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CALIBRATION CERTIFICATE

Object D1800V2 - SN: 2d186

Calibration Procedure(s) FD-711-003.01

Calibration Procedures for dipole validation kits

Calibration date: June 05, 2017
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 (MA&TE critical for calibration)

Primary Standards ID# Cal Date(Calibrated by, Certificate No.) Scheduled Calibration
Power Meter NRP2 101919 27-Jun-16 (CTTL, No.J16X04777) Jun-17
Power sensor NRP-Z91 | 101547 27-Jun-16 (CTTL, No.J16X04777) Jun-17
Reference Probe EX3DV4 | SN 3817 23-Jan-17(SPEAG No.EX3-3817_Jan17) Jan-18
DAE4 SN 771 19-Jan-17(CTTL-SPEAG No.Z17-87018) Jan-18
Secondary Standards ID# Cal Date({Calibrated by, Certificate No.) Scheduled Calibration
Signal Generator E4438C | MY49071430 13-Jan-17 (CTTL, No.J17X00288) Jan-18
Network Analyzer ES071C | MY46110673  13-Jan-17 (CTTL, No.J17X00285) Jan-18
Name Function Signature
Calibrated by: Zhao Jing SAR Test Engineer éfj :

Reviewed by: Lin Hao SAR Test Engineer tﬁ%
Approved by Qi Dianyuan SAR Project Leader -sr%;ﬁ-\,

Issued: June 9, 2017
This calibration certificate shall not be reproduced except in full without written approval of the laboratory.
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Glossary:
TSL tissue simulating liquid
ConvF sensitivity in TSL / NORMx,y,z
N/A not applicable or not measured

Calibration is Performed According to the Following Standards:

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

b) IEC 62209-1, "Procedure to measure the Specific Absorption Rate (SAR) For hand-heid
devices used in close proximity to the ear (frequency range of 300MHz to 3GHz)", February
2005

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 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:

» 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 criented
parallel to the body axis.

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

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

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

» SAR for nominal TSL parameters: The measured TSL parameters are used to calculate the
naminal 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 normnal distribution
Corresponds to a coverage probability of approximately 95%.
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Measurement Conditions
DASY system configuration, as far as not given on page 1.

DASY Version DASYS52 52.10.0.1442
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 _ 1800 MHz £ 1 MHz

Head TSL parameters
The following parameters and calculations were applied.

Temperature Permittivity Conductivity_|
Nominal Head TSL parameters 20°C 40.0 1.40 mho/m ;
Measured Head TSL parameters (220+0.2) °C 396+6% 1.39 mho/m + 6 % |
Head TSL temperature change during test <1.0°C e - |

SAR result with Head TSL

SAR averaged over1 ¢’ (1 g) of Head TSL Condition |
SAR measured 250 mW input power 990mW /g =]
SAR for nominal Head TSL parameters normalized to 1W 39.7 mW /g + 18.8 % (k=2)
SAR averaged over 10 ¢m” (10 g) of Head TSL Condition
SAR measured 250 mW input power 514 mW /g
SAR for nominal Head TSL parameters normalized to 1W 20.6 mW /g + 18.7 % (k=2)

Body TSL parameters
The following parameters and calculations were applied.

Temperature Permittivity Conductivity
Nominal Body TSL parameters 220°C 53.3 1.52 mho/m
Measured Body TSL parameters (220x02)°C 535+6% 1.51 mho/m + 6 %
Body TSL temperature change during test <1.0°C e
SAR result with Body TSL |
SAR averaged over 1 ¢’ (1 g) of Body TSL Condition
SAR measured 250 mW input power 997 mW /g
SAR for nominal Body TSL parameters normalized to 1W 40.1 mW /g £ 18.8 % (k=2)
SAR averaged over 10 c# (10 g) of Body TSL Condition
SAR measured 250 mW input power 522 mW /g
SAR for nominal Body TSL paramelers normalized to 1W 20.8 mW ig £ 18.7 % (k=2)
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Appendix (Additional assessments outside the scope of CNAS L0570)

Antenna Parameters with Head TSL

Impedance, transformed to feed point - 48.60- 1.98jQ

Retum Loss -32.3dB

Antenna Parameters with Body TSL

| Impedance, transformed lo feed point 45.20)- 1.88j0 |

i Return Loss - 25.3dB |

General Antenna Parameters and Design

| Electrical Delay (one direction) 1.320 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

Manufactured by | SPEAG _|
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DASYS Validation Report for Head TSL Date: 06.05.2017

Test Laboratory: CTTL, Beijing, China

DUT: Dipole 1800 MHz; Type: D1800V2; Serial: D1800V2 - SN: 2d186
Communication System: UID 0, CW; Frequency: 1800 MHz; Duty Cyele: 1:1
Medium parameters used: f= 1800 MHz; o = 1.391 S/m; er = 39.56; p = 1000 kg/m3
Phantom section: Right Section
Measurement Standard: DASY5 (IEEE/IEC/ANST C63.19-2007)

DASYS Configuration:

« Probe: EX3DV4 - SN3617; ConvF(8.22, 8,22, 8.22): Calibrated: 1/23/2017:

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

= Electronics: DAE4 Sn771; Calibrated: 1/19/2017

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

s Measurement SW: DASY 352, Version 52.10 (0); SEMCAD X Version 14.6.10
(7413)

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

Reference Value = 101.8 V/im; Power Drift = -0.02 dB

Peak SAR (extrapolated) = 18.8 W/kg

SAR(1 g) = 9.9 W/kg; SAR(10 g) = 5.14 W/kg

Maximum value of SAR (measured) = 15.5 W/kg

d8
0

-3.49

-6.98

-10.48

-13.97

-17.46

0 dB = 15.5 W/kg = 11.90 dBW/kg
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Impedance Measurement Plot for Head TSL
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DASYS Validation Report for Body TSL Date: 06.05.2017

l'est Laboratory: CTTL, Beijing. China

DUT: Dipole 1800 MHz; Type: D1800V2; Serial: D1800V2 - SN: 2d186
Communication System: UID 0, CW; Frequency: 1800 MHz; Duty Cycle: 1:1
Medium parameters used: f= 1800 MHz: o = 1.511 $/m; & = 53.54: p = 1000 kg/m’*
Phantom section: Left Section
Measurement Standard: DASYS (IEEE/IEC/ANSI C63.19-2007)

