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CALIBRATION CERTIFICATE

Object DY00V2 - SN:132

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

Calibration Procedures for dipole validation kits

Calibration date: October 10, 2017

CALIBRATION

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 D# Cal Date(Calibrated by, Certificate No.) Scheduled Calibration
Power Meter NRVD 102196 02-Mar-17 (CTTL, No.J17X01254) Mar-18
Power sensor NRV-Z5 100596 02-Mar-17 (CTTL, No.J17X01254) Mar-18
Reference Probe EX3DV4 | SN 3846 13-Jan-17(CTTL-SPEAG No0.Z16-97251) Jan-18
DAE4 SN 1331 19-Jan-17(CTTL-SPEAG,N0.Z17-87015) 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.J17X00285) Jan-18
Name Function Signature
Calibrated by: Zhao Jing SAR Test Engineer {(fj ;

Reviewed by: Lin Hao SAR Test Engineer R{ﬁiﬁ'ﬁ;

Approved by: Qi Dianyuan SAR Project Leader %

Issued: October 13, 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 Techniques”, June 2013

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

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

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

Additional Documentation:
e) DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

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

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

e Feed Point Impedance and Refurn Loss: These parameters are measured with the dipole
positioned under the liguid 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.

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

DASY Version DASY52 52.10.0.1446
Extrapolation Advanced Extrapolation
Phantom Tripte Flat Phantom 5.1C
Distance Dipole Center - TSL 15 mm with Spacer
Zoom Scan Resolution dx, dy, dz=5 mm
Frequency 900 MHz + 1 MHz
Head TSL parameters
The following parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Head TSL parameters 220°C 41.5 0.97 mho/m
Measured Head TSL parameters (22.0+0.2) °C 41126 % 0.98 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 mW input power 275mW /g
SAR for nominal Head TSL parameters normalized to 1W 10.9 mW /g * 18.8 % (k=2)
SAR averaged over 10 cm” (10 g) of Head TSL Condition
SAR measured 250 mW input power 1.76 mW /g
SAR for nominal Head TSL parameters normalized to 1W 7.00 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 55.0 1.05 mho/m
Measured Body TSL parameters (22.0+0.2)°C 5536 % 1.04 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

265mW/g

SAR for nominal Body TSL parameters

normalized to 1W

10.7 mW /g + 18.8 % (k=2)

SAR averaged over 10 cm’ {10 g) of Body TSL

Condition

SAR measured

250 mW input power

1.73mW/g

SAR for nominal Body TSL parameters

normalized to 1W

7.00 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 48.7Q- 7.77jQ

Return Loss -22.0dB

Antenna Parameters with Body TSL

Impedance, transformed to feed point 45.70-8.51jQ

Return Loss -20.1dB

General Antenna Parameters and Design

Electrical Delay (one direction) 1.505 ns I

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: 10.09.2017
Test Laboratory: CTTL, Beijing, China
DUT: Dipole 900 MHz; Type: D900V2; Serial: D900V2 - SN: 132
Communication System: UID 0, CW; Frequency: 900 MHz; Duty Cycle: 1:1
Medium parameters used: £ = 900 MHz; o = 0.978 S/m; &, = 41.05; p = 1000 kg/m3
Phantom section: Left Section

Measurement Standard: DASY5 (IEEE/IEC/ANSI C63.19-2007)
DASYS5 Configuration:

¢ Probe: EX3DV4 - SN3846; ConvF(9.33,9.33,9.33); Calibrated: 1/13/2017,

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

« Electronics: DAE4 Sn1331; Calibrated: 1/19/2017

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

¢ Measurement SW: DASY52, Version 52.10 (0); SEMCAD X Version 14.6.10
(7417)

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

Reference Value = 59.19 V/m; Power Drift = -0.00 dB

Peak SAR (extrapolated) = 4.40 W/kg

SAR(1 g) =2.75 W/kg; SAR(10 g) = 1.76 W/kg

Maximum value of SAR (measured) = 3.78 W/kg

dB -
]

