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CALIBRATION CERTIFICATE
Object EX3DV4 - SN - 7510
Calibration Procedure(s) FE-Z11-004-02

Calibration Procedures for Dosimetric E-field Probes

Calibration date: November 30, 2020

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

All calibrations have been conducted in the closed Iaboratory facility: environment temperature2243yC and
| humidity<70%.

Calibration Equipment used (M&TE critical for calibration)

Primary Standards . D# Cai Date(Calibrated by, Certificate No.)  Scheduled Calibration
Power Meter NRP2 101919 16-Jun-20(CTTL, No.J20X04344) Jun-21
Power sensor  NRP-Z91 101547 18-Jun-20(CTTL. No.J20X04344) Jun-21
Power sensor NRP-Z91 101548 16-Jun-20(CTTL. No.J20X04344) Jun-21
Reference 10dBAttenuator | 1BN5S0W-10dB  10-Feb-20(CTTL. No.J20X00525) Feb-22
Reference 20dBAtlenuator | 18NSOW-20dB 10-Feb-20{CTTL, No.J20X00526) Feb-22
Reference Probe EX3DV4 | SN 7307 29-May-20(SPEAG, No.EX3-7307_May20)  May-21
DAE4 SN 1566 4-Feb-20(SPEAG, No,DAE4-1556_Feb20) Feb-21
Secondary Standards. ID# Cal Date(Calibrated by. Centicate No ) Scheduled Cafibration

| SignalGenerator MG3700A | 6201052605  23-Jun-20(CTTL, No.J20X04343) Jun-21
Network Analyzer ES071C | MY46110673  10-Feb-20(CTTL, No.J20X00515) Feb-21
Name Function Signature

Calibrated by: Yu Zongying SAR Test Engineer /1,\w =t

Reviewed by: Lin Hao SAR Test Engineer n‘q /7"?7

Approved by. Qi Dianyuan SAR Project Leader —_— 2 —

lssued: December 02, 2020
lﬂls calibration certificate shall not be reproduced except in full without written approval of the laboratory,
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Add: No.51 Xueyuan Road, Haidino District, Beiging, 100191, Ching
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Glossary:
TSL tissue simulating liquid
NORMx.y.z sensitivity in free space
ConvF sensitivity in TSL / NORMx,y,z
DCP dicde compression point
CF crest factor (1/duty_cycle) of the RF signal
ABCD modulation dependent linearzation parameters

Polarization ® @ rotation around probe axis

Polarization 8 8 rotation around an axis that is in the plane normal to probe axis (al measurement center), i

68=0 is normat 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 62208-1, *Measurement procedure for the assessment of Specific Absorption Rate (SAR) from
hand-held and body-mounted devices used next to the ear (frequency range of 300 MHz to 6 GHz)",
July 2016

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

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

Methods Applied and Interpretation of Parameters:

* NORMX,y.z: Assessed for E-field potarization 8=0 (f<900MHz in TEM-cell, {>1800MHz: waveguide).

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

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

»  NORM(f)x.y.z = NORMx,y.z* frequency_response (see Frequency Response Chart), This
linearization is Impiemented in DASY4 software versions fater than 4.2. The uncertainty of the
frequency response Is included in the stated uncertainty of ConvF.

o DCPx,y,z: DCP are numerical linearization parameters assessed based on the data of power sweep
(no uncertainty required). DCP does not depend on frequency nor media.

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

o Axyz Bxyz Cxyz VRxy2:ABC are numerical linearization parameters assessed based on the
data of power sweep for specific modulation signal. The parameters do not depend on fraquency nor
media. VR is the maximum calibration range expressed in RMS voltage across the diode.

* ConvF and Boundary Effect Parameters: Assessed in flat phantom using E-field (or Temperature
Transfer Standard for fsB00MHz) 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.

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

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

* Connector Angle: The angle is assessed using the information gained by determining the NORMx
(no uncertainty required).

Centificate No:Z20-60425 Page 2 of 10
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DASY/EASY — Parameters of Probe: EX3DV4 - SN:7510

Basic Calibration Parameters

l _80;;01' X Sensor Y Sensor Z Unc (k=2) ]
| Norm(pV/{Vim))* 0.54 055 1043 £10.0% |
| DCP(mV)® 96.8 1974 ~_|1000

Modulation Calibration Parameters

) Communication A s [c D VR Unc®
System Name dB | dBpV dB mV (k=2)
0 cw X |00 0.0 10 |000 [1918 |+2.4%
Y |00 0.0 1.0 183.8
l l z 00 J00 |10 153.3

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%,

* The uncertainties of Norm X, Y, Z do not affect the E*-field uncertainty inside TSL (see Page 4 and Page 5)
% 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

Certificate No:Z20-60425 Page 3 of 10
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DASY/EASY - Parameters of Probe: EX3DV4 - SN:7510

Calibration Parameter Determined in Head Tissue Simulating Media

: .
f [MHz)" h:nm' °°“‘:::’:”?’ ComF X | ConvF Y | ComvF Z | Alpha® ':;::‘“'; ' m
760 419 0.89 1031 | 1031 | 1031 | 040 | 076 | £124%
835 415 0.90 994 | 994 | 994 | 018 | 127 | +121% |
1750 40.1 1.37 8.60 8.60 860 | 049 | 149 | +121% |
1900 40.0 1.40 8.30 8.30 830 | 021 | 109 | +121% |
2000 40.0 140 825 | 825 | 825 | 047 | 127 | +121%
2300 395 1.67 7.94 7.94 794 | 054 | 068 | +12.1% |
2450 39.2 1.80 784 | 754 | 754 | 029 | 143 | +1214% |
2600 3.0 1.96 750 | 760 | 7.50 | 061 | 065 | +12.1%
5250 369 4.7 546 | 546 | 6546 | 040 | 145 | £13.3%
5600 355 5.07 489 | 483 | 489 | 055 | 115 | +133%
5750 354 5.22 496 | 496 496 | 055 | 118 | +13.3%

© Frequency validity above 300 MHz of £100MHz only appées for DASY vd.4 and higher (Page 2). else it Is restricted to
+50MHz. The uncertainty s the RSS of ConvF uncertainty at callbration 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, 54, 128,
160 and 220 MHz respectively. Above 5§ GHz frequency validity can be extended to + 110 MHz

" At frequency below 3 GHz, the validity of tissue parameters (¢ and o) can be relaxed to 10% if liquid compensation
formuta Is applied to measured SAR values, At frequencies above 3 GHz, the validity of tissue parameters (€ and o) is
restricted to £5%. The uncertainty is the RSS of the ConvF uncertainty for indicated target tissue paramaeters.

% Alpha/Depth are determined during calibration. SPEAG warrants that the remaining deviation due to the boundary
effect after compensation is always less than 2 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

Certificate No:Z20-60425 Page 4 of 10
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DASY/EASY — Parameters of Probe: EX3DV4 - SN:7510

Calibration Parameter Determined in Body Tissue Simulating Media

o
1 MHzTE P':"m"':;w “"7:‘:')':" ConvF X | ConvF Y | ConvF Z | Alpha® D(::.n'; :‘::;';
2460 62.7 1.95 769 | 769 | 769 | 044 | 089 | +121%
5260 489 5.36 496 | 495 | 495 | 050 | 125 | £13.3%
5600 485 677 | 428 | 428 | 428 | 060 | 1.28 | +13.3%
| 6780 483 694 | 439 | 439 | 439 | 060 | 130 | £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 10 + 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 (¢ and o) is
restricted to =5%. The uncertainty is the RSS of the ConvF uncertainty for indicated target tissue parameters,

© Alpha/Depth are determined during calibration. SPEAG warrants that the remaining deviation due to the boundary
effect after compensation is always less than + 1% for frequencies below 3 GHz and below £ 2% for the frequancies
between 3-6 GHz at any distance larger than half the probe tip diameter from the boundary.

