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CALIBRATION CERTIFICATE

Object EX3DVA - 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 critical 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.J21X044686) Jun-22
Power sensor NRP-Z91 101548 15-Jun-21(CTTL, No.J21X04466) Jun-22
Reference 10dBAttenuator | 18N50W-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.DAE4-1555_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) Jan-23

Name Function -

Calibrated by: Yu Zongying SAR Test Engineer

Reviewed by: Lin Hao SAR Test Engineer

Approved by: Qi Dianyuan SAR Project Leader

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

Issued: May 23, 2022

Certificate No: Z22-60101
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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 modulaticn 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

6=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:

o NORMx,y z: Assessed for E-field polarization 8=0 (f<800MHz 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(Nx,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.

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

e Axy.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<800MHz) 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.

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

s Connector Angle: The angle is assessed using the information gained by determining the NORMx
(no uncertainty required).
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DASY/EASY — Parameters of Probe: EX3DV4 — SN:7441

Basic Calibration Parameters

Sensor X Sensor Y Sensor Z Unc (k=2)
Norm(pV/(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 UncEk
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

» G
f [MHz]° F;i';:ji:;yF c°"dt"5f::‘;fy ConvE X | ConvF Y | ConvF Z | Alpha® [::’r:‘h] :;';';‘J
750 419 0.89 1004 | 1004 | 1008 | 042 | 138 | +12.1%
900 41.5 0.97 9.61 9.61 9.61 0.16 1.41 +12.1%
1450 205 1.20 8.52 8.52 852 | 028 | 085 | +121%
1750 201 137 8.32 8.32 832 | 028 | 088 | +121%
1900 40.0 1.40 7.94 7.94 7.94 0.27 1.03 +12.1%
2000 20.0 1.40 7.99 7.99 799 | 025 | 145 | +121%
2300 395 1.67 7.78 7.78 7.78 0.65 0.65 +12.1%
2450 392 1.80 7.54 7.54 754 | 085 | 067 | £12.1%
2600 39.0 1.86 7.30 7.30 7.30 0.64 0.67 +12.1%
3300 382 2.71 7.08 7.09 709 | 047 | 089 | £13.3%
3500 379 2.91 6.89 6.89 6.89 0.42 0.95 +13.3%
3700 317 3.12 6.55 6.55 6.55 0.42 1.01 +13.3% I
3900 37.6 3.32 6.60 6.60 6.60 0.35 1.35 +13.3%
4400 36.9 3.84 6.34 6.34 634 | 035 | 135 | £13.3%
4600 367 4.04 6.26 6.26 626 | 045 | 120 | £13.3%
4800 36.4 425 6.16 6.16 616 | 045 | 1.25 | £13.3%
4950 36.3 4.40 5.85 5.85 5.85 0.50 1.15 +13.3%
5250 359 a7 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 5.22 4.83 4.83 483 | 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 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 of E-Field
(TEM-Cell: ifi110 EXX, Waveguide: R22)

1.5

1.4

1.3 ‘
1.2
1.1 ]

1.0 \ + —* e

0.9 ‘

0.8

Frequency response(nor malized)
1

0.7

0.6

i
0.5
0 500 1000 1500 2000 2500 3000
f[MHz]

*TEM *R22

Uncertainty of Frequency Response of E-field: £7.4% (k=2)
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Receiving Pattern (®), 8=0°

f=600 MHz, TEM f=1800 MHz, R22
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Uncertainty of Axial Isotropy Assessment: +1.2% (k=2)
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Dynamic Range f(SARhead)
(TEM cell, f =900 MHz)

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

Other Probe Parameters

Sensor Arrangement Triangular
Connector Angle (°) 100.7
Mechanical Surface Detection Mode enabled
Optical Surface Detection Mode disable
Probe Overall Length 337mm
Probe Body Diameter 10mm
Tip Length 9mm
Tip Diameter 2.5mm
Probe Tip to Sensor X Calibration Point 1mm
Probe Tip to Sensor Y Calibration Point 1mm
Probe Tip to Sensor Z Calibration Point 1mm
Recommended Measurement Distance from Surface 1.4mm

Certificate No:Z22-60101
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APPENDIX D DIPOLE CALIBRATION CERTIFICATES

Calibration Laboratory of

5 ) S Schweizerischer Kalibrierdienst
Schmid & Partner ilﬁkﬁ c Service suisse d'étalonnage
Engineeﬁng AG Z s Servizio svizzero di taratura
Zeughausstrasse 43, 8004 Zurich, Switzerland ’;:/,“,//"‘_‘\\\3\“‘: S Swiss Calibration Service
T 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_dJan20
ICALIBRATION CERTIFICATE

Object D750V3 - SN:1194

Calibration procedure(s) QA CAL-05.v11
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 (SI).
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 D & Cal Date (Certificate No.) Scheduled Calibration

