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CALIBRATION REPORT
F.1 E-Field Probe(EX3DV4 - SN:3717)

Nz, L EA

&lﬂ—%cms
Y YL T — Beling, 100191, Ching ﬂ v CHAS Lmo

BS- 1062046332512 Fax: + mlo—u&m) 2504

”'"

Calibrafion date:

This calibration Cartificate documents' the traceability to national standards, which reaiize the physical units of
measurements(Sl), The measurements and the uncertainbes with confidence probability are given on the following
pages and are part of the cartificate.

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

Calibration Equipment used (MATE al for calbration) {
Primary Standards Cal Date(Calibrated by, Certificata No.)  Scheduled
Power Metar NRP2 16-Jun-20(CTTL, No.J20X04344) Jun-21
Power sensor  NRP-Z81 16-Jun-20(CTTL. No.J20X04344) Jun-21
Power sensor  NRP-Z91 16-Jun-20(CTTL. No . J20X04344) Jun-21
Reference 10dBAttenuator 10-Feb-20(CTTL. No.J20X00525) Feb-22
Referance 20dBAttenuator 10-Feb-20(CTTL, No.J20X0056286) Feb-22
Reference Probe EX30V4 27-Jan-21(SPEAG, No.EX3-3617_Jan21) Jan-22
DAE4 15-Jan-21(SPEAG No.DAE4-15568_Jan21) Jun-22
Secondary Standards Cai Date({Calrated by, Cestificats No )
SignalGenerator MG3700A 23-Jun-20(CTTL. No.J20X04343)
Neatwork Analyzer EBO71C 21-3an-21(CTTL. No.J20X00515)

Function

Calibrated by:
Reviewod by: 1
issued: June 08, 2021

This calibration certificate shali not be réproduced except in full without written approval of the laboratory.
! l
)
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;

1/34



Report No.: BL-SZ21B0961-701&702

AGS: No 52 HiwaYuanilet Road, Haldian Distrse, Betiing, 100191, China

Tek: 6 10-62I04633-2517  Fan +86-1062304653- 2904
Eanall: cttlitchinattt.com Hisp/'www.chinseil <o
Glossary:
TSL tissue simulating bquid
NORMx.y.z sensifivity in free space
ConvF sensitivity in TSL / NORMx.y,z
ocP diode compression point
CF crest factor (1/duty_cycle) of the RF signal
ABCD modulation dependent linearization parametars

Polarization @ @ rotation around prabe axis

Polarization 8 6 rotation around an axis that is (n the plane normal to probe axis (at measuremeant canter), |

=0 is normal fo probe axis

Connector Angle Information used in DASY system o align probe sensor X to the robot coordinate systam

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 Wirslass Communicstions Devices;
Measurement Techniques®, June 2013

b) IEC 62208-1, “Measurament 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 1o 8 GHz)",
July 2018

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

d) KDB 885664, "SAR Measurement Requirements for 100 Mz to 8 GHz"

Methods Applied and Interpretation of Paramaeters:

o NORMx,y.2: Assessed for E-field polarization 820 (fs900MHz in TEM-cell, f> 1800MHz: waveguide)
NORMx.y,z are only intermediate vaiues, |.e . the uncertainties of NORMx,y,z does not effect the
E* -fiald uncertainty inside TSL (see below ConvF)

o NORM(Nxyz = NORMx,y.2* fraquency_response (see Frequency Response Chart), This
linearization is implementad in DASY4 software versions later than 4,2 The uncertainty of the
fraquency response is included in the stated uncertainty of ConvF,

* DCPxyz DCP are numerical linsarization parameters assessed based on the data of power sweep
(no uncertsinty required). DCP does not depend on frequency nor media

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

o AXRT Boyz Cx 2z VRY y2A B C are numencal linearization parameters assessed based on the
data of power sweep for spacific modulation signal. The parameters do not depend on frequency nor.
media. VR |s the maximum calibration range expressed in RMS voltage across the diode. !

« CanvF and Boundary Effect Parameters: Assessed in flat phantom using E-field (or Temperature
Transfer Standard for fSBO0MHz) and inside waveguide using analytical field distributions based on
power measurements for f >BD0OMHz. The same setups are used for assessment of the parametars
applied for boundary compensation (aipha, 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 1o NORMx.y,2* ConvF wheraby the uncertainty corresponds 10
that given for ConvF. A frequency dependent ConvF s usad in DASY version 4.4 and higher which
allows extending the validity from250MHz to+100MHz.

* Spherical isotropy (3D deviation from isotropy). in a field of low gradients realized using a fiat
phantom expesed by a patch antenna.

* Sensor Offset The sensor offset corresponds to the offset of virtual measurament canter from the
probe tip (on probe axis}. No tolerance required.

« Connector Angle: The angle |s assessed using the information gained by determining the NORMx
(no uncertainty required).

