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CALIBRATION CERTIFICATE
Object D750V3 - SN: 1103

Calibration Procedure(s)

pages and are part of the certificate.

humidity<70%.

FF-Z211-003-01
Calibration Procedures for dipale validation kits

Calibration date: January 6, 2020
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

All calibrations have been conducted in the closed laboratory facility: environment temperature(22:3)C and

Calibration Equipment used (M&TE critical for calibration)

Primary Standards D# Cal Date(Calibrated by, Certificate No.) Scheduled Calibration
Power Meter NRP2 106276 11-Apr-18 (CTTL, No.J18X02605) Apr-20
Power senscr NRPGA 101369 11-Apr-18 (CTTL, No.J18X02605) Apr-20
Reference Probe EX3DV4 | SN 3617 31-Jan-19(SPEAG No.EX3-3617_Jan19) Jan-20
DAE4 SN 1555 22-Aug-19(CTTL-SPEAG No.Z19-60295) Aug-20
Secondary Standards ID# Cal Date(Calibrated by, Certificate No.) Scheduled Calibration
Signal Generator E4438C | MY49071430 23-Jan-19 (CTTL, No.J19X00338) Jan-20
NetworkAnalyzer ES071C | MY46110673 24-Jan-19 (CTTL, No.J18X00547) Jan-20

Name Function - $igm{um

Colrmad Y Znao Jing SAR Test Engineer SR 5 P

Reviewed by: Lin Hao SAR Test Engineer = M il

Approved by: Qi Dianyuan SAR Project Leader 2 et 5;/

Issued: January 9, 2020
This callbration certificate shall not be reproduced except in full without written approval of the laboratory.
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Glossary:
TSL tissue simulating liquid
ConvF sensitivity in TSL/ NORMx,y,.z
N/A not applicable or not measured

Calibration is Performed According to the Following Standards:

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

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

¢) 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 Reguirements 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.

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

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

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

The reported uncertainty of measurement is stated as the standard uncertainty of
Measurement multiplied by the coverage factor k=2, which for a normal distribution
Corresponds to a coverage probability of approximately 95%.
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Measurement Conditions
DASY system configuration. as far as not given on page 1.
DASY Version DASYS2 V52.10.3
Extrapolation Advanced Extrapolation
Phantom Triple Flat Phantom 5.1C
Distance Dipole Center - TSL 15 mm with Spacer
Zoom Scan Resolution dx, dy, dz = 5 mm
Frequency 750 MHz £ 1 MHz
Head TSL parameters
The following parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Head TSL parameters 20°'C 419 0.89 mho/m
Measured Head TSL parameters (220202)°C 41616% 0.90 mho/m + 6 %
Head TSL temperature change during test <1.0°C e e
SAR result with Head TSL
SAR averaged over 1 cm’ (1 g) of Head TSL Condition
SAR measured 250 mW input power 219 Wikg
SAR for nominal Head TSL parameters normalized 1o 1W 8.68 Wikg z 18.8 % (k=2)
SAR averaged over 10 ¢m° (10 g) of Head TSL Condition
SAR measured 250 mW input power 1.47 Wikg
SAR for nominal Head TSL parameters normalized to 1W 5.83 Wikg £ 18.7 % (k=2)
Body TSL parameters
The following parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Body TSL parameters 220°C 555 0.8 mho/m
Measured Body TSL parameters (20202)°C 552:6% 0.97 mho/m £ 6 %
Body TSL temperature change during test <1.0°C — —_
SAR result with Body TSL
SAR averaged over 1 ¢m’ (1 g) of Body TSL Condition
SAR measured 250 mW Input power 217 Wikg
SAR for nominal Body TSL parameters normalized to 1W 8.64 Wikg ¢ 18.8 % (k=2)
SAR averaged over 10 cm° (10 g) of Body TSL Condition
SAR measured 250 mW input power 1.468 Wikg
SAR for nominal Body TSL parameters normalized to 1W 5.82 W/kg £18.7 % (k=2)
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Appendix (Additional assessments outside the scope of CNAS L0570)

Antenna Parameters with Head TSL

Impedance, transformed to feed point 53.90- 2670
Return Loss - 26.8dB

Antenna Parameters with Body TSL

Impedance, transformed to feed point 48 50- 3.68j0
Return Loss -28.6dB

General Antenna Parameters and Design

Electrical Delay (one direction) 0.896 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 semingid coaxial cable. The center conductor of the feeding line is directly
connected to the second arm of the dipole. The antenna is therefore short-circuited for DC-signals. On some
of the dipoles, small end caps are added to the dipcle arms in order to improve matching when loaded
according fo 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: Z20-60037 Page 4 of 8
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DASYS Validation Report for Head TSL Date: 01.06.2020
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 = 0.902 S/m; & =41.63; p= 1000 kg/m3
Phantom section: Right Section
DASYS Configuration:

« Probe: EX3DV4 - SN3617; ConvF(10.03, 10,03, 10.03) @ 750 MHz; Calibrated:
1/31/2019

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

« Electronics: DAE4 Sn1555; Calibrated: 8/22/2019

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

o Measurement SW: DASYS2, Version 52.10 (3); SEMCAD X Version 14.6.13
(7474)

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

Reference Value = 57.43 V/m; Power Drift = 0.03 dB

Peak SAR (extrapolated) = 3.16 Wikg

SAR(1 g) = 2.19 W/kg; SAR(10 g) = 1.47 W/kg

Smallest distance from peaks to all points 3 dB below = 23.3 mm

Ratio of SAR at M2 to SAR at M1 = 69.4%

Maximum value of SAR (measured) = 2.85 Wikg

dB
0

-1.94
-3.88
-5.82
-1.76

-9.70

0 dB =2.85 W/kg = 4.55 dBW/kg

Certificate No: Z20-60037 Page sof 8
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Impedance Measurement Plot for Head TSL
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DASYS Validation Report for Body TSL Date: 01.03.2020
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 = 0.965 S/m; ¢, = 55.21; p = 1000 kg/m3
Phantom section: Center Section
DASYS Configuration:

« Probe: EX3DV4 - SN3617; ConvF(9.85, 9.85, 9.85) @ 750 MHz: Calibrated:
1/31/2019

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

¢ Electronics: DAE4 Snl555; Calibrated: 8/22/2019

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

e Measurement SW: DASYS52, Version 52.10 (3); SEMCAD X Version 14.6.13
(7474)

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

Reference Value = 49.46 V/m; Power Drift = 0.08 dB

Peak SAR (extrapolated) = 3.20 Wikg

SAR(1 g) = 2.17 W/kg: SAR(10 g) = 1.46 W/kg

Smallest distance from peaks to all points 3 dB below = 19.2 mm

Ratio of SAR at M2 to SAR at M1 = 68.3%

Maximum value of SAR (measured) = 2.86 W/kg

dB
0

-1.94

-3.89

-5.83

-1.78

-9.72

0 dB = 2.86 W/kg = 4.56 dBW/kg
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Impedance Measurement Plot for Body TSL
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CALIBRATION CERTIFICATE

Object DBISVE - BN: ad141

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

Calibration Procadures for dipole validation kits

Calibration date: Seplember 8, 2018

pages and are part of the cedificate.

hurmidity <7 0%,

Calibration Equipment used (M&TE crilical for calibration)

This calibration Cerlificate documents the traceabilily lo national standards, which realize the physical units of
measurements{Sl). The measurements and the unceriainfiss with confidence probability are given on the following

All calibrations have been conducted in the closed laboratory facility: environment lemperatureizzesi'c and

Primary Slandarnﬂs D # Cal Date{Calibrated by, Cerlificale. Mo} Scheduled Calibration
Power Meater NMRVD 102083 01-Mow-17 {CTTL, Mo J1TX08TSE8) Oct-18
Power sensor - NRV-Z5 100542 01-Mov-17 (CTTL, No.J1TXDBTEE) Oct-18
Reference Probe EX30W4 | SM 7464 12-Sep-1T(SPEAGMNo.EX3-T464_SepiT) Sep-18
DAE4 SN 1524 13-Sep-17({SPEAGNo.DAE4-1524_Sep1T) Sep-18
Secondary Standards o # Cal Date(Calibrated by, Certificate No.) Scheduled Calibration
Signal Generator E4438C | MY40071430  23-Jan-18 (CTTL, No.J18X00560) Jan-18
MetworkAnalyzer ES07T10 | MY46110673  24-Jan-18 (CTTL, Mo J18X00561) Jan-18
Mame Funclion Signature
Calibrated by: Zhao Jing SAR Test Engineer ‘gé
Reviewed by: Lin Hao SAR Test Engineer ' ‘Iﬂf Ho
Approved by: Qi Dianyuan SAR Project Leader (—%M/

This calibration cerlificate shall not be reproduced except in full withoul wrillen approval of the laboratory,

lssuad: September 9, 2018

Cerlificate Mo: Z18-60133
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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&ZOO—L‘MmumnMpwoedmbrmthMﬁonmdhumn
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
conmnicaﬁondwicumedhdoupmxhiylohhumnbody(fmncynnmol
30MHz to 6GHz)", March 2010

d) KDB865664, SAR Measurement Requirements for 100 MHz to 8 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
ammw.ummwnmmummatummymw.

« Anfenna Parameters with TSL'Thodbohbmombdwﬂtlhowbpowon its feed
pmmmunmmtmolmwmnmm.mmommu
parallel to the body axis.

pommuwﬂupmm.mwmemuhmmmmm
measurement at the SMA conneclor to the feed point. The Return Loss ensures low
reflected power. No uncertainty required.

. EbcbicalDalay‘Om-mydohybolmonhSMAeoﬂmdoanhoanbnmlaodpolnl.
No uncertainty required.

. SARmeasznd:SARmuswedatlhoslabdnnhmhMpm.

. SARnomuizod:SARummm.normdbodblnkputpmoHdelmnm
connector.

