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Appendix D. Probe Calibration Data

Calibration Laboratory of \\{_\'_r/_‘/, § Schweizerischer Kallbrierdienst
Schmid & Partner Go—— G Service suisse dtalonnage

Eng'mearing AG L3 s Servizio svizzero di taratura
Zeughausstrasse 43, 8004 Zurich, Switzerland "%ﬁ,{fﬁ“w\t Swiss Calibration Service
Accradited by the Swiss Accreditation Service {SAS) Aceraditation No.: SCS 108

The Swiss Accreditation Service is one of the signataries to the EA
Multilateral Agreement tor the recognibion of cilibration cerificates

cient  Quietek-CN (Auden) Certificate No: EX3-3710_Mar12

CALIBRATION CERTIFICATE |

Object EX3DV4 - SN:3710
Calibralion pracedurs(s) QA CAL-01.v8, QA CAL-12.v7, QA CAL-14.v3, QA CAL-23 .v4,
QA CAL-25.v4

Calibration procedure for dosimetric E-field probes

Calibration date: March 12, 2012

This calibration certificale documents the traceabilily 10 national standands, which realize the physical units of measurements (51
The measuremenls and Lhe uncerainties with confidence probability are given on the following pages and are part of the cerificate

All catibrations have besn condueclad in lhe cosed |labaraiony faciiily: environment temperature (22 £ 31°C and humidily < 70%.

Calibration Equipment usad {MATE criical for calbvation)

:_i;_nlmary Stendards 1D Cal Dale {Cedificate No.) Scheduled Calibration

Fower meter E44108 GEA1283874 | 31-Mar-11 (No. 217-01372) Apr-12

Fower sensor E44124 MY 41408087 31-Mar-11 (Mo 217-01372) Ap:r—lZ

Reference 3 0B Attenuator SN 55054 (3c) 28-Mar-11 (No. 217-01365) Apr-12

Raference 20 dB Attenuator | SMN: S5086 (200) 28-Mar-11 (No. 217-01367) Apr-12

Relerence 30 d8 Alenualor SN 55120 (308} 253-Mar-11 (Mo, 217-01370) Apr-12

Reference Probe ES30V2 §N: 3013 28-Dec-11 (No. ES3-3013_Decl) Dec-12 |
DAE4 SH: 654 3-May-11 (No, DAEA-B54_May11) May-12

Sacondary Standards [[#] Check Dale (in hausa) Schedulad Chack

EF generatar HP 86480 US3842001700 4-Aug-89 (i house check Apr-11} In hause check, Apr-13

Metwork Analyzer HP B753E US37390585 16-Ocl-0 (in house check Oct-11) | In house check: Oct-12

Mame Function Signalure -

Calibrated by: Jaton Kastrati Laboratary Techaician :

Approved by: Katja Pokovic Technical Manager

Issuad: March 13, 2012

This calibraiion centificate shall nol be reproduced except in tull withoul wilien approval of the laboratory
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Calibration Laboratory of

N S Schweizerischer Kalibrierdienst
Schmid & Partner c Service sulsse délalennage
Engineering AG 5 Servizio svizzero di taratura
Zeughausstrasse 43, 6004 Zurich, Switzerland Swiss Calibration Service
Accradited by tha Swiss Accraditation Service (SAS) Accreditation Mo.: 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
NORMx,y,z sensitivity in free space
ConvF sensitivity In TSL / NORMx,y,z
DCP diode compression point
CF crest factor (1/duty_cycle) of the RF signal
A, B, C modulation dependent linearization paramelers
Polarization 4 rotation around probe axis
Polarization % 8 rotation around an axis that is in the plane normal to probe axis (at measurement center),

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®, Decambear 2003

b) IEC 62208-1, "Procedure to measure the Specific Absorption Rate (SAR) for hand-held devices used in close
proximity to the ear {frequency range of 300 MHz to 3 GHz)", February 2005

Methods Applied and Interpretation of Parameters:
= NORMx.y.z: Assessed for E-field polarization & = 0 {f < 900 MHz in TEM-cell; f > 1800 MHz: R22 waveguide).
NORM,y,z are only intermediate values, i.e.. the uncertainties of NORMx,y,z does not affect the E-field
uncertainty inside TSL (see below ConvF).

