THIEAY

Forea Testing Labaratony

ktl

Calibration Laboratory of

Schmid & Partner
Engineering AG

Zeughausstrasse 43, 8004 Zurich, Switzerland

Accredited by the Swiss Accreditation Servize (SAS)
The Swiss Accreditation Servica is one of the signatories to the EA
lultilateral Agreement for the recognition of calibration certificates

Client

KTL (Dymstec)

Report No.:14-030828-01-01

Schweizerischer Kalibrierdienst
Service suisse d'étalonnage
Servizio svizzero di taratura
Swiss Calibration Service

Accreditation No.: SCS 108

Certificate No: D1900V2-5d038_May13

CALIBRATION CERTIFICATE

Oblect

Calibration procedura(s)

Callbration date:

D1900V2 - SN: 5d038

QA CAL-05.vS

Calibration procedure for dipole validation kits above 700 MHz

May 29, 2013

|
Celibration Cquipment used (M&TL critical for calibration)

This ca ibration cerificate documents the tracaability to national stardards, which realize the physical units of measurements (S1).
The measurements and the uncertaintias with confidence probability are given on the following pages and are par of the certifizate.

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

Primary Slandards N Cal Date (Ceriificate No.) Scheduled Calibration

Pcwer meter EPM-4424 GB37480704 D1-Nov-12 [Ny, 217-01640) Oct-13

Pcwer sensor HP 84814 US37202783 01-Nov-12 [No, 217-01640) Oct-13

Reference 20 cB Atlenuator SN 50568 (204) 0-Apr-13 (Na. 217-0173R) Apr-14

Type-N m smaich combination SN 5047.5/ 06327 04-Apr-13 (Na. 217-01739) Apr-14

Helerence Probe ES3DV3 SN: 3205 23-Dee-12 [No. ES3-3205_Dec12) Dec-13

DAEA SN 601 25-Apr-13 (No. DAE4-6801_Apri3) Apr-14

Sacondary Standards ot Check Date {in house) Scheduled Check

Pawer sensor HP 8¢81A MY41092317 13-Oc1-02 ( n house check Oct-11] In house check: Cet13

RF ganarator F&S SMT-06 100005 04-Aug-98 {in house check Oct-11) In house cheele Cet 12

Network Analyzer HP 8753E US37390585 S4206 18-0cl-01 { n house check Oct-12] In house check: Oct-13
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Calibration Laboratory of
Schmid & Partner

Engineering AG
Zeughausstrasse 43, 8004 Zurich, Switzerland

Schweizerischer Kalibrierdienst
Service suisge d'étalonnage
Servizio svizzero di taratura
Swiss Calibration Service

fceredited by the Swiss Accreditation Savice (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 nat measured

Calibration is Performed According to the Following Standards:

a) IEEE 5td 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 62208-1, "Procedure to measure the Specific Absarption Rate (SAR) for hand-held
devices used in close proximity to the ear (frequency range of 300 MHz to 3 GHz)",
February 2005

¢} Federal Communications Commission Office of Engineering & Technology (FCC OET),
“Evaluating Compliance with FCC Guidelines for Human Exposure to Radiofrequency
Electromagnetic Fields; Additional Information far 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:

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.

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

* Feed Point Impedance and Retumn 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 FElectrical Delay: One-way delay between the SMA connector and the antenna feed point.
No uncertainty required.

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

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

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

Certificate No: D1900V2-5d036_May13 Page 2 0f 8



UaHeIEA gy
Forea Testing Labaratony

ktl

Report No.:14-030828-01-01

Measurement Conditions

DASY system configuration, as far as not given on page 1.
DASY Version DASYS VE2.8.6
Extrapolation Advancad Extrapolalion
Phantom Modular Flat Phantorn
Distance Dipole Center - TSL 10 mm with Spacer
Zoom Scan Resolution dx, dy, dz =5 mm
Frequency 1800 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 mhofin
Measured Head TSL parameters (22.0 £0.2) °C 393x6% 1.35 mho/m =6 %
Head TSL temperature change during test <05°C =5 m—=s
SAR result with Head TSL
SAR averaged aver 1 em’ (1 g) of Head TSL Condition
SAR measured 250 mW input power 10.1 Wikg
SAR “or nominal Head TSL parameters normalized to TW 41.1 Wikg = 17.0 % (k=2)
SAR averaged over 10 cm® (10 g) of Head TSL condition
SAR measured 250 mW input power | 5.29 Wikg
SAR for nominal Head TSL parameters ncrmalized to 1W 21.4 Wikg = 16.5 % (k=2)