DASYS Configuration:

» Probe: EX3DV4 - SN3617; ConvF(8.14, 8.14, 8.14); Calibrated: 1/23/2017:

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

» Electronics: DAE4 Sn771; Calibrated: 1/19/2017

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

+  Measurement SW: DASY 32, Version 52.10 (0); SEMCAD X Version 14.6.10
(7413)

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

Reference Value = 92.39 V/m; Power Drift = -0.05 dB

Peak SAR (extrapolated) = 18.0 Wikg

SAR(1 g) = 9.97 Wikg: SAR(10 g) = 5.22 W/kg

Maximum value of SAR (measured) = 15.2 Wikg

'3 = ——= [ = PN
0

-3.41
-6.82
-10.22

-13.63

4
17.04 |

0 dB =152 W/kg = 11.82 dBW/kg
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Impedance Measurement Plot for Body TSL
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Client Audix Certificate No: Z17-97065
CALIBRATION CERTIFICATE
Object D2450V2 - SN: 862

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

Calibration Procedures for dipole validation kits

Calibration date; June 06, 2017
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 cerificate.

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
Power Meter NRP2 101919 27-Jun-16 (CTTL, No.J16X04777) Jun-17
Power sensor NRP-Z81 | 101547 27-Jun-186 (CTTL, No.J16X04777) Jun-17
Reference Probe EX3DV4 | SN 3617 23-Jan-17(SPEAG No.EX3-3617_Jan17) Jan-18
DAE4 SN 771 19-Jan-17{CTTL-SPEAG,N0.Z17-37016) Jan-18
Secondary Standards ID# Cal Date(Calibrated by, Certificate No.) Scheduled Calibration
Signal Generator E4438C | MY49071430 13-Jan-17 (CTTL, No.J17X00286) Jan-18
Network Analyzer ES071C | MY46110673  13-Jan-17 (CTTL, No.J1 7X00285) Jan-18
Name Function Signature
Calibrated by: Zhao Jing SAR Test Engineer = éi’
Reviewed by: Lin Hao SAR Test Engineer -11:11()'6

Approved by: Qi Dianyuan SAR Project Leader ' %_

Issued: June 09, 2017
This calibration certificate shall not be reproduced except in full without written approval of the laboratory.

Certificate No: Z17-97065 Page 1 of 8

Audix Technology (Shenzhen) Co., Iltd.. Report No. ACS-SF19002 ANNEX C Page 39 of 79




®
A U D IX AUDIX Technology (Shenzhen) Co., Ltd.

_r-\' In Colisboration with
S p € a g

Add: No.51 Xueyuan Road. Haidian District, Beijing, 100191, China
el +86-10-62304633-2079 Fax; +B6-10-62304633-2504
E-mail; ettl@chinatil com hittp:/fwww.chinaitl.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 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:

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.

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

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

» 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.

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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Measurement Conditions
DASY system configuration, as far as not given on page 1.

DASY Version DASYS52 52.10.0.1442
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 22.0°C 392 1.80 mho/m |
Measured Head TSL parameters (220+0.2) °C 396+6% 1.81 mho/m £ 6 % _
Head TSL temperature change during test <1.0°C -
SAR result with Head TSL
SAR averaged over1 cm’ (1 g) of Head TSL Condition
SAR measured 250 m\W input power 132mWig
SAR for nominal Head TSL parameters normalized to 1W 52.8 mW /g + 18.8 % (k=2)
SAR averaged over 10 ¢m’ (10 g) of Head TSL Condition
SAR measured 250 mW input power 6.13mW /g
SAR for nominal Head TSL parameters normalized to 1W 24.5 mW /g £ 18.7 % (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+02)°C 528+6% 1.96 mho/m £ 6 %
Body TSL temperature change during test <1.0°C
SAR result with Body TSL
SAR averaged over 1 cm’ (1 g) of Body TSL Caondition |
SAR measured 250 mW input power 1289 mW /g .
SAR for nominal Body TSL parameters normalized to 1W 51.5 mW /g £ 18.8 % (k=2) I
SAR averaged over 10 ¢ (10 g) of Body TSL Condition
SAR measured 250 mW input power 584mW/g
SAR for nominal Body TSL parameters normalized to 1W 23.7 mW g £ 18.7 % (k=2)
Certificate No: Z17-97065 Page 3 of 8
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Appendix (Additional assessments outside the scope of CNAS L0570)

Antenna Parameters with Head TSL

Impedance, transformed lo feed point 48.60+ 5.14j0 ]

Retumn Loss - 25.4dB

Antenna Parameters with Body TSL

Impedance, transformed to feed point 50.70+ 4.98j0

Return Loss - 26.0dB

General Antenna Parameters and Design

Electrical Delay (one direction) 1.273 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 positian 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

Mo 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

j Manufactured by SPEAG
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DASYS Validation Report for Head TSL Date: 06.06.2017

Test Laboratory: CTTL, Beijing, China

DUT: Dipole 2450 MHz; Type: D2450V2; Serial: D2450V2 - SN: 862
Communication System: UID 0, CW: Frequency: 2450 MHz; Duty Cyele: 1:1
Medium parameters used: f= 2450 MHz; o = 1.809 $/m; er = 39.63; p = 1000 kg/m3
Phantom section: Right Section
Measurement Standard: DASY 5 (IEEE/IEC/ANSI €63.19-2007)

DASYS Configuration:

+« Probe: EX3DV4 - SN3617; ConvF(7.74, 7.74, 7.74); Calibrated: 1/23/2017:
« Sensor-Surface: 1.4mm (Mechanical Surface Detection)
+ Electronics: DAE4 Sn771; Calibrated: 1/19/2017
» Phantom: Triple Flat Phantom 5.1C; Type: QD 000 P51 CA; Serial: 1161/1
»  Measurement SW: DASYS2, Version 52.10 (0); SEMCAD X Version 14.6.10
(7413)
Dipole Calibration/Zoom Scan (7x7x7) (7x7x7)/Cube 0: Measurement grid: dx=5mm,
dy=5mm, dz=5mm
Reference Value = 82.85 V/m; Power Drift =-0.01 dB
Peak SAR (extrapolated) = 27.4 W/kg
SAR(1 g) = 13.2 W/kg; SAR(10 g) = 6.13 W/kg
Maximum value of SAR (measured) = 22.0 W/kg

dB
0

-4.46

-8.93

-13.39

-17.86

-22.32

0 dB = 22.0 W/kg = 13.42 dBW/kg
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Impedance Measurement Plot for Head TSL
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DASYS Validation Report for Body TSL Date: 06.06.2017