= NORM{lx.y.z = NORMzx,y, z * frequency_rasponse (see Frequency Response Chart). This linearization is
implemented in DASY4 software versions later than 4.2. The uncertainty of the frequency response is included
i Whee slated uncer lainly of CunvF,

= 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 madia.

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

»  Axy.z Bxyz Cxyz VRxpz. A, B, Care numerical linearization parameters assessed based on the data of
power sweep for specific modulation signal. The paramelers 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 Transfer
Standard for f = 800 MHz) and inside waveguide using analytical field distributions based on power
measurements for f > 800 MHz. The same setups are used for assessmeant of the parameters applied for
boundary compensation {alpha, depth} of which typical uncertainty values are given, These parameters are
used in DASY4 software to improve probe accuracy close to the boundary. The sensitivity in TSL corresponds
o NORMzx y.z * ConvF whereby the uncertainty corresponds to that given for ConvF, A frequency dependent
ConvF is used in DASY version 4.4 and higher which allows extending the validity from + 50 MHz to + 100
MHz.

*  Sphencal isofropy (30 dewviation from isofropy): in a field of low gradients realized using a flat phantom
exposed by a patch antenna.

= Sensor Offset: The sensor offset corresponds to the offset of vitual measurement center from the probe tip
|on probe axis). No tolerance required.
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EX3IDW4 — SMN:3T10 March 12, 2012

Probe EX3DV4

SN:3710

Manufactured:  July 21, 2009
Repaired: February 21, 2012
Calibrated: March 12, 2012

Calibrated for DASY/EASY Systems

[Mote: non-compatible with DASY2 system!)
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EX3IDV4- SN:3710 March 12, 2012

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3710

Basic Calibration Parameters

Sensor X Sensor Y Sensor Z Unc (k=2)
Norm (uVAVim))" 0.51 ' 0.56 0.44 +10.1 %
DCP (mv)° - 1013 | 96.9 100.8

Modulation Calibration Parameters

uiD Communication System Name PAR A B Cc VR Une™
dB dB dB mV (k=2)
10000 oW B - 0.00 X 0.00 0.00 1.00 114.4 22 %
T ] ) Ty [ oo 0.00 1.00 94.4
pd 0.00 Q.00 1.00 114.2

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%.

* The uncertainties of Normd, Y Z do nol affecl the E - fiakd uncerlainly inside TSL [see Pageas 5 and &).

: Numerncal Inearization parameler; uncertainly nol required

"~ Uncerainly is delermined using the max, deviation from lingar response applying rectangular distribution and is expressed for the square of the
field value.

Certificate No: EX3-3710_Mar12 Page 4 of 11

Page: 99 of 135



QU ieTeK Report No.: 1285003R-HP-US-P03V01

EX3DV4— SN:3T10 March 12, 2012

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3710

Calibration Parameter Determined in Head Tissue Simulating Media

f (MHzJC F‘a?l‘la'lli:ttiI:iEtyF Co?g::;:;d:_i?" ConvF X | ConwF Y | ConvFZ Alpha | ?;EL IIJKT;:I |
450 43.5 0.87 9.61 9.61 9.61 0.12 1.00 t13.4 %
| 750 41.8 0.89 9.51 9.51 9.51 0.24 1.16 +12.0 %
835 41.5 0.20 9.18 2.18 9.18 0.22 1.156 +12.0%
aoo 41.5 0.97 8.97 8.9v7 8.97 0.19 1.35 +12.0 %
1810 40.0 1.40 8.32 8.32 8.32 078 0.60 +12.0 %
1900 40.0 1.40 8.186 8.16 8.16 0.72 0.66 +120%
2450 39.2 1.80 V.25 7.25 7.25 0.36 0.91 +120 %
2600 39.0 1.96 6.96 6.96 6.96 0.39 0.95 +12.0 %
3500 e 9 .80 6.80 §.80 0.33 1.09 +13.1%
5200 36.0 4.66 5.21 5.21 5.21 0.35 1.80 £13.1%
5500 35.6 4.86 4.9.5 4.8.5 4.8.5 0.35 1.80 £13.1%
5800 35.3 5.27 4.56 4.56 4.56 0.45 1.80 +13.1%

 Frequency validity of L 100 M| Iz anly appliea for DASY 4.4 and higher {ase Mags 2), elss il is reatricted 1o 1 50 MHz. The uncertainty is the RES
of the GomvF uncertainty at calibralion frequency and the uneerainty for the indicaled frequency bamnd,

At frequencies below 3 GHz, the validity of tissue parameters (¢ and o} can be relaxed o £ 10% if liquid compensalion formula is appled 1o
measured SAR values. Al frequencies above 3 GHz, the validity of tissue parametears (z and o) is resiricted to £ 5%. The uncerainty is the R3S of
the ConvF uncertainty for indicated target lissue parameters.
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EX30WV4— 3N:3710 March 12, 2012

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3710

Calibration Parameter Determined in Bedy Tissue Simulating Media

Relative Conductivity [ Depth unct.