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

Power sensor NRP-Z281 SN: 103244 03-Apr-13 (No. 217-02882) Apr-20

Power sensor NRP-Z91 SN: 103245 03-Apr-19 (No. 217-02893) Apr-20

Heference 20 dB Attenualor | SN: 5058 (20k) 04-Apr-18 (No. 217-02854) Apr-20

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

Retference 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 ' D # Check Date (in house) Scheduled Check

Power meter E44198 SN: GB39512475 30-0ct-14 (in house check Feb-19) In hause 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 A&S SMT-06 SN: 100972 15-Jun-15 (in house check Oct-18) In house check: Oct-20

Natwork Analyzer Agilent EB358A | SN: US41080477 31-Mar-14 (in house check Oct-18) In house check: Oct-20
Mame Function Signatura

Calibrated by: Leif Klysner Laboratory Technician %/ %’

Approved by: Katja Pokovic Technical Manager M

lssued: January 14, 2020
This calibration cedificate shall not be reproduced except in full without written approval of the laboratory,

Certificate No: D750V3-1194_Jan20 Page 10l 6
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Accredited by the Swiss Accraditation Service (SAS) Accreditation No.: SCS 0108

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

Glossary:

TSL tissue simulating liquid

ConvF sensitivity in TSL / NORM x,y.z

N/A not applicable or not measured

Calibration is Performed According to the Following Standards:

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

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

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

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

Additional Documentation:

e)

Metho

DASY4/5 System Handbook

ds 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
conneclor.

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

Ther

multiplied by the coverage factor k=2, which for a normal distribution corresponds to a coverage
probability of approximately 85%.

eported uncertainty of measurement is stated as the standard uncertainty of measurement

Certificate No: D750V3-1194_Jan20 Page 2 of 6
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Shenzhen Accurate Technology Co., Ltd. Report No.: SZNS220601-24199E-SAA

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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Shenzhen Accurate Technology Co., Ltd. Report No.: SZNS220601-24199E-SAA

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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Shenzhen Accurate Technology Co., Ltd. Report No.: SZNS220601-24199E-SAA

DASY5 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: { = 750 MHz; 6 = 0.88 S/m: &, = 42.8; p = 1000 kg/m’
Phantom section: Flat Section

Measurement Standard: DASY S (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)
« Electronics: DAE4 Sn601; Calibrated: 27.12.2019
« 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 (: Measurement grid: dx=3mm, dy=3mm, dz=5mm

Reference Value = 59.56 Vim; 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

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

Certificate No: D750V3-1194_Jan20 Page 5 of 6
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Impedance Measurement Plot for Head TSL
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Client ATC Certificate No:  Z21-60439
CALIBRATION CERTIFICATE

Object D1900V2 - SN: 5d128

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

Calibration Procedures for dipole validation kits

Calibration date: Oclober 27, 2021
This calibration Certificate 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 following

pages and are pari of tha cerlificate.

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

Calibration Equipment used (M&TE oritical for calibraticn)

Primary Standards iD# Cal Date (Calibraled by, Cerfificate No.) __ Scheduled Calibration
Power Mater NRP2 106277 24-Sep-21 (CTTL, Mo.J2TXDB326) Sap-22
Fower sensor  NRP8S 104291 24-Sep-21 (CTTL, Ne.J21X083261 Sep-22
Reference Probe EX3DV4 | SM 7517 03-Feb-21(CTTL-SPEAG No Z21-30001) Feb-22
DAE4 SN 1556 15-Jan-21{SPEAG No.DAE4-1656_Jan21) Jan-22

_Secondary Standards ID# Cal Date (Calibrated by, Certificate No.)  Scheduled Calibration
Signal Generalor E4438C | MY48071430 01-Fab-21 (CTTL, No.J21X00553! Jan-22
NetworkAnalyzer ESO07IC | MY45110673  14-Jan-21 (CTTL, No.J21X00232) Jan-22

Mame Function Signature

GCallbrated by: Zhao Jing SAR Test Engineer i

Reviewed by, Lin Hac SAR Test Engineer ﬁhﬁi—}%
Approved by Qi Diaryuan SAR Project Leader ,_._4;}—0\_,,

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

Certificate Mo: Z21-60439 Page 1 ol 4
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lossary:

TSL tissue simulating liquid

ConvF sensitivity in TSL { NORMx,y,z

LA not applicable or not measured

Calibration is Performed According to the Following Standards:

a) IEEE Std 1528-2013, "IEEE Recommended Practice for Determining the Peak
Spatial-Averaged Specific Absorption Rate (SAR) in the Human Head from Wireless
Communications Devices: Measuremant Technigues®, 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
BGHz)", July 2016

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

o)} KDB865664, SAR Measurement Requiraments for 100 MHz to 6 GHz

Additional Documentation:
) DASY4/5 System Handhook

Methods Applied and Interpretation of Parameters:

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

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

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

s Electrical Defay: One-way delay between the SMA connector and the antenna feed point.
Mo uncertainty required,

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

e SAR normalized: S3AR as measured, normalized to an input power of 1 W at the anlenna
connector.