Test Laboratory: CTTL, Beijing, China

DUT: Dipole 2450 MHz; Type: D2450V2; Serial: D2450V2 - SN: 862
Communication System: UID 0, CW: Frequency: 2450 MHz; Duty Cycle: 1:1
Medium parameters used: = 2450 MHz; ¢ = 1.959 $/m; &, = 52.82; p = 1000 kg/m*
Phantom section: Center Section
Measurement Standard: DASY S (IEEE/IEC/ANS] C63.19-2007)

DASYS Configuration:

+ Probe: EX3DV4 - SN3617; ConvF(7.8, 7.8, 7.8); Calibrated: 1/23/2017:
» Sensor-Surface: 1. 4mm (Mechanical Surface Detection)
« Electronics: DAE4 Sn771; Calibrated: 1/19/2017
« Phantom: Triple Flat Phantom 5.1C; Type: QD 000 P31 CA; Serial: 1161/
* Measurement SW: DASY 52, Version 52.10 (0); SEMCAD X Version 14.6.10
(7413)
Dipole Calibration/Zoom Scan (7x7x7) (7x7x7)/Cube 0: Measurement grid: dx=5mm,
dy=5mm, dz=5mm
Reference Value = 92,72 V/m; Power Drift = -0.05 dB
Peak SAR (extrapolated) = 27.0 W/kg
SAR(1 g) = 12.9 W/kg; SAR(10 g) = 5.94 W/kg
Maximum value of SAR (measured) = 21.8 Wrkg

dB
0

-4.42
8.85 |
13.27

-17.70

r

il —

-22.12 £

ik

0dB=21.8 W/kg = 13.38 dBW/kg
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Impedance Measurement Plot for Body TSL

- —

[Trl S1i Log Mag 10.00d8/ Ref 0.000dB [F1]

51 2.4500000 GHz -25.037 08

| F Y
1 Stirt 225 Gir FEW 100 Hr swp 265 G [BE
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Add: Mo, 51 Xugyid Roadl, Hukdian Dhstrct, Beijing. 10191, China "r";'_’ MIWHGH
Ticl: # 86 10-H2304633-2070 Fasc + 86106230463 3- 2504 sl CHAS LOSTD
E-mail: enilidehinatl com I e chinanl cn
Client Audix Certificate No:  Z17-97066
'CALIBRATION CERTIFICATE
Object DEGHzV2 - 5N: 1102
Calibration Procedura(s) FD-Z11-003-01
Calibration Procedures for dipole validation kits
Calibration date May 25, 2017

This cafibration Cerfificate documents the traceability to national standards, which realize the physical units of
measurements(Sl). The measuraments and the uncertainties with confidence probability are given on the following
pages and are part of the cedificate

All calibraticns have been conducted in the closed laboratory facility. environment temperature(zzeT and

eumidity<70%

Calibration Equipment used (METE critical for calibration)

| Primary Standards _D# Cal Date(Calibrated by, Certficate No) _ Scheduled Calibration
Power Meter NRP2 101815 2? Jun-16 (CTTL, No. J16X0477T) Jun-17
Power sensor  MNRP-Z91 | 101547 27-Jun-16 (CTTL, No.J16X0477T) Jun-17
ReferancaProbe EX30V4 | SN 7433 26-Sep-16(SPEAG N EX3-7433_Sep16) Sep-17
DAE4 | SN 1331 19-Jan-17{CTTL-SPEAG No. Z17-87015) Jan-18
Secondary Standards | 1D # Cal Date[(_.‘a_g_lm_ra!l_ed_b_g_cerhﬁmte Mo}  Scheduled Calibration
Signal Generator E4438C | MY45071430 13-Jan-17 (CTTL, No.J17X00286) Jan-18
NetworkAnalyzer ESOTIC | MY46110873  13-Jan-17 (CTTL, No.J17X00285) Jan-18
Mame Fungction Signature
Chlivated by: Znao Jing SAR Test Engineer
Reviewed by: Lin Hao SAR Test Engineer “EQ‘FE";[;:‘
Approved by, Qi Dianyuan SAR Project Laader %

Issued: May 27, 2017
Thiz calibration certificate shall not be reproduced axcapt in full without written approval of the laboratory

Cernificate No: £17-97066 Page 1 of 14
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Addd: Mo 81 Xueysan Road, Haddien District, Beijing. 100191, China
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E=rradl: ctzlidehimatid com hatp v, chinanl e
Glossary:
TSL tissue simulating liguid
ConvF sensitivity in TSL/ NORMx,y.z
MNIA not applicable or not measured

Calibration is Performed According to the Following Standards:

a) IEEE 5td 1528-2013, "IEEE Recommended Practice for Determining the Peak
Spatial-Averaged Specific Absorption Rate (SAR) in the Human Head from Wirelass
Communications Devices: Measurement Technigques”, 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
E6GHz)", July 2016

€} IEC 62208-2, "Procedure to measure the Specific Absorption Rate (SAR) For wireless
communication devices used in clase proximity to the human body (frequency range of
30MHz to 6GHz)", March 2010

d) KDBBESEE4, SAR Measurement Requirements for 100 MHz to 8 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

= Antenna Parameters with T5L: The dipole is mounted with the spacer to position its feed
point exactly below the center marking of the flat phantom section, with the arms oriented
parallel to the body axis

» Feed Point Impedance and Return Loss: These parameters are measured with the dipole
positioned under the liguid filled phantom. The impedance stated s transtormed from the
measurement al the SMA connector to the feed point. The Return Loss ensures iow
reflecied power. No uncertainty required

= Elscirical Defay: One-way delay belween the SMA connector and the antenna feed point
Mo uncertainty required

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

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

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

The reported 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 approximataly 85%, |

Certificate Mo, Z17-970646 Page 2 of 14
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Measurement Conditions
DASY system configuration. as far as nol given on page 1

| DASY Version DASYS2 | 52.10.0.1442 i
! Extrapolation Advanced Exirapalation I
Phantom Triple Flat Phantom 510 |
Distance Dipole Contar - TSL 10 mm with Spacer
Zoom Scan Resalution dx, dy = 4 mm, dz = 1.4 mm Graded Ratio = 1.4 (7 direcbon)
| 5260 MHz = 1 MHz
Frequancy 5600 MHz = 1 MHz
L 5750 MHz = 1 MHz

Head TSL parameters at 5250 MHz

The following parameters and calculations ware apphed.

