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Calibration date: July 24, 2014

This callbration centificate documents the tiaceability to national standards, which realize the physical unils of measuremants {sh.
The measurements and the uncertalnties with confldence probabiity are given on the following pages and are part of the certificate.

Al calibrations have been conducted in the closed laboratory faclity: environment teniperature (22 £ 3)°C and humidity < 70%.

Callbration Equipmeit used (M&TE critical for calibration)

Katja Pokovle

This callbration cerlificate shall nol be reprodiiced except in full without writien approval of ihe laboratory.

Primary Standards. 1D 4 Cal Date (Coriiicate No.} Schedulad Calibration

Power meter EPM-442A GiB37480704 09-0Ocl-13 (No. 217-01827) Oct-14

Power sensor HP 8481A 11837292783 09-0ct-i3 (No, 217-01827) Oct-14

Power sensor HP 8481A MY41082317 08-0ct-13 (No, 217-01828) Ocl-14

Referance 20 dB Altenuator SN: 5058 (20k) 03-Apr-14 (No, 217-01918) Apr-156

Type-N mismatch combination SN: 6047.2 /06827 03-Apr-14 {No. 217-01921} Apr-15

Retarence Probe ES3DV3 5N: 3205 30-Dec-13 (No. £83-3205_Deci3) Dec-i4

DAE4 SN: 601 30-Apr-14. (No. DAE4-601_Apri4) Apr-16

Secon_dary Slandards 1D # Chack Date (in house) -Scheduled Check

RF generator A&S SMT-06 100005 04-Aug-99 (In house check Oct-13) In house check: Qct-16

Network Analyzer HP 8763E 537400565 84206  18-0ct-01 (in housa chock Oct-13) In house check: Oct-14
Namse ~ Function: _ _ Slgnatura

Calibrated by: Jeton Kas!ratl " Laboratory Tachniclan. .~ " f*

Approved by: S Technlca!Manager 5 IR

Issusd: July 24, 2014

Corttificate No: DB36V2-4d133_Juli4
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Accrédited by the Swiss Accreditation Service (SAS) Accreditation No.: SCS 108

The Bwiss Atcraditation Service is one of the signatories to the EA
Multitateral Agreement for the recognition of calibration certificates

Glossary:

TSL tissue simulating liquid

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

Calibration is Performed According 1o the Following Standards:

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

b) IEC 62209-1, "Procedure to measure the Specific Absorption Hate (SAR) for hand-held
devices used in close proximity to the ear (frequency range of 300 MHz to 3 GH2)",
February 2005

¢) KDR 865664, “SAR Measurement Requirements for 100 MHz to 6 GHZ"

Additional D_oc_umentationﬁ
d) DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

o Measurement Conditions: Further detalls are available from the Validation Report atthe 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 otiented
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 Return Loss ensures low
reflected power. No uncertainty required.

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

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

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 distfibution corresponds to a coverage
probabllity of approximately 95%.
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Measurement Conditions

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

DASY Veision DASYS V52.8.8
Extrapolation Advanced Extrapolation

Phantom Modutar Flat Phantom

Distance 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 caloulations were applied.
o Temperature Permittivity Conductivily
Nominal Head TSL patameters 22.0°C 415 0.90 mho/m
Measured Head TSL parameters {22.0:0.2) °C 411 6% 0,94 mho/m =6 %
Head TSL. temperature change during test <05°C ' -
SAR result with Head TSL.
SAR averaged over 1 ¢m® (1 g) of Head TSL _ Condition
SAR measured 250 mW Input power | 2.38 Wikg

SAR for nominal Head TSL parameters

normalized to 1TW

9.20 Wiig % 17.0 % (k=2)

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

condition

SAR measured

250 mW Input power

153 Wikg

SAF! for nominal Head TSL parameters

normalized to 1W

5.96 Wikg  16.5 % (k=2)

Body TSL parameters
The following parameters and calculations were applied, _ ‘
o o Temperature Permittivity Conduictivity
Nominal Body TSL parameters 22.0°C 55,2 0.97 mhofm
Measured Body TS\ parameters (220 0.2) °C 53826% 1,02 mhofm=6 %
Body TSL temp‘e_ra_iur_e change during test - <05°C e et
SAR result with Body TSL
SAR averaged over 1 cm® (1 ) of Body TSL Condition
250 mW input power 244 Wikg

