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Glossary

DAE

data acquisition electronics

Connector angle  information used in DASY system to align probe sensor X to the robol

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 fo 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. Uncerainty is not required.

* Tha following parameters as documented in the Appendix contain technical information as a
result from the performance test and require no uncertainty.

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

Common mode sensitivity: Influence of a positive or negative common made voltage on
the differential measurement.

Channel separation: Influence of a voltage on the neighbor channels not subject to an
input voltage,

AD Converter Values with inputs shorted: Values on the internal AD converer
corresponding lo zero input voltage

Input Offset Measurement: Output valtage and statistical results over a large number of
Zero vollage measurements.

Input Offset Current: Typical value for information: Maximum channel input offset
current, nol considering the inpul resistance.

Input resistance: Typical value for information: DAE input resistance at the connector,
during intemal auto-zeroing and during measurement.

Low Battery Alarm Voltage: Typical value for information. Below this voltage, a battery
alanm signal is generated,

Power consumption: Typical value for information, Supply currents in various operating
modes.
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DC Voltage Measurement
AD - Convanor Resolution nomina
High Range: 1LSE = B.1pV, lullrange = -100...+300 mV
Low Range; LS8 = ainy, fulirange = -1......+3mV
DASY measurement parameters: Auto Zero Tima: 3 sec; Measuring time: 3 sec
Calibration Factors X ¥ F4
High Range 404.644 £ 0.1% (k=2) | 404.400 £ 0.1% (k=2) | 404.475 + 0.1% (k=2)
Low Range 3.84940 + 0.7% (k=2) | 396974 + 0.7% (k=2) | 3.04828 + D.7% {k=2)
Connector Angle
| Connector Angle to be usad in DASY system 55°+1°
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Appendix
1. DC Voltage Linearity
High Range Reading (uV) Difference (uV) Error (%)
Channel X + Input 2000111 0.86 0.00
Channol X + Input 20005.53 5.63 0.03
Channel X - Inpul -19094 55 6.05 0,08
Channel ¥ + Input 200012.0 a.18 0.00
Channel ¥ + Input 18998,16 0.04 000
Channel ¥ - Input -19989.31 0.89 0.00
Channal Z + Input 200007.8 -0.57 -0.00
Channel Z + Input 2000062 1.02 0.0
Channel Z - Input -19997.10 .20 -0.02
Low Range Reading (uV) Dilterance (uV) Error (%)
Channel X +input 1899.6 -0.43 0.02
Channel X +Input 200,86 0.88 0.43
Channel X - Input -198.93 1.07 -0.54
Channel ¥ + Input 2000.2 0.40 0.02
Channel ¥ + Input 200.07 0.07 0.03
Channal ¥ - Input -199.81 0.09 005
Channel Z + Input 1995.8 -0.29 -0.01
Channel 2 + Input 198,45 -0.75 0.38
Channel Z = Input -200.35 -0.25 012
2. Comman mode sensitivity
DASY moasurement parameters: Aute Zero Time: 3 sec: Maasiring time: 3 sec
Common mode High Range Low Range
Input Yoltage (mv) Avarage Reading (uV) Average Reading (V)
Channel X 200 383 188
- 200 0.20 232
Channal ¥ 200 (FH 0
- 200 “1.13 -1.19
Channel Z 200 .38 4,66
- 204 .15 -6.31
3. Channel separation
DASY measurement parameters: Aute Zodo Time: 3 sec: Maasuring lime: 3 soe
Input Voltage (mV) | Channel X (uV) | Channel ¥ (i) | Channel Z (uv)
Channel X 200 2.13 0.21
Channal ¥ 200 201 324
Channal Z 200 1.60 .11 -
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4. AD-Converter Values with inputs shorted
DASY measumement paramelers: Aulo Zero Time: 3 sec: Measuring time: 3 sec

High Range (LSB) Low Range (LSB)
Channal X 16333 16454
Channal ¥ 16169 16436
Channal Z 15851 16115

5. Input Offset Measurement
DASY measurement parameters: Auto Zero Time: 3 sec; Measuring lime: 3 sec

Impul 10MELL

Average (W) | min, Offset (uv) | max. Offset (uv) | 'O E:;:'“““
Channel X 0.23 =140 0.68 042
Channel ¥ .84 205 .49 041
Channel Z 076 162 054 0.38

6. Input Offset Current
Mominal Input circultry oliset cument an all channels: <2514

7. Input Resistance (Typical values for information)

Zeroing (kOhm) Measuring (MOhm)
Channal X 200 200
Channel ¥ 200 200
Channel Z 200 200