Body TSL parameters
The following parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Body TSL parameters 220°C 538.3 1.52 mhofin
Mcasured Body TSL parameters (22.0 =0.2) °C 536+6% 1.43 mho/m 6 %
Body TSL tamperature change during test <0.5°C —-
SAR result with Body TSL
SAR averaged over 1 em® (1 g) of Body TSL Cendition
SAR measured 250 mW input power 10.2 Wikg

SAR for nominal Body TSL paramelers

narmalized to 1W

41.3 Wikg + 17.0 % (k=2)

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

conditior

SAR measured

250 mW input power

5.47 Wikg

SAR for nominal Body TSL parameters

normalized to 1W

22.1 Whkg = 16.5 % (k=2)

Certificate No: D1900V2-5d038 May13
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Appendix

Antenna Parameters with Head TSL
Impedance, transformed to feed point 521 Q2 +67jiQ
Retum Loss -233d3

Antenna Parameters with Body TSL

Impedance, transformed to feed point 4790 +70jQ
Return Lcss -225dB

General Antenna Parameters and Design

Electrical Delay (one direction) 1.197 ns

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

The dipole is made of standard semirigid coaxial cable. The center concucter of the feeding line is directly connected ta the
second arm of the dipole. The amenna is therefore shert-circuited for DC-signals. On some of the dipcles, small end caps
are added to the dipole arms in order to improve matching when loaded according to the sosition 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 appliec 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 July 04, 2003

Certificate No: D1800V2-5d038_May13 Page 40i 8
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DASYS Validation Report for Head TSL

Date: 29.05.2013
Test Laboratory: SPEAG, Zurich, Swilzerland
DUT: Dipole 1900 MHz; Type: D1900V2; Serial: D1900¥2 - SN: 5d038

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

Medium parameters used: = 1900 MHz; ¢ = 1.35 S/m; &, = 39.3; p = 1000 kg/m"
Phantom section: Flat Section

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

DASYS2 Configuration:
e Probe: ES3DV3 - SN3205; ConvF(4.98, 4.98, 4.98); Calibrated: 28.12.2012;
o Sensor-Surface: 3mm (Mechanical Surface Detection)
» [lectronics: DAE4 Sn601; Calibrated: 25.04.2013
s  Phantom: Flat Phantom 5.0 (front); Type: QDDOOPS0AA; Serial: 1001
o DASYS5252.8.6(1115); SEMCAD X 14.6.9(7117)

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

Referenee Value = 97.243 Vim; Power Drift = (.05 dB

Peak SAR (extrapolated) = 18.1 W/kg

SAR(1 g) = 10.1 W/kg; SAR(10 g) = 5.29 W/kg

Maximum value of SAR (measurcd) = 12.3 W/kg

0dB =12.3 Wrkg = 10.90 dBW/kg

Cerlifivate No: D1900V2-5d038_May13 Page 50f 8
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Impedance Measurement Plot for Head TSL

29 May 2013 14:45:47
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DASYS5 Validation Report for Body TSL
Date: 29.05.2013

Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 1200 MHz; Type: D1900V2: Serial: D1900V2 - SN: 5d038
Communication System: UID 0 - CW ; Frequency: 1900 MHz i
Medium parameters used: f = 1900 MHz; ¢ = 1.49 S/m; & = 53.6: p = 1000 kg/m”
Phantom section: Flar Scetion
Measurement Standard: DASYS (IEEE/IEC/ANSI C63.19-2007)
DASYS52 Configuration:

» Probe: ES3DV3 - SN3205; ConvF(4.6, 4.6, 4.6); Calibrated: 28.12.2012;

e Sensor-Surface: 3mm (Mechanical Surface Detection)

¢ [lectronics: DAE4 Sn601: Calibrated: 25.04,2013

« Phantom: Flat Phantom 5.0 (back); Type: QDOCUOPS0AA; Serial: 1002

« DASYS52352.8.6(1115); SEMCAD X 14.6.9(7117)

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

Reference Value = 97.243 V/m; Power Drift = 0.02 dB

Peak SAR {extrapolated) = 17.4 Wikg

SAR( g) =10.2 W/kg; SAR(10 g) = 5.47 Wike

Maximum value of SAR (measured) = 12,9 W/kg

I 0
I -3.40
Py

-10.20
-13.60

-17.0n

0dB =129 W/kg = [1.11 dBW/kg

Certificate No: D1900V2-5d038. May* 3 Page 7 of 8
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|[CALIBRATION CERTIFICATE

Objsct

Calibration pracedure(s)

Calibration date:

The meast Ls and (he un

D2450V2 - SN: 746

QA CAL-05.v9

Calibration procedure for dipole validation kits above 700 MHz

January 21, 2014

Calibration =quipment used (M&TE critical for calibration)

This calibration cerlificate documents the traccability to national standards, which realize the physical units of measurements (Sl).
‘with conficerce probabliity are given on the following pages enc are part cf the certiticate.

