SFORTON LAB.

D835V2, Serial No. 4d162 Extended Dipole Calibrations

Referring to KDB 865664 D01, if dipoles are verified in return loss (<-20dB, within 20% of priorcalibration),
and in impedance (within 5 ohm of prior calibration), the annual calibration is not necessary andthe

calibration interval can be extended.

D835V2 — serial no. 4d162

835 Head 835 Body
Real Imaginary Real Imaginary
Date of Return-Loss | Delta Delta Delta |Return-Loss | Delta Delta Delta
Impedance Impedance Impedance Impedance
Measurement (dB) (%) (ohm) (ohm) (dB) (%) (ohm) (ohm)
(ohm) (ohm) (ohm) (ohm)
2018.12.5 -28.9 52.6 -2.56 -22.3 47.2 -6.92
2019.11.25 -29.2 1.0 53.4 0.8 -1.48 1.08 -211 5.4 46.6 -0.6 -7.81 -0.89
2020.11.25 -29.3 1.4 52.8 0.2 -2.19 0.37 -22.6 1.3 47.7 0.5 -6.80 0.12

<Justification of the extended calibration>

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> 835V2, serial no. 4d162
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CALIBRATION CERTIFICATE
Object D1750V2 - SN: 1090

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

Calibration Procedures for dipole validation kits
Calibration date: March 27, 2019

This calibration Cerfificate 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 106277 20-Aug-18 (CTTL, No.J18X06882) Aug-19
Power sensor NRPES 104201 20-Aug-18 (CTTL, No.J18X06862) Aug-18
Reference Probe EX3DV4 | SN 3617 31-Jan-19(SPEAG,No.EX3-3617_Jan19) Jan-20
DAE4 SN 1331 06-Feb-19(SPEAG No.DAE4-1331_Feb19) Feb-20
Secondary Standards 1D # Cal Date(Calibrated by, Certificate No.) Scheduled Calibration
Signal Genaralor E4438C | MY49071430 23-Jan-19 (CTTL. No,J19X003386) Jan-20
NetworkAnalyzer ESO71C | MY46110673  24-Jan-18 (CTTL, No.J1 ax00547) Jan-20

Name Function Signature

Caltbrated by: Zhao Jing SAR Test Engineer —5 7

Revisuad by: Lin Hao SAR Test Engineer 7

Approved by: Qi Dianyuan SAR Froject Leader %

Issued: March 29, 2019
This calibration certificate shall not be reproduced except in full without written approval of the laboratory.

Certificate No: Z19-60084 Page 1 of 8
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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 lo 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 1o 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 conneclor 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 uncerlainty 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: Z19-60084 Page 2 of B
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Measurement Conditions
DASY system configuration, as far as nol glven on page 1.
DASY Version DASYS52 52.10.2.1405
Extrapolation Advanced Extrapoiation
Phantom Triple Fiat Phantom 5.1C
Distance Dipole Center - TSL 10 mm with Spacer
Zoom Scan Resaolution dx, dy, dz = 5 mm
Frequency 1750 MHz + 1 MMz
Head TSL parameters
The following parameters and calculations were applied.
Tempearature Permittivity Conductivity
Nominal Head TSL parameters 20°C 401 1.37 mhaim
Measured Head TSL parameters {22.0+0.2)"C 413+8% 1.37 mho/m £ 6 %
Head TSL temperature change during test <1.0°C —_— —
SAR result with Head TSL
SAR averaged over 1 cm’ (1 g) of Head TSL Condition
SAR measured 250 mW input power 9.04 Wikg
SAR far nominal Head TSL parameters normalized to 1W 36.4 Wikg £ 18.8 % (k=2)
SAR averaged ovor 10 cm’ {10 g) of Head TSL Condition
SAR maasyred 250 mW input power 4.78 Wiy
SAR for nominal Head TSL parametars normalized to 1W 19.2 Wikg £ 18.7 % (k=2)
Body TSL parameters
The following parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Body TSL paramoters 220°C 534 1.48 mhoim
Measured Body TSL parametors {220+ 0.2)"C 550+6% 145 mho/m £ 8 %
Body TSL temperature change during test <1.0°C — —
SAR result with Body TSL
SAR averaged over 1 ¢’ (1 g) of Body TSL Condition
SAR measured 250 mW input power 9.21 Wikg
SAR for nominal Body TSL parameters normalized to 1W A7.7 Wikg £ 18.8 % (k=2)
SAR averaged over 10 ¢m’ (10 g) of Body TSL Condition
SAR measured 250 mW input power 4,80 Wikg
SAR for nominal Body TSL parameters normalized 1o W 19.9 Wikg + 18.7 % (k=2)

Cenificale No: Z19-60084

Page 3 of 8
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Appendix (Additional assessments outside the scope of CNAS L0570)

Antenna Parameters with Head TSL

Impedance, transformed to fesd paint 47 50)- 2.34 |0
Ratum Loss -202dB

Antenna Parameters with Body TSL

Impadance, transformed lo fead poinl 4380-210i0
Return Loss -232d8

General Antenna Parameters and Design

Elactrical Delay (one direction) 1.085 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
accerding to the position as explairied 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

Manufaciurad by SPEAG

Centificate No: Z19-60084 Page 4 of &
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DASYS Validation Report for Head TSL Date: 03.26.2019

Test Laboratory: CTTL, Beijing, China

DUT: Dipole 1750 MHz; Type: D1750V2; Serial: D1750V2 - SN: 1090
Communication System: UID 0, CW; Frequency: 1750 MHz; Duty Cyele: 1:1
Medium parameters used: = 1750 MHz o = 1.37 S/m; g, = 41.27; p = 1000 kg/m3
Phantom section: Right Section

DASYS Configuration:

«  Probe: EX3DV4 - SN3617; ConvF(8.38, 8.38, 8.38) @ 1750 Miz; Calibrated:
1/31/2019

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

» Electronics: DAE4 Snl1331; Calibrated: 2/6/2019

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

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

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

Reference Value = 89.03 Vim; Power Drift = 0,03 dB

Peak SAR (extrapolated) = 17.1 W/kg

SAR(1 g) = 9.04 Wikg; SAR(10 g) = 4.79 W/kg

Maximum value of SAR (measured) = 14.2 Wikg

dB
|
-3.36 |
b.72

10,07 ‘

-13.43 !

