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—CALIBRATION CERTIFICATE

Object EX3DV4 - SN:7322

Calibration Precadure(s) FF-Z11-004-01
Calibration Procedures for Dosimetric E-field Probes

Calibration date: October 22, 2019

| This calibration Certficate documents the traceability to national standards, which realize the physical units of
measurements{Sl). The measurements and the uncertainties with confidence probability are given on the following
pages and are parl of the cerificate,

All calibrations have been conducted In the closed laboratory facility: environment temperature(22+3)c and
humidity<70%,

Calibration Equipment used (MATE critical for calibratlon)

Primary Standards 1D # Cal Date{Calibrated by, Certificate No.} Scheduled Calibration
Power Meter NRP2 101919 18-Jun-19 (CTTL, No.J19X05125) Jun20
Power sensor  NRP-Z91 | 101547 18-Jun-19 (CTTL, No.J19X05125) Jun-20
Power sensor NRP-Z91 | 101548 1B-Jun-19 {CTTL. No.J18X05125) Jun-20
Reference1JdBAttenvator  18N50W-10d8  08-Feb-18(CTTL, No.J18X01133) Feb-20
Reference20dBAttenuator | 18NSOW-20dB  09-Feb-18(CTTL. Ne.J18X01132) Feb-20
Reference Probe EX3DV4 | SN 7307 24-May-19(SPEAGNo.EX3-7307_May19/2)  May-20
DAE4 SN 1525 26-Aug-19(SPEAG, No DAE4-1525_Aug19)  Aug-20
Secondary Standards . 1D # Cal Date(Calibrated by, Certificate No.) Scheduled Calibration
SignalGeneratorfG3700A  §201052805 18-Jun-19 (CTTL. No.J18X05127) Jun-20
Network Analyzer ESO71C | MY46110673  24-Jan-19 (CTTL, No.J18X00547) Jan -20
Name Function Signature
Calibrated by: Yu Zongying SAR Test Engineer /e
Reviewed by Lin Hao SAR Test Engineer ﬁﬂf :3%

Aporoved by: Qi Dianyuan SAR Project Leader (_‘:% FL/-'"

Issued: Qciober 24, 2019
This calibration certificate shall not be repreduced except in full without written approval of the laboratory.
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Add: No.S1 Xueyuen Road, Haidian District, Beijing, 100191, Ohina
el +86-1-623MM633-2512 Fax; ~86-10-62304633-251M

E-mail: clllzdchinaul com Hripiwww chinattl cn
Glossary:
TSL tissue simulating liguid
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 linearization parameters

Poelarization ¢ @ rotation around probe axis

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

0=0 is normal to probe axis

Connactor 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
Spacffic Absorption Rate (SAR) in the Human Head from Wireless Communications Devices:
Measurement Technigues®, June 2013 ‘

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

July 2018

c} IEC 62209-2, "Procedure to determine the Specific Absomtion Rate (SAR) for wireless communication
devices used in close proximity to the human body (frequency range of 30 MHz tc 8 GHz)", March
2010

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

Methods Applied and Interpretation of Parameters:

e NORMY.y,z: Assessed for E-field polarization 8=0 (fS900MHz in TEM-cell; f=1800MHz: waveguide).

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

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

o NORM{T)x.y,z = NORMx.y.z* frequency_responss (see Frequency Response Chart). This
linearization is implemented in DASY4 software versions later than 4.2. The uncertainty of the
freguency response is included in the stated uncertainty of CaonvF.

e DCPxy.z: DCP are numerical linearization parameters assessed based on the data of pawer SWeep
{ne uncertainty required). DCP does nat depand on freguency nor media.

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

o Ax.yz Bx, vz Cxy.zVRx y.z:A B,C are numerical linearization parameters assessed based on the
data of power sweep for specific modulation signal. The parameters de nat depend on frequency nor
media. VR is the maximum calibration range expressed in RMS valtage across the diode.

e ConvF and Boundary Effect Paramoteors: Assessed in flat phantom using E-field (or Temperature
Transfer Standard for f=B00MHz) and inside waveguide using analytical field distributions based on
povier measurements for f =800MHz. The same setups are used for assessment of the parameters
applied for boundary compensation {alpha, depth} of which typical uncertainty valued are given.
These parameters are used in DASY4 software to improve probe accuracy close to the boundary.
The sensitivity in TSL corresponds to NORMzx,y,.z* ConvF whereby the uncertainty corespends to
that given fer ConvF. A frequency dependent ConvF Is used in DASY version 4.4 and higher which
allows extending the validity from+50MHz tox100MHz,

*  Spherical isotropy (30 deviation from isofropy): in a field of low gradients realized using a flat
phantom exposed by a patch antenna.

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

e Conneclor Angle: The angle is assessed using the information gained by determining the NORMx
(no uncertainty raquired).

Certificate No: 719-60328 Page2 ol Il
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Probe EX3DV4

SN: 7322

Calibrated: October 22, 2019
Calibrated for DASY/EASY Systems

{Nate: non-compalibie with DASYZ system!)

Certificate No: Z19-60328 Page 3ol 11
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DASY/EASY — Parameters of Probe: EX3DV4 — SN: 7322

Basic Calibration Parameters

r | Sensor X | SensorY Sensor Z Unc (k=2)
Norm(puV/(Vim)*)* 0.45 0.56 0.52 +10.0%
DCP(mV)* 97.8 98.5 98.9

Modulation Calibration Parameters

uiD Communication | A ] B c D [VR uncE |
System Name dB dBvpV dB mv (k=2)
0 ] cw |x__[00 |00 1.0 0.00 | 1553 |+22%
Y 00 0.0 1.0 176.3
; z 0.0 0.0 1.0 171.6 ,

The reported uncertainty of measurement is stated as the standard uncertainty ofl
Measurement multiplied by the coverage factor k=2, which for a nomal distribution
Corresponds to a coverage probability of approximately $5%.

[

* The uncertainties of Norm X, Y. Z do not affact the F-field uncertainly inside TSL (see Page 5 and Page 6),
Numerical linearization parameter: uncertainty not required,

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

and is expressed for the square of the field value.

Certificate No: £19-60328 Pagedof 11
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DASY/EASY — Parameters of Probe: EX3DV4 — SN: 7322

Calibration Parameter Determined in Head Tissue Simulating Media

I | =}

f [MHz]° Pe::';::;y, c°"':‘s'7£;'f’ ConvF X | ConvF Y | ConvF Z | Alpha® 3::’:) ::::; J

750 41.9 0.89 8.92 9.92 992 | 040 | 080 | +12.1% |
835 4.5 0.90 9.63 9.63 983 | 014 | 144 | =121%

1750 40.1 1.37 8.33 8.33 833 [ 022 | 110 [+12.1%
1900 40.0 1.40 8.0 8.06 806 | 024 | 102 [+121%
2300 39.5 167 7.73 7.73 773 | 048 | 075 |+121%
2450 392 1.80 7.49 7.48 749 | 054 | 073 | £12.1%
2600 39.0 1.96 7.28 728 | 728 | 042 | 085 | ~121% |
5250 35.9 4.71 528 | 528 528 | 045 | 140 | =13.3%
5750 | 354 5.22 470 | 470 470 | 050 | 150 | £133%

L Frequency validity above 300 MHz of +100MHz only applies for DASY vd.4 and higher (Page 2), else it is restrictad 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 assessmanis at 30, 64, 128,
150 and 220 MHz respectively. Above 5§ GHz frequency validity can be extended to + 110 MHz.

A fraquency below 3 GHz, the valklity of tiesue parameters (€ and o} can be relaxaed to +10% if liquid compensation
formula is applied to measured SAR values. At frequencies above 3 GHz, the validity of tssue parameters (¢ and a)is
rastricted fo £5%. The uncertainty is the RSS of the ConyF uncertainty for indicated target tissue parameters.

© AlphaiDepth are determined during calibration. SPEAG warrants that the remaining deviation ¢ue to the boundary
effect after compensation is always less than = 1% for frequencies below 2 GHz and below = 2% for the frequencies
between 3-6 GHz at any distance larger than half the prebe tip diameter from the boundary.

