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cient  Digital EMC (Dymstec) Certificate No: EX3-3643_Jan12
CALIBRATION CERTIFICATE J
Oibject EX3DV4 - SN:3643
Calibration procedureis) QA CAL-01.v8, QA CAL-12.v7, QA CAL-14.v3, QA CAL-23.w4,

QA CAL-25.v4

Calibration procedure for dosimetric E-field probes
Calibeation date January 27, 2012

This calibratian cerlificals documents the traceabiéty to national standards, which realize the physical units of measurements (S1)
The maasuremonts and the uncerainties with confidence probability ane givan on the following pages and are pad of the cerificate

All calibrations have been conducted in the dosed laboratory tacility: environment temperature (22 + 3)°C and humidily < 70%.

Calivration Equipment used (MATE crilical for calibrabicn)

Primary Standards D Cal Date {Cedificale No.) Schadulad Calibration T
Powar maber E44188 GB41203874 31-Mar-11 (No. 217-01372) Apr-12

Power sensor Edd 124 MY41498087 31-Mar-11 (No. 217-01372) Apr-12

Raference 3 dB Allenuator SM: 55054 (3c) 28-Mar-11 (No. 217-01368) Apr-12

Raference 20 dB Attlenuatar SN. 55086 (200) 28-Mar-11 (No. 217-01367) Apr-12

Rotersnce 30 dB Attenuator SM: 55129 (30b) 20-Mar-11 (Mo, 217-01370) Apr-12

Raference Probe ES30V2 SH: 3013 28-Dwc-11 (Mo, ES3-3013_Decil) Dec-12

DAES SH: 854 3-May-11 (Mo, DAE4-654_May11) May-12

Secondary Standards 1D Check Date {in housa) Al __Sd‘mﬂad Chick

AF genarator HP BG4EC US3842001700 4-Aug-99 (in house check Apr-11) In house chack: Apr-13
Netwark Analyzer HP B753E US3T300545 18-0c1-01 {in house check Od-11) In house check: Ocl-12

Nama Funethon ﬂg;jl-_aima

Calibrated by Katja Pokovic Technical Manager 4

Approvad by Miets Kustor Cuality Manages

Issued: January 27, 2012

This calibration cor#icate shall not be mproduced excep! in full without wiiltan approval of the Labomatary.
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Multilatoral Agreement for the recognition of calibration cerfificates

Glossary:

TEL tissue simulating liquid

NORMxy,z sensitivity in free space

ConvF sansitivity in TSL / NORMx,y.z

DceP diode compression point

CF crast factor (1/duty_cycie) of the RF signal

A B C modulation dependant linearization parameters

Puolarization p o rotation around probe axis

Polarization & 4% rotation around an axis that is in the plane normal to probe axis (at measurement canter),

i.e., & = 0is 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 62208-1, *Procedure lo 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:

«  NORMx,y 2 Assessed for E-field polarization % = 0 (f < 900 MHz in TEM-cell; f > 1800 MHz: R22 waveguide),
NORMAx.y,z are only intermediate values, i.e., the uncertainties of NORMsx,y,z does not affect the E*-field
uncerainty inside TSL (see below ConvF).

s NORM{fix.y.z = NORMx.y,.z * frequency_response (see Frequency Response Chart). This linearization is
implementad in DASY4 software versions later than 4.2. The uncertainty of the frequency response is included
in the stated uncertainty of Com,

s DCPxy,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.

« 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.

« ConvF and Boundary Effect Parameters: Assessed in flat phantom using E-field (or Temperature Transfar
Standard for T < 800 MHz) and inside waveguide using analytical field distributions based on power
measurements for f > B00 MHz, The same setups are used for assessmeani 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 fo the boundary. The sensilivity in TSL corresponds
ta NORMzx.y,z * ConvF whereby the uncertainly cormesponds 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

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

s Sensor Offset: The sensor offset correspands to the offsel of virual measurement center from the probe tip
(on probe axis). Mo olerance required.
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EX3DV4 - SN:3643 January 27, 2012

Probe EX3DV4

SN:3643

Manufactured:  January 8, 2008
Calibrated: January 27, 2012

Calibrated for DASY/EASY Systems

(Note: non-compalible with DASY2 system])
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EX3DV4- SN.3643 January 27, 2012

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3643

Basic Calibration Parameters

Sonsor X Sensor ¥ T Sensor Z Unc (k=2)
Morm {pViimy )" 0.40 0.42 0.45 £10.1%
DCP (mv)® 959 96.7 93.7

Modulation Calibration Parameters

(1]]4] Communication System NMame PAR A B C VR Une™
dB dB dB mv (k=2)
10000 ] D00 | X | 000 000 | 100 | 957 | #19%
Y | 0,00 oo | 100 | 1029
Z | o000 0.00 100 | 1064

The reported uncertainty of measurement is stated as the standard uncertainty of measurement
multiplied by the coverage factor k=2, which for a normal distribution corresponds to a coverage
probability of approximately 95%.