Temperature Pormittivity Candugtivity
Nominal Head TSL parameters 220°C 3548 4.71 mhaim
Measured Head TSL parameters (22002 "C A57+6% | %81 mhofm £ 6 %

| Head TSL temperature change during M:ti <1.0*C —

_SAH averaged aver 1 i (1 g) of Head TSL Condition |
I SAR me.a:s;;;ed = 100 mW inpul power | T:53mWig
SAR for nominat Head TSL parameiess normaized to 1W i 752 mWig= -E-IA % (k=2)
SAR averaged aver 10 ¢r (10 g) of Head TSL Cnnu:h'.llnn | —
I SAR measured 100 mW input power 2ATmW i g
SAR for nominal Head TSL parameters : | normalized fo 1W 1 21.7 mW g £ 24.2 % (k=2) .
Certficate Mo: Z17-07066 Page 3 of 14
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Head TSL parameters at 5600 MHz

Tha faffowing paramelers and calculations wers applied

Fax: # Bh= 062 104653-3504
hepe e, chananlen

| Mominal Head TSL paramelers

Moasured Head TSL parametors

| Temperature Parmittivity Conductivity |

| 220%¢ 55 507 mhoim |

R20+0.2}"C 35.1+6% -G'B-Gmhm'mzﬂ-‘ﬂé.i

Head TSL temperature change during test : <1.0°C — — |

SAR result with Head TSL at 5600 MHz

| SAR averaged over 1 om’ {1 g} of Head TSL

Condition

md

SAR measured

100 mW input power B14miW /g

SAR for nominal Head TSL paramaters

nommalized 1o 1W B1.6 mW g £ 24.4 % (k=2

SAR averaged over 10 om ' (10 g) of Head TSL

SAR measured

Conditian

100 miW input power 231 mW /g

SAR for nominal Head TSL paramaters

normallzed to TW

232 mW ig £ 24.2 % (=2}

Head TSL parameters at 5750 MHz

Conductivity

| Temperaturs Permittivity
Nomiinal Head TSL paramaters | 2o 354 5 22 mihalm
Measured Head TSL paramaters @20£03°C 60:6% | 509 mhoim+6%
Head T5L temperature change during test < T.l::l.’: - =)
SAR result with Head TSL at 5750 MHz
SAR averaged over 1 o (1 g) of Hoad TSL énndﬂlnn B

SAR measured

100 mW input pererer 7B mwW i g

3AR lor nominal Head TSL paramelers

normalized to W T8 mW ig £ 24.4 % [(k=2)

| SAR averaged over 10 o - {10 g of Head TEL
Bentirudies AELhindl , A St |

i SAR measured

Condiion

100 mW input powed 2.24mW /g

| SAR for nominal Head TSL parameters

normalzed o 1W

Z2.5 m\W g = 24.2 %% [k=2) |

Certificate Mo Z17-97066
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Body TSL parameters at 5250 MHz
Tha following paramelars and calculations wese applied.

Temparature P-u-i'l'l'l.i-llnmy_ _{:;u:u\rlty ] |
I Nominal andyTlsl. paramoters l: zo0'c I E @8 | s 36 mhofim I
Measured Body TSL parameters | (220 r.l;'r .2:| 'c ATE+B% 545 mhodm + 8 %
| Body TSL temperature change during test <1.0°C | =
SAR result with Body TSL at 5250 MHz
.EAH: averaged over 1 Ccnd (1 g)of Bady TSL Conditicn

SAR measured

=

100 mW input power

TE2mW /g

SAR for nominal Bady TSL parameters

normalized fo 1W

TE5.8 mW ig £ 24.4 % (k=2

SAR averaged over 10 cm ' (10 g) of Body TSL

Condilhon

SAR meagunsd

100 mW inpul power

215 mW /g

SAR for nominad Body TSL paramelers

Body TSL parameters at 5600 MHz
The follawing parameters and calculations were applied

normadized o 1W

21.4 mW Ig £ 28.2 % (k=2)

Temparatune Permittivity Conductivity ]
Naminal Body T-SL paramaters 20°C 485 5.77 mhoim |
Measured Body TSL plrll'l'l;tﬂl'l (220+02)°C 473+8% 5 .E.EI .r;mu-'m 6%
_EG‘H’?TEL temperature change during test | <1.0"C — 1
SAR result with Body TSL at 5600 MHz =
SAR averaged over 1 cm (1 g) of Body TSL Condibon |_

SAR measurnd

100 mW inpul power

| 79TmW /g

SAR for nominal Body TSL parameters

normsleed o W

75.3 mW g £ 24.4 % (k=3) |

SAR averaged over 10 o’ {10 §) of Body TSL

Condition

S5AR measurad

100 mW inpul power

223mW g

BAR for nominal Body TEL paramoloss

Certificate No: £17-97066 Page 3 of 14
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Body TSL parameters at 5750 MHz

The following parameters and calculations were applied

Mominal Body TSL paramaters

Maasured Body TSL parametors

Body TSL temperature change during test

SAR result with Body TSL at 5750 MHz

SAR averaged over1 om (1 g) of Body TSL |

SAR measured

|
| SAR for nomir

isnn avoraged over 10 o (10 g of Body TSL |

| SAR measured

SAR, for nominad Body TSL paramelers

Cenificate Moz £1 7-09T066

il Body TSL parameters

Permittivity

Tomparature Conductivity
— ——— e — :
200G 433 5 84 miho'm
(220x02)°C 472 +8B% 5.88 mhaim + 8%
<1.0°C
Condition

100 miW inpul povesr

T4 mW /g

normislized o 1W

Tia.d mW ig £ 24.4 % [k=2)

Condition
100 miW inpul power | 211 mwW i g

normakized to 1W

21.0 mW ig £ 24.2 % [k=2)

