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Calibration Laboratory of :o\-@,—ﬁ,
Schmid & Partner ﬁ“‘ wﬁﬁ
Engineering AG

Zeughausstrasse 43, 8004 Zurich, Switzerland &

S Schwelzerischer Kallbrierdianst

C Sarvice suisse d'élalonnage
Saervizio svizzaro di taratura

S Swiss Calibration Service

Accredited by the Swisz Accradilation Service |SAS) Accreditation No.: SCS 108
The Swiss Accreditation Service |8 ane of the signatories to the EA
Multilateral Agreament for the recognition of callbration certificates

cient  Sporton-CN (Auden) Certificate No: D835V2-4d091_Nov11
ICALIBRATION CERTIFICATE I

Object Da35ve - SN: 4d091

Calibration procedura(s) QA CAL-05.v8 -

Calibration procedure for dipole validation kits above 700 MHz

Calibration date: November 18, 2011

This calibration cenificate documents the traceability to national standards, which realize the physical units of measurements (S1).
The measuramenis and tha unceralnlies with confidance probability are given on the following pages and are part of the cerificate.

All calibrations have been conducted in the closed laboratory facility: envircnment temperature (22 + 31°C and humidity < 70%.

Calibration Equipment used (M&TE critical lor calibration)

Primary Standards ID# Cal Date (Cenificate No_} Schoduled Calibration L
Powar meatar EPM-4424 GB374BOT0O4 05-Oct-11 (Mo, 217-01451) Oel-12
Powar sansar HP B4B1A US37292783 05-Oct-11 (Mo, 217-01451) Oct-12
Refarence 20 dB Attenuator SN: 5088 (20g) 29-Mar-11 (Mo, 217-01368) Apr-12
Typa-M mismatoh combination SN: 5047 .2/ 06327 29-Mar-11 (Mo. 217-01371) Apr-12 |
Reference Probe ES3DV3 SN: 3205 29-Apr-11 (No. ES3-3205_Aprid) Apr-12
DAE4 SN: 801 04-Jul-11 (Mo, DAE4-601_Jul11) Jul-12 |
Secondary Standards 1D # Check Data (in house) Scheduled Check
Fower sensor HP B481A MY 41092317 18-Oct-02 (in house check Oct-11) In house check: Oct-13
RF genaerator R&S SMT-06 100005 04-A0ug-29 {in housa check Oct-11) In housa chack: Oct-13
Metwork Analyzer HP B753E US37390585 54206 18-Oct-01 (in house check Oct-11) In house check: Oct-12

|

Mame Function Signature
Calibrated by: Dimae lligy Laboratory Technician fﬂ m
-2
Approved by; Katja Pokovic Technical Manager T e F e R
Issued: November 18, 2011

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

Cenrificate Mo; DBISV2-4d0591 MNowv1 1 Page 1 of B



Calibration Laboratory of S,

. = \‘5’, % 5 Schweizerischer Kalibrierdienst
Schmid & Partner m c Service suisse d'étalonnage
Engineering AG e Servizio svizzero di taratura
Zeughausstrasse 43, B004 Zurich, Switzeriand 7 ,rf':“?ﬁ'* S swiss Calibration Service
gl
Accredited by the Swiss Accreditation Service (SAS) Accreditation No.: SCS 108

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

Glossary:

TSL tissue simulating liquid

ConvF sensitivity in TSL / NORM x,y,z

N/A not applicable or not measured

Calibration is Performed According to the Following Standards:

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

Certificate No: DB35V2-4d081_MNov11 Page 2 of 8




Measurement Conditions
DASY system configuration, as far as not g

iven on page 1.

