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CALIBRATION CERTIFICAT

Certificate No: Z20-60085

Object EX3DV4 - SN : 7522

Calibration Procedure(s) FF-Z11-004-01

Calibration Procedures for Dosimetric E-field Probes

Calibration date: April 01, 2020

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 1D # Cal Date(Calibrated by, Certificate No.)  Scheduled Calibration
Power Meter NRP2 101919 18-Jun-19(CTTL, No.J19X05125) Jun-20
Power sensor NRP-Z91 101547 18-Jun-19(CTTL, No.J19X05125) Jun-20
Power sensor NRP-Z91 101548 18-Jun-19(CTTL, No.J19X05125) Jun-20
Reference 10dBAttenuator | 18N50W-10dB  10-Feb-20(CTTL, No.J20X00525) Feh-22
Reference 20dBAttenuator | 18N50W-20dB  10-Feb-20(CTTL, No.J20X00526) Feb-22
Reference Probe EX3DV4 | SN 7307 24-May-19(SPEAG, No.EX3-7307_May19/2) May-20
DAE4 SN 1525 26-Aug-19(SPEAG, No.DAE4-1525_Aug19) Aug-20
Secondary Standards ID # Cal Date(Calibrated by, Certificate No.) Scheduled Calibration
SignalGenerator MG3700A | 6201052605 18-Jun-19(CTTL, No.J19X05127) Jun-20
Network Analyzer E5071C | MY46110673  10-Feb-20(CTTL, No.J20X00515) Feb-21

Name Function Signature

Calibrated by: Yu Zongying SAR Test Engineer /

Reviewed by: Lin Hao SAR Test Engineer : fﬂ’f ,.7%

Approved by: Qi Dianyuan SAR Project Leader N e

Issued: April 03, 2020
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
AB,CD modulation dependent linearization parameters

Polarization & ® rotation around probe axis

Polarization 6 0 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 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"

Methods Applied and Interpretation of Parameters:

e NORMXx,y,z: Assessed for E-field polarization 8=0 (f<900MHz in TEM-cell; > 1800MHz: waveguide).

NORMzx,y,z are only intermediate values, i.e., the uncertainties of NORMx,y,z does not effect the

E? field uncertainty inside TSL (see below ConvF).

o NORM(f)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 is the Peak to Average Ratio that is not calibrated but determined based on the signal
characteristics.

o Ax,yz Bxyz Cxyz VRxYyz:AB,C are numerical linearization parameters assessed based on the
data of power sweep for specific modulation signal. The parameters do not depend on frequency nor
media. VR is the maximum calibration range expressed in RMS voltage across the diode.

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.

e 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:7522

Basic Calibration Parameters

Sensor X Sensor Y Sensor Z Unc (k=2)
Norm(pV/(Vim)%)A 0.43 0.44 0.51 +10.0%
DCP(mV)? 99.1 99.3 102.4

Modulation Calibration Parameters

uiD Communication A B c D VR UncE
System Name dB dBVuVvV dB mV (k=2)
0 cw X 0.0 0.0 1.0 0.00 149.8 +2.7%
X 0.0 0.0 1.0 153.0
z 0.0 0.0 1.0 174.8

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 E2-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:7522

Calibration Parameter Determined in Head Tissue Simulating Media

- — =

f [MHz]¢ Pelr‘:lli:ttil:i:y & Cont.::z:\;fy ConvF X | ConvF Y | ConvF Z | Alpha® D(:::; ::‘r::)
750 41.9 0.89 9.92 9.92 9.92 0.40 0.75 | £12.1%
900 M.5 0.97 9.40 9.40 9.40 0.13 1.95 +12.1%
1750 40.1 1.37 8.21 8.21 8.21 0.22 1.08 +12.1%
1900 40.0 1.40 7.95 7.95 7.95 0.21 1.22 +12.1%
2300 39.5 1.67 7.53 7.63 7.53 0.44 0.81 +12.1%
2450 39.2 1.80 715 7156 7.16 0.48 0.79 +12.1%
2600 39.0 1.96 7.04 7.04 7.04 0.59 0.72 +12.1%
5200 36.0 4.66 5.20 5.20 5.20 0.45 1.76 +13.3%
5300 35.9 4.76 4.96 4.96 4.96 0.45 1.76 +13.3%
5600 35.5 5.07 4.55 4.65 4.55 0.45 1.60 +13.3%
5800 36.3 5.27 4,65 4.65 4.65 0.45 1.65 +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 o) 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.

