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DASYS Validation Report for Body TSL Date: 11.22.2016
Test Laboratory: CTTL, Beijing, China
DUT: Dipole 835 MHz; Type: D835V2; Serial: D835V2 - SN: 4d091
Communication System: UID 0, CW; Frequency: 835 MHz; Duty Cycle: 1:1
Medium parameters used: f = 835 MHz; ¢ = 0.954 S/m; g, = 54.22; p = 1000 kg/m’
Phantom section: Left Section
Measurement Standard: DASY5 (IEEE/IEC/ANSI C63.19-2007)
DASY5 Configuration:

o Probe: EX3DV4 - SN7433; ConvF(9.5,9.5, 9.5); Calibrated: 9/26/2016;

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

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

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

o Measurement SW: DASYS52, Version 52.8 (8); SEMCAD X Version 14.6.10 (7372)

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

Reference Value = 55.98 V/m; Power Drift = -0.05 dB

Peak SAR (extrapolated) = 3.49 W/kg

SAR( g) =2.4 W/kg; SAR(10 g) = 1.6 W/kg

Maximum value of SAR (measured) =3.01 W/kg

dB
0

-1.98

-3.96

-5.94

-71.92

-9.90

0 dB = 3.01 W/kg = 4.79 dBW/kg
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Impedance Measurement Plot for Body TSL
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Client Sporton-CN Certificate No:  Z16-97229

CALIBRATION CERTIFICATE

Object D1900V2 - SN: 5d118

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

Calibration Procedures for dipole validation kits

Calibration date: November 24, 2016

This calibration Certificate documents the (raceability to national standards, which realize the physical unils 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 101919 27-Jun-16 (CTTL, No.J16X04777) Jun-17
Power sensor NRP-Z91 | 101547 27-Jun-16 (CTTL, No.J16X04777) Jun-17
Reference Probe EX3DV4 | SN 7433 26-Sep-16(SPEAGNo0.EX3-7433_Sep16) Sep-17
DAE4 SN 771 02-Feb-16(CTTL-SPEAGN0.Z216-97011) Feb-17
Secondary Standards ID# Cal Date(Calibrated by, Certificate No.) Scheduled Calibration
Signal Generator E4438C | MY49071430 01-Feb-16 (CTTL, No.J16X00893) Jan-17
Network Analyzer ES071C | MY46110673 28-Jan-16 (CTTL, No.J16X00894) Jan-17

Namea Function Signature

Calibrated by: Zhao Jing SAR Test Engineer ‘{;’zf

Reiwed by, Qi Dianyuan SAR Project Leader

Approved by: Lu Bingsong Deputy Director of the laboratory %EFZ

lssued: Nove rz? 2016
This calibration cerificate 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
Spalial-Averaged Specific Absorption Rate (SAR) in the Human Head from Wireless
Communications Devices: Measurement Techniques”, June 2013

b) IEC 62208-1, "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 8GHz)", March 2010

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

Additional Documentation:
e) DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

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 Retum 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.

e 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: Z16-97229 Page 20f'8
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Measurement Conditions
DASY system configuration, as far as nol given on page 1.
DASY Version DASY52 52.8.8.1258
Extrapolation Advanced Exirapaolation
Phantom Triple Flat Phantom 5.1C
Distance Dipole Center - TSL 10 mm with Spacer
Zoom Scan Resolution dex, dy, dz =5 mm
Frequency 1800 MHz + 1 MHz
Head TSL parameters
The following parameters and calculations ware applied.
Temperature Permittivity Conductivity
Nominal Head TSL parameters 20°C 40.0 1.40 mha/m
Measured Head TSL parameters (220x02)"C 404 £+ 8% 1.43 mho/m £ 6 %
Head TSL temperature change during test <1.0°C e oo
SAR result with Head TSL
SAR averaged over1 cmi’ (1 g) of Head TSL Condition
SAR measured 250 m\V input power 102mW /g

SAR for nominal Head TSL parameters

normalized o 1W

40.4 mW /g £ 20.8 % (k=2)

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

Condition

SAR measured

260 mW input power

520mW /g

SAR for nominal Head TSL parameters

normalized to 1W

21.0 mW /g £ 20.4 % (k=2)

Body TSL parameters

The following parameters and calculations were applied.

Temperature Permittivity Conductivity

Nominal Body TSL parameters 22.0°'C 53.3 1.82 mhaoim
Measured Body TSL parameters (220202)"C 46+ 6% 153 mha/m+6 %
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 meaasured 250 mW input power 102mWig
SAR for nominal Body TSL parameters normalized to 1W 40.8 mW /g £ 20.8 % (k=2)

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

Condition

SAR measured

230 m\W input power

532 mW/g

SAR for nominal Body TSL parameters

narmalized to 1W

21.3 mW /g % 20.4 % (k=2)

Certificate No: Z16-97229

Page 3 of 4




Al Mo 51 Xuevuan Road, Haddian District, Bedfing. 100191, China
Tel: #86-10-62304633-207% Fax: +86-10-62304633.2504
F=mail: ettlefichinail.com Hitp:! vy chinattl.en

Appendix

Antenna Parameters with Head TSL

Impedance, transformed to feed point 50.40+8.22)0

Reiurn Loss -24.2dB

Antenna Parameters with Body TSL

Impedance, transformed io feed point 47.50+ 7.79j0

Return Loss - 21.6dB

General Antenna Parameters and Design

Electrical Detay (one direction) 1.0B6 ns

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

The dipole |s 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 te 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

Manufaciured by SPEAG

Certificate No: Z16-97229 Page 4 of &
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DASYS Validation Report for Head TSL Date: 11.24.2016

Test Laboratory: CTTL, Beijing, China

DUT: Dipole 1900 MHz; Type: D1900V2; Serial: D1900V2 - SN: 5d118
Communication System: UID 0, CW; Frequency: 1900 MHz; Duty Cycle: 1:1
Medium parameters used: = 1900 MHz; 6 = 1.426 §/m; er = 40.35; p = 1000 kg/m3
Phantom section: Center Section
Measurement Standard: DASYS (IEEE/TEC/ANSI C63.19-2007)

DASYS Configuration:

= Probe; EX3DV4 - SN7433; ConvlF(7.98, 7.98, 7.98); Calibrated; 9/26/2016:

« Sensor-surface: 2mm (Mechanical Surfiace Detection)

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

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

o Measurement SW: DASYS2, Version 52.8 (8); SEMCAD X Version 14.6.10 (7372)

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

Reference Value = 103.5 V/m; Power Drift =-0.01 dB

Peak SAR (extrapolated) = 18.9 Wikg

SAR(] g) = 10.2 Wikg; SAR(10 g) =5.29 W/kg

Maximum value of SAR (measured) = 14.7 Wikg

dB
0

-1.56

-1.11

-10.67

-14.22

-17.78

0dB=14.7T W/kg = 11.67 dBW/kg

Certificate No: Z16-97229 Page 5of &
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Impedance Measurement Plot for Head TSL

Trl =11 L0g Mag 10,0008/ Rer O.40008 [F1]
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DASYS Validation Report for Body TSL Date; 11.23.2016
Test Laboratory: CTTL, Beijing, China
DUT: Dipole 1900 MHz; Type: D1900V2; Serial: D1900V2 - SN: 5d118
Communication System: UID 0, CW; Frequency: 1900 MHz; Duty Cycle: 1:1
Medium parameters used: £= 1900 MHz; 6= 1.531 S/m; &, = 54.57; p = 1000 kg/m’
Phantom section: Right Section
Measurement Standard: DASYS (IEEE/IEC/ANSI C63.19-2007)
DASYS Configuration:

« Probe: EX3DV4 - SN7433; ConvF(7.7, 7.7, 7.7): Calibrated: 9/26/2016;

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

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

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

» Measurement SW: DASYS2, Version 52.8 (8): SEMCAD X Version 14.6.10 (7372)

