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Engineering AG
Zeughausstrasse 43, 8004 Zurich, Switzerland

Schweizerischer Kalibrierdienst
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Servizio svizzero di taratura
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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

Client MRT-CERT (Auden) Certificate No: D750V3-1103_Jan14
[CALIBRATION CERTIFICATE |

Object D750V3 - SN: 1103 ‘

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

Calibration date: Jaruary 14, 2014
This calibration certificate d the bility to nati standards, which realize the physical units of measurements (SI).
The meas 1s and the unc inties with conficence probaaility are given an the following pages and are dan of the cerfificate.

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

Calibration Equipment used (M&TE critical for calibration)

Primary Standards. D & Cal Date (Certificate No.) Scheduled Calibration

Power meter EPM-4424A GB37480704 09-Oct-13 (No. 217-01827) Oct-14

Power sensor HP 8481A US37292783 09-Oct-13 (No. 217-01827) Oct-14

Power sensor HP 8481A MY41092317 08-Oct-13 (No. 217-01823) Oct-14

Reference 20 dB Attenuator SN: 5058 (20k) 0<-Apr-13 (No. 217-017356) Apr-14

Type-N mismatcr combinaticn SN: 5047.3/ 06327 0<-Apr-13 {No. 217-01739} Apr-14

Reference Probe ES3DV3 SN: 3205 30-Dec-13 (No. ES3-3205_Dec13) Dec-14

DAE4 SN: 601 25-Apr-13 (No. DAE4-60"_Apri3) Apr-14

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

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

Netwcrk Analyzer HP 8753E US37390585 S4206 16-Oct-01 (in house check Oct-13) In house check: Oct-14
Name Fanction

Calibrated by: Claudio Leubler Laboratory Technician

Approved by: Katja Pokovic Tachnical Manager

Issued: Jaruary 15, 2014

This calibration centificate shall not be reproduced except in full without writt=n approval of the laboratory.
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Calibration Laboratory of &““\\'g""»,

¢ S %, S Schweizerischer Kalitrierdienst
Schmid & Partner % ¢ Service suisse détalonnage
Englneermg AG o Servizio svizzero di taratura
Zeughausstrasse 43, 8004 Zurich, Switzerland z, ,ﬁ\\\\" S Swiss Calibration Service
(MG
Accredited by the Swiss Accreditation Sarvice (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 1528-2013, “IEEE Recommended Practice for Determining the Peak Spaial-

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

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

Additional Documentation:
d) DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

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

iven on dage 1.

DASY Version DASYS V5287

Extrapolation Advancec Extrapolation

Phantom Modular Flat Phantom

Distance Dipole Center - TSL 15 mm with Spacer

Zoom Scan Resolution dx, dy, dz =5 mm

Frequency 750 MHz + 1 MHz
Head TSL parameters

The following parameters and calculations were applied.
Temperature Permittivity Conductivity

Nominal Head TSL parameters 22.0°C 419 0.89 mho/m

Measured Head TSL parameters (22.0+0.2)°C 41026 % 0.92 mho/m = 6 %

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

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

SAR measured 250 mW input power 2.14 Wikg

SAR for nominal Head TSL parameters

normalized to 1W

8.31 W/kg £ 17.0 % (k=2)

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

condition

SAR measured

250 mW input power

1.40 Wikg

SAR for nominal Head TSL parameters

normalized to 1W

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

Body TSL parameters
The following parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Body TSL parameters 22.0°C 55.5 0.96 mho/m
Measured Body TSL parameters (22.0£0.2)°C 56.9 +6 % 0.99 mho/m + 6 %
Body TSL temperature change during test <05°C - -
SAR result with Body TSL
SAR averaged over 1 cm® (1 g) of Body TSL Condition
SAR measured 250 mW input power 2.23 Wikg

SAR for nominal Bedy TSL parameters

normalized to 1TW

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

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

condition

SAR measured

250 mW input power

1.46 Wika

SAR for nominal Bedy TSL parameters

normalized to 1W

5.75 W/kg = 16.5 % (k=2)

Certificate No: D750V3-11C3_Jan14
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Appendix

Antenna Parameters with Head TSL

Impedance, transformed to feed point 53.7Q-30jQ

Return Loss -26.7 dB

Antenna Parameters with Body TSL

Impedance, transfo-med to feed point £83Q-57iQ

Return Loss -245dB

General Antenna Parameters and Design

I Electrical Delay (one direction) 1.032rs

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

The dioole 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-circuitec for DC-signals. On some of the dipoles, small end caps
are added to the dipole arms in order to improve matching when Isaded according to the position as explained in the
"Measurement Conditions” paragraph. The SAR data are not affected by th s change. The overall dipole ength 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 October 25, 2013
Certificate No: D750v3-11C3_Jan14 Page40°8
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DASY5 Validation Report for Head TSL

Date: 14.01.2014
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 750 MHz; Type: D750V 3; Serial: D750V3 - SN: 1103

Communication System: UID (1 - CW; Frequency: 750 MHz

Mediam parameters used: = 750 MHz; 6 =0.92 S/m; &, =41; p = 1000 kg/m‘
Phantom section: Flat Section

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

DASY52 Configuration:
o Probe: ES3DV3 - SN3205; ConvF(6.37, 6.37, 6.37); Calibrated: 30.12.2013:
¢ Sensor-Surface: 3mm (Mechanical Surface Detection)
o Electronics: DAE4 Sn601: Calibrated: 25.04.2013
¢ Phantom: Flat Phantom 4.9L; Type: QDOOOP49AA; Serial: 1001

o DASYS52528.7(1137): SEMCAD X 14.5.10(7164)

Dipole Calibration for Head Tissue/Pin=250 mW, d=15mm/Zoom Scan (7x7x7)/Cube 0:
Measurement grid: dx=5Smm, dy=3mm, dz=5mm

Reference Value = 52.687 V/m; Power Drift = 0.00 dB

Peak SAR (extrapolated) = 3.21 W/kg

SAR(] g) = 2,14 W/kg; SAR(10 g) = 1.4 W/kg

Maximum value of SAR (measured) = 2.49 W/kg

1064

0 dB =2.49 W/kg = 3.96 dBW/ke

Certificate No: D750V3-1103_Jan14 Page 50f 8
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Impedance Measurement Plot for Head TSL

