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Chent CCS_CH Certificate No:  Z16-87077

CALIBRATION CERTEF!CATE

Object D2450V2 - SN: 817

Calibration Procedure(s) FD-Z11-2-003-01

Calibration Procedures for dipole validation kits

Calibration date: May 31, 2016

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# Cai Date(Calibrated by, Certificate No.) Scheduled Calibration
Power Meter NRP2 101919 01-Jul-15 (CTTL, No.J15X04256) Jun-16
Power sensor  NRP-Z91 | 101547 01-Jul-15 (CTTL, No.J15X04256) Jun-16
Reference Probe EX3DV4 | SN 7307 19-Feb-16(SPEAG,No.EX3-7307_Feb16) Feb-17
DAE4 SN 771 02-Feb-16(CTTL-SPEAG,N0.Z16-97011) Feb-17
Secondary Standards ID# Cal Date(Calibrated by, Certificate No.) Scheduled Calibration
Signal Generator E4438C | MY49071430 01-Feb-16 (CTTL, No.J16X00893) Jan-17
Network Analyzer E5071C | MY46110673 26-Jan-16 (CTTL, No.J16X00894) Jan-17
Name Function Signature
Calibrated by: Zhao Jing _ SAR Test Engineer é (L/

Reviewed by: Qi D.ianyuan S sAR Project Lea_der.' ' MZ//
Approved by: Lu Bing'song Deputy Director of the 'Iaboratory W q,(q}q;;

Issued: Jun 2, 2016
This calibration certificate shall not be reproduced except in full without written approval of the laboratory.
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CALIBRATION LABORATORY

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

E-mail: ctti@chinattl.com Hitp:/Avnwvw.chinatth.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, "|[EEE 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) 1EC 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

¢) IEC 62208-2, “Procedure to measure the Specific Absorption Rate (SAR) For wireless
commumca’uon 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:

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

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

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

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

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

o 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 TS| 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%.
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Measurement Conditions
DASY system configuraticn, as far as not given on page 1.
DASY Version DASY52 52.8.8.1258
Extrapolation Advanced Extrapolation
Phantom Triple Flat Phantom 5.1C
Distance Dipole Center - TSL 10 mm with Spacer
Zoom Scan Resolution dx, dy, dz =5 mm
Frequency 2450 MHz + 1 MHz
Head TSL parameters
The following parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Head TSL parameters 220°C 39.2 1.80 mho/m
Measured Head TSL parameters (22.010.2) °C 3886% 1.81 mho/m +6 %
Head TSL temperature change during test <1.0°C
SAR result with Head TSL
SAR averaged over1 ¢cnm® {1 g) of Head TSL Condition
SAR measured 250 mW input power 13.0mwW/g
SAR for nominal Head TSL parameters normalized to 1W 51.7 mW fg + 20.8 % (k=2)
SAR averaged over 10 cm° (10 g) of Head TSL CGondition
SAR meastired 250 mW input power 6.15mW/g
SAR for nominal Head TSL parameters normalized to 1W 24.5 mW /g £ 20.4 % (k=2)
Body TSL parameters
The following parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Body TSL. parameters 220°C 52.7 1.95 mho/m
Measured Body TSL parameters (220+0.2)°C 532+6% 1.94 mho/m + 6 %
Body TSL temperature change during test <1.0°C
SAR result with Body TSL
SAR averagad over1 cnr’ (1 g) of Body TSL Condition
SAR measured 250 mW input power 128 mW/g
SAR for nominal Body TSL parameters normalized to 1W 51.5 mW /g + 20.8 % (k=2)
SAR averaged over 10 cm” (10 g) of Body TSL Condition
SAR measured 250 mW input power 6.07mW/g
SAR for nominal Body TSI parameters normalized to TW 244 mW /g £ 204 % (k=2)
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Appendix

Antenna Parameters with Head TSL

Impedance, transformed to feed point 51.00+ 4.41jQ

Return Loss -27.0dB

Antenna Parameters with Body TSL

Impedance, transformed to feed point 47.7Q0+ 4.00/Q

Return Loss -26.6dB

General Antenna Parameters and Design

Electrical Delay (one direction) 1.269 ns

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

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

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

Additional EUT Data

!ﬂanufactured by SPEAG
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DASYS Validation Report for Head TSL Date: 05.31.2016

Test Laboratory: CTTL, Beijing, China

DUT: Dipole 2450 MHz; Type: D2450V2; Serial: D2450V2 - SN: 817
Communication System: UID 0, CW; Frequency: 2450 MHz; Duty Cycle: 1:1
Medium parameters used: f=2450 MHz; ¢ = 1.814 S/m; et = 38.78; p = 1000 kg/m3
Phantom section: Center Section
Measurement Standard: DASY5 (IEEE/IEC/ANSI C63.19-2007)

DASYS5 Configuration:

o Probe: EX3DV4 - SN7307; ConvF(7.36, 7.36, 7.36); Calibrated: 2/19/2016;

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

o Electronics: DAE4 Sn771; Calibrated: 2/2/2016

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

*  Measurement SW: DASYS52, 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 = 104.8 V/m; Power Drift = 0.01 dB

Peak SAR (extrapolated) = 26.2 Wikg

SAR(1 g) =13 W/kg; SAR(10 g) = 6.15 W/kg

Maximum value of SAR (measured) = 19.8 W/kg

dB
1

ko

-21.37

0 dB = 19.8 W/kg = 12.97 dBW/kg

Certificate No: Z16-97077 Page 5 of8

This document is issued by the Company subject to its General Conditions of Service printed overleaf,-available on request or accessible at http://www.sgs.com/en/Terms-and-Conditions.aspx and,

for electronlc format documents subject to Terms and Conditions for Electronic Documents at http:/www.sgs.com/en/Terms-and-Conditions/Terms-e-Document.aspx. Attention is drawn to the
of liability, i ion and jurisdiction issues defined therein. Any holder of this document is advised that information contained hereon reflects the Company’s findings at the time of

its intervention only and within the Ilmns of Client's |nstruct|ons if any The Company’s sole responsibility is to its Client and this document does not exonerate parties to a transaction from
exercising all their rights and obligations under the tr s. This d t cannot be reproduced except in full, without prior written approval of the Company. Any unauthorized
alteration, forgery or falsification of the content or appearance of this document is unlawful and offenders may be prosecuted to the fullest extent of the law. Unless otherwise stated the results
shown in this test report refer only to the sample(s) tested and such sample(s) are retained for 30 days only.




SGS-CSTC Standards Technical Services Co., Ltd.
5 Shenzhen Branch

Page: 7 of 49

in Collsboration with

€. .49 .