+« 5AR for nominal TSL perameters: The measured TSL paramelers are used to calculate the
nominal SAR result.

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

Certificate Mo: Z21-60439 Page2of6
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Measurement Conditions

0,52 Hun'YunnBei Read. Hoidian Disieicy, Bei
Fag: +86- 16

hiipe s chinpitlen

CALIBRATION LABORATORY

HHIS, Ching

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

DASY Version | DASYS2 V52.10.4
Extrapc.rlalinn I Advanced Extrapolation
Phantom Triple Flat Phantom 5.1C
Distance Dipole Center - TEL 10 mm with Spacer
Zoom Scan Resolution : i, dy, dz = 5 mm
Fraguency 1900 Mz 4 1 MHz
Head TSL parameters
The following paramelers and calculations were applied.
) Temperalure Permittivity _ﬁ:onducih'ily_
Nominal Head-fSL parameters 220 400 l;n mhaim o
Measured Head T5L parameters (22002 °C 016 % 1,38 mhoim = 6 %
Head TSL temperature change during test <1.0°C Lz
SAR result with Head TSL
SAR averaged over 1 cit’ {1 g) of Head TSL L‘.und?lic_vr!

SAR measured

250 mW input power

.91 Wikg

SAR for nominal Head TSL parameters

normalized o 1W

40.0 Wik + 18.8 % (k=2)

SAR averaged over 10 o : {10 g} of Head TSL

Condition

SAR measured

250 m\ input power

505 WWikg

SAR for nominal Head TSL paramaters

normalized to 1W

20.3 Wikg £ 18.7 % (k=2)

Cerfificate Mo: £21-60439

Page 3ol 6
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Appendix (Additional assessments outside the scope of CNAS L0570)

Antenna Paramaeters with Head TSL

Impedance, fransformed io feed point 54.70+ T 45(0 |

| Retum Loss - £1.5d8 ‘

General Antenna Parameters and Design

| Electrical Delay {one direction) 1110 ne |

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

The dipole is made of standard semingid coaxial cable. The center conductor of the feeding line is dirsctly
connacted to the second arm o the dipole. The antenna is therefore short-circuited for DC-signals. On some
of the dipales, small end caps are added to the dipole arms in order ta improve matching when loaded
according 1o the position as explained in the “Measurement Conditions" paragraph. The SAR data are not
affected by this change. The cverall dipole lanath is still according to the Standard.

Ne excessivie force must be applied to the dipale arms, because they might bend or the soldered
connactions near the feadpoin: may be damaged.

Additional EUT Data

Manufactured by SPEAG

Certificate No: Z21-60439 Pape 4 of ¢
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DASYS Validation Report for Head TSL Date: 10,27.2021
Test Laboratory: CTTL, Beijing, China
DUT: Dipole 1900 MHz; Type: D1900V2; Serial: D1900V2 - SN: 5d128
Communication System: LD 0, CW; Freguency: 1900 MHz; Duty Cyele: 1:1
Medium parameters used: I'= 1900 MHz; o= 1379 S/m; & = 40.06; p = 1000 kg/m*®
Phantom section: Right Section
DASYS Configuration:

s Probe: EX3DV4 - SNT517; 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_V3.1C (20deg probe tilty; Type: QD 000 P51 Cx; Serial: 1062

»  DMeasurement SW: DASYS2, Version 52.10 (4); SEMCAD X Version 14.6.14
(7501)

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

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

Peak SAR {extrapnlated) = 193 Wikg

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

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

Ratio of SAR at M2 1o SAR at M1 = 51.5%

Maximum value of SAR (measured) = 15.8 W/kg

dB
0

-3.76
-1.52

-11.27

-15.03

-18.79 L

0 dB = 15,8 Wikg = 11.99 dBW kg

Certificate No: Z21-6043% Page 5 of 6
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Impedance Measurement Plot for Head TSL

Trl 511 wog Wag 10, 00de na

#1  L.000000 GHT -

aith (Rsfxd Scale 10000 [FL oeY]
S4.708 @ 7.4300 0 &M, 31-mT

*1  L.9000000 GHZ

EEERTEES - ]

L Start 1.7 GH

Page 6 of &
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Client BACL Cortificate No: 22060412
CALIBRATION CERTIFICATE

Object D450V - BN: TE1

Calibration Proceduna(s) FF-Z11-008-01

Calibration Procedures for dipake validalion kits

Callbralion date: Ochober 13, 2020

This caliwation Cerlificate dacumens. the traceabilly to natenal standards, which realize the physical unis of
maasuramants(El]. The moasurements and the uncartaintias with confidancs probability are given on the following
pagas and are part of the carificale.