8. Low Battery Alarm Voltage (Typical values for information)

Typlcal values Alarm Leved (VDC)
Supply (+ Vee) +7.9
Supply (- Vec) 7.6

9. Power Consumption (Typical values for infomation)

Typleal values Switched off (mA) | Stand by (mA) | Transmitting (ma)
Supply (+ Vec) +0,01 G +14
Supply (- Veg) —0.01 -8 -9
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Engineering AG s 3 Servirio svizzoro di taratura
z-uu:anumungs. 8004 Zurich, Switzariand "f‘"ﬁi’ S swiss Calibration Service
il
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CALIBRATION CERTIFICATE

Oject D835V2 - SN: 490

Calibration procadura{s] QA CAL-05VT
Calibration procedure for dipale validation kils

Calibratan tate: May 21, 2010

Thes calilrabion cerfificals documents he raceabdlity 1o national standands, whidh realize the physical units of measurements (51}
Tha mensuraments and the unceriainlies with confidence probability are given on tha lollowing pagas and am part of the cenificate.

ANl ealtirations have beon conducied in he clased laborloey facility: environmenl lemperature (22 & 3J°C and humidily < 70%,

Calibradion Equipmant used (MATE crilicad for caliprason)

Primary Standards oW Call Date (Corilicats No.) Scheduled Calibeaion
Powar mster EPM-4424 GRIT4B0TOS D6-Det-0 (Mo, 217-01086) Oel-10
Pranwer sangor HP B4814 US3arzeeTad 08-Det-0% (Mo Z217-01086) Ocd-10
Rederence 20 dB Allsnualor SN: 5080 (20g) 30-Mar-10 (Mo, 217-01158) Mar-11
Type-N mésmalch combinaticn 5 5047.2 1 DE32T 2-Mar-10 (Mo, 217-01162) Mar-11
Rederence Probe ES30VI SN: 3205 30-Apr-10 (No. ES3-3205_Apeid) Ape-11
DAES BN B0 (r2-Mar-10 (Mo, DAE4-001_Mari0) Mar-11
Secondary Slandards __ |ID# Ehack Dala {in hausa) Schatuied Chack
Pawar sansor HP B4ETA MY&108231T 18-0ct-03 {in house chock Oci-08) In house chock: Ocs-11
RF gonarator RAS SMT-00 100005 A-hug <00 (in housa chock Cict-0) In house chack: Oet-11
Nedwork Anplyzes HP BT53E US3TIR0585 54208 18-0et-01 {in housa chack Del-08) in house check: Oct-10
MEma Funiction Signafume | -
Calibeated by Jeton Kastali Laberatory Technician d [ ( )
6 £y =
Appeoved by: Kalja Pokevic Tochnlcal Manager _,,:ﬁii:'—'éf ﬂj,-g B

Issusd; May 21, 2010

| This calibeation certificate shall nat b reproduced evcapt in ful withaut wishen approval of the labaeatony.
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Glossary:

TSL tissue simulating liguid

ConvF sensitivity in TSL f NORM x,y,2
NIA nol applicable or not measured

Calibration is Performed According to the Following Standards:

a) IEEE Sid 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 82208-1, "Procedure to measure the Specific Absorption Rate (SAR) for hand-held
devices used in close proximily 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 Compllance of Moblle and
Portable Devices with FCC Limits for Human Exposure lo Radiofrequency Emissions”,
Supplement C {Editicn 01-01) to Bulletin 65

Additional Decumentation:
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.

«  Anlenna 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 Relurn Loss: These paramelers are measured with the dipole
positioned under the liquid filled phantom. The impedance stated is transformed from the
measurament at the SMA connector to the feed point. The Return Loss ensures low
reflected power. No uncertainty required,

s Electrical Dalay: One-way delay between the SMA connector and the antenna feed point,
Mo unceriainty 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 anlenna
connector,

« SAR for nominal TSL parameters: The measured TSL paramelers are used to calculate the
nominal SAR result.
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Measurement Conditions
DASY sysiem configuration, as far as nol given on pape 1.

