 1.57 Wikg

SAR for nominal Head TSL paramelers | nermalized fo 1W 6,27 Wikg £ 18.7 % (k=2)
Certificate No: 221 -60438 Page 3 of 6
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Adkl: Mo.32 HuaYusm Bl Rowd, Haidian [strict, Beijing. 100191, China
Tl #86-10-62304633-2079 oz 8= NG2I0463 325304
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Appendix (Additional assessments outside the scope of CNAS LO5T0)

Antenna Parameters with Head TSL

Impedance, ransformed fo feed point 52.70- 0.83§0

Return Loss l - 31,348 I‘

General Antenna Parameters and Design

Electrical Delay (one direction) | 1.203 ns

After long temm use with 100W radiated power, only a slight warming of the dipole near the fesdpaint can
ba measured,

The dipoie is made of slandard semirigid coaxial cable. The center conductor of the feeding line is dirsctly
connacted to the second arm of the dipole. The antenna is therefore shor-circuited for DC -signals. On some
of the dipoles, small end caps are added to the dipole arms in order to impreve matching when loaded
according to the position as exolained in the "Measurement Conditions” paragraph. The SAR data are not
affected by this change. The overall dipola langth 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 ba damagead

Additional EUT Data

manufantured by SPEAG

Certificate No: F21-60438 Puge 4 of 6
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CALIBRATION LABORATORY

Achi; Mo,52 HuaYuanBei Fosl, Haldin Distcr, Beijing, 1900591, China

Tel: 8- 1062 304633-2079 Fa: +Rb- H-62 3046352 501
E-niandl: el firchinneil,com lstipetvwowechisanl.co
DASYS Validation Report for Head TSL Date; 10.27.2021

Test Laboratory: CTTL, Beijing, China

DUT: Dipole 835 MHz; Type: DE3SV2; Serial: D835V - SN; 4d103
Communication System: UID 0, CW; Froquency: 835 MHz; Duty Cycle: 1:1
Medium parameters used: (= 835 MHz; o= 0904 S/m; & = 41.62; p= 1000 kg/m’
Phantom section: Right Section

DASYS Configuration:

«  Probe: EX3DV4 - SNT517; ConvF(9.81, 9.81, 9.81) (@ 835 MHz; Calibrated:
2021-02-03

«  Sensor-Surface: | Amm (Mechanical Surface Detection)}

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

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

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

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

Reference Value = 58.95 Vim; Power Drift = 0,00 dB

Peale SAR (extrapolated) = 3.77 Wikp

SAR(1 g) = 242 Wikg; SAR(10 g) = 157 Wikg

Smallest distance from peaks to all points 3 dB below = 194 mm

Ratio of SAR at M2 to SAR at M1 = 64.3%

Maximum value of SAR (measured) = 3.29 Wikg

dB
1]

2.1%
-4.30
-6.44

<B.59

10,74 r—
0 dB =329 W/kg = 5,17 dBW/kg

Certificate No: 221 -60438 Page 5of &
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Impedance Measurement Plot for Head TSL
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E=mail: cotkichiratl.cam litpettwwaw.chinatill en
Client BACL Certificate Mo:  Z20-60411

CALIBRATION CERTIFICATE

Diject D1800vz2 - BN 2diBe

Calibration Procedure(s) FF-Z41-003.04
Calibration Procedunes for dipole validation kits

Cabbralion date: October 16, 2020

This calibration Certdicate docurmenis 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 =7 0%,

Calibralion Equipment used (MATE ofifical for calibration)

Primary Standards D# Cal Date(Callbrated by, Certficate No) _ Boheduled Callbration
Power Meter  MRP2 108278 12-May-20 (CTTL, No, J20X02965) May-21
Powsar sensor  MRPGA 101388 12-May-20 (CTTL, Mo J20X02065) May-21
ReferenceProbe EX30V4 | SN 3817 30-Jan-20{SPEAG, No.EX3-3617_Jan20) Jan-21
DAES 8MTT1 10-Fab-20{CTTL-SPEAG Mo Z20-80017) Feb-21

