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Acoredibed by the Seiss Accredilabion Serdce (545 Accradiation Me! SCS 108
The Bwiss Accraditathan Barvics s ons of tha signatomkes to tha EA
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Glossary:

TSL tisgiee sFmulating liguid

SNORMa .2 sensilivity in lree space

ConuF sensitivity In TSL ! NORM: v .2

ace diole campression poin

CF crest factor (1duty_cycle) of the RF signal

& B G moculaticn dependrnt insanzatincn parameters

Polarization o ip redation around probe axis

Palamzation 3 4 polation arcund an axis hal is in ke plane normal o probe axis {at mesaurement ceniern)

iz, 4= 0I5 normal to probe axis

Calibration is Performed According to the Following Standards;

2] |EEE Std 1528-20073, "IEEE Racommendad Practice for Detarmining the Pesk Spatial-Averaged Specfic
Absorplion Rale (3AR] I he Human Head rom Wirelass Comrmunications Devices: Measurament
Technigues”, Decembser 20053

B) IEC B2209-1, "Procedure o measure the Specilic Absorption Rate (SAR) for hand-hels devices used in doss
proximity ta e sar (frequency range of 300 MHz 1o 3 GHz)", Fobruary 2005

Methnda Applied and Interpretation of Parameters;
NORM, w2 Assessed for E-field polas .fidl"JrI 3= 0(I= 800 MHz m TEM-call: { > 1300 MHz: R22 wavequide)
MORMx v,z are only Intermediate values, |&., the uncertainties of NORMexy.z does nat effect the E>-fisld
uncertainly nsde TSL (see below f.'urt-.-.l-]

= NDRMx vz = NORMz p.z ® frequency_response [ses Fraquency Response Charl), This nearization is
implemented in DASY4 software varsions |ater than 4.2 The unceraknty of the frequency response is inchuded
i the stated uncarainty of ConwF.

s OCPey 2 DCP are memerical linearzation paramelens sssessed based on the data of power swesp with Gl
signal (ne uncerdainty required). DCP coes nol depend on fregquency nor media

 Ax ez Bz Ceyz VRxyz A 4 Care numencal imearzabon parameters assesasd based on the dala of
peoveizr sweeap for specifc modulation signal. The parametsrs do not depend on FeEquency nor media, Vi is ha
maximim calibrabon range expressed in RMS voliage across the diode.

 LoneF amd Baundary Effect Parametes Assessed in Hal phartom usirg E-field (or Temperature Transfer
Standard-for £ < 800 MHz) and inside waveguide using analyiical field defribulions based on power
measurements for f = 800 MHz. The same setups are used for assessment of the paramelers applied for
boundary compansation (aipha, depth) of which bypecal uncerainty values ae given, These paramelers are
uzed in DASYS software to improwva probe accuracy olose 1o the boundary, The sensitivity in TSL cormesponds
to NORMz, y.z * ConvF whereby the uncartainty corresponds 10 thas glven for ComeE A fregquency dependant
ConeF is uzed in DASY version 4.4 and higher which allows extenging the validity from £ 50 MHz 1o = 100
MHz.

«  Sphencal isoropy (30 deviabon froem sotrapy): in a field of low gradients realized using a flat ghartom
exposed by @ patch anlenna

»  Sensor Offsel The sensor offset correspends o the offsel of virlual measuremant centar from the probe tip
{on probe axra). Mo iolerance required

Cartficale Na: EX3-3843 Jzn11 Pega 2 af 11
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EXI0DV4 SN:3643 January 24, 2011

Probe EX3DV4

SN:3643

Manufactured: January 8, 2008
Last calibrated: January 26, 2010
Recalibrated January 24, 2011

Calibrated for DASY/EASY Syslems

(Mole: rom-compatible with DAZY2 systam!!
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Report No.: DRTFCC1112-0491 FCC ID: ZNFE400 Date of issue: Dec.21, 2011

EX3DV4 SM:3643 January 24, 2011

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

Basic Calibration Parameters

|Sensor X | Sensor Y | SensorZ lUnc (k=2)
Norm {uWi(vim)’y* 0.39 0.42 046 | 2100%
BCE imy)” Qi 6 854 85,0

Modulation Calibration Parameters

D Communication System Narme PAR i B C VR une*
| dB dBuv my [k=2)
10000 CV G00 X 0.0 0.00 .00 138 2 4%
ki 0.0 0.0 1.00( 1288
Fi 0.00 0,0 100 1453

The repofad uncertanty ol maasuremeant is stated as the standard uncertainty of maasurement multiplisd
by the coverage factor k=2, which for a normal distribution coresponds to a coverage probability of
approximately 95%:,

® Thi uncarianlias of Henek ¥ 2 da sk affiec] ina Fohedd unoorainly insde TEL [soen Papgoa 5ard B)
. Mismsyiiel kitsarigatian joesmsie @ 1y 1A fafil il

: LUincariaimy 1= celamrined LSing the maxmum dSaaton bom inear rsspanse apeta g recsang ular deinouion and = expressed i Ihe sguars of the leid vaue

Zedificaha Mic EX3-3642 Jgntd Page & of 11
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Report No.: DRTFCC1112-0491 FCC ID: ZNFE400 Date of issue: Dec.21, 2011