DASY Version DASYS Vb2.6.2
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

MNominal Head TSL parameters 22.0°C 41.56 0.90 mho/m

Measured Head TSL parameters (22.0+0.2) °C 414+6% 0.90 mho/m +6 %

Head TSL temperature change during test =05°C ===
SAR result with Head TSL

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

SAR measured 250 mW input power 235mW /g

SAR for nominal Head TSL parameters

narmalized to 1W

9.40 mW /g + 17.0 % (k=2)

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

condition

SAR measured

250 mW input powaer

1.54 mW /g

SAR for nominal Head TSL parameters

normalized to 1W

6.16 mW /g + 16.5 % (k=2)

Body TSL parameters
The tollowing parameters and calculations were applied.
Temperature Permittivity Conductivity
Mominal Body TSL parameters 22.0°C 55.2 0.97 mho/m
Measured Body TSL parameters (22.0+0.2) °C 53.3+6% 0.99 mho/m =6 %
Body TSL temperature change during test <0.5°C =
SAR result with Body TSL
SAR averaged over 1 cm’ (1 g) of Body TSL Condition
SAR measurad 250 mW input power 241 mW/g

SAR for nominal Body TSL parameters

normalized to 1W

9.42 mW / g +17.0 % (k=2)

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

condition

SAR measured

<50 mW input power

1.5BmW /g

SAR for nominal Body TSL parameters

normalized to 1W

6.21 mW /g = 16.5 % (k=2)

Certificate No: D835V2-4d091 Nov11

Page 3 of B




Appendix
Antenna Parameters with Head TSL

Impedance, transformed to feed point 50.98-51]0Q
Return Loss -25.7 dB

Antenna Parameters with Body TSL

Impadance, transformed to feed point 471 0 -6.9 K2
Return Loss -22.3dB

General Antenna Parameters and Design

Electrical Delay (one direction) 1.386 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.
Mo excessive force must be applied to the dipole arms, because they might bend or the soldered connections near tha

feedpoint may be damaged.

Additional EUT Data

Manufactured by SPEAG

Manufactured on September 15, 2009

Certificale No: DB35V2-4d091_Nov11 Page 4 of 8



DASY5 Validation Report for Head TSL

Date: 18.11.2011

Test Laboratory; SPEAG, Zurich, Switzerland

DUT: Dipole 835 MHz; Type: D835V2; Serial: D835V2 - SN: 4d091

Communication System: CW; Frequency: 835 MHz

Medium parameters used: f = 835 MHz; g = 0.9 mho/m; g, = 41.4; 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: 29.04.201 |
Sensor-Surface: 3mm (Mechanical Surface Detection)

Electronics: DAE4 Sn601: Calibrated: 04.07.201 1

Phantom: Flat Phantom 4.9L; Type: QDOOOP49AA; Serial: 1001

DASYS2 52.6.2(482); SEMCAD X 14.4.5(3634)

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

Reference Value = 56.950 V/m; Power Drift = -0.0036 dB

Peak SAR (extrapolated) = 3.473 W/kg

SAR(1 g) = 2.35 mW/g:; SAR(10 g) = 1.54 mW/g

Maximum value of SAR (measured) = 2.740 mW/g

6.6

8.49

1060

0 dB = 2.740mW/g

Certificate Mo: DB35V2-4d091_Novi1 Page 5ol 8



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

Date: 18.11.2011
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 835 MHz: Type: D835V2; Serial: D835V2 - SN: 4d091

Communication System: CW; Frequency: 835 MHz

Medium parameters used: [ = 835 MHz: o = 0.99 mho/m; & = 53.3: p = 1000 kg/m’
Phantom section: Flat Section

Measurement Standard: DASYS5 (IEEE/IEC/ANSI C63.19-2007)

DASYS52 Configuration:
o Probe: ES3DV3 - SN3205; ConvF(6.02, 6.02, 6.02); Calibrated: 29.04.2011
¢ Sensor-Surface: 3mm (Mechanical Surface Detection)
« Electronics: DAE4 Sn601; Calibrated: 04.07.2011
e Phantom: Flat Phantom 4.9L; Type: QDOOOP49AA; Serial: 1001

« DASYS52 52.6.2(482); SEMCAD X 14.4.5(3634)

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 = 35.082 V/m: Power Drift = 0.01 dB

Peak SAR (extrapolated) = 3.502 W/kg

SAR(1 g) = 2.41 mW/g; SAR(10 g) = 1L.58 mW/g

Maximum value of SAR (measured) = 2.809 mW/g

o A.B0

.60

12,00

0dB =2810mW/g

Certificate No: DB3SV2-4d091_Nov11 Page 7 of B



Impedance Measurement Plot for Body TSL
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Calibration Laboratory of

