@ Report No.: BL-SZ2170148-701

CALIBRATION REPORT

F.1 E-Field Probe(EX3DV4 - SN:7510)
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Client baluntek Certificate No: Z20-60425
CALIBRATION CERTIFICATE
Object EX3DV4 - SN : 7510
Calibration Procedure(s) FF-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
measuremants(Sl). The measurements and the uncertainties with confidence probability are given on the following
pages and are part of the certificate,

All calibrations have been conducted in the closed laboratory facility. environment temperature(22+3y¢ and
| humidity<70%.

Calibration Equipment used (M&TE critical for calibration)

Primary Standards Dg Cal Date(Calibrated by, Certificate No.)  Scheduled Calibraﬁo_n |
’ Power Meter NRP2 | 101919 16-Jun-20(CTTL, No.J20X04344) Jun-21 I
Power sensor NRP-Z91 101547 168-Jun-20{CTTL, No.J20X04344) Jun-21
Power sensor NRP-Z91 101548 16-Jun-20(CTTL, No.J20X04344) Jun-21
Reference 10dBAttenuator | 18N50W-10dB 10-Feb-20(CTTL, No J20X00525) Feb-22
Reference 20dBAttenuator | 18NSOW-20d8 1 0-Fab-20(CTTL, No.J20X00526) Feb-22
Reference Probe EX3DV4 | SN 7307 29-May-20(SPEAG, No.EX3-7307_May20) May-21
DAE4 SN 1556 4-Feb-20(SPEAG, No DAE4-1 556_Feb20) Feb-21
Secondary Standards ID # Cal Date(Calibratad by, Cerifcate No,) Scheduled Calibration
SignalGenerator MG37004 | 6201052805 23-Jun-20(CTTL, No.J20X04343) Jun-21
Network Analyzer ES071C | MY46110673 10-Feb-20(CTTL, No.J20X00515) Feb-21
Name Function Signature
| e Yu Zongying SAR Test Engineer 4 o
Reviewed by: Lin Hao SAR Test Engineer ﬁ'f?_/%
Approved by: Qi Dianyuan SAR Project Leader D 2

Issued: December 02, 2020
This calibration certificate shall not be reproduced except in full without written approval of the laboratory,
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Glossary:

TSL tissue simulating liquid

NORMx.y.z sensitivity in free space

ConvF sensitivity in TSL / NORMx,y,z

DCP diode compression point

CF crest factor (1/duty_cycle) of the RF signal
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

8=0 is normal to probe axis

Connector Angle information used in DASY system to align probe sensor X to the robot coordinate system
Calibration is Performed According to the Following Standards:
a) IEEE Std 1528-2013, “IEEE Recommended Practice for Determining the Peak Spatial-Averaged

Specific Absorption Rate (SAR) in the Human Head from Wireless Communications Devices:
Measurement Techniques”, June 2013

b} IEC 62208-1, "Measurement procedure for the assessment of Specific Absorption Rate (SAR) from

hand-heid and body-mounted devices used next to the ear (frequency range of 300 MHz to 6 GHz)",
July 2016

¢) IEC 62209-2, "Procedure to determine the Specific Absorption Rate (SAR) for wireless communication

devices used in close proximity to the human body (frequency range of 30 MHz to 6 GHz)", March
2010

d) KDB 865664, "SAR Measurement Requirements for 100 MHz to 8 GHz"
Methods Applied and Interpretation of Parameters:

NORMYX,y,z: Assessed for E-field polarization 8=0 (fs900MHz in TEM-cell; f=> 1800MHz: waveguide).
NORMx,y.z are only intermediate values, i.e., the uncertainties of NORMx,y.z does not effect the

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

NORM(f)x,y.z = NORMx,y.z* fraquency_response (see Frequency Response Chart). This
lineanzation is implemented in DASY4 software versions later than 4.2. The uncertainty of the
frequency response Is included in the stated uncertainty of ConvF.

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

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

Ax.y.z; Bx,y,z; Cx.y,2;VRx,y.2:A,B,C are numerical linearization parameters assessed based on the
data of power sweep for specific modulation signal. The parameters do not depend on frequency nor
media. VR Is the maximum calibration range expressed in RMS voltage across the diode.

ConvF and Boundary Effect Parameters: Assessed in fiat phantom using E-field (or Temperature
Transfer Standard for fSBOOMHz) and inside waveguide using analytical field distributions based on
power measurements for f >B00MHz. 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 comesponds to NORMXx,y,z* ConvFF 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 devistion from isotropy): in a field of low gradients realized using a flat
phantom exposed by a patch antenna.

Sensor Offser: The sensor offsel corresponas to the offset of virtual measurement center from the
probe tip (on probe axis). No tolerance required.

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

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

Basic Calibration Parameters

[ , Sensor X Sensor Y Sensor Z Unc (k=2) |
| Norm{pV/(Vim)})* 0.64 0.55 1043 £100%
| DCP(mV)® 96.8 | 974 | 100.0

Modulation Calibration Parameters

Luuo Communication A B [c D VR |unc?
System Name dB dB Vv dB mV | (k=2)
0 cw X 100 |00 |10 000 |[1918 |424%
‘ Yy (00 |00 1.0 183.8
l z Joo [00 |10 1533

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%,

“ThemoeﬂahﬂecofNormx.Y.Zdom(aﬂadME’-ﬁewuncanaintyimidcTSL(saePage4andPage5)
& Numerical linearization parameter: uncertainty not required.

F Uncertainly is determined using the max. deviation from linear response applying rectangular distribution
and is exprassed for the square of the field valus

Certificate No:Z20-6(0425 Page 3 of 10
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DASY/EASY - Parameters of Probe: EX3DV4 - SN:7510

Calibration Parameter Determined in Head Tissue Simulating Media

Relative | Conductivity | | Depth® | Unct.
L_WF;P-MM‘ (Bim)? | COMFX [ ComFY | ConvFZ | Alpha® | ) Jrooe
750 | a8 0.89 1031 | 1031 | 1031 | 040 | 075 | +12.1%
83 | 415 0.90 994 | 994 994 | 046 | 127 | £121%
1750 401 137 8.60 8.60 880 | 049 | 149 | £121%
1900 40.0 140 | 830 8.30 830 | 021 | 109 | +121%
2000 40.0 140 | 825 8.25 826 | 047 | 127 [+124%
2300 395 1.67 7.84 7.94 794 | 064 | 0688 | £12.1%
2450 392 1.80 754 | 754 754 | 029 | 143 | £124%
2600 39.0 1.96 7.50 7.50 750 | 061 | 065 | +12.1%
5250 36.9 4 546 | 546 546 | 040 | 145 | £133%
5600 355 5.07 489 | 489 489 | 055 | 116 | =13.3%
5750 | 354 6.22 4.96 4.96 49 | 085 | 118 | £13.3% |

€ Frequency validity abave 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,
160 and 220 MHz respectively. Above 5 GHz frequancy validity can be extended 10 + 110 MHz

F At fraquency below 3 GHz, the validity of tissue parameters (¢ and a) can be refaxed 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 parametars

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

T G
f MM Po::::l:y' c““:“sﬁ"':" ConvF X | ConvF Y | ConvF 2 | Alphat t:::; :::‘;
2450 62.7 196 7.69 7.59 768 | 044 | 089 | +1214%
5250 489 5.36 4.96 4.95 495 | 080 | 1256 | +13.3%
| 5600 485 | 577 4.28 4.28 428 | 080 | 128 | +13.3%
| 6760 48.3 5.94 439 4.39 433 | 060 | 130 | +133%

¢ Frequency validity above 300 MHz of £100MHz only applies for DASY v4.4 and higher (Page 2), else i is restricted to
+50MHz, The uncedainty 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 1o £ 110 MHz.