EX3DV4 SN:3643 January 24, 2011

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

Calibration Parameter Determined in Head Tissue Simulating Media

I [MHz] Walidity [MHz]" Parmittiviry Conductivity ConvF X ConvF ¥ ConwF Z Alpha Depth Unc (k=2
450 £S04 100 435 2 5% D.HY £ 5% 955 g B8R G E0 D12 1.00 £ 13.3%
B35 + 501 = 100 41.5 £ 5% 0.80 + 5% B.56 .1 H3 B8 N&EA 064 +11.0%
1750 =50/ = 100 40.1 & 5% 137+ 5% B.58 a.58 a.58 063 072 = 11.0%
1900 + 50/ + 100 40.0 & 5% 140 + 5% B.26 8.26 .26 054 0.7 = 11.0%
2450 =30/ 100 102 + 5% 1 80 = 5% .40 740 T.40 0.52 Q77 =11.0%
The validly of £ TCO MHZ orly Gppbas 1 TASY w8 4 ard higher (see Page 20 The unoaarty @ 1ha RES ef the CanE uaserainty 2t oadbmata iy

and ta uncatainty e e indcylss fresguesncy band
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Report No.: DRTFCC1112-0491
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EX3DV4 SH:3643

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

Calibration Parameter Determined in Body Tissue Simulating Media

January 24, 2011

t [MHz] Validity [MHz}" Prrmittivity GConductivity  ComvF X ConvE Y  Conwk £ Alphia Diapth Ut (k=21
450 500 =100 56,7 £ 5% 004 £ 5% 0.4 1031 id.31 0.06 108 +13.53%
B35 + 500z 100 56,2 5% 087 £5% B.AT 9.9y g7 0.5z CT7T +11.0%
1750 2 5007 =100 53.4 + 5% 148 £ 5% T.43 T.43 T 48 0,69 065 £11.0%
1500 +500/£100  BAI£E% 152 +5% 719 7.19 719 D44 083 :11.0%
2450 = 5042100 B2 7 £ 5 1.05 x84 T.03 T.03 K] 0.51 074 +11.0%
2600 + 50 /=100 52,5+ 5 216+ 5% 6.96 625 B985 0.26 1.07 £11.0%
ARNG + 807 £100 E13+5% 331 +5% 815 615 615 .33 1.30 £13.1%
5200 500 £ 100 40,0 £ 5% 5.30 £ 5% 432 4,32 & 32 045 .80 £13.13

5300 = 304 100 488 + 5% S42 ¥ 5% 4.15 .13 415 CED 190 £13.1%
SO0 + 501 ¢ 100 48 5 + 5% 5. TT25% vz 372 T2 C.50 180 £13.1%
SBO0 250 /=100 402 5% G.00 = 5% 380 bR & .46 .60 .00 = 13,13

The yalidiy al 4 1080 MHz any apples for DASY i & and Higher faee Page 20 The orcerisinty iz the RSS of e ConyF uncerlarty ot cabbrshon fraquancy

ardl the unoerianly for e indicaled requency band

Canificabe Mo EX3-3E43 Jani®
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Report No.: DRTFCC1112-0491 FCC ID: ZNFE400 Date of issue: Dec.21, 2011

EX3DV4 SN:3643 January 24, 2011

Frequency Response of E-Field
(TEM-Call:ifi110 EXX, Waveguide: R22)
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Uncertainty of Frequency Response of E-field: £ 6.3% (k=2)

Cerificate Mo: EX3 3843 _Jani1 Paga T of 11
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EX3DWV4 SN:3643 January 24, 2011

Receiving Pattern (¢), 3 = 0°

f =600 MHz, TEM ifiT10EXX f= 1800 MHz, WG R22

—— —— ——7 —2—Ta —— = T =0="Ta{

s W] A
i 1 M

B [0 M
—— 10 WiHe
—aili— 2500 WiHz

D il 120 180 240 30

Uncertainty of Axial Isotropy Assessment: £ 0,5% (k=2)

Carficate Mg EX33543 lan1t Pags 5 of 11
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EX30V4 SMN:3643

E+6

1 EHIS

January 24, 2011

Dynamic Range f(SAR..q)
{TEM cell, f =900 MHz)
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Uncertainty of Linearity Assessmeant; £ 08 (k=2)
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Date of issue: Dec.21, 2011

EX3DV4 5N:3643

January 24, 2011

Conversion Factor Assessment

f= 35 MHz, WGLS RS (head)
4.0
15
4.0
z,,
EE 0
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0.0
[a] 1 20 o] an = 4} £a
z[mim]
== Rrinjren el L B 1
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= a o = |
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L=
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i 21 an &0
F[mim]
—B— A —o— i raeris

Deviation from Isotropy in HSL

B-1.06-080 B-080-05) B-0.60-0.40 B-0.40

OOM3-03] BI040 DOO40060 BEDSN-0A0 B0 601 0

Error (§, 3], f = 900 MHz

1.0

|_'i-l

e

14

(o)
a0 L
o7 %

| -0
(K ':'
] =]
10 E
il

020 -0 20.000

Uncertainty of Spherical Isatropy Assessmant: + 2 6% (k=2|

Cerlificat® Mo EX3-3843_Janid
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Report No.: DRTFCC1112-0491

FCC ID: ZNFE400

Date of issue: Dec.21, 2011

EX3DWV4 SM:3643

Other Probe Parameters

January 24, 2011

Sanson Arrangamenl

Triarsgutar

Connecior Angla (7}

Mak applicabla

fechanical Sl..rf.;:;:e Detection Mods

anabled
Crptical Surface Detection Mode desabled
Probse Owerall Lenglts 33T mm
Probe Body D-HE';FJ {0 mm
N Langth @ i
Tip Diameatar 2.5 mm
Probe Tip to Sensor X Calibration Paint + mm|
Probe Tip 1o Sensor ¥ Salibration Paln 1 mmi
Probe Tip to Sensor £ Calibration Poont f 'nl—|1i
Fi-ecnrnmer!:led Meszurement Distance from Surface 2 mm