Certificate No:Z20-60425 Page 5 of 10
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Frequency Response of E-Field
(TEM-Cell: ifi110 EXX, Waveguide: R22)
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Uncertainty of Frequency Response of E-field: £7.4% (k=2)
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Receiving Pattern (®), 6=0°

f=600 MHz, TEM f=1800 MHz, R22
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Uncertainty of Axiai isotropy Assossment: +1,2% (4+2)
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Dynamic Range f(SARhead)
(TEM cell, f = 900 MHz)

Input Signal[uV)

BARpos |

[_—#- not compensates ® _compensalad

Uncertainty of Linearity Assessment: £0.9% (k=2)

Certificate No:Z20-60425 Page s of 10
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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)
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DASY/EASY — Parameters of Probe: EX3DV4 — SN:7510

Other Probe Parameters 7

I Sensor Arrangement Triangular
Connector Angle (°) 35.7
Mechanical Surface Detection Mode 7 enabled
O—pﬂcal Surface Detection Mode disable i
Probe Overall Length : 337mrr
Probe Body Diameter 10mm
Tip Length 10mm
Tip Dlamem 2.5mm
Probe Tip to Sensor X Calibration Point | 1mm
Probe T;p to Sensor Y Calibration Point 1mm
Probe Tip to Sensor Z Calibration Point 1ml;—

>_Roc'.ommonded Measurement Distance from Surface i 1.4mm '

Certificate No:Z220-60425 Page 10 of 100
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F.2 Data Acquisition Electronics (DAE4 - SN:878)

Report No.: BL-EC21B0329-7/01
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Client - baluntek Certificate No: Z21-60276
CALIBRATION CERTIFICATE
Object DAE4 - SN: 878
Calibration Procedure(s) FF-211-002-01
Calibration Procedure for the Data Acquisition Electronics
(DAEX)
Calibration date; July 15, 2021
This calibration Certificate 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 following
pages and are part of the certificate

| Al 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(Calibrated by, Certificate No.) Scheduled Calibration
Process Calibrator 753 | 1971018 15-Jun-21 (CTTL. No.J21X044865) Jun-22
Name Function Signature
Caiibrated by: Yu Zongying SAR Test Engineer éf-—@
: S {
| Reviewed by. Lin Hao SAR Test Engineer ﬁf{ #r
| Approved by Qi Dianyuan SAR Project Leader =\

Issued: July 22, 2021

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

Certificate No: 22160276
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Glossary:
DAE data acquisition electronics

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

Methods Applied and Interpretation of Parameters:

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

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

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

Certificate No: 22160276 Page 2 of 3
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DC Voltage Measurement
A/D - Converter Resolution nominat
High Range; 1LSB = 6.1V full range = -100... #300 mV
Low Range: 1LSB = 61nV, full range = 1 +3mV
DASY measurement parameters: Auto Zero Time: 3 sec, Measwing time: 3 sac

Callbration Factors X Y Z

High Range 405,327 + 0.15% (k=2) | 405.363 £ 0.15% (k=2) | 404.811 + 0.15% (k=2)
Low Range 399820+ 0.7% (%=2) | 401168 £ 0.7% (k=2) | 3.90346 = 0 7% (k=2)

Connector Angle

Connector Angle 10 be used in DASY system | 330°+1°
|

Certificate No: Z21-60276 Page 10of 3
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F.3 750MHz Dipole

Calibration Laboratory of S, = -
Schmid & Partner SN g Sarvice suisse d'étalonnage

Engineering AG %_ — ;E Servizio svirzero di lnratura
Zeughausstrasse 43, 8004 Zurich, Switzeriand 7N

Acoradited by the Swss Accaditation Service (SAS)
The Swiss Accreditation Service is one of the signatories 1o the EA
Multitaterat Agreement for the recognition of calibration certificates

csent  Balun-SZ (Auden)

e

Fa
AR,

S Swiss Calibration Service

Accreditation No.: SCS 0108

Centificate No: D750V3-1201_Nov20

Object D750V3 - SN:1201
Catbration procechieds) QA CAL-05.v11
Calibration Procedure for SAR Validation Sources between 0.7-3 GHz
Cabtwntion date November 11, 2020
This cotiticase e e fity 1o . which realize o physical units ot s {51)
The and he hes with corfidencs probabiity are given on the following pagas and are part of the cenficate
NI calbeutions have been cond in the closed y tacdity: [ 22 2 3)°C and humsalty < 70°%.
Caluration Equpmant usec (MATE critical lor calbration)
Primary Star 0y Cal Date (C: No.) Scheckted Calbation
Powse metsr NAP SN 14778 O1-Ape-20 (No. 217-08100/03101) Ape-21
Power sensor NAP-Z81 SN 100244 O1-Ape-20 {No. 217-03100} Aar21
Power senacr NRP-291 SN T0cRes 01-Ape20 (Ko, 217-05101) Aprat
Reforence 20 dB Atteruator EN: BHI304 (20%) 31-Mar-20 (No, 217.03106) Apr-21
Type-N mismaich combination SN 310882 / 06527 31-Mar20 (No, 217-03104) Apr-21
Astarence Probe EX30V4 5N 7405 20-Ju-20 (No, EXI-7405_Jun20) Jun-21
DAE4 SN: 601 02-Nav-20 (No. DAES-601_Nov20) Now-21
S y Standards 10 # Check Dato (in housa) Schoduled Chack
Power meter E44108 SN: GB39612475 0-Oct-14 (in house check Ool-20) In houss check: Oct-22
Power secaor HP IMB1A SN: US3726278) 07-Oct-15 (in house check Oct-20) In house chedc Oct-22
Power sersor HP B481A SN: MY41082357 07-0ct-15 (in house chack Oat-20) In house chedic Oct-22
RF genorator RS SMT-08 SN 100872 15Jun- 14 {in house chock Oct-20) In housa chackc Oct22
Network Analyzor Aglant EE3S8A | SN: US41080477 31-Mar-14 (n house check Oct-20) In house chacic Oct-21
Name Funchion Signatura
Caibeated by, Jaton Kastratl Labarmtory Technician 7
— = : { A
Approved by Katja Pokovie Technical Managar /ﬁé—”_
Issuod Novamber 11, 2020
This calbeation curtficate shall nol be reproduced excapt in Tull without wrilten approvil of the isboratory.

Centificate No: D750V3-1201_Nov20
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Calibration Laboratory of s Katit
Schmid & Partner Sorvice suisse 0 o
Engineering AG C . orvisie svissere & orsturn

Zewghausstrasse 43, BO04 Zurich, Switzerland S Swiss Calibration Service

Accradiod by the Swiss Accredtalion Senvce (SAS) Accreditation No.: SCS 0108
The Swiss Accreditation Service ks one of the signatories to the EA
Multilnteral Agreement for the recognition of calibration certificates

Glossary:

TSL lissue simulating liquid

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

Calibration is Performed According to the Following Standards:

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

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

c) |EC 62209-2, "Procedure 1o determine the Specific Absarption Rate (SAR) lor wireless
communication devicaes used in close proximity to the human body (frequency range of 30
MHz to 6 GHz)", March 2010

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

Additional Documentation:
e) DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

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

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

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

« FElectrical 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 re uncertainty of measurement is stated as the standard uncertainty of measurement
multiplied by the coverage factor k=2, which for a normal distribution cofresponds to a coverage
probability of approximately 95%.

Cenflicate No: D750V3-1201_Nov20 Page 20l 6
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Measurement Conditions
DASY system configuration, as lar as not given on page 1,
DASY Version DASYS V52.10.4
Extrapolation Advanced Extrapoiation
Phantom Modular Flat Phantom
Distance Dipole Center - TSL 15 mm with Spacer
Zoom Scan Resolution dx, dy, dz =5 mm
Frequency 750 MHz < 1 MHz
Head TSL parameters
The following p s and calouations were appliad.
Temperature Pormittivity Conductivity
Nominal Head TSL paramelers 20C 419 0.89 mha/m
Measured Head TSL parameters (220+02)C 426+6% 0.91 mho/m + 6 %
Head TSL temperature change during test <05°C —_
SAR result with Head TSL
SAR averaged over 1 em” (1 g) of Head TSL Condition
SAR measured 250 m\W input power 210 Wiy
SAR for nominal Head TSL parameters normalized to 1W 8.29 Wikg = 17.0 % (k=2)
SAR averaged over 10 cm® (10 g) of Head TSL condition
SAR measured 250 mW input power 1.36 Wikg
SAR for nominal Head TSL parameters normalized to 1W 5.38 Wikg = 16,5 % (k=2)

Centificate No: D750V3-1201_Nov20
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Appendix (Additional assessments outside the scope of SCS 0108)
Antenna Parameters with Head TSL

Impedance, transformed to teed point 5330-241Q
Return Loss -282d8

General Antenna Parameters and Design

| Etectrical Detay (one direction) | 1.031 ns |

ARer long 1erm use with 100W radiated power, only a slight warming of the dipole near the feedpoint can be measured.

The dipole |s made of standard semirigid coaxisl cable. The center conductor of the feeding line is directly connicted to the
second arm ol the dipole. The antenna & therefore short-aircuited for DC-signals. On some of the dpoles, small end caps
are added to the dipole arms in order to improve matching when loaded according to the posdion as explained in the
*Measurement Conditions” paragraph. The SAR data are not affected by this change. The overall dipole langth is st
accoeding to the Standard.

No excessive foros must be applied to the dgpole arms, becausa they might bend or the soldered connections near the
feadpoint may be damaged.