Certificate No: 719-60328 Page 5 of 11
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DASY/EASY — Parameters of Probe: EX3DV4 — SN: 7322

Calibration Parameter Determined in Body Tissue Simulating Media

- = G
f [MHz)" P:;'I:;':”I‘:y, c°"‘:;;:')’:" ConvF X | ConvFY | ConvF Z | Alpha® D(:"’:; ::’2',
835 55.2 0.97 0.71 9.71 971 | 018 | 134 [+12.1%
1750 | 534 1.49 803 | 803 | 803 | 020 | 1.18 | £121%
1900 53.3 1.52 7.75 775 | 775 | 020 | 115 | +121%
2450 52.7 1.5 7.46 7.46 746 | 057 | 077 | =121% |
2600 525 2.16 7.22 722 | 722 | 066 | 070 [=1214%
5250 48.9 5.36 474 | 474 | 474 | 047 | 149 | +133%
| 5750 48.3 5.94 422 | 422 422 | 050 | 170 | +133%

“ Frequency validity above 300 MKz of +100MHz only applies for DASY vd.4 and higher (Page 2), els= it is restricted to
+50MHz. The uncertsinty is the RSS of ConvF uncertainty at calibration frequency and tha uncertainty for the indicated
frequency band. Frequency validity delow 300 MHz is + 10, 25, 40, 5C and 70 MHz for ConvF assessments at 30, 64, 128,
150 and 220 MHz respectively. Above 5 GHz fraquancy validity can be extended to = 110 MHz,
Fat frequency below 3 GHz, the validity of tissue parameters (¢ and o} can be relaxad to £10% If quid compensation
formula is applied to measured SAR values. At frecuencies above 3 GHz, the validity of tissue parametars (€ and @) is
restricted to £5%. The uncertainty is the RSS of the ConvF uncertainty for indicated target tissue parameters.
Gﬂ«lnhaﬂJepm are detarmined during calibraticn. SPEAG warrants that the remaining deviation due to the bou ndary
effect after compensation is always less than £ 1% for frequencies below 3 GHz and below + 2% for the frequencies
between 3-6 GHz at any distance larger than half the probe tip diameter from the boundary.

Certificate No: Z19-60328
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Frequency Response of E-Field
(TEM-Cell: ifi110 EXX, Waveguide: R22)

=
o
|

-
o
!

© © = = a4 o
@ w o — N w
N-_Ayd ) g il TR

o
~
({50

+

Frequency response (normalized)

0.6 -

o
]

R | T
0 600 1000 1500 2000 2500 3000

om f [MHz
TEM Mkl 3

Uncertainty of Frequency Response of E-field: 7.4% {k=2)

Certificate No: Z19-60328 Page 7ol 11
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Receiving Pattern (®), 8=0°

f=600 MHz, TEM f=1800 MHz, R22
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Uncertainty of Axial Isotropy Assessment: £1.2% (k=2)
Certificate No: £219-60328 Pugesof 11

TRF No.: FCC SAR_b Page 8 of 62



intertek

Total Quality. Assured. 20081003782N-OOS-Appendlx B

h‘, I Colleboration with
——

CALIBRATION LABORATORY

Add: No.51 Xusvuan Rood, Haidian Districs, Beijing, 100191, China
Tel: +86-10-62304633-2512 Fa: 186-10.62304633-2504
Femail: errl@@chioatel.com Hup:iwww.chinattl ¢n

Dynamic Range f(SAR}caq)
(TEM cell, f= 900 _MHz)
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) SAR[mWicm)
| = |not compensated —=&— compensated
Uncertainty of Linearity Assessment: $0.9% {k=2)
Certificate No: Z19-60328 Page s ol 11
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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 No: £19-60328 Page 16 of 11
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DASY/EASY - Parameters of Probe: EX3DV4 - SN: 7322

Other Probe Parameters -
rSensor Arrangement Triangular
Connector Angle (°) 4 2—
Mechanical Surface Detection Mode enablo;—
Optical Surface Detection Mode disable
Probe Overall Length 337mm
Probe Body Diameter 10mm
Tip Length 9mm
Tip Diameter 2.5mm
Probe Tip to Sensor X Calibration Point Tmm
Probe Tip to Sensor7Y Calibration Point 7 1mm
Probe Tip to Sensor Z Calibration Point 1mm
Recommended Measurement Distance from Surface 1.4mm
Certificate No: Z19-60328 Page 11 of N
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Client : Intertek Certificate No: Z19-60329
CALIBRATION CERTIFICATE
Object DAE4 - SN: 1473
Calibration Precadura(s) FF-211-002-01
Calibration Procedure for the Data Acquisition Electronics
(DAEX)
Calibration date: September 24, 2019

This calibration Cerlificate documents the traceabllity to national standards, which realize the physical units of
measurements{Sl}. The measurements and the uncertainties with confidence probability are given on the following
pages and are part of the certificate.

All calibrations have been conducted in the closed laboratory facility: environment temperature22+3)C and
humidity<70%.

Calibration Equipment used {M&TE critical for calibration)
I

Primary Standards 1D # Cal Date(Calibrated by, Certificate No.) Scheduled Callbration
Process Calibrator 753 | 1971018 24-Jun-18 (CTTL, No J19X05126) Jun-20 )
Name Function Signalure
Calibrated by: Yu Zongying SAR Tast Engineer %
Reviewed by: Lin Hao SAR Test Engineer \ﬁfi»ﬁj
Approved by: Qi Dianyuan SAR Project Leader .cqy—’zy--\
Issued: September 26, 2019
This calibrafion certificate shall not be reproduced excapt in full without written approval of the laboratory.

Certificale No: Z19-60329 Page 1 of 2
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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
perfermance test results.

Certificare No: 219-60329 Page 2 of 3

TRF No.: FCC SAR_b Page 13 of 62
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DC Voltage Measurement
AJD - Converler Resoluticn nominal

High Range: 1LS8B = S.uV full range = -100...4+300 mv
Low Range: 1LSB = 8inv, full range = “1. +3my
DASY measurement parameters: Auto Zero Time: 3 sec; Measuring time: 3 sec
Calibration Factors X ¥
High Range | 404.010 = 0.15% (k=2) | 404.606 + C.15% (k=2) | 404.450 + 0,15% (k=2)
' Low Range 3.96660 L 0.7% (k=2) | 3.99656 = 0.7% (k=2) | 3.95009 L 0.7% (k=2)
Connector Angle
Connector Angle to be used in DASY system 3470:1°
Centificate No: £19-60329 Paged of 3
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Client Intertek Certificate No:  Z19-60330
CALIBRATION CERTIFICATE
Object D750V3 - SN: 1141

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

Calibration Procedures for dipole validation kits

Calibration date: September 23, 2019

This calibration Certificate documents the traceability to national standards, which realize the physical units of
measurements(Sl). The measurements and the uncertainties with confidence probabiity are given on the following
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 critical for calibration)

Primary Standards D# Cal Date(Calibrated by, Certificate No)  Scheduled Calibration
Power Meter NRP2 106276 11-Apr-19 (CTTL, No.J19X02605) Apr-20
Power sensor NRPEA | 101369 11-Apr-19 (CTTL, No.J19X02605) Apr-20
Reference Probe EX3DV4 | SN 3617 31-Jan-19(SPEAG No.EX3-3617_Jan19) Jan-20
DAE4 SN 1556  22-Aug-19(CTTL-SPEAGN0.219-60295) Aug-20
Secondary Standards ID# Cal Date(Calibrated by, Certificate No)  Scheduled Calibration
Signal Generator E4438C | MY48071430 23-Jan-19 (CTTL, No.J19X00335) Jan-20
NetworkAnalyzer ES071C | MY46110673 24-Jan-19 (CTTL, No.J19X00547) Jan-20

Name Function nature

Calibrated by: Zhao Jing SAR Test Engineer %

Reviewed by. Lin Hao SAR Test Engineer \

Approved by Qi Dianyuan SAR Project Leader 2

Issued: September 25, 2019
This calibration certificate shall not be reproduced except in full without written approval of the laboratory.

Certificate No: Z19-60330 Page 1 of 8
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E-mail: cttl@chinal com HupZiwww.chinattl. ¢n
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 62209-1, “Procedure to measure the Specific Absorption Rate (SAR) For hand-held
devices used in close proximity to the ear (frequency range of 300MHz to 3GHz)", February
2005

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 Retumn 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.

e 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.

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

|

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

Certificate No: Z.19-60330 Page1ofA

TRF No.: FCC SAR_b Page 16 of 62



intertek

Total Quality. Assured.

