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Certificate No: DB35V2-4d141_Sep12

|[CALIBRATION CERTIFICATE

Object

Calibration procedure(s)

Calibration date:

D835V2 - SN: 4d141

QA CAL-05.v8

Calibration procedure for dipole validation kits above 700 MHz

September 24, 2012

Calibration Equipment used (M&TE critical for calibration)

This calibration certificate documents the traceability to national standards, which realize the physical units of measurements (SI).
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%.

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

Primary Standards ID # Cal Date (Certificate No.) Scheduled Calibration
Power meter EPM-442A GB37480704 05-Oct-11 (No. 217-01451) Oct-12
Power sensor HP B4B1A US37292783 05-Oct-11 (No. 217-01451) Oct-12
Reference 20 dB Attenuator SN: 5058 (20k) 27-Mar-12 (No. 217-01530) Apr-13
Type-N mismatch combination SN: 5047.2 / 06327 27-Mar-12 (No. 217-01533) Apr-13
Reference Probe ES3DV3 SN: 3205 30-Dec-11 (No. ES3-3205_Dec11) Dec-12
DAE4 SN: 601 27-Jun-12 (No. DAE4-601_Jun12) Jun-13
Secondary Standards D # Check Date (in house) Scheduled Check
Power sensor HP 8481A MY41092317 18-Oct-02 (in house check Oct-11) In house check: Oct-13
RF generator R&S SMT-06 100005 04-Aug-99 (in house check Oct-11) In house check: Oct-13
Network Analyzer HP 8753E US37390585 S4206 18-Oct-01 (in house check Oct-11) In house check: Oct-12

Name Function Signature
Calibrated by: Israe El-Naouq Laboratory Technician q

Ao G (’Dm

Approved by: Katja Pokovic Technical Manager

e

Issued: September 24, 2012

Certificate No: DB35V2-4d141_Sep12
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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 Agr for ther ition of calibration certificates

Glossary:

TSL tissue simulating liquid

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

Calibration is Performed According to the Following Standards:

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

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

¢) 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. All figures stated in the certificate are valid at the frequency indicated.

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

* 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.

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

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

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

¢ 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: D835V2-4d141_Sep12 Page 2 of 8

Appendix of Report No.: WT158002041 Page 3 of 35



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

DASY Version DASY5 V52.8.2
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 22.0°C 415 0.90 mho/m
Measured Head TSL parameters (22.0+0.2)°C 41.3+6% 0.90 mho/m + 6 %
Head TSL temperature change during test <0.5°C —
SAR result with Head TSL
SAR averaged over 1 em® (1 g) of Head TSL Condition
SAR measured 250 mW input power 234mW/g
SAR for nominal Head TSL parameters normalized to 1W 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 1.53mW/g
SAR for nominal Head TSL parameters normalized to 1W 6.12 mW /g + 16.5 % (k=2)
Body TSL parameters
The following parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Body TSL parameters 22.0°C 55.2 0.97 mho/m
Measured Body TSL parameters (22.0 £0.2) °C 53.2+6% 1.00 mho/m + 6 %
Body TSL temperature change during test <05°C -
SAR resuit with Body TSL
SAR averaged over 1 cm® (1 g) of Body TSL Condition
SAR measured 250 mW input power 244mW/g
SAR for nominal Body TSL parameters normalized to 1W 9.46 mW /g + 17.0 % (k=2)
SAR averaged over 10 cm® (10 g) of Body TSL condition
SAR measured 250 mW input power 160mW/g
SAR for nominal Body TSL parameters normalized to 1W 6.25 mW /g = 16.5 % (k=2)
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Appendix

Antenna Parameters with Head TSL

Impedance, transformed to feed point 526Q-27iQ
Return Loss -28.7dB

Antenna Parameters with Body TSL

Impedance, transformed to feed point 501Q-19jQ
Return Loss -34.6dB

General Antenna Parameters and Design

| Etectrical Delay (one direction) 1.391 ns

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

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

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

Additional EUT Data

Manufactured by SPEAG
Manufactured on March 27, 2012
Certificate No: D835V2-4d141_Sep12 Page 4 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; ¢ = 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: QDOO0P49AA; Serial: 1001
DASY52 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) = 2.34 mW/g; SAR(10 g) = 1.53 mW/g
Maximum value of SAR (measured) = 2.71 W/kg