Additional EUT Data

[ Manutactured by | SPEAG |

Certificate No: D750V3-1201_Nov20 Pagadol 6
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DASYS Validation Report for Head TSL

Date: 11.11.2020
Test Laboratory: SPEAG, Zunch, Switzerland
DUT: Dipole 750 MHz; Type: D750V 3; Serial: D750V3 - SN:1201

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

Medium parameters used: f = 750 MHz; o = 0.91 Sim; & = 42,6, p = 1000 k/m’
Phantom section: Flat Section

Measurement Standard: DASYS (IEEE/IEC/ANSTC63.19-2011)

DASYS2 Configuration:
« Probe: EX3DV4 - SN7405; ConvF( 110, 10, 10) @ 750 MHz; Calibrated: 29.06.2020
« Sensor-Surface: 1. 4mm (Mechanical Surface Detection)
« Electronics: DAEA Sn601; Calibrated: (12.11.2020
«  Phantom: Flat Phantom 4.9 (front); Type: QD O0L P49 AA: Serial: 1001
« DASY5252.10.4(1527), SEMCAD X 14.6.14(7483)

Dipole Calibration for Head Tissue/Pin=250 mW, d=15mm/Zoom Scan (7x7x7)/Cube 0:
Measurement gnid: dx=5mm, dy=5mm, dz=Smm

Reference Value = 58,00 V/m; Power Drift = -0.01 dB

Peak SAR (extrupolated) = 3.23 Wikg

SAR(I g) = 2.1 Wikg; SAR(10 g) = 1.36 W/kg

Smallest distance from peaks 10 all points 3 dB below = |7 mm

Ratio of SAR at M2 10 SAR at M1 = 65.1%

Miximum vilue of SAR (measured) = 2.81 Wikg

-2.20
-4.40
-6.60
-8.80

-11.00

0dB =281 Wihkg =449 dBW/ikg

Cartificate No: D750V3-1201_Nov20 Page 5ol 6
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Impedance Measurement Plot for Head TSL
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F.4 835 MHz Dipole

‘TTL s .o a g S5 MR
CALIBRATION LARORATORY

CNAS
Add: NSt Xcynan o, Mablion Eaniet, Heljing, 100191, Chie  Sg” 77 CALIBRATION
Tok MG 10-G2I0NGI1-2079  Pa: 06 LO-6TH0MNS. 2504 ok CNAS LO570
Veerd etiiehananl com ip v chisatll o
Chant Baluntek Certificate No:  Z19.60175
CALIBRATION CERTIFICATE
Obct DAISV2 - SN: 40187
Caliteation Procedure(s) FEZ11-008.01
Calibration Procedures for dipole valdaton kits
Calbration date: June 11, 2010
This calbration Cerificate the bilty to al dards, which reaize the physical units of
(51). The and the with canfidance probability ara given on the following
peges und are part of the cemificale
All caltwalona have been conducied in the closed y faclity: @22:3C and
Numidity<70%,

Calibrstion Equipment used (MATE critical for caltration)

Primory Standards X Cal Date(Calbraled by, Cervicale No)  Scheduded Calbration
Powor Metor  NRP2 108277 20-Aug-18 (CTTL, No J18X06862) Aug-19
Power sensor  NRPSS | 104201 20-Aug-18 (CTTL, No.J18X06862) Aug18
Reforance Probe EXI0V4 | SN 7614 27-Aug-1(SPEAG No EX3-7514_Aug18) Aug-19
DAEA SN 1656 20-Aug-1B(SPEAG No DAES- 1585_Aug18) Aug-19

_Secordory Standords | DN Cal Date(Calibeatod by, Certificato No.)  Schedulled Calbration
Signal Genarator E4438C | MYAGO71430  23-Jun-10 (CTTL, No,J10X00336) Jan-20
NetworkAnatyzer ESO71C | MYAG110673  24-Jan-18 (CTTL, No J10X00647) Jan-20

F— S —

Name Function Signature

Calibeated by: Zhao Jing SAR Test Engineer 4{,
Revewd by Lin Hao BAR Test Engineer M
Abpeoved by Qi Danywan SAR Projoct Leader AR

Issuad: June 14, 2010
This calibestion certificuts shull not be reproduced axcept In full without weitten approval of the lsboratory.

Cenlificate No: 21960173 Page L ol n



LU
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- In Collabceation with ‘
AL No.ST Nueyruan Rosd, uidies Diuricr, Beiling, 100191, Ching

Tel: +86 106290463320 Tans 480 1062 JIM01)-2504
Fevoail: cxtidhint com Mg Swwen chineed oo

Glossary!
TSL tissue simutating liquid
ConvF sensitiity in TSL / NORMx,y.z

N/A not applicable or not measured ‘

Calibration s Performed According to the Following Standards:

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

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

¢) IEC 62208-2, "Procedure to measure the Specific Absorption Rate (SAR) For wireless
communication devices used in close proximily to the human bady (frequency range of
30MHz to 6GHz)", March 2010

d) KDB885684, SAR Measurement Requirements for 100 MHz to 8 GHz

Additional Documentation:
a) DASY4/5 System Handbook

Mhod.Applhdlndanon of Parametars:

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 fraquency indicated.

* Antenna Parameters with TSL: The dipole s mounted with the spacer to position its feed
point axactly below the centor marking of the fiat phantom saction, with the arms oriented
parallel 1o the body axis.

+ Feed Point Impedance and Retum Loss: These paramsters are measured with the dipole
positioned under the liquii filled phantom. The impedance stated is transformed from the
measurement at the SMA connector 1o the feed point. The Retum Loss ensures low
reflected power. No uncertainty required.

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

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

« SAR nommalized: SAR as measured, nomnhudtoanlnputpomoﬂwmmm
connector.

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

The reported uncertainty of measurement is stated as the standard uncertainty of
Measurement multipied by the coverage factor k=2, which for a normal distribution
Corresponds to a coverage probabiity of approximately 85%.

Cettificme Noc Z19-60175 Pug=20ls
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Tel: ¢ 58~ 1003090 1- 20 Pax 80 10-6200063 32304

AGE No 51 Xucyum Rosd, isidias Diarics, lesiing, 100191, Ohion
Eanall: ctl@chinastlsomn g fwwew dhinad on

Measuroment Conditions
not gven on pege 1
DASY Version DASYS2 52.102.1504
Extrapolation Advnncea Fairapcintion
Phantom Triphe Flot Phantom 5.1 ‘
Déstance Dipole Center - TSL 14 mm with Spacer ‘
Zoom Scan Resolution dx, dy, dz = 5 om
Frequeacy 836 MHz + 1 Mz
Head TSL parameters
Tamparsturs Pormistivity Conductivity
Noeninal Head TSL parsmeters 2n0°C a1s 0.60 mhoim
Mansured Hond TSL parameters @20s02)°C aATs0% 0.89 mhom £ 6%
Mead TSL temperature change during test| <10 otto -
SAR rosult with Head TSL
| SAR avaraged over 1 i’ (1 g) of Mo TSL Conafion S
SAR maasured 250 W inpul power 235Wikg
SAR fee  Head TSL narmalizea 1o 1W 240 Wikg 4 8.8 % (k=2
SAR averaged over 30 cor’ (10 g) of Mead TSL Condition
SAR mewsured 260 miN input powes 1.57 Wikg
SAR for Hord TSL noematized Yo 1W 8.33 Wikg £ 18.7 % (k=2)
Body TSL parameters
The ang wemapgied )
Temperatura Pormittivity Conductivity
Nominal Body TSL paramuters 20°C w2 0.97 mho/m
Maasured Body TSL parametors @20207)C 55028% | 097mhamso %
;uy;;mn change during tast “10°C — -
SAR result with Body TSL -
SAR averaged over 1 ¢’ (1 ) of Body TSL Condition
BAR mossuod 250 miW input power 240 Wng
SAR for Body TSL p " poomeized 10 W .57 W ikg £ 18.8 % (ke2)
SAR averaged over 90 om’ (10 g) of Body TSL Cerxstion
SAR measured 250 MW Rkt powr 1.58 Wikg
SAR for nomial Body THL par poemazed f0 W | 631 Wikg 2 10,7 % (ked)

Centificate Noc 21960175 Pagerals
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. In Colsboranon with
AdS: No ST Xoeyus: Rosd, Heldias Dierics, Deljing, 100191, Chion

ek O“—W“WJ 2™ Pax: 4610620401 12504
E-oil: com [ m

Appendix (Additional assessments outside the scope of CNAS L0570) ‘

Antenna Parameters with Head TSL

Impedance, trarmformed to feed point sno lm
Foetam Loss <2908

Antenna Parameters with Body TSL

'wodm Ombmm 4730 4070
Rmu:u - 24.0d8

General Antenna Parameters and Dosign

I Elpcirical Doty (cm directian] | 1277 ns |

Aftar long term use with 1000 rackaléd power, anly & slight warming of the dipois near the feedpoint can
be measured.