Certificate NoZ21-6017% Puge 2 of 9
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Add N 53 Hlus Yaandtcr Road, Maldian Desricr, Butjng, 100191, Chins
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DASY/EASY ~ Parameters of Probe: EX3DV4 — SN:3717

Basic Calibration Parameters

| Sensor X | Sensor ¥ SensorZ | Unc(k=2)
Noem(uVi(Vim)*)* 0.50 | 0.47 0.56 10.0%
DCP(mV)* | 100.0 | 104.7 11018

Modulation Callbraﬁ‘qn Parameters

UID | Communication ‘A ‘a G o VR | Unc*

| System Name 98 |dBgv | @@ |mv_ |pe2) |

o cw X |00 00 (10 000 1788 |+21% |
v oo [o0 [to | [i7:2s |
lz_l00 |00 |10 1887 |

The reporied uncerainty 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 85%

Ly

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

¥ Numarical linearization parameltss: uncertainty not required

 Uncertainly |s determined using the max. deviation from linear response applying rectangular distribution
and |s axpressad for the square of the fisld value

Centificate No-221-60175 Page 3 of 9
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DASY/EASY — Parameters of Probe: EX3DV4 - SN:3717

Calibration Parameter Determined in Head Tissue Simulating Media

Relative | Conductivity Depth® | Unet.

TR | pgrmittivity (Sim)* | comvex oY | Com@X. Nahe) ) | - ot
760 419 0.89 9.44 944 | 944 | 040 | 075 | +121%
836 495 090 | 895 | 895 | 895 | 023 | 102 | £121%
%00 a8 087 | 892 | 892 | 882 | 017 | 127 | +124%
1780 40.1 137 7.80 7.80 780 | 024 | 103 | £121%
1900 | 400 1.40 7.63 7.63 763 | 021 | 116 | £124%
2300 395 167 | 137 737 | 737 | 045 | 077 | x124%
2450 32 18 | 718 7.16 716 | 042 | 085 | £121%
2600 B0 | 196 | 691 6.91 891 | 044 | 084 | £121% |
3500 we | am | 845 | 645 6.45 043 | 085 | +13.3% |
5250 W | am | 817 | sa7 517 | 045 | 1358 | +133% |
5600 3.8 607 | 474 | 474 4.74 050 | 1.30 | +£133% |
5760 36.4 5.22 A76 | 476 | 476 | 050 | 130 | +133%

& Fraguency validity above 300 MHz of £ 100MHz only applies for DASY vd 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
fraquency band. Frequency validity bafow 300 MKz 1s £ 10, 25, 40, 50 and 70 MMz for ConvF assessments at 30, 84, 128,
150 and 220 MHx respectively. Above S GHz fraquency validity can be exisnded to £ 110 MMz

* At frequency below 3 GHz. the validity of tissue parameters (£ and o) can be relaxed 1o +10% if fiquid compensation
formuta is applied 1o messured SAR Wlues At frequancies above 3 GHz, the validity of tissue parameters (c and o)
restricted io £53%. The uncertainty is the RSS of the ConvF unceriainty for indicated target tissue parameters.

S Alpha/Depth are determined during calibraton. SPEAG warrants that the remaining deviation due to the boundary
effect after compansation is always lags than + 1% for frequencies below 3 GHz and below £ 2% for the frequancies
betwean 3-8 GMz at any distance larger than half the probe tip diamater from the boundary

Centifipute No221-60175 Page 4 of 9
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ASL No. 52 HuaYwanfies Roud, Hoideam Diser

Beying, 100191, Chang
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Frequency Response of E-Field
(TEM-Cell: ifi110 EXX, Waveguide: R22)
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Uncertainty of Frequency Response of E-field: £7.4% (k=2)

Centificate No-221.60]75 Page Sof ¢
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Receiving Pattern (®), 8=0°

=600 MHz, TEM f=1800 MHz, R22
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Uncertainty of Axial lsotropy Assessment: 21 2% (4=2)
Certificmte No:Z21-60175 Pags 6 of 9
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Dynamic Range f(SARnhesd)
(TEM cell, f = 900 MHz)
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Uncertainty of Linearity Auo;smonc :_0_9% (k=2)

Certificate No-Z21-60175 Page Tof 9
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CALIBRATION LABORATO®Y
AL Ne 52 HusYusmHel Road, Hudlan District, Besjing, 10019 hang

Tel: +86-10.62304633-2512 Fax: #RO- 1062304033254
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Conversion Factor Assessment
=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)
Certificate No-Z221.60175 Page s of 9
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DASY/EASY — Parameters of Probe: EX3DV4 - SN:3717

Other Probe Parameters -
| Sov;sor Arrangement Triangular
' Connector Angle (") ' 158.8
\ Mechanical Surface Detection Mode enabled
| Optical Surface Detection Mode ‘ disable
‘;;uﬂimnnummm ' 3”6;4
[ —— | ey
Tip Length fﬁ Smm
Tip Diameter 1 2.5mm
Probe Tip to Sensor X Calibration Point R ‘ 1:nm— |
Probe Tip to Sonu;r ¥ Calibration Point J 1mm
Probe Tip to Sensor Z Calibration Point | 1mm
\ 1.4mm '