_Secondary Standards__| 1D # Cal Date(Caibratad by, Cortfcato No) __ Scheduied Calibraion
Signal Generator EA438C | MY49071430  25-Feb-20 (CTTL, No.J20X00516) Feb-21
MNetworkAnalyzer ESOTIC | MY4B110673  10-Feb-20 (CTTL, No.J20X00515) Feb-2t

Name Function Signabure

Caibrated by Zhao Jing SAR Tast Enginear ﬂ
Reviewad by: Lin Hao SAR Test Enginesr ‘dTF ﬁ)

Approwvad by: Qi Dianyuan SAR Project Leader W

Issued: October 22, 2020
This calibraticn certificate shall not be reproduced axcapt in fll wilhout wrilien approval of the laboratory,

Centificate Mo: 220-60411 Page | of &
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lossary:
TEL tissue simulaling ligued
ConvF sansitivity in TSL / NORMx v,z
A not appicable or not measured

Calibration is Performed According to the Following Standards:

a) |[EEE Sid 1528-2013, "|EEE Recommandad 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 B2208-1, "Measurement procedure for assessment of specific absorption rate of human
expasure ta radio frequancy fields from hand-held and body-mounted wiralass
communication devices- Part 1: Davice used nexl 1o the ear (Frequency range of S00MHz to
BGH=)Y", July 2016

¢} |EC 62209-2, "Procedurs to measure the Spoecific Absorplion Rate (SAR) For wireless
communication devices used In close proximity to the human body (frequency range of
30MHz 1o 8GHz)", March 2010

d) KDBBE5GEEA, SAR Measurament Requirements for 100 MHz to 8 GHz

Additional Documentation:
e} DASY4/S System Handbook

Methods Applled and Interpretation of Parameters:

+ Messurement Conditions: Further details are avalable from the Validation Repor af the end
of the cerificate. Al figures stated In the certificate are vabid at the fraquency indicated.

« Anlenna Parameters with TSL: The dipoba | mounted with the spacer o position its fead
paint exacily below the center marking of the flat phantom section, with the arme oriented
parallal io 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 Trom the
maasurerment at the SMA connector to tha feed point, The Returm Loss ensures low
reflected power. No uncertainty required,

» Electrical Delay: One-way delay between the SMA connector and the antenna feed point.
Mo uncertalinty requinad.

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

o SAR normalized: SAR as measured, normalized to an input power of 1 VW at the antenna
conneclor,

»  SAR for nomingl TSL parameters: The measured TSL parameters are used to calculate the
neminal SAR result,

The repored uncertainty of measurement is staled as the standard umcertainty of
Measurement multiplied by the coverage factor k=2, which for & normal distribution
Corresponds to a coverage probability of approsimately 95%,

Centiflcase Mo: Z20-60411 Page 2 af 6
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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'.ﬁl-d TSL temperature change during tost <0G | 2 e i

SAR result with Head TSL

SAR averagod aver 1 e’ [1 g of Hoad TSL ~ Cendilicn
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] )
Cerlificate Mo: Z20-60411 Fage 3 of o
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Appendlx (Additional assessments culslide the scope of CNAS LOSTD)

Antenna Parameters with Head TSL

_—— i -
| Impedance, ranstonmed b fued point 47,40 320600
| Retum Loss | - 27 008

General Antenna Paramaters and Design

Elacirical Dalay {ore diraction) 1070 i

Aftar long ferm use wilh 100 radiated powes, anly a shght warming of the dipcle near Ihe feedpoint can
b measured,

The dipsle is made of standard semirigid cosxial cable. The center conductar of thee feeding line is directiy
conniched to the second arm of the dipale. The artenng is therafoe short-circuted for DC-signals. On sama
af the dipoles, small end caps are added to the dipole arme in arder to impreve matching when loadad
gecording ko the position as explained in the "Measurament Conditions” paragraph, The SAR data am not
affected by this change, The overall dipale langth is still actording o the Standard.