Schmid & Partner
Engineering AG

Zeughaussirasse 43, B004 Zurich, Switzerland

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

Schweizerischer Kalibrierdienst
Service sulsse d'étalonnage

. Servizio svizzero ol taraturs
Swiss Galibration Service

Accreditation MNo.;: SCS 108

Olect

Calibration procedure(s)

Calibration dats:

Calibration Equipment used (M&TE critcal for calibration)

This calioration cadificale decuments the traceability to national standards, which realize the physical units of measurerments (313
Tha measurements and the uncertainties with confidence probability are given on the following pages and are part of the cerificale.

All caliprations have been conducted in the closed laboratony facility: envirenmant temperature (22 + 3)°C and humidity < 70%.

Primary Standards D # Cal Date (Certificate Me.) Scheduled Calibration
Fowar matal EPM-4424, GBITABOT0A 05-Cet-11 (Mo, 21 7-01451) Oct-12

FPower sensor HF B4R1A US372927E3 050811 (M. 217-01451) Oet-12

Fetersnce 20 dB Attenuatar SN: 5086 (20g) 29-Mar-11 (Mo, 217-01368) Apr-12

Type-M mismaich combination SM: 5047.2 / 06327 2g-Mar-11 (Mo, 217-01371) Apr-12

Reference Probe ESI0VE SN 3205 28-Apr-11 [Me. ES3-3205_Apri 1) Apr-12

DAE4 SN 601 Dd-Jul-11 {No. DAE4-801_Jult 1} Jud-12

Secondary Standards 10 # Check Date (in houge) Scheduled Check
Power sensor HP 84814 MY 41092317 18-0et-02 (in housa check Oot-11) In Rouse chack: Oot-13
AF ganarator A&S SMT-06 100005 04-Aug-99 (in house chack Oct-11) In house check: Oct-13
Matwork Analyzer HP 3733 US3T3B0585 534206 18-Oct-01 (in housa check Cot-11) In howse chiack: Oot-12
Calibeated by:

Approved by:

This calibration cerificate shall not be reproduced sxnept in full without written approval of the lsboraton.

Issucd: Movember 21, 2011

Certificata No: D1900V2-50118_Nov11

Page1of 8



Calibration Laboratory of ﬁw”"

Schmid & Partner i
Engineering AG ﬁé

Schweizerischer Kalibrierdienst
Service suisse d'étalonnage
Servizio svizzero di taratura

Zeughausstrasse 43, 8004 Zurich, Switzerland %ﬁf Swiss Callbration Service
L T LY
Accredited by the Swiss Accreditation Service (SAS) Accreditation Mo.; SCS 108

The Swiss Accreditation Service is one of tha signatories to the EA
Multilateral Agresment 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)

b)

c)

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

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

Faderal Communications Commission Office of Engineering & Technology (FCC OET),
“Evaluating Compliance with FCC Guidelines for Human Exposure to Radiofregquency
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 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.

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 paramelers: The measured TSL parameters are used lo calculate the
nominal SAR resuit.

Certificata No: D1900V2-5d118_Nov11 Page 2 of 8




Measurement Conditions

DASY systermn configuration, as far as nol given on page 1.

DASY Version DASYS V52.8.2

Extrapolation Advanced Extrapolation

Phantom Modular Flat Phantom

Distance Dipole Center - TSL 10 mm with Spacer

Zoom Scan Resolution 1 dx. dy, dz =5 mm

mﬁauuncy 1900 MHz £ 1 MHz -
Head TSL parameters
The following parametars and calculalions were applied,
Temperature Permittivity Gonductivity

Nominal Head TSL parameters g220°C 40.0 1.40 mha'm

Measured Head TSL paramaturs- o 220202 °C 39516% 1.42 mho/m + 6 %

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

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

SAR measured 250 mW input power 10-.-2 rle /g

SAR for nominal Head TSL parameters normalized to 1W 40.3 mW /g = 17.0 % (k=2)