FiMHz)® | Permittivity" (Sfm) " ConvF X | ConvFY | ConvFZ | Alpha | (mm) (k=2
450 56.7 0.94 10.89 10.69 10.68 0.06 1.00 £13.4 %
750 35.5 0.96 9.33 9.33 9.33 0.43 0.86 t12.0%
835 55.2 0.97 9.13 . 9.13 9.13 0.63 0.70 +12.0 %
900 55.0 1.05 0.04 9.04 9.04 0.39 0.88 +12.0%
1810 53.3 1.82 7.73 7.73 7.73 0.33 1.10 +120%
1800 53.3 1.52 7.43 7.43 7.43 0.42 0.80 + 12.0 %
2450 52.7 1.95 6.98 6.98 6.98 0.79 0.59 + 12.0 %
2600 52.5 2.16 6.68 6.68 6.68 0.79 0.52 +120%
3500 51.3 RC 6.23 6.23 8.23 0.38 1.13 +131 %
5200 49.0 5.30 4.20 4.20 4.20 0.50 1.20 131 %
5500 48.6 5.65 3.82 3.82 3.82 0.50 1.90 #13.1%
5800 48.2 6.00 3.89 3.89 3.88 0.60 1.90 +131%

" Fraguency validity of © 100 MHz only applies ior DASY v4.4 and higher [see Pags 2), slse 1t s resiricled o+ 50 MHz Tha uncertalnly 1s the RSS
of the ConvF uncerznty al calibration frequency and the uncertainty for the indicated frequency band.

L Trequencies below 3 GHz, lhe validity of lissue paramelers (= and o) can be relaxed o * 10% il Bguid compansation formula is applied o
measured SAR values, Al frequencies above 3 GHz, the validity of lissue paramedters (e and ) is restricted 10 = 5%. The uncerainly is the RSS of
the ConvF unceriainty for indicated targel tissue parameters
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Quielek

Report No.: 128S003R-HP-US-P03V01

EX3DVa—SNITI0

March 12, 2012

Frequency Response of E-Field

Frequency response (normalized)
P
T

(TEM-Cell:ifi110 EXX, Waveguide: R22)

1000 2000
f [MHz] _
TN ro?

Uncertainty of Frequency Response of E-field: £ 6.3% (k=2)
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Quielek

Report No.: 128S003R-HP-US-P03V01

EX3DV4- SN:3710

March 12, 2012

Receiving Pattern (¢), 9 =0°
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Uncertainty of Axial Isoctropy Assessment: £ 0.5% (k=2)
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EX30DV4- SN:3T710 March 12, 2012

Dynamic Range f(SARcad)
(TEM cell , f = 900 MHz)
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uUncertainty of Linearity Assessment: £ 0.6% (K=2)
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EX30V4- SN:3710 March 12, 2012

Conversion Factor Assessment

f = 600 MMz WGLS RS (H_convF) f= 1810 MHz WGELS R22 {(H_convF)
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Deviation from Isotropy in Liquid
Error (4, 8), f =900 MHz
-0 -4 08 04 -02 00 02 04 06 D& 10
Uncertainty of Spherical Isotropy Assessment: £ 2.6% (k=2)
Cerificate No: EX3-3710_Mar12 Page 10 of 11
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EX3DV4- SM:3710 March 12, 2012

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3710

Other Probe Parameters

Sensor Arrangement ) Triangular
Connector Angle (%) Mot applicable
Mechanical Surface Detection Mode enabled
Optical Surface Detection Mode disabled
Probe Overall Length 337 mm
Prabe Body Diameler o 10 mm
Tip Length 9 mm
Tip Diameter 2.5mm
Probe Tip to Sensor X Calibration Paint I T [ 1 mm
Probe Tip to Sensor Y Calibration Paint 1 mm
Prabe Tip to Sensor Z Calibration Point 1 mm
Recommended Measurement Distance from Surface 2 mm
Certificate No! EX3-3710_Mar12 Fage 11 of 11