0dB =2.71 W/kg = 8.66 dB W/kg
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Impedance Measurement Plot for Head TSL
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DASYS5 Validation Report for Body TSL

Date: 24.09.2012
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; 6 = | mho/m,; ¢, = 53.2; p = 1000 kg/m’
Phantom section: Flat Section

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

DASYS52 Configuration:
* Probe: ES3DV3 - SN3205; ConvF(6.02, 6.02, 6.02); Calibrated: 30.12.2011;
« Sensor-Surface: 3mm (Mechanical Surface Detection)
e Electronics: DAE4 Sn601; Calibrated: 27.06.2012
e Phantom: Flat Phantom 4.9L; Type: QDO00P49AA; Serial: 1001
« DASY52 52.8.2(969); SEMCAD X 14.6.6(6824)

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

Reference Value = 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 =2.85 W/kg =9.10 dB W/kg
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Impedance Measurement Plot for Body TSL
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Accredited by the Swiss Accreditation Servics (SAS)
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Accraditation No.: SCS 108

Tho Swiss Accredilation Service Is ono of the signatories to the EA
Multilateral Agreement for the recognition of calibration certificates

ciient  SMQ (Auden)

Certificate No: D1900V2-5d162_Sep12

CALIBRATION CERTIFICATE

Calibralion procedureqe) QA CAL-05.v8

Calibration dale:

Calibration Equipment used (MATE crilical for calibsation)

Object D1900V2 - SN: 5d162

September 21, 2012

Calibration procedure for dipole validation kits above 700 MHz

This calibration corlificalo documents the traceabilily 10 nationa! standards, which realize the physical enils of measwements (SI).
The measurements and the uncerainlies with contidence probabiity are given on the fofiowing pages and are part of 1he cenificate,

Al calibrations have baen conducied in the ciosad laboralory faciily: emdronment lomperalure {22 + 3)°C and humidily < 70%.

1 This calibration certilicate ghall nol be reproduced excopt in lull wihout witlon approval of the laboralory.

Primary Standards D* Cal Date (Ceificate No.) Schaduled Calibration

Powor meter EFM-4424 GB37480704 05-Oct-11 (No. 217-01451) Oct-42

Power sensor HP 8481A US37292783 05-Oct-11 (No. 217-01451) Qct-12

fReference 20 48 Aflenualor SN: 6058 (20K) 2712 (No. 247-01530) Ape-13

Type-N mismalch combination SN:-5047.2/06827  27-Mar-12 (No. 217.01533) P13

Referanco Prebe ESIDV3 SN. 3205 30-Dec-11 (No. ES3-3205_Dect1) Doc-12

DAE4 SN:e01 27-Jun-12 (No. DAE4-601 _Jun)2)} Jun-13

Sacondary Standards 1D # Chock Date (in houss) Schedutad Check

Power sensor HP 8481A MY41092317 18-Cct-02 (in house check Ocl-11) In house check: Oct-13

AF generator R4S SMT-08 100005 04-Aug-89 (in house check Ccl-11) In howse check: Oct-13

Network Analyzer HP 8753E USA7390585 S4206 18-0ct-01 (in bouso check Oct-13) In house check: Oct-12
Name Function Signalure

Callbratod by: Iseae E-Naoug Laboratory Yechnician O/(‘ (

Yo € M
Approved by: Katja Pokovic Technical Manager

g

lssuad: Saptambor 21, 2012

Certificate No: D1200V2-5d162_Sepi2
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Calibration Laboratory of

d S Schwelzerlscher Kalibrierdienst
Schmid & Partner Service suisse d'étalonnage
Engineering AG c Secvizio svizzero di taratura
Zeughausstrasse 43, 8004 Zurich, Swilzerlend S swiss Calibration Service

Accradited by the Swiss Accrediation Service (SAS) Accreditation No.: SCS 108
Tho Swiss Accreditation Sarvice Is one of the signatorias to the EA
Multilateral Agreemant for the recoganltion of calibration carlificates

Glossary:

TSL tissue simulating liquid

ConvF sensitivily 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) |EC 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. All figures stated in the cerificate 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 fiat phantom section, with the arms oriented
parallel to the body axis.

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

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

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%.