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

SAR measurad 250 mW input power 5.20mW /g

SAR for nominal Head TSL parameters

normalized to TW

21.0 mW /g £ 16.5 % (k=2)

Body TSL parameters
The following parameters and calculations were applisd.
Temperature Permittivity Conductivity
Neminal Bedy TEL parameters 22.0°C - 53.3 1.52 mho/m
Measured Body TSL parameters 22002 °C 542+ 5% 1.52 mho/m £ 6 %
Body T5SL temperature change during test < 0.6*C -
SAR result with Body TSL
SAR averaged over 1 cm® (1 g) of Body TSL Condition
SAR measurad 250 mW input power 10.7 mW /g

SAR for nominal Body TSL parameters

normalized to 1W

41.8mW /g =z17.0 % (k=2}

SAR averaged over 10 cm® {10 g) of Body TSL condition
SAR measured 260 mW input power 558mW/g
SAR for nominal Body TEL parameters normalized to 1W 22,0 MW /g = 16.5 % (k=2)

Cerificate No: D1300V2-5d118_Nowv11
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Appendix
Antenna Parameters with Head TSL

Impedance, transformed to feed point 5340 +89j0

Retumn Loss -22.5dB

Antenna Parameters with Body TSL

Impedanca, transformed to feed point 4780+ 7.1 40
Return Loss -224dB

General Antenna Parameters and Design

Electrical Dalay (one direction) 1.200 ns -

After lang term use with 100W radiated power, anly a slight warming of the dipale near the feedpoint can be measured.

The dipole is made of standard semirigld coaxlal cable. The center conductor of the feeding line is directly connected to tha

second arm of the dipole. The antenna is therefore short-circuited for DC-signals.
Mo excessive force must be applied to the dipole arms, because they might bend or the soldered connactions near the

feedpolnt may be damaged.

Additional EUT Data

Manufactured by SFPEAG
Manufactured on August 21, 2009

Cerificate Mo: D1900V2-5d118_MNowv11 Page 4 ot B



DASYS5 Validation Report for Head TSL
Date: 21.11.2011
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 1900 MHz; Type: D1900V2; Serial: D1900V2 - SN: 5d118
Communication System: CW: Frequency: 1900 MHz '
Medium parameters used: = 1900 MHz; ¢ = 1.42 mho/m; &, = 39.5; p = 1000 ke/m’

Phantom section: Flat Section
Measurement Standard: DASY S5 (IEEE/IEC/ANSI C63.19-2007)

DASYS52 Configuration:

Probe: ES3DV3 - SN3205; ConvFi(5.01, 5.01, 5.01): Calibrated: 29.04.2011

s Sensor-Surface; 3mm (Mechanical Surlace Detection)
« Electronics; DAE4 Sn601; Calibrated:; 04.07.201 1
»  Phantom: Flat Phantom 5.0 (front), Type: QDOOOPS0AA; Serial: 1001

o DASYS2 52.6.2(d482); SEMCAD X 14.4.5(3634)

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

Reference Value = 98.061 V/m; Power Drift = 0.04 dB

Peak SAR (extrapolated) = 18.620 W/kg

SAR(1 g) = 10.2 mW/g; SAR(10 g) = 5.29 mW/g

Maximum value of SAR (measured) = 12,702 mW/g

B.on
12.00

1610

2000

0dB = 12.700mW/g

Cerificate No: D1900V2-5d118_Mow11 Page S of 8




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

Date: 21.11.2011
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 1900 MHz: Type: D1900V2; Serial: D1200V2 - SN: 5d118

Communication System: CW; Frequency: 1900 MHz

Medium parameters used: f = 1900 MHz: 6 = 1.59 mho/m: g, = 54.2: p = 1000 kg/m’
Phantom section: Flat Section

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

DASYSZ Conliguration:
o Probe: ES3DV3 - SN3205; ConvFi4.62, 4.62, 4.62); Calibrated: 29.04.201 1
« Sensor-Surface: 3mm (Mechanical Surface Detection)
« Electronics: DAE4 Sn601; Calibrated: 04.07.2011
s Phantom: Flat Phantom 5.0 (back); Type: QDOOOPS0AA; Serial: 1002