-2.21

-4.43

-6.64

-8.86

-11.07

0dB=3.78 W/kg =5.77 dBW/kg

Certificate No: Z17-97190 Page 5 of 8




In Collaboration with

Add: No.51 Xueyuan Road, Haidien District, Beijing, 100191, China
Tel: +86-10-62304633-2079 Fax: +86-10-62304633-2504
E-mail: ettl@chinattl.com http://www.chinattl.cn

Impedance Measurement Plot for Head TSL
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DASYS Validation Report for Body TSL Date: 10.10.2017
Test Laboratory: CTTL, Beijing, China
DUT: Dipole 900 MHz; Type: D900V2; Serial: DI00V2 - SN: 132
Communication System: UID 0, CW; Frequency: 900 MHz; Duty Cycle: 1:1
Medium parameters used: f= 900 MHz; ¢ = 1.041 S/m; & = 55.31; p = 1000 kg/m’
Phantom section: Center Section
Measurement Standard: DASYS (IEEE/IEC/ANSI C63.19-2007)
DASYS5 Configuration:

« Probe: EX3DV4 - SN3846; ConvF(9.52,9.52,9.52); Calibrated: 1/13/2017;

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

e Electronics: DAE4 Sn1331; Calibrated: 1/19/2017

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

«  Measurement SW: DASY52, Version 52.10 (0); SEMCAD X Version 14.6.10
(7417)

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

Reference Value = 56.25 V/m; Power Drift = -0.01 dB

Peak SAR (extrapolated) = 4.13 W/kg

SAR(1 g) = 2.65 W/kg; SAR(10 g) = 1.73 W/kg

Maximum value of SAR (measured) = 3.60 W/kg

-2.14

-4.28

-6.42

-8.56

-10.70

0dB = 3.60 W/kg = 5.56 dBW/kg
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Impedance Measurement Plot for Body TSL
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Client BACL
CALIBRATION CERTIFICATE

Certificate No: 217-97191

Object D1800V2 - SN: 2d018

Calibration Procedu [efsj FF-Z1 1-003-01

Calibration Procedures for dipole validation kits

Calibration date: October 11, 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 (M&TE criical for calibration)

Primary Standards ID# Cal Date(Calibrated by, Certificate No ) Scheduled Calibration
Power Meter NRP2 102196 02-Mar-17 (CTTL, No.J17X01254) Mar-18
Power sensor NRP-Z91 | 100596 02-Mar-17 (CTTL, No.J17X01254) Mar-18
Reference Probe EX3DV4 | SN 3846 13-Jan-17(CTTL-SPEAG No.Z16-97251) Jan-18
DAE4 SN 1331 18-Jan-17(CTTL-SPEAG N0.Z17-87015) Jan-18
Secondary Standards 1D # Cal Date(Calibrated by, Certificate No.) Scheduled Calibration
Signal Generator E4438C | MY49071430 13-Jan-17 (CTTL, No.J17X002886) Jan-18
Network Analyzer E5071C | MY46110673 13-Jan-17 (CTTL, No.J17X00285) Jan-18
Name Function Signature
Calibrated by: Zhao Jing SAR fTest Engineer ‘gf,l £
Reviewed by: Lin Hao SAR Test Engineer - ﬂﬁ;% 1
Approved by: Qi Dianyuan SAR Project Leader dj?ﬁz

Issued: October 14, 2017
This calibration certificate shall not be reproduced except in full without written approval of the laboratory. |

Certificate No: Z17-97191

Page 1 of §




R |n Collsboration with
777 8 b e a g
Sl CALSRATION LABORATORY

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

E-mail: ettl@chinattl.com htip://www.chinattl.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:

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

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

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.