CALIBRATION LABORATORY
Add: No.51 Xueyuan Road, Haidian District, Beijing, 100191, China

Tel: +86-10-62304633-207% Fax: +86-10-62304633-2504
E-mail: cttl@chinattl.com Http:/fwww.chinattl.en

Impedance Measurement Plot for Head TSL
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DASYS Validation Report for Body TSL Date: 05.31.2016

Test Laboratory: CTTL, Beijing, China

DUT: Dipole 2450 MHz; Type: D2450V2; Serial: D2450V2 - SN: 817
Communication System: UID 0, CW; Frequency: 2450 MHz; Duty Cycle: 1:1
Medium parameters used: f = 2450 MHz; o = 1,936 S/m; &, = 53.17; p = 1000 kg/m3
Phantom section: Left Section
Measurement Standard: DASYS (IEEE/IEC/ANSI C63.19-2007)

DASYS Configuration:

o Probe: EX3DV4 - SN7307; ConvF(7.22, 7.22, 7.22); Calibrated: 2/19/2016;

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

o Electronics: DAE4 Sn771; Calibrated: 2/2/2016

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

¢ Measurement SW: DASYS52, 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 = 93.64 V/m; Power Drift =-0.04 dB

Peak SAR (extrapoiated) = 25.1 W/kg

SAR(1 g) = 12.8 W/kg; SAR(10 g) = 6.07 W/kg

Maximum value of SAR (measured) = 19.2 W/kg

12.22

i 0,37

0 dB=19.2 W/kg = 12.83 dBW/kg
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impedance Measurement Plot for Body TSL
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D2450V2, Serial No.817 Extended Dipole Calibrations
Per IEEE Std 1528-2003,the dipole should have a return loss better than -20dB at the test frequency
to reduce uncertainty in the power measurement.
Per KDB 865664 DO01,if dipoles are verified in return loss(<-20dB,within 20% of prior calibration),and
in impedance (within 5 ohm of prior calibration),the annual calibration is not necessary and the
calibration interval can be extended.

Justification of the extended calibration

D2450V2 Serial No.817
2450 Head
Real Imaginary
Date of Return-Loss | Delta Delta Delta
Impedance Impedance
Measurement (dB) (%) (ohm) (ohm)
(ohm) (ohm)
5.31.2016 -26.988 - 50.995 - 4.4109 -
5.30.2017 -27.037 0.18 51.424 0.469 3.8285 0.5824
D2450V2 Serial No.817
2450 Body
Real Imaginary
Date of Return-Loss | Delta Delta Delta
Impedance Impedance
Measurement (dB) (%) (ohm) (ohm)
(ohm) (ohm)
5.31.2016 -26.560 -- 47.743 - 4.0044 -
5.30.2017 -26.006 2.09 49.534 1.791 5.1394 1.135

The return loss is < -20dB, within 20% of prior calibration; the impedance is within 5 ohm of prior

calibration. Therefore the verification result should support extended calibration.
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Dipole Verification Data D2450V2 Serial No.817
2450 MHz-Head

1 Active ChiTrace 2 Response 3 Stimulus 4 Mkr/@nalysis 5 Instr State

g Mag 10

IFBW 70 kHz

1 Active Ch{Trace 2 Response 3 Stimulus < Mkrfanalysis S Inskr State

[1 Star 2.25 GHz IFEM 70 kHz Stop 2.65 GHz (&4
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2450 MHz-Body

1 Active ChiTrace 2 Response 3 Stimulus 4 Mkr/@nalysis 5 Instr State

IFBW 70 kHz Stop 265 GHz

1 Active Ch{Trace 2 Response 3 Stimulus 4 MkrfAnalysis S Instr State

[1 Star 2.25 GHz IFBMN 700 kHz Stop 2.65 GHz [ETd
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Client CCSs_ CN Certificate No:  Z16-97078

CALIBRATION CERT!FICATE

Object D5GHzV2 - SN: 1095

Calibration Procedure(s}) FD-211-2-003-01

Calibration Procedures for dipole validation kits

Calibration date: May 25, 2016

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%.

Catibration Equipment used {(M&TE critical for calibration)

Primary Standards D # Cal Date(Calibrated by, Certificate No.) Scheduled Calibration
Power Meter NRP2 101919 01-Jul-15 (CTTL, No.J156X04256) Jun-16
Power sensor  NRP-Z91 | 101547 01-Jul-15 (CTTL, No.J15X04256) Jun-16
ReferenceProbe EX3DV4 | SN 7307 19-Feb-18(SPEAG,No.EX3-7307_Feb16) Feb-17
DAE4 SN 771 02-Feb-16(CTTL-SPEAG,N0.Z16-97011) Feb-17
Secondary Standards D# Cal Date(Calibrated by, Certificate No.) Scheduled Calibration
Signal Generator E4438C | MY48071430 01-Feb-16 (CTTL, No.J16X00893) Jan-17
NetworkAnalyzer ES071C | MY46110673  26-Jan-16 (CTTL, No.J16X00894) Jan-17
Name Function Signature
Calibrated by: Zhao Jing SAR Test Engineer : ’g\(i] |
Reviewed by: Qi Dianyuan SAR Project Leader ‘
Approved by: Lu Bingsong Deputy Director of the laboratory

Issued: May 31 2016
This calibration certificate shall not be reproduced except in full without written approval of the laboratory.
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CALIERATION LABORATORY

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

E-mail: ctti@chinattl.com Hitp://www.chinattl.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, “Procedure to measure the Specific Absorption Rate (SAR) For hand-hefd
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:

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

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

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

s 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.

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

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

The reported uncertainty of measurement is stated as the standard uncertainty of
Measurement multiplied by the coverage factor k=2, which for a normal distribution
Corresponds to a coverage probability of approximately 95%.
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Add: No,5T Xueyuan Road, Haidian District, Beijing, 100191, China
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Measurement Gonditions
DASY system configuration, as far as not given on page 1.
DASY Version DASY52 52.8.8.1258
Extrapolation Advanced Extrapolation
Phantom Triple Fiat Phantom 5.1C
Distance Dipole Center - TSL 10 mim with Spacer
Zoom Scan Resolution dx, dy =4 mm, dz= 1.4 mm Graded Ratio = 1.4 (Z direction)
5200 MHz + 1 MHz
5300 MHz £ 1 MHz
Frequency 5500 MHz + 1 MHz
5600 MHz & 1 MHz
5800 MHz + 1 MHz
Head TSL parameters at 5200 MHz
The folliowing parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Head TSL parameters 22.0°C 36.0 4,66 mho/m
Measured Head TSL parameters {220+ 0.2)°C 368+6% 4.61 mho/m 6 %
Head TSL temperature change during test <1.0°C
SAR result with Head TSL. at 5200 MHz
SAR averaged over 1 cit® (1¢) of Head TSL Condition
SAR measured 100 mW input power 7.76 mW /g
SAR for nominal Head TSL parameters normalized to 1W 77.9 mW /g + 23.0 % (k=2)
SAR averaged over 10 cm° (10 g) of Head TSL Condition
SAR measured 100 mW input power 221mWl/g
SAR for nominal Head TSL parameters normalized to TW 22.2mWig & 22.2 % (k=2)
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Head TSL parameters at 5300 MHz

The following parameters and calculations were applied.
Temperature

Permittivity Conductivity

Nominal Head TSL parameters 22.0°C 359 4.76 mho/m

Measured Head TSL parametors (22.020.2)°C 36.7+6% 471 mho/m 6 %

<1.0°C

Head TSL temperature change during test

SAR result with Head TSL at 5300 MHz
(1 9) of Head TSL.

SAR averaged over 1 cm’ Condition

SAR measured

100 mW input power

807 mW/g

SAR for nominal Head TSL parameters

normalized to 1W

81.0 mW /g * 23.0 % (k=2)

SAR averaged over 10 ci® (10 g) of Head TSL

Condition

SAR measurad

100 mW input power

230mW/g

SAR for nominal Head TSL parameters

normalized fo 1W

231 mW /g £ 22.2 % (k=2)

Head TSL parameters at 5500 MHz

The following parameters and calculations were applied.