F At frequency below 3 GHz, the validity of tissue parameters (¢ and 0) can be relaxed 1o £10% I liquid compensation
formula s applied to measured SAR values. Al frequencies above 3 GHz, the validity of tissue paramelers (c and o) is
restricted 1o £5%. The uncertainty is the RSS of the ConvF uncertainty for indicated target tissue parameters

S Alpha/Depth are determined during calibration. SPEAG warrants that the remaining deviation due to the boundary
effact afler compensation is always less than + 1% for frequencies below 3 GHz and below + 2% for the frequencies
between 3-8 GHz at any distance karger 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)

Certificate No:Z20-60425 Page s of 10
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Receiving Pattern (®), 8=0°

f=600 MHz, TEM f=1800 MHz, R22
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Uncerainty of Axiai Isotropy Assessment; £1.2% (k=2)

Certificate N0:Z20-60425 Page 7 of 10
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Dynamic Range f(SARhead)
(TEM cell, f = 900 MHz)

Input Signal[.V]
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Uncertainty of Linearity Assessment: £0.9% (k=2)

Certificate No:Z20-60425 Page 8 of 10
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Conversion Factor Assessment
f=750 MHz,WGLS R9(H_convF) f=1750 MHz,WGLS R22(H_convF)
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Uncertainty of Spherical Isotropy Assessment: 3.2% (k=2)

Certificate N0:Z20-60425 Page 9 of 10
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DASY/EASY — Parameters of Probe: EX3DV4 - SN:7510

_Other Probe Parameters

Sensor Arrangement Triangular
?onnocbor Angle (°) » - 35.7
Mechanical Surface Detection Mode enabled
Optical Surface Detection Mode disabr
Probe Overall Length ; 337mm
Probe Body Diameter 10mm
Tip Length 10mm
Tip Diameter 2.5mm—
>Probe Tip to Sensor X Calibration Point | 1mm
Probe Tip to Sensor Y Calibration Point 1mm
Probe Tip to Sensor Z Calibration Point 1mm
Recommended Measurement Distance from Surface 1.4mm J

Certificate No:Z220-60425 Page 10 of 10
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F.2 Data Acquisition Electronics (DAE4 - SN:1454)
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Client - baluntek Certificate No: Z20-60424
CALIBRATION CERTIFICATE
Object DAE4 - SN: 1454
Calxalion Proosture(s) FF-Z11-002-01
Calibration Procedure for the Data Acquisition Electronics
(DAEX)
Callbration date: November 08, 2020

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

All calibrations have been conducted In the closed laboratory facility: environment termperature(z2¢3y¢ and
humidity<70%.

Calibeation Equipment used (M&TE critical for calibration)

Primary Standards D # Cal Date(Calibrated by, Certificate No.) Scheduled Calibration
Process Calibrator 753 | 1971018 16-Jun-20 (CTTL, No J20X04342) Jun-21
Name Function ignature
Calibeated by Yu Zongying SAR Test Engineer b »\“‘!b
Reviewed by: Lin Hao SAR Test Engineer M

Approved by: Qi Dianyuan SAR Project Leader %_

Issued: November 08, 2020
This calibration certificate shall not be reproduced except in full without written approval of the faboratory.

Certificate No: Z20-60424 Page 1 of 3
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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: 7Z20-60424 Page 2 of 3
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DC Voltage Measurement
AD - Converler Resalution nominal
High Range 1LSB = 6.1V full range = ~100.,. 4300 mV
Low Range LS8 = GinV full range = -1 A3mV
DASY measuremant parameters: Auto Zero Time: 3 sec. Measuring tme: 3 sec

Calibration Factors X Y v A

High Range 404.191 = 0.15% (k=2) | 403.683 + 0.15% (k=2) | 403,756 + 0, 15% (k=2)

Low Range 401268+ 0.7% (x=2) | 3.99095+ 0.7% (k=2) | 3.99837 + 0.7% (k=2)
Connector Angle

Connector Angle to be used in DASY system ) rad s

Certificate No; Z20-60424 Page 3 of 3
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F.3 750MHz Dipole

Report No.: BL-SZ2170148-701

Calibration Laboratory of S8 ischr Kalibrisedi

Schmid & Partner ha—r ¢3 s Sorvice suisse d'étakonnage
Engineering AG % C sorvirio svizzero i tarsture

Zeughausstrasse 43, 8008 Zurich, Switzertand KT Swiss Calibeation Service

FLANE
Il d

Accrudited by the Swiss Accradiiation Senvics [SAS)
The Swiss Accreditation Service is ane of the signatories to the EA
Multiateral Agresmant for the recognition of calibration certificates

Client Balun-SZ (Auden)

Accreditation No.: SCS 0108

Certificate No: D750V3-1201_Nov20

CALIBRATION CERTIFICATE
Onject D750V3 - SN:1201
Catbration procedura(s) QA CAL-05.v11

Calibration Procedurs for SAR Validation Sources between 0.7-3 GHz
Catbeation date November 11, 2020
This n coriiicate the biley 10 slanciaeas, which resfize the plysical unils of messuremens {SI),
The and the with confidi ity &6 given on e folowng pages and are part of the certifcate.

Al calbrations have Deen conductad n the closed b y facilty: re (22 + 35°C and humidty < 70%.
Calbeation Equpment used (MKTE critical for callbration)
Primary s D ¥ Cal Date (Contificase No) Schoduled Calibmticn
Pawer meter NRP SN 104778 01-Apr20 (No. 217-031000G101) Apr21
Power sonsor NAP-Z21 SN 103244 01-Apr20 (Mo, 21703100) Apr-21
Power sanser MAP-Z31 SN 103245 01-Apr-20 (No, 217-03107) Apr-21
Fsfamnes 20 dB Atlenusator SN BHSGSM {20k} 31-Mar-20 (No. 217-03106) Apr-21
Type-N mimaich combisation SN 310062/ 06327 31-Mar-20 (No. 217-03104) Apr-21
Refarence Probe EXI0VA SN 7406 29-Jun-20 (No. EX3-7406_Jur2)) Jun-21
DAE4 EN: 601 02-Now-20 [Na, DAE4-E01_Non20) Nore21
Si dary 5t Ll Chack Date (n nousa) Schedudec Check
Powes meter E44198 SN: GB38512475 30-Oct-14 {in house check Oct-20) In housa chedc Oct-22
Power sensor HP B4B1A SN: US37292783 07-00t-16 {in housae chack Oct-20) In house chaok: Oct-22
Power senscr HP B481A EN: MY410s2 7 07-00115 {in housa chack Oct-20) In housa chagic Oct-22
R¥ gonamtor RAS SMT.05 SN 100872 15.Jun-15 [in house check Ocs-20) In nouse check: D122
Netwark Analyzer Agllant EE3S84A | SN US41080477 31-Mar-34 {in house check Oct-20) In nouse chack: Ocs-21
Name Function Signatura
Calibrated by: Jeton Kastrat Laboratory Techoician ’
== (g
Apgroved by Katja Pokavic Techrical Manager o ég&‘_
P s~

Issued: Novambear 11, 2020

This catbration cartificate shal not be reproduced axcept in ful withoul weitlen approvst of the laborstory.

Cenificate No: D750V3-1201_Nov20
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Calibr_ation Laboratory of Q&‘;’/I//’, s ischer Kailbe
Schmid & Partner m ¢ Servics sulsse diétalonnage
Engnee‘ing AG 3 /—/‘R\ = Servizio svizzero ol taratura
Zoughausatrasse 43, 8004 Zurlch, Switzerland % 47':‘?“‘\? S Swiss Calibration Servies
nmi
Accraditod by the Swiss Accreditation Senice (SAS) hecreditation No.: SCS 0108

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

Glossary:

TSL tissue simulating liquid

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

Calibration is Performed According to the Following Standards:

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

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

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

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

Additional Documentation:
e) DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

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

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

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

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

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

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

The reFoned uncertainty of measurement is stated as the standard unceriainty of measurement
mutltipliad by the coverage factor k=2, which for a nomal distribution corresponds to a coverage
probability of approximately 95%.