. SARbmmwmlTSme:mmdeSmemmdbuMﬂn
nominal SAR result.

Thompomduneuulntyotmmmismaastheﬂmdudummof
MuumMmWWlemmrk-z.Mmamldbm
wwbammdammosx.

Centificate No: Z18-60333 Page 20f 8
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Measurement Conditions
DASY syslem configuralion, as far as not glven on page 1.

DASY Version DASYS2 52101 1476
Extrapolation Advanced Exbapolalion
Phantom Triple Flal Phanlom 5.1C
Distance Dipole Center - TSL 15 mm willy Spacer
Zoom Scan Resalution dx, dy, dz = 5 mm
Frequency 535 MHz £ 1 MHz
Head TSL parameters
The following parameters and caloulalions ware applied.
Temperature Permittivity Conductivity
Nominal Head TSL parametors 220°C 41.5 0.90 mho/m
Measured Head TSL parametors {(Z20£0.2)"C 427 +6 % 0,90 mhoim £ 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 280 mW input power 232 mN g
SAR for nominal Head TSL parameters normalized to W 931 mW ig £ 18.8 % (k=2)
SAR averagad over 10 oo’ (10 g) of Head TSL Condifion
SAR measured 250 mW input power 153mWig
SAR for nomingal Head TSL parameters nommalized o W 6,13 mW ig £ 18.7 % (k=2)
Body TSL parameters
The following parameters and calculalions ware appliad.
Temperature Parmittivity Condustivity
Nominal Body TSL parameters 220°C 552 0.97 mhadm
Measured Body TSL parametars (2202 0.2 °C 56.0+6 % 1.00 mhaim £ 6 %
Body TSL temperature change during test =4,0°C — -
SAR result with Body TSL
SAR averaged overd cm® (1 g} of Body TSL Conditizn
BAR measured 280 m\W inpul power 248 m\W g
SAR for nominal Body TSL parameters nomalized to 1W 9.74 mW ig * 18.8 % [k=2)
SAR averaged over 10 e’ (10 p) of Body TSL Condition
BAR measured 250 mWW inpul power 1.66 mW g
SAR for nominal Body TSL parameters nofmalized 1o 1W B.54 mW ig £ 18.7 % (k=2)
Certificate No: Z18-60333 Poge 3 of 8
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CALIBRATION LABORATORY

Adik: NouST Xeeysan Roadd, Haiddan District, Beijing, 100191, China
Tek #&6-10-62304633-2079 Faas: H86-10-62 H4633-2 504
E-mmil: eithi@chinaiil.com bt vwveelinaiilen

Appendix (Additional assessments outside the scope of CNAS LO570)

Antenna Parameters with Head TSL

Impedance, ransformed to feed polnt 50.30- 5.68)0

Refurn Loas - 24948

Antenna Parameters with Body TSL

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

Return Loss ! - 21.5dB
General Antenna Parameters and Design

Elactical Delay (one direction) i 1.255 ng

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 fhe 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 o the dipole arms, because they might bend or the solderad
conneactions near the feedpoint may be damaged.

Additional EUT Data

Manulaciured by SPEAG

Certificate Mo: Z18-60333 Page 4of &
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DASYS Validation Report for Head TSL Date; 05.04.201 8
Test Laboratory: CTTL, Beijing, 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:

« Probe: EX3DV4 - SN7d6d; ConvF(10.28, 1028, 10,28) @ 835 MHz; Calibrated:
W12/2017

+  Sensor-Surface: Ldmm (Mechanical Surface Detection)

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

o Phantom: MFP_V5.1C 5 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 Vim; Power Diift = -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 Diate: 09.06.2018
Test Laboratory: CTTL, Beijing, China
DUT: Dipole 835 MHz; Type: D835V2; Serial: D§35V2 - SN: 4d141
Communication System: UID 0, CW; Frequency: 835 MHz; Duty Cycle: 111
Medium parameters used: = 835 MHz; o = 0L998 S/n; &, = 56.04: p = 1000 kgfm3
Phantom section: Center Section
DASYS Configuration:

« Probe: EX3DV4 - SN7464; ConvF(10.21, 10,21, 10.21) @ &35 MHz; Calibrated:
9122017

«  Sensor-Surface: LAmm (Mechanical Surface Detection)

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

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

«  Measurement SW: DASY 52, Version 52, 10(1); SEMCAD X Version 14.6.11
(7439)

Dipole Calibration/Zoom Scan (Tx7x7) (TxTx7WCube §: Measurement grid: dx=5mm,
dy=>5mm, dz=5mm

Reference Value = 55,80 ¥im; Power Drift = -0.00 dB

Feak SAR (extrapolated) = 3.73 W/ikg

SAR(] g) = 2.48 Wikg; SAR(10 g} = 1.66 Wikg

Maximum value of SAR (measured) = 3.27 Wikg

Certificate Mo: Z18-60333 Page T of B
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Impedance Measurement Plot for Body TSL
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Client SMQ Cortificate No:  Z18-60334

CALIBRATION CERTIFICATE

Object DYOOVZ - SN 1d077 !

Calibration Procedura(s) FF-211-003-01

Calibration Procedures for dipole validation kils

Callbration data: September 7, 2018

This calibration Cedificate decuments the Iraceability to national standards, which realize the physical units of
measurements(Sl). The measuremants and the uncerlainties with confidence probability are given on the following
pages and are part of the cerlificate.

All calibralions have been conducted in the closed laboratory facility: envircnment temperature(2243)C and
Fumnidity =70%.

Calibration Equipment used (ME&TE critical for calibration)

Frimary Standards oD% Cal Dale{{:allﬁraled by, Cerlificate Mo.) Scheduled Calibration
Power Meler NRVD 102083 01-Mow-17 (CTTL, No.J17TX087EE) Oct-18
Power sensar MRW-Z5 100542 01-Mow-17 {CTTL, No.J1TX0BTSE) Qet-18
Reference Probe EX3DV4 | SN 7454 12-5ep-17(SPEAG No. EX3-T484_8Sep1T) Sep-18
DAE4 3N 1524 13-Sep-1T(SPEAG Mo, DAE4-1524_SeplT) Sep-18
Secondary Standards D # Cal Da‘le{Ca_Iihraled by, Cerlificate No.) Scheduled Calibration
Signal Generator E4438C | MY49071430  23-Jan-18 (CTTL, Mo JAEX00560) Jan-18
NetworkAnalyzer ESOT1C | MY46110673  24-Jan-18 (CTTL, Mo.J18X00551) Jan-19

MName Funclion Signature

Calibrated by: Zhao Jing SAR Test Engineer

Reviewed by: Lin Hao SAR Test Engineer ‘ﬁ?%

Approved by: @i Dianyuan SAR Project Leader S m_/

Issued: September 10, 2018
This calibration certificate shall not be reproduced except in full without wiillen approval of the laboratory.

Cerificale No: Z18-60334 Page | of &
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Glossary:
TSL tissue simulating liquid
ConvF sensilivity in TSL/ NORMx,y,z
MIA not applicable or not measured

Calibration is Performed According to the Following Standards:

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

b} |IEC 62208-1, "Measurement procedure for assessment of specific absorplion rate of human
exposure to radio frequeancy 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 62208-2, "Procedure to measure the Specific Absarption Rate (SAR) For wireless
communication devices used in close proximity to the human body {frequency range of
30MHz to 6GHz)", March 2010

d) KDBBESE64, SAR Measurement Requirements for 100 MHz to 6 GHz

Additional Documentation:
&) DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

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

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

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

+ Electrical Delay: One-way delay betwesn the SMA connector and the antenna feed point.
Mo uncertainty required.

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

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

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

| The reported uncertainty of measurement is stated as the standard uncerainty of
Measurement multiplied by the coverage factor k=2, which for a nomal distribution
Corresponds to a coverage probability of approximately 85%.

Centificate No: 1 8-60334 Page 2 of 8
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Add: MoSE XKueyuen Rond, Hokdbsn Distviet, Beijing, 100191, China
Teel: +B6-10-62304533-1019 Pz +EE-10-62 3046332304

E-mail: entbiichinatil.com Itipeivevewechinatlen
Measurement Conditions
DASY system configuralion, as far as not given on page 1.
DASY Varsion DASYS2 52,10.1.1446
Exftrapolation Advanced Extrapolalion
Phantoim Tripbe Fiat Pharntom 6.1C
Distance Dipole Center - TSL 15 mm with Spacer
Zoom Scan Resolution dx, dy, dz = 5 mm
Freguency 200 MHz £ 1 MHz
Head TSL parameters
Tha following parameters and caloulations wore applied.
Temperature Permittivity GConductivity
MNominal Head TSL parameters 220°C 4.5 0.97 mho/m
Measured Head TSL parameters (220 £ 0.2} °C 427 L6 % 0,97 mho/m + 6 %
Head TSL temperature change during test <10°*C -

SAR result with Head TSL

SAR averaged ever 1 ¢m” {1 g) of Head TSL Candition

SAR moasured 250 mWW inpul power 268 mWig

SAR for neminal Head TSL paramelers mormalized to 1W 10.9 mW ig & 16.8 % (k=2)

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

SAR measured 250 mWW inpul power 1,74 mW i g

SAR for neminal Head TSL parameters normalized o TW T.00 mW g £ 18.7 % (k=2)
Body TSL parameters

The following parameles and calculalions were applied.
Temperatura Parmittivity Conduetivity

Nominal Body TSL parameters. 220°C 55.0 1.05 mhedm

Measured Body TSL parameters (220:02)°C §5.5 + G % 1.07 mhodm £ 6 %

Botly TSL temperature change during test <10°C — —
SAR result with Body TSL

BAR averaged over1_cm’ {1 g) of Bady TSL Condilion

SAR measurad 250 W inpul power 285 mW J g

SAR for nominal Body TSL parameters normalized to 1W 1.3 mW /g £ 18.8 % (k=2)

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

SAR measurad 250 MW inpul power 1.87 mW /g

SAR for nominal Body TSL parameters normatized to 1W T.40 MWW fg £ 18.7 % (k=2)
Certificate Mo 7.1 8-60334 Page 1ol &
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Appendix (Additional assessments outside the scope of CNAS LO5T0)

Antenna Parameters with Head TSL

Impedance, transformed fa faed point 48.60- 5.65]0

Retumn Loss ' 24 6B

Antenna Parameters with Body TSL

Impedance, transformed lo feed point A5 50- 7.00(0

Reftum Loss - 21.2d8

General Antenna Parameters and Design

Eleclrical Delay {one diraction) ] 1.274 ns

After leng term use with 100W radiated power, only & 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-circuiled for DC-signals. On some
of the dipoles, small end caps are added fo the dipole arms in order o improve malching when loaded
according to the posilion as explainad in the "Measurement Conditions” paragraph. The SAR data are not
affected by this changs. The overall dipole length iz 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.