Recommended Measurement Distance from Surface

Centificate No2Z21-80175 Page 9 of ¥
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F.2 Data Acquisition Electronics (DAE4 - SN:1226)

\ Iy,

" in Collsborstion with QU"/‘—. A RAE

TeRe2 9 pewiCNASH:
' AN CALIBRATION
Add: No 52 HuaYumilct Houd, Haidian % fe 100191, Ch %
Tel: 4610600633512 Fan. 01061500 @ CNAS LOSTO
E-mail: ctii@chinanioom  Hisoo/'www.chisgisl v
Client ;  [TeJeR

FFZ11.002-01
ﬁﬂhmanmmm

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

All calibrations have baen conducted in the closed laboratory faciity environment lempersture(22+3)¢C and
humidity<70%

Calibration Equipment used (MATE critical for calibration)
|

Primary Standards iD# Cal Date{Calibrated by, Cartificate No.) Scheduled Calibration

Process Calibrator 753 | 1671018 16-Jun-20 (CTTL, No.J20X04342) Jun-21

Reviewad by

| Approved by

Issued: May 1§, 2021
This calibration certificate shali not be reproduced except in full without written approval of the iaboratory. i

Certificate No: 22160174 Page 1 of 3
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Add: No. 52 HuaYumnite! Road, Haidian Desnct, Heijing, 100191, Chins

Tel- +26. 1 0623046332512 Fax. +M6- 106230463 3-2504

E-mail: exthachinattl.comn Mg/ ewew, chimatt] on
Glossary:
DAE data acquisition electronics

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

Methods Applied and Interpretation of Parameters:

« DC Voltage Measurement. Calibration Factor assessed for use in DASY
system by comparison with a calibrated instrument traceable to national
standards. The figure given corresponds to the full scale range of the
voltmeter in the respective range.

» Connector angle: The angle of the connector is assessed measuring the
angle mechanically by a tool inserted. Uncertainty is not required

« The report provide only calibration results for DAE, it does not contain other
performance test results.

Certificate No: 221-60174 Page2of3
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Add: Ne. 52 HuaYumnBea Roed, Haidiss Distrsce
Tek: »86- 1623046312512

Fax +86- 1062304633254

E-mull! ca)iichenati] com Hetp Ywww.chenanl o
DC Voltage Measurement
AD - Converter Resolution nominal
High Range 1LSB » 6.1uv Al range = <100, 4300 mV
Low Range 1.8 = sinv il range = -1 *3mv
DASY measurement parameters: Auto Zero Time: 3 sec Measuting time 3 sac
Calibration Factors X Y Z
High Range 404 510 = 0 15% (k=2) | 404 379 2 0. 15% (k=2) | 404 105 + 0. 16% (k=2)
Low Range 1§77

FL07% (k=2) | 400220 = 07% (k=2) 3B8B371 = 0.7% (k=2)

Connector Angle

| Connactor Angle 1o be used in DASY system B4 21"

Certificate No: 22160174 Page 1 of 3
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F.3 2450 MHz Dipole

*  In Collaboraton with ‘&‘wﬂ,” PR
S P & 8 g s —"
121, L %: C‘N AS\ ::iu

Add: No.52 HuaYuanBei Road, Haidinn District, Deijing. 100191, Chi ‘-,,/'&\.3 v CALIBRATION
Tel: $86- 1021046332070 Fax; +86-1(0.62304633-2504 “ = CNAS LOST0

il

Femanil: ctthimciumats] com hotpSwwwchinattien
Client baluntek Certificate No:  Z21-60171
CALIBRATION CERTIFICATE
Object D2450V2 - SN: 852
Catibration Procedure(s) FF-211-003-01

Calibration Procedures for dipole validation kits

Calibration date. May 19, 2021

This calibration Certificale documents the traceability 1o national standards, which realize the physical units of
measurements (S1). The measurements and the uncertaintias 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¢ and
humidity<70%,.

Calibration Equipment used (METE critical for calibration)

Primary Standards ID# Cal Date(Catibrated by, Certificate No ) Scheduled Calibeation
Power Meter  NRP2 108277 23-Sep-20 (CTTL, No,J20X08335) Sep-21
Power sensor NRPBS 104281 23-Sep-20 (CTTL, No.J20X08335) Sep-21
ReferenceProbe EX3DV4 | SN 3846 26-Apr-21(CTTL-SPEAG No,221-60084) Apr-22
DAE4 SN 777 08-Jan-21(CTTL-SPEAG No.Z221-60003) Jan-22
Secondary Standards D# Cal Date{Calibrated by, Certificate No.) Scheduled Calibration
Signal Generator E4438C | MY48071430 25-Feb-20 (CTTL, No.J20X00516) Feb-21
NetworkAnalyzes ES071C | MY4B110673  10-Feb-20 (CTTL. No.J20X00515) Fab-21

Name Functon Signature

Callbrated by. Zhao Jing SAR Test Engineer 'g

Reviewed by Lin Hao SAR Test Enginear ﬂf ?/%

Approved by Qi Dianyuan SAR Project Leader C%\/’

Issued: May 24, 2021
This calibration certificate shall not be reproduced excapt in full without written approval of the laboratory.