:
g 7T

200810037SZN-005-Appendix B

Add: No.S1 Xueyuan Road, Haidian District, Beijing. 100191, China

Tel: +86-10-62304633-2079

Fax: +86-10-62304633-2504

E-mail: cti@chinattl com Hitp-/www chinattl cn
Measurement Conditions
DASY system configuration, as far as not given on page 1.
DASY Version DASY52 52881258
Extrapolation Advanced Extrapolation
Phantom Tripie Fiat Phantom 5.1C
Distance Dipole Center - TSL 15 mm with Spacer
Zoom Scan Resolution dx, dy, dz =5 mm
Frequency 750 MHz £ 1 MHz
Head TSL parameters
The following parameters and calculations were
Temperature Permittivity Conductivity
Nominal Head TSL parameters 220°C 419 0.89 mho/m
Measured Head TSL parameters (220202)°C 416x6% 0.81 mho/m £6 %
Head TSL temperature change during test <1.0"°C e e
SAR result with Head TSL
SAR averaged over 1 cm’ (1 g) of Head TSL Condition
SAR measured 250 mW input power 212mWig
SAR for nominal Head TSL parameters normalized to 1W 8.34 mW /g + 20.8 % (k=2)
SAR averaged over 10 cm’ (10 g) of Head TSL Condition
SAR measured 250 mW input power 141mW/g
SAR for nominal Head TSL parameters normalized to 1W 5.56 mW /g £ 20.4 % (k=2)
Body TSL parameters
The following parameters and calculations were applied.
Temperature Pormittivity Conductivity
Nominal Body TSL parameters 220°C 55.5 0.95 mho/m
Measured Body TSL parametors (220202)*C 549026% 0.97 mho/m £ 8 %
Body TSL temperature change during test <1.0*C - et
SAR result with Body TSL
SAR averaged over 1 cm’ (1 g) of Body TSL Condition
SAR measured 250 mW input power 220mWig
SAR for nominal Body TSL parameters normalized to 1W 8.72 mW /g £ 20.8 % (k=2)
SAR avoraged over 10 ¢m’ (10 g) of Body TSL Condition
SAR measured 250 mW input power 140mW/g
SAR for nominal Body TSL parameters normalized to 1W 5.92 mW /g £ 20.4 % (k=2)

Certificate No: Z19:60330

TRF No.: FCC SAR_b
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Appendix
Antenna Parameters with Head TSL

Impedance, transformed to feed point 53.30- 0.98j0
Retum Loss -206dB

Antenna Parameters with Body TSL

ﬁ Impedance, transformed to feed point 51.20- 1.58)Q
| Return Loss -34.008

General Antenna Parameters and Design

| Bectical Delay (one direction) ] 1.140ns ]

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

Thedpoleismadaofm«iardwriﬂgldoomdalcoblo.Thooentercondudoroﬂhefeedimmisdlmwy
connododwmesocoodnmdﬂwdlpon.ThoanhnnahMomshon-dmumdfofDC-sigm. On some
ofthedipoleo.snnlmdcapsamaddedblhedipobamsinaderbknpwvemmmwod
mwmemuammmmwcmrmnm The SAR data are not
mwmhm.mmlmmswnmmwmesmm.
Noomwvoforoomuubeappliodtomcpoloam.bmmmoynightbendormsolduw
connections near the feedpoint may be damaged.

Additional EUT Data

| Manufactured by SPEAG _J
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DASYS Validation Report for Head TSL Date: 07.06.2016
Test Laboratory: CTTL, Beijing, China
DUT: Dipole 750 MHz; Type: D750V3; Serial: D750V3 - SN: 1048
Communication System: UID 0, CW; Frequency: 750 MHz; Duty Cyele: 1:1
Medium parameters used: f= 750 MHz; o = 0.908 S/m; & = 41.58; p = 1000 kg/m*
Phantom section: Right Section
Measurement Standard: DASYS (IEEE/IEC/ANSI C63.19-2007)
DASYS5 Configuration:

« Probe: EX3DV4 - SN7307; ConvF(10.47, 10.47,10.47); Calibrated: 2/19/2016;
 Sensor-Surface: 2mm (Mechanical Surface Detection)

¢ Electronics: DAE4 Sn771; Calibrated: 2016-02-02

» Phantom: Triple Flat Phantom 5.1C; Type: QD 000 P51 CA; Serial: 1161/1

* Measurement SW: DASYS2, Version 52.8 (8); SEMCAD X Version 14.6.10 (7372)

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

Reference Value = 55.20 V/m; Power Drift = -0.01 dB

Peak SAR (extrapolated) = 3.10 W/kg

SAR(1 g) = 2.12 Wikg; SAR(10 g) = 1.41 W/kg

Maximum value of SAR (measured) = 2.65 W/kg

doB [— R i e
-1.96
-3.93
5.89

-7.86

-9.82

0 dB =2.65 W/kg = 4.23 dBW/kg

Certificate No: Z19-60330 Page s of 8
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Impedance Measurement Plot for Head TSL

Trl S31 Log Mag 10,0008/ Rer 0.00038 [FL]
3900 ST TeEoatt Wie <10 6T &

40.00
30.00
20.00 |
10.00
0.C00 Y
«10.00

-20.00 //

-30.00

-40.00

| ~50.00 =
|PEEE s11 smith (Refx) scale 1.000v (1 oal)
>1  750.00000 Wiz 53.265 0 950,17 m0 221,47 7F B -

= N

.'/ j

|
T Start S5O MHr IFEW 100 1 Stop oo Mz R
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DASYS Validation Report for Body TSL Date: 07.06.2016
Test Laboratory: CTTL, Beijing, China
DUT: Dipole 750 MHz; Type: D750V3; Serial: D750V3 - SN: 1048
Communication System: UID 0, CW; Frequency: 750 MHz; Duty Cycle: 1:1
Medium parameters used: £= 750 MHz; 6 = 0,968 S/m; &, = 54.92; p = 1000 kg/m’
Phantom section; Center Section
Measurement Standard: DASYS (IEEE/TEC/ANSI C63.19-2007)
DASY5 Configuration:

» Probe: EX3DV4 - SN7307; ConvF(9.93,9.93. 9.93); Calibrated: 2/19/2016;

* Sensor-Surface: 2mm (Mechanical Surface Detection)

« Electronics: DAE4 Sn771; Calibrated: 2016-02-02

+ Phantom: Triple Flat Phantom 5.1C; Type: QD 000 P51 CA: Serial: 1161/1

* Mcasurement SW: DASY352, Version 52.8 (8); SEMCAD X Version 14.6.10 (7372)

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

Reference Value = 54.43 V/m; Power Drift =-0.01 dB

Peak SAR (extrapolated) = 3.16 Wikg

SAR(I g) = 2.2 W/kg; SAR(10 g) = 1.49 W/kg

Maximum value of SAR (measured) = 2.73 W/kg

dB
0

-1.88

-3.75
-5.63
-1.50
i~
-8.38 | oL - L —
0dB=2.73 W/kg = 4.36 dBW/kg
Certificate No: Z19-60330 Page 7of 8
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Impedance Measurement Plot for Body TSL

Trl 511 Log Mag 10.00d8; Ref O. 00008 [F1]
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Client Intertek Certificate No:  Z18-60298

CALIBRATION CERTIFICATE

Object DBI5V2 - SN: 44196

Callbrabon Procadure(s} FF-Z11-003-01

Calibration Procedures for dipele validation kits

Calibraticn cate: September 6, 2018

This calibration Cerfificate dacuments the traceability to national standards, which realize the physical units of
measurements(Sl). The measuremants and the uncerainties with confidence probability are given on the following
pages ancd are part of the certificate.

All calivrations have been conducted in the clesed [aboratory facilily: environment temperature(2z43)c and
humidity<7C5%.

Calibration Equipment used (M&TE critical for calibration)

Primary &aﬁ&ards I0# Cal Date{Callbrated by, Certificate No.) Scheduled Calibration
Power Meter  NRVD 102082 01-Nov-17 {CTTL. No.J17X08756) Oct-18
Power sensor  NRV-Z5 100542 01-Nov-17 (CTTL, No.J17X08756) Oct-18
Reference Probe EX3DV4 | SN 7454 12-Sep-17{SPEAGNc.EX3-7464_Sep17) Sep-18
DAE4 SN 1524 13-8ep-17{SPEAG No.DAEZ-1524_Sep17) Sep-18
Secendary Standards D # Cal Date(Calibrated by, Certificata No .} Schaduled Calibration
Signal Genarator E4438C | MY48071430  23-Jan-18 (CTTL, No.J18X00560) Jan-19
NetworkAnalyzer ESO71C | MY46110673  24-Jan-18 {CTTL, No J18X00561) Jan-19
Name Functicn Signature
Calibrated by: Zhaa Jing SAR Test Engineer éi
Reviewed by: Lin Hao SAR Test Engineer *ﬁ;‘{;yp

Approved by Qi Dianyuan SAR Project Leader c”-%/ :

Issued: Sepiember 9, 2018
This calibration certificate shall not be reproduced except in full without written approval of the laboratory,

Cerificate No; Z18-60298 Page 1 of &
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Add: No.S1 Xuoyws Road, Haidian District, Beijing, 100191, Chinag
Tel: +86-10-62204633-2079 Faoc 186-10-62304633-2404

LE-mail: cul@chinetl.con blipfwewwchmeitl.en
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 62209-1, "Measurement procedure for assessment of specific absorption rate of human
exposure to radio frequency fields from hand-held and body-mounted wireless
communication devices- Part 1: Device used next to the ear {Frequency range of 300MHz to
BGHz)", July 2016

c) IEC 62208-2, "Procedure to measure the Specific Absarption Rate (SAR) For wireless
communication devices used in close proximity to the human body {frequency range of
30MHz to 8GHz)", March 2010

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

Additional Documentation:
e) DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

e Measurement Conditions: Further details are available from the Validation Report at the end
of the cerlificate. 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 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 paint.
No uncertainty required.

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

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

e SAR for nominal TSL paramelers; The measured TSL parameters are used to calculate the
nominal SAR result.

