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Calibration Laboratory of
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Zeughausstrasse 43, 8004 Zurich, Switzerland {,,,f//_,‘\‘\“‘\\\li‘ S Swiss Calibration Service
Rt
Accredited by the Swiss Accreditation Service (SAS) Accreditation No.: SCS 108

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 1528-2003, “IEEE Recommended Practice for Determining the Peak Spatial-
Averaged Specific Absorption Rate (SAR) in the Human Head from Wireless
Communications Devices: Measurement Techniques”, December 2003

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:

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

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.

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

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

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

The reported uncertainty of measurement is stated as the standard uncertainty of measurement
multiplied by the coverage factor k=2, which for a normal distribution corresponds to a coverage
probability of approximately 95%.
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Measurement Conditions
DASY system configuration, as far as not given on page 1.
DASY Version DASYS VE2.8.7
Extrapolation Advanced Extrapolation
Phantom Modular Flat Phantom
Distance Dipole Center - TSL 10 mm with Spacer
Zoom Scan Resolution dx, dy,dz =5mm
Frequency 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 mha/m
Measured Head TSL parameters (22.0+0.2) °C 39.7+6% 1.37 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 9.92 Wikg

SAR for nominal Head TSL parameters

normalized to 1W

40.1 Wikg + 17.0 % (k=2)

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

condition

SAR measured

250 mW input power

5.22 W/kg

SAR for nominal Head TSL parameters

normalized to 1W

21.0 Wikg + 16.5 % (k=2)

Body TSL parameters

The following parameters and calculations were applied.

Temperature Permittivity Conductivity
Nominal Body TSL parameters 22.0°C 53.3 1.52 mho/m
Measured Body TSL parameters (220=+0.2)°C 532+6% 1.49 mho/m =6 %
Body TSL temperature change during test <0.5°C --e- amen
SAR result with Body TSL
SAR averaged over 1 em® (1 g) of Body TSL Condition
SAR measured 250 mW input power 9.80 W/kg

SAR for nominal Body TSL parameters

normalized to 1W

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

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

condition

SAR measured

250 mW input power

5.23 Wikg

SAR for nominal Boedy TSL parameters

normalized to 1W

21.1 W/kg + 16.5 % (k=2)
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Appendix

Antenna Parameters with Head TSL

Impedance, transformed to feed point 5320+48iQ
Return Loss -25.1 dB

Antenna Parameters with Body TSL

Impedance, transiormed to feed point 481 Q+5.0)Q
Retumn Loss -25.8dB

General Antenna Parameters and Design

Electrical Delay (one direction) 1.199 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 December 20, 2011
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DASYS Validation Report for Head TSL

Date: 27.09.2013
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 1900 MHz; Type: D1900V2; Serial: D1900V2 - SN: 5d158

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

Medium parameters used: = 1900 MHz; o = 1.37 5/m; & = 39.7; p = 1000 kg/m’
Phantom section: Flat Section

Measurement Standard: DASYS (IEEETEC/ANSI C63.19-2007)

DASYS2 Configuration:
+ Probe: ES3DV3 - SN3205; ConvF(4.98, 4.98, 4.98); Calibrated: 28.12.2012;
= Sensor-Surface: 3mm (Mechanical Surface Detection)
= Electronics: DAE4 Sn601; Calibrated: 25.04.2013
» Phantom: Flat Phantom 5.0 (front); Type: QDOO0PS0AA; Serial: 1001
» DASY5252.8.7(1137); SEMCAD X 14.6.10(7164)

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

Reference Value = 94.878 Vim; Power Drift = 0.05 dB

Peak SAR (extrapolated) = 18.0 Wikg

SAR(1 g) =9.92 Wikg: SAR(10 g) = 5.22 Wikg

Maximum value of SAR (measured) = 12.2 W/kg

100

440

0dB =122 W/kg = 10.86 dBW/kg
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Impedance Measurement Plot for Head TSL

2T Sep 2043 1418737

EHY i1 1 u Fs BIRITE S G185 0 4OLGE M 1 906,008 808 Hiz
L]
D=1
\
Ca E |
| |
; S — — "'-i
¢ f
g
16 =
Hig -
CHZ Sy L0885 gBCREF -390 o8 e E-IRETA B 3 300,000 000 NHEz
Ca
L)
iy
Hig
START 1 7OO.000 GO0 Miz ~ &£TOP 2 106.800 080 MHz
Cartificate No: D1800V2-5d156_Sep13 Page G of B

Report File No:  F690501/RF-SAR002179-Al Date of Issue:  2014-05-23




! SGS Korea Co., Ltd.

4, LS-ro 182beon-gil, Gunpo-si, Gyeonggi-do, 435-040
Tel. 031-428-5700 / Fax. 031-427-2371
5 144/ 186

http://www.sgsgroup.kr Page :

DASYS5 Validation Report for Body TSL

Date: 27.09.2013
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 1900 Miz; Type: D1900V2; Serial: DI900VZ - SN: 5d158

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

Medium parameters used: f = 1900 MHz; o = 1.49 S/m; &, = 53.2; p = 1000 kg/m’
Phantom section: Flat Section

Measurement Standard: DASYS (IEEEMTEC/ANSI C63.19-2007)

DASY 52 Configuration:
= Probe: ES3DV3 - SN3205; ConvF(4.6, 4.6, 4.6); Calibrated: 28.12.2012;
= Sensor-Surface: 3mm (Mechanical Surface Detection)
= Electronics: DAE4 Sn601; Calibrated: 25.04.2013
« Phantom: Flat Phantom 5.0 (back); Type: QDOOOPSOAA; Serial: 1002
« DASYS52528.7(1137); SEMCAD X 14.6.10(7164)

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 = 94.878 V/m; Power Drift = 0.02 dB

Peak SAR (extrapolated) = 16.8 W/ikg

SAR(1 g) = 9.8 Wikg; SAR(10 g) = 5.23 W/kg

Maximum value of SAR (measured) = 12.2 W/kg

1088

-14.40

0dB = 12.2 Wikg = 10.86 dBW/kg
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Impedance Measurement Plot for Body TSL
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Appendix C.3 Calibration certificate for Dipole 2600 MHz
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Tha Swiss Accreditation Service is one of the signatories to the EA
Muttilateral Agresment for the recognition of calibration eertificates

ciet  SGS (Dymstec) Cortificate No: nzauuvmmza_nt&‘ﬁ':f o
CALIBRATION CERTIFICATE

Ojoct D2600V2 - SN: 1038

Calibration procedure(s) QA CAL-05.v9
Calibration procedure for dipole validation kits above 700 MHz

Calibstion date: May 29, 2013

This calibrabon cenfficaln documeants the traceabiity to national standards, which roalize the physical units of measuremants (SI1),
The measuresmants and he unceraintios with confidance probalbility are given on tha following pages and ane par of the corfificate

A% cabbrations have been conducted in tha closed labamlory faclity: envircnmant lemparature (22 = 3)°C and hamicly < T0%.

