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Glossary:

T8L tissue simulating liquid

ConvF sensitivity in TSL / NORM x.y.z
MNiA, 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-
Avaeraged Specific Absorption Rate (SAR) in the Human Head from Wireless
Communications Devices: Measurement Technigues®, December 2003

b) 1EC 6§2209-1, "Procadure to measure the Specific Absorption Rate (SAR) for hand-held
devices used in close proximity to the ear (frequency range of 300 MHz to 3 GHz)",
February 2005

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

Additional Documentation:
d) DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:
«  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 Paint Impedance and Refurm 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 reguired.

s Electrical Delay: One-way delay between the SMA connector and the antenna feed point.
Mo uncerainty required.

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

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

« S5AR for nominal TSL parameters: The measured TSL parameters are used to calculate the
nominal SAR result.
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Measurement Conditions

DASY system configuration, as 1ar as not given on page 1,

DASY Version DASYS Vo2.6
Extrapolation Advanced Extrapolation
Phantom Modular Flat Phantom V4.9
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 foflowing parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Head TSL parameters 200 41.5 0.90 mho/m
Measured Head TSL parameters {22.0= 0.2} °C 413+6% 089 mhoim + &%
Head TSL temperature during test {21.0'¢0.2) °C g
SAR result with Head TSL
SAR averaged over 1 em” (1 g) of Head TSL Caondition
SAR measured 250 mW Input power 238 mW /g
SAR normalized notmalized to W G52 mW /g
SAR for nominal Head TSL paramaters nofmatized to 1W 8.57 mW fg = 17.0 %E::E]
SAR averaged over 10 cm” ({10 g} of Head TSL condition
SAR measured 250 mW inpul power 1.55mWig
SAR normalized normalized to 1W B20mW /g
SAR for nominal Head TSL parameters nosmalized o 1W 6.23 mW fg = 16.5 % (k=2)

Cantificate No: DE36VE-4d1 14 _Jant
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Body TSL parameters

Tha following paremeters and calculations were applied.

Temparature Permittivity Conductivity
Mominal Bady TSL paramaters 220G 55.2 D97 mho'm
Measured Body TSL parameters (#2.0 +0.2)°C 54126 % (.98 mhoim + 6 %
Body TSL temperature during test (20602 °C —— —

SAR result with Body TSL

SAR averaged over 1 em” (1 g) of Body TSL Condition
SAR measunad 250 mW input poeer 253 mW ig
SAR normadfized mormelized to 1W 101 mw /g

SAR for nominal Body TSL parameters

normalized to 1W

9.92 mW /g = 17.0 % (k=2)

SAR averaged over 10 cm’ (10 g) of Body TSL aondition
SAR measured 250 mW inpul power 1.66mW /g
SAR normadized normalized 10 1W B4 mW /g

SAR for nominal Body TSL parameters

normalized 1o 1W

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

Cerificate Moo DEISV2-4d114_Jan1
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Appendix
Antenna Parameters with Head TSL

Impecance. ranstormed to feed paint 523 Ll =26
Aatum Loss -255de

Antenna Parameters with Body TSL

Impadance, transformad to feed paint 4760 -4.68 1
Retum Loss -255d8

General Antenna Parameters and Design

| Electrical Delay (one diraction) J 1.400 ns

Atter 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 semérgid coaxial cable. The center conductor of he feeding line is direcly cannected to the
seoond arm of the dipole. The antenna is therefore shorl-circuited for DC-signals,

Mo excazsive force must be apphed 1o the dipals arms, because they might bend or the soldered connactions near the
feadpoint may be damaged.

Additional EUT Data

Manutactured by SPEAG
Manutactured on June 28, 2010

Certificate Mo: DA3SV2-4d114 Jan1] Pags Goi8



DASYS Validation Report for Head TSL

Date/Time: 03.01.2011 14:35:06
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dvipole 835 MHz; Type: D835V 2; Serial: D35SV - SN:dl14

Communication System: CW: Frequency: 833 MHz; Dury Cyeler 1:1

Medium; HELNND

Medium paramerers used: T = B35 MHz: o = (LB9 mhofm: of = 40.9; p = I kgfm3
Phantom section: Flal Section

Measurement Stundard: DASYS (IEEEAEC/ANST C63.19-3007)

DASY S Confliguration;
«  Probe; ESADVA - SNA2005; ConvF(6.03, 6,03, 6,033 Calibrated: 300042010
« Sensor-Surface: 3mm (Mechanical Surface Detection)
+ Electronics: DAE4 Sni01; Calibrated: 10.06.2010)
« Phantom: Flat Phantom 4.9L; Type: QDOOOP49AA; Senal: 1001
»  Measurement SW: DASYS2, V326,01 Build (408)
«  Postprocessing SW: SEMCAD X, V14.4.2 Build (2595)

Pin=250 mW /d=15mm., dist=3.0mm (ES-Probe)/Zoom Scan (7x7x7) /Cube 0: Measurement
grid: dx=3mm, dy=3mm, dz=5mm

Reference Value = 57.3 V/im: Power Drift = 0.000428 dB

Peak SAR (extrapolated) = 3.59 Wik

SARIL g) = 2.38 mW/g: SAR(10 g) = 1.55 mW/g

Maximum value of SAR (measured) = 2.56 mW/g

<15

0 dB = 2.56mW/z

Cerificate No: DE35Y2-4d1 14 _Jan11 Page G of @







DASYS Validation Report for Body

Date/Time: 10.01.2011 10:33:12
Test Laboratory: SPFEAG, Zorich. Switzerland
DUT: Dipole 835 MHz; Tyvpe: DEASV2; Serial: DE3SV2 - SN:4d114