-16.79

0dB =142 W/kg = 11.52 dBW/kg

Certificate Mo 2 19-60084 Poge S ol s
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Impedance Measurement Plot for Head TSL
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DASYS Validation Report for Body TSL Date: 03.26.2019
Test Laboratory; CTTL, Beijing, China
DUT: Dipole 1750 MHz; Type: D1750V2; Serinl: DI750V2 - SN: 1090
Communication System: UID 0, CW; Frequency: 1750 MHz Duty Cycle: 1:1
Medium parameters used: = 1750 MHz: o = 1.449 S/m; g, = 54.97; p = 1000 kg/m3
Phantom section: Center Section
DASYS Configuration:

«  Probe: EX3DV4 - SN3617; ConvF(8.03, 8.03, 8.03) @ 1750 MHz: Calibrated:
1/3172019

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

« Electronies: DAE4 Snl331; Calibrated: 2/6/2019

« Phantom: MFP_V5.1C ; Type: QD 000 P5S1CA; Serial: 1062

«  Measurement SW: DASYS2, Version 52,10 (2); SEMCAD X Version 14.6,12
(7450)

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

Reference Value = 93,13 Vim; Power Drift =-0,04 dB

Peak SAR (extrapolated) = 16.8 Wikg

SAR( g) =921 W/kg: SAR(10 g) = 4.89 W/kg

Maximum value of SAR (measured) = 14.2 Wikg

-13.03

-16.29

0dB=14.2 Wikg = 11.52 dBW/kg

Certificate No: Z19-60084 Page 7ol %
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Impedance Measurement Plot for Body TSL
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SFORTON LAB.

D1750V2, Serial No. 1090 Extended Dipole Calibrations

Referring to KDB 865664 D01, if dipoles are verified in return loss (<-20dB, within 20% of priorcalibration),
and in impedance (within 5 ohm of prior calibration), the annual calibration is not necessary andthe

calibration interval can be extended.

1750V2 - serial no. 1090
1750 Head
Real Imaginary
Date of Return-Loss Delta
Delta (%) Impedance Delta (ohm) Impedance
Measurement (dB) (ohm)
(ohm) (ohm)
2019.3.27 -29.2 47.5 -2.3
2020.3.26 -29.8 -0.02 51.2 -3.66 -3.0 0.7
2021.3.26 -29.4 -0.01 45.7 1.79 2.7 0.4

<Justification of the extended calibration>

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.

SPORTON INTERNATIONAL (KUNSHAN) INC.
TEL : 86-0512-5790-0158
FAX: 86-0512-5790-0958
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Dipole Verification Data> D1750V2, serial no. 1090

1750MHz - Head----2020.3.26

1750MHz - Head----2021.3.26
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SPORTON INTERNATIONAL (KUNSHAN) INC.
TEL : 86-0512-5790-0158
FAX: 86-0512-5790-0958
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Calibration Procedure(s)

Calibration date:

This calibration Certificate d
measurements(Sl). The mea
pages and are part of the certificate.

ocumen

humidity<70%.

Calibration Equipment used (M&TE cri

ts the traceability to national standards,
probability are given on the foliowing

surements and the uncertainties with confidence

All calibrations have been conducted in the clos
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which realize the physical units of

ed laboratory facility: environment temperature(223)C and

tical for calibration)

This calibration certificate shall not be

Primary Standards D # 0.) Scheduled Calibration
Power Meter NRVD 102196 07-Mar-18 (CTTL, No.J18X01510) Mar-19
Power sensor NRV-Z5 100596 07-Mar-18 (CTTL, No.J1 8X01510) Mar-19
Reference Probe EX3DV4 SN 7514 27-Aug-1 8(SPEAG,N0.EX3—7514_Aug18) Aug-19

- DAE4 SN 1555 20-Aug-18(SPEAG,N0.DAE4-1555_Aug18) Aug-19
Secondary Standards ID# : No. Scheduled Calibration
Signal Generator E4438C | MY49071430 23-Jan-18 (CTTL, No.J1 8X00560) Jan-19
NetworkAnalyzer E5071C MY46110673 24-Jan-18 (CTTL, No.J18X00561) Jan-19

‘ Name ‘Function o

Calbrated oy Zmosng  SARTestEngheer

Reviewed by: LVLir’"_ Haq( S SARTestEnglneer o it

Approved by. _ Ql Dlanyuan sARPrOJe CtLeader S , %,

lssued: December 10, 2018
ritten approval of the laboratory.

reproduced except in full without w

Certificate No: Z18-60536
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lossary:
TSL tissue simulating liquid
ConvF sensitivity in TSL/ NORMX,y,z
N/A not applicable or not measured

Calibration is Performed According to the Following Standards:

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

b) IEC 62208-1, “Measurement procedure for assessment of specific absorption rate of human
exposure to radio frequency fields from hand-held and body-mounted wireless
communication devices- Part 1: Device used next to the ear (Frequency range of 300MHz to
6GHz)”, July 2016

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

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

Additional Documentation:
e) DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters: .

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

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.

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

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

Certificate No: Z18-60536 Page20f 8
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Measurement Conditions

; on page
DASY Version DASY52 52.10.2.1495
Extrapolation Advanced Extrapolation
Phantom Triple Flat Phantom 51C
Distance Dipole Center - TSL 10 mm with Spacer
Zoom Scan Resolution dx, dy, dz=5mm
Frequency 1900 MHz + 1 MHz
Head TSL parameters
The followin ions were applied. -
Temperature Permittivity Conductivity
Nominal Head TSL parameters 22.0 °C 40.0 1.40 mho/m
Measured Head TSL parameters (22.0+0.2) °C 3066 % 1.44 mho/m +6 %
Head TSL temperature change during test <1.0°C -—-
SAR result with Head TSL
sARaverageéever—fl--cmif(jg)_of_Hgad_& Condition
SAR measured 250 mW input power 101 mW/g
SAR for nominal Head TSL parameters normalizéd to 1W 39.6 mW /g £ 18.8 % (k=2)
SAR averaged over 10 cm® (10 g) of Head TSL Condition
SAR measured 250 mW input power 525mW/g
SAR for nominal Head TSL parameters normalized to 1W 20.7 mW /g £ 18.7 % (k=2)
Body TSL parameters
The following p& ions were applied.
Temperature Permittivity Conductivity
Nominal Body TSL parameters 22.0°C 53.3 1.52 mho/m
| Measured Body TSL parameters (22.0+0.2)°C 51.8+6 % 1.56 mho/m + 6 %
Body TSL temperature change during test <1.0°C -