Additional EUT Data

— : -
[_Manufactur\ed by SPEAG

Certificate Mo; 71 8-60334 Page 4 of 4
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DASYS Validation Report for Head TSL Drate: 09072018
Test Laboratery: CTTL, Beijing, China
DUT: Dipole 900 MHz; Type: DI00V2; Serial: D900V2 - 8N: 14077
Communication System: UID 0, CW; Frequency: 900 MHz; Duty Cyele: 1:1
Medium pacameters used: £= 900 MHz; o = 0.966 S/m; g, = 42,67; p= 1000 kg/m3
Phantom section: Right Section
DASY S Configuration:

« Probe: EX3IDV4 - SN7464; Convl({ 10,03, 10,03, 10.03) @ 900 MHz; Calibrated:
W12/2007

o Sensor-Surface: L4mm (Mechanical Swiface Detection)

o Electronics: DAE4 Snl324; Calibrated: 9132017

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

+  Measurement SW: DASY 52, Version 5210 (1); SEMCAD X Version 14.6,11
(7439

Dipole Calibration/Zoom Scan {Tx7x7) (7TxTx7)/Cube 0: Measurement grid: dx=5nmm,
dy=3mm, dz=5mm

Reference Value = 5993 V/m; Power Drift = -0.07 dB

Peak SAR (extrapolated) = 4.14 Wikg

SAR( )= 2.69 Wilkg; SAR(10 g) = 1.74 W/ig

Maximum value of SAR {measured) = 3.65 Wikg

0dB = 3.65 W/kg = 5.62 dBW/kg

Certificate Neo: Z18-60334 Page 5 of §
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Impedance Measurement Plot for Head TSL
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DASYS Validation Report for Body TSL Date: 09.06.201§
Test Laboratory: CTTL, Beijing, China
DUT: Dipole 900 MHz; Type: DO00VZ; Servial: DOV - SN: 1d077
Communication System: ULD 0, CW; Frequeney: 900 MHz; Duty Cyele: 1:1
Medivm parameters used: =900 MHz; o = LO71 Sfm; g, = 5551 p = 1000 kg/m3
Phantoim section: Left Section
DASYS Configuration:

o Probe: EX3DVA - SNT464; ConvF(10U07, 10017, 10.07) (@ 900 MHz; Calibrated:
9122017

o Sensor-Surface: Ldmm (Mechanical Surface Detection)

« Electronics: DAE4 Snl524; Calibrated: 97132017

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

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

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

Reference Value = 58.25 Vim; Fower Drift = -0.04 dB

Peak SAR (extrapolated) = 4.35 Wikg

SAR(I g) = 2.85 Wikg; SAR(10 g) = 1.87 Wikg

Maximum value of SAR (measured) = 3.82 Wikg

“6.27T

-0.36

-10.45

0 dB = 3.82 Wikg = 5.52 dBW/kg

Certificate Mo: £18-60334 Pape tof &
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Impedance Measurement Plot for Body TSL
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Add: No.51 Xueyuan Road, Haidian District, Beijing, 100191, China ',,//'—\\ v CMJBRATION
Tl: +86-10-62304633-2079  Fax: +86-10-62304633-2504 AR CNAS L0570
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E-mail: ctti@chinattl.com hup:/‘www.chinartl.cn
Client sMQ Certificate No:  Z20-60038
CALIBRATION CERTIFICATE
Object D1750V2 - SN: 1108

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

Calibration Procedures for dipole validation kits
Calibration date: January 3, 2020
This calibration Certificate documents the traceability to national standards, which realize the physical units of

measurements(Sl). The measurements and the uncertainties with confidence probability are given on the following
pages and are part of the certificate.

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

Calibration Equipment used (M&TE critical for calibration)

Primary Standards D # Cal Date(Calibrated by, Certificate No.) Scheduled Calibration
Power Meter NRP2 106276 11-Apr-18 (CTTL, No.J18X02605) Apr-20
Power sensor NRPSA 101388 11-Apr-18 (CTTL, No.J19X02605) Apr-20
Reference Probe EX3DV4 | SN 3817 31-Jan-19(SPEAG No.EX3-3617_Jan19) Jan-20
DAE4 SN 1555 22-Aug-19(CTTL-SPEAG No.Z19-60295) Aug-20
Secondary Standards ID# Cal Date(Calibrated by, Certificate No.) Scheduled Calibration
Signal Generator E4438C | MY49071430 23-Jan-19 (CTTL, No.J19X00336) Jan-20
NetworkAnalyzer ES071C | MY46110673 24-Jan-19 (CTTL, No.J19X00547) Jan-20

Name Function Signature

Siltiiad’by: Zhao Jing SAR Test Engineer SR 4 T

Reviewed by: Lin Hao SAR Test Engineer 535 M

Approved by: Qi Dianyuan SAR Project Leader =&20L )

Issued: January 8, 2020
This calibration certificate shall not be reproduced except in full without written approval of the laboratory.

Certificate No: Z20-60038 Page 1 of 8
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Add: No.51 Xueyuan Road, Haidian District, Beijing, 100191, China
Tel: +86-10-62304633-2079 Fax: +86-10-62304633-2504

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

Calibration is Performed According to the Following Standards:

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

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

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

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

Additional Documentation:
e) DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

* 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.

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.

« 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.

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

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

Certificate No: Z20-60038 Page 2 of 8
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Measurement Conditions
DASY system configuration, as far as not given on page 1.
DASY Version DASY52 V52.10.3
Extrapolation Advanced Extrapolation
Phantom Triple Flat Phantom 5.1C
Distance Dipole Center - TSL 10 mm with Spacer
Zoom Scan Resolution dx, dy, dz=5 mm
Frequency 1750 MHz + 1 MHz
Head TSL parameters
The following parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Head TSL parameters 220°C 401 1.37 mho/m
Measured Head TSL parameters (220+02)°C 40526% 1.37 mho/m £ 6 %
Head TSL temperature change during test <1.0°C - -
SAR result with Head TSL
SAR averaged over 1 cm’ (1 g) of Head TSL Condition
SAR measured 250 mW input power 8.89 Wikg
SAR for nominal Head TSL parameters normalized to 1W 35.7 Wikg £ 18.8 % (k=2)
SAR averaged over 10 ¢m’ (10 g) of Head TSL Condition
SAR measured 250 mW input power 4.69 Wikg
SAR for nominal Head TSL parameters normalized to 1W 18.8 Wikg £ 18.7 % (k=2)
Body TSL parameters
The following parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Body TSL parameters 220°C 534 1.49 mho/m
Measured Body TSL parameters (220:02)°C 5366 % 1.50 mho/m £ 6 %
Body TSL temperature change during test <1.0°C - —
SAR result with Body TSL
SAR averaged over1 <" (1 g) of Body TSL Condition
SAR measured 250 mW input power 9.23 Wikg
SAR for nominal Body TSL parameters normalized to 1W 36.8 Wikg £ 18.8 % (k=2)
SAR averaged over 10 ¢m’ (10 g) of Body TSL Condition
SAR measured 250 mW input power 4.89 Wikg
SAR for nominal Body TSL parameters normalized to 1W 19.5 W/kg £ 18.7 % (k=2)

Certificate No: Z20-60038
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Appendix (Additional assessments outside the scope of CNAS L0570)

Antenna Parameters with Head TSL

Impedance, transformed to feed point 49.20-0.65j0
Return Loss -39.7dB

Antenna Parameters with Body TSL

Impedance, transformed to feed point 45.80-1.02jQ
Return Loss -26.8 dB

General Antenna Parameters and Design

Electrical Delay (one direction) 1.084 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: Z20-60038 Page 4 of 8
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Tel: +86-10-62304633-2079 Fax: +86-10-62304633-2504
E-mail: cud@chinattl.com http://www.chinattl.cn
DASYS Validation Report for Head TSL Date: 01.03.2020

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: f= 1750 MHz; 6 = 1.365 S/m; &, = 40.52; p = 1000 kg/m3
Phantom section: Right Section

DASYS5 Configuration:

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

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

¢ Electronics: DAE4 Snl555; Calibrated: 8/22/2019

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

« Measurement SW: DASYS52, Version 52.10 (3); SEMCAD X Version 14.6.13
(7474)

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

Reference Value = 97.57 V/m; Power Drift = 0.00 dB

Peak SAR (extrapolated) = 16.7 W/kg

SAR(1 g) = 8.89 Wikg; SAR(10 g) = 4.69 W/kg

Smallest distance from peaks to all points 3 dB below = 10 mm

Ratio of SAR at M2 to SAR at M1 = 54%

Maximum value of SAR (measured) = 13.9 Wikg

O A i

.