Tha dipole ks made of standard semingld coadal cable. The conter of ihe feeding line &= d
Mmmmmummrmmuhmmmmwwn On some
of ihe dipolas, small end caps are added to the dipole arms in order to improve matching when lcaded
according to the pasition as expl f iy the "N Conditions” paragraph, The SAR dala are not
affecied by this change. The overall dipole length s still according to the Standand,
Noummbmmubonopﬁodlohdwhm because they might bend or the scldenad

near the fesdpoint may be d

Additional EUT Data

L —T™ SPEAG —

Cartificsse Noc 21900175 Page tols
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CALIBRATION LASORATORY

Atk Nar 31 Xoywan Rond, Hiwdise Districe, Defjing. 100191, China
Tel: +B6-10-62034615. 2079 Fax: «36:00-R2308633-2501
Foamit: ctdifchimanl com Iittp Vwwow chinatt] cn

DASYS Validation Report for Head TSL Date: 06,11.2019
Test Laborory: CTTL, Beljing, China
DUT: Dipole 835 MHz; Type: DS3SV2; Serial: DSISV2 - SN; 4d187
Communication System: UID 0, CW; Frequency: 835 MHz; Duty Cycle: 121
Medium parameters used: £~ 835 Mile; o < 0.886 S/m; g, = 41,125 p = 1000 kg/in3
Phantom section: Right Section
DASYS Configuration:

¢ Probe: EXIDV4 - SN7514; Conv(9,09, .09, 9.09) @ 835 MHz; Calibrased;
R2772018

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

Electronics: DAE4 Snl 556; Calibrated; 8/20/2018

Phantom: MFP_VS.1C ; Type: QD 000 PS1CA; Serial: 1062

Messurement SW: DASYS2, Version $2,10 (2); SEMCAD X Version 14.6,12
(7470)

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

Reference Value = $8.27 Vimy, Power Drifl =~ 0,01 dB

Peak SAR (extrupolated) = 3,45 Wikg

SAR(I g) = 2.35 Wikg: SAR(10 g) = 157 Wikg

Maximum value of SAR (measured) = 3.09 Wikg

0 dB = 3.09 Wik = 4.99 dBW/kg

Centificae No; 219-60175 Page sofn
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Impedance Measurement Plot for Head TSL
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» In Caslaboration with

TTL L0 —

A N 51 Xucywem Rurad, Fhafins Outrict, Detjing. 100191, Obies
Tl + R5- 10 G230 2079 Fas: +86-30462304653.2504
Femait: conhiichinattl com I www chimatt] vm

DASYS Validation Report for Body TSL Dase: 06.11.2019
Test Labormtory: CTTL, Beijing, China
DUT: Dipole 835 Miz; Type: DEISVY; Serial: DEISV2 - SN: 44187
Communication System: UID 0, CW; Prequency: 835 MHz Duty Cycle: 121
Medium pansmecters used: £~ 835 MHz; a = 0,973 S/m; ¢, = 55; p = 1000 kg/in}
Phantom section: Cenler Section
DASYS Configuration:

o  Probe: EXIDV4 - SN7514; ConvF(9.47, 947, 9.47) @ 835 MHx; Calibruted
R272018

o Sensoe-Surface: | dmm (Mechamcal Surface Detection)

«  Eloctrondcs: DAE4 Snl556; Calibraed: 872072018

o Phantom: MFP _V5.1C ; Type: QD D00 PS1CA; Serial: 1062

o  Mensurement SW: DASYS2, Version 5210 (2); SEMCAD X Version 14.6.12
(7470)

Dipole Colibration/Zoom Sean (7x7x7) (Tx727)/Cube 0 Mensurement grid: dx=5mm,
dy=Smm, dz-Smm

Reference Value = 53.93 Vim; Power Drift =~ 0,01 dB

Peak SAR (extrupolated) = 3.67 Wiky

SARII g) = 2.4 Wikg: SAR(10 g) = 1.58 W/kg

Maximum value of SAR (measured) = 3,23 Wikg

0dB =323 Wikg = 5,09 dBW/kg

Cantificate Noc Z19-60175 Page Tofs
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Impedance Measurement Plot for Body TSL
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F.5 1750 MHz Dipole

" In Colsboration with Sy, i
TTL s b e a g SN2 M 2

A No.52 Hua YuanBei Rond. Hakdinn Districe. Begiing, 100191, Ch 2, 3 CALIBRATION
Tl: 186-10-62304633.207 Fax: +56-0-423046132504 4':/;,\,\“\‘ CNAS LOST0
E-mail: cndidehinmtl.com Btp:/fwww. chinattl.on
Client baluntek Certificate No:  221-60169
CALIBRATION CERTIFICATE
Object D1750V2 - SN: 1130
Cailbration Procedure(s) FF-211-003-01

Calibration Procedures for dipote validation kis

Calibration date: May 17, 2021

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

All calibrations have been conducted in the closed laboratory faciity. environment temperature (22:3/C and
humidity<70%

Calibration Equipment used (M&TE critical for calibration)

Primary Standards 1D # Cal Date(Calibrated by, Certficate No.) Scheduled Calibration
Power Meter NRP2 106277 23-Sep-20 (CTTL. No.J20X08336) Sep-21
Powersensor NRP8S | 104291 23-Sep-20 (CTTL. No.J20X08338) Sep-21
ReferenceProbe EX3DVA4 | SN 3848 26-Apr-21(CTTL-SPEAGNo.221-80084) Apr-22
DAE4 SN 777 0B-Jan-21(CTTL-SPEAG No.Z21-80003) Jan-22
Secondary Standards ID# Cal Date(Calibrated by, Certificate No,) Scheduled Calibation
Signal Generator E4438C | MY48071430 01-Feb-21 (CTTL, No.J21X00593) Jan-22
NetworkAnalyzer ESOT1C | MY46110673  14-Jan-21 (CTTL, No.J21X00232) Jan-22

Name Function Signature

Gallbrated by. Zhao Jing SAR Test Engineer

Reviewed by. Lin Hao SAR Test Engineer }ﬁr 71’9

Approvad by Qi Dianyuan SAR Project Leader =BT

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

Certificate No: Z21-60169 Page | of &



% Report No.: BL-EC21B0329-7/01
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Add: No.A2 HuaYumBel Rosd, Hadies District, Beijng. 10019}, Ching
Tel: +86-10-62304633-2079 Froc +B6-10-6230463)- 2404
E-mall; enl@chinan com htspetivwwwe chimatticn

Glossary:

TSL tissue simulating liquid

ConvF sensitivity in TSL / NORMx.y.z
N/A not applicable or not measured

Calibration is Performed According to the Following Standards:

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

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

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

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

Additional Documentation:
e) DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

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

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

« 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.

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

« SAR measured: SAR measured at the stated antenna input power,

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

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

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

Certificate No: Z21-60169 Page 2of 6
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TTL s p e ag

Add: No.52 HunYeanBei Roud, FHaldsan District, Beijing, 100191, Chisg

Tol: +86-10-62MM633-207%

E-muail: cttdicsinattl.com Witpe/fwew chinatl.on

Fax: + B5-10-623M&13-2504

Measurement Conditions
DASY system configuration, as far as not given on page 1
DASY Version DASYS2 V52104
Extrapolation Advanced Exirapolation
Phantom Trple Flat Phantom 5 1C
Distance Dipole Center - TSL 10 mm with Spacer
Zoom Scan Resolution dx, dy. dz = 5 mm
Frequency 1750 MHz = 1 MHz
Head TSL parameters
The folowing p % and caloutations wers applied
Temperature Permittivity Conductivity
Nominal Head TSL parameters 20°C 401 1.37 mhaim
Meoasured Hoad TSL parameters (220+02)°C 39826% 1.38 mho/m £ 6 %
Head TSL temperature change during test <10°C — -
SAR result with Head TSL
SAR averaged over1 ¢t (1 g) of Head TSL Condition
SAR measured 250 mW mput power 9.20 Wkg
SAR for nominal Head TSL parameters pormalized to 1W 36.7 Wikg £ 18.8 % (k=2)
SAR averaged over 10 ¢m’ (10 g) of Head TSL Condition
SAR measured 250 mW nput power 479 Wikg
SAR for nominal Head TSL paramaters normalized to 1W 19.1 Wikg £ 18.7 % (k=2)

Certificate No: Z21-60169 Poge Jofé
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" In Colisboration with
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Add: No 52 Hlua YusnBel Road, Haidian District, Beiping, 10019], China
Tel +B6-10-62104633-2079 Fax: +86-10-62304633-2504
L-mast: ctliwchinatti com hetpiwww.chinatilcn

Appendix (Additional assessments outside the scope of CNAS L0570)