SAR meaasured

SAR for nominal Body TSL parameters

normelized to 1W

9,35 Wikg 17,0 % (k=2)

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

SAR measur_éd_ _ 250 mW input power 1.59 Wikg

SAR for nominal Body TSI parameters nbrmj_a'ii;e‘d to 1W 6.15 Wikg  16.5 % (k=2)
Certificate No: D835V2-4d133_Jul14 Page 30f 8




Appendix (Additional assessments outside the scope of SC5108)

Antenna Parameters with Head TSL

Impedance, transformed to feed point 516 -1.0jQ
Return l.oss : _ -34.7dB

Antenna Parameters with Body TSL

Impedance, transformed to feed point 47.8Q-3.3iQ
Return Loss -27.8dB

General Antenna Parameters and Design

Electrical Delay {one direction) ‘ I 1.395 né J

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

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

Mo excessive force must be applied to the dipole arms, because they might bend or the soldered connactions near the
feadpoint may be damagesd.

Additional EUT Data

Manufactured by SPEAG
Manufactured on July 22,'201 1
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DASYS5 Validation Report for Head TSL

Date: 24.07.2014
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 835 MHz; Type: D835V2; Sexial: D835V2 - SN: 4d133

Comumunication System: UID 0 - CW; Frequency: 835 MHz

Medium parameters used: f= 835 MHz: ¢ = 0.94 8/m; g, =41.1; p = 1000 ls:g/m3
Phantom section: Flat Section :
Measurement Standard: DASYS (IEEE/TEC/ANSI C63.19-2011)

DASYS52 Configuration:
o Probe; ES3DV3 - SN3205; ConvE(6.22, 6.22, 6.22); Calibrated: 30.12.2013;
o  Sensor-Surface: 3mm (Mechanical Surface Detection)
e Blectronics; DAE4 Sn601; Calibrated: 30.04.2014
e Phantom: Flat Phantom 4.9L; Type: QDO0O0OP49AA; Serial: 1001
o DASY5252.8.8(1222); SEMCAD X 14,6.10(7331)

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

Reference Value = 56,07 V/m; Power Drift = 0.03dB

Pedk SAR (extrapolated) = 3.58 Wikg '

SAR(1 g) = 2.38 W/kg; SAR(10 g) =1.53 Wikg

Maximum value of SAR (measured) = 2.79 Wikg

-9.00

2.09

1500 | -
0 dB = 2.79 W/kg = 446 dBW/kg

Ceriificate No: D835V2-4d133_Jull4 Page 6ol 8




Impedance Measurement Plot for Head TSL
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DASY5 Validation Report for Body TSL

Date: 17.07.2014
Test Laboratory: SPEAG, Zurich, Switzerland
DUT; Dipole 835 MHz; Type: D835V2; Serial: D835V2 - SN: 4d133

Communication System: UID 0 - CW,; Frequency: 835 MHz

Medinm parametess used: =835 MHz; 6= 1.02 S/m; &, =53.8, p = 1000 lcglm3
Phantorn section: Flat Section

Measurement Standard: DASYS (IEBE/IEC/ANSI C63.1 9-2011)

DASY52 Configuration:
o Probe: ES3DV3 - SN3205; ConvF(6.09, 6.09, 6.09); Calibrated: 30.12.2013;
o Sensor-Surface: 3mm (Mechanical Surface Detection)
"+ Blectronics: DAE4 Sn601; Calibrated: 30.04.2014
o Phantom: Flat Phantom 4.9L; Type: QDOOOP49AA,; Serial: 1001
o DASY52 52.8.8(1222); SEMCAD X 14.6.10(7331)

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

Reference Value = 54.61 V/m; Power Drift = -0.01 dB

Peak SAR (exirapolated) = 3.59 Wikg

SAR( g) = 2.44 Wikg; SAR(10 g) = 1,59 W/kg

Maximum value of SAR (measured) = 2.84 Wikg

0 dB = 2.84 W/kg = 4.53 dBW/kg

Corlificata No: D835V2-4d133_Jull4 Page70f8




Impedance Measurement Plot for Body TSL
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Accredited by the Swiss Accreditation Service (SAS) Accreditation No.: SCS 0108
The Swiss Accreditation Service is one of the signatories to the EA
Multilateral Agreement for the recognition of calibration certificates