Cetificate No: D1900V2-5d162_Sept2 Page20cf8
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Measurement Conditions

DASY system configuration, as far as nol given cn page 1.
DASY Version DASYS V52.8.2
Extrapolation Advanced Extrapolation
Phantom Moduiar Flal Phantom
Distance Dipole Center - TSL 10 mm with Spacer
Zoom Scan Resolution dx, dy, dz =5mm
Frequency 1900 MHz £ 1 MH2
Head TSL parameters
The following parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Head TSL parameters 220°C 40.0 1.40 mho/m
Measured Head TSL parameters (220:02)°C 406+6% 1.37 mho/m £ 6 %
Head TSL temperature change during test <05°C — -
SAR result with Head TSL
SAR averaged over 1 cm’ {1 g) of Head TSL Condition
SAR measured 250 mW input powet 9.68mW/ig
SAR for nominal Head TSL parameters normalized to 1W 39.4 mW /g £ 17.0 % (k=2)
SAR averaged over 10 cm® (10 g) of Head TSL congdition
SAR measured 250 mW input power 513mWig
SAR for nominal Head TSL paramelers nommalized to 1W 20.7 mW /g £ 16.5 % (k=2)
Body TSL parameters
The following paramaters and calculations were applied.
Temperalure Permintivity Conductivity
Nominal Body TSL paramelers 220°C 53.3 1,562 mhofm
Measured Body TSL parameters (220+02)°C 525+6% 1,54 mhafm +6 %
Body TSL temperature change during test <05°C —es
SAR result with Body TSL
SAR averaged over 1 cm’ (1 g) of Body TSL Condition
SAR measured 250 mW inpul power 10.3mW/g
SAR for nominal Body TSL parameters 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 paramelers normalized to 1W 21.6 mW /g £ 16.6 % (k=2)

Certificate No: D1900V2-5d162_Sep12
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Appendix

Antenna Parameters with Head TSL

Impedance, transformed to feed point 5320 +4.0jQ
Return Loss -26.1dB

Antenna Parameters with Body TSL

Impedance, transformed 10 feed poinl 4920 + 500
Return Loss -259d8

General Antenna Parameters and Design

[ Etectrical Delay (one direction) | 1197 0s E

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

The dipole is made of slandard semirigid coaxial cabls. The center conductor of the feeding line is direclly connected to the
second arm of the dipole. The antenna is therefore shorl-circuited for DC-signals. On some of the dipoles, small end caps
are added to the dipole arms in order to improve matching when loaded according to the pasilion as explained in the
"Measurement Conditions” paragraph. The SAR data are not allected by this change. The overall dipole length Is still
according 1o the Standard.

No excessive forca must be applied 1o the dipole arms, because they might bend or the soldared connections near the
feedpoint may be damaged.

Additional EUT Data

Manufactured by SPEAG
Manufactured on Decamber 20, 2011

Contificate No: D1900V2-5d162_Sep12 Page 4ol 8
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DASYS5 Validation Report for Head TSL

Date: 21.09.2012
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 1900 MHz; Type: D1900V2; Serial: D1900V2 - SN: 5d162

Communication System: CW; Frequency: 1900 MHz

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

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

DASYS52 Configuration:
o Probe: ES3DV3 - SN3205; ConvI(5.01, 5,01, 5.01); Calibrated: 30.12.2011:
o Sensor-Surface: 3mm (Mechanical Surface Detection)
+  Electronics: DAE4 Sn601; Calibrated: 27.06.2012
o Phantom: Flat Phantom 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 grid: dx=5mm, dy=5mm, dz=Smm

Reference Value = 95.423 V/m; Power Driflt = (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
-16.00

20,00

0dB =119 W/kg =21.51 dB W/kg

Cenrificate No: D1900V2-5d162_Sepi2 Page 5cf 8
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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: D1900V2 - SN: 5d162

Communication System: CW; Frequency: 1900 MHz

Medium parameters used: = 1900 MHz: o = 1.54 mho/m; g = 52.5; p = 1000 kglm"
Phantom section: Flat Section

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

DASYS2 Configuration:
e Probe: ES3DV3 - SN3205; Convl(4.62, 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: QDOOOPS0AA; Serial: 1002
» DASY52 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 grid: dx=5Smm, dy=5mm, dz=Smm