* Tha uncertainties of NomidY,Z do nod affect the E™-fiald uncenainly inside TSL (sea Pages 5 and 6).
" Murnerical knoarzalion parameter: uncartainty not reguined

£ Uncertainty ks determined using the masx. deviation from linear response applying rectangular distribution and is expressed for the squans of the
fiald valus
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EX30Wv4- SN:3B43 January 27, 2012

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3643

Calibration Parameter Determined in Head Tissue Simulating Media

Relative Conductivity Dapth Unct.
f(MHz)® | Permittivity” (sim)" ConvF % | ConvFY | ConwFZ | Alpha | (mm) ik=2)

450 43.5 0.87 9.78 0.78 9.78 0.1 1.00 +13.4 %
750 41.9 0.89 9.33 8.33 9.33 0.36 0.87 +12.0%
835 41.5 0.90 8.94 B.94 8.94 0.37 0.83 £ 120 %
1750 40.1 1.37 B.25 B.25 8.25 0.42 0.83 £12.0%
1900 40.0 1.40 7.97 7.97 7.97 0.50 0.73 t12.0 %
2450 39.2 1.80 712 7.12 7.12 0.41 0.80 £12.0%
5200 36.0 4.86 4.94 4.94 4.94 0.40 1.80 +13.1%
5300 359 4.76 4.69 4,69 4.69 0,40 1.80 £13.1 %
5600 35.5 5.07 4.11 4.11 4.1 0.50 1,80 £13.1%
5800 353 5.27 4.16 4.16 4.16 0.50 1.80 +13.1%

© Fraquency validity of £ 100 MHz only applies for DASY w44 and higher (sae Page 2). els il is restricted 1o £ 50 MHz. The uncarlainty is tha RS5
of the ConvF uncertainty at calibration frequency and the uncedainty for the indicated frequancy band

" Al frequencies balow 3 GHz, the valigity of tissus pasameters (¢ and o) can be relaxed to & 10% if liquid compensation formuila = applied ko
measured SAR values, Al frequisncies above 3 GHz, the validity of fissus paramaters (= and o) is resiricted o + 5%. The uncertainty is the RSS of
ther ConvF wncertainty for indicatad farget lissue parametars
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EXIDV4- SN:3643

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3643

Calibration Parameter Determined in Body Tissue Simulating Media

January 27, 2012

Relative Conductivity Depth Uniet.

f(MHz)® | Permittivity" isim) " ConvF X | ConvFY | ConvFZ | Alpha | (mm) (k=2
450 56.7 0.94 10.32 10.32 10.32 0.04 100 | 134 %
750 55.5 0.96 8.23 9.23 9.23 0.31 0.94 | £120%
B35 55.2 0.87 9.12 B8.12 9.12 0.32 096 | +120%
1750 534 1.49 7.75 7.75 7.75 0.89 0.67 | £12.0%
1900 53.3 1.52 7.34 7.34 7.34 0.63 066 | £+120%
2300 52.9 1.81 7.08 7.08 7.08 0.80 055 | £120%
2450 52.7 1.95 £.95 6.95 5.95 0.75 0.57 | +120%
2600 52.5 2.16 6.71 6.71 6.1 0.80 050 | £120%
3500 51.3 3.31 6.17 8.17 6.17 0.34 1.22 | 2131%
5200 49.0 5.30 4.23 4.23 4.23 0.50 190 | £131%
5300 48.9 5.42 4.05 4.05 4.05 0.50 190 | #1341 %
5600 48.5 5.77 361 3.81 3.61 0.60 1.90 | +131%
| 5800 48.2 .00 3.60 3.80 3.80 0.50 190 | £1314%

“ Froquency validity of 100 MHz only applies for DASY v4.4 and higher (see Page 2, else i is restricied fo + 50 MHz. The uncerainty is the RSS

of tha CanvF uncerainty at calibration frequancy and the uncertaingy for the indicated freguency band
* A1 frequencies balow 3 GHz, the validity of tissue paramstars (c and o) can be refaxed (o + 10% i liquid

tha ComvF uncorainly for indicaled tenped lissue paramaters

ion formada is applad 1o
maasurod SAR valups. At frequencies above 3 GHz, tha validity of Hssua paramatars (¢ and o) s restricted 10+ 5%, Tha uncartanty i the RSS of
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EX30V4- SN.3643 January 27, 2012

Frequency Response of E-Field
(TEM-Cell:ifi110 EXX, Waveguide: R22)
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Uncertainty of Frequency Response of E-field: £ 6.3% (k=2)
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EX3DV4- SN:3643 January 27, 2012

Receiving Pattern (¢), 3 = 0°

=600 MHz, TEM f=1800 MHz R22
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Uncertainty of Axial Isotropy Assessment: £ 0.5% (k=2)
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EX3DV4- SN:3643

Input Signal [uv]

10°-

Dynamic Range f(SAReaq)
(TEM cell , f = 900 MHz)

January 27, 2012
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Uncertainty of Linearity Assessment: £ 0.6% (k=2)
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EX3DV4- SN:3643 January 27, 2012

Conversion Factor Assessment

= 835 MHz WGLS RS (H_comF) { = 1900 MHz WGLS R22 (H_com)
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Deviation from Isotropy in Liquid
Error (¢, 3), f =900 MHz

40 08 06 04 02 00 02 04 06 08 1.0
Uncertainty of Spherical Isotropy Assessment: £ 2.6% (k=2)
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Report No.: DRTFCC1205-0235 FCC ID: ZNFEG12G Date of issue: May.09, 2012

EX30V4- SN:3643 January 27, 2012

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3643

Other Probe Parameters
Sansor Arrangement | Triangular
Connector Angle () Not applicable
Mechanical Surface Detection Mode enabled
Optical Surface Detection Mode disabled
Probe Overall Lenglh 337 mm
Probe Body Diameter 10 mm

| Tip Length _ g mm
Tip Diamater 2.5mm
Proba Tip to Sensor X Calibration Point | 1 mm
Probe Tip to Sensor ¥ Calibration Point 1 mm
Probe Tip to Sensor Z Calibration Point r 1mm
Recammended Measuremenl Distance from Surface 2 mm
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Report No.: DRTFCC1205-0235