G Alpha/Depth are determined during calibration. SPEAG warrants that the remaining deviation due to the boundary
effect after compensation is always less than + 1% for frequencies below 3 GHz and below 2% for the frequencies
between 3-6 GHz at any distance larger than half the probe tip diameter from the boundary.
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Frequency response(nor malized)

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 Isotropy Assessment: +1.2% (k=2)
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Dynamic Range f(SARnhead)
(TEM cell, f = 900 MHz)

Input Signal[nV]
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Uncertainty of Linearity Assessment: £0.9% (k=2)
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Conversion Factor Assessment
f=750 MHz,WGLS R9(H_convF) f=1750 MHz,WGLS R22(H_convF)
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Uncertainty of Spherical Isotropy Assessment: £3.2% (K=2)
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DASY/EASY - Parameters of Probe: EX3DV4 — SN:7522
Other Probe Parameters
Sensor Arrangement Triangular
Connector Angle (°) 31.2
Mechanical Surface Detection Mode enabled
Optical Surface Detection Mode disable
Probe Overall Length 337mm
Probe Body Diameter 10mmﬁ
Tip Length 10mm
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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Accredited by the Swiss Accreditation Service (SAS) Acereditation 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 procedura(s) QA CAL-05.v11
Calibration Procedure for SAR Validation Sources between 0.7-3 GHz

Calibration date; January 13, 2020

This calibration certificate documents the traceability to national standards, which realize the physical units of measuremants (5l).
The measurements and the uncertainties with confidence probability are given on the following pages and are pan of the cenificate.
Al calibrations have been conducted in the clased |aboratory facility: environment temperature (22 = 3)°C and humidity < 70%.

Calibration Equipment used (M&TE critical for calibration)

Primary Standards |ID# Cal Date (Cerificale No.) Scheduled Calibration

Power meter NRP | BN: 104778 03-Apr-19 (No. 217-02832/02833) Apr-20

Power sensor NRP-Z91 SNz 103244 03-Apr-18 (Mo, 217-02892) Apr-20

Power sensor NRP-Z91 SN: 103245 03-Apr-18 (Mo, 217-02893) Apr-20

Reference 20 dB Attenuator SN: 5058 (20k) 04-Apr-18 (Mo, 217-02884) Apr-20

Type-M mismatch combination SM: 5047.2 1 08327 O4-Apr-18 (No. 217-02885) Apr-20

Reference Probe EX3DV4 SN: 7348 31-Dec-19 (No. EX3-7349_Dec19) Clec-20

DAE4 SN: 6M 27-0ec-19 (No. DAE4-601_Dec18) Diec-20

Secondary Standards D # Check Dale {in housea) Scheduled Check

Power metar E44198 SN: GB39512475 30-0ct-14 {in house check Feb-19) In house check: Oct-20

Power sensor HP 84814 SN LIS37292783 07-0ct-15 {in house check Oct-18) In house check: Oct-20

Power sensor HP 84814 SN: MY41092317 07-0ct-15 (in house check Oct-18) In house check: Oet-20

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

Metwork Analyzer Agilent EB3EBA | SM: US41080477 31=Mar-14 (in house check Oct-19) In house check: Oct-20
Name Function Signature

Calibrated by: Laif Klysner Laboratory Technician %ﬂ%’
Approved by: Kafja Pokovic Technical Manager M

Issued: January 14, 2020

This calibration cerdificate shall not bg reproduced except in full without wiitten approval of the laboratary.
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The Swiss Accreditation Service is one of the signatories to the EA
Multilateral Agreement for the recognition of calibration certificates

Glossary:

TSL tissue simulating liquid

ConvF sensitivity in TSL / NORM x,y,z
N/A not applicable or not measured

Calibration is Performed According to the Following Standards:

a) |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 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) |EC 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:

s 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 positicn 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 Return Loss: These parameters are measured with the dipole
positioned under the liquid filed 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 Elecirical 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.