Reference Value = 95.423 V/im; Power Drift =0.02 dB

Peak SAR (extrapolated) = 17.979 mW/g

SAR(1 g) = 10,3 mW/g; SAR(10 g) = 5.45 mW/g

Maximum valuc of SAR (mcasurcd) = 12.9 Wikg

o8

-4.00

-12.00

-16,00

-20.00

0dB =129 W/kg =22.21 dB W/kg
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Impedance Measurement Plot for Body TSL
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Calibration Laboratory of W, Seh nat Kalosiord

Schmid & Partner ‘f\\jﬁ' umu:—m
Engineering AG S Servizio evizzero @i taraturs

Zoughausstrasse 43, 0004 Zurich, Switzeriand i"«ﬁr‘f Swiss Caltwation Service

Accredited by the Swiss Acoudtation Service (SAS) Accreditation Mo SCS 108

The Swiss Accreditation Service s one of the signatores o T EA

Muititateral Agreement for the recognition of calitraton certificates

cient  SMQ (Auden) Certificas No: D2450V2-818_Oct12

Calibeation pecoaure(s; QA CAL-05.v8
| Calibration procedure for dipole validation kits above 700 MHz

Catrason date October 18, 2012

This catbration conttate GOCUMents e Y Aceabity 10 NALONA! SIANGrds. whesch el Yw Physce unes of measurements (5))
The Mmeasurements and e Wcerantes with corfidence protetdty ae gven on T Iollowng pages and e pert of the cetdcate

Al calDrations have Deen Corducied In The CIosed SOy Tacily eowstnment Sempeaature (22 & 3)°C and humaty < T0%

Cataration Equpment used (MATE craca for cattraton)

Prerary Standards [ID» Cal Date (Coiicate No ) Schiduled Callbraton

| Power meter EPM-A42A | GEI7480T4 05-0cs 11 PNo. 217-01451) Oct-12

Powar seraor 19 4814 | USaraseres 05-Ocs-11 (No. 21701451) Oct-12

Heterence 20 0B Ataruator | SN s088 20x) 2700012 (No. 217-01530) Apr13

Type-N mismaich combemation SN 5047 27 08327 27 Mar-12 (No. 21705 Apr-13

Rederencs Probe ES30VI SN 208 20 00c-11 (No. ES3-3205 Dect 1) Dec12

DAEA SN 801 270012 o DAES80T_Jint2) Jn13

| Secordary Stardaras 0 Chock Dule fntouse) Scresded Crecy

Power sengor HP B481A | MY 0K 7 1800842 I house check Oct-11) In house chack. Oct- 13

AF generator RAS SMT .06 100005 O4-Aug-#9 I house check Oct-11) In house check: Oct-13

Natwork Anadyzer HP 87536 | USI7390888 SO0 150201 0o howse chock Oy 1) In house chack Oct- 13

Hame Furceon Sagnasim

Carorated by trne EbNeoug Latomory Tectmcian M é{
e "2’4».1

Approved by Haza Pomonc Tecteucal Manager o L/
- " o

ssued October 18 2012
L This cattrstion cenficate whall Not be 1e0roauced eacegt 0 WA wihou weitier agoroval of T MsOoratory
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Calibration Laboratory of

4 AN Schweizerischer Kalibrierdienst
Schmid & Partner SN Service sulsse d etalonnage
Engineering AG oy Servizio svizzero di taraturs
Zeughausstrasse 43, 8004 Zurich, Switzerland {/"/Ar@' Swiss Callbration Service
wolyoh oI
Accredited by Ihe Swiss Acoedtation Service (SAS) Accreditation No.: SCS 108

The Swisa Accreditation Service is one of the signatories to the EA
Multlistera! 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 1528-2003, “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 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 re&oﬂed uncertainty of measurement is stated as the standard uncertainty of measurement

mumpl

d 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 nol given on page 1.