FCC ID: ZNFE612G

Date of issue: May.09, 2012

Calibration Laboratory of 5‘“@"’2} Schwaizarischer Kalibrierdienst
Schmid & Partner P Service sulsse d'étalonnage
Engineering AG T Servizio svizzera di laraturn
Zeughaussirasse 43, 8004 Zurich, Swilzerland '%r,r:'ﬁ?x\\>5‘ Swiss Callbration Service
Fidpallinht

Accradited by the Swiss Accrediation Service (SAS) Accreditatlon Mo.: SCS 108

Thi Swiss Accraditation Service is one of the signalories to the EA
Mullilateral Agresment for the recognition of calibration cerlilicales

Digital EMC (Dymstec)
CALIBRATIOI:I CERTIFICATE

Certificate No: D835V2-464 Marl2

5T G ]

Client

DB35VE - EN: 464

e

Calibsrabon peocidurs{s)

Calibration dale

QA CAL-D5.v8

Calibration procedure for dipole validation kits above 700 MHz

March 14, 2012

Galibration Equipment used (MATE critical for calibration)

This colibeation cetificats decuments tha traceability o nafional stendands, wiich realize the physical units of measursments (Sl
The mesurements and tha uncartainties with confidence probability are given on the lollowing pages and are pan of the conlficate.

AR calibratiors b been conducted in the clozad inboratary facility: environmuent Wmpesaturg (32 = 3)°C and humidity < 70%.

Thiz callbration certificats shall no! bo reprcduced sxcept in full witheut written approval of the kiboratory.

Cariificate No: DB35V2-464 Man2

TRF-RF-303(03)100616

Page 1ol 8

Copyright © 2012, Digital EMC Co., Ltd.

Py Stancds D & Col Date [Certilicole No.) Schaduled Calibraton

Power meter CPM-442A GRIZAR0704 05-Oct-11 (Mo, 217-01451) 012

Power sensor HP G481A [HER e 05-0ct-11 (Mo, 217-01451) Ocl-12

Ralarmnce 20 dB Albonustor Sh: 508G (209) 29-Mar-1 | (Mo, 217-01388) Apr-12

Type-N mismatch combinalion SN: s047.2 /06327 29-Mar-11 {No. 217-01371) Apr-12

Reference Probe ES30V3 Sh: 3206 30-Dec-11 (No. ES3-3205_Daec11) Dae-12

DAE4 SM: 61 Od=Jul-1 1 {No. DAES-E01 Jull 1) Jug12

Secondary Standards s Chack Date (in housa) - Scheduled Check
_I-;'mmr smsar HP B4H1A - MY 410092317 180002 (i house check Oet-11) In howuse check: Oct-13

RF genesalor ARS SMT-06 100005 04-Aug-09 (in hease chieck Oat-11) In house check: Oct-13

Matwork Analyzor HP B753E US37300505 54206 18-0ct-01 (in houso chock Oet-11) In house chack: Oct-12

Nama Function Signature
Cahrated by Isrn El-Naoig Laboratory Technician ( o
) JH A LN 4
_/h""f.{i.ﬂ_ - oLl \_.‘_1,1
Approved by Fafja Pokovie Tachnical Managar

;%;,g_

lssued; March 14, 2012
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Report No.: DRTFCC1205-0235 FCC ID: ZNFE612G Date of issue: May.09, 2012

= . g,
Callbfatlun Laboratory of iq“é__;_f,:fj’;,% g Schweizerischer Kalibrierdienst
Schmid & Partner ﬂﬁﬁ @ Service suisse ddtalonnage
Engineering AG Tz Servizio svizzero di taratura
Zeughausstrasse 43, 8004 Zurich, Switzorland ':r':'f’?-“‘l.\\‘b“ S Bwiss Calibration Service
el lhe®
Accradited by the Swiss Accreditation Sorvion (SAS) Accreditation No.: SCS 108

The Swiss Accroditation Service |8 one of the signatories lo the EA
Muliilateral Agresment lor the recognition of calibration cartificates

Glossary:

TSL tissue simulating liquid

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

Calibration is Performed According to the Following Standards:

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

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

¢) Federal Communications Commission Office of Engineering & Technology (FCC OET),
“Evaluating Compliance with FCC Guidelines for Human Exposure to Radicfrequency
Electromagnetic Fields; Additional Information for Evaluating Compliance of Mabile and
Portable Devices with FCC Limits for Human Exposure to Radiofrequency Emissions”,
Supplement C (Edition 01-01) 1o Bulletin 65

Additional Documentation:
d) DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

s 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 liguid 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 paramaters: The measured TSL parameters are used to calculate the

nominal SAR result.