No ecessive forca must be appied (o the gipole arms, bacause they rright band or the saldered
connections near the fesdpaipt may be damaged,

Additional EUT Data

| Manufaclured by SPEAG

Cerifhcate Mo: ZI04604] | Page 4 of &

Page 25 of 45




Shenzhen Accurate Technology Co., Ltd. Report No.: SZNS221019-48008E-SA

" In Collshesnticn with
TR
T2l 2 B 8 2 0
W CALIBRATION LABORATORY
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

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

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

ER0T
e ——
| ne| L
Ly
P 511 Emith (e ) Soale L. Gao [P ) ~

+ BCUDO00 GHT ST 0B ] -3,108% @ 7. ah.pr

B ERwl 14 G TR 300D

Certifleate Mo: Z3-a0411 Page & of 6
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Tel: +H6-10-62HM633 2079 Fax: +Hl] D265 2504 eafy ™ CNAS LOSTD
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Client ATC Certificate No:  Z21-60438

CALIBRATION CERTIFICATE

Object D1900V2 - SN: 5d128

Calibration Procadura(s) FF-Z11-003-01

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 measuremenis and the uncerfainties with confidence probability are given on the following
pages and are part of tha cerlificate,

All calibrations have been conducled in the closed laboratery facility: environment lemperature (2263)°C and
humidity<70%.

Calibration Equipment used (M&TE oritical for calibration)

Primary Standards D# Cal Date (Calibraled by, Certificale No.) _ Scheduled Calibration
Power Mater NRF2 108277 24-5ep-21 (CTTL, Ne.J21X0B328) Sep-22
Power sensor NRP8S 104291 24-Sep-21 (CTTL, No. J21X08328) Sep-22
Reference Probe EX3DV4 | SM 7517 03-Feb-21(CTTL-SPEAG Mo Z21-30001) Feb-22
DAE4 SH 1556 15-Jan-21(SPEAG Mo.DAE4-1558_Jan21) Jan-22

_Secondary Standards D # Cal Date {Calibrated by, Cerlificate MNo.) s;hgq_qled Calibration
Signal Generator E4438C | MY48071430 01-Feb-21 (CTTL, No.J21X00553; Jan-22
MNetworkAnalyzer ES071C | MY48110673  14-Jan-21 (CTTL, No. J21X00232) Jan-22

Mame Function Signature

Calibrated by: Zhao Jing SAR Test Engineer 21

Reviewed by: Lin Hao SAR Test Engineer ﬁlﬁi-}%
| Appreved by. Qi Diaryuan SAR Project Leader L

lssuad: October 31, 2021
Thig calibration cerificate shall not bs reproduced except in full without written asproval of the laboratory

Certificate No: Z21-60439 Page | of 4

Page 28 of 45




Shenzhen Accurate Technology Co., Ltd. Report No.: SZNS221019-48008E-SA

r‘ n Collsbaration wath
=y y. s P e a8 9
e ©

ALIBRATION LABORATORY

Ak Mo 52 HunYuanBed Road, Haidisn Districl, Beijing, 10009, China
33

’ Fax: +86-10-62 406332504
hetpefwvew, chinattLen
lossary:
TSL tissue simulating liquid
ConvF sensitivity in TSL / NORMx,y,z
RIS not applicable or not measured

Galibration 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 Techniquas®, June 2013

b) IEC 62209-1, "Measurement procedure for assessment of specific absorption rate of human
exposure to radio frequency fialds 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) KDBBB5564, SAR Measurement Requirements for 100 MHz to 6 GHz

Additional Documentation:
e} DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

s« 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

= Antenna Parameters 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 o the body axis.

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

« Elecirical 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.

+« S5AR for nominal TSL perameters: The measured TSL parameters are used lo calculate the
nominal SAR result.

The reported uncerfainty of measurement s 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 of
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Measurement Conditions
DASY system configuration, as far as not given on page 1.