All calibrations have been conductad in the closed laboratory facility: envilonmenl lemperatuie (22 4 3)°C and humidity < 70%.

This calibration certificate shall not be reproducad except in full without writien appraval of the laboratory.

 Primary Standards 1D # Cal Date (Certificate No.) Scheduled Calibration
Power meter EPM-442A GB37480704 08-Oct-13 (No. 217-01827) Cet-14
Power sensor HP 84814 Us37292783 09-0ct-13 (N2, 217-01827) Cet-14
Power sensor HP 84814 MY41092317 09-0ct-13 (N2, 217-01828) Cot-14
Reference 20 dB Attenualar SN: 5058 (20k) 04-Apr-- 3 (No. 217-01736) Apr-14
Type-N mismatch combination SN: 5047.53 / 06327 04-Apr--3 (No. 217-01739) Apr-14
Reterence Prcbe ES3DVS SN: 3205 30-Dac-13 (No. ES3-3205_Dec13) Dac-14
DAE4 SN: 601 25-Apr-13 (No. DAF4-801_Apri3) Apr-14
Sacondary Standards 1D # Check Datz (in nouse) Scheduled Chack
RF generator R&S SMT-0E 100005 04-Aug-39 (in house chack Oct-13) In hnuse chack: Oct-16
Natwork Analyzer HP 8753E US37300585 S4206 “8-0ct-01 (in house check Oct-13) In house chack: Oct-14
Name Function Signature
Calibrated ty: Israe El-Naouqg Laboratory Technician O
Wier etSoccrey
Appraved by Karja Pokovic Technical Manager

|ssued; January 21. 2014

Certificate No: D2450V2-746_Jan14

Page 1 cf 8
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Calibration Laboratory of
Schmid & Partner
Engineering AG

Zeughausstrasse 43, 8004 Zurich, Switzerland

Schweizerischer Kalibrierdienst
Service suisse d'étalonnage
Servizio svizzero dl taratura
Swiss Calibration Service

Accredited by the Swiss Accreditation Service (SAS) Accreditation No.: SCS 108
The Swiss Accraditation Service is one of the signatories to lhe EA

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

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

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

Additional Documentation:
d) DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

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

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

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

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

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

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

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

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

Certificate No: D2450V2-745_Jan14 Page 2 of 8
. _________________________________________________________________________________________________________________________________________|]
723 Haean-ro, Sa-dong, Sangnok-gu, Ansan-si, 426-910 Korea Tel: +82-31-500-0133

http:://www.ktl.re.kr Fax: +82-31-500-0149
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DASY system contiguration, as lar as nat given on page 1.
DASY Version DASYS V52.8.7
Extrapolation Advanced Extrapolation
Phantom Modular Flat Phantom
Distance Dipole Center - TSL 10 mm with Spacer
Zoom Scan Resolution dx, dy, dz =5 mm
Frequency 2450 MHz = 1 MHz
Head TSL parameters
The following parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Head TSL parameters 22.0°C 39.2 1.80 mho/m
Measured Head TSL parameclers (22.0+0.2)°C 38.7+6 % 1.86 mho/m + 6 %
Head TSL temperature change during test <05°C = s
SAR result with Head TSL
SAR averaged over 1 em® (1 g) of Head TSL Condition
SAR meastured 250 mW input power 13.2 Wikg
SAR for nominal Head TSL parameters normalized to 1W 51.8 W/kg = 17.0 % (k=2)
SAR averaged over 10 cm® (10 g) of Head TSL condition
SAR measured 250 mW input power 6.11 Wikg
SAR for nominal Head TSL paramaters normalized to 1W 24.2 Wikg = 16.5 % (k=2)

Body TSL parameters
| he ‘ollowing parameters and calculations were apglied.
Temperature Permitlivity Conductivity
Nominal Body TSL parameters 22.0°C 52:7 1.95 mho/m
IMeasured Body TSL parameters (22.0x0.2) °C 51.3+6 % 2.04 mho/m + € %
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 measurad 250 mW inpui power 12.5 Wikg

SAR for nominal Body TSL parameters

normalized to 1W

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

l SAR averaged over 10 cm” (10 g} of Body TSL

condition

SAR measured

250 m\ input power

5.78 Wikg

| SAR for nominal Body TSL parameters

normalized to 1W

22.8 W/kg + 16.5 % {k=2)

Certificate No: D2450V2-746_Jan14

723 Haean-ro, Sa-dong, Sangnok-gu, Ansan-si
http:://www.ktl.re.kr

Page 3 of 8
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Appendix

Antenna Parameters with Head TSL

Impedance, transformed to feed point 5380 +3.9jQ
Retum Loss -25.5dB

Antenna Parameters with Body TSL

Impedance, transformed to feed point 50.2 0 +5.2iQ
Retumn Loss -258dB

General Antenna Parameters and Design

Electrical Delay (one diraction) 1.155 ns

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

The dipo'e is made of standard semirigid coaxial cable. The centar conductor of the fecding line is diractly connected to the
second arm of the dipole. The anlenna is therefore shont-circuited for DC-signals. On some cf the dipoles, small end caps
are added to the dipole arms in orcer to improve matching when loaded according to the position as explained in the
‘Measurerrent Conditions* paragraph. The SAR data are not affected by this change. The overall dipole langth is still
according to the Standard.