» DASYS2 52.6.2(482); SEMCAD X 14.4.5(3634)

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

Reference Value = 96.110 V/im; Power Drift =-0.01 dB

Peak SAR (extrapolated) = 18.910 W/kg

SAR(] g) = 10.7 mW/g: SAR(10 g) = 5.59 mW/g

Maximum value of SAR (measured) = 13.549 mW/g

14,40

0dB = 13.550mW/g

Carificate No: D1900V2-5d118_Mavi1 Page 7 of 8



Impedance Measurement Plot for Body TSL
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ssamran as. CaliDration Certificate of DASY

Calibration Laboratory of

Schmid & Partner
Engineering AG

Zeughausstrasse 43, 8004 Zurich, Switzerfand

Accradited by the Swiss Accraditation Sarvice (SAS)
The Swiss Accreditation Service is cne of the signatories to the EA
Multilateral Agreement for the recognition of calibration certificates

client  Sporton (Auden)

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

Accraditation No.: SCS 108

Cortificate No: D2450V2-840_Mar10

|CALIBRATION CERTIFICATE

Object

Calibration procedure(s)

Calibration date:

D2450V2 - SN: 840

QA CAL-05.v7

Calibration procedure for dipole validation kits

March 18, 2010

All calibrations have been conducted in the closed laboratory fadlity: envi Lt

Calibration Equipment used (M&TE cnilical for calibration)

This calibration certificate documents the traceability to nalional standards, which realize the physical units of measurements (S1).
The measurements and the uncertaintles with confldence probabliity are glven on the following pages and are part of the certificate.

perature (22 £ 3)°C and humidity < 70%.

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

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

Power meter EPM-442A GB37480704 06-0ct-08 (No. 217-01086) Oct-10

Power sensor HP 8481A US37202783 08%0ct-08 (No. 217-01086) Oct-10

Reference 20 dB Attenualor SN: 5086 (20g) 31-Mar-09 (No. 217-01025) Mar-10

Type-N mismatch combinabon SN: 5047.2 / 08327 31-Mar-09 (No. 217-01029) Mar-10

Reference Probe ES3DV3 SN: 3205 26-Jun-09 (No. ES3-3205_Jun09) Jun-10

DAE4 SN: 601 02-Mar-10 (No. DAE4-601_Mar10) Mar-11

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

Power sensor HP 8481A MY41002317 18-0ct-02 (in house chack Oct-09) In house check: Oct-11

RF generator R&S SMT-08 100005 4-Aug-98 (in house chack Oct-09) In house check: Oct-11

Network Analyzer HP 8753E US37390585 S4206 18-Oct-01 (in house check Oct-08) In house check: Oct-10
Name Function Signature

Calibrated by: Jeton Kastrat Laboratory Technician Z”

Approved by: Katia Pokovic Technical Manager /Z 4_

Issued: March 22, 2010

Certificate No: D2450V2-840_Mar10
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ssamran as. CaliDration Certificate of DASY

Calibration Laboratory of

Schmid & Partner 2 Service suisses d'étalonnage
Engineering AG Servizio svizrero di taratura
Zeughausstrasse 43, 8004 Zurich, Switzerland S swiss Calibration Service

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

Glossary:

TSL tissue simulating liquid

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

Calibration is Performed According to the Following Standards:

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

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

c) 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 Radicfrequency Emissions”,
Supplement C (Editicn 01-01) to Bulletin 65

Additional Documentation:
d) DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

e Measurement Conditions: Further details are available from the Validation Report at the end

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

» Antenna Parameters with TSL: The dipole is mounted with the spacer to position its feed
point exactly below the center marking 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.