DASY Version | DASYS2 WE2.10.4
Extrap;-.l.a'lion Advancad Extrapolation
Phantom Triple Flat Phantom 5.1C
Distance Dipole Center - TSL 10 mon with Spacer
Zoom Scan Resolulion dx, dy, dz = 5 mm
Frequency 1900 MHz + 1 MHz
Head TSL parameters
The: following parameters and calculations were applied.
Temperature Parmittivity Conductivity
Nominal Head '-FSL parameters 220°C 400 1._-10 mhalm
Measured Head TSL parameters (220+0.3"C 401 +£6 % 1.38 mho/m = 6 %
| Head TSL bermperature change during test ={,0°C | - et
SAR result with Head TSL
SAR averaged over 1 cnt’ {1 g} of Head TSL Caondifion
SAR measured . 250 mWiﬁput.power 8.91 Wikg
SAR for nominal Head TSL parameters nermatized to 1W 40.0 Wikg + 18.8 % (k=2)
SAR averaged over 10 ¢ : (10 g) of Head TSL Condition ]
SAR measurad 250 myW input power 5.05 Wikg
| SAR for nominal Head TSL paramaters normalized to W 20,3 Whkg £ 8.7 % (k=2)

Certificate Mo: Z21-60439 Page 3ol
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Appendix (Additional assessments outside the scope of CNAS LO5TD)

Antenna Parameters with Head TSL

Impedance, ransformed (o feed point 5470+ T.45)0 |

Retum Loss - 21.5dB |

General Antenna Parameters and Design

[ Electrical Delay (one direction) 1110 ns |

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

The dipale 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 soma
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 Cenditions” paragraph. The SAR data are not
affected by this change. The averall dipoke lenath 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

| Manufactured by j SPEAG
Certificate No: Z21-60439 Page 4 of 6
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DASYS Validation Report for Head TSL Date: 10.27.2021
Test Laboratory: CTTL, Beijing, China
DUT: Dipole 1900 MHz; Type: D1900VZ; Serial; D1900V2 - SN: 5d128
Communication System: LD 0, CW; Frequency: 1900 MHz; Duty Cyele: 1:1
Medium parameters used: = 1900 MHz; o= 1.37% S8/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
(7501)

System Performance Check/Zoom Sean (Tx7x7) (TxTx7)/Cube 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 Wikg

Smallest distance from peaks to all points 3 dB below = |0 mm
Ratio of SAR at M2 to SAR at M1 = 51.5%

Maximum value of SAR (measured) = 5.8 Wikg

dB
1]

-3.76
-T.52

-11.27

-15.03

-18.79 L

0 dB = 15.8 W/kg = 11.99 dBW/kg
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Impedance Measurement Plot for Head TSL
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Client BACL Cortificate Mo:  Z20-60412

CALIBRATION CERTIFICATE

Object D2450V2 « BN: 751

Galibration Procedura(s) FF-Z11-003-01

Calibration Procedures faor dipalke validalion kils

Calibration date: October 13, 2020

This caliration Cerlificale documans the tiaceabikly to nabonal standards, which realize the physical unis of
measuraments(S1]. The measurements and the uncartainties with confidence probability are given on the foliowing
pagas and ara part of the carificate.

All calibrations have been conductad In the closed laboratory facility. smironment temperatureiz2s3 C and
humidity<70%.

Calibration Equiprment used (METE critical for caibration)

‘Primary Standards ___ iD#_ Gal Dato{Calibrated by, Certificate No.)  Scheduled Cabration
Power Mater NRP2 106276 12-May-20 (CTTL, Mo J20X02865) May-21
Power sensor  NRPSA 101369 12-Nay-20 (CTTL, Mo.J20X02965) May-21
ReferenceProbe EX3DV4 | BN 3617 A0-Jan-20{SPEAG, Mo EX3-3617_Jan®0) Jan-21
DAES 5N 7T 10-Fab-20(CTTL-SPEAG, Mo Z30-60017) Fiah-21
Sacondary Standards I # Cal Dabel Calibrated by, Cerlificate No.} Scheduled Calbralion
Signal Generalor E4436C | MY4D071430  26-Feb-20 (CTTL, No.J20X00518) Feb-21
NetwarkAnalyzer ESOTIC | MY45110673  10-Fab-20 (CTTL, Mo 20X00515) Feb-21