Ne excessive force must be applied to the dipols arms, because they might bend or the so dered connections near the
feedpoint may be damaged.

Additional EUT Data

Manufactured by SPEAG
Manufactured on December 01, 2003
Certificate No: D2450V2-746_Jan14 Page 4 ol 8
. _________________________________________________________________________________________________________________________________________|]
723 Haean-ro, Sa-dong, Sangnok-gu, Ansan-si, 426-910 Korea Tel: +82-31-500-0133
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DASYS5 Validation Report for Head TSL

Date: 21.01.2014
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 2450 MllIz; Type: D2450V2; Serial: D2450V2 - SN: 746

Communication System: UID 0 - CW; Frequency: 2450 M1z

Medium parameters used: f = 2450 MHz; 6 = 1.86 Sfm; &, =38.7; p= 1000 l:.g/'m3
Phantom section: Flat Section

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

DASYS2 Configuration:
« Probe: ES3DV3 - SN3205; ConvF(4.53, 4.53, 4.53); Calibrated: 30.12.2013;
+  Sensor-Surface: 3mm (Mechanical Surface Detection)
¢ Hlectronics: DAE4 Sn601; Calibrated: 25.04.2013
+ Phantom: Flat Phantom 5.0 (front); Type: QDODOPS0AA; Serial: 1001
o DASYS5252.8.7(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=5min, dz=511un

Reference Value = 99.581 V/m; Power Drift = 0.06 dB

Pcak SAR (extrapolated) = 27.4 W/kg

SAR(1 g) = 13.2 W/kg; SAR(10 g) = 6.11 W/kg

Maximum value ol SAR (measured) = 17.0 Wikg

-14.40
-19.20

-Z4.00

0dB = 17.0 Wikg = 12.30 dBW/kg

Certificate No: D2450V2-746_Jan14 Page 5 of 8
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Impedance Measurement Plot for Head TSL

214 Jan 2024 11:29:04
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DASYS5 Validation Report for Body TSL

Date: 21.01.2014
Test Laboratory: SPEAG, Zurich, Swilzerland
DUT: Dipole 2450 MIz; Type: D2450V2; Serial: D2450V2 - SN: 746

Communication System: UID 0 - CW; Frequency: 2450 M1z

Medium parameters used: = 2450 MHz; o = 2.04 S/m; g, = 51.3; p = 1000 kg}'m3
Phantom scction: Flat Section

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

DASYS52 Configuration:
s Probe: ES3DV3 - SN3205; ConvF(4.35, 4.35, 4.35); Calibrated: 30.12.2013;
= Scnsor-Surface; 3mm (Mechanical Surface Detection)
o Electronics: DAE4 Sn601; Calibrated: 25.04.2013
» Phantom: Flat Phantom 5.0 {back); Type: QDOOOPSOAA; Serial: 1002
o DASYS52 52.8.7(1137); SEMCAD X 14.6.10(7164)

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

Reference Value = 93.204 V/m; Power Dritt = 0.01 dB

Peak SAR {extrapolated) = 26.0 Wikg

SAR(1 g) = 12.5 W/kg; SAR(10 g) = 5.78 W/kg

Maximum value of SAR (measurcd) = 10.G6 Wikg

-14.40

-19.20

24.00 -
0dB = 16.6 W/kg = 12.20 dBW/kg

Certificate No: D2450V2-716_Jan14 Page 7 of 8

. _________________________________________________________________________________________________________________________________________|]
723 Haean-ro, Sa-dong, Sangnok-gu, Ansan-si, 426-910 Korea Tel: +82-31-500-0133
http:://www.ktl.re.kr Fax: +82-31-500-0149



UaHeIEA gy
Forea Testing Labaratony

ktl

Impedance Measurement Plot for Body TSL
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Calibration Laboratory of S, g Schweizerischer Kalibrierdienst
Schmid & Partner M 1 c Service suissc d'étalonnage
Engineering AG e '.% @ 6 Servizio svizzera di taratura
Zeughausstrasse 43, 8004 Zurich, Switzerland /,/’;\\\‘: YGR& ¥/ 8 swiss Calibration Service
TR &

Accredited by the Swss Accreditation Senice (SAS) Accreditation No.: SCS 108
The Swiss Accreditation Service is one of the signatories to the EA
Multilateral Agreement for the recognition of calibration cerlificates

ciient  KTL (Dymstec) Cettificate No: DSGHZzV2-1147_Feb14
CALIBRATION CERTIFICATE

Ohjert DaGHzV2 - SN: 1147

Calibrafion procedura(s) QA CAL-22.V2
Calibration procedure for dipole validation kits betwsen 3-6 GHz

Calibration date: February 26. 2014

This zalibration certificate documants the traceabil ty to national stardards, whick realize the physical units of measurements (SI).
The measurements and the uncartainiies with conlidence probabi ity are givan on the “llowing pages and are parl of the centificate.