Client PCTest R ST L OO Certificate No: D835V2-4d132_Jan15

Object D835V2 - SN: 4d132

Calibration procedure(s) QA CAL-05.v9. * i ' ' (e
Callbratlon procedure for d|pole vaildatlon kits above 700 MHz . '2 i35

Calibration date: January 16, 2015

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

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

Calibration Equipment used (M&TE crilical for calibration)

Primary Standards IO # Cal Date (Certificate No.) Scheduled Calibration

Power meter EPM-442A GB37480704 07-Cct-14 (No. 217-02020) QOct-15

Power sensor HP 8481A Usa7292783 07-Oct-14 (No. 217-02020) Qct-15

Power sensor HP 8481A MY41092317 07-Oct-14 (No. 217-02021) Oct-156

Reference 20 dB Attenuator SN: 5058 (20k) 03-Apr-i4 (No. 217-01918) Apr-15

Type-N mismatch combination SN: 5047.2 /06327 03-Apr-14 (No. 217-01921) Apr-15

Reference Probe ES3DV3 SN: 3205 30-Dec-14 {(No. ES3-3205_Dec14) Dec-15

DAE4 SN: 601 18-Aug-14 (No. DAE4-601_Aug14) Aug-15

Secondary Standards D# Check Date (in house} Scheduled Check

RF generatar R&S SMT-06 100005 04-Aug-98 (in house check Oct-13) In house check: Ocl-16

MNetwork Analyzer HP 8753E US37390585 54206 18-0ct-01 (in house check Cct-14) In house check: Cct-15
Name ~ Function Signature

Calibrated by: Michael Weber Laboratory Technician.

Approved by: Katja Pokovic. j ““Technical Manager - s

Issued: January 19, 2015

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

Certificate No: D835V2-4d132_Jan15 Page 1 of 8
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Accredited by the Swiss Accreditation Service (SAS) Accreditation No.: SCS 0108

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

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, “IEEE Recommended Practice for Determining the Peak Spatial-

Averaged Specific Absorption Rate (SARY) 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

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. Ali 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 caiculate 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%.

Cenificate No: D835V2-4d132_Jan1s Page 2 0of 8




Measurement Conditions
DASY system configuration, as far as not

iven on page 1.

DASY Version DASY5 V52.8.8

Extrapolation Advanced Extrapclation

Phantom Modular Flat Phantom

Distance Dipole Center - TSL 15 mm with Spacer

Zoom Scan Resolution dx, dy,dz =5 mm

Frequency 835 MHz + 1 MHz
Head TSI parameters

The following parameters and calculations were applied.
Temperature Permittivity Conductivity

MNominal Head TSL parameters 22.0°C 415 0.90 mho/m

Measured Head TSL parameters (22.0x0.2) °C 415+6 % 0.93 mho/m+6 %

Head TSL temperature change during test <05°C -—-- ----
SAR result with Head TSL

SAR averaged over 1 cm® {1 g) of Head TSL Condition

SAR measured 250 mW input power 2.37 W/kg

SAR for nominal Head TSL parameters

normalized to 1W

9.25 Wikg + 17.0 % (k=2)

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

condition

SAR measured

250 mW input power

1.54 Wikg

SAR for nominal Head TSL parameters

noermalized to 1W

6.04 W/kg  16.5 % (k=2)

Body TSL parameters

The following parameters and calculations were applied.

Temperature Permittivity Conductivity
Nominal Body TSL parameters 22.0°C 55.2 0.97 mho/m
Measured Body TSL parameters (22.0x0.2)°C BE58 +6 % 1.01 mho/m+6 %
Body TSL temperature change during test <0.5°C
SAR result with Body TSL
SAR averaged over 1 cm® (1 g) of Body TSL Condition
SAR measured 250 mW input power 2.35 W/kg

SAR for nominal Body TSL parameters

normalized to 1W

9,14 Wikg + 17.0 % (k=2)

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

condition

SAR measured

250 mW input power

1.53 Wikg

SAR for nominal Body TSL parameters

normalized to 1TW

5.98 Wikg =+ 16.5 % (k=2)

Certificate No; D835V2-4d132_Jani1b
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Appendix (Additional assessmentis outside the scope of SCS0108)

Antenna Parameters with Head TSL

Impedance, transformed to feed point 51.80-23iQ
Return Loss -30.8dB

Antenna Parameters with Body TSL

Impedance, transformed to feed point 475Q0-43jQ
Return Loss -25.9dB

General Antenna Parameters and Design

Electrical Delay (one direction) 1.385 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 dipele. 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 scldered connections near the
feedpoint may be damaged.