F'.1|_'|: tol I4
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Appendix (Additional assessments outside the scope of CNAS LO570)

Antenna Parameters with Head TSL at 5250 MHz

Impédance, translormed to feed poimt 4700 - 4130

Retum Loss - 25 6dB

Antenna Parameters with Head TSL at 5800 MHz

| Impedance, transformed (o feed point 5520 - 3870

Roturn Loss - 24. 248

Antenna Parameters with Head TSL at 5750 MHz

| Impedance, transformad to fead point 51.00- 1920

| Rehsn Logs E - 33 448

Antenna Parameters with Body TSL at 5250 MHz

Impadance, fransformed to feed pont 4820} - 2 57503

[ Retum Loss - 30.0d8

Antenna Parameters with Body TSL at 5600 MHz

impadance, transformed W feed point 56850 - 1.31j0

Raturn Loss - 24 1dB

Antenna Parameters with Body TSL at 5750 MHz

| Impedance, tansformad to faad poinl

52.200- 1.48)0
Rafum Logs | 31.748

Certificate Moz £1 7-97066 Page 7 of 14
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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
e measured

The dipole is made of standard semirigid coaxial cable. The center conductor of the feeding line i dirsctly
connected o the second arm of the dipole. The antenna is therefore shor-circuited for DC-signals. On some
of the dipoles, small end caps are added (o the dipale arms in order to improve matching when loaded
according o the posikon as explamed in the ' Mea.,ulen'nr[ Conditions™ paragraph. The SAR data are nod
affected by this change The averall dipole length is still according to the Standard

Mo excessive force must be applied to the dipole arms, becausa they might bend or the soidened
connections near the feedpaint may be damaged,

Additional EUT Data

r-.* nufactured by SPEAG

Certificate Mo: Z17-9T066 Fage 8ol 14
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DASYS Validation Report for Head TSL Date: 05252017

Test Laboratory: CTTL, Beijing, China
DUT: Dipole 5GHz; Type: D5GHzV2; Serial: DSGHzV2 - SN: 1102
Communication System: CW, Frequency: 5250 MHz, Freg uency, 5600 MHz,
Frequency: 5750 MHz,
Medium parameters used: f = 5250 MHz; o = 4612 mho/m; er = 35.73; p = 1000
kg/m3, Medium parameters used: f = 5600 MHz; o = 4.938 mho/m; er= 3611, p =
1000 kgim3, Medium parameters usad: f= 5750 MHz, o = 5.085 mho/m; er = 36.04;
g = 1000 kg/m3,
Phantom section: Center Section
Measurement Standard: DASYS (IEEENEC/ANSI C63.19-2007)
DASYS Configuration
* Probe: EX3DV4 - SNT433; ConvF(5.13,5.13,5.13); Calibrated: 2016/3/26,
ConvF(4.58 4.59 4.59), Calibrated: 2016/9/28, ConvF(4.66,4.66 4 55):
Calibrated: 2016/9/26,
* Sensor-Surface: 1.4mm (Mechanical Surface Detection)
* Electronics: DAE4 Sn1331; Calibrated: 2017/1/19
* Phantom: Triple Flat Phantom 5.1C; Type: QD 000 P51 CA; Serial: 1161/3
*  Measurement SW: DASY52, Version 5210 (0); SEMCAD X Version 14.6.10
(7413)

Dipole Calibration /Pin=100mW, d=10mm, f=5250 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Measurement grid: dx=4mm, dy=4mm, dz=1.4mm
Raference Value = 68.47 Vim. Power Drift = -0.02 dB

Peak SAR (extrapolated) = 30.3 Wikg

SAR(1 g) = 7.53 Wikg; SAR({10 g) =217 Wikg

Maximum value of SAR (measured) = 18.4 Wikg

Dipole Calibration /Pin=100mW, d=10mm, f=5600 MHz/Zoom Scan,
dist=1.4mm (8xBxT)/Cube 0: Measurement grid: dx=4mm, dy=4mm, dz=1.4mm
Reference Value = 71.52 Wm; Power Drift = -0.08 dB

Peak SAR (extrapolated) = 35.86 Wikg

SAR(1 g) = 8.14 Wikg; SAR(10 g) = 2.31 Wikg

Maximum value of SAR (measured) = 20.5 Wikg

Certificate No: 21 7-070646 Page 90l 14

Audix Technology (Shenzhen) Co., Iltd.. Report No. ACS-SF19002 ANNEX C Page 55 of 79




®
A U D IX AUDIX Technology (Shenzhen) Co., Ltd.

é‘? "7T7. 5 B e a g

fckid: Moo 5 | Xiseyunn Road, Hoidisn Dairct, Beijing. 100191, Cleina
Tl 8 | A2 AR 12079 Fax; +§= =02 306063 3250
E-mall: extdutchmatil com hirpcSwwsochingitl.cm

Dipole Calibration /Pin=100mW, d=10mm, f=5750 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Measurement grid: dx=4mm, dy=4mm, dz=1.4mm
Reference Value = 68.52 \Wim, Power Drift = 0.01 dB

Peak SAR (extrapoialed) = 34.1 Wikg

SAR(1 g) = 7.89 Wikg; SAR(10 g) = 2.24 W/kg

Maximum value of SAR (measured) = 19.6 Wikg

-T.6b

-15.11

-22.97

-30.62 §

4 I
3828 |

0 dB = 19.6 Wikg = 12.92 dBW/kg

Certificate Ma; £17-97086 Page 10 of 14
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DASYS Validation Report for Body TSL Date: 05232017

Test Laboratory: CTTL, Beljing, China
DUT: Dipole 5GHz; Type: D5GHzV2; Serial: D5GHzV2 - SN: 1102
Communication System. CW, Frequency: 5250 MHz, Freguency: 5600 MHz,
Frequency: 5750 MHz,
Medium parameters used: { = 5250 MHz; o = 5.448 mho/m; er = 47.88; p = 1000
kg/m3, Medium parameters used: f = 5800 MHz; o = 5.798 mho/m; er = 47.31; p =
1000 kg/m3, Medium parameters used: f = 5750 MHz: ¢ = 5.879 mho/m: er=47.23:
p = 1000 kg/m3,
Phantom section: Right Section
Measurement Standard: DASYS (IEEEAEC/ANSI C63.19-2007)
DASYS Configuration
* Probe: EX3DV4 - SN7433; ConvF(4.58 4.68 4.68),; Calibrated: 2016/9/26,
ConvF({3.98,3.98,3.98); Calibrated: 2016/9/26, ConvF(4.35 4.35 4 35);
Calibrated: 2016/9/28,
* Sensor-Surface: 1.4mm (Mechanical Surface Detection)
* Electronics: DAE4 Sn1331; Calibrated: 2017/1/19
* Phantom: Triple Flat Phantom 5.1C; Type: QD 000 P51 CA; Serial: 1161/3
* Measurement SW: DASYS2, Version 52,10 (0); SEMCAD X Version 14.56.10
(7413)

