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Client sMQ Certificate No:  Z18-60333

CALIBRATION CERTIFICATE

Object DB35V2 - BN 4d141

Calibration Procedura{s) FE-711-003-01

Calibration Procadures for dipole validation kits

Calibration date: Seplember 8, 2018

This calibration Cerlificale documents the traceabilily lo national standards, which realize the physical units of
measurements{3l). The measurements and the uncerlalnlies with confidence probabilily are given on the following
pages and are part of the cerlificate.

Al caliprations have been conducted in the closed laboratory facility: environment temperature(zzssic and
hurmidity <7 0%,

Calibration Equipment used (M&TE crilical for calibration)

Primary Sllandan:ia IC # Cal Date(Calibrated by, Csrlificale. Mo} Scheduled Calibration
Paower Meter NRVD 102083 01-Mov-17 (CTTL, No.J1TX08TSE) Oct-18
Power gensor NRV-Z5 100542 01-Mov-17 (CTTL, Mo J17TXDBT56) Oct-18
Reference Probe EX30V4 | SN 7464 12-Sep-1T(SPEAGMNo.EX3-T464_SepiT) Sep-18
DAE4 SN 1524 13-Sep-17(SPEAG No.DAE4-1524_Sep1T) Sep-1a8
Secandary Slandards 1D # Cal Date(Calibrated by, Certificate No.) Scheduled Calibration
Signal Generator E4438C | MY40071430  23-Jan-18 (CTTL, No.J18X00560) Jan-19
MetworkAnalyzer ESOT1C | MY46110673  24-Jan-18 (CTTL, No.J18X00561) Jan-18
Mame Funclion Signature
Calibrated by: Zhao Jing SAR Test Engineer -gé
Reviewed by: Lin Hao SAR Test Engineer . ‘H#\ﬁ-’%?

Approved by: Qi Dianyuan SAR Project Leader M/

lssued: September 9, 2018
This calibration certificate shall not be reproduced except in full withoul wrillen 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 Performod 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&209-1.‘Mmumnnlpmcedmbrmtmmdspocfnnbsaplbnmahum
exposure to radio frequency fields from hand-held and body-mounted wireless
communication devices- Part 1: Devieausednexlbhew(meenqmngeof:!OOMsz
6GHz)", July 2016

¢) IEC 62209-2, "Procedure to measure the Specific Absorption Rate (SAR) For wireless
mmmmdhdoumxhiylohhmbody(m«nncympol
30MHz to 6GHz)", March 2010

d) KDBB65664, SAR Measurement Requirements for 100 MHz to 8 GHz

Additional Documentation:
e) DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

. Mmle:FMMwafmmlMVoM-ﬂonRoponnlhw
ofﬂncomu.nﬁouumbdhmmhmvﬁdalmﬁmnwhdw.

. AmumaPmmMTSL'TMdbohbmombdwhhlhowanhhod
pmmmunmmcmolmwmnmm.mmemmu
parallel to the body axis.

. FumMmWMan.'Mmaandmmwm
MWMWWM.MMMWM&MMN
measurement at the SMA connector to the feed point. The Return Loss ensures low
reflected power. No uncertainty required.

. Ebctricolway:Ornwdohybemnhsmmnmdoraf\dlhombnmhodpdnt
No uncertainty required.

. SARmmod:SARmundltmmbdmbmhMpm.

. SARnomuizod.-SARumomod.normahodbmhputpomroHWdunlmnm
connector.

. SARbmminolTSLpumm:ThomdeSLptmm“mdbuMﬂn
nominal SAR result.

Thomomaunwwmdmmnwutheshndadummof
Muwunmnmuﬂb‘bdbylhommbcmk-z.mmlmmldhmm
Cumbawpwtydamm%%.
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Measurement Conditions
DASY syslem configuralion, as far as not glven on page 1.

DASY Version DASYS2 521011476
Extrapolation Advanced Exbapolalion
Phantom Triple Flal Phamom 51C
Distance Dipole Center - TSL 15 mm willy Spacer
Zoom Scan Resclution dx, dy, dz = 5 mm
Frequency B35 MHz £ 1 MHz
Head TSL parameters
The following parameters and calculalions were appliad.
Temperature Permittivity Conductivity
Neminal Head TSL parametors 220°C 41.5 0.90 mholm
Measured Hoad TSL parametors {22.0£0.2)"C 4276 % 0,90 mhaim £ 6 %
Head TSL temperature change during test <1.0"C — .
SAR result with Head TSL
SAR averaged over1 cm’ (1 g} of Head TSL Condilion
SAR measured 250 mW input power 232 mNig
SAR for nominal Head TSL paramelars nesmalized to 1W 231 mW ig £ 18.8 % (k=2)
SAR averagad over 10 cr” (10 g) of Head TSL Condifian
SAR measured 250 mW input power 15mWig
SAR for nominal Head TSL parameters noamalized fo 1W 6,43 mW fg £ 18.7 % (k=2)
Body TSL parameters
The following paramaders and calculalions were appliad.
Temperature Parmittivity Condustivity
Wominal Body TSL parameters 220°C 552 0.97 mhodm
Measured Body TSL parameters (2202 0.2) °C 56.0 £ 6 % 1.00 mhaim £ 6 %
Body TSL temperature change during test =1,0°C — -
SAR result with Body TSL
SAR averaged over1 cmi’® ({1 g} of Body TSL Condition
BAR measured 260 m\W inpul power 248 mWig
SAR for nominal Body TSL parameters nommalized o 1W .74 méW ig £ 18.8 % [k=2)
SAR averaged over 10 cm”® {10 g) of Body TSL Condilien
BAR measured 250 mWW inpul power 1.66 mW g
SAR for nominal Body TSL paramatars normalized 1o 1W 6.54 mW fg £ 18.7 % (k=2)
Certificate Mo: Z18-60333 Poge 3 of 8
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Appendix (Additional assessments outside the scope of CNAS LO570)

Antenna Parameters with Head TSL

Impedance, transformad to fead polnt . 50.30- 5.68)0 |
i —
|
Return Loss - 24.048 |

l — S

Antenna Parameters with Body TSL

Impedance, ransformed lo feed point | 46.80- 7.52)0

Return Loss ! - 21.54B
General Antenna Parameters and Design

Eleclical Delay (one diraction) i 1.255 ns

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

The dipole is made of standard semirgid coaxial cable, The center conductor of the feeding line is directly
connacted to the second arm of the dipele. The antenna is therefore short-clrcuited for DC-slgnals. On some
of the dipoles, small end caps are added to the dipale arms in order to improve matching when loaded
according to the position as explainad in the "Measurement Conditions” paragraph, The SAR data are not
affected by this change. The overall dipobe length is slill according to the Standard.

Mo excessive force must be applied fo the dipole arms, because they might bend or the solderad
conneactions near the feedpoint may be damaged.

Additional EUT Data

Manulaciured by SPEAG

Certificate No: Z18-60331 Page4ofs
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DASYS Validation Report for Head TSL Date; 05.04.201 8
Test Laboratory: CTTL, Beljing, China
DUT: Dipole 835 MHz; Type: D835V2; Serial: D83ISV2 - SN: dd 141
Communication System: UID 0, CW; Frequency: 835 MHz; Duty Cycle: 1:1
Medium parameters used: = 8§35 MHz; a = 0.904 Sim; g, = 42.71; = 1000 kefm3
Phantom section: Right Section
DASYS Configuration:

e Probe: EX312V4 - SNT464; ConvF(10.28, 10.28, 10,28) G 835 MHz; Calibrated:
W12/2017

+  Sensor-Surface: Ldmm (Mechanical Surface Detection)

«  Electronics: DAE4 Snl1524: Calibrated: 9/13/2017

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

= Measurement 8W: DASYS2, Version 52,10 (1%, SEMCAD X Version [4.6.11
(7439)

Dipole Calibration/Zoom Scan (7x7x7) (Tx7x7)/Cube 0: Measurement grid: dx=5mm,
dy=5mm, dz=5mm

Reference Value = 57.01 V/m; Power Drift = -0.08 dB

Peak SAR (extrapolated) = 3.49 Wike

SAR(1 g) = 2,32 Wikg; SAR(10 g) = 1.53 Wikg

Maximum value of SAR (measured) = 3.10 Wikg

-0.24

“10.30

OB = 3,10 Wikg = 4.91 dBW/kg

Certificate Mo: Z18-60313 Page 5 of 8
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Impedance Measurement Plot for Head TSL
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DASYS Validation Report for Body TSL Daate: 09.06.2018
Test Laboratory: CTTL, Beijing, China
DUT: Dipole 835 MHz; Type: DS35VY; Serial: D835V - SN: 4d141
Communication System: UID 0, CW; Frequency: 835 MHz; Duty Cycle: 111
Medium parameters used: £= 835 MHz; o = 0.998 S/n; & = 56.04; p = 1000 kg/m3
Phantom section: Center Section
DASYS Configuration;

+  Probe: EX3DV4 - SNT464; ConvF(10.21, 10,21, 10.21) @ 835 MHz; Calibrated:
9122017

«  Sensor-Surface: LAmm (Mechanical Surface Detection)

« Electronies: DAED Snl524; Calibrated: %13/2017

+  Phantom: MFP_V5.1C; Type: QD OO0 PS1CA; Serial: 1062

+  Measurement SW: DASYS2, Version 52,10 (1% SEMCAD X Version 14.6.11
(T439)

Dipole Calibration/Zoom Scan (7x7x7) (Tx7x7WCube 0: Measurement grid: dx=5mm,
dy="5mum, dz=5mm

Reference Value = 55.80 Vim; Power Drift = -0.00 dB

Feak SAR (extrapolated) = 3.73 W/ikg

SAR(1 g) = 248 Wikg; SAR(10 g) = 1.66 W/kg

Maximum value of SAR (measured) = 3.27 Wikg

0 dB = 3.27 Wikg = 5.15 dBW/kg

Certificate Mo: Z18-60333 Page T of B
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Impedance Measurement Plot for Body TSL
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Add: No.31 Xueyusn Road, Haidian District, Beijing. 100191, China 4,@

Object D1900V2 - SN: 5d162

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

Calibration Procedures for dipole validation kits

Calibration date September 11, 2018

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

Al calibrations have been conducted in the closed laboratory facility: environment temperature(2243)C and
humidity<70%.