All calibrations have baen conductad in the closed laboratory facility: srvironmeant temperatureze i and
humidity<70%.

Calibration Equipment used (METE critical for calbration)

F-‘r-mar:,l Slandards D# Cal Date{Calibratad by, Certificste “NE"; Saheduled Calbration
Power Mater MRP2 106276 12-May-20 [CTTL, Mo, J20X02965) hey-21
Power sensor  NRPBA 101369 12-Nay =20 (CTTL, Mo J20X02965) May-21
ReferenceProbe EX30DV4 | BN 3617 A0-Jan-20(SPEAG, No.EX3-3617_Jan20) Jan-21
AE4 8N 10-Fab-20[CTTL-SPEAG, Mo ZH-80017) Fab-21
Sacondary Standards I # Cal Date{ Calibrabed by, EP_rIIﬁ:_!il_ir {».!u,} Bcheduled Calbration
Signal Genaralor E443BC | MY40071430  26-Feb-20 (CTTL, No.J20X00518) Feb-21
NetworkAnalyzer ESOTIC | MY45110673  10-Fab-20 (CTTL, Mo.J20X00515) Feb-21

Mame Funetion Signatura
Ca'lbrated by Zhao Jing SAR Tes! Enginaer
Raviewnd by: Lin Hao SAR Tesi Enginear V -mfé{;
Approved by: Qi Dianyuan SAR Project Leader R

Issued: Octobar 22, 2020
This calibraticn cerlificate shall nol b reaproducad escept in full withoul wrilten approval of the labaratory.

Certifbcate Mo: £20-60412 Page 1 of
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Tel: HEG-10-52 3633207 ez +B0=10-62 30465331 504

Eamail: cotkidchinatilcom http v chinail cn
Glossary:
TEL tigsue sirmilating liguid
ConvF sensiivity in TSL f NORMx,y.2
PFA net applicabla or not measured

Calibration is Parformed According to the Following Standards;

a) |IEEE Std 1528-2013, "IEEE Recormmended Practice for Determining the Peak
Spatial-fveraged Specific Absorption Rate (SAR) in the Human Heagd from Wirsless
Communications Devices: Measurement Technigues®, June 2013

b} IEC 82208-1, "Measurement procedure for assessment of specific absorption rate of human
exposung W radio frequency fields from hand-held and body-mounted wiraless
communication devices- Part 1: Device used next lo the ear (Frequency range of 300MHz o
6GHz)", July 2018

¢} IEC 62209-2, "Procedure to measure the Specific Absorption Rate (SAR) Far wireless
communication devices used in close proximity to the human body (frequency range of
J0MHz to BEHEZ)", March 2010

d) KDB8G65664, SAR Measurement Requirements for 100 MHz to 6 GHz

Additional Documentation:
e) DASY 45 System Handbook

Mathods Applied and Interpretation of Parameters:

«  Msasurement Condilions: Further details are avallable from the Validalion Report at the end
of the cedificate, All figures stated in the cerfificate are valid at the frequency indicated.

s Antenna Paramaters with TSL: The dipole is mounted with ihe spacer to position it feed
point exactly below the center marking of the flat phantom section, with the arms erented
parallel 1o the body axis.,

«  Feed Poinl Impedance and Return Loss: These parameifers ane measured with the dipole
positioned under the liquid filled phantom. The impedance stated is transformed from the
measuramant at the SMA conneclod to the feed poinl. The Relurn Loss ensures low
reflected power. Mo uncariainty required,

» Eleciicsl Delay: One-way delay between the SMA connector and the anlenna faed point,
Mo uncerainty required.

«  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
CORNector.

«  SAR for nominal TSL paramelers: The measured TSL parameters are usad (o calculate the
naminal SAR result,

The reported uncerainly of measurement |s staled as the standard uncertainty of
Measurement multipied by the covarage factor k=2, which for a8 nomal distribution
Comesponds (o a coverage probability of approximately 95%.

Certifleate Mo: Z20-60412 Page T of &
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Measurement Gonditions
[WEY syatam conliguralion, as far as ned given o page 1.

