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6.4. D835V2 Dipole Calibration Certificate

Calibration Laboratory of ‘\‘E_L')" S Schweizarischer Kallbrierd
Schmid & Partner » . G Service suisse détalonnage
Engineering AG e Servizio svizzero di taratura

Zeughausstrasse 43, 8004 Zurich, Switzeriand 4¢,4ﬁ\,>3‘ S swiss Calibration Service
Accrediled by the Swiss Accreditation Service (SAS) Accreditation No.: SCS 0108
The Swiss Accreditation Service is one of the signatories to the EA

Multilsteral Ag t for the recognition of calibration certificates

client  CTTL-BJ (Auden) Certificate No: DB35V2-4d069_Jul16
CALIBRATION CERTIFICATE

Object D835V2 - SN:4d069

Calibration procedure(s) QA CAL-05.v9

Calibration procedure for dipole validation kits above 700 MHz

Galibration date: July 20, 2016

This calibration certificate documents the traceability o national standards, which realize the physical units of measurements (SI).
The measuremants and the ur ies with confl probability are given on the following pages and are part of the certificate.

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

Calibration Equipment used (MATE critical for calibration)

Primary Standards D # Gal Date (Certificate No.) Scheduled Calibration
Power meler NRP SN 104778 06-Apr-16 (No. 217-02288/02289) Apr-17

Power sensot NRP-Z91 SN: 103244 06-Apr-16 (No. 217-02088) Apr-17

Power sensor NRP-Z91 SN: 103245 D6-Apr-16 (No, 217-02289) Apr-17

Reference 20 dB Attenuator SN: 5058 (20k) 05-Apr-16 (No. 217-02202) Apr-17

Type-N mismatch combination SN: 5047.2 / 06327 05-Apr-16 (No. 217-02205) Apr-17

Referance Probe EX30V4 SN: 7348 15-Jun-16 (No, EX3-7349_Jun16) Jun17

DAE4 SN; 601 30-Dec-15 (No. DAE4-601_Dec15) Dec-16

Secondary Standards Dw Check Date (in house) Scheduled Check
Powar mater EPM.4424 SN: GB37480704 07-0ct-15 (No. 217-02222) In house check: Oct-16
Power sensor HP B481A SN: US37202783 07-0c1-15 (No. 217-02222) In house chack: Oct-16
Power sensor HP 8481A SN: MY41082317 07-Oct-15 (No. 217-02223) In house check: Oct-16
AF generator A&S SMT-08 SN: 100972 15-Jun-15 (in housa chack Jun-15) In house check: Oct-16
Network Analyzer HP B763E SN: US37300585 18-Oct-01 (in house check Oct-15) In house check: Dei-16

Name Function

Signature
Callbrated by Michael Weber Laboratory Technician M
Approved by, Katja Pokavic Technical Manager ﬁg

Issued: July 22, 2016

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

Report No.: MTi170712E113

. Schwelzerischer Kalibrierdienst
Schmid & Partner Service suisse d'étalonnage
Engineering AG Servizio svizzero di taratura

Zeughausstrasse 43, 8004 Zurich, Switzerland Swiss Calibration Service

Accredited by the Swiss Accreditation Service (SAS) Accreditation No.: SCS 0108
mmmmmhmumedmwuuu
Multilateral Agraement for the recognition of calibration certificates

Glossary:

TSL tissue simulating liquid

ConvF sensitivity in TSL / NORM x,y,z
N/A not applicable or not measured

Calibration is Performed According to the Following Standards:

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

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

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

d) KDB 865664, “SAR Measurement Requirements for 100 MHz to 6 GHz"

Additional Documentation:
e) DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

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

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

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

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

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

» 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: DB35V2-4d069_Jul& Page 2 of 8
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Measurement Conditions

DASY system configuration, as far as not given on page 1.