Calibration Equipment used (M&TE critical for calibration)

Primary Standards D# Cal Date(Calibrated by, Certificate No)  Scheduled Calibration
Power Meter NRVD | 102083 01-Nov-17 (CTTL, No.J17X08756) Oct-18
Power sensor  NRV-25 | 100542 01-Nov-17 (CTTL, No.J17X08756) Oct-18
Reference Probe EX30V4 | SN 7464 12-Sep-17(SPEAGNo.EX3-7464_Sep17) Sep-18
DAE4 SN1524  13-8op-17(SPEAGNO.DAE4-1524_Sep17) Sep-18
Secondary Standards | ID# Cal Date(Calibrated by, Certificate No)  Scheduled Calibration
Signal Generator E4438C | MY49071430 23-Jan-18 (CTTL, No.J18X00560) Jan-19
NetworkAnalyzer ES071C | MY46110673 24-Jan-18 (CTTL, No.J18X00561) Jan-19
Name Function Signature
Calibrated by: Zhao Jing SAR Test Engineer 4/,
Reviewed by: Lin Jun SAR Test Engineer 4‘[1.

Appeoved by: Qi Dianyuan SAR Project Leader M___

Issued: September 15, 2018
This calibration certificate shall not be reproduced except In full without written approval of the laboratory. “

Centificate No: Z18-60336 Page 1 of 8
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Add: No 31 Xucyusn Road, Hakfion Districs, Belpmg, 100191, China
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lossary:
TSL tissue simulating liquid
ConvF sensitivity in TSL / NORMx,y,z
N/A not applicable or not measured

Calibration is Performed According to the Following Standards:

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

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

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

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

Additional Documentation:
e) DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

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

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

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

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

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

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

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

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

Certificate No: Z18.60336 Page 20f's
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Measurement Conditions
DASY system configuration, as far as not given on page 1.

DASY Version DASYS2 A 52.10.1.1476
- 4

Extrapolation Advanced Extrapolation {

Phantom Triple Fiat Phantom 5.1C

Distance Dipole Center - TSL 10 mm with Spacer *

Zoom Scan Resolution dx, dy, dz = 5 mm

Frequency 1900 MHz £ 1 MHz |
Head TSL parameters

The following parameters and calculations were applied.
Temperature Permittivity Conductivity

Nominal Head TSL parameters 20'c | 400 1.40 mhom

Measured Head TSL parameters (220£0.2)°C 404£6% 1.44 mho/m £ 6 %

Head TSL temperature change during test <1.0°C
SAR result with Head TSL

SAR averaged over 1 cm’_(_l‘ljg Head TSL Condition -

SAR measured 250 mW input power 10.1mW/g

SAR for nominal Head TSL parameters normalized to 1W 3908 mwmtu.s%(u-zf

SAR averaged over 10 ¢m’ (10 g) of Hoad TSL Condition il

SAR measured 250 mW input power 533mW/g

SAR for nominal Head TSL parameters normalized to 1W 21.1 mW /g £ 18.7 % (k=2)
Body TSL parameters

The following parameters and calculations were applied.
Temperature Permittivity Conductivity
[ Nominal Body TSL parameters 220°C 53.3 1.52 mho/m

Measured Body TSL parameters (22.0402)°C 53.346% 1.49 mho/m + 8 %

Body TSL temperature change during test <1.0°C 7 - -
SAR result with Body TSL -

SAR averaged over 1 cm’ (1 g) of Body TSL Condition

SAR measured 250 mW input power 997 mW/g

SAR for nominal Body TSL parameters normalized to 1W 40.3 mW /g  18.8 % (k=2)

SAR averaged over 10 cm” (10 g) of Body TSL Condition

SAR measured 250 mW input power 538 mW/g

SAR for nominal Body TSL paramelers nomalizedto TW | 21,7 mW /g £ 18.7 % (k=2) |
Certificate No: Z18-60336 Page 3 of 8

Report No.: WT198003470 Page 12 of 71



r]i, In Callabaration with a

CALIBRATION LABORATORY

Add: No.51 Xueyuan Road, Haidinn District, Beijing. 100191, China
Tel: +86-10-62304633-2079 Fax: 4B6-10-62 30463 1-2 504
E-mail: cilbgchinatileon hitpedirww. chimainlcn

Appendix (Additional assessments outside the scopo of CNAS L0O570)

Antenna Parameters with Head TSL

Impedance, transfarmed to feed paint 54,00+ 5.00)0
Return Loss - 24.2d8

Antenna Parameters with Body TSL

Impedance, transformed 1o feed point 48,40+ 50350
Return Loss - 25.4d8

General Antenna Parameters and Design

Elecirical Delay (one direction) 1.061 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 shor-cireuited 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 nat
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 solderad
connections near the feedpoint may be damaged.

Additional EUT Data

|_l.|'lanul‘a::lured by ' SPEAG [

Certificate Mo: Z18-60336 Page 4 of
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DASYS Validation Report for Head TSL Date: 09.10.2018
Test Laboratory: CTTL, Beijing, China
DUT: Dipole 1900 MHz; Type: D1900V2; Serial: D1900V2 - SN: 54162
Communication System: UID 0, CW; Frequency: 1900 MHz; Duty Cycle: 1)
Medium parameters used: = 1900 MHz; o = 1.438 S/m; ¢, = 40.37; p = 1000 kg/m3
Phantom section: Center Section
DASYS Configuration:

¢ Probe: EX3DV4 - SN7464; ConvF(8.39, 8.39, 8.39) @ 1900 MHz, Calibrated:
91272017

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

o  Electronics: DAEA4 Snl1524; Calibeated; 91372017

o  Phantom: MFP _V5.1C ; Type: QD 000 PSICA; Serial: 1062

*  Measurement SW: DASYS2, Version 52.10 (1); SEMCAD X Version 14.6.11
(7439)

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

Reference Value = 97.60 V/m; Power Drift = -0.04 dB

Peak SAR (extrapolated) = 19.0 Wikg

SAR(1 g) = 10.1 W/kg; SAR(10 g) = 5,33 W/kg
Maximum value of SAR (measured) = 15.8 W/kg

345 |
6.89
10.34

-13.78

-17.23

0dB = 158 W/kg = 11.99 dBW/kg

Centificate No: 718-60336 Page sof &
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Impedance Measurament Plot for Head TSL
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DASYS Validation Report for Body TSL Date: 09.10.2018
T'est Laboratory: C1'TL, Beijing, China
DUT: Dipole 1900 MHz; Type: D1900V2; Serial: D1900V2 - SN: 8d162
Communication System: UID 0, CW; Frequency: 1900 MHz; Duty Cycle: 1:1
Medium parameters used: £= 1900 MHz; o = 1.493 S/m; ¢, = 53.34; p = 1000 kg/ml
Phantom section: Right Section
DASYS Configuration:

*  Probe: EX3DV4 - SN7464; ConvF(8,32, 8.32, 8.32) @ 1900 MHz; Calibeated
9122017

o Sensor-Surface: . 4mm (Mechanical Surface Detection)

o Electronics: DAE4 Sn1524; Calibrated: 9/13/2017

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

¢ Measurement SW: DASYS2, Version 52,10 (1); SEMCAD X Version 14,6.11
(7439))

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

Reference Value « 94.26 V/im; Power Drift ~ -0,07 dB

Peak SAR (extrapolated) = 17.5 Wikg

SAR(1 g) = 9.97 W/kg; SAR(10 g) = 5.38 W/kg

Maximum value of SAR (measured) = 15.0 Wikg

dB
0

-3.14

d'“ﬁ“li»

-12.56

-16.70 | - 4 =
0 dB = 15.0 W/kg = 11.76 dBW/kg

Certificate No; Z18-60336 Page Tof 8
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Impedance Measurement Plot for Body TSL
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Tek: +86-10-62304633-2079 Fax: +86-10-62304633-2504
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Client smQ Ceortificate No: Z218-60338
CALIBRATION CERTIFICATE
Obgect D2450V2 - SN; 818
Calibration Procedure(s) FF-211-003-01
Calibration Procedures for dipole validation kits
Calibration date: August 31, 2018

This calitration Certificate documents the traceability to national standards, which realize the physical units of
measurements(S1). The measurements and the uncertainties with confidence probability are given on the following
pages and are part of the cerlificate.

All calibraions have been conducted in the closed laboratory facility: environment lemperature(22+3)C and
humidity<70%.

Calibration Equipment used (M&TE critical for calibration)

Primary Standards 0# Cal Date(Cabibrated by, Cerlificate No.)  Scheduled Calibration
Power Meter NRVD | 102083 01-Nov-17 (CTTL, No.J17X08756) Oct-18
Power sensor NRV-Z5 | 100542 01-Nov-17 (CTTL, No.J17X08756) Oct-18
Reference Probe EXIOVA [ SN 7464 12-Sep-17(SPEAGNo EX3.7464_Sep17) Sep-18
DAE4 SN1524  13-Sep-17(SPEAGN0.DAE4-1624_Sep17) Sep-18
Secondary Standards [ 1D # Cal Date(Calibrated by, Certificate No)  Scheduled Calibration
Signal Generator E4438C | MY48071430 23-Jan-18 (CTTL, No.J18X00560) Jan-19
Networknalyzer ESO71C | MY46110673 24-Jan-18 (CTTL, No.J18X00561) Jan-19
Name Function Signature
ok Zhao Jing SAR Test Engineer -4 £‘
Roviswed by: Lin Hao SAR Test Engineer ﬁf H

Mooy Qi Dianyuan SAR Project Leader ST

Issued: September 3, 2018
This calibration certificate shall not be reproduced except in full without written approval of the laboratory.

