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CALIBRATION CERTIFICATE

Object D835V2 - SN: 4d114

Calibration Procedure(s) ED-711-2-003-01

Calibration Procedures for dipole validation kits

Calibration date: May 30, 2018

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 cf 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 1D # Cal Date(Calibrated by, Cerfificate No.) Scheduled Calibration
Power Meter NRP2 101919 01-Jul-15 (CTTL, No.J15X042586) Jun-16
Power sensor NRP-Z91 101547 01-Jul-15 (CTTL, No.J15X04256) Jun-16
Reference Probe EX3DV4 | SN 7307 19-Feb-16(SPEAG No.EX3-7307_Feb16) Feb-17
DAE4 SN 771 02-Feb-16(CTTL-SPEAG,N0.216-97011) Feb-17
Secondary Standards D # Cal Date(Calibrated by, Cerlificale 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 Funetion Signature
Calibrated by: Zhao Jing SAR Test Engineer 4%
Reviewed by: Qi Dianyuan SAR Project Leader .:-‘1’7%_/

Approved by: Lu Bingsong Deputy Director of the laboratory Efm, qm q;‘z X
L |
6

Issued: Jun 1, 21

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

Calibration is Performed According to the Following Standards:

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

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

¢) 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:

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

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

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

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

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

e 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 uncertainly of
Measurement multiplied by the coverage factor k=2, which for a normal distribution
Corresponds to a coverage probability of approximately 95%.
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Measurement Conditions
DASY system configuration, as far as not given on page 1.

52.8.8.1258

DASY Version DASY52
Extrapolation Advanced Exlrapolation
Phantom Triple Flat Phantom 5.1C
Distance Dipole Center - TSL 15 min .wilh Spacer ]
Zoom Scan Resolution dx, dy, dz =5mm
Frequency 835 MHz £ 1 MHz
Head TSL parameters
The following parameters and calculations were applied.
Temperature Parmittivity Conductivity
Nominal Head TSL parameters 220°C 415 0.90 mhofm
Measured Head TSL parameters (22.0£02)°C 418+6% 0.91 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 237mW/g

SAR for nominal Head TSL parameters normalized to 1W

9,43 mW /g £ 20.8 % (k=2)

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

SAR measured 250 mW input power

1.55mW /g

normalized to 1W

SAR for nominal Head TSL parameters

6.17 mW /g £ 20.4 % (k=2)

Body TSL parameters

The following parameters and calculalions were applied.
Temperature Permittivity Conductivity
Nominal Body TSL parameters 220°C 55.2 0.97 mho/m
Measured Body TSL parameters (220£02)°C 543+:6% 0.97 mhofm £ 6 %
Body TSL temperature change during test <1.0°C
SAR result with Body TSL
SAR averaged over1 ¢nm’ (1 g) of Body TSL Condition

SAR measured 250 mW input power

240mW /g

SAR for nominal Body TSL paramelers normalized to 1W

9.59 mW /g & 20.8 % (k=2)

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

SAR measured 250 m\W input power

1.60mW/g

SAR for nominal Body TSL parameters normalized to 1W

6.40 MW /g % 20.4 % (k=2)
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Appendix

Antenna Parameters with Head TSL

Impedance, transformed to feed point 48.90)- 2.65j01
Relurn Loss -30.8d8B
Antenna Parameters with Body TSL
Impedance, transformed to feed point 46.80- 1.38j0
Return Loss - 28.8dB
General Antenna Parameters and Design
LElecllica1 Delay (one direction) 1.499 ns J

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 j
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DASYS Validation Report for Head TSL Date: 05.30.2016
Test Laboratory: CTTL, Beijing, China
DUT: Dipole 835 MHz; Type: D835V2; Serial: D835V2 - SN: 4d114
Communication System: UID 0, CW; Frequency: 835 MHz; Duty Cycle: 1:1
Medium parameters used: £= 835 MHz; o = 0.908 S/m; & = 41.79; p = 1000 kg/m?
Phantom section: Right Section
Measurement Standard: DASY5 (IEEE/IEC/ANSI C63.19-2007)
DASYS Configuration:

o Probe: EX3DV4 - SN7307; ConvF(10.01, 10.01,10.01); Calibrated: 2/19/2016;