Additional EUT Data

Manufactured by SPEAG
Manufactured on July 22, 2011

Certificate No: D835V2-4d132_Jani5 Page 4 of 8




DASY5 Validation Report for Head TSL

Date: 16.01.2015
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 835 MHz; Type: D835V2; Serial: D835V2 - SN: 4d132

Communication System: UID 0 - CW; Frequency: 835 MHz

Medium parameters used: f = 835 MHz; ¢ = 0.93 S/m; & = 41.5; p = 1000 kg/nf’
Phantom section: Flat Section

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

DASY52 Configuration:
e Probe: ES3DV3 - SN3205; ConvF(6.2, 6.2, 6.2); Calibrated: 30.12.2014;
e Sensor-Surface: 3mm (Mechanical Surface Detection)
e Electronics: DAE4 Sn601; Calibrated: 18.08.2014
o Phantom: Flat Phantom 4.9L; Type: QDOO0P49AA; Serial: 1001
e DASYS5252.8.8(1222); SEMCAD X 14.6.10(7331)

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

Reference Value = 56,27 V/m; Power Drift = -0.00 dB

Peak SAR (extrapolated) = 3.51 W/kg

SAR(1 g) = 2.37 W/kg; SAR(10 g) = 1.54 W/kg

Maximum value of SAR (measured) =2.77 W/kg

0dB =277 W/kg =4.42 dBW/kg

Certificate No: D835V2-4d132_Jan15 Page 5of 8




Impedance Measurement Plot for Head TSL
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DASYS5 Validation Report for Body TSL

Date: 16.01.2015
Test Laboratory; SPEAQG, Zurich, Switzerland
DUT: Dipole 835 MHz; Type: D835V2; Serial: D835V2 - SN: 4d132

Communication System: UID O - CW, Frequency: 835 MHz

Medium parameters used: f = 835 MHz; ¢ = 1.01 S/m; & = 55.8; p = 1000 keg/m’
Phantom section: Flat Section

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

DASYS52 Configuration:
¢ Probe: ES3DV3 - SN3205; ConvFE(6.17, 6.17, 6.17); Calibrated: 30.12.2014;
o Sensor-Surface: 3mm (Mechanical Surface Detection)
e Electronics: DAE4 Sn601; Calibrated: 18.08.2014
¢ Phantom: Flat Phantom 4.9L; Type: QDO00P49AA; Serial: 1001
o DASYS52 52.8.8(1222); SEMCAD X 14.6.10(7331)

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

Reference Value = 54.27 V/m; Power Drift = -0.03 dB

Peak SAR (extrapolated) = 3.47 W/kg

SAR(1 g) = 2.35 W/kg; SAR(10 g) = 1.53 W/kg

Maximum value of SAR (measured) = 2.75 W/kg

4.80
7.20

3.60

-12.4

0 dB =275 W/kg =4.39 dBW/kg

Cerlificate No: D835V2-4d132_Jan15 Page 7 of 8




Impedance Measurement Plot for Body TSL
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Accredited by the Swiss Accreditation Service {SAS) Acoreditation No.: SCS 108
The Swiss Accreditation Service Is one of the signatories to the EA

Multilatera) Agreement for the recognition of callbration certiflcates

cient  PC Test Certificate No: D1900V2-5d142_Juli4

CALIBRATION CERTIFICATE -

Object D1900V2 - SN: 5d149

Calibration procedure(s)

QACAL-05v9. . - .. = R R S PR S CC
Cailbratlon procedure for dlpole valldatton kats above 700 MHz ALty

July 23,2014

Catlibratlon date:

This callbration cenificate docurnants the traceabliity to national standards, which fealiZe the physical units of measursments (S1).
The measurements and the uncertainiias wilh confidence probability are given on the fallowing pages and are part of the certificate.

All caliprations have been conducted In the closed laboratory facllity: environment temparature (22 & 3)°C and humidily < 70%.