Certificate No: Z18-60338 Page 1of 8
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Audd: Mo $1 Xweyuan Rond, Haidian Districl, Beijing, 100191, Chana
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F=muail: citlfchinatLcans Itip:ifwwweehinailen
Glossary:
TSL tissue simulating liquid
ComvF sensitivity in TSL / MORMox,y.z
MNIA not applicable or not measured

Calibration is Performed According to the Following Standards:

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

b) IEC §2209-1, “Measurement procedure for assessmeant of specific absorption rate of human
exposure to radio freguency fields from hand-held and body-mounted wireless
communication devices- Part 1: Device used next to the ear (Freguency range of 300MHz to
6GHz)", July 2016

c) IEC 62209-2, “Procedure to measure the Specific Absorption Rate (SAR) For wireless
communicalion devices used in close proximily 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 Systemn Handbook

Methods Applled and Interpretation of Parameters:

s Measurement Condifions: Further details are available from the Validation Report at the end
of the cerificate. All figures stated in the certificate are valid at the frequency indicaled.

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

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

« Electrical Delay: One-way delay between the SMA connector and the antenna feed point,
Mo uncerainty required,

« SAR measured: SAR measured at the stated antenna input power,

s 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 resull.

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

Certificate Mo: Z18-60138 Page 2ol &
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Cerlificate No: Z18-60338

Measurement Conditions
DASY systam configuralion, as far as nol given on page 1.
DASY Verslon DASYS52 52.10.1.1476 |
Extrapolation Advanced Exirapolation i
Phantam Tripbe Flat Phantom 5.1C |
Distance Dipole Center - TSL 10 mm wilh Spacar :
Zoom Scan Resolution dx, dy, dz = 5 mm |
Freguency 2450 MHz + 1 MHz
Head TSL parameters
The following paramelers and calculalions were applied.
Temperature Parmittivity Conductivity
Neminal Head TSL paramaters 220°C 39.2 1.80 mhaofm
Measured Head TSL parameters (220 0.2)°C 3BELE W 1.80 mhofm £ & %
Head TSL temperature change during test <1.0°C —_—
SAR result with Head TSL N
SAR averaged over1 cmr’ (1 g) of Head TSL Condition
SAR measured 250 mW iinpul power 133mwW/ig
SAR for nomanal Head TSL parametars nommakzed o 1W 531 mW Jg £ 18.8 % (ke2)
SAR averaged over 10 cm” (10 g) of Head TSL Condition
SAR measurad 260 mW inpul powier 619 mW /g
SAR for nominal Head TSL paramieters normalized to 1W 24.7 mW fig £ 18.7 % (k=2)
Body TSL parameters
Tha following parameters and calculations were applied. B
Temperature Permlttivity Conductivity
HNominal Body TSL parameters 220°C 5.7 1.95 mhoim
Measured Body TSL parametors (220£0.2)°C 523+6% 1.98 mhoim + B %
Body TSL temperature change during test =1.0°C —
SAR result with Body TSL
SAR averaged over 1 cm’ {1 g) of Body TSL Condilion I
1
SAR measured 250 mW inpul power 13.0mW i g
SAR for nominal Body TSL parameters normalized lo W 515 mW ig & 18.8 % (k=2)
SAR averagad over 10 ¢’ (10 g) of Body TSL Condition
SAR measured 250 mW Inpat power GBAImW /g
SAR for nominal Body T5SL paramelers narmalized o 1W 24.4 mW /g £ 18.7 % (k=2)

Report No.: WT198003470
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Appendix (Additional assessments outside the scope of CNAS L0570)

Antenna Parameters with Head TSL

Impedance, lransformed to feed point 53.40+ 3.63j0
Retwn Loss - 26.4d8
Antenna Parameters with Body TSL
Impedance, transformed to feed point 4960+ 5.36)0
Return Loss - 254dB
General Antenna Parameters and Design
| Etectrical Detay (one drection) | 1.027 ns |

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

be measured.

The dipole is made of standard semirigid coaxial cable. The center conductor of the feeding line is directly
connected to the second arm of the dipole. The antenna is therefore short-circuited for DC-signals. On some
of the dipoles, small end caps are added to the dipole arms in order to improve matching when loaded
according to the position as explained in the "Measurement Conditions" paragraph. The SAR data are not
affected by this change. The overall dipole length is still according to the Standard.

No excessive force must be applied to the dipole arms, because they might bend or the soldered
connections near the feedpoint may be damaged.

Additional EUT Data

I Manufactured by

Certificate No: Z18-60338

Report No.: WT198003470
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DASYS Validation Report for Head TSL Date: 08.31 2018
Test Laboratory: CTTL, Beijing, China
DUT: Dipole 2450 MHz; Type: D2450V2; Serial: D2450V2 - SN: 818
Communication System: UID 0, CW; Frequency: 2450 MHz; Duty Cycle: 1:1
Medium parametors used: = 2450 MHz; o = 1,802 S/m; ¢, = 38.84; p = 1000 kg/m3
Phantom scction: Right Section
DASYS Configuration:

¢ Probe: EX3DV4 - SN7464; ConvF(7.89, 7.89, 7.89) @ 2450 MHz; Calibrated:
9122017

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

o  Electronics: DAEA Snl1524; Calibrated: 97132017

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

o  Measurement SW: DASYS2, Version 52,10 (1); SEMCAD X Version 14.6.11
(7439)

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

Reference Value = 100.2 V/m; Power Drift « 0,04 dB

Peak SAR (extrapolated) = 27.7 Wikg

SAR(H g) = 13.3 W/kg; SAR(10 g) = 6,19 Wikg

Maximum value of SAR (measured) = 22.4 Wikg

48 |
0

-4.32
B.64

-12.96

17.28

21,60
0 dB =224 W/kg = 13.50 dBW/kg

Certificate No: Z18-60338 Page Sof s
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Impedance Measurement Plot for Head TSL
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DASYS Validation Report for Body TSL Date: 08.30.2018
Test Laboratory: CTTL, Beijing, China
DUT: Dipole 2450 MHz; Type: D2450V2; Serial: D2450V2 - SN: 818
Communication System: UID 0, CW; Frequency: 2450 MHz; Duty Cycle: 1:1
Medium parameters used: f= 2450 MHz; o = 1.982 S/m; &, = 52.34; p = 1000 kg/m3
Phantom section; Center Section
DASYS5 Configuration:

«  Probe: EX3DV4 - SN7464; ConvF(8.09, 8.09, 8.09) @ 2450 MHz; Calibrated:
91212017

» Scnsor-Surface: |.4mm (Mechanical Surface Detection)

« Electronics: DAE4 Snl524; Calibrated: 9/13/2017

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

»  Measurement SW: DASYS52, Version 52,10 (1); SEMCAD X Version 14.6.11
(7439)

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

Reference Value = 98.69 V/m; Power Drift = -0,03 dB

Peak SAR (extrapolated) = 26.4 Wikg

SAR(1 g) = 13 W/kg; SAR(10 g) = 6.13 W/kg

Maximum value of SAR (measured) = 21.4 W/kg

dB
0

-4.16
-8.32
-12.48

-16.64

L.

0dB =214 W/kg = 13.30 dBW/kg

-20.80

Certificate No: Z18-60338 Page 70f8
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Impedance Measurement Plot for Body TSL
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Client SMQ Certificate No:  Z17-97008
CALIBRATION CERTIFICATE
Object D2600V2 - SN: 1074
Calibration Procedure(s) FD-211-003-01

Calibration Procedures for dipole validation kits

Calibration date: January 9, 2017

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

All calibrations have been conducted in the closed laboratory facllity: environment temperature(224+3)C and
humidity<70%.

Calibration Equipment used (M&TE critical for calibration)

Primary Standards D# Cal Date(Calibrated by, Certificate No.) _ Scheduled Calibration
Power Meter NRP2 101919 01-Jul-16 (CTTL, No.J15X04256) 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-SPEAGN0.216-97011) 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
Cailbrated by: Zhao Jing SAR Test Engineer é{,
Reviewed by: Qi Dianyuan SAR Project Leader
Approved by: Lu Bingsong Deputy Director of the laboratory

Issued: January 112017
This calibeation certificate shall not be reproduced except in full without written approval of the laboratory.

Certificate No: Z17-97008 Page 1 of 8
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Add: No.51 Xueyuan Road, Hasdian Disteict, Beljing, 100191, China
Tel: +86-10-62304633-2079 Fax; +86-10-62304633-2504

E-mail: etl@ehinmilcom hnp:¥www.chisattl.cn
Glossary:
TSL tissue simulating liquid
ConvF sensitivity in TSL / NORMx,y,z
N/A not applicable or not measured

Calibration is Performed According to the Following Standards:

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

b) IEC 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 82209-2, "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.

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

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

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

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

¢ 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 uncerainty of
Measurement multiplied by the coverage factor k=2, which for a normal distribution
Corresponds to a coverage probability of approximately 95%.

