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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 Cedificate documents the traceability to national standards. which realize the physical units of
measurements(SI). The measuremeants and the uncertainfies 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'cC and
humidity<70%.

Calibration Equipment used (M&TE critical for caibration)

Primary Standards D# Cal Date(Calibrated by, Certificate No.)  Scheduled Calibration
| Power Meter NRP2 101918 18-Jun-20(CTTL, No.J20X04344) Jun-21
Power sensor  NRP-Z91 101547 18-Jun-20{CTTL. No.J20X04344) Jun-21
Pawer sensor NRP-Z91 101548 16-Jun-20(CTTL, No.J20X04344) Jun-21
Reference 10dBAftenuator | 1BNSOW-10d8  10-Feb-20{CTTL. No.J20X00525) Feb-22
Reference 20dBAttenuator | 18NSOW-20d8  10-Feb-20(CTTL, No.J20X00526) Feb-22
Reference Probe EX3DV4 | SN 7307 28-May-20(SPEAG, No EX3-7307_May20) May-21
DAE4 SN 1558 4-Feb-20(SPEAG, No.DAE4-1556_Feb20) Fab-21
Secondary Standards D# Cal Dato(Caiibrated by, Certificato No.) Scheduled Calibration
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 /}w £ o)
|
Reviewed by: Lin Hao SAR Test Engineer ﬁrﬂ%
Approved by: Qi Dianyuan SAR Project Leader KR —

lssued: December 02, 2020
Lﬂwis 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 © 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 Devicas:

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 (fraquency 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 bedy (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 polarization 8=0 (fs900MHz in TEM-cell; {>1800MHz: waveguide).
NORMzx.y.z are only intermediate values, i.e., the uncertainties of NORMx.y.z does not effect the

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

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

DCPx,y,z: DCP are numerical linearization parameters assessed basad 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,

Ax.y.z; Bx,y,z; Cx,y,z,VRx,y,z:A B,C are numerical linearzation 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 flat phantom using E-field (or Temperature
Transfer Standard for f<800MHz) and inside waveguide using analytical field distributions based on
power measurements for f >B00MHz. The same satups 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 to100MHz.

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

Sensor Offsel’ Tne sensor offset corresponds 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).

Centificate No:Z20-60425 Page20f 100
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DASY/EASY — Parameters of Probe: EX3DV4 — SN:7510

Basic Calibration Parameters

[ ! Sensor X Sensor Y SensorZ Unc (k=2) |
| Norm(pV/(Vimp)* 0.64 0.55 1043 4+10.0% i
| DCP(mV)® 96.8 | 974 | 100.0

Modulation Calibration Parameters

Luuo Communication A B e D VR } Unc®
System Name dB dBuVv dB mV | (k=2)
0 cw X 0.0 0.0 1.0 0.00 1918 | +2.4%
‘ Yy (00 |00 1.0 183.8
| z 00 (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%.

* 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.

F Uncertainly is determined using the max. deviation from linear response applying rectangular distribution
and is exprassed 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

a
1 MH2I P.::':;':;y, “mf’— ConvE X | CanvF Y | ConvF Z | Alphat m ' m _
750 419 0.89 1031 | 1031 | 1031 | 040 | 075 | +124%
835 “s 0.%0 994 | 984 | o84 | 016 | 127 | +12.4% |
1760 40.1 1.37 860 | 860 | 880 | 049 | 148 | £121% |
1900 40.0 140 | 830 8.30 830 | 021 | 100 | +121% |
2000 40.0 1.40 8.25 8.25 826 | 047 | 127 | +121% |
2300 395 1.67 7.94 7.94 794 | 054 | 068 | £121% |
2450 39.2 1.80 7.64 7.54 754 | 029 | 143 | +124%
2600 3.0 1.96 7.50 7.60 750 | 081 | 065 | +£12.1%
5250 359 471 5.46 5.46 546 | 040 | 145  £13.3%
5600 355 5.07 4.89 489 489 | 055 | 115  +£133%
5750 354 5.22 4.96 4.96 49 | 086 | 118 | £133%

© Frequency validity above 300 MHz of +100MHz only appies for DASY v4.4 and higher (Page 2), eise it is restricled to
£50MHz. The uncertainty is the RSS of ConvF uncertainty at calibration frequency and the uncertainty for the indicated
frequency band. Frequency validity below 300 MHz is + 10, 25, 40, 50 and 70 MHz for ConvF assessments at 30, 64, 128,
150 and 220 MHz respectively. Above 5§ GHz frequency validity can be extended to + 110 MHz

F At frequency below 3 GHz, the validity of tissue parameters (£ and o) can be relaxed to £10% d Iiquid compensation
formuta is applied to measured SAR values, At frequencies above 3 GHz, the validity of tissue parameters (c and o) s
restricted to £5%. The uncertainty Is the RSS of the ConvF uncertainty for indicated target tissue parameters

9 Alpha/Depth are determined during caiibration. 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 fraquencies
between 3-6 GHz at any distance larger than half the probe tip diameter from the boundary.

Certificate No:Z220-60425 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

Relative Conductivity Depth®  Unct,
X Y|c o
f (MHz]© P P (sim)’ ConvF ConvF onvF Z | Alpha (mm) | (k=2)
2450 52.7 1.96 7.69 7.69 769 | 044 | 089 | +121%
5250 48.9 5.36 4.95 4.95 496 | 050 | 125 | £13.3%
5600 485 |  &77 4.28 428 | 428 | 080 | 128 | £13.3%
5750 483 6.94 4.39 439 | 439 | 080 | 130 | +133%

¢ Frequency validity above 300 MHz of £100MHz only applies for DASY v4 4 and higher (Page 2), else it is restricted to
£50MHz. The uncertainty is the RSS of ConvF uncertainty at calibration frequency and the uncertainty for the Indicated
frequency band. Frequency validity below 300 MHz is + 10, 25, 40, 50 and 70 MHz for ConvF assessments at 30, 64, 128,
150 and 220 MHz respectively. Above 5 GHz frequency validity can be extended to + 110 MHz.