Communication System: CW; Frequency: 835 MHz; Duty Cyele: 111

Mediom: MSLSN)

Medium parameters used! { = K35 MU o =0.99 mho/m; & = 54.1; p = 1000 kaim’
Phantom section: Flat Section

Measurement Standard: DASY S (IEEE/IEC/ANST C63.19-2007)

DASYS Confliguration:
= [Probe: ES3DV3 - BN3205; ConvF(5.86, 5.86, 5.86); Calibrated: 30.04.2010
= Sensor-Surface: 3mm (Mechanical Surface Detection )
# Electronics! DAE4 Sn6)1; Calibrated: 10.06:20110)
s Phantom: Flat Phantom 4.9L; Type: QDOOOPASAN; Serial: 1001
»  Measurement SW: DASYS2, V52:6.1 Build (408)

« Postprocessing SW: SEMCAD X, VI14.4.2 Build (2595)

Pin=250 mW /d=15mm, dist=3.0mm (ES-Probe)}/Zoom Scan (7x7x7) /Cube 0: Measurement
grid: dx=5mm, dy=5mm, dz=5mm

Peak SAR (extrapolated) = 3.727 Wikg

SAR(1 g} = 2.53 mW/g: SAR(10 g) = 1.66 mW/g

Maximum value of SAR (measured) = 2,044 mWi/g

da
0

-3.00

-6.00

-9.00

-12.00

-15.00

0 di = 2.940hmW /g
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DASY Calibration Certificate-Extended Dipole-835MHz Calibrations

According to KDB 450824 D02, Dipoles must be recalibrated at least once every three years; however,
immediate re-calibration is required for the following conditions. The test laboratory must ensure that the
required supporting information and documentation have been included in the SAR report to qualify for
the extended 3-year calibration interval

1)When the most recent return-loss, measured at least annually, deviates by more than 20% from the
previous measurement (i.e. 0.2 of the dB value) or not meeting the required -20 dB return-loss
specification

2)When the most recent measurement of the real or imaginary parts of the impedance, measured at
least annually, deviates by more than 5 Q from the previous measurement

Dipole Verification plot : D835V2 S/N:4d114
835MHz for Head:

1 Active ChiTrace 2 Response 3 Stimulus 4 Mkrfanalysis 5 Instr State

1 Ackive ChTrace 2 Respon: 3 Stimulus 4 MirfAnalysis 5 Instr State
(T ri] o Mag 10.00 0,000dE

r

Print Log Ma

10.00
Abort Printin Phase

0.000
Printer Setup. Group Dell

-10.00

Invert Innage
O

Polar
-30.00
ES091A Setuy Lin Mag]
-40,00
Misc Setup SR
-50.00 BacKight
0N Real
-&0.00 Firmwiare
Revision Imaginar]

1 Start 635 MHz IFR4 70 kHz 1 Stam €35 MHz

835MHz for Body:

1 Active ChfTrace 2 Response 3 Stimulus 4 Mhrfanalysis 5 Instr State 1 Active ChiTrace 2 Response 3 Stimulus 4 MkrfAnalysis 5 Instr State
] P 511 Smith O [F1]

00000 MHz

A -

Print Frint

10.00
Abort: Printin Abort Prirg

0,000
Printer Setup, Prinket Sef]
-10.00 Invert Imagd Inwvert Im|

ON

ESO91A Setyy ES0914 5
-40.00
Misc Setup Misc Set|
-e0.00 Backlight Backligt
O On
Firmware Firmua

| Revision

-
1 Start 635 MHz IFBW 70 kHz 1 Stant £35 MHz IFBW 70 kHz Stop GHz m !

| Reisiof

w




D835V2 S/N:4d114 For HEAD
Return-Loss Deviate Real Deviate Imaginary Deviate .
Impedance Impedance Calibrate Date
(dB) (dB) Q) (o) Q) (o)

-29.466 52.262 -2.5822 2011-01-10
-29.585 0.119 53.635 1.373 -1.9448 0.6374 2012-01-10
D835V2 S/N:4d114 For BODY

Return-Loss Deviate Real Deviate Imaginary Deviate .
Impedance Impedance Calibrate Date
(dB) (dB) Q (o) Q (o)
-25.505 --- 47.585 --- -4.5941 --- 2011-01-10
-25.638 0.133 47.931 0.346 -4.6634 0.0693 2012-01-10

According to up table, the return loss is <-20dB, deviates by less than 20% from the previous
measurement ; the Real Impedance and Imaginary Impedance are all within 5 Q compared to the

previous measurement .
So, the verification result should extended calibration.
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Powar matar EFb-4424 GBITLR0TM 06-063-10.(No. 297-01268) Qat:11