Cedificate Mo, EX3-36843 Jan11

Page 19 af 17
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Calibration Laboratory of A, Schwsizerischer Kallierdienst
Schmid & Pariner e Sarvice suisse d'dlalonnage
Engineering AG i ol Sarvizio avizzero di taratura
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T T

Accredited by 1ha Sase Accreddation Sewvice [RA5]
Tha Swigs Accreditatinn Service is pna af tha slignatarias ta the EA
Multilatergl Agreamant far the recogrifion of calliration cartificatas

cient  Digital EMC (Dymstec)
CALIBRATION CERTIFICATE

st DB35V2 - SN:- 464

Accraditation Na.: SCS 108

Centiticate No: DBISV2-464 Mari0

Calinration prozedursds)

a8 CAL-05:7
Calibration precedura for dipole validation kits

Calirabon dabe:

March 22, 2010

This caléiration cemfcate dozuments tha raoeabilty o rational standams, which realizs tha physical units of massuements (513
The measurements and the urcenairtizs with conficance protaaiity are green oo the doliewing pages and are part al the cedificaba

All caibrations bave bear condiced m the closet latormtory facilay: anvinonmant {emparaira (22 © 30°0 570 Iumidny < 70%:

Lalirahon Equpmand Lsan |ME 1E orbzal far calibradon)

MWetwars Analyzer HP 8TE3E

UFE3TAREAE 54206

1E-031-018 im house chask Cl-05)

Prmary Standards N & al Mata {Cariicaie Mo Soheduled Calbralion
Pirwesr aler EPM-4424 BEIT4A0704 0601106 [No. 217-01038) Dern

Poreer sarsar HF G481 A US37an2Tas 05-Chrl-08 (M, 217-01 08E) Ot 10

Falerence 20 03 Atlenvalos SN: 5086 (20g) 31-Mar-09 (Mo, 217-01025) Mar: 10

Type-N mismatch combinaiian SN 5047 3 F IE3ET 3 -Pla-08 (Mo, 217-01025) flar 10

Rahsmance Frobe ES30VE Shi: 3203 Z6-Jur-C9 (Mo, ES3-3205_Junds] dun-10

DAE4 Sh: &1 f2-Mar-10 Mo, DAEA-E01_Marid) Par11

Secomdary Stardands oA Checy Dale (in hawsa Ecu.'dl_.ll:d l_:hgmk
Poramr sansar P E4BTA WY I0RRATT 18Dt lin house chask Ced-0%] In housa chack: Cot-11
RF generator RES SMT-08 1 Ga0Eas A-Aug-5 in hausa chack Ggt-08) In hauea chack: CDei-11

In hauea chack: Cel-10

Mamda Furatien Signatura
Cadbrated by: Dimce flav Lanoratory Technician I SE
K Xohn
Approved by Katia Pokovic Tachnicel Menager
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Iggued: Manch 22, 2010

Thie= calibeatian cerificate shall not ke reproduced axceot in full wathout woban approwal of 1ha laborasory
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_Report No.: DRTFCC1112-0491 FCC ID: ZNFE400 Date of issue: Dec.21, 2011

Calibration Laboratory of

T
& H““f,e' A S Schwalzerischer Kalibrigrdisnst
: P E

Schmid & Partner ﬁﬁ%ﬁ o Servics sulsse gitslonnage

Engineering AG gpr—ang Servizio svizzoro di taratura
Zeughausstrasse 43, G004 Zurich, Swilzerland ':'*-;___rf':r-\?_'_}c-‘ s Swiss Calibration Sarvice

BT [T IE

Accrattad ny the Swizs docradifalion Sandra (545) Accraditation Mo SCS 108

The Swiss Accraditation Sarvice is one of the signatories to tha EA
Multitatarsl Agrasmant for tha racognition of calibration carfificates

Glossary:

TSL tissue simulating ligquid

ConvF sensitivity in TSL / NORM x.v.2
A nol applicabla or not measured

Calibration is Performed According to the Following Standards:

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

by IEC B2203-1, "Procedurs to measure the Specific Absorption Rate (SAR) for hand-hald
devices usad in clogse 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 Hurman Exposure to Radiotrequency
Electromagnetic Fields, Additional Information for Evaluating Compliance of Mobile and
Portable Davices with FCC Limits for Human Exposure to Radiofrequency Emissions”,
Supplement C (Edition 01-01) to Bulletin 85

Additional Documentation:
d) DASY4/S System Handbook

Methods Applied and Interpretation of Parameters;
= Measurement Conditions: Further details are availabla from the Validation Repor at the end
of the certiticate. All figures stated in the cerificate are valid at the frequency indicated.

=  Aplenna Paramelers with TSL: The dipole is mounted with the spacer to position its feed
point exactly below the center marking of 1he flal phantom section, with the arms orented
parallel to the body axis. '

= Feed Point Impedance and Retum Lass: These parameters are measured with the dipole
positioned under the liquid filled phantom. The impedance stated is transformed from the
measuremant at the SMA connector to the feed point. The Retum Loss ensuras low
raflected power. No uncarainty required,

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

* SAA measured: SAR measured at the stated antenna input power.