F At frequency befow 3 GHz, the validity of tissus parameters (¢ and o) can be reiaxed to £10% i liquid compensation
formula is appied to measured SAR values. At frequencies above 3 GHz, the validity of tissue parameters (¢t and o) is
restricted to 25%. 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 frequencies
between 3-8 GHz at any distance larger than halfl 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 (®), 8=0°

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

Input Signal[uV]
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Uncertainty of Linearity Assessment: £0.9% (k=2)
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Conversion Factor Assessment
f=750 MHz,WGLS R9(H_convF) f=1750 MHz,WGLS R22(H_convF)
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Uncertainty of Spherical Isotropy Assessment: £3.2% (k=2)
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DASY/EASY — Parameters of Probe: EX3DV4 — SN:7510

_Other Probe Parameters

Sensor Arrangement Triangular
;nnocwr Angle (°) 35.7
Mechanical Surface Detection Mode enabled
Optical Surface Detection Mode disable
:robo Overall Length ) 337mm
Probe Body Diameter ' 10mm
Tip Length | 10mm
Tip Diameter 2.5mm—
>Probe Tip to Sensor X Calibration Point 1imm
Probe Tip to Sensor Y Calibration Point 1mm
Probe Tip to Sensor Z Calibration Point 1mm
Recommended Measurement Distance from Surface 1.4mm

Certificate No:Z20-60425 Page 10 0f 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 DAEA4 - SN: 1454
Calibrabion Procedure(s) FF-Z11002-01
Callbration Procedure for the Data Acquisition Electronics
(DAEX)
Callbration date. Novermnber 08, 2020

This calibration Certificate documents the traceability to national standards, which realize the physical units of
measurements(Sl). The measurements and the uncedainties with confidence probabliity are given on the following
pages and are part of the cedificate

All calibrations have been conducted In the closed laboratory faciity: environment temperaturey22:3yC and
humidity<70%.

Calibration Equipment used (M&TE critical foc calibration)

Primary Standards ID# Cal Date(Calibrated by, Cenlificate No)  Scheduled Calibration

Process Calibrator 763 | 1971018 16-Jun-20 (CTTL, No.J20X04342) Jun-21
Name Function S

Calibrated by: Yu Zongying SAR Test Engineer %ji"b

Reviewed by: Lin Hao SAR Test Engineer M

Approved by. Qi Dianyuan SAR Project Leader %

Issued: Novemnber 08, 2020
This calibration certificate shall not be reproduced except in full without written approval of the faboratory.
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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 coresponds 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: Z20-60424 Page 2 of 3
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DC Voltage Measurement
A/D - Converter Resolution nominal
High Range: ILSE = 8.1V, full range = -100,..+300 mV
Low Range ISR = 61nv, full range = =1 e3mV
DASY measurement puramotors: Ao Zero Time: 3 sec; Measuring time! 3 sec

Calibration Factors X Y z
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% (k=2) | 3.99085 + 0.7% (k=2) | 3.98837 + 0.7% (k=2)
Connector Angle
]
Connector Angle to be used in DASY system KAVl |

Certificate No: 220-6(M24 Page 3 of 3
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F.3 750MHz Dipole

Report No.: BL-SZ2181089-701&702

Calibration Laboratory of e, 1schar Kalibrierdi

Schmid & Partner SN $ Sorvice suisss d'étatonnage
Engineering AG % C sorvisio sizzaro & tarntirn

Zeughausstrasse 43, 8004 Zurich, Switzerland ’-4,,('75\\“\\‘\? S Swiss Calbration Service

Accrudited by the Swiss Accradiiation Service [SAS)
The Swiss Accreditation Service is one of the signatories to the EA
Mult@atorsl Agresment for the recognition of calibration certificates

Accreditation No.: SCS 0108

Chient Balun-SZ (Auden) Cestificate No: D750V3-1201_Nov20
CALIBRATION CERTIFICATE
Object D750V3 - SN:1201
Cadbration procecursis) QA CAL-05.v11
Calibration Procedure for SAR Validation Sources between 0.7-3 GHz
Calbration date November 11, 2020
This N cetificals d Ihe traceatslty 1o nations slandaeds, which reafize the plymical units of messuraments {51)
The and the with confid are givan oo the fofowing pages and ara part of the cantificata

Primary S

Al calbeations have been conductad i the ciasad b

Calbwaticn Equipment used (METE crilical or calibraticn)

tory faciity: 6 vt

waraliee (22 + 3)°C and humidty < 70%

D¢ Cal Dana (Cortiticata No.) Schaduled Calibralion
Power metsr NARFP SN 104778 01-Apr-20 (No, 2170310003101} Apr-21
Power sansor NAP-281 SN 108244 01-Apr-20 (Mo, 217-03100) Aprat
Power sensor NAP-281 BN 1032458 O1-Apr20 (No, 217-03101) Apr2i
Reforonce 20 dB Atlenuasor SN: BHSGSS {20k) 31-Mar20 (No, 217-03106) Apr-21
Type-N mismatch combination SN: 310662 / 06327 31-Mar-20 (No, 217-03104) Apr-21
Refamncs Probe EXIDVA SN: 7406 29-Jun-20 (No. EX3-7405_Jur0) Jun-21
DAEA SN, 601 (2-Now-20 (No. DAEA-601_Nowv2D) Nere-21
Secondary Standards Da Cheok Date (n house) Scheduled Chack
Power metar E44198 SN GBIBSI24TS 30-0¢t14 {in hovee check Oct-20) In houss chade: Oct-22
Power sensor HP BE1A SN: US37282783 07-0ct-15 {in house check Cct-20) In house checc Oct-22
Power sensor HP B421A SN: MY 4102317 Q7-0ct-15 {in house check Oct-20) In house chedk: Oct-22
RF genomtor RAS SMT-08 S 100a72 15-Jun-15 (In house check Oct-20) In hausa chaok: Oct-22
Network Anatyzor Agllant EE3S8A, | SN: LS41080477 31-Mar-14 {in house check Oct-20) In house chack: Deg24
Name Function Signature
Cafibrated by Jeton Kasiral Laboratory Techrscian ’
= (¢-
Approved by. Katja Pokavic Techrical Manager