The reported uncertainty of measurement is stated as the standard uncertainty of measurement
multiplied by the coverage factor k=2, which for a normal distribution corresponds to a coverage
probability of approximately 95%.
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Report No.: DRTFCC1205-0235

FCC ID: ZNFE612G

Date of issue: May.09, 2012

Measurement Conditions

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

DASY Version DASYS V5280

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 MHzx = 1 MHz
Head TSL parameters

The lollowing parameters and calculalions were applied. .
Temperature Permittivity Conductivity

Meominal Head TSL parameters B 22.0°C 41.5 0.90 mho/m

Measured Head TSL parameters (22.0+02)°C 41528 % 0,88 mha'm = 6 %

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

SAR averaged over 1 cm‘_lh q) of Head TSL Condition

SAR maasured 250 mW Inpul power 233mW /g

SAH lor nominal Haad TSL paramelers nomalized o 1W 9.40 mW /g = 17.0 % (k=2)

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

S5AR measured 250 mW inpul power 1.653mW /g

SAR for nominal Head TSL parameters normalized to 1W 6.16 mW /g = 16.5 % (k=2)
Body TSL parameters

The following parameters and calculations were applied N
Temperaturo Permittivity Conductivity

Nominal Body TSL paramelers 22.0 “{:_ 552 0.87 mha/m

Measured Body TSL paramatars (22.0=02)"C 55.0+6% 1.00 mhaim + & %

Body TSL temperature change during test <0.5*C ann
SAR result with Body TSL

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

SAR measured 250 mW input power 244 mW /g

SAR far nominal Body TSL parameters normalized 10 1W 9.53 mW /g = 17.0 % (k=2)

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

SAR measurad 250 mW Input power 181 mW/ia

SAR for nominal Body TSL paramaters normalized to 1W 6.32mW/g=16.5% (k=2)

Ceardificata No: D835V2-484_Mart2
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Report No.: DRTFCC1205-0235 FCC ID: ZNFE612G Date of issue: May.09, 2012

Appendix

Antenna Parameters with Head TSL
Impedance, ransformed to foed point 51.20-22j0Q B
Roturmn Lose -321dB

Antenna Parameters with Body TSL
Impedance, transformed to feed palnt 4650 - 4.0 02
Return Loss -25.2 d8

General Antenna Parameters and Design

Electrical Dalay (one direction) I 1,382 ns |

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

Tha dipale is made of standard semirgid coaxial cable. The center conducter of the teeding line is direclly connected to the
second arm of the dipole. The antenna is therefora shart-cireulted for DC-signals. On some of the dipoles, small end caps
are addad to the dipole arms in order to improve matching when loaded according to the position as explained in the
“Measurement Conditione” paragraph, The SAR data are not affected by this change. The overall dipole length is stll
according o the Standard.

Mo oxcassive force must be applied to the dipole ams, becauss they might band or the soldered connechions near e
feedpoint may be damaged.

Additional EUT Data
| Manufactured by | SPEAG
I Manulactured on | March 27, 2002
Cartificata No: DE3ISVE-464_Mari2 Page 4 of B
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DASYS5 Validation Report for Head TSL

Dale: 14.03.2012
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 835 MHz; Type: D835V2; Serial: D835V2 - SN: 464

Communication System: CW; Frequency: 835 MHz

Medium parameters used: f = 835 MHz; 6 = 0.89 mho/m; &, =41.5; p= 1000 l‘.gf’m"
Phantom section: Flat Section

Measurement Standard: DASYS (IEEEAEC/ANST CA3.19-2007)

DASYS2 Configuration:
« Probe: ES3DV3 - SN3205: ConvF(6.07, 6.07, 6.07); Calibrated: 30.12.2011
»  Sensor-Surface: 3mm (Mechanical Surface Detection)
« Electronics: DAE4 Sn601; Calibrated: 04.07.2011
« Phantom: Flat Phantom 4.9L; Type: QDOOOP49AA; Serial: 1001
«  DASYS2 52.8.00692); SEMCAD X 14.0.4(4989)

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

Reference Value = 536,936 Vim; Power Dnft = 0.003 dB

Peak SAR (extrapolated) = 3.4190

SAR(] g) = 2.33 mW/g; SAR(10 g) = 1.53 mW/g

Maximum value of SAR (measured) = 2.708 mW/g

Ll

2.4

1200

0dB = 2.710mW/g = 8.66 dB mW/g

Corificate No: DRAGV2-464_Mar12 PapeSof 8
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Impedance Measurement Plot for Head TSL
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DASY5 Validation Report for Body TSL

Date: 14.03.2012
Test Laboratory: SPEAG, Zurich, Swirzerland
DUT: Dipole 835 MHz; Type: D835V2; Serial: DR35SV - SN: 464

Communication System: CW; Frequency: 835 MHz A
Medium paramelers used: = 835 MHz; o = | mho/m; & = 55; p = 1000 kg/m’
Phaniom section; Flat Section

Measurement Standard: DASYS (IEEE/IEC/ANSI Ch3.19-2007)

DASY 52 Configuration:
«  Probe: ES3IDV3 - §N3205; ConvF(6.02, 6.02, 6.02); Calibrated: 30.12.2011
«  Sensor-Surface: 3mm (Mechanical Surface Detection)
¢ Electronics: DAE4 Sn601; Calibrated: 04.07.2011
s Phantom: Flat Phantom 4.91.; Type: QDOOOP49AA; Serial: 100

o DASYS2 52.8.0(692); SEMCAD X 14.6.4(498%)

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

Relerence Value = 55,242 Vim: Power Drift = (.03 dB

Peak SAR (extrapolated) = 3.5300

SAR(L g) = 2.44 mW/g; SAR(10 g) = 1.61 mW/g

Maximum value of SAR (measured) = 2.840 mWi/g

<248

<460

~1xan

0 dB = 2.840mW/g =9.07 dB mW/g

Cerificate No: DBISV2-464 Mar2 Page 7ol B
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Impedance Measurement Plot for Body TSL
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A,