Page: 106 of 135



QU ieTel( Report No.: 128S003R-HP-US-P03V01

Appendix E. Dipole Calibration Data

Calibration Laboratory of
Schmid & Partner

Engineering AG
Zeughausstrasse 43, 8004 Zurich, Switzerland

Schweizerischer Kalibrierdienst
Service suizee d'atalonnage
Servizio svizzero di taratura
Swiss Calibration Service

Accredited by tha Swiss Accraditation Service {SAS) Accreditation No.: SCS 108
The Swiss Accreditation Service is ane of lhe signataries to the EA
Multilateral Agreement for the recognition of calibration certificates

client  Quietek-CN (Auden) Certificate No: DB35V2-4d094_Feb12

|CALIBRATION CERTIFICATE

Dhiant DB35V2 - SN: 4dD94

Galibration procedure(s) QA CAL-05.v8
Calibration procedure for dipole validation kits above 700 MHz

Calibralion date: February 17, 2012

This caillbration cenificate cocumants the raceabllity 1o national standards, which realize the physical units of measuremeants {S1)
The measuraments and the uncertainties wilh confidance probability are given on the fallowing pages and are par ol the cerilicale,

All callbrations have been conducted in the closed taboratory faciliby; environment temperalure (22 £ 3)*C and humidity < 70%.

Calibration Equipmant used {MATE ecntical tor callbration)

Primary Standards 10 # Cal Date [Certificate MNo.) e Scheduled Calibration

Power meter EPM-4424 GBAT480704 05-0ct-11 {No. 21701451} DOet-12

Power sensor HP B481A Us37282783 05-0ct-11 {No. 21 7-01451) Dot12

Refarence 20 dB Attenuator SN 5086 {20q9) 28-Mar-11 (Mo, 217.01368) Apr-12

Type-M mismatch combination SM: 5047.2 [ 05327 29-Mar-11 (Mo, 217-01371) Apr-12

Reference Prcbe ES3DV3 SN: 3205 30-Dec-11 (Mo, ES3-3205_Dec11) Dee-12

DAE4 SN: 601 Od-Jul-11 {Mo. DAE4-601_dJul11)] Jul-12

Secondary Standards 1D & Check Date (in house) Scheduled Check

Powar gansor HP 84814 MY 41082317 18-0ct-02 {In house check Oet-11) In house check: Oct-13

RF generator A&S SMT-08 100005 04-Aug-99 (in housa check Oct-11) In house check: Oct-13

Matwork Analyzar HP BTS3E US3T300585 54206  1E-Oct-01 (In house check Oct-11) I house check: Oo-12
Mame Functian Signalura

Calibrated by Israe El-Naoug Laboratory Technician

_.-’q"‘i.ﬁ{.L GL ",\jcu_:utck
Approved by: Kalia Pokovic Technical Manager : _65; i
e

Issued: February 17, 2012

This calibration cerificate shall not be reproduced excepl in full without wiitten approval of the laboratory

Cerificate Mo: D835V2-4d034 Feb12 Page 1of B
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Calibration Laboratory of
Schmid & Partner

Engineering AG
Zeughausstrasse 43, 8004 Zurlch, Switzerland

Schweizerischer Kalibrierdienst
Service suigse d'etalonnage
Servizio svizzero di taratura
Swiss Calibration Service

Accreditad by the Swiss Accraditation Service (SAS) Accreditation No.: SCS 108
The Swiss Accredilation Service is one of the slgnatorlas ta the EA
Multilateral Agreement for the recognition of calibration certificates

Glossary:

TSL tissue simulating liquid

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

Calibration is Performed According to the Following Standards:

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

b) 1EC 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
Elactromagnetic 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:
o JMeasurement 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.

o 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 Refurn 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 teed 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.
Mo uncertainty required.