| DASY Version DAEYHZ W52 104 J
Extrapolation | Advanced Exlrapalalicn
Phantom Triple Flal Phanlom 5.1C
Distance ﬂlpm -EL 10 mim with Spacer
Zoom Scan Resalution o, dy, iz = & mm
Fraquency 2450 I'-hl:: 1 MHz
|
Head TSL parameters
The fioflowdreg paramebars and calculabions were apolied
Tamparaturs Pormittivity | Condustivity
Naminal Hoad TSL pasamatars 220 392 180 mhoim
Moasurad Haned TSL paramebens (2204020 MOza% 181 rrlhm'm +8%
Eaﬂ T5L temperature change during test =105 ny_ =
SAR rosult with Hoad TSL__ ) S—
SAR averaged over 1 cur’ (1 ) of Hoad T5L Candilin '
SAR measured 260 W input powar 13.3 Wik
SAR Tor nominal Head TSL paramalers normalizad o 18 53.0 Wikg £ 10.8 % (k=2]
SAR averagad over 10 cm’ (10 gh of Hoad TSL Condilion T |
SAR moasuned 250 bV input powar 6.12 Wikg .I
SAR for nomingl Head TSL paramedars nurrnn'ias;d o 1Y 244 th.é.t 18T % [k=2)
Certificate Mo; 2060412 Page 3 of o
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Appendix (Additional assessments outslde the scope of CNAS LOGTO)

Antenna Parameters with Head TSL

impadance, ranstonmed fo faed painl 53,60+ 4,00 0
Ratum Loss | - 26.7dB j

General Antenna Parameters and Design

| Elacirical Datay jane direolion) 1032 s

Aftar long larm use with 100W radiated power, anly a sfight warming of the dipote near the feedpoing can
b measured,

The dipole is made of siandard semingid comxial cabla, The camer canducior of the fmading line ia directly
connectid 1o thi sacond arm of the dipola. The antenna is therefore shor-circuliesd for DC-signals. On some
af the dipoles, small end eaps are added 1o the dipele arms in ordar to improve madching whean leadad
aucording b ihe posilion as expiEined in the “Measuramant Condilions” pasagraph. The SAR data are nal
affacted by this change. Tha overall dipale langth is sSll according o ihe Standard,

No excessive force must be applied fo the dipole arms, beceuse they might berd or the soldered
connections near the feedpoint may be damaged

Additional EUT Data

Manufactured by SPEAG

Cartificale Mo; Z20-60412 Fage 4 of o
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DASYS Valldwtion Report for Head TSL Daner: 10133020

Test Laboratory: CTTL, Beijing, China

DUT: Dipole 2450 MHz; Type: D2450V2; Serial: D24S0VE - SN: 751
Communication System: LITD 0, CW; Frequency: 2450 MHz; Duty Cyele: |:]
Medium parameters used; £= 2450 MHz: o = 1,809 S/im: & - 39.02; p= 1000 kp'm’
Fhantom section: Center Section

DASYS Configuration:

= Probe: EX30VA - SNIGLT; ConvF(7.65, 7.65, 7.65) @ 2450 MHz: Calibrated:
2020-0-30

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

+  Electronics: DAES Sa771: Calibrated: 2020-02-10

= Phantom: MFP_V5.1C (2ideg probe 1il); Type: QD 00 P51 Ci Serial: (062

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

Dipale Cabibration/Zoom Scan (Tx7xT) (T2 T 70 Cube 0 Mensurement grid: dx=5mm
dy=5mm, cz=5mm

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

Peak SAR {extiapoliied) = 28.1 Wiky

SAR(1 g} = 13.3 Wlkg; SAR(10 ) = 6.17 Wiky

Smallest distance from peaks i all points 3 dB helow = 9 mun

Ratio of SAR a1 M2 1o SAR al M1 = 47.6%

Maximuim valie of SAR (mensured) = 22.7 Wikg

]

13,32

-17.76

-22.20

0 dB = 22.7 Wikg = 13.56 dBW/kg

Certificnte Mo: Z20-640d12 Fage 5 of &
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Impedance Measurement Plot for Head TSL
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Shenzhen Accurate Technology Co., Ltd. Report No.: SZNS220601-24199E-SAA

Calibration Laboralory of \s‘\'@"’z, [ Schweizerischer Kalibrierdienst
Schmid & Partner ﬁ c Service suisse d'étalonnage
Engineering AG e Servizio svizzero di taratura
Zeughausstrasse 43, 8004 Zurich, Switzerland 1/@‘3‘ S swiss Calibration Service
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 Certificate No: D2600V2-1162_0Oct19
CALIBRATION CERTIFICATE

Object D2600V2 - SN:1162

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

Calibration date: October 02, 2019

This calibration certificate documents the traceability to national standards, which realize the physical units of measurements (31).
The measurements and the uncertainties with confidence probability are given on the following pages and are part of the certificate.