Calbration Equipment used (MATE critical for calibration)

Primary Siandands |imn Cal Dats (Corificata Ho.) Schedued Calibration

Powor mator EPM-2424 , GRITLBIT 0112 (Mo, 21701640} Oot-13

Powed sensor HP B481A | UsaraaTea 01-Mow=-12 (No, 217-01840) Det-13

Reference 20 dB Attenuaicr | S 5058 (208) O4-Apr-13 (Mo, 217-01738) Npe-14

Typa-N mismasch combination 5M: 5047.3/ 06327  (M-Apr-13 {No, 217-01728) Apr-14

Referance Probe ES3I0V3 BN 3305 268-Duc-12 (Mo, ES3-3205_Dac12) Dec-13

DAE4 5N BOY 25-Apr-13 (No. DAE4-601_Ageid) Apr-1d

Secondury Standards ID# Chack Dats {in housa) Schaduled Chack

Powar sansar HP B481A MY 41092317 1B-0ct-02 {in house chock Ocl-11) In housa check: Oc-13

RF genarator A&S SMT-08 100005 O4-Aug-89 (in howuse check Oct-11) I house check: Oct-13

Matwark Anabyzar HP B7T53E US3TI00585 54206 1B-Oct-01 {in house check Oot-12) i house check: Oct-13
Harma Function Signature

Calibrated by: Laat Kiysrar Laboratory Techrician o R v

e
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Approved by Katja Prkovie Techrical Manager T ,_fﬁ"";_"
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Issund; May 28, 2013
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Calibration Laboratory of g‘i‘i{’/’"f.} §  Schweizerischer Kalibrierdienst
SChm!d & Partner ;‘B“Hei-_.ﬁ-’&% c Service suisse d'étalonnage
Engineering AG g Servizio svizzero di taratura
Zeughausstrasse 43, 8004 Zurich, Switzerland @@_\? S swiss Calibration Service
f IIIII i
Accredited by the Swiss Accreditation Service (SAS) Accreditation No.: SCS 108

The Swiss Accreditation Service is one of the signatories to the EA
Muitilateral 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 1528-2003, “|[EEE Recommended Practice for Determining the Peak Spatial-
Averaged Specific Absorption Rate (SAR) in the Human Head from Wireless
Communications Devices: Measurement Techniques”, December 2003

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) Federal Communications Commission Office of Engineering & Technology (FCC OET),
“Evaluating Compliance with FCC Guidelines for Human Exposure to Radiofrequency
Electromagnetic Fields; Additional Information for Evaluating Compliance of Mobile and
Portable Devices with FCC Limits for Human Exposure to Radiofrequency Emissions”,
Supplement C (Edition 01-01) to Bulletin 65

Additional Documentation:
d) DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

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

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

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.

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

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

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 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 DASYsS V52.8.6

Extrapolation Advanced Extrapolation

Phantom Modular Flat Phantom

Distance Dipole Center - TSL 10 mm with Spacer

Zoom Scan Resolution dx, dy, dz =5 mm

Frequency 2600 MHz + 1 MHz
Head TSL parameters

The following parameters and calculations were applied.
Temperature Permittivity Conductivity

Nominal Head TSL parameters 220°C 39.0 1.96 mho/m

Measured Head TSL parameters (22.0£0.2) °C 372+6% 1.97 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 Condition

SAR measured 250 mW input power 14.7 W/kg

SAR for nominal Head TSL parameters normalized to 1W 58.0 W/kg + 17.0 % (k=2)

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

SAR measured 250 mW input power 6.52 W/kg

SAR for nominal Head TSL parameters normalized to 1W 25.8 Wikg + 16.5 % (k=2)

Body TSL parameters
The following parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Body TSL parameters 22.0°C 52.5 2.16 mho/m
Measured Body TSL parameters (22.0+0.2) °C 50.6 +6 % 2.16 mho/m £ 6 %
Body TSL temperature change during test <05°C ees -
SAR result with Body TSL
SAR averaged over 1 cm® (1 g) of Body TSL Condition
SAR measured 250 mW input power 14.1 Wikg

SAR for nominal Body TSL parameters

normalized to 1W

55.9 W/kg + 17.0 % (k=2)

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

condition

SAR measured

250 mW input power

6.26 W/kg

SAR for nominal Body TSL parameters

normalized to 1W

24.9 W/kg = 16.5 % (k=2)
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Appendix

Antenna Parameters with Head TSL
Impedance, transformed to feed point 4810Q-63jQ
Return Loss -23.4dB

Antenna Parameters with Body TSL

Impedance, transformed to feed point 4480-45j0

Return Loss -22.8dB

General Antenna Parameters and Design

| Electrical Delay (one direction) | 1.150 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 semiirigid coaxial cable. The eenter conductor of the feeding line is directly connected to the
second arm of the dipole. The antenna is therefore shor-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 March 03, 2009
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DASY5 Validation Report for Head TSL
Date: 29.05.2013
Test Laboratory: SPEAG, Zurich, Switzerland

DUT: Dipole 2600 MHz; Type: D2600V2; Serial: D2600V2 - SN: 1038

Communication System: UID 0 - CW ; Frequency; 2600 MHz
Medium parameters used: f = 2600 MHz; 6 = 1.97 S/m; & = 37.2; p = 1000 kg/m’
Phantom section: Flat Section

Measurement Standard: DASY 5 (IEEE/TEC/ANSI C63.19-2007)
DASYS52 Configuration:
« Probe: ES3DV3 - SN3205; ConvF(4.45, 4.45, 4.45); Calibrated: 28.12.2012:
» Sensor-Surface: 3mm (Mechanical Surface Detection)
« Electronics: DAE4 Sn601; Calibrated: 25.04.2013
»  Phantom: Flat Phantom 5.0 (front); Type: QDO0O0PS0AA; Serial: 1001
DASY52 52.8.6(1115); SEMCAD X 14.6.9(7117)

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 = 102.3 Vim; Power Drift = 0.05 dB

Peak SAR (extrapolated) = 31.6 Wikg

SAR(I g) = 14.7 Wikg; SAR(10 g) = 6.52 Wikg

Maximum value of SAR (measured) = 19.1 Wikg

g

5.0

10,00

15,00

2000 _

7508 .:.'

0dB =191 Wikg = 12.81 dBW/kg
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Impedance Measurement Plot for Head TSL
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DASYS5 Validation Report for Body TSL

Date: 29.05.2013
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 2600 MHz; Type: D2600V2; Serial: D2600V2 - SN: 1038

Communication System: UID 0 - CW ; Frequency: 2600 MHz
Medium parameters used: f = 2600 MHz; o = 2.16 S$/m; & = 50.6; p = 1000 kg/m’
Phantom section: Flat Section

Measurement Standard: DASY5 (IEEE/EC/ANSI C63.19-2007)
DASY52 Configuration:

» Probe: ES3DV3 - SN3205; ConvF(4.32, 4.32, 4.32); Calibrated: 28.12.2012:
« Sensor-Surface: 3Imm (Mechanical Surface Detection)

= Electronics: DAE4 Sn601; Calibrated: 25.04.2013

= Phantom: Flat Phantom 5.0 (back); Type: QDOOOPS0AA: Serial: 1002

= DASYS5252.8.6(1115); SEMCAD X 14.69(7117)

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

Reference Value = 96.279 V/m; Power Drift = -0.0] dB

Peak SAR (extrapolated) = 30.8 W/kg

SAR(I g) = 14.1 W/kg; SAR(10 g) = 6.26 W/kg

Maximum value of SAR (measured) = 19.0 Wikg

0

a0

ET

A

A8.20

2400

0dB = 19.0 Wikg = 12.79 dBW/kg
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Impedance Measurement Plot for Body TSL
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Appendix C.3 Calibration certificate for Dipole 2450 MHz