I 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 Nu: Z18-60298 Page 2 of &
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Measurement Conditions

Tox: +86-110-62304633-2504
huphwaacchinatti cn

DASY syslem configuration, as far 23 not gven on page 1

200810037SZN-005-Appendix B

DASY Version DASYS2 52.10.1.1478
Extrapolation Advancad Extrapaotation
WPhamom Trple Flet Phantam 518
Distance Dipole Center - TSL 5 mm with Spacer
Zoom Scan Resolution dx, dy, dz =5 mm
Frequency - 835 MHz £ 1 MHz
Head TSL parameters
The following parameters and calculalions wers appied.
Temperature Permittivity Conductivity
Nominal Head TSI; parameters 20°C a1.5 .90 mho/m 1
Measured Head TSL parameters (220+£02)°C 427 26% | 09D mho/m 26 %

Head TSL temperature change during test

SAR result with Head TSL

<10°C 1 oS B

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

Candition

SAR meagured

250 W inpul power

SAR for noeninal Head TSL paramsters

normalized fo 1W

237TmW /g
9.51 mW /g 1 18.8 % (k=2}

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

SAR measured 250 m\W input power 1.55mW /g

SAR for nominal Head TSL parameters normaized to 1W 6.25 m\W ig £ 18.7 % (k=2) |
Body TSL parameters

The following paramsaters and calculalions were soplied.
Temperature [ Permittivity Conductivity

Nominal Body TSL parameters 220°C 55.2 0.97 mho/m

Measured Body TSL parameters (220202 °C 56.016% | 100 mho/m 26 %

Bady TSL temperature change during test <10°C -— —- '
SAR result with Body TSL

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

SAR messured 250 mW input power Z24B MW fg

SAR for noming Bogy TS parameters

normalized to 1W

9.66 MW /g £ 10.8 % (k=2)

Certificate No: Z18-60298

TRF No.: FCC SAR_b

 SAR avaraged over 10 ¢’ (10 g) of Body TSL Condition
SAR measured 250 m\W input cower 165mWig
SAR for nominal Body TSL paramaters normalized 1o 1W 6.50 mW /g £ 18,7 % (kﬂ)'
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Appendix (Additional assessments outside the scope of CNAS L0570)

Antenna Parameters with Head TSL

Impadance. transformed lo feed point | 50.30- 4 64j0)
Raturn Loss . 76.243

Antenna Parameters with Body TSL

Impedanca. transformes lo feed point I 47.40-8.67)0
Retum Loss | -227dB

General Antenna Parameters and Design

Electrical Delay (one direction) ] 1.257 ns

After lang term use with 100V radiated power, only a slight warming of the dipole near the feadpaint can
be measured.

The dipcle is made of standard semirigid coaxal cable, The center conductor of the feeding line Is diractly
connected to the second arm of the dipole. The antenna is therafere short-circuited far DC-signals. On zome
of the dipoles, small end caps are added to the dipole arms in order to improve matching when loaded
according to the pesition as explained in tha "Measurement Conditions" paragraph. The SAR data are not
affected by this change. The overall dipole length is still according Lo the Standard.

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

Additional EUT Data

Manufacturad by | SPEAG

Cerlilicate No: Z18-60298 Page 4 of &
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DASYS Validation Report for Tead TSL Date: 09.04.2018
Test Laberatory: CTT1., Beijing, China
DUT: Dipole 835 MHz; Type: DB35V2: Scrial: D835V2 - SN: 4d196
Communication System: UID 0, CW; Frequency: 835 MHz; Duty Cycle: 1:1
Medium parameters used: [ 835 MHz;: o = 0.904 Sim; £, = 42.71; p = 1000 kg/m3
Phantem section: Right Scction
DASYS Configuration:

»  Probe: EX3DV4 - SNT464; ConvF(10.28, 10128, 10.28) @ 835 MHz; Calibrared:
9/12:207
«  Sensor-Surlace: [.-4mm (Mechanical Surface Detection)
« LClectronics: DAEA Sn1524; Calibrated: 971372017
»  Phantom: MI'P V5.1C ; Type: QD 000 PS1CA: Serial: 1062
»  Measurement SW: DASYS2, Version 52,10 (1); SEMCAD X Version 14.6.11
(7439)
Dipole Calibration/Zoom Scan (7x7x7) (7x7x7)/Cube 0: Measurement grid: dx=5mm,
dy=5mm, dz~Smm
Reference Value = 57.52 Vim: Power Drift = 0,02 dB
Peak SAR {extrapnlated) = 3,59 Wike
SAR(1 g) = 2.37 Wikg; SAR(10 g) = 1.56 Wikg
Maximum value of SAR (measured) = 3.18 Wikg

-2.08
-4.15
‘6.23

-8.30

A038 | & .

0 dB = 3.18 W/kg = 5.02 dBW/kg

Cerliflicale No:- Z1 §-60298 Page Sof 8
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Impedance Measurement Plot for Head TSL
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DASYS Validation Report for Body TSL Dute: 09.062018
‘I'est Laboratory: CTTL. Beijing, China
DUT: Dipole 835 MIlz; Type: DE35V2; Serial: DB35SV2 - SN: 44196
Communication System: UID 0. CW: Frequency: 835 MHz; Duty Cycle: 1:1
Medium purameters used: = 835 MHz; o — 0.998 S/m; £, — 56.04; p = 1000 kg/m3
Phantom section: Center Section
DASYS Confliguration:

* Probe; EX3DV4 - SN7464; ConvF(10.21, 10.21, 10.21) {@ 835 MHz; Calibrated:
9/12/2017
= Sensor-Surface: 1.4mm (Mechanical Surface Detection)
o Electronics: DAE4 Sn1524; Calibrated: 9/13/2017
= Phantom: MFP V3.1C : Type: QD 000 PS1CA; Serial: 1062
»  Measurement SW: DASYS2, Version 52.10 (1); SEMCAD X Version 14.6.11
(7439)
Dipole Calibration/Zoom Scan (7x7x7) (7x7x7)/Cube 0: Mcasurement grid: dx—Smm,
dy=5mm, dz=Smm
Reference Value = 55,63 Vim; Power Drifl - 0.00 dB
Peak SAR (extrapulated) = 3.69 Wikg
SAR(1 g) = 2.46 W/ke; SAR(10 g) = 1.65 Wikg
Maximum value of SAR (measured) = 3.27 Wikg

dg
0

-1.498
-3.96
-5.95

-7.93

[

4.9
O dR=3.27 Wikg =515 dBW/kg
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Impedance Measurement Plot for Body TSL
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Client Intertek Certificate No:  Z18-60300
CALIBRATION CERTIFICATE

Object D1750V2 - SN: 1138

. Calibration Procadura(s) FF-Z11-003-01
Calibration Procedures for dipoie valldation kits

Calibration date; September 13, 2018

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

All calibrafions have been conducted in the closed laboratory facility: environment temperatura(zzi3)t: and
humidity<70%.

Calibration Equipment used (M&TE critical for calibration)

Primary Standards o# Cal Déte(Calibrated by, Certificate No.) Scheduled Calibration
Pawer Meter NRVD 102083 01-Nov-17 (CTTL, No.J17X08756) Oct-18
Power sensor  NRV-Z5 100542 01-Nov-17 (CTTL, No.J17X087586) Oct-18
Reference Probe EX30DV4 | SN 2846 25-Jan-18{SPEAG No.EX3-3845_Jan18) Jan-19
DAE4 SN 777 15-Dec-17(SPEAG,N0o.DAE4-777_Dect7 Dec-18
Secandary Standards ID# Ca} Dgtp(CaIIbrated by, Cerlificate No.) Scheduled Callb{alion
Signal Generator E4438C  MY49071430 23-Jan-18 (CTTL, No.J18X00560) Jan-18
NetworkAnalyzer ES071C | MY46110673 24-Jan-18 (CTTL, No.J18X00561) Jan-19

Name Function Signature

Calibrated by: Zhao Jing SAR Test Engineer '%Z

Reviewed by: Lin Jun SAR Test Engineer /vﬂT.

Approved by: Qi Dianyuan SAR Project Leader

i Dianyu j C,_;ﬁc?@"l /

Issued: September 15, 2018
| This calibration certificate shall not be reproduced excepl in full without writtan approval of the Izboratory.
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CALIBRATION LABORATORY

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

c) IEC 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 al 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 hody axis.