0 dB=13.9 W/kg = 11.43 dBW/kg

Certificate No: Z20-60038 Page 5 of 8
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Impedance Measurement Plot for Head TSL
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DASYS Validation Report for Body TSL Date: 01.03,2020
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: f= 1750 MHz; a = 1.499 S/m; &, = 53.62; p = 1000 kg/m3
Phantom section: Center Section
DASYS Configuration:

« Probe: EX3DV4 - SN3617: ConvF(8.03, 8.03, 8.03) @ 1750 MHz; Calibrated:
1/31/2019

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

¢ Electronics: DAE4 Snl3555; Calibrated: 8/22/2019

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

o Measurement SW: DASYS52, Version 52.10 (3); SEMCAD X Version 14.6.13
(7474)

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

Reference Value = 89.57 V/m; Power Drift = 0.03 dB

Peak SAR (extrapolated) = 16.8 W/kg

SAR(I g) = 9.23 W/kg: SAR(10 g) = 4.89 W/kg

Smallest distance from peaks to all points 3 dB below = 9.2 mm

Ratio of SAR at M2 to SAR at M1 = 55.7%

Maximum value of SAR (measured) = 14.2 W/kg

0dB = 14.2 W/kg = 11.52 dBW/kg
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Impedance Measurement Plot for Body TSL
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Add: No.5) Xucywan Rosd, |sidiss District, lefing, 100191, Chima % CALIBRATION
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Client SMQ Certificate No:  Z18-60335
CALIBRATION CERTIFICATE
Object D1800V2 - SN: 2d171
Oulirion Prosecmntn FF-Z11-003-01

Calibration Procedures for dipole validation kits

Calibration date: September 12, 2018

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

Al calibrations have been conducted in the closed laboratory facility: environment temperature(2213)C and
humidity<70%.

Calibration Equipment used (M&TE critical for calibration)

Primary Standards iD# Cal Date(Calibrated by, Cerfifical No) __ Scheduled Calibration
Power Meter NRVD | 102083 01-Nov-17 (CTTL, No.J17X08756) Oct-18
Powersensor NRV-Z5 | 100642  01-Nov-17 (CTTL, No.J17X08756) Oct-18
Reference Probe EX3DVA | SN 3846 25-Jan-18(SPEAGNo EX3-3646_Jan18) Jan-19
DAE4 SN777  15-Dec-17(SPEAGNo.DAE4-777_Dect7 Doc-18

_Secondery Standerds | 108 Cai Date(Calibrated by, Certificate No.) __ Scheduled Calibration
Signal Generator E4438C | MY49071430 23-Jan-18 (CTTL, No.J18X00560) Jan-19
Network Analyzer ES071C | MY46110673  24-Jan-18 (CTTL, No.J18X00561) Jan-19
Name Function Signature
Cafiorated by: Zheo Jing SAR Test Engineer {2
Reviewed by: Lin Jun SAR Tost Enginoer —111_

Approved by Qi Dianyuan SAR Project Leader M/

Issued: Seplember 16, 2018
| This calibration certificate shall not be reproduced except in full without written approval of the laboratory.

Centificate No: Z18-60335 Page 1 of 3
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Tel; +B6- 10-62HMEIT-2079 Fax: #Bi-10-62304633-2504
E-mmail: cuibg@chinatileom Iitapeffwoewechinattlen
Glossary:
T5L tissue simulating liquid
ConvF sensitivity in TSL / NORMx,y,z
NFA 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 62209-1, "Measurement procedure for assessment of specific absorption rate of human
exposure to radio frequency fields from hand-held and body-mounted wireless
communication devices- Part 1: Device used next to the ear (Frequency range of 300MHz to
6GHz)", July 2016

c) |IEC 62208-2, "Procedure to measure the Specific Absorption Rate (SAR) For wireless
communication devices used in close proximity to the human body (frequency range of
30MHz to 8GHz)", March 2010

d) KDBBE56E4, SAR Measurement Requirements for 100 MHz to 6 GHz

Additional Documentation:
&) DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

s  Measurement Condiions: 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.

¢  Anfenna Paramefers 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 filed 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.

¢ FElectrical 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 inpul power of 1 W at the antenna
connector.

«  SAR for nominal TSL paramefers: The measured TSL parameters are used 1o 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 nomal distribution
Corresponds to a coverage probability of approximately 95%.

Certificate No: Z18-60335 Page 2 0f&
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Auld: Mo, 51 Xeeyuan Road, Haidian Disirict, Beijing, 100091, China
Tel: +86- 10-62 30463 3-2079 Faog: + B | 6246332 504
E-mnil; clilichinatil.com haig:fivewwechinatil.en

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

DASY Verslon | DASYS52 52.10.1.1448
Extrapolation : Advanced Extrapolalion -

[ Phantom | Triple Flat Phantom 5.1C
Distance Dipols Genter -.TﬁL I " ) 10 mm with Spacer l
Zoom Scan Resolution | dx, dy, dz = 5 mm :
Frequency ) 1800 MHz + 1.}.IH: '

Head TSL parameters
Thae following parameters and calculalions were applied.

Temperature Flrmlﬂhm'y Cnnd;c.i.wny
Nominal Head TSL parameters 220°C 40.0 1.40 mhoim
Measured Head TSL parameters (220£02)°C 40646% | 1.39 mhom 6%
Head TEL temperature change aurlnn test <1.0*C e e
SAR result with Head TSL o
SAR averaged over 1 cm’ (1 g) of Head TSL Condition
SAR measurad 250 mW inpul power 97T mW i g
SAR for nominal Head TSL parameters  nomalized to 1W 39,4 mW ig £ 18.8 % (k=2)
SAR averaged over 10 enr’ (10 g) of Head TSL Condition
H_E‘;Rme;auwod 250 MW input power 519mW /g
SAR for nominal Head TSL paramelers normalized to 1W | 20.9 mW Ig £ 18.7 % (k=2)
I - — — R
Body TSL parameters
The following parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Body TSL p.l.l"lmlﬂhm 2.0°C 53.3 1.52 mlu:u'm
Measured Body TSL plrll‘l‘llllr; - (22.020.2)"C 53226% 1.56 mhofm £ 6 %
.Hndy TSL temperature change dur.lnn test =1.0*C e neen
SAR result with Body TSL ' -
SAR averaged over 1 cm’ (1 g) of Body TSL Condition
SAR measured 260 MW inpul power 10.0mWig
SAR for nominal Body TSL paraml;l.ars normalized lo 1W 38.3 mW ig t-1l.l % (k=2)
| SAR averaged over 10 em’ (10g) of Body TSL Conditicn
'_E.AR measured m'mw input power 5.38 mW /g ]
iﬁ.ﬂ for nominal Body TSL paramelers narmalized o 1W 213 mWig £ ‘I-B.? % {k=2)
Centificate Mo: £18-60335 Page 3of® _ .
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Appendix (Additional assessments outside the scope of CNAS LO5T0)

Antenna Parameters with Head TSL

~4900-2880 |

.I'npmn. transformed to feed point :
Antenna Parameters with Body TSL
Impedance, ransformed to fesd point ] 44.80- 27700 '
Rebum Loss I = 24 1dB
General Antenna Parameters and Design
- po. . ]_ I m-m?sm ...... |

After long term use with 100W radialed 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 direcily
connected o the second arm of the dipole. The anlenna is therefore shor-cincuited for DC-signals. On some
of tha 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 Condifions™ paragraph. The SAR data are not
affectad by this change. The overall dipole length s still according to the Standard.

Mo excessive force must be appied to the dipole arms, because they might bend or the soldered
connactions near the fsedpaint may be damaged.

Additional EUT Data

Manufactured by '  sPEAG :[

Certificate Mo: Z18-60335 Page 4 of &
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Add: No. 51 Xucywss Road, Haldion District, Beljing, 100191, Chinn
Teb. +86-10-62104633-2079 Pax: +86-10.62304633-2504
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DASYS Validation Report for Head TSL Date: 09.12.2018
Test Laboratory: CTTL, Beijing, China
DUT: Dipole 1800 MHz; Type: DISO0V2; Serial: DISO0OV2 - SN: 2d171
Communication System: UID 0, CW; Frequency: 1800 MHz; Duty Cycle: 11
Medium parameters used: £~ 1800 MHz; o = 1,39 S/m; g = 40.63; p = 1000 kg/m3
Phantom section: Center Section
DASYS Configuration:

» Probe: EX3DV4 - SN3846; ConvF(8.22, 8.22, 8.22) @ 1800 MHz; Calibrated:
1725/2018

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

¢ Electronics: DAE4 Sn777; Calibrated: 12/15/2017

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

Reference Value = 99.67 Vim; Power Drift = -0.02 dB

Peak SAR (extrapolated) = 18.2 Wikg

SAR(I g) = 9.77 W/kg; SAR(10 g) = 5.19 W/kg
Maximum value of SAR (measured) = 15.1 Wikg

3.4
6.82
-10.24

-13.65

-17.06

0dB =151 W/kg = 11.79 dBW/kg

Centificate No: Z18.60335 Page Sof 8
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Impedance Measurement Plot for Hoad TSL
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DASYS Validation Report for Body TSL Date: 09.12.2018
Test Laboratory: CTTL, Beijing, China
DUT: Dipole 1800 MHz; Type: D1800V2; Serial: D1800V2 - SN: 2d171
Communication System: UID 0, CW; Frequency: 1800 MHz; Duty Cycle: 1:1
Medium parameters used: f= 1800 MHz; o = 1.56 S/m; ¢, = 53.15; p = 1000 kg/m3
Phantom section: Right Section
DASYS Configuration:

« Probe: EX3DV4 - SN3846; ConvF(7.73, 7.73, 7.73) @ 1800 MHz; Calibrated:
1/25/2018

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

» Electronics: DAE4 Sn777; Calibrated: 12/15/2017

»  Phantom: MFP_VS5.1C ; Type: QD 000 PS1CA; Serial: 1062

*  Measurement SW: DASYS52, Version 52.10 (1); SEMCAD X Version 14.6.11
(7439)

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

Reference Value = 92.91 V/m; Power Drift = 0.07 dB

Peak SAR (extrapolated) = 17.9 W/kg

SAR(I g) = 10 W/kg; SAR(10 g) = 5.38 W/kg
Maximum value of SAR (measured) = 15.2 W/kg

-3.22
-6.43
-9.65

-12.86

-16.08

0dB =152 W/kg = 11.82 dBW/kg
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Impedance Measurement Plot for Body TSL

Tl 811 Log Wag L0, Sdn/ Wef 6 00008 [F1]
e g e e S S
4. 0

20,00
19,00
o, 000
-10.00

-20. 00 —\L///"—P
-10,00

40,00

-0, 00— - S
I s1l swieh (mefad Sc.lll 10000 [F1 e=1)

* L. BOD000O GME 44, TTD O -1.7TG R II.