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

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

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

Certificate Mo: D750V3-1194_Jan20 Page 2cf 6
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Measurement Conditions

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

DASY Version DASYS V52.10.3
Extrapolation Advanced Extrapolation
Phantom Modular Flat Phantom
Distance Dipole Center - TSL 15 mm with Spacer
Zoom Scan Resolution dx, dy, dz =5 mm
Frequency 750 MHz =1 MHz
Head TSL parameters
The following parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Head TSL parameters 220°C 41.9 0.89 mho/m
Measured Head TSL parameters (22.0£0.2)°C 428+6% 0.88 mho/m £ 6 %
Head TSL temperature change during test =05°C . —
SAR result with Head TSL
SAR averaged over 1 cm® (1 g) of Head TSL Condition
SAR measured 250 mW input power 211 Wikg
SAR for nominal Head TSL parameters normalized 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: D750V3-1124_Jan20
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Appendix (Additional assessments outside the scope of SCS 0108)
Antenna Parameters with Head TSL

Impedance, transformed to feed paint 53.70Q-27[Q
Return Loss -27.1dB

General Antenna Parameters and Design

Electrical Delay {one direction) | 1.030 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 am of the dipole. The antenna is therefore shart-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
feedpeint may be damaged.

Additional EUT Data

[ Manufactured by SPEAG

Cartificate 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: D750V 3; Serial: D750V3 - SN:1194

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

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

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

DASY 52 Configuration:
« Probe: EX3DV4 - SN7340; ConvF(10.07, 10.07, 10.07) @ 750 MHz; Calibrated: 31.12.2019
» Sensor-Surface: 1.4mm (Mechanical Surface Detection)
» Electronics: DAE4 Sn601; Calibrated: 27.12.2019
o Phantom: Flat Phantom 4.9 (front); Type: QD 00L P49 AA; Serial: 1001
« DASY5252.10.3(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=5mm, dy=5mm, 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 1o SAR at M1 = 66.8%

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

-2.00

0dB =278 W/kg =4.44 dBW/kg

Certiticate Mo: D750V3-1184_Jan20 Page Sof 6
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Impedance Measurement Plot for Head TSL
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client  BACL USA Certificate No: D1900V2-5d231_Jan20

|CALIBRATION CERTIFICATE

Ohiject D1800V2 - SN:5d231

Calibration procadure(s) QA CAL-05.v11
Calibration Procedure for SAR Validation Sources between 0.7-3 GHz

Calibration date: January 14, 2020

This callbration cerificate documents the traceability to natienal standards, which realize the physical units of measurements (S1).
The measurements and the uncertainties with confidence probability are given en the following pages and are part of the cerificate.

All calibrations have been conducted in the closed labaratory facility: envirenment temperature (22 = 3)°C and humidity < 70%.

Calibration Equipment used (M&TE critical for calibration)

Primary Standards 1D # Cal Date (Cedificate Mo.) Scheduled Calibration

Power mater NAP SN: 104778 03-Apr-19 (Mo, 217-02892/02893) Apr-20

Paower sensar NRP-Z91 SN 103244 03-Apr-19 (No. 217-02892) Apr-20

Power sensor NRP-Z91 SM: 103245 03-Apr-19 (No. 217-028483) Apr-20

Reference 20 dB Attenuator SM: 5058 (20k) 04-Apr-18 (Mo, 217-02894) Apr-20

Typa-N mismatch coembination SM: 5047.2 / 06327 04-Apr-19 (Mo, 217-02835) Apr-20

Reference Probe EX3DV4 SM: 7348 31-Dec-19 (No. EX3-7349_Dec18) Dec-20

DAE4 SM: 601 27-Dec-12 (Mo. DAE4-601_Dec19) Dec-20

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

Powear metar E44128 SN: GB39512475 20-0ct-14 (in house check Feb-19) In house check: Oct-20

Power sensor HF 84814 ‘ SN USareezved 07-0e1-15 (in house check Oct-18) In house check: Oct-20

Power sensor HP 84814 SN: MY41092317 07-0et-15 (in house check Cct-18) In house check: Oct-20

RF generator R&S SMT-08 SN: 100872 15-Jun-15 (in house check Oct-18) In house check: Oct-20

Metwark Analyzer Agilent EB35BA | SN: US41080477 31-Mar-14 [in house check Oct-19) In house check: Oct-20
Mamea Funetion