=  S5A4A normalized: SAR as measured, normalized to an input power of 1 W at the antenna
connactor,

«  3AA for nominal TSL parameters: The measured TSL parameters are used to calculate the
nominal SAR result,

Cerificate Mo: D33 2-464_Mario Hage 2 of &
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_Report No.: DRTFCC1112-0491 FCC ID: ZNFE400 Date of issue: Dec.21, 2011

Measurement Conditions
DASY system configuration, &s 1ar & not givan on page 1.

DASY Verzlon DASYS V5.2
Extrapolation . Advancad Extrapalation

| Phantom Modular Flal Phantom V4.8
Distance Dipole Center - TSL = ‘.5 mm with SL}&::&r
lzn-nrl'l; é-:an Rasolution dx, dy, dz =5 mm
Frequency B35 MHz = 1 MHz B

Head TSL parameters

Thne lollowing paramelers and calculations wera sppéied.

Temperature Permittivity Conductivity
MNominal Head TSL paramaters 2.0 "L 415 0.90 mihodm
Maasured Head TSL paramsters (220030 429+ 8% 0.91 mhoim =6 %
Head T5L temperature during test (2202 0.2)°C s -
SAR result with Head TSL
| SAR averaged aver 1 em” {1 g} of Head TSL Condition
SAR measured 250 mW input power 244 mW /g
SAH norrmalized narrmalized 1o W BT MW g
SaH for nomingl Head TS0 paramotors normalized to 1W | 8,75 mW /g = 17.0 % [k=2) I
SAR averaged over 10 em’ (10 g) of Head TSL cordition
S8H measured 2500 mW inpst posser 150 mW /g i
SAR nomalized normalizad to 1W 6.36 mW /g
_-E--U.FI for mominal Head TSL paramsters normalizad o 1W B.35 mW g £ 16.5 % (k=2 |
Cerificate Mo: DEISVE-164 Mari0 Page 5of 9
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_Report No.: DRTFCC1112-0491 FCC ID: ZNFE400 Date of issue: Dec.21, 2011

Body TSL parameters
The following parameters and caiculations wirng applisd
Temperature Permiitivily Conductivity
Mominal Body TSL parameaters 220°C 552 .97 mhaotm
Measured Body TSL perameters (220x02]°C 55326 1,01 mibo'm £ & %
Body TSL temperature during test (221 +0.2°C l
SAR result with Body TSL
SAR averaged over 1 cm’ (1 g) of Body TSL Conditan '
S4R mepsured 250 mW input powier 255 mW /g
S54R normakzed normalized to 1W 02 mW g
SAR for nomina! Body TSL parameters normalized o 1W .50 mW /g = 17.0 % (k=2)
S5AR averaged over 10 cm’ {10 g) of Body TSL ] condition
SAR measured 260 mW impul power 1LET mW /g
EAR nomalized narmalized 1o 1% G.o2mv g
_Sﬁ.Ft for nominal Body TEL parametess narmalized to 1% 6.53 mW /g + 16.5 % (k=2)
Cerificate Mo: DB3SVE-064 Marii Page 4 of 9
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Appendix

Antenna Parameters with Head TSL
Impadance, transfarmed o feed point 50,1 € - 2.6 6
Aeturn Loss -31.9dB

Antenna Parameters with Body TSL

Impedance, transtormed to feed point d5.6 52 - 5.7 j&2
RAelurn Loss -24.5d8

General Antenna Parameters and Design

Electrical Delay jone direckon] | 1,382 ns |

Afet lang tarm use with 100W radiated power, orly a slight werming of the dipole near the feedpoint can be magsursd

Tha dipoka = made of standard samirigid coaxial cable. The center conducior of the feeding line 15 direclly connaected to the
sedond arm ol the dipola, The antenna is thersfore short-circwted for DC-signals.

Mo arcessiva lorma mues] be apolied 1o e dipole arms, becauss thay might bend or the soldered connections near the
tpedpoint may be damagod

Additional EUT Data

Manulastusd by SPEAL
| Manutasiuned on March 27, 2002
Coarbficata Mo: DE3SVE-464_Mar i Hage 5ol 3
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DASYS Validation Report for Head TSL

DaterTime: 22.03.2000 09;52:40
Test Laboratory: SPEAG, furich, Switrerland
DUT: Dipote 835 Mz: Type: D35V Serial: DEISV2 - SN:464

Communication System: CW: Frequency: 835 MHz: Duty Cycle: 1:1

Medium: HSLS00

Medium parameters used: f = 835 MHz: o = 0.91 mho/m: g, = 42.9: p = 1000 kg/m’
Phantom section: Flat Section

Measurement Standard: DASYS (TEERTECYANS] CH3, 19-2007)

DASYS Configuraticon:
o Prohe: ES3DWVA - SN3205; ConvRio4, 604, 6.04): Calibrated: 26,06, 2004
o Sensar-Surface: 2mm (Mechanical Surlace Detection)
»  Electronics: DAEL Sndi]; Calibrated: D2.02.2010
»  Phantom: Flar Phontom 490 Type: QDOGOPAYAA; Serial: 1001

s Measurement SW: DASYS, W52 Build 1537; SEMCAD X Version 14.0 Build 57

Pin=250 mW /d=15mm, dist=3.0mm (ES-Probe)/Zoom Scan (7x7x7) /Cube (¢ Measuremen
grid: dx=3mm, dy=3mm, de=5mm

Reterence Value = 57.6 Vim; Pawer Drifi = 0016 dB

Peak BAR (extrapobmedy = 3.66 Wikp

SAR(D gh = 2,44 mW/g; SAR(1D g} = 1.59Y mW/g

Muximum value of SAR (measured) = 2,85 mWig

L i}
L]

h&

-4

(IR = 2. B5mW/g

Cenlificate No: DE3SV2-464_Marl0 Paga & af 9
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Impedance Measurement Plot for Head TSL
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DASYS5 Validation Report for Body