Calibration Laboratory of FaTey Schwoizarischor Kalibrierdisnst

Schmid & Partner M S Saorvics suisse d'étalonnage
Engineering AG L 3 G irvista stnisin i taiaivn

Zeughaussirasse 43, 8004 Zurich, Switzerland "vﬁy" S swiss Collbeation Service a

LETLLS

Accrodited by e Swiss Accreditation Sendcn (SAS) Accroditation Mo S5 108

Tha Swins Accraditation Servica is one of the signatories 1o the EA F}" "’J

Multilsteral Agreamant for the recognition of calibration cortificates ;ﬂl’; f.;'f*

cient  SGS (Dymstec) Cartificate No: D2450V2-892_Sepi13

CALIBRATION CERTIFICATE |

—
Objoct D2450V2 - SN: 892
Calibration procodursis) QA CAL-D5.v9

Calibration procedure for dipole validation kits above 700 MHz

Calibeation dale: September 26, 2013

This calibmtion conificaln documants the tracoability o national stnndards, wiich eaize tha physical units of maaswements (51).
The measursmants snd the uncetpnties with confidence probability ane given on thi follawing pages and ame part of the carificate.

| Al calbrations have boen conducted in the closed lnboratony aciity: emdronman] iempenmiun (22 + 35°C and humidity < 7%

Cafbration Equipment used [MATE critical for calbration)

Primany Standands [[*F ] Cal Data (Conificata Mo.j Schaduied Calibrtion
Pt meplng EPM-2424 GEIT480704 0-Miov-12 (Mo, 217-01840) Oct-13

Power gensor HP B481A UIS3rae2Tas Of-Mov-12 (No. 217-01840) Oet-13

Hetsranca 20 dB Adlemusio SN 5058 (20K} Od-ipe-13 (Mo, 21 7-01736) Apr-14

Type-M mismaich combination ShE B047.3 /083y De-Ape-13 (Mo, 217-01738) Apr-1d

Reforenca Probae ES30V3 SM: 3205 28-Dec-12 (No. ES3-3206_Dect2) Doc-13

DAE4 SN B 25 Apr-13 (Mo, DAE4-601_Apr1 3} Apr-14
| Sacandary Sinndards o Chick Dale (in housa) Schaduled Chack
Power sansor HP B4E1A W4 1082317 18-Dict-02 {im house check Oct-11) In houss check: Oct-13
RF ganesator HAS SMT-06 100005 04-Aug-99 (in house chook Oc-11) In hausa chock: Oct-13
Kotwaork Analyzor HP BTE3E LIS3T300585 54206 18-0ct-01 {in house check Oct-12) In house check: Oct-13

Nama Funciion Signalvine

Calibraied by: Joton Kastratl Laboratory raw_- { Q;:_
Approved by Kata Pokowe Technecal Managor /‘&; ?»”%

IEsudd: Sepiamber 27, 2013

This casbration certificate shal nal be rpreduced eocapt in full without writen approval of the iaboralory.
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Calibration Laboratory of P, Schwelrerischer Kallbrisrdianst
: ety

Schmid & Pariner '@\"‘—"#":‘- 2 Serviee suisae d'étalonnage

Engineering AG Ty Servizio svizzero di taraturs
Zoughaussirasss 43, B004 Zurich, Switzeriand By :ﬁ\ ' S  Swiss Calibeation Serviee

Fifallil?

Accraditad by the Swiss Accreditation Servce (SAS) Accreditation No.: SCS 108

The Swiss Accreditation Service is one of the signatories 1o the EA
Multilateral Agreement for the recognition of calibration centificates

Glossary:

TSL tissue simulating liquid

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

Calibration is Performed According to the Following Standards:

a) IEEE Std 1528-2003, "IEEE Recommended Practice for Determining the Peak Spatial-
Averaged Specific Absorption Rate (SAR) in the Human Head from Wireless
Communications Devices: Measurement Technigues”, December 2003

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:

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

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 liguid filled phantom. The impedance stated is transformed from the
measurement at the SMA connector to the feed point. The Return Loss ensures low
reflected power. No uncertainty required.

e Electrical Delay: One-way delay between the SMA connector and the antenna feed point.
Mo 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 85%.
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Measurement Conditions
DASY system configuration, as far as not given on page 1.
DASY Version DASYS5 V52.8.7
Extrapolation Advanced Extrapolation
Phantom Meodular Flat Phantom
Distance Dipole Center - TSL 10 mm with Spacer

Zoom Scan Resolution

dx, dy, dz =5 mm

2450 MHz =1 MHz

Frequency

Head TSL parameters
The following parameters and calculations were applied,

Temperature Permittivity Conductivity
Nominal Head TSL parameters 220°C 39.2 1.80 mho/m
Measured Head TSL parameters (22.0+0.2)°C 394+6% 1.83 mho/m =8 %
Head TSL temperature change during test <05°C eee o
SAR result with Head TSL
SAR averaged over 1 cm® (1 g) of Head TSL Condition
SAR measured 250 mW input power 13.2 Wikg

SAR for nominal Head TSL parameters

normalized to 1W

52.4 Wikg = 17.0 % (k=2)

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

condition

SAR measured

250 mW input power

6.12 W/kg

SAR for nominal Head TSL parameters

normalized to 1W

24.4 Wikg £ 186.5 % (k=2)

Body TSL parameters
The fellowing parameters and calculations were applied.

Temperature Permittivity Conductivity
Nominal Body TSL parameters 22.0°C 52.7 1.85 mho/m
Measured Body TSL parameters (22.0+0.2)°C 522+8% 2.00 mho/m + 6 %
Body TSL temperature change during test <05°C - —-
SAR result with Body TSL
SAR averaged over 1 ecm® (1 g) of Body TSL Condition
SAR measured 250 mW input power 12.7 W/kg

SAR for nominal Body TSL parameters

normalized to 1W

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

SAR averaged over 10 cm® (10 g) of Body TSL condition
SAR measured 250 mW input power 5.85 Wikg
SAR for nominal Body TSL parameters normalized to 1W 23.2 W/kg = 16.5 % (k=2)
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Appendix

Antenna Parameters with Head TSL

Impedance, transformed to feed point 5390 +22jQ

Return Loss -272dB

Antenna Parameters with Body TSL

Impedance, transformed to feed point 50.1 Q +4.3jQ
Return Loss -27.3dB

General Antenna Parameters and Design

Electrical Delay (one direction) | 1125 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 Qctober 06, 2011
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DASYS5 Validation Report for Head TSL

Date: 26.09.2013
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 2450 MHz; Type: D2450V2; Serial: D2450V2 - SN: 892

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

Medium parameters used: f = 2450 MHz; o = 1.83 S/m; & = 39.4; p = 1000 kg/m’
Phantom section: Flat Section

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

DASYS52 Configuration:
« Probe; ES3DV3 - SN3205; ConvF(4.52, 4.52, 4.52); Calibrated: 28.12.2012;
« Sensor-Surface: 3mm (Mechanical Surface Detection)
¢ Electronics: DAE4 Sn601; Calibrated: 25.04.2013
¢ Phantom: Flat Phantom 5.0 (front); Type: QDODOPS0AA; Serial: 1001
« DASYS2 52.8.7(1137); SEMCAD X 14.6.10(7164)

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 = 93.764 V/m; Power Drift = 0.04 dB