Calibrated by Claudio Laublar Laboratory Technician

Approved by Katja Pokovic Technical Manager

Issued: January 15, 2020

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

Certificate No: D1900V2-5d231_Jan20 Page 1 of 8

Page 16 of 27




Bay Area Compliance Laboratories Corp. (Shenzhen) Report No.: RSZ201224551-SA

. . —
Calibration Laboratory of 3\-“‘\,;\\:/#’;,.} g Schweizerischer Kalibrierdienst
Schmid & Partner ; = c Service suisse d'étalonnage

Engineering AG ,mﬁ X Servizio svizzero di taratura

i . Y S . et
Zeughausstrasse 43, 8004 Zurich, Switzerland q""ﬁ“'\\ Swiss Calibration Service
UTA S

Accradited by the Swiss Accradilation Sarvice (SAS) Accreditation No.: SCS 0108

The Swiss Accreditation Service is ene of the signatories to the EA
Multilateral Agreement for the recognition of calibration certificates

Glossary:

TSL tissue simulating liquid

ConvF sensitivity in TSL / NORM x,y,z
N/A not applicable or not measuread

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 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:

s 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.

s 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.

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

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

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

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

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

Certificate No: D1900v2-5d231_Jan20 Page 2 of &
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Bay Area Compliance Laboratories Corp. (Shenzhen)

Report No.: RSZ201224551-SA

Measurement Conditions

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

DASY Version DASYs V52.10.3
Extrapolation Advanced Extrapolation
Phantom Modular Flat Phantom
Distance Dipole Center - TSL 10 mm with Spacer
Zoom Scan Resclution dx, dy, dz =5mm
Frequency 1900 MHz + 1 MHz
Head TSL parameters
The following parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Head TSL parameters 220°C 40.0 1.40 mho/m
Measured Head TSL parameters {(22.0+£0.2)°C 414 x£6% 1.38¢ 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 9.96 Wikg
SAR for nominal Head TSL parameters normalized to 1W 40.3 Wikg £ 17.0 % (k=2)
SAR averaged over 10 em® (10 g) of Head TSL condition
SAR measured 250 mW input power 519 W/kg
SAR for nominal Head TSL parameters normalized to 1W 20.9 Wikg = 16.5 % (k=2})

Certificate Mo: D1900V2-5d231_Jan20

Page 3of 6
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Bay Area Compliance Laboratories Corp. (Shenzhen)

Report No.: RSZ201224551-SA

Appendix (Additional assessments outside the scope of SCS 0108)

Antenna Parameters with Head TSL

Impedance, transformad to feed point 51.50Q0+43iQ
Return Loss -26.9dB
General Antenna Parameters and Design
| Electrical Delay (one direction) | 1.200 ns

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

The dipole is made of standard semirigid coaxial cable. The center conductor of the feeding line is directly connected to the
second arm of the dipole. The antenna is therefora 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.

Additicnal EUT Data

| Manufactured by

SPEAG

Centificate Mo: D1900V2-5d231_Jan20
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Bay Area Compliance Laboratories Corp. (Shenzhen) Report No.: RSZ201224551-SA

DASYS5 Validation Report for Head TSL

Date: 14.01.2020
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 1900 MHz; Type: D1900V2; Serial: D1900V2 - SN:5d231

Communication System: UID 0 - CW; Frequency: 1900 MHz

Medium parameters used: f = 1900 MHz; ¢ = 1.39 S/m; g, = 41.4; p= 1000 kga"m"a
Phantom scction: Flat Section

Measurement Standard: DASYS (IEEE/TEC/ANSI C63.19-2011)

DASY52 Configuration:
« Probe: EX3DV4 - SN7349; ConvF(8.6, 8.6, 8.6) @ 1900 MHz; Calibrated: 31.12.2019
+ Sensor-Surface: 1.4mm (Mechanical Surface Detection)
« Electronics: DAE4 Sn601; Calibrated: 27.12.2019
« Phantom: Flat Phantom 5.0 (front); Type: QD 000 P30 AA; Serial: 1001
«  DASY5252.10.3(1513); SEMCAD X 14.6.13(7474)

Dipole Calibration for Head Tissue/Pin=250 mW, d=10mm/Zoom Scan (7x7x7)/Cube 0:
Measurement grid: dx=5mm, dy=5mm, dz=5mm