14 Jan 2014 15:05:39
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DASY5 Validation Report for Body TSL

Date: 14.01.2014
T'est Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 750 MHz; Type: D750V 3; Serial: D750V3 - SN: 1103

Communication System: UID 0 - CW; Frequency: 750 MHz

Medium parameters used: { = 750 MHz: 6 = 0.99 S/m: €, = 56.9: p = 1000 kg/m:
Phantom section: Flat Section

Measurement Standard: DASY3 (IEEE/IEC/ANSI C63.19-2007)

DASYS52 Configuration:
o Probe: ES3DV3 - SN3205; ConvF(6.13, 5.13, 6.13); Calibrated: 30.12.2013:
¢ Sensor-Surface: 3mm (Mechanical Surface Detection)
o Electronics: DAE4 Sn601: Calibrated: 25.04.2013
e Phantom: Flat Phantom 4.9L; Type: QDOOOP49AA: Serial: 1001

o DASYS5252.87(1137); SEMCAD X 14.6.10(7164)

Dipole Calibration for Body Tissue/Pin=250 mW, d=15mm/Zeom Scan (7x8x7)/Cube 0:
Measurement grid: dx=5mm, dy=5mm, dz=5Smm

Reference Value = 52.687 V/m; Power Drift = 0.00 dB

Peak SAR (extrapolated) = 3.28 W/kg

SAR(1 g) = 2.23 W/kg: SAR(10 g) = 1.46 W/kg

Maximum value of SAR (measured) = 2.57 W/kg

-10.58

0dB =257 Wkg =4.10 dBW/kg

Certificate No: D750V3-11C3_Jan14 Page 7 of 8
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Impedance Measurement Plot for Body TSL

14 Jan 2014 11:982:20
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Calibration Laboratory of

Schmid & Partner
Engineering AG

Zoughausstrssse 43, 8004 Zurich, Switzerland

Accradited by 1he Swiss Accradilation Senice (SAS)
The Swiss Accreditation Service is one of the signatories to the EA
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Cartificate No: DB35V2-4d141_Sep12

[CALIBRATION CERTIFICATE
Objoct DB35V2 - SN: 4d141
Calibiration peocedure(s) QA CAL-05.v8

| Calibration procedure for dipole validation kits above 700 MHz
Calitration tate: September 24, 2012

Al 15 Nave baan cor

Caltration Equipment ussd (MATE critical for calrabon)

Tris calibraton ceniicate gocuments he traceabiity 10 nationa) standards, which reaize tha physical units of maasurements {S1).
The messurements and the uncertainbes with confidance pecbability are givan on tha following pages and are parl of the cartficase.

n 1he ciosed laboratory laciity: emaronment tempearsture (22 = 3)°C and humidity < 20%

Primary Standarnds D& Cal Date (Cenéicate No ) Schaduled Calibeation

Power metar EPM 4424 GEB37480704 05-0c1-11 (No. 217-01451) Oct-12

Power sansor HF 84814 us372e27a3 0&-Oct-11 (No. 217-01451) Oct-12

Relerence 20 0B Atlenustor SN: 5058 (20k) 27-Mar-12 (No. 21701530} Apr-13

Type-N msmatch combinaticn SN: 5047.2 ) 06327 27-Mar12 (No. 217-01533) Ape-13

Reference Probe ES30V3 SN: 3205 30-Dec-11 (N0, ES3-3205_Dect1) Dac12

DAES SN e 27-Jun-12 (No. DAES-801 _Jun12) Jun-13

Secondary Stancards 10 a Chack Data (in house) Scheduled Check

Power sensor HP B481A MY41082317 18-0ct-02 (In house chack Oct-11) In nouse check: Oct-13

AF ganeralor RAS SMT-06 100008 04-Aug99 (In house check Oct-11) In house check: Oct-13

Network Analyzer HP 8753E US3T300565 54206 180201 {In house chack Oct-11) In house check: Oct-12
Name Function Signature

Calibrated by. Istse EFNacwy Laboratary Technician (7 C( E

lﬁ o -~
Appraved by: Kalja Pokovic Technicai Managar

This calbration carsficate shall nol be reproduced excep! in ful withoul written appeoval of the laboratory

= 4

lssued: Seplember 24, 2012

Certificate No: D835V2-4d141_Sep12

Page 108
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Calibration Laboratory of SN, Schweizeriech it
J S, Kalibr
Schmid & Partner % g Service suisse détalonnage
Engineering AG S Servizio svizzero di taratura
Zeughaussirasse 43, 8004 Zurich, Switzerand {"w. 7~ ‘\&? S Swiss Calibeation Service
Accredited by the Swiss Accrediation Sarvice (SAS) Accreditation No.: SCS 108

The Swiss Accreditation Service s one of the signatocies to the EA
Multilateral Agreement for the recognition of calbration 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

¢) 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:

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

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: DB3SV2-4d141_Sep12 Page 2 of 8
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Measurement Conditions

DASY system configuration, as far as not given on page 1.
DASY Version DASYS v528.2
Extrapolation Advanced Extrapolation
Phantom Modular Flat Phantom
Distance Dipole Center - TSL 15 mm with Spacer
Zoom Scan Resolution dx, dy, dz =5 mm
Frequency 835 MHz = 1 MHz
Head TSL parameters
The following parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Head TSL parameters 220°C 415 0.90 mho/m
Measured Head TSL parameters (220+02)°C 413+6% 0.90 mha/m = 6 %
Head TSL temperature change during test <05°C - e
SAR result with Head TSL
SAR averaged over 1 cm’ (1 g) of Head TSL Condition
SAR measured 250 mW input power 234mW/g
SAR for nominal Head TSL parameters normalized o TW 9.35 mW /g £ 17.0 % (k=2)
SAR averaged over 10 cm® (10 g) of Head TSL condition
SAR measured 250 mW Input power 153 mW/g
SAR for nominal Head TSL parameters normalized to 1W 6.12 mW /g = 16.5 % (k=2)
Body TSL parameters
The foliowing parameters and caicutations were applied.
Temperature Permittivity Conductivity
Nominal Body TSL parameters 220°C 55.2 0.97 mho/m
Measured Body TSL parameters (22.020.2)°C 53226% 1.00 mho/m £ 6 %
Body TSL temperature change during test <05°C e
SAR result with Body TSL
SAR averaged over 1 cm’ (1 g) of Body TSL Condition
SAR measured 250 mW input power 244 mW /g
SAR for nominal Body TSL parameters normalized to 1W 9.46 mW /g = 17.0 % (k=2)
SAR averaged over 10 em’ (10 g) of Body TSL condition
SAR measured 250 mW input power 160mW /g
SAR for nominal Body TSL parameters normalized to 1W 625 mW /g = 16.5 % (k=2)