Peak SAR (extrapolated) = 27.5 Wikg

SAR(I g) = 13.2 Wikg; SAR(10 g) = 6.12 W/kg

Maximum value of SAR (measured) = 16.9 Wikg

40

0 dB = 16.9 Wikg = 12.28 dBW/kg
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Impedance Measurement Plot for Head TSL
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DASYS Validation Report for Body TSL

Date: 26.09.2013
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 2450 MHz; Type: D2450V2; Serial: D2450V2 - SN: 892

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

Medium parameters used: f = 2450 MHz; o = 2 §/m; & = 52.2; p = 1000 kg/m*
Phantom section: Flat Section

Measurement Standard: DASY5 (IEEE/TEC/ANST C63.19-2007)

DASY52 Configuration:
« Probe: ES3DV3 - SN3205; ConvF(4.42, 4.42, 4.42); Calibrated: 28.12.2012;
s Sensor-Surface: 3mm (Mechanical Surface Detection)
= Elcctronics: DAE4 Sn601; Calibrated: 25.04.2013
« Phantom: Flat Phantom 5.0 (back); Type: QDOO0OPS0OAA; Serial: 1002
« DASYS525287(1137); SEMCAD X 14.6.10(7164)

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

Reference Value = 93,764 Vim; Power Drift = 0.01 dB

Peak SAR (extrapolated) = 26.5 Wikg

SAR(1 g) = 12.7 Wikg; SAR(10 g) = 5.85 W/kg

Maximum value of SAR (measured) = 16.6 Wikg

ey
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15.00

000
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0 dB = 16.6 Wikg = 12.20 dBW/kg
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Impedance Measurement Plot for Body TSL

24 Sep 2013 143361804

EH 811 1 u Fs BEUOEE & 4.334Bn 20094 M 2 450.000 B0 MHz
-
Del
Ca T i
i
I
frosy
15 -
Hlg
CHZ S11 |08 5 dB/REF -28 dB 2 B-2R263 g0 7 450,008 080 HHz

Ca
e
1?
el ! 1 Y| AT | | | T
START Z 258.000 @B Mz ST0F 2 650.000 000 MHz
Cerificate Mo: D2450V2-892_Sep13 Page Bof B

Report File No :  F690501/RF-SAR002179-A1 Date of Issue:  2014-05-23




| SGS Korea Co., Ltd.

| 4, LS-ro 182beon-gil, Gunpo-si, Gyeonggi-do, 435-040
Tel. 031-428-5700 / Fax. 031-427-2371
! Page: 162/186

I http://iwww.sgsgroup.kr

Appendix C.3 Calibration certificate for Dipole 5 GHz, SN 1106

Calibration Laboratory of

& 1 Schweizerischor Kallbrisrdienst
Schmid & Partner = S Service sulsse d'étalonnage
Engineering AG s C  sarvizio avizzers di taratura
Zoughausstrasse 43, 8004 Zurich, Switzeriand ‘*’-.;ﬁ}? S  Swiss Calibration Sorvice
Telyliahe
Accredited by the Swiss Accreditation Sarvice [SAS) Accreditation Ne.: SCS 108 i}jl' 7
The Swiss Accreditation Service is one of the signatories to the EA
Muitilateral Agreemant for the recognition of callbration certificales
ciient  SGS (Dymstec) Cartificate No: DSGHZV2-1106_Mar13
|CALIBRATION CERTIFICATE
—
Object D5GHzV2 - SN: 1108
Calibrafion procedure(s) QA CAL-22 v2

Calibration procedure for dipole validation kits between 3-6 GHz

Callbration dae: March 15, 2013

This calibeation covtficabe docwmants the iraceability 10 national standards, which realize the physical units of measwements (51,
Thar measumments and the uncertainties with confidenca probability ane given on the foSowing pages and are part of the cerilicate.

Al calibrations have beon conduchod in the closad lnbomtony facility: environmant lempenaturs (22 = 35°C and humidity < 70,

Calibration Equipmen used (MATE critical for calrabion])

Primary Standards 0# Cal Dato (Cartificats No.) Schodulad Calibration
Powor mator EPM-L424, GEIT480704 O-Mav-12 (No. 217-01840) Oat-13

Power sansor HP B481A URaT29ETed 01-Mov-12 (Mo, 217-01640) Oct-13

Rafarenca 20 d8 Allanuator SN: 5058 (20} 2T-Mar-12 (Mo, 297-01530) Apr-13

Typa-N migmateh combination SM: B04T.3 7 DBI2T 27-Mar-12 (Mo, 217-01533) Agr-13

Raferenca Probe EX30V4 SN: 3503 28-Doc-12 (No. EX3-3503_Dec1) Dec-13

DAE4 SM: 601 27-Jun-12 (Mo, DAE4-E01_Juni2) Jun-13

Secondary Standards ow Check Dale (in housa) Schoduled Check
Powar sensor HP B4B1A MY41082317 18-Cict-02 {in houso chock Oct-11) In housa check: Oct-13
RF genedmator RES SMT-06 1 000 O Awag-89 (in housa check Oct-11) In housa check: Oct-13
Hatwark Analyzar HP BTSIE USITIS0505 542068  18-0cl-01 (in howse chock Oct-12) tn house chisck: Oct-13

Name Function Sigratum

Calibraisad by israe El-Naoug Laborodory Technician

Approved by Kotjn Pokevic Technical Manager ﬁ‘{ﬂ%

Issued: March 15, 2003

This calibration cerificate shall not ba reproduced axcept in full without writlen appeoval of he labomtony.
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Calibration Laboratory of ;:s:“\g/’/”z; S Schweizerischer Kalibrierdienst
Schmid & Partner iﬁé c Service suisse d'étalonnage
Engineering AG T Servizio svizzero di taratura
Zeughausstrasse 43, 8004 Zurich, Switzerland 4;@53“ S Swiss Calibration Service
LT I
Accredited by the Swiss Accreditation Service (SAS) Accreditation No.: SCS 108

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) IEC 62209-2, “Evaluation of Human Exposure to Radio Frequency Fields from Handheld
and Body-Mounted Wireless Communication Devices in the Frequency Range of 30 MHz to
6 GHz: Human models, Instrumentation, and Procedures”; Part 2: “Procedure to determine
the Specific Absorption Rate (SAR) for including accessories and multiple transmitters”,
March 2010

b) Federal Communications Commission Office of Engineering & Technology (FCC OET),
“Evaluating Compliance with FCC Guidelines for Human Exposure to Radiofrequency
Electromagnetic Fields; Additional Information for Evaluating Compliance of Mobile and
Portable Devices with FCC Limits for Human Exposure to Radiofrequency Emissions”,
Supplement C (Edition 01-01) to Bulletin 65

Additional Documentation:
c) 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.

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.

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

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

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

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 DASY5 V52.8.5
Extrapolation Advanced Extrapolation

Phantom Modular Flat Phantom V5.0

Distance Dipole Center - TSL 10 mm with Spacer

Zoom Scan Resolution dx, dy=4.0mm, dz =1.4 mm Graded Ratio = 1.4 (Z direction)

5200 MHz + 1 MHz
5300 MHz + 1 MHz
Frequency 5500 MHz + 1 MHz
5600 MHz + 1 MHz
5800 MHz + 1 MHz

Head TSL parameters at 5200 MHz
The following parameters and calculations were applied.