Preee stosor HE B4E1A Us3r29:783 06-0cs-10 (Mo, 217-01268) et 11

Flalerenca 20 AB Aftenuilar BN- B8 (20g) 0-Wiar-10 (M, 217-01158) Miar-11

Typa-N mismatch combenation BN:504T 20 DERET  S04Mar-10{No. 2170016 Mar-11

Anfaroncs Probe E530NE Sh- 3205 30-Apr1 0 (o, ES3-3208_Apr1 ) Aprt1

OAEA SN: B0 10-Jun- 20 (Mo. DAE4-801_Junto) Juir-11

Secondary Stenderdn o Chack Date [ hiouss) Seheduted Chack
Powear ganaor HE B481A MY 31093317 18-0ct-02 (i house check Tol0g) I house check: Ocl-11
AF aneator ALS SMT-06 fooeas 4-Aug-89 {in house check Ce1-09) In house ehack: Oct-11
Hatwork Analyzer HP 87538 (IS37I00588 54206 1B-Oct {in house chieck Oct-10) In house check: Oct-11

talibrated ty;

|ssued: January 5, 2011

This calibratisn carfificati shall nol ba reproducad aecept in full without witlon agprobal of ha Eboratary,

Ceriificate No: D1B0OV2-3d136_Jan11 Page 1af 8



Calibration Laboratory of Sy,
Schmid & Parner i
—

valmile!

: e

Sarvice sulsse d'étalonnage
Sarvizlo svizzero di taratura
Swiss Calibration Service

il

2
Enginearing AG L
Zeughausstrasse 43, BI04 Zurich, Switzerland s

"
B

eal,y

Accraditod by the Swiss Aocreditaton Sendoa {SAS) Accroditation No: SCS 108
The Swiss Accreditation Service is one of the signatories to the E&
Muitilateral Agreement for the recagnition of calibration cerlificates

Sehwelrerischer Kallbrierdiens

Glossary:

TSL tissue simulating liguid

ConvF sensitivity in TSL / NORM xy.z
/A, not applicable or not measured

Calibration is Performed According to the Following Standards:

a)

b)

&)

|EEE 5td 1528-2003, "|[EEE Recommendead Practice far Delermining the Peak Spatial-
Averaged Specific Absorption Rate (SAR) in the Human Head from Wireless
Communications Devices: Measurermant Techniquas”, Decamber 2003

IEC 622021, "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
Electromagnatic Fields; Additional Information for Evaluating Compliance of Mobile and
Portable Devices with FCC Limits for Human Exposure to Radicfrequency Emissions”,
Supplement C (Edition 01-01) to Bulletin 65

Additional Documentation:

d)

DASY4/S System Handbook

Methods Applied and Interpretation of Parameters:

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

Antenna FParameters 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
parallel to the body axis,

Feed Point Impedance and Return Loss: Thase parametets are measured with the dipole
positioned under the liquid filled phantom. The impedance siated is transformed from the
measurament at the SMA connector to the teed point. The Retum Loss ensures low
reflected power, Mo uncedainty required,

Electrical Delay: One-way delay between the SMA connector and the antenna feed point.
Mo uncertainty required.

SAR measurad; 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.

Cerificate No: D1200V2-501368_Janii Page 2ol 9



Measurement Conditions
DASY system configuration. as far as nof given on page 1,

DASY Version DASYS V326
Extrapolation Advanced Exlrapotation

Phantem Modular Flat Phantom V5.0

Distance Dipole Center - TSL 10 mmi with Spacer

Zoom Scan Resolution dx, dy, iz =5 mm

Frequency 1800 M_I-h: + 1 MHz i

Head TSL parameters
The fallowing parametars and calculations ware applied:
Temperature Permittivity Conductivity
Mominal Head TSL parameters 220°C 40,0 1.40 rrlhu-'mﬁ_
Measured Head TSL parameters (2.0 £021"C 38,526 % 1.43 mhaim = 6 %
Head TSL temperature during tesi {206+ 02 "C — —
SAR result with Head TSL

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

SAHR measured 250 mW input power 13 mW i g

SAR normalized normafized to 1W 41.2mWig

SAR for nominal Head TSL paramaters nomalized o 1W 40.5 mW /g = 17.0 % (k=2)
SAR averaged over 10 em® (10 g} of Head TSL condition

SAR measured 2540 mW input pawer 533 mWig
SAA narmalized normalized o 1W 21.3mWig

SAR for nominal Head TSL parameaters. nofmalized to 1W 21.1 mW g £ 16.5 % (k=2)

Cadificate Na: D1800YV2-5d136 Jan11 Page 3 of &



Body TSL parameters

The following parameters and cabculations ware applied,

Temparature Parmittivity Conductivity

Mominal Body TSL parameters 2200 53.3 1.52 thm |
Measured Body TSL parameters (220 +0.2°C 20 +B5% 1.58 mho/m + & %
Body TSL temperature during lest 21.2:02)°'C

SAR result with Body TSL
SAR averaged over 1 cm’ (1 g} of Body TSL Candition
SAR measurad 250 mW input pawer 101 mW /g
SAR nommalized normakized to 1W 404 mWig

SAR for nominal Body TSL parameters:

normalized 1o 1W

297 mW / g £ 17.0 % (k=2)

SAR averaged over 10 em® {10 g) of Body TSL condition
SAR measurad 250 -mW inpul power EMmW/g
SAR mormalized nomalized 1o 1W 212mW g

SAR for nominal Body TSL parameters

narmalized 1o 1W

21.1 MW [ g £ 16.5 % (k=2)

Cerfificale Mo: D1800V2-5d01368_Jan11
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Appendix
Antenna Parameters with Head TSL

Impedance, transformed to feed point B2T0+82i0
Relumn Loss -21.5d8

Antenna Parameters with Body TSL

Impedance, transformed to feed point 4720 +THHKL
Ratumn Lass =21.6d8

General Antenna Parameters and Design

I_Elactrl:a{ Dalay (one direction) | 1.204 ns

After long term use with 100W radisted power, only 8 slight warming of the dipale near the feedpoint can be messured.