Certificate No; Z17-97008 Page 2 of 8
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Add: No.51 Xueyuan Rosd, Hasdion District, Befjing, 100191, Chisa
Tek: +86-10-62304613-2079 Fax: +86-10-62304633-2504

E-mail- cttl@chinattl.com hetp:#vww.chimattl.co
Measurement Conditions
DASY system configuration, as far as not given on page 1,
DASY Version DASY52 52.8.8.1258
Extrapolation Advanced Exirapolation
Phantom Triple Fiat Phantom 5.1C
Distance Dipole Center - TSL 10 mm with Spacer
Zoom Scan Resolution dx, dy, dz = 5 mm
Frequency 2600 MHz £ 1 MHz
Head TSL parameters
The following parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Head TSL parameters 220‘C 30.0 1.86 mho/m
Measured Head TSL parameters (220402)*C 401£6% 1.98 mho/m £ 6 %
Head TSL temperature change during test <10°C -
SAR result with Head TSL
SAR averaged over 1 cmn’ (4 ) of Head TSL Candition
SAR measured 250 mW Input power 141mW/ig
SAR for nominal Head TSL paramelers normalized to 1W §6.6 mW /g £ 20.8 % (k=2)
SAR averaged over 10 cnr’ (10 g) of Head TSL Condition
SAR measured 250 mW input power 6.35mW/g
SAR for nominal Head TSL parameters normalized to 1W 256 mW /g £ 20.4 % (k=2)
Body TSL parameters
The following parameters and calculations were appled.
Temperature Permittivity Conductivity
Nominal Body TSL parameters 220°C 525 2.16 mho/m
Measured Body TSL parameters (220102)°C 53626% 2.19 mhoi/m £ 6 %
Body TSL temperature change during test <10°C -
SAR result with Body TSL
SAR averaged over 1 cm’ (1 g) of Body TSL Condition
SAR measured 250 mW input power 142mW/g
SAR for nominal Body TSL parameters normalized to 1W 6.8 mW /g £ 20.8 % (k=2)
SAR averaged over 10 cm’ (10 g) of Body TSL Condition
SAR measured 250 MW Input power 633mW/g
SAR for nomnal Body TSL parameters normalized to 1W 25.3 mW /g £ 20.4 % (k=2)
Certificate No: Z17-97008 Page 3 of 8
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@ In Collsboration with

Appendix

Antenna Parameters with Head TSL

Impedanca, ransformed bo fasd poinl 4B8.50)- B.26]0
Rebun Loss - 21.4dB

Antenna Parameters with Bady TSL

Impedance, transformad fo feed point 46.00- 4.5H0
Faturn Loss - 23.548

General Antenna Parameters and Design

Electrical Delay {one direction) 1.253 ns

After long term use with 100V radiated power, anly a slight warming of the dipola near the feadpoint can
be measured.

The dipole is made of standard semirigid coaxial cable. The center conductor of the feeding line is directly
connected 1o the second arm of the dipole. The antenna is therelore shorl-circuited for DC-signals. On some
of the dipoles, small end caps are added to the dipole arms in order to improve maiching when loaded
according to the position as explained in the “Measurement Condiions® paragraph. Tha SAR data are not
affectad by this change. The evarall dipale length is siill acconding bo the Standard.

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

Additional EUT Data

Manufactured by SPEAG j

Certificate No: Z17-97008 Pige 4 of 8
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DASYS Validation Report for Head TSL Date: 01.09.2017
Test Laboratory: CTTL, Beijing, China
DUT: Dipole 2600 MHz; Type: D2600V2; Serial: D2600V2 - SN: 1074
Communication System: UID 0, CW; Frequency: 2600 MHz; Duty Cycle: 1:1
Medium parameters used: = 2600 MHz; o = 1.983 S/m; er = 40.12; p = 1000 kg/m3
Phantom section: Center Section
Measurement Standard: DASYS (IEEE/IEC/ANSI C63.19-2007)
DASYS Configuration:

» Probe; EX3DV4 - SN7307; ConvF(7.21, 7.21, 7.21); Calibrated: 2/19/2016;

» Sensor-Surface: 1. 4mm (Mechanical Surface Detection)

« Elcctronics: 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)

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

Reference Value = 107.8 V/m; Power Drift = 0.01 dB

Peak SAR (extrapolated) = 29.6 Wikg

SAR(] g) = 14.1 W/kg; SAR(10 g) = 6.35 W/kg
Maximum value of SAR (measured) = 24.1 W/kg

dB
0

-4.65
-9.30
-13.96

-18.61

-23.26

0 dB = 24.1 W/kg = 13.82 dBW/kg

Certificate No: Z17-97008 Page sof &
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Impedance Measurement Plot for Head TSL
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DASYS Validation Report for Body TSL Date: 01.09.2017
Test Laboratory: CTTL, Beijing, China
DUT: Dipole 2600 MHz; Type: D2600V2; Serial: D2600V2 - SN: 1074
Communication System: UID 0, CW; Frequency: 2600 MHz; Duty Cycle: 1:1
Medium parameters used: f= 2600 MHz; o = 2,186 S/m; & = 53.63; p = 1000 kg/m’
Phantom section: Right Section
Measurement Standard: DASYS (IEEEAEC/ANSI C63.19-2007)
DASYS Configuration:

*  Probe: EX3DV4 - SN7307; ConvF(7.03, 7.03,7.03); Calibrated: 2/19/2016;

o Sensor-Surface: 1.4mm (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

*  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=Smm

Reference Value = 101.6 V/im; Power Drift = -0.,04 dB

Peak SAR (extrapolated) = 30.0 Wikg

SAR(1 g) = 14.2 W/kg; SAR(10 g) = 6.33 W/kg

Maximum value of SAR (measured) = 24.2 W/kg

a8

I 0
-4.63

-9.26
-13.88
-18.51
23.14 L.
0 dB = 24.2 W/kg = 13.84 dBW/kg
Centificate No: Z17-97008 Page 7 of &
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CALIBRATION LABORATORY
Add: No.SI Xucywsans Road, Haidian District, Beijing, 100191, China

Tel: +86-10-62304633-2079 Fax: +86-10-623M633-2504
E-mail: ctid@chimatil.com hitptiwwwe chinatil oo

Impedance Measurement Plot for Body TSL
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Auldt W51 Kucyuim Rowd, Hiidiam District, Deijing, 100191, China ‘ﬂa Mulﬂﬂ

Tel: Hifa I G2IMEI320T9 P +B0 1062506332504 m CHNAS LDSTD
[Zamail: chiliiiichinaitlenm hitpetiwerw, chinainl on
Client SMOQ Cerfificate No:  Z17-87006
CALIBRATION CERTIFICATE
Object DAT50V2 - SM: 1108

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

Caltration Procedures for dipole validation kits

Calibration dabe: January 10, 2017

Thig calisralion Cerlificatle decuments the fraceability 1o national slandards, which realize the physical units of
measuremanta(S), The measurements and the uncaraintes with conflidence probability are given on the following
pages and are pan of the certificate.

All calibrations have been conducted in the closed laboratory facility: environment temperabure(22¢3)T and
hournidiby=T0%.

Calibration Equipment used (MATE critical for calibration)

Primary Standards D@ Cal Drate(Calibrated by, Cerfificate Mo.) Scheduled Calibration

Power Mater NRP2 101319 27-Jun-18 (CTTL, Mo JIGX047TT) Jun=17

Power sensor  MRP-23 | 101547 27-Jun=-18 (CTTL, Ne. HEX047TT) Jun-17

Feeference Probe EX3DV4 | SN 7307 19-Feb-16(SPEAG, Mo EX3-T307_Feb16) Feb-17

DAE4 SN 771 02-Feb-16(CTTL-SPEAGNo Z16-87011) Feb-17

Secondary Standards ID# Cal Date(Calibrated by, Cedificate MNo.) Scheduled Calibration

Signal Genarator E4438C | MY45071430  01-Feb-16 (CTTL, Mo 16X00853) Jan-17

Metwork Analyrer ESOTIC | MYSE110673  26-Jan-16 (CTTL, Mo MEX00854) Jan-17

i
Mane Funelion Shgnature
Callbrated by: Zhao Jing SAR Test Engineer éi_[
Reviewed by: Qi Dianyuan SAR Project Leader — e
Approved by: Lu Bingsong Depuly Director of the laboratory %,M@q’/'l
Issued; January ll, 2047

| Thia calibration certificate shall not be reproduced except in full withaut wiitten approval of the laboratory.

Cartificate Moz Z17-97006 Pape 1 of B
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M CALIERATION LABCRATORY

Add: M 51 Xuepunn Rosd, Haidian Dissie), Beijing, 100191, Ching
Tel: +a6-10-6330463 3-2079 Fas: #B6-10-623H1633-2 504

E-mail: clilichinaitleom hitpetfusrw, chinattl ou
Glossary:
T5L tissue simulating liguid
ComvF senaitivity in TSL/ MORM:x, 2
A not applicable or not measured

Calibration is Performed According to the Following Standards:

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

o) IEC 62208-2, “Frocedure to measure the Spacific Absorpfion Rate (SAR) For wirgless
communication devices used in close proximity to the human body {frequency range of
I0MHz to BGHZ)", March 2010

d) KDBBEGEE4, SAR Measurement Requirements for 100 MHz to 6 GHz

Additional Docurmentation:
) DASY4/D System Handbook

Methods Applied and Interpretation of Parameters:

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

s Antenna Paramefars with TSL: The dipole is mounted with the spacer to position its faad
point exactly below the center marking of the flat phartom section, with the arms ocrented
parallal to tha body axis,

o Fead Point Impedance and Refum Loss: These parameters are measured with the dipale
positioned under the liguid filled phantom. The impedance stated is transformed from the
measuramant al the SMA conmector to the feed poinl. Tha Return Loss ensures low
reflected power. Mo uncertainty required,

« FEleciical Delay: One-way delay between the SMA connector and the antenna feed point.
Ma uncertainly required.