Certiicate No: D750V3-1201_Nov20 Page2ct6
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Measurement Conditions

DASY system configuration, &8s tar as not glven on page 1
DASY Version DASYS V52104
Extrapolation Advanced Extrapolation
Phantom Modutar Flat Phantom
Distance Dipole Center - TSL 15 mm with Spacer
Zoom Scan Resolution dx, dy, dz = 5 mm
Frequoncy 750 MHz « 1 MHz
Head TSL parameters
The lollowing parameaters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Head TSL parameters 20°C 419 0.89 mho/m
Measured Head TSL parameters {(220+02)°C 426+£6% 0.91 mha'm £6 %
Head TSL temperature change during test <05C - ——
SAR result with Head TSL
SAR averaged over 1 cm’ (1 g) of Head TSL Condition
SAR measured 250 mW Input power 2.10 Whkg
SAR for nominal Head TSL parameters nomaized to TW 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)

Gentificate No: D750V3-1201_Nova® Page 3ol 6
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Appendix (Additional assessments outside the scope of SCS 0108)
Antenna Parameters with Head TSL

Impedance, transformed to leed paint 5330-2412

Return Loss -282d8

General Antenna Parameters and Design

Elrctrical Detay (ane direction) [ 1.001 ns |

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

The dipole |s made of standard samirigid coaxial cable. The center conductor of the feading line is directly connected to the
second am of the dipole. The antenna & therefore short-circulted for DC-signals. On some of the dipoles, small end caps
are added 10 the dipole arms in order to Improve matching when loaded according to the poesftion as explained In the
"Measurement Conditions™ paragraph. The SAR data are not allected by this change. The oversll dipole length (s st8
acoording to the Standard,

No excessive foroe must be applied to the dpole arms, because they might band or the soldered connections noar the
feadpoint may be damaged.

Additional EUT Data

[l(anutactursd by SPEAG 41

Ceriificate No: D750V3-1201_Novad Pagad ol 6
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DASYS5 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: {= 750 MHz; o = 0,91 S/m; & = 42.6; p = 1000 kg/m’
Phantom section: Flat Section

Measurement Standard: DASYS (IEEE/EC/ANSI C62,19-2011)

DASYS52 Configuration:
« Probe: EX3DV4 - SN7405; ConvF( 10, 10, 10) @ 750 MHz: Calibrated: 29.06.2020
« Sensor-Surface: 1. 4mm (Mechanical Surface Detection)
« Electronics: DAE4 Sn601; Calibrated: 02,11.2020
«  Phantom: Flat Phantom 4.9 (front); Type: QD Q0L P49 AA: Serial: 1001
« DASYS252.10.4(1527); SEMCAD X 14.6.14(7483)

Dipole Calibration for Head Tissue/Pin=250 mW, d=15mm/Zoom Scan (7x7x7)/Cube
Measurement gnd: dx=3mm, dy=3mm, dz=Smm

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

Peak SAR (extrapolated) = 3.23 Wikg

SAR(I g) = 2.1 W/kg; SAR(10 g) = 1L.36 W/kg

Smullest distance from peaks 1o all points 3 dB below = 17 mm

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

Muximum value of SAR (measured) = 2.81 Wikg

0dB =281 W/kg =449 dBW/kg

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

* In Colsboration wah 0 "l“ ", :
$ PR
e\ s,
T7TL $ B e 2 g iﬁvfi C’N/;\S AR
Add: No.52 HuaYaanblei Road, Haidian District, Beijiog, 100191, Chi ,,/\\3 WW"ON
Tel: 486 10623046132079  Fax: «B6.10.62304633-250M Dol CNAS L0570
Fmail: endidedinast| oom hintpc /v chinastlen
Client baluntek Certificate No:  Z21-60168
CALIBRATION CERTIFICATE
Object D835V2 - SN: 44187
Calibration Precedure(s) FF-211-003-01
Calibration Procedures for dipole valdation kits
Callbration date: May 17, 2021

This calibraton Certificate documents the traceability to national standards, which realze the physical units of
measurements (S1). The measurements and the uncertainbies with confidence probabilily are given on the following
pages and are part of the certificate.

All calibralions have been conducted in the closed laboratory faclity. environment temperature (22:3y¢C and
humidity<70%.

Calibration Equipment used (M&TE cntical for callbration)

Primary Standards 1D# Cal Date(Cahbrated by, Certificate No ) Scheduled Calibration
Power Meter NRP2 106277 23-Sep-20 (CTTL, No.J20X08338) Sep-21
Power sensor  NRP8S 104291 23-Sep-20 (CTTL. No.J20X08338) Sep-21
ReferenceProbe EX30V4 | SN 3817 27-Jan-21(SPEAGNo EX3-3617_Jan21) Jan-22
DAE4 SN 777 08-Jan-21(CTTL-SPEAG No.Z221-80003) Jan-22
Secondary Standards ID# Cal Date(Calibratad by, Certificate No,) Schaduled Calibeation
Signal Generator E4438C | MY48071430 01-Feb-21 (CTTL, No.J21X00593) Jan-22
NetworkAnalyzer ES071C | MY48110873  14-Jan-21 (CTTL, No.J21X00232) Jan-22

Name Function Signature

Cafibrated by: Zhao Jing SAR Test Enginesr é

Reviewed by: Lin Hao SAR Test Engineer ‘/ﬂ’f Py A

Approved by. Qi Dianyuan SAR Project Leader Dt ml

lssued. May 24, 2021
This calibration certficate shall not be reproduced axcept in full without written approval of the laboratory

Certificate No: Z21-60168 Page 1 of 6
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Add: NoS2 HuaYuanilel Road, Hasdisn District, Beijing, 100191, China
Tol: +86-10-62304633-2079 Fav: +86-10-62304633-2501

E-mmil: ettd@chinatl.com hitp e chinal.en
Glossary:
TSL tissue simulating liquid
ConvF sensitivity in TSL / NORMx,y,z
NIA not applicable or not measured

Calibration is Performed According to the Following Standards:

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

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

c) 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 Paramelers with TSL: The dipole is mounted with the spacer to position its feed
point exactly below the center marking of the fiat phantom section, with the arms oriented
parallel to the body axis.

e Feed Point Impedance and Return Loss: These parameters are measured with the dipole
positioned under the liquid filled phantom, The impedance stated is transformed from the
measurement al 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.

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

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

Certificate No; Z21-60168 Puge 2 of 6
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r. In Collsbarssion with

Add; No.52 HesYuanibel Road, Haldlam DNstrict, Helling, 100191, China

Tel: + B6-10-62304633-2079 Fan: +86-10-62304633-2 504
F-maik: ettl@chinaml.com bt vewsog it cn
Measurement Conditions
DASY system configuration, &s far as not given on page 1
DASY Version | DASYS2 V52104
Extrapotation | Advanced Extrapolation
Phantom | Triple Flat Phantom 5.1C
Distance Dipole Centar - TSL 15 mm with Spacer
Zoom Scan Resolution dx, dy, dz=5mm
Frequency 835 MiHz = 1 MHz
Head TSL parameters
The following parameters nd calculaions were apphed,
Temperature Permittivity Conductivity
Nominal Head TSL parameters 220°C 415 0.90 mho/m
Measurod Head TSL parametors 220+ 02)°C 41816% 0.85 mhaim +8 %
Head TSL temperature change during test <10°C - —

SAR result with Head TSL
SAR ged over1 ¢cm’ (1 g) of Head TSL Condition
SAR measured 250 mW Input power 241 Wikg
SAR for nominat Head TSL parameders nonalized to TW 9.76 Wikg + 18.8 % (k=2)
SAR averaged over 10 cm’ (10 g) of Head TSL Condition
SAR measured 250 mW input power 157 Whg
SAR for nominat Head TSL parameters normalized to 1W 6.34 Wikg £ 18.7 % (k=2)

Certificate No: Z21-60168 Page 3 of 6
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‘ CALIBRATION LABORATORY

Add: NoS2 HeaYiuseHet Road, Haodian Disarscr, Belbing, 100191, China
Tek: =86-10-62304633-2079 Fax: +B6-10-6230M633-250M
E-mail: ctth@chinattl.com httpc//'wwwchinatilcn