The dipole is made of standard semingid coaxial cablo. The center conductor of the feading line is directty conrectad Lo the
second arm of the dipole, The antenna i therefore shon-circuited for DC-signals.

Mo excessive lorce must be applied 1o the dipole arms, because they might bend or the solderad connections near the
feadpaint may be damaged,

Additional EUT Data

Manutaciured by SPEAG
Manifaciured on April 14, 2010

Cartificats No: D1900V2-54138 Jan1t Page 5 of &



DASY5 Validation Report for Head TSL

PateTime: 040012001 1 1:38:06
Test Laboratory: SPEAG. Zurich, Switzerland
DUT: Dipole 1900 MHz; Tyvpe: D100V 2; Serial: DIV - SN:3d136

Communication System; CW: Frequency: 1900 MHz; Duty Cycle; 1:1

Mediom: H5L L1112 BB

Medium parameters used: f= 1900 MHz; o = 1.42 mho/m; & = 38.7; p = 1000 kg/m'
Phantom section: Flat Section

Measurement Standard: DASYS (IEEE/TEC/ANST CA3,19-2007)

DASY 5 Configuration:
=  Probe; ES3DV3 - SN3205; ConvF(3.09, 3,09, 5095 Calibrated: 30,0420
= Sensor-Surface: Imm ( Mechanical Surface Detection)
= Electronics: DAE4 Sn601:; Calibrated: 10.06.2010
«  Phantom: Flal Phantom 5.0 (front); Type: QDOOOPSIAA Serial: 1001
«  Measurement SW: [DASY 52, V52.6 Build (401)

+ Postprocessing SW: SEMOCAD X, V14.4.2 Build (2595)

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

Reference Value = 98.7 Y/im; Power Dinift = (0.035 dB

Peak SAR (extrapolated) = 18.9 Wikg

SAR(I g = 10.3 mW/g: SAR(10 g) =533 mWig

Maximum value of SAR (measured) = 12.9 mWie

25

(hdB = | Z9mW/ip

Cerilicate No: D1800V2-54136_Jan11 Page G ol 8






DASYS Validation Report for Body

DateyTime: 05.01.2010 10:43:48
Test Laboratory: SPEAG, Zarich, Switzerland
DUT: Dipole 1900 MHz: Type: D1900V2; Serial: D190V - SN:5d136

Communication System: CW; Frequency: 1900 MHz; Duty Cycle: 1:1

Medium: M5L U112 BB

Medium parameters used: = 1900 MHz; o = 1.56 mho/m; ¢, = 33; p = [000 ke/m’
Phantom section: Flat Section

Measurement Standard: DASY S (IEEE/MTECTANSI CA3.19-2007)

DASYS Configuration;
= Probe: ES3DV3 - SN3205; ConvFid 59, 4,59, 4.59); Calibrated: 30.04.2010
e Sensor-Surface: Imm (Mechanical Surface Dewection)
«  Flectronics: DAE4 San01 ;. Calibrated: 10.06.2010
« Phantom: Flai Phantom 5.0 (back); Type: QDOMOPS0AA: Serial; 1002
¢ Measurement SWeDASYS2, V52,6 Build (401}

= Postprocessing SW: SEMCAD X, V14.4.2 Build (2595)

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

Reference Value = 96.3 Vim; Power Dnfl = -0.054 dB

Peak SAR (extrapolated) = 17.3 Wikyg

SARIL g) = 10,1 mW/g; SAR(10 g) = 531 mW/g

Miximum value of SAR (measured) = 1 2.8 mW/g

it

-

0 dB = 12.8mW/g

Certificate No: D1800V2-5d136_Jan11 Page Bol 8







DASY Calibration Certificate-Extended Dipole-1900MHz Calibrations

According to KDB 450824 D02, Dipoles must be recalibrated at least once every three years; however,
immediate re-calibration is required for the following conditions. The test laboratory must ensure that the
required supporting information and documentation have been included in the SAR report to qualify for
the extended 3-year calibration interval

1)When the most recent return-loss, measured at least annually, deviates by more than 20% from the
previous measurement (i.e. 0.2 of the dB value) or not meeting the required -20 dB return-loss
specification

2)When the most recent measurement of the real or imaginary parts of the impedance, measured at
least annually, deviates by more than 5 Q from the previous measurement

Dipole Verification plot : D1900V2-S/N:5d136
1900MHz for Head:
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D1900V2-S/N:5d136 For HEAD

Real

Imaginary

Return-Loss Deviate Deviate Deviate .
Impedance Impedance Calibrate Date
(dB) (dB) Q (@) Q (@)
-21.536 52.740 8.1855 2011-01-04
-21.560 0.024 52.132 0.608 8.8463 0.6608 2012-01-04
D1900V2-S/N:5d136 For BODY
Return-Loss Deviate Real Deviate Imaginary Deviate .
Impedance Impedance Calibrate Date
(dB) (dB) Q) (@) Q) (@)
-21.583 47.227 7.6426 2011-01-05
-21.802 0.219 48.888 1.661 7.3649 0.2777 2012-01-04

According to up table, the return loss is <-20dB, deviates by less than 20% from the previous

measurement ; the Real Impedance and Imaginary Impedance are all within 5 Q compared to the
previous measurement .
So, the verification result should extended calibration.