Calibration Equipment used (M&TE criticat for calibration)

This calibration certificate shall not ba reproduced except in full without written approval of the jaboratory,

Primary Standards . ) D # Cal Daia (Cerlificate No.} Scheduled Calibration

Power meter EPM-442A GB37480704 09-Oct-13 (No. 217-01827) Oct-14

Powar sensor HP B481A Us372927a3 08-00at-13 (No. 217-01 827) QOcl-14

Power sensor HP 8481A MY41092317 08-Oct-13 (No. 217-01828) Oct-14

Reference 20 dB Altenuator SN: 5058 {20K) 03-Apr-14 (No. 217-0191 8) Apr-15

Type-N mismatch combination Sh: 5047.2 /06327 03-Apr-14 (No. 217-01821) Apr-15

Refgrence Probe ES3DV3 SN: 3206 30-Dec-13 (No, ES3-3205_Dec13) Dee-14

DAE4 SN; 601 30-Apr-14 {No, DAE4-601_Apirid) Apr-15

Secondary Standards D # Chack Date {in housa) Scheduled Chack _

RF generalor R&S SMT-06 100005 04-Atg-99 (in housa check Oct-13) In house check: Ocl-16

Network Analyzer HP 8753 US37300585 S4206  18-0ct-01 (In house check Oct-18) in house check: Get-14
Name Fungtlon _ . Slgnature

GCalibrated by: Joton Kastratl = . Laborstory Techniclan = — o C ;

Approved by: Katja 'ﬁgl.co'yl'c' s " Techhlcal _M:ér_;gg'e_r' R L

Issuad: July 23, 2014
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Calibration Laboratory of s\“\‘@%”z
Schmid & Partner iia\\;//e MR?SE
Engineering AG G
s N
Zeughausstrasse 43, 8004 Zurich, Switzerland % /‘7’:‘?\\‘\\\
Tefyel

Accrodited by the Swiss Accreditation Service (SAS)
The Swiss Accreditation Service Is one of the signatories to the EA
Multilateral Agreement for the recognition of calibration certificates

Schweizerischer Kaltbrierdienst
Service suisse d'étalonnage
Servizlo svizzero di taratura
Swiss Calibration Service

Accreditation No.: SCS 108

Glossary:

TSL tissue simulating liquid

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

Calibration is Perforimed 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

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

Additional Documentation:
d) DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

2]

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 Poini Impedance and Return Loss: These parameters are measured with the dipole
positioned under the liquid filled phantom. The impedance stated is transformed from the
meastrement 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 migasured: 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 répdrted uncertainty of measurement is stated as the standard uncertainty of measurement
multiplied by the coverage factor k=2, which for a normal distribution cotresponds to a coverage
probability of approximately 95%.

Cartificate No: D1900V2-5d149_Juli4
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Measurement Conditions
DASY system coniiguration, as far as not given on page 1.

DASY Version _ ~ DASY5 V52.8.8
Ex_trap_o_liation Advanced Extrapolation
Phantom Modular Flat Phantom
Distance Dipole Center - TSL 10.mm with Spacer
Zoom Scan Resolution dx, dy,dz =5 mm
Freguency 1900 MHz + 1 MHz

Head TSL parameters

The following parameters and calculations were applied.

' Temperature Permittivity Conductivity
Nominal Head TSL parameters 22.0°C 40.0 1.40 mho/m
Measured Head TSI parameters (22,0 £0.2) °C 305+ 6% 1.38 mho/m & 6 %
Hoad TSL temperature change duting test <0.5°C menm nemm '

SAR result with Head TSL
SAR averaged over 1 om® (1 ¢) of Head TSL Condition
SAR measured 250 mW Input power 10.0 Wikg

SAR for nominal Head TSL parameters normalized to 1W

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

SAR averaged over 10 ¢m® (10 g) of Head TSL conditioﬁ .