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

Relerence Value = 98.23 V/im; Power Drift = 0.05 dB

Peak SAR (extrapolated) = 18.5 Wikg

SAR(1 g) = 10.2 Wikg; SAR(10 g) = 5.32 W/kg

Maximum value of SAR (measured) = 14.6 W/kg

dB
0

-3.52

-7.05

i ’al.- |
ellididis

-14.10

ars2 | -

0 dB = 14.6 W/kg = 11.64 dBW/kg

Certificate No: Z16-97229 Page 7ol 8
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Impedance Measurement Plot for Body TSL
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(;Iieni Sporton-CN Certificate No: Z16-97231
CALIBRATION CERTIFICATE

Object D2450V2 - SN: 840

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

Calibration Procedures for dipole validation kits

Calibration date: November 25, 2016

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

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 1D # Cal Date(Calibrated by, Certificate No.) Scheduled Calibration
Power Meter NRP2 1019189 27-Jun-16 (CTTL, No.J16X04777) Jun-17
Power sensor NRP-Z91 | 101547 27-Jun-168 (CTTL, No.J16X04777) Jur-17
Reference Probe EX3DV4 | SN 7433 26-Sep-16(SPEAGNo.EX3-T433_Sep16) Sep-17
DAE4 SN 771 02-Feb-16(CTTL-SPEAG N0.Z16-97011) Feb-17
Secondary Standards ID# Cal Date(Calibrated by, Certificate No.) Scheduled Calibration
Signal Generator E4438C | MY49071430 01-Feb-16 (CTTL, No.J16X00893) Jan-17
Network Analyzer ES071C | MY46110673 26-Jan-16 (CTTL, No.J16X00894) Jan-17
Name Function Signature
Calibrated by: Zhao Jing SAR Test Engineer ‘g Z‘
Reviewed by: Q) Dianyuan SAR Project Leader % <
Approved by: Lu Bingsong Deputy Director of the laboratory 144’5;’{1

Issued: November 27, 2016
This calibration certificate shall not be reproduced except in full without written approval of the laboratory.

Certificate No: Z16-9723 Page 1 of §
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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

¢) 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) KDBB865664, 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 Antenna Parameters with TSL: The dipole is mounted with the spacer to position its feed
point exactly below the center marking of the flat phantom section, with the arms oriented
parallel to the body axis.

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

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

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

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

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

Certificate No: Z16-9723 Page 2 of §
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Measurement Conditions
DASY system configuration, as far as nol given on page 1,

DASY Version DASYS2 52.8.81258
Extrapolation Advarced Exfrapolation
Phantom Triple Flat Phantom 6.1C
Distance Dipole Center - TSL 10 mm with Spacer gy
Zoom Scan Resolution dx, dy, dz = 5 mm
Frequency 2450 MHz + 1 MHz
Head TSL parameters
The following parameters and calculations weare applied.
Temperature Permittivity Conductivity
Nominal Head TSL parameters 220°C 392 1.80 mho/mm
Measured Head TSL parameters {220+ 0.2) °C 380+86% 1.79 mho/m + 6 %
Head TSL temperature change during test <1.0°'C - -
SAR result with Head TSL
SAR averaged over 1 ¢m’ (1 g) of Head TSL Condition
SAR measured 250 mW input power 135 mW /g

SAR for nominal Head TSL parameters normalized to 1W B4.0 mW /g + 20.8 % (k=2)

SAR averaged over 10 cm’ (10 g} of Head TSL Condition

SAR measured 250 mW input power 833mW/g

SAR for nominal Head TSL paramelers normalized to 1W 25.3 mW /g £ 20.4 % (k=2)

Body TSL parameters
The follewing parameters and calculations were applied.

Certificale No: Z16-9723

Temperature Permittivity Conductivity

Mominal Body TSL parameters 22.0°C 527 1.85 mha/m
Measured Body TSL parameters (220+£02)°C 623+6% 1.87 mho/m £ 6 %
Body TSL temperature change during test <1.0°C —— ——

SAR result with Body TSL
SAR averaged over 1 ¢m’ (1 g) of Body TSL Condition
SAR measured 250 mW ihput power 128mW/g
SAR for nominal Body TSL parameters normalized to 1W 50.9 mW /g £ 20.8 % (k=2)
SAR averaged over 10 ¢m~ (10 g) of Body TSL Caondition
SAR measured 250 mW input power B.O2ZmW/ig
SAR for nominal Body TSL parameters normalized to 1W 24.0 mW /g £ 20.4 % (k=2)

Page 3 of 8
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Appendix

Antenna Parameters with Head TSL

Impedance, transformed to feed point 51,704+ 5.54|0
Retum Loss - 24.9dB
Antenna Parameters with Body TSL
Impedance, transfarmed to feed point 49.80+ 6.00)0
Return Loss - 24 4dB
General Antenna Parameters and Design
Electrical Delay (one dirgction) 1.045 ns ‘]

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

be measurad.

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 slill 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: Z16-9723 1
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DASYS Validation Report for Head TSL Date: 11.25.2016
Test Laboratory: CTTL, Beijing, China
DUT: Dipole 2450 MHz; Type: D2450V2; Serial: D2450V2 - SN: 840
Communication System: UID 0, CW; Frequency: 2450 MHz: Duty Cyele: 1:1
Medium parameters used: = 2450 MHz: o= 1.793 S/m; &r = 38.86; p = 1000 kg/m3
Phantom section: Center Section
Measurernent Standard: DASYS (IEEE/AEC/ANSI C63.19-2007)
DASYS Configuration:

«  Probe; EX3DV4 - SN7433; ConvF(7.45. 7.45, 7.45); Calibrated:; 9/26/2016:

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

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

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

o Measwrement SW: DASYS2, Version 52.8 (8); SEMCAD X Version 14.6.10 (7372)

Dipole Calibration/Zoom Scan (7x7x7) (7x7x7)/Cube 0: Measurement grid: dx=3mm,
dy=5mm, dz=5mm

Reference Value = 107.3 V/m; Power Drift = 0.01 dB

Peak SAR (extrapolated) = 27.5 W/kg

SAR(1 g) = 13.5 W/kg; SAR(10 g) = 6.33 W/kg

Maximum value of SAR (measured) = 20.5 W/kg

dbB
0

-4.30
-0.60
-12.9

-17.21

-

-21.51
0 dB =20.5 W/kg = 13.12 dBW/kg

Certificate No: Z16-97231 Page 5 of 8



In Collaborstion with

TTL LL.._LE__

Add: No 51 Xueyoon Rond, Haidion District. Beijing, 100191, Chins
lel: +86-10-62304633-2079 Fos: + 8- 10-62304633-2504
E-mnil: cltligichinattl.com Fipfwww.chinattl.en

Impedance Measurement Plot for Head TSL
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DASYS Validation Report for Body TSL Date: 11.24.2016
Test Laboratory: C'TTL., Beijing, China
DUT: Dipole 2450 MHz; Type: D2450V2; Serial: D2450V2 - SN: 840
Communication System: UID 0, CW: Frequency: 2450 MHz; Duty Cycle: 1:1
Medium parameters used: f=2450 MHz: o= 1.966 S/m; g = 52.29; p = 1000 kg/m’
Phantom section: Lefi Section
Measurement Standard: DASYS (IEEE/IEC/ANSI C63.19-2007)
DASY 3 Configuration:

« Probe: EX3DV4 - SN7433: ConvF(7.46, 7.46, 7.46): Calibrated: 9/26/2016:

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

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

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

»  Measurement SW: DASYS2, Version 52.8 (8); SEMCAD X Version 14.6.10(7372)

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

Reference Value = 99,46 V/m: Power Drift =-0.01 dB

Peak SAR (extrapolated) = 25.9 W/kg

SAR(1 g) = 12.8 W/kg; SAR(10 g) = 6.02 W/kg

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

db
0

-4.40
-8.79
-13.18

-17.58

.