- \/

N,

a
\
~__

L Sawh L6 0Hr e t FEW 100

Centificale Mo: Z18-60315 Page 8 of &

Report No.: WT208000773

Page 42 of 92



*  InCollaboration with 4 Y, o A )
@ s p e a g ST M
CALBRATION LARORATORY ¥ x CNAS” o
. N CALIBRA
e s T ™ A cAn 1
E-mall: cttl@chinatt] com bupiwww.chinml cn
Client sMaQ Cortificate No:  Z18-60336
CALIBRATION CERTIFICATE
Object D1900V2 - SN: 54162
Calibration 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(Sl). 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 temperature2243)TC 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 | SN7464  12-Sep-17(SPEAGNo EX3-7464_Sep17) Sep-18
DAE4 SN1524  13-Sep-17(SPEAGNo.DAE4-1524_Sep17) Sep-18
Secondary Standards | 1D# Cal Date(Calibrated by, Certificate No)  Scheduled Calbration
Signal Generalor E4438C | MY49071430 23-Jan-18 (CTTL, No.J18X00560) Jan-19
NetworkAnalyzer ES071C | MY46110673 24-Jan-18 (CTTL, No.J18X00561) Jan-19
Name Function Signature
Callbrated by: Zhao Jing SAR Test Enginer 4/,
Reviewed by: Lin Jun SAR Test Engineer «'ﬁ,

Aomovd by: Qi Dianyuan SAR Project Leader M

Issued: September 15, 2018
mmmmmmmmmummwotnw.
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Add: No 31 Xucyusn Road, Hakfion Districs, Belpmg, 100191, China
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Fn: hwmw'

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

 Electrical Delay: One-way delay between the SMA connector and the antenna feed point.

No uncertainty required.

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

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

connector.

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

The reported uncertainty of measurement is staled 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 co as far as not given on page 1. .
DASY Version DASYS2 : 52.10.1.1478
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
Froquency 1900 MHz + 1 MHz }
Head TSL parameters
The following parameters and calculations were applied. ,
Temperature Permittivity Conductivity
Nominal Head TSL parameters 20'c | 400 140mhoim
Measured Head TSL parameters (220402)°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’ (1 g) of Head TSL Condition )
SAR measured 250 mW input power 10.1mW/g
SAR for nominal Head TSL parameters normalized to 1W 3908 mwmns.a%(u-zf
SAR averaged over 10 ¢m’ (10 g) of Hoad TSL Condition il
SAR measured 250 mW input power 533mWig
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
 Nominat Body TSL parameters 220°C 533 1.52 mho/m
Moasured Body TSL parameters (220£02)°C 53.316% 1.49 mho/m + 8 %
Body TSL temperature change during test <1.0°C 7 e —eee
SAR result with Body TSL -
| SAR averaged over 1 ¢m’ (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;MMMIO em’ (10 g) of Body TSL Condition
SAR measured 250 mW Input power 538mW/g
SAR for nominal Body TSL paramelers normalized to TW | 21,7 mW Ig £ 18.7 % (k=2)
Certificate No: Z18-60336 Page 1 of 8
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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 - 25.4dB

General Antenna Parameters and Design

Electrical 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 diractly
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 nat
affected by this change. The overall dipole length is still according fo 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

|_Mmul‘a=lured by SPEAG

Centificate No: 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 parmmeters 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:
9122017

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

o Electronics: DAE4 Sn1524; Calibeated: 91372017

o Phantom: MFP _V5.1C ; Type: QD 000 PSI1CA; Serial: 1062

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

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

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

Peak SAR (extrapolated) = 19.0 W/kg

SAR(1 g) = 10.1 W/kg; SAR(10 g) = 533 W/kg

Maximum value of SAR (measured) = 15.8 W/kg

J8
0

345 |
6.89
1034

-13.78

-17.23

0 dB = 15.8 Wikg = 11.99 dBW/kg

Centificate No: 718-60336 Page sof &
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Impedance Measuramant Plot for Haad TSL
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DASYS Validation Report for Body TSL Date: 09.10.2018
T'est Laboratory: C1TL, Beijing, China
DUT: Dipole 1900 MHz; Type: D1900V2; Serial: D1900V2 - SN: 5d162
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/m3
Phantom section: Right Section
DASYS Configuration:

o Probe: EX3DV4 - SN7464; ConvF(8,32, 8.32, 8.32) @ 1900 MHz; Calibeated
9/12/2017

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

¢ Electronics: DAE4 Snl1524; Calibrated: 9/13/2017

o Phantom: MFP_VS5.1C ; Type: QD 000 PSI1CA; 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 W/ikg

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
-6.28

dnﬁ“li»

-12.56

-16.70 | - \ %
0dB = 15.0 W/kg = 11.76 dBW/kg
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Impedance Moasurement Plot for Body TSL
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Client sSMQ Certificate No:  Z20-60039
Object D2300V2 - SN: 1034
Calibration Procedure(s) FF-211-003-01

Calibration Procedures for dipole validation kits

Calibraton date: January 2, 2020

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

All calibrations have been conducted in the closed laboratory facility: envircnment temperature(22+3)T and
humidity<70%

Calibration Equipment used (MATE critical for calibration)

Primary Standards D# Cal Date(Calibrated by, Certificate No.) Scheduled Calibration
Power Meter  NRP2 106276 11-Apr-18 (CTTL, No.J19X02805) Apr-20
Power sensor NRPSA 101388 11-Apr-18 (CTTL, No.J18X02605) Apr-20
Reference Probe EX30DV4 | SN 3517 31-Jan-19(SPEAG No.EX3-3617_Jan18) Jan-20
DAE4 SN 1555 22-Aug-19(CTTL-SPEAG No.Z19-80295) Aug-20
Secondary Standards D# Cal Date(Calibrated by, Certificate No.) Scheduled Callbration
Signal Generator E4438C | MY48071430 23-Jan-19 (CTTL, No.J18X00338) Jan-20
NetworkAnalyzer ESO071C | MY46110673  24-Jan-18 (CTTL. No.J18X00547) Jan-20

Name Function Signature

Calibrated by: Zhao Jing SAR Test Engineer Ko, s /fji’,

Reviewsd by: Lin Hao SAR Test Engineer = -ﬁj{b

ARpIN by Qi Dianyuan SAR Project Leader ,.p:—?.p@"{/

Issued: January 8, 2020
This calibration certificate shall not be reproduced except in full without written approval of the laboratory.
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Report No.: WT208000773 Page 51 of 92



<TTL s b e

CALIBRATION LABORATORY
Add: No.51 Xeeyuan Road, Haidian District, Beljing, 100191, China
Tel: +86-10-62304633-2079 Fax +86-10-62304633-2404

E-mail: culi@chinaml com howp:'www.chisanl cn
Glossary:
TSL tissue simulating liquid
ConvF sensitivity in TSL/ NORMx.y,z
N/A not applicable or not measured

Calibration is Performed According to the Following Standards:

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

b) IEC 62209-1, *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:

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

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
paraliel 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 Retumn Loss ensures low
reflected power. No uncertainty required.

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

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

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

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

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

Certificate No: Z20-60039 Page2 of 8
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Mwmm :
DASY system configuration, as far 3s not given on page
DASY Version DASYS2 V52103
Extrapolation Advanced Extrapolation
Phantom Triple Flat Phantom 5.1C
Distance Dipole Center - TSL 10 mm with Spacer
Zoom Scan Resolution dx, dy. dz =5 mm
Frequency 2300 MHz = 1 MHz
Head TSL parameters
The folowing parameters and calculations were applied
Tomperature Permittivity Conductivity
Nominal Head TSL parameters 220°C 395 1.67 mho/m
Measured Head TSL parameters (220:02)°C 303:£6% 1.64 mho/im £ 8 %
Head TSL temperature change during test <10°C - —
SAR result with Head TSL
SAR averaged over 1 cm’ (1 g) of Head TSL Condition
SAR measured 250 mW input power 118 Wikg
SAR for nominal Head TSL parameters normalized to 1W 47.5Wikg £ 18.8 % (k=2)
SAR averaged over 10 cm” (10 g) of Head TSL Condition
SAR measured 250 mW input power 557 Wikg
SAR for nominal Head TSL parameters normaiized to 1W 22.4 Wikg £ 18.7 % (k=2)
Body TSL parameters
The following parameters and calculations were applied
Tomperature Permittivity Conductivity
Nominal Body TSL parameters 220°C 529 1.81 mho/m
Measured Body TSL parameters (220:02)°C 523:6% 1.83 mhoim £ 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 12.0 Wikg
SAR for nominai Body TSL parameters normalized to 1W 476 Wikg £ 18.8 % (k=2)
SAR averaged over 10 ¢m’ (10 g) of Body TSL Condition
SAR measured 250 mW input power 5.70 Wikg
SAR for nominal Body TSL parameters normalized to 1W 22.7 Wikg £ 18.7 % (k=2)
Certificate No: 220-60039 Page 3 of 8
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Appendix (Additional assessments outside the scope of CNAS L0570)

Antenna Parameters with Head TSL

Impedance. transformed 1o feed point 48.40-3.180
Return Loss -28.84B

Antenna Parameters with Body TSL

Impedance, transformed to feed point 4540-2 690
Retumn Loss -25148

General Antenna Parameters and Design

Electrical Delay (one direction) ] 1.033 ns J

After long term use with 100V 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. meamabmwonmmbromm.mm
oftmapoiu.Memmmaddedbmaipobamnmmmmmmmw
according 1o 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
m.mwwuwhdbmdpdom.mMMMQmm
connections near the feedpoint may be damaged.