Reference Value = 110.0 V/m; Power Driflt = -0.01 dB

Peak SAR (extrapolated) = 18.7 W/kg

SAR(1 g) = 9.96 W/kg; SAR(10 g) = 5.19 W/kg

Smallest distance from peaks to all points 3 dB below = 9.8 mm

Ratio of SAR at M2 to SAR at M1 =353.9%

Maximum value of SAR (measured) = 15.6 W/kg

dB

1]
—4I1II
l :

-8.00
-12.00
-16.00
-20.00
0dB =15.6 W/kg=11.93 dBW/kg
Certificate Mo: D1900V2-5d231_Jan20 Page 5of &

Page 20 of 27




Bay Area Compliance Laboratories Corp. (Shenzhen) Report No.: RSZ201224551-SA

Impedance Measurement Plot for Head TSL

File wiew channel Sweep Calbration Trace Scale Marker System Window Help
1.900000 GHz 51.458 ()
363.71 pH 4.3420 €3
1.900000 GHz 45,103 mUJ
[l F3.989 ° ||
Chitwg= 20
Chi: Stare 170000 GHz = —— Stop 2.10000 GHz
j0.00  [HESH > 1 1.900000 GHz  -2.916 dB
5000
000
15.00 g
000 [t B pemam pomn
L1500 ——— -
L2000 i = ]
25 00 :
20,00
a5 00
L0 00 Chldwg= [20 \ /
Chi: Stast 170000 GHE —— Stop 2,10000 GHz
Staluss CH1: 511 | C* 1-Part Avg=20Delay LCL
Certificate Mo: D1900V2-5d231_Jan20 Page 6 of 6
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Bay Area Compliance Laboratories Corp. (Shenzhen) Report No.: RSZ201224551-SA

r" Ini Colsbosmnon with ¢w’J YT
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L CALIBRATION LARGRATORY k GNAS o
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Client BACL Cortificate No: 22060412
CALIBRATION CERTIFICATE

Ohjaet D2460Y2 - BN: 751

Calibration Procedure(s) PR

Calibralion Procedures for dipaks validalion kits

Calibration date: Oatober 13, 2020

This caltwation Cerlificate dacumems the traceabilly to nabonal standards, which realize the physical unis of
maasuramants(5l). The measurements and the uncertaintes with confidence probability are givan on the following
pages and ane part of the cerlificate.

All calibrations have been conducted In the closed faboratory facility: emdronment temperalureszzs3C and
humibdity=70%.

Calibrabion Equipment used (METE crilical for caBbration)

Prmary Slandards D8 Cal Date{Calibratad by, Cerlificate No)  Saheduled Calibration
Power Mater NRPZ2 106276 12-May-20 (CTTL, Mo J20X02865) Blay-21
Power sensor  MRPBA 101369 12-Nay-20 (CTTL, Mo J20X02965) Bay-21
ReferenceProbe EX3DvV4 | BN 3617 A0-Jan-20[FPEAG, Mo EX3-3617_Jan0) Jan-21
DAE4 SN 7T 10-Faib-20[CTTL-SPEAG, No. 2 5-80017) Fab-21
Secondary Standards D # Cal Date{ Calibrabed by, E:_:_rllic_:il_ir y_u_} Schedulad Calbralion
Signal Generalor E443BC | MY4B071430  26-Feb-20 (CTTL, Mo J20X00518) Feb-21
MetworkAnalyzer ESOTIC | MY481106873  10-Fab-20 (CTTL, Mo J20X00515) Feb-21

Mame Funetion Signabure
Callbwrted by Zhaa Jing SAR Test Enginaer ﬁ
Roviewed by: Lin Hao SAR Tast Enginear ! ’ﬁé{;
Apgovet-by: Qi Dianyuan SAR Project Leader PP -

Issued: Octobar 22, 2020
This eallbraticn cerlificate shall nol ba reproduced excapt in full withoul wrilten approval of the labaratory.