i

izsuod November 11, 2020

This cabration caniticate shall not be raproduced axcepd In Al sithout weitlen approval of the laborstory,

Cerificate No: D750V3-1201_Nov20
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Calibration Laboratory of S, Kailt
Schmid & Partner %’& cs: Service sulsse d o
Engineering AG i Servizio svizzero i taratura
Zeughausstrasse 43, 5004 Zurich, Switzerand 'v.,,'ﬁ.\y‘ S Swiss Calibration Service
Accradited by the Swas Accaditalion Senvice (SAS) Accreditation No.: SCS 0108

The Swiss Accreditation Service i ane of the signatories to the EA
Multilateral Agreement for the recognition of calibration certificates

Glossary:

TSL tissue simulating liquid

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

Calibration is Performed According to the Following Standards:

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

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

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

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

Additional Documentation:
e) DASY4/5 Systemn 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 1o the body axis.

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

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

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%.

Cemilicate No: D750V3-1201_Nov20 Page 2 0f 6
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Measurement Conditions

DASY system configuration, as tar as not glven cn page 1.
DASY Version DASYS V52104
Extrapolation Advanced Extrapolation
Phantom Modukar 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 lollowng pararmetors and calculations were appliod
Temperature Parmittivity Conductivity
Nominal Head TSL parameters 220°C a9 0.89 mho/m
Measured Head TSL parameters (220+02)°C 2626% 091 mho'm +6 %
Head TSL temperature change during test <05"C — —
SAR result with Head TSL
SAR averaged over 1 cm’ (1 g) of Head TSL Condition
SAR measured 250 mW input power 210 Wikg
SAHR for nominal Head TSL parameters nomakzed to 1W 8.20 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 TSI parameters normalized to 1W 5.38 W/kg = 16.5 % (k=2)

Centificate No: D750Y3-1201_Nav20 Page 30l 6
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Appendix (Additional assessments outside the scope of SCS 0108)
Antenna Parameters with Head TSL

Impedance, transformed to leed paint 5330Q-24KQ

Return Loss -28208

General Antenna Parameters and Design

| Etectrical Detay (one direction) | 1.031 ns |

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

The dipole |s made of standard semirigid coaxial cable. The center conductor of the feeding line is directly connected to the
second arm ol the dipole. The antenna is therefore short-circuited Tor DC-signals. On seme of the dipoles, small end caps
are adked to the dipole arms in order to improve matching when loaded according to the posftion as explained in the
“Measurement Conditions” paragraph. The SAR data are not affected by this change The overall dipole langth is st
according to the Standard.

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

Additional EUT Data

[ Manutactured by | SPEAG

Centificate Na: D750V3-1201_Nov20 Pagadol 6
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DASYS5 Validation Report for Head TSL

Date: 11.11.2020
Test Laboratory: SPEAG, Zurnich, 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; & =426, p = 1000 kg/m'
Phantom section: Flat Section

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

DASYS2 Configuration:
« Probe: EX3DV4 - SN7405; ConvE( 10, 10, 10) @ 750 MHz; Calibrated: 29.06.2020
« Sensor-Surface: 1. 4mm (Mechamcal Surface Detection)
« Electronics: DAEA Sn601; Calibrated: 02,11,2020
«  Phantom: Flat Phantom 4.9 (front); Type: QD 00L P49 AA; Serial: 1001
« DASYS5252.10.4(1527), SEMCAD X 14.6,14(7483)

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

Reference Value = 58.00 V/m; Power Drift = -0.01 dB

Peak SAR (extrapolated) = 3.23 Wikg

SAR(1 g) = 2.1 W/ikg; SAR(10 g) = 1.36 W/kg

Smallest distance from peaks to all poinis 3 dB below = |7 mm

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

Maximum vilue of SAR (measured) = 2.81 Wikg

-2.20
-4.40
-6.60

-8.80

-11.00

0dB =281 Wikg =449 dBWikg

Cartificate No: D750V3-1201_Naov20 Page 5ot 6
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Impedance Measurement Plot for Head TSL

&MMWbMMBwMMMW4—¥MM

- [7eq |
1 : ' - 1
| . - 1 S s i B
t i ,
ol I l | L
l I — — - { |
i l — I | * L
Swus  OH1T BT 1P Avg=20 Dalay LCL

Cerfiicate No: D750V3-1201_Nov20 Page 6ol 6



-@@1 Report No.: BL-S72181089-701&702

F.4 835 MHz Dipole

*  In Colsboration with Wy, .
* W A

777 5 B € 8 g - ; WFEU
crmeonsowon — Btk GINAS
Add: No.$2 HeaYusnei Road, Haidisn District. Beiiing, 100191, Chi -,/ﬁy‘ v CALIBRATION

Tel, +86-10-62304633-207  Fax +86-10-62304633-2504 LR CNAS L0570
Femail: emlg@@ehinutl.com hipSwwwehinatl en
Client baluntek Certificate No: Z21-60168
CALIBRATION CERTIFICATE
Object DB35SV2 - SN: 4d187

Calibration Procedure(s) FF-Z11-002-01

Calibration Procedures for dipole validation kits

Calibration date May 17, 2021

This calibration Certificate documents the traceability to national standards, which realize the physical units of
measurements (S1) The measurements and the uncenainties 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: enmvironment temperature (22:3y°C and
humidity <70%.