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

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

Cerlificate No; Z18-60300 Page 20f 8
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Adcl: Nu 51 Xueyuen Rond, Haddian Distiict. Begjing, 100191, China
Tel: +84-10-62304633-2079 Fua: 186-10-RZ30M631-250M
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200810037SZN-005-Appendix B

Measurement Conditions
DASY system configuration, as far as nol given on page 1. o
DASY Version DASYS2 52.10.1.1478
Extrapolation Advanced Extrapolation |
Phantom Triple Flat Phantom 5.1C
Distance Dipole Center - TSL 10 mm with Spacer
Zoom Scan Resolution o, dy, dz = 5 mm
Frequency 1750 MHz £ 1 MHz
Head TSL parameters
The following parameters and calculations were applled =
Temperature Permittivity Conductivity
Nominal Head TSL parameters 220°C 40.;1 | 1.37 mho/m
Measured Hoad TSL parameters (220202)°C 40926% ' 1.36 mho/m + 6 % |
l Head TSL temperature change during test <10°C |
SAR resulf with Head TSL
SAR averaged over 1 ¢ni”° {1 g} of Head TSL ! Conditon |
SAR measured 250 mW input power 9.19mW /g
SAR for nominal Hesd TSL parameters normalized to 1W 37.1 mW ig £ 18.8 % (k=2)
SAR averaged over 10 ¢’ (10 g) of Head TSL Condition |
SAR measured 250 m\W input power 496 MW /g |
>SAR for nominal Head TSL parameters norrrzl;-!;z-éd t; ‘iW 20,0 mW /g % 18.7 % (k=2)
Body TSL parameters
The following parameters and calculations were applied
Tomperature Permittivity Conductivity |
Nominal Body TSL parameters 220°C 53.4 7 1.48 mhao/m
Measured Body TSL parameters (220:02)"C 534+6% 1.52 mhoim £ 6 % |
Body TSL temperature change during test I ;1.0 °C
SAR result with Body TSL
SAR averaged over 1 cm’ (1 p) of Bedy TSL Conddicn
SAR measured ] 250 mW input pawer 261 mwW/g
SAR for nominal Body TSL parameters norma‘zed toc 1W 38.0 mW /g £ 18.8 % (k=2) [
SAR averaged over 10 cni” (10 g) of Body TSL Condition
_Smeasured 250 mW inpud povver 519 rrm ‘g

I SAR for nominal Body TSL paramelers

normalized to 1W

20.6 mWig £ 18.7 % (k=2)

Certificate No: ZI8-60300 Page 3 of &
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Appendix (Additional assessments outside the scope of CNAS L0570)

Antenna Parameters with Head TSL

Impedance, transformed to feed paint 497-273 0 ’
Raturn Loss -31.2dB
‘ |

Antenna Parameters with Body TSL

l Impedance, transformed to feed point 4490-2.90jQ 4‘
- 24,
L_F\‘_elum Loss 242 d8

General Antenna Parameters and Design

Electrical Delay (cne direclion) 1.088 ns |

After long term use with 100W radiated power, anly 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 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 dipola arms in order to improve matching when loaded
according to the position as explained in the "Measurement Conditions” paragraph. The SAR data are not
affected by this change. The overall dipole length is still according to the Standard.

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

Additional EUT Data

NManufacturad by SPEAG I

Certificate No: 218-60300 Page 4 of 8
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DASYS Validation Report for Head ‘TSL Drate: 09.132018
‘lest Laboratory: CTTT., Beijing, China
DUT: Dipole 1750 MIlz; Type: D1750V2; Serial: D1750V2 - SN: 1138
Communication System: ULD ¢, CW; Frequeney: 1750 MHz; Duty Cycle: 1:1
Medium parameters used: £= 1750 MHz; o = 1.361 S/m; g = 40.85; p = 1000 kg/m?
Phantom scetion: Center Section
DASYS Configuration:

» P'robe: EX3DV4 - SN3846; ConvF(8.41, 8.41. 8.41) @ 1750 MHz; Calibrated:
1/25/2018
¢ Sensor-Surface; T.4mm {Mechanical Surfuce Detection)
« Electronics: DAE4 Sn777; Calibrated: 12/15/2017
¢ Phantom: MEP_V3.1C ; Type: QD 000 P31CA; Serial: 1062
»  Measurement SW: DASYS2, Version 52.10 (1): SEMCAD X Version 146,11
(7439)
System Performance Cheek/Zoom Scan (7x7x7) (7x7x7)/Cube 0: Measurement grid:
dx=3mm, dy=3mm. dz=5mm
Reference Value = 96.76 Vim: Power Drift = -0.02 dB
Peak SAR (extrapolated) = 16.8 Wikg
SAR(1 g) = 9.19 Wikg: SAR(10 g) = 4.96 Wikg
Maximum value of SAR (measured) = 4.1 Wikg

-3.26
-6.52
-9.77

-13.03

=

-16.29

0 dB = I14.1 W/kg =11.49 dBW/kg

Centificate No: Z18-60300 Page saofs
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Impedance Measurement Plot for Head TSL

200810037SZN-005-Appendix B
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DASYS Validation Report for Body TSL Date: 019.13.2018
‘T'est Laboratory: CTTL, Beijing, China
DUT: Dipole 1750 MHz; Type: D1750V2; Serial: D1750V2 - SN: 1138
Communication System: ULD 0, CW: Frequency: 1730 MHz; Duty Cycle: 1;1
Medium parameters used: £= 1750 MHz; o = 1.519 S/im; ¢, = 53.44; p ~ 1000 kg/m3
Phantom scction: Left Section
DASYS3 Configuration:

* Probe: EX3DV4 - SN3846; ConvF(7.84, 7.84, 7.84) @ 1750 MHz; Calibrated:
1/25/2018
o Sensor-Surface: [.4mm {(Mechanical Surface Thetection)
o [lectronics: DAE4 Sn777: Calibrated: 12/15/2017
o Phantom: MFP_V3.1C ; Tyvpe: QD 000 P31CA; Serial: 1062
»  Mceasurement SW: DASYS2, Version 52.10 (1) SEMCAD X Version 14.6.11
{7439)
System Performance Check/Zoom Scan (7x7x7) (Tx7x7)/Cube 0: Measurement wrid:
dx=5mm, dv=3mm, dz~5mm
Reference Value — 93.43 Vim; Power Drift = 0.07 dB
Peak SAR (extrapolated) = 17.2 Wikg
SAR(1 g) =9.61 Wikg: SAR(10 g) = 5.19 W/kg
Maximum value of SAR (measured) — 14.6 Wikg

dB
0

-3.13
-6.27
-9.40

-12.54

-15.67 | -

0 dB=14.6 W/kg = 11.64 dBW/kg

Certificate No: Z18-60300 Page 7of &
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Impedance Measurement Plot for Body TSL

200810037SZN-005-Appendix B
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Adé: No.51 Xueyuan Road, Hidian Distriet, Beijing, 100191, China  %,,7 7 CALIBRATION
et BE-10-6234633-2070  Fax: /86-0-62104613.2504 /'ll.m\‘ CNAS L0570
E-mail: culi@chinatl.com bttpfwww.chinadl.cn
Client Intertek Certificate No:  Z18-60301

CALIBRATION CERTIFICATE

Objact D1900V2 - SN: 54203

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

Calibratlon Procadures for dipole validation kits

Calibration date: September 11, 2018

This calibration Certificate decuments the traceability to national standards, which realize the physical units of
measurements(Sl). The measurements and the uncerlainties with confidence probability are given cn the fellewing
pages and are part of the certificate.

All calibrations have been conducted in the closed laboratery facility; environment temperature22+2)C and
humidity<70%.

Calibraton Equipment used (M&TE critical for calibration)

Primary Standards 1D # Cal Date(Calibrated by, Certificate No.) Scheduled Calibration
Power Meter NRVD I 102083 01-Nav-17 (CTTL, No.J17X08756) Qct-18
Power sensar  NRV-Z5 100542 01-Nov-17 (CTTL, No.J17X08756) Oct-18
Reference Probe EX3DV4 | SN 7464 12-Sep-17(SPEAGNo.EX3-7464_Sepi7) Sep-18
DAE4 SN 1524 13-Sep-17(SPEAGN0. DAE4-1524_Sep17) Sep-18
Secondary Standards D # Cal Date(Calibrated by. Certificate No.) Scheduled Calibration
Signal Generator E4438C | MY49071430 23-Jan-18 (CTTL, No J18X00580) Jan-19
NetworkAnatyzer ESO71C | MY46110873  24-Jan-18 (CTTL, No.J18X00561) Jan-19

Name Function Signature
2
‘ Calibrated by: Zhao Jing SAR Test Engineer 'ZZ{
Revieviad by: Lin Jun SAR Test Engineer 444'

Approved by: Qi Dianyuan SAR Project Leader m

lssuad: September 15, 2018
This calibration certificate shall not be reproduced except in full without written approval of the laboratory. I

Certificate No: £18-60301 Page | of &
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Add. Ne.S1 Xugyuun Rond, Haidian Districe, Beijing, 100191, China
Tel: 186-10-62304633.2079 Fax: +86-10-62304633-2501

Eemail: citl@chinait), com hepiifww.chiznatt.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 622081, "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
B8GHz)", 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) KDB865684, 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 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.

» Anlenna 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.