SAR result with Body TSL
SAR averaged over T crmr— (tgyof Body TSk Condition
SAR measured 250 mW input power 102mW/g
SAR for nominal Body TSL parameters normalized to 1W 39.9 mW /g £ 18.8 % (k=2)
SAR averaged over 10 cm® (10 g) of Body TSL Condition
SAR measured 250 mW input power 531mW/g
SAR for nominal Body TSL parameters normalized to 1W 20.9 mW /g £ 18.7 % (k=2)

Certificate No: Z18-60536

Page 3 of 8
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Appendix (Additional assessments outside the scope of CNAS L0570)

Antenna Parameters with Head TSL

Impedance, transformed to feed point 52.1Q+ 5.35jQ

Return Loss -25.0dB

" Antenna Parameters with Body TSL

Impedance, transformed to feed point 48.90+ 6.19jQ

Return Loss -24.0dB

General Antenna Parameters and Design

Electrical Delay (one direction) 1.067 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, smail 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

Certificate No: Z18-60536 Page 4 of 8
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DASYS5 Validation Report for Head TSL Date: 12.06.2018
Test Laboratory: CTTL, Beijing, China
DUT: Dipole 1900 MHz; Type: D1900V?2; Serial: D1900V2 - SN: 5d182
Communication System: UID 0, CW; Frequency: 1900 MHz; Duty Cycle: 1:1
Medium parameters used: £= 1900 MHz; o = 1.441 S/m; & =139.59; p = 1000 kg/m3
Phantom section: Center Section
DASYS5 Configuration:

o Probe: EX3DV4 - SN7514; ConvF(7.73,7.73,7.73) @ 1900 MHz; Calibrated:
8/27/2018

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

o Electronics: DAE4 Sn1555; Calibrated: 8/20/2018

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

« Measurement SW: DASY52, Version 52.10 (2); SEMCAD X Version 14.6.12
(7450)

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

Reference Value = 95.91 V/m; Power Drift = 0.00 dB

Peak SAR (extrapolated) = 19.3 Wikg

SAR(1 g) = 10.1 W/kg; SAR(10 g) = 5.25 W/kg

Maximum value of SAR (measured) = 15.8 Wkg

| -3.49
B -5.98
-10.48

-13.97

-17.46

0 dB = 15.8 W/kg = 11.99 dBW/kg

Certificate No: Z18-60536 Page 5 of 8
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Impedance Measurement Plot for Head TSL

+1Si1 Log Mag 10.00d8/ Ref 0.00008 [F1]

30.00 »1 1.90@0000 GHz ﬁ25.012 dBl
30.00 i

20.00

0.000’._.,. SR ( .
~10.00 i
-20.00
-30.00
| |
i

-50.00
P s11 smith (R+1X) scale 1.000U [F1 pell

»1  1.9000000 GHz 52.096 O 5.3451 0 447.7:
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DASYS5 Validation Report for Body TSL Date: 12.05.2018
Test Laboratory: CTTL, Beijing, China
DUT: Dipole 1900 MHz; Type: D1900V2; Serial: D1900V2 - SN: 5d182
Communication System: UID 0, CW; Frequency: 1900 MHz; Duty Cycle: 1:1
Medium parameters used: f= 1900 MHz; 6 = 1.564 S/m; & = 51.82; p = 1000 kg/m3
Phantom section: Right Section
DASY5 Configuration:

e Probe: EX3DV4 - SN7514; ConvF(7.53, 7.53, 7.53) @ 1900 MHz; Calibrated:
8/27/2018 '

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

o Electronics: DAE4 Sn1555; Calibrated: 8/20/2018

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

e Measurement SW: DASY52, Version 52.10 (2); SEMCAD X Version 14.6.12
(7450)

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

Reference Value = 84.07 V/m; Power Drift = -0.04 dB

Peak SAR (extrapolated) = 18.9 W/kg

SAR(1 g) = 10.2 W/kg; SAR(10 g) =5.31 W/kg

Maximum value of SAR (measured) = 15.7 W/kg

_{ 3.46
Xl
10.37

-13.63

-17.29 L T e ;
0 dB = 15.7 W/kg = 11.96 dBW/kg

Certificate No: Z18-60536 Page 7 of 8
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Impedance Measurement Plot for Body TSL

TP ST oG Wag 10.00d8, Ref 0.00005 [FL]
50.00 57T 5600000 GAz 123.055 GB !

| i

DT+ T s T

30. 00 .Hv»“.MMHHLH,HN.W,W.gmem.

20,00 |

10,00 |- ,.”"Hé.w, R

0 Q00 oo o ' SR ORI SN

-10.00

-20.00

-30. 00 ..wnmmmmwu¢uMWWWHWMMQW”,W_W

40,00 S

~-50.00 :
PHEE 511 smith (R+IX) scale 1.000U0 [F1 pel)

»1 1.0000000 GHz 48.926 0 6.1943 0 518.
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SFORTON LAB.

D1900V2, Serial No. 5d182 Extended Dipole Calibrations

Referring to KDB 865664 D01, if dipoles are verified in return loss (<-20dB, within 20% of priorcalibration),

and in impedance (within 5 ohm of prior calibration), the annual calibration is not necessary andthe

calibration interval can be extended.

D1900V2 — serial no. 5d182

1900 Head 1900 Body
Real Imaginary Real Imaginary
Date of Return-Loss | Delta Delta Delta |Return-Loss | Delta Delta Delta
Impedance Impedance Impedance Impedance
Measurement (dB) (%) (ohm) (ohm) (dB) (%) (ohm) (ohm)
(ohm) (ohm) (ohm) (ohm)
2018.12.7 -25 52.1 5.35 -24 48.9 6.19
2019.11.25 -25.2 -0.8 53.9 1.8 5.15 -0.2 -24.2 -0.8 48.7 -0.2 5.93 -0.26
2020.11.25 -25.8 3.2 52.6 0.5 4.56 -0.79 -24.2 -0.8 49.6 0.7 6.11 -0.08

<Justification of the extended calibration>

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.