Temperature Permittivity Conductivity
Nominal Head TSL parameters 220°C 356 4.96 mhofm
Measured Head TSL parameters (22.01£02)°C 3646 % 4.91 mho/m+6 %
Head TSL temperature change during test <1.0°C
SAR result with Head TSL. at 5500 MHz
SAR averaged over1 c/n” (1 g) of Head TSL Condition

8.22mW/g

SAR measured 100 mW input power

SAR for nominal Head TSL parameters normalized o 1W 825 mW /g £ 23.0 % (k=2)

SAR averaged over 10 cni® (10 g) of Head TSL Condition
4]

233mW/g
23.4mW /g + 22.2 % (k=2)

SAR measured 100 mW input power

SAR for nominal Head TSL parameters normalized to 1W
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Head TSL parameters at 5600 MHz

The following parameters and calculations were applied.
Temperature

Permittivity Conductivity

35.5

Nominal Head TSL parameters 22.0°C 5.07 mho/m

Measured Head TSL parameters (22020.2)°C 36.3:6% 5.01 mhe/m+6 %

Head TSL temperature change during test <1.0°C

SAR result with Head TSL at 5600 MHz
(1 ¢) of Head TSL

SAR averaged over1 cir’ Condition

SAR measured 100 mW input power 8.19mW /g

SAR for nominal Head TSL parameters normalized to 1W 82.2 mW /g % 23.0 % (k=2}

SAR averaged over 10 cm® (10 g) of Head TSL Condition

SAR measured 100 mW input power 233mW/g

normalized to W 23.4 mW /g ¥ 22.2 % (k=2)

SAR for nominal Head TSL parameters

Head TSL parameters at 5800 MHz

The following parameters and calculations were applied.

Temperature Permittivity Conductivity
Nominal Head TSL parameters 22.0°C 35.3 5.27 mho/m
Measured Head TSL parameters 220+ 0.2) °C 36.1£6 % 5.17 mho/m £ 6 %
Head TSL temperature change during test <1.0°C
SAR result with Head TSL at 5800 MHz
Condition

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

SAR measured

100 mW input power

7.83mW/g

SAR for nominal Head TSL parameters

normalized to 1W

78.6 mW /g % 23.0 % (k=2)

SAR averaged over 10 Cm3

{10 @) of Head TSL.

Condition

SAR measured

100 mW input power

220mW/g

SAR for nominal Head TSL parameters

normalized to 1W

221 mWig £ 22.2 % (k=2)
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Body TSL parameters at 5200 NHz
The following parameters and calculations were applied.

Temperature Permittivity Cenductivity
Nominal Body TSL parameters 22.0°C 49.0 530 mho/m
Measured Body TSL parameters (22.0+0.2)°C 484+6% 5.39 mho/m+6 %
Body TSL temperature change during test <10 °C
SAR result with Body TSL at 5200 MHz
SAR averaged over1 om’ (1 g) of Body TSL Condition
SAR measured 100 mW input power 747 mW/g

SAR for nominal Body TSL parameters normalized to 1W 74.5 mW /g £ 23.0 % (k=2)

SAR averaged over 10 ¢ni® (10 g) of Body TSL Condition

SAR measured 100 mW input power 214 mW/g

SAR for nominal Body TSL parameters normalized to 1W 21,4 mWig £ 22.2 % (k=2)

Body TSL parameters at 5300 MHz
The following parameters and calculalions were applied.

Temperature Permittivity Conductivity
Nominal Body TSL parameters 220°C 48.9 5.42 mho/m
Measured Body TSL parameters (22.0+0.2) °C 48316 % 551 mho/m+6 %
Body TSL temperature change during test <1.0°C
SAR result with Body TSL at 5300 MHz
SAR averaged over1 ¢’ (1 g) of Body TSL Condition

SAR measured

100 mW input power

774mW/g

SAR for nominal Body TSL parameters

normalized to 1W

77.2mW fg £ 23.0 % (k=2)

SAR averaged over 10 om’

(10 g) of Body TSL

Condition

SAR measured

100 mW input power

220 MW /g

SAR for nominal Body TSL parameters

normalized to 1W

220 mW /g +22.2 % (k=2)
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Body TSL. parameters at 5500 MHz

The following parameters and calculations were applied.
Temperature

Permittivity Conductivity

22.0°C 48.6 5.65 mho/m

(22.0£0.2) °C

Nominal Body TSL. parameters

Measured Body TSL parameters 49116 % 558 mhom+6 %

<1.0°C

Body TSL. temperature change during test

SAR result with Body TSL at 5500 MHz

SAR averaged over 1 an’

(1 a) of Body TSL

Condition

SAR measured

100 mW input power

8.10mW/g

SAR for nominal Body TSL parameters

normalized to 1W

811 mW fg & 23.0 % (k=2)

SAR averaged over 10 cm3

(10 g) of Body TSL

Condition

SAR measured

100 mW input power

236mW/g

SAR for nominal Body TSL parameters

normalized to 1W

23.7 mW g # 22.2 % (k=2)

Body TSL parameters at 5600 MHz

The following parameters and calculations were applied.
Temperature Permittivity Gonductivity
Nominal Body TSL parameters 22.0°C 48.5 5.77 mho/m
Measured Body TSL parameters (22.0+0.2) °C 49016 % 5.70 mho/fm+6 %
Body TSL temperature change during test <1.0°C

SAR result with Body TSL at 5600 MHz

SAR averaged over1 01113

{1 9) of Body TSL

Condition

SAR measured

100 mW input power

797 MW /g

SAR for nominal Body TSL parameters

normalized to 1W

79.8 mW fg £ 23.0 % (k=2)

SAR averaged over 10 cm“

(10 g) of Body TSL

Condition

SAR measured

100 mW input power

226mW/g

SAR for nominal Body TSL parameters

normalized to 1W

22,7 mW fg  22.2 % (k=2)
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Body TSL parameters at 5800 MHz
The following parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Body TSL parameters 22.0°C 48.2 6.00 mho/m
Measured Body TSL parameters (22.0+0.2)°C 48.7+6% 5.93 mho/m £ 6 %
Body TSL temperature change during test <1.0°C
SAR result with Body TSL. at 5800 MHz
SAR averaged over1 cn’° (1.¢) of Body TSL Condition
SAR meastred 100 mW input power 7.71mW/g
SAR for nominal Body TSL parameters normalized to 1W 77.2 mWig £ 23.0 % (k=2)
SAR averaged over10 c¢i® (10 g) of Body TSL Condition
SAR measured 100 mW input power 217 mWi/g
SAR for nominal Body TSL parameters normalized to 1W 21.8 mW Ig £ 22.2 % (k=2)
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Appendix
Antenna Parameters with Head TSL at 5200 NiHz
Impedance, transformed to feed point 49.20 - 5.46jQ)
Return Loss -25.1dB
Antenna Parameters with Head TSL. at 5300 MHz
Impedance, transformed to feed point 47.2Q) - 3.86jQ2
Return Loss -26.2dB
Antenna Parameters with Head TSL at 5500 MHz
impedance, transformed to feed point 53.40 - 5.81j0
Return Loss -23.9d8
Antenna Parameters with Head TSL. at 5600 MHz
Impedance, transformed to feed point 56.60 - 1.04jQ
Return Loss - 24,0dB
Antenna Parameters with Head TSL at 5800 MHz
Impedance, transformed to feed point 53.00 - 6.28j0
Return Loss -23.4dB
Antenna Parameters with Body TSL. at 5200 MHz
Impedance, fransformed to feed point 49.5( - 3.51jQ
Return Loss -29.0dB
Antenna Parameters with Body TSL at 5300 MHz
Impedance, transformed to feed point 47,70 - 1.89Q
Return Loss -30.4dB
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Antenna Parameters with Body TSL. at §500 MHz

impedance, transformed to feed point 54,00 - 3.83jQ

Return Loss -25.5dB

Antenna Parameters with Body TSL at 5600 MHz

Impedance, transformed to feed point 59.30 + 0.88jQ

Return Loss -21.4dB

Antenna Parameters with Body TSL at 5800 MHz

Impedance, transformed to feed point 55.1Q - 6.15j0

Return Loss -22.4dB

General Antenna Parameters and Design

Electrical Delay (one direction) 1.308 ns

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

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

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

Additional EUT Data

rManufactured by SPEAG
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DASYS Validation Report for Head TSL Date: 05.23.2016