Date/Time: 22032010 13;46:23
Test Luboratory; SPEAG, Zunch, Switzerland
DUT: Dipole 835 MHz: Type: DRASV2; Serial: D35V 2 - SN:464

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

Medivm: MST.SH00

Medium parameters used: =833 MHz: o = 101 mho'm; 6= 55.3; p = 1000 kg/m’
Phantom section: Flat Section

Measurement Standard: DASY S (IEEEAGC/ ANST CR3, 192007}

[PASY S Confipuration:
o Probe: ESIDVI - SNIZ0S; ConvFi 5 U7, 5347, 597 Calibrated; 26,06, 2009
o Sensor-Surface: 3mm (Mechanical Surface Delection)
e Electronics: IVAED Sn601; Calibrated: 02032010
o Phantom; Flat Phantom 4.90: Type: QEODOPA9AA; Serial: 1001

o Messurement SW: DASYS, V3.2 Build 157; SEMCAD X Version 14.0 Build 57

Pin250 mYY /d=15mm, dist=3.0mm (ES-Probe)/Zoom Scan (7x7x7) /Cube 0: Measurement
gridl; dx=3mm, dv=3mm. dz=5mm

Reference Yalue = 55.8 Vim: Power Dl = 0,054 dB

Peak SAR (extrapolated) = 3.78 Wiky

SAR(L gy = 2.55 mW/g: SAR(10 g) = 1.67 mW/g

Maximum value of SAR (measured) = 2.98 mW/e

0 dB = 2.98mW/yg

Cerificate Mo: DA3SV2-484 Mariil Page & of 9

“TRF-RF-303(03)100616 Page131/150
Copyright © 2011, Digital EMC Co., Ltd.




_Report No.: DRTFCC1112-0491

FCC ID: ZNFE400

Date of issue: Dec.21, 2011

Impedance Measurement Plot for Body TSL
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Calibration Laboratory of
Schmid & Pariner

Engineering AG
Leughaussirasss €3, 800 Zurich, Switzerkand

E Schweizerischer Kalibrerdianst
Service suisse d'élalonnags
Servizia svizzera di taratura

S Swiss Calibration Servica

Arcrrdied by 1tha Saiss Azcraritatinn Sarvica (54.5) Acereditation Mo SCS 108

The Swiss Accroditation Servica is ane of tha signatories o tha E&
Mutilnieral Agreament for the recogniticn of calibratian cartificates

Client Digital EMC (Dymstec)
CALIBRATION CERTIFICATE

Certificate No: D1900V2-5d029_Mar10

e ]

Cibjecs D S00V2 - SN: Bd029

QA CAL-05V7
Calibration procedura for dipole validation kits

Calibralion procadunss)]

Galiberatian gaie

March 23, 2010

Trig calipraton carilicatd documants the taceatilty o rational standamds, which raalize 1ha phveica urils of ngasursmenls (S
The measurernants and the unceriantiss with confidence prooanibty are given o0 T oilceing pagas end are perl of e cetifcaie

All calibrations have Sean conducied in e clesed lEbonroey facility: anviranmant temparasirg (22 = 31°C and humadily « #5%

Calizrabion Equpmen! used MATE critical far calibration)

Prenary Standarss D% Casil 383 -;r'“.nrllllq__c:m Mo schg.gum Cribiration
Pramr matar ERM-2424 GRITAI0T 4 [E-0-08 Me. 217-01038) =10 =
Praar sansar HP 84814 LEET2e2Tas 06-0cA-08 (Mo, 217-01038) Cet-10

Ratrrenca &1 o8 Attenualnr SM: 5086 (20g) I-Mar-0s Mo 21700 02E) Mar-10

Typr-M mismatch corhination SN 5047 2 S OE3ET 31-Mar-08 (Mo, 21 7-01 028) Mar-10

Aedamnce Proba 53003 Sh: 3205 26-Jun-08 (Mo, EF3-3205_Jund®) dun-1n

DaF4 SN B3 O2-Mar-10 (Mo, DAES-S01 _Ma- 1) Klar-11

Sprandary Bfardamis RE} Chack Dailg [in hauss) Schaduled Chack
Power gensar HP BAE1A WY41092217 18-Dct-02 {in Nouse shack (-03) A housa chock: D11
AF genaralor R&S SMT-08 100205 L8094 |inhousa chank Oo1-08) In bouse chack: ot 11
Metwork Analyzer HF 8733E USIFAn0sEs S4206 18-Cct-01 (in house check Dct-03) In howse chock: Qo 10

Mama Sumchon Sigrathure
Galibratad Dy D ey Labaratary Techniclan 5 !
8 Yo
Apprie by Kartja Pokovio Technical Manager

Thig cakbration cemtoate shall mol be reprogused excapt n fll wimoul writlen approval of 56 abaratony

Canificate Mo; D900V 2-500249_ Marii
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Ca"bratiﬂ‘n Lahﬂfﬂtﬂl'"'_ul' ﬂf _:L-:"".::_I' I':':';":f___ 5 Schaeizarischar Ealibrisrdisnst
Schmid & Partner ﬁ‘“ﬁx:’-"”ﬁi o Servies sulsse détaionnage
Engineering AG e Servizio swizzern di faratura
Zeughausstrassa 43, 8004 Zurich, Switzeriand a*:-'l.-":fl“k S  swiss Calibration Sarvice
Accrodiled by e Seiss Accradiation Sevice (SAS) Accraditation No.: SCS 108