Antenna Parameters with Head TSL

impedance, transformed 1o feed poin 50.10- 1,680

Return Loss -355d8

General Antenna Parameters and Design

Electrical Delay (one direction) 1128 ns

Aftar 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 semirgid coaxial cable. The center conductor of the feeding line is directly
connected 1o the second arm of the dipole. The antenna is therefore short-circuited for DC-signals. On some
of the dipodes, small end caps are added to the dipole arms in order to improve matching when loaded
according to the position as explained in the "Measuremant Conditions” paragraph. The SAR data are not
affected by this change, The overall dipele 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: Z21-60169 Page 4 of &
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Add: No.5ST Hea Yuandiel Road, Haidlas District, feijmg, 10019), Ovina

Tel: +86- 1062304635 2079 Froc +86-10-6230463 52504
E-mall: crl@ehinanlcom hopewwaehinanl cn
DASYS Validation Report for Head TSL Date: 05.17.2021

Test Laboratory: CTTL, Beijing, Chins

DUT: Dipole 1750 MHz; Type: DI7T50V2; Serial: D1750V2 - SN: 1130
Communication System: UID 0, CW; Fregquency: 1750 MHz; Duty Cycele: 11
Medium parameters used: = 1750 MHz; 6 = 1,376 S/m; & = 39.86; p = 1000 kg/m’
Phantom section: Right Section

DASYS5 Configuration:

¢ Probe: EX3DV4 - SN3846; ConvF(8.22, 8.22, 8.22) @ 1750 Miz; Calibrated:
2021-04-26

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

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

» Phantom: MFP_VS.1C (20deg probe tlt); Type: QD 000 P51 Cx; Serial: 1062

»  Moeasurement SW: DASYS2, Version 52.10 (4); SEMCAD X Version 14.6.14
(7483)

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

Reference Value = 97.24 Vim: Power Drift = -0.03 dB

Peak SAR (extrapolated) = 17.7 Wikg

SAR(I g) = 9.2 W/kg; SAR(10 g) = 4.79 Wikg

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

Ratio of SAR at M2 to SAR at M| = 52.3%

Maximum value of SAR (measured) = 14.5 W/kg

dB
0

-3.5%
-7.09

10,64

-14.18

-17.71

0 dB = 145 W/kg = 11.61 dBW/kg

Certificate No: 22160169 Page Sof 6



LUl

Report No

'\' in Colisboration with
=77y S P e 38 g
v CALIBRATION LABORATORY

Adil: No.52 Han Yuanfie Road, Haidina District, Beijiog, 100191, China
Tl +K6-10-62304633-2079 Faw: 186-10-62304633-2504
E-mail: catli@chinattl com htpe/Awwwechinunt en

Impedance Measurement Plot for Head TSL
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F.6 1900 MHz Dipole

Add No St Xueyuns Hosd, Habdlan Disilet, Beifng, 100491, Chien
Tek (AG-10-62304033-207% Fon: +BO-10-02084013- 2904 CRAS L0570
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Client Bajuntek Certificate No:  Z19-60176
CALIBRATION CERTIFICATE

" in Collsboration with '!'li»\'
L0 e %CNAS“’“

Objoct D1800V2 - SN: 53193

QA PR FF-211-00301

Calibration Procedures for dipole validation kits
Catbration dite: June 11, 2019

This calibration Certficate he abilty 1o J de, which reslize the physical units of
(S1). The nis and the uncertaintios with confidance probability are given on the Sllowing
pages and are part of the cortiicate

All calibrations have been conducted In the closed y feciity: ! e and
humidity<70%.

Calibeation Equipment usad (MATE critical lor caltwation)

Frimary Standards 0# Cal Dute(Caibrated by, Cortficato No.)  Schedulod Catbration
Power Meler  NRP2 108277 20-Aug-18 (CTTL. No J10X08962) Aug-18
Power sensor  NRPES 104201 20:Aug-18 (CTTL, Na.J18X06852) Aug-18
Roference Probe EX3OVA | BN 7614 27-A0g-1B(GPEAG,NO EX3-7614_Aug18) Aug 16
DAE4 SN 1658 20-Aug-18(SPEAG N0 DAE4-1556_Aug18) Aug-19

Secondary Stardords D Cal Date(Caibeated by, Cortificale No.) Scheduled Calbration
Signal Gonorator EA438C | MY40071430  23-han-18 (CTTL, No J19X00338) Jan20
NetworkAnalyzer ES0T1C | MY46110873  24-Jan-19 (CTTL, No.J18X00547) Jan-20

Name Funcion

Calibeatod by 2Zhao Jing SAR Test Enginoor 41

Rewiowed by UnHao  SARTestEngineer N

nepea by QI Dy SAR Project Leader o

lssued: Juno 14, 2018
This calibration cartificate shall not be reproduced axcept in full without writtan approvadl of the laboratory.

Centificsss No: 710460176 Pags tof
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Add: No.S1 Xweyuan Road, HaiSen Disuict, Peifiag, 100191, China
Tot: 4 K0-10-62204633-207V Von: +B6 10 62308633.2504

E-onait o hap i
lossary:
TSL tissue simulating liquid
ConviF sensitivity in TSL/ NORMx.y.z
N/A not applicable or not measured

Calibration is Performed According to the Following Standards:

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

b) IEC 62209-1, "Measuremant procedure for assessment of specific absorption rate of human
exposure to radio frequency fields from hand-hekt and body-mountad wireless

mication devi Part 1: Device used next to the ear (Frequency range of 300MHz to
6GHz)", July 2016

) IEC 82208-2, *Procedure 1o measure the Specific Absorption Rate (SAR) For wireless
communication devices used in close proximity to the human body (frequancy range of
30MHz to 8GHz)", March 2010

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

Additional Documentation:
€) DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

»  Measurement Condiions. Further details are available from the Validation Report at the end
of the cedificate. All figures stated in the cerificate are vaiid at the frequency Indicated.,

» Antenna Parameters with TSL The dipole Is mounted with the spaces to position s teed
point exactly below the center marking of the flat phantom section, with the arms oriented
paralial 1o the body axis,

« Feod Point Impedance and Retum Loss: These parameters are measured with the dipole
positionad under the liquid filled phantom The impedance stated is transformed from the
measurement at the SMA connecior {o the feed point. The Return Loss ensures low
reflected power. No uncerainty required.

= Elsclrical 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 measurad, normalized to an Input power of 1 W at the antenna
connector.

+ SAR for nominal TSL paramelers: The measured TSL parameters are usad to calculate the
nominal SAR rosult.

The reported uncertainty of measurement is stated as the standard uncertainly of
Measurement multiplied by the coverage factor k=2, which for a normal distribution
Corresponds to a coverage probability of approximately 85%,

Contifice No: Z19-60176 Pagelof g
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Add: Na 3t Xueywan Rood, Maiden Dinict, Seijing,

Report No.: BL-EC21B0329-701

$ P e 2 &
CALSRATION LABORATORY

109194, Chine

Tel +80.10.62304613. 2079 Fax: 301062306633 2504

Vanatt: |

Measurement Conditions
DASY aystem condiguration, st far % not given on paoe 1,

Cenificate Ne: 219.60176

DASY Vorsion DASYS2 52.10.2.4504
SR b
Phantom Trighe Fiut Phantom 5.1C
Distance Digole Cartor - TSL 10mm With Spaces
Zooen Sean Resolition ax, dy, iz + & mm =
Frequency 1900 M4z 1 MMz
Head TSL parameters
The folowing parsmetecs and calc.éaions wer appiad__
Temperaturo Parmitsivity Conduetivity
Head TSL p 20°c 200 1,40 miaim
Moasurad Hond TSL paramutors (22.0202)°C 40218% | 19mmoms8%
Head TSL sempernture change during test|  «10°C o =
SAR result with Hoad TSL
SAR averaged over 1_cm’_ (1 g) of Head TSL Corudtion -
SAR measred 260 mW lepadt power 070 Wing
BAR fer i Hod TEL g nomakzed 10 TW | 304 Wikg £ 18.8 % (k=2) |
SAR svaraged over 10 ¢’ (10 gf of Hemd THL Condien
SAR measurea 260 mW inpul power 507 Wikg
SAR fo nominl Hasd TSL parimaters normelized 10 W 20,4 Wikg £ 18.7 % (k=2)
Body TSL paramoters
Ths foblow u und cokculmions were sgptied.
Tomporature Parmuittivity Condutivity
Nominal Body TEL paramaters 20°C 3 yTyTer—
Moasured Body TSL purametors 20:202)°C S22s6% 150 mhoim 265 %
L&qmwmmw «10°C —_ —_
SAR resuit with Body TSL
| SAR averaged aver 1 cur’ {1 g) of Body TSL Condibon
SAR meusured 260 MW Input power 10.1 Wikg
AR for Body TSL paramete Dormalized to 1W 40,6 Wiky £ 18.3 % (k=2)
BAR svarnged over 10 o’ (10 g) of Body TSL Condition
" SAR messured 250 W Inpet power 523 Wig
SAR dor nomina Body TSL rermatzad 1o 1W 21.0 Wikg £ 18.7 % (k=2)
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CALIERATION LARORATORY