Calibration Laboratory of
‘Bchmid & Partnar

Engineering AG
Zepghaussirassa 43, 8004 Zurich, Switterfand

§ Schwelzerischer Halibrierdianst
c’ m-ummr_m

Servizio svizzero di laralura
8 Swiss Calibration Service

Accrndiiod by S Swess Accreditation Sarvce (545) Accreditation Mo SCS 108
The Swiss Accreditation Service i one of the Signataries 1o the E&
Muttilatoral Agrasment for the recognition of calibration certificates

This catbration cenificass documants the traceatillly (o ralional standards. which reabze ite prysical Linils of messuremants (51
Tha measuramants-and the uncensirties with sanfdence probabiley are given an the folowing pages ant am parl of the cenifizate. |

All calibratiang have beer conducied in the closed labaratary Tacility: enviranmient lempecstuie (22 & 37°C and hurnidity < T0%

Calibrabon Equipment used (M&TE critical tor caliration)

Prittary Standards ioe Cal Daln [Cerificats N } Senadued Caiibration .
Fower meter E44 188 GBA1293ETS 1-Apr-11 (M- 217-01138) for12
Prowesr sanaor £44138 Mydt4asaTT 1-Ai-11 (Na: 21701138 Agr13
Power sansar E44174 MY41ABEDET T-fpr-11 (Mo 21701136, Aar1g
Faterance 1 B Afanuster SN 55054 (3e) F0-Mar 1 (M. 21701158 Mar-12
Ritarence 70 0B Attaniustor 5K 35084 (200) 30-Mar-11 (o, 217-01181) Miar-12
PRafownce 30 8 Atienaator SN 55129 {306) 30-Mat 11 (Mo 217-01 180 Mar-12
Rnference Probe ES30VE SN 3013 28 Dec-11 {Ho ES33013 Dot ) Dec12
CiEd SN, 660 20-Apr-11 (Mo, DAE4-880_Aprt 1] Apr-12
Secorndary Siandards in# Chek Diate (' house) Schaduled Chec
FF gensrabor HE 96867 LS4 700 #4059 (1 house check Oct10) Iy house check; Get-12
Hetwark Analyzer HP 87838 UB3T30505 18-01-01 (in house check Ot-11) I housa checs,. Cet-12
Nama
A s e
Aaproed by

tesuad: January 20, 2092 |

This eabration serificabe shall nol be reproducad axcept in ful withaut writin sppeeval of e aboratary.
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Calibration Laboratory of i
Schmid & Partner N

5 Sehwelzerischar Malibrisrdisnst
c Sarvice sulsse Méalannags

Engineering AG el Sarvizio svizzera di taratura
Zeughausstrasse 43, 8004 Zurich, Switzerland “‘fﬁﬁaﬂ” S 5wiss Callbration Service
Avtrediizd by Ihe Swise Acoradiabon Servica (45 Accreditation Mo.: SCS 108

The Swiss Accreditation Service is one of the sighatonies to the EA
Multiateral Agreement for the recognition of calibration cedificates

Glossary:

TSL tegue smctating hguid

NORMz .2 senaitivity in free space

ConvF sensitvity in TSL f NORMz vz

pCP dioda comprassion point

CF creat factor (1iduty. cycle) of the RF signal

ABC modulation dependent Enearizalion parameders

Palarization g @ rotation arcund probe axis

Palarizaticn # rofation around &n @xis that is in the plane normal to probe axis (st measuremeant canter),

Le., 8= 0 noemal 1o probe axis

Calibration is Performed According to the Following Standards:

a)

b

IEEE Std 1528-2003, “IEEE Recemmendad Practice for Determining the Peak Spatial-Averaged Specific
Absorplion Rale (SAR) in the Human Head from Wireless Communications Deavices: Measurarnant
Techniques”, Decembar 2003

IEC B2208-1, “Pracedura lo measure the Specific Absarpton Raie {SAR) for hand-held devices usad In ciose
proximity to ihe sar (freguency range of 300 MHz to 3 GHz)", February 2005

M&thnds Applied and Interpretation of Parameters:

NORMY, y.2: Azsesend for E-field polanzation & = 0.(f < 800 MH:z in TEM-call, f = 1800 MHz: R22 wa'.regulue:n
NORMz.y,7 are anly intermediate values, i &., the uncerainties of NORMx,y.z does not effsct the E-field
uncariainty inslde TSL (see below ConviE).

NORM{fx .z = NORMy, v,z * freguency respanses (sea Freguency Responsa Chart). This linearization s
implemented in DASY4 software versions later than 4.2 The uncartainty of the frequency response s included
I the stated uncertainty of ConvF

OCPx y.z- DCP are numerical linearzation pararmeters assessed based on the data of power swesp with CW
slgnal (na uncertalnty required}. DCP does nid depend on frequency fior media

As .z Ba vz Cx vz, VRx vz A, B, C are numearical linsarization parameters assessed based on the dats of
power sweap for specific modulaton sgnal. The pasameters do not depend an frequency nor modia. YA is the
maximum calibration range expressad in RMS vollage across the diode