Certificate No: DB35V2-4a0141_Sep12

Report No.: WT158004129
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Appendix
Antenna Parameters with Head TSL

Impedance, transformed to feed point 526Q-271K
Retum Loss -28.7dB

Antenna Parameters with Body TSL

Impedance, transformed to fead point 5.10-19[Q
Retumn Loss -346d8

General Antenna Parameters and Design

| Etectrical Delay (one direction) [ 1391 ns

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

The dipole ks made of standard semirigid coaxial cable. The center conductor of the feeding line is directly connected 10 the
socond 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 10 the position as explained in the
*Measurement Conditions® paragraph. The SAR data are not atfected by this change. The overall dipole length is still
according 10 the Standard

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

Additional EUT Data

Manufactured by SPEAG
Manufactured on March 27, 2012
Centficate No: D835V2-4d141_Sep12 Paged of 8
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DASYS5 Validation Report for Head TSL

Test Laboratory: SPEAG, Zurich, Switzerland

DUT: Dipole 835 MHz; Type: D835V2; Serial: D835V2 - SN: 4d141

Communication System: CW; Frequency: 835 MHz

Medium parameters used: f = 835 MHz; o = 0.9 mho/m; & =41.3; p = 1000 kg/m’
Phantom section: Flat Section

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

DASYS52 Configuration:

Probe: ES3DV3 - SN3205; ConvF(6.07, 6.07, 6.07); Calibrated: 30.12.2011;

Sensor-Surface: 3mm (Mechanical Surface Detection)
Electronics: DAE4 Sn601:; Calibrated: 27.06.2012
Phantom: Flat Phantom 4.9L: Type: QDODOP49AA; Serial: 1001

DASYS52 52.8.2(969); SEMCAD X 14.6.6(6824)

Date: 24.09.2012

Dipole Calibration for Head Tissue/Pin=250 mW, d=15mm 2/Zoom Scan (7x7x7)/Cube 0:
Measurement grid: dx=5mm, dy=5mm, dz=5mm
Reference Value = 56.647 V/m; Power Drift = 0.03 dB
Peak SAR (extrapolated) = 3.447 mW/g

SAR(1 g) =234 mW/g; SAR(10 g) = 1.53 mW/g
Maximum value of SAR (measured) = 2,71 Wikg

Cartificate No: DB35V2-4d141_Sep12 Page Sof B

-12.00

0dB =271 W/kg = 8.66 dB W/kg

Report No.: WT158004129
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Impedance Measurement Plot for Head TSL

24 Sep 2012 14:40:11
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DASYS5 Validation Report for Body TSL

Date: 24.09.2012
Test Laboratory: SPEAG, Zunch, Switzerland
DUT: Dipole 835 MHz: Type: D835V2; Serial: D835V2 - SN: 4d141

Communication System: CW; Frequency: 835 MHz

Medium parameters used: f = 835 MHz; o = | mho/m; & = 53.2; p = 1000 kg/m’
Phantom section: Flat Section

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

DASYS52 Configuration:
+ Probe: ES3DV2 - SN3205; ConvF(6.02, 6.02, 6.02); Calibrated: 30.12.2011;
» Sensor-Surface: 3mm (Mechanical Surface Detection)
« Electronics: DAE4 Sn601; Calibrated: 27.06.2012
o Phantom: Flat Phantom 4.9L; Type: QDODOP49AA; Serial: 1001

« DASYS5252.8.2(969); SEMCAD X 14.6.6(6824)

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

Reference Value = 55.345 V/m; Power Drift = 0.02 dB

Peak SAR (extrapolated) = 3.541 mW/g

SAR(1 g) = 2.44 mW/g; SAR(10 g) = 1.6 mW/g

Maximum value of SAR (measured) = 2.85 W/kg

-12.00

0dB =285 W/kg =9.10dB Wikg

Certilicate No: D835V2-4d141_Sep12 Page 7 ol 8
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Impedance Measurement Plot for Body TSL

24 Sep 2812 @9:158125
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Calibration Laboratory of
Schmid & Partner
Engineering AG

Zeughausstrasse 43, 8004 Zurich, Switzerland

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

Accradited by the Swiss Accreditation Service (SAS) Accreditation No.: SCS 108
The Swiss Accredilation Service Is one of the signatories to the EA
Muitilateral Agreement for the recognition of calibration certificates

ciient ~ MRT-CERT (Auden) Certificate No: D1750V2-1108_Jan14
|(CALIBRATION CERTIFICATE

Object D1750V2 - SN: 1108

Calibration procedure(s) QA CAL-05,v8
Calibration procedure for dipole validation kits above 700 MHz

Calibration date: January 09, 2014

This certificate d the t bility to nati , which realize the physical units of (Si).
The and the Inlies wilh confid probabilily are given on the follewing pages and are part of the cerificato.
All calibrations have been i 1in the closed lat y facility: envi t temp (22 = 8)°C and humidily < 70%.

Calibralion Equipment used (M&TE crilical for calibration)

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

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

Power sensor HP 8481A US37292783 09-Oct-13 (No. 217-01827) Oct-14

Powaer sensor HP 8481A MY41092317 09-Ocl-13 (No, 217-01828) Oct-14

Reference 20 dB Attenuator SN: 5058 (20K) 04-Apr-13 (No. 217-01736) Apr-14

Type-N mismatch combination SN: 5047.3 / 06327 04-Apr-13 (No. 217-01739) Apr-14

Reference Probs ES3DV3 SN: 3205 30-Dec-13 (No. £S3-3205_Dec13) Dec-14

DAE4 SN: 601 25-Api-13 (No. DAE4-601_Apr13) Apr-14

S dary Standard 1D # Check Date (in house) heduled Check

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

Network Analyzer HP 8753E US37390585 84206  18-Oct-01 (In house check Oct-13) In house chack: Oct-14
Name Funclion Signature
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Multitateral 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) |EEE Std 1528-2013, “I[EEE Recommended Practice for Determining the Peak Spatial-
Averaged Specific Absorption Rate (SAR) in the Human Head from Wireless
Communications Devices: Measurement Techniques”, June 2013

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

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

Additional Documentation:
d) DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