SFORTON LAB.

Dipole Verification Data> D1900V2, serial no. 5d182

1900MHz — Head----2019.11.25

PRI 511

>1 1.9000000 GHz -25.159 d8

1 Start1.76H FEW 70 kiz

1900MHz — Body----2019.11.25

1 Strt1.7 GHr

Stop 2.1 GHz I |1 Strt 1.7 Gz

stop 2.1 6ot B |1 St 0.7 g

TFaW 70 ki
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1900MHz - Body----2020.11.25

1 Stwt 1.7 GHe W T i Stop 2.1 Gee B || Staet 1.7 GHe TR 70 ks Szop 2.1 G S
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Client _Sporton S

Object 923‘0'0V2;-“$Ni? 1086

Calibration Procedure(s) FF-Z11-003 01

Cahbratlon Procedures for dlpole «valldatlon klts
Calibration date: November1,2018 = =

This calibration Certificate documents the traceability to national standards, which realize the physical units of
measurements(SI). The measurements and the uncertainties with confidence probability are given on the following
pages and are part of the certificate.

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

Calibration Equipment used (M&TE critical for calibration)

Primary Standards ID # Cal Date(Calibrated by, Certificate No.) Scheduied Calibration
Power Meter NRVD 102196 07-Mar-18 (CTTL, No.J18X01510) Mar-19
Power sensor NRV-Z5 100596 07-Mar-18 (CTTL, No.J18X01510) Mar-19
Reference Probe EX3DV4 | SN 7514 27-Aug-18(SPEAG No.EX3-7514_Aug18) Aug-19
DAE4 SN 1555 20-Aug-18(SPEAG,No.DAE4-1555_Aug18) Aug-19
Secondary Standards D # Cal Date(Calibrated by, Certificate NB.) Scheduled Calibration
Signal Generator E4438C | MY49071430 23-Jan-18 (CTTL, No.J18X00560) Jan-19
NetworkAnalyzer E5071C | MY46110673 24-Jan-18 (CTTL, No.J18X00561) Jan-19

Name Function ‘ ; Signature

Calibrated by: Zhaoding  SARTestEngineer | X

Reviewed by: Lin Hao AR TestEngineer

Approved by. QiDianyuan . SAR Project Leader

Issued: November 5, 20187~
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:

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.

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

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

SAR measured: SAR measured at the stated antenna input power.
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: Z18-60391 Page 2 of 8
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Measurement Conditions

DASY system canfiguration, as far as ot given-on-page-1.

Fax: +86-10-62304633-2504
http://www.chinatt].cn

DASY Version DASY52 52.10.2.1495
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 2300 MHz + 1-MHz
Head TSL parameters
The following parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Head TSL parameters 220°C 39.5 1.67 mho/m
Measured Head TSL parameters (22.0+£0.2) °C 39416 % 1.70 mho/m + 6 %
Head TSL temperature change during test <1.0°C - e
SAR result with Head TSL
SAR averaged over1-c/’ (1 g) of Head TSL Condition

SAR measured

250 mW .input power

126 mW/g

SAR for nominal Head TSL parameters

normalized to 1W

49.9 mW /g £ 18.8 % (k=2)

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

Condition

SAR measured

250 mW input power

5.97mW/g

SAR for nominal Head TSL parameters

normalized to 1W

23.8 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 52.9 1.81 mho/m
Measured Body TSL parameters (22.0+£0.2) °C 53.0+x6 % 1.86 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

122mW/g

SAR for nominal Body TSL parameters

normalized to 1W

48.1mW /g £ 18.8 % (k=2)

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

Condition

SAR measured

250 mW input power

582 mW /g

SAR for nominal Body TSL parameters

normalized to 1W

23.1mW /g £ 18.7 % (k=2)

Certificate No: Z18-60391
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Appendix (Additional assessments outside the scope of CNAS L0570)

Antenna Parameters with Head TSL

Impedance, transformed to feed point 46.5Q- 3.86jQ

Return Loss - 25.3dB

Antenna Parameters with Body TSL

Impedance, transformed to feed point 43.90- 2.30jQ

Return Loss -23.1dB

General Antenna Parameters and Design

Electrical Delay (one direction) 1.033 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

Certificate No: Z18-60391 Page 4 of 8
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DASYS Validation Report for Head TSL Date: 11.01.2018
Test Laboratory: CTTL, Beijing, China
DUT: Dipole 2300 MHz; Type: D2300V2; Serial: D2300V2 - SN: 1056
Communication System: UID 0, CW; Frequency: 2300 MHz; Duty Cycle: 1:1
Medium parameters used: f=2300 MHz; 6 = 1.7 S/m; ¢, = 39.42; p = 1000 kg/m3
Phantom section: Center Section
DASYS5 Configuration:

e Probe: EX3DV4 - SN7514; ConvF(7.42, 7.42, 7.42) @ 2300 MHz; Calibrated:
8/27/2018

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

¢ Electronics: DAE4 Sn1555; Calibrated: 8/20/2018

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

e Measurement SW: DASY52, 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 = 106.4 V/m; Power Drift = -0.02 dB

Peak SAR (extrapolated) = 26.1 W/kg

SAR(1 g) = 12.6 W/kg; SAR(10 g) =5.97 W/kg

Maximum value of SAR (measured) = 21.0 W/kg

dB

0 dB =21.0 W/kg = 13.22 dBW/kg

Certificate No: Z18-60391 Page 5 of 8
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Impedance Measurement Plot for Head TSL

Trl S11 Log Mag 10.00dB/ Ref 0.000d8 [FL]
5000 ST —373000600 Gz 525,335 6

40,00
30.00
20.00
10. 00
0.000 \ .' P T . q
-10.00 ‘ ‘

-20.00

-30.00

-40, 00

-50.00 : : =
P S11 smith (R+jx) Scale 1.000U [F1 pel]