Report No.: MTi170712E113

SAR

DASY Version DASYS V52.8.8
Extrapolation Advanced Extrapolation
Phantom Modular Flat Phantom
Distarice Dipole Center - TSL 15 mm with Spacer
Zoom Scan Resolution dx, dy, dz =5 mm
Frequency 835 MHz + 1 MHz
Head TSL parameters
The following parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Head TSL parameters 22.0°C 41.5 0.90 mho/m
Measured Head TSL parameters (22.0=0.2)°C 4066 % 0.94 mho/m +6 %
Head TSL temperature change during test <05°C —— -
result with Head TSL
SAR averaged over 1 cm® (1 g) of Head TSL Condition
SAR measured 250 mW input power 2.45 Wikg

SAR for nominal Head TSL parameters

normalized to 1W

9.44 W/kg = 17.0 % (k=2)

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

condition

SAR measured

250 mW input power

1.59 W/kg

SAR for nominal Head TSL parameters

normalized to 1W

6.18 W/kg + 16.5 % (k=2)

SAR

Body TSL parameters
The following parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Body TSL parameters 220°C 55.2 0.97 mho/m
Measured Body TSL parameters (22.0 =+ 0.2) °C 549+6% 1.01 mho/m =6 %
Body TSL temperature change during test <05°C b S
result with Body TSL
SAR averaged over 1 em® (1 g) of Body TSL Condition
SAR measured 250 mW input power 2,50 Wikg
SAR for nominal Body TSL parameters normalized to 1W 9.69 W/kg £17.0 % (k=2)
SAR averaged over 10 cm® (10 g) of Body TSL condition
SAR measured 250 mW input power 1.63 W/kg

SAR for nominal Body TSL parameters

normalized to 1W

6.36 Wikg = 16.5 % (k=2)

Certificate No: D835V2-4d069_Jul16
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Appendix (Additional assessments outside the scope of SCS 01 08)
Antenna Parameters with Head TSL

Impedance, transformed to feed point 51.90-21jQ
Return Loss -31.1dB

Antenna Parameters with Body TSL

Impedance, transformed to feed point 488Q-25iQ
Return Loss -31.0dB

General Antenna Parameters and Design

| Etectrical Delay (one direction) 1.394 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
Manufactured on November 09, 2007

Certificate No: D835V2-4d069_Jul16 Page4 of 8
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DASYS5 Validation Report for Head TSL

Report No.: MTi170712E113

Date: 20.07.2016
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 835 MHz D835V2; Type: D835V2; Serial: D835V2 - SN:4d069
Communication System: UID 0 - CW: Frequency: 835 MHz
Medium parameters used: f = 835 MHz; 0 = 0.94 S/m; & = 40.6: p = 1000 kg/m’

Phantom section: Flat Section
Measurement Standard: DASYS (IEEE/IEC/ANSI C63.19-2011)

DASYS52 Configuration:
* Probe: EX3DV4 - SN7349; ConvF(9.72, 9.72, 9.72): Calibrated: 15.06.2016;
* Sensor-Surface: 1.4mm (Mechanical Surface Detection)
* Electronics: DAE4 Sn601; Calibrated: 30.12.2015

+ Phantom: Flat Phantom 4.9L; Type: QDOOOP49AA: Serial: 1001

L]

DASYS52 52.8.8(1258); SEMCAD X 14.6.10(7372)

Dipole Calibration for Head Tissue/Pin=250 mW, d=15mm/Zoom Scan (7x7x7)/Cube 0:
Measurement grid: dx=5mm, dy=5mm, dz=5mm

Reference Value = 62.09 V/m; Power Drift = 0.02 dB

Peak SAR (extrapolated) = 3.70 W/kg

SAR(1 g) = 2.45 W/kg: SAR(10 g) = 1.59 W/kg

Maximum value of SAR (measured) = 3.26 Wikg

e

0dB =3.26 W/kg =5.13 dBW/kg

Centificate No: DB35V2-4d069_Jul16 Page 5 of 8
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Impedance Measurement Plot for Head TSL

20 Jul 2016 13:37:09
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DASYS5 Validation Report for Body TSL

Report No.: MTi170712E113

Date: 20.07.2016
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 835 MHz D835V2; Type: D835V2; Serial: D835V2 - SN: 4d069
Communication System: UID 0 - CW: Frequency: 835 MHz
Medium parameters used: f = 835 MHz: o = 1.01 S/m; & = 54.9; p = 1000 kg/m*

Phantom section: Flat Section
Measurement Standard; DASYS (IEEF/IEC/ANSI C63. 19-2011)