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

¢ Electronics: DAE4 Sn771; Calibrated: 2016-02-02

o Phantom: Triple Flat Phantom §.1C; Type: QD 000 PS1 CA; Serial: 1161/1

+  Measurement SW: DASY52, 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 = 58.61V/m; Power Drift = -0.04 dB

Peak SAR (extrapolated) = 3.52 W/kg

SAR(I g) = 2.37 W/kg; SAR(10 g) = 1.55 W/kg

Maximum value of SAR (measured) = 3.00 W/kg

0 dB =3.00 W/kg =477 dBW/kg
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Impedance Measurement Plot for Head TSL
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DASYS Validation Report for Body TSL Date: 05.30.2016

Test Laboratory: CTTL, Beijing, China

DUT: Dipole 835 MHz; Type: D835V2; Serial: D§35V2 - SN: dd114
Communication System: UID 0, CW; Frequency: 835 MHz; Duty Cycle: 1:1
Medium parameters used: f= 835 MHz; ¢ = 0.967 S/m; & = 54.31; p= 1000 kga'nl}
Phantom section; Center Section
Measurement Standard: DASYS (IEEE/IEC/ANSI C63.19-2007)

DASYS5 Configuration:

o Probe: EX3DV4 - SN7307; ConvF(9.83,9.83, 9.83); Calibrated: 2/19/2016;

+ Sensor-Surface; 2mm (Mechanical Surface Detection)

« Electronics: DAE4 Sn771; Calibrated: 2016-02-02

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

o Measurement SW: DASY52, 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 = 56.20 V/m; Power Drift = -0.02 dB

Peak SAR (extrapolated) = 3.48 W/kg

SAR(1 g) = 2.4 W/kg; SAR(10 g) = 1.6 W/kg

Maximum value of SAR (measured) = 3.00 W/kg

0 dB = 3.00 W/kg = 4.77 dABW/kg
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Impedance Measurement Plot for Body TSL
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Object D1900V2 - SN: 5d136

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

Calibration Procedures for dipole validation kits

Calibration date: May 25, 2016

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

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

Calibration Equipment used (M&TE critical for calibration)

Primary Standards D# Cal Date(Calibrated by, Ceriificate No.) Scheduled Calibration
Power Meter NRP2 101918 01-Jul-15 (CTTL, No.J15X04256) Jun-16
Power sensor NRP-Z81 | 101547 01-Jul-16 {CTTL, No.J15X04256) Jun-186
Reference Probe EX3DV4 | SN 7307 19-Feb-16(SPEAG,No.EX3-7307_Feb18) Febh-17
DAE4 SN 771 02-Feb-16(CTTL-SPEAG,N0.216-97011) Feb-17
Secondary Standards 1D # Cal Date(Calibrated by, Certificate No.) Scheduled Calibration
Signal Generator E4438C | MY49071430 01-Feb-16 (CTTL, No.J1 6X00893) Jan-17
Network Analyzer ES071C [ MY46110673  26-Jan-16 (CTTL, No.J1 6X00894) Jan-17
Name Function Signature
Calibrated by: Zhao Jing SAR Test Engineer 3, é
Reviewed by: o ; A g
¥ Qi Dianyuan SAR Project Leader %/
Approved by: Lu Bingsong Deputy Director of the laboratory F‘Z Mﬁ
Issued: May 31/ 2016
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, “|EEE Recommended Practice for Determining the Peak
Spatial-Averaged Specific Absorption Rate (SAR) in the Human Head from Wireless
Communications Devices: Measurement Technigues”, June 2013

b) IEC 62209-1, “Procedure to measure the Specific Absorption Rate (SAR) For hand-held
devices used in close proximity to the ear (frequency range of 300MHz fo 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) KDB865664, SAR Measurement Requirements for 100 MHz to 6 GHz

Additional Documentation:
e) DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

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

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

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.

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

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

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

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

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

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

DASY Version DASYS52 52.8.8.1258
Extrapolation Advanced Extrapolation
Phantom Triple Flat Phanlorﬁ 5.1C. o
Distance Dipole Center - TSL . 10 mm . ”wi!h Spacer
Zoom Scan RG;(‘)I;..I.I.I:-I;H dx, dy, dz =5 mm
Frequency 1900 MHz;1MHz
Head TSL parameters
The following parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Head TSL parameters 220 C o 40,0 1.40 mho/m
Measured Head TSL parameters (22.0+02)°C 40816% 1.41 mhofm 16 :%
Head TSL temperature change during test <1.0°C
SAR result with Head TSL
SAR avoraged over 1 ¢m’® (1 g) of Head TSL Condition
SAR measured 250 mW input power 9.99mW /g
SAR for nominal Head TSL parameters norﬂr“r.rarized 1o 1w 40,0 mW /g % 20.8 % (k=2)
SAR averaged over 10 ¢c#i’ (10 g) of Head TSL Condition
SAR measured 250 mW input power 519mW/g
SAR for nominal Head TSL parameters normalized to 1W 20,8 mW fg 20.:;‘3.-% {k=2)

Body TSL parameters
The following parameters and calculations were applied.