Appendix (Additional assessments outside the scope of CNAS L0570)

Antenna Parameters with Head TSL

Impedance, transformed to feed point 5§2.80- 1.30{Q

Ratum Loss - 30,948

General Antenna Parameters and Design

Electrical Delay (one direction) 1,308 ns ]

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

The dipole is made of standard semirgid coaxial cable The center conductor of the feeding ine 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 1o the dipole arms in order 1o 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 Jength is still accerding 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

l Manufactured by SPEAG

Certificate No: Z21-60168 Page1of s
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Add: No.52 HusYusaBei Rosd, Haldian Districe. Bedjing, 100191, China

Tel: +86-10-62304633-2079 Fiix: +86-10-62304633-2504
E-mail: ctthipchinattl com frtgp/ww chinatt] ot
DASYS Validation Report for Head TSL Date: 05 17.2021

Test Laboratory: CTTL, Beijing. China

DUT: Dipole 835 MHz; Type: D835V2; Serial: D835V2 - SN: 4d187
Communication System: UID 0, CW; Frequency: 835 MHz: Duty Cycele: 1:1
Medium parameters used: f= 835 MHz; o = 0.887 S'm; £ = 41,77; p = 1000 kg/m*
Phantom section: Right Section

DASYS Configuration:

« Probe: EX3DV4 - SN3617; ConvF(9.73, 9.73, 9.73) @ 835 MHz; Calibrated:
2021-01-27

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

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

« Phantom: MFP_V5.1C (20deg probe tilt): Type: QD 000 PS1 Cx; Serial: 1062

«  Measurement SW: DASYS2, Version 52,10 (4); SEMCAD X Version 14.6.14
(7483)

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

Reference Value = 58.96 V/m; Power Drift = -0.01 dB

Peak SAR (extrapolated) = 3.72 Wikg

SAR(1 g) = 2.41 Wikg: SAR(10 g) = 1.57 Wikg

Smallest distance from peaks o all points 3 dB below = 19.8 mm

Ratio of SAR at M2 1o SAR at M1 = 64.9%

Muximum value of SAR (measured) = 3.27 Wikg

=&

2.14

-4.28

6.43

8.57

A0

0dB =327 Wikg = 5,15 dBW/kg

Certificate No: Z21-60168 Page sol's
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CALIBRATION LABORATORY

Impedance Measurement Plot for Head TSL
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F.5 1750 MHz Dipole

" in Colleboration with o "'l" Y, R
N, /t,
777 s p e 3 g %CNAS““
Add: No.52 Hus YoanBei Road, Hesdisn Disrict, Hoijisg, 100191, Oy N CALIBRATION
Tek: +B6-10-62304633-2079  Fa: +86-10-62104633-2504 “ly ARt CNAS LO5TO
E-madl: ontlidchinanl com heepeiwww.chimattl cn
Client baluntek Certificate No:  Z21-60169
CALIBRATION CERTIFICATE
Qbject D1750V2 - SN: 1130

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

Calibration Precedures for dipole validation kis

Calibration date May 17, 2021

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

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

Calibraticn Equipment used (M&TE entical for calibration)

Primary Standards D # Cal Date{Caiibrated by, Certificate No.) Scheduled Calibration
Power Meter NRP2 108277 23-Sep-20 (CTTL, No.J20X08336) Sep-21
Power sensor  NRPBS 104291 23-Sep-20 (CTTL, No J20X08336) Sep-21
ReferenceProbe EX3DV4 | SN 38‘8 26-Apr-21(CTTL-SPEAG No Z21-80084) Apr-22
DAE4 SN 77T 08-Jan-21(CTTL-SPEAG No.Z21-80003) Jan-22
Secondary Standards o# Cal Date(Calibrated by, Certificate No.) Scheduled Calibration
Signal Generator E4438C | MY40071430 01-Feb-21 (CTTL, No.J21X00583) Jan-22
NetworkAnalyzer ESO71C | MY46110673  14-Jan-21 {CTTL, No.J21X00232) Jan-22

Name Function Signature

Calibrated by: Zhao Jing SAR Test Enginser

Reviewed by; Lin Haa SAR Test Enginesr fé‘ 4

Approved by: Qi Dianyuan SAR Project Leader =T

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 1 of 6
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CALIBRATION LABORATORY

Add No.52 HusYuanBei Road, Haidlan Districy, Beijing, 100191, China
Tol: +86- 10-62304633-2079 Fux: +86-10-62304633-254

Femail: etd@chinart] com batpwww; chinatsLon
Glossary:
TSL fissue 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
Communicatiens Devices: Measurement Techniques”, June 2013

b) IEC 62209-1, "Measurement procedure for assessment of specific absorption rate of hurman
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 2018

c) 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:

o Measurement Conditions: Further detalls are avallable from the Validation Report at the end
of the ceriificate. All figures stated in the certificate are valid at the frequency indicated.

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

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

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

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

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

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

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

Certificate No: Z221-6016% Page2 of 6
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Fomail: ctid@chinattl com Iiitpy/iwww.chimatt] cn
Measurement Conditions
DASY system configuration. 85 far as not givan on page |
DASY Version | DASYS2 V52104
Extrapolation Advanced Extrapoiation
Phantom Tripte Fiat Phantom 5.1C
Distance Dipole Center - TSL 10 mm with Spacer
Zoom Scan Resolution dx, dy, dz =6 mm
Fraquoncy 1750 MHz £ 1 MHz
Head TSL parameters
The following paramedars and calculations were applied.
Temperature Permittivity Conductivity
Nominal Head TSL parameters 220°C 40.1 1.37 mho/m
Measured Head TSL parameters (220202} °C 8926% 1.38 mhoim £ & %
Hoad TSL temperature change during test «<1.0°C — —
SAR result with Head TSL
SAR averaged ovor 1 ¢’ (1 g) of Head TSL Condition
SAR measured 250 mW inpul power 9.20 Wikg
SAR for nominal Head TSL parameters narmalized to 1W 36.7 Wikg £ 18.8 % (k=2)
SAR averaged over 10 ¢it’ (10 g) of Head TSL Condition
| SAR measured 250 MW input power 4.79 Wikg
SAR for nominal Head TSL patamelers normalized to 1W 19.1 Wikg + 18.7 % (k=2) |

Certificare No: 221-60169 Page 3 0fs
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Add: No.52 HusYoanBei Rond, Huidian Districy, Beiiing, 100191, Ching
Ted: 486+ 10462304633-2079 Faxc: +86- | 062304633-2504
E«mail: ctdiichénatl com hepedhwww, chanate] o

Appendix (Additional assessments outside the scope of CNAS L0570)

Antenna Parameters with Head TSL

Impedance, iransformed 1o feed point 50.10- 1,660
Return Loss -35548

General Antenna Parameters and Design

Electrical Delay (one direction) 1128 ns
l [

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

The dipoie is made of standard semngld coaxial cable. The center conductor of the feeding line Is directly
connected to the second amm of the dipole. The antenna s therefore short-circuited for DC-signals, On some
of the dipoles, sma# end caps are added to the dipcle amms in order to improve matching when loaded
according to the position as explaned in the "Measurement Conditions" paragraph. The SAR data are not
affected by this change. The overall dipcle length is il according to the Standard

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

Additional EUT Data

| Manutactured by SPEAG |

Certificate No: Z21-60169 Pagedofo
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Add: No,52 HuzYusaBei Roed, Haidisn District, Betjing, 100191, China
Teb +80-10-62304633-2079 Fuov: +86-10-62304633-2504
E-mml: otthipchinatt! com Ty vwww chimatt] cn

DASYS Validation Report for Head TSL Date; 05.17.2021
Test Laboratory: CTTL, Beijing, China
DUT: Dipole 1750 MHz; Type: D1750V2; Serial: D1750V1 - SN: 1130
Communication System: UID 0, CW; Frequency: 1750 MHz; Duty Cycle: 1:1
Medium parameters used: £= 1750 MHz; 0 = 1.376 Sfm; £ = 39.86; p = 1000 kg/m’
Phantom section: Right Section
DASYS Configuration:

o  Probe: EX3DV4 - SN3846; ConvF(8.22, 8.22, 8.22) (@ 1750 MHz; Calibrated:
2021-(4-26