‘TTL s peag

Adl No St Xeeyran Iond, Hiakdian Disteict, Beijmg, 100191, Cha
Ted 456106230463 32079 Faa: + 85« 1062304623.2504
Fetrl- cttddchinest com eipeiwacchinatil on

Appendix (Additional assessments outside the acope of CNAS L0570)
Antenna Parameters with Head TSL

[mmwwpm ;1 mouam

| Rotum Loas 24308

Antenna Parameters with Body TSL

Impedunce, anstamed 10 feed peint 4780+ 5240
Return Losa - 24740

General Antenna Parameters and Design

Electical Oukry (oo drection) | 1004 ns |

ARar long tarm use with 1000 radsled power, anly & shight warming of the dipols nesr the feedpoint can
be measured

The dipole s made of slandard semingkl coaxial cable. The canter conductor of the feeding Sne Is directly
connected to the second arm of the dipole. The antenna is therefore shan-circuted for DC-signats. On some
of {he dipoles, small end caps are added to the dipole arms in ceder 1o improve matching whan laded
according to the posilion ss explsined in the “Me Canditians” parsgraph. The SAR data are nat
wffoctad by tis change. The overal dipole length is still according 10 the Standard.
NomhumuboswmeMQmmmMnmbWonmm

near the feadp may ba damagy

Additional EUT Data

Marutactured by | SPEAG

Certificate No: 21960176 Poge tols
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*  In Collaboration with
777 . 5 p e a g
CALIBRATION LABORATORY
Asd: No.51 Xocywan Rowd, Hedles Dinsice, Heijlng, 100191, Chiea

Tal: #50- O-G2IMET S 2079 Fans <36 10-62304033- 2504
E-amil. atl@chisattl com Ity Vo shlivetl on

DASYS Validation Report for Hend TSL Dumiez 06,10.2019
Test Labortary: CTTL, Beljing, China
DUT: Dipole 1990 MHz; Type: D1900V2; Secial: DI900V2 - SN: S4193
Communication System: UID O, CW; Frequency: 1900 MHz; Duty Cycle: 1:1
Medium parameters used: = 1900 MHz; a = 1387 S/m; & = 40.2; p = 1000 kg/m3
Phantom section;: Cerster Section
DASYS Configuration:

o Probe: EX3DV4 - SN7514; CanvF(7.73, 7.73, 7.73) @ 1900 MHz; Calibeased:
R272018

o Sensoe-Surfoce: | 4mm (Mechanical Surface Detection)

« Bloctronics: DAEA Snl1556; Calibrated: 82072018

o Phantom: MFP_VS.IC ; Type: QD 000 PS1CA; Serial: 1062

»  Measurement SW: DASYS2, Version 52.10 (2); SEMCAD X Version 14.6.12
(7470)

System Performance Checl/Zoom Scun (7x7x7) (IxTxTNCube 0: Measurement grid:
dx=Smm, dy=Smm, dr=Smm

Reference Value = 98,9 Viny, Power Dyift = 0,04 dB

Penk SAR (extrnpolated) = 18.9 Wiy

SAR(L g) = 9.79 Wikg; SAR(10 g) = 5,07 Wikg

Maximut value of SAR (measured) = 15.6 Wikg

OdB = 156 Wiy = 11.93 dJBW/ky

Certificate No: 219.60176 Pagesofn
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CALISRATION LABORATORY

Adet: N 33 Xwoywen Bowd, | inidion District, Be(jing, 1004198, Chine
Tek +86-10-623046) 3- 2079 Fae: + B8~ 102 V401 5. 2504
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Impedance Measurement Plot for Head TSL
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CALISRATION LABORATORY

Add: No.51 Xetywan Rond, Haiden Dutricl, Beijing, 100191, (s
T + M6 106230463 3. 2079 Tax: =86 I062004633-2504
Lol entdgichinan! com b Cwww chinattl oo

DASYS Validation Report for Body TSL Dute: 00.11.2019
Test Laborsory: CTTL, Beijing, China
DUT: Dipole 1900 MHz; Type: D1900V2; Serinl: DI90OV2 - SN: 54193
Communication System: UTD 0, CW; Frequency: 1900 Mz Duty Cyele: 1:1
Medium parameters used: £~ 1900 MHz; 0 = 1,499 S/m; g, = $2.18; p = 1000 kg/m?
Phantom section: Riglu Sectian
DASYS Configuration:

e  Probe: EXIDVA < SN7514; ConvF(7.53, 7.53, 7.53) 42 1900 MHzx; Calibrated:
8272018

Sensor-Surface: 1 4mm (Mechanical Surface 1D )

Electronics: DAEA Snl556; Calibruted: 820/2018

Phantom: MFP_V5.1C ; Type: QD 000 PSICA; Setial: 1062

Measurement SW: DASYS2, Version 5210 (2); SEMCAD X Version 14,612
(7470)

System Performance Cheel/Zoom Scan (7x7x7) (Tx7x7)Cube 0: Measurement grid:
dx=Smm, dy~Smm, dz-Soun

Reference Value < 88.67 Vim; Power Drift = 0.01 dB

Penk SAR (extrapolated) = 18.9 Wikg

SARCE g) = 10.1 Wikg; SAR(10 g) = 5.23 Wikg

Muximum value of SAR (measured) = 15.6 Wiy

-

I -1.46

U

-6.93
-10.39

13,88

g B
17.92 =

0 dB = 15,6 Wikg = 1193 dBW/kg

Certificale No: Z19-60176 Page 7ol %
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CALIBRATION LABORATORY
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Tel; *86-10-6230461 32000 Fax: +50-10-62104A1 3-7 %4
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Impedance Measurement Plot for Body TSL
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F.7 2450 MHz Dipole

G =
T77.8 p e a8 g W 5
CNAS iz 28
b N e L
vl ombinninat com e el on
Chent Baluntek Cortificate No: 21960177
CALIBRATION CERTIFICATE
Object D2460V2 - SN: 952
Calvruton Procedure(s) FF-Z11.003.01
Calibestion Procedures for dipole validation kits
Calruton date: June 10, 2010
This calibration Cersicate documents the traceahiity 1o national standords. wivch resiize the physical units of
L (51, The nis and the uncenanties with confidence probabiity are given on the following
PRges andd are part of the certiicate.

All caliraions have been conducied in the cosed laborstory faclity. anvironment temperatureG2e)© and
humedity<70%

Calibraton Equipment used (MATE aritical for calitention)

Primary Standards D Cad Dato(Calibratod by, Cartificate No.) Scheduled Cafitration
Power Meter  NRP2 106277 20-Aug-18 (CTTL, No J18X06862) Aug-19
Power sensor  NRPES 10421 20-Aug-18 (CTTL, No.J18X06862) Aug-19
Reforance Probe EX3DV4 | SN 7514 27-Aug-1N(SPEAG No EX3- 7514 _Aug18) Aug-19
DAE4 SN1556  20-Aug 1B(SPEAGNo DAEA-1568_Augts) Aug-19
Secondary Bndwos 1D # Cal Date(Calbrated by, Corificate o) Scheduled Calibration
Signal Generstor EA4IBC | MY4S071430 23-Jan-18 (CTTL, No.J18X00338) Joan-20
NetwodkAnalyzer ESOTIC | MY46110673  24.Jan-19 (CTTL, No J1GX00547) Jan-20

Narne Function

Cafbented by Zhao Jing SAR Teat Engnoer £1

Raviewed by L Hao- SAR Tost Engroer K

Approved by @ Dianyuan SAR Project Leader =

Issuad: June 14, 2016
mmmmmummnummwunm.

Certtficmte No: Z1940177 Fage t ol ®
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Report No.: BL-EC21B0329

Add: No.51 Xucyuan Road, Haidian District, Beijing, 100191, China
Tel: +86-10-62304633-2079 Fax: +86-10-62304633-2504

E-mail: ettig@chinattl. com httpivweww.chinattl.cn
Glossary:
TSL tissue simulating liquid
ConvF sensitivity in TSL/ NORMx,y,z
N/A not applicable or not measured

Calibration is Performed According to the Following Standards:

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

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

c) IEC 62208-2, "Procedure to measure the Specific Absorption Rate (SAR) For wireless
communication devices used in close proximity to the human body (frequency range of
30MHz to 8GHz)", 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:

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.

o 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
paralie! to the body axis.

o 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
refiected power. No uncertainty required.