¢ SAR measured: SAR measured at the stated antenna input power,

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

«  SAR for nominal TSL parameters: The measurad TSL parametars are used fo caloulate the
nominal SAR result.

The reported uncaertainty of measurament s slaled as the standard uncerainfy of
Measuremeant multiplied by the coversge factor k=2, which for a normal distribution
Corresponds to a coverage probability of approximately $5%.

Cerfificate Mo: Z17-9700 Page 2 of B
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CALIBRATION LABORATORY

Add: W51 Xueyum Roed, Heddian Disielcl, Beijing, 100191, China
Tel: +Ht= 105230403 3-207% Faxi +86- 1 0-62HHE1T-2 504

E-mall; citlgiehinatil com Tip: focerwchinatil.on
Measurement Conditions
DASY syslem configuration, as far s nob given on pags 1.
DASY Version DASYSZ ] 52.6.8.1258
Extrapolation Advancad Exlrapalation '
Fhantom Triple Fled Phameam 516
I:ilhjunn-a- Dipale Center - TSL 10 mm wilh Spacer
Zoom Scan Resolution dx, dy, de = 5 mm .
Fraguency 1750 MHz £ 1 MHz ]

Head TSL paramotors
The fallewing paramelers and caloulations ware applisd.

Temperature Pamiiﬂl.ﬂt].l Conduclivity
Hominal Hoad TSL parameters no°c 40.1 ! 1.37 mhaim
Maasured Head TSL paramaters (Z20£02)"C M4 E% 1.35 mho/m £ 6 %
Head TSL temparature change during test =1.0°C i 1

SAR result with Head TSL

BAR averaged ovar 1 enn’ {1 g) of Head TSL ~ Condilion
AR measured 250 W inpul power S2ImW i g
SAR for nomingd Head TSL paramelers noermalized be TW 3. mW g £ 208 % (k=2)
SAR averaged over 10 cnr’ {10 ) of Head TSL Condificn
SAR measurad 250 A inpat power -i..au i I g
SAR for naminal Haad TSL paramebers rrmalizad to W 108 mW iy i 20.4 % (k=2)
Body TSL parameters
The folowing paramelers and calculalians were applied
Temparature Permittivity Conduelivity
Nominal Body TSL parametors 220'C 514 1,49 mioim
Measured Body TEL paramaters (22.020.2}°C 631:8% 1.48 mhoim £ 6 %
Bady TSL temperature change during lest =90 == il

SAR result with Body TSL

SAR avorapad over 1 oo’ {1 ) of Bedy TSL Condition

SAR measwed 250 MW input powes 9,30 mW | g

BAR for nominal Body TSL parameters ' rormalized fo W | 37.2 mW ig £ 20.8 % (ke2) |

SAR averaged over 10 om’ (10 g) of Body TSL Conditian

5AR measured 250 mé input poawer A.B8 mW i g

SAR for noenined Body TSL parameters normalized fo 1W | 20.0 mW g £ 20.4 % (k=2)
Cortificate Mo: Z17-87006 Page 3 of 8
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Add: blo. 31 Xeeyusn Road, Habflan Disirier, Beijing, 100191, China
Tel: +B6-10-623M63 3-2079 Feu: +31 | D-GRIMEIT-2 504
E-muil; gal@chinail.com hisp:tvwnechinotilen

Appeandix

Antanna Parameters with Head TSL

Impedance, fransformed to feed point 4990+ 0760
Reburr Loss - 42 38

Antenna Parameters with Body TSL

Impedance, ransformed o feed painl 44.80- 1.270
Relumn Loss - 24.9dB

Genaral Antanna Parameters and Design

[Ehll:hini Dietay {one direction) 1325 ns

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

The dipste is made of standard semirgsd coaxial cable, The center conductor of the faeding line is dirgcthy
connected ko the second anm of the dipole. The antenna is therefare short-circuited for DC-signals. On some
of the dipsles, small end caps are added to the dipole arms in order fo imgrove rmalching when loaded
according to the posilion as explained in the "Measurement Condilions” paregraph. The SAR data anae nol
affected by this change. The oversll dipole length is sll according to the Standard.

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

Additional EUT Data

Manufactured by SPEAG

Cerfificatle Ma; 2179706 Page d ol &
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CALIBRATION LABORATORY

Addi No St Xueywan Rowsd, Haidian Districl, Beljiag, 100191, Ching
Tel: +86-10-62304633-2079 P +86-10-62304633-2504
Eamil: ctthigchimattl com htipHwaw.chinal.on

DASYS Validation Report for Head TSL Date; 01,10.2017
Test Laboratory: CTTL, Beijing, China
DUT: Dipole 1750 MHz; Type: DI750V2; Serial: D1750V2 - SN: 1108
Communication System: UID 0, CW; Frequency: 1750 MHz; Duty Cycle: 1:1
Medium parameters used: f= 1750 MHz; o = 1.352 S/m; &r = 39.36; p = 1000 kg/m3
Phantom section: Center Section
Measurement Standard: DASYS (IEEE/NEC/ANSI C63.19-2007)
DASYS Configuration;

» Probe: EX3DV4 - SN7307; ConvF(8.37, 8.37, 8.37); Calibrated: 2/19/2016;

¢ Sensor-Surface: 1. 4mm (Mechanical Surface Detection)

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

¢ Phantom: Triple Flat Phantom 5.1C; Type: QD 000 PS1 CA; Serianl: 1161/1

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

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

Reference Value =~ 98.13V/m; Power Drift = 0,05 dB

Peak SAR (extrapolated) = 17.0W/kg

SAR(I g) = 9.23 W/kg; SAR(10 g) = 4.88 W/kg
Maximum value of SAR (measured) = 14.3 Wikg

dB
0

-3.39
6.78
-10.16

13,55

-16.94

0dB =143 W/kg = 11.55 dBW/kg

Certificate No: Z17-97006 Page sof s
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Adkl: N 51 Kucyuan Rowd, Haidiss District, Beijing, 100191, Ching
Tl: +&6. | 0-6F1E13-2079 Fa: #BA-10-62 3046132504
E-mail: clikichisatilenm Tt e chinalom

Impedance Measurement Plot for Head TSL
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Add: No.51 Xweyoan Road, Haidian Distriet, Beljing, 100191, Ohvieat

Tel: +86.10.62304613-2079 Fr: +86-10-6230M633-2504
Eamall: cttl@chinmtl, com hipfiwwnechinatl.on

DASYS Validation Report for Body TSL Date: 01.10.2017
Test Laboratory: CTTL, Beijing, China
DUT: Dipole 1750 MHz; Type: D1750V2; Serial: D1750V2 - SN: 1108
Communication System: UID 0, CW; Frequency: 1750 MHz; Duty Cycle: 1:1
Medium parameters used: = 1750 MHz; o = 1.484 S/m; ¢, = 53.05; p = 1000 kg/m"
Phantom section: Left Section
Measurement Standard: DASYS (IEEE/EC/ANSI C63.19-2007)
DASYS Configuration:

¢ Probe: EX3DV4 - SN7307; ConvF(8.18, 8.18, 8.18); Calibrated: 2/19/2016;

» Sensor-Surface: 1. 4mm (Mechanical Surface Detection)

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

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

o 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 = 87.18 Vim; Power Drift = -0.03 dB

Peak SAR (extrapolated) = 16.4 Wikg

SAR(1 g) = 9.3 W/kg; SAR(10 g) = 4.99 Wikg

Maximum value of SAR (measured) = 14.0 Wkg

dB
0

-3.26

-6.52

4.78

-13.04

-16.30
0 dB = 14.0 W/kg = 11.46 dBW/kg

Certificate No: Z17-97006 Page 7 of 8
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CALIBRATION LABORATORY

Add: No.$1 Xueywan Rond, Haidisn District, Beijimg, 100191, China
Tel: +86-10-62304633-2079 Fac: +86-10.62304633.2504
E-mmil: ctth@chimatt com hupclfvawchinetl, ca

Impedance Measurement Plot for Body TSL
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Adi: No.S1 Xueyuan Rasd, 1 sidian Disrict, Beijing, 100191, Chima. % CALIBRATION
Tok S06.10GTIMGIEI0 | Fu. 186-10.4330463.2504 ﬁ‘“ CNAS LOST0
Femail: cisl@chinmtl com hetpAwww.chimattl.cn
Client SMQ Certificate No:  Z17-97005
CALIBRATION CERTIFICATE
Object D750V3 - SN: 1103
Calibration Procedure(s) FD-211-003-01

Calibration Procedures for dipole validation kits

Calibration date: January 10, 2017

This calibration Certificate documents the traceabllity to national standards, which realize the physical units of
measurements{S|). The measurements and the uncertainties with confidence probability are given on the following
pages and are pan of the certificate.

All calibrations have been conducted in the closed laboratory facility: environment temperature(2243)C and
humidity<70%.

Calibration Equipment used (M&TE critical for callbration)

Primary Standards D# Cal Date(Calibrated by, Certificate No.)  Scheduled Calibration
Power Meter NRP2 101919 27-Jun-18 (CTTL, No.J18X04771) Jun-17
Power sensor NRP-Z91 101547 27-Jun-16 (CTTL, No.J16X04771) Jun-17
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, Certificate No)  Scheduled Calibration
Signal Generator E4438C | MY49071430  01-Feb-18 (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 { Z,
Raviewsd by Qi Dianyuan SAR Project Leader —S=r2
Approved by: Lu Bingsong Deputy Director of the laboratory 'ﬁ M(ﬁ
Issued: January !2. 2017

This calibration cerfificate shall not be reproduced except in full without written approval of the laboratory.