>l 2.3000000 GHz 46.467 Q -3.8563 0 17.94
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DASYS Validation Report for Body TSL Date: 11.01.2018
Test Laboratory: CTTL, Beijing, China
DUT: Dipole 2300 MHz; Type: D2300V2; Serial: D2300V2 - SN: 1056
Communication System: UID 0, CW; Frequency: 2300 MHz; Duty Cycle: 1:1
Medium parameters used: f= 2300 MHz; 6 = 1.864 S/m; ¢, = 52.96; p = 1000 kg/m3
Phantom section: Right Section
DASY5 Configuration:

e Probe: EX3DV4 - SN7514; ConvF(7.25, 7.25, 7.25) @ 2300 MHz; Calibrated:
8/27/2018

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

o Electronics: DAE4 Sn1555; Calibrated: 8/20/2018

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

» Measurement SW: DASY52, 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 = 99.95 V/m; Power Drift = -0.02 dB

Peak SAR (extrapolated) = 24.5 W/kg

SAR(1 g) = 12.2 W/kg; SAR(10 g) = 5.82 W/kg

Maximum value of SAR (measured) = 20.0 W/kg

dB
0

& -5.25
-12.38

-16.50

. _
0 dB =20.0 W/kg = 13.01 dBW/kg

-20.63

Certificate No: Z18-60391 Page 7 of 8
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Impedance Measurement Plot for Body TSL

Trl S11 Log Mag 10.00dB/ Ref 0.000dB L[FLi]
30-00 373000000 Grz —73.135 @8

40.00
30.00
20,00
10.00
0.000)‘ . ; . . = - ‘
-10.00 : ’ k

~20.00 |

-30.00

~40.00

-50.00 ‘ ‘ =
PO s11 smith (R+IX) scale 1.000u [F1 pel]
>l 2.3000000 GHz 43.873 0 -2.3029 0 30.

g
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SFORTON LAB.

D2300V2, Serial No. 1056 Extended Dipole Calibrations

Referring to KDB 865664 D01, if dipoles are verified in return loss (<-20dB, within 20% of priorcalibration),

and in impedance (within 5 ohm of prior calibration), the annual calibration is not necessary andthe

calibration interval can be extended.

D2300V2 - serial no. 1056

2300 Head 2300 Body
Real Imaginary Real Imaginary
Date of Return-Loss | Delta Delta Delta |Return-Loss | Delta Delta Delta
Impedance Impedance Impedance Impedance
Measurement (dB) (%) (ohm) (ohm) (dB) (%) (ohm) (ohm)
(ohm) (ohm) (ohm) (ohm)
2018.11.01 -25.3 46.5 -3.86 -231 43.9 -2.30
2019.11.01 -24.4 3.6 45.9 -0.6 -4.08 -0.22 -22.4 3 43.3 -0.6 -2.30 0
2020.11.01 -25.2 0.4 46.2 -0.3 -3.66 0.2 -23.3 -0.9 44.0 0.1 -2.14 0.16

<Justification of the extended calibration>

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> D2300V2, serial no. 1056
2300MHz — Head----2019.11.01

rs
§ SOt 3.2 GHr B 70 0 stop 24 e B |1 Stop 24 G [

2300MHz - Body----2019.11.01

Pl sl Log @

stop 2.6t B |1 St 2.2 e Stop 2.4 Gz [

Stow 2.5 Gre B 1 met2 oo
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2300MHz - Body----2020.11.01

Swop 2.5 o I 1 St 21 Gea
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Glossary:

TSL tissue simulating liquid

ConvF sensifivity in TSL / NORM xy,z
MN/A not applicable or not measured

Calibration is Performed According to the Following Standards:

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

b IEC 62209-1, “Measurement procedura for the assessment of Specific Absorption Ralte
(SAR) from hand-held and body-mounted devices used next lo the ear (frequency range ol
300 MHz to 6 GHz)", July 2016

c) IEC 62209-2, "Procedure to determine the Spacific Absorption Rate (SAR) lor 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 Documentation:
e) DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

v Measurement Conditions: Further detalls are available from the Validation Report al 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.

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

« Electrival 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,

s SARA 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%.

Ceriificate Mo: D2450V2-024 Sepd0 Page 2 ol 6



Measurement Conditions

DASY system configuration, as lar as nol given on page 1.

DASY Version DASYS VE2.10.4

Extrapolation Advaneced Extrapolalion

Phantom Modular Flal Phantom

Distance Dipole Center - TSL 10 tm with Spacder

Zaom Scan Resolution dx, dy, dz = 5mm

Frequency 2450 MHz + 1 MHz
Head TSL parameters

Tha foliowing parameters and caloulations were ipplied,
Tempoeraturs Permittivity Conductivity

Mominal Head TSL parametors 22.0"C Jug 1. B0 minodm

Measured Head TSL paramelers (22002)"C 389+ 8% 1.84 mhedn & 6%

Head TSL temperalure change during lesl <05"C v -
SAR result with Head TSL

SAR averaged over 1 em?® (1 g} of Head TSL Coneition

SAR meastired 250 mW input powa 13.0 Wikg

SAR Tor nominal Fead TSL paramelers narmalized o 1W 651.4 Wikg = 17.0 % (k=2)
| SAR averaged over 10 em? (10 g) of Head TSL candition
SAR measured 250 mW Input power 6.04 Wikg
SAH for nominal Head TSL paramaters normalized to 1W 24,0 Wikg = 16.5 % (k=2)
Centificats No: D2450V2-924_Sap20 Page 3 of B




Appendix (Additional assessments oulside the scope of SCS 0108)
Antenna Parameters with Head TSL

Impiedance, tanstormad 1o feed poirt 539Q+72|a

Faeturn Loss =221 :iE

General Antenna Parameters and Design

Elaotrical Delay (one direction) 1.155ns

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

The dipoie Is made of standad semirfgld coaxial cable. The center conductor of the leading line is directly connected lo the
second arm of the dipele. The antenna is theretore short-ireultad fur DO-signals. On some ol fhe dipales, small and caps
are added 1o the dipole arms in order to improve matching when loaded acoording o the pogition as explained in he
“Measuroment Conditions® paragraph. The SAH data are not affected by this change. The overall dipole leagth fs stil
aceording (o the Standarch

Mo excassiva loree musl beapplied 1o (he dipole arms, becauss (hey mighl bend or the solkeed connssions near ha
leadpoinl may be dariagied