-21.98
0 dB = 19.2 W/kg = 12.83 dBW/kg

Certificate No: Z16-97231 Page 708
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Impedance Measurement Plot for Body TSL

Trl Si1 Log mMag 10.00d87 Ref 0.000d8 [F1]
¥0.00 =35 43500000 Gz —29,430 98

40,00
30,00
<0, 00

14,00

0. 000

I

-1 0
=20 00
-3, O

40, 00

=50, (M =
Ml =1l soith o (R+gx) Scdle 10000 [FL 6=1)

#1 4500000 GHZ 49.75% 0 5.0001 O 189, 71 T

N
i : hY

_.’.I ! :
, s
N\ /

", ’

. g

-\--"\_ -
_\--\-"‘—\_\_ — -

Certificate No: Z16-97231 Page $ of 8




Schmid & Partner Enaitesring A0
S e a
Ffeughausstrasso 43, B004 Zunch, Switzerland
Fhone +41 44 245 G700, Fax +41 44 245 9779
info@Epasg. com, hitpiifwwieg speag com

12F9
IMPORTANT NOTICE

USAGE OF THE DAE 4

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 closed using a screw, over tightening the screw may
causge the threads inside the DAE ta wear out.

Shipping of the DAE Before shipping the DAE to SPEAG for callbration, 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-stap. Rough handling
of the E-stop may lead to damage of these magnets. Touch and collision erars are often caused by dust and dir
accumulated in the Estop. To prevent Estop failure, the customer shall always mount the probe to the DAE
carefully and keep the DAE unit in @ 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 chamge for any repair especially if rough unprofessional handling caused the defect

DASY Configuration Files: Since the exact values of the DAE input resistances, as msasured 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.

Schmid & Partner Engineering

TN_BRO40315AD DAE4 doc 11.12.2008



Calibration Laboratory of

- Schweirerischer Kallbrierdiensi
Schmn:::l & If‘artner ?: Service suisse d'étalonnage
Engineering AG Servizio svizzero di taratura
Zeughausstrasse 43, 6004 Zurich, Switzerland S  swiss Calibration Service
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
cient ~ Sporton-TW (Auden) Certificate No: DAE4-1279_Apri6
|-CALIEHAT!0N CERTIFICATE I
Object DAE4 - SD 000 D04 BM - SN: 1279
Calibralion procedurais) QA CAL-06.v29

Calibration procedure for the data acquisition electronics (DAE)

Calibration date: April 04, 2016

This calibration certificate documeants the fraceability to nafional standards, which realize the physical urils of measuremenis (81,
The measuremants and the uncerainties with confidence probability are given on the following pages and are pan of the cedificate

All calibrations have bean conducted In the closed laboratary facility: environment temperature (22 « 3)°C and humidity < 0%,

Calibration Equipment ussd (MATE crtical for calibration)

Primary Standards D # Cal Date (Cerfificata No.) Schaduled Calibratian
Kaithiey Mullimeter Type 2001 SM; 0810278 09-Sep-15 (N 17153) Sep-16
| Seeondary Slendards D # Check Date (in houss) Scheduled Check
Auto DAE Callbration Linit SE UWS 053 AA 1001  D5-Jan-16 (in housa chaok) In housa check: Jan-17
Calibrator Box V2.1 SE UMS 008 AA 1002 05Jan-18 {in house chack) In hovse check: Jan-17

hama Function Signature
Calibrated by; Daminigua Steffan Tachnician %
Approvad by Fin Bomhall Deputy Technical Manager - :

R e

izsuad: April 4, 2018

Thiz calibration cerificate shall ngt ba reproduced excepl in full withoul written approval of the faboratony.

Certificate No: DAE4-1278_Apri6 Page 1af 5
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SET'IITIIF‘ & I'j"artn&r ﬁé Service suisse d'étalonnage
Engineering AG B sy Servizio svizzero di taratura
Zeughausstrasse 43, 8004 Zurich, Switzarland "’—Qr;-\\ W Swiss Calibration Sarvice
™
Accredited by the Swiss Accreditation Service (SAS) Accreditation No.: SCS 0108

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

Glossary

DAE data acquisition electronics

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

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

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

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

» DC Voltage Measurement Linearity: Verification of the Linearity at +10% and -10% of
the nominal calibration voltage. Influence of offset voltage is included in this
measurement.

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

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

* AD Converter Values with inputs shorted: Vialues on the internal AD converter
corresponding to zero input voltage

* Input Offset Measurement. Output voltage and statistical results over a large number of
zero voltage measurements.

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

* Input resistance: Typical value for information: DAE input resistance at the connector,
during internal auto-zeroing and during measurement.

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

« Power consumption: Typical value for information. Supply currents in various operating
modes.

Cerificate No: DAE4-1272_Apri6 Page 2 of &



DC Voltage Measurement
A/D - Convarer Hasolution nominal

High Range: 1LSB = 6.1u\ full range = -100...+300 mV
Low Range: LS8 = 61nV | lull range = -1....... +amy
DASY measurement parameters: Auta Zero Time: 3 gec; Measuring time: 3 sec
Calibration Factors X Y Fd
High Range 403.905 + 0.02% (k=2) | 403.857 = 0.02% (k=2) | 404.596 + 0.02% (k=2)
Low Range 3.94760 £ 1.50% (k=2) | 3.98798 + 1.50% (k=2) | 3.98844 £ 1.50% (k=2)
Connector Angle
Connector Angle to be used in DASY system 353.0+£1°

Cariificate No: DAE4-1279_Apr16 Page3oi5



Appendix (Additional assessments outside the scope of SCS0108)
1. DC Voltage Linearity

High Range Reading (uV) Difference (uV) Error (%)
Channel X + Input 20003427 0.64 0.00
Channel X + Input 20007 .04 27 0.01
Channe! X - Input -20003.94 1.81 -0,01
Channel ¥ + Input 200033.55 0.14 0.00
Channel ¥ + Input 20003,53 -0.81 -0.00
Channel ¥ - Input -20006.93 -1.15 0.0
Channel! Z + Input 200035.84 224 0.00
Channel Z + Input 2000420 011 -0.00
Channel Z = Input -20007.71 -1.89 0.01
Low Range Reading (V) Difference (uV) Error (%)
Channel X + Input 2000.35 -0.21 -0.01
Channel X + Input 20121 0.64 0.32
Channel X = Input -188.81 0.54 -0.27
Channel ¥ + Input 2000 44 .15 -0.01
Channel ¥ + Input 200.00 041 -0.21
Channel ¥ - Input -1680.44 -0.00 0.00
Channel Z + Input 1929.73 -0.78 -0.04
Channel 2 + Input 199.17 -1.28 -0.64
Channel Z - Input -200.05 -0.52 0.26
2. Common mode sensitivity
DASY measurement parameters. Auto Zero Time: 3 sec; Measuring time: 3 sec
Common mode High Range Low Range
Input Voltage (mV) Average Reading (uV) Average Reading (pV)
Channel X 200 -18.84 -20.08
- 200 22.54 20.58
Channel ¥ 200 458 4.07
- 200 -5.40 -5.53
Channel Z 200 577 539
- 200 -7.62 -7.90

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

Input Voltage (mV) | Channel X (V) | Channel ¥ (uV) Channel Z (V)
Channel X 200 ' 3.57 -3.56
Channel Y 200 8.26 4.72
Channel Z 200 10.27 583 -

Certificate Na: DAE4-1278_Apr16

Page 4 of 5




4. AD-Converter Values with inputs shorted

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

High Range (LSB) Low Range (LSB)
Channel X 15847 15498
Channel ¥ 15856 16142
Channel 2 15706 15616

5. Input Offset Measurement
DASY measuremant parameters: Auto Zero Time: 3 sec: Measuring time: 3 sec
Input 10ME2

Average (uV) min. Offset (uV) | max. Offset (uV) S, ?::;ahun

Channel X -0.29 -1.03 1.13 0,38
Channel ¥ 0.16 -0.88 1.41 0.42
Channel Z -1.85 -3.80 .11 0.58