DASY Version DASYS V5.2

Extrapolation Advanced Exlrapalation

Phantom Modutar Flat Phantem V4.9

Distance Dipale Center - TSL 15 mm wilh Spacer

Zoom Scan Resolution dyx, dy, dz =5 mm

Fraquency B35 MHz £ 1 MHz
Head TSL parameters

The following parameters and calculations were applied.
Temperature Parmittivity Conductivity

Mominal Head TSL parameters 220°C 415 0.90 mhofm

Measured Head TSL parameters (220£0.2)°C 41.7£6% 0.91 mho/m £ & %

Head TSL temparaturs durlng test (225¢02)°C — —
SAR resuit with Head TSL

SAR averaged over § em’ {1 g) of Head TSL Condition

SAR measured 260 mW Input power 242mWig

SAR normalized normalized o W 968 mW /g

SAR for nomenal Head TSL paramelers pormalized o 1W 9,62 mW g £ 17.0 % (k=2)

SAR averaged over 10 em’ (10 g} of Head TSL candition

SAR measured 250 mW Inpul power 1.58mWig

SAR normalized normalized 1o 1W BX2mW/g

SAR for nominal Head TSL paramelers normalized o W 6.29 mW g £ 16.5 % (k=2)
Ceriificate No: DEISVZ-430_May10 Page 3ol D
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Body TSL parameters
Tha foltawing paramaotess and caloulations ware applied.
Temperature Permintivity Conductivity
Nominal Body TSL parameters 20°C 55.2 0.97 mhaim
Measured Body TSL parameters (220+0.2)°C 542+6% .98 mho/m + 8 %
Body T5L temperature during test (220+£02)°C e —
SAR result with Body TSL
SAR averaged over 1.cm’ (1 g) of Body TSL Caondition
SAR measurad 250 mW inpul power 249mW /g
SAR normalized normalized (o 1W 100mWig

SAR for nominal Body TSL paramelars

normalized o 1W

0.84 MW g £ 17.0 % (k=2)

SAR avaraged over 10 am® (10 g) of Body TSL candition

SAR measured 250 mW input power 183mWig

SAR normalized normalized 1o 1W B.52mW /g

SAR for nominal Body TSL parameters normalized o 1W 647 mW [ g £ 16.5 % (k=2)
Cerificale No: DBASV2-400_May10 Page 4 of 0
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Appendix

Antenna Parameters with Head TSL
Impedance, transiomed to feed point 4000-53[0
Relun Loss 254 dB

Antenna Parameters with Body TSL

Impedance, transformed Lo feed point 4540-690
Raturn Loss -21.2 dB

General Antenna Parameters and Design

| Elecirical Detay (one direction) | 1.381 ns

After bong tarm use with 100W radiated power, only & slight warming of the dipole near the feedpoint can be measured.

The dipole is made of standard semirigid coaxial cable, The center conducior of tha feeding ine is directly connected to the
second arm of the dipole, The antenna is therefore short-circulted for DC-signals.

Mo excessive forca must be applied 1o the dipole arms, because they might bend or the soldered connections near the
feedpoint may be damaged.

Additional EUT Data

Manufaciured by SPEAG
Manufaciured an May 19, 2003

Carificate No: DBISV2-480_May10 Page 5of 9
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DASYS Validation Report for Head TSL

Date/Time: 21.05.2010 10:57:47
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 835 MHz; Type: DE3SV2; Serial: DE3SVI - SN:490

Comnumnication System: CW; Frequency: 835 MHz; Duty Cycle: 1:1

Medium: HSLS00

Medium parameters used: = 835 MHz; o = 0.91 mho/m; & = 41.9; p = 1000 kg/m’
Phantom section: Flat Section

Measurement Standard: DASYS (IEEETEC/ANSI C63.19-2007)
IXASYS Configuration:
*  Probe: ESIOVE - SN3208; ComvFI6.03, 6.03, 6.03% Calibrated: 30.04.2010
*  Sensor-Surface: Jmm (Mechanical Surface Detection)
*  Electronics: DAE4 Sn601; Calibrated: 02,03.2010
*  Phantom: Plit Phartom 4.90; Type: QDOMPA9AA; Serinl: 1001

& Mensurement SW: DASYS, VA2 Build 162 SEMCAD X Version 14,0 Build 61

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

Reference Value = 57.1 V/im; Power Drift = 0.00869 dB

Peak SAR (extrupolated) = 3.6 Wikg

SAR(D g) = 2.42 mW/g; SAR(10 g) = 1.58 mW/g

Maximuom value of SAR (measured) = 2.8 mW/g

0d8 = ZEmW/g
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Impedance Measurement Plot for Head TSL
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DASY5 Validation Report for Body

Date/Time: 20,05.2010 10:28:20
Test Luboatory: SPEAG, Zurich, Switzerand
DUT: Dipale 835 MHz; Type: DS3SV2; Serial: D835V - SN:400

Communication System: CW; Frequency: 835 MHz; Duty Cycle: 141

Medium: MSL200

Medium parameters used: = 835 MHz: o = 0.98 mho/m; g = 54.2; p = 1000 kg/m’
Phamtom section: Flat Section

Measurement Standord: DASY S (IEEE/NEC/ANSI C63.19-2007)