Additional EUT Data

Manufactured by SPEAG ]

Certificate No: Z20-60039 Page 4 of 8
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DASYS Validation Report for Head TSL Date: 01.02.2020
Test Laboratory: CTTL, Beijing, China
DUT: Dipole 2300 MHz; Type: D2300V2; Serial: D2300V2 - SN: 1034
Communication System: UID 0, CW; Frequency: 2300 MHz; Duty Cycle: 1:1
Medium parameters used: f'= 2300 MHz; ¢ = 1.644 S/m; &, = 39.26; p = 1000 kg/m3
Phantom section: Center Section
DASYS Configuration:

+ Probe: EX3DV4 - SN3617: ConvF(7.74, 7.74, 7.74) (@ 2300 MHz; Calibrated;
1/31/2019

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

» Electronics: DAE4 Sn1555; Calibrated: 8/22/2019

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

o Measurement SW: DASY52, Version 52.10 (3): SEMCAD X Version 14.6.13
(7474)

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

Reference Value = 101.4 V/m; Power Drift = 0.04 dB

Peak SAR (extrapolated) = 24.4 W/kg

SAR(I g) = 11.8 W/kg; SAR(10 g) = 5.57 W/kg

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

Ratio of SAR at M2 to SAR at M1 = 48.7%

Maximum value of SAR (measured) = 19.7 W/kg

1

-4.23

-8.45

-12.68

-16.90

-21.13

0 dB =19.7 W/kg = 12.94 dBW/kg
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Impedance Measurement Plot for Head TSL
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DASYS Validation Report for Body TSL Date: 01.02.2020
T'est Laboratory: CTTL, Beijing, China
DUT: Dipole 2300 MHz; Type: D2300V2; Serial: D2300V2 - SN: 1034
Communication System: UID 0, CW; Frequency: 2300 MHz; Duty Cycle: 1:1
Medium parameters used: f= 2300 MHz; o = 1.828 S/m; ¢, = 52.26; p = 1000 kg/m3
Phantom section: Right Section
DASYS5 Configuration:

¢ Probe: EX3DV4 -SN3617; ConvF(7.84, 7.84, 7.84) @ 2300 MHz: Calibrated:
1/31/2019

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

o Electronics: DAE4 Sn1553; Calibrated; 8222019

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

¢ Measurement SW: DASYS2, Version 52.10 (3); SEMCAD X Version 14.6.13
(7474)

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

Reference Value = 98.06 V/m; Power Drift = 0.00 dB

Peak SAR (extrapolated) = 23.9 Wikg

SAR(1 g) = 12 W/kg; SAR(10 g) = .7 Wikg

Smallest distance from peaks 10 all points 3 dB below = 8.2 mm

Ratio of SAR at M2 1o SAR at M1 = 51.1%

Maximum value of SAR (measured) = 19.6 W/ikg

-4.20

4.0

-12.61

-16.82

-21.02

0dB=19.6 Wkg = 12.92 dBW/kg
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Impedance Measurement Plot for Body TSL
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Client sMQ Cortificate No:  218-60338
CALIBRATION CERTIFICATE

Object D2450V2 - SN: 818

Cabration Procedurele) 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 D# Cal Date(Calibrated 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 EX3DVA4 | SN 7464 12-Sep-17(SPEAG N0 EX3-7464_Sep17) Sep-18
DAE4 SN 1524 13-Sep-17(SPEAG No DAE4-1524_Sep1?) Sep-18
Secondary Standards D# Cal Date(Calibrated by, Certificate No.) Scheduled Calibration
Signal Generator E4438C | MY48071430 23-Jan-18 (CTTL, No.J18X00560) Jan-19
NetworkAnalyzer ES071C | MY46110673 24-Jan-18 (CTTL, No.J18X00561) Jan-19
Name Function Signature
Oeitead by Zhao Jing SAR Test Engineer -é L
Reviewed by: Lin Hao SAR Test Engineer Tﬁr ‘#7

Approved by Qi Dianyuan SAR Project Leader AP

Issued: September 3, 2018
This calibration certificate shall not be reproduced except in full without written approval of the laboratory.
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Audid: Mea S1 Keeyunn Rond, Haidisn District, Beijing, 100191, China
Tek +RG-10-62304633-2079 Fa: +86-10-62104633-2504

Fmuail: citlfichinatilcany It fwwweelinarilen
Glossary:
TSL tissue simulating liquid
ConvF sensitivity in TSL / NORMx,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 Wirelass
Communications Devices: Measurement Technigues”, June 2013

b) IEC 62209-1, "Measurement procedure for assessment of specific absorplion 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 & GHz

Additional Documentation:
e) DASY4/5 System Handbook

Methods Applled and Interpretation of Parameters:

e Measurement Conditions: 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.

s Anfenna Parameters with TSL: The dipale 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 filled 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 uncertainty 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,

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

s SAR for nominal TSL parameters: The measured TSL parameters are used to calculate the
nominal SAR resull.

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

Cerificate Mo: £18-60138 Page 2 of &
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Measurement Conditions
DASY system configuralion, as far as nol given on page 1.
DASY Version DASYSE2 52.10.1.1476
Extrapolation Advanced Exirapolation
Phantom Triple Flat Phantom 5.1C |
Distance Dipole Center - TSL 10 mm wilh Spacar [
Zoom Scan Resolution dx, dy, dz = 5 mm I
Frequency 2450 MHz £ 1 MHz
Head TSL parameters
The following paramelars and calculalions wera applied.
Temperature Parmittivity Conductivity
Nominal Head TSL parameters 220°C 39.2 1,80 mhafm
Measured Head TSL parameters (220:0.2)°C BELEY 1.80 mhofm £ 6 %
Head TSL temperature change during test <1.0°C —
SAR result with Head TSL N
SAR averaged over1 o’ (1 g) of Head TSL Condifion
SAR measurad 250 MW linpul power 133mW/ig
SAR for nomanal Head TSL paramelars noimakzed lo 1W 534 mW Jg £ 18.8 % (ke=2)
SAR averaged over 10 o (10 g} of Head TSL Condition
SAR measured 250 mW iinpul power 619 mwW /g
SAR for nominal Head TSL parameless normakized o 1W 24.7 mW /g £ 18.7 % (kn2)
Body TSL parameters
The following paramelers and calculalions were applied. R N
Temperature Permittivity Conductivity
Hominal Body TSL parameters 220°C 52.7 1.85 mhoim
Measured Body TSL paramelors (22002 °C 52346 % 1.98 mhoim + B %
Body T5L temperature change during test <1.0°C -
SAR result with Body TSL
SAR averaged over1 cm’ {1 g) of Body TSL Condition I
L]
SAR measured 250 mW inpul power 130mW i g
SAR for nominal Body TSL parameters normalized to 1W 51.5 mW Ig £ 18.8 % (k=2)
SAR averaged over 10 cm’ (10 g) of Body TSL Condition
SAR measured 250 mW inpul power BA3mW /g
SAR for nominal Body TSL paramelers normalized o 1W 24.4 mW g £ 18.7 % (k=2)

Certificate No: £Z18-60338
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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+ 3630
Retwn Loss - 26.4d8

Antenna Parameters with Body TSL

Impedance, transformed to feed point 49 60+ 5.36/0
Return Loss -254d8B

General Antenna Parameters and Design

[ Electrical Delay (one direction) | 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
alfected by this change. The overall dipole length is still according to the Standard.

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

Additional EUT Data

Manufactured by | _ SPEAG

Certificate No: Z18-60338 Page 4 of 8
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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:

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

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

Sensor-Surface: 1.4mm (Mechanical Surface Detection)

Electronics: DAE4 Sni524; Calibrated: 97132017

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

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

dy=Smm, 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

dB8
0

-4.32

B.64

-12.96

17.28

21,50

0 dB = 22.4 W/kg = 13.50 dBW/kg
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Impedance Measurement Plot for Head TSL

Tl 311 Uog sag 10, 004w/ mef 0.00008 [Fi)

30,00 1 3 4560660 Gnz 36,406 d8
40.00

10.00
20.00
10,00
0.000)
-10.00
~20.00
-30.00
~40.00

-30,00

DR S11 seith (Redx) Scale 1.000u [FL Del)
31 2,4500000 GMz  $3.359 0 3.6314 0 235.90-pH" \\

-~

v

o ——

\

Certificate No: Z18-60338

Report No.: WT208000773

(

i

T RPN R TR

~———
C FEWIOH

Page 6 of 8

S0 263 G IR

Page 64 of 92



5 In Collaboration with
1717, s p e a g
\/ CALIBRATION LABORATORY

Add: No.5S1 Xueywan Road, Haidian Disirict, Beijing, 100191, China
Tel; +86-10-62304633-2079 Fax: +86-10-62304633-2504
Eemail: culi@chinattl.com hitp-wwwechinattl.cn

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 Sn1524; 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=5mm, 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

-20.80

0 dB = 21.4 W/kg = 13.30 dBW/kg
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Impedance Measurement Plot for Body TSL
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Client sMQ Certificate No:  Z20-60040
Object D2600V2 - SN: 1074
Calibration Procadure(s) FF-211-003-01
Calibration Procedures for dipole validation kits
Calibration date: January 2, 2020

This calibration Certificate documents the traceabiity 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 part of the certificate.