ConvF and Boupdary Effect Parameters” Assessad in flat phantom using E-field (or Temperature Transfer
Standard for f= 800 MHz} and Inside waveguide using anatytical fiald distribulions basad on powes
measurements for f = 800 MHz. The same setups are used for assessment of the parameaters applied for
boundary compensation (alpha, depth) of which typical uncenainly values are givan, Thesa paramalars are
used in DASY4 sofiware to improve probe sccuracy close to the boundary. The sanaitivity in TSL comesponds
bo WORR, ¥z * ConvF whereby the uncertainty corresponds to that given for ConvF, A frequency dependent
ConwF s used in DASY version 4.4 and higher which allows extending the validity from +50 MHz to = 100
MHz

Sphencal isotropy (30 deviation from isotmopy) In-a fleld of low gradients realized using a fial phantom
axposad by a palch antenna

Sensor Offsef, The sensor offset cormesponds: to the offset of virlual measuremnant cemter from the probe tip
[0 probe axis). Mo iolerance requined,

Cortificats No, EX3:3755 Jan12 Page 2 of 11



EX3DV4 SN:3755 January 20, 2012

Probe EX3DV4

SN:3755

Manufactured: March 16, 2010
Calibrated: January 20, 2012

Calibrated for DASY/EASY Systems

\Note. non-compatible with DASY2 syatem|}

Cefilicats No: EXI-2755 Jani? Pago 3ot 11



EX3DV4 SN:3755 January 20, 2012

DASY/EASY - Parameters of Probe: EX3DV4 SN:3755

Basic Calibration Parameters

Sensor X | Sensor ¥ | Sensor Z Unc (k=2)
Norm (uVivim)*y* 0.49 047 | o080 [s101%
DGP {mv}” 904 29 3 101.0

Modulation Calibration Parameters

uio Communication Systom Name PAR| A B c VR Unc®
dB dBuy my [k=2)
10000 W 0.00 X 0.og 000 100 1570 2.4 %
2/ .00/ 0,00 1.00( 1478
L 000 0.00 100 157.0

The repored uncertalnty of measurement is stated as the standard uncertainty of measuremeant multiplied
by the coverage factor k=2, which far a nonmal distribution corresponds to a coverage probability of
approximately 95%.

* Thas uncentmntios of Norma, ¥, Z de ol sMec the B okl uncestainty ingce TSL (ses Pages 5 ard 8|
* Mumnanig) liMearcation paramater unsitaingy nategurad
% Ureeraity @ determings ety the mamimum davabor. B Irsal meponse appiyryg recatereies distioution and 15 oxpresasd for [he spere of the fioed el

Cegtficate No: EX3-3758 Jani2 Papge d.af 11




EX3DV4 SN:3755 January 20, 2012

DASY/EASY - Parameters of Probe: EX3DV4 SN:3755

Calibration Parameter Determined in Head Tissue Simulating Media

1 [MHz] Validity [MHz]"  Parmittivity Conductivity ConvFX ComfY¥ ConvFZ Alpha  Depih Unc (k=z}
B35 + 50 (2100 41.51 5% D90 5% B.og a09 £.39 0G4 068 +11.0%
1750 + 60/ 2 100 401 £5% 136z 5% &18 a8 B.18 [ 0683 £11.0%
1800 = 50/ 100 40.0 = 5% 140 2 5% T84 T.B4 7.84 063 068 2 11.0%
2000 £ 501+ 100 400 £ 5% 1.40 £ 5% T8 7.T8 774 045 0B0 £11.0%
2450 + 50/ + 100 30245% 1.80 ¢ 5% .o o7 7.07 0.30 102 & 11.0%
5200 +£ 807100 3BO+£5% 487 + 53 464 484 4 G4 0.40 10 +13.1%
5300 50 2100 59 +£8% 4,78+ 5% 4.48 4.48 448 040 180 £13.1%.
=500 + 501 £ 100 356+5% 4.86 + 5% 4 45 4 45 445 045 180 £13.1%
5500 50/ 100 55 2 5% 5.07 + 5% 415 415 4.15 0:50 180 £13.1%
5800 + 507 =100 353 ¢ % 528+5% 4.3 431 4.1 045 180 £131%

¥ This wahichty ol & 100 MHz orly appliss for DASY 'l 4 and nigher {aee Page 21 Tha uncariaity id the RES of the Gand urenraety at caihraton Tesgeeny

=g the uncorainly 167 e ecbealmd Fregquensoy bard

Carificats Mo EX3-37585 jea12 Fage Sl 11



EX3DV4 SN:3T55 January 20, 2012

DASY/EASY - Parameters of Probe: EX3DV4 SN:3755

Calibration Parameter Determined in Body Tissue Simulating Media

i [MHz] Validity [MHz]"  Permistivity Conductivity ConvF X CoswFY  ComvFZ Mipha  Depth Unc (k=2)
835 £ 60/ 2100 B2 £ 5% 098 + 5% gar g.0v 8.07 068 088 £11.0%
1780 =50 /=100 534 = 5% 1.48 = 5% T4 T.48 T.48 0.8 0E0 & 11.0%
1600 £ 507+ 100 B3.3 £ &% 1.52 £ 5% T:23 123 T3 060 072 =17.0%
2000 & 00 1100 Bl + 5N 152 = 5% a3 T3 T 0.568 074 £11.0%
2450 £ 507 +£100 526+ 5% 185+ 5% 7.06 T.08 .08 D58 Q.72 £ 11.0%
52060 £ 50 £ 100 400 £ 5% 5.20 & 5% a0z 402 402 050 190 £13.4%
5300 £501 100 459 + 5% 42 £ 5% 386 88 366 050 190 £13.1%
2800 + 501 + 100 486 + 5% 566+ 5% 362 3682 362 0.55 180 £13:1%
800 + 50/ + 100 AB:5+ 5% 578+ 5% 3:26 328 3326 088 1.80 £13.1%
3800 + 58/ + 100 482+ 5% 600 £ 5% 3.78 378 378 D60 1.80 £13.1%