All calibrations have besn conducled in the closed laboratory facilty: environment temperature (22 = 3)°C and humidity « 70%.

Czlibration Equipment used (M&TE critical for calibration}

Prmary Standards | ID % Cal Date (Certificate No.) Scheduled Calibration
Power meter EPM-442A (037480704 09-Oct-13 (No. 217-01827} Oct-14

Power sensor HP 848° A US37292783 09-Oct-13 (No. 217-D1827} Uct-14

Power sensor HP 848° A Y41082317 09-Oct-13 (No. 217-01828} Oct-14

Referance 23 dD Atteruator SN: 5059 (20k) 04-Apr-13 (No. 217-017386} Apr 14

Type-N misma:chk combination SN: 5047.3 / 06327 04-Apr-13 (No. 217-D017389) Apr-14

Reaference Proba EX3DV4 SN: 3503 30-Dec-13 (No. =X3-3503 Deci3) Dec-14

DAC4 SN: 601 25-Apr-13 (No. DAE4 601 Apr13) Apr-14

Seccncary Standards 1D # Check Date {in house) Scheduled Check

RF generator R&S SMT-06 100005 04-Aug-99 (in house chack Oct-13} In house check: Oct-15
Network Analyzer HP 8753E US37390585 54206 18-0ct-01 (in house check Uct-13) In house check: Oct-14

Name Function
Calibrated by: Claudio Laubler Laboratery Technician
Approvad by: Katja Pckovie Tecnical Manager

Issued: February 27, 2014

This calibration certficate shall rot be reproduced except in full without written approval of the labaratory.
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Calibration Laboratory of
Schmid & Partner
Engineering AG

Zeughausslrasse 43, 8004 Zurich, Switzerland

S Schweizerischer Kalibrierdienst

c Service suisse d'étalonnage
Servizio svizzero di taratura

S Swiss Calibration Service

Accredited by tha Swiss Accreditation Sewvice [SAS) Accreditation No.: SCS 108
The Swiss Accreditation Service is one of the signatories to the EA
Multilateral Agreement for the recognition of calibration cerlificates

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) 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 Technigues”, June 2013

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.

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

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

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

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

' The reported uncertainty of measurement is stated as the standard 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 Yersion DASYS VE2 BT

Extrapolation Advanced Exirapclation

Phantom Mcdular Flat Phantorn V5.0

Distance Dipole Center - TSL 10 rim with Spacer

Zoom Scan Resolution dx, dy=40mm, dz =71.4 mm Graded Ratio = 1.4 (£ diraction)
5250 MHz £ 1 MHz

g 5500 MHz + 1 MHz

MRy BRO0 MHZ + 1 MHz

5750 MHz = 1 MHz

Head TSL parameters at 5250 MHz

The following parametars and ealculations were applied.

Temperature Pemittivity Conductivity

Mominal Head TSL parameters 22.0°C 35.9 4.7 1 mho/m

Measured Head TSL parameiers (220 £0.2)"C A7.0+6% 4.57 mha/m £ 8 %

Head TSL temperature change during test <05 "G s 25

SAR result with Head TSL at 5250 MHz

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

SAR measured 100 mY input power 8.04 Wiy

SAR for nominal Head TSL parameters normalized tu 1V 80.8 Wky = 19.9 % (k=2})

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

SAR measured 100 mVY input power 2.29 Wika

SAR for nominal Head TSL parameters normalized to 1W 23.0 W/kg £ 12.5 % (k=2)
I
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Head TSL parameters at 5500 MHz
The tollowing parameters and calculations were applied.
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Temperature Permittivity Conductivity
Nominal Head TSL parameters 22.0°C 35.6 4.96 mhoim
Measured Head TSL parameters (22.0+0.2)°C 367+6% 4.84 mho/m + 6 %
Head TSL temperature change during iest <05°C --e- -
SAR result with Head TSL at 5500 MHz
SAR averaged over 1 cm® (1 g) of Head TSL Condition
SAR measured 100 mW inpul power 8.39 Wikg

SAR for nominal Head TSL parameters

normalized to 1W

84.3 W/ kg = 19.9 % (k=2)

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

condition

SAR measured

100 mW inpul power

2.38 Wikg

SAR for nominal Head TSL parameters

normalized to 1W

23.9 W/kg = 19.5 % (k=2)

Head TSL parameters at 5600 MHz

The following parameters and calculations were apglied.