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

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

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

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

Schweizerischer Kalibrierdienst
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Measurement Conditions
DASY system configuration, as far as not given on page 1.
DASY Version DASY5 V5.2
Extrapolation Advanced Extrapolation
Phantom Modular Flat Phantom V4.9
Distance Dipole Center - TSL 10 mm with Spacer
Zoom Scan Resolution dx, dy, dz =5 mm
Frequency 2450 MHz £ 1 MHz
Head TSL parameters
The following parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Head TSL parameters 220°C 392 1.80 mho/m
Measurad Head TSL parameters (220202)°C 4046 % 1.80mho/m £ 6 %
Head TSL temperature during test (22.0 £0.2)°C — —

SAR result with Head TSL

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

SAR measured 250 mW input power 13.1mW/g

SAR nommalized normalized to 1W 524mWig

SAR for nominal Head TSL parameters normalized to 1W 52.7 mW /g £ 17.0 % (k=2)
SAR averaged over 10 cm® {10 g) of Head TSL condition

SAR measured 250 mW input power 617mW /g

SAR nomalized normalized 1o 1W 247TmW /g

SAR for nominal Head TSL parameters nomalized to 1W 248 mW /g £16.5 % (k=2)

Certificate No: D2450V2-840_Mar10
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Body TSL parameters
The following parameters and calculations were applied.
Temperature Permittivity Conductivity

Nominal Body TSL parameters 220°C 52.7 1.95 mho/m
Measured Body TSL parameters (220+0.2)°C 544£8% 2.00 mho/m £ 6 %
Body TSL temperature during test (214£0.2)°C -— —

SAR result with Body TSL
SAR averaged over 1 cm® (1 g) of Body TSL Condition
SAR measured 250 mW input power 131mW/g
SAR normalized normalized to 1W 524mW /g
SAR for nominal Body TSL parameters normalized to 1W 521 mW/g£17.0 % (k=2)
SAR averaged over 10 cm® (10 g) of Body TSL condition
SAR measured 250 mW input power 6.13mw /g
SAR normalized normalized to 1W 245mW /g
SAR for nominal Body TSL parameters normalized to 1W 245 mW/ gt 16.5 % (k=2)

,0‘
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Appendix
Antenna Parameters with Head TSL
Impedance, transformed to feed point 537Q+20jQ
Return Loss -279dB
Antenna Parameters with Body TSL
Impedance, transformed to feed point 4960 +35i0
Retum Loss -29.1dB
General Antenna Parameters and Design
| Etectrical Delay (one direction) | 1163 ns ]

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

The dipele 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.
No excessive force must be applied to the dipole arms, because they might bend or the soldered conneclions near the

feedpoint may be damaged.

Additional EUT Data

Manufactured by

SPEAG

Manufactured on

July 20, 2009

Certificate No: D2450V2-840_Mar10
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DASYS5 Validation Report for Head TSL
Date/Time: 18.03.2010 10:23:42

Test Laboratory: SPEAG, Zurich. Switzerland
DUT: Dipole 2450 MHz; Type: D2450V2; Serial: D2450V2 - SN:840

Communication System: CW; Frequency: 2450 MHz; Duty Cycle: 1:1

Medium: HSL U11 BB

Medium parameters used: f = 2450 MHz; ¢ = 1.8 mho/m: g, =40.4; p= 1000 kg/m’
Phantom section: Flat Section

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

DASYS5 Configuration:
*  Probe: ES3DV3 - SN3205; ConvF(4.53, 4.53, 4.53); Calibrated: 26.06.2009
e Sensor-Surface: 3mm (Mechanical Surface Detection)
»  Electronics: DAE4 Sn601; Calibrated: 02.03.2010
*  Phantom: Flat Phantom 5.0 (front); Type: QDOOOPS0AA; Serial: 1001

o Measurement SW: DASYS, V5.2 Build 157; SEMCAD X Version 14.0 Build 57

Pin=250 mW /d=10mm, dist=3.0mm (ES-Probe)/Zoom Scan (7x7x7)/Cube 0: Measurement
grid: dx=5mm, dy=5mm, dz=5mm

Reference Value = 100 V/m; Power Drift = 0.058 dB

Peak SAR (extrapolated) = 26.5 Wikg

SAR(1 g) = 13.1 mW/g; SAR(10 g) =6.17 mW/g

Maximum value of SAR (measured) = 16.7 mW/g

-25

0dB = 16.7mW/e

Certificate No: D2450V/2-840_Mar10 Page 6of 8
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Impedance Measurement Plot for Head TSL