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

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

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

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

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

Certificate No: Z18-60301 Page 2 of §
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Mooa:sl:(remont andi:lons . : ;
configuration, a& far as not glven on LR
oA Vot T e R
| Extrapolation Advarced Exirapolation 7
Phantorn Tripie Flat Phantom 5.1C
' Distance Dipole Center - TSL 13 mm with Spacer
Zoom Scan Resolution dx, dy, dz =5 mm
I Frequency ’ 1900 MAHz & 1 MHz —,
Head TSL parameters
The followl elers and calculations were apolied.
7 I Temperature I Permittivity Conductivity '
Nominal Head TSL parameters N 220"C 40.0 140 mho!/m
—Measumd Head TSL parameters . (220+02)°C 404+6% 1.44 mho/m + 8 % |
Head TSL nempentuﬁ change during test <1.0°C e
SAR result with Head TSL —_—
SAR averaged over 1 ¢m’ (1 g) of Head TSL Condition '
SAR measured 250 mW input power 977mWig |
SAR for nominal Head TSL parameters normalized to 1\ 38.6 mWig £ 18.8 % (k=2)
SAR averaged over 10 ¢’ (10 g) of Head TSL | Conxditicn ‘
ZXR measired ' 250 mW input power 516mW/g
| SAR for noménal Head TSL parameters E_rr\Aonmlized e 1W 20.5 mW /g £ 18.7 % (k=2)
Body TSL parameters
The following sarameters and calculations were applied
[ Temporature | Permittivity | Conductivity |
;h!qrplnal Body TSL parameters 220°C 53.3 : 1.52 mhoim
Measured Body TSL parameters (220+£02)°C 63326% 1.4 mho'm £ 8 %
’?dy TSL temperature change during test <1B C -
SA'R result with Body TSL )
SAR averaged over | ¢’ (1 g) of Bogy TSL Condition
SAR measurad o 250 mW input pewer .98 mWig
SAJi for nominal Body TSL parameters normalized to 1N 40.3 mW /g £ 18.8 % (k=2)
SAR averagad over 10 cmi® (10 g) of Body TSL Condition |
SAR messued v 250 mW inpul power 54377mW!g
SAR for nominal Body TSL paramelers ] normalized to 1\W 216 mWig £18.7 % (k;
Certificate No: Z18-60301 Page 3 of'
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Appendix (Additional assessments outside the scope of CNAS L0570)

Antenna Parameters with Head TSL

Retum Loss - 22 B0B

Antenna Parameters with Body TSL

Impedance. transformed to feed point } 53.20+ 6.92jQ l

Impeaance, transformed to feed point 48.60+ 6.69)0
Retum Loss I -23.2dB

General Antenna Parameters and Design

| Electrical Delay [one directon) I 1057 ns

After long term use with 100 radiated power. only a slight warming of the dipele near the feedpaint can
be measured.

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

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

Additional EUT Data

Manufaciured by | SPEAG J
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DASYS Validation Report for Head 'TSL Drate: 09102018
Test Laboratory: CTTT,, Beijing, China
DUT: Dipole 1900 MHz; Type: D1900V2; Serial: DI900V2 - SN: 54203
Communication System: UID 0, CW; Frequeney: 1900 MHz; Duty Cycle: 1:1
Medium parameters used: f= 1900 MEHz; o = 1.438 Sfm; g = 40.37; p = 1000 kp/m3
Phantom section: Center Section
DASYS Configuration:

» DProbe: EX3DV4 - SN7464; ConvF(8.39, 8.39. 8.39) (@; 1900 MHz; Calibrated:
9/12/2017

¢ Sensor-Surface; 1.4mm {Mechanical Surface Netection)

« TFlectronics: DAE4 Sn1324; Calibrated; 9/13/2017

o Phantom: MFP_V35.1C ; Type: QD 000 P51CA; Serial: 1062

= Measurement SW: DASY32, Version 52.10 (1) SEMCAD X Version 14.6.11
(7439)

System Performance Check/Zoom Scan (7x7x7) (7x7x7)/Cube 0: Measuremenl grid:
dx=53mm, dy=3mm, dz=5mm

Reference Value = 97.27 V/m; Power Drift = 0.03 dB

Peak SAR (extrapolated) = 18,2 Wkg

SAR(1 g) =9.77 W/kg; SAR(10 g) = 5.16 Wikg

Maximum valuc of SAR (measured) = 15.1 Wkg

e

-3.43
-6.86
-10.29
-13.72
17.15 L
0dB =151 Wikg=11,79 dBW/kg
Certificate No: Z18-60301 Page Sof 8
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Impedance Measurement Plot for Head TSL

Tri 511 Lcg wag L0, 0Gce/ sef 0.0000p (Fi) =
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v CALIBRATION LABORATORY
Add: No.51 Xucvuan Ruewd, |Tuidian Distece, Peijing, 100191, China

IS +86-10-62304633-2079 Fu: +86- 1623046332504
E-mail: et@dchinsi! com hup:dswaw,chinpttl.cn

DASYS Validation Report for Body TSL Date: 09.10.2018
Test Laboratory; CTTL, Beijing, China
DUT: Dipole 1900 MHz; Type: D1900V2; Serial: D1900V2 - SN: 5d203
Communication System: UID 0, CW; Frequency: 1900 MHz: Duty Cycle: 1:1
Medium parameters used: [~ 1900 MHz; 6 = 1,493 Sim; g, = 53.34; p — 1000 kg/m3
Phantom section: Right Section
DASYS Cenfiguration:

¢ Probe: EX3DV4 - SN7464; ConvF(8.32, 8.32. 8.32) @ 1900 MHz; Calibrated:
912217

= Sensor-Surface: 1.4mm (Mechanical Surface Deteetion)

« Elcctronics: DAE4 Sn1324; Calibrated; 9/13/2017

o Phantom: MFP_V35.1C ; Type: QD 000 P31CA: Serial: 1062

s  Measurement SW: DASYS2, Version 52.10 (1) SEMCAD X Version 14.6.11
{7439))

System Performance Cheek/Zoom Scan (7x7x7) (7x7x7)/Cube 0: Mcasurement grid:
dx=3mm, dy-Smm, dz=5mm

Reference Value = 94,17 V/m; Power Drift = -0.07 dB

Peak SAR (extrapolated) = 17.4 Wikg

SAR(L g) = 9.96 Wikg; SAR(10 g) = 5.37 W/kg

Maximum value of SAR (measured) ~ 14.9 Wikg

dB [

-9.38

<12.50

15.63
0 dB = 14.9 Wikg = 11.73 dBW/kg

Certificate No: Z18-6030 | Page 7of R

TRF No.: FCC SAR_b Page 45 of 62



intertek

Total Quality. Assured.

¢ In Colleboration with

=77y s p e a 9
v CALIBRATION LABORATORY
Add: No.51 Xusvuan Road, Haidinn Distost, Beljag, 1091, China

Tel: 184-10-62304633-2079 Fax | BA-10-623M4A31-2504
Eemail: cttlg@chinattl.com hupfwwwechinsitl.en

Impedance Measurement Plot for Body TSL
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CALIBRATION LABORATORY % CNAS 2

Add: No, 51 Xucyuan Road, Haidian Diseser, Baijing, 100191, Chiza ?,/-\\3‘ v CALIBRATION

Tel: 086 10-62304643-2070  Fax: ¢ B6-10-52304633-2504 AOYS CNAS L0570
E-wail: cubichinatl.com hutpediwwwctinatii cn
Client Intertek Certificate No:  218-60303

CALIBRATION CERTIFICATE |

Otfect D2450V2 - SN: 936

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

Calibraticn Procedures for dipcle validation kils

Calibraticn data: August 31, 2018
This calibration Certificate documents the traceability to national standards, which realize the physical units of

measurements{Si). The measurements and the uncertainties with confidence probability are given on the following
pages and are part of the certificate.

All calibrations have been conducted in the closed laboratory facility: environment temperature(22+3)C and

numidily<70%.
Calibration Equipment used (M&TE critical for calibration)
Primary Standards 1D# Cal Date(Calibrated by, Certficate No.) Scheduled Calibraﬁ@_ '
Power Meter  NRVD " 102083 01-Nov-17 (CTTL, Na J17X08756) Oct-18
Pawer sensor  NRV-Z5 100542 01-Nov-17 (CTTL, No.J17X08756) Oct-18
Reference Probe EX3DV4 | SN 7464 12-Sap-17{SPEAGN0.EX3-7484_Sep17) Sep-18
DAE4 SN 1524 13-8ep-17(SPEAGNo.DAE4-1524_Sep17) Sep-18
Secondary Standards 1D # Cal Date{Calibrated by, Cerificate No.) Scheduled Calibration
Signal Generator E4438C | MY49071430 23-Jan-18 (CTTL, No.J18X00560) Jan-19
NetworkAnalyzer ES071C | MY46110373  24-Jan-18 (CTTL, No J18X00561) Jan-18
Name Function Slanatura
Calibrated by: Zhao Jing SAR Test Engineer { %i
Reviewed by: Lin Hao SAR Test Engineer WM
Approved by. Qi Dianyuan SAR Project Leader ﬁ“ppﬁ_‘/‘
Issued: September 3, 2018
This calibraticn certificate shall not be reproduced except in full without vritten approval of the [aboratory.