DASY Version DASYS V5283

Extrapoiation Advanced Extrapolation

Phantom Modular Flat Phantom

Distance Dipole Center - TSL 10 mm with Spacer

Zoom Scan Resolution dx, dy, dz = 5Smm

Froquency 2450 MMz = 1 MMz
Head TSL parameters

The lollowing parameters and calculations were applied.
Temperature Permittivity Conductivity

Nominal Head TSL parameters 220C »2 1.80 mho/m

Measured Head TSL parameters (20202)C JBA6% 1.85 mho/m + 6 %

Head TSL temperature change during test «<05°C . e
SAR result with Head TSL

SAR avoraged over 1 em’ (1 g) of Head TSL Condition

SAR measured 250 mW input power 133 Wikg

SAR for nominal Head TSL parameters normalized o 1W S23 Whg =2 17.0 % (k=2)

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

SAR measured 250 mW input power 619 Whg

SAR for nominal Head TSL parameters normalized to 1W 245 Wihg = 165 % (k=2)
Body TSL parameters

The foliowing parameters and caiculations were appled,
Temperature Permittivity Conductivity

Nominal Body TSL parameters 20C 57 1.95 mho/m

Measured Body TSL parameters (220+02)°C 51026% 202 mho/m + 6 %

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

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

SAR measured 250 mW input power 130 Whg

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 condition

SAR measured 250 mW input power 803 Whg

SAR for nominal Body TSL parameters normalized to 1W 238 Wikg = 16.5 % (k=2)
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Appendix
Antenna Parameters with Head TSL

Impedance, transformed 10 feed point 5300+2510
Return Loss ~28A448

Antenna Parameters with Body TSL

impedance. ransformed 10 feed point 5010+4410
Retumn Loss -271 08

General Antenna Parameters and Design

| Esoctrical Deiay (one dection) | 1,188 s |

Aftor long term use with 100W cackated power, only a sight warrming of the dipole near the feedport can be measured

The dipole & made of standard semingid coaxial cable. The center conductor of the feeding line is directly connected to the
socond arm of the dipole. The antenna i therefore short-ciroulted for DC-signals. On some of the dipoles, small ond caps
are added 10 the dipole arms in order 10 Impeove matching when loaded according 10 the position as explained i the
*Measuromont Condiions’ paragraph. The SAR data are not afected by this change. The overall dipole length s still

according to the Standard
No oxcessive 1orce must be applied 1o the dpole arms, because they might bend or the solderd connectons near the
foodpoint may be damaged
Additional EUT Data
Manufactured by SPEAG

Manufactured on Docember 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: D2430V2 - SN: 818

Communication System: CW; Frequency: 2450 MHz

Medium parameters used: f = 2450 MHz; 6 = 1.85 mho/m; & = 38.4; p = 1000 kg/m’
Phantom section: Flat Section

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

DASYS52 Configuration:
e Probe: ES3DV3 - SN3205; ConvF(4.45, 4.45, 4.45); Calibrated: 30.12,2011:
* Sensor-Surface: 3mm (Mechanical Surface Detection)
o Electromics: DAE4 Sn601; Calibrated: 27.06.2012
¢ Phantom: Flat Phantom 5.0 (front); Type: QDO0OOPS0AA; Serial: 1001

e DASY5252.8.3(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=5Smm, dz=5mm

Reference Value =99.551 V/m; 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

bt 400

19.20

400

0dB =170 W/kg = 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

Mcdium parameters used: f = 2450 MHz; 0 = 2.02 mho/m; & = S1; p = 1000 kg/m’
Phantom section: Flat Section

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

DASYS52 Configuration;
e Probe: ES3DV3 - SN3205; ConvF(4.26, 4.26, 4.26); Calibrated: 30.12,2011;
* Sensor-Surface: 3mm (Mechanical Surface Detection)
« Electronics: DAE4 Sn601; Calibrated: 27.06.2012
e Phantom: Flat Phantom 5.0 (back); Type: QDOOOPS0AA; Serial: 1002

o DASYS5252.8.3(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=5Smm

Reference Value = 95.079 V/m: 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 W/ikg

|

0dB = 17.0 W/kg = 12.30 dBW/kg
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Impedance Measurement Plot for Body TSL
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Ul 4 n Colisboration with APO 2T
s p e a g
VAN '\ CALBRATION LABORATORY

Add: No.52 Huayuanbei Road, Haidian District, Beijing, 100191, China
Tel: +86-10-62304633-2079 Fax: +86-10-62304633-2504
E-mail: Intoiz'emcite.com Hittp://www.emcite.com

Client sMQ - Certificate No: Z14-97008

Object DAE4 - SN: 876

Calibration Procedure(s) TMC-OS-E-01-198

Calibration Procedure for the Data Aoqunsmon Electronics
(DAEX)