18 Mar 2010 10:92:35
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DASYS Validation Report for Body

Date/Time; 18.03.2010 12:46:13

Test Laboratory: SPEAG, Zurich, Switzerland

DUT: Dipole 2450 MHz; Type: D2450V2; Serial: D2450V2 - SN:840

Communication System: CW; Frequency: 2450 MHz; Duty Cycle: 1:1

Medium: MSL Ul 1 BB

Medium parameters used: { = 2450 MHz; 6 = 2.01 mho/m; g = 54.5; p = 1000 kg/m’
Phantom section: Flat Section

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

DASYS5 Configuration:

Probe: ES3DV3 - SN3205: ConvF(4.31,4.31, 4.31); Calibrated: 26.06.2009
Sensor-Surface: 3mm (Mechanical Surface Detection)

Electronics: DAE4 Sn601; Calibrated: 02.03.2010

Phantom: Flat Phantom 5.0 (back); Type: QDO0OPS0AA; Serial: 1002

Measurement SW: DASYS, V5.2 Build 157; SEMCAD X Version 14.0 Build 57

Pin250 mW /d=10mm, dist=3.0mm (ES-Probe)/Zoom Scan (7x7x7)/Cube (: Measurement
grid: dx=5Smm, dy=5mm. dz=5mm

Reference Value = 935.5 V/m; Power Drift = 0.014 dB

Peak SAR (extrapolated) = 27 W/kg

SAR(1 g) = 13.1 mW/g; SAR(10 g) = 6.13 mW/g

Maximum value of SAR (measured) = 17.3 mW/g

0d8 = 17.3mW/g
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Impedance Measurement Plot for Body TSL

18 Mar 2010 10102:55
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D2450V2, serial no. 840 Extended Dipole Calibrations

Referring to KDB 450824, if dipoles are verified in return loss (<-20dB, within 20% of prior calibration), and in
impedance (within 5 ohm of prior calibration), the annual calibration is not necessary and the calibration

interval can be extended.

<Dipole Verification Data>- D2450V2, serial no. 840
2450MHz — Head

yzer
e 3 Stmulss 4 MirfAnalysis S Instr State
Wl

- E5071C Network Analyzer LHE5071C Netwo
1 Active ChfTrace 2 Response 3 Stimulus 4 Mie/Analysis S Instr State 1 Active ChiTrace
grrijsras g Ref -20. [F1 m] &

S
Stop 2.65 Gz [@| 1 Stat 235Gz IFBW 70 kHz Stop 2.65 Gz B

2450MHz - Body

1 Active Ch/Trace  ZResponse 3 Stimulus 4 Mia/Analysis S Instr State
Pl 51l Log 5,00008/ Ref -20.0008 [FL M]

F
1 Start 2.25 GHr top 2.65 GHe [@1 |1 Stat 225 GHe TFBW 70 kHz Stop 2.65 GH: [
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DASY Calibration Certificate

<Justification of the extended calibration>

D2450V2 — serial no. 840
2450 Head 2450 Body
Real Imaginary Real Imaginary
Date of Return-Loss | Delta Delta Delta |Return-Loss | Delta Delta Delta
Impedance Impedance Impedance Impedance
Measurement (dB) (%) (ohm) (ohm) (dB) (%) (ohm) (ohm)
(ohm) (ohm) (ohm) (ohm)
03.18.2010 -27.948 53.658 1.957 -29.13 49.588 3.457
03.17.2011 -27.981 0.033 | 52.502 |1.156| 2.2313 | 0.2743 -29.252 0.122 | 49.823 | 0.235| 3.3629 | 0.0941

The return loss is < -20dB, within 20% of prior calibration; the impedance is within 5 ohm of prior calibration.

Therefore the verification result should support extended calibration.