Temperature Parmittivity Conductivity

Nominal Head TSL parameters 220°C 35.5 5.07 mho/m

Measured Head TSL parameters {22.0+0.2)"C 366+6% 4.95 mho/m =6 %

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

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

SAR measured 100 mW input power 8.18 Wikg

SAR for nominal Head TSL parameters normalized to 1TW 82.2 Wikg £ 19.9 % (k=2)

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

SAR measured 100 mW input power 2.33 Wikg

SAR for nominal Head TSL parameters normalized to 1W 23.5 Wikg = 19.5 % (k=2)

723 Haean-ro, Sa-dong, Sangnok-gu, Ansan-si, 426-910 Korea
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Head TSL parameters at 5750 MHz

The fcllowing parameters and calculations wers applied.

Temperature Permittivity Conductivity

Nominal Head TSL parameters 220°C 354 5.22 mho/m

Measured Head TSL parameters 22.0+0.2) °C 364+6% 5.11 mho/m L 8 %

Head TSL temperature change during test <05°C o -

SAR result with Head TSL at 5750 MHz

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

SAR measured 100 mW input pcwer 7.95 Wikg

SAR for nominal Head TSL parameters normalized to 1W 79.9 Wikg = 19.9 % (k=2)

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

SAR measured 100 mW input power 2.26 Wikg

SAR for nominal Head TSL parameters normalized to 1W 22.7 Wikg =+ 19.5 % (k=2)
. _________________________________________________________________________________________________________________________________________|]
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Body TSL parameters at 5250 MHz

The following parameters and calculaticns were applied.
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Temperature Permittivity Conductivity
Nominal Body TSL parameters 22.0°C 48.9 5.36 mho/in
Measured Body TSL parameters (22.0=0.2) "C 47.7 6 % 5.46 mho/m = 6 %
Body TSL temperature change during test <05"C — -
SAR result with Body TSL at 5250 MHz
SAR averaged over 1 cm® (1 g) of Bady TSL Condilion
SAR measured 100 mW input power 7.60 Wiky

SAR for nominal Body TSL parameters

normalized to 1W

75.7 Wikg = 19.9 % (k=2)

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

condition

SAR measured

100 mW input power

2.13 W/kg

SAR for nominal Body TSL parameters

normalized to 1W

21.2 Wikg = 19.5 % (k=2)

Body TSL parameters at 5500 MHz

The following parameters and calculaticns wee applied.

Temperature Permittivity Conductivity
Nominal Body TSL parameters 22.0°C 48.6 5.65 mho/m
Measured Body TSL parameters {22.0+0.2) °C 473 +6% 5.80 mho/m + 6 %
Body TSL temperature change during test <05°C -— -—-
SAR result with Body TSL at 5500 MHz
SAR averaged over 1 cm’ (1 g) of Body TSL Condition
SAR measured 100 mW input power 7.80 Wikg

SAR for nominal Body TSL parameters

normalized to 1W

77.7 Wikg + 19.9 % (k=2)

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

condition

SAR measured

100 mW input power

217 W/kg

SAR for nominal Body TSL parameters

nomalized to 1W

21.6 Wkg = 19.5 % (k=2)
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Body TSL parameters at 5600 MHz

The following parametars and calculations were applied.
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Temperature Permittivity Conduclivity
Nominal Body TSL parameters 22.0°C 48.5 5.77 mho/m
Measured Body TSL parameters (22.0+0.2)°C 47126 % 5.94 mha/m + 6 %
Body TSL temperature change during test <0.5°C e -
SAR result with Body TSL at 5600 MHz
SAR averaged over 1 cm® (1 g) of Body TSL Condition
SAR measured 10C mW input power 7.94 Wixg
SAR for nominal Body TSL parameters normalized to 1W 79.0 Wikg = 19.9 % (k=2)
SAR averaged over 10 cm® {10 g) of Body TSL condition
SAR measured 100 mW input power 2.20 Wikg

SAR for nominal Body 1SL parameters

normalized to 1W

21.9 Wrkg = 19.5 % (k=2)

Body TSL parameters at 5750 MHz

The fallowing parameters and calculations were applied.