DASYS Configuration:
*  Probe: ES3IDV3I - SNI205; ConvF(5.86, 5.86, 5.86% Callbeatext: 30.04.2010
*  Sensor-Surface: 3o (Mechanical Surface Detection)
& Elecironics! DAE4 Sns01; Colibmted: 02.03.2010
= Plhator; Flat Phantom 4.91; Type: QDO0OOP49AA; Serial: 1001

®  Messurement SW: DASYS, VA2 Bolld 162; SEMCAD X Version 14.0 Build 61

Pin250 mW /d=15mm, dist=3.0mm (ES-Probe)/Zoom Scan (7x7x7)/Cube 0: Measurement
grid: dx=5mm, dy=5mm, dz=Smm

Reference Value = 56.1 V/im; Power Drift = 0.000723 dB

Peak SAR (extrapolated) = 3.65 Wike

SAR(1 g) = 249 mW/g; SAR(10 g) = 1.63 mWig

Maximum value of SAR (measured) = 2.89 mW/g

.4

12

0 dB - 280mWie

Cariificate Mo: DBISVZ-400_May10 Page 8 of 8



Report File No. : F690501/RF-SAR001933

Date of Issue : 2011-05-19

Page : 118 /136

Impedance Measurement Plot for Body TSL
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- 1900 MHz Dipole Calibration Certificate

Calibration Laboratory of
Schmid & Pariner

Engineering AG
Zoughmssirasse &3, B0 Zurich, Switzerkand

§ Selwelzerischer Kalibriordienst
Service sulnse d'étalonnage
Servizio svizzero d taraiurs

S swins Callbration Service

Accrociod by the Swiss Accradiintion Sandcs [SAS)
The Swiss Accredilation Service I8 one of the signatories o the EA
Mulilateral Agreemant for the recognition of eallbration cortificates

cient  SGS KES (Dymstec)

Accroditation No.: SCS 108

Certificate Ho: D1900V2-5d033_May10

CALIBRATION CERTIFICATE
Chijoct D1900V2 - SN: 5d033
Calibuation prosedurois) QA CAL-05.vT

Calibration procedure for dipole validation kits

Caliteation dala:

May 26, 2010

This calibration cenificwie documants iha iracestality o national standards, which realize the physical units of mensuemanis (51
The measeements and tha uncenainiss with confidence proboabiity are given on fho following pages and e pant ol e certificabs.

Calirabon Eguigmant used (MATE crifical far cabibration)

All cafibrations have baen conducied in tha closad labormtory lacility; emdeonmeni lemperatunn (22 = 3)°C and humidity < 70%.

| Primary Standards =] Cal Dato (Canificate Nou) Schaduled Calihration
Powat miber EPA-4424 GEITL60704 06-0ct-09 (No. 217-01086) Oct-10
Poraar sansor HP B4814 USireaaTea 06-0t-09 (Mo, 217-01088) Oct 10
Ralenca 20 dB Allanuntor SM: 5086 [20g) 30-Mad-10 (Mo, 217-01158) Mar-11
Type-M mismoéch combination &N 50472 / DEZ2T A0-Mas-10 (No. 217-01162) Mar-11
Helerenca Priobe ES3I0VI SM: 3205 A0-Ape-10 (Mo, ES3-3205_Apr0) Apr11
DAE4 SN: 801 02-Mar-10 (Mo, DAE4-G01_Mar10) hear-11
Socandary Standards D# _ thoek Dasa (in heusa) Scheduled Chock
Powar sonvsor HP B481A MY41082317 1800102 {in house check Oct-00) In house cheek: Ocl-11
AF genasstor ALS SMT-08 100005 A-Aug-0 (in house check Oct-09) In ousa checik: Det-11
Metwork Analyrer HP B7E3E US3T3N0585 54206 18-0ct-01 [in houise chock Oct-08) I housa chack: Oc1-10
Mama Funciion Signabure

Calibeated by Dimece iliav Labaratary Technician i) M{,r

. L}
Approvad by: Kalja Pakovic Techiical Managor

This calibrafion cerificate shal nat be repeoducad excapt i hdl without wiilan approval of the abormtosy,

Issund: May 27, 2010

Cartificale No: D1800V2-540a3_May10
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Calibration Laboratory of S, § Sehwetzertacher Kallbrierdienst
Schmid & Pariner i = ¢ Serviee sulsse détalonnnge
Engineering AG 2 o Sorvizio svizzoro di taraturn
Zeughiusenratae 63 80O Zurioh, Soerand ﬁ;‘f S Swiss Calibration Service
Acceodiied by the Swiss Accreditation Service [SAS) Accreditatian No.: SCS 108