Calibration Equipment used (M&TE critical for calibration)

Primary Standards D# Cal Date(Calibrated by, Certificate No.) Scheduled Calibration
Power Meter NRP2 106277 23-Sep-20 (CTTL, No.J20X0B335) Sep-21
Powaer sensor  NRPBS 104281 23-Sep-20 (CTTL, No.J20X08336) Sep-21
ReferenceProbe EX3DV4 | SN 3617 27-Jan-21(SPEAG No EX3-3617_Jan21) Jan-22
DAE4 SN 777 08Jan-21(CTTL-SPEAG No.Z221-60003) Jan-22
Secondary Standards 0w Cal Date{Catbrated by, Certificate No ) Scheduled Calibration
Signal Generator E4438C | MY49071430 01-Feb-21 (CTTL. No.J21X00583) Jan-22
NetworkAnalyzer ES071C | MY46110673  14-Jan-21 (CTTL. No J21X00232) Jan-22

Name Function Si re

Caiibrated by 2Zhao Jing SAR Test Enginesr Z

Reviewed by Lin Hao SAR Test Engineer -k‘f %

Approved by Qi Dianyuan SAR Project Leader e~

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

Certificate No: Z21-60168 Page L of &



Add: No 52 HeaYumnBed Rosd, Haldian District. Beding, 100191, China
Tel: ~86-10-62304633-2079 Fax: +86-10-62304633-2504

E-mail: eetl@chinatti com hetpe /v chimatt] sn
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) 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 fo 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) |[EC 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.

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

« Feed Point Impedance and Return Loss: These parameters are measured with the dipole
paositioned 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.

* 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.

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; Z21-60168 Page 2 of 6

Report No.: BL-SZ2181089-701&702
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r\. in Collsboration with
ar .k G 8 8 .

Add; No.52 HusYusoBel Rosd, Haldian Districe, Beljing, 100191, Chisa
Tek: +B6-10-62304633-2079 Fax: +B6-10-62304633-25114

F-madl: cttl gochimatt] com g wrw chinatt] on
Measurement Conditions
DASY system configuration, as far 5s not given on page 1
DASY Version DASY52 V52104
Extrapolation Aavanced Extrapolation
Phantom Triple Flat Phantom 5.1C
Distance Dipole Canter - TSL 15 mm with Spacer
Zoom Scan Resolution dx, dy, dz =5 mm
Frequency B35 MHz £ 1 MH2
Head TSL parameters
The following parameatess and calculations were applied
Temperature Permittivity Conductivity
Nominal Head TSL parametors 220°C 415 0.90 mhoim
Measurod Hoad TSL parametors (220+02)"C 418+86% 083 mham 4+ 8%
Head TSL temperatura 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 2.41 Wiy
SAR for noeminal Head TSL parameters normaiized o 1W 9.76 Wikg 2 18.8 % (k=2)
SAR averaged over 10 ¢’ (10 g) of Head TSL Coadition
SAR measured 250 mW input powar 1.57 Whg
SAR for nominal Head TSL parameters. normalzed to 1W 6,34 Wikg £ 18.7 % (k=2)

Certificate No: Z21-60168 Page 3 0f 6
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Add: No.52 HuaYuseBer Rosd, Haldian Districa, Beifing, 100191, Ching
Tel: +B6-10-62304633-2079 Fiax: +86-10-623M633-2504
E-madl: cetl@chinatt com Tt/ www, chinatt]on

Appendix (Additional assessments outside the scope of CNAS L0570)

Antenna Parameters with Head TSL

Impedance, transformed o feed poim | 52.60- 1.30i0 '
Retum Loss I - 30.848 ‘

General Antenna Parameters and Design

Electrical Defay (one direction) ! 1,306 ns J

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

The dipole is made of standard semirigid coaxial cable The center conductor of the feeding line i 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 apphad 1o the dipole arms, because they might bend or the soldered
connections near the feedpoint may be damaged.

Additional EUT Data

meuracmm ty . SPEAG

Certificate No: Z21-60168 Page s of o
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%‘TTL i_'?ﬂ_an_

CALIBRATION LABORATORY

Add: No.42 HuaYuanBel Road, Haidian District, Beijieg, 100191, Clina

Tol: +86-10-62304633-2079 Fax; =%6-10-62304633-2504
Eemail: ctthidciminatt] coms Sttped wwwe chinul en
DASYS Validation Report for Head TSL Dute: 05.17.2021

Test Laboratory: CTTL, Beijing, China

DUT: Dipole 835 MHz; Type: D835V2; Serinl: DE35V2 - SN: 44187
Communication System: UTD 0, CW; Frequency: 835 MHz: Duty Cycle: |:1
Medium parameters used: = 835 MHz; a = 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; Calibrated: 2021-01-08

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

«  Measurement SW: DASY 52, 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 Vim; 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 to all points 3 dB below = 19.8 mm

Ratio of SAR at M2 to SAR at M1 = 64.9%

Maximum value of SAR (measured) = 3.27 Wikg

I -2.14
.