Certificate No: 221-60171 Page | of &
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\.rcnmunowom

Adil: No 52 HuaYusaBed Rosd, Hiddim District, Beijing, 100191, China
Tel: »86-10-62304633-2079 Froc +BA-10-62304033-2504

E-mail: cetl@chinatticom hp e chinmilen
Glossary:
TSL tissue simulating liquid
ConvF sensitivity in TSL/ NORMx,y.z
N/A not applicable or not measured

Calibration s Performed According to the Following Standards:

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

b) IEC 62209-1, "Measurement procedure for assessment of specific absorption rate of human
exposure to radio frequency fields from hand-held and body-mounted wireless
communication devices- Part 1: Device used next to the ear (Frequency range of 300MHz to
6GH2)", July 2016

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

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

Additional Documentation:
g) DASY4/S System Handbook

Methods Applied and Interpretation of Parameters:

» Measurement Conditions: Further detalls 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 Refurn Loss: These parameters are measured with the dipole
positioned under the fiquid filled phantom. The impedance stated is transformed from the
measurement at the SMA connector to the feed point. The Return Loss ensures low
reflected power. No uncertainty required.

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

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

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

« SAR for nominal TSL paramelers: 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: Z21-60171 Page 2 of &
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Add: No, 52 HusYunBel Rowd, Haldion District, Beitjing, 100198, China
Tel: +86-10-62204633-2079 Fiox: 1 836-10-62304033-2504

Certificate No: Z21-60171

E-muil: ettiaichinart] con htpi wewchmuatilen
Measurement Conditions
DASY systeim configuration, as far as nal given on pags 1,
DASY Version DASYS52 VE2.10.4
Extrapolation Advanced Extrapolation
Phantom Triple Flat Phantom 5.1C
Distance Dipole Center - TSL 10 mm wilh Spacer
Zoom Scan Resolution dx, gy, dz = 5 mm
Frequency 2450 MHz £ 1 Wiz
Head TSL parameters
The following parameters and calkculations were applied.
Temperature Parmittivity Conductivity
Nominal Head TSL parameters 220°C 392 1.80 mhoim
Measured Head TSL parameters (220+02)°C 304:6% 1.79 mho/m £ 6 ;
Head TSL temperature change during test <10'C - —_
SAR result with Head TSL = :
_SAR avoraged ovor 1 cm” (1 g) of Head TSL Canditioa
SAR measured 250 mW Input power 13.2 Wikg
SAR for nominal Head TSL parameters normahized to W 53.0 Wikg £ 18.8 % (k=2)
SAR averaged over 10 cmi’ (10 g} of Head TSL Canddticn
SAR measured 250 mW input power 6.00 Wikg
SAR for nominal Head TSL pacameters narmalized to 1W 24.1 Wikg £ 18.7 % (k=2)
Body TSL parameters
The following paramaeters and calculations were applied
Temperature Permittivity Conductivity
Nominal Body TSL parameters 20°C 827 1.85 mhoém
Measured Body TSL parameters (220202)°C 62;:-6% 1.56 mho/m + 6 %
Body TSL temperature change during test <10'C-7 - -
SAR result with Body TSL
SAR averaged over 1 _cmr'_ (1 g) of Body TSL Candition
SAR measured 250 mW Input power 13.2 Wikg
SAR for nominal Body TSL parameters narmalized to W 52.5 Wikg £ 18.8 % (k=2)
SAR averaged over 10 ¢’ (10g) of Body TSL Condition
SAR measured 280 mW input power 6.06 Wikg
SAR for nominal Body TSL parameters normalized to 1W 242 Wikg £ 18.7 % (k=2)

Pageiofg
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Add- No.32 HuaYunnBei Road, Haidiun District, Begiing, 100191, Ching
Tt +80- 1 0623046332079 Fioc: +86-1 0623046332504
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Appendix (Additional assessments outside the scope of CNAS L0570)

Antenna Parameters with Head TSL

Impedance, transformed 1o feed polnt 5410+ 2200
Return Loss - 27.0dB

Antenna Parameters with Body TSL

Impedance, transformed 0 feed paint 4900+ 3930
Return Loss -27.8d48

General Antenna Parameters and Design

[ Electncal Delay (one direction) [ 1068 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 semingid coaxial cable. The center conducior of the feeding line is directly
connected to the second arm of the dipole. The antenna is therefore short-circuited for DC-signata. On some
of tha dipoles, small end caps are added to the dipole arms in order to improve matching when loaded
according to the position as axplained 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, becausa they might bend or the soldered
connecticns near the feedpoint may be damaged.