Test Laboratory: CTTL, Beijing, China

DUT: Dipole 5GHz; Type: D5GHzV2; Serial: D5GHzV2 - SN: 1095
Communication System: CW; Frequency: 5200 MHz, Frequency: 5300 MHz,
Frequency: 5500 M-z, Frequency: 5600 MHz, Frequency: 5800 MHz,
Medium parameters used: f = 5200 MHz; o = 4.614 mho/m; er = 36.82; p = 1000
kg/m3, Medium parameters used: f = 5300 MHz; o = 4.713 mho/m; €r = 36.71; p =
1000 kg/m3, Medium parameters used; f = 5500 MHz; o = 4.911 mho/m; ¢r = 36.41;
p = 1000 kg/m3,Medium parameters used: f = 5600 MHz, ¢ = 5.006 mho/m; &r =
36.27; p = 1000 kg/m3, Medium parameters used; f = 5800 MHz; o = 5.171 mho/m;
er=36.05; p = 1000 kg/m3,
Phantom section: Center Section
Measurement Standard: DASY5 (IEEE/IEC/ANSI C63.18-2007)

DASYS5 Configuration:
s Probe: EX3DV4 - 8N7307; ConvF(5.32,5.32,5.32); Calibrated: 2016/2/19,

ConvF(5.02,5.02,6.02); Calibrated: 2016/2/19, ConvF(4.85,4.85,4.85);
Calibrated: 2016/2/19, ConvF(4.52,4.52,4.52), Calibrated: 2016/2/19,
ConvF(4.45,4.45,4.45), Calibrated: 2016/2/19,

»  Sensor-Surface; 1.4mm (Mechanical Surface Detection)

e Electronics: DAE4 Sn771; Calibrated; 2016/2/02

*  Phantom: Triple Fiat Phantom 5.1C; Type: QD 000 P51 CA; Serial: 1161/3

e Measurement SW: DASY52, Version 52.8 (8); SEMCAD X Version 14.6.10
(7372)

Dipole Calibration /Pin=100mW, d=10mm, f=5200 MHz/Zoom Scan,
disi=1.4mm (8x8x7)/Cube 0: Measurement grid: dx=4mm, dy=4mm, dz=1.4mm
Reference Value = 71.75 V/m; Power Drift = 0.00 dB

Peak SAR (extrapolated) = 31.7 Wikg

SAR(1 g) = 7.76 Wikg; SAR(10 g) = 2.21 W/kg

Maximum value of SAR (measured) = 18.7 Wikg

Dipole Calibration /Pin=100mW, d=10mm, f=5300 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Measurement grid: dx=4mm, dy=4mm, dz=1.4mm
Reference Vaiue = 73.42 V/m; Power Drift = 0.01 dB

Peak SAR (extrapolated) = 33.6 Wrkg

SAR(1 g} = 8.07 Wikg; SAR(10 g) = 2.3 Wikg

Maximum value of SAR (measured) = 19.5 Wikg
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Dipole Calibration /Pin=100mW, d=10mm, f=5500 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Measurement grid: dx=4mm, dy=4mm, dz=1.4mm
Reference Value = 72.44 V/m; Power Drift = 0.00 dB

Peak SAR (extrapolated) = 36.1 Wikg

SAR(1 g) = 8.22 Wikg; SAR{10 g) = 2.33 Wikg

Maximum value of SAR (measured) = 19.9 W/kg

Dipole Calibration /Pin=100mW, d=10mm, f=5600 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Measurement grid: dx=4mm, dy=4mm, dz=1.4mm
Reference Value = 72.62 V/im; Power Drift = -0.05 dB

Peak SAR (extrapolated) = 34.9 Wikg

SAR(1 g) =8.19 Wkg; SAR(10 g) = 2.33 Wikg

Maximum value of SAR (measured) = 19.7 W/kg

Dipcle Calibration /Pin=100mW, d=10mm, f=5800 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Measurement grid: dx=4mm, dy=4mm, dz=1.4mm
Reference Value = 72.13 V/m; Power Drift = 0.00 dB

Peak SAR (extrapolated) = 34.6 Wikg

SAR(1 g) = 7.83 Wikg; SAR(10 g) = 2.2 Wikg

Maximum value of SAR (measured) = 19.3 Wikg

0 dB =19.3 Wikg = 12.86 dBW/ky
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Impedance Measurement Plot for Head TSL.
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DASY5 Validation Report for Body TSL Date: 05.25.2016

Test Laboratory: CTTL, Beijing, China
DUT: Dipole 5GHz; Type: D5GHzV2; Serial: D5GHzV2 - SN: 1095

Communication System: CW,; Frequency: 5200 MHz, Frequency: 5300 MHz,
Frequency: 5500 MHz, Frequency: 5600 MHz, Frequency: 5800 MHz,

Medium parameters used: f = 5200 MHz; o = 5.391 mho/m; ¢r = 48.36; p = 1000
kg/m3, Medium parameters used: f = 5300 MHz; ¢ = 5.513 mho/m; er = 48.26; p =
1000 kg/m3, Medium parameters used: f = 5500 MHz; o = 5.582 mho/m; er = 49.14;
p = 1000 kg/m3,Medium parameters used: f = 5600 MHz; ¢ = 5.703 mho/m; er =
49.04; p = 1000 kg/m3, Medium parameters used: f = 5800 MHz; o = 5.932 mho/m;
er = 48.71; p = 1000 kg/m3,

Phantom section: Right Section

Measurement Standard: DASY5S (IEEE/IEC/ANSI C63.19-2007)

DASY5 Configuration:
*  Probe: EX3DV4 - SN7307; ConvF(4.48,4.48 4.48); Calibrated: 2016/2/19,

ConvF(4.29,4.29,4.29); Calibrated: 2016/2/19, ConvF(3.97,3.97,3.97);
Calibrated; 2018/2/19, ConvF(3.72,3.72,3.72), Calibrated: 2016/2/19,
ConvF(3.91,3.91,3.91); Calibrated; 2016/2/19,

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

» Electronics: DAE4 Sn771; Calibrated: 2016/2/02

*  Phantom: Triple Flat Phantom 5.1C; Type: QD 000 P51 CA; Serial; 1161/3

e Measurement SW: DASY52, Version 52.8 (8); SEMCAD X Version 14.6.10

(7372)

Dipole Calibration /Pin=100mW, d=10mm, f=5200 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Measurement grid: dx=dmm, dy=4mm, dz=1.4mm
Reference Value = 66.16 V/m; Power Drift = 0.03 dB

Peak SAR (extrapolated) = 27.8 W/kg

SAR(1 g) = 7.47 Wikg; SAR(10 g} = 2.14 W/kg

Maximum value of SAR (measured) = 17.0 Wikg

Dipole Calibration /Pin=100mW, d=10mm, f=5300 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Measurement grid: dx=4mm, dy=4mm, dz=1.4mm
Reference Value = 65.52 V/m; Power Drift = -0.02 dB