DASYS52 Configuration:
* Probe: EX3DV4 - SN7349; ConvF(9.73, 9.73, 9.73); Calibrated: 15.06.2016;
» Sensor-Surface: 1.4mm (Mechanical Surface Detection)
¢ Electronics: DAE4 Sn601; Calibrated: 30.12.2015
* Phantom: Flat Phantom 5.0 (back); Type: QDOOOPS0AA: Serial: 1002
*» DASYS52 52.8.8(1258); SEMCAD X 14.6.10(7372)

Dipole Calibration for Body Tissue/Pin=250 mW, d=15mm/Zoom Scan (7x7xT)/Cube 0:
Measurement grid: dx=5mm, dy=5mm, dz=Smm

Reference Value = 60.64 V/m: Power Drift = -0.02 dB

Peak SAR (extrapolated) = 3,68 W/kg

SAR(1 g) = 2.5 W/kg; SAR(10 g) = 1.63 W/kg

Maximum value of SAR (measured) = 3.31 W/kg

"2 .00
-4.00
-6.00

-10.00

0dB =3.31 W/kg =5.20 dBBW/kg

Certificate No: DB35V2-4d069_Jul16 Page 7 of 8
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Impedance Measurement Plot for Body TSL

20 Jul 2016 18:16:35
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6.5. D1750V2 Dipole Calibration Certificate
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Add: No S Xueyuan Road, Haidian District, Beijing. 100191, China P CALIBRATION
Tel: +86-10-62304633-2079  Fax: +86-10-62304633-2504 pi No. L0570
E-mail: ettligchinattl.com Hetpe/iwww.chinatt].en
DASYS Validation Report for Head TSL Date: 25.07.2015

Test Laboratory: TMC, Beijing. China

DUT: Dipole 1750 MHz; Type: D1750V2; Serial: D1750V2 - SN: 1062
Communication System: UID 0, CW: Frequency: 1750 MHz:Duty Cycle: 1:1
Medium parameters used: = 1750 MHz: o = 1.352 S/m: & = 39.69; p = 1000 kg/m’
Phantom section: Center Section
Measurement Standard: DASYS (IEEE/TEC/ANST C63.19-2007)

DASYS Configuration:

e Probe: EX3DV4 - SN3846; ConvF(7.85, 7.85, 7.85); Calibrated: 2014-09-03:

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

« Electronics: DAE4 Sn1331; Calibrated: 2015-01-23

¢ Phantom: Triple Flat Phantom 3.1C; Type: QD 000 P51 CA: Senal: 1161/2

« Measurement SW: DASYS2, Version 52.8 (8): SEMCAD X Version 14.6.10
(7331)

Svstem Performance Check at Frequencies above 1 GHz/d=10mm, Pin=250 mW,
dist=2.0mm (EX-Probe)/Zoom Scan (7x7x7) (7x7x7)/Cube 0: Measurement grid:
dx=3mm. dy=3mm. dz=3mm

Reference Value = 98.92 V/m: Power Dnft = (.03 dB

Peak SAR (extrapolated) = 163 W/kg

SAR(I g) = 9.2 W/kg: SAR(10 g) = 4.97 W/kg

Maximum value of SAR (measured) = 13.0 Wikg

-6.07
-12.14
-18.20

-24.27

-30.34
0dB =129 W/kg = 11.10 dBW/kg

Certificate No: Z15-97069 Page 5 of 8
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In Collsbosation with S0

CALIBRATION

Add: No.51 Xueyuan Road, Haidian District, Beijing. 100191, China
e Mo. L0570

Tel: +86-10-62304633-2070  Fux: +86-10-62304633-2504
E-mail: enli@chinattl.com Hitp:/'www.chinattl.cn

DASYS5 Validation Report for Body TSL
Test Laboratory: TMC, Beijing, China
DUT: Dipole 1750 MHz; Type: D1750V2; Serial: D1750V2 - SN: 1062
Communication System: UID 0, CW: Frequency: 1750 MHz:Duty Cycle: 1:1
Medium parameters used: = 1750 MHz: o = 1 47 S/m; & = 54.3; p = 1000 kg/m’
Phantom section: Right Section
Measurement Standard: DASYS (IEEE/TEC/ANSI C63.19-2007)