Additional EUT Data

Manufaciured by | SPEAG

Centificate No: Z21-60171 Page 4 of ¥
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DASYS Validation Report for Head TSL Date: 05.19.2021
Test Laboratory: CTTL, Beijing, China
DUT: Dipole 2450 MHz; Type: D2450V2; Serial: D2450V2 - SN: 952
Communication System: UID 0, CW; Frequency: 2450 MHz; Duty Cycle: 1:1
Medium parameters used: = 2450 MHz; a = 1,788 S/m; & = 39.43; p = 1000 kg/m”’
Phantom section: Center Section
DASYS Configuration:

« Probe: EX3DV4 - SN3846; ConvF(7.45, 7.45, 7.45) @ 2450 MHz; Calibrated:
2021-04-26

« Sensoe-Surface: 1. 4mm (Mcchanical Surface Detection)

« Electronics: DAE4 Sn777; Calibrated: 2021-01-08

« Phantom; MFP V5.1C (20deg probe tilt); Type: QD 000 PS1 Cx: Serial: 1062

«  Measurement SW: DASYS52, Version 52,10 (4); SEMCAD X Version 14.6.14
(7483)

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

Reference Value = 107.4 V/m; Power Drift = -0.04 dB

Peak SAR (cxtrapolated) = 28.2 Wikg

SAR(1 g) = 13.2 W/kg; SAR(10 g) =6 W/kg

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

Ratio of SAR at M2 to SAR st M| = 46.4%

Maximum value of SAR (measured) = 22.5 Wikg

dB
0

-4.65

= |11

2323

0 dB = 22.5 W/kg = 13.52 dBW/kg

Certificate No: Z21-60171 Page Sof'x

171734



Lm Report No.: BL-SZ21B0961-701&702

@ In Golabour.one with =
CALIBRATION LABORATORY

Add No. 52 HueaYaanBel Roud, Haldban Districy, Beijing, 100191, China
Tel: +K6-10-62MM4633-207% Fax: < 86-10-62304633-2504
E-mmil: cotl@china]. vom Itipwww chinsel ca

Impedance Measurement Plot for Head TSL
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DASYS Validation Report for Body TSL Date: 05192021
Test Laboratory: CTTL, Beijing, China
DUT: Dipole 2450 MHz; Type: D2450V2; Serial: D2450V2 - SN: 952
Communication System: UID 0, CW; Frequency: 2450 MHz: Duty Cycie: 1:1
Medium parameters used: f= 2450 MHz: o = 1.96 S/m; &= 52.15; p = 1000 kg/m’
Phantom seetion: Right Section
DASYS5 Configuration:

o Probe: EX3DV4 - SN3846; ConvF(7.37, 7.37, 7.37) (@ 2450 MHz; Calibrated;
2021-04-26

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

« Electronics: DAE4 Sn777; Calibewted: 2021-01-08

« Phantom;: MFP_V3.1C (20deg probe tilt); Type: QD 000 P31 Cx; Serial; 1062

«  Measurement SW: DASYS2, Version 52.10 (4); SEMCAD X Version 14,6.14
(7483)

Dipole Calibration/Zoom Scan (7xX7x7) (Tx7x7VCube 0: Measurement grid: dx=5mm,
dy=5Smm, dz=5mm

Reference Value = 101.3 V/m; Power Drift = 0.04 dB

Peak SAR (extrupolated) = 26.9 Wikg

SAR(1 g) = 13.2 Wikg; SAR(10 g) = 6.06 W/kg

Smallest distance from peaks to all points 3 dB below = 8.5 mm

Ratio of SAR at M2 1o SAR at M1 =49.7%

Maximum value of SAR (measured) =22.1 W/ikg

B
0

-4.41
882 |
-13.23

17.54
L.

-22.05

0dB=22,1 Wikg = 13,44 dBW/kg
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Impedance Measurement Plot for Body TSL
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Ciient baluntek Certificate No:  221-60173
CALIBRATION CERTIFICATE
Object D5GH2V2 - SN 1200
Calbration Procedure(s) EF-211-003-01

Callbration Procedures for dipole validation kits

Calibration date: May 18, 2021

This calibcation Certificate documents the traceability to nationat standards, which realize the physical units of
measurameants (S1). The measurements and the uncertainties with confidence probability are given on the following
pages and are part of the cerlificate.

All calibrations have been conducted In the closed laboratory facility. envirooment lemperature (22+3)°C and
humidity<70%

Cabbration Equipment used (MATE critical for calibration)

Primary Standards D& Cal Date{Calibeated by, Certificate No.) Scheduled Calibcation
Power Meter NRP2 106277 23-Sep-20 (CTTL, No.J20X08335) Sep-21
Power sensor  NRP8S | 104281 23-Sep-20 (CTTL, No.J20X08338) Sep-21
ReferenceProbe EX3DV4 | SN 3846 26-Apr-21(CTTL-SPEAG No.Z21-50084) Apr-22
DAE4 SN 777 08-Jan-21(CTTL-SPEAG No.Z21-80003) Jan-22
Secondary Standards ID# Cal Date(Calibrated by, Certificate No.) Scheduled Calibration
Signal Generator E4438C | MY49071430  25-Feb-20 (CTTL, No.J20X00516) Feb-21
NetworkAnalyzerESOT1C | MY48110673  10-Feb-20 (CTTL, No.J20X00515) Feb-21

Name Function Signature

Calibrated by. Zns0 Jing SAR Test Engineer { L

Reviewed by. Lin Hao SAR Test Engineer ﬁf 76

Approved by Qi Dianyuan SAR Project Leader W

|ssued: May 24, 2021
This calibration certificate shall not be reproduced except in full without written approval of the laboratory.