Temperature Permittivity Conductivity

Nominal Head TSL parameters 22.0°C 36.0 4.66 mho/m

Measured Head TSL parameters (22.0+02)°C 344+6% 452 mho/m £ 6 %

Head TSL temperature change during test <05°C = —
SAR result with Head TSL at 5200 MHz

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

SAR measured 100 mW input power 8.26 Wikg

SAR for nominal Head TSL parameters normalized to 1W 81.8 W/kg = 19.9 % (k=2)

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

SAR measured 100 mW input power 2.36 Wikg

SAR for nominal Head TSL parameters normalized to 1W 23.3 W/kg = 19.5 % (k=2)
Certificate No: D5GHzV2-1106_Mar13 Page 3 of 16
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Head TSL parameters at 5300 MHz
The following parametars and calculations were applied,
Temperature Permittivity Conductivity

Neminal Head TSL parameters 220°C 359 4,78 mho/m

Measured Head TSL parameters (22002 "C 3326% 4.62 mho/m + 6 %

Head T5L temperature change during test <0.5°C — wear
SAR result with Head TSL at 5300 MHz

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

SAR measured 100 mW input power 8.42 Wikg

SAR for nominal Head TSL parameters noemalized to 1W B33 W/ kg £19.9 % (k=2)

SAR averaged over 10 cm’ {10 g) of Head TSL condition

SAR measured 100 mW input power 2.40 Wikg

SAR for nominal Head TSL parametars nommalized to 1W 23.7 Wikg = 19.5 % (k=2)
Head TSL parameters at 5500 MHz

The fellowing parameters and calculations were applied.
Temperature Permittivity Conductivity

Nominal Head TSL parameters 220°C 358 4.96 mho/m

Measured Head TSL parameters {22.0+0.2)°C HM0£6% 480 mha/m =6 %

Head TSL temperature change during test <0.5"C - —r
SAR result with Head TSL at 5500 MHz

SAR averaged over 1 em’ (1 g) of Head TSL Canditicn

SAR measured 100 mW inpul power B.64 Wikg

SAR for nominal Head TSL parameters normalized 1o 1W B85.4 Wikg = 19.9 % (k=2)

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

SAR measured 100 mW input power 248 Wikg

SAR for nominal Head TSL parameters normalized to 1W 24.3 Wikg = 19.5 % (k=2)
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Head TSL parameters at 5600 MHz
The following parametars and calculations were applied.
Temperature Parmittivity Conductivity
Mominal Head TSL parameters 220°C ass5 5.07 mhaim
Measured Head TSL parameters (22.0=02)°C 339:£6% 4.91 mho/m +6 %
Head T5L temperature change during test <05°C i e
SAR result with Head TSL at 5600 MHz
SAR averaged over 1 cm” {1 g) of Head TSL Condition
SAR measured 100 mW input power 8.55 Wikg
SAR for nominal Head TSL parametars nomalized to 1W B4.6 Wikg + 19.9 % (k=2)
SAR averaged over 10 cm® (10 g) of Head TSL condition
SAR measurad 100 mW inputl power 2.43 Wikg
SAR for nominal Head TSL parameters normalized to 1TW 24.0 Wikg = 19.5 % (k=2)
Head TSL parameters at 5800 MHz
The lollowing parameters and calculations ware applied.
Temperature Permittivity Conductivity
Neminal Head TSL parameters 220°C 35.3 5.27 mho/m
Measured Head TSL parameters {22.0+0.2)°C 336=26% 5.11 mha/m £ 6 %
Head T5L temperature change during test =0.5°C - —
SAR result with Head TSL at 5800 MHz
SAR averaged over 1em’ {1 g) of Head TSL Condition
SAR measured 100 mW input power B.21 Wikg
SAR for nominal Head TSL paramaters nomalized o 1W B1.2 Wikg = 19.9 % (k=2)
SAR averaged over 10 em” (10 g) of Head TSL condition
SAR measured 100 mW input powar 2.33 Wikg
SAR for nominal Head TSL paramaters nomalized 1o 1W 230 Wikg = 19.5 % (k=2)
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Body TSL parameters at 5200 MHz
Tha foliowing parameters and calculations were applied.
Temperature Permittivity Conductivity

MNominal Body TSL parameters 220°C 49.0 5.30 mho/m

Measured Body TSL parameters (22.0£0.2) "C 47026 % 542 mho/m + 8 %

Body TSL temperature change during test <0.5%C ae rees
SAR result with Body TSL at 5200 MHz

SAR averaged over 1 ¢m® (1 g) of Body TSL Condition

SAR measured 100 mW input powar 7.55 Wikg

SAR for nominal Body TSL peramaters normalized to 1W 74.9 Wikg = 19.9 % (k=2)

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

SAR measurad 100 mW input power 211 Wihg

SAH for nominal Body TSL paramelers normalized to 1W 20.9 Wikg = 19.5 % (k=2)

Body TSL parameters at 5300 MHz

The foliowing parameters and calculations were applied.

Temperature Permittivity Conductivity
Nominal Body TSL parameters 220°C 48.9 5.42 mhao/m
Measured Body TSL paramelers (22.0 £0.2) *C 46.9 6 % 5.55 mho/m = 6 %
Body TSL temperature change during test <05°C — ——

SAR result with Body TSL at 5300 MHz

SAR averaged over 1 cm”® {1 g) of Body TSL Condition
SAR measured 100 mW Inpul power 7.74 Wing
SAR for nominal Body TSL paramaters normalized to 1W T6.8 Wikg = 18.9 % (k=2)
SAR averaged over 10 em® (10 g) of Body TSL candition
SAR measured 100 mW input power 217 Wikg
SAR for nominal Body TSL parameters normalized to TW 21.5 Wikg = 19.5 % (k=2)
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Body TSL parameters at 5500 MHz
The following parameters and calculations wers applied.
Temperature Parmittivity Conductivity

Nominal Body TSL parameters 220°C 48.6 5.65 mho/m

Measured Body TSL parameters (22.0=0.2)°C 46526% 5.80 mha/m + 6 %

Body TSL temperature change during test <05°C — s
SAR result with Body TSL at 5500 MHz

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

SAR measurad 100 mW input powear 8.14 Wikg

SAR for nominal Body TSL paramaters nommalized o 1W BO.B Wikg = 19.9 % (k=2)

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

SAR measured 100 mW input power 2.25Wikg

SAR for nominal Body TSL parametars normalized to 1W 223 Wikg = 19.5 % (k=2)
Body TSL parameters at 5600 MHz

Tha following parameters and calculations were applied.
Temperature Permittivity Conductivity

MNeminal Body TSL parameters 22.0°C 485 5.77 mho/m

Measured Body TSL parameters (22.0+0.2) "C 464 £6% 5.94 mho/m £ 6 %

Body TSL temperature change during test <05°C — e
SAR result with Body TSL at 5600 MHz

SAR averaged over 1 em” (1 g) of Body TSL Condition

SAR measured 100 mW input power 8.20 Wikg

SAR for nominal Body TSL parameters normalized to 1W 81.4 Wikg = 19.9 % (k=2)

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

SAR measured 100 mW input power 2.27T Wikg

SAR for nominal Body TSL parameters normalized to 1W 22.5 Wikg £ 19.5 % (k=2)
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Body TSL parameters at 5800 MHz

The following parameters and calculations were applied.