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

o Electronics: DAE4 Sa777; 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)

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

Reference Value = 97.24 V/m: Power Drift =-0.03 dB

Peak SAR (extrapolated) = 17.7 Wikg

SAR(1 g) = 9.2 Wikg; SAR(10 g) = 4.79 Wikg

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

Ratio of SAR at M2 to SAR at M1 = 52.3%

Maximum value of SAR (measured) = 14.5 Wikg

dB
0

-3.55
-1.09
-10.64

-14.18

-17.73

0 dB = 14.5 W/kg = 11.61 dBW/kg

Certificate No: Z21-60169 Pagesofe
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Impedance Measurement Plot for Head TSL
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F.6 1900 MHz Dipole
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A7\ > 4 CALIBRATION

Add: No.52 Husuanbiel Rosd, Huidian [istrice, Reing, 100191, €Nl 2 R

Tek +86.10-62104833-2079 mn'so-lr:zzw:;nm I m\ CNAS L0570

L-madl; ctti@chimatel com htgpiwwwchimatt | cn

Client baluntek Certificate No:  Z21-80170

CALIBRATION CERTIFICATE
Object D1800V2Z - SN; 65d183
Calibration Procedure(s) FF-211-003-01

Calibration Procedures for dipole validation kis

Calibration date: May 20, 2021

This calibration Cerlificale documents the traceabdlly 1o national standards, which realize the physical unds of
measurements (S1) The measurements and the uncentainties with confidence probabllity are given on the following
pages and are part of the certificate

All caiibrations have been conducted in the closad laboratory facility. environment temperature (22:3)C and
humidiy<70%.

Calibration Equipment used (M&TE enfical for calibration)

Primary Standards 0# Cal Date(Calibrated by, Certficate No.) Scheduted Cabbration
Power Meter NRP2 106277 23-Sep-20 (CTTL, No.J20X08338) Sep-21
Power sensor NRPBS 104291 23-Sep-20 (CTTL, No.J20X08338) Sep-21
ReferanceProbe EX3DV4 | SN 3848 26-Apr-21(CTTL-SPEAG No.Z21-80084) Apr-22
DAE4 SN 777 08-Jan-21{CTTL-SPEAG No 221-60003) Jan-22
Secondary Standards ID# Cal Date{Calibrated by, Certificate No.) Scheduled Calibration
Signal Generator E4438C | MY48071430 01-Feb-21 (CTTL. No.J21X00583) Jan-22
NetworkAnalyzer ES071C | MY46110673  14-Jan-21 (CTTL. No.J21X00232) Jan-22

Name Function Signature

Callrated by; Zhao Jing SAR Test Engineer 5 L

Reviewsd by: Lin Hao SAR Test Engineer ﬂf ,7%

Approved by: QI Branyuan SAR Project Leader W »

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

Centificate No: Z21-60170 Page 1 of 6
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Add: No 82 HuaYeanBel Rood, Haldian District, Beijing, 100191, China
Tel: +86-10-62304633-2079 Fax: +86-10-62304623-2504

E-mail: etli@ohinat], com Datpiaww, chinat] oo
lossary:
TSL tissue simulating liquid
ConvF sensitivity in TSL/ NORMx,y,z
N/A not applicable or not measured

Calibration is Performed According to the Following Standards:

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

b) IEC 62209-1, "Measurement procedure for assessment of specific absorption rate of human
exposure to radio frequency fields from hand-held and body-mounted wireless
communication devices- Part 1; Device used next to the ear (Frequency range of 200MHz 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:

« Measurament 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
paraliel to the body axis.

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

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

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

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

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

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

Certificute No: Z21-60170 Page 2 0f &
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Measurement Conditions
DASY system configuration, as far as not given on page 1
DASY Version DASYS2 VE2104
Extrapolation Advanced Extrapolation
Phantom Triple Fiat Phantom 51C
Distance Dipole Center - TSL 10 mm with Spacer
Zoom Scan Resolution x, dy, dz = 5 rm
Frequency 1900 MHz = 1 MHz
Head TSL parameters
The following paramelers and caloulalions were applied
Temperature Permittivity Conductivity
Nominal Head TSL parameters 220°C 400 1.40 mho/m
Measured Head TSL parametors (220202)°C 408+6% 1.39 mhoim £ 6 % l
Head TSL temperature change during test <1.0°C — . _:
SAR result with Head TSL
SAR averaged over 1 cm’ (1 g) of Head TSL Condition
SAR measured 250 mW Input power 9.95 Wikg
SAR for nominal Head TSL paramelers normalized to 1TW 40,3 Wikg £ 18.8 % (k=2)
SAR averaged over 10 ¢m’ (10 g) of Head TSL Candition
SAR measured 250 mW input power 5.05 Wikg
SAR for nominal Head TSL parameters normaiized to 1W 20.3 Wikg £ 18.7 % (k=2)

Certificate No: Z21-60170

Page 1 of &
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Add. No.52 HunYeanBei Road, Haidsan Disieic, Beifing, 100191, China
Tol: +86- 1 0-62304623-207% Fax: ¢ §6-10-62304432-2504
E-mail: ctrdigchina!. com ip:ifwww, chinatt] co

Appendix (Additional assessments outside the scope of CNAS L0570)

Antenna Parameters with Head TSL

Impedanca, fransformed 1o feed point 53.20+ 4,150
Return Loss - 25948

General Antenna Parameters and Design

Electrical Delay (one direction) 1109 ns

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

The dipole is made of standard semingki 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-signais. On some
of the dipoles, small end caps are added to the dipole arms in order o improve maitching when loaded
according to the position as explained in the “Measurement Conditions” paragraph. The SAR data are not
affected by this change. The overail dipole length is stif according to the Standard

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

Additional EUT Data

[ Mamutactured by SPEAG

Certificate No: Z21-60170 Page 4 0f 6
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DASYS Validation Report for Head TSL Dute: 05.20.2021
Test Laboratory: CTTL, Beijing, China
DUT: Dipole 1900 MHz; Type: DI900V2; Serial: DI900V2 - SN: 5d193
Communication System: UID 0, CW; Frequency: 190 MHz; Duty Cycle: 1:]
Medium parameters used: = 1900 MHz; o = 1,385 S/m; & =40.9; p= 1000 kg/m’
Phantom section: Center Section
DASYS5 Configuration:

« Probe: EX3DV4 - SN3846; ConvF(7.96, 7.96, 7.96) @ 1900 MHz; Calibrated:
2021-04-26

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

« Electronics: DAE4 Sn777; Calibrated: 20210108

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

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

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

Reference Value = 96.82 V/m; Power Drift = <0.09 dB

Peak SAR (extrapolated) = 19.7 Wikg

SAR(1 g) = 9.96 Wikg;: SAR(10 g) = 5.05 Wikg

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

Ratio of SAR at M2 to SAR st M| = 50.5%

Maximum value of SAR (measured) = 16.0 Wikg

dB8
0

-3.75
-1.51

-11.26

-15.02

L. A

-18.77 - —. P —

0dB =160 W/kg = 12.04 dBW/kg

Certificate No: Z21-60170 Page sof 6
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Impedance Measurement Plot for Head TSL
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Add: No.52 ¥us YuanBei Rosd, Haidies Dissrict, Bijing, 100191, Csi -,f\\\\~ v CALIBRATION
Tek: 486 10.62304633-2079 Fae: +86- 1062304633250 h f\ A CNAS LOS70

el

Femall: corbiiehinanl com hitpewwwchinmetl.cn
Client baluntek Certificate No:  Z21-60171
CALIBRATION CERTIFICATE
Object D2450V2 - SN: 852
Calboation Procedurais) FF-211-003-01

Calibration Procadures for dipole vakdation kits
Calibration date May 19, 2021
This calibration Certificate documents the traceability to national standards, which realize the physical units of
measuremeants (S1). The measurements and the uncertainties with confidence probability are given on the following
pages and are part of the certificate.