Certificate No: Z21-60173 Page 1 of 14
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Glossary:
TSL tissue simulating liquid
ConvF sengitivity in TSL/ NORMx,y,z
N/A not applicable or not measured

Calibration Is Performed According to the Following Standards:

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

b) IEC 82208-1, “Measurement procedure for assessment of specific absorption rate of human
exposure to radio frequency fields from hand-held and body-mounted wireless
communication devices- Part 1: Device used next to the ear (Frequency range of 200MHz to
6GHz)", July 2016

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

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

Additional Documentation:
e) DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

« Measurement Conditions: Further detalls are available from the Validation Repart 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 bedy axis.

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

« Electncal 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 inpul 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: Z21-60173 Page 2 of 14
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Measurement Conditions
DASY system configuration, ag far as nol given on page 1.
DASY Version DASYS2 V5210 4
Extrapolation Advanced Extrapokaton
Phantom Triple Flat Phantom 5.1C
Distance Dipole Center - TSL 10 mm with Spacer
Zoom Scan Resolution dx, dy = 4 mm, dz = 1.4 mm Graded Ratio = 1.4 (Z direction)
5250 MMz = 1 MH2
Frequency 5600 MHz = 1 MH2
1. 5750MHz +1MHz
Head TSL parameters at 5250 MHz
The foliowing parameders and calculations were applied.
Tempearature Parmittivity Conductivity
Nominal Head TSL parameters 20°C 350 4.71 mholm
Measured Head TSL parameters (220102)°C 355+6% 487 mho/m £ 8 %
Head TSL temperature change during test <10°C - —_

SAR result with Head TSL at 5250 MHz

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

SAR measured 100 mW input power 7.60 Wikg

SAR for nominal Head TSL parmeters nomalkzed to 1W T7.8 Wikg £ 24.4 % (k=2)

SAR sveraged over 10 ¢’ (10 g) of Head TSL Condition

SAR measurod 100 MW input power 2.22 Wig

SAR for nominal Head TSL parameters normalzed fo 1W 221 Wikg £ 24.2 % (k=2)
Certificate No: Z21-60173 Page 3 of 14
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Head TSL parameters at 5600 MHz
The following parameters and cakiustations were appied.

24134

Temperature Permittivity Conductivity
Nominal Head TSL parameters 20°C 355 5.07 mhoim
Measured Head TSL paramoters 220£02)°C 4028% 5.05 mhaim + 6 %
Head TSL temperature change during test <10'C — -
SAR result with Head TSL at 5600 MHz
SAR averaged over1 ¢m’ (1 g) of Head TSL Condition |
SAR measured 100 mW input power 8.15 Whg l
SAR for nominal Head TSL parameters normalized 1o 1W B1.2 Wik £ 244 % [fl_:
SAR sveraged over 10 ¢’ (10 g) of Head TSL Conditian
SAR measured 100 mW input power 232 Wikg
SAR for nominal Head TSL parameters normalized to 1W 234 Wikg £ 24.2 % (k=2) |
Head TSL parameters at 5750 MHz
The following paramaters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Head TSL parameters 220°C 354 5.22 mho/m
Measurod Hoad TSL parameters (220202)°C MT+6% 521 mho/m £ 6 %
Head TSL temperature change during test <10°C - -
SAR result with Head TSL at 5750 MHz
SAR averaged over 1 ¢’ (1 g) of Head TSL Caondition
SAR measured 100 mW input power 7.75 Wikg
SAR for nominal Head TSL parameters normaiized to 1W TT.2Whkg £ 24.4 % (k=2)
SAR averaged over 10 ¢mt’ (10 g) of Head TSL Candition
SAR measured 100 MW Input power 218 Wikg
SAR for nominal Head TSL parameters normatzed to 1W 21.7 Wikg + 24.2 % (k=2)
Certificate No: 221-60173 Page 4 of 14
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Body TSL parameters at 5250 MHz
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The fallowing pas and calculations were applied.
Temperature Permittivity Conductivity
Nominal Body TSL paramaters 220°C 48.9 5,38 mholm
Measurad Body TSL parameters {220202)°C 01+8% 534 mhoym £ 6 %
Body TSL temperature change during test <1.0°C - -
SAR result with Body TSL at 5250 MHz
SAR averaged over 1 ¢’ {1.g) of Body TSL Condition
SAR measured 100 mW input power 7.33 Wikg
SAR for nominal Body TSL pammeters normalized to 1W 734 Wikg + 24.4 % (k=2)
SAR averaged over 10 cmi’ (10 g) of Body TSL Candition
SAR measured 100 mW input power 2.05 Whg
SAR for nominal Bady TSL parameters normaiized to 1W 20.5 Wikg + 24.2 % (k=2)
Body TSL parameters at 5600 MHz
The following parameters and calculations were applied
Temperature Pormittivity Conductivity
Nominal Body TSL parameters 220°C 485 5.77 mhoim
Measured Body TSL parameters (220102)°C 484:6% 582 mhoim + 6 %
Body TSL temperature change during test <10°C - —
SAR result with Body TSL at 5600 MHz
SAR averaged over 1 ¢m’ (1 g) of Body TSL Condition
SAR measured 100 mW input powar 7.72 Wikg
SAR for nominal Body TSL parameters normakzed to 1W 77.2 Wikg £ 24.4 % (k=2)
SAR averaged over 10 cm’ (10 g) of Body TSL Condttion
SAR measured 100 MW input power 218 Wikg
SAR for nominal Bady TSL paramelers normaikzed to 1W 21,8 Wikg £ 24.2 % (k=2)
Certificate No: Z21-60173 Page Sof 14
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Body TSL parameters at 5750 MHz
The following psrameters and calculations ware applied.
Temperature Permittivity Conductivity
Nominal Body TSL parameters 220°C 483 5.94 mho/m
Measured Body TSL parameters (220202)'C 481+6% B.05 mho/m 2 6 %
Body TSL temperature change during test <1.0"C - e