MNarme Funstion Signature

Callbenlert by Zhaa Jing SAR Test Enginger -g

Ravigwad by: Lin Hao SAR Tast Enginear [ -'fﬁ‘fai{?
Approwvd by @l Dianyuan SAR Project Leader PSR

Issued: Oclobar 22, 2020
This calibration cerlificate shab not ba reproduced except in full witheul wrilken approval of the |aboratony.
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CALIDRATION LABORATORY
Al Wi 51 Xueeywom Hoad, Hnidin Disirci, Beijmg, 100191, Chinn
Tel; +EG-10-£23MH635-20TF Fa: +80s10:62104631-1 504
Esmmail: exthidchinatikoom hitpiwnawechinairl en
Glossary:
TSL tissue slmulating liquid
ConvF sensiivity in TSLf NORMx,y.z
MIA nel applicable or not meagured

Calibration is Performed According to the Following Standards:

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

b} IEC 62208-1, "Measurement procedure for assessment of specific absorption rate of human
exposure W radio frequency fiekds from hand-held and body-mounted wireless
communication devices- Part 1: Device used next to the ear (Frequency range of 300MHz o
6GHz)", July 20186

¢} 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) KDB265664, SAR Measurement Requirements for 100 MHz to 6 GHz

Additional Documentation:
e) DASY45 System Handbook

Muothods 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 fraquency indicated.

«  Antanna Parameters with TSL: The dipole is mounted with the spacer to position its feed
paint exactly below the center marking of the flat phantom section, with the arms erientad
parallel to the body axis,

«  Feed Polnl Impedance and Return Loss: These parameters are measured with the dipole
positioned under the liguid fillad phantom. The impedance stated is ransformed from the
measuramant at the SMA connecior to the feed point. The Relurn Loss ensures low
reflected powar. No uncartainty required,

» Elaciical Delay: One-way delay between the SMA connector and the anlenna feed point,
Mo uncartainty required.

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

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

o SAR for nominal TSL paramefers: The measured TSL parameters are usad to caleulate the
nominal SAR result,

The reported uncerainly of measurement |s staled as the standard uncertainty of
Measurement multipied by the coverage factor k=2, which for a nomal distribution
Comesponds 0 a coverage probability of approximately 95%.

Cenifleate Mo: Z20-6012 Page 1 of &
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Measurement Conditions

DASY syatam conliguiralisr, as far as nod given an page 1.

| DASY Version DaEYEZ WS 104
Exfrapolation Mdvanced Exlrapalalicn ]
Phantom Triple Fial Phanlom 5.1C
Distance Dipole Genter -EL 10 mim with Spacer
Zoom Scan Resalution o, dy, iz = &

Fragjuency 2400 MHz + 1 MHz — |
Head TSL parameters
The fedflowineg paramebars aid calculafions were apolied .
Tamparaturs Pormittivity | Condistivigy
Naminal Hoad TSL pasamatars 220°C 92 180 mhoim |
Massured Hend TSL paramebers | 2osene B0za% 181 mboim £8 %
;mi TS5L temperaiure durng-_ during test _-c1 UE. i |
SAR result with Head TSL E

BAR avaraged over 1 o’ (1 g) of Head TSL Canditian |

SAR measured 250 m".l'-' IpLA poswer 13.3 Wikg

SAR Tor noaningl Head TSL paramalers nnrmall.bed o 1W 530 Wikg £ 10.8 % (k=2]
SAR averaged over 10 cm’ {10 g of Head TSL Condilion D ]
SAR moasured 250 stV input powar 6.12 Wikg ]
SAR for nominal Head TSL paramesars mrmn‘iza;esl o W 4.4 Wh;t 18.7 % [k=2)