* Measurement Conditions: Further details are available from the Validation Report at the end
of the cerificate. 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.

e 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. l

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

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: D1750V2-1108_Jan14 Page 2 0of 8
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Measurement Conditions
DASY system configuration, as far as not

iven 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 = 5mm
Frequency 1750 MHz £ 1 MHz
Head TSL parameters
The following parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Head TSL parameters 22.0°C 40.1 1.37 mho/m
Measured Head TSL parameters (22.0+0.2)°C 39.6+6% 1.36 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

9.14 Wikg

SAR for nominal Head TSL parameters

normalized to 1W

36.6 Wikg +17.0 % (k=2)

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

SAR measured

250 mW input power

4.85 Wikg

SAR for nominal Head TSL parameters

normalized to 1W

19.4 Wikg + 16.5 % (k=2)

Body TSL parameters
The following parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Body TSL parameters 220°C 53.4 1.49 mho/m
Measured Body TSL parameters (22.0+0.2) °C 528+6% 1.47 mho/m £ 6 %
Body TSL temperature change during test <05°C o
SAR result with Body TSL
SAR averaged over 1 cm® (1 g) of Body TSL Condition

SAR measured

250 mW input power

9.33 Wikg

SAR for nominal Body TSL parameters

normalized to 1W

37.5 Wikg + 17.0 % (k=2)

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

SAR measured

250 mW input power

5,01 Wikg

SAR for nominal Body TSL parameters

normalized to 1W

20,1 Wikg % 16.5 % (k=2)
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Appendix

Antenna Parameters with Head TSL

Impedance, transformed to feed poinl 51.6Q+1.3jQ
Return Loss -33.9dB

Antenna Parameters with Body TSL

Impedance, transformed to feed point 4630 +1.2jQ
Relurn Loss -27.8d8

General Antenna Parameters and Design

| Electrical Delay (one direction) ] 1.220 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 amm of the dipole. The antenna is therefore short-circuited for DC-signals. On some of the dipoles, small end caps
are added 1o 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 May 16, 2013
Certificate No: D1750V2-1108_Jani4 Page 4 of 8
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DASY5 Validation Report for Head TSL

Test Laboratory: SPEAG, Zurich, Switzerland

DUT: Dipole 1750 MHz; Type: D1750V2; Serial: D1750V2 - SN: 1108

Communication System: UID 0 - CW; Frequency: 1750 MHz

Medium parameters used: f = 1750 MHz; ¢ = 1.36 S/n; £, = 39.6; p = 1000 kg/m“
Phantom section: Flat Section

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

DASYS52 Configuration:

Probe: ES3DV3 - SN3205; ConvF(5.23, 5.23, 5.23), Calibrated: 30.12.2013;
Sensor-Surface: 3mm (Mechanical Surface Detection)

Electronics: DAE4 Sn601; Calibrated: 25.04.2013

Phantom: Flat Phantom 5.0 (front); Type: QDOOOPS0AA; Serial: 1001
DASYS52 52.8.7(1137); SEMCAD X 14.6.10(7164)

Date: 09.01.2014

Dipole Calibration for Head Tissue/Pin=250 mW, d=10mm/Zoom Scan (7x7x7)/Cube 0:
Measurement grid: dx=5mm, dy=5mm, dz=5mm
Reference Value = 94.096 V/m; Power Drift = 0.03 dB
Peak SAR (extrapolated) = 16.6 W/kg

SAR(1 g) = 9.14 W/kg; SAR(10 g) = 4.85 Wikg
Maximum value of SAR (measured) = 11.4 W/kg

il 7,20

-14.40

Baed
0dB =11.4 W/kg = 10.57 dBW/kg
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Impedance Measurement Plot for Head TSL
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DASYS5 Validation Report for Body TSL

Test Laboratory: SPEAG, Zurich, Switzerland

DUT: Dipole 1750 MHz; Type: D1750V2; Serial: D1750V2 - SN: 1108

Communication System: UID 0 - CW; Frequency: 1750 MHz

Medium paramelers used: f = 1750 MHz; o = 1.47 S/m; &, = 52.8; p = 1000 kg/m3
Phantom section: Flat Section

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

DASY52 Configuration:

.

Probe: ES3DV3 - SN3205; ConvF(4.89, 4,89, 4.89); Calibrated: 30,12.2013;

Sensor-Surface: 3mm (Mechanical Surface Detection)

Electronics: DAE4 Sn601; Calibrated: 25.04.2013

Phantom: Flat Phantom 5.0 (back); Type: QDOOOPSOAA; Serial: 1002
DASYS52 52.8.7(1137); SEMCAD X 14.6.10(7164)

Date: 09.01.2014

Dipole Calibration for Body Tissue/Pin=250 mW, d=10mm/Zoom Scan (7x7x7)/Cube 0:
Measurement grid: dx=5mm, dy=5Smm, dz=5mm
Reference Value = 93,218 V/m; Power Drift = 0.01 dB
Peak SAR (extrapolated) = 16.1 W/kg

SAR(1 g) = 9.33 Wikg; SAR(10 g) = 5.01 W/kg
Maximuim value of SAR (measured) = 11.8 W/kg

-10.80

-14.40

-18.00

0dB = 11.8 W/kg = 10.72 dBW/kg
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Impedance Measurement Plot for Body TSL
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Centificate No: D1900V2-5d162_Sep12

CALIBRATION CERTIFICATE

Calibration procedureis) QA CAL-05.v8

Catibration Equipmont usod (MATE crllical tor oalibeation)

Object D1900V2 - SN: 5d162

Galibration date: September 21, 2012

Calibration procedure for dipole validation kits above 700 MHz
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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 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

¢) 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,

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

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

+ Eloctrical 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 resuit.

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%.

Ceitificate No: D1900V2-5d162_Sep12 Page20i 8
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Measurement Conditions
DASY system configuration, as far as no! given on page 1.