The Swiss Accreditation Service is pne of tha signataries to the E&
Multilateral Agreemant for the recognition of callbration cartificatas

Glossary:

TSL tissue simulating liquid

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

Calibration is Performed According to the Following Standards:

aj

o)

|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 Technioues”, Decamber 2003

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

Federal Communications Commission Office of Engineenng & Technology (FCT OET),
“Evaluating Compliance with FCC Guidelines for Human Exposure to Radiofrequency
Electromagnetic Fields; Additional Information for Evaluating Compliance of Maobile and
Fortable Devices with FCC Limits for Human Exposure to Radiofrequency Emissions”.
Supplement C {Edition 91-01) to Bulletin 65

Additional Documentation:

d)

DASY4/5 Systern Handbook

Methods Applied and Interpretation of Parameters:

Measurament Conditions, Further details are available from the Validation Report at the end
of the cerificate. Al figures stated in the cerificate are valid at the frequency indicated.

Anfenna 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 1o the body axis. '

Feed Point Impedance and Aefum Loss: These parameatars are measured with the dipole
positioned undear the liguid filled phantom. The impedance stated is transformed from the
measurament at the SMA connector to the feed point. The Relum Loss ensures low
reflected power. Mo uncertainty reguired.

Electrical Deiay: 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.

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

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

Cartificate Mo D1A00V2-50029_RMartD Paga 2ol
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Measurement Conditions
DASY systern configuration, aa far as nat given on page 1,

DASY Version CASYS V52

Extrapolation Advanced Exirapolation |

Phantam . hadutar Flat Phantom Ve.0

Distance Dipole Canter - TSL 10 mm with Spacer
Z_MI'I.';-écan .l.%a-sc;l“uunn d¥, dy, dz =5 mm

Freguency THO MH7 + 1 MHZ B

Head TSL parameters
The folfowing parameters and calculations were appliea,

Temperaturs Permitthvity Conductivity
Mominal Head TSL parameters 2R 40.0 1.40 mhoim
Measured Head TSL parameters (220 =02 0 411+6% 1.45 mho'm = & =
Head TSL temperature during test [21.6 20.2)°C e
SAR result with Head TSL
| SAR averaged over 1 cm’ {1 0] of Head TSL Condition ]
SAR measurad 250 MWW input powsar 0.0 MW /g
SAR normalized normalized to 149 400 mi /g
SAHA for nominal Head TSL parametars normalized to 19 394 miV g £ 17.0 % (k=2)
SAR averaged over 10 cm® [10 g) of Head TSL sondilion |
EAR measured 250 mW inpat powier 523mWig
SAR normalized normalized to 1W 20.8mW g o
SAR for nominal Mead TSL parametars nofrmalized o 1W 20.8 mW /g = 18.5 % (k=2)
Coertheate Mo D900WV2-5d029_MartD PagedofB
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Body TSL parameters
The following parameters and calculations were applisd,
| Temperatura Parmittivity Conductivity
Mominal Body TSL parameters [ 220°G 533 1.52 mha'm
Measured Body TSL parameters (2.0 + 0.3t "L 4.0 46 % 1.58 mho/m & & %
Body T5L temperature during test | 1.5£02"C
SAR result with Body TSL
SAR averaged over 1 em” (1 g of Body TSL Cordifion
SAR measured 250 rn'.l';-' input power 13 mw /g
SAR normalized nermalized to 1h;f I 41.2 mW /g
| S5AR for nominal Body TEL paramatars normalized o 1W 406 mW /g = I'."-.l} “;a{k.zzj_

SAR averaged over 10 em” {10 g} of Body TSL

cardition

SAR measuwrad

SAA normalizad

ZE0 W Input powesr

550 MW / g

normalized to TW

SAH for nominal Body TSL pasamsaters

220 mwW /g

nesmalizad ko TW

Ceificate Mo: 0H S000V2-5005_Marid

TRF-RF-303(03)100616

21.9 mW /g = 16.5 % (k=2)
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Appendix

Antenna Parameters with Head TS5L
Impedance, transformed to feed point A8F 82 - 1.4 fk
RAeturn Loss - 35,6 cdB

Antenna Parameters with Body TSL

Impesdance, transfamed to feed poant 45,54k - 0.8 L

Return Loss - 264 dB

General Antenna Parameters and Design

Electrical Delay (one direction) 1196 ns

&fter bang term usa with 100W radiated power, only a slight warming of the dipcle near the leedpoint can be measwrad.

Tha dipole is made of standard semirgd coaxlal cabde, The cerder conductar of the fesding line is directly connectad to the
second arm of the dipcke. The artenna s therefora short-arcuited far DC-signaks

Mo excessive force must be applied to the dipale ams, because they might berd o The soidared connections near tha
teadpaint may be damagea.