Dipole Calibration /Pin=100mW, d=10mm, =5250 MHz/Zoom Scan,
dist=1.4mm (8xBxT)/Cube 0: Measurement grid: de=4mm, dy=4mm, dz=1.4mm
Reference Value = 66.69 \Vim; Power Drift = 0.02 dB

Peak SAR (extrapolated) = 28.9 Wikg

SAR(1 g) = 7.62 Wikg; SAR(10 g) = 2.15 Wikg

Maximum value of SAR (measured) = 17.4 Wikg

Dipole Calibration /Pin=100mW, d=10mm, f=5600 MHz/Zoom Scan,
dist=1.4mm (8xBx7)/Cube 0: Measurement grid: dx=4mm, dy=4mm, dz=1.4mm
Reference Value = 57 31 Vim; Power Drift = 0.02 dB

Peak SAR (extrapolated) = 33.5 Wikg

SAR(1 g) = 7.97 Wikg; SAR(10 g) = 2.23 Wikg

Maximum value of SAR (measured) = 19.7 Wikg

Cernificate MNo: 21 T-97066 Page 12 of 14
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Dipole Calibration IPin=100mW, d=10mm, f=5750 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Measurement grid: dx=dmm, dy=dmm, dz=1 4mm
Reference Value = 65.96 Vim, Power Drift = 0.04 dB

Peak SAR (extrapolated) = 30.7 Wikg

SAR(1 g) = 7.48 Wikg; SAR(10 g) = 2.11 Wikg

Maximum value of SAR (measured) = 17.6 Wikg

dB

-B.12

-16.24

-24.36

-32.48

-40.60

0 dB = 17.8 Wikg = 12.50 dBW/kg
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Object D2600V2 - SN: 1123

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

Calibration date: May 20, 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 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
Power Meter NRP2 108277 20-Aug-18 (CTTL, No.J18X06862) Aug-19
Power sensor NRP8S 104291 20-Aug-18 (CTTL, No.J18X06862) Aug-19
Reference Probe EX3DV4 | SN 3617 31-Jan-19(SPEAGNo.EX3-3617_Jan19) Jan-20
DAE4 SN 1331 06-Feb-19(SPEAGNo.DAE4-1331_Feb19) Feb-20
Secondary Standards ID# Cal Date(Calibrated by, Certificate No.) Scheduled Calibration
Signal Generator E4438C | MY49071430 23-Jan-19 (CTTL, No.J19X00336) Jan-20
Network Analyzer ES071C | MY46110673 24-Jan-19 (CTTL, No.J19X00547) Jan-20

Name Function ~Signature

Calibrated by! B'lﬂﬂ ‘"'IU SAR Tﬁt Eﬂglm .- éﬁ ‘S

Revi ; : ==
Sy By Lin Hao SAR Test Engineer == .

Approved by: Qi Dianyuan SAR Project Leader

Issued: May 25, 2019
This calibration certificate shall not be reproduced except in full without written approval of the laboratory.
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Glossary:
TSL tissue simulating liquid
ConvF sensitivity in TSL / NORMx,y,z
N/A not applicable or not measured

Calibration is Performed According to the Following Standards:

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

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

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

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

Additional Documentation:
e) DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

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

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

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

» 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.

s 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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Measurement Conditions
DASY system configuration, as far as not given on page 1.
DASY Version DASY52 52.10.2.1485
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 2600 MHz + 1 MHz

Head TSL parameters
The following parameters and calculations were applied.

Temperature Permittivity Conductivity
Nominal Head TSL parameters 220°C 39.0 1.96 mho/m
Measured Head TSL parameters (220+£0.2) °C 386+6% 1.85 mho/im £ 6 %
Head TSL temperature change during test <1.0°C - ----
SAR result with Head TSL
SAR averaged over 1 ¢m” (1 g) of Head TSL Condition
SAR measured 250 mW input power 14.0 Wikg
SAR for nominal Head TSL parameters normalized to 1W 56.0 Wikg £ 18.8 % (k=2)
SAR averaged over 10 ¢/’ (10 g) of Head TSL Condition
SAR measured 250 mW input power 6.17 Wikg
SAR for nominal Head TSL parameters normalized to 1W 24.7 Wikg £ 18.7 % (k=2)
Body TSL parameters
The following parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Body TSL parameters 22.0°C 52.5 2.16 mho/m
Measured Body TSL parameters (220+02)°C 529+6% 217 mho/m£6 %
Body TSL temperature change during test <1.0°C - —
SAR result with Body TSL
SAR averaged over 1 cm’ (1 g) of Body TSL Condition
SAR measured 250 mW input power 13.6 Wikg
SAR for nominal Body TSL parameters nermalized to 1W 54.4 Wikg £ 18.8 % (k=2)
SAR averaged over 10 cm’ (10 g) of Body TSL Condition
SAR measured 250 m\W input power 5.82 Wikg
SAR for nominal Body TSL parameters normalized to 1W 23.7 Wikg £ 18.7 % (k=2)
Certificate No: Z19-60159 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 point 50.10- 5.07jQ

Return Loss - 25.9dB

Antenna Parameters with Body TSL

Impedance, transformed to feed point 47.30- 5.85)Q

Return Loss - 23.6dB

General Antenna Parameters and Design

Electrical Delay (one direction) 1.013 ns

After long term use with 100W radiated power, only a slight warming of the dipole near the feadpoint 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

Manufactured by SPEAG —I
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DASYS Validation Report for Head TSL Date: 05.20.2019
Test Laboratory: CTTL, Beijing, China
DUT: Dipole 2600 MHz; Type: D2600V2; Serial: D2600V2 - SN: 1123