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

DASY Version DASY52 52.10.0.1446
Extrapolation Advanced Extrapolation
Phantom Triple Flat Phantom 5.1C
Distance Dipole Center - TSL 10 mm with Spacer
Zoom Scan Resolution dx, dy, dz=5mm
Frequency 1800 MHz + 1 MHz
Head TSL parameters
The following parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Head TSL parameters 22.0°C 40.0 1.40 mho/m
Measured Head TSL parameters (220x0.2)°C 407 +6% 1.39 mho/m £ 6 %
Head TSL temperature change during test <1.0°C — —
SAR result with Head TSL
SAR averaged over1 ¢m’ (1 g) of Head TSL Condition
SAR measured 250 mW input power 9.55mW /g
SAR for nominal Head TSL parameters normalized to 1W 38.5 mW /g £ 18.8 % (k=2)
SAR averaged over 10 ¢m” (10 g) of Head TSL Condition
SAR measured 250 mW input power 5.02mW /g

SAR for nominal Head TSL parameters

normalized to 1W

20.2 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 (22.0+0.2)°C 528+6% 1.54 mho/m £6 %
Body TSL temperature change during test <1.0°C —
SAR result with Body TSL
SAR averaged over1 cm’ (1 g) of Body TSL Condition

SAR measured

250 mW input power

9.92mW/g

SAR for nominal Body TSL parameters

normalized to 1W

39.3 mW /g * 18.8 % (k=2)

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

Condition

SAR measured

250 mW input power

524mW/g

SAR for nominal Body TSL parameters

normalized to 1W

20.8 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 47.00- 1.82jQ

Return Loss -28.9dB

-

Antenna Parameters with Body TSL

Impedance, transformed to feed point 43.6Q- 1.69)Q

Return Loss -23.0dB

.

General Antenna Parameters and Design

L]

Elecm‘cal Delay (one direction) 1.311 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 stil according to the Standard.

No excessive force must be appiied 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: 10.10.2017
Test Laboratory: CTTL, Beijing, China
DUT: Dipole 1800 MHz; Type: D1800V2; Serial: D1800V2 - SN: 2d018
Communication System: UID 0, CW: Frequency: 1800 MHz; Duty Cycle: 1:1
Medium parameters used: f = 1800 MHz; ¢ = 1.392 S/m; er = 40.69; p = 1000 kg/m3
Phantom section: Left Section

Measurement Standard: DASY5 (IEEE/IEC/ANSI C63.19-2007)
DASY5 Configuration:

* Probe: EX3DV4 - SN3846; ConvF(8.16,8.16,8.16); Calibrated: 1/13/2017;

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

« Electronics: DAE4 Sn1331; Calibrated: 1/19/2017

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

*  Measurement SW: DASYS52, Version 52.10 (0); SEMCAD X Version 14.6.10
(7417)

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

Reference Value = 95.46 V/m; Power Drift = 0.05 dB

Peak SAR (extrapolated) = 17.8 W/kg

SAR(1 g) = 9.55 W/kg; SAR(10 g) = 5.02 W/kg

Maximum value of SAR (measured) = 14.8 W/kg

-3.40

-6.79

-10.19

-13.58

-16.98

0 dB=14.8 W/kg =11.70 dBW/kg
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Impedance Measurement Plot for Head TSL

(771 511 Log Mag 10,0008/ ReF 6.000d8 TFi]
30-00 537 Bo00000 Gz 2B AL B
40.00
30.00

| 20.00
10,00

| 0.000) 4
-10.00 —\\ /’/‘_———1
| . I
~20.00 \i e
‘ -30.00 f

| -0.00

-50.00 ry
(Ml s11 smith (R+jx) Scale 1.000u [FL Del]

>1 1.8000000 GHz 47,020 @ -1.8173 0 48.654-pF
|

|
%’/‘

[1 stut'i6Ga IFBW 100 He Stop 2 GHe [N

rtificate No: Z17-97191 Page 6 of




_=’\- In Collaboration with
=777 S p e ag
Sl CAUSRATION LABORATORY

Add: No.51 Xueyuan Road, Haidian District, Beijing, 100191, China
Tel: +86-10-62304633-2079 Fax: +86-10-62304633-2504
E-mail: cttl@chinattl.com http://www.chinattl.cn