Additional EUT Data
Manufacturad by SPEAG
Manufactarad on Decembar 17, 2002
Carificata Mo: D1 S0IV2-53020_Mar10 Page &5 of &
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DASYS5 Validation Report for Head TSL

DrateTime: 23032000 11:30:54
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 1900 MHz; Tvpe: DIMOV2; Serial: DIV 2 - SN:5d029

Communication System: CW; Frequency: 1900 MHz; Duty Cycle; 131

Medium: HSL U111 BR

Medium parameters used; F= 1900 MHz: o = |45 mha'm; = 41.2; p = 1000 kg."m"
Phantem section: Flal Section

Measurement Standand: DASY S ([EEETEC/ANS] CH3.19-2007)

DASY S Confleuration:
= Probe: ES3DV3 - SNAXIS; ConvFi 5.09, 5.09, 5.09); Calibrated: 26.06.2000
= Sensor-Surface: 3mm (Mechanical Surface Delection)
= Electronics: YAR4 Sn60; Calibrated: 02.03.2010
+  Phantom: Flat Phantom 5.0 (front): Type: QENEKIPS0AAL Serial: 1001

+  Measurement SW: DASYS, V3.2 Build |57; SEMCAD X Version 14.0 Build 57

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

Reference Value = 96,3 Vim; Power Drifl = 0,064 dB

Feak SAR {cxtrapolated) = 18.3 Wikg

SARIL g) = 10 mW/ig: SAR(I0 g1 = 5,23 mWig

Maximum value of SAR (measured) = 12,7 mWig

(i S - I ]

[}

4

R

12

16

(o]

i} dB = 12.7mW/g
Certficals Mo D1900V2-54029 Marin Page & ol 8
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Impedance Measurement Plot for Head TSL
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DASYS5 Validation Report for Body

DatefTima: 17.03. 2010 12:26:35
Tesat Laboratory: SPEAG, Zurich, Switrerland
DUT: Dipole 1900 MHz; Type: D1900V2; Serial: D1900Y2 - SN:5d029

Communication System: CW; Frequeney: 1900 MHz: Duty Cyele: 1:1
Mesdivm; MSL LT BH
Mediom purameters used: [= [900 MHz: o = L58 mhivm: g = 55 p= (K} ]ag."m3

Phantom section: Flan Sectian
Measurement Standard; DASYS (IEEETEC/ANSI CA3, 19-2007)

DASYS Contiguration:

o Prohe: ES3DW3E - EN3205; ConvEi4.39, 4.539, 4.5%). Calibrated: 260060208

Sensor-Surace: Imim (Mechanical Surface Detection )
o FEleciromics: DAES Snaldl: Calibeared: (20320110
« Phantom: Flat Phantom 5.0 (hack ) Type: QDOOOPS0A AS Serial: 1002

Measurement 5W: DASYS, VA2 Boild 157, SEMC ALY X Version 14,0 Build 57

Fin250 mW /d=10mm, dist=3.0mm (ES-Probe)/Foom Scan (7x7x7) [Cobe 0: Measurement
arid: dx=5mm, dy=3mm. dz=5mm

Reference Value = 93,6 ¥V/m; Power Drift = 0,082 dB

Peok BAR [extrapolated) = 17.2 W/ke

SAR( g) = 103 mW/g: SAR(I0 gl = 5.5 mW/ig

Muximum value of SAR (measured) = 13 mWig

o
[
4
@
B
-AE
Edl
0 dB = 1 3mW/e
Cartilinats Mo: D1900VI-RA029_MariD Fage Aol g
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Impedance Measurement Plot for Body TSL

17 Far 2010 LASITESE
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Calibration Laboratory of
Schmid & Partner
Engineering AG =

Zeughausstrasse 43, 8004 Zurich, Switzerland

e

Schweizerischer Kalibrierdienst

Service suisse d'étalonnage
Servizio svizzero di taratura

Swiss Calibration Service

Accredited by the Swiss Accreditation Service (SAS) Accreditation No.: SCS 108

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

Client Digital EMC (Dymstec) Certificate No: D2450V2-726_Mar10

CALIBRATION CERTIFICATE

Object D2450V2 - SN: 726
Calibration procedure(s) QA CAL-05.v7

Calibration procedure for dipole validation kits

Calibration date: March 18, 2010

Calibration Equipment used (M&TE critical for calibration)

This calibration certificate documents the traceability to national standards, which realize the physical units of measurements (Sl).
The measurements and the uncertainties with confidence probability are given on the following pages and are part of the certificate.

All calibrations have been conducted in the closed laboratory facility: environment temperature (22 £ 3)°C and humidity < 70%

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

-

Issued: March 22, 2010

| Primary Standards | 1D # Cal Date (Certificate No.) Scheduled Calibration
Power meter EPM-442A | GB37480704 06-Oct-09 (No. 217-01086) Oct-10

Power sensor HP 8481A = | US37292783 06-Oct-09 (No. 217-01086) Oct-10

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

Type-N mismatch combination SN: 5047.2 / 06327 31-Mar-09 (No. 217-01029) Mar-10

Reference Probe ES3DV3 SN: 3205 26-Jun-09 (No. ES3-3205_Jun08) Jun-10

DAE4 ‘ SN: 601 02-Mar-10 (No. DAE4-801_Mar10) Mar-11 |
Secondary Standards |ID# Check Date (in house) Scheduled Check
Power sensor HP 8481A | MY41092317 18-0Oc¢t-02 (in house check Oct-09) In house check: Oct-11
RF generator R&S SMT-06 100005 4-Aug-99 (in house check Oct-09) In house check: Oct-11
MNetwork Analyzer HP B753E I US37390585 54206 18-Oct-01 (in house check Oct-09) In house check: Oct-10

Name Function Signature
Calibrated by: Jeton Kastrati Laboratory Technician - /
. , — - e

Approved by: Katja Pokovic Technical Manager

Certificate No: D2450V2-726_Mar10 Page 1 of 9
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Calibration Laboratory of
Schmid & Partner

Engineering AG
Zeughausstrasse 43, 8004 Zurich, Switzerland

S Schweizerischer Kalibrierdienst
Service suisse d'étalonnage

C Servizio svizzero di taratura

S Swiss Calibration Service

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

Glossary:

TSL tissue simulating liquid

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

Calibration is Performed According to the Following Standards:

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

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

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

Additional Documentation:
d) DASY4/5 System Handbook

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

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

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

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

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

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

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

Certificate No: D2450V2-726_Mar10 Page 2 of 9
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Measurement Conditions

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

DASY Version DASY5 V5.2
Extrapolation Advanced Extrapolation

Phantom Modular Flat Phantom V4.9

Distance Dipole Center - TSL 10 mm with Spacer

Zoom Scan Resolution

dx, dy, dz =5mm

Frequency

2450 MHz £ 1 MHz

Head TSL parameters

The following parameters and calculations were applied.