 The vaidity ol 100 MWz only appites for DAY wi &-and bigher (e Paga 25 The waiEnly i tts RES of the Corvf dncerainty at caltvation requency

ano thia uncertanty for the indicaad foguaney Bani

Certficate Moo EX3-3765 Jantd Pagedal 11



EX3DV4 SN:3T55 January 20, 2012

Frequency Response of E-Field
{TEM-Cell:ifi110 EXX, Waveguide: R22)

Frequancy resporse {normalized)
=

D8 -+

LB

o7

(1]

0.4 } 1 +

o Ly 1000 1500 2000 2500 000
f (M}
g T.[I.l —8— Pz

Uncertainty of Frequency Response of E-field: £ 8.3% (k=2

Certificate Mo EX3-3758_ Jania Faga T af 11



EX3DV4 SN:3755 January 20, 2012

Receiving Pattern (¢), 8 = 0°

=600 MHz, TEM ifi110EXX f= 1800 MHz, WG R22
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Uncenainty of Axial lsotropy Assessment: +0.5% (k=2)

Cerlificate Mo EXI-3T58 Jani2 Pmge 8 af 11



EX30V4 SN:3755

Dynamic Range f(SAR,..4)

(TEM cell, f = 300 MHz)
1. E+05
1.E+08
1 E«Od
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Uncertainty of Linearity Assessmant: = 0.6% (k=2)

Certificate Mo: EX3-3785_Jani12 Paga faf 11
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EX3DV4 8N:3755 January 20, 2012

Conversion Factor Assessment

= B35 MHz, WGLS RS (head) = 5800 MHz, WGLS R58 (head)

58558838

SAR[mWIEm'] W

Deviation from Isotropy in HSL
Error (¢, 8), f= 900 MHz

&
=y g '
*maaﬁhﬁﬁ Boa

Error (48]

W00 He 000 50 -0 S0-040 -0 40-0 70 -0 20000 |
Booedle WO20.040 ECY40LDED EOSETR] WO ED-E00

Uncertainty of Spherical Isotropy Assessment: + 2.6% (ke2)

Centificete No| EX3-0766_Janfd Pags 10 of 11



EX3DV4 5N:3755

Other Probe Parameters

January 20, 2012

Sensor Arrangement Treangular
Connector Ahgle (") Mot applicable
Machanical Surface Detecton Mode enabiled
Dptical Serface Detection Moda disabiad
Probe Crverall Lengih 337 mm
Frobe Bady Diameter 10 mm
Tip Length S mm
Tip Diametar 2.5mm
Probe Tip 1o Sansor X Calbeation Paoint 1 mm
Prabe Tip o Sensor Y Calibration Paint 1 mm
Probe Tip o Sensor £ Callbration Painl 1 mm
Rocommended Mzasurement Distance from Surface 2 mm

Cenmificale No: EX3.AT58 Jariz Page 11 al 11



Calibration Laboratory of
Schmid & Partner

Engineering AG .4,
Zeughausstraase 43, 8004 Zurich, Switzsriand

Actredited by ihe Swss Acttditaban Senice (SAS)

The Swiss Accreditation Service is one of the signatories to the EA
Muttilatoral Agresment for the recognition of calibration cartificates

This caliestion centicatn dooumants the aceabiliy 1o natonal stendards, which realize tha physical units of measunsrments (51
Tha maasur@ments and ihe uncariainties with confidsncs probatality ane given on fe olawing pagas and ar par of the cenilicate.

Ml calibmbions have been conducted in the glosed laboraiory facility: eramnmant temperatiie (22 + 31°C and humidiy = 70%.

Catibration Equigment usad (MATE aritical for callbeation)

Prirary Stancards i Cal Date {Cerificai Na | Siheduied Callbeation
Fesitley Mullinietar Type 2001 SN DET0ETE 28-Sep-11 (Mo 10376y Sep-12

| Secondary Standards (L ook Dats (in houss) Schedulsd Check
Calibranor Sox W11 SE LIMS 006 AR 1004 O7-Jun-11 {In house check) Iy hcwisss oheck: Jun: 132

legued: January 11, 2012

This calbration certticete shal nat be mproducad asceps in il witious wilikn Mwmw.

Cartificate No: DAE4-1245 Jan12 Page 1 af &



Calibration Laboratory of
Schmid & Pariner

Engineering AG
Zeughsusstrasse 43, BI04 Zurich, Switzerland

Schweizerischer Kalibrierdienst
Service suisse d'étalonnage
Servizio gvizzero 4l taratura
Bwiss Calibration Service

Aocredited by tha Swiss Acoreditation Sarvice (SAS) fcoreditation Mo.: SCS 108
The Swiss Accreditation Bervice 18 ane of the signdtories 1o the EA
Multilatera! Apreement far ihe recognilion ol calibration cerificates.

Glossary

DAE data acquisition elactronics

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

Methods Applied and interpretation of Parameters
« [C Voltage Measurement: Calibration Factor assessed for use in DASY system by
comparison with & calibrated instrument traceable lo national standards. The figure givew®
corresponds to the full scale range of the voltmeter in the respective range.