SAR result with Body TSL at 5750 MHz

SAR averaged over 1 ¢’ {1 g) of Body TSL Condition

SAR measured 100 mW Input power 7.34 Wikg

SAR for nominal Body TSL parameters normalized to 1W 73.4 Wikg £ 24.4 % (k=2)

SAR averaged over 10 cnr’ (10 g) of Body TSL Candition

SAR measured iy ] 100 MW input power 203 Wig

SAR for nominal Body TSL parameters normalized to 1W 20,3 Wikg + 24.2 % (k=2)
Certificate No: Z21-60173 Page 6 of 14
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Appendix (Additional assessments outside the scope of CNAS L0570)
Antenna Parameters with Head TSL at 5250 MHz

Impedance, ransformed to feed point 4510 + 1250
Relum Loss - 25548 |

Antenna Parameters with Head TSL at 5600 MHz

Impedance, transformed 1o feed polnt 49.70 + 7.81j0
Relurn Loss -22.1dB

Antenna Parameters with Head TSL at 5750 MHz

Impedance, transformed 1o faed point 45,90 + 4850
Ratumn Loss - 23518

Antenna Parameters with Body TSL at 5250 MHz

Impedance, transformed 1o feed paint 43,90 + 2080
Retum Loss -23.308

Antenna Parameters with Body TSL at 5600 MHz

Impedance, transformed 1o feed point 50.3Q + 8.8%0Q
Return Loss -21.1d8

Antenna Parameters with Body TSL at 5750 MHz

Impedance, transformed 1o feed point 43.60 + 5830
Raturn Loss - 23548
Centificate No: Z21-60173 Page Tof 14
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General Antenna Parameters and Design

Electrical Detay {one direction) ] 1.096 ns

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

The dipole 15 made of standard semirigid coaxal cable. The center conductor of the feeding line =5 directly
connacted to the second arm of the dipole. The antenna is therefore short-circulted for DC-signals. On some
of the dipoles, small end caps are added to the dipole arms in order fo 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 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: Z21-60173 Page 8 of 14

28/34



-@@1 Report No.: BL-SZ21B0961-701&702

r\~ In Collaboration with
‘TTL iR o 8 Q

Add: No, 52 HuaYuanBei Rowd, Haldian District, Belllng, 100191, China
Tel: +86-10-62304633-2512 Fax: *86-10-62304633-2504
E-mail: citbi@chinatt] com mttpe/wenew.chinatt].on

DASYS Validation Report for Head TSL Date: 05.18.2021
Test Laboratory: CTTL, Beijing, China
DUT: Dipole 5GHz; Type: D5GHzV2; Serial: D5GHzV2 - SN: 1200
Communication System: CW, Frequency: 5250 MHz, Frequency; 5600 MMz,
Frequency: 5750 MHz,
Medium parameters used: { = 5250 MHz, o = 4,668 S/m; & = 3548, p = 1000
kg/m?, Medium parameters used: f = 5600 MHz, a = 5.045 S/m; & = 3488, p =
1000 kg/m®, Medium parameters used: f = 5750 MHz; o = 5.208 S/m; £ = 34.67; p
= 1000 kg/m?,
Phantom section: Center Section
DASYS Configuration:
* Probe: EX3DV4 - SN3846; ConvF{5.43, 5.43, 5.43) @ 5250 MHz; ConvF(4.69,
469, 4.69) @ 5600 MHz; ConvF(4.9, 4.9, 4.9) @ 5750 MMz, Calibrated;
2021-04-26
* Sensor-Surface: 1.4mm (Mechanical Surface Detection)
+ Electronics; DAE4 Sn777, Calibrated: 2021-01-08
+ Phantom: MFP_V5.1C {20deg probe tilt); Type: QD 000 P51 Cx; Serial: 1062
+  Measurement SW: DASY52, Version 52.10 (4); SEMCAD X Version 14.6.14
(7483)