-4.28
6.43

-8.57

{ \
0.7 "'E = =
0dB =327 W/kg = 515 dBW/kg

Cestificate No: Z21-60168 Page 5 of 6
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Add: No.52 Hwa Yoan Bel Rosd, Haidiso Destrict, Begjing, 100191, China
Tel: +B6-10-62304633-2079 Fax: +86- 1623046332504
E-mail: ottl@chinattl.com hitgpwww.chimattl en

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

" u.u ,,
N\ PR
_.\
TTI speag % Cf\AS AR
Add: No.52 Hua YumBei Ross, Haidian Districe, Bedjing, 100191, %, /\\\ WWTW"
Tek: +86-10-62104633-2079  Fax: +86-10-62H4633-2504 (TR CNAS LOSTO
E-muil: ctthidchimait com ttp:tiwwwchinastl.on
Client baluntek Certificate No:  221-60169
CALIBRATION CERTIFICATE
Object D1750V2 - SN: 1130
Calibration Procedure(s) FF-211-003-01

Calibration Procedures for dipote validation kits

Calibration date: May 17, 2021

This calibration Cerlificale documents the traceabilily 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 faciity. environment temperature (22+3°C and
humidity<70%.

Calibration Equipment used (M&TE critical for calibration)

Primary Standards ID# Cal Date(Calibrated by, Certificate No.) Scheduled Calibration

Power Meter NRP2 108277 23-Sep-20 (CTTL, No.J20X08338) Sep-21
Power sensor NRPBS | 104209 23-Sep-20 (CTTL, No.J20X083386) Sep-21
ReferenceProbe EX3DV4 | SN 3848 26-Apr-21(CTTL-SPEAG No.221-60084) Apr-22
DAE4 SN 777 08-Jan-21(CTTL-SPEAG No Z21-80003) Jan-22
Secondary Standards D# | Cal Date(Calibrated by, Certificate Na.) Scheduled Calibration
Signal Generator E4438C | MY49071430 01-Feb-21 (CTTL, No.J21X00583) Jan-22
NetworkAnalyzer ESO71C | MY4B110673  14-Jan-21 (CTTL. No f21X00232) Jan-22
Name Function Signature

Calibrated by: Zhao Jing SAR Test Engineer

Reviewed by: Lin Haa SAR Test Engineer ﬁf %7

Approved by: Qi Dianyuan SAR Project Leader =Ty

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

Certificate No: 72160169 Page 1 of 6
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TTL ;_LLLS._

Add: No.52 HuaYwanBel Road, Haadian Districy, Heijsg, 100191, Chins
Tol: +86-10-62304633-2079 Fax: *§6-10-62304633-2500

Exmail: ctthi@chinastl, com hitpct/wwwechinatilcn
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) IEEE 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 62208-1, "Measurement procedure for assessment of specific absorption rate of human
exposure o radio frequency fiekds 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:

o Measurament Conditions: Further detalls are avallable 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,

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

Centificate No: Z21-60169 Page 2 of 6
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CALIBRATION LABORATORY

Add: N, 52 HunYusnBei Rosd, Haidian Distric, Beijing, 100191, China

Tek: +86-10-62104613-2079
Femail: cttdiichintel coa

Fuax: +86-10-62306633- 2504
batp:/hwww.chinetl.co

Measurement Conditions
DASY system configuration, as far a5 not given on page 1,
DASY Version DasYS52 V52104
Extrapolation Advancad Extrapolation
Phantom Tnple Flat Phantom 5.1C
Distance Dipole Center - TSL 10 mm wilh Spacer
Zoom Scan Resolution dx, dy, d2 = 5 mm
Frequoncy 1750 MHz + 1 Mz
Head TSL parameters
The following parameters and calculitions were appled
Temperature Parmittivity Conductivity
Nominal Head TSL parameters 20°C 401 1.37 mho/m
Measured Head TSL parameters (220+02)°C J0G926% 1.38 mho/m £ 6 %
Hoad TSL temperature change during lest|  <1.0°C - - -
SAR result with Head TSL
SAR averaged over 1 cnr’ (1 g) of Head TSL Condition
SAR measured 250 mW input power 920 Why
SAR for nominal Head TSL parameters normalized to 1W 36.7 Wikg £ 18.8 % (k=2)
SAR averaged over 10 ¢m’ (10 g) of Head TSL Condition
-S—A}? measured 250 mW input power 4.79 Wiy
SAR for nominal Head TSL parameters nofmalized 10 1W 19.1 Wikg £ 18.7 % (k=2)

Certificate No: Z21-60169
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*  In Collsboranon with
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Add: No 52 Hua YounBei Road, Hadwan Disnct, Beyang, 100191, Chvne
Tel: +86-10-62304633-2079 Fax: #B6-10-62304633-2501
Evmall: ctd@chinast! coen htp/rwwwechinattico

Appendix (Additional assessments outside the scope of CNAS L0570)

Antenna Parameters with Head TSL

Impedance, lransfomed lo feed pont 50.10- 1.68|Q

Retum Loss -355dB
General Antenna Parameters and Design

Electrical Delgy (one direction) l 1.128 ne

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 semirlgld coaxial cable, The center conductor of the feeding line Is directly
connected 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 o the dipole arms in order to improve matching when loaded
according fo the position as explained in the "Measurement Conditions” paragraph. The SAR data are not
affected by this change. The overadl dipole fength is still according fo the Standard

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

Additional EUT Data

Manufactured by SPEAG

Certificate No: 221-60169 Pageaofe
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-\, CAUBRATION LABORATORY

Add: No 52 HunYeanHel Road, Haldian Distric, Beijing, 100191, China
Vel +86-1 06230463 3-2079 Fax; +86-10-62304633-2504
E-mail: cltdidehinatt] com Mipiwww chingstl.co

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

« Probe: EX3DV4 - SN3846; ConvF(8.22, 8.22, 8.22) @ 1750 MHz: Calibrated:
2021-44-26

o  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; Senal: 1062

«  Measurement SW: DASY 52, 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 Dnft = -0.03 dB

Peak SAR (extrapolated) = 17.7 W/kg

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

Smullest 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 Wikg

dB
0

-3.65
-1.09
-10.64

-14.10

1773 | L, C ——

0dB =145 Wikg = 11.61 dBW/kg

Certificate No: Z21-60169 Puge 5 of 6
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Impedance Measurement Plot for Head TSL
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F.6 1900 MHz Dipole

Report No.: BL-SZ2181089-701&702
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Client baluntek Certificate No: 22160170
CALIBRATION CERTIFICATE
‘ Object D1900V2 - SN: 541983
Calibration Procedure(s) FF-Z11-003-01
Calibration Procadures for dipoie vaidation kits
Calibration date:

May 20, 2021

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

All calibrations have been conducted In the closed laboratory faciity. environment temperature {22:3yC and
humidity<70%.