All calibrations have been conducted in the closed laboratory facility. emdronment lemperature (22+3yC and
humidity<70%

Calibration Equipment used (M&TE critical for calibration)

Primary Standards D# Cal DateiCalibrated by, Certificate No.) Scheduled Calibraton
Power Meter NRP2 106277 23-Sep-20 (CTTL. No.J20X08336) Sep-21
Power sensor NRP8S 104291 23-Sap-20 (CTTL. No.J20X08338) Sep-21
ReferenceProbe EX3DV4 | SN 3846 26-Apr-21(CTTL-SPEAG No Z21-60084) Apr-22
DAE4 SN 777 08-Jan-21(CTTL-SPEAG No Z21-60003) Jan-22
Secondary Standards D# Cal Date(Calibrated by, Cedtificate No.) Scheduled Calibration
Signal Generator E4438C | MY49071430 25-Feb-20 (CTTL, No.J20X00516) Feb-21
NetworkAnalyzer ESO71C | MY46110873  10-Feb-20 (CTTL, No.J20X00515) Feb-21

Name Function Signature

Calbrslad by: Zhao Jing SAR Test Engineer i_,

Reviewed by: Lin Hao SAR Test Engineer 'ﬁf #,

Approved by. Qi Dianyuan SAR Project Leader Dt

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

Certificate No: 22160171 Page 1 of 8
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Akl No 32 HuaYusnitel Rood, Halddan Districe, Beging, 100191, China
Tel: +86-10-62304633-2079 Fax: +B6-10-6230:4433-2504

E-mail: eeti@chinattl.com bittp A www.chamatt] <
Glossary:
TSL tissue simulating liquid
ConvF sensitivity in TSL/ NORMx.y,z
NiA not applicable or not measured

Calibration is Performed According to the Following Standards:

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

b) IEC 62209-1, "Measurement procedure for assessment of specific absorption rate of human
exposure to radio frequency fields from hand-held and body-mounted wireless
communication devices- Part 1: Device used next to the ear (Frequency range of 300MHz to
6GHz)", July 2018

c) 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 Return 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 Delsy: 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 nommalized: 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 lo 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® 221-60171 Page2 of x
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Tek: +86-10-62304633-2079 Tax: *B6-10-6234633-2504

E-muil: cttlidchinattlcom httpe/fwwwchinett] o
Measurement Conditions
DASY system configuration, as far as nol given an page 1
DASY Version DASYS2 V52.10.4
Extrapolation Advanced Extrapolation
Phantom Tripia Fiat Phantom 5.1C
Distance Dipole Center - TSL 10 mm with Spacer
Zoom Scan Resolution dx, dy, &z = 5 mm
Frequency 2450 Mz £ 1 MH2
Head TSL parameters
The following p eters and caloulations were applied.
Temperature Pormittivity Conductivity
Nominal Head TSL parameters 220°C 382 1.80 mho'm
Measured Head TSL parameters R20:02)'C 394:6% 1.79nm0hn:6%—
Head TSL temperature change during test <10*C - —
SAR result with Head TSL —
SAR averagod over 1 ¢’ (1 g) of Hoad TSL Condition
SAR measured 250 mW input powes 13.2 Wikg
SAR for nominal Head TSL parameters normalized 1o 1W 53.0 Wikg = 18.8 % (k=2)
SAR averaged over 10 ¢’ (10 g) of Head TSL Condition
SAR measwed 250 mW input power 6.00 Wikg
SAR for nominal Head TSL parameters normalized fo 1W 241 Wikg £ 18.7 % (k=2)
Body TSL parameters

The following parameters and calculations were applied.

Temperature Permittivity Conductivity

Nominal Body TSL parameters 20'C 627 1.95 mho'/m
Messured Body TSL parameters (220+02)°C 5;;:8% 186 mha/m +6 %
Body TSL terperature change during test <10'C - —

SAR result with Body TSL
SAR averaged over 1 cm’ (1 g) of Body TSL Condition
SAR measured 250 m\WV input powes 13.2 Wikg
SAR for nominal Body TSL paramelers normalized to 1W 52.56 Wikg £ 18.8 % (k=2)
SAR averaged over 10 cm’ (10 g) of Body TSL Condition
SAR measured 250 mW input power 6.06 Wikg
SAR far nominal Body TSL parameters normalzed to 1W 24.2 Wikg £ 18.7 % (k=2)

Certificate No: Z21-60171 Page 3 0f 8
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Appendix (Additional assessments outside the scope of CNAS L0570)

Antenna Parameters with Head TSL

impedance, transformed to feed point 5410+ 22010
Retun Loss ~27.008

Antenna Parameters with Body TSL

Impedance, transformed to feed point 4900+ 363 0
Retum Loss - 27808

General Antenna Parameters and Design

Electrical Delay (cne direction) 1.068 ns

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

The dipole s 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 fo the dipole arms in order to improve matching when loadad
according to the position as explained in the "Measurement Conditions” paragraph. The SAR data are not
affected by this change. The overall dipole lenath is 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

Manufaciured by SPEAG

Certificate No: 22160171 Page s 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 Cyele: 1:1
Medium parameters used: = 2450 MHz; ¢ = 1.788 S/m; & = 39.43; p= 1000 kg/m’
Phantom section: Center Section
DASYS Configuration:

« Probe: EX3DV4 - SN3846; ConvF(7.45, 745, 745) laJ 2450 MHz; Calibrated:
2021-04-26

« Sensor-Surface: 1,4mm {Mechanical Surface Detection)

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

¢ Phantom: MFP V35,1C (20deg probe tilt); Type: QD 000 P51 Cx; Serial: 1062

«  Moeasurement SW: DASY 52, Version 52,10 (4); SEMCAD X Version 14.6.14
(7483)

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

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

Peak SAR (extrapolated) = 28.2 W/kg

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

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

Ratio of SAR at M2 to SAR at M1 = 46.4%

Maximum value of SAR (measured) = 22.5 Wikg

|
-13.94 ‘

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

Certificate No: 22160171 Pagesofs
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Impedance Measurement Plot for Head TSL
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DASYS Validation Report for Body TSL Date: 05.19.2021
Test Laboratory: CTTL, Beijing, China
DUT: Dipole 2450 MHz; Type: D2450V2; Serial: D2450V2 - SN: 952
Communication System: UID 0, C\W: 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 section: Right Section
DASYS Configuration:

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

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

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

« Phantom: MFP_VS,1C (20deg probe tilt); Type: QD 000 P51 Cx; Senal: 1062

o  Measurement SW: DASYS2, Version 52,10 (4); SEMCAD X Version 14.6.14
(T483)

Dipole Calibration/Zoom Scan (Tx7x7) (7x7x7)/Cube 0: Measurement grid: dx=3Smm,
dy=Smm., dz=5mm

Reference Value = 101.3 Vim; Power Drift = 0.04 dB

Peak SAR (extrapolated) = 26.9 Wikg

SAR(1 g) = 13.2 W/kg; 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 o SAR at M1 = 49.7%

Maximum value of SAR (measured) = 22.1 Wkg

d¢8 [ =
. |
-4.4)
"

-8.82
-13.23

764
&

-22.05

0dB=22.1 W/kg=13.44 dBW/kg
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Impedance Measurement Plot for Body TSL
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F.8 2600 MHz Dipole
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Client baluntek Certificate No:  Z21-60172
CALIBRATION CERTIFICATE
Object D2600V2 - SN: 1085
Calibration Procadure(s) FF-2114003-01

Calibration Procedures for dipcte validation kits

Calibration date May 18, 2021

This calibration Certificate documents the traceability to national standards, which raalize the physical units of
measurements (S1). The measurements and the uncertsinties with confidence probability are given an the following
pages and are part of the certificate,

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

Cakbration Equipment used (M&TE critcal for calibration)