DASYS Validation Report for Body TSL Date: 10.11.2017
Test Laboratory: CTTL, Beijing, China
DUT: Dipole 1800 MHz; Type: D1800V2; Serial: D1800V2 - SN: 2d018
Communication System: UID 0, CW; Frequency: 1800 MHz; Duty Cycle: 1:1
Medium parameters used: f = 1800 MHz; o = 1.542 S/m; er = 52.79; p = 1000 kg/m3
Phantom section: Center Section

Measurement Standard: DASYS (IEEE/IEC/ANSI C63.19-2007)
DASYS5 Configuration:

s Probe: EX3DV4 - SN3846; ConvF(7.9,7.9,7.9); Calibrated: 1/13/2017;

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

o Electronics: DAE4 Sn1331; Calibrated: 1/19/2017

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

o  Measurement SW: DASY52, Version 52.10 (0); SEMCAD X Version 14.6.10
(7417)

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

Reference Value = 89.12 V/m; Power Drift = 0.02 dB

Peak SAR (extrapolated) = 18.1 W/kg

SAR(1 g) =9.92 W/kg; SAR(10 g) = 5.24 W/kg

Maximum value of SAR (measured) = 15.2 W/kg

-3.39

-6.77

-10.16

-13.54

-16.93

0dB=15.2 W/kg = 11.82 dBW/kg
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Impedance Measurement Plot for Body TSL
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NCL CALIBRATION LABORATORIES

Calibration File No: DC-1748
Project Number: 5822

Client.: BACL Corp.
Address: 6/F, the 3rd Phase of Wan Li Industrial Bldg., Shihua Rd.,
FuTian Free Trade Zone, Shenzhen, China

CERTIFICATE OF CALIBRATION

Itis certified that the equipment identified below has been calibrated in the
NCL CALIBERATION LABORATORIES by qualified personnel following recognized
procedures and using transfer standards traceable to NRC/NIST.

Validation Dipole (Head & Body)

Manufacturer: APREL Laboratories
Part number: ALS-D-1900-8-2
Frequency: 1900 MHz
Serial No: 210-00710

Calibrated: 20" September 2017
Released on: 271" September 2017

This Calibration Certificate is Incomplete Unless Accompanied with the Calibration Results Summary

Released By: :‘é/\/\——

Art Brennan, Quality Manager

NQL CALIBRATION LABORATORIES

Suite 102, 303 Terry Fox Dr. Division of APREL Lab
Kanata, CNTARIO TEL: (613)435-8300
CANADA K2K 31 FAX: (613)435-8306




NCL Calibration Laboratories

Division of APREL Laboratories

Conditions
Dipole 210-00710 was a re-calibration.

Ambient Temperature of the Laboratory:
Temperature of the Tissue:

Attestation

21 °C +/-0.5°C
21°C+/-0.5°C

DC-1748

The below named signatories have conducted the calibration and review of the data which is presented in

this calibration report.

We the undersigned attest that to the best of our knowledge the calibration of this system has

been accurately conducted and that all information contained within this report has been reviewed

for accura

Art Brennan QM

Fi=/

Maryna Nestérova R&D Engineer
b

Primary Measurement Standards

Instrument Serial Number Cal due date
Tektronix USB Power Meter 11C940 April 13, 2019
Network Analyzer Anritsu 37347C 002106 Jan. 26, 2019
Agilent Signal Generator MY 45004463 Dec. 11, 2017
Page 2 of 7
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NCL Calibration Laboratories

Division of APREL Laboratories

Calibration Results Summary

DC-1748

The following results relate the Calibrated Dipole and should be used as a quick reference

for the user.