Date: 25.07.2015

DASYS Configuration:
e Probe: EX3DV4 - SN3846: ConvF(7.36, 7.56, 7.56); Calibrated: 2014-09-03:
e Sensor-Surface: Zmm (Mechanical Surface Detection)
» Electronics: DAE4 Sn1331; Calibrated: 2015-01-23
« Phantom: Triple Flat Phantom 5.1C: Type: QD000 P51 CA: Serial: 1161/3
o Measurement SW: DASYS2, Version 52.8 (8); SEMCAD X Version 14.6.10

(7331)

System Performance Check at Frequencies above | GHz/d=10mm, Pin=250 mW,
dist=2.0mm (EX-Probe)/Zoom Scan (7x7x7) (Tx7x7)/Cube 0: Measurement grid:
dx=5mm, dy=3mm, dz=5mm

dB

Reference Value = 95.11 Vim; Power Drlt = 0.02
Peak SAR (extrapolated) = 16.4 Wikg
SAR(1 g) =9.22 Wikg; SAR(10 g) = 4.95 W/kg

Maximum value of SAR (measured) 3.0W

L4

=6.34

-12.67

-19.01

-25.35

I — | i e izt
-31.69 B
0dB=12.8 Wkg=11.07 dBW/kg

Certificate No: Z15-97069 Page 7 of B
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6.6. D1900V2 Dipole Calibration Certificate

Calibration Laboratory of Sehwairersscher Kslibrierdianst

Schmid & Partner Service sulsse d'étalonnage
Engineering AG Servizio svizzero o taratura

Teughaussirasse 43, B004 Zurich, Switzerland Swias Calibration Service

Accredited by the Swess AccredBaton Servce (SAS)
The Swiss Accreditation Service is one of the signatories 1o the EA
Multilatersi Agreement for the recognition of calibration certificates

Accreditation No 0108

Cerificate Ne: D1900V2-5d184_Jan15

Cabbtration procadurs|s)

QA CAL-05.v9
Calibration procedure for dipole validation kits above 700 MHz :

Catibrason date.

January 07, 2015

Tres cabbration certificats documents the racoabifly 1o national slanderds, mhich realize the physical units of measurements (S4)
The measuremants and I's unosrinies wih confidence probaniity are given on the followng pages and ane part of he cartifiests

Al caltrations have been conducied in the closed laboraiony faciity afmaronment hempemature (22 = 3)°C and humidity < 70%

Caltvation Equipment ussd (MATE crtical Yor calibeation)

Primary Standaros [iD# Cal Dl (Cadificabs No.) Schaduled Calbealion
| Power meter EPM-442A GBITLA0704 07-Oct-14 (Mo. 217-02020) Oct-15
Pawer seraoc HP B481A USSTHGTR) 07-Oct-14 (No. 217.02020) Oet-15
Power sersor HP B481A MYa1082317 07-Oct-14 (Na. 21 7-02021) Oct-15
Aeferance 20 0B Attoruasar SN 5058 (20K} 03-Apr14 (No. 217-01918) Agr-1%
| Tywre-N mismatch combination SN SD472/06327  OO-Apr14 (No 217-07821) Ape-15
Aelersnce Probe ESI0VS | SN; 3206 30-Dec-14 (No. E53.3205_Dect4) Deoe15
DAE4 | SN 801 18-Aug-14 (No. DAES-601_Augid) Aug15
Sacondsry Standards ID & Chack Dute {in house| Scheauded Chack =l
AF generalor HAS SMT-06 100005 04-Aug-§9 (in house check Dct-13) In house chack: Oct-16

Natwors Aratyzor HP 8753F USI7TI006ES 54208  18-0ct-01 (In houss chack Ogt-14) In house check: Qct-15

Name Function Signy
Catbraned by Gl Laubiar Lataratery Technetan \
Approved by Kafja Pokovic Technical Managor

e

Issusd: January 7, 2015

This Calbeation cerificate shal not be reproduced @xcepl in full wilhout wiitten approval of T bomatory

Certificate No: D1900V2-50184_Jan15 Page 1018
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Calibration Laboratory of Ry

Schmid & Partner %
Enginee AG b 3
m 8004 Zurich, Switzeriand N

A
A A
i, -ln'l-'\'