Calibration Equipment used (MATE critical for calibrabon)

Primary Standards ID# Cal Date{Calibrated by, Certificate No.) Scheduled Calibration
Power Meter NRP2 108277 23-Sep-20 (CTTL, No.J20X08336) Sep-21
Power sensor NRP8S 104291 23-Sep-20 (CTTL, No.J20X08336) Sep-21
ReferenceProbe EX3DV4 | SN 38468 26-Apr-21(CTTL-SPEAG No.Z21-80084) Apr-22
DAE2 SN 77T 08-Jan-21(CTTL-SPEAG No.Z221.50003) Jan-22
Secondary Standards D # Cal Date(Calibrated by, Certificate No.) Scheduled Calibration
Signal Generator E4438C | MY48071430 01-Feb-21 (CTTL, No.J21X00593) Jan-22
NetworkAnalyzer ES0T1C | MY46110673  14-Jan-21 (CTTL, No.J21X00232) Jan-22

Nama Function Signature

Calibrated by, Zhao Jing SAR Test Engineer

Reviewed by, Lin Hao SAR Test Engineer -;pf ;‘f)

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

Issued: May 24, 2021

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

Certificate No: Z21-60170

Page | of 6
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“TTL s peag

Akt No.52 Hua Yuankel Road, Hudan Distnet, Beljing, 100191, China
Tel: +B6-10-623(4633-2079 Fax: =86-10-62304635-2504

E-smail: cotli@xhinmil com hipe s chinatth en
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 622091, "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

¢) 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
parallel to the body axis.

« Feed Point Impedance and Refum 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 Retum Loss ensures low
reflected power. No unceriainty 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 10 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
neminal SAR result

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

Certificate No: Z21-60170 Page 2 of 6
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Measurement Conditions
DASY system configuration, as far as nol glven cn page 1
DASY Version DASYS2 VE2.10.4
Extrapolation Advanced Extrapolation
Phantom Tnple Flat Phantom 5.1C
Distance Dipole Center - TSL 10 mm with Spacar
Zoom Scan Resolution dx, dy, dz=5mm
Frequency 1800 MHz + 1 MHz
Head TSL parameters
The foSowing parameters and calculations were apphed.
Temperature Parmittivity Conductivity
Nominal Head TSL parameters 20'C 400 1.40 mho'm
Measured Head TSL parameters 220+02)°C A0926% 1.3 mhoim £ 6 %
Head TSL temperature change during test <10°C — -
SAR result with Head TSL
SAR averaged over 1 ¢’ (1 g) of Head TSL Condition
SAR measuted 250 mW Input power 9.86 Wikg
SAR for nominal Head TSL parameters normalized fo 1W 40.3 Wikg £ 18.8 % (k=2)
SAR averaged over 10 ¢ (10 g) of Head TSL Condition
SAR measurad 250 mW input poweae 505 Whg
SAR for nominal Head TSL parameters normalized 10 1W 20.3 Wikg £ 18.7 % (k=2)

Certificate No: Z21-60170
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Appendix (Additional assessments outside the scope of CNAS L0570)

Antenna Parameters with Head TSL

Impedance, transformed to feed point 5320+ 4150
Retun Loss - 25 9d8

General Antenna Parameters and Design

Electrical Delay (one direction) 1109 ns J

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

The dipole is made of standard semirigid coaxial cable. The center conductor of the feeding line s directly
connected to the second arm of the dipele. 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 1o the posdion as explained in the "Measuwement 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: Z21-60170 Pagedol'n
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DASYS Validation Report for Head TSL Date; 15,20,2021
Test Laboratory: CTTL, Beijing, China
DUT: Dipole 1900 MHz; Type: D1900V2; Serial: DI900V2 - SN: 54193
Communication System: UID 0, CW; Frequency: 1900 MHz: Duty Cycle: 1:1
Medium parameters used: £= 1900 MHz: o = 1385 S/m; & = 40.9; p = 1000 kg/m?
Phantom section: Center Section
DASYS Configuration:

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

o  Sensor-Surface: 1 4mm (Mechanical Surface Detection)

« Electronics: DAE4 Sa777; Calibeated: 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)

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

Reference Value = 96.82 Vim; Power Drift = -0.09 dB

Peak SAR (extrapolated) = 19.7 W/kg

SAR(1 g) = 9.96 Wikg: SAR(10 g) = 5.05 W/kg

Smallest distance from peaks to all points 3 dB below = 100 mm

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

Maximum valuee of SAR (measured) = 16.0 W/kg

d8
o

-3.75
-1.51
11.26

-15.02

-18.77 L 1 L - ' — ——

0 dB = 16.0 W/kg = 12.04 dBW/kg
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Impedance Measurement Plot for Head TSL
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Client baluntek Certificate No:  Z21-60171
CALIBRATION CERTIFICATE
Object D2450V2 - SN: 852
Catibration Procedure(s) EF-211 1

Calibeation Procedures for dipole validation kits

Calibration date. May 19, 2021

This calibration Cerlificale documents the traceability 1o national standards, which realize the physical units of
measurements (S1). The measurements and the uncertainties with confidence probability are given on the following
pages and are part of the cedtificate

All calibrations hawve been conducted in the closed laboratory facility: environment temperature (2243yC and
humidity<70%.