The Swiss Accredilation Sarvice is one of the signatories 1o the EA
Multilnteral Agreomant for the recognition of callbration certificates

Glossary:

TSL tissue simulating liquid

CaonvF sensitivity in TSL / NORM x,y,z
/A net applicable or not measured

Calibration is Performed According to the Following Standards:

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

b) IEC 622089-1, "Procedure to measure the Specific Absorption Rate (SAR) for hand-held
devices used in close proximity lo 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 Radicfrequency Emissions”,
Supplement C (Edition 01-01) to Bulletin 65

Additional Documentation:
d) DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:
s Measurement Condifions; Further details are available from the Validation Report at the end
of the centificate. All figures stated in the certificate are valid at the frequency indicated.

+ Anlenna Paramelers 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.

s Feed Point Impedance and Refurn 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 Elecirical Delay: One-way delay belween the SMA connector and the antenna feed point,
Mo uncerainty required.

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

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

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

Cenilicate Mo: D1000V2-5d033_May10 Page 2 ol 8
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Measurement Conditions
DASY system configuration. as far &8 not given on page 1.
DASY Version DASYS V5.2
Extrapolation Advanced Exfrapolation
Phantom Modular Flat Phaniom V5.0
Distance Dipole Center - TSL 10 mm with Spacer
Zoom Scan Reaolution i, dy, dz =5 mm
Frequency 1800 MHz = 1 MHz
Head TSL parameters
The loliowing parameters and calculations were applied.
Temperatura Permitiivity Conductivity
MNominal Head TSL parametars 220°C 40.0 1.40 mhadm
Measured Head TSL parametors (22.0 £ 0.2} °C /T +6% 1.41 mho/m £ 6 %
Head TSL temperature during test (21.5 £ 0.2) "C o i
SAR result with Head TSL
SAR averaged over 1 cm® (1 g) of Hoad TSL Condition
SAA measured 250 mW input power 980mwW /g
SARA nosmalized normalized to 1W 3oEmW /g
SAR for nominal Head TSL paramaters normalized to W 39.4 mW /g = 17.0 % (k=2)
SAR averaged over 10 em” {10 g) of Head TSL condition
SAR measured 250 mW inpul power 515 mW /g
SAR normatized normalized to 1W 206 mW /g
SAR for nominal Head TSL paramebers normalized to TW 20.5 mW /g = 16.5 % (k=2)
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Body TSL parameters
The following parametsrs and calculations wera applied.
Temperature Permittivity Conductivity
Hominal Body TSL parameters 220°C 533 1.52 mho/m
Measured Body TSL parameters {22.0 0.2} "C 541 28% 1.52 mho/m = 6 %
Body TSL temparature during test (21.8£02)°C s bkt
SAR result with Body TSL
SAR averaged over 1 cm® (1 g} of Bady TSL Condition
SAR measwhed 250 mW inpul power 10.3mW /g
SARA nommalized nomalized to 1W 41.2mW /g

SAR for nominal Boedy TSL paramaters

normalized to TW

413 mW /g £ 17.0 % (k=2)

SAR averaged over 10 em’ {10 g) of Body TSL canditian

SAR measunad 250 mW inpul power 5.50 mW /g

SAR nomalized nommalized to 1W 220mW/ig

SAR for nominal Body TSL parameters nomalized to 1W 22.0mW I g = 16.5 % (k=)
Ceriticale No: D1900V2-5d033_May10 Page 4 of 8
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Appendix

Antenna Parameters with Head TSL
Impedance, transformed to laad point 40501+ 381
Rofurn Loss -28.4 d8

Antenna Parameters with Body TSL

Impedance, transformed 1o feed point ATAQ+43[0
Retum Loss -25.4 dB

General Antenna Parameters and Design

| Esectrical Delay (one direction) | 1.206 ns

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

Tha dipote is made of standard semirigid coaxial cable. The center conductor of the feeding line ks directly connected 1o the
sacond arm of the dipole. The antenna is therefone shor-circuited for DC-signats,

Mo excessive force must be applied to the dipole arms, because thoy might bend or the soldered connections noar the
feedpoint may be damaged.