All calibrations have been conducted In the closed laboratory faclity. environmen! temperature(22:3)C and
humidity<70%.

Calibration Equipment used (M&TE critical for calibration)

Primary Standards D# Cal Date(Calibrated by, Certficate No) __ Scheduled Calibration
Power Meter NRP2 108276 11-Apr-18 (CTTL, No.J18X02605) Apr-20
Power sensor NRPGA 101389 11-Apr-18 (CTTL, No.J19X02605) Apr-20
Reference Probe EX3DV4 | SN 3817 31-Jan-18(SPEAG No.EX3-3617_Jan19) Jan-20
DAE4 SN 1555 22-Aug-18(CTTL-SPEAG No.218-60285) Aug-20
Secondary Standards D# Cal Date(Calibrated by, Certificate No.) Scheduled Calibration
Signal Generator E4438C | MY498071430 23-Jan-18 (CTTL, No. J18X00336) Jan-20
Network Analyzer ES071C | MY48110673  24-Jan-18 (CTTL. No.J18X00547) Jan-20

Name Function Signature

Calibrated by Znao Jing SAR Test Engineer ; '&

Reviewed by. Lin Hao SAR Test Engineer \M .

Approved by Qi Dianyuan SAR Project Leader 4?,.‘;,9/(‘“/;_

Issued: January 8, 2020
This calibration centificate shall not be reproduced except in full without written approval of the laboratory.

Certificate No: Z20-60040
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Glossary:
TSL tissue simulating liquid
ConvF sensitivity in TSL/ NORMx.,y,z
N/A not applicable or not measured

Calibration is Performed According to the Following Standards:

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

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

c) IEC 62208-2, “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 o the feed point. The Return Loss ensures low
reflected power. No uncertainty required.

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

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

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

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

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

Certificate No: 220-60040 Page 20f 8
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Measurement Conditions
DASY system configuration. as far as not gven on page 1
DASY Version DASYS2 V52103
Extrapolation Advanced Extrapolation
Phantom Triple Flat Phantom 5.1C
Distance Dipole Center - TSL 10 mm with Spacer
Zoom Scan Resolution dx, dy, dz =5 mm
Frequency 2800 MHz £ 1 MHz
Head TSL parameters
The following parameters and caiculations were "
Temperature Permittivity Conductivity
Nominal Head TSL parameters 220°C 390 1.98 mho/m
Measured Head TSL parameters (220£02)°C 385+6% 1.94 mho/m £ 6 %
Head TSL temperature change during test <10*C — —
SAR result with Head TSL
SAR averaged over 1 cm’ (1 g) of Head TSL Conditon
SAR measured 250 mW input power 142 Wig
SAR for nominal Head TSL parameters normalized to 1W 56.9 Wikg £ 18.8 % (k=2)
SAR averaged over 10 cm’ (10 g) of Head TSL Condition
SAR measured 250 mW input power 6.20 Whyg
SAR for nominal Head TSL parameters normalized to 1W 25.2 Wikg £ 18.7 % (k=2)
Body TSL parameters
appled.
Temporature Permittivity Conductivity
Nominal Body TSL parameters 220°C 525 2.16 mho/m
Measured Body TSL parameters (220:02)°C 52726% 215 mho/m £ 6 %
Body TSL temperature change during tost <10°*C - —
SAR result with Body TSL
SAR averaged over 1 cm’ (1) of Body TSL Condition
SAR measured 250 mW input power 13.6 Whg
SAR for nominal Body TSL parameters normalized to 1W 54.6 Wikg £ 18.8 % (k=2)
SAR averaged over 10 cm’ (10 g) of Body TSL Condition
SAR measured 250 mW input powes 8.02Whg
SAR for nominal Body TSL parameters normalized 1o 1W 24.1 Wikg £ 18.7 % (k=2)
Certificate No: Z20-60040 Page 3of
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Appendix(Additional assessments outside the scope of CNAS L0570)

Antenna Parameters with Head TSL

Impedance, transformed to feed point 45.10-8.89)Q
Return Loss -23.1¢8

Antenna Parameters with Body TSL

Impedance, transformed to feed point 46.20- 56510
Return Loss -23.0d8

General Antenna Parameters and Design

Electrical Delay (one direction) 1.012ns

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: 220-60040 Page tof 8
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DASYS5 Validation Report for Head TSL Date: 01.02.2020
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 = 1.943 S/m; &, = 38.52; p = 1000 kg/m3
Phantom section: Center Section
DASYS5 Configuration:

« Probe: EX3DV4 - SN3617; ConvF(7.19, 7.19. 7.19) @ 2600 MHz; Calibrated:
1/31/2019

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

o Electronics: DAE4 Sn1555; Calibrated: 8/22/2019

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

¢ Measurement SW: DASYS52, Version 52.10 (3); SEMCAD X Version 14.6.13
(7474)

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

Reference Value = 103.8 V/m; Power Drift = 0.04 dB

Peak SAR (extrapolated) = 30.9 Wkg

SAR(1 g) = 14.2 W/kg; SAR(10 g) = 6.29 W/kg

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

Ratio of SAR at M2 to SAR at M1 = 46.4%

Maximum value of SAR (measured) = 24.4 W/kg

dB

0 dB=24.4 W/kg = 13.87 dBW/kg

Certificate No: Z20-60040 Page 5 of 8
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Impedance Measurement Plot for Head TSL
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DASYS Validation Report for Body TSL Date: 01.02.2020
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 = 2,145 S/m; & = 52.74; p = 1000 kg/m3
Phantom section: Right Section
DASY'5 Configuration:

* Probe: EX3DV4 - SN3617; ConvF(7.49, 7.49, 7.49) @ 2600 MHz; Calibrated:
1/31/2019

» Sensor=Surface: 1. 4nmm (Mechanicul Surfuce Detection)

e Electronics: DAE4 Sn13555; Calibrated: 8/22/2019

e Phantom: MFP_VS5.1C ; Type: QD 000 PS1CA; Serial: 1062

e Measurement SW: DASY52, Version 52.10 (3); SEMCAD X Version 14.6.13
(7474)

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

Reference Value = 95.00 V/m: Power Drift = 0.05 dB

Peak SAR (extrapolated) = 29.4 Wkg

SAR(1 g) = 13.6 W/kg; SAR(10 g) = 6.02 W/kg

Smallest distance from peaks to all points 3 dB below = 8 mm

Ratio of SAR at M2 to SAR at M1 =47.2%

Maximum value of SAR (measured) = 23.4 Wikg

dB

I 0
-4.62

-9.25

-13.87

-18.50

-23.12

0 dB =23.4 W/kg = 13.69 dBW/kg

Certificate No: Z20-60040 Page 7 of 8
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Impedance Measurement Plot for Body TSL
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Client sMQ
Object D5GHzV2 - SN: 1185
Calibration Procedure(s) £F-211-003-01

Calibration Procedures for dipole validation kits

Calibraton date December 31, 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 of the certificate

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

Calibration Equipment used (MATE critical for calibrabon)

Primary Standards ID# Cal Date(Calibrated by, Certificate No) _ Scheduled Calibration
Power Meter NRP2 | 106276 11-Apr-18 (CTTL, No J19X02605) Apr-20
Power sensor NRPSA | 101369 11-Apr-18 (CTTL, No.J16X02605) Apr-20
ReferenceProbe EX3DV4 | SN 3617 31-Jan-19(SPEAG No EX3-3617_Jan19) Jan-20
DAE4 SN1565  22-Aug-19(CTTL-SPEAGNo.Z19-80295) Aug-20
Secondary Standards | ID# Cal Date(Calibrated by, Certificate No)  Scheduled Calibration
Signal Generator E4433C | MY49071430 23-Jan-18 (CTTL, No.J19X00336) Jan-20
NetworkAnalyzerES074C | MY46110673  24-Jan-10 (CTTL, No.J16X00547) Jan-20

Name Function =2 -Signature

Colorated by Zhao Jing SAR Test Engineer N #

Reviewed by Lin Hao SAR Test Engineer BT €

Approved by. Qi Dianyuan SAR Project Leader el /

Issued January 7, 2018
This catibration certificate shall not be reproduced except in full without written approval of the laboratory

Certificate No: Z20-6004 | Page 1 of 14
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Glossary:
TSL tissue simulating liquid
ConvF sensitivity in TSL/ NORMx y,2
N/A not applicable or not measured

Calibration is Performed According to the Following Standards:

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

b) IEC 62209-1, "Measurement procedure for 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
6GH2)", 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.

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.

« 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 uncertainty of
Measurement multiplied by the coverage factor k=2, which for a nomal distribution
Corresponds to a coverage probability of approximately 95%.

Certificate No: Z20-60041 Page2o0f 14
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Measurement Conditions
DASY system configuration, as far as not given on page 1.

DASY Version DASYS2 V52.10.3

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 direction)
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 20°C 359 4.71 mho/m
Measured Head TSL parameters (22.0+0.2)°C 368£6% 465 mho/m £6 %
Head TSL temperature change during test <10°C - -

SAR result with Head TSL at 5250 MHz

SAR averaged over1 ¢m” (1 g) of Head TSL Condition

SAR measured 100 mW input power 7.61 Wikg

SAR for nominal Head TSL parameters normalized to 1W 76.5 Wikg £ 24.4 % (k=2)

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

SAR measured 100 mW input power 217 Wikg

SAR for nominal Head TSL parameters normalized to 1W 21.8 Wikg £ 24.2 % (k=2)
Certificate No: Z20-60041 Page 3 of 14
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Head TSL parameters at 5600 MHz

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

The following parameters and calculations were applied.