Temperature Permittivity Conductivity

Nominal Head TSL parameters 220°C 392 1.80 mho/m
Measured Head TSL parameters (22.0+£0.2)°C 4046 % 1.80 mho/m £ 6 %
Head TSL temperature during test (22.0 £0.2)°C - e

SAR result with Head TSL
SAR averaged over 1 cm’ (1 g) of Head TSL Condition
SAR measured 250 mW input power 13.0mWi/g
SAR normalized normalized to 1W 520mW/g

SAR for nominal Head TSL parameters

normalized to 1W

52.3 mW /g £17.0 % (k=2)

SAR averaged over 10 cm’® (10 g) of Head TSL condition
SAR measured 250 mW input power 6.13mW /g
SAR normalized normalized to 1W 245mW /g

SAR for nominal Head TSL parameters

normalized to 1TW

24.6 mW /g £ 16.5 % (k=2)
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Body TSL parameters

The following parameters and calculations were applied.

Temperature Permittivity Conductivity

Nominal Body TSL parameters 220°C 52.7 1.95 mho/m
Measured Body TSL parameters (220+0.2)°C 544+6% 2.00 mho/m £ 6 %
Body TSL temperature during test (21.4+0.2)°C - -—-

SAR result with Body TSL
SAR averaged over 1 cm’ (1 g) of Body TSL Condition
SAR measured 250 mW input power 129mW /g
SAR normalized normalized to 1W 51.6mW /g

SAR for nominal Body TSL parameters

normalized to 1W

51.3 mW /g £17.0 % (k=2)

SAR averaged over 10 cm® (10 g) of Body TSL condition
SAR measured 250 mW input power 6.00mW /g
SAR normalized normalized to 1W 240mW /g

SAR for nominal Body TSL parameters

normalized to 1W

24.0 MW/ g £ 16.5 % (k=2)
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Appendix

Antenna Parameters with Head TSL

Impedance, transformed to feed point 53.70+28jQ
Return Loss -27.0dB

Antenna Parameters with Body TSL

Impedance, transformed to feed point 4980 +4.2|Q
Return Loss -27.5dB

General Antenna Parameters and Design

Electrical Delay (one direction) 1.160 ns

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

The dipole is made of standard semirigid coaxial cable. The center conductor of the feeding line is directly connected to the
second arm of the dipole. The antenna is therefore short-circuited for DC-signals.

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

Additional EUT Data

Manufactured by SPEAG
Manufactured on January 09, 2003
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DASYS5 Validation Report for Head TSL

Date/Time: 18.03.2010 10:06:22
Test Laboratory: SPEAG. Zurich. Switzerland
DUT: Dipole 2450 MHz; Type: D2450V2; Serial: D2450V2 - SN:726

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

Medium: HSL U11 BB

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

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

DASYS Configuration:
*  Probe: ES3DV3 - SN3205: ConvF(4.53, 4.53, 4.53); Calibrated: 26.06.2009
*  Sensor-Surface: 3Imm (Mechanical Surface Detection)
e  Electronics: DAE4 Sn601: Calibrated: 02.03.2010
e Phantom: Flat Phantom 5.0 (front); Type: QDOO0OPS0AA; Serial: 1001

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

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

Reference Value = 99.8 V/m: Power Drift = 0.099 dB

Peak SAR (extrapolated) = 26.4 W/kg

SAR(1 g) = 13 mW/g; SAR(10 g) = 6.13 mW/g

Maximum value of SAR (measured) = 16.8 mW/g

dB
0

-25

0dB = 16.8mW/g
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Impedance Measurement Plot for Head TSL

18 Mar 2010 108:00:17
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DASYS5 Validation Report for Body

Date/Time: 18.03.2010 12:27:16
Test Laboratory: SPEAG. Zurich. Switzerland
DUT: Dipole 2450 MHz; Type: D2450V2; Serial: D2450V2 - SN:726

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

Medium: MSL U1l BB

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

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

DASYS Configuration:
e Probe: ES3DV3 - SN3205; ConvF(4.31, 4.31, 4.31); Calibrated: 26.06.2009
*  Sensor-Surface: 3mm (Mechanical Surface Detection)
*  Electronics: DAE4 Sn601: Calibrated: 02.03.2010
*  Phantom: Flat Phantom 5.0 (back): Type: QDO00PS0AA: Serial: 1002

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

Pin250 mW /d=10mm, dist=3.0mm (ES-Probe)/Zoom Scan (7x7x7)/Cube 0: Measurement
grid: dx=5Smm. dy=5Smm, dz=5mm

Reference Value =93.9 V/m: Power Drift = 0.073 dB

Peak SAR (extrapolated) = 26.6 W/kg

SAR(1 g) = 12.9 mW/g; SAR(10 g) = 6 mW/g

Maximum value of SAR (measured) = 16.9 mW/g

dB
0

-25

0dB = 16.9mW/g
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Impedance Measurement Plot for Body TSL

18 Mar 20186 10:00:41
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