Mechanical Dimensions

Length Height Diameter
67.5 mm 39.5 mm 3.6 mm
Tissue Validation
g Dielectric Conductivity,
Tissue Frequency constant, er o [S/m]
Head 1900 MHz 39.44 1.41
Body 1900 MHz 52.70 1.57
Electrical Specification
Tissue Frequency Return Loss SWR Impedance
Head 1900 MHz -28.662 dB 1.077 U 52.368 Q
Body 1900 MHz -22.498 dB 1.162U 55211 Q
System Validation Results
Tissue Frequency 1 Gram, W/kg 10 Gram, Wikg
Head 1900 MHz 42.14 21.89
Body 1900 MHz 4211 2212
Head Body
Area Scan
m

ot
-X Axis (mm)

-0 1 il

¥ Buds (mm)

X s i)

BERRGHRARUERRERIIL §

Dipole 210-00710
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NCL Calibration Laboratories
Division of APREL Laboratories DC-1748

Introduction

This Calibration Report has been produced in line with the SSI Dipole Calibration Procedure
SSI-TP-018-ALSAS. The results contained within this report are for Validation Dipole
210-00710. The calibration routine consisted of a three-step process. Step 1 was a
mechanical verification of the dipole to ensure that it meets the mechanical specifications.
Step 2 was an Electrical Calibration for the Validation Dipole, where the SWR, Impedance,
and the Return loss were assessed. Step 3 involved a System Validation using the ALSAS-
10U, along with APREL E-020 30 MHz to 6 GHz E-Field Probe Serial Number 225.

References

o |EEE Standard 1528:2013

IEEE Recommended Practice for Determining the Peak Spatial-Average Specific

Absorption Rate (SAR) in the Human Head from Wireless Communications Devices:

Measurement Techniques

EN 62209-1:2006

Human Exposure to RF Fields from hand-held and body-mounted wireless

communication devices - Human models. instrumentation, and procedures - Part 1:

Procedure to measure the Specific Absorption Rate (SAR) for hand-held mobile

wireless devices

o |EC 62209-2:2010
Human exposure to RF fields from hand-held and body-mounted wireless devices -
Human models, instrumentation, and procedures - Part 2: specific absorption rate
(SAR) for wireless communication devices (30 MHz - 6 GHz)

o D22-012-Tissue dielectric tissue calibration procedure

< D28-002-Dipole procedure for validation of SAR system using a dipole

o |EEE 1309 Standard for Calibration of Electromagnetic Field Sensors and Probes,
Excluding Antennas, from 9 kHz to 40 GHz

9]

Conditions

Ambient Temperature of the Laboratory: 21 °C +/- 0.5°C
Temperature of the Tissue: 21°C +/-0.5°C

Dipole Calibration uncertainty
The calibration uncertainty for the dipole is made up of various parameters presented below.

Mechanical 1%

Positioning Error 1.22%

Electrical 1.7%

Tissue 2.2%

Dipole Validation 2.2%

Combined Standard Uncertainty 3.88% (7.76% K=2)

The Following Graphs are the results as displayed on the Vector Network Analyzer.

Dipole 210-00710
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NCL Calibration Laboratories

Division of APREL Laboratories DC-1748

$11 Parameter Return Loss
Head

Frequency Range 1868.68 MHz to 1934.44 MHz

EH 1 = 811
S11 FORWARD REFLECTION 5.8584 nm REF
#.HAGE dB OFFSET
LOG HAGNITUDE vREF=-26.234 dB 4.808 dB/DIV B.0a° OFFSET

BHARKER 2
1.988088 GHz
-28.662 dB

HARKER TO HAX
HARKER TO HIN

1 1.868688 GHz
-20.822 db

3 1.934437 GHz
-28.812 dB

o - - : HARKER READOUT
1.780568 GHz 2.099388 FUNCTIONS

Body

Frequency Range 188237 MHz to 1928.52 MHz

GH % = §1%
511 FORWARD REFLECTION 5.8584 nm REF
#.HAE dB OFFSET
LOG HAGNITUDE vREF=-20.884 dB 3.808 dB/DIV B.8a° OFFSET

BHARKER 2
: £ : : : : 3 1.9800888 GHz
SN N, S SO SO JNPROOI. .. DI P SO 155 498 dg

HARKER TO HAX
HARKER TO HIN

1 1.882373 GHz
-28.812 dB

3 1.928529 GHz
-20.885 dB

- d - - - - > HARKER READOUT
1.7808568 GHz 2.899388 FUNCTIONS

Dipole 210-00710
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NCL Calibration Laboratories