« Connector angle: The angle of the connector is assessed measuring the angie
mechanically by a teol inserted. Uncedainty is not required.

* The following parameters as documented in the Appendix contain technizal information as a
result from the performance test and reguire no uncerainty.

« DC Voltage Measurement Linearty: Verification of the Linearity at +10% and -10% of
the nominal calibration voltage. Influence of offset voltage is included in this
measurement.

= Common mode sensitivity; Influance of a postive or negative common moda voltage on
the differential measurement,

= Channel separafion: Influence of a voltage on the neighbor channeis not subject to an
input voltage.

= AD Copverter Values with inputs shorted: Values on the internal AD converter
corresponding to zero input voltage

 [nput Offsel Measurement. Output voltage and statistical results over a large number of
zaro voltage measurements.

» Input Offset Current: Typical value for information; Maximum channel input offset
current, not considenng the input resistance.

s [nput resistance: Typical value for information: DAE input resistance at the connector,
during intermal auto-zeroing and during measurement.

» Low Baftery Alarm Voltage: Typical value for information. Below this voltage, a battery
alamm signal is generated.

=  Power consumption; Typical value for information. Supply currents in various operating
modes.

Cedificate No: DAE4 1245 Jani2 Page 2of &



DC Voltage Measurement
A/D - Converter Resolution nominat

High Ramgea: 1LSB = B.p\, full ange = -100., +300 mY
Low Range; iLEB = ainy , fll range=- -1...... +3my
DASY measurement parameters: Auto Zero Time: 3 sac; Measuring tlmet 3 sac
Calibration Factors X ¥ z
High Range 405.949 & 0,1% (k=2} | 404.668 + 0.1% (k=2) | 405811 £ 0.1% (ka2)
Low Aange 3.99662 + 0.7 % (k=2} (399470 1 0,73 (k=2} | 388083+ 0.7% (k=2)
Connector Angle
Cannector Angle to ba used in DASY system | 42.0°£1°

Conilicate: Mo: DAE4-1245 Jan12 Page 3ot 5



Appendix

1. DC Voltage Linearity

High Range Reading (uV) Diftarence (V) Error [%)
Channel X + Input 19959590 6 <122 <000
Channel X + Input 2000167 227 oo
Channel X « Input 1 EEAT 78 1.81 .01
Channel ¥ + Input 200009.5 0N 0.00
Channel ¥ +Input 20000.17 067 0.00
Channel ¥ = Input -18998.63 087 0.00
Channel Z + Input 2000081 =141 -0.00
Channel Z + Input 19990 37 -003 -0.00
Channel 2 - Input -19698.78 -0.38 .00
Low Range Reading (uV} Difference (uV) Error (%)
Channel X + input 1999.1 068 £.03
Channel X + Input 199.90 010 005
Channal X = Input -200.48 <038 019
Channel ¥ + Input 20003 028 o001
Channel ¥ + Input 199,10 -1.00 -0.50
Channel Y - input 201,03 -1.2a 062
Channel Z + Input 2000.0 0.05 0.00
Channal Z + Input 188.48 152 -0.78
Channel 2 = npud 2027 127 064
2. Common mode sensitivity
DASY measuremant parameters: Aulo Zero Time: 3 sao; Maasurkyg timé: 3 sac
Commen mode High Range Low Range
Input Voitage {mV) Average Reading (uV) Average Reading (uV)
Channel X 200 «7.88 -8.62
- 200 10.45 8.89
Channel ¥ 200 -1.78 -7.89
= 200 8,00 640
Channel 2 200 £.22 -£.24
- 200 B35 5.18
3. Channel separation
DASY measuremant parameters: Auto Zero Time! 3 sec; Maasuring live: 3 sec
Input Voltage (mW) | Channel X (4V) | Channel ¥ (V) | Channel Z {uv)
Channel X 200 . 2m «0.13
Channol ¥ 200 287 . 4.74
Channel Z 200 1.27 .59 -

Cedilicate No: DAES-1245 Jan12
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4. AD-Converter Values with inputs shorted

DASY measumment parameters: Aulo fara Time: 3 seq: Measuring time: 3 sag

High Range (LS8} Low Range (LSB)
Channel X 15884 - 14895
Channel ¥ 16498 15256
Channel 2 15933 16202

5. Input Offset Measurement
DASY measurement parameters: Auto Zero Tima: 3 sec; Measuting fime: 3 sec

Input 10MLE
Avarage (V) min. Offset (uV) | max, Offset (uV) . U{:':rr:nﬂon
Channel X -0.03 -1.14 1:28 G.46
Channal ¥ .76 .25 038 0,45
Ehmn-i! A4 -3.14 0.64 0.59
6. Input Offset Current
Momiral Input circuitry oifset curent on all channols: <3504
7. Input Resistance [Typical values for Information)
Zerolng (KOhm) Measuring (MOhm)
Channel X 200 200
Channel ¥ 200 200
Channel Z 200 200
8. Low Battery Alarm Voltage [Typical values lor information)
Typlcal values Alarm Level (VDC)
Supply [+ Voo) 47 8
Supply (- Vee) 78
8. Power Consumption (Typical values for information)
T',I'pit-ll values Switched off (mA) | Stand by (mA) | Transmitting (mA)
Supply (+ Vec) +0.01 +§ +14
Supply (- Vee) 0.0 -8 a8

Cenificato Mo DAE4-1245 lan12
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