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CALIBRATION CERTIFICATE
Object D2450V2 - SN: 818
Calibration Procedure(s) FD-211-2-003-01

Calibration Procedures for dipole validation kits

Calibration date: Seplember 14, 2015
This callbration Certificate documents the traceability to 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 cerfificate.

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

Calibration Equipment used (M&TE critical for calibration)

Primary Standards D # Cal Date(Calibrated by, Certificate No) __Scheduled Calibration
PowerMeter NRPZ [ 101919 01-Jul-15 (CTTL, No.J16X04256) Jun-16
Powersensor NRP-ZO1 | 101547  01-Jub15 (CTTL, No.J15X04256) Jun-16
Reference Probe EX30V4 | SN3846  24-Sep-14(SPEAGNo.EX3-3846_Sep1d) Sep-15
DAE4 SN 910 16-Jun-15(SPEAG No.DAE4-910_Jun15) Jun-16
Secondary Standards | 1D # Cal Date(Caiibrated by, Certificate No) _Scheduled Calibration
Signal Generalor E4438C | MY40071430 02-Feb-15 (CTTL, No.J16X00729) Feb-16
Network Analyzer ES071C | MY46110673  03-Feb-15 (CTTL, No.J15X00728) Feb-16

Name Function Signature

Callbrated by: Zhao Jing SAR Test Engineer {4

Reviewsd by: Qi Dianyuan SAR Project Leader S T i

Approved by: Lu Bingsong Deputy Director of the laboratory r_ Mqrz

Issued: September 23, 2015
This calibration certificate shall not be reproduced except in full without written approval of the faboratory.
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Glossary:
TSL tissue simulating Rguid
ConvF gensifivity in TSL f NORMx,y.z
MNFA ot 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: Measuremant Techniques®, June 2013

b) IEC 62208-1, “Procedure to measure the Specific Absorption Rate (SAR) For hand-held
devices used in close proximity fo the ear (frequency range of 300MHz to 3GHz)", February
2005

¢) KDBBE5GE4, SAR Measurement Requiremants for 100 MHz to 6 GHz

Additional Documentation:
) DASY4/5 Systern Handbook

Mathods Applied and Interpretation of Parameters:

» Measurement Condifions: Further detalls are avallable from the Validation Report at the end
of the cedificate. Al figures slated in the certificate are valid at the frequency indicated,

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

¢ Feed Poinf Impedance and Return Loss: These parameters are measurad with the dipole
positioned under the liquid filled phantom. The impedance stated is transformed from the
measurement at the SMA connecter to the feed point, The Return Loss ensures low
reflected power. Mo uncertainty requirad.

s Elsclrical Delay: One-way delay between the SMA connector and the antenna feed peint.
Mo uncertainty requirad.

»  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
connacior.

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

The reporied uncertainty of measurement is stated as the standard uncerainty of
Measurement multiplied by the coverage factor k=2, which for a normal distribution
Corresponds o a coverage probability of approximately $5%.

Certilicale Ma; 21597122 Page 2 of B
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Measurement Conditions
DASY system configuralion, as far as nol given on pags 1.
DASY Varalon Dt 52 62681222
Exirapalation Advanced Extrapolation
Phantom Triple Flal Phantom 5.1C
Distance Dipale Centar - TSL mm with Spacer
Zoom Scan Resclulion o, dy, dz = & rn
Fragquoncy 2450 MHz 1 Mz

Haad TSL parameters

The fabowing paramaters and calculations were appliad,
Tamperature Permittivity Conductivity
Nominal Head TSL parameters 2o*C 302 1,80 rkiefn
Measurod Head TSL paramaters (22002 °C B.0+6% 1,53 mhotm £ 6%
Head TSL temparaltuire change durlng tost =1.0%C .
SAR result with Head TSL o

SAR sveragsd over 1 cm’ (1 g) of Head TEL Candition
SAR meassurad 250 MW input power 13 3mwW ig
BAR for nominal Head TSL paramelers rerrnaiized bo 1V 52.7 mW fg £ 20.8 % (k=2
.EAR amn;i avar 10 ¢’ {10 g) of Heas TSL Condilion
SAR maasured 250 mW inpul poser B8 mwW g

I_Eu'cﬂfn: nominal Head TSL paramabers narmalized 1o 1W 246 MWW ig £ 20.4 % (k=2)

Body T5L parameters
The fallmsing parameders and calculslions were apglied.