Additional EUT Data

Manufaciured by SPEAG

Cetlificate No: D2450V2-824_Sep20 Page4 ol B



DASYS5 Validation Report for Head TSL

Date: 02,09.2020
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 2450 MHz; Type: D2450V2; Serial: D2450V2 - SN:924

Communication System: UID 0 - CW; Frequency: 2450 MHz

Medium parametets used: f= 2450 MHz; o= 1.84 S/m: .= 38.9: p = 1000 kg/m’
Pliantom section: Flal Section

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

DASYS2 Conliguration:
«  Probe: EXADV4 - SN7349; ConvF(7.74, 7.74, 7.74) @ 2450 MHz: Calibrated: 29.06.20120
o Sebsor-Swrloee: Tdoun (Mechanical SuiTace Disleclion
o Blectronics: DAE4 Sn601, Calibrafed: 27.12.2019
«  Phantom: Flat Phantom 5.0 (front); Type: QD 000 PSO AA: Serial: 1001

o« DASYS252.104(1527): SEMCAD X 14.6,14(7483)

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

Reference Value = 115.2 V/m; Power Drift = -0.05 dB

Peak SAR (exttapolated) = 254 W/kg

SAR(1 g) = 13.0 W/kg: SAR(I0 g) = 6.04 Wkg

Smallest distuance from peaks to all points 3.dB below =9 mm

Ratio of SAR at M2 to SAR at M| =51%

Maximum value of SAR (measured) = 21.2 Wikg

-4.00
-6.00
-12.00

-16.00

-20.00

0.dB=21.2 Wikg = 13.26 dBW/kg

Certilicale No: D2450V2-924_Sep20 Page 5 of B



Impedance Measurement Plot for Head TSL

File Yow Channal Swesp Calibrablon Trace Scale Marker System  Window iﬂﬂ_ﬁ_

3 i__'_ _| SR Gl 4 O
\' — __ \ 107 15 JE8 L
".". .aﬁ;'_ -'_. IS0 Cfee B
P, . b "!‘. e e
| | ll \
l | & == "E.i .|L F
X d |' —
Lo _1_l.l
(}
] ] |
ChL:Sewbt o S500H G EE —_— Samnyouid

T [- ] [ SO0 i 1t |
~ | ' |
i o i | | |
| i o
|
i1y il ii - - | [P | — ol o ————1}
il e — =" t — i
HLE e | r '
= 00 —r— _I — =
LN — — — I . Il —
% 0N o m— — '
) iy i Iu'—'qj' b — I' o
CRL Rrwil o Wi G e —

gy 2 BTl ey

| Statur  CH1: 511 B 1 C*1-Punt Avg=20 Delay LCL

Cerilficate No: D2450V2-924_Sep20 PageBal g



Calibration Laboratory of S,

5 P Schweizerischer Kalibrierdienst
Schmid & Partner i?“ae“\‘u?“’f’mf g Service suisse d'étalonnage
Engineal‘ing AG L Servizio svizzero di laratura
Zeughausstrasse 43, 8004 Zurich, Switzerland U NS S swiss Calibration Service
AU T
Accradited by the Swiss Accreditation Servide (SAS) Acereditation No.: SCS 0108

The Swiss Accreditation Sarvice is one of the signatories lo the EA
Multitateral Agresment for the recognition of calibration certificates

client  Sporton Certificate No: D5GH2V2-1113_Sep19
[CALIBRATION CERTIFICATE |
Crhiject D5GHzV2 - SN:1113
Caltbration precedure(s) QA CAL-22.v4

Calibration Procedure for SAR Validation Sources between 3-6 GHz

Calibration date: September 24, 2019

Thes calibration cerificats decuments the traceability to natioral standards, which realize tha phyeical units of measurements (S1)
The measurements-and the uncerainties with confidence probatilily are given an the following pages and are part of the certificats.
All eallbrations have been conducted in the closed Isboratory faciity: environment temperatura (22 + 3)YC and humidity < 70%.

Calbration Equipment used (M&TE critical for callbration)

Primary Standards 0 & Cal Date (Cartfiticate No.) Schaduled Calibrafion
Fower mater NAP SN 104778 03-Apr-18 (No. 217-02832/02883) Apr-20

Power zensor NAP-Z99 Sh; 103244 D3-Apr-19 (No. 217-02822) Apr-20

FPower sensar NAP-Z91 SN: 103245 D3-Apr-18(No, 217-02883) Apr-20

Fleferance 20 dB Aftenuator SN: 5058 {20K) O4-Apr-18 {No. 217-02824) Apr-20

Type-N mismalch combination SN:5047.2/ 06327  04-Apr-19 (Mo, 217-02885) Apr-20

Reference Probe EX30V4 5N; 3503 25-Mar-19 (No. EX3-3503_Mar{9) Mar-20

DAE4 SN; 801 30-Apr-18 (No, DAE4-E01_Aprig) Apr-20

Secondary Standards iDe Check Dat2 (in house) Schedulad Check
Power metar E44198 SN: GBIOS12475 014 (in house check Feb-18) In hotse check: Oct-20
Fower sensor HP 84814 SN US3r292783 O7-00-15 (in house check Oct-18) In house check: Oct-20
Powear sensor HP B4814 SN Mv41082317 O7-0ot-15 (in house check Ocl-18) In house check: Cel-20
AF generator A&S SMT-06 SN 100972 15-Jun-15 [in house check Cot-18) In holse chack: Oct-20
Metwork Analyzar Agilant E33584 l SN LIS41080477 3t-Mar-14 {in house cheek Oct-18) In holise chack: Oot-19

Mamie Function 5 ture
Calibrated by: Jaton Kastratl aboratory Techniian .|
¥
Approved by; Katja Pokovic Technical Manager W

lssued: September 25, 2019
This calibration cenificate shall nat be reproduced except in tull without written approval of the lsboratony,

Certificate No: D5GH2zV2-1113_Sep18 Page 1ot 8



Calibration Laboratory of S,

J SN G Schweizerischer Kalibrierdienst
Schmid & Partner D= G Service suisse diétaionnage
Engineering AG e Servizic svizzero di taratura
Zeughausstrasse 43, 8004 Zurich, Switzerland TN S swiss Calibration Service
el
Accredited by tha Swiss Accreditation Service (SAS) Accreditation No.: SCS 0108

The Swiss Accreditation Service is one of the signatories to the EA
Multilateral Agreement for the recegnition af calibration certifjcates

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) |EEE 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 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 Refurn Loss: These parameters are measured with the dipole
positioned under the liquid filled phantom. The impedance stated is fransformed 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 resuilt.