Calibration date: March 03, 2014
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 ID# Cal Date(Calibrated by, Certificate No.) Scheduled Calibration
Documenting
Process Calibrator 753 | 1971018 01-July-13 (TMC, No:JW13-049) July-14

Name Function Signature
Calibrated by: Zhao Jing SAR Test Engineer : & 14
Reviewed by: Qi Dianyuan SAR Project Leader
Approved by: Lu Bingsong Deputy Director of the laboratory T (] q,”z

Issuedl March 04, 2014
This calibration certificate shall not be reproduced except in full without written approval of the laboratoty.

Certificate No: Z14-97008 Page 1 of 3
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Add: No.52 Huayuanbei Road, Haidian District, Beijing, 100191, China
Tel: +86-10-62304633-2079 Fax: +86-10-62304633-2504
E-mail: Info@emcite.com Http://www.emcite.com

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:

« 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.

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

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

Certificate No: Z14-97008 Page 2 of 3
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. TM NN 4 i Colisborstion with
$ p © 8 9
JEER. \  CALERATION LABORATORY

Add: No.52 Huayuanbei Road, Haidian District, Beijing, 100191, China
Tel: +86-10-62304633-2079 Fax: +86-10-62304633-2504

E-mail: Infol@emcite.com Http://www.emcite.com
DC Voltage Measurement
AJD - Converter Resolution nominal
High Range: 1LSB = 6.1uV, full range = -100...+300 mV
Low Range: 1LSB = 61nV, full range = -1 +3mV
DASY measurement parameters: Auto Zero Time: 3 sec; Measuring time: 3 sec
Calibration Factors X Y r4
High Range 405.534 + 0.15% (k=2) | 405.191 £ 0.15% (k=2) | 405.401 +0.15% (k=2)
Low Range 3.99003 + 0.7% (k=2) | 3.97295+0.7% (k=2) | 3.99865 + 0.7% (k=2)

Connector Angle

Connector Angle to be used in DASY system 181°+1°

Certificate No: Z14-97008 Page 3 of 3
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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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Trel 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 dBf Ref 0 dB Cal 2
+ M1 835.000000 MHz -29.5939 dB
0de
1
Ch1 Start 635 MHz Pwr -10 dBm Bw 10 kHz Stop 1.1 GHz
835MHz Dipole Head
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Trel

Ch1 Start 635 MHz

Tre2

511 Smith 200 mU/ Ref 1 U Cal

511 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
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
r 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
Appendix of Report No.: WT158002041 Page 31 of

35




Trel 511 Smith 200 mU/ Ref 1 U Cal 1
M1 1.900000 GHz 53.666 01
j2.752 Q
331.051 pF
M1
Ch1 Center 1.9 GHz Pwr -10 dBm Bw 10 kHz Span 465 MHz
Tre2 511 dB Mag 10 dBf Ref 0 dB Cal 2
+M1 1.900000 GHz -26.6564 dB
0dB
M1
Ch1 Center 1.9 GHz Pwr -10 dBm Bw 10 kHz Span 465 MHz
1900MHz head
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Trel

Ch1 Center 1.9 GHz

Tre2

511 Smith 200 mU/ Ref 1 U Cal

511 dB Mag 10 dB/ Ref 0 dB Cal

M1

Pwr -10 dBm Bw 10 kHz

M1 1.500000 GHz

1

49.666 0

j4.752 Q
416.051 pF

Span 465 MHz

2

+M71 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

r 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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Trel

511 Smith 200 mU/ Ref 1 U Cal

Ch1 Start 2.25 GHz

Tre2 511 dB Mag 10 dBf Ref 0 dB Cal

Pwr -10 dBm Bw 10 kHz

1

M1 2.450000 GHz 52.354 O
j2.530 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

Appendix of Report No.: WT 158002041
35

M1

Pwr 10 dBm Bw 10 kHz

Stop 2.65 GHz
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Trel

511 Smith 200 mU/ Ref 1 U Cal
M1

&

Ch1 Start 2.25 GHz Pwr -10 dBm Bw 10 kHz

Tre2 511 dB Mag 10 dBf Ref 0 dB Cal

1

M1 2.450000 GHz 50.354 O
§5.530 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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