Peak SAR (extrapolated) = 29.9 W/kg

SAR(1 g} = 7.74 Wikg; SAR{10 g) = 2.2 Wikg

Maximum value of SAR (measured) = 17.8 W/kg
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Dipole Calibration /Pin=100mW, d=10mm, f=5500 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Measurement grid: dx=4mm, dy=4mm, dz=1.4mm
Reference Value = 66.84 V/m; Power Drift = -0.00 dB

Peak SAR (extrapolated) = 30.8 Wikg

SAR(1 g) = 8.1 Wikg; SAR(10 g) = 2.36 Wikyg

Maximum value of SAR {measured) = 18.5 Wikg

Dipole Calibration /Pin=100mW, d=10mm, f=5600 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Measurement grid: dx=4mm, dy=4mm, dz=1.4mm
Reference Value = 69.68 V/m; Power Drift = 0.01 dB

Peak SAR (extrapolated) = 30.8 Wkg

SAR{1 g) = 7.97 Wikg; SAR(10 g) = 2.26 W/kg

Maximum value of SAR (measured) = 18.5 Wikg

Dipole Calibration /Pin=100mW, d=10mm, f=5800 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Measurement grid: dx=4mm, dy=4mm, dz=1.4mm
Reference Value = 68.24 V/m; Power Drift == 0.04 dB

Peak SAR (extrapolated) = 31.6 Wikg

SAR(1g) = 7.71 W/kg; SAR(10 g) = 2.17 Wikg

Maximum value of SAR (measured) = 18.2 Wikg

-17.64
-26.47

{3529

= -44.11 L b
0 dB =18.2 Wikg = 12.60 dBW/kg
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Impedance Measurement Plot for Body TSL.
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D5GHzV2,Serial No.1095 Extended Dipole Calibrations
Per IEEE Std 1528-2013,the dipole should have a return loss better than -20dB at the test frequency
to reduce uncertainty in the power measurement
Per KDB 865664 DO01,if dipoles are verified in return loss(<-20dB,within 20% of prior calibration),and
in impedance (within 5 ohm of prior calibration),the annual calibration is not necessary and the
calibration interval can be extended.

Justification of the extended calibration

D5GHzV2 Serial No.1095

Head
Real Imaginary
Return Delta Delta Delta
Date of Measurement Impedance Impedance
Loss (dB) | (%) (ohm) (ohm)
(ohm) (ohm)

5.25.2016 | -25.102 - 49.185 - -5.4603 -
5200MHz

5.23.2017 | -23.827 | 5.08 48.677 0.508 -5.2048 0.2555

5.25.2016 | -26.188 - 47.200 - -3.8631 -
5300MHz

5.23.2017 | -27.825 | 6.25 46.373 0.827 -3.9051 0.042

5.25.2016 | -23.945 - 53.440 - -5.6064 -
5500MHz

5.23.2017 | -25.614 | 6.97 51.413 2.027 -5.6890 0.0826

5.25.2016 | -24.034 - 56.621 - -1.0375 -
5600MHz

5.23.2017 | -24.251 0.90 55.234 1.387 -1.4716 0.4341

5.25.2016 | -23.416 - 53.000 - -6.2849 -
5800MHz

5.23.2017 | -25.872 10.5 54.861 1.861 -6.7383 0.4534
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D5GHzV2 Serial No.1095

Body

Real Imaginary
Return Delta Delta Delta
Date of Measurement Impedance Impedance
Loss (dB) | (%) (ohm) (ohm)
(ohm) (ohm)
5.25.2016 | -28.955 - 49.469 - -3.5100 -
5200MHz
5.23.2017 | -28.384 1.97 50.314 0.845 -3.56312 0.0212
5.25.2016 | -30.378 - 47.724 - -1.8910 -
5300MHz
5.23.2017 | -31.358 | 3.22 46.806 0.918 -1.5284 0.3626
5.25.2016 | -25.463 - 54.013 - -3.8327 -
5500MHz
5.23.2017 24.064 5.49 52.539 1.474 -3.5216 0.3111
5.25.2016 | -21.389 - 59.271 - 0.8789 -
5600MHz
5.23.2017 | -22.755 | 6.39 58.225 1.046 0.8415 0.0374
5.25.2016 | -22.374 - 55.140 - -6.1476 -
5800MHz
5.23.2017 | -23.183 | 3.62 55.119 0.021 -6.6894 0.5418

The return loss is < -20dB, within 20% of prior calibration; the impedance is within 5 ohm of prior
calibration.Therefore the verification result should support extended calibration.
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Dipole Verification Data D5GHzV2 Serial No.1095
D5GHzV2-Head

1 Active ChiTrace 2 Response 3 Stimulus 4 Merfanalysis 5 Instr State

10.00

-10.00

[1 Stant 5 GHz IFEM 70 kHz Stop 6 GHz [0

1 Active ChiTrace 2 Response 3 Stimulus 4 Mkrfanalysis 5 Instr State

[1 Start © GHz IFEW 70 kHz Stop & GHz [E00
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Dipole Verification Data D5GHzV2 Serial No.1095
D5GHzV2-Body

1 Active ChiTrace 2 Response 3 Stimulus 4 Mkrfanalysis 5 Instr State

Mag 10

IFEW 70 kHz Stop & GHz [E4

1 Active ChiTrace 2 Response 3 Stimulus 4 Mkrfanalysis 5 Instr State

[1 Start 5 GHz IFBIN 70 kHz Stop 6 GHz [=Td
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Schimid & Partner Enginearing A5 s p E a q‘

feughaussirasse 43, BO0E funich, Swilsarland
Phone 471 A4 245 5700, Fax +41 A4 245 9779
nfoilspeag oom, hipadhsensy spaag.com

IMPORTANT NOTICE

USAGE OF THE DAE 4

The DAE unit is a delicate, high pracision instrument and requires careful traatment by the user. There are no
serviceable parts inside the DAE. Special attention shall be given 1o the following points:

Battery Exchange: The batlery cover of the DAES unit is closad using a scréw, over tightening the screw may
cause the threads inside the DAE to wear out,

Shipping of the DAE: Before shipping the DAE 1o SPEAG for calibration, remove the halterie; amnd pack the
DAE in an antistatic bag. This antistatic bag shall then be packed into a larger box or container which protects the
DAE from Impacts during transporiation. The package shall be marked to indicate that a fragile instrument s
inside.

E-Stop Failures Touch detection may be malfunctioning due fo broken magnets in the E-stop. Rough handling
af the E-stop may lead to damage of these magnets, Touch and collision errors are oflen caused by dust and dir
accumulated in the Estop. To prevent Estop failure, the customer shall always mount the probe to the DAE
carefully and keep the DAE unit in a non-dusty environment if not used for measuremants.

Repair: Minor repairs are performed at no extra cost during the annual calibration. However, SPEAG resenves
the right ta chamge for any repair especially if rough unprofessional handling caused the defect.

DASY Configuration Files: Since the exact values of Ihe DAE input resistances, as measured during the
calibration procedure of a DAE unit, are not used by the DASY software, a nominal value of 200 MOhm is given
in tha cormesponding configuration file

Important Note:
Warranty and calibration is void if the DAE unit is disassembled partly or fully by the
Customer.

Important Note:

Mever attempt to grease or oil the E-stop assembly. Cleaning and readjusting of the E-
stop assembly is allowed by certified SPEAG personnel only and is part of the annual
calibration procedure.