Accromiied by the Swiss Accrodtaton Servwon (SAS)
The Swiss Accreditstion Service is one of the signatories to the EA
Multiatersl Agresment for the recognition of calibration certiicates

Glossary:

TSL tissue simulating liguid

ConvF . sensitivity in TSL /NORM x,y,z
N/A not applicable or not measured

Calibration is Performed According to the Following Standards:

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

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

¢) KDB 865664, “SAR Measurement Requirements for 100 MHz to 6 GHz"

Additional Documentation:
d) 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.

s 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
connactor,

« 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: D180OV2-50164_Jan15 Page 20l 8
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st 0 9
Measurement Conditions
mvmmm_nmam#mws.
DASY Version DASYS V288
Extrapolation Advanced Extrapotation
Phantom Modular Fiat Phantom
Distance Dipole Center - TSL 10 mm with Spacer
Zoom Scan Resolution Ox. dy, dz =5mm
Frequency 1900 MHz + 1 MHz
Head TSL parameters
The following parameters and calcdlations were appiiod.
’ Temperature Permittivity Conductivity
Nominal Head TSL parameters 20°C 40.0 1.40 mho'/m
Measured Head TSL parameters 220202)°C 401268% 1.38 mho/m £ 6 %
Head TSL temperature change during test <05°C - —
SAR result with Head TSL
SAR averaged over 1 em” (1 g) of Head TSL Candition
SAR measured 250 mW input power 10.1 Whg
SAH for nominal Head TSL parameters normabzed 1o 1W 40.6 Wikg = 17.0 % (k=2)
SAR averaged over 10 cm’ (10 g) of Head TSL condition
SAR measwad 250 mW input power 5.32 Whg
SAR for nominal Head TSL parameters normalized o 1W 21.3 Wikg = 16.5 % (k=2)
Body TSL parameters
The following parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Body TSL parameters 220°C 533 1.52 mhaim
Measured Body TSL parameters (220202)°C 513:6% 1.50 mho/m £ 6 %
Body TSL temperature change during test <05°C . —
SAR result with Body TSL
SAR averaged over 1 cm’ (1 g) of Body TSL Conditicn
SAR measurad 250 mW input power 89.95 Wikg
SAR for nominal Body TSL parameters normalized to 1W 40.1 Wikg = 17.0 % (k=2)
SAR averaged over 10 cm’ (10 g) of Body TSL condihan
SAR measured 250 mW input powes 531 Wikg
SAR for norminal Body TSL parameters normalized to 1W 21.3 Wikg = 16.5 % (k=2)

Cartificate No: D1900V2-54194_Jan15 Pago 3of 8
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Appendix (Additional assessments outside the scope of SCS108)

Antenna Parameters with Head TSL
Impedance. ransformed to feed point 537Q+4802
Retum Loss -2454d8

Antenna Parameters with Body TSL

Impedance. transformed 1o feed point 4830+51j0
Retumn Loss ' ~-258d8

General Antenna Parameters and Design

| Electrical Delay (one direction) | 1201 ns

mwumuﬂwtmwmm-dpomr,anmingdmodpdummmmlnnbcmd.

The dipole is made of standard semirigid coaxial cable. The center conductor of the teeding line is directly connecied to the
second arm of the dipole. The antenna is therefore short-circulted for DC-signals. On some of the dipoles, small end caps
are added to the dipole arms in order fo improve matching when loaded according 10 the position as axpiained in the
"Measurernent Conditions” paragraph The SAR data are not atfected by this change. The averall dipole langth i still
according 1o the Standard.

No excassive force must be applied 1o the dipole arms, because they might bend or the soldered connsctions naar the
fesdpoint miy be damaged.