DASY Version DASYS V5282
Extrapolation Advanced Extrapolation
Phantom Modutar Flal Phantom
Distance Dipole Center - TSL 10mm with Spacer
Zoom Scan Resolution dx, dy, dz = 5mm
Frequency 1900 MHz + 1 MH2z
Head TSL parameters
The following parameters and calculations were applied.
Temperature Permittivity Cenductivity
Nominal Head TSL parameters 220°C 40.0 1.40 mho/m
Measured Head TSL parameters (220202)°C 406 +6% 1.37 mho/m £ 6 %
Head TSL temperature change during test <05°C sae
SAR result with Head TSL
SAR averaged over 1 cm’ (1 g) of Head TSL Condition
SAR measured 250 mW input power 269 mW /g
SAR for nominal Head TSL parameters normatized to 1W 39.4 mW /g £ 17.0 % (k=2)
SAR averaged over 10 cm’ {10 g) of Head TSL condition
SAR measured 250 mW Input power 513mW /g
SAR for nominal Head TSL paramelers normalized to TW 20.7 mW /g + 16,5 % (k=2)
Body TSL parameters
The lollowing parameters and caloulations wore applied.
Temperature Permittivity Conductivity
Nominal Body TSI paramelers 220°C 539 1,52 mhalm
Measured Body TSL parameters (220+02)°C 52546 % 1,54 mhaim + 6 %
Body TSL. temperature change during test <05°C =
SAR result with Body TSL
SAR averaged over 1 cm® (1 g) of Body TSL Condition
SAR measured 250 mW input power 10.83mW /g
SAR for nominal Body TS\ paramelers normalized to 1W 40,7 mW /g £ 17.0 % (k=2)
SAR averaged over 10 cm® (10 g) of Body TSL condition
SAR measured 250 mW input power 545mW /g
SAR for nominal Body TSL parameters nomalized to 1W 21.6 mW /g = 16.6 % (k=2)
Ceificats No: D1900V2-5d162_Sep12 Page30i8
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Appendix

Antenna Parameters with Head TSL

Impedance, transformed to feed point 5320 +4.0iQ
Return Loss -26.1d8

Antenna Parameters with Body TSL

Impedance, transtormed 1o feed point 49.24 + 50§52
Return Loss -259d8

General Antenna Parameters and Design

[ Etectrical Delay (one direction) [ 1197 os B

After tlong term use with 100W radiated powar, only a slight warming of the dipole near the feodpoint can be moasured,

The dipole is made of standard semirigid coaxial cable. The center conductor of the foeding lice is diroclly connected to the
socond arm of the dipole. The antenna is therefore shor-ciccuited for DC-signals. On some of tho dipoles, small end caps
are added to tho dipole ams in order to improve maiching when loaded according to the position as axptained in tho
"Mensurement Conditions” paragraph. The SAR data are not alloctod by this change. The overall dipole Tangth Is st
according 1o the Standard,

No excessive foros must be applied 1o the dipole arms, because thay might bend or the soldered connections near the
{feedpoint may be damaged,

Additional EUT Data

Manulactured by SPEAG
Manufactured on Decamber 20, 2011
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DASYS5 Validation Report for Head TSL

Date: 21.09.2012
Test Laboratory: SPEAG, Zurich, Switzesland
DUT: Dipole 1900 MI¥z; Type: D1900V2; Serial: D1900V2 - SN: 5d162

Communication System: CW; Frequency: 1900 Mz

Medium parameters used: = 1900 MHz: o = 1.37 mho/m; & = 40.6; p = 1000 kg/m’
Phanton section: Flat Section

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

DASYS2 Configuration:
o Probe: ES3DV3 - SN3205: ConvE(5.01, 5,01, 5.01); Calibrated: 30.12.201 1,
o Sensor-Surface: 3mm {(Mechanical Surface Detection)
¢ Electronics: DAT4 Sn601; Calibrated: 27.06.2012
o Phantony: Flat Phaotom 5.0 (front); Type: QDOOOPSOAA; Serial: 1001
o DASYS52 52.8.2(969); SEMCAD X 14.6.6(6824)

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

Reference Value = 95.423 V/im; Power Drift = 0.04 dB

Peak SAR (extrapolated) = 17,236 mW/g

SAR(1 g) = 9,69 mW/g; SAR(10 g) = 5.13 mW/g

Maximum value of SAR (measured) = 11,9 Wikg

-0.00
-12.00
-16,08

-20,00

0dB =119 Wrkg =21.51 dB W/kg
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Impedance Measurement Plot for Head TSL
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DASYS5 Validation Report for Body TSL

Date:; 21.09.2012

Test Laboratory: SPEAG, Zurich, Switzerland

DUT: Dipole 1900 MHz: Type: D1900V2; Serial: D1960V2 - SN: 5d162

Communication System: CW; Frequency: 1900 MHz

Medium parameters used: = 1900 MHz: o = 1.54 mho/m; &, = 52.5: p = 1000 kg/m”
Phantom section: Flat Scction

Measurement Standard: DASY S (TEEEAEC/ANSI C63.19-2007)

DASYS2 Configuration:

.

Probe: ES3DV3 - SN3205; Convl4.62, 4.62, 4.62); Calibrated: 30.12,2011;
Sensor-Surface: 3mm (Mechanical Surface Detection)

Electronics: DAE4 Sn601; Calibrated: 27.06.2012

Phantom: Flat Phantom 5.0 (back); Type: QDODOPS0AA; Serial: 1002
DASYS52 52.8.2(969), SEMCAD X 14.6.6(6824)

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

Reference Value = 95,423 Vim; Power Drift = 0.02 dB

Peak SAR (extrapolated) = 17.979 mWig

SAR( g) = 10.3 mW/g; SAR(10 ) = 545 mW/g

Maximum value of SAR (mcasured) = 12.9 W/kg

o3

-4.00

-12.80

-16.08

20.00

0 dB = 12.9 W/kg =22.21 dB W/kg
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Impedance Measurement Plot for Body TSL
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Accredited by e Swiss Accidtation Service (SAS) Accreditation No.: SCS 108

The Swisa Accreditation Sorvice in one of the signatories to the EA
Multiisteral Agreement for the recognition of callbration 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 1528-2003, “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

¢) 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:

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

o Antenna Parameters with TSL: The dipole is mounted with the spacer to position its feed
point exactly below the center marking of the flat phantom section, with the arms oriented
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 Retum Loss ensures low
reflected power. No uncertainty required.