Dipole Calibration /Pin=100mW, d=10mm, f=5250 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Measurement grid: dx=4mm, dy=4mm, dz=1.4mm
Reference Value = 69.22 Vim; Power Drift = -0.08 dB

Peak SAR (extrapolated) = 32.9 Wika

SAR(1 g) = 7.8 W/kg; SAR(10 g) = 2,22 W/kg

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

Ratio of SAR at M2 to SAR at M1 =63.3%

Maximum value of SAR (measured) = 18.9 Wikg

Dipole Calibration /Pin=100mW, d=10mm, f=5600 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Measurement grid: dx=4mm, dy=4mm, dz=1.4mm
Reference Value = 70.18 V/m; Power Drift = -0.07 dB

Peak SAR (extrapolated) = 35.5 Wikg

SAR(1 g) = 8.15 W/kg; SAR(10 g) = 2.32 W/kg

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

Ratio of SAR at M2 to SAR at M1 =62.9%

Maximum value of SAR (measured) = 16.8 W/kg

Certificate No: Z221-60173 Page 90f 14
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Dipole Calibration /Pin=100mW, d=10mm, f=5750 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Measurement grid: dx=4mm, dy=4mm, dz=1.4mm
Reference Value = 68.06 V/m; Power Drift = -0.09 dB

Peak SAR (extrapolated) = 34.6 W/ikg

SAR(1 g) = 7.75 Wikg; SAR(10 g) = 2,18 W/kg

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

Ratio of SAR at M2 1o SAR at M1 =62.1%

Maximum value of SAR (measured) = 19.0 Wikg

dB
0

-10.00
-20,00
-30.00

-40.00
L.

-50.00
0dB =19.0 Wikg = 12.78 dBW/kg
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Impedance Measurement Plot for Head TSL
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DASY5 Validation Report for Body TSL Date: 05.18 2021
Test Laboratory: CTTL, Beijing, China
DUT: Dipole 5GHz; Type: DSGHzV2; Serial: D5GHzV2 - SN: 1200
Communication System: CW, Frequency: 5250 MHz, Frequency: 5600 MHz
Frequency: 5750 MHz,
Medium parameters used: f = 5250 MHz; o = 5.34 Sim; & = 49.12; p = 1000 kg/m?,
Medium parameters used: f = 5600 MHz; o = 5.815 S/m; & = 48.44; p = 1000
ka/m®, Medium parameters used: f = 5750 MHz; o = 6.045 S/m; - = 48.11, p =
1000 kg/m?,
Phantom section: Right Section
DASYS Configuration:
* Probe: EX3DV4 - SN3846; ConvF(4.95, 4.95, 4.95) @ 5250 MHz, ConvF(4.32,
432, 4.32) @ 5600 MHz; ConvF(4.38, 4.38, 4.38) @ 5750 MHz; Calibrated:
2021-04-26,
= Sensor-Surface: 1.4mm (Mechanical Surface Detection)
* Electronics; DAE4 Sn777; Calibrated: 2021-01-08
*  Phantom: MFP_V5.1C (20deg probe fiit); Type: QD 000 P51 Cx; Serial: 1062
* Measurement SW: DASY52, Version 52.10 (4); SEMCAD X Version 14.6.14
(7483)

Dipole Calibration /Pin=100mW, d=10mm, f=5250 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Measurement grid: dx=4mm, dy=4mm, dz=1.4mm
Reference Value = 65.86 V/m, Power Drift = 0.00 dB

Peak SAR (extrapolated) = 28.6 W/ikg

SAR(1 g) = 7.33 W/kg; SAR(10 g) = 2.05 Wikg

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

Ratio of SAR at M2 to SAR at M1 = 65.3%

Maximum value of SAR (measured) = 17.2 W/kg

Dipole Calibration /Pin=100mW, d=10mm, f=5600 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Measurement grid: dx=4mm, dy=4mm, dz=1.4mm
Reference Value = 66.06 V/m; Power Drift = 0.02 dB

Peak SAR (extrapolated) = 33.1 W/kg

SAR(1 g) =7.72 W/kg; SAR(10 g) = 2.16 W/kg

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

Ratio of SAR at M2 to SAR at M1 =63.1%

Maximum value of SAR (measured) = 18.8 Wikg

Certificate No: Z21-60173 Page 120f 14
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Dipole Calibration /Pin=100mW, d=10mm, f=5750 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Measurement grid: dx=4mm, dy=4mm, dz=1.4mm
Reference Value = 64 58 V/m, Power Drift = -0.04 dB

Peak SAR (extrapolated) = 32,8 W/kg

SAR(1 g) = 7.34 Wikg; SAR(10 g) = 2.03 W/kg

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

Ratio of SAR at M2 to SAR at M1 = 62%

Maximum value of SAR (measured) = 18.1 Wikg

dB
0

-20.00

-30.00

&
5000 |

0dB = 18.1 Wikg = 12.58 dBW/kg
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Impedance Measurement Plot for Body TSL

i StatSGe IFEN 100 v
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