Certifbcaty Mo: £20-60412 Page 1 of 6
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Bay Area Compliance Laboratories Corp. (Shenzhen) Report No.: RSZ201224551-SA

ﬁ In Colabaratian with =

CALIIRATION LABORATORY
Addil: Wi 51 Xvmywem Boad, Hobdinn District, Beijmg, 10019, Chinn
Tel: HEG-10-5234633-20TF Faoi: +80=10-623046533-2 504
E=mail: cutkidchinatiLeom hipfvenew.chinanlen
Glossary:
TEL tigsue simulating liguid
GonvF sensifivily in TSL / NORMx,y.z
MA not applicabie or not measured

Calibration is Parfarmad According to the Following Standards:

a) |IEEE Std 1528-2013, "IEEE Recommended Practice for Datermining the Peak
Spatial-Averaped Spacific Absorption Rata (SAR) in the Human Head fram Wireless
Communications Devices: Measuremeant Techniques®, June 2013

b} IEC 62208-1, "Measuremen! procedure for assessment of specific absorption rate of human
exposung bo radio frequency fields from hand-held and body-mounted wiraless
communication devices- Part 1 Device used next to the ear (Frequency range of 300MHz to
GGHz)", July 2018

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

d) KDBAASAES, SAR Measurement Requiremants for 100 MHz to 8 GHz

Additional Documentation:
e} DASY4/5 Systemn Handbook

Mathods Applied and Interpretation of Parametars:

+  Measurament Condilions: Further details are avallable from the Validation Report at the end
ot the certificate. All figures staled in the cerfificate are valid at the frequency indicated.

= Antenna Parameters with TSL: The dipele is mounted with the spacer to position its feed
point exactly below the cantar marking of the flat phantom section, with the arms ariented
parallel to the body axis,

« Feed Poinl impedance and Refum Loss: Thase parameters are measurad with the dipole
positioned under the liquid filled phantom. The impedance stated is transformed from the
measurameant at the SMA connector to the feed point. The Relurn Loss ensures low
reflected powaer. Mo uncariainty required.

= Elechical Delay: One-way delay between the SMA connector and the anlenna feed point,
Mo uncertainty required.

« SAR measured: 5AR measured at the stated antenna input power.

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

+ SAR for nomingl TSL parawmeters: The measurad TSL paramaters are used to calculate the
nominal SAR result,

The reported uncertainly of measurement = stated as the standard uncertainty of
Measurement multipfied by the coverage factor k=2, which for a nomal disiribution
Comesponds o a coveraga probability of approximaiely 05%.

Certifieate Mo: 220-60k12 Page 1 of &
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Bay Area Compliance Laboratories Corp. (Shenzhen)

Report No.: RSZ201224551-SA

CALIBRATION LABORATORY

Aucd: Mo S| Xweyuss Road, Heilian District, Beiflsg, 100091, Ching
Tok +B6-10-62 3l 6332070 Fax: +86-10-62 46332504

ﬁ i c‘ab,bwm; with

E-muil! eiriickamatil.oom B vvwewy, china Lo
Measurement Conditions
DASY systom configuralion, as far as nod ghven on page 1.
| DASY Version DASYEZ VEZ.10.4 J
Extrapolation |  Advanced Exlrapalation
Phantom Triple Flal Phanlom 5.1C
Distance ﬂlpmmmer -EL ji 10 mm with Spacar
Zoom Scan Resolution o, dy, iz = & mm
Frifusncy 2450 hhl:: + 1 MHz
|
Head TSL parameters
The fol swing parameters and colculabons were applisd
Tamperature Pormittivity | Condustiviey
Haminal Head TEL | b 220°C 392 1.09 rrhm'-rn_
Woasurad Hepd TSL parametbens (22.0£0.2)°C Moza%H 101 rrlmﬂn t8%
L?“"' TSL tamperature ehange during tast|  <10°C M=
SAR result with Head TSL
SAR avaraged over 1 o’ (1) of Hosd TSL Condilian '
SAR measured 260 W Inpit peswar 13.3 Wiy
AR Tor noaninal Head TSL paramalers noemializad o 1W 53,0 Wik + 10,8 % (k=2
SAR averaged over 10 cm’ {10 g} of Head TSL Condition el 1
SAR maasurad 250 miV input powar 6,12 Wkg |
SAR for nominal Head TSL paramesars mrmn'i;la;d o 1W 24,4 wfh.;.;'g 18T % (k=2) I
Coertificata Mo, 2060412 Page 1 af o
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Bay Area Compliance Laboratories Corp. (Shenzhen)