s« 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
connector,

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

Certificate Mo: DB35V2-4d024_Feb12 Page 2 of 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 Modular Flat Phartom
Distance Dipole Center - TSL 15 mm with Spacer
| Zoom Scan Resolution dx, dy, dz =5 mm
i Frequency 835 MHz + 1 MHz
Head TSL parameters
The following parameters and calculations were applisd.
Temperatura Permittivity Conductivity
Nominal Head TSL parameters 220°C 41.5 0.90 mho/m
Measured Head TSL parameters (22.0x02)°C AM0x6% 0.89 mho/m + B %
Head TSL temperature change during test <05°C
SAR result with Head TSL
SAR averaged over 1 cm® (1 g) of Head TSL Condition
SAR measured 250 mW input power 234 mW/g
SAR for nominal Head TSL parameters normalized to 1W 9.41 mW /g = 17.0 % (k=2)
SAR averaged over 10 cm® (10 g) of Head TSL condition
SAR measured 250 mW Input power 153mwW /g
SAR for nominal Head TSL parameaters nomalized to 1W 6.15 mW /g £ 16.5 % (k=2)
Body TSL parameters
The following parameters and calculations were applisd.
Temperature Permittivity Conductivity
Nominal Body TSL parameters 220°C 55.2 0.97 mho/m
Measured Body TSL parameters {22.0 = 0.2) °C 55.7+6% 1.01 mho/m £ 6 %
Body TSL temperature change during test <0.5°C a e
SAR result with Body TSL
SAR averaged over 1 cm® (1 g) of Body TSL Condition
SAR measured 250 mW input power 246mW /g
S5AR for nominal Body TSL parameters normalized to TW 9.57 mW /g = 17.0 % (k=2)
SAR averaged over 10 em® (10 g) of Body TSL condition
SAR measured 250 mW input power 162mW/ig
SAR for nominal Bedy TSL paramsters narmalized to 1W 6.33 mW /g = 16.5 % (k=2)
Cerlificate No: DB35V2-4d094_Feb12 Paga3af8
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Appendix

Antenna Parameters with Head TSL

Impedance, transtormed to feed point 5350-20j0

Return Loss -28.1dB

Antenna Parameters with Body TSL

Impedance, transformed to feed point 47.7 2-5.3)02

Return Loss -245dB

General Antenna Parameters and Design

Electrical Delay (one direction) 1.387 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. On some of the dipoles, small end caps
are added to the dipole arms in order to improve matching when loaded according to the position as explained in the
"Measurament Conditions" paragraph. The SAR data are not affected by this change. The overall dipole length is still
according to the Standard.

No excessive force must be applied 1o 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 September 15, 2009
Certificate No: DR35V2-4d094_Febi12 Page 4 of 8
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DASY5 Validation Report for Head TSL

Date: 17.02.2012
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 835 MHz; Type: D835V2; Serial: D835V 2 - SN: 4d(94

Communication System: CW; Frequency: 835 MHz

Medium parameters used: = 835 MHz; o = 0.89 mhofm; & = 41; p = 1000 kg/m”
Phantom section: Flat Section

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

DASYS52 Configuration:
= Probe: ES3DV3 - SN3205; ConvF(6.07, 6.07. 6.07); Calibrated: 30.12.2011
= Sensor-Surface: 3mm (Mechanical Surface Detection)
= Electronics: DAE4 5n601; Calibrated: 04.07.2011
= Phantom: Flat Phantom 4.9L; Type: QDOOOP49AA; Serial: 1001
«  DASYS52 52.8.00692); SEMCAD X 14.6.4(4989)

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

Reference Value = 57,027 V/m; Power Drift = 0.02 dB

Peak SAR (extrapolated) = 3.4380

SAR(1 g) = 2.34 mW/g; SAR(10 g) = 1.53 mW/g

Maximum value of SAR (measured) = 2.712 mW/g

48
]
|
|
240
-6
ran
o160
120 . =
0dB =2.710mW/g = 8.66 dB mW/g
Cerificate No: DB35V2-4d084_Febi2 Page 5of 8
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Impedance Measurement Plot for Head TSL
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DASYS Validation Report for Body TSL

Duate: 17.02.2012

Test Laboratory: SPEAG, Zurich, Switzerland

DUT: Dipole 835 MHz; Type: D835V2; Serial: DR35V2 - SN: 4d094

Communication System: CW: Frequency: 835 MHz

Medium parameters used: { = 835 MHz: o = 1.01 mho/m: & = 55.7; p = 1000 kg/m”
Phantom section: Flat Section