Temperature Permittivity Conductivity
Nominal Body TSL parameters 220°C 533 1.52 mho/m
Measured Body TSL parameters (22.0+0.2)°C 53.7+6% 1.53 mho/m + 6 %
Body TSL temperature change during test <1.0°C - e |
SAR result with Body TSL
SAR averaged over1 cm® (1 g) of Body TSL Condition

SAR measured 250 mW input power

10.2mW/g

SAR for nominal Body TSL parameters normalized to 1W

40.7 mW /g £ 20.8 % (k=2)

SAR averaged over 10 ci’ (10 g) of Body TSL Condition

SAR measured 250 mW input power

542mW/g

normalized to 1W

SAR for nominal Body TSL parameters

21.6 mW /g £ 20.4 % (k=2)

Certificate No: Z16-97075 Page 3of 8
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Impedance, transformed to feed point

51.20+ 6.33j0

Retumn Loss

-23.9dB

Antenna Parameters with Body TSL

Impedance, transformed to feed point

48.50+ 7.04jQ

Relurn Loss

-22.7dB

Electrical Delay (one direction)

General Antenna Parameters and Design

1312 ns

be measured.

Additional EUT Data

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

The dipole is made of standard semirigid coaxial cable. The center conductor of the feeding line is direclly
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.

Mo excessive force must be applied to the dipole arms, because they might bend or the soldered
connections near the feedpoint may be damaged.

Manufaciured by
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DASYS Validation Report for Head TSL Date: 05.26.2016
Test Laboratory: CTTL, Beijing, China
DUT: Dipole 1900 MHz; Type: D1900V2; Serial; D1900V2 - SN: 5d136
Communication System: UID 0, CW; Frequency: 1900 MHz; Duty Cycle: 1:1
Medium parameters used: f= 1900 MHz; 6 = 1.408 S/m; er = 40,82; p = 1000 kg/m3
Phantom section: Right Section
Measurement Standard: DASY5 (IEEE/IEC/ANSI C63.19-2007)
DASYS5 Configuration:

» Probe: EX3DV4 - SN7307; ConvF(8.1, 8.1, 8.1); Calibrated: 2/19/2016;

»  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: 1161/1

¢ 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

Reference Value = 101.3V/m; Power Drift = -0.02 dB

Peak SAR (extrapolated) = 18.5W/kg

SAR(I g) = 9.99 W/kg; SAR(10 g) = 5.19 W/kg

Maximum value of SAR (measured) = 14.4 Wrkg

|

0 dB = 14.4 W/kg = 11.58 dBW/kg

Certificate No: Z16-97075 Page 5 of 8
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Impedance Measurement Plot for Head TSL
|| Tri 511 Cog mag 10.00de/ Ref 0,000de [F1]
090 ST 15660000 Gnz -23.94% OB
40,00
20,00
20,00
10,00
0. 000 4
10,00 = S
20,00 I 1 T
=20.00 Hx Vr"’j
-30. 00
=40, 00
I -50.00 - =
PIEE 511 saith (Redx) Scale 1.000U [F1 pel)
1 1.9000000 GHz 51.1%4 0 6.3286 0 s:D‘J)B-pH"_ _""m\
. .
’/
1 //
I__ - & i
T Start 1.7 GHe IFEW 100 He stop 2.1 Gt B
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DASYS Validation Report for Body TSL Date: 05.26.2016
Test Laboratory; CTTL, Beijing, China
DUT: Dipole 1900 MHz; Type: D1900V2; Serial: D1900V2 - SN: 5d136
Communication System: UID 0, CW; Frequency: 1900 MHz; Duty Cyele: 1:1
Medium parameters used: f= 1900 MHz; o = 1.531 $/m; &, = 53.68; p = 1000 kg/m’
Phantom section: Center Section
Measurement Standard: DASY S (IEEE/IEC/ANSI C63.19-2007)
DASY3 Configuration:

o Probe: EX3DV4 - SN7307; ConvF(7.67, 7.67, 7.67); Calibrated: 2/19/2016:

o 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: 1161/1

»  Measurement SW: DASYS52, 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