6. Input Offset Current
Naminal Input circuitry offset currant on all channels: <25fA

7. Input Resistance (Typical values for information)

Zeroing (kOhm) Measuring (MOhm)
Channel X 200 200
Channel ¥ 200 200
Channel 2 200 200
8. Low Battery Alarm Voltage (Typical values for infarmation)

Typical values Alarm Level (VDC)

Supply (+ Vce) +7.9

Supply (- Vcc) 7.6

9. Power Consumption (Typical values for information)

Typical values Switched off (mA) | Stand by (mA) | Transmitting (mA)
Supply {+ Vec) +0.01 +6 +14
Supply (- Voc) -0.01 -8 9

Cerfilicate No: DAE4-1279_Apri6

Page Sof5
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Add: No.31 Nueyuan Rood, Haidinn District, Beijing, 100191, China “hpof 4 N> CNAS LOSTO
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Client : Sporton_CN Certificate No: Z16-97071

CALIBRATION CERTIFICATE

Object DAE4 - SN: 1210

Calibration Procedure(s) FD-Z11-2-002-01

Calibration Procedure for the Data Acquisition Electronics
(DAEx)

Calibration date: May 18, 2015

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)
I

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

Process Calibrator 763 = 1971018 06-July-15 (CTTL, No:J15X04257) July-186
Mame Function ?Enature

Calibrated by: Yu Zongying SAR Test Engineer

Reviewed by: Qi Dianyuan SAR Project Leader e o A

Approved by: Lu Bingsong Deputy Director of the laboratory ,_E 'iﬂa/"; fz

Issued; May 19, 20186
This calibration certificate shall not be reproduced except in full without written approval of the laboratory.

Certificate No: Z16-97071 Page 1 of 3
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CALIERATION LABORATORY

Add: No. 51 Xueyuan Road, Haidian Disiriet, Befjing, 100191, China
Tel: +86-10-62304633-7218 Fax: +Bb-10-62304655-2209
E-muil: ertli@ chinatt].com Hitp:'www.chinattl.en
Glossary:
DAE data acquisition electronics
Connector angle information used in DASY system to align probe sensor X
to the robot coordinate system.

Methods Applied and Interpretation of Parameters:

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

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

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

Certificale No: Z16-97071 Page 2 of 3
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CALIBRATION LABORATORY

Add: No.51 Xueeyuan Road. Huidian District, Beijing. 100191, China
Tel: +86-10-62304633-2218 Fox: +86-10-62304633-2209
E-mmail: ettl(@chinutt] com Hup/waww,chinuttLen

DC Voltage Measurement
AD - Converter Resolution nominal
High Range: 1LSB= 6.1V, full range = -100...+300 mV
Low Range: 1LSB = g1inV full range = <1 43mV

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

Calibration Factors X Y rd

High Range 404,078 + 0.15% (k=2) | 404.897 + 0.15% (k=2) | 405.013 £ 0.15% (k=2)

Low Range 389810 = 0.7% (k=2) | 3.98220 + 0.7% (k=2) | 3.89829 +0.7% (k=2)
Connector Angle

Connector Angle to be used in DASY system 58741 ¢

Certificate No: 216-9707] Page 3 of 3
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Schmid & Partner % — --I"_ C Service suisse d'étnlonnage

Engineering AG e Servizio svizzero di taratura
Zeughausstrasso 43, 8004 Zurich, Switzerland AN S gwis Callbrutic Servico

T
Acoredited by the Swiss Accreditation Service {SAS) Accreditation Ma.: SCS 0108
The Swiss Accreditation Service is one of the signatories to the EA
Multilateral Agresmaoent for the recoegnition of calibration certificates
client  Sporton-KS (Auden) Cartificato No: EX3-3954_Nov16
|CALIBRAT_ION- CERTIFICATE

Object EX30DV4 - SN:3954
Calibration procadure(s) QA CAL-01.v8, QA CAL-14.v4, QA CAL-23.v5, QA CAL-25.v6

‘Calibration procedure for dosimetric E-field probes

Calibration date: November 28, 2016

This calipmtion carificate documents the traceabifity (o national standards, which reallze thi physical units of measwaments (31),
The messurements snd the uncartaintios with confidence probabillty are given on the Tollowing pages snd are pant of the cerlificata

All catlibeatinnes have boan condusted in the olosei laboratory facifity: envitornment lemperature (22 £ 3)°C amd humidity < T,

Calibraton Equiprmant used (MATE ertical for callbration)

Primary Siandartds {[&] Cal Dite {Ceorificata No.) Scheduled Calitwalion

Powet meter NEF BN 104778 0E-Apr-10 (No. 217-02288/02280) Apr-17

Power sansar NRP-Z01 SN 103244 0B-Ap-16 (Mo, 217-022685) Ape-17

Power sansor NRP-Z91 SN 103245 OF-Apr-18 (No. 217-02289) Apr-17

Referance 20 0B Altenuastor SN 35277 (20u]) O5-Apr-10 (Mo 21 ?-DZEES} Ape-1T

Reference Probe ESI0VZ SN 3013 M-Dec-15 (Mo, ES3-3013_Decih) Dec-16

[AES Shl: 660 23-Dec-15 (Mo, DAE4-660 Dec1i) Dac-16

Secondary Standmrds 18] Chegk Date {in house) Scheduled Check

Fowsr meter E44108 5N: (GE412973874 06-Apr-16 (in house check Jun-16) In houss chack. Jun-18

Powisr sansor E44 125 5N MY4 1498087 0G-Apr-16 (in house check Jun- 16} in house check Jun-18

Powet sensor E44128 SN: 000110210 06-Apr-16 (in howse chegk Jun-16) i houso check: Jun-18

RF genetalor HF BE480C | SN LUS36420H7 70 De-Aug-99 Gn fouse check Jun- 16} In house checl: Jun-18

Netwark Analyzer HF 8753 SN LS37300586 18-Gict-A [in house check Oot-16) in house check; Oct 17
flama Funciten 5Ig_r|a1um

ot Lo syt o Y
Approvid by: Katjs Pokovio Tochnical Manager ﬁ d;f':? -

jssued: Navember 28, 201G

This calibration caiilicate shall nol be reproduced excapt In Ll withtut writtan aparoval of the laboralony,

Cerfificate No. EX3-3954 Nov16 Psge 1 of 11



Calibration Laboratory of §  Schwelzorischer Kallbrierdiensi

Schmid & Partner c Service suisse d'étalonnage
Engineering AG g Servizio svizzaro di taratura

Zeughausstrasse 43, 8004 Zurich, Switzerland Swiss Calibration Service

Acoredied by the Swiss Acoredigton Service (845) Accraditation Ne.: SCS 0108

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

Multilsteral Agroomont for the recognition of calibration cerlficates

Glossary:

T3L lissue simulating lguid

NORM. vz sansitivity in free space

ConvF sansitivity In TSL / NORMzx.y,z

DcpP diode comprassion point

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

A B, C.D modulation dependent linsarization parameters

Polarization o o ratation around probe axis

Polarization 9 # rotation around an axis that is in the plarie normal o probe axis (at measurement center),

Le., 8= 0is normal to probe axls
Canneclar Angle Infermation used in DASY systam to align probe sensor X to the robot coortinate system

Calibration is Performed According to the Following Standards:

a)

b)
c)

d)

|EEE Std 1528-2013, "IEEE Recommended Praclice Tor Delermining the Peak Spalial-Averaged Specific
Absorption Rate (SAR) in the Human Head from Wireless Communicalions Devices: Measurement
Technigques”, June 2013

|EC 62208-1, "Procedure lo measure the Specific Absorption Rate (SAR) for hand-held devices used in close
proximity to the ear (frequency range of 300 MHz to 3 GHz)", February 2005

IEC 62209-2, "Procedure lo 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

KDB 865664, "SAR Measurement Requirements for 100 MHz 1o 6 GHz"

Methods Applied and Interpretation of Parameters:

.