Communication System: UID 0, CW; Frequency: 2600 MHz; Duty Cycle: 1:1
Medium parameters used: f= 2600 MHz; o = 1.952 S/m; & = 38.59; p = 1000 kg/m3
Phantom section: Center Section

DASYS Configuration:

= Probe: EX3DV4 - SN3617; ConvF(7.19, 7.19, 7.19) @ 2600 MHz; Calibrated:
1/31/2019

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

+ Electronics: DAE4 Sn1331; Calibrated: 2/6/2019

s Phantom: MFP_V5.1C ; Type: QD 000 P51CA; Serial: 1062

» Measurement SW: DASYS2, Version 52.10 (2); SEMCAD X Version 14.6.12
(7450)

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

Reference Value = 93.94 V/m; Power Drift = 0.04 dB

Peak SAR (extrapolated) = 31.1 W/kg

SAR(1 g) = 14 Wikg; SAR(10 g) = 6.17 W/kg

Maximum value of SAR (measured) = 24.1 W/kg

dB R ey TR 3 T B d
0

-4.93
-9.86
-14.79

-19.72
g
0 dB = 24.1 W/kg = 13.82 dBW/kg

-24.65
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Impedance Measurement Plot for Head TSL

Trl 511 Log Mag 10.00dB/ ref 0.000d8 [F1]
30-00 53— 5500000 ez <25, 57¢ 08

40,00
30,00
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10.00
0. 000 4
-10.00
~20.00
=30.00

=4 0. 00

=50.00
PEM s11 smith (R+]%) Scale 1.000u [F1 pDel]

X1 2.6000000 Gz 50.105 0 ~5.0655 0 12.084-pF —
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DASYS Validation Report for Body TSL Date: 05.20.2019
Test Laboratory: CTTL, Beijing, China
DUT: Dipole 2600 MHz; Type: D2600V2; Serial: D2600V2 - SN: 1123
Communication System: UID 0, CW; Frequency: 2600 MHz; Duty Cycle: 1:1
Medium parameters used: f= 2600 MHz; 6 = 2.169 S/m; &, = 52.88; p = 1000 kg/m3
Phantom section: Right Section
DASYS5 Configuration:

» Probe: EX3DV4 - SN3617; ConvF(7.49, 7.49, 7.49) @ 2600 MHz; Calibrated:
1/31/2019

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

» Electronics: DAE4 Sn1331; Calibrated: 2/6/2019

» Phantom: MFP_V5.1C ; Type: QD 000 P51CA; Serial: 1062

»  Measurement SW: DASYS52, Version 52.10 (2); SEMCAD X Version 14.6.12
(7450)

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

Reference Value = 98.54 V/m; Power Drift = 0.07 dB

Peak SAR (extrapolated) = 30.5 W/kg

SAR(1 g) = 13.6 W/kg; SAR(10 g) = 5.92 W/kg

Maximum value of SAR (measured) = 23.9 W/kg

dB [ RC TN
0

-4.85
-9.69
-14.54

-19.38

-24.23 u’

0 dB =23.9 W/kg = 13.78 dBW/kg
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Impedance Measurement Plot for Body TSL
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Client :

Object DAE4 - SN: 889

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

Calibration date: March 19, 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 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 20-Jun-18 (CTTL, No.J18X05034) June-19
Name Function

Calibrated by: Yu Zongying SAR Test Engineer

o fy Lin Hao SAR Test Engineer

Approved by: Qi Dianyuan SAR Project Leader

Issued: March 20, 2019
This calibration certificate shall not be reproduced except in full without written approval of the laboratory.
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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: Z19-60079 Page 2 of 3

Audix Technology (Shenzhen) Co., Iltd.. Report No. ACS-SF19002 ANNEX C Page 70 of 79



®
A U D IX AUDIX Technology (Shenzhen) Co., Ltd.

AP |, Colaboration with
=777 s p e a g
Sl CALBRATION LABORATORY

Add: No.51 Xueyuan Road, Haidian District, Beijing, 100191, China
Tel: +86-10-62304633-2512 Fax: +86-10-62304633-2504
E-mail: cttl@chinattl.com Hup:/'www.chinattl.cn

DC Voltage Measurement
AID - Converter Resolution nominal
High Range: 1LSB = 6.1uV, full range = -100...+300 mV
Low Range: iLSB = 8inV, full range = = [ +3mV
DASY measurement parameters: Auto Zero Time: 3 sec; Measuring time: 3 sec

Calibration Factors X Y Z

High Range 402.440 + 0.15% (k=2) | 403.028 + 0.15% (k=2) | 403.025 + 0.15% (k=2)

[ Low Range 397760+ 0.7% (k=2) | 3.97479+0.7% (k=2) | 3.98121+0.7% (k=2)

Connector Angle

Connector Angle to be used in DASY system 350°+1°

Certificate No: Z19-60079 Page 3 of 3
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Client Audix Certificate No: Z17-97064
CALIBRATION CERTIFICATE
Object D2000V2 - SN: 1055

Calibration Procedure(s) FD-711-003-01

Calibration Procedures for dipole validation kits

Calibration date June 08, 2017
This calibration Certificate documents the traceability to national standards, which realize the physical units of
measurements(Sl). The measurements and the uncerizinties with confidence probability are given on the following

pages and are part of the cerificate.

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
Power Meter NRP2 101919 27-Jun-16 (CTTL, No.J16X04777) Jun-17
Power sensor NRP-Z91 | 101547 27-Jun-18 (CTTL, No.J18X04777) Jun-17
Reference Probe EX3DV4 | SN 3617 23-Jan-17(SPEAG No.EX3-36817_Jan17) Jan-18
DAE4 SN 771 19-Jan-17(CTTL-SPEAG No.Z17-97016) Jan-18
Secondary Standards | ID# Cal Date(Calibrated by, Certificate No.) Scheduled Calibration
Signal Generator E4438C | MY49071430 13-Jan-17 (CTTL, No.J17X002886) Jan-18
Network Analyzer ES071C | MY48110673  13-Jan-17 (CTTL, No.J17X00285) Jan-18
Name Function Signature

Calibrated by Zhao Jing SAR Test Engineer

Reviewed by Lin Hao SAR Test Engineer TﬁF %
Approved by Qi Dianyuan SAR Project Leader ' c‘:e%:"d\_,

Issued: June 08, 2017
This calibration certificate shall not be reproduced except in full without written approval of the laboratory.
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Glossary:
TSL tissue simulating liquid
ConvF sensitivity in TSL/ NORMx,y,z
N/A not applicable or not measured

Calibration is Performed According to the Following Standards:

a) |IEEE Std 1528-2013, "IEEE Recommended Practice for Determining the Peak
Spatial-Averaged Specific Absorption Rate (SAR) in the Human Head from Wireless
Communications Devices: Measurement Technigues”, 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) KDBB65664, SAR Measurement Requirements for 100 MHz to 6 GHz

Additional Documentation:
e) DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

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

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

» Feed Point Impedance and Return Loss: These parameters are measured with the dipole
positioned under the 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.