Temperature Permittivity Conductivity

Nominal Body TSL parameters 22.0°C 48.2 6.00 mho/m

Measured Body TSL parameters (22.0+0.2)°C 46.1+6% 6.21 mho/m +6 %

Body TSL temperature change during test <05°C = s
SAR result with Body TSL at 5800 MHz

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

SAR measured 100 mW input power 7.57 Wikg

SAR for nominal Body TSL parameters normalized to 1W 75.1 W/kg = 19.9 % (k=2)

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

SAR measured 100 mW input power 2.09 W/kg

SAR for nominal Body TSL parameters normalized to 1W 20.7 W/kg + 19.5 % (k=2)
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Appendix
Antenna Parameters with Head TSL at 5200 MHz

Impedance, transformed to feed point 50.1Q-97iQ

Return Loss -20.3dB
Antenna Parameters with Head TSL at 5300 MHz

Impedance, transformed to feed point 504 0Q-38jQ

Return Loss -28.3dB
Antenna Parameters with Head TSL at 5500 MHz

Impedance, transformed to feed point 49.0Q-4.1iQ

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

Impedance, transformed to feed point 5390Q-5.1ijQ

Retum Loss -243dB
Antenna Parameters with Head TSL at 5800 MHz

Impedance, transformed to feed point 545Q-14iQ

Return Loss -26.9dB
Antenna Parameters with Body TSL at 5200 MHz

Impedance, transformed to feed point 5030-9.3iQ

Return Loss -20.6dB
Antenna Parameters with Body TSL at 5300 MHz

Impedance, transformed to feed point 5090Q-32jQ

Return Loss -29.8dB
Antenna Parameters with Body TSL at 5500 MHz

Impedance, transformed to feed point 48.70-25iQ

Return Loss -31.9dB
Antenna Parameters with Body TSL at 5600 MHz

Impedance, transformed to feed point 545Q-42iQ

Return Loss -246dB
Certificate No: D5GHzV2-1106_Mar13 Page 8 of 16

Report File No: F690501/RF-SAR002179-Al Date of Issue :  2014-05-23




SGS Korea Co., Ltd.

4, LS-ro 182beon-gil, Gunpo-si, Gyeonggi-do, 435-040

Tel. 031-428-5700 / Fax. 031-427-2371
http://www.sgsgroup.kr

Page :

171/186

Antenna Parameters with Body TSL at 5800 MHz

Impedance, transformed to feed point

5440 +1.0(0

Return Loss -27.2dB
General Antenna Parameters and Design
| Electrical Delay (one direction) 1.198 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

March 11, 2011
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DASY5 Validation Report for Head TSL

Date: 15.03.2013
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 5GHz; Type: D5GHzV2; Serial: DSGHzV2 - SN: 1106

Communication System: CW; Frequency: 5200 MHz, Frequency: 5300 MHz, Frequency: 5500 MHz,
Frequency: 5600 MHz, Frequency: 5800 MHz

Medium parameters used: f = 5200 MHz; 6 =4.52 S/m; g, = 34 4; p = 1000 kg/m’ , Medium parameters
used: f = 5300 MHz; o = 4.62 S!m & =34.3; p= 1000 kg/m’ , Medium parameters used: f = 5500 MHz; o =
4.8 S/m; & = 34; p = 1000 kg/m’ , Medium parameters used: f 5600 MHz; 6 =4.91 S/m; & =33.9;p=
1000 kg/m” , Medium parameters used: f = 5800 MHz: o = 5.11 S/m; & = 33.6; p = 1000 kg/m’

Phantom section: Flat Section

Measurement Standard: DASYS (IEEE/[EC/ANSI C63.19-2007)

DASY52 Configuration:

= Probe: EX3DV4 - SN3503; ConvF(5.41, 5.41, 5.41); Calibrated: 28.12.2012, ConvF(5.1, 5.1, 5.1);
Calibrated: 28.12.2012, ConvF(4.91, 4.91, 4.91); Calibrated: 28.12.2012, ConvF(4.76, 4.76, 4.76);
Calibrated: 28.12.2012, ConvF(4.81, 4.81, 4.81); Calibrated: 28.12.2012:

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

s Electronics: DAE4 Sn601; Calibrated: 27.06.2012

o Phantom: Flat Phantom 5.0 (front); Type: QDOOOPS0AA; Serial; 1001
= DASYS52 52.8.5(1059); SEMCAD X 14.6.8(7028)

Dipole Calibration for Head Tissue/Pin=100mW, dist=10mm, f=5200 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Measurement grid: dx=4mm, dy=4mm, dz=1.4mm

Reference Value = 65.348 V/m; Power Drift = 0.02 dB

Peak SAR (extrapolated) = 30.6 W/kg

SAR(1 g) = 8.26 W/kg; SAR(10 g) = 2.36 W/kg

Maximum value of SAR (measured) = 19.2 W/kg

Dipole Calibration for Head Tissue/Pin=100mW, dist=10mm, f=5300 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Measurement grid: dx=4mm, dy=4mm, dz=1.4mm

Reference Value = 65.418 V/m; Power Drift = 0.04 dB

Peak SAR (extrapolated) = 32.1 W/kg

SAR(1 g) = 8.42 W/kg; SAR(10 g) = 2.4 W/kg

Maximum value of SAR (measured) = 19.8 W/kg

Dipole Calibration for Head Tissue/Pin=100mW, dist=10mm, f=5500 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Measurement grid: dx=4mm, dy=4mm, dz=1.4mm

Reference Value = 65.553 V/m; Power Drift = 0.03 dB

Peak SAR (extrapolated) = 34.1 W/kg

SAR(1 g) = 8.64 W/kg; SAR(10 g) = 2.46 W/kg

Maximum value of SAR (measured) = 20.5 W/kg
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Dipole Calibration for Head Tissue/Pin=100mW, dist=10mm, f=5600 MHz/ Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Measurement grid: dx=4mm, dy=4mm, dz=1.4mm

Reference Value = 64.766 Vim; Power Drift = 0.01 dB

Peak SAR (extrapolated) = 34.2 Wikg

SAR(1 g) = 8.55 Wikg; SAR(10 g) = 2.43 Wikg

Maximum value of SAR (measured) = 20.4 Wikg

Dipole Calibration for Head Tissue/Pin=100mW, dist=10mm, f=5800 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Measurement grid: dx=4mm, dy=4mm, dz=1.4mm

Reference Value = 62.008 Vim; Power Drift = 0.01 dB

Peak SAR (extrapolated) = 34.5 Wikg

SAR(I g) = 8.21 Wikg; SAR(10 g) = 2.33 Wikg

Maximum value of SAR (measured) = 20.0 Wikg

o8
o

-12.00

-10.00

-30.00

0dB =20.0 Wikg = 13.01 dBW/kg
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Impedance Measurement Plot for Head TSL

15 Mar 2843 14:33:23
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DASYS5 Validation Report for Body TSL

Date: 14.03.2013
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 5GHz; Type: DSGHzV2; Serial: DSGHzV2 - SN: 1106

Communication System: CW; Frequency: 5200 MHz, Frequency: 5300 MHz, Frequency: 5500 MHz,
Frequency: 5600 MHz, Frequency: 5800 MHz