Calibration Laboratory of

ol et Schwelzerischer Kalibrierdizns!
Schmid & Partner ﬁﬂyﬁud Service sulsse d'élalonnage
Engineering AG e Servizio svizzero di taratura
Zeughousstrosse 43, B004 Zurich, Switzerland T ’ﬁ“‘\; Swiss Calibration Service

Accredited by the Swiss Accredilalion Service (SAS) Acaraditation Me.: SCS 108

The Swiss Accreditation Service is one of the signatories to the EA
Multilateral Agreamant for the recegniilon of callbration corliicales

ciient  Digital EMC (Dymstec) Certificate No; D1900V2-5d029 Mari2
C e
Object D1800V2 - SN: 5d029
| Galibration procedureis) QA CAL-05.vE
Calibration procedure for dipole validation kits above 700 MHz

Calibration data: March 16, 2012

This calibrasticn cortificato decuments the traceabity to national standands, which realize the physical units of measurements (1)

The medssuremants and tha uncanainiies with confidence probahility ar given on the foliowing pages and are part of the cerdilicats

All calibrations have been conduatad in the closed labaratory facility: emvironmont temperatns (22 = 3)°C and humidity < 70%.

Calibration Equuprnest used (MATE critical for calibration)

Primary Standands 1D = Cal Date (Certilficate Mo Sehweduled Colibrotion

Powsr meter EPRM-A424 GEIFag004 08-Chezt-11 (Mo 217-01467) Oet12

Power sansor HF BAB1A USH/2H27ea 05-0ct-11 (Mo, 217-01451) Oet-12

Refarmncn 20 dH Albenuaton SN S086 (20g) 20-Mar-11 {(No. 217-01368) Apr-12

Type-N mismatch combinalion SN: 5047.2 / 06327 208-Mar-11 (No. 217-01371) Apr-12

Felaronco Proba ES30VE SHN: 2205 30-Dec-11 (No. ES3-3206_Dect1) Dac-12

DAE4 SH: & Od-Jul-11 (Mo DAEL-G01_Judi1) Jul-12

_%m'}dnw Staredards IDe : Chascie Diato in housa) Scheduled Gl'laclu.

Powar sensor HP B4B1A MY 31082317 18-0ct-02 {in house check Ocl-11) In house chack: Oct-13

RF ganerator &S SMT-06 100005 04-Aug-99 (in house chieck 00l-11) In hoasa chack: Ocl=13
Metwark Analyzer HP B753E US3TI00885 S4208  18-Oet-01 (In house check Oct-11) In howse check: Q612

Mame Funeton Bigrialurg
Calibrated by Issaa El-Muowg Labowatony Technician fa l
Mg, € a:-.véu-u_t\
. -
Approved by Katja Pokovic Technical Manager e
P ‘-“:'_’/’-t‘{_:
Isaued: March 16, 2012
This nal..nra_qim 1_:_an1l|r,a:: ghall nod be re;.nuduu_u_u _u_umut i full wiujmn_mmn approval of the laboralony
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: i g
Calibration Laboratory of g:t}:f_._j:«# G  Schwelzerischer Kalibrierdienst
Schmid & Partner ;i\l'“-—:-f‘gf— c Service sulsse d'émalonnage
Enginggring AG s Servizio avizzero di taratura
Zeughaussirasse 43, 8004 Zurich, Switzerland Lo S  swiss Callbration Service
et
Accrodited by the Swiss Accredilation Sarvice (SAS) Accreditation No.; SCS 108

The Swiss Accreditation Service s one of the signetories to the EA
Multiateral Agreement for the recognition of calibration certificates

Glossary:

TSL tissue simulating liquid

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

Calibration is Performed According to the Following Standards:

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

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

¢) Federal Communications Commission Office of Engineering & Technology (FCC QET),
“Evaluating Compliance with FCC Guidelines for Human Exposure to Radiofrequency
Electromagnetic Fields; Additional Information for Evaluating Compliance of Mobile and
Ponable 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.

e Antenna Parameters with TSL: The dipola is mounted with the spacer to position its feed
point exactly below the center marking of the flat phantom section, with the arms orientéd
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 conneclor 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.

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

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

The reported uncertainty of measurement is stated as the standard uncertainty of measurement
multiplied by the coverage faclor k=2, which for a normal distribution corresponds to a coverage
probability of approximately 95%.

Cerfificate No: D1S00V2-5d029_Mariz Page 2 ot 8
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Measurement Conditions

DASY system configuration, as far as not given on page 1. —
DASY Version DASYS V52.8.0
Extrapolation Advanced Extrapolation
Phantom Maodular Flat Phantom
Distance Dipole Conter - TSL 10 mm with Spacer
Zoom Scan Resclution du, dy, dz =5 mm
Frequency 1800 MHz + 1 MHz
Head TSL parameters
The Igilowing parameters and calculations were applied. — .
Temperature Permittivity Conductivity
Mominal Head TSL parameters 2z0°C 40.0 1.40 mho'm
Measured Head TSL parameters (22.0+0.2)"C 409 +6% 1.37 mho/m + 6 %
Head TSL tamperature change during test <0.5°C -
SAR result with Head TSL
SAR averaged over 1 em® (1 g) of Head TSL Condition
SAR measured 250 mW input power 343mW/g
SAR for nominal Head TSL parameters normalized to 1TW 38.4 mW /g = 17.0 % (k=2)
SAR averaged over 10 om” (10 g) of Head TSL candition
SAR moasured 250 mW input powar 499 mW /g
SAR for nominal Head TSL parametars normalized © 1W 20.2 mW /g = 16.5 % (k=2)
Body TSL parameters
The following paramelers and calculations wers applied. T
Toemperalure Permittivity Conductivity
Mominal Body TSL parameters 20°C 53.3 1.52 mha/m
Measured Body TSL parameters (22.0 £ 0.2) °C E33+6% 1.51 mho/m = G %
Body TSL temperature change during test =05°C wea P
SAR result with Body TSL
SAR averaged over 1 ¢m® (1 g) of Body TSL Condition Bl
SAR measured _250 mW input power .85 mW /g
SAR for nominal Body TSL parameters normalized to 1W 39.6 mW /g = 17.0 % (k=2)
Mag_;:l over 10 cm” (10 g) of Body TSL condltion A
SAR measured | @50 mW inpul power h2amW/qg
SAR for nominal Body TSL paramelers normalized o 1W 20.9 mW / g = 16.5 % (k=2)
Carlificate No: D1800V2-54029_Mari2 Paga 3 of 8
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Appendix
Antenna Parameters with Head TSL