Primary Standards D# Cal Date(Calibrated by, Certificate No.) Scheduted Calibrabon
Power Meter NRP2 106277 23-Sep-20 (CTTL, No.J20X08336) Sep-21
Power sensor NRP8S 104291 23-Sep-20 (CTTL, No.J20X08338) Sep-21
Referance Probe EX3DV4 | SN 3846 26-Apr-21(CTTL-SPEAG No.Z21-80084) Ape-22
DAE4 SN 777 08-Jan-21{CTTL-SPEAG N0 Z21-60003) Jan-22
Secondary Standards ID# Cal Date(Calibrated by, Certificate No.) Scheduled Calibration
Signal Generator E4438C | MY49071430 01-Feb-21 (CTTL, No.J21X00583) Jan-22
Network Analyzer ES071C | MY46110673  14-Jan-21 (CTTL, No.J21X00232) Jan-22

Name Function Signature

Caiibrated by. Zhao Jing SAR Test Engineer ’g L

Fmstwwert by: Lin Hao SAR Test Enginoer # H>

Approved by. Qi Dianyuan SAR Project Leader N e

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

Centificate No: 221-60172 Page 1 0f's
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Glossary:

TSL tissue simulating liquid

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

Calibration Is Performed According to the Following Standards:

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

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

¢} 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:
&) 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 ceriificate 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
paraliel to the body axis.

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

« Electrical Defay: 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 lo calculate the
nominal SAR result.

l

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

Certificate No: 221-60172 Page 20f6
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Add: No.52 HuaYusoBei Romd, Heidian Distracy, Beifing, 10019], China
Tek +86-10-6230M633-2079 Faoc +86-10-62304633-2504

E-muil: cttimchinaticom httpeliwwwechinatlen
Measurement Conditions
DASY systam configuration. s far as not given on page 1
DASY Version DASYS2 V52104
Extrapolation Advanced Extrapolation
Phantom Triple Flat Phantom 5.1C
Distance Dipole Center - TSL 10 mm wilth Spacsar
Zoom Scan Resolution | dx, dy, dz » 5 mm
Frequancy [ 2600 MHz + 1 MHz
Head TSL parameters
The following paramaeters and calculations were applied
Temperature Pormittivity Conductivity
Nominal Head TSL parameters 220°'C 3%0 1.96 mho/m
Measured Head TSL parameters (220202)°C 38726% 1.95 mha'm £ 8 %
Head TSL temperature change during test <10°C - —

SAR result with Head TSL
SAR averaged over 1_cm’ (1 g) of Head TSL Condition
SAR measured 250 mW Input power 14.2'Whg
SAR for nominal Head TSL parameters normalized 1o W 56.8 Wikg £ 18.8 % (k=2)
SAR averaged over 10 ¢’ (10 g) of Head TSL Condition
SAR measured 250 mW Input power 6.20 Wig
SAR for nomina! Head TSL parameaters nomalized to 1W 24.8 Wikg £ 18.7 % (k=2)

Certificate No: 221-60172 Page 3 ofé
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Appendix(Additional assessments outside the scope of CNAS L0570)

Antenna Parameters with Head TSL

Impedanca, transformed to feed point 50.00- 6.30j0
Retumn Loss - 24 048

General Antenna Parameters and Design

Electrical Delay (one direction) 1.059 ns

After long term use with 100W radiated power, only a shght 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 1o the dipole arms in order (& Improve matching when loaded
according 1o the position as explained in the "Measuremeant Conditions” paragraph. The SAR data are nol
affected by this change. The cverall 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

Manutacturad by SPEAG J
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DASYS Validation Report for Head TSL Date: 05.10.2021
l'est 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: f'= 2600 MHz; o = 1.953 S/m; & = 3872, p = 1000 kg/m”’
Phantom section: Center Section
DASYS Configuration:

« Probe: EX3DV4 - SN3846; ConvF(7.3, 7.3, 7.3) (@ 2600 MHz; Calibrated;
2021-04-26

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

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

« Phantom: MFP_V5.1C (20deg probe tilt): Type: QD 000 P51 Cx: Seral: 1062

o  Measurement SW: DASYS2, Version 52,10 (4); SEMCAD X Version 14.6.14
(7483)

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

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

Peak SAR (cxtrapolated) = 31.9 Wikg

SAR(I g) = 14.2 Wikg; 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 Wik

dB
0

-4.95
-9.90
-14.84

-19.79

2474 | 1’

0 dB = 25.0 W/kg = 13.98 dBW/kg

Certificate No: Z21-60172 Page 5of 6



LUl

r % In Collsboratian with
=77/ s p e a g
S~ CAUBRATION LABORATORY

Add: No.52 T YusBei Road, Flaidian District. Bedjing, 100191, Chisa

Tel: *BO-10.62304633-207% Fax: 1861 002306332504

Eamall: catlicichinanl.com httplrovww. olinare o

Impedance Measurement Plot for Head TSL
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Client baluntek Certificate No:  Z21-60173
CALIBRATION CERTIFICATE

"y
!z,

Object D5GHzV2 - SN: 1200

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

Calibration Procedures for dipole validation kits

Calibration date: May 18, 2021

This calibeation Certificate documents the traceability 1o national standards, which realize the physical units of
measurements (S1). The measurements and the uncertainties with confidence probability are grven on the following
pages and are part of the certificate

All calibrations have been conducted in the closad laboratory facdity. environment temperature (2243yC and
humidity<70%

Calibration Equipment used (M&TE crifical for calibration)

Primary Standards D # Cal Date(Cafibrated by, Certificate No.) Scheduled Calibration
Power Metar NRP2 106277 23-5ep-20 (CTTL, No.J20X08336) Sep-21
Power sensor  NRP8S 104291 23-Sep-20 (CTTL, No.J20X08336) Sep-21
ReferanceProbe EX3DV4 | SN 3846 26Ape-21(CTTL-SPEAGNo Z21-60084) Apr-22
DAE4 SN 777 08-Jan-21(CTTL-SPEAG No.Z21-60003) Jan-22
Secondary Standards 10 # Cal Date{Calibrated by, Certificate No.) Scheduled Calibration
Signal Generator E4438C | MY48071430 25-Feb-20 (CTTL, No. J20X00516) Feb-21
NetworkAnalyzerESC71C | MY48110673  10-Feb-20 (CTTL, No.J20X00515) Feb-21

Name Function Signature

Caltwaind by Zhao Jing SAR Test Engineer { il

Reviewad by: Lin Hao SAR Test Engineer 70{ 7E

Approved by: Qi Dianyuan SAR Project Leader 4;?7@,\/

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

Centificate No: Z21-60173 Page 1 of 14
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Glossary:

TSL tissue simulating liquid

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

Calibration is Performed According to the Following Standards:

a) [EEE Sud 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 assessment of specific absorption rate of human
exposure te radlo 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 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.

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

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

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

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

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

The reported 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 95%.