[ The re orted 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%.

Cerificate No: D5GHzV2-1113_Sep18 Page 2 of 8



Measurement Conditions

DASY system configuration, as far as not given on page 1.
DASY Version DASYS Ve2.10.2
Extrapolation Advanced Extrapolation
Phantom Modular Flat Phantom V5.0
Distance Dipole Center - TSL 10 mm with Spacer

Zoom Scan Resolution

dx, dy =4.0mm, dz =1.4mm

Giraded Ratio = 1.4 (Z diraction)

Frequency

5250 MHz + 1 MHz
5600 MHz + 1 MHz
5750 MHz = 1 MHz

Head TSL parameters at 5250 MHz

The following parameters and calculations were applied.

Temperature Permittivity Conductivity
Nominal Head TSL parameters 22.0°C 359 4.71 mho/m
Measured Head TSL parameters (220z02)°C 35.1+6% 4,53 mho/m £ 6 %
Head TSL temperature change during test =0.5°C - --e-
SAR result with Head TSL at 5250 MHz
SAR averaged over 1 em® (1 g) of Head TSL Condition
SAR measured 100 mW input power 8.08 W/kg
SAR for nominal Head TSL parameters nomalized to 1W 80.5 W/kg = 19.9 % (k=2)
SAR averaged over 10 cm® (10 g of Head TSL condition
SAR measured 100 mW input powear 2.33 Wikg

SAR for nominal Head TSL paramelers

normalized to 1W

23.1 Wikg + 19.5 % (k=2)

Head TSL parameters at 5600 MHz

The following parameters and catculations were applied.

Temperature Permittivity Conductivity
Nominal Head TSL parameters 22.0°C 355 5.07 mho/m
Measured Head TSL parameters (22.0 +0.2)°C 346+6% 4.88 mho/m £ 6 %
Head TSL temperature change during test <0.5°C ga22 —
SAR result with Head TSL at 5600 MHz
SAR averaged over 1 em’ (1 g) of Head TSL Condition
SAR measured 100 mW inplt power 8.40 Wikg

SAR for nominal Head TSL paramaters

normalized to 1TW

83.4 Wikg = 19.9 % (k=2)

SAR averaged over 10 cm® (10 g) of Head TSL condition
SAR measurad 100 mW input power 240 Wikg
SAR for nominal Head TSL paramaeters normalized to 1W 23.8 Wikg = 19.5 % (k=2)

Certificate No: D5GH2V2-1113_5ep13
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Head TSL parameters at 5750 MHz

The following parameters and calculations were applied.

Temperature Permittivity Conductivity
Nominal Head TSL parameters 220°C 354 5.22 mho/m
Measured Head TSL parameters (22.0+£0.2) °C 344 6% 5.03 mho/m £ 6 %
Head TSL temperature change during test <05°C e —

SAR result with Head TSL at 5750 MHz

SAR averaged over 1 em’ (1 g) of Head TSL Condition
SAR measured 100 mW input pawer B.06 Wikg
SAR for nominal Head TSL parametars normalized to 1W 80.0 W/kg = 19.9 % (k=2)
SAR averaged over 10 cm” (10 g) of Head TSL condition
SAR measured 100 mW input power 2.30 Wikg

SAA for nominal Head TSL parameters

normalized to 1W

22.8 Wikg £ 19.5 % (k=2)

Cerificate No: D5GHzV2-1113_Sepig

Page 4 of 8




Appendix (Additional assessments outside the scope of SCS 0108)
Antenna Parameters with Head TSL at 5250 MHz

Impedance, transformed to feed point B170-62)0
Return Loss -24.0d8

Antenna Parameters with Head TSL at 5600 MHz

Impedarnce, transformed to feed point 5600 -2.7 0
Retun Loss -24.1 dg

Antenna Parameters with Head TSL at 5750 MHz

Impedarice, transformed to feed point 56.70-1.0j0
Retum Loss -239dB

General Antenna Parameters and Design

Electrical Delay (one direction) 1.185 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 therafore 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 sxplained In the
"Measurement Conditions" paragraph. The SAR data are not affected by this change. The overall dipole length Is still
aceording to the Standard,

Mo excessive lorce 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: DSGHzV2-1113_Sep1d Page 5of 8



DASY5 Validation Report for Head TSL
Date: 24.09.2019

Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole DSGHzV2; Type: DSGHzV2; Serial: D5GHzV2 - SN:1113

Communication System: UID 0 - CW; Frequency: 5250 MHz, Frequency: 5600 MHz,
Frequency: 5750 MHz

Medium parameters used: f = 5250 MHz; 0 =4.53 Sim; g =35.1;p=1000 kg!m:f .
Medium parameters used: f = 5600 MHz; o = 4.88 S/m; & = 34.6; p = 1000 kg/m” ,
Medium parameters used: f = 5750 MHz;, o = 5.03 S/m; &, = 34.4; p = 1000 kg/m’
Phantom section: Flat Section

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

DASYS52 Configuration:

« Probe: EX3DV4 - SN3503; ConvF(5.4, 5.4, 5.4) @ 5250 MHe,
ConvF(4.95, 4.95, 4.95) @ 5600 MHz, ConvF(4.98, 4.98, 4.98) @ 5750 MHz Calibrated:
25.03.2019

« 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
» DASYS5252.10.2(1504); SEMCAD X 14.6.12(7470)

Dipole Calibration for Head Tissue/Pin=100mW, dist=10mm, f=5250 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Measurement grid: dx=4mm, dy=4mm, dz=14mm

Reference Value = 78.54 V/m; Power Drift =0.01 dB

Peak SAR (extrapolated) = 27.9 W/kg

SAR(1 2) = 8.09 W/kg: SAR(10 g) = 2.33 W/kg

Maximum value of SAR (measured) = 18.1 Wikg

Dipole Calibration for Head Tissue/Pin=100mW, dist=10mm, f=5600 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Measurement grid: dx=4mm, dy=4mm, dz=1.4mm