Impedanca, transformed to feed point 5290-06j0Q
Helum Loss - 30.8 dB

Antenna Parameters with Body TSL

Impadance, transtormed 1o feod point 4560 -27 0
Helum Loss - 25.4 dB

General Antenna Parameters and Design

| Electrical Dolay {one diraction) 1.197 ns J

After long term usa with 100W radiated power, only a slight warming of the dipele near the feedpoinl can be measured,

The dipole is made of standard semirgld coaxial cable. The center conductar of tha feeding line is directly connectod to the
gecond anm ol the dipole. The antenna is therefore shor-circuited for DC-signale. On soma of the dipoles, small end caps
are added 1o the dipole arms in order to improva malching when loaded according 1o the position as explained in the
"Measurement Gonditions® paragraph. Tha SAR data are not alfected by this changa. The overall dipale length is st
according lo the Standand.

Mo gxcessive force must be applied 1o the dipole arms, because they might bend or the solderad connections near the
teedpoint may b damaged,

Additional EUT Data

Manufacturad by SPEAG
Manufactured on Decamber 17, 2002
Cerlilicate Mo: D1200V2-5cd029_Mar12 Page 4 ol &
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DASY5 Validation Report for Head TSL

Date: 16.03.2012
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 1900 MHz; Type: D1900V2; Serial: D1900V2 - SN: 5d029

Communication System: CW; Frequency: 1900 MHz
Medium parameters used: [ = 1900 MHz; 6 = 1.37 mho/m; & = 40.9; p = 1000 kg/m’
Phantom section: Flat Section

Measurement Standard: DASYS (IEEE/EC/ANSI C63.19-2007)
DASY 52 Configuration:
« Probe: ES3DV3 - SN3205; ConvE(5.01, 5.01, 5.01)% Calibrated: 30.12.2011
»  Sepsor-Surface: 3mm (Mechanical Surface Detection)
«  Electronics: DAE4 Snh01; Calibrated: 04.07.2011
o  Phantom: Flat Phantom 5.0 (front); Type: QDOOOPSOAA; Serial: 1001
«  DASYS2 52.8.0(692); SEMCAD X 14.6.4(4989)

Dipole Calibration for Head Tissue/Pin=250 mW, d=10mm/Zoom Scan (7x7x7)/Cube 0:
Measurement grid: dx=5mm, dy=3mm, dz=3mm

Reference Value = 95,547 Vim; Power Drift = 0.04 dB

Peak SAR (extrapolated) = 16,7780

SAR(I g) = 9.43 mW/gz SAR(10 g) = 4.99 mW/g

Maximum value of SAR {measured) = 1 L.585 mW/g

100

ST

-20.00

0 dB = 11.580mW/e = 21.27 dB mW/g

Cerificate Ne: D1900V2-5d020. Mar12 Page 5ol 8
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Impedance Measurement Plot for Head TSL
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DASYS5 Validation Report for Body TSL

Date: 16.03.2012
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 1900 MHz; Type: D1900V2; Serial: DI900V2 - SN: 5029

Communication System: CW; Frequency: 1900 MHz

Medum parameters used: = 1900 MHz; o = 1.51 mho/m; & = 53.3: p = 1000 kym
Phantom section; Flat Section

Mensurcinent Standard: DASYS (IEEEJEC/ANS] C63.19-2007)

DASYS52 Configuration:
« Probe: ES3DV3 - SN3205; ConvF(4.62, 4.62, 4.62); Calibrated: 30.12.2011
e  Sensor-Surfuce; 3mm (Mechanical Surface Detection)
«  Electronics: DAE4 Sn601, Calibrated: 04072011
« Phantom: Flat Fhantom 5.0 (back); Type: QDOOOPS0AA; Serial: 1002

» DASYS2 52.8.00692): SEMCAD X 14.6.4(498%)

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

Reference Value = 94,198 Vim; Power Drift = 0,03 dR

Peak SAR (extrapolated) = 17.1680

SAR(1 g) = 9.85 mW/g; SAR(10 g) = 5.22 mW/g

Mauximum value of SAR (measured) = 12.378 mW/g

B
<1200

Z0.e0

0 dB = 12.380mW/g = 21.85 dB mW/g

Ceartificate No: D900V 2-50029_Mari2 Paga 7 ol 8
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Impedance Measurement Plot for Body TSL
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Engineering AG

Zeughausstrasse 43, 8004 Zurlch, Switzorfand

Accrodited by thee Swiss Accreditation Sanvice (SAS)
The Swiss Accreditation Service is one of the signatories to the EA
Multilateral Agrezment for the recognition of ealibration certificates

Client Digital EMC (Dymstec)

Schwelzerischor Kalibriordienst
Servica suisse d'dtalonnage
Servizio svizzero di leralura
Swiss Calibrotion Servico

Accreditation Me.: SCS 108

Certiticate No: D2450V2-726 Mari2

CALIBRATION CERTIFICATE

Hoject

Calbration date:

Caliration procodurals)

D2450V2 - SN: 726

QA CAL-05.v8

Calibration procedure for dipole validation kits above 700 MHz

March 15, 2012

Calibration Equipment usad (MATE cntical lor calibiration)

Prirmary Standands 0w - Cal Date {Certificate No.)