Temparatura Parmittivity Conductivity
Hominal Bady TSL parameters 200 52,7 1.95 mhafm
Muoasured Body TSL parametars (2204 0.2) "G §10:6% 1.4 mhofm 4 I!_“_
Body TSL temperature change during test <100 — —
SAR result with Body TSL
SAR averaged over 1_cnr’ (1) of Body TSL Condilion
SAR measured 260 mA inpult power 128 mW i g
SAR for nomingl Bady TSL parameters nomalizedto TW | 5.0 mW Jg £ 20.8 % (k=2)
SAR averaged over 10 cim’ (10 ) of Body TSL Condition
SAR measured 250 mW input poviér S8 mW g
SAR far nominal Body TSL paramelers narmalized to 1W 23.9 mWW fg £ 20.4 % (k=2) |
Certificate No: 21597122 Page 3 of #
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Appendix

Antenna Parameters with Head TSL

brpedance, ansformed o leed pain 2001+ 4.41j0
Raturn Loss - 26.4dB

Antenna Parameters with Body TSL

Impedance, ransformed o fead point 49,401+ 4.75)0
Raburn Loss - 26.4dB

General Antenna Parameters and Design

Elechrical Delay (one diractaan) | 1271 ns

After long term use with 1000 radiated power, only a slight warming of the dipole near the feedpaint can
be maaswred.

The dipole is made of standard semirigid comdal cable. The center conduclor of the feeding Bne is directly
connacted bo fhe second arm af the dipole, The antenna is therefore shorl-circuited for DC-signals, On some
of tha dipoles, small end caps are added fo the dipole arms in arder ko improve matching when loaded
according 1o the posiion as explained in the "Measurement Conditions™ paragraph. The SAR dala are not
alfected by this change. The overall dipole length is skl acconding 1o the Standard.

péo excessive force must be applied ko the dipele arms, because they might bend or the solderad
connactions near the feedpoint may be damaged.

Additional EUT Data

Manufaclured by SPEAG

Certificate Mo: Z15-97122 Page 4 of &
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DASYS5 Validation Report for Head TSL Date: 09.14.2015
Test Laboratory: CTTL, Beijing, China
DUT: Dipole 2450 MHz; Type: D2450V2; Serial: D2450V2 - SN: 818
Communication System: UID 0, CW; Frequency: 2450 MHz;Duty Cycle: 1:1
Medium parameters used: f= 2450 MHz; ¢ = 1.831 S/m; e = 39.04; p = 1000 kg/m3
Phantom scction: Right Section
Measurement Standard: DASYS (IEEE/IEC/ANSI C63.19-2007)
DASYS Configuration:

o  Probe: EX3DV4 - SN3846; ConvF(6.56, 6.56, 6.56); Calibrated: 9/24/2014;

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

« Electronics: DAE4 Sn910; Calibrated: 6/16/2015

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

s  Measurement SW: DASYS2, Version 52.8 (8); SEMCAD X Version 14.6.10(7331)

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

Reference Value = 108.4 V/m; Power Drift = -0.02 dB

Peak SAR (extrapolated) = 27.0 W/kg

SAR(1 g) = 13.3 W/kg; SAR(10 g) = 6.19 W/kg
Maximum value of SAR (measured) = 20.3 Wrkg

dB8
0

-4,43
-B.B5
-13.28

17,70

2213 | - ' ;@-

0 dB =203 W/kg = 13,07 dBW/kg
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Impedance Measurement Plot for Head TSL
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DASYS Validation Report for Body TSL Date: 09.142015
Test Laboratory: CTTL, Beijing, China
DUT: Dipole 2450 MHz; Type: D2450V2; Serial: D2450V2 - SN: 818
Communication System: UID 0, CW; Frequency: 2450 MHz;Duty Cycle: 1:1
Medium parameters used: £~ 2450 MHz; o = [.944 S/m; &, = 51.85; p = 1000 kg/m’
Phantom section: Left Section
Measurement Standard: DASYS (IEEENEC/ANSI C63.19-2007)
DASYS5 Configuration:

« Probe: EX3DV4 - SN3846; ConvF(6.9, 6.9, 6.9); Calibrated: 9/24/2014;

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

+ Electronics: DAE4 Sn910; Calibrated: 6/16/2015

« 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(7331)

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

Reference Value = 94.30 V/m; Power Drift = 0.03 dB

Peak SAR (extrapolated) ~ 26.7 W/kg

SAR(1 g) = 12.8 W/kg; SAR(10 g) =599 Wikg

Maximum value of SAR (measured) = 19.5 W/kg

-4,37

-8.74 ' l I

4311 o

- --.aﬂllﬂls.e

-17.48

-21.85

0 dB = 19.5 W/kg = 12.90 dBW/kg
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Impedance Measurement Plot for Body TSL
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Client : sMaQ Certificate No: Z18-97053

Object DAE4 - SN: 876

Calibration Procedura(s) FF-Z11-002-01
Calibration Procedure for the Data Acquisition Electronics
(DAEX)

Calibration date: March 22, 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 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
humidity<70%.

Calibration Equipment used (M&TE critical for calibration)

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

Process Calibrator 753 | 1971018 27-Jun-17 (CTTL, No.J17X05859) June-18
Name Function

Caliorated by: Yu Zongying SAR Test Engineer

Reviewed by. Lin Hao SAR Test Engineer

Approved by: Qi Dianyuan SAR Project Leader

Issued: Maich 23, 2018
This calibration certificate shall not be reproduced except in full without written approval of the laboratory.

Certificate No: Z18-97053 Page 1 of 3
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Glossary:
DAE data acquisition electronics
Connector angle information used in DASY system to align probe sensor X
to the robot coordinate system.

Methods Applied and Interpretation of Parameters:

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

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

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

Certificate No: Z18-97053 Page 2 of 3
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DC Voltage Measurement
A/D - Converter Resolution nominal
High Range: ILsSB = 6.1uV, full range = <100...+300 mV
Low Range: iLsSB= 61nV, full range = o ey +3mV

DASY measurement parameters: Auto Zero Time: 3 sec; Measuring time: 3 sec

Calibration Factors X Y Z

High Range 405.525 + 0.15% (k=2) | 405.181 + 0,15% (k=2) | 405.395 + 0.15% (k=2)

Low Range 3.98865 + 0.7% (k=2) | 3.97176 +0.7% (k=2) | 3.99799 + 0.7% (k=2)
Connector Angle

Connector Angle 1o be used in DASY system 181°t1°

Certificate No: Z18-97053
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Note:

1) Per KDB865664D01 requirements for dipole calibration, the test laboratory has

adopted three-year extended calibration interval. Each measured dipole is expected

to evaluate with the following criteria  at least on annual interval in Appendix D.

a) There is no physical damage on the dipole;

b) System check with specific dipole is within 10% of calibrated value;

c) The most recent return-loss result, measured at least annually, deviates by no
more than 20% from the previous measurement.

d) The most recent measurement of the real or imaginary parts of the impedance,
measured at least annually is within 5Q from the previous measurement.

Report No.: WT188004900 Page 13 of 14



D2450MHz Body

£ E5071C Network Analyzer
1 Active ChfTrace 2 Response 3 Stimulus 4 Mkrfanalysis S Instr State

Print

Abort Printing

Printer Setup...

_ InvertImage
| ON

Dump
Screen Image...

Multiport Test Set |
Setup :

1.0000 [F1] Misc Setup |

5.1564 0 3 P ~ Backlight
| ON

Firmware
Revision

Service Menu

Help

Return

|1 Start 2.25 GHz IFBW 70 kHz Stop 2.65 GHz [@41

D2450V2, serial No. 818 Extended Dipole Calibrations

2600 Body

Date of Return-Loss Delta(%) | Real Delta Imaginary Delta

Measurement (dB) Impedance(ohm) (ohm) Impedance(ohm) (ohm)
2015-09-14 -26.35 49.415 -5.0

2017-09-14 -25.48 3.3 53.683 8.6 -2.138 -2.862

Report No.: WT188004900 Page 14 of 14