Reference Value = 93.73 V/m; Power Drift = 0.01 dB

Peak SAR (extrapolated) = 17.9 W/kg

SAR(1 g) = 10.2 W/kg; SAR(10 g) = 5.42 W/kg

Maximum value of SAR (measured) = 14.3 W/kg

L S———
0dB =143 W/kg = 11.55 dBW/kg

Centificate No: Z16-97075 Page 70f 8
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Impedance Measurement Plot for Body TSL

Trl 511 L0g Mag 10, 00d6/ ref 0.000ds [F1]
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CALIBRATION CERTIFICATE

Object DAE4 - SN; 1245

Calibration Procedura(s) FO-2 51200201

Calibraticn Procedure for the Data Acquisition Eleclronics
(CWAER)

| Calibration date July 26, 2016

This calibration Cerfificate documents the raceabilily to national standards, which realize the physical units of
measurements(Sl}. The measuramants and the uncertainties with confidence probabilly are given on the fallowing
pages and are par of the cerlificate

All calibrations have been conducled in the closed |sboratory facilily: enviconment temperatureizzez and
ity =¥ 0%

Calibration Equipmant used (ME&TE critical for calibralicon)

Primary Standards ID# Cal Date{Calibratad by, Certificate No,) Scheduled Calibration
[
Process Calibrator Y63 | 1971018 2F-June-16 (GTTL, No:J16X04778) June-17
|
i —
Mame Functian Signature
Calibrated by: Yu Zongying SAR Tesl Enginee /} ﬂta
n i -/]I
Reviewed Ly Qi Dranyuan SAR Project Leader . S :JAL e
Approved by: Lu Bingsong Depuly Direclor of the laboratory fl_ﬂi /I"ﬂ;‘ 0 o
II'I 1 ¥

lssued” July 27, 2016
This calilation certificate shall not be reprodused except in Tull withoul writlen approval of the laboratory.

Ceitilbeale Mo: Z16-99117 Page 1 of 3
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Glossary:
DAE dala acquisition electronics
Connector angle information used in DASY syslem to align probe sensor X
to the robot coordinate system,

Methods Applied and Interpretation of Paramaters:

« DO Vollage Measurement. Calibration Factor assessed for use in DASY
system by comparison with a calibrated instrument traceakle to national
slandards, The figure given corresponds to the full scale range of the
voltmeter in the respective range.

« Conneclor angle; The angle of the conneclor 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.

Centifiente Mo: Z16-27117 Page 20l
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G Voltage Measurement

ML - Converler Resolution nom
High Hang: IL5E =
Lowr e L% =

[}ASY measurement paramelens

| Low Range
1

Connector Angle

Certilicaie Mo 2169717

Add: Mo, 510 Kugyus Raml, Hai

GCalibraiion Faciomns |
High Range A0s
|

| 4.00398 + 0.7% (k=2 | 3.9852 + 0,7% (k=2

Conneclor Angle (o be used i

LIBRATION LABDRATORY

B9 1, Ching
i [+

T Disdriet, Hejing
Frv: +8A8-11LRF
Hinpedf e hinasil o

inal
B Ay, Iull range = 300
Biny il rEnge = LY

- Aulo Zero Time: 3 sec, Measuring fime: 3 se

1o

Z

A06.E34 = 0L15% (k=2)

X B I

IF7 £ 0.15% (k=2) I ADAT0T + 0. 16% {k=2)

4.02608 + 0.7% (k=2)

b IWAEY sysbom
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CALIBRATION CERTIFICATE

Qbject EXIDV4 - SM.3T98

Calibration Procedure(s) FD-Z11-2-004-01

Calibration Procedures for Dosimeatric E-field Probas

Calibration date: July 27, 2018

This calibration Cerlificate documents the Iraceability to national standarcs, which realize the physical units of
measuremens(Si). The measuraments and the uncertaintias with confidence proba bility awre: given on the follawing
pages and ane part of the cedificate.