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

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

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

e 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: 219-60177 Page2of8
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Certificate No: Z19-60177

No.: BL-EC21B0329

T s

Add: No.51 Xueyuan Roud, Haidian Districs, Betjing, 100191, China

Tel: #86-10-62304633-2079

E-mail: com chi

Fax: «86-10-62304633-2504

tp2//ww
Measurement Conditions
DASY system configuration, as far as not given on page 1.
DASY Version DASY52 52.10.2 1495
Extrapolation Advanced Extrapolation
Phantom Triple Flat Phantom 5.1C
Distance Dipole Center - TSL 10 mm with Spacer
Zoom Scan Resolution dx, dy, dz =5 mm
Frequency 2450 MHz + 1 MHz
Head TSL parameters
The following parameters and calculations were applied.
Temperature Permittivity Conductivity
Head TSL p 20°C 39.2 1.80 mhoim
Measured Head TSL parameters {(220£0.2)°C 368+6% 1.83 mho/m £6 %
Head TSL temperature change during test <10°C - =
SAR result with Head TSL
SAR averaged over 1 cni’ (1 g) of Head TSL Condition
SAR measured 250 mW input power 13.2 Wikg
SAR for | Head TSL normalized to 1W 52.6 Wikg % 18.8 % (k=2)
SAR averaged aver 10 ¢’ (10 g) of Head TSL Condition
SAR measured 250 m\W Input power 6.1 Wikg
SAR for Head TSL p normalized to 1W 24.4 Wikg £18.7 % (k=2)
Body TSL parameters
The following parameters and ealculations were applisd.
Temperature Permittivity Conductivity
Body TSL paramet 220°C 527 1.95 mho/m
Measured Body TSL parameters (22.020.2)°C 52146 % 1.96 mho/m £ 6 %
Body TSL temperature change during test <10°C e
SAR result with Body TSL
| SAR averaged over 1 _cm’ (1g)ofBodyTSL | Condiion il
SAR measul 250 mW Input power 12.8 Wikg
SAR for Inal Body TSL normalized to 1W 650.9 Wik x 18.8 % (k=2)
SAR averaged over 10 ¢/1” (10 g) of Body TSL Condition
SAR measured 250 mW input power 5.94 Wikg
SAR for Body TSL normalized to TW 23.7 Wikg £ 18.7 % (k=2)

Page3ofs
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Add: No.51 Xocyuan Road, Haidian District, Beijing, 100191, Chinn
Tel: +86-10:62304633-2079 Fax: +86-10-62304633-2504

E-muik: ctti@chinattl.com Ipziiwww chiimantl cn

Report No

Appendix (Additional assessments outside the scope of CNAS L0570)

Antenna Parameters with Head TSL

Impedance, transformed to feed point 54.10+251 0

Return Loss -26.8d8
Antenna Parameters with Body TSL

Impedance, transformed to feed point 52,30+ 3.40 |0

Return Loss -27.9dB
General Antenna Paramaeters and Design

Electrical Delay {one direction) 1.020ns

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

Centificate No: Z19-60177

Page 4 of 8
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CALIBRATION LABRORATORY
A No 3t Xneyuns fond, Hablan Dieriot, Bopmg, 100091, Clina

Tk 186104310400 ). 2009 Ve 106 10.A1004R33 804
Forrmal 198 s tanant (o Mrp e enetd an

DASYS Validation Report for Head TSI, Date: 06.10.2019
Fest Laboeatory: CTTL, Betjing, China
DUT: Dipole 2450 Miz; Type: D24SUVY; Serlal: D250V - SN; 952
Communication System: UID 0, CW; Frequency: 2450 Mz, Duty Cyele: 1:1
Medium porameters used: £~ 2450 MHz; o = | 825 $/m; ¢, = 39.75; p = 1000 kg/m3
Phantom section: Right Section
DASYS Configuration

o Probe: EXIDVA - SN7514; ConvF(6.95, 6.95, 6.95) 6 2450 MHx; Calibrated:
$2772018

o Sensor-Surface: | 4mm (Mechamical Surfisce Dietection)

¢  Eloctromicy: DAE4 Sn1556; Calibeused: 2002018

o Phamtom: MFP_ VS 10 ; Type: QD 000 PS1CA; Serial: 1062

o Messurement SW: DASYS2, Version 52.10 (2% SEMCAD X Venion 14,612
(7450)

Dipale Calibeation/Zoom Scan (7x7x7) (xTx7YCube 0: Meawroment grid: dx=Smm,
dy=Smm, de-Smm

Reference Value = 97.66 Vim; Power Drift < 0.02 4B

Peak SAR (extrapolsted) = 27.4 Wikg

SARCH g = 13.2 Wikg; SAR(I0 @) ~ 6,11 Wikg

Maximim value of SAR (measured) = 22.3 Wig

2. | — N —
OB =223 Wokg = 13,48 AWy

Cenificsss No: Z1960177 Page s of n
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Add: No.51 Xucyuan Road, Haidinn District, Beijing, 100191, Ching
Tel: +86-10462304633-2079 Fax: #86-10-62304633-2504
E-maik: citl@chinattl.com Itp:/iwww.chinan! en

Impedance Measur t Plot for Head TSL
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Report No.: BL-EC21B0329-7/01

TTL ;._n_.:_a_n_
CALIBRATION LABORATOMRY

Add: Mo 3) Womywan Bt Fiatliam Ovsigl, Maing, MO104, Ohilen
Tel 406 1067304633200 Fan +08- 106210400 ). 2904
Lot ooth s homant som My WA chemait] sn

DASYS Validation Report for Bady 151,

Test Labomtory: CTTL, Bedjing, China

DUT: Dipole 2450 Miz; Type: D2450V2; Serial: D2450V2 - SN: 952
Communication System: UID 0, CW; Frequency: 2450 MHz, Duty Cycle: 111
Medivm parsmctens used: £~ 2450 Mg, o = 1.962 SAn; g~ 52.06; p = 1000 kg/m)
Phantom section: Center Scction

DASYS Configurstion

Dase: 06.10.2019

o Probe: EXIDVA - SN7514; ConvF(7,13, 713, 7.13) &2 2450 Mz, Calibrated:
827/2018

¢ Semsor-Surface: | Aovm (Mechanical Surface Detection)

* FHloctromics: DAEA Si1556; Calibeated: 8/20/201%8

o Phantom: MFP_VS.1C ; Type: QD 000 PS1CA; Serial: 1062

Measuroment SW: DASYS2, Version 52.10 (2); SEMCAD X Version 14.6.12
(7450)

Dipole Calibration/Zoom Scan (7x7x7) (TxTx7)Cube 0: Messsrement grid; dx~Saum,
dy=Smm, dz=Semm

Reference Value = 8963 Vim; Power Drift = -0.02 dit
Pesk SAR (extmpolsted) ~ 26 4 Wikg

SAR(E ) = 128 Wik SAR(L0 g) = 5.94 Wikg
Maximm valoe of SAR (measured) = 21.3 Wig

1.er

B
2104

00l =203 Wikg = 1328 dBW/ky

Centificste Noc 71900177 Page T of v
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CALIBRATION LARORATORY

Add: No.51 Xueysan Road, Haidlan Disirict, Beijing, 100191, China

Tek: +86-10-62304633-2079
E-mail: ctti@chinuttl.com

1 e

Fax: 486-10-62304633-2504
Ittpefiwww.chinattl.can

P

t Plot for Body TSL
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% Report No.: BL-EC21B0329-7/01

F.8 2600 MHz Dipole

*  In Collaboration with & " ‘P, R
777 5 B e 38 g9 . &J// A W5
CALIBRATION LABORATORY

‘082 ; 1l District Bellé N\ CALIBRATION
Adid: No.52 HunYeanBei Rowd, Haidian District, Beijing, 100191, Chi - 2,7 7 s
Tek 186 10-62304613-207 Fax: 86 1023080332504 "'I:,mo\“\ CNAS L0570
E-muail: ctdizchinamt] com Btp:twww.chinatl.cn
Client baluntek Certificate No:  Z21-60172
CALIBRATION CERTIFICATE
Object D2600V2 - SN, 1095

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

Calibration Procedures for dipole validation kits

Calibration date May 19, 2021

This calibration Certificate documents the traceabidy lo national standards, which realize the physical urts of
measurements (S1). The measurements and the uncertainties with confidence probability are given on the following
pages and are part of the certificate

All cakbrabons have been conducled In the closed faboratory facility. emironment temperature (2243) *C and
humidity<70%

Calibration Equipment usad (M&TE critical for calibration)