Certificate No: 221-60173 Page 20f 14
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Measurement Conditions
DASY system configuration, as far as not given on page 1

DASY Version DASYS2 V52 10.4

Extrapolation Advanced Extrapolation

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 MHz + 1 MHz

Frequency 5600 MHz £ 1 MHz
5750 MHz 4 1 MHz

Head TSL parameters at 5250 MHz
The following par s and calculations were apphed,

Temperature Permittivity Conductivity
Nominal Head TSL parameters 20°'C 359 4.71 mhoim
Measured Head TSL parameters 220+:02)°C I5526% 487 mho/m £6 %
Head TSL temperature change during test <1.0C - -

SAR result with Head TSL at 5250 MHz

SAR averaged over 1 ¢m’ (1 g) of Head TSL Condition
SAR measured 100 mW inpiud power 7.80 Wikg
SAR for nominal Head TSL parameters normalized to 1W 77.8 Wikg £ 24.4 % (k=2)
SAR avoraged over 10 ¢’ (10 g) of Head TSL Candition
SAR measured 100 mW input power 222 Wikg
[ o o o T8 e romatzadto W[ 221Whkg 3 202% () |

Certificate No: Z21-60173 Page 3 of 14
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Head TSL parameters at 5600 MHz
The folowing parameters and calculations were apolied
Temperature Permittivity Conductivity
Nominal Head TSL parameters 220C 355 507 mho/m
Measured Head TSL parameters (220202)*C 349+6% 5.05 mho/m 26 %
Head TSL temperature change during test <1.0°C e o
SAR result with Head TSL at 5600 MHz
SAR averaged aver1 cmi’ (1 g) of Head TSL Candition
SAR measured 100 mW input pawer 815 Wikg
SAR for nominal Head TSL parameters normatzed to 1W 81.2 Wikg £ 244 % (k=2)
SAR averaged over 10 cm’ (10 g) of Head TSL Condition
SAR measured 100 MW input pawer 232 Whg
SAR for nominal Head TSL paramaeters normalized to 1W 231 Wikg £ 24.2 % (k=2)
Head TSL parameters at 5750 MHz
The following parameters and calcutations were appled.
Temperature Parmittivity Conductivity
Nominal Head TSL parameters 20°C 354 5.22 mhoim
Measured Head TSL parameters (220:02)°C 34726% 521 mhoim £6 %
Head TSL temperature change ;Iunng tont <10°C — e
SAR result with Head TSL at 5750 MHz
SAR averaged over 1 cm’ (1.g) of Head TSL Condition
SAR measured 100 mW input powsar T.75 Wikg
SAR for nominal Head TSL parameters nommalized to 1W TT2Wikg £ 244 % (k=2)
SAR averaged over 16 cni’ (10 g) of Head TSL Condition
SAR measured 100 MW input power 2,18 Wikg
SAR for nominal Head TSL parameters normalized 1o TW 21.7 Wikg £ 24.2 % (k=2)

Certificate No: 221-60173
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Body TSL parameters at 5250 MHz

The foliowing parameters and calculations were applied.

Temperature Permittivity Conmm ]
Nominal Body TSL parameters 20°C 439 5.38 mhaim
Measured Body TSL parameters (20+02)°C 49126 % 534 mho/im + 8 %
Body TSL temperature change during test <10'C — —
SAR result with Body TSL at 5250 MHz
SAR avaragod over 1 ¢’ (1 g) of Body TSL Condition
SAR measured 100 MWV input power 7.33 Wikg
SAR for nominal Body TSL parameters normalized 1o 1W TIAWIKG £ 244 % (ke2)
SAR averaged over 10 cm’ (10 g) of Body TSL Condition
SAR measured 100 i inpud power 2,06 Wikg
SAR for nominal Body TSL parametars normalized 1o 1W 20.5 Wikg £ 24.2 % (k=2)
Body TSL parameters at 5600 MHz
The following paramstars and calculations were applied.
Temperature Permittivity Conductivity
Nominal Body TSL parameters 220°C 485 5.77 mho/m
Measured Body TSL parameters 220+02)°C 48446% 6.82 mhoim + 6 %
Body TSL temperature change during test <10°C — —
SAR result with Body TSL at 5600 MHz
SAR averaged over1 cm' (1 g) of Body TSL Condition
SAR measured 100 mW¥ input power 772 Wikg
SAR for nominal Body TSL parameters normalized 1o 1W TT2Wikg £ 24.4 % (k=2)
SAR avaraged over 10 cm' (10 g) of Body T5L Condition
SAR measured 100 mW input power 216 Wikg
SAR for nominal Body TSL parameters narmalized to 1W 24.6 Wikg £ 24.2 % (k=2)

Certificate No: Z21-60173
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Body TSL parameters at 5750 MHz
The following parametars and calculations were applied

Temperature Pormittivity Conductivity
Nominal Body TSL parameters 20°C 483 5.4 mho/m
Measured Body TSL parameters (220+02)°C 4B1:=6% 6.05 mho/m £ 6 %
Body TSL temperature change during test <10°'C e -

SAR result with Body TSL at 5750 MHz.

PR —

SAR sveraged ovar 1 ¢’ (1 g) of Body TSL Conditicn

SAR measured 100 mW nput power 7.34 Wikg

SAR for nominal Body TSL parameters normalzed to W 73.4 Wikg £ 24.4 % (k=2)
SAR averaged over 10 cm’ (10 g) of Body TSL Condition

SAR measured 100 mW nput power 203 Whkg

SAR for nomina! Body TSL parameters normalized 1o W | 20.3 Wikg £24.2 % (k=2)

Certificate No: Z21-60173 Page b of 14
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Appendix (Additional assessments outside the scope of CNAS L0570)
Antenna Parameters with Head TSL at 5250 MHz

Impedance. transformed to feed point 4510 +1.250
Retum Loss - 25508

Antenna Parameters with Head TSL at 5600 MHz

Impedance, transformed to feed point 4970+ 7810
Retum Loss -221¢8

Antenna Parameters with Head TSL at 5750 MHz

Impedance, ransfarmed to feed point 4590 + 4850

Retumn Loss -23.508

Antenna Parameters with Body TSL at 5250 MHz

Impedance, transformed to feed point 4300« 2080
Relum Loss ~23.3d8

Antenna Parameters with Body TSL at 5600 MHz

Impedance, transformed to feed point 50.30 « 8,890
Retum Loss -21.1d8

Antenna Parameters with Body TSL at 5750 MHz

Impedance, transformed o feed point 4580+ 5630
Return Loss -23.3dB

Centificate No: Z21-601753 Page 7of 14
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General Antenna Parameters and Design

Electrical Delay {one direction) 1006 ns

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

The tipole is made of standard semingid ccaxial 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 o the position as explamed in the *"Measuremant Cenditions" paragraph. The SAR data are not
affected by this change. The overall dipole length is stili 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

Manutaciured by SPEAG

Certificate No: 221-60173 Puge 3 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: DSGHzV2 - SN: 1200
Communication System: CW, Frequency: 5250 MHz, Frequency: 5600 MHz,
Frequency: 5750 MHz,
Medium parameters used: f = 5250 MHz, o = 4668 S/m; & = 35.48; p = 1000
kg/m*, Medium parameters used: f = 5600 MHz, o = 5.045 S/m; £, = 3488, p =
1000 kg/m?, Medium parameters used: { = 5750 MHz; o = 5.208 S/m; e = 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,
4.69, 4.69) @ 5600 MHz; ConvF(4.9, 4.9, 4.9) @ 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 filt); 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 Wikg

SAR(1 g) = 7.8 Wikg; SAR(10 g) = 2.22 Wikg

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 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 = 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) = 19.8 Wikg

Certificate No: Z21-60173 Page 9 of 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 Wikg

SAR(1 g) = 7.75 W/kg; 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 to SAR at M1 =62.1%

Maximum value of SAR (measured) = 19.0 W/kg

-10.00
-20.00
30,00

-40.00

L

50,00
0dB = 19.0 W/kg = 12.79 dBW/kg
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Impedance Measurement Plot for Head TSL
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DASYS5 Validation Report for Body 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 MHz,
Frequency: 5750 MHz,
Medium parameters used: f = 5250 MHz; o = 5.34 S/m; &: = 49.12; p = 1000 kg/m?,
Medium parameters used: f = 5600 MHz; o = 5.815 S/m; & = 48.44; p = 1000
kg/m?® Medium parameters used: f = 5750 MHz; 0 = 6.045 S/im; & = 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,
4,32, 4.32) @ 5600 MHz; ConvF(4.38, 4.38, 4.38) @ 5750 MHz; Calibrated:
2021-04-28,
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: DASYS2, 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/im; Power Drift = 0.00 d8

Peak SAR (extrapolated) = 29.6 Wikg

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

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 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 = 66.06 V/m; Power Drift = 0,02 d8

Peak SAR (extrapolated) = 33.1 Wikg

SAR(1 g) =7.72 Wikg; 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 W/kg

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 Wikg

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

Smallest 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

-10.00
20,00
-30.00

-40.00
L

50,00
0 dB = 18.1 Wikg = 12.58 dBW/kg
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Impedance Measurement Plot for Body TSL
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