Certificate No: Z18-60303 Page 1 ol'§
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Add: No.51 Xueyuun Road, Haidian Disniet, Beljing, 100191, China
el +86-10-62304633-2079 Toe: V8A-10L62304633-2504

F-mail: eirl@chinaml com hpiwwwechimastl.cn
Glossary:
TSL tissue simulating liquid
ConvF sensitivity in TSL / NORMx,y,z
N/A not applicable or not measured

Calibration is Performed According to the Following Standards:

a) 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 622081, *Measurement procedure for assessment of specific absorption rate of human
exposure to radio frequency fields from hand-held and body-mounted wireless
communication devices- Part 1: Device used next to the ear (Frequency range of 300MHz to
BGHz)", July 2016

c) |[EC 62208-2, "Procedure to measure the Specific Absorption Rate (SAR) For wireless
communication devices used in close proximity to the human body (frequency range of
30MHz to 8GHz)", March 2010

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

Additional Documentation:
@) DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

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

= Anfenna Parameters wilfi 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.

s Feed Point Impedance and Returm 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.
Ne 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.

s SAR for nominal TSL paramaters: The measured TSL parameters are used to 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%.

Cerlifivate No: Z18-60303 Page2zofx
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Add: No.51 Xueyuun Roac. Haidien Disracr, Reljing, 100191, China
Jel +86-10-62301633-2079 Fux: | BA-10-A2304633-2504
F-mail: eetli@chinoft’ com hitpiwwaw. chinattl.ca

Measurement Conditions

DASY syslem configuration, as far 55 not given on page 1. '
DASY Version DASYSZ 52.10.1.1475
Extrapolation ‘ Advanced Extrapolation
Phantom Trip'e Flat Phantam 5.1C
I_)istanco Dipole Center - TSL 10 mm wilh Spacsr
Zoom Scan Resolution di. dy, dz = 5§ mm
Fraquency 72450‘ MHz £ 1 MHz

Head TSL parameters
The fellowing parametars and calcufabons were applied .
Temperature Parmittivity Conductivity
Nominal Head TSL parameters 220°C 392 ] 1.80 rohadm
Measured Head TSL parameters (220:02)°C BB26% 1.80 mhalm +6 %
| Head TSL temperature r.bango during test =10"C | — —
SAR result with Head TSL
SAR averaged over1 ¢n1’ (1 g) of Head TSL Candifion
SAR measured 250 mW inpul power 13.3mW i g
SAR f;r naminal Head TSL paramelers nermalized fo 1W 53.1mW /g £ 18.8 % (k=2)
SAR averaged over 10 ¢m’ (10 g) of Head TSL Condition
SAR messurad 250 mW irgut powser B.20mwWig
SAR for nominal Head TSL parameters normalzed lo 1W 24,8 mW /g £ 18.7 % (k=2)
Body_‘l' SL parameters
The following parsmeters and calculations were appbed.
Temperature Permittivity Conductivity
Nominal Body TSL parametors 20°C w7 1.95 mholm
Moasured Body TSL parameters 220£0.2)°C 523:6% | 1.98mhoim6%
-Body TSL temperature change during test <1.0C B — 7
SAR result with Body TSL B =
SAR averaged over1 cni' (1 g} of Body TSL Conadion
SAR measured 250 mW input power 128mwWig
SAR for nominal Body TSL parameters normalized to W 50.7 mW g £ 18.8 % (k=2)
SAR averaged over 10 cni° (10 g) of Bady TSL Canditicn
SAR measurod 250 m\W mput powes S.01mW /g
SAR for nominal Body TSL parameters normalized 1o 1W 23.§ mW ig £ 18.7 % (k=2)
Certificate No: Z18-60303 Page 3 of 3
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Add: No.§1 Xueyumn Road, Haidian Dhatelel, Badjing, 100191, Ching
Tel: +86-10-62304633-2079 Fax: +86-10.62308633-2504
Eempil: cnl@itingtl com BitpaSwwiwchinail.cn

Appendix (Additional assessments outside the scope of CNAS L0570)

Antenna Parameters with Head TSL

Impedance, transformed to feed poind I 53.00+ 2.76i0
Retum Loss l 28.1dR

Antenna Parameters with Body TSL

Impedance, transforme to feed point 49,30+ 5.09iQ

Retur Loss -25.7dB l

General Antenna Parameters and Design

Eleclrical Delay (one dirsction} 1.021ns |

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

The dipale is made of stancard semirigid coaxial cable, The center conductor of the feeding line is directly
connected (e the second arm of the dipole. The antenna Is therefore short=ircuited for DC-signals. On some
of the dipoles, small end caps are added to the dipole arms in crder to imprave matching when loaded
according fo 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 o the Standard.

No excessive force must ba applied o the dipole anns, because they might bend or the soldered
connections near the feadpoint may be camaged

Additional EUT Data

Manufactured by | SPEAG

Certificate No: ZI8-60303 Page4 of &
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N CALIBRATION LABORATORY
Add: No 51 Kueyuna Road, 1aidian District, Pesjing, 100191, China
Tel: +R6-10L2503633-2079 Fa 186-10-62304A535-2504
E-mail: cttlfichinatl com AttpSwwwchinant.en
DASYS Validation Report for Head TSL Dite: 08.31.2018

Test Laboratory: CTTL, Beijing, China

DUT: Dipole 2450 MIlz; Type: D2450¥2; Serinl: D2450V2 - SN: 966
Communication System: UID 0, CW; Frequency: 2450 MHz; Duty Cycle: 1:1
Medium parameters used: = 2450 MITz: o~ 1.802 S/m; £,= 38.84; p = 1000 kg/m3
Phantom section: Right Section

DASYS Configuration:

= Probe: EX3DV4 - SN7464; ConvF(7.89, 7.89, 7.89) @ 2450 MIlz; Culibrated:
91220017

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

s Electronics: DAEA Snl324; Calibrated: 9/13/2017

+ Phantom: MEFP V5.1C : Type: QD 000 P51CA; Serial: 1062

«  Mecasurement SW: DASYS2, Version 52,10 {1); SEMCAD X Version 14.6.11
{7439)

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

Reference Value = 100.1 V/m; Power Drift = (.02 dB

Peak SAR (extrupolated) = 27.6 Wikg

SAR(I g) = 13.3 Wiky; SAR(10 g) = 6.2 Wikg

Maximum value of SAR {measured) = 22.2 Wikg

| |
10
|
431
-0.62

-12.94

-17.25%

L.

-21.56

0 dB =22.2 W/kg = 13.46 dBW/kg

Certificate No: Z18-60303 Page s of 8
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Impedance Measurement Plot for Head TSL
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CALIBRATION LABORATORY

Add: No.51 Xueyuan Rozé. TTaidion Distner, Beijing, 100191, China
Tel +86-10-62304033-2079 Fax: + R6-10-62304633-2504
L-meil: cel@mehinest com hitp:itwww.chinattl cn

DASYS Validation Report for Body TSL Drate: 08.30.2018
Test Luboratory: CTTL, Beijing, China
DUT: Dipole 2450 MHz; Type: D2450V2; Serial: D2450V2 - SN: 966
Communication System: UID 0, CW; Frequeney: 2450 MHz; Duty Cyele: |:1
Medium parameters used: = 2450 MHz; ¢ = 1.982 S/m; &, = 52.34; p = 1000 ke/m3
Phantom section: Center Section
DASYS Conliguration:

Probe: EX3DV4 - SN7464; ConvF(8.09, 8.09, 8.09) @ 2450 Mllz; Calibrated:
91212017

Sensor-Surface: I.4mm (Mechanical Surfuce Detection)

Electronics: DAE4 Sn1524; Calibeated: 9/13/2017

Phantom: MFP_V35,1C ; Type: QD 000 PS1CA; Serial: 1062

Measurement SW: DASYS2, Version 52.10 (1); SEMCAD X Version 14.6.11
(7439)

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

Reterence Value — 93.62 Vim; Power Drift = 0,03 dB3

Peak SAR (extrapolated) = 25.8 Wikg

SAR(1 g) = 12.8 Wikg; SAR(10 g) = 6.01 Wikg

Maximum value of SAR (measured) = 21.0 Wikg

dB

0

-4.21

8.41

-12.62

-16.02

-21.03

L.

0 dB =210 Wkg = 13.22 dBW/kg

Cerlifiente No: Z18-60203 Page 7ol &

TRF No.: FCC SAR_b Page 53 of 62



intertek

Total Quality. Assured.

in Collaboraton with

&777.

CALIBRATION LABORATORY

Add: Na. S| Xueynnn Road, Haidisn District, Beijing, 100191, China
Tel: +86.10.62304633.2079 Fix: +86-10-62304633-2504
E-mail: ctlliickinalll com hupiwaachinesti cn

Impedance Measurement Plot for Body TSL
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Add: No.S1 Xueyno Read, Haidssa Districl, Beging, 00191, Ching f,, d e CMIBRAHON
Tol: ~BE-10-62304633-2079  Fax +86-10-62304633-2504 ooyl CNAS L0570
Femail: entl@vhisat].com hltpSawwchinam e
Client Intertek Certificate No:  Z18-60304
CALIBRATION CERTIFICATE
Object D2600V2 - SN: 1108
Calibraton Procedure(s)

FF-Z11-003-01
Calibration Procedures for dipole validation kits

Calibraticn aate: August 31, 2018

This calibration Cerlificate documents the traceability fo national standards, which realize the physical units of |
measurements(Sl). The measurements and the unceriainties with confidenca probability are given on the following
pages and are part of the certificate

All calibrations have besn conducted In the clesed laberatory facllty: environment temperaturei2z13)c and
humidiy<70%.