Additional EUT Data

Manutacturad by SPEAG
Manufactured on May 06, 2014

Certifcate No: D1900V2-54194_Jan18 Page 4ol @
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DASYS Validation Report for Head TSL

Date: 07,12.2015
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 1900 MHz; Type: D1900V2; Serial: D1900V2 - SN: Sd194

Communication System: UID 0 - CW; Freguency: 1900 MHz

Medium parameters used: f = 1900 MHz; o = 1.39 S/m; & = 40.1; p = 1000 kg/m’
Phantom section: Flat Section

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

DASYS2 Configuration
¢ Probe: ES3DV3 - SN3205; ConvF(3, 3. 5); Calibrated: 30.12.2014:
* Sensor-Surfuce: 3mm (Mechanical Surface Detection)
« Electronics: DAE4 Sn60], Calibrated: 18.08.2014
» Phantom: Flat Phantom 5.0 (front); Type: QDO0OPSOAA: Serial: 1001

o DASYS525288(1222); SEMCAD X 14.6,10(7331)
Dipole Calibration for Head Tissue/Pin=250 mW, d=10mm/Zoom Scan (7x7x7)/Cube 0:
Measurement grid: dx=5Smm, dy=5mm, dz=5mm
Reference Value = 98.35 V/m; Power Drift = 0.04 dB
Peak SAR (extrapolated) = 18.5 Wike

SAR(1 g) = 10.1 W/kg: SAR(10 g) = 5.32 W/kg
Maximum value of SAR (measured) = 12.7 Wikg

(]
nn

110

0dB=127 Wikg = 11.04 dBW/kg
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Impedance Measurement Plot for Head TSL
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DASYS Validation Report for Body TSL

Date: 07.01.2015
Test Laboratory: SPEAG, Zurnich, Switzerland
DUT: Dipole 1900 MHz; Type: D1900Y2; Serial: D1900V2 - SN: 84194

Commumication System: UID 0 - CW; Frequency: 1900 MHz

Medium parameters used: = 1900 MHz: 0 = 1.5 S/m; & = 53.3; p = 1000 kg/m"
Phantom section: Flut Section

Measurement Standard: DASY S (IEEE/TEC/ANS] C63.19-2011)

DASYS2 Configuration
e Probe: ESIDV3 - SN3205; ConvFi4.65, 4.65, 4.65); Calibruted: 30.12.2014;
*  Sensor-Surface; Inun (Mechanical Surface Detection)
* Electronics: DAE4 Sn601: Calibruted: 18.08.2014
+ Phamon: Flat Phantom 5.0 (back); Type: QDOOOPSOAA: Serial: 1002

s DASYS252.8.8(1222), SEMCAD X 14.6.10(7331)

Dipole Calibration for Body Tissue/Pin=250 mW, d=10mm/Zoom Scan (7x7x7)/Cube 0:
Measurement grid: dx=5mm, dy=5mm, dz=5mm

Reference Value = 9588 Vim; Power Dnifi = -0.00 dB

Peuk SAR (extrapolated) = 16.8 Wikg

SAR(I g) = 995 W/kg: SAR(10 g) = 5.31 Wikg

Maximum value of SAR (measured) = 12.6 W/kg

=ik

war

wn

OdB =126 Wikg = 11.00 dBW/kg

Cendicate No: D1900V2-50194_Jan15 Page 7 of 8




Microtest

ﬁ~“*ﬁ:ﬁ“ Page 143 of 186 Report No.: MTi170712E113
) {

Impedance Measurement Plot for Body TSL
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6.7. D2450V2 Dipole Calibration Certificate

Page 144 of 186 Report No.: MTi170712E113

Calibration I.abomtory of ‘&-\'g?nk_
Schmid & Partner —

Enginearing AG T
Zoughausatrasse 43, 8004 Zurich. Switreriand R

R

Accrediied by the Swiss Accredtabon Service (SAS)
The Swiss Accredilation Service is ono of the signatories to the EA
Muftilateral Agresment for the recognition of calibration certificates

ciem  SMQ (Auden)

D2450V2 - SN: 955

Calivration procedunsds) QA CAL-05.v9

Calibration procedure for dipole validation kits above 700 MHz

Galbration gate

January 08, 2018

Tmmmmm:mnmﬁnwmwm.mwrmnmma«-wm;
The massuremants and the uncoriainies with confidence prababiity 378 given on 1ha filawite pages and are par of the certficate

Al esibrators have bean conducted I he chosed laboralory faciity: anvironmant tenparsure (22 + 35°C ang humidty « 70%.