Certificate No: Z17-97005 Page 1 of &
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. In Collsboration with
CALIBRATION LABORATORY
Adid: No 51 Xeeyvan Road, Haidian District, Beijing, 100191, China
Tek: +86-10-6230M613-2079 Fax: 186-10-62304633-2504

E-mail: enti@chinattl.com batpivevew. chinatil cn
Glossary:
TSL tissue simulating liquid
ConvF sensitivity in TSL/ NORMx,y,z
N/A not applicable or not measured

Calibration is Performed According to the Following Standards:

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

b) IEC 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) |[EC 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 Interprotation 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.

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

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

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

o 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: Z17-97005 Page20f8
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Add: Mo 31 Xseywan Road, Haidia District, Dedjing, 100091, China

Telk: +E6-10-62304 6332079
E-miailz el chinan]. com

Faoc: +86-10-62 304633-2504
hitipetforavechinatil cn

Measurement Conditions
DASY system configuralion, as far as not given on page 1.
DASY Varsion DASYS2 52.8.8.1258
Extrapolation Advanced Exirapolation
Phantom Triple Flal Phantom 5.1C
Distance Dipola Cantar - TSL 15 mim with Spacer
Zaoom Scan Resolution dyx, dy, dz = 5 mm
Fragquency TED MHE £1 MHz
Head TSL parameters
The fallowing patameters and calcwlations were applied.
Temparatura Parmittivity Conductivity
Nominal Head TSL paramators 220°C 419 0.89 mhoim
Measurad Head TSL paramsters (220x0.2)*C 40.9 + 8% 0.87 mho/m £ 6 %
Head TSL temperature change during test <1.0°C [ - e
SAR result with Head TSL
SAR averaged over 1 cmi’ (1 g} of Hoad TSL Condition
SAR measwad 250 miVY input power 205 mW /g
SAR for nominal Head TSL paramelers normalized o 1W 8.29 mW Ig + 20.8 % (k=2)
SAR avoraged over 10 cei” (10 g) of Head TSL Condition
SAR measured 250 mW input power 13T mW i g
SAR for nominal Head TSL paramebers noimalized o 1W -E.I!nﬂmtm’k{hﬂ}
Body TSL parameters
The following perameters and calculalions ware applied.
Temperature Permittivity Conductivity
Hominal Body TSL parameters 20°C 655 0.98 mboim
Maasured Body TSL paramaters (220£02)°C EEE£8% 0.94 mhoim £ 6 %
Bady TSL temperature change during test <1.0*C i == —
SAR result with Body TSL
SAR averaged over 1_cm’ (1 g) of Body TSL Condilion
SAR measurad 260 mW input power ZBmW g
SAR for nosminal Body TSL pararsbens normalized to TW B89 mW g £ 20.8 % (k=2)
SAR averaged over 10 cei’ (10 g) of Body TSL Condilion
SAR measured 250 mW inpul power 14T miW i g
SAR for naminal Bady TSL paramstens narmalized o 1W 59T mW ig £ 0.4 % (k=2)

Cerlificate No: £17-47005

Report No.: WT198003470
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Adhlz Mo 31 Koeyuan Rosd, Haddian District, Bejing. 100091, China
Tek: +86-10-62 M 6132079 Fay; 8- 10-63 M04631-1504
E-mail: enliehinaitl com hetpfervrwchimasilcn

Appandix

Antenna Parameters with Head TSL

Impedance, lransfoimed 1o laed paint 52.00- 3.2310
Relwrn Loas - 28.6dB

Antenna Parameters with Body TSL

Impedance, iransformed fo feed poin 49,101 3.34|0
Redurn Loss - 20.1dB

General Antanna Parameters and Design

Electrical Delay (one direction) I 1,139 ns

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

The dipole is made of standard semirigid coaxal cable. The center conductor of the feeding line is directly
connacted to the second arm of the dipols. The antenna is therefore short-clreuited for DC-shgnals. On some
of the dipoles, small end caps are added 1o the dipole arms in arder (o improve malching when loaded
according o the position as explained in the "Measurement Conditions™ paragraph, The SAR data are not
affected by this change. The overall dipole length iz still according to the Standard.

Mo excessive farce must be applied to the dipole arms, bacause they might bend or the solderad
connections naar the feedpaint may be damaged.

Additional EUT Data

Manufactuned by SPEAG

Centificate No: Z17-97005 Page 4 of &
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CALIERATION LABORATORY

Add: No.51 Xueywan Road, Haidian District, Beijing, 100191, China
Tek: +86-10-62304633-2079 Fax: +86-10-6230M633-2504
E-maik: ctdgd chivatl).com bttpefwvevechinatil on

DASYS Validation Report for Head TSL Date: 01.10.2017
Test Laboratory: CTTL, Beijing, China
DUT: Dipole 750 MHz; Type: D750V3; Serial: D750V3 - SN: 1103
Communication System: UID 0, CW; Frequency: 750 MHz; Duty Cycle: 1:1
Medium parameters used: =750 MHz; o = 0.871 S/m; ¢, = 40.92; p = 1000 kg/m’
Phantom section: Center Section
Measurement Standard: DASYS (IEEE/AIEC/ANSI C63.19-2007)
DASYS Configuration:

¢ Probe: EX3DV4 - SN7307; ConvF(10.47, 10.47, 10.47); Calibrated: 2/19/2016;

»  Sensor-Surface: 1. 4mm (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)

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

Reference Value = 53.76 V/m; Power Drift = -0.02 dB

Peak SAR (extrapolated) = 2,98 W/kg

SAR(1 g) = 2.05 W/kg; SAR(10 g) = 1.37 Wikg

Maximum value of SAR (measured) = 2.68 W/kg

-3.92
-5.88
-1.84
) L .
980 | =rdbd e =
0 dB = 2.68 Wikg = 4,28 dBW/kg
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Impedance Measurement Plot for Head TSL
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DASYS Validation Report for Body TSL Date: 01.10.2017
Test Laboratory: CTTL, Beijing, China
DUT: Dipole 750 MHz; Type: D750V3; Serial: D750V3 - SN: 1103
Communication System: UID 0, CW; Frequency: 750 MHz; Duty Cycle: 1:1
Medium parameters used: f= 750 MHz; o = 0.936 S/m; & = 55.59; p = 1000 kg/m’
Phantom section: Left Section
Measurement Standard: DASYS (IEEE/IEC/ANSI C63.19-2007)
DASYS Configuration:

« Probe: EX3DV4 - SN7307; ConvF(9.93, 9,93, 9.93); Calibrated: 2/19/2016;

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

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

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

*  Mecasurement SW: DASYS52, Version 52.8 (8); SEMCAD X Version 14.6.10(7372)

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

Reference Value = 54,96 V/im; Power Drift = -0.01 dB

Peak SAR (extrapolated) = 3.15 Wikg

SAR(1 g) = 2.18 W/kg; SAR(10 g) = 1.47 W/kg

Maximum value of SAR (measured) = 2.84 W/kg

-1.91

-3.82

5.73

-1.64

-9.55

L

0dB =284 W/kg = 4.53 dBW/kg
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Impedance Measurement Plot for Body TSL
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Client sMQ Certificate No:  Z17-97009
CALIBRATION CERTIFICATE
Object DSGHzV2 - SN: 1185
SR Prooeduns) FD-211-003-01
Calibration Procedures for dipole validation kits
Calibration date: January 5, 2017

All calibrations have been
humidity<70%.

This calibration Cerlificate 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.

Calibration Equipment used (M&TE critical for calibration)

conducted in the closed laboratory facility. environment temperature(2243)C and

Primary Standards D # Cal Date(Calibrated by, Certificate No) __ Scheduled Calibration
Power Meter NRP2 | 101919 27-Jun-16 (CTTL, No.J16X04777) Jun-17
Power sensor NRP-291 | 101547 27-Jun-16 (CTTL, No.J16X04777) Jun-17
ReferenceProbe EX3DV4 | SN 7433  26-Sep-16(SPEAGNo.EX3-7433_Sep16) Sep-17
DAE4 SN 771 02-Feb-16(CTTL-SPEAG,N0.216-97011) Feb-17
Secondary Standards | ID # Cal Date(Calibrated by, Certificate No)  Scheduled Calibration
Signal Generator E4438C | MY49071430 01-Feb-16 (CTTL, No.J16X00803) Jan17
NetworkAnalyzer ES071C | MY46110673 26-Jan-16 (CTTL, No.J16X00894) Jan-17
Name Function Signature
Calibrated by: Zhao Jing SAR Test Engineer 'g ﬂ
Reviewed by: Qi Dianyuan SAR Project Leader cj,d/
Approved by: Lu Bingsong Deputy Direclor of the laboratory m{fz

This calibration certificate shall not be reproduced except in full without written approval of the laboratory.

Issued: January 752017

Certificae No: Z17-97009
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Glossary:
TSL tissue simulating liquid
ConvF sensitivity in TSL / NORMx.y,z
N/A not applicable or not measured

Calibration is Performed According to the Following Standards:

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

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

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

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

Additional Documentation:
e) DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

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

* 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.