Power meter EPM-4424 GBE3T480704 05-Ct-11 (Mo, 297-01451)

Power sensor HP B481A ST EHETEI 05-0Oct-11 (Mo, 217-01461)

Rotenencs 20 d8 Attenusior SN 5086 (20g) 29-Mar-11 (Mo, 217-01368)

Type-N mismatch combinaticn SN: 5047 2 / DBR2ET R-Mar-11 (No. 217-01371)

Ralemencs Proha ES30AVA SM: 3205 Al-Dec-17 (Mo, ES3-3205_Dacil)

WAES SN 601 Od-Jul-11 (Mo, DAEA-GO1_Juli1]

ﬁ_m.l.l::ial\_,' Standarde 1D # Chiock Data (in housa)

Powar sensor HP B481A MY 31082317 18-Oct-02 {im houso check Oct-11)

AF ganeraior RAS SMT-08 10K 0d-Aug-23 (in houso chisck Det-11)

Matwork Analyzar HP BTS3E US373005685 54206 18-Oct-01 (in housa check Oat-11)
Mama Fuaniziuon

Calibrated by: Claudio Laublar Labomatory Techngian

Approved by Katja Pokovic Technical Manggor

This calibration ceificate shall ned be reproduced excepl in hll wthout wittan agproval of the laboratory

This calibration cerilicala decumants the treeablity 1o national standards, which realize the physical units of measuraments (51)
The moasurements and Ma uncanainties with confidence probabfity are givan an the alliowing pages and are pan of the certlficats,

Al cglibrations have been conducted in ha closed laboratony faciiity: envirpnment lemperature (22 = 3)°C and humidity < 70%
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Calibration Laboratory of
Schmid & Partner
Engineering AG

Zrughaussirasss 43, 8004 Zurich, Switzerland

Schweizeriachor Kalibriardlanst
Servive suisse d'dlalonnage
Servizio svizecro di lorolura
Swigs Calibration Service

Accnefited by the Swiss Accreditation Servics [SAS) Accreditation No.: SC35 108
Thie Swiss Accreditalion Service is one of the slgnatories to the EA
Multilateral Agreement for tha recognition of calibration ceriificates

Glossary:

TSL tissue simulating liquid

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

Calibration is Performed According to the Following Standards:

a) |EEE Std 1528-2003, “IEEE Recommended Practice for Determining the Peak Spatial-
Averaged Specific Absorption Rale (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
Paortable Devices with FCC Limits for Human Exposure to Radiofrequency Emissions”,
Supplement C (Edilion 01-01) to Bulletin 65

Additional Documentation:
d) DASY4/5 Systern Handbook

Methods Applied and Interpretation of Parameters:

« Measurement Conditions: Further detalls are available from the Validation Report at the end
of the certificate. All figures stated in the certificate are valid at the frequency indicaled.

« 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 orientad
parallel to the body axis.

« Feed Point Impedance and Return Loss: These parameters are measured with the dipole
positioned under the liguid filled phantom. The impedance stated is transformed from the
measurement at the SMA connector 1o the feed point. The Return Loss ensures low
reflected power. No uncertainty required

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

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

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

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

The reported uncertainty of measurement is stated as the standard uncertainty of measurement
multiplied by the coverage factor k=2, which for a normal distribution corresponds to a coverage
probability of approximately 95%.
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Measurement Conditions
DASY systam configuration, as far as not given on page 1.

DASY Version DAEYS V52 8.0
Exirapolation Advanced Extrapalation

Phantom 1 Modular Fiat Phantom I

Distance Dipole Center - TSL 10 mm- - with Spacer o
Zoom Scan Resolution dx, dy, dz =5 mm o

Frequency _ 2450 MHz + 1 MHz i

Head TSL parameters
The following parameters and calculalions were applied

Temperature Parmittivity Conductivity
Nominal Head TSL parameters 22.0°C 9.2 1.80 mhofm
Measured Head TSL parameters (22.0£0.2) °C 398 +6% 1.81 mho/m 26 %
Head TSL temperature change during test =05°C s
SAR result with Head TSL
SAR averaged over 1 cm’ :1_91 of Head TSL Condition
SAH measurad 250 mW inpul power 13.0mW /g
SAR for nominal Head TSL parametars normalized 1o 1W 52.0 mW /g = 17.0 % (k=2)
SAR averaged over 10 cm” (10 g) of Head TSL condition
SAR measured 250 mW input power E0amW /g
SAR for nominal Head TSL parametars normalized to 1W 24.3 mW /g = 16.5 % (k=2)
Body TSL parameters
The following parameters and calculations were applied. —
Temperature Pormittivity _Candu:ﬂ\r]iv_r
Mominal Body TSL paramatars 220°C 5a.7 1.85 mho/m
Measured Body TSL parameters (22.0 1 0.2) °C 525 =6% 1.96 mho/m £ & %
Body TSL temperature change during lest <0.5°C -
SAR result with Body TSL
SAR avomged_nvar 1em’ {1 g) of Body TSL Condition =
SAR measured 250 mW input powear 12BmW /g
SAR for nominal Body TSL parameters normalized to 1W 50.2 mW /g = 17.0 % (k=2)
SAR averaged over 10 em’ (10 g) of Body TSL condifion )
SAR measured 250 mW input power 5.89mwW /g
SAR lor nominal Body TSL parameters nommalized 1o TW 23.5 mW / g = 16.5 % (k=2)
Cerlilicate No: D2460V2-726_Mar12 Pagedof B
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Appendix
Antenna Parameters with Head TSL
_ln:tpadama. transtormed 10 feed point 54.048 + 3302
Return Loss - #6.0 dR