SAR measured

250 mW input power

5.24 Wikg

normalized to 1W

SAR for nominal Head TSL parameters

21.0 Wikg = 16.5 % (k=2})

Body TSL parameters
The following paramelers and calculations were applied. _
Temperature Permittivity Conductivity
Nominal Body TSL parameters 22.0°C £3.3 1,52 mho/m
Measured Body TSL parameters _ (22.0£0.2) °C 525x8% 1,51 mho/m £ 6 %
Body TSL temperature change during test <0.5°C
SAR result with Body TSL
'SAR averaged over 1 em’ (1 g) of Body TSL Condition _
SARmeasured 250 mW input power 10.1 Wikg

SAR for nominal Body TSL parameters normelized to 1W

40,4 Wikg = 17.0 % (k=2)

SAR averaged over 10 cm® (10 ¢) of Body TSL condition

SAR measured

250 mW Input power

5.33 Wikg

SAR for nominal Body TSL paramelers

normalized to 1W

21.3 Wikg % 16.5 % (k=2)

Certificate No; D1900V2-5d149_Jul14
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Appendix (Additional assessments outside the scope of SCS108)

Antenna Parameters with Head TSL

impedance, transformed 16 fead point 5260 +55]Q
Return Loss -246dB

Antenna Parameters with Body TSL

Impedance, transformed to feed point 4880 +6.1iQ
Return Loss 7 -24.0d8

General Antenna Parameters and Design

Electrical Delay {one direclion) | - 1.197 ns J

After lang term use with 100W radlated power, only a slight warming of the dipole near the feadpoint can be measured.

The dipols is made of standard semirlgid coaxial cable. The center conductor of the feeding line is directly connected to the
second arm of the dipole. The antenna is therefore shott-circuited for DG-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 Conditlons” paragraph. The SAR data ate 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 connactions near the
feadpoint may be damaged.

Additional EUT Data
Manufactured by SPEAG
Manufactured on _ March 11, 2011

Certificate No: D1800V2-5d149_Juli4 Page 4 of 8




DASYS Validation Report for Head TSL

Test Laboratory: SPEAG, Zurich, Switzerland

DUT: Dipole 1900 MHz; Type: D1900V2; Serial: D1900V2 - SN: 54149

Communication System: UID @ - CW; Frequency: 1900 MHz

Medium parameters used: f = 1900 MHz; ¢ = 1.38 S/m; & = :39.5; p = 1000 kg/m®
Phantom section: Flat Section

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

DASY52 Configuration:

©

o

Probe; ES3DV3 - SN3205; ConvF(5.06, 5.06, 5.06); Calibrated: 30.12.2013;

Sensor-Sutface: 3mm (Mechanical Surface Detection)

Electronics: DAE4 Sn601; Calibrated: 30.04.2014

Phantom: Flat Phantom 5.0 (front); Type: QDOOOP50AA; Serial: 1001
DASYS52 52,8.8(1222); SEMCAD X 14,6.10(7331)

Date: 23,07.2014

Dipole Calibration for Head Tissue/Pin=250 mW, d=10mm/Zoom Scan (7x7x7)/Cube 0:
Measurement grid: dx=5mm, dy=5mm, dz=5mm
Reference Value =98.92 V/m; Power Drift = 0.02 dB
Peak SAR (extrapolated) = 18.4 W/kg

SAR(1 g) = 10 W/kg; SAR(10 g) = 5. 24 Wikg
Maximum value of SAR (measured) = 12.8 W/kg

& 20,00

2.00

6.00

0dB = 12.8 W/kg = 11.07 dBW/kg
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Impedance Measurement Plot for Head TSL

23 Jul 26i4 19:46:03
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DASYS5 Validation Report for Body TSL

Date: 23.07.2014
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 1900 MHz; Type: D1%00V2; Sevial: D1900V2 - SN: 54149

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

Medium parameters used: f = 1900 MHz; o = 1.51 S/m; & = 52.5; p = 1000 kg/m®
Phantom section; Flat Section

Measurement Standard: DASYS (IEEE/TEC/ANSI C63,19-2011)

DASYS52 Configuration:
o Probe: ES3DV3 - SN3205; ConvF(4.76, 4.76, 4.76); Calibrated: 30.12.2013;

Sensor-Surface: 3mim (Mechanical Surface Detection)

-]

Electronics: DAE4 Sn601; Calibrated: 30.04.2014

-]

Phantom: Flat Phantom 5.0 (back); Type: QDOO0PS0AA,; Serial: 1002

-]

-]

DASY52 52.8.8(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=5min

Reference Value = 95,83 V/m; Power Drift = -0.01 dB

Peak SAR (extrapolated) = 17.6 W/kg

SAR(1 g) =10.1 Wikg; SAR(10 g) = 5.33 W/kg

Maximum value of SAR (measured) = 12.8 Wikg

-4.00
-8.00
12.00

“16:00

=-20.00

0 dB =12.8 W/kg = 11.07 dBW/kg
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Impedance Measurement Plot for Body TSL
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APPENDIX D: SAR TISSUE SPECIFICATIONS

Measurement Procedure for Tissue verification:

1) The network analyzer and probe system was configured and calibrated.