Reference Value = 78.00 V/m; Power Drift = 0.02 dB

Peak SAR (extrapolated) = 31.1 W/kg

SAR(1 g) = 8.40 W/kg; SAR(10 g) = 2.40 Wikg

Maximum value of SAR (measured) = 19.4 W/kg

Dipole Calibration for Head Tissue/Pin=100mW, dist=10mm, f=5750 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Measurement grid: dx=4mm, dy=4mm, dz=1.4mm

Reference Value = 75.13 V/m; Power Dnift = 0.03 dB

Peak SAR (extrapolated) = 31.8 Wikg

SAR(1 g) = 8.06 W/kg; SAR(10 g) = 2.30 W/kg

Maximum value of SAR (measured) = 19.0 Wikg

Certificate No: D5GH2V2-1113_Sep13 FPage G ol B



-6.00

-12.00

-18.00

-24.00

-30.00

0dB = 18.1 Wikg = 12.58 dBW/kg
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Impedance Measurement Plot for Head TSL
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SFORTON LAB.

D5GHzV2, Serial No. 1113 Extended Dipole Calibrations

Referring to KDB 865664 D01 if dipoles are verified in return loss (<-20dB, within 20% of priorcalibration),
and in impedance (within 5 ohm of prior calibration), the annual calibration is not necessary andthe

calibration interval can be extended.

D5GHzV2 — serial no. 1113
5250 Head
Real Imaginary
Date of Return-Loss Delta Delta Delta
Impedance Impedance
Measurement (dB) (%) (ohm) (ohm)
(ohm) (ohm)
2019.9.24 -24.05 51.71 -6.16
2020.9.23 -24.80 -0.03 50.56 1.15 -5.94 -0.22

D5GHzV2 - serial no. 1113

5600 Head
Real Imaginary
Date of Return-Loss Delta Delta Delta
Impedance Impedance
Measurement (dB) (%) (ohm) (ohm)
(ohm) (ohm)
2019.9.24 -24.09 56.04 -2.71
2020.9.23 -23.95 0.01 57.70 -1.66 -2.85 0.14

D5GHzV2 — serial no. 1113

5750 Head
Real Imaginary
Date of Return-Loss Delta Delta Delta
Impedance Impedance
Measurement (dB) (%) (ohm) (ohm)
(ohm) (ohm)
2019.9.24 -23.94 56.70 -1.04
2020.9.23 -21.92 0.08 58.56 -1.86 -1.58 0.54

<Justification of the extended calibration>

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.

SPORTON INTERNATIONAL (SHENZHEN) INC.
TEL : 86-0512-5790-0158
FAX: 86-0512-5790-0958



SFORTON LAB.

Dipole Verification Data> D5GHzV2 — serial no. 1113
5250MHz — Head
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5600MHz — Head
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5750MHz - Head
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SPORTON INTERNATIONAL (SHENZHEN) INC.
TEL : 86-0512-5790-0158
FAX: 86-0512-5790-0958
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E -3 CALIBRATION
. e . ATENNS
Add: No.51 Xueyuan Road, Haidian District, Beijing, 100191, China “hyf I W CNAS L0570
Tel: +86-10-62304633-2512 Fax: +86-10-62304633-2504 ALY

E-mail: cttl@chinattl.com Http://www.chinattl.cn
Client : Auden Certificate No: Z20-60426

CALIBRATION CERTIFICATE

Object DAES3 - SN: 360

Calibration Procedure(s) FF-Z11-002-01

Calibration Procedure for the Data Acquisition Electronics
(DAEX)

Calibration date: November 06, 2020
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 16-Jun-20 (CTTL, No.J20X04342) Jun-21
Name Function Signature

Calibrated by:

Yu Zongying SAR Test Engineer /J}- ,‘Fil&)

Reviewed by: Lin Hao SAR Test Engineer 'ﬁfﬁ:%
Approved by: Qi Dianyuan SAR Project Leader %/

Issued: November 08, 2020
This calibration certificate shall not be reproduced except in full without written approval of the laboratory.

Certificate No: Z20-60426 Page 1 of 3



E__Ag In Collaboration with
777 .s p e a g
Sl  CALIBRATION 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 Http://www.chinattl.cn
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:

e« 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.

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

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

Certificate No: Z20-60426 Page 2 of 3
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In Collaboration with

777 s p e a g
S~  CALIBRATION LABORATORY

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

Tel: +86-10-62304633-2512
E-mail: cttl@chinattl.com

DC Voltage Measurement
A/D - Converter Resolution nominal

High Range:
Low Range:

1LSB =
1LSB =

6.1uV,
81nV ,

full range =

Fax: +86-10-62304633-2504
Hittp://www.chinattl.cn

-100...+300 mV
full range = Shesneses +3mV
DASY measurement parameters: Auto Zero Time: 3 sec; Measuring time: 3 sec

Calibration Factors

X

Y

Z

High Range

404.181 £ 0.15% (k=2)

404.027 £ 0.15% (k=2)

404.044 + 0.15% (k=2)

Low Range

3.93499 + 0.7% (k=2)

3.93626 + 0.7% (k=2)

3.97144 + 0.7% (k=2)

Connector Angle

Connector Angle to be used in DASY system

37°%£1 ©

Certificate No: Z20-60426
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Schmid & Partner Engineering AG S e a

Zeughausstrasse 43, 8004 Zurich, Switzerland
Phone +41 44 245 9700, Fax +41 44 245 9779
www.speag.swiss, info@speag.swiss

1238

IMPORTANT NOTICE

‘7 PG\(MV (rZ
USAGE OF THE DAE4

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

Battery Exchange: The battery cover of the DAE4 unit is fixed using a screw, over tightening the screw may cause
the threads inside the DAE to wear out.

Shipping of the DAE: Before shipping the DAE to SPEAG for calibration, remove the batteries and 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 transportation. The package shall be marked to indicate that a fragile instrument is inside.

E-Stop Failures: Touch detection may be malfunctioning due to broken magnets in the E-stop. Rough handling of
the E-stop may lead to damage of these magnets. Touch and collision errors are often caused by dust and dirt
accumulated in the E-stop. To prevent E-stop 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 measurements.

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

DASY Configuration Files: Since the exact values of the 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
the corresponding configuration file.

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

Important Note:

Never 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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