NORMzx,y.z: Assessed for E-field polarization 8 = 0 (f < 900 MHz in TEM-cell; f > 1800 MHz: R22 waveguide).
NORMx,y.z are anly intermediate values, |.&., the uncertainties of NORMx.y,z does not affect the E-field
uncertainty inslde TSL (see below ConvF).

NORM(f)x,y.z = NORMx.y.z * frequency_response (see Frequency Response Chart), This linearization Is
implemented in DASY4 software versions later than 4.2, The uncertainty of the frequency response Is included
in the stated uncertainty of ConvF,

DCPy,y.z: DCP are numerical linearization parameters assessed based on the data of power sweep with CW
signal (no uncertainty required). DCP does nol depend on frequency nor media,

PAR; PAR Is the Peak lo Average Ralio that s nol calibrated but determined based on the signal
characteristics

Ax.y.z; Bx.y.z; Cxy.z: Dxy.z: VRxy.z: A, B, C, D are numerical linearization parameters assessed based on
the data of power sweep for specific modulation signal. The parameters do not depend on frequency nar
media. VR is the maximurn calibration range exprassed in RMS voltage across the diode.

ConvE and Boundary Effact Parameters: Assessed in fial phantom using E-field (or Temperature Transfer
Standard for { < BO0 MHz) and inside waveguide using analytical field distributions based on power
measurements for [ > 800 MHz. The same setups are used for assessment of the parameters applied for
boundary compensation (alpha, depth) of which typical uncertainty values are given. These paramelers are
used in DASY4 software to improve probe aceuracy close to the boundary. The sensifivity in TSL corresponds
to NORMx, v,z * ConvF whereby the uncertainty corresponds to that given for ConvF, A frequancy dependent
ConvE is used in DASY version 4.4 and higher which allows extending the validity from + 50 MHz to £ 100
MHz.

Spherical isotropy (3D deviation from isotropy). in a field of low gradients realized using a fial phantom
exposed by a patch anlenna.

Sensor Offset: The sensor offsel corresponds to the offset of virdual measurement center from the probe lip
{on probe axis). No tolerance required.

Connector Angle: The angle Is assessed using the information gained by determining the NORMx (no
uncertainty requirad),

Cartificate Mo, EX3-3954 Noyvi1t Page 2'of 11



Ex3iDvd — BN:3u54 Movember 28, 2016

Probe EX3DV4

SN:3954

Manufactured:  August 6, 2013
Repaired: November 21, 2016
Calibrated: November 28, 2016

Calibrated for DASY/EASY Systems

(Note: non-compatible with DASY2 system!)

Certfficale Mo EX3-3854_Nov1g Pags 3 of 11



EXanvd4— SN an54 Navamber 28, 2016

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3954

Basic Calibration Parameters

Sensor X Senszor Y Sensor Z Unc (k=2)
Norm (pVi(Vim)“)" 0.54 0.43 0.52 + 101 %
DCP (m\W)" 99.5 1014 97.0
Modulation Calibration Parameters
uin Communication System Nama A B C o VR Unc'
dB dB v dB mv (k=2)
0 cw X| 00 | 00 | 10 | 000 | 1460 | *33%
Y 0.0 0.0 1.0 148,56
z 0.0 0.0 1.0 139.8

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

A1 e uncenaintios of Mo XY .2 do nol affect the E%field uncertainly inside TSL (s8e Pages & and 6).
" Wumerizal fineanzation parametar; uncereinty nol requied

" Uncertainty B determined using e mas, devialion fmm [eas leepanse applying rectangilar distribution and k= expressed Tor the sguare of the
figld valua

Cerfificate No: EX3-3954_Nov16 Page 4 of 11



EX3DVid— Sh:3954 Novembet 28, 2018

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3954

Calibration Parameter Determined in Head Tissue Simulating Media

Relative Conductivity Depth © Une

1(MHz)® | Permittivity” (8im)" | ConvFX | ConvFY | ConvFZ | Alpha® | (mm) (k=2)
750 41.9 0.89 1008 | 1098 | 1098 | 037 | 082 | #120%
835 415 0.90 1062 | 1052 | 1052 | 016 | 142 | £120%
900 415 0.97 1035 | 1035 | 1035 | 036 | 083 | +120%
1750 40.1 1.37 B.58 8.58 8.58 031 | 081 | £120%
1900 40.0 1.40 8.32 8.32 8.32 047 | 127 | +120%
2000 40.0 1.40 8.23 8.23 8.23 022 | 141 | £120%
2300 39.5 1.67 7.88 7.88 7.88 0.21 1156 | +120%
2450 39.2 1.80 7.44 7.44 7.44 030 | 094 | +£120%
2600 39.0 1.96 7.27 7.27 7.27 027 | 113 | +120%
3500 37.9 2.91 7.10 7.10 7.10 030 | 120 | £131%
5250 35.9 471 5.08 5.08 5.08 035 | 180 | £131%
5800 35.5 5.07 470 4.70 4.70 040 | 180 | #131%
5750 35.4 5.22 469 4.69 4.69 045 | 180 | +131%

" Froguuncy validity above 300 MHz of + 100 MHz anly appiss far DASY v 4 and higher (see Page 2, slsa i is festicted 1o £ 50 MHz. The
uiertainty is the RSS of the ConvF uncontainty at calivalion freguency and the uncertanty for the indicatad fraquaendy band, Frequency validity
bielow 300 MHz b + 10, 25, 40,50 and 70 MHz for ConvF assessments 51 30, 64, 128, 160 and 220 MHz respectively, Above 5 GHz fraquenay
walldity can be axlendad tod 110 MHz

P At frequencies below 5 GHz, the validity of issue parmetess (v and o] can be nataxed 1o & 18% i Loguis compensalion formula is applied 1o
measured SAR valuss, At freguencies abeve 3 GHe, he vabidity of lissue parametars (s and o) s resinicted to 2 59 The unoerainty ik the RSS o
the ConvE uncertainty for indicated target fissue patametens

" Alphe/Depih are delermingd during calibrstion. SPEAG wairants tha! (he remaining dévialion doe 1o the boundary alfect after compersation s
always less than = 1% for freguencios balow 3 GHy and below + 2% for fretquenties belween 3-8 GHe bl any distance (arger fhaen Pl hee proia tip
digmatar from (he boundary. )

Ceriificale No: EX3-3954_Novi6 Page 5 of 11



EX3DVA- SNI3854 November 28, 2016

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3954

Calibration Parameter Determined in Body Tissue Simulating Media

Relative Conductivity Depth ™ Unc
f(MHz)® | Permittivity” (8im) " ConvF X | ConvFY | ConvFZ | Alpha® | (mm) (k=2)
750 55.5 0.96 10.54 10.54 10.54 0.41 0,80 +12.0 %
835 55.2 0.97 10.32 10.32 10.32 0.24 1.08 +12.0 %
1750 53.4 1.48 8.32 8.32 .32 0.34 0.80 £12.0%
1900 53.3 1,52 8.01 8.01 8.01 040 0.80 £120%
2300 52.9 1.81 7.80 7.80 7.80 0.43 0.84 +12.0 %
2450 52.7 1,95 7.55 7.55 7.55 0.47 0.80 +12.0 %
2600 525 218 7.05 7.05 7.05 0.40 0.91 +12.0 %
3500 51.3 3.31 6.75 6.75 6.75 0.30 1.20 +13.1 %
5250 48.9 536 | 450 4.50 4,50 0.45 190 | #131%
5600 48.5 5.77 3.92 3.92 3.92 0.50 1.80 £13.1 %
5750 48.3 5.94 4.05 4.05 4.05 0.55 1,80 £13.1%