[important Note: ]
To prevent damage of the DAE probe connector pins, use great care when installing the
probe to the DAE. Carefully connect the probe with the connector notch oriented in the
mating position. Avoid any rotational movement of the probe body versus the DAE
while turning the locking nut of the connector. The same care shall be used when
disconnecting the probe from the DAE.
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TM_BRO40315A0 DAEA doc 11.12.2008
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Calibration Laboratory of
Schmid & Partner

Enginearing AG
Zeughausstrasse 43, B004 Zurich, Switzerland

Schwedzerischer Kallbrlerdienst
Sarvioe suisse d'élalonnage
Servizio avizeero di taralura
Swiaa Calibration Service

Aceradiiad by the Swiss Accradialion Sarvice (SAS) Acereditation No.: SCS 0108
The Swiss Accreditation Service is one of the signatories to the EA
Multilateral Agreament Tor the recognition of calibration cedificates

clent  CCS-CN (Auden) Certificate No: DAE4-1245_Jul1?

CALIBRATION CERTIFICATE

el DAE4 - 50 000 D04 BM - SM: 1245

Calbration procedurais) QA CAL-06,v29
Calibration procedure for the data acquisition alectronics (DAE)

Calibsation datae: July 20, 2017

| This calbration oestificale decurnents the racaabilily 1o ndions standards, which realize the physical units of measurements {Sl)
| The measuremans and the uncertainlies with confidance probabiity are givan on the fallowing pages and are part of e cerlificata.

All calibrations heve baan conductad in the dosad labaratory faciity; snvironmean temperatore (22 + 3)°C and humidity < /0%,

Calibration Equipment used (METE crilical lor calration)

Primary Standands iD# Cal Data {Carificabe Mo} Schieduled Calibration |
Kallhley Mullimeter Type 2001 SN: 081 02TH 089-5ap-16 (No:19085) Sep-17
Secondary Slandands D& Check Date (in howse) Scheduled Check
Auto DAE Calibeation Lind SE UWS 063 A 1001 05-Jan-17 (in house chack) Im house chack: Jan-18
Calibrator Bax V2.1 SE UMS 005 AA 1002 05-Jan-17 (In house check) In housa check: Jan-18
Miyrruz Funztion Signalure
Caliorated by: Dominique Stafien Labaradory Technician ﬁf_@?

Approved by: Swan Kohn Daputy Manager

i Y. %_:.lk L'-L,Ll;.'.fw"'

Issued: July 20, 2017

This calibration cerlificate shall nal be reproduced axcapl in full withoul written approval of the laboratary.
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Calibration Laboratory of a"&@%} g  Schweizarischar Kalibriordionst
Schmid & Partnaer Gt ¢ Service suisse détalonnage
Engineering AG T Servizlo svizzere di taralura
Zaughausstragae 43, BI04 Zurich, Switzerland % ﬁ:‘“ S  swiss Calibration Service
gl
Acergdited by the Swiss Accreditation Sendce [SAS) Accreditation Mo.: SCS 0108

The Swiss Accredilation Service is ona of the signatories to the EA
Multilateral Agreement for the recognition of calibration cerificates

Glossary

DAE data acguisition electronics

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

Methods Applied and Interpretation of Parameters
s [C 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.

s The following parameters as documented in the Appendix contain technical information as a
result from the performance test and require no uncertainty.

o  DC Voltage Measurement Linearity: Verification of the Linearity at +10% and -10% of
the naminal calibration voltage. Influgnce of offset valtage is included in this
measurement,

«  Common mode sensitivity: Influence of a positive or negative commaon mode voltage on
the differential measurement.

»  Channel separafion: Influence of a voltage on the neighbor channels not subject to an
input voltage.

o«  AD Converter Values with inputs shorfed: Values on the internal AD converter
corresponding to zero input voltage

e [nput Offset Measurement. Output voltage and stafistical results over a large number of
zero voltage measurements.

e [nput Oiiset Current: Typical value for information; Maximum channel input offset
current, not considering the input resistance.

#  Input resisfance: Typical value for information: DAE input resistance at the connactor,
during intermal auto-zercing and during measurement,

o Low Baftery Alarm Voltage: Typical value for information. Below this voltage, a battery
alarm signal is generated.

«  Power consumption: Typical value for information. Supply currents in various operating
modes.
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DC Voltage Measurement
AD - Converter Resclution nominal
High Range: 1LSE = BApY . full range = -100.._+300 my
Low Ramge: 1LSE = BinY . fullrange = -1.......+3mV¥
DASY measurement paramebers: Aulo Zara Time: 3 sac; Measuring tims: 3 sec
Calibration Factors X Y F4
High Range A05.976 £ 0.02% (k=2) | 404,686 + 0.02% (k=2) | 405.623 £ 0.02% (k=2)
Low Range 400366 + 1.50% (k=2) | 398422 + 1.50% (k=2) | 4.02584 + 1.50% (k=2)
Connector Angle
Connector Angle to ba used in DASY system 285%£1°
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Appendix (Additional assessments outside the scope of SC50108)
1. DC Voltage Linearity
High Range Reading (pv) Diffarence (V) Error (%)
Channel X+ Input 199993.34 372 -0.00
Channel X + Input 20003.85 208 .o
CI‘Ennﬂl X = Input -18999.42 1.70 -0.01
Channel ¥ + Input 199981, 78 546 -0.00
Channel ¥ + Input 20002.02 0.30 0.00
Channel ¥ - Input -20000.26 073 -0.00
Channel Z + Input 19999414 -3.08 -0.00
Channel Z + Input 2000091 -0.57 -0.00
Channel £ - Input -20000.60 0.62 -0.00
Low Range - Reading (V) Difference (pV) Error (%)
Channel X + Input 2001.47 0.29 0.0
Channel X + Input ] 202.09 0.42 021
Channel X - Input -197.15 1.05 -0.53
Channel ¥ + Input 2001.46 0.25 0.01
Channel ¥ + Input 201 A7 -0.31 016
Channel ¥ - Input -iEB h -0.64 0.32
Channel Z + Input 2001.57 0.41 0.02
Channel 2 + Input 201.30 -0.28 -0.14
Channel £ = Input 20023 -1.77 .59
2. Common mode sensitivity
DASY measurement parameters: Auto Zero Time: 3 sec;, Measuring lime: 3 sec
Common mode High Range Low Range
Input Voltage (mV) Average Reading (pV) Average Reading (uV)
Channel X 200 -7.70 -5.90
= 200 9.15 B.20
F(T..‘hannal Y 200 =722 ]
- 200 6,67 h 620
Channel Z 200 -5.80 <614
R - 200 3 4.3
3. Channel separation
ASY measurement parameters: Auto Zero Time: 3 sec; Measuring time: 3 sec
Input Veltage (mV) | Channel X (pV) | Channel ¥ (V) Channel Z {pV)
Channel X 200 352 -3.41
Channel ¥ 200 9.08 - 4.30
Channel Z 200 9.44 7.03 -
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4. AD-Converter Values with inputs shorted
DASY measurement parametars: Aulo Zero Time: 3 sec; Measuring time: 3 sec
High Range (LSB) Low Range (LSB)
Channal X 15881 17340
Channel ¥ 16455 16613
Channel Z 15938 16783
5. Input Offset Measurement
DASY messurament parametars: Aute Zero Time: 3 ses; Measuring tims: 3 sec
Ingput 10R4<E
: Std, Deviation
Average (uV) min. Offset (uV) | max. Oliset (V) {uV)
Channal X 0.84 -0.23 1.93 043
_Channel ¥ 0.3 -1.54 0.85 0.43
Channel Z -0.47 -1.82 0.51 0.47
6. Input Offset Current
Mominal Inpul circuitry offset current on all channels; <25i4
Input Resistance (Typical values for information)
Zeroing (kOhm) Measuring (MOhm) |
Channel X 200 200
Channel ¥ 200 200
Channel Z 200 200
8. Low Battery Alarm Voltage (Typical values for information)
Typical values Alarm Level (VDC)
Supply [+ Vec) +7.9
Supply (- Vec) 7.6
9. Power Consumption (Typical values for information)
Typical values Switched off (mA) | Stand by (mA) Transmilting (ma)
Supply {+ Vee) +0.01 i +14
| Supply (- Vec) ~0.01 -8 -4
Cerificate Mo: DAE4-1245_Jul17 Page5ed 5
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Accreslited by I Swiss Aocredifation Service (SAS) Accreditation Ko.: SCS 0108