Division of APREL Laboratories

SWR

Head

311 FORMARD REFLECTION

SHR +REF=854.935 nll 3aa.a8@ nll/0IV

1.788568 GHz 2.899988

Body

311 FORMARD REFLECTION

SHR »REF=834.935 nll 68688 nl/DIY

1.7808568 GHz 2.899380

CH T = SEL
5.8584 mm REF
8.8080 dB OFF3ET
688" OFF3ET

rHARKER 2
1.900060 GHz
1.e77 U

HARKER TO HAX
HARKER TO HIN

1 1.860688 GHz
L.zzi u

3 1.934437 GHz
l.zes

HWARKER READOUT
FUNCTIONS

CH 1 = §it
5.8389 nn REF
9.B00 dB OFFSET
0.08° OFFSET

PHARKER 2

1.900A08 GHz
1.162 Ul

HARKER TO HAX

HARKER TO HIN

1 1.882373 GHz
l.zga v

3 1.928529 OHz
L.eea

HARKER READOUT
FUNCTIONS

DC-1748

Dipole 210-00710
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NCL Calibration Laboratories

Division of APREL Laboratories

Smith Chart Dipole Impedance

Head

311 FORMARD REFLECTION 1
IHPEDANCE

1.788568 - 2.09998@ GHz

Body

311 FORMARD REFLECTION 1
IHPEDANCE

1.788368 - 2.099988 GHz
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PHARKER 2

1.900008 GiHz
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PHARKER 2

1.900086 GHz
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HARKER TO HAX
HARKER TO HIN

1 1.882373 GHz
61.885 0
137.319 jul

3 1.928524 GHz
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1
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Accredited by the Swiss Accreditation Service (SAS) Accreditation No.: SCS 0108

The Swiss Accreditation Service is one of the signatories to the EA
Multilateral Agreement for the recognition of calibration certificates

Client BACL Certificate No: D2600V2-1162_0ct19

|CALIBRATION CERTIFICATE

Object D2600V2 - SN:1162

Calibration procedure(s) QA CAL-05.v11
Calibration Procedure for SAR Validation Sources between 0.7-3 GHz

Calibration date: October 02, 2019

This calibration certificate documents the traceability to national standards, which realize the physical units of measurements (S1).
The measurements and the uncertainties with confidence probability are given on the following pages and are part of the 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 D # Cal Date (Certificate No.) Scheduled Calibration

Pawer meter NRP SN: 104778 03-Apr-19 (No. 217-02892/02803) Apr-20

Power sensor NRP-Z31 SN: 103244 03-Apr-19 (Mo. 217-02892) Apr-20

Power sensor NRP-Z91 SN: 103245 03-Apr-18 (No. 217-02893) Apr-20

Reference 20 dB Attenuator SN: 5058 (20k) 04-Apr-19 (No. 217-02894) Apr-20

Type-N mismatch combination SM: 5047.2 / 06327 04-Apr-19 (No. 217-02895) Apr-20

Reference Probe EX3DV4 SN: 7349 29-May-19 (No. EX3-7349_May19) May-20

DAE4 SN: 601 30-Apr-19 (No. DAE4-801_Apr18) Apr-20

Secondary Standards 1D # Check Date (in house) Scheduled Check

Power meter E4419B SN: GB39512475 30-0ct-14 (in house check Feb-19) In house check: Oct-20

Power sensor HP 84814 SN: US37292783 07-0ct-15 (in house check Oct-18) In house check: Oct-20

Power sensor HP 84814 SN: MY41092317 07-0ct-15 (in house check Oct-18) In house check: Oct-20

RF generator R&S SMT-06 SN: 100972 15-Jun-15 {in house check Cct-18) In house check: Oct-20

Network Analyzer Agilent EB358A | SN: US41080477 31-Mar-14 (in house check Oct-18) In house check: Oct-18
Name Function Signature

Calibrated by: Leif Klysner Laboratory Technician W%
Approved by: Katja Pokovic Technical Manager /%C’

Issued; October 2, 2019
This calibration certificate shall not be reproduced except in full without written approval of the laboratory.