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

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

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

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

Certificate No: Z217-97009 Page 2 of 14

Report No.: WT198003470 Page 51 of 71



" In Collaboration with

177 5B eae

Add: No.ST Xuoyuss Road, Haidien District, Beifing, 100191, China

Tel: +86-10-62304633-2079

Fax: +86-10-62304633-2504

Lemnail: cttl@chinatil com hip:ffwww,chinattLen
Measurement Conditions
DASY system configuration, s far as not given on page 1.
DASY Version DASYS52 52.8.8,1258
Extrapolation Advanced Extrapolation
Phantom Triple Flat Phantom 5.1C
Distance Dipole Center - TSL 10 mm with Spacer
Zoom Scan Resolution dx, dy =4 mm, dz = 1.4 mm Graded Ratio = 1.4 (Z dweclion)
5250 MHz £ 1 MHz
Frequency 5600 MHz £ 1 MHz
5750 MHz + 1 MHz
Head TSL parameters at 5250 MHz
The following parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Head TSL parameters 220°C 359 4.71 mhoim
Measured Head TSL parameters (220202)°C B5426% 4.64 mho/m £6 %
Head TSL temperature change during test <1.0°C e e
SAR result with Head TSL at 5250 MHz
SAR averaged over 1 cm’ (1 g) of Head TSL Condition
SAR measured 100 mW input power 765mWig
SAR for nominal Head TSL parameters normakzed to 1W 76.2 mW /g £ 23.0 % (k=2)
SAR averaged over 10 ¢m’ (10 g) of Head TSL Condition
SAR measured 100 mW input power 219mWi/ig
SAR for nominal Head TSL paramaters normalized to 1W 21.8 mW /g £22.2 % (k=2)

Certificate No: Z17-97009
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Head TSL parameters at 5600 MHz

Fax: +86-10-62304633-2504
hiepowww.chinamtl.cn

The following paramelers and calcutations were applied.

Temperature Parmittivity Conductivity
Nominal Head TSL parameters 220°C 355 5.07 mho/m
Measured Head TSL parameters (220+£02)°C 354:6% 5.02 mho/m £ 6 %
Head TSL temperature change during test <1.0*C ——
SAR result with Head TSL at 5600 MHz
SAR averaged over 1 cm’ (1 g) of Head TSL Condition
SAR measured 100 mW input power 817mWig
SAR for nominal Head TSL parameters normalized to 1W 81.6 mW /g £ 23.0 % (k=2)
SAR averaged over 10 ¢’ (10 g) of Head TSL Condition
SAR measured 100 mW Input power 232mWig
SAR for nomingl Head TSL parameters normalized 1o 1W 23.2mW ig £ 22.2 % (k=2)
Head TSL parameters at 5750 MHz
The following parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Head TSL paramaters 220°C 354 5.22 mholm
Measured Head TSL parameters (220102)°C 3614+6% 517 mho/m £ 6 %
Head TSL temperature change during test <10'C - —-
SAR result with Head TSL at 5750 MHz
SAR averaged over 1 cmi° (1 g) of Head TSL Condition
SAR measured 100 mW Input power 806mW/g
SAR for nominal Head TSL parameters normalized to 1W 80.9 mW /g £ 23.0 % (k=2)
SAR averaged over 10 ¢’ (10 g) of Head TSL Condition
SAR measured 100 mW input power 227mW/g
SAR for nominal Head TSL parameters normalized to 1W 22.8 mW /g £ 22.2 % (k=2)
Certificate No: Z17-97009 Page 4 of 14
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Body TSL parameters at 5250 MHz
The
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foliowing parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Body TSL parameters 220°C 48.9 5.36 mho/m
Measured Body TSL paramoters (220202)'C A7846% 5.39 mhoim £ 6 %
Body TSL temperature change during test <1.0°C - e
SAR result with Body TSL at 5250 MHz
SAR averaged over 1 cm’ (1 g) of Body TSL Condition
SAR measured 100 mW Input power 743mWig
SAR for nominal Body TSL parameters normalized to 1W T4.0 mW /g £ 23.0 % (k=2)
SAR averaged over 10 o’ (10 g) of Body TSL Condition
SAR measured 100 mW input power 209mW/g
SAR for nominal Body TSL parameters normalized to 1W 208 mW /g £ 22,2 % (k=2)
Body TSL parameters at 5600 MHz
The rs and calculations were A
ﬂ:‘mnm Pormittivity Conductivity
Nominal Body TSL parameters 220'C 485 5.77 mho/m
Moasured Body TSL parameters (220120.2)°C 48416 % 5.70 mho/m £ 6 %
Body TSL temperature change during test <10°C see —
SAR result with Body TSL at 5600 MHz
SAR averaged over 1 ¢m’ (1 g) of Body TSL Condition
SAR measured 100 mW input power T94mW/g
SAR for nominal Body TSL parameters normahzed lo 1W 79.3 MW /g £ 23.0 % (k=2)
SAR averaged over 10 cm’ (10 g) of Body TSL Condition
SAR measured 100 mW Inpul power 221mWig
SAR for nominal Body TSL parametars normalized to 1W 221 mW g £22.2 % (k=2)
Certificate No: Z17-97009 Page 5 of 14
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Body TSL parameters at 5760 MHz
amelers and ations. applied.

Temperature Parmittivity Conductivity

Nominal Body TSL paramoters 220°C 48.3 5.94 mha/m
Measured Body TSL parameters (22.0402)°C 48618% 6.83 mho/m £ 6 %
Body TSL temperature change during test <10°C e

SAR result with Body TSL at 5750 MHz
SAR averaged over 1 ¢m’ (1 g) of Body TSL Condition
SAR measured 100 mW input power 752mWig
SAR for nominal Body TSL parameters normaliized to 1W 75.2 mW /g £ 23.0 % (k=2)
SAR averaged over 10 ¢m’ (10 g) of Body TSL Condition
SAR measured 100 mW input power 211 mW/g
SAR for nominal Body TSL parameters normalized to 1W 211 mWig £22.2 % (k=2)
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Appendix

Antenna Parameters with Head TSL at 5250 MHz

Impedance, Iransformed 1o feed point 50.80 - 5.66/0

Relurn Loss -24.9d8
Antenna Parameters with Head TSL at 5600 MHz

Impedance, iransformed to feed point 53,70 + 3.39)Q

Relturn Loss - 26,408
Antenna Parameters with Head TSL at 5750 MHz

Impedance, transformed fo feed point 54.20 + 0.48)0

Return Loss -27.8d8B
Antenna Parameters with Body TSL at 5250 MHz

Impedance, transformed o feed point 49.50 - 4.15[0

Return Loss - 27.5dB
Antenna Parameters with Body TSL at 5600 MHz

Impedance, transformed to feed point 55.00 + 2.51)0

Retumn Loss -25.508
Antenna Parameters with Body TSL at 5750 MHz

Impedance, transformed to feed point 55.50 + 0.57)0

Return Loss -25.508

Certificate No: Z17-97009
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General Antenna Parameters and Design

| Electrical Delay (one direction) | 1316 ns

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

The dipole is made of standard semirigid coaxial cable. The center conductor of the feeding line is directly
connected to the second arm of the dipole. The antenna is therefore short-circuited for DC-signals. On some
of the dipoles, small end caps are added to the dipole arms in order to improve matching when loaded
according to the position as explained in the "Measurement Conditions” paragraph. The SAR data are not
affected by this change. The overall dipole length is still according to the Standard,

No excessive force must be applied to the dipole arms, because they might bend or the soldered
connections near the feedpoint may be damaged.

Additional EUT Data

Manufactured by | SPEAG

Certificate No: Z17-97009 Page 8 of 14
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DASYS Validation Report for Head TSL Date: 01.05.2017
Test Laboratory: CTTL, Beijing, China
DUT: Dipole 5GHz; Type: D5GHzV2; Serial: D5GHzV2 - SN: 1185

Communication System: CW, Frequency: 5250 MHz, Frequency: 5600 MHz,

Frequency: 5750 MHz,

Medium parameters used: f = 5250 MHz; o = 4.636 mho/m; er = 35.38; p = 1000

kg/m3, Medium parameters used: f = 5600 MHz; o = 6.015 mho/m; er = 3541, p =

1000 kg/m3, Medium parameters used: f = 5750 MHz; o = 5.173 mho/m; er = 36.086;

p = 1000 kg/m3,

Phantom section: Center Section

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

DASYS Configuration:

*  Probe: EX3DV4 - SN7433; ConvF(5.13,5.13,5.13); Calibrated: 2016/9/26,
ConvF(4.59,4.59,4.59); Calibrated: 2016/9/26, ConvF(4.66,4.66,4.66),
Calibrated: 2016/9/286,

Sensor-Surface: 1.4mm (Mechanical Surface Detection)

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

Phantom: Triple Flat Phantom 5.1C; Type: QD 000 P51 CA; Serial: 1161/3
Measurement SW: DASY52, Version 52.8 (8); SEMCAD X Version 14.6.10
(7372)

. - . -

Dipole Calibration /Pin=100mW, d=10mm, f=5250 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Measurement grid: dx=4mm, dy=4mm, dz=1.4mm
Reference Value = 70.66 V/m; Power Drift = 0.08 dB

Peak SAR (extrapolated) = 31.2 Wikg

SAR(1 g) = 7.65 W/kg; SAR(10 g) = 2.19 Wikg

Maximum value of SAR (measured) = 17.8 Wkg

Dipole Calibration /Pin=100mW, d=10mm, f=5600 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Measurement grid: dx=4mm, dy=4mm, dz=1.4mm
Reference Value = 58,67 V/im; Power Drift = 0.04 dB

Peak SAR (extrapolated) = 34.6 Wikg

SAR(1 g) = 8.17 Wikg; SAR(10 g) = 2.32 Wikg

Maximum value of SAR (measured) = 20.0 Wikg

Certificate No: Z17-97009 Page 9 of 14
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Dipole Calibration /Pin=100mW, d=10mm, f=5750 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Measurement grid: dx=4mm, dy=4mm, dz=1.4mm
Reference Value = 58.84 \V/im; Power Drift = -0.00 dB