" Frogquoncy vafidiy sbove 300 MHz of £ 100 MHz only applies for SSY v4.4 and higher (see Page 2. elsa d is resticled to + 50 Mtz Tha
uncertiinty is the RSS of the ConvF unserlamty at calibration frequency and he uncertainty for the indicaled lrequency band Frequeancy validily
GElow 300 Mz is « 10, 25, 40, 80 and 70 Mz Tor ConvF assessments at 300 64, 128, 150 and 220 MHz respectivaly. Above & GHe frequency
validity can be extendad o £ 110 MH:z

" At frequencies below 3 GHz. the validity of fssde paramelers (¢ and af can be relaxad 1a £ 10% i liquid compensation farmula is apglisd to
migasured SAR valuae, At reguencies abave 3 GHz, the validity of issye paramaeters [ and o) is restricted (o £ 8% The untertainty = fhe RES of
the ConwF uncerainty {or indicated trget tissue parametes

% AlphalDepth are detsrmined during colibistion. SPEAG warranis that the remaining deviation due to the boundary eflect affer companaation (s
dlwirys less than 1 1% for frequencied below 3 GHz and beiow 2, lop frenuencies between 3-0 GHz atany distance larger than nall the probe tip
dimmeler from the boundary,

Cerificate Mo EX3-3954 NoviG Page 6 of 11



EX3DV4— SN.3954 Movembar 28, 2016

Frequency Response of E-Field
(TEM-Cell:ifi110 EXX, Waveguide: R22)
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Uncertainty of Frequency Response of E-field: £ 6.3% (k=2)

Cartificala No; EX3-3054_Nov16 Page T of 11



EX3DVd4— SM:3054 Movember 28, 2018

Receiving Pattern (¢), 8 = 0°

=600 MHz, TEM f=1800 MHz,R22
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Uncertainty of Axial Isotropy Assessment:  0.5% (k=2)

Cartificate NG, EX3-3954_ Nov18 Paoe 8of 11



EX3DV4-SN:3954 November 28, 2016

Dynamic Range f(SARead)
(TEM cell , foya= 1900 MHz)
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Uncertainty of Linearity Assessment: £ 0.6% (k=2)
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EXI0VA- SM:3054

Movamber 28, 2016

Conversion Factor Assessment

=835 MHz WGLS R8 {H_convF) f= 1800 MHzWGLS R22 (H_convF)

1h x
i "..'.
= = z W s
i *ik £
1 e ¥
1] * o L ¥i:111'|‘n| Frl 1 " F L 9 L1} zr::.'l_'l % '|II. 1
vt red it =W
Deviation from Isotropy in Liquid
Error (j, 8), f =900 MHz
1.0
o8 [
08
c 0.4
% 02
g 0.0
-0.2
0.4
08
08
10
o

<10 -08 -08 €4 02 00 02 04 gg 08 1.0
Uncertainty of Spherical Isotropy Assessment:  2.6% (k=2
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EX3DV4- ShN:A854

Movember 28, 2016

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3954

Other Probe Parameters

Sensar Arrangerment Triangular
Conneclor Angle (") 737
Mechanical Surface Detection Mode enabled
Optical Surface Detection Mode ~ disabled
Probe Overall Length 337 mm
Probe Body Diameter 10 mm
Tip Length 9mm
Tip Diameler 2.5 mm
Probe Tip to Sensor X Calibration Point 1 mm
Probe Tip to Sensor Y Calibration Poirit 1 mm
Probe Tip to Sensor Z Calibration Point 1 mm
Recommended Measuremenl Distance from Surface 1.4 mm

Carfilicate No: EX3-3064_Nov1G
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Calibration Laboratory of .

Schmid & Partner i
Engineering AG M

Zeughausstrasse 43, 8004 Zurich, Switzariand

5 Schwelzerischer Kalibrierdienst
c Service suisse d'dtalonnags
S Servizio svizzero di taratura

e

g

o, f e Swiss Calibration Service
it

Accredited by the Swiss Accreditation Service (SAS)
The Swiss Accreditation Service is one of the signateries to the EA
Multilatoral Agreement for the recognition of calibration certificatas

Accreditatlon No.: SCS 0108

client  Sporton-KS (Auden) Certificate No: EX3-3857_May16
CALIBRATION CERTIFICATE |
Object EX3DV4 - SN:3857

Calibration procedurals)

QA CAL-01.v9, QA CAL-14.v4, QA CAL-23.v5. QA CAL-25v6
Calibration procedure for dosimetric E-field probes

Calibration dale

May 25, 2016

Thils calibration cerificate documents the traceability 1o national standards, which reelize the physical units of measurements (S1)
The measurements and the uncartaintias with confidence probabilty are ghven on the follawing pages and are pan of the centificate.

Al calibrations have besn conducted in the closed laboratory facility: snvicanmen! temperaturs (22 + 3)'C and humidity < T0%

Catibration Equipment used (M&TE crilical for calibration)

This calibration cedificate shall not be reproduced excapt in full wathout witten approval of the laboatory,

Primary Standarde 8] Cal Date {Cedificate No ) Seheduted Calibration
Power meter NRFP SM 104778 0B-Ape-16 (Mo, 217-02388002260) Apr-17
Power sensor NEP-Z51 S 103244 0F-Ap-16 (No. 217-02288) Apr-17
Power sensar NREP-Z291 SN! 103245 05-Apr-18.(No. Z17-02269) Apr-17
1 Referance 20 dB Attenuator SN BEETT (20x%) A5-Apr-16 (No. 27702205} Apr-17
| Refarance Probs ES30V2 SN 3013 A1-Dec-15 (Mo, ES3-3013_Dec15) Drac- 16
DAES SN 880 23-Dec-15 [No. DAE4-B80 Dec15) Brec-16
Secondary Stancards |8 Chisok Diate (In housa) Scheduled Check
Power mister E441088 BN, GB41293874 Q6-Apr-16 (No, 217-02285/02284) In housa check! Jun-18
Power sonsor E44124 SN MY41488087 Of-Apr-16 (Mo 217-02258) In houss check: Jun-16
Fower sensor E44124 SN 00d110210 06 -Apr-16 (Mo 217-02284) I howse chekk: Jun-18
RF generatar HP 86480 SN US3e42001700 0d-Aug-09 (in house check Apr-13) In house check; Jun-18
| Network Analyzer HP 8763E SN LIS37380585 18.0ct-01 (in house check Oci-15) In housa chack: Ocl-16
Mame Function Signature
Calibrated by Jeton Kastratl Laboralory Tm%\? U'k_ﬁ
Approved by Katja Pokovic Tachnical Manager

A

lssusd: May 31, 2016

Cartificate No; EX3-3857_May16
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Calibration Laboratory of

X Schweirerischer Kalibrierdienst
Sﬂ-hml_d & F:"EIT'ITIEF {S: Service suisse d'étalonnage
Engineering AG Servizio svizzero di taratura
Zpughatssirassn 43, 8004 Zurich, Switzerland S Swiss Calibrabion Service
Accredited by the Swiss Accreditation Senvice (SAS) Accreditation No.: SCS 0108
The Swiss Accreditation Service is one of the signatories 1o the EA
Multiltateral Agreement for the recognition of calibration certificates
Glossary:
TSL tissue simulating liquid
NORMx,y.z sensitivity in free space
ConvF sensitivity in TSL ! NORMx,y.z
DCcP diode compression paint
CF crast factor (1/duty_cycie) of the RF signal
ABCD modulation dependent lineanzation parameters
Polarization o rotation around probe axjs
Polarization & 9 rotation around an axis that is in the plane normal to probe axis (at measurement center),
Le., 5 =0is normal o probe axis
Connector Angle information used in DASY system to align probe sensor X to the robol coordinate systam

Calibration is Performed According to the Following Standards:

a)

b}
c)

d}

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

|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 300 MHz to 3 GHz)", February 2005

IEC 622089-2, "Procedure to determing the Specific Absorption Rate (SAR) for wiréless communication devices
used in close proximity to the human body (frequency range of 30 MHz to 8 GHz)", March 2010

KDB B65664, "SAR Measurement Requirements for 100 MHz to & GHz"

Methods Applied and Interpretation of Parameters:

NORMx.y.z: Assessed for E-field polarization 8 = 0 (f = 900 MHz in TEM-cell; f > 1800 MHz: R22 wave-gulﬂa}
NORMyx,y,z are only intermediate values, i.e., the uncertainties of NORMx,y,z does nat affect the E*field
uncartainty inside TEL (see below ConvF).