Antenna Parameters with Body TSL

Impedance, transformed to feed point SO00+ 500
Returmn Loss - 26.0 dB

General Antenna Parameters and Design

Electrical Delay (one direction) 1.163 na

Aftar long term use with 100W radiated power, anly a slighl warming of the dipala naar the leedpaint can be measured.

The dipale is made ol standard semirigid coaxial cable. The centar conductor of the feeding line is direcily connected to the
sacond amm of the dipole, Tha antenna is therefars short-circuited lor DC-signals, On soma of the dipoles, small end caps
are addad 1o the dipole amms in order to improve matehing when loaded according to tha position as explained in the
“Measuremant Conditions paragraph. The SAR data are not affected by this change. The overall dipole length is siill
according to the Standard.

No oxcessive forca must be applied o the dipole arms, becausa ihey might bend or the soldered connections near the
feadpoint may be damagsed.

Additional EUT Data

Manufaciured by - SPEAG
Manutactured on January 04, 2003
Carificate Ma: D2450V2-T28 Mar2 Page 4 of 8
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DASYS Validation Report for Head TSL

Date: 15.03.2012
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 2450 MHz; Type: D2450V2; Serial: D2450V2 - 5N: 726

Communication System: CW; Frequency: 2450 MHz

Medium parameters used: f = 2450 MHz; o = 1.81 mho/m; & = 39.8: p= 1000 kf_f’m"
Phantom section: Flal Section

Measurement Standard: DASYS (IEEE/EC/ANST CH3.19-2007)

DASY 52 Configuration:
« Probe: ES3IDV3 - SN3203; ConvF(4.45, 4.45, 4.45), Calibrated: 30.12.2011
s Sensor-Surface: 3mm (Mechanical Surface Detection)
o Electronics: DAE4 Sn6l1; Calibrated: 04.07.2011

Phantom: Flat Phantom 3.0 (front); Type: QDOOODES0AA; Serial: 1101

DASY32 52.8.0(692); SEMCAD X 14.6.4(4989)

Dipole Calibration for Head Tissue/Pin=250 mW, d=10mm/Zoom Scan (7x7x7)/Cube 0:
Measurement grid: dx=5mm, dy=5mm, dz=3mm

Reference Value =98.265 V/m; Power Drift = 0L05 dB

Peak SAR (extrapolated) = 26.6110

SAR(1 g) = 13 mW/g: SAR(10 g) = 6.08 mW/g

Maximum value of SAR (measured) = 16.522 mW/g

Ak
P
R L
a0
1151
anm
2251 =0
0 dB = 16.520mW/g = 24.36 dB mW/g
Cerlificate No: D2450V2-726_Mar12 Paga 5ol &
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Impedance Measurement Plot for Head TSL

15 Mar 20812 10:13:0%F
CHIl 511 1 U FS 10 54,004 ¢ 0145 0 2531 pH I B GAG MYE HH2

fivg
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i [l ' e
- m— s __..u-"""f 4
™ e
= L :
— ——+
'IEQ } \/ :
Hid $ 4 4
START 2 250,000 DA0 Mz : = STOP 2 G50.000 000 Mz
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DASYS5 Validation Report for Body TSL

Date: 15.03.2012
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 2450 MHz; Type: D2450V2; Serial: D2450V2 - SN: 726

Communication Systen: CW; Frequency: 2450 MHz

Medium parameters used: [ = 2450 MHz: ¢ = 1.96 mho/m; & = 52.5: p = 1000 kg/m’
Phiantom section: Flat Section

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

DASYS2 Configuration:
«  Probe: ES3DV3 - SN3205; ConvF(4.26. 4.26, 4.20); Calibrated: 30.12.2011
s Sensor-Surface: 3mm (Mechanical Surface Detection)
« Electronics: DAE4 Sn601; Calibrated: 04.07.2011
« Phantom: Flat Phantom 5.0 (back); Type: QDOOOPS0AA; Serial: 1002

«  DASYS2 52.8.00692); SEMCAD X 14.0.4(498Y)

Dipole Calibration for Body Tissue/Pin=250 mW, d=10mm/Zoom Scan (7x7x7)/Cube 0:
Measurement grid: dx=5mm, dy=3mm, dz=3mm

Reference Value = 95,171 V/m; Power Driflt = 0.01 dB

Peak SAR (extrapolated) = 25.7330

SAR(1 g) = 12.6 mW/g: SAR(10 g) = 5.39 mW/g

Maximum value of SAR (measured) = 16.544 mW/g

=i.5%
1300

TR

0 dB = 16.540mW/g = 24.37 dB mW/g
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Impedance Measurement Plot for Body TSL

17 Mar ZO1Z 1811339
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