Calibration Equipment used (METE critical for calibration)

Primary Standards ID# Cal Date(Catibrated by, Certificate No ) Scheduled Calibration
Power Meter  NRP2 108277 23-Sep-20 (CTTL, No.J20X08335) Sep-21
Power sensor NRPBS 104281 23-Sep-20 (CTTL, No,J20X08335) Sep-21
ReferenceProbe EX3DV4 | SN 3846 26-Apr-21(CTTL-SPEAG N0, 221-60084) Apr-22
DAE4 SN 777 08-Jan-21(CTTL-SPEAG No.221-80003) Jan-22
Secondary Standards 1D # Cal Date{Calibrated by, Certificate No.} Scheduled Calibration
Signal Generator E4438C | MY48071430 25-Feb-20 (CTTL, No.J20X00516) Feb-21
NetworkAnalyzer ES071C | MY4B110673  10-Feb-20 (CTTL. No.J20X00515) Fab-21

Name Functon Signature

Colbrad by: Zhao Jing SAR Test Engineer Jg

Reviewed by: Lin Hao SAR Test Engineer 1{4" #

Approved by Qi Dianyuan SAR Project Leader % Nt

Issued: May 24, 2021
This calibration certificate shall not be reproduced excapt in full without written approval of the laboratory.
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E-mail: cetl@chinatticom htpet s chinmil.co
Glossary:
TSL tissue simulating liquid
ConvF sensitivity in TSL / NORMx,y,z
N/A not applicable or not measured

Calibration s Performed According to the Following Standards:

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

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

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

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

Additional Documentation:
g) DASY4/S System Handbook

Methods Applied and Interpretation of Parameters:

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

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

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

« Electrival 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 to calculate 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 nomal distribution
Corresponds fo a coverage probability of approximately 95%.

Certificate No: Z21-60171 Page 2 of ¥
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Measurement Conditions
DASY system canfiguration, as far as nal given cn 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, ¢y, dz = 5 mm
Frequency 2450 MHz £ 1 Mz
Head TSL parameters
The following parameters and calcutations were appied.
Temperature Parmittivity Conductivity
Nominal Head TSL parameters 220°C 392 1.80 mhoim
Measured Head TSL parameters (20+£02)°C 3B4:26% 1.79 mho/m + 6 ;
Head TSL temperature change during test <10°'C - —
SAR result with Head TSL - '
SAR averaged over 1 _cm’ (1 g) of Head TSL Caonditica
SAR measured 250 mW Input power 13.2 Wikg
SAR for nominal Head TSL parameters normahized to W 53.0 Wikg £ 18.8 % (k=2)
SAR averaged over 10 cmi’ (10 g} of Head TSL Canddicn
SAR measured 250 mW input power 6.00 Wikg
SAR for nominal Head TSL pacamuters narmalized to 1W 24.1 Wikg £ 18.7 % (k=2)
Body TSL parameters
The following parameters and calculations were applied
Temparature Permittivity Conductivity
Nominal Body TSL parameters 20°C 827 1.85 mhaém
Measured Body TSL parameters (220202)°C 52;:6% 1.56 mho/m + 6 %
Body TSL temperature change during test <10°C — —
SAR result with Body TSL
SAR averaged over 1 cnr'_ (1 g) of Body TSL Condition
SAR measured 250 mW Input power 13.2 Wikg
SAR for nominal Body TSL parameters normalized to 1W 52.5 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 for nominal Body TSL parameters normalized to 1W 242 Wikg £ 18.7 % (k=2)

Certificate No: Z21-60171
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Appendix (Additional assessments outside the scope of CNAS L0570)

Antenna Parameters with Head TSL

impedance, transformed 10 feed polmnt 5410+ 22010
Return Loss - 27.0dB

Antenna Parameters with Body TSL

Impedance, transformed o feed paint 4900+ 393 )0
Retumn Loss -27.8d48

General Antenna Parameters and Design

Electrical Delay (one direction) [ 1,058 na j}

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

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

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

Additional EUT Data

Manufaciured by | SPEAG
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DASYS Validation Report for Head TSL Date: 05.19.2021
Test Laboratory: CTTL, Beijing, China
DUT: Dipole 2450 MHz; Type: D2450V2; Serial: D2450V2 - SN: 952
Communication System: UID 0, CW; Frequency: 2450 MHz; Duty Cycle: 1:1
Medium parameters used: [ = 2450 MHz; o = 1,788 S/m; & = 39.43; p = 1000 kg/m”’
Phantom section: Center Section
DASYS Configuration:

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

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

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

«  Phantom; MFP V5.1C (20deg probe tilt): Type: QD 000 P51 Cx: Serial: [062

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=5Smm,
dy=5mm, dz=3mm

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

Peak SAR (extrapolated) = 28.2 Wikg

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

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

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

Maximum value of SAR (measured) = 22.5 Wikg

dB8
0

-4.65

” {117

2323

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

Certificute No: Z21-60171 Page s of &



Lm Report No.: BL-SZ2181089-701&702

-fr\ﬂl In Colwont.one with =
CALIBRATION LABORATORY

Add: No. 52 HuaYeanBel Roud, Haldsan Districy, Beijing, 100191, China
Tel: = K6-10-62MM4633-207% Fax: < 86-10-62304633-2504
E-mail: cotl@chinai]. vom Itipwwwchinsl e