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

Calibration Equipment used (M&TE critical for calibration)

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

Power meter NRP SN: 104778 03-Apr-18 (No. 217-02892/02893) Apr-20

Power sensor NRP-Z91 SN: 103244 03-Apr-13 (No. 217-02892) Apr-20

Power sensor NRP-Z91 SN: 103245 03-Apr-12 (No. 217-02833) Apr-20

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

Type-N mismatch combination SN: 5047.2 / 068327 04-Apr-19 (No. 217-02895) Apr-20

Refarance Probe EX3DV4 SN: 7349 29-May-19 (No. EX3-7349_May19) May-20

DAE4 SN: 601 30-Apr-19 (Mo. DAE4-601_Apr19) Apr-20

Secondary Standards ID # Check Date (in house) Scheduled Chack

Power meter E44198 SN: GB39512475 30-Oct-14 (in house check Feb-19) In house check: Oct-20

Power sensor HP B481A SN: UsS37202783 07-Oct-15 (in house check Oct-18) In house check: Oct-20

Power sensor HP 84814 SM: MY41092317 07-0ct-15 (in house check Oct-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

Network Analyzer Agllent EB358A | SM: US41080477 31-Mar-14 (in house check Oct-18) In house check: Oct-19
Name Function Signature

Calibrated by: Leif Klysner Laboratory Technician W %’
Approved by: Katja Pokovic Technical Manager ‘f%

Issued: October 2, 2019
This calibration certificate shall not be reproduced except in full without written approval of the laboratary.

Certificate No: D2600V2-1162_0ct19 Page 1 of 6
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Shenzhen Accurate Technology Co., Ltd.

" . Wy
Callbfatlon Laboratory of {\“;:\\:_;"/.; (] Schweizerischer Kalibrierdienst
Schmid & Partner ilﬁeivﬂé c Service suisse d'étalonnage

Engineering AG el Servizio svizzero di taratura

; : N (] i S :
Zeughausstrasse 43, B004 Zurich, Switzerland K r/—\ o Swiss Calibration Service
Sl

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

Glossary:

TSL tissue simulating liquid

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

Calibration is Performed According to the Following Standards:

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

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

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

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

Additional Documentation:
e) DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

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

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

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.

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

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

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

The reported uncertainty of measurement is stated as the standard uncertainty of measurement
multiplied by the coverage factor k=2, which for a normal distribution corresponds to a coverage
probability of approximately 95%.
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Measurement Conditions
DASY system configuration, as far as not g

iven on page 1.

DASY Version

DASY5 V52.10.2

Extrapolation Advanced Extrapolation

Phantom Modular Flat Phantom

Distance Dipole Center - TSL 10 mm with Spacer

Zoom Scan Resolution dx, dy,dz =5 mm

Frequency 2600 MHz + 1 MHz
Head TSL parameters

The following parameters and calculations were applied.
Temperature Permittivity Conductivity

MNominal Head TSL parameters 220°C 39.0 1.96 mho/m

Measured Head TSL parameters (22.0£0.2)°C 373+6% 2.03 mho/m £ 6 %

Head TSL temperature change during test <05°C e e
SAR result with Head TSL

SAR averaged over 1 cm?® (1 g) of Head TSL Condition

SAR measured 250 mW input power 14.2 Wikg

SAR for nominal Head TSL parameters

normalized to 1W

55.4 Wikg *17.0 % (k=2)

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

SAR measured

250 mW input power

6.31 Wikg

SAR for nominal Head TSL parameters

normalized to 1W

24.9 Wikg * 16.5 % (k=2)

Certificate No: D2600V2-1162_0Oct19
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Appendix (Additional assessments outside the scope of SCS 0108)

Antenna Parameters with Head TSL

Impedance, transformed to feed point 4740-79jQ
Return Loss -21.4dB

General Antenna Parameters and Design

Electrical Delay (one direction) 1.146 ns

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

The dipole is made of standard semirigid coaxial cable. The center conductor of the feeding line is directly connected to the
second arm of the dipole. The antenna is therefore short-circuited for DC-signals. On some of the dipoles, small end caps
are added to the dipole arms in order to improve matching when loaded according to the position as explained in the
"Measurement Conditions" paragraph. The SAR data are not affected by this change. The overall dipole length is still
according to the Standard.

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

Additional EUT Data

| Manufactured by SPEAG
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DASYS5 Validation Report for Head TSL

Date: 02.10.2019

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

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

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

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

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

DASY52 52.10.2(1504); SEMCAD X 14.6.12(7470)

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

Reference Value = 118.6 V/m; Power Drift = 0.00 dB

Peak SAR (extrapolated) = 29.0 W/kg

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

Maximum value of SAR (measured) = 24.0 Wikg

=9
Sm

-4.80

-9.60

-14.40

-19.20

-24.00

0 dB =24.0 W/kg =13.80 dBW/kg
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Impedance Measurement Plot for Head TSL

Eile View Channel Sweep Calbration Trace Scale Marker System Window Help
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EUTI

Accredited by the Swiss Accreditation Service (SAS) Accreditation No.: SCS 0108

The Swiss Accreditation Service is one of the signateries to the EA
Multilateral Agreement for the recognition of calibration certificates

Client BACL USA Certificate No: D5GH2zV2-1301_Jan20

[CALIBRATION CERTIFICATE |

Object D5GHzV2 - SN:1301

Callbration procadure]s) QA CAL-22.v4
Calibration Procedure for SAR Validation Sources between 3-6 GHz

Calibration date: January 10, 2020

This calibration carificate documents the traceability to national standards, which realize the physical units of measuremenis (SI).
The measurements and the uncertainties with confidance probability are given on the following pages and are pan of the cartificate.