Medium parameters used: f = 5200 MHz; 6 = 5.42 S/m; &, = 47; p = 1000 kg/m® , Medium parameters used: f
= 5300 MHz; 6 = 5.55 S/m; s, 46.9; p = 1000 kg/m’ , Medium parameters used: f = 5500 MHz; ¢ = 5.8
S/m; ar 46.5; p = 1000 kg/m® , Medium parameters used: f = 5600 MHz; o = 5.94 S/m; ar 46.4; p = 1000
kglm Medium parameters used: f = 5800 MHz; ¢ = 6.21 S/m; & = 46.1; p = 1000 kgfm

Phantom section: Flat Section

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

DASYS52 Configuration:

o Probe: EX3DV4 - SN3503; ConvF(4.91, 4.91, 4.91); Calibrated: 28.12.2012, ConvF(4.67, 4.67,
4.67); Calibrated: 28.12.2012, ConvF(4.43, 4.43, 4.43); Calibrated: 28.12.2012, ConvF(4.22, 4.22,
4.22); Calibrated: 28.12.2012, ConvF(4.38, 4.38, 4.38); Calibrated: 28.12.2012;

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

o Electronics: DAE4 Sn601; Calibrated: 27.06.2012

e Phantom: Flat Phantom 5.0 (back); Type: QDO00OPS0AA; Serial: 1002
+ DASY52 52.8.5(1059); SEMCAD X 14.6.8(7028)

Dipole Calibration for Body Tissue/Pin=100mW, dist=10mm, f=5200 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Measurement grid: dx=4mm, dy=4mm, dz=1.4mm

Reference Value = 59.488 V/m; Power Drift = -0.02 dB

Peak SAR (extrapolated) = 29.8 W/kg

SAR(1 g) = 7.55 W/kg; SAR(10 g) = 2.11 W/kg

Maximum value of SAR (measured) = 17.6 W/kg

Dipole Calibration for Body Tissue/Pin=100mW, dist=10mm, f=5300 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Measurement grid: dx=4mm, dy=4mm, dz=1.4mm

Reference Value = 59.529 V/m; Power Drift = -0.01 dB

Peak SAR (extrapolated) = 31.5 W/kg

SAR(1 g) = 7.74 W/kg; SAR(10 g) = 2.17 W/kg

Maximum value of SAR (measured) = 18.3 W/kg

Dipole Calibration for Body Tissue/Pin=100mW, dist=10mm, f=5500 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Measurement grid: dx=4mm, dy=4mm, dz=1.4mm

Reference Value = 59.873 V/m; Power Drift = -0.02 dB

Peak SAR (extrapolated) = 35.1 W/kg

SAR(1 g) = 8.14 W/kg; SAR(10 g) = 2.25 W/kg

Maximum value of SAR (measured) = 19.7 W/kg
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Dipole Calibration for Body Tissue/Pin=100mW, dist=10mm, f=5600 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Measurement grid: dx=4mm, dy=4mm, dz=14mm

Reference Value = 59.492 V/m; Power Drift = -0.01 dB

Peak SAR (extrapolated) = 36.4 Wikg

SAR(1 g) = 8.2 W/kg; SAR(10 g) = 2.27 W/kg

Maximum value of SAR (measured) = 20.1 W/kg

Dipole Calibration for Body Tissue/Pin=100mW, dist=10mm, f=5800 MHz/Zoom Secan,
dist=1.4mm (8x8x7)Cube 0: Measurement grid: dx=4mm, dy=4mm, dz=1.4mm

Reference Value = 56,370 V/m; Power Drift = 0.00 dB

Peak SAR (extrapolated) = 35.1 W/kg

SAR(1 g) = 7.57 W/kg; SAR(10 g) = 2.09 W/kg
Maximum value of SAR (measured) = 18.7 Wikg

-6.00

~12.00

-24.00

-30.00

0dB = 187 Wikg = 12.72 dBW/kg
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Impedance Measurement Plot for Body TSL
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Appendix C.3 Calibration certificate for Dipole 5 GHz, SN 1170

Calibration Laboratory of

Schmid & Partner
Engineering AG

Zeughausstrasse 43, 8004 Zurlch, Switzerland

Accradited by the Swiss Accred®ation Sarvice (SAS)
The Swiss Accreditation Sarvies is one of the signatories to the EA
Muitilateral Agreemant for the recognition of calibration cortificates

cient  KES (Dymstec)

Schwelzorischer Kalibrierdienst
Service suisse d'étalonnage
Servizio svizzers di taratura
Swiss Callbration Service

Carlificate No: DSGHzV2-1170_Jan14/2

|CALIBRATION CERTIFICATE (Replacement of No:D5GHzV2-1170_Jan14)

Otject

Calibration proceduns(s)

Calitration date:

DSGHzV2 - SN: 1170

QA CAL-22.v2
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Glossary:

TSL tissue simulating liquid

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

Calibration is Performed According to the Following Standards:

a)

b)
c)

IEC 62209-2, “Evaluation of Human Exposure to Radio Frequency Fields from Handheld
and Body-Mounted Wireless Communication Devices in the Frequency Range of 30 MHz to
6 GHz: Human models, Instrumentation, and Procedures”™; Part 2: “Procedure to determine
the Specific Absorption Rate (SAR) for including accessories and multiple transmitters”,
March 2010

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

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

Additional Documentation:

d)

Metho

DASY4/5 System Handbook

ds 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%.
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Measurement Conditions
DASY system configuration, as far as not given on page 1.
DASY Version DASYS V52.8.7
Extrapolation Advanced Extrapolation
Phantom Modular Flat Phantom V5.0
Distance Dipole Center - TSL 10 mm with Spacer

Zoom Scan Resolution

dx,dy=4.0mm,dz =1.4mm

Graded Ratio = 1.4 (Z direction)

Frequency

5200 MHz = 1 MHz
5300 MHz = 1 MHz
5500 MHz + 1 MHz
5600 MHz + 1 MHz
5800 MHz + 1 MHz

Head TSL parameters at 5200 MHz

The following parameters and calculations were applied.

Temperature Permittivity Conductivity
Nominal Head TSL parameters 220°C 36.0 4.66 mho/m
Measured Head TSL parameters (22.0+0.2)°C 355+6% 4.43 mho/m =6 %
Head TSL temperature change during test <05°C - =
SAR result with Head TSL at 5200 MHz
SAR averaged over 1 cm® (1 g) of Head TSL Condition
SAR measured 100 mW input power 8.00 Wikg
SAR for nominal Head TSL parameters normalized to 1W 79.7 W/kg = 19.9 % (k=2)
SAR averaged over 10 em® (10 g) of Head TSL condition
SAR measured 100 mW input power 2.30 Wikg

SAR for nominal Head TSL parameters

normalized to TW

22.9 Wikg = 19.5 % (k=2)
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Head TSL parameters at 5300 MHz
The following parameters and calculations were applied.
Temperature Permittivity Conductivity

Nominal Head TSL parameters 220°C 359 4.76 mho/m

Measured Head TSL parameters (22.0+0.2)°C 35.3+6% 4.54 mho/m + 6 %

Head TSL temperature change during test <05°C
SAR result with Head TSL at 5300 MHz

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

SAR measured 100 mW input power 8.22 Wikg

SAR for nominal Head TSL parameters normalized to 1W 81.8 W/ kg +19.9 % (k=2)

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

SAR measured 100 mW input power 2.37 Wikg

SAR for nominal Head TSL parameters normalized to 1W 23.5 W/kg = 19.5 % (k=2)
Head TSL parameters at 5500 MHz

The following parameters and calculations were applied,
Temperature Permittivity Conductivity