Additional EUT Data
Manufacturod by SPEAG
Manufactured on March 17, 2003

Carfificate My D1900V2-50033_May 10 Page 5of 9
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DASYS5 Validation Report for Head TSL

DatefTime: 17.05.2000 15:51:21
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 1900 MHz; Type: D1900YV2; Serial: D1900V2 - SN:51033

Communication System: CW; Frequency: 1900 MHz; Duty Cyele: 1:1
Medium: HSL U1l BB

Medium parameters used: [ = 1900 MHz; o = 1.41 mho/m; & = 39.8; p = 1000 kg/m’
Phantom section: Flat Section
Measurement Standard: DASYS (IEEEJIEC/ANST C63.19-2007)

RASYS Configuration:
«  Probe: ES3IDV3 - SN3205; ConvF(5.09, 5,00, 5.09); Calibrated: 30.04.2010
s Sensor-Surface: 3Imm (Mechanical Surface Detection)
= Electronics: DAE4 Sn601; Calibrated: 02.03.2010
»  Phantom: Flat Phantom 5.0 (front); Type: QDOOOPSOAA; Serial: 1001
o Measurement 5W: DASYS, V5.2 Build 162; SEMCAD X Version 14.0 Build 61

Pin=250 mW /d=10mm, disi=3.0mm (ES-Probe)/Zoom Scan (7x7x7) /Cube 0: Measurement
grid: dx=5mm, dy=3mm, dz=5mm

Reference Value =974 Vim; Power Drift = 0.00578 dB

Penk SAR (extrapolated) = 18.3 Wikg

SAR(T g =99 mW/g; SARI10 g) = 5.15 mWi/g

Maximum value of SAR (measured) = 12.4 mW/g

0 dB = 12.4mW/g

Coriticatn No: D1900V2-50033_May10 Paga 6ol 8



Impedance Measurement Plot for Head TSL
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DASY5 Validation Report for Body

Date/Time: 26.05.20010 15:04:02
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 1900 MHz; Type: DI900YV2; Serial: D190V - SN:54033

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

Medium: MSL.UL1 BB

Medium parameters used: f = 1900 MHz; o = 1.52 mhofm; g, = 54.1; p= 1000 kg/m’
Phantom section: Flm Section

Meuasurement Standard: DASYS (IEEENEC/ANSI C63.19-2007)

DASY S Configuration;
«  Probe: ES3DV3 - SN3205; ConvF{4.59, 4.59, 4.59); Calibrated: 30.04.2010
= Sensor-Surfoce: 3mm (Mechanical Surface Detection)
+  Electronics: DAE4 Sn601; Calibrated: 02.03.2010
«  Phantom: Flat Phantom 5.0 (back); Type: QDODOPSOAA; Serial: 1002
+  Measurement SW: DASYS, V5.2 Build 162; SEMCAD X Version 14.0 Build 61

Pin=250 mW /d=10mm, dist=3.0mm (ES-Probe)/Zoom Scan (Tx7x7) /Cube 0: Measurement
grid: dx=5mm, dy=5mm, dz=5mm

Reference Value = 97,2 VWim; Power Drilt = -0.00657 dB

Peak SAR {extrapolated) = 17.1 Wikg

SAR( g) = 10.3 mW/g; SAR(10 g) = 5.5 mW/g

Maximum value of SAR {measured) = 129 mW/g

Rl

0dB = 12.9mW/g

Certilicate No: D1S00V2-5d033_ May10 Paga 8 of 8
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Impedance Measurement Plot for Body TSL
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- 2450 MHz Dipole Calibration Certificate
Calibration Laboratory of Sihmotoarischer Kallbrlardisst
Schmid & Partner Sorvice sulsse d'éalonnage
Engineering AG Sarvizio svizzero di tarntura

Zoughaussirasse 43, 8004 Zurich, Switzerland

Accredied Ly the Swiss Accredation Sendco [SAS)
The Swiss Accreditation Service is ono of the signniories to the EA
Multilnteral Agreement for the recognition of callbration cortiticatas

Swins Calibrolion Services

Accreditation No.t SCS 108

ciort  SGS (Dymstec) Cortiticato No: D2450V2-734_May10
CALIBRATION CERTIFICATE =
Objoct D2450V2 - SN: 734

Calibration procodura(s)

Calitsadion dade:

QA CAL-05.v7

Calibration procedure for dipole validation kits

May 27, 2010

Calibration Equipmont usod (METE critical for calibenson)

This calib=afion cenilicate documants the trceabiity 1o national standards, which realize the phyaical units of measursrmants (51,
Thea measunsmants and T uncertaintiens wilth conlidence probatiity ame given on the loowing pages and are part of ihe conilicso.

All caibrations hive been conducted in the closed laboratory Eacility; anvironmient temperatune (22 = 31°C and hamidity < 70%.