2) The probe was immersed in the tissue. The tissue was placed in a nonmetallic container.
Trapped air bubbles beneath the flange were minimized by placing the probe at a slight
angle.

3) The complex admittance with respect to the probe aperture was measured

4) The complex relative permittivity € can be calculated from the below equation
(Pournaropoulos and Misra):

1/2

Roes,. & exp[ jor(u,e.€,) ]

—02'[ I j cos ¢’ 0702 Jddg'dpd
in(b/a)] r

where Y is the admittance of the probe in contact with the sample the primed and unprimed coordinates

refer to source and observation points, respectively, r* = p* + p’> —=2pp'cos¢’ , wis the angular frequency,

and j=\/—_1.

Table D-I
Composition of the Tissue Equivalent Matter

Frequency (MHz) 835 835 1900 1900
Tissue Head Body Head Body
Ingredients (% by weight)
Bactericide 0.1 0.1
DGBE 44.92 29.44
HEC 1 1
NaCl 145 0.94 0.18 0.39
Sucrose 57 44.9
Water 40.45 53.06 54.9 70.17

. " Reviewed by:
FCC ID: ZNFVN210 ANECTESTY SAR EVALUATION REPORT @ LG
Quality Manager
Test Dates: DUT Type: APPENDIX D:
04/13/15 - 04/23/15 Portable Handset Page 1 of 1
© 2015 PCTEST Engineering Laboratory, Inc. REV 15.0 M

01/27/2015



APPENDIX E: SAR SYSTEM VALIDATION

Per FCC KDB 865664 D02v01, SAR system validation status should be documented to confirm
measurement accuracy. The SAR systems (including SAR probes, system components and software
versions) used for this device were validated against its performance specifications prior to the SAR
measurements. Reference dipoles were used with the required tissue- equivalent media for system
validation, according to the procedures outlined in FCC KDB 865664 D01 v01 and IEEE 1528-2013.
Since SAR probe calibrations are frequency dependent, each probe calibration point was validated at a
frequency within the valid frequency range of the probe calibration point, using the system that normally
operates with the probe for routine SAR measurements and according to the required tissue-equivalent
media.

A tabulated summary of the system validation status including the validation date(s), measurement
frequencies, SAR probes and tissue dielectric parameters has been included.

Table E-I
SAR System Validation Summary
COND. PERM. CW VALIDATION MOD. VALIDATION
SAR
FREQ. PROBE | PROBE
SYS;-EM [MHz] DA SN TYPE IFROIELE EAL, [FOINT ©) ©) SENSI- PROBE PROBE MOD. TYPE DUTY PAR
g TIVITY LINEARITY ISOTROPY : FACTOR
J 835 9/30/2014 3022 ES3DV2 835 Head 0.911 41.35 PASS PASS PASS GMSK PASS N/A
J 1900 9/8/2014 3022 ES3DV2 1900 Head 1.457 39.72 PASS PASS PASS GMSK PASS N/A
G 1900 4/8/2015 3318 ES3DV3 1900 Head 1.447 40.15 PASS PASS PASS GMSK PASS N/A
C 835 11/11/2014 3333 ES3DV3 835 Body 0.948 53.05 PASS PASS PASS GMSK PASS N/A
K 1900 10/15/2014 3288 ES3DV3 1900 Body 1.632 50.91 PASS PASS PASS GMSK PASS N/A

NOTE: While the probes have been calibrated for both CW and modulated signals, all measurements
were performed using communication systems calibrated for CW signals only. Modulations in the table
above represent test configurations for which the measurement system has been validated per FCC KDB
Publication 865664 D01v01 for scenarios when CW probe calibrations are used with other signal types.
SAR systems were validated for modulated signals with a periodic duty cycle, such as GMSK, or with a
high peak to average ratio (>5 dB), such as OFDM according to KDB 865664.

Reviewed by:
FCC ID: ZNFVN210 SAR EVALUATION REPORT @ LG

Quality Manager
Test Dates: DUT Type:
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