Measurement Standard: DASY 5 (IEEE/[EC/ANSIT C63.19-2007)

DASYS2 Configuration:

L]

Probe: ES3DV3 - SN3205; ConvF(6.02, 6.02, 6.02); Calibrated: 30.12.2011
Sensar-Surface; 3mm (Mechanical Surface Detection)

Electronics: DAE4 Sn601; Calibrated: 04.07.2011

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

DASYS2 52.8.0(692); SEMCAD X 14.6.4(4989)

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

Reference Yalue = 55.114 V/m; Power Drift = (,0041 dB

Peak SAR {extrapolated) = 3.559(0

SAR(1 g) = 246 mW/g; SAR(10 g) = 1.62 mW/g

Maximum value of SAR (measured) = 2,861 mW/g

-4, 80

-z

-1Z.00

0 dB = 2.860mW/g =9.13 dB mW/g

Certificate No: DB35V2-4d094_Febi2 Page 7 of 8
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Impedance Measurement Plot for Body TSL
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Calibration Laboratory of
Schmid & Pariner
Engineering AG

Zeughaussirasse 43, 8004 Zurich, Switzerland

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

Acerediied by the Swiss Accreditation Service (SAS) Accreditation No.: SCS 108
The Swiss Accreditation Service is one of the signatories to the EA
Multilataral Agreamant fer tha racegnitien of salibratien eortificates

cient  Quietek-CN (Auden) Certificate No: D1900V2-5d121_Febi2
CALIBRATION CERTIFICATE

Object D1900V2 - SN: 5d121

Calibration procedure(s) QA CAL-05.vB
Calibration procedure for dipole validation kits above 700 MHz

Calibralion date February 22, 2012

This calibration certficate documents e racaeability to national slandards, which realize he physical units of measurameants (31)
The measurements and the uncerainties with confidence prababllity ame given on the followng pages and are part of the certilicate.

All calibralions have been conductzd in the closed |aboratory lacility. environment temperature (22 < 3)"C and humidity < 70%.

Calibration Egulproent used (METE criticad lor calbration)

Prirmary Standards o # N Cal Date [Certificate No.) Schedided Callbration

Power matar EPM-4424 GB3T4B0T04 05-Oct-11 (No. 217-01451) Ocl-12

Power sensor HP 8481A US3T2a2783 05-Cet-11 (Mo. 217-01451) Oret-12

Reterence 20 oB Atftenuator SN: 5086 {204g) 20-Mar-11 (Mo, 217-01368) Apr-12

Type-M mismatch combinalion SN; 6047 2/ 06327 28-Mar-11 (Mo 217-01371) Apr-12

Reference Probe ES3DV3 S 3205 30-Dec-11 {No. ES3-3205_Dec11) Dec-12

DAE4 SN: 601 Od=dul-11 {No. DAE4-601_Jul11} Jul-12

Secondary Standards 1D i Check Date (in house) Scheduled Check

Powar sensor HP 84814 MY41092317 1B-Ct-02 (in howsa check Oct-11) Ity house check: Oct-13

AF generator ALS SMT-06 100008 04-Aug-99 (in house check Oct-11) In house check: Oct-13

Matwork Analyzer HP B753E US37300585 S4208 18-0ct-07 {in house check Oct-11}) I house check: Oct-12
Mame Function '_ nalura

Calibrated by: Israe El-Nacug Laboratory Technician (5‘9

~—
F W{x E—l‘m-:}ﬂm.ﬂ
Approved by: Katja Pokowe Technical Managar I}ﬁlf /;/_—_

Issued: Fabruary 22, 2012

This calibralion cerificate shall nol be reproduced except in full without written approval of the laboratory,
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Calibration Laboratory of
Schmid & Partner
Engineering AG

Zeughausstrasse 43, 8004 Zurich, Switzerland

Schwelzerischer Kalibrierdienst
Service suisse d'@talonnage
Servizio svizzero di taratura
Swiss Calibration Service

Accredited by the Swiss Accreditation Service (SAS) Accreditation No.: SCS 108
The Swiss Acereditation 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
MN/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 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 Interprelalion of Parameters:
s Measurement Conditions: Further details are available from the Validation Report at the end
of the certificate. All figures stated in the cerificate are valid at the frequency indicated.

o Anfenna Parameters with TSL: The dipole is mounted with the spacer ta 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.