NORM(flx.y.z = NORMx,y.z * frequency_response (see Frequency Response Chart). This linearization is
implemented in DASY4 software versions later than 4.2, The uncertainty of the frequency response is included
in the stated uncertainty of ConwF.

DCPyx, y.z: DCP are numerical linearization parameters assessed based on the data of power sweep with CW
signal (no uncertainty required), DCP does not depend on frequency nor media.

PAR: PAR is the Peak to Average Ratio that s not calibrated but determined based on the signal
characteristics

Axyoz By Cryz Dxyz VRxy.z A B, C, D are numerical lingarization parameters assessed based on
the data of power sweep for specific modulation signal. The parameters do not depend on frequency nor
media. VA is the maximum calibration range expressed in RMS voltage across the diode. |

CanvF and Boundary Effect Parametes: Assessed In flat phantom using E-field (or Temperature Transfer
Standard for f < B00 MHz) and inside wavequide using analytical field distributions based on power
measurements for f = 800 MHz. The same setups are used for assessment of the parametars applied for
boundary compensation (alpha, depth) of which typical uncertainty values are given. These parameters are
used in DASY4 software to improve probe accuracy close {o the boundary. The sensitivity in TSL corresponds
ta NORMx,y.z ™ ConvF whereby the uncertainty corresponds to that given for ConvF. A frequency depeandent
ConvF is used in DASY version 4.4 and higher which allows extending the validity from £ 50 MHz ta £ 100
MHz.

Spheneal isotropy (3D devialion fram isofropy); in a field of low gradients realized using a flat phantom
exposed by a patch antenna.

Sensor Offset. The sensor offset comesponds to the offset of virtua! measurement center from the probe tip
(on probe axis), No tolerance required.

Connector Angle: The angle is assessed using the information gained by determining the NORMx (no
uncertainty required),

Cerificata No: EX3-3857_May16 Page 2 of 11



EXiDVa - BN:3857 May 25, 20186

Probe EX3DV4

SN:3857

Manufactured:  January 23, 2012
Calibrated: May 25, 2016

Calibrated for DASY/EASY Systems

(Note: non-compatible with DASY2 systam!)
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EX3DV4- 5N:3857 May 25, 2016

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3857

Basic Calibration Parameters

Sensor X Sensor Y Sensor Z Unc (k=2)
Norm (uViVim))" 0.18 0.44 0.47 +10.1 %
DCP (mVv)® 87.6 87.5 98.3

Modulation Calibration Parameters

uip Communication System Name A B c D VR Une"
d8 dBvuv dB mV (k=2)
i) W X 0.0 0.0 1.0 0.00 1356 | +30%
Y | 00 0.0 1.0 1287
Fi 0.0 0.0 1.0 128.6

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%.

"I'Tha uncertsinties of Norm X.¥_2Z do not aifect the E*fleld unoartainty inside TSL (ses Pagas 5 and B)

! Numerical lingarization parameter uncertainty nal reguired

£ Uneertainty is determined using the max. deviation from linear responses applying rectangulsar distibution and is expressad for the sguare of the
figid value:

Certificate No: EX3-3857_May16 Page 4 of 11



EX3DV4- SN:3B5T

May 25, 2018

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3857

Calibration Parameter Determined in Head Tissue Simulating Media

Relative Conductivity 1:h=.-|:||ti'|-'= Unc

f(MHz)® | Permittivity" {sim)" ConvFX | ConvFY | ConvFZ | Alpha® | (mm) (k=2)
750 419 0.89 9.68 9.68 .68 0.37 080 | +12.0%
835 415 0.90 9.32 9,32 9.32 0.44 0.82 | +120%
900 415 0.97 9.08 9.08 9.08 0.43 0.80 | *12.0%
1750 401 1.37 B.00 8.00 8.00 0.33 0.80 | +120%
1900 40.0 1.40 7.85 7.85 7.85 0.32 080 | +120%
2000 40.0 1.40 7.83 7.83 7.83 0.27 0.80 | +120%
2300 39.5 1.67 7.44 7.44 7.44 0.19 103 | +120%
2450 39.2 1.80 7.19 7.19 7.19 0.36 0.80 | *120%
2600 39.0 1.96 7.08 7.08 7.08 0.30 120 | +120%
3500 379 291 6.87 6.87 6.87 0.30 130 | £131%
3700 317 3.12 6.42 6.42 .42 0.25 130 | £131%
5250 359 4.71 5.15 5.15 5.15 0.30 1.80 | £131%
5600 35.5 5.07 4.70 4.70 470 0.40 180 | £131%
5750 35.4 5.22 5.00 5.00 500 | 040 | 180 | #131%

F Eraquency velidity abeve 300 MHz of + 100 MHz only-apghies for DASY vd 4 and higher (see Fage 2), &lse || 5 restricted 1o = 50 MHz. The
uncestainty is the RES of the ConvF uncerainty at calibration frequenicy and the uncerainty for the indicated frequency band, Frequency validity
belaw 300 MHz is = 10, 25, 40, 530 and 70 MHz far ConvF assessments at 30, B4, 128, 150 and 220 MHz respectively . Abave 5 GHz fregusncy

validity can be extendad to £ 110 MMz

F a1 frequencles below 3 G5Hz, the vahdity of tissue parameters (v and &) can be refaxed 1o+ 10% T liquid compensatian formuls 12 apgled @
maasured SAR values, Al frequercies above 3 GHz, the validity of tesus perameters (¢ and o) B resiricted 10 + 5% The uncorainly & the RSS of
the ConvF uncertainty for indicated target fssue parameters,
" AlphaiDegpth are determined during cafibration. SPEAG warrants that the ramaining dewiation due to the boundary effect alter compansation &

always less than £ 1% for frequencies below 3 GHz and below < 2% lor fraquancies betwesn 3-8 GHz at any distance lsrger than half the probs fip

diameater fram the boundary.

Cerlificate Mo: EX3-3857_May16
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EX3DVa- SN:3B57

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3857

Calibration Parameter Determined in Body Tissue Simulating Media

May 25. 2016

Relative Conductivity Depth © Unc
 F{MHz}® | Permittivity" {sim)"© ConvFX | ConvFY | ConvFZ | Alpha® | (mm) (k=2)
750 55.5 0.96 9.45 9.45 9.45 0.50 080 | +120%
B35 55.2 0.97 9.25 9.25 9.25 0.34 099 | £120%
1750 53.4 1.49 7.81 7.81 7.81 0.36 080 | £120%
1800 53.3 1.52 7.55 7.55 7.55 0.35 0.80 | £12.0%
2300 52.9 1.81 7.31 7.31 7.31 0.38 087 | +120%
2450 52.7 1.95 7.23 7.23 7.23 0.33 080 | +£12.0%
2600 52.5 2.16 7.13 7.13 7.13 0.28 080 | +120%
3500 51.3 3.31 B.41 6.41 6.41 0.28 140 | £131%
3700 51.0 3.55 B.26 6.26 6.26 0.30 140 | £131%
5250 48.9 5.36 427 4.27 427 0.50 190 | £13.1%
5600 48.5 577 378 376 3.76 0.55 190 | +£13.9%
5750 48.3 5.94 397 3.97 3.97 0.60 190 | #£131%

® Frequenicy validity above 300 MHE of + 100 MHz only: appiies for DASY v4.4 and higher {ses Page 2), slse 0 s restnicted o + 50 MHz. The
uncarnsinty & the RSS of the ConvE unceralnty at calibration freguency and the uneertainty for the indicaled frequency band. Freguenay validity
balew 300 MHz is £ 10, 25, 40, 50 and 70 MHz for ConvF assassments al 30, B4, 128, 150 and 220 MHz raspectively. Abave 5 GHz freguency

valldity can be extended 1o £ 110 MHz

" At frequencies beiow 3 GHz, the valdity of tesue parameters (v and o) can be refaxed to £ 10% if lighid compansation famula s appbed o
maasured SAR values. Al frequencies above 3 GHz, the validity of lissue parameters (& and o) is restricted lo = 5% The uncertainly is the RSS of

the ConvF uncertalnty Tor indicated targel tsaue paramelers,

© AlphayDepih are determined during calibration. SPEAG warrants that the remaining deviation dus 1o the boundary sffect after compensation is
atways less than = 19 for frequencess below 3 GHz and below = 2% for frequencies between 3-8 GHz at any distance larger than half the probe tip
diameter from the boundary.