Calbraton Equiomant usad (MATE ciitical for calbeation)

Pravary Slandards 1D # Cal Date (Coriticass Ho. ) Sehaduled Calibraion
Power mete: EPM-S62A GE3IT480704 07-Oct-14 (Na. 217-02020) Ocs-15

Powse aensor HP BAETA UsIT9e7Es 07-0ct-14 (Mo, 217.02020) D18

Power aansor HP Bal1A MY 41002947 O7-Oct- 14 (No. 2§7.03831) Oc-16

F 20 d8 Ate 5N: 5058 (20k) DG-Apr-14 (No. 21701918 Apt-15

TyperN msmatch combraton SN S0472/06327  0G-Apr-14 (No. 217.01421) Aps15

Referance Probe ESIOV3 SN 200 30-Dwc-14 (Mo, E53-3206_Deci4) Dec-15

DAE4 | SN o 18-Aug-14 (No. DAE4-801_Augd) Aug-15

Sacongary Standanms |iDa Check Dws (in house) Schadulad Check

AF generator RAS SMT-06 100005 - Aug-8% (N housa check Ock13) In house check: Oc18
Natwork Analyzer HP B723E USITIN0SES S42086  18-0ct-01 (In house check Oct-14) In house check: D15

Name Furction
| Calrated by Claudo Loutier Luboratory Technician
lssued February 10, 2018

This cafibranon certitcate shall not be reproduced xcep! in [ull witiout writhen spproval of the laboratory
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Calibration Laboratory of L, S Schwesznrischer Katibrierdionst
Schmid & Partner pS——— Service sulsse d'étalonnage
Engineering AG % S S
Zeughaussirases 43, 8004 Zurich, Switeertand % ,_ﬁl\..\f S Swiss Calbration Service
Accrecited by the Swiss Accreditation Servics (SAS) Accreditation No.: SCS 0108

The Swiss Accreditation Service is one of The signatories to the EA
Multilaters! Agreement for the recognition of calibration certiticates

Glossary:

TSL tissue simulating liquid

ConvF sensitivity in TSL / NORM x.y.z
N/A not applicable or not measured

Calibration is Performed According to the Following Standards:

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

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

c) KDB 865664, "SAR Measurement Requirements for 100 MHz to 6 GHz"

Additional Documentation:
d) 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.

* Anlenna 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.

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

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

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

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

« 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%.

Ceddicale No- D2450V2.955 Jan152 Page 20l 8
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Measurement Conditions
DASY system configuration. as far as not onpage 1.
DASY Version DASYS vE2Ba
Extrapolation Advanced Extrapolation
Phantom Moaular Flat Phantom
Distance Dipole Center - TSL 10 mem with Spacer
Zoom Scan Resolution dx, dy, d2 =5 mm
Frequency 2450 MMz = 1 MMz
Head TSL parameters
The lollowing parameters and calculabions ware applied.
. y Temperature Parmittivity Conductivity
Nominal Head TSL parameters 220°C 392 1.80 mha/im
Measured Head TSL parameters {220+02)°C 307:26% 184 mho'm + 6 %
Head TSL temperature change during test <05*C e Fea
SAR result with Head TSL
SAR averaged over 1 cm® (1 g) of Mead TSL Candition
SAR measured 250 MW inpul powes 13.2 Wikg
SAR for nominal Mead TSL paramaters normalized to 1W 52.4 Whg = 17.0 % (ks2)
SAR averaged over 10 cm” (10 g) of Head TSL condition
SAR measured 250 mW input power 6.12 Wikg
SAR for nominal Head TSL parameters normatized o 1W 24.4 Wikg = 16,5 % (k=2)
Body TSL parameters
The following parameters and calculations wers applied.
Temperature Permittivity Conductivity
Nominal Body TSL parameters 220°C 827 1.65 mha/m
Measured Body TSL parametors (220202)°C 51.026% 2.03 mhoim = 6%
Body TSL temperature change during test <08°C - —
SAR result with Body TSL
SAR averaged over 1 om® (1 g) of Body TSL Condition
SARA measured 250 mW input power 138 Wikg
SAR for nominal Body TSL parameters normalized 10 1W 53.7 Wikg = 17.0 % (k=2)
SAR averaged over 10 cm’ (10 g) of Body TSL condition
SAR measured 250 mW irput power 6.8 Whyg
SAR for nominal Bady TSL parameters normalized to 1W 25.0 Wikg = 16.5 % (k=2)

Canificata No: D2450V2-055_Jan15/2 Page 3 of B
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Appendix (Additional assessments outside the scope of SCS108)
Antenna Parameters with Head TSL

Impedance. transformed to leed point 5480+3510

Aetumn Loss -249dB
Antenna Parameters with Body TSL

Impedance, transtormed to feed point 5120+49M0

Aetum Loss -26.0dB

General Antenna Parameters and Design

| Etectricat Delay (one direction) | 1165 ns

Afer long term use with 100W radiated power, anly & slight warming of the dipole near the feedpaint can be measured.