Impedance Measurement Plot for Head TSL
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DASYS Validation Report for Body TSL Date: 05.192021
Test Laboratory: CTTL, Beijing, China
DUT: Dipole 2450 MHz; Type: D2450V2; Serial: D2450V2 - SN: 952
Communication System: UID 0, CW; Frequency: 2450 MHz; Duty Cycie: 1:1
Medium parameters used: f= 2450 MHz: o = 1.96 S/m; &= 52.15; p = 1000 kg/m’
Phantom seetion: Right Section
DASYS5 Configuration:

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

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

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

« Phantom: MFP_V35.1C (20deg probe tilt); Type: QD 000 P31 Cx; Serial; 1062

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

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

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

Peak SAR (extrupolated) = 26,9 Wikg

SAR(1 g) = 13.2 Wikg; SAR(10 g) = 6.06 Wikg

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

Ratio of SAR @t M2 to SAR at MI = 49.7%

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

Fo :

-4.41
‘i

-8.82 |

-13.23

-17.64

-22.05

0dB =221 W/kg = 13,44 dBW/kg
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Impedance Measurement Plot for Body TSL
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Chent baluntek Certificate No:  Z21-60172
CALIBRATION CERTIFICATE
Object D2600V2 - SN: 1085
Calibration Procadure(s) FF-211-003-01

Calibration Procedures for dipole validation kits

Calibration date: May 19, 2021

This calibration Certificate documents the traceability o national standards, which reafize the physical units of
measurements (S1). The measurements and the uncertaintias with confidence probability are given an the lollowing
pages and are part of the certificate.

All calibrations have been conducted in the closed laboratory facility: environment temperature (2243) *c and
humidity<70%.

Calibration Equipment used (M&TE cntical for calibration)

Primary Standards D# Cal Date(Calibrated by, Certificate No. ) Scheduled Calibraton
Power Meter NRP2 106277 23-Sep-20 (CTTL, No J20X08338) Sep-21
Power sensor  NRP8S 104291 23-Sep-20 (CTTL, No J20X08336) Sep-21
Reference Probe EX3DV4 | SN 3846 26-Apr-21{CTTL-SPEAGN0.Z21-80084) Apr-22
DAE4 SNTT7 08Jan-21(CTTL-SPEAG N0 Z221-50003) Jan-22
Secondary Standards D# Cal Date{Calibrated by, Certificate No.) Scheduled Calibration
Signal Generator E4438C | MY48071430 01-Feb-21 (CTTL, No.J21X00583) Jan-22
Network Analyzer ESO71C | MY46110673  14-Jan-21 (CTTL, No.J21X00232) Jan-22

Name Function Signature

Calbreted by Zhao Jing SAR Test Engineer Z L

Reviewsd by: Lin Hao SAR Test Engineer ﬂf #>

Approved by Qi Dianyuan SAR Project Leader -

Issued: May 24, 2021
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
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 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
BGHz)", 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:
&) 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
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 measurad: 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.

|
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%.

Centificate No: Z21-60172 Pagel2of6
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Measurement Conditions
DASY sy configuration, as far as not given on page 1
DASY Version DASYS2Z V52104
Extrapolation Advanced Extrapolation
Phantom Triple Fiat Phantom 5.1C
Distance Dipole Center - TSL 10 mm with Spacer
Zoom Scan Resolution dx, dy, dz = 5 mm
Frequoncy 2600 MHz £ 1 Mz
Head TSL parameters
The following p: fers and calculations were appl
Temperature Permittivity Conductivity
Nominal Head TSL parameters 20°C 9.0 1.96 mho'm
Measured Head TSL parameters (220+02)°C BTL6% 1.95 mho/m £ 6%
Head TSL temperature change during test <10°C — —

SAR result with Head TSL
SAR averaged over 1_cm’ {1 g) of Head TSL Condiion
SAR measured 250 mW Input power 142 Wikg
SAR for nomnal Head TSL parameters normalzed to TW 56.8 Wikg 2 18.8 % (k=2)
SAR averaged over 10 ¢’ (10 g) of Head TSL Condition
SAR measured 250 m\W input power 620 Whg
SAR for nominal Head TSL paramelers normalzed 1o 1W 24.8 Wikg £ 18,7 % (k=2)

Certificate No: 221-60172 Page 3of 6
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Appendix(Additional assessments outside the scope of CNAS L0570)

Antenna Parameters with Head TSL

Impadance, iransiormed 10 feed point l 50.00- 6.3000
Return Loss l - 24 0dB

General Antenna Parameters and Design

Elecirical Delay (one direction) ] 1.059 ns

After lang term use with 100W radiated power, only a slight warming of the dipole near the feedpount 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 is therefore shortcircuited for DC-signats. On some
of the dipoles, small end caps are acded 1o the dipole arms In crder o improve matching when lcaded
according to the position as explained In the "Measurement Conditions" paragraph, The SAR data are not
affected by this change. The overall dipole lenagth is still according to the Standard,

No excessive forca must be apphed to the dipole arms, bacause they might bend or the soldered
connections near the feedpoint may be damaged

Additional EUT Data

| Manufactured by SPEAG
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DASYS Validation Report for Head TSL Date: 05.19.2021
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: = 2600 MHz; a = 1.953 Sim; &= 38.72; 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 (Mechanicul Surface Detection)

« Electronics: DAE4 Sa777; Calibrated; 2021-01-08

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

o  Measurement SW: DASYS2, Version $2.10 (4); SEMCAD X Version 14.6.14
(7483)

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

Reference Value = 105.6 V/m; Power Drift = -0.04 dB

Peak SAR (extrapolated) = 31.9 Wikg

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

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

Ratio of SAR ot M2 1o SAR st M| =~ 44.2%

Maximum value of SAR (measured) = 25.0 Wikg

dB
0

-4.95
-9.90
-14.84

-19.79

-24.74

0 dB = 250 Wikg = 13,98 dBW/kg
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Impedance Measurement Plot for Head TSL
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