Th Swiss Accreditation Service ks ane of the signatories to the EA
Multilateral Agreement Tor the racognition of calibration cartificalas

ciiant  CCS-CM (Auden) Certificate Mo: EX3-3T98_Jull7

|CALIBRATION CERTIFICATE

»

| Dbjact EX30DW4 - SN:3T98

Cabbralion procedura(s) OA CAL-01.v8, QA CAL-14.vd, QA CAL-23.v5, QA CAL-25.v6
Calibration procedure for dosimetric E-field probes

Calibwation dale: July 26, 2017

This catbralion cerificabe decuments te traceability o nalisnal standards, which reaize e physical unils of measuraments (S1).
The measuremants and the moeerainties wilh confidence probabilily are givan an the folewing pages and are parl of the cerlificate.

&l calirations lkave bean conductar in the dased Ebaratony faciliy: envinnment temperature (22 + 37°C and humidily < 70%

Cafibration Equipment uged (METE crtical for calibration)

Primary Sterands [ o | el Date (Cerlificate Mo _ Scheduled Caliaration |

Power maler NRP SN 104778 04-Ar. 17 [No. 217-02521/02522) Apr-18

P owes sensar NRP-Z91 EN: 103241 04-Agr17 (Mo, 217-03521) Apr-1d 1
| Power sensor NRP-281 SN 103245 l-Apr-17 (Mo, 217-02526) [ apr1a

Rafarance 20 dB Atlenualoe | SN S52T7 (204 D7-Apr-17 Mo, 217-02528) agr-18 ]
| Reference Praba ESA0VE SN: 3013 31-Diac- 16 {No. ES3-3013_Decis) Dec-17

DAEA ' SN; 660 7.Dec-16 {No. DAEA-E50_Deci) Dee-17 |

Secondany Standards 14 Check Dale {in house) Scheduled Chack ]

Power meler E44138 SH: GB41283874 D6-Apr-16 fin house check Jun-16) In house check: Jun-18

Powar senscr E44124 SH; Wd 1498087 CoG-Apr- 16 {In house chedk Jun-1§) In hiouse checks Jun-16 SR

Pawer senser EA4124 Shi: 000110210 06-Apr-16 in house chesk Jun-16) In ouse sheck: Jun-18

RF ganeratar HP BE48C SM; USIB42U01700 (d-Aug-B8 {in house chesk Jun-16) In houga chack: Jun-18 ‘I

Metwark Analyzer HP BISIE | BN USITI00585 1B-Ce-01 (jn house chack Oci-18) | In hawse cheek: Ool-17

Mams Furetion Signature

[mumawu by Michasl Weber Labaratery Teshnician M—
e
Approved by Kaljn Pokowis Techrical Manages /g‘é}% _.

I=sesd; Juby 26, 2017

This calivralion cartiscale shall not be reproduced axcepl in full withaul wilben appraval of the lsboratorny.
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Engineering AG =T \ ; ’ l|I Servizio svizzero di laratura
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Accredilad by e Swiss Aocreditation Senice (S05) Accredilation No.: SCS 0108

The Swiss Accreditation Service is one of the signateries to the EA

Multilateral Agreement for the recognition of calibration cartificates

Glossary:

TSl lizsue simulating lguid

NORM:,y.2 sensitivity in free space

ConvF sansitivity in TSL f NORM: v,z

DCP dicde compression point

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

ABCD micdulation dependent lingarization parametars

Polarization ip < rotation around probe axis

Polarization & 4 rotation around an axis that is in the plane normal o probe axis {al measurement center),

ie., 8 =0 normal to probe axis
Cannector Angla informaticn used in DASY system te align probe sensor X o the robat coordinate system

Calibration is Performed According to the Following Standards:

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

b}y IEC 62208-1, ", "Measurement procedure for the assessment of Specific Absorplion Rate {SAR) from hand-
held and bady-mounted devices used nexl Lo the ear (lrequency ranga of 300 MHz 1o 8 GHz)Y®, July 2018

c) IEC 82209-2, "Procedure to detarmine the Specific Absorplion Rate (SAR] for wireless communication devicas
uzed in close proximity to the human body (frequency range of 30 MHz to 6 GHz)", March 2010

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

Methods Applied and Interpretation of Parameters:

o NORMxy,z: Assessed for E-field palarization & = 0 {f = 900 MHz in TEM-cell; f = 1800 MHz: R22 waveguide).
MEORMx v,z are anly inlermediale values, ie.. the uncertainties of HORM:,y,z does not affect the EX-field
uncertainty inside TSL (see below ConwF).

o NORM{Tx, .2 = NORMx .2 * frequency_response (see Frequency Response Chart). This linearization is
implemented in DASY4 software versions |ater than 4.2. The uncariainty of the frequency responsa is included
in the stated uncertainty of ConwF.

«  DCPyx .z DCP are numencal lingarization parameters assessed based on the dala of power sweep with CW
signal {no uncertainty required). DCP does not depend on frequency nor media,

= FAR: PAR is the Peak to Average Ratlo that is not calibrated but determined based on the signal
characleristics

o Axyz Bayz Cuyz Dxyz; VRxpz A, B, C, D are numerical linearization paramelers assessed based on
the data of power sweep for specific modulation signal. The parameters do nat depend on frequency nor
media. VR is the maximuwm calibration range expressed in RMS voltage across the dioda.

= Convi and Boundary Effect Parameters: Assessed in flat phantom using E-field {or Temparature Transfer
Standard for | = 800 MHz) and inside waveguide using analylical field dislributions based on power
measurements for f > 800 MHz, The same sefups are used for assessment of the parameters appbed for
boundary compensaticon (alpha, depth) of which Lypical uncarainly valuas are given. These paramelers are
uzsed in DASY4 sofiware to improve probe accuracy close to the boundary. The sensitivity in T5L comesponds
to NORM, v, 2 * ComvF whereby the uncerlainly corresponds 1o that given for Conv, A frequency dependent
Convt is used in DASY version 4.4 and higher which allows extending the validity from £ 50 MHz to £ 100
MHz.

«  Spherical isofropy (30 devialion from isotropy); in a field of low gradients realized using a flat phantom
exposed by a palch antenna.