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

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

The reported uncertainty of measurement is stated as the standard uncertainty of
Measurement multiplied by the coverage factor k=2, which for a normal distribution
Corresponds to a coverage probability of approximately 95%.
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Measurement Conditions
DASY system configuration, as far as not given on page 1.

DASY Version DASYS52 52.10.0.1442
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

‘Frequsncy 2000 MHz + 1 MHz

Head TSL parameters
The following parameters and calculations were applied.

Temperature Permittivity Conductivity |
Nominal Head TSL parameters 220°C 40.0 1.40 mho/m
Measured Head TSL parameters (220+0.2)°C 404+6% 1.38 mho/m £6 % |
Head TSL temperature change during test <1.0°C . gt —_—

SAR result with Head TSL

SAR av’umgm over1 ¢m (1) of Head TSL Condition
SAR measured 250 m\W input power 101 mW/ig
SAR for nominal Head TSL parameters narmalized fo 1TW 40.8 mW /g £ 18.8 % (k=2)
SAR averaged over 10 ¢/’ (10 g) of Head TSL Condition
SAR measured 250 mW input power 504 mW /g
SAR for nominal Head TSL parameters normalized to 1W 20.3 mW /g £ 18.7 % (k=2) I

Body TSL parameters
The following parameters and calculations were applied.

| Temperature Permittivity | Conductivity
| Nominal Body TSL parameters | 220 53.3 [ 1.52 mhoim
Measured Body TSL parameters (220+02)°C 529 +6% 1.54 mho/m £ 6 %
Body TSL temperature change during test <10°C -

SAR result with Body TSL

SAR averaged over 1 cmi’ (1 g) of Body TSL Condition
SAR measured 250 mW input power 10.0mW /g
SAR for nominal Body TSL parameters normalized to 1W 39.6 mW /g £ 18.8 % (k=2)
SAR averaged over 10 cm’ (10 g) of Body TSL l Condition ’
SAR measured 250 mW input power 516 mW /g
SAR for nominal Body TSL parameters normalized to 1W 20.5 mW /g £ 18.7 % (k=2) |
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Appendix (Additional assessments outside the scope of CNAS L0570)

Antenna Parameters with Head TSL

Impedance, transformed to feed point | 48,40+ 1.32]0

Retumn Loss - 36.8dB

Antenna Parameters with Body TSL

_l Impedance, transformed to feed point 52 60+ 3.63i0 |

I Return Loss - 27.3dB |

General Antenna Parameters and Design

| Electrical Delay (one direction) 1,298 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
cannections near the feedpoint may be damaged

Additional EUT Data

Manufactured by SPEAG
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DASYS Validation Report for Head TSL Date: 06.06.2017
l'est Laboratory; CTTL, Beijing, China
DUT: Dipole 2000 MHz: Type: D2000V2; Serial: D2000V2 - SN: 1055
Communication System: UID 0, CW; Frequency: 2000 MHz; Duty Cycle: 1:1
Medium parameters used: = 2000 MHz; o = 1.381 8/m; er =40.37; p = 1000 kg/m3
Phantom section: Right Section
Measurement Standard: DASYS (IEEE/IEC/ANSI C63.19-2007)
DASY3 Configuration:

» Probe: EX3DV4 - SN3617; ConvF(8.25, 8.25, 8.25); Calibrated: 1/23/2017;

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

« Electronics: DAE4 Sn771; Calibrated: 1/19/2017

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

+  Measurement SW: DASY 52, Version 52.10 (0); SEMCAD X Version 14.6.10
(7413)

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

Reference Value = 97.62 V/im: Power Drift = 0.04 dB

Peak SAR (extrapolated) = 19.9 W/kg

SAR(1 g) = 10.1 W/kg: SAR(10 g) = 5.04 W/kg

Maximum value of SAR (measured) = 16.3 W/kg

dB
0

-3.85

-11.56

-15.42

-19.27

0 dB =163 W/kg = 12.12 dBW/kg
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Impedance Measurement Plot for Head TSL
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DASYS Validation Report for Body TSL Date: 06.06,2017

l'est Laboratory: CTTL, Beijing, China

DUT: Dipole 2000 MHz; Type: D2000V2; Serial: D2000V2 - SN: 1055
Communication System: UID 0, CW: Frequency: 2000 MHz; Duty Cycle: 1:1
Medium parameters used: f= 2000 MHz: & = 1,539 S$/m: & = 52.87; p= 1000 kg/m*
Phantom section: Left Section
Measurement Standard: DASYS (IEEE/IEC/ANSI C63.19-2007)

DASYS Configuration:

» Probe: EX3DV4 - SN3617: ConvF(8.13, 8.13, 8.13); Calibrated: 1/23/2017:

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

* Electronies: DAE4 Sn771; Calibrated: 1/19/2017

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

»  Measurement SW: DASYS52, Version 52.10 (0): SEMCAD X Version 14.6.10
(7413)

System Performance Check/Zoom Scan (7x7x7) (7x7x7)/Cube 0: Measurement erid:
dx=3mm, dy=5mm, dz=5mm
Reference Value =97.17 V/m; Power Drift = 0.03 dB
Peak SAR (extrapolated) = 18.0 W/kg
SAR(1 g) =10 W/kg; SAR(10 g) = 5.16 W/kg
Maximum value of SAR (measured) = 15.2 Wikg
dB DR VT e T
0

-3.62

-1.25

-10.87

-14.50

-18.12

0 dB =152 W/kg = 11.82 dBW/kg
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Impedance Measurement Plot for Body TSL
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