Report No.: RSZ201224551-SA

In Cobabsontion with

!i"'ff’l; s e a

CALIBRATION LABDRATORY
Adkt Mo3| Kuegiian Roud, Hoding Diariey, Beijing, 100091, China
Turl: +Bb- 1 0623040303070 Face: +B5-10-RT I 52504
E-muil: enl i chinniil com It cldamil 2

Appendix (Additional assessments outside the scope of CNAS LO&TD)

Antenna Parameters with Head TSL

impadanca, ranstorred o fasd point 53,800 4,08 0

Ratum Loss | - 26.7dR

General Anterina Parameters and Design

Elacirical Dalay jone direatian) 1022 ns

After long term wsa with 100W radiated power, anly a slight warming of the dipote near the feedpint can
b2 measunzd,

The digale is made of standard semingid coaxial cable. The canter conductor of tha fmading line s directly
connected 1o the sacond arm of the dipole. The anenna is therelome short-ciroulled for DC-signals. On some
al ihe dipoles, small &nd caps are added o the dipale arms in order to mprove maiching when loadad
ascording bo the posilion as expliained in the “Measuremant Congilions” paragraph. The SAR data are nal
affected by this change. The overall dipole langih is sl according to ihe Standerd,

Mo excessive force must be appliod fo the dipole arms, becouse theyy might berd or the soldered
cénnections near the feedpoint may be derraged

Additional EUT Data

||

Manufactured by SPEAG

Cartificale Mo: Z20-60412 Page 4 of o
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Bay Area Compliance Laboratories Corp. (Shenzhen) Report No.: RSZ201224551-SA

iR © 8 O
‘_—v CALIBRATION LABDRATORY

Adek Na 51 Xuyuan Boad, Hidise Districn, Beging, 100191, Chine

Tel: # B 10-6TI08633-2079 Fas: +Bé- 106250463 3-2504
E-maik siil & chinsinl com bttt cinalzn
DASYS Valldution Report for Head TSL Date: 10.13 200

Test Laboratory: CTTL, Beijing, Ching

DT Dgrobe 2450 MHz; Type: D2450V2; Serial: D2450V - SN 751
Commamication System: UTD O, CW: Frequency: 2450 MHz; Dty Cyele: |31
Medium parameters used: £= 2450 MHz; o = 1809 S/m; & = 390.02; p= 1000 kg'm®
Phantoan sectiodn: Center Seciion

DASYS Configoration:

o Probe: EX30WA - SNIGIT; ConvF(7.65, 7.65, T.65) (i 2450 MHe; Calibrated:
2020-01-30

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

+  Electronics: DAES Sa771: Calibeated: 2000-02-10

= Phantom: MFP_V5.1C (2ideg probe tl); Type: QD 00 P51 Cx Serial: [062

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

Dipole Calibration/Zoom Scan (TxFT) (T T TV Cube 0 Meassremenl grid: dx=5mm,
dy=5mm, dz=5mm

Reference Value = 107,1 Vim; Power Drift = -0.04 JB

Peak SAR {extimpoluted) = 28.1 Wiky

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

Smallest distance from peaks io all points 3 dB helow = 9 mm

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

Maximuim valie of SAR (mensured) =22.7 Wikg

B
1]

4,44
-L.a@
13,32

ALTE

-22.20

0 dB = 22.7 Wikg = 13,56 dBW/kg

Certifieate Mo: Z20-60412 Fage 5 of 6
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r“' 3 Im Collabearation with
T T
=7/ TT. s e
A CALIBRATION LARDRATORY

Aol W51 Nueyenn Romd, Haidian Désteic, Defiing, 180191, Chisa
Ted: # K- 10-62 30116 332070 Fos < B6- -3 (Ha3 52504
[i-mail: etilidehimmtilonm B/ o chim] o

Impedance Measuremant Plot for Head TSL

i El1 Log Wag L0, 00087 Saf 0, GO0 [Fil
Bl L e |
i
|
L
0. 00
| L]
3 x 1
y = 1 = - N 3
0,00 ., e
% -
%
o | \!
I S0 msch (Re =) fcalm d.d0du [FL pel] i
o LANNHO Grz R1008 O 4L 0MT 8 el TE i
! 1
1 ( |
&
1 Sian 2 ol [FEW 100 1r e 2er oy W
Certificate Na: Z20-604 12 Page 6 of &

Page 27 of 27