SPORTON INTERNATIONAL (KUNSHAN) INC.
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CALIBRATION CERTIFICATE

EX3DV4 - SN:3697

Object

Calibration procedure(s)

Calibration date:

September 2, 2011

Calibration Equipment used (M&TE critical for calibration)

QA CAL-01.v8, QA CAL-14.v3, QA CAL-23.v4, QA CAL-25.v4
Calibration procedure for dosimetric E-field probes

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%.

Primary Standards ID Cal Date (Certificate No.) Scheduled Calibration
Power meter E4419B GB41293874 31-Mar-11 (No. 217-01372) Apr-12
Power sensor E4412A MY41498087 31-Mar-11 (No. 217-01372) Apr-12
Reference 3 dB Attenuator SN: 35054 (3c) 29-Mar-11 (No. 217-01369) Apr-12
Reference 20 dB Attenuator SN: 55086 (20b) 29-Mar-11 (No. 217-01367) Apr-12
Reference 30 dB Attenuator SN: 55129 (30b) 29-Mar-11 (No. 217-01370) Apr-12
Reference Probe ES3DV2 SN: 3013 29-Dec-10 (No. ES3-3013_Dec10) Dec-11
DAE4 SN: 654 3-May-11 (No. DAE4-654 May11) May-12
Secondary Standards ID Check Date (in house) Scheduled Check
RF generator HP 8648C UsS3642U01700 4-Aug-99 (in house check Oct-09) In house check: Oct-11
Network Analyzer HP 8753E US37390585 18-Oct-01 (in house check Oct-10) In house check: Oct-11
Name Function Signature
Calibrated by: Katja Pokovic Technical Manager //2::% %
=
Approved by: Nisls Kuster
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Glossary:

TSL tissue simulating liquid

NORMXx,y,z sensitivity in free space

ConvF sensitivity in TSL / NORMx,y,z

DCP diode compression point

CF crest factor (1/duty_cycle) of the RF signal

A B C modulation dependent linearization parameters

Polarization ¢ ¢ rotation around probe axis

Polarization & 3 rotation around an axis that is in the plane normal to probe axis (at measurement center),

i.e., 9 =0 is normal to probe axis

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

Methods Applied and Interpretation of Parameters:
e NORMpy,y,z: Assessed for E-field polarization 8 = 0 (f < 900 MHz in TEM-cell; f > 1800 MHz: R22 waveguide).

NORMx,y,z are only intermediate values, i.e., the uncertainties of NORMx,y,z does not affect the E*-field
uncertainty inside TSL (see below ConvF).

o NORM(Ox,y,z = NORMx,y,z * frequency_response (see Frequency Response Chart). This linearization is
implemented in DASY4 software versions later than 4.2. The uncertainty of the frequency response is included
in the stated uncertainty of ConvF.

e DCPx,y,z: DCP are numerical linearization parameters assessed based on the data of power sweep with CW
signal (no uncertainty required). DCP does not depend on frequency nor media.

e PAR: PAR is the Peak to Average Ratio that is not calibrated but determined based on the signal
characteristics

e Axy.z Bxyz Cxyz VRxyz A, B, Care numerical linearization parameters assessed based on the data of
power sweep for specific modulation signal. The parameters do not depend on frequency nor media. VR is the
maximum calibration range expressed in RMS voltage across the diode.

e ConvF and Boundary Effect Parameters: Assessed in flat phantom using E-field (or Temperature Transfer
Standard for f < 800 MHz) and inside waveguide using analytical field distributions based on power
measurements for f > 800 MHz. The same setups are used for assessment of the parameters applied for
boundary compensation (alpha, depth) of which typical uncertainty values are given. These parameters are
used in DASY4 software to improve probe accuracy close to the boundary. The sensitivity in TSL corresponds
to NORMXx,y,z * ConvF whereby the uncertainty corresponds to that given for ConvF. A frequency dependent
ConvF is used in DASY version 4.4 and higher which allows extending the validity from * 50 MHz to + 100
MHz.

e  Spherical isotropy (3D deviation from isotropy): in a field of low gradients realized using a flat phantom
exposed by a patch antenna.

e Sensor Offset: The sensor offset corresponds to the offset of virtual measurement center from the probe tip
(on probe axis). No tolerance required.
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