Temperature Permittivity Conductivity

Nominal Head TSL parameters 220°C 355 5.07 mhoim
Measured Head TSL parameters (220x0.2)°C 362t6% 5.03 mho/m + 8 %
Head TSL temperature change during test <1.0°C - -

SAR result with Head TSL at 5600 MHz
SAR averaged over1 om° (1 g) of Head TSL Conditian
SAR measured 100 mW input power 7.99 Wikg
SAR for nominal Head TSL parameters normalized to 1W 80.2 Wikg = 24.4 % (k=2)

SAR averaged over 10 ¢m1° (10 g) of Hoad TSL

Condition

SAR measured

100 mW input power

2.27 Wikg

SAR for nominal Head TSL parameters

normalized to 1W

22.8 Wikg £ 24.2 % (k=2)

Head TSL parameters at 5750 MHz

The following parameters and calculations were applied.

Page 78 of 92

Temperature Permittivity Conductivity

Nominal Head TSL parameters 220°C 354 5.22 mho/m
Measured Head TSL parameters (220:0.2)°C BO0x6% 519 mho/m+6 %
Head TSL temperature change during test <10"C - -

SAR result with Head TSL at 5750 MHz
SAR averaged over1 ¢m° (1 g) of Hoad TSL Condition
SAR measured 100 mW input power 7.80 Wikg
SAR for nominal Head TSL parameters normalized to 1W 78.2 Wikg £ 24.4 % (k=2)
SAR averaged over 10 ¢m” (10 g) of Head TSL Condition
SAR measured 100 mW input power 2.21 Wikg
SAR for nominal Head TSL parameters normalized to 1W 22.2 Wikg * 24.2 % (k=2)

Certificate No: Z20-6004 1 Page 4 of 14
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Body TSL parameters at 5250 MHz
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The following parameters and calculations were applied.

Temperature Permittivity Conductivity
Nominal Body TSL parameters 220°C 489 5.36 mho/m
Measured Body TSL parameters (220202)°C 487x6% 5.32 mho/m £ 6 %
Body TSL temperature change during test <1.0°C - -
SAR result with Body TSL at 5250 MHz
SAR averaged over1 ¢m’ (1 g) of Body TSL Condition
SAR measured 100 mW input power 7.43 Wkg
SAR for nominal Body TSL parameters normalized to 1W 74.2 Wikg * 24.4 % (k=2)
SAR averaged over 10 ¢m” (10 g) of Body TSL Condition
SAR measured 100 mW input power 2.08 Wkg
SAR for nominal Body TSL parameters normalized to 1W 20.8 W/kg £ 24.2 % (k=2)
Body TSL parameters at 5600 MHz
The following parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Body TSL parameters 220°C 485 5.77 mho/m
Measured Body TSL parameters (220 0.2) °C 480+6% 579 mho/m+6 %
Body TSL temperature change during test <1.0°C - G
SAR result with Body TSL at 5600 MHz
SAR averaged over1 cm’ (1 g) of Body TSL Condition
SAR measured 100 mW input power 7.70 Wikg
SAR for nominal Body TSL parameters normalized to 1W 76.9 Wikg £ 24.4 % (k=2)
SAR averaged over 10 ¢’ (10 g) of Body TSL Condition
SAR measured 100 mW input power 217 Wkg
SAR for nominal Body TSL parameters normalized to TW 21.7 Wikg £ 24.2 % (k=2)
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Body TSL parameters at 5750 MHz

The following parameters and calculations were applied,

Temperature Permittivity Conductivity

Nominal Body TSL parameters 22.0°C 48.3 5.94 mhao/m
Measured Body TSL parameters {22.0£02)°C 47T +6% 6.02 mha/m + & %
Body TSL temperature change during test =1.0°C — ——

SAR result with Body TSL at 5750 MHz
SAR averaged over 1 em’ {1 @) of Body TSL Condition
SAR measured 100 mWW input power 7.30 Wikg
SAR for nominal Body TSL parameters. normalized 1o 1W T2.8 Wikg + 24.4 % (k=2)
SAR averaged over 10 cm’ (10 g} of Body TSL Condition
SAR measured 100 mW input power 2.03 Whkg
SAR for nominal Body TSL parameters. normalized o 1W 20.2 Wikg £ 24.2 % (k=2
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Appendix (Additional assessments outside the scope of CNAS L0570)
Antenna Parameters with Head TSL at 5250 MHz

Impedance, transformed to feed point 49.30 - 5.08jQ

Return Loss -25.8d8
Antenna Parameters with Head TSL at 5600 MHz

Impedance, transformed to feed point 55.200-2.17jQ

Retum Loss -25.5d8
Antenna Parameters with Head TSL at 5750 MHz

Impedance, transformed to feed point 55.60-0.52j0

Retun Loss -255dB
Antenna Parameters with Body TSL at 5250 MHz

Impedance, transformed to feed point 49.30 - 3.89i0

Return Loss -28.0cB
Antenna Parameters with Body TSL at 5600 MHz

impedance, transformed to feed paint 53.90-2.71jQ

Return Loss -26.7dB
Antenna Parameters with Body TSL at 5750 MHz

Impedance, transformed to feed point 55.80-2.17j0

Return Loss -24.7d8B
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General Antenna Parameters and Design

Electrical Delay (one direction) [ 1.086 ns

A

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 amm 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
connechons near the feedpoint may be damaged.

Additional EUT Data

Manufactured by SPEAG
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DASYS5 Validation Report for Head TSL Date: 12.31.2019
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 = 4.652 S/im; ¢, = 36.81; p = 1000
kg/m3, Medium parameters used: f = 5600 MHz; o = 5.027 S/m; ¢, = 36.19; p =
1000 kg/m3, Medium parameters used: f= 5750 MHz; 0 = 5.19 Sim; g, = 35.96; p =
1000 kg/m3,
Phantom section: Center Section
DASYS5 Configuration:
* Probe: EX3DV4 - SN3617; ConvF(5.39, 5.39, 5.39) @ 5250 MHz; ConvF(5.086,
5.06, 5.06) @ 5600 MHz; ConvF(5.07, 5.07, 5.07) @ 5750 MHz; Calibrated:
1/31/2019
* Sensor-Surface: 1.4mm (Mechanical Surface Detection)
* Electronics: DAE4 Sn1555; Calibrated: 8/22/2019
* Phantom: MFP_V5.1C ; Type: QD 000 P51CA; Serial: 1062
* Measurement SW: DASY52, Version 52.10 (3); SEMCAD X Version 14.6.13
(7474)

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 = 64.41 V/m; Power Drift = -0.02 dB

Peak SAR (extrapolated) = 31.5 W/kg

SAR(1 g) =7.61 W/kg; SAR(10 g) = 2.17 Wikg

Smallest distance from peaks to all points 3 dB below = 7.2 mm

Ratio of SAR at M2 to SAR at M1 = 65.3%

Maximum value of SAR (measured) = 18.1 Wikg

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 = 64.02 V/m; Power Drift = -0.01 dB

Peak SAR (extrapolated) = 36.2 W/kg

SAR(1 g) = 7.99 Wikg; SAR(10 g) = 2.27 W/kg

Smallest distance from peaks to all points 3 dB below = 7.4 mm

Ratio of SAR at M2 to SAR at M1 =62.7%

Maximum value of SAR (measured) = 19.5 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 = 63.14 V/m; Power Drift = 0.01 dB

Peak SAR (extrapolated) = 36.9 W/kg

SAR(1 g) = 7.8 W/kg; SAR(10 g) = 2.21 W/kg

Smallest distance from peaks to all points 3 dB below = 7.5 mm

Ratio of SAR at M2 to SAR at M1 = 59.5%

Maximum value of SAR (measured) = 19.3 W/kg

dB8
0

-7.11

-14.23

-21.34

-28.46

-35.57

0dB =19.3 Wkg = 12.86 dBW/kg
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Impedance Measurement Plot for Head TSL
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DASYS Validation Report for Body TSL Date: 12.30.2019
Test Laboratory: CTTL, Beijing, China
DUT: Dipole 5GHz; Type: D5GHzV2; Serial: DSGHzV2 - SN: 1185
Communication System: CW; Frequency: 5250 MHz, Frequency: 5600 MHz,
Frequency: 5750 MHz,
Medium parameters used: f = 5250 MHz; o = 5.317 S/m;, ¢ = 48.69; p = 1000
kg/m3, Medium parameters used: f = 5600 MHz; ¢ = 5.79 S/m; ¢, = 48.02; p = 1000
kg/m3, Medium parameters used: f = 5750 MHz; 0 = 6.019 S/m; &, = 47.69; p =
1000 kg/m3,
Phantom section: Right Section
DASYS Configuration:
* Probe: SN36817; ConvF(4.76, 4.76, 4.76) @ 5250 MHz; ConvF(4.23, 4.23, 4.23)
@ 5600 MHz; ConvF(4.36, 4.36, 4.36) @ 5750 MHz; Calibrated: 1/31/2019,
Sensor-Surface: 1.4mm (Mechanical Surface Detection)
Electronics: DAE4 Sn1555; Calibrated: 8/22/2019
Phantom: MFP_V5.1C ; Type: QD 000 P51CA; Serial: 1062
Measurement SW: DASY52, Version 52.10 (3); SEMCAD X Version 14.6.13
(7474)

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 = 66.27 V/m; Power Drift = -0.04 dB

Peak SAR (extrapolated) = 29.5 W/ikg

SAR(1 g) = 7.43 Wikg; SAR(10 g) = 2.08 W/kg

Smallest distance from peaks to all points 3 dB below = 7.2 mm

Ratio of SAR at M2 to SAR at M1 =65.1%

Maximum value of SAR (measured) = 17.5 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 = 66.02 V/m; Power Drift = -0.01 dB

Peak SAR (extrapolated) = 34.0 W/kg

SAR(1 g) = 7.7 Wikg; SAR(10 g) = 2.17 W/kg

Smallest distance from peaks to all points 3 dB below = 7.2 mm

Ratio of SAR at M2 to SAR atM1=61.7%

Maximum value of SAR (measured) = 18.8 W/kg
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