Primary Seandaeds i ) Cal Dot (Costibicate NoJp Sthoduled Calibrasion

Prrerar mitar EPM-S424 GEI7480704 04-Dot-09 [No. 217-01086) Oct-10

Powar sensor HP D481A US3arzgamaa 08-O01-09 (Ko, 217-01086) Oel-10

Reference 20 48 Atanuatar Sh: 5086 (20g) 20-Mar-10 (Ho. 217-01168) Mie-11

Type-M mismatch combination SN EMT2/08327  30-Mar10 (Mo 217-011862) Mae-11

Feference Probe ESI0VE SN 22085 20-Ape-10 (No. ES3-3205_Aprid) Ape-11

DAE4 SH B0 02 Mar-10 (No. DAE4-801_Mari0) Mas-11

Socondary Slandards 0 Check Ciaka {in house) ) Sehaduisd Chek

Povwed sensor HP 84814 MY41002317 18-0c1-02 in houss check Cot-09) i house chack: Ogl-11

AF genovator ALS SMT-08 100005 4-Aug-09 (in houss eheck Dct-08] Iy house chack: Oct-1 1

Mistwark Anabyzer HP B763E USATI005E5 S4208 18-0ct-01 (in house chock Oct-00) fin house check: Ost-10
Mame Funclion Signatue

Calibradod by: Darnca Mo Labaratory Technician d}) '—mu

Approved by: Kalja Pekavic Tochnical Managar

This calibzation carlilicale shall not be repraduced excopl in ull withou! witlen spproval grmw.

/ﬁ%—:’-;" fﬁf -

Issumd: May 27, 2010

Cenificate No: D2450V2-734_May 10
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Calibration Laboratory of ey Schwalzorischar Kallbriordianst
Schmid & Partner e x g Sorvice sulsse d'ialonnage
Engineering AG 5 3 Sarvizio svizzero di tarnturs
Zeughausstrasse 43, B0D4 Zurich, Switzeriand ‘?ﬁv S Swiss Calibention Sarvice
Acoredited by tho Swiss Accreditation Sarvice (SAS) Azcredittion No.: SCS 108

The Swiss Accreditation Service is ane of the signalories o the EA
Multiinternd Agreemant for the recognithon of callbration cortilicales

Glossary:

TSL lissue simulating liquid

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

Calibration is Performed According to the Following Standards:

a) IEEE 5td 1528-2003, "IEEE Recommended Practice for Determining the Peak Spatial-
Averaged Specific Absorption Rale (SAR) in the Human Head from Wiraless
Communications Devices: Measurement Techniques”, December 2003

b) IEC 82209-1, "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 Decumentation:
d) DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:
* Measurement Conditions: Further details are available from the Validation Report at the end
of the cerificate. All figures stated in the certificate are valid at the frequency indicated.

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

» Feed Point Impedance and Retum Loss: These paramelers 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 poinl. The Relumn Loss ensures low
reflected power. No uncertainty required.

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

= SAA measured: SAR measured at the stated antenna input power,

* SARA normalized: SAR as measured, normalized to an inpul power of 1 W at lhe antenna
connector.

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

Certilicate Mo: D2450V2-734_May10 Pags 20! 8
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Measurement Conditions
DASY system configuration, as lar as not given on pago 1.

DASY Version DASYS V5.2

Extrapolation Advanced Extrapolation

Phantom Modular Flat Phaniom 4.9

Distance Dipole Center - TSL 10 mm with Spacor

Zoom Scan Resolution dx, dy, dz =5 mm

Frequency 2450 MHz = 1 MHz
Head TSL parameters

The loflowing parameters and calculations were applied,
Temperature Permittivity Conductivity

Nominal Head TSL parameters x20C w2 1.80 mha/m

Measured Head TSL parameters (220202 °C W0+6E% 1,76 mhaim + 6 %

Head TSL temperature during lest (215 =0.2)"C - -
SAR result with Head TSL

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

SAR measwred 250 mW input power 12EmW /g

SAR nommalized narmalized to 1W S1.2mW /g

SAR for nominal Head TSL paramaters

narmallized o 1W

51.7 mW fig = 17.0 % (k=2)

SAR averaged over 10 em” (10 g} of Head TSL candition

S5AR measured 250 mW input power B0amW g

SAR normalized nomalized to 1W 241 mW /g

SAR for nominal Head TSL paramatars nosmalized to 1W 24.2 mW fg = 16.5 % (k=2)
Cortilicate Mo: D2450V2-734_May10 Pagedol 9
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Body TSL parameters
The fellowing paramelers and calculations were applied,
Temperature Parmittivity Conductivity
HNominal Body TSL parameters 220"C 527 1.95 mha'm
Measured Body TSL parameters (22002} "C 51626% 1.97 mbhofm + 6 %
Body TSL temperature during test (21.8:0.2)°C e e
SAR result with Body TSL
SAR averaged ovor 1 em” (1 g) of Body TSL Condition
SAR measured 250 mW inpul power 134 mW /g
SAR nommalized nesmalized o 1W 536mW /g