Carlificate Mo: EX3-3857_May 16
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EX3DV4- SN:3857

hMay 25, 2016

Frequency Response of E-Field
(TEM-Cell:ifi110 EXX, Waveguide: R22)
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Uncertainty of Frequency Response of E-field: £ 6.3% (k=2)
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EX30V4—SN:3857 May 25, 2016
Receiving Pattern (¢), 9 = 0°
=600 MHz, TEM =1800 MHz R22
H el
i g ¢ oo wn — 5 B2, Da Ll!. L]
pr_ 1 s ‘ s
L " L - . N L L
Terd X Y I Tot X Y Z
] 3_;._._..... é,.. PR e S ate et b e ety B e L i @i 1;- — —
E = :
'; |'|1|__. ht#t_i = 2 o =1 . ZXF WS '.,.I-..'_r\_l & ‘-:ﬁ-'—L-}—;—"—l t—:.';:
£ L E a
B i ] et i i i | [ Lol : I 3 i | i i ! i i i 1 i |
150 -1ho 20 0 59 ] 150

Roll [7]

{iEE.t;J-i: 1$Lﬂ-.ﬁ'HI

Uncertainty of Axial Isotropy Assessment: £ 0.5% (k=2)
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EX3DV4- SN:3857 May 25, 2016

Dynamic Range f(SARqaq)
(TEM cell , fz= 1900 MHz)
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Uncertainty of Linearity Assessment: 2 0.6% (k=2)

Certificata No: EX3-3857_May 16 Page 9 of 11



EX3DV4— SN:3857 May 25, 2016

Conversion Factor Assessment

f= 836 MHz, WGLS RS (H_convF) = 1900 MHz WGLS R22 (H_convF)

BT [Witnglifs

el

Deviation from Isotropy in Liquid
Error (¢, 8), f=900 MHz
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Uncertainty of Spherical Isotropy Assessment: £ 2.6% (k=2)
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EX3DV4- SN:3857

May 25 2016

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3857

Other Probe Parameters

Sensor Arrangement Triangular
Connector Angle (%) 140
Mechanical Surface Detection Mode enabled
Optical Surface Detection Mode disabled
Probe Overall Length 337 mm
Frobe Body Diameter 10 mm
Tip Length 8 mm
Tip Diameter 25 mm
Probe Tip to Sensor X Calibration Point 1 mm
Probe Tip to Sensor ¥ Calibration Paint 1 mm
Probe Tip io Sensor Z Calibration Paint 1 mm

Recommended Measurement Distance from Surface

1.4rrm

Cedificate No; EX3-3857_May16
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Motorola Mobility LLC

222 W,Merchandise Mart Plaza, Chicago IL 60654 USA

Tel: 18150396560

Date: June 13, 2017

Product Equality Declaration

We, Motorola Mobility LLC, declare on our sole responsibility for the product of XT1750 as
below, the detailed differences between Original and Variant project are list in the table:

Object

Original

Variant

Motor

Hongzhifa: 1027;Flat;Work height 3.05;Lead
8 mm;At the bottom of the conductive glue,
foam thickness of 0.20 mm

AWA: LC-B681

Front Camera

JSL: 2M,FF,C2590,6*%6*4.42,ZIF

Brodsands: BLX2375W-S98737AA1-F

Back Camera

Syoptical: 5M,FF,HI-553,6.5*%6.5*4.66,BTB

Brodsands: BLX5005W-S98737AA1-CB

LCD

TXD: 5 inches, 480*854, 10 star light, BTB

Holitech: HTBO50W361

Touch panel

Holitech: 5 inches, G + F partition 2
MSG2256A, second generation 0.7 asahi

Biel: WTS5002B

USB

STARW: XJ-007075

Ligi: s98736,micro USB, Line 1 m long

Adapter

Acbel: C-P56, C-P57 C-P58 C-P59 C-P60 C-P45

Chenyang: C-P56, C-P57 -P58 C-P59 C-P60
C-P45

headphones

NEW LEADER: NLD-EM127T-97SF

Juwei: s98736,White double channel
headphones, hands-free line length of 1.1
m

RCV

Xichun

Bosheng: MRFD1206A123008

speaker

Xichun

Haosheng: XHS151124SW35P33-10-RH

Memory

Samsung : KMFNX0012M-B214

Hynix : HOTQ64A8GTCCUR-KUM

Filtering duplex class

Murata: SAFFB1G56KBOFOA

TAIYO: F6QA1G581M2QZ

Filtering duplex class

Kyocera: SD18-0897R8UBQ1

MURATA: SAYEY897MCAOBOA

The acceleration
sensor chip

KIONIX: KXTJ2-1009-HQ

BOSCH : BMA253

High frequency crystal
class

TXC: 0226000004

EPSON: X1E000291001400

Headphone jack

Jie huang: JAF00-05152-0151

Jie huang: PH12-6BS5F3MB

Booth connector

Qiande: TF-1502-001

Qiande: CAF11-08153-011401-CUS

Booth connector

Jie huang : CAF99-08153-010609

Jie huang: S34-0BO8F15C

ZIF connector

Kyocera: 04 6298 706 200 883+;04 6298 706
220 883+

UJU : PFO50-B0O6B-C09-A

ZIF connector

UJU: PF0O30-025B-C10-H

HIROSE: FH26W-255-0.3SHW(60)

Other connector

Sinopow: C-10020059

MURATA: MM8030-2610RK0

LED driver

Orientchip: OCP8132AVAD

SGMC: SGM3756YTDI6G/TR

LED driver

AWINIC: AW9961DNR

SILERGY: SYWT78DUC

Low noise put

Maxscend: MXDLN16G

AWINIC: AW5005DNR

barron

ACX: BD2012-20L0820T/LF

WALSIN: RFBLN2012090BM5T25

Filtering duplex
class

Kyocera: SD18-1950R8UBQ1

ACX: DP1608-V1524CAT

Filtering duplex
class

Walsin: RFDIP1608060TM7T62

MURATA: SAYEY1G95HAOFOA

The main antenna

WELLETRONICS COMMUNICATION
TECHNOLOGY CO.,LTD: V2.0

WELLETRONICS COMMUNICATION
TECHNOLOGY CO.,LTD: V2.2




WELLETRONICS COMMUNICATION
TECHNOLOGY CO.,LTD:

Two samples V2.3

Version V2.2 agree with the original
antenna in-kind, screen printing is unified
with the main antenna, are upgraded to
V2.2 (previous consulting certification, is
WELLETRONICS COMMUNICATION reported to the printing does not need to
TECHNOLOGY CO.,LTD: V2.0 change)

V2.3 is to optimize the factory feedback
antenna case become warped, antenna
made small optimization, two for the
report

Mass production using V2.2 (antenna case
become warped with other solutions,
antenna do not change)

Triad antenna

Except above, the others are all the same.

Should you have any questions or comments regarding this matter, please have my best
attention.

Sincerely yours,

.4 7 8/1.4{0 CAun

Contact Person: Lin Biaochun
COMPANY:: Motorola Mobility LLC.
Tel:86- 18150396560

E-Mail: Linbc@Ilenovo.com