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

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

o 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 V5283
Extrapoiation Agvanced Extrapolation
Phantom Modular Fiat Phantom
Distance Dipole Center - TSL 10 men with Spacer
Zoom Scan Resolution dx, dy, dz = 5 mm
Froquency 2450 MHZ « 1 MMz
Head TSL parameters
The lollowing parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Head TSL parameters 220C 392 1,80 mho/m
Measured Head TSL parametors (20202)'C JB426% 185 mhom e 6%
Head TSL temperature change during test «05°C —
SAR result with Head TSL
SAR averaged over 1 em’ (1 g) of Head TSL Condttion
SAR measured 250 mW input power 133 Wikg

SARA for nominal Hoad TSL parameters

normalized to W

523 Wy = 17.0 % (k=2)

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

SAR measured 250 mW input power 619 Wiy

SAR for nominal Head TSL parameters normalzed to W 245 Whg = 16.5 % (k=2)
Body TSL parameters

The following parametors and calculations wore sppled,
Temperature Pormittivity Conductivity

Nominal Body TSL parameters 220°C 527 1.95 mha/m

Measured Body TSL parameters (220+02)C 510:26% 202 mho/m £ 6%

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

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

SAR measured 250 mW input power 130 Wihkg

SAR for nominal Body TSL parameters

normalized 1o TW

50.8 Wikg = 17.0 % (k=2)

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

condiion

SAR measured

250 mW input power

603 Wikg

SAR ior nominal Body TSL parameters

normalized tc 1W

23.8 Wikg = 16,5 % (ks2)

Report No.: WT158004129

Page 36 of 53




Appendix
Antenna Parameters with Head TSL

impedance. transiormed 1o feed point 530Q+2510
Asturn Loss ~ 28448

Antenna Parameters with Body TSL

impedance, ransformed 10 feed point 5010+440
Retumn Loss 271068

General Antenna Parameters and Design

[Ewodq(ommwm) I 1.165 ns ]

After long torm use with 100W radiated power, only a sight warrming of the dipole near the feedpont can be measured

The dipole & made of standard semrigid conxal cadle, The center conductor of the feading ine is directly connected to the
socond am of the dipole. The antenna ia therotare shornt-ciroulted for DC-signals. On some of the dipoles, small end caps
are added 10 the dipole arms in order 10 iImpeove matching when loaded acoording 10 the position as explained in the
"Measuromont Conditions” paragraph. The SAR data are not alfected by this change. The overall dipole length is stil

according to the Standard
NO 0x0essive 10108 must be applied 1o the dipole arms, bacause they might bend or the solderad connectons near the
foodpoint may bo damaged
Additional EUT Data
Manufactured by SPEAG

Manufactured on December 11, 2008
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DASYS Validation Report for Head TSL

Date: 18.10.2012
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 2450 MHz; Type: D2450V2; Serial: D2450V2 - SN: 818

Communication System: CW; Frequency: 2450 MHz

Medium parameters used: f = 2450 MHz; o = 1.85 mho/m; & = 38.4; p = 1000 kg/m’
Phantom section: Flat Section

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

DASY352 Configuration:
e Probe: ES3DV3 - SN3205; ConvF{4,.45, 4.45, 4.45); Calibrated: 30.12.2011-
o Sensor-Surface: 3mm (Mechanical Surface Detection)
o Electronics: DAE4 Sn601; Calibeated: 27.06,2012
¢ Phantom: Flat Phantom 5.0 (from); Type: QDODOPSOAA; Serial: 1001

o DASY52528.3(988); SEMCAD X 14.6.7(6848)

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 = 99,551 V/im; Power Dnft = 0.07 dB

Peak SAR {extrapolated) = 27.4 W/kg

SAR(I g) = 13,3 W/kg; SAR(10 g) = 6.19 W/kg

Maximum value of SAR (measured) = 17.0 W/kg

oz

-y 480

ase

19.20

2400

0dB = 17.0 Wikg = 12.30 dBW/kg
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Impedance Measurement Plot for Head TSL
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DASYS Validation Report for Body TSL

Date: 18.10.2012
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 2450 MHz; Type: D2450V2; Serial: D2450V2 - SN: 818

Communication System: CW; Frequency: 2450 MHz

Mediom parameters used: f = 2450 MHz; 0 = 2.02 mho/m; & = 51; p = 1000 kg/m’
Phantom section: Flat Section

Measurement Standard: DASY S (IEEEAEC/ANSI C63.19-2007)

DASYS2 Configuration;
o Probe: ES3DV3 - SN3205; ConvF(4.26, 4.26, 4.26); Calibrated: 30.12,2011;
o Sensor-Surface: 3mm (Mechanical Surface Detection)
o Electronics: DAE4 Sn601; Calibrated: 27.06.2012
« Phantom: Flat Phantom 5.0 (back); Type: QDUOOPS0AA; Serial: 1002

o DASY5252.8.3(988); SEMCAD X 14.6.7(6848)

Dipole Calibration for Body Tissue/Pin=250 mW, d=10mm 2/Zoom Scan (7x7x7)/Cube 0:
Measurement gnid: dx=5mm, dy=Smm, dz=5mm

Reference Value = 95.079 Vim; Power Drift = 0.02 dB

Peak SAR (extrapolated) = 26.9 W/kg

SAR(1 g) = 13 W/kg; SAR(10 g) = 6.03 W/kg

Maximum value of SAR (measured) = 17.0 Wikg

S50

-lea

I

e

0dB = 17.0W/ikg =12 30 dBW/kg
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impedance Measurement Plot for Body TSL
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CALIBRATION LABORATORY = //:;-—\\
A
Add: No.51 Xueyuan Road, Haidian District, Beijing, 100191, China ’/,IQ\\¥ CALIBRATION
Tel: ¥86-10-62304633-2218 Fax: +86-10-62304633-2209 “rhlaly No. L0570
E-mail: cttl@chinattl.com Btp//www.chinatl.cn

Client : SMQ F R Certiﬁcafe No: Z15-97933 i

Object DAE4 - SN: 876

Calibration Procedure(s) FD-Z11-2-002-01

Calibration Procedure for the Data Acquisition -Electronics
{DAEX)

Calibration date: March 09, 2015
This calibration Certificate documents the traceability to national standards, which realize the physical units of
measurements(Sl). The measurements and the uncertainties with confidence probability are given on the following

pages and are part of the certificate.

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

Calibration Equipment used (M&TE critical for calibration)

Primary Standards 1D # Cal Date(Calibrated by, Cerlificate No.) Scheduled Calibration

Process Calibrator 753 ’ 1971018 01-July-14 (CTTL, No:J14X02147) July-15

Name Function : Signature
Calibrated by: Yu Zongying SAR Test Engineer i %
Reviewed by: Qi Dianyuan SAR Project Leader SR

Approved by: Lu Bingsong Deputy Director of the laboratory « l:f@»

lssued: March 10, 2015
This calibration certificate shall not be reproduced except in full without written approval of the laboratory.