SAR for nominal Body TSL parameters

normalized o 1W

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

SAR averaged over 10 cm® (10 g) of Body TSL condition
SAR moasuned 250 mW input power BATmW /g
SAR nomalized nomalized to 1W 252mWig

SAR for nominal Body TSL paramatars

nommalized o 1W

252 mW [ g = 16.5 % (k=2)

Cerlificate No: D2450V2-734_May10
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Appendix

Antenna Parameters with Head TSL
Impedanca, fransformed o feed point 5386+32/0
Return Loss - 26.4 dB

Antenna Parameters with Body TSL

Impedance, transiomed 1o fead point 4086 + 4.4 )00
Return Loss -27.1dB

General Antenna Parameters and Design

| Esectrical Delay (one direction) | 1.153 ns

Afler lgng term use with 100V radiated power, only a slight warming of the dipole near the feedpoint can be measured.

Thee dipobe is made of standard semirigld coaxial cable. The center contuctar of the feading line ks directly connactad to the
second arm of tha dipole. The antenna is therelore shost-circuited for DC-signals,

Mo excessive force must be applied to the dipole arms, because they might band or the soldered connections near the
feedpoint may be damaged.

Additional EUT Data
Manufactured by SPEAG
Manulaciured on May 07, 2003

Codificala No: D2450V2-734_May10 Pago 5ol 8



DASYS Validation Report for Head TSL

Test Laboratory: SPEAG, Zurich, Switzerland

DUT: Dipole 2450 MHz; Type: D2450V2; Serial: D2450V2 - SN:734
Communication System: CW; Frequency: 24350 MHz; Duty Cyele: 131

Medivm: HSL. UL BB

Report File No. : F690501/RF-SAR001933
Date of Issue : 2011-05-19

Page :

133 /136

Date/Time: 25.05.2010 14:48:31

Medium parameters used: = 2450 MHz; o = 1.76 mho/my; g = 39; p = 1000 kg/m'

Phantom section: Fla Section

Messurement Standard; DASYS (IEEEMNEC/ANST C63,19-2007)

DASYS Configuration:

= Probe: ES3DV3 - SN3205; ConvFi4.53, 4.53, 4.53); Calibrated: 30.04.2010

«  Sensor-Surface: 3mum (Mechanical Surface Detection)

+  Electronics: DAE4 Sn601; Colibrated: 02.03.2010

«  Phantom: Flat Phantom 5.0 (from); Type: QDODOPSOAA; Serial; 1001
= Measurement SW: DASYS, V5.2 Build 162; SEMCAD X Version 14.0 Build 61

Pin=250 mW /d=10mm, dist=3.0mm (ES-Probe)/Zoom Scan (7x7x7) /Cube 02 Measurement

grid: dx=5mm, dy=5mm, dz=5mm

Reference Value = 101,2 Vim; Power Drift = 0.030 dB
Peak SAR (extrapolated) = 26.1 Wikg

SAR(I g) = 12.8 mW/g; SAR(10 g) = 6.03 mW/g
Maximum value of SAR (measured) = 16.7 mW/g

L

(0dB = 16.TmWig

Cerificale No: D2450V2-734_May10
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Impedance Measurement Plot for Head TSL
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DASYS Validation Report for Body

Date/Time: 27.05.2010 10:14:45
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 2450 MEz; Type: D2A50Y2; Sevial: D2450V2 - SN:734

Communication System: CW; Frequency: 2450 MHz; Duty Cyele: 131

Medium: MSL ULl BB

Medium parameters used: £ = 2450 MHz; o = 197 mho/m; &, = 53.6; p = 1000 kg/in®
Phantom section: Flat Section

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

DASYS Configuration:
»  Probe: ES3DV3I - SN3205: ConvFi4.31, 4.31,4.31); Calibrated: 30.04.2010
o Sensor-Surface: 3mm (Mechanical Surface Detection)
= Electronics: DAE4 Sn601; Calibrated: 02.03.2010
»  Phantom: Flat Phantom 5.0 (back); Type: QDOOOPS0AA; Serial: 1002
= Measurement SW: DASYS, V5.2 Build 162; SEMCAD X Version 14,0 Build 61

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 = 96.7 VWin; Power Drift = -0,030 dB

Peak SAR (exirapolmed) = 27.3 Wikg

SAR(L g) = 13.4 mW/g; SAR(I0 g) = 6.31 mW/g

Maximum value of SAR (mewsured) = 17.4 mWig

4

AFE

0dB = 17.4mW/g
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Impedance Measurement Plot for Body TSL
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