Primary Standards D # Cal Date(Calibrated by, Certficate No) _ Scheduled Calibration
Power Meter NRP2 106277 23-Sep-20 (CTTL, No.J20X08336) Sep-21
Powersensor NRPES | 104201 23-Sep-20 (CTTL, No.J20X08336) Sep-21
Reference Probe EX3DV4 | SN 3846  26-Ape-21(CTTL-SPEAGNo Z21-60084) Apr-22
DAE4 SN 777 08-Jan-21(CTTL-SPEAG No 221-60003) Jan-22
Secondary Standards ID# Cal Date{Calbrated by, Certificate No)  Schedufed Calibration
Signal Generator E4438C | MYA8071430 01-Feb-21 (CTTL. No.J21X00593) Jan-22
Network Analyzer ESO71C | MY46110873 14-Jan-21 (CTTL, No.J21X00232) Jan-22

Name Function Signature

Calibeated by Zhao Jing SAR Test Engineer z Z,

Reviewed by Lin Hao SAR Test Engineer # 5%7

Approved by: Qi Dianyuan SAR Project Leader T ——T

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

Centificate No: 221-60172 Page 1 of 6
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Adi: No.52 HusYuanBel Road, Haldian Districs, Beljing, 100191, China
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E-mul cttdidchanatt] com Retp/www, chanatt] on

Glossary:

TSL tissue simulating liquid

ConvF sensitivity in TSL / NORMx.y,z
N/A not applicable or not measured

Calibration is Performed According to the Following Standards:

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

b) IEC 62209-1, "Measurement procedure for assessment of specific absorption rate of human
exposure to radio frequency fields from hand-held and body-mounted wireless
communication devices- Part 1: Device used next to the ear (Frequency range of 300MHz to
B6GHz)", July 2016

c) IEC 62208-2, "Procedure to measure the Specific Absorption Rate (SAR) For wireless
communication devices used in close proximity to the human body (frequency range of
30MHz to 6GHz)", March 2010

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

Additional Documentation:
e) DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

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

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

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

s Elsctrical 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.

o 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: 221-60172 Page 2 0f 6
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Tel: +B6-10-6210M613-2079 Fax: +§6-10-6230M633-2504

E-tmall: otbitehisatl com Titggrwww ehisattd cn
Measurement Conditions
DASY system configuration, as far as not given on page 1
DASY Version DASYS52 V52104
Extrapolation Advanced Extrapotation
Phantom Triple Flat Phantom 5.1C
Distance Dipole Center - TSL 10 mm with Spacer
Zoom Scan Resolution dx, dy, dz=5mm
Froquency i 2600 MHz £ 1 MHz
Head TSL parameters
The following parameters and calculaions were applied.
Tomperature Parmittivity Conductivity
Nominal Head TSL parametors 220°'C 360 1.96 mho/m
Measured Head TSL parameters 220202 °C B76% 1.85 mha/m = 6 %
Head TSL temperature change during test <10°C —— -

SAR result with Head TSL
SAR averaged over 1 ¢m’ {1 g) of Head TSL Condition
SAR measured 250 mW input power 142 Whg
SAR for nominal Head TSL parameters normalized to 1W 56.8 Wikg £ 18.8 % (k=2) |
SAR averaged over 10 cmi’ (10 g) of Head TSL Condition
SAR measured 250 mW Input power 620 Wikg ‘
SAR for nominal Head TSL parameters normalized to 1W 248 Wikg £ 18.7 % (k=2) |

Certificate No: Z21-60172 Page 3 of e
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Appendix(Additional assessments outside the scope of CNAS L0570)

Antenna Parameters with Head TSL

impedanca, transformed 1o feed point 50.00- 6.3042
Roturn Loss - 24.0dB

General Antenna Parameters and Design

Electrical Dalay (ona direction) l 1.058 ns ]

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

The dipole is made of standard semirigid coaxial cable. The center conductor of the feading line is directly
connected to the second arm of the dipole. The antenna s therefore short-circuited for DC-signals. On some
of the dipoles, small end caps are addad o 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 s still according 1o 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 j SPEAG

Certificate No: Z21-60172 Page 4 of 6
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DASYS Validation Report for Head TSL Diste: 05.14.202)
Test Laboratory: CTTL, Beijing, China
DUT: Dipole 2600 MHz; Type: D2600V2; Serial: D2600V2 - SN: 1095
Communication System: UID 0, CW: Frequency: 2600 MHz; Duty Cycle: 1:1
Medium parameters used: £ = 2600 MHz: o = 1.9533 S/m; £, = 38.72; p = 1000 kg/m’
Phantom section; Center Section
DASYS Configurtion:

o Probe: EX3DVA - SN3846; ConvF(7.3, 7.3, 7.3) @ 2600 Mlz; Calibrated:
2021-(4-26

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

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

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

+  Measurement SW: DASYS2, Version 52.10 (4); SEMCAD X Version 14.6.14
(7483)

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

Reference Value = 105.6 Vim; Power Drift = -0.04 dB

Peak SAR (extrapolated) = 31.9 Wikg

SAR(1 g) = 14.2 W/kg;: SAR(10 g) = 6.2 Wikg

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

Ratio of SAR at M2 to SAR at M| =44.2%

Maximum value of SAR (measured) = 25.0 Wkg

-4.95
-9.90
-14.84

-19.79

-24.74

0 dB =250 W/kg = 13.98 dBW/kg

Certificate No: 22160172 Page 5 of 6
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Impedance Measurement Plot for Head TSL
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F.9 5GHz Dipole

R\ PR
a\\_-&/« A IEE“

e CNVAS o

- -
Add: No.52 HurYuumBei Rod, Haidien Distries, Bejing, 100191, Chi - %77 s v CALIBRATION

Tk +86-1062304633-2812  Fax: +86-10-62101633-2504 AN R CNAS LOST0
Famml: ctthiehinatl com htgpefwww.chinattlon
Client baluntek Certificate No:  Z221-60173
CALIBRATION CERTIFICATE
Object D5GH2V2 - SN; 1200
Calibration Procedure(s) EF-211-003-01

Callbration Procedures for dipole validation kits

Calibration date: May 18, 2021

This calibation Certificate documents the traceability to nationat standards, which realize the physical units of
measuramants (S1). 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. envirooment lemperature (22+3)C and
humidity<70%

Cabibration Equipment used (MATE critical for calibration)

Primary Standards D # Cal Date{Calibrated by, Certificate No.) Scheduled Calibcation
Power Meter NRP2 106277 23-Sep-20 (CTTL, No.J20X08338) 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 D # Cal Date(Calibrated by, Certificate No.) Scheduled Calibration
Signal Generator E4438C | MY49071430  25-Feb-20 (CTTL, No.J20X00518) Feb-21
NetworkAnalyzerES0T1C | MY48110673  10-Feb-20 (CTTL, No.J20X00515) Feb-21

Name Function Signature

Calibraled by: Zns0 Jing SAR Test Engineer { L

Reviewed by. Lin Hao SAR Test Engineer 'mf 75

Approved by Qi Dianyuan SAR Project Leader W

|ssued: May 24, 2021
This calibration certficate 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 normakzed o 1W 22.1 Wikg £ 24.2 % (k=2)

Certificate No: Z21-60173 Page 3of 14
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Head TSL parameters at 5600 MHz
The following parameters and cakiustations were appied.

Temperature Permittivity Conductivity
Nominal Head TSL parameters 20°C 355 5.07 mhom
Measured Head TSL paramoters 220£02)°C 4948% 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 far nominal Head TSL parameters normalized 1o W 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 .22 mhoim
Measurod Head TSL parameters (220202 °C M78% 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 Candition
SAR measured 100 mW input power 7.75 Wikg
SAR for nominal Head TSL parameters normaized 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 Hesd TSL parameters normaized to 1W 21.7 Wikg + 24.2 % (k=2)

Certificate No: 221-60173
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Body TSL parameters at 5250 MHz
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BL-EC21B0329-/01

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 733 Whg
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 normafized 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 mhofm + 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 216 Wikg
SAR for nominal Bady TSL paramelers normaikzed to 1W 21,8 Wikg £ 24.2 % (k=2)

Certificate No: Z21-60173
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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 48.3 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 e
SAR result with Body TSL at 5750 MHz
SAR averuged over 1 em’ (1 @) of Body TSL Condibion
SAR measured 100 mW Input power 7.34 Wikg
SAR for nominal Body TSL parameters normalized to 1W 734 Wikg £ 24.4 % (k=2)
SAR averaged over 10 ¢nr’ (10 g) of Body TSL Candition
SAR measured |l 100 mW input power 203 Whg
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

Certificate No: Z21-60173 PageTof 14
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General Antenna Parameters and Design

Electrical Detay {one direction) ] 1.088 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
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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
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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
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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

Tri T3 Log Wag 10,008/ aef 0, C00d8 [F1)
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