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

Calibration Equipmant used (M&TE eritical for calibration)

Primary Standards 10 # Cal Date (Certificate No.) Scheduled Calibration

Powear meter NAP SN: 104778 03-Apr-19 (No. 217-028592/02593) Apr-20

Power sensor NRP-£31 SN 103244 03-Apr-19 (Mo, 217-02892) Apr-20

Power sensor NRP-291 SN: 103245 Q3-Apr-18 (Mo, 217-02893) Apr-20

Referance 20 dB Attenuator SN: 5058 (20%) 04-Apr-18 (Mo, 217-02854) Apr-20

Type-N mismalch combination SN: 5047.2 / 06327 04-Apr-19 (Mo, 217-02885) Apr-20

Referance Probe EX30V4 SN: 3503 31-Dec-19 (Mo, EX3-3503_Dec19) Dac-20

DAE4 SN: 601 27-Dec-19 (No. DAE4-801_Dec19) Dec-20

Secondary Standards 10 # Check Date (in house) Scheduled Check

Power meter E44195 SN: GBa8512475 30-0ct-14 (in house check Feb-19) In house check: Oct-20

Power sensor HP 84814 SN: US37252783 07-Oct-15 (in house check Oct-18) In house check: Oct-20

Power sensor HP 84814 Sh: MYA1082317 O7-0ct-15 (in house check Oct-18) In housa check: Oct-20

RF generator R&S SMT-06 SN: 100872 18-Jun-18 (in house check Ocl-18) In house check:; Oct-20

Metwork Analyzer Agilent EB3S8A | SN: US41080477 31-Mar-14 (in house check Oct-18) In house check; Oct-20
Mame Function Signature

Calibrated by: Michael Weber Laboratory Technician /ﬂd—
Approved by: Katja Pokavic Technical Manager %ﬁ

Issued: January 14, 2020

This calibration certificate shall not be repreduced except in full without written approval of the laboratery.
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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

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 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 82208-2, "Pracedure 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 68 GHz)", March 2010

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

Additional Documentation:
e) DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

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

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

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

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

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

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

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

The reported uncertainty of measurement is stated as the standard uncertainty of measurement
multiplied by the coverage factor k=2, which for a normal distribution corresponds to a coverage
probability of approximately 95%.
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Measurement Conditions
DASY system configuration, as far as not given on page 1.
DASY Version DASYS V52.10.3
Extrapolation Advanced Extrapolation
Phantom Madular Flat Phantom V5.0
Distance Dipole Center - TSL 10 mm with Spacer

Zoom Scan Resolution

dx, dy = 4.0 mm, dz =1.4 mm

Graded Ratio = 1.4 (Z direction)

Frequency

5250 MHz £ 1 MHz
5800 MHz = 1 MHz
5800 MHz & 1 MHz

Head TSL parameters at 5250 MHz

1

lhe following parameters and calculations were applied.

Temperature Permittivity Conductivity

Nominal Head TSL parameters 220°C 359 4.71 mho/m

Measured Head TSL parameters (22.0 £0.2) °C 348+68% 4.48 mho/m £ 8 %

Head TSL temperature change during test <05°C e nu
SAR result with Head TSL at 5250 MHz

SAR averaged over 1 em® (1 g} of Head TSL Condition

SAR measured 100 mW input power 8.13 Wikg

SAR for nominal Head TSL parameters normalized to 1W 80.7 Wikg + 19.9 % (k=2)

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

SAR measured 100 mW input power 2,33 Whkg

SAR for nominal Head TSL parameters narmalized to 1W 23.0 Wikg = 19.5 % (k=2)
Head TSL parameters at 5600 MHz

The following parameters and calculations were applied.
Temperature Permittivity Conductivity

Nominal Head TSL parameters 22.0°C 355 5.07 mhao/m

Measured Head TSL parameters (22.0+02)°C 34326% 4.83 mho/m = 6 %

Head TSL temperature change during test <05°C e =
SAR result with Head TSL at 5600 MHz

SAR averaged over 1 em® (1 g) of Head TSL Condition

SAR measured 100 mW input power 8.58 Wikg

SAR for nominal Head TSL parameters normalized to 1W 85.1 Wikg  19.9 % (k=2)

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

SAR measured 100 mW input power 2.44 Wikg

SAR for nominal Head TSL parameters normalized to TW 24.1 Wikg = 19.5 % (k=2)

Certificate No: DSGHzV2-1301_Jan20
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Head TSL parameters at 5800 MHz

The following parameters and calculations were applied.