Calibraticn Equipment used [METE critical for calibration)

Primary Stancards 1D # Cal Date[Callbra(ed oy, Certificate No.) Scheduled Calibration
Power Meier  NRVD 102083 01-Nov-17 (CTTL, No.J 17)(08756] Oct-18
Power senscr  NRV-Z5 | 100542 01-Nov-17 (CTTL, No,J17X08756) Oct-18
Referenca Probe EX3DV4 | SN 7484 12-Sep-17(SPEAGN0.EX2-7454_Sep17/) Sep-18
DAE4 SN 1524 13-Sep-17(SPEAG N0 DAE4-1524_Sep17) Sep-18
Secondary Standards ID# Cal Date(Calibrated by, Cerlificate No.) Scheduled Calibration
Signal Generalor E4438C | MY49071430 23-Jan-18 (CTTL, No.J18X00560) Jan-19
Network Analyzer ES071C | MY46110673  24-Jan-18 {CTTL, No.J18X00561 ) Jan-1¢
Name Functicn Signature
Calibrated oy: ;
&l oy Zhao Jing SAR Test Engineer { %,
Reviewed by: Lin Hao SAR Test Englnger ﬁ%

Appraved by: Qi Dianyuan SAR Project Leader W

Issued: September 3, 2018
Thie calibration certificate shall not be reproduced excapt in full withoul writtan approval of the laboratory.
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CALIERATION LABORATORY

Add: No.S1 Xueyuun Roac, Haidian Distrce, Reijing, 100191, (hing
fol: +86-10-62304633-2079 Fax:  RA-10-62304633-2504

E-muil: cul@chinott] com hetpetwonw, ehinan ! e
Glossary:
TSL tissue simulating liquid
ConvF sensitivity in TSL/ NORMx,y,z
NfA 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 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
6GHz)", July 2016

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

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

Additional Documentation:
e) DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

= Msasurement 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 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.

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.

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

e SAR for nominal TSL parametars: 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 factoer k=2, which for a nomal distribution
Carmresponds to a coverage probability of approximately 95%.

Certificate No: Z18-60304 Page 2 0f'8
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Measurement Conditions
DASY system configuralion_as far as .nm given on page 1.

200810037SZN-005-Appendix B

DASY Version DASYS2 52,101 1476
Extrapolation Advanced Extrapolation

Phantom Triple Flat Phank;m 5.1C

Distance Dipole Center - TSL 10 mm vith Spacer

Zoom Scan Resolutlon dx, dy, dz =5 mm

=1

l Frequency 2600 MHz 2 1 MHz
Head TSL parameters
The following parameters and calculalions were applied.
Temperature Permittivity Conductivity |
Nominal Head TSL parameters 220°C 390 1.88 mha'm
Measured Head TSL &;a;ﬁﬁhu (220202)C W3I26% | 1.98 mho/im 26 %
Head TSL temperature change during test <1.0°C ' —-
SAR result with Head TSL
[ SAR averaged over 1 ¢’ (1 g) of Head TSL Condition |
' SAR messured 250 mW input pawer | 143mW/g
SAR for nominal Head TSL parameaters normalized te 1/ 56.8 mW g 18.8 % (kT)
SAR averaged over 10 cat® (10 g) of Head TSL Conditon
SAR measured a 250 mW input power 64t mN /g
aR for nomanal Head TSL paramelers 7 normalized 1o 1W 266 mW /g £ 18.7 % (k=2)
Body TSL parameters
The following paramaters and calculations were applied. -
Temperature ' Permittivity Conductivity
Nominal Body TSL parameters 220°C 525 2.1 mho/m o
Measured Bt-nly TSL parameters (220+02)°C [ 524:6% 215mho/m =6 %—
Body TSL lunmafure change during u.u.lt1 <10°C - I — 1
SAR result with Body TSL
SAR averaged overd cir (1g)of Body TSL | Conation
SAR measured 280 mW inpui power 137 mW i g
SAR for nominal Body TSE parametars normalized to 1W N 54.9 mW /g £ 18.8 % (k=2)
SAR averaged over 10 c/m” {10 g) of Body TSL Candilian
—SAR mesasured 250 mW inpul power 616 mN /g
EAR for nominal Body TSL paran#;rs nomnalized to 1W 24,7 mW /g £ 18.7 % (k=2) }

Certificate No: Z18-60304 Page 3 of
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In Collsboration with

Add: No.S1 Xueyunn Road, Haidinn District, Buijing, 100181, China
Tel: 486-10.62304633-2079 Faia; +86-10-52304633-2504
E-mail: cutliichinalll cven hupitwwmeclinestl cn

Appendix(Additional assessments outside the scope of CNAS L0570)

Antenna Parameters with Head TSL

Impedance, transformed to feed point 48.70- 73312
Retum Loss - 22 5dB

Antenna Parameters with Body TSL

Impedance, transformed to feed point 45.30- 548|100
| Return Loss -22.4dB

General Antenna Parameters and Design
| Exclrical Delay (one direction) | 1.020 s

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

The dipole Is made of standard samirigid coaxial cable The center conducior of the feading line is directly
cennected to the sacond arm of the dipole. The antenna is therefore short-circuited for DC-signals. On soma
of the dipoles, small end caps are added to the dipole amma in order to improve matching whan loaded
accerding to the position as explainad in the "Measurement Conditions™ paragraph. The SAR data are not
affected by this change. The overall dipole length is still accerding to the Standard.

No excessive force must be applied to the dipole arms, bacause thay might bend or the soldered
conrectons near the feedpaint may be damaged.

Additional EUT Data

Manufactured by l SPEAG |
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DASYS Validation Report for Head TSL IZale: D8,30,2018
Test Laburatory: CTTL, Beijing, China
DUT: Dipole 2600 MHz; Type: D2600V2; Serial: D2600V2 - SN: 1108
Communication System: UID 0, CW; Frequency: 2600 MHz; Duty Cycle: 1:1
Medium parameters used: [= 2600 MHz;, o = 1.977 S/m; ar = 38.28; p = 1000 ke/m3
Phantem section: Center Scction
DASYS Configuration:

o Probe: EX3DV4 - SN7464: ConvF(7.76, 7.76, 7.76) @ 2600 MHz; Calibrated:
9/12:2017

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

« FElectronies: DAEA Snl524; Calibeated: 971372017

¢  Phantom: MFP_V5.1C ; Type: QD 000 PS1CA; Serial: 1062

o Measurement SW: DASYS2, Version 52,10 (1): SEMCAD X Version 14.6.11
(7439)

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

Reference Value = 103.6 Vim; Power Drilt = 0.06 dB

Peak SAR (extrapolated) = 30.7 Wikg

SAR(1 g) = 14.3 Wikg; SAR(10 g) = 6.41 Wikg

Muximum value of SAR {(measured) = 24.6 Wike

dB [
n

-4.58
916
-13.74

18.32
ks

0dB =24.6 W/kg =13.91 dBW/kg

-22.90
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Impedance Measurement Plot for Head TSL
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DASYS Validation Report for Body TS1. [ate: 08,30,2018
Test Labaratory: CTTL, Beijing, China
DUT: Dipole 2600 MHz: Type: D2600V2: Serial: D2600V2 - SN: 1108
Cemmunication System: UID 0, CW; Freguency: 2600 MHz; Duty Cycle: 1:1
Medium parumeters used: £= 2600 MHz; ¢ = 2,152 S/m; er — 52.38; p = 1000 kg/m3
Phantom section: Right Section
DASYS Configuration:

«  Probe: EX3DV4 - SN7464; ConvF(7.84, 7.84, 7.84) @ 2600 MHz; Calibrated:
91272017

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

»  Electronics: DAES Snl524; Calibrated; 9/13/2017

¢ Phuntom: MFP_VS,1C ; Type: QD (00 PSICA; Serial: 1062

¢ Measurement SW: DASYS2, Version 52,10 (1); SEMCAD X Version 14.6,11
(7439)

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

Reference Value = 95.65 V/m; Power Drift - 0.03 dB

Peak SAR (extrapolated) = 29.1 Wikg

SAR(1g)=13.7 W/kg: SAR(10 g) = 6.16 Wikg

Maximum value of SAR (measured) = 23.3 W/kg

e

-4.52

-9.04

-13.55

-18.07

-22.59 L_' __

0 dB =23.3 Wikg = 13.67 dBW/kg
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Impedance Measurement Plot for Body TSL
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