Temperature Permittivity Conductivity

Nominal Body TSL parameters 220°C 48.3 5.94 mho/m
Measured Body TSL parameters (22.0+0.2}"C 46.8 + 6 % 6.15 mho/m + 6 %
Body TSL temperature change during test <0.5°C -=es e

SAR result with Body TSL at 5750 MHz
SAR averaged over 1 cm’ (1 g) of Body TSL Condition
SAR measured 100 mW input power 7.51 Wikg
SAR for nominal Body TSL parameters normalized to 1W 74.7 Wikg + 19.9 % (k=2)

SAR averaged over 10 cm® (10 g) of Body TSL condition
SAR measured 100 mW input power 2.09 Wikg
SAR for nominal Body TSL parameters normalized to 1W 20.8 Wikg = 19.5 % (k=2)
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Antenna Parameters with Head TSL at 5250 MHz

Report No.:14-030828-01-01

Impecancs, transformad to feed point 5050-98j0

Return Loss -203dR
Antenna Parameters with Head TSL at 5500 MHz

Impedance, transformed to feed point 55.0 2 -7.3jQ

Return Loss -21.4dB
Antenna Parameters with Head TSL at 5600 MHz

Impedance, transformed to feed point 5840-3.2i0

Return Loss -20.4dB
Antenna Parameters with Head TSL at 5750 MHz

Impedance, transformed to feed point 5850 -6.3)0

Return Loss -20.3dB

Antenna Parameters with Body TSL at 5250 MHz

Impedance, transformed to feed point

50.9 Q- 7.5jQ

Return Loss -226dB
Antenna Parameters with Body TSL at 5500 MHz

Impedance, transformed to feed point 55.20-55jQ

FHeturn Loss -229dB
Antenna Parameters with Body TSL at 5600 MHz

Impedance, transformed to feed point 57.80-550

Return Loss -21.1dB

Antenna Parameters with Body TSL at 5750 MHz

Impedancs, transformad to feed point

58.80-65j02

Retum Loss

-19.9d8B
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General Antenna Parameters and Design

Electrical Delay (one direction) 1.204 ns

Aller ong term use with 100W radiated power, only a slight warming of the dipole near the feedpcint can be measured.

The dipole is made of standard semirigid coaxial cable. The center conducter of the feeding line is direcily connected to the
second arm of the dipole. The antenna is therefore shart-circuited for DC-signals. On some of the dipoles, small end caps
are added to tne dipole arms in order to improve matching when loaded according to the position as explained in the
“teasurement Conditions" parag-aph. The SAR data are not affected by this change. The overall dinale length is still
avcording to the Standard.

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

Additional EUT Data

Manufactured by SPEAG

Manufactured on September 20, 2012
. _________________________________________________________________________________________________________________________________________|]
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DASYS5 Validation Report for Head TSL
Date: 26.02.2014
Test Laboratory: SPEAG, Zurich, Swilzerland

DUT: Dipole 5GHz; Type: D5GIIzV2; Serial: DSGHzV2 - SN: 1147

Communication Systern: UID 0 - CW; Frequeney: 5250 MHz, Frequency: 5500 MHz, Frcquency: 5600
MHz, Frequency: 5750 MHz

Medium parameters used: = 3250 MHz; 6 =4.57 S/m; &, =37, p = 1000 kg/m" ,

Medium parameters used: [ = 5500 MHz; o = 4.84 S/m; & = 36.7; p = 1000 kg/m'® ,

Medium paramceters used: = 5600 MHz; o =495 S/m; £, = 36.6; p = 1000 kg/m3 ]

Medium parameters used: f= 5750 MHz; 6 =5.11 S/m; & = 36.4; p = 1000 kg/m“

Phantom section: Flat Section

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

DASYS2 Confliguration:

e« Probe; EX3DV4 - SN3503; ConvF(5.36, 5.36, 5.36); 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(4.88, 4.88,
4,88}, Calibrated: 30.12.2013;

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

+ Electronics: DAE4 Sn601; Calibrated: 25.04.2013

s Phantom: Flat Phantom 3.0 (front); Type: QDO00OPS0AA; Serial: 1001
« DASY52 52.8.7(1137); SEMCAD X 14.6.10(7164)

Dipole Calibration for Head Tissue/Pin=100mW, dist=10mm, f=5250 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Mcasurement grid: dx=4mm, dy=4mm, dz=] 4mm

Reference Value = 63.977 V/m: Power Drift = -0.06 dB

Peak SAR (extrapolated) = 29.8 W/kg

SAR(1 g) = 8.04 W/kg; SAR(10 g) = 2.29 W/kg

Maximum value of SAR (measured) = 18.6 Wikg

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

Reference Value = 63.636 V/m; Power Drift = 0.09 dB

Peak SAR (extrapolated) = 33.5 W/kg

SAR( g) =839 W/kg; SAR(10 g) =2.38 W/kg

Maximum value of SAR (measured) — 19.9 W/kge

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 = 62.188 Vim; Power Drift = 0.04 dB