Certificate Mo: Z20-60412 Page 1 of o
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Appendix (Additional assessments outslde the scope of CNAS LOST0)

Antenna Parameters with Head TSL

impadanca, ranslonmead fo faed poinl 53,60+ 4.03 jO

o

Retum Logs - 26.7dB

General Antenna Paramaters and Design

—

| Elpeincal Datay jone direglion) 1022 s

Aftar long lerm wse with 100W radiated power, only a siight warming of the dipste near the feedpoing can
b measured,

The dipole is made of standard semirigid cosvial cabla. The canter conductar of the fooding line s diectly
cannacted Io the sacond arm of the dipole. The anlenna is therefore short-circulted for DC-signals. On some
al ihe dipoles, small end caps are added o the dipola arms @ ordar to improve madching when loaded
ascording b the pogilion as explained in the "Measuremant Conditions" pawagraph. The SAR data are nal
affacted by this change. Tha overall dipole langlh is s&ll according 1o ihe Standerd,

Mo excessive forca must be appiied fo the dipole arms, because they might berd or the solderag
connections near the feedpoint may be damagad.

Additional EUT Data

Minu.fad:l.lrad b SPEAG J

Cortilicate Mo Z20-60412 Page 4 of o
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DAEYS Walldation Report for Head TSL Drane: 10132020
Test Laboratory: CTTL, Beijing, Ching
DUT: Dipule 2450 MHz; Type: D2450V2; Sevial: D450V - SN: 751
Commaumnication System: LITD G, CW: Frequancy: 2450 MHz: Dty Cyele: |:
Medium parameters used: 1= 2450 MHz; o = 1809 Sim; g = 39.02; p = 1000 kpim?
Fhantom section: Center Seciion
ASYS Configoration:

= Probe: EX30VY - SN36LT; ConvF(7.65, 7.65, 7.65) @ 2450 MHe: Calibrated:
2020-01-30

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

+  Electronics: DAES SaT71: Calibrated: 2000-02-10

»  Phantorn: MIP_V5.1C (2ideg probe til); Type: QD 00 P51 Cx: Serial: 1062

«  Measurement SW: DASYSZ, Version 52,10 (4): SEMCAD X Version 14.6.14
(T483)

Dipole Calibration/Foom Sean (TxTxT) (T Tx TV Cube 0: Meassrement griel: dx=5mm,
dy=5man, dz=5mm

Reference Value = 107,1 Vim: Power Drifl = -0.04 JB

Peak SAR {extrapolaied) = 28.1 Wiky

SAR(1 g} = 13.3 Wilkg; SAR(10 ) = 6.12 Wikg

Smatlest distance from peaks to all points 3 dR below = @ mn

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

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

13.32

-17.76

-22.20

0 dB = 22,7 Wikg = 13.56 dBW/kg

Certificnte Mio: Z20-60d412 Page 5 of &
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Impedance Measurement Plot for Head TSL
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Tel: +86-10-62304633-2079  Fax: +86-10-62304633-2504 KRR CNAS L0570

E-mail: cttl@chinattl.com http://www.chinattl.cn

Client BACL Certificate No:  Z19-60480
CALIBRATION CERTIFICATE

N

Object D2600V2 - SN: 1073

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

Calibration Procedures for dipole validation kits

Calibration date: December 18, 2019

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

All calibrations have been conducted in the closed laboratory facility: environment temperature(22+3)'C and

humidity<70%.