All calibralions have been conducted in the closed laboratory facilty; environment lemperaturer22e3¢ and
humiddity= 7 0%,

Calibration Equipment used {M&TE critical for calibration)

Primary Standards __ID#  CalDate(Galibrated by, Cerfiicale No)  Scheduled Gallbration
Power Mater  NRP2 101918 F-dun-16 (CTTL, No J16X04777) Jun-17
Pawer sensor  NRP-291 | 101547 27=Jun-16 (CTTL, Mo J16X047 71 Jun-17
Powrar sensor - MRP-791 | 101548 27-Jun-18 (CTTL, No JIGKG4TTT) Jun-17
Referenca1DdBAtanuator | 1BNSOW-10dB  13-Mar 16(CTTL Mo . J1GX01547) har-18
Reference20dBAllenuator | 18ME0W-200E 13-Mar-16(CTTL, No, J16X01548) Mar-18
Reference Probe EX30V4 | SN 3817 26-Aug-15{3PEAGNo, EX3-36817_Aug1s  Aug-16
DAEA SN 1331 21-Jan-16(SPEAG, No.DAE4-1331_Jan16)  Jan -17
Secondary Standards D& Cal Date(Calibraled by, Cerlificale No.) Scheduled Calibration
SignalGenaratorMGIF00A | 6201082605 27=dun-16 (CTTL, No HEX04T776) Jun-17
Metwork Analyzar EGO710 | MY468110873  26-Jan-16 {CTTL, Mo.J | EXDOBEA) Jan -17
Mame Funeiion Signalure
Calibraled by: Yu Zongying SAR Test Engineer fii'l:’-”"s"(f >
Reviewed by: Qi Dianyuan SAR Project Leader A {ﬁ{
Approved by: Lu Bingsang Depuly Direclor of the laboratory Eﬂ’ﬁ P (N ?}
[}
Issued: July 26, 2016
| This calibration certiicate shall not be reproducad except in full without written apoval of The laboralory,

Cerllicate Mo: 21697118 Page | of 11
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Glossary:

T5L Lissua simulating liguic

MNORM:x v,z sensilivily in free space

Convk sensitivity in TSL F NORM:= y.2

DCF dicde compressian point

CF crast factor (1/duly_cycle) of the RF signal

ABCD mochulation dependent linaarization paramelers

Polarizalion @ @ rolation armund probe axis
Polarization & B rotation araund an axis thal is in the plane normal to probe axis (at measurement center), |
(=0 is normal to probe axis

Connector Angle  information used in DASY aystam to align probe sensor X to the robot coordinate system

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:
Measuremeant Technigues®, June 2013

b) IEC 622089-1, *Procedure lo measure the Specific Absorplion Rale (SAR) for hand-held devices used
in close proximily Lo the ear (frequency range of 300MHz to 3GHz)", February 2005

c) IEC B2209-2, "Procedura lo determine the Specific Absorption Rate [(SAR) for wireless communication
devices used In close prosimily to the human body (frequency range of 30 MHz to 6 GHz)", March
2010

d) KDB 865664, "SAR Measurement Requirements for 100 MHz to 8 GHz"

Methods Applied and Interpretation of Parameters:

«  NORMy w2 Assessed for E-field polarization 8=0 (f=800MHz in TEM-cell; == 1800MHz: waveguida),

NORMzx v,z are only intermediate values, i.a., the uncadainties of NORMx. vz does not affect the

£ field uncertainty ingide TSL (see balow ConwF),

e NORMz ¥z = NORMx p2* frequency_response (sea Frequency Responsa Chart). This
linearization ia implementad in DASY4 soflware vergions later than 4.2, The uncertainty of the
frequency response is incleded in the stated uncartainty of ConvF.

e OGPy )z DCP are numerical linearization parameters assessod based on the data of power sweep
(no uncarfainty required). DCP does not depand on frequency nor media.