Certificate No: D2600V2-1162_0ct19 Page 1 of 6
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Glossary:

TSL tissue simulating liquid

ConvF sensitivity in TSL / NORM x,y,z

N/A not applicable or not measured

Calibration is Performed According to the Following Standards:

a) 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 the assessment of Specific Absorption Rate
(SAR) from hand-held and body-mounted devices used next to the ear (frequency range of
300 MHz to 6 GHz)", July 2016

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

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

Additional Documeniation:

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 bedy 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
nominal SAR result.

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

Certificate No: D2600V2-1162_0ct19 Page 2 of 6




Measurement Conditions

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

DASY Version DASYS V52.10.2

Extrapolation Advanced Extrapolation

Phantom Modular Flat Phantom

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 1.86 mho/m

Measured Head TSL parameters (22.0+0.2)°C 37.3+6% 2.03 mhoim £ 6 %

Head TSL temperature change during test =0.5°C - -
SAR result with Head TSL

SAR averaged over 1 cm?® (1 g) of Head TSL Condition

SAR measured 250 mW input power 14.2 Wikg

SAR for nominal Head TSL parameters

normalized to 1W

55.4 W/kg * 17.0 % (k=2)

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

condition

SAR measured

250 mW input power

6.31 W/kg

SAR for nominal Head TSL parameters

normalized to TW

24.9 Wikg * 16.5 % (k=2)

Certificate No: D2600V2-1162_0Oct19
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Appendix (Additional assessments outside the scope of SCS 0108)

Antenna Parameters with Head TSL

Impedance, transformed to feed point 47.4Q-7.9|Q

Return Loss -21.4dB

General Antenna Parameters and Design

Electrical Delay (one direction) 1.146 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 dipcle 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

Certificate No: D2800V2-1162_0ct19 Page 4 of 6




DASYS5 Validation Report for Head TSL

Date: 02.10.2019

Test Laboratory: SPEAG, Zurich, Switzerland

DUT: Dipole 2600 MHz; Type: D2600V2; Serial: D2600V2 - SN:1162

Communication System: UID 0 - CW; Frequency: 2600 MHz

Medium parameters used: = 2600 MHz;, ¢ =2.03 S/m; &= 37.3; p = 1000 kg/m?
Phantom section: Flat Section

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

DASY352 Configuration:

Probe: EX3DV4 - SN7349; ConvF(7.69, 7.69, 7.69) @ 2600 MHz; Calibrated: 29.05.2019

Sensor-Surface: 1.4mm (Mechanical Surface Detection)

Electronics: DAE4 Sn601; Calibrated: 30.04.2019

Phantom: Flat Phantom 5.0 (front); Type: QD 000 P50 AA; Serial: 1001

DASYS52 52.10.2(1504); SEMCAD X 14.6.12(7470)

Dipole Calibration for Head Tissue/Pin=250 mW, d=10mm/Zoom Scan (7x7x7)/Cube 0:
Measurement grid: dx=5mm, dy=5mm, dz=5mm

Reference Value = 118.6 V/m; Power Drift = 0.00 dB

Peak SAR (extrapolated) = 29.0 W/kg

SAR(1 g) = 14.2 W/kg; SAR(10 g) = 6.31 Wikg

Maximum value of SAR (measured) = 24.0 Wikg

-4.80

-9.60

-14.40

-19.20

-24.00

0dB =24.0 W/kg = 13.80 dBW/kg

Certificate No: D2600V2-1162_Oct19 Page 5 of 6




Impedance Measurement Plot for Head TSL
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