Nominal Head TSL parameters 22.0°C 35.6 4.96 mho/m

Measured Head TSL parameters (22.0+0.2)°C 35.1£6% 4.75 mho/m + 6 %

Head TSL temperature change during test <0.5°C - ——
SAR result with Head TSL at 5500 MHz

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

SAR measured 100 mW input power B.42 Wikg

SAR for nominal Head TSL parameters normalized to 1W 83.8 Wikg = 19.9 % (k=2)

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

SAR measured 100 mW input power 2.41 W/kg

SAR for nominal Head TSL parameters normalized to 1W 24.0 Wkg = 19.5 % (k=2)
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Head TSL parameters at 5600 MHz
The following parameters and calculations were applied.
Temperature Permittivity Conductivity

Nominal Head TSL parameters 22.0°C 35.5 5.07 mho/m

Measured Head TSL parameters (22.0+02)°C 350+£6% 4.84 mho/m +6 %

Head TSL temperature change during test <05°C i ———
SAR result with Head TSL at 5600 MHz

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

SAR measured 100 mW input power 8.45 Wikg

SAR for nominal Head TSL parameters normalized to 1W 84.1 W/kg = 19.9 % (k=2)

SAR averaged over 10 em® (10 g) of Head TSL condition

SAR measured 100 mW input power 2.41 Wikg

SAR for nominal Head TSL parameters normalized to 1W 24.0 W/kg = 19.5 % (k=2)
Head TSL parameters at 5800 MHz

The following parameters and calculations were applied.
Temperature Permittivity Conductivity

Nominal Head TSL parameters 22.0°C 35.3 5.27 mho/m

Measured Head TSL parameters (22.0 +0.2) °C 34.7 6% 5.05 mho/m =6 %

Head TSL temperature change during test <0.5°C — i
SAR result with Head TSL at 5800 MHz

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

SAR measured 100 mW input power 8.04 Wikg

SAR for nominal Head TSL parameters normalized to 1W 80.0 W/kg = 19.9 % (k=2)

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

SAR measured 100 mW input power 228 Wikg

SAR for nominal Head TSL parameters normalized to 1W 22.8 W/kg + 19.5 % (k=2)
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Appendix
Antenna Parameters with Head TSL at 5200 MHz

Impedance, transformed to feed point 509Q-97iQ
Return Loss -20.4dB

Antenna Parameters with Head TSL at 5300 MHz

Impedance, transformed to feed point 515Q-59jQ
Return Loss -24.5dB

Antenna Parameters with Head TSL at 5500 MHz

Impedance, transformed to feed point 5230-54jQ
Return Loss -24.9dB

Antenna Parameters with Head TSL at 5600 MHz

Impedance, transformed to feed point 56.50-49jQ
Return Loss -223dB

Antenna Parameters with Head TSL at 5800 MHz

Impedance, transformed to feed point 56.80Q-33jQ
Return Loss -23.0dB

General Antenna Parameters and Design

Electﬁcal Delay (one direction) 1.203 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 December 09, 2013
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DASYS5 Validation Report for Head TSL

Date: 14.01.2014

Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 5GHz; Type: D5GHzV2; Serial: DSGHzV?2 - SN: 1170

Communication System: UID 0 - CW: Frequency: 5200 MHz, Frequency: 5300 MHz, Frequency: 5500
MHez, Frequency: 5600 MHz, Frequency: 5800 MHz
Medium parameters used: f = 5200 MHz; ¢ = 4.43 S/m; &, = 35.5; p = 1000 kg/m’ , Medium parameters

used: f=5300 MHz; 6 = 4.54 S/m; ¢, = 35.3; p = 1000 kg/m® | Medium parameters used: f = 5500 MHz: 6 =

4.75 S/m; g = 35.1; p = 1000 kghn3 ,» Medium parameters used: f = 5600 MHz; ¢ = 4.84 S/m; g,=35;p=

1000 kg/m® , Medium parameters used: f = 5800 MHz; ¢ = 5.05 $/m; &, = 34.7; p = 1000 kg/m?
Phantom section: Flat Section
Measurement Standard: DASYS5 (IEEE/IEC/ANSI C63. 19-2007)

DASY52 Configuration:

¢ Probe: EX3DV4 - SN3503; ConvF(5.52, 5.52, 5.52); Calibrated: 30.12.2013, ConvF(5.2, 5.2, 5.2);
Calibrated: 30.12.2013, ConvF(5.01, 5.01, 5.01); Calibrated: 30.12.2013, ConvF(4.86, 4.86, 4.86);

Calibrated: 30.12.2013, ConvF(4.91, 4.91, 4.91): Calibrated: 30. 12.2013;
e Sensor-Surface: 1.4mm (Mechanical Surface Detection)
o Electronics: DAE4 Sn601; Calibrated: 25.04.2013
e Phantom: Flat Phantom 5.0 (front); Type: QDO00P5S0AA; Serial: 1001
e DASY52 52.87(1137); SEMCAD X 14.6.10(7164)

Dipole Calibration for Head Tissue/Pin=100mW, dist=10mm, f=5200 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Measurement grid: dx=4mm, dy=4mm, dz=1.4mm

Reference Value = 63.906 V/m; Power Drift = 0.03 dB

Peak SAR (extrapolated) = 29.1 W/kg

SAR(1 g) = 8 W/kg; SAR(10 g) = 2.3 W/kg

Maximum value of SAR (measured) = 18.2 W/kg

Dipole Calibration for Head Tissue/Pin=100mW, dist=10mm, f=5300 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Mcasurement grid: dx=4mm, dy=4mm, dz=1.4mm

Reference Value = 63.968 V/m; Power Drift = 0,06 dB

Peak SAR (extrapolated) = 31.1 W/kg

SAR(1 g) = 8.22 W/kg; SAR(10 g) = 2.37 W/kg

Maximum value of SAR (measured) = 19.0 Wrkg

Dipole Calibration for Head Tissue/Pin=100mW, dist=10mm, f=5500 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Measurement grid: dx=4mm, dy=4mm, dz=1.4mm

Reference Value = 63.718 V/m; Power Drift = 0.04 dB

Peak SAR (extrapolated) = 33.1 W/kg

SAR(1 g) = 8.42 W/kg; SAR(10 g) = 2.41 Wikg

Maximum value of SAR (measured) = 19.7 Wikg
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Dipole Calibration for Head Tissue/Pin=100mW, dist=10mm, f=5600 MH=z/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Measurement grid: dx=4mm, dy=4mm, dz=1 4mm

Reference Value = 63,713 Vim; Power Drift = 0.05 dB

Peak SAR (extrapolated) = 33.6 Wikg

SAR(1 g) = 8.45 W/kg; SAR(10 g) = 2.41 Wik

Maximum value of SAR (measured) = 20.0 Wikg

Dipole Calibration for Head Tissue/Pin=100mW, dist=10mm, f=5800 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Mcasurcment grid: dx=4mm, dy=4mm, dz=1.4mm

Reference Value = 60,732 Vim; Power Drift = 0.06 dB

Peak SAR (extrapolated) = 33.3 Wikg

SAR(I g) = 8.04 Wikg; SAR(10 g) = 2.29 Wikg

Maximum value of SAR (measured) = 19.2 Wikg

-40.00

5050

0dB = 18.2 Wikg = 12.60 dBW/kg
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Impedance Measurement Plot for Head TSL
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