= Sgnsor Offsal. The sensor offsel corrasponds to the offsat of vidual measuremant center from the probe tip
[on probe axis), Mo tolerance reguired,

= Connector Angle: The angle is assessed using the information gained by determining the NORMx (no
uncartainty required).
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robe EX3DV4

SN:3798

Manufactured:  April 5, 2011
Calibrated: July 26, 2017

Calibrated for DASY/EASY Systems

{Note; non-compatible with DASY2 systeml)
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DASY/EASY - Parameters of Probe: EX3DV4 - SN:3798

Basic Calibration Parameters

Sansor X Sensor Y Sensar £ Une (k=2)
Morm (piidimiy" 0.53 0.49 0.57 + 10.1 %
OGP (mv)" 100.5 a4 996 -
Modulation Calibration Parameters
Ui Communication System Name A B [ u} VR Unc®
_— dB dBy Y dB my {k=2)
0 cw ¥ 00 0.0 1.0 .00 150.9 2.7 %
Y 0.0 0.0 1.0 149.9
Z 0.0 0.0 1.0 140.8

The reported uncertainty of measurement is stated as the standard un{:ena:nty of rneaauremen[
multiplied by the coverage factor k=2, which for a normal distribution corresponds to a coverage
probability of approximately 95%.

o The uncertaintics of Narm XY Z do not affect the E™leld uncerlsinty inside TSL (ses Pages 5 and §).
;i Mumerical naarizaton parameter; uncertainly not required.

Uncanainty is dalemined wusing the max. deviaian fram near response applying rectangular distibulion and is esgrassed for (he squarne of the
fieehdl walue.
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DASY/EASY - Parameters of Probe: EX3DV4 - SN:3798

Calibration Parameter Determined in Head Tissue Simulating Media

Ralative Conductlvity Depth™ | Une
f{MHz)® | Permittivity " {Sim) " ComvFX | ConvFY | ConvFZ | Alpha® | (mm) | (k=2)
B35 41.5 0.80 9.65 9.65 9.65 0.46 0,86 +12.0 %
Q00 41.5 0.87 9.39 9.38 29.38 048 (.83 + 120 %
1810 40.0 1.40 ! B.15 B.15 815 (.36 | 0.80 + 120 %
1900 40.0 1.40 B.O7 8.07 807 0.32 (.85 +12.0 %
2450 282 1.80 | T.40 T.40 T40 0.32 0.90 + 120 %
5200 26.0 A 66 | 520 5.20 520 0.35 1.80 +13.1%
5300 25.8 4.76 I 4.94 4.84 4.94 035 | 1.80 + 13,1 %
GH00 25.6 4,96 I 4.78 4.78 4.78 0.440 I 1.840 . 4 13._’1 %
GE00 A5.5 5.07 4.72 4.72 4.72 0.40 1.80 +13.1 %
5800 | 35.3 5.27 4.79 4.78 4.749 0.40 1.80 + 13,1 %

* Frequency vabdity above 300 MHz of £ 100 MHz anly apglies for DASY vd.4 and ligher {see Page 2], else & is reslricted 1o £ 50 MHz. The
uncatainty is tha RSS of tha ConeF uncartainty at calibration freguency and the uncertainty for the indicated frequency band. Frequancy salidily
balow 300 MHE is £ 10, 25, 40, 50 and 70 MHz lor ConvF assessments a1 30, 64, 128, 150 and Z20 MHz respechively, Ahowe 5 GHz freqguency
validity can be exlendad o+ 110 MHz.

" Al treguencies bielow 3 GHz, the vabdity of lisaus paramelers (= and ) can be retaxad 1o & 10% if kquid compensation formula is applied o
measured SAR valles. Al bequencies above 3 GHz, the valdity of lissue parameters (¢ and o) is resiricled 10 + 5%, The uncerlainty is the RS5 of
the CarF unceniairly far indicated largel lisgue parameters.

r".l".lr.\l'lan'DEplh are delermined dusing calbralion. SPEAG warianks 1hal the remaining devealion due b the boundary effect afier compensation i
atays Iess than + 1% for frequendes below 3 GHz and below + 2% for freguencies between 3-8 GHz & any distanca larger than half the probe tip
diametar from the boundary,
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DASY/EASY - Parameters of Probe: EX3DV4 - SN:3798

Calibration Parameter Determined in Body Tissue Simulating Media

Relative Conductivity Depth © Unc
f (MHz) © Permittivity " (Sim) " ConwFX | CowFY | ConvFZ | Alpha® [mmj (k=2)
B35 55.2 0.97 9.35 9.35 9.35 0.55 0.80 +12.0 %
=500 55.0 1.05 917 917 847 0.42 .86 120 %
1810 53.3 __1.52 781 781 .81 0.44 060 +12.0 %
1800 53.3 ___1.62 7.75 7.75 7.75 .45 .80 +12.0%
2450 52.7 1.05 7.32 7.a2 7.32 0.43 0.5 +12.0 %
5200 49.0 5.30 4.81 481 4,81 0.35 1.50 +13.1 %
5300 48.9 5.42 | 467 | 487 4567 0.35 1.80 +13.1 %
S50 E 48.6 565 i 4.26 I 4.26 426 0.40 1.50 +13.1 %
5600 | 485 5.77 418 | 4.8 4.18 040 | 190 | £131%
5800 | 48.2 G.00 445 | 445 445 0.40 1. 50 +13.1 %

“ Frequency validity abova 300 MHz of = 100 MHz onty applies for DASY wi.4 and higher (see Pape 2), slza it is resbicted to + 50 MHZ. Tha
uncarainty is Ihe ASS of the ComF uncerdainty al calibration frequency and tha uncarainty fior tha indicated fraquancy band. Frequency valldity
balow 300 MHz (5 + 10, 25, 40, 50 and 70 MHz lor ConuF assessments o 30, 64, 128, 150 and 220 Miz respaciively, Abowva & GHz Irequancy
validity can ba axandad to + 110 MHz,

F Al frequenceas balow 3 GHz, the validily of tissue parameaters (5 and o) can be relased fo £ 10% iF Equid compensaion formula s apglied 1o
mmeasured SAR values. Al fragquancies above 3 GHz, tbe validity of lissus paramatars (e and o} s restrictad Lo + 5%. The uncertainly ks the RSS of
fha ConvF uncertainty for indicabed target lisswe paramelars,

% tlghaDopth s delemined durng calibration, SPFEAG warrants thet the remaining dessation duwa 1o 1ha boundary effact afler compensation is
always less than £ 1% for fequencies below 3 GHz and balow & 2% for fraquancias batwaen 36 GHz at any distanca largar tham half the probe bip
diameler from the boundary,
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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: * 6.3% (k=2)
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Receiving Pattern (¢), 9 =0°

=600 MHz, TEM f=1800 MHz, Rz22
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Uncertainty of Axial Isotropy Assessment: £ 0.5% (k=2)
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Dynamic Range f(SARycaq)
(TEM cell , foyu= 1900 MHz)
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Uncartainty of Linearity Assessment: + 0.6% (k=2)
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Conversion Factor Assessment

f= B35 MHz, WGLS RS (H_com) f= 1200 MHz WGLS R22 (H_conwF)

' F Fo 3 &l
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Deviation from Isotropy in Liquid
Error (4, 8), f = 900 MHz
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Uncertainty of Spherical Isotropy Assessment: £ 2.6% (k=2)
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DASY/EASY - Parameters of Probe: EX3DV4 - SN:3798
Other Probe Parameters
Sensor Arrangem-anl Triangular
Connector Angle (%) -39.5
| Mechanical Surface Detection Mode | enabled
Oplical Surface Detection Mode disabled
Probe Owerall Length - S B 337 mm
“Probe Body Diameter 10 mm
Tip Length N i gmm |
Tip Diamster 2.5 mm
Frobe Tip to Sensor X Calibration Paint 1 mm
Prake Tip 1o Sensor ¥ Calibration Palnt 1 mm
Probe Tip o Sensor Z Calibration Point Tmm
"Recommended Measurement Distance from Suriace 1.4 mm
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