Peak SAR (extrapolated) = 33.1 W/kg

SAR( g) =8.18 W/kg; SAR(10 g) = 2.33 W/kg

Maximum value of SAR (measured) = 19.5 W/kg

. _________________________________________________________________________________________________________________________________________|]
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Dipole Calibration for Head Tissue/Pin=100mW, dist=10mm, f=5750 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Mcasurement grid: dx=4mm, dy=4mm, dz=1.4mm

Reference Value = 60.683 V/m: Power Drift = 0.07 dB

Peak SAR (extrapolated) = 33.1 W/kg

SAR(1 g)=7.95 W/kg; SAR(10 g) =226 W/kg

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

-10.00

-15.00
-20.00
-25.00 i
0 dB = 19.3 W/kg = 12.86 dBW/kg
. _________________________________________________________________________________________________________________________________________|]
723 Haean-ro, Sa-dong, Sangnok-gu, Ansan-si, 426-910 Korea Tel: +82-31-500-0133

http:://www.ktl.re.kr Fax: +82-31-500-0149



k‘t I SR N IEAYY
Korea Testing Laboratory

Report No.:14-030828-01-01

Impedance Measurement Plot for Head TSL

26 Feb 2014 10:18:21
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DASY5 Validation Report for Body TSL
Date: 25.02.2014

Test Laboratory: SPEAG, Zurich, Switzerland

DUT: Dipole SGHz; Type: DSGIIzV2; Serial: DSGHzV2 - SN: 1147

Communication System: UTD 0 - CW; Frequency: 5250 MHz, Frequency: 5500 MHz, Frequency: 5600
MIlLe, Frequency: 5750 MHz

Medium parameters used: f= 5250 MH7; 6 = 5.46 Sim; £,=47.7, p= 1000 kﬂ/m

Medium parameters used: = 5500 MHz: 6 = 5.8 S/m; &= 47.3; p = 100 kg/m® ,

Medium parameters uscd: = 5600 MHz; 6 =5.94 S/m; & =47.1; p= 1000 kE/m

Medium parameters used: f = 5750 MHz: 6= 0.15 S/m; &= 46.8; p= 1000 }\c/m

Phantom scetion: Flat Scetion

Mecasurcment Standard: DASY S (IEEE/IEC/ANSI C63.19-2007)

DASY52 Configuration:

¢ Probe: EX3DV4 - SN3503; ConvF(4.89, 4.89, 4.89); Calibrated: 30.12.2013, ConvFi4.52, 4.52,
4.52); Calibrated: 30.12.2013, ConvF(4.3, 4.3, 4.3); Calibrated: 30.12.2013, ConvF(4.39, 4.39, 4.39);
Calibrated: 30.12.2013:

e Sensor-Surluce: 1.4mm (Mechanical Surlace Detection)

e Electronics: DAE4 Sn601; Calibrated: 25.04.2013

e Phantom: Flat Phantom 5.0 (back); Type: QDOO0OPSOAA; Serial: 1002
« DASYS5252.8.7(1137); SEMCAD X 14.6.10(7164)

Dipole Calibration for Rody Tissue/Pin=100mW, dist=10mm, f=5250 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Mcasurcment grid: dx=4mm, dy=4mm, dz=1.4mm

Reference Value = 58.713 V/m; Power Drift = -0,00 dB

Peak SAR (extrapolated) = 30.4 W/kg

SAR( g) =7.6 W/kg; SAR(10 g) = 2.13 W/kg

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

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

Reference Value = 57.896 V/m; Power Drift = -0.02 dB

Peak SAR (cxtrapolated) = 33.7 W/kg

SAR(L g) = 7.8 W/kg; SARI10 g) = 2.17 W/kg

Maximum value of SAR (measured) = 19.0 W/kg

Dipole Calibration for Body Tissue/Pin=100mW, dist=10mm, f=5600 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube¢ 0: Mcasurement grid: dx=4mm, dy=4mm, dz=1.4mm

Reference Value = 57.809 V/m: Power Drifl =-0.01 dB

Peak SAR (cxtrapolated) = 35.2 W/kg

SAR(1 g) = 7.94 W/kg; SAR(10 g) = 2.2 W/kg

Maximum value of SAR (measured) = 19.5 Wikg
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Dipole Calibration for Body Tissue/Pin=100mW, dist=10mm, f=5750 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Measurcment grid: dx=4mm, dy=4mm, dz=1.4mm

Reference Value = 53.238 V/m; Power Drift = -0.01 dB

Peak SAR (extrapolated) = 34.6 Wikg

SAR(1 g) = 7.51 W/kg; SAR(I0 g) = 2.09 W/kg

Maximum value of SAR (measured) = 18.7 W/kg

15.00
-20.00
|
-25.00 J
0 dB =187 Wikg = 12.72 dBW/kg
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Impedance Measurement Plot for Body TSL

25 Feb 2814 13:83:03
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