The dipole is made of standard semirigid coaxial cable. The center conductor of the feeding line is directly connected 1o the
second arm of the dipole. Tha antenna is therefore shont-circuited for DC-signals. On some of the dipoles, small end caps
are added to the dipole arms in order 1o improve matching when loaded according 1o the position as explained in the
‘Measurament Conditions” paragraph. The SAR data are not affected by this change. The overall dipole length is still

according 1o the Standard,
No excessive force must be appled 1o the dipole arms, because they might bend or the soidered connections near the
feadpoinm may be damaged.
Additional EUT Data
Manutacturad by SPEAG
Manutactured on August 05, 2014

Certfcate No: D24EOV2.855 Jan158/2 Paged ol B
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DASYS Validation Report for Head TSL

Date: 08.01.2015
Test Laboratory: SPEAG, Zunch, Switzerland
DUT: Dipole 2450 MHz; Type: D2450V2; Serial: D2450V2 - SN; 955

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

Medium parameters used: = 2450 MHz; o = 1,84 S/m; & = 39.7; p = 1000 kg/m’
Phantom section: Flat Section

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

DASYS52 Configuration
*  Probe: ESIDV3 - SN3205; ConvFi4 45, 4.45, 4.45); Calibrated: 30.12.2014;
* Sensor-Surface: 3mm (Mechanical Surface Detection)
*  Electronics: DAEA Sn601; Calibrated: 18.08.2014
= Phantom: Flai Phantom 5.0 (front); Type: QDOOOPSDAA; Serial: 1001

* DASYS2 52.8.8(1222);, SEMCAD X 14.6.10(7331)

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

Reference Value = 101.2 Vim; Power Drift = 0.03 dB

Peak SAR (extrapolated) = 27.5 Wikg

SAR(] g) = 13.2 W/kg: SAR(10 g) = 6.12 W/ikg

Maximum value of SAR (measured) = 1 7.5 Wikg

-5.00
-10.00
-15.00

-20.00

-25.00

0dB =175 Whkg= 1243 dBW/kg
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Impedance Measurement Plot for Head TSL
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DASYS Validation Report for Body TSL
Date: 08.01.2015

l'est Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 2450 MHz; Type: D2450V2; Serial: D2450V2 - SN: 955
Communication System: UID 0 - CW; Frequency: 2450 MHz ‘
Medium parameters used: f = 2450 MHz; o = 2.03 S/m; & = 51; p = 1000 kg/m
Phantom section: Flat Section
Measurement Standard: DASYS (IEEEAEC/ANSI C63.19-2011)
DASYS2 Configuration:

- I’n.\ht'? ES3DV3 - SN3205; ConvFi4.17, 4.17, 4.17): Calibrated: 30.12.2014:

»  Sensor-Surface: Imm (Mechanical Surface Detection)

e Electronics: DAE4 Snt0 | ; Calibrated: 18.08.2014

= Phantom: Flat Phantom 5.0 (back): Type: QDOOOPSOAA: Serial: 1002

» DASYS252.88(1222); SEMCAD X 14.6.10(7331)

Dipole Calibration for Body Tissue/Pin=250 mW, d=10mm/Zoom Scan (7x7x7)/Cube 0:
Measurement grid: dx=5mm, dy=3mm, dz=5mm

Reference Vilue = 97,96 Vim: Power Drift = 0.01 dB

Peak SAR (extrapolated) = 28 8 Wikg

SAR(] g) = 13.8 W/kg: SAR(10 g) = 6.36 W/kg

Maximum value of SAR (measured) = 18.3 Wikg

5.00
-10.60
-15.00

-20.00

-25.00

OdB =183 Wrkg=1262dBW/kg
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Impedance Measurement Plot for Body TSL
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