Temperature Permittivity Conductivity

MNominal Head TSL parameters 22.0°C 35.3 5.27 mho/m

Measured Head TSL parameters (22.0x0.2)°C 34.0£6% 5.03 mhofm £ 6 %

Head T5L temperature change during test <0.5°C - -
SAR result with Head TSL at 5800 MHz

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

SAR measured 100 mW input power 8.10 W/kg

SAR for nominal Head TSL parameters normalized to 1W 80.2 Wikg = 19.9 % (k=2)

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

SAR measured 100 mW input power 2.20 Wikg

SAR for nominal Head TSL parameters normalized to 1W 22.6 Wikg = 19.5 % (k=2)

Certificate No; D5GHzV2-1301_Jan20
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Appendix (Additional assessments outside the scope of SCS 0108)
Antenna Parameters with Head TSL at 5250 MHz

Impedance, transformed to feed point 47.80Q-3.1jQ
Return Loss -28.2dB

Antenna Parameters with Head TSL at 5600 MHz

Impedance, transformed to feed point 51.80Q+18jQ
Return Loss -31.4dB

Antenna Parameters with Head TSL at 5800 MHz

Impedance, transformed to feed point 5120Q+31Q
Return Loss - 29.6 dB

General Antenna Parameters and Design

|Eectrlcal Delay (one direction) 1.182 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 aecording 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
feadpoint may be damaged.

Additional EUT Data
| Manufactured by l SPEAG
Certificate No: D5GHzV2-1301_Jan20 Page50f8
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DASYS Validation Report for Head TSL
Date: 10.01.2020

Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole DSGHzV2; Type: DSGHzV2; Serial: DSGHzV2 - SN:1301

Communication System: UID 0 - CW; Frequency: 5250 MHz, Frequency: 5600 MHz, Frequency: 5800 MHz
Medium parameters used: f = 5250 MHz; ¢ = 4.48 8/m; & = 34.8; p = 1000 kg/m® ,

Medium parameters used: f= 5600 MHz; ¢ = 4.83 §/m; & = 34.3; p = 1000 kg/m’ ,

Medium parameters used: f= 5800 MHz; o = 5.03 S/m; & = 34; p = 1000 kg/m®

Phantom section: Flat Section

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

DASYS52 Configuration:

* Probe: EX3DV4 - SN3503; ConvF(5.45, 5.45, 5.45) @ 5250 MHz, ConvF(5, 5, 5) @ 5600 MHz,
ConvF(5.01, 5.01, 5.01) @ 5800 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 P50 AA; Serial: 1001
« DASY52 52.10.3(1513); SEMCAD X 14.6.13(7474)

Dipole Calibration for Head Tissue/Pin=100mW, dist=10mm, f=5250 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Measurement grid: dx=4mm, dy=4mm, dz=1.4mm

Reference Value = 77.91 ¥V/m; Power Drift = -0.03 dB

Peak SAR (extrapolated) = 28.2 Wikg

SAR(1 g) = 8.13 W/kg; SAR(10 g) = 2.33 W/kg

Smallest distance from peaks to all points 3 dB below = 7.2 mm

Ratio of SAR at M2 to SAR at M1 =70.1%

Maximum value of SAR (measured) = 18.1 W/kg

Dipole Calibration for Head Tissue/Pin=100mW, dist=10mm, f=5600 MHz/Zoom Scan,

dist=1.4mm (8x8x7)/Cube 0: Measurement grid: dx=4mm, dy=4mm, dz=1.4mm
Reference Value = 78.16 V/m; Power Drift = 0.02 dB

Peak SAR (extrapolated) = 32.2 Wikg

SAR(1 g) = 8.59 W/kg; SAR(10 g) = 2.44 W/kg

Smallest distance from peaks to all points 3 dB below = 7.2 mm

Ratio of SAR at M2 to SAR at M1 = 67.4%

Maximum value of SAR (measured) = 19.8 W/kg

Dipole Calibration for Head Tissue/Pin=100mW, dist=10mm, f=5800 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Measurement grid: dx=4mm, dy=4mm, dz=1.4mm

Reference Value = 75,29 V/m; Power Drift = 0.04 dB

Peak SAR (extrapolated) = 32.5 W/kg

SAR( g) = 8.1 W/kg; SAR(10 g) = 2.29 W/kg

Smallest distance from peaks to all points 3 dB below = 7.4 mm

Ratio of SAR at M2 to SAR at M1 =65.1%

Maximum value of SAR (measured) = 19.4 W/kg

Gertificate No: DSGHzV2-1301_Jan20 Page 6 of 8
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-5.00

0dB = 18.1 W/kg = 12.58 dBW/kg
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Impedance Measurement Plot for Head TSL
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