Certificate No: Z15-97033 Page 1 of 3
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Siwws=>  CALIERATION LABORATORY

Add: No.51 Xueyuan Road, Haidian District, Beijing, 100191, China
Tel: +86-10-62304633-2218 Fax: 186-13-62304633-2209
E-mail: cl@chinattl.com Hup:/fwww.chinattl.en

Glossary:

DAE data acquisition electronics

Connector angle information used in DASY system to align probe sensor X
to the robot coordinate system.

Methods Applied and Interpretation of Parameters:

o DC Voltage Measurement. Calibration Factor assessed for use in DASY
system by comparison with a calibrated instrument traceable to national
standards. The figure given corresponds to the full scale range of the
voltmeter in the respective range.

o Connector angle: The angle of the connector is assessed measuring the
angle mechanically by a tool inserted. Uncertainty is not required.

o The report provide only calibration resuits for DAE, it does not contain other
performance test results.

Certificate No: Z15-97033 Page 2 of 3
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Egme  CALIBRATION LABORATORY

Add: No.5T Xueyuan Road, Haidian District, Beijing, 100191, China
Tel: +86-10-62304633-2218 Fax: +86-10-62304633-2209
E-mail: cttl@chinattl com Hutp:/www.chinattl.cn

DC Voltage Measurement
AJD - Converter Resolution nominal

High Range: 1LSB = 6.1uV, full range = -100...+300 mV
Low Range: 1LSB = 61nV, full range = Ao +3mV
DASY measurement parameters: Auto Zero Time: 3 sec; Measuring time: 3 sec
Calibration Factors X Y Z
High Range 405.537 + 0.15% (k=2) | 405.188 £ 0.15% (k=2) | 405.399 + 0.15% (k=2)
| Low Range 3.99003 + 0.7% (k=2) | 3.97261 4 0.7% (k=2) | 3.99803 + 0.7% (k=2)

Connector Angle

Connector Angle to be used in DASY system 181.5°t1°

Certificate No: Z15-97033 Page 3 of 3
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February 24, 2015

Acceptable Conditions for SAR Measurements Using Probes and Dipoles
Calibrated under the SPEAG-CTTL Dual-Logo Calibration Program to
Support FCC Equipment Certification

The acceptable conditions for SAR measurements using probes, dipoles and DAEs
calibrated by CTTL (China Telecommunication Technology Labs), under the Dual-Logo
Calibration Certificate program and quality assurance (QA) protocols established
between SPEAG (Schmid & Partner Engineering AG, Switzerland) and CTTL, to support
FCC (U.S. Federal Communications Commission) equipment certification are defined
and described in the following, The conditions in this KDB are valid until December 31,
2015.

1) The agreement established between SPEAG and CTTL is only applicable to
calibration services performed by CTTL where its ¢lients (companies and divisions of
such companies) are headquartered in the Greater China Region, including Taiwan
and Hong Kong, CTTL shall inform the FCC of any changes or early termination to
the agreement.

2) Only a subset of the calibration services specified in the SPEAG-CTTL agreement,
while it remains valid, are applicable to SAR measurements performed using such
equipment for supporting FCC equipment certification. These are identified in the
following.

a) Calibration of dosimetric (SAR) probes EX3DVx, ET3DVx and ES3DVx.

i) Free-space E-field and H-ficld probes, including those used for HAC (hearing
aid compatibility) evaluation, temperature probes, other probes or equipment
not identified in this document, when calibrated by CTTL, are excluded and
cannot be used for measurements to support FCC equipment certification.
Signal specific and bundled probe calibrations based on PMR (probe
modulation response) characteristics or probe sensor madel based
lincarization methods that are not fully described in SAR standards are
excluded and cannot be used for measurements to support FCC equipment
certification.

b) Calibration of SAR system validation dipoles, excluding HAC dipoles.

¢) Calibration of data acquisition electronics DAE3Vx, DAE4Vx and DAEasyVx.

d) For FCC cquipment certification purposcs, the frequency range of SAR probe and
dipole calibrations is limited to 700 MHz - 6 GHz and provided it is supported by
the equipment identified in the CTTL QA protocol (a separate attachment to this
document).

¢) The identical system and equipment setup, measurement configurations,
hardware, evaluation algorithms, calibration and QA protocols, including the
format of calibration certificates and reports used by SPEAG shall be applied by

CTTL. Equivalent test equipment and measurement configurations may be

considered only when agreed by both SPEAG and the FCC.

f) The calibrated items are only applicable to SPEAG DASY 4 and DASY 5
systems or higher version systems that satisfy the requirements of this KDB.

3) The SPEAG-CTTL agreement includes specific protocols identified in the following
to ensure the quality of calibration services provided by CTTL under this SPEAG-

-~

i
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February 24, 2015

CTTL Dual-Logo calibration agreement are equivalent to the calibration services
provided by SPEAG. CTTL shall apply the required protocols without modification
and, upon request, provide copies of documentation to the FCC to substantiate
program implementation,

a) The Inter-laboratory Calibration Evaluation (ILCE) stated in the CTTL QA

protocol shall be performed between SPEAG and CTTL at least once every 12

months. The ILCE acceptance criteria defined in the CTTL QA protocol shall be

satisfied for the CTTL, SPEAG and FCC agreements to remain valid.

Check of Calibration Certificate (CCC) shall be performed by SPEAG for all

calibrations performed by CTTL. Written confirmation from SPEAG is required

for CTTL to issue calibration certificates under the SPEAG-CTTL Dual-Logo
calibration program. Quarterly reports for all calibrations performed by CTTL
under the program are also issued by SPEAG.

¢) The calibration equipment and measurement system used by CTTL shall be
verified before each calibration service according to the specific reference SAR
probes, dipoles, and DAE calibrated by SPEAG. The results shall be reproducible
and within the defined acceptance criteria specified in the CTTL QA protocol
before each actual calibration can commence. CTTL shall maintain records of the
measurcment and calibration system verification results for all calibrations.

d) Quality Check of Calibration (QCC) certificates shall be performed by SPEAG at
least once every 12 months. SPEAG shall visit CTTL facilities to verify the
laboratory, equipment, applied procedures and plausibility of randomly selected
certificates,

4) A copy of this document shall be provided to CTTL clients that accept calibration
services according to the SPEAG-CTTL Dual-Logo calibration program, which
should be presented to a TCB (Telecommunication Certification Body), to facilitate
FCC equipment approval.