¢ PAR: PAR is the Peak (o Average Ratio that is not calibrated but determined based on the signal
characteristics.

o Axpz Bxyr CxneVRx y2A B C are numerical linearization paramefers assessed based on the
clata of power swaep for specific modulation signal, The parameters do not cepend on frequancy nor
media. VR is the maximum calibralion range expressad in BMS voltage across the dioda,

o Conv and Boundary Effect Parameters: Assessed in flat phantom using E-field (or Temperature
Transfer Standard for fs800MHz) and inside wavequide using analytical fislo distributions based on
pewer measurements for f >B00MHz. The same setups are used for assessment of tha parameters
applied for boundary compensation {alpha, depth) of which typical uncerlainly valued are given
These paramaters are used in DASY4 software to improve probe accuracy close te the boundary
The sensilivily in TSL corresponds to NORMx y.z* ConvF whereby the uncertainty corresponds lo
hal given for ComnvF, A frequancy dependent Convi is used in DASY version 4.4 and higher which
allows extending the validity fromd50MHz to+100MHz.

o Sphetcal olropy (30 deviation from izolropy): in a field of low gradients realized using a flat

phantom exposed by a palch antenna.
& Sansor Offsel; The sensor offsol corresponds to the offset of virlual measuremant center fram 1he

probe lip (on probe axis), Mo tolerance required.
o Comnector Angle: The angle is assessed using the information gained by delermining the MR

(no uncertainly reguirad),

Ceificale Ma: Z16-971 148 Prpe 20l 11
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Probe EX3DV4

SN: 3798

Calibrated: July 27, 2016
Calibrated for DASY/EASY Systems

(Moto: nen-compatible with DASY2 systeml)

Cerliliente Mo Z16-971 18 Pagedof 1
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DASY/EASY — Parameters of Probe: EX3DV4 - SN: 3798

Basic Calibration Parameters

___ |SensorX  [SemsorY  [Sensorz | Unc(ke2) ‘
Norm{pVAVim))*  Jos2 Tosg 060 | +10.8%
| DCP(mV)" e Lm.s_ | 998 |

Modulation Calibration Parameters

[uip ‘ﬁmumuni:ﬁﬁun_ | A B [e™ o [wr Tune® —‘

. System Name ‘_ di dBvpy o |aB |mV (k=2)

0 ow [x |00 (00 |10 Jooo (2013 [z21% ‘
‘ ¥ Joo oo [10 1945 | .

L L i fe o —jme| |

— R o T — S — — = ]

‘ The reported uncerainty of measuwrement is stated as lhe slandard uncedainty of
Measurement mulliplied by the coverage factor k=2 which for a nermal distribution
Corresponds to a coverage probabilily of approximately 95%.

 The uncertainties of Norm X, Y, Z do not affect the Efield uncertainty inside TSL (see Page 5 and Page 6)

! Numerical linearization parameter; uncertainty not required.
= Uncertainly s determined using Ihe max. deviation from linear response applying rectangular distribution

and is expressed for the square of the fizld value,

Cenlilieate No: £16-97| 1§ Papgedof ||
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DASY/EASY — Parameters of Probe: EX3DV4 — SN: 3798

Calibration Parameter Determined In Head Tissue Simulating Media

Relative Conductivity l o | Depth® | Unct. I
f [MHz" Parmiltivity " (sim)* CanvF X | ConvE Y | ConvF £ | Alpha amm) | =2)
835 41.5 0.90 8.17 9.17 917 | 043 | 157 | £12%
900 a5 | o097 915 | 815 915 | 015 | 148 | +12%
1810 | 400 1.40 7.62 762 | 762 | 048 | 147 | +12%
1900 400 | 140 765 | 765 | 765 | 049 | 148 | +12%
2450 39.2 1.80 7.02 7.02 702 | 061 | 070 | +12%
5200 36.0 4.66 533 | 533 533 | 040 | 145 | +13%
| 5300 35.9 478 5.04 5.04 504 | 040 | 145 | +13%
6500 356 496 | 480 | ABD | 480 | 040 | 140 | +13%
| 5600 35.5 5.07 469 | 460 | 469 | 040 | 145 | +13%
5600 363 | 6527 | 477 | 477 | 477 | 040 | 150 |+13%

E Frequency validity above 300 MHz of +100MHz anly applies for DASY vd.1 and highor {Page 2), else il is reslrictad 1o
£50MHz. The uncertainty is he RSS of ConvF uncerlainly al calibration frequency and the uncertainty for the indicated
frequancy band. Frequency validily below 300 MHz is & 10, 25, 40, 50 and 70 MHz for ConvF assessments al 30, G4, 128,
150 and 220 MHz respeciively. Above 5 GHz lrequency validity can be extended to £ 110 MHz

F At frequency below 3 GHz, the validity of Ussue parameders (¢ and o) can be relaxed to £10% if bouid compensation
formula is applied to measwred SAR values. Al frequencies above 3 GHz, the validity of tissue paramelars (& and o) is
restricted to #5%. The uncertaindy is the RSS of the ComvF uncerlainly for indicated target issue paramelers.