Peak SAR (extrapolated) = 35.0 Wikg

SAR(1 g) = 8.06 Wikg; SAR(10 g) = 2.27 Wikg

Maximum value of SAR (measured) = 19.6 Wikg

0 dB = 19.6 Wikg = 12.92 dBW/kg
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Impedance Measurement Plot for Head TSL
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DASYS5 Validation Report for Body TSL Date: 01.04.2017
Test Laboratory: CTTL, Beijing, China
DUT: Dipole 5GHz; Type: D5GHzV2; Serial: D5GHzV2 - SN: 1185

Communication System: CW; Frequency: 5250 MHz, Frequency: 5600 MHz,

Frequency: 5750 MHz,

Medium parameters used: f = 5250 MHz; o = 5.388 mho/m; er = 47.81; p = 1000

kg/m3, Medium parameters used: f = 5600 MHz; o = 5.704 mho/m; er = 48.39; p =

1000 kg/m3, Medium parameters used: f = 5750 MHz; o = 5.833 mho/m; &r = 48,61,

p = 1000 kg/m3,

Phantom section: Right Section

Measurement Standard: DASYS (IEEE/IEC/ANS| C63.19-2007)

DASYS5 Configuration:

* Probe: EX3DV4 - SN7433; ConvF(4.68,4.68 4.68); Calibrated: 2016/9/26,
ConvF(3.98,3.98,3.98); Calibrated: 2016/9/26, ConvF(4.35,4.35,4.35),
Calibrated: 2016/9/26,

Sensor-Surface: 1.4mm (Mechanical Surface Detection)

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

Phantom: Triple Flat Phantom 5.1C; Type: QD 000 P51 CA; Serial: 1161/3
Measurement SW: DASY52, Version 52.8 (8), SEMCAD X Version 14.6.10
(7372)

Dipole Calibration /Pin=100mW, d=10mm, f=5250 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Measurement grid: dx=4mm, dy=4mm, dz=1.4mm
Reference Value = 63.67 V/m, Power Drift = -0.01 dB

Peak SAR (extrapolated) = 28.3 W/kg

SAR(1 g) = 7.43 Wikg; SAR(10 g) = 2.09 W/kg

Maximum value of SAR (measured) = 17.1 W/kg

Dipole Calibration /Pin=100mW, d=10mm, f=5600 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Measurement grid: dx=4mm, dy=4mm, dz=1.4mm
Reference Value = 67.65 V/im; Power Drift = -0.06 dB

Peak SAR (extrapolated) = 33.3 Wikg

SAR(1 g) = 7.94 Wikg; SAR(10 g) = 2.21 W/kg

Maximum value of SAR (measured) = 19.4 W/kg
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Dipole Calibration /Pin=100mW, d=10mm, f=5750 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Measurement grid: dx=4mm, dy=4mm, dz=1.4mm
Reference Value = 63.79 V/im; Power Drift = 0.05 dB

Peak SAR (extrapolated) = 30.7 Wikg

SAR(1 g) = 7.52 Wikg; SAR(10 g) = 2.11 W/kg

Maximum value of SAR (measured) = 17.7 Wikg

-50.00 5 N i

0dB = 17.7 Wikg = 12,48 dBW/kg
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Impedance Measurement Plot for Body TSL
(¥l 511 Usg #ag 16.00du/ aef 600008 [¥i oeV)

4,00 l»; 5. 7500000 GHZ -2%. 94
10. 00

20.00

i0.00 )

0.000)

10.00

20.00

-30.00

40,00 |

R i 0w TR e

-30.00 |
U8 511 Softh (RO Scate 1.600u (A Del)

l 5.2500000 Ghz 4'4"0-4!‘.10 I ~pF
5.6000000 G2 33.00) 3087 o 98 ph
>) 3. 7500000 Gbll $5.547 n 571 93 ma 831 pn

Certificate No: Z17-97009 Page 14 of 14

Report No.: WT198003470

e b o B

Page 63 of 71



Report No.: WT198003470 Page 64 of 71



Note:

1) Per KDB865664D01 requirements for dipole calibration, the test laboratory has

adopted three-year extended calibration interval. Each measured dipole is expected

to evaluate with the following criteria  at least on annual interval in Appendix D.

a) There is no physical damage on the dipole;

b) System check with specific dipole is within 10% of calibrated value;

c) The most recent return-loss result, measured at least annually, deviates by no
more than 20% from the previous measurement.

d) The most recent measurement of the real or imaginary parts of the impedance,
measured at least annually is within 5Q from the previous measurement.
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D2450MHz Body

J E5071C Network Analyzer

1 Active ChjTrace 2 Respon 3 Stimulus 4 Mkr/Ar S Instr State
) 511 Log Mag de de [FI System
>1  2.4500000 GHz

40.0 ‘ Print

Abort Printing

Printer Setup..,

Invert Image
ON

Dump
Screen Image...

| Muitiport Test Set
Setup

Misc Setup

Backlight
OoN

Frmware
Revision

Service Menu

Help

1 Start 225 Gz TFBW 70 ke Stop 2,65 Grie [
D2450V2, serial No. 818 Extended Dipole Calibrations
2450 Body
Date of Return-Loss Delta(%) | Real Delta Imaginary Delta
Measurement (dB) Impedance(ohm) (ohm) Impedance(ohm) (ohm)
2015-09-14 -26.35 49.415 4.75
2018-04-08 -26.74 0.31 50.061 0.646 4.61 0.14
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3 [S071C Network Anslyze

1 Start 635 M

D835V2, serial No. 4d141 Extended Dipole Calibrations

-
Fow 70 e

Printar Setp.,

Irresrt Imegs
N

Dump

Soreen Image
Multiport Test Sat
Serp

M Geap
Backignt

o

Frmwee
Awvision

Servios Merw

e

etum

835MHz Body
Date of Return-Loss Delta(%) | Real Delta Imaginary Delta
Measurement (dB) Impedance(ohm) (ohm) Impedance(ohm) (ohm)
2015-09-24 -22.3 45.681 -5.94
2017-09-24 -22.0 1.36 45.832 -0.151 -6.35 0.41
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LB 150 71C Network Analyrer

1 Adtve

1Skt l7GE

IFBW 70 ke

D1900V2, serial No. 5d162

Extended Dipole Calibrations

1900MHz Body

Date of Return-Loss Delta(%) | Real Delta Imaginary Delta
Measurement (dB) Impedance(ohm) (ohm) Impedance(ohm) (ohm)
2015-09-26 -27.259 48.392 3.955

2017-09-26 -27.705 -1.6 51.122 -2.73 3.884 0.071
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LM E5071C Network Analyzer 3 a ﬁ\

1 Active ChfTrace  2Response 3 Stimulus 4 Mkr/Analysis S Instr State

Print

Tr smith (R+jX) Scale mu [F1]

Abort Printing

Printer Setup...

Invert Image

ON
Dump
Screen Image...

Multiport Test Set
Sefup

Misc Setup

Backlight
ON

0.000 ) Frmware
i Revision

Service Menu

ice
Help

Return

1 Start 1,55 Ghie IFBW 10 kiz Stop 1.95 GHz [@H 1 -

D1750V2, serial No. 1108 Extended Dipole Calibrations

1750MHz Body
Date of Return-Loss Delta(%) | Real Delta Imaginary Delta
Measurement (dB) Impedance(ohm) (ohm) Impedance(ohm) (ohm)
2017-01-10 -24.9 44.8 -1.27
2018-01-10 -26.322 5.7 47.83 3.03 0.143 1.3
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L3 E5071C Network Analyzer
1 Active ChjTrace 2 Response 3 Stimul
PR S11 smith (R+jX) Sc

>1 2.6000000 GHz 4

Mhr/analysis S Instr State

Print

Abort Printing

Printer Setup..,

Invert Image
ON

Dump

Screen Image...

Multiport Test Set
Sefup

Misc Setup
Backlight
ON
—_——
Frrmware
Revision

Service Menu

11 Start 2.4 GHz

D2600V2, serial No. 1074 Extended Dipole Calibrations

IFBW 70 kHz Stop 2.8 GHz [€]q!

2600MHz Body
Date of Return-Loss Delta(%) | Real Delta Imaginary Delta
Measurement (dB) Impedance(ohm) (ohm) Impedance(ohm) (ohm)
2017-01-09 -23.5 46.0 -4.99
2018-01-09 -23.163 1.43 46.68 0.68 -6.71 -1.61

Report No.: WT198003470

Page 70 of 71




L3 E5071C Network Analyzer a E B

1 Active ChjTrace 2Response 3 Stimulus 4 Mhkr/8nalysis S Instr State

h (R+jX) Scale 1.000U [F1]

1 Start SGHz

D5GHzV2, serial No. 1185 Extended Dipole Calibrations

IFBW 10 kHz stop 6 GHz K&l

Systemn

Print

Abort Printing

Printer Setup...

Invert Image
ON

Dump

Screen Image...

Multiport Test Set

Sefup
Misc Setup

Backlight
oN

—_—

Frmware
Revision

Service Menu

5.25GHz Body

Date of Return-Loss Delta(%) | Real Delta Imaginary Delta

Measurement (dB) Impedance(ohm) (ohm) Impedance(ohm) (ohm)

2017-01-05 -27.5 49.47 -4.14

2018-01-05 -26.8 0.7 48.24 1.23 1.03 5.17
5.6GHz Body

Date of Return-Loss Delta(%) | Real Delta Imaginary Delta

Measurement (dB) Impedance(ohm) (ohm) Impedance(ohm) (ohm)

2017-01-05 -25.5 55.0 -2.5

2018-01-05 -24.4 1.1 56.1 -1.1 0.9 3.4
5.75GHz Body

Date of Return-Loss Delta(%) | Real Delta Imaginary Delta

Measurement (dB) Impedance(ohm) (ohm) Impedance(ohm) (ohm)

2017-01-05 -25.5 55.5 0.5

2018-01-05 -24.1 1.4 56.4 -0.9 6 5.5
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