5) CTTL shall address any questions raised by its clients or TCBs relating to the
SPEAG-CTTL Dual-Logo calibration program and inform the FCC and SPEAG of
any critical issues.

b

~
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Note:

1) Per KDB865664D01 requirements for dipole calibration, the test laboratory has

adopted three-year extended calibration interval. Each measured dipole is expected

to evaluate with the following criteria  at least on annual interval in Appendix D.

a) There is no physical damage on the dipole;

b) System check with specific dipole is within 10% of calibrated value;

c) The most recent return-loss result, measured at least annually, deviates by no
more than 20% from the previous measurement.

d) The most recent measurement of the real or imaginary parts of the impedance,
measured at least annually is within 5Q from the previous measurement.
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Trcl

511 Smith 200 mU/ Ref 1 U Cal 1
+M1 835.000000 MHz 53.084 Q

-j5.285 0
69.896 pH
M1
Ch1 Start 635 MHz Pwr -10 dBm Bw 10 kHz Stop 1.1 GHz
Tre2 511 dB Mag 10 dB/ Ref 0 dB Cal 2
+M1 835.000000 MHz -29.593% dB
0dn
1
Ch1 Start 635 MHz Pwr -10 dBm Bw 10 kHz Stop 1.1 GHz

835MHz Dipole Head
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Trcl

Ch1 Start 635 MHz

Tre2

511 Smith 200 mU/ Ref 1 U Cal

$11 dB Mag 10 dB/ Ref 0 dB Cal

M1

Pwr -10 dBm Bw 10 kHz

* M1 835.000000 MHz

1

50.305 O

-j5.778 0
102.069 pH

Stop 1.1 GHz

2

+M1 835.000000 MHz -35.5939 dB

Ch1 Start 635 MHz Pwr -10 dBm Bw 10 kHz Stop 1.1 GHz
835MHz Dipole Body
D835V2, serial No. 4d141 Extended Dipole Calibrations

’ 835 Head

Date of Return-Loss Delta(%) | Real Delta Imaginary Delta

Measurement (dB) Impedance(ohm) (ohm) Impedance(ohm) (ohm)

2012-9-24 -28.714 52.572 -2.7344

2014-9-24 -29.594 -2.97 53.084 0.51 -5.285 -2.55
835 Body
Return-Loss Delta(%) | Real Delta Imaginary Delta
(dB) Impedance(ohm) (ohm) Impedance(ohm) (ohm)

2012-9-24 -34.633 50.082 -1.8672

2014-9-24 -35.594 -2.70 50.305 0.22 -5.778 -3.91
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511 Smith 200 mU/ Ref 1 U Cal

Ch1 Center 1.9 GHz

Tre2 511 dB Mag 10 dB/ Ref 0 dB Cal

Pwr -10 dBm Bw 10 kHz

1

M1 1.8900000 GHz  53.666 Q
j2.752 Q
331.051 pF

Span 465 MHz
2

*M1 1.900000 GHz -26.6564 dB

0dB

Ch1 Center 1.9 GHz

1900MHz head

Report No.: WT158004129
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Pwr <10 dBm Bw 10 kHz

Span 465 MHz
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Trcl 511 Smith 200 mU/Ref 1 U Cal

Ch1 Center 1.9 GHz

Tre2 511 dB Mag 10 dB/ Ref 0 dB Cal

M1

Pwr -10 dBm Bw 10 kHz

=M1 1.500000 GHz

1

49.666 0

ja.752 Q
416.051 pF

Span 465 MHz

2

*M1 1.900000 GHz -25.6564 dB

0dB

Ch1 Center 1.9 GHz

M1

Pwr <10 dBm Bw 10 kHz

D1900V2, serial No. 5d162 Extended Dipole Calibrations

1900MHz Body

Span 465 MHz

’ 1900 Head
Date of Return-Loss Delta(%) | Real Delta Imaginary Delta
Measurement (dB) Impedance(ohm) (ohm) Impedance(ohm) (ohm)
2012-9-21 -26.119 53.156 4.0098
2014-9-24 -26.656 -2.02 53.666 0.51 2.752 -1.26
1900 Body
Return-Loss Delta(%) | Real Delta Imaginary Delta
(dB) Impedance(ohm) (ohm) Impedance(ohm) (ohm)
2012-9-21 -28.393 52.982 2.543
2014-9-24 -25.656 0.11 49.666 -3.32 4.752 221
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511 Smith 200 mU/ Ref 1 U Cal

Ch1 Start 2.25 GHz

Tre2 511 dB Mag 10 dB/ Ref 0 dB Cal

Pwr -10 dBm Bw 10 kHz

1

M1 2.450000 GHz 52.354 O
2530 0
165.396 pH

Stop 2.65 GHz

2
+M1 2.450000 GHz -28.0876 dB

0dB

Ch1 Start 2.25 GHz

2450MHz Dipole Head
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Pwr <10 dBm Bw 10 kHz

Stop 2.65 GHz
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Trcl 511 Smith 200 mU/Ref 1 U Cal

M1

S

Ch1 Start 2.25 GHz Pwr -10 dBm Bw 10 kHz

Tre2 511 dB Mag 10 dB/ Ref 0 dB Cal

1

M1 2.450000 GHz 50.354 O
5530 0
289.396 pH

Stop 2.65 GHz

2

+M1 2.450000 GHz -27.0376 dB

0dB

M1

Ch1 Start 2.25 GHz Pwr -10 dBm Bw 10 kHz
D2450V2, serial No. 818 Extended Dipole Calibrations
2450MHz Dipole Body

Stop 2.65 GHz

r 2450 Head
Date of Return-Loss Delta(%) | Real Delta Imaginary Delta
Measurement (dB) Impedance(ohm) (ohm) Impedance(ohm) (ohm)
2012-10-18 -28.393 52.982 2.543
2014-10-18 -28.088 1.09 52.354 -0.63 2.530 -0.01
2450 Body
Return-Loss Delta(%) | Real Delta Imaginary Delta
(dB) Impedance(ohm) (ohm) Impedance(ohm) (ohm)
2012-10-18 -27.110 50.055 44121
2014-10-18 -27.038 0.27 50.354 0.30 5.530 1.12
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