% plpha/Depth are determined during calibration. SPEAG warrants that the remaining devialion due lo the boundary
elfect after compensation is abways less than £ 1% for frequencies below 3 GHz and helow & 2% far tha frequencies
between 346 GHz at any distance larger than half the probe tip diamater from the boundary

Cerificate No: Z16-97 18 Pope ol 11
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DASY/EASY — Parameters of Probe: EX3DV4 — SN: 3798

Callbratlon Parameter Determined in Body Tissue Simulating Media

. Relative Gonduclivil Depth® | Unct.
f [MHz)° Pl (sm-}‘}r | GonvF X | ComFY | ConvF Z | Atphat il btz
835 55.2 0.97 909 | 908 | 909 | 017 | 146 | +12%
900 55.0 1.05 908 | 908 | 908 | 02z | 126 |+12%
1810 | 533 1.52 755 | 756 | 755 | 017 | 163 | +12%
1900 533 | 152 743 | 743 | 743 | 016 | 185 | f12%
2450 52.7 1.95 7.07 7.07 700 | 065 | 071 [ +12%
5200 48.0 6,30 477 | arr | 477 | o060 | 140 [+13%
5300 48.9 542 | 460 | 480 | 460 | 060 | 140 | +£13%
5500 48.6 5.65 4.23 4.23 423 | 050 | 150 [ +13% |
5600 485 577 | 418 | 418 | 418 | 050 | 1.50 | +13%
| 800 48.2 BOO | 434 | 434 434 | 062 | 150 | +13%

" Fraquency walidity abave 300 MHz of £100MHz anly applies for DASY w44 and higgher (Page 2), else il is restricted to
+50MHz. The uncertainly is the RSS of ConvF uncertainly at calibration frequency and the uncertainty for the indicated
frequency band. Frequancy validily balow 300 MHz is £ 10, 25, 40, 50 and 70 MHz for Convl assessments at 30, 54, 128,
150 and 220 MHz respeclively. Above 5 GHz frequency validity can be extended to 2 110 MHz.

F At frequency below 3 GHz, the validity of tissue paramelters (£ and o) can be relaxed to £10% if ligquiied compensation
formula is applied to measured SAR values, Al frequencies above 3 GHz, (he validily of lissue parameters (£ and o) is
resinicted to £5%. The unceriainty is the RSS of the ConvF uncertainty for indicated larget tssue parameters

* MphaiDepth are determined during calibeation. SPEAG warrants that the remaining deviatian due o the boundary
effect afler compensalion is always loss than £ 1% for frequencies below 3 GHz and balow £ 2% for the frequencies
between 3-6 GHz at any distance lasger than hali the probe tip dismeter from the boundary.

Certificole MNo: 216-97 18 Pz 6ol 11
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Frequency Response of E-Field
(TEM-Cell: ifi110 EXX, Waveguide: R22)

o = =
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5 1 . i
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Frequency response (normalized)
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Uncertainty of Frequency Response of E-field: £7.5% (k=2)

Certificate No: Z16-971 18 Page 7 ol 11
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Receiving Pattern (®), 8=0°

f=600 MHz, TEM f=1800 MHz, R22

] .. I 1
| T 1 Pl : (]
i B
b
[Lh]
I:II
T v i v T v (] T T T v T
15[ "] i oo if
Rallf |
100 Mz GOOMHZ 100K Hz 25008 Hz
Uncertainty of Axial Isotropy Assessment: £0.9% (k=2)
Cerlificate Mo: Z16-97118 Page & of 11
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Dynamic Range f(SAR¢aq)
(TEM cell, f = 900 MHz)
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SAR[mWEm |
& nol compenssed compensaled
Uncertainty of Linearity Assessment: +0.9% (k=2)
Cerlilicate No: 21607118 Paage 9 ol 11
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Conversion Factor Assessment

f=000 MHz, WGLS R9(H_convF) f=1810 MHz, WGLS R22(H_convF)
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Deviation from Isotropy in Liquid
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Uncerlainly of Spherical lsoiropy Assessment: +2.8% (K=2)
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DASY/EASY — Parameters of Probe: EX3DV4 — SN: 3798

Other Probe Parameters

| Sensor Arrangement o Triangular
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