Calibration Equipment used (M&TE critical for calibration)

Primary Standards ID# Cal Date(Calibrated by, Certificate No.) Scheduled Calibration
Power Meter NRP2 106276 11-Apr-19 (CTTL, No.J19X02605) Apr-20
Power sensor NRPBA 101369 11-Apr-19 (CTTL, No.J19X02605) Apr-20
Reference Probe EX3DV4 | SN 3617 31-Jan-19(SPEAG No.EX3-3617_Jan19) Jan-20
DAE4 SN 1555 22-Aug-19(CTTL-SPEAG,No.Z219-60295) Aug-20
Secondary Standards D # Cal Date(Calibrated by, Certificate No.) Scheduled Calibration
Signal Generator E4438C | MY49071430 23-Jan-19 (CTTL, No.J19X00336) Jan-20
Network Analyzer ES071C | MY46110673 24-Jan-19 (CTTL, No.J19X00547) Jan-20

Name Function Signature

Calibrated by: Zhao Jing SAR Test Engineer é ’Zj

Reviewed by: Yu Zongying SAR Test Engineer M

i 3PP
Approved by. Qi Dianyuan SAR Project Leader =l S
Issued: December 23, 2019
This calibration certificate shall not be reproduced except in full without written approval of the laboratory.

Certificate No: Z19-60480 Page 1 of 6
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Glossary:
TSL tissue simulating liquid
ConvF sensitivity in TSL / NORMx,y,z
N/A not applicable or not measured

Calibration is Performed According to the Following Standards:

a) |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 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) |[EC 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:
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.

» 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.

e [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.

e 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.

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

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

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

Certificate No: Z19-60480 Page 2 of 6
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Measurement Conditions
DASY system configuration, as far as not given on page 1.

DASY Version DASY52 V52.10.3
Extrapolation Advanced Extrapolation
Phantom Triple Flat Phantom 5.1C
Distance Dipole Center - TSL 10 mm with Spacer
Zoom Scan Resolution dx, dy, dz =5 mm
Frequency 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 (220+02)°C 39916 % 1.97 mho/m £ 6 %
Head TSL temperature change during test <1.0°C - —

SAR result with Head TSL

SAR averaged over1 ¢m (1 g) of Head TSL Condition

SAR measured 250 m\W input power 14.4 Wikg

SAR for nominal Head TSL parameters normalized to 1W 57.8 Wikg £ 18.8 % (k=2)

SAR averaged over 10 cr” (10 g) of Head TSL Condition

SAR measured 250 mW input power 6.34 Wikg

SAR for nominal Head TSL parameters normalized to 1W 25.4 Wikg = 18.7 % (k=2)
Certificate No: Z19-60480 Page 3 of 6
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Appendix(Additional assessments outside the scope of CNAS L0570)

Antenna Parameters with Head TSL

Impedance, transformed to feed point 50.30- 6.08)00

Return Loss - 24.4dB
General Antenna Parameters and Design

Electrical Delay (one direction) 1.018 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: Z19-60480
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DASYS Validation Report for Head TSL Date: 12.18.2019
Test Laboratory: CTTL, Beijing, China
DUT: Dipole 2600 MHz; Type: D2600V2; Serial: D2600V2 - SN: 1073
Communication System: UID 0, CW; Frequency: 2600 MHz; Duty Cycle: 1:1
Medium parameters used: f= 2600 MHz; 6 = 1.966 S/m; &, = 39.92; p = 1000 kg/m3
Phantom section: Center Section
DASY5 Configuration:

» Probe: EX3DV4 - SN3617; ConvF(7.19, 7.19, 7.19) @ 2600 MHz; Calibrated:
1/31/2019

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

« Electronics: DAE4 Sn1555; Calibrated: 8/22/2019

e Phantom: MFP_V5.1C ; Type: QD 000 P51CA; Serial: 1062

s Measurement SW: DASY52. Version 52.10 (3); SEMCAD X Version 14.6.13
(7474)

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

Reference Value = 101.0 V/m; Power Drift = -0.05 dB

Peak SAR (extrapolated) = 31.3 W/kg

SAR(1 g) = 14.4 W/kg; SAR(10 g) = 6.34 W/kg

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

Ratio of SAR at M2 to SAR at M1 =46.1%

Maximum value of SAR (measured) = 24.8 W/kg

dB
0

4,74

-9.48

-14.22

-18.96

-23.70

0 dB = 24.8 W/kg =13.94 dBW/kg
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Impedance Measurement Plot for Head TSL
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