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

e  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 1o calculate the
nominal SAR result.

Certificate No: D1800V2-5d121_Feb12 Page 2of 8
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Quielek

Measurement Conditions
DASY systemn configuration, as far as not given on page 1.

I DASY Version DASYS V52.8.0
| Extrapolation Advanced Extrapolation
Phantom Madular Flat Phantorm
Distance Dipole Center - TSL 10 mm with Spacer
Zoom Scan Resolution dx, dy, dz =5mm
Frequency 1900 MHz + 1 MHz
Head TSL parameters
The following parameters and calculations were applied.
Temperature Permittivity Conductivity
Mominal Head TSL parameters 22.0°C 40.0 1.40 mho/m
Measured Head TSL parameters 22.0 £0.2) °C 40.4 = 6 % 1.40 mho/m =6 %
Head TSL temperature change during test =05°C
SAR result with Head TSL
SAR averaged over 1 cm® (1 g) of Head TSL Condition ]
SAR measured 250 mW input power §.34 mW lg

SAR for nominal Head TSL parameters normalized to 1W 394 mW /g = 17.0 % (k=2)

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

SAR measured 250 mW input power 519mW /g

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

SAR for nominal Head TSL parametars normalized to 1W

Body TSL parameters
The following parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Body TSL parameters 22.0°C 53.3 1.52 mho/m
Measured Body TSL parameters (22.0+0.2) °C 83.0£6% 1.56 mho/m £ 6 %
Body TSL temperature change during test <05°C e
SAR result with Body TSL
SAR averaged over 1 cm® (1 g) of Body TSL Condition
SAR measured 250 mW input power 9.84 m\W /g

SAR for nominal Body TSL parameters

normalized to 1W

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

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

condition

SAR measursd

SAR for nominal Body TSL parameters

250 mW input power

515mwW /g

normalized to 1W

20.4 mW /g £ 16.5 % (k=2)

Cartificate No: D1900W2-5d4121_Feb12
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Appendix

Antenna Parameters with Head TSL

Impedance, transformed to feed point 5160 +7.2[0
Retumn Loss -228dB

Antenna Parameters with Body TSL

Impedance, transformed to feed point 4740 +7.4)0

Return Loss -21.9 dB

General Antenna Parameters and Design

Electrical Delay (one direction) 1.205 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-gircuited for DC-signals. On some of the dipeles, small end caps
are added to the dipola arms in order to improve matching when loaded according to tha position as explained in the
"Measurement Conditions" paragraph. The SAR data are not affected by this change. The overall dipole length is still
according to the Standard.

Mo excassive force must be applied 1o the dipole arms, because thay might bend or the soldered connections near the
feedpoint may be damaged.

Additional EUT Data

Manufactured by SPEAG
Manufactured on August 25, 2009
Certificate No: D1800V2-5d121_Fabi2 Page dof 8
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DASYS5 Validation Report for Head TSL

Date: 22.02.2012
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 1900 MHz; Type: D1900V2; Serial: DI1900V2 - SN: 5d121

Communication System: CW; Freguency; 1900 MHz
Medium parameters used: f = 1900 MHz: o = 1.4 mho/m; g = 40.4; p = 1000 kg/m’

Phantom section: Flat Section

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

DASYS2 Configuration:

« Probe: ES3DV3 - SN3205: ConvF(5.01, 5.01, 5.01); Calibrated: 30.12.2011
o Sensor-Surface: Jmm (Mechanical Surface Deteclion)
« Electronies: DAE4 Sn601; Calibrated: 04.07.2011

s Phantom: Flat Phantom 5.0 (front); Type: QDOOOPSOAA; Serial: 1001
» DASY52 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=mm. dz=5mm

Reference Yalue = 96.900 V/m; Power Drift = (.04 dB

Peak SAR (extrapolated) = 17.5160

SAR(1 g) = 9.84 mW/g: SAR(10 g) = 5.19 mW/g

Maximum value of SAR (measured) = 12,195 mW/g

8

o

4.00

B0

-12.on

AR08

-
-20.00 i L.
0dB = 12.200mW/g=21.73 dB mW/g
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Impedance Measurement Plot for Head TSL
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DASYS5 Validation Report for Body TSL

Date: 22.02.2012
Test Laboratory: SPEAG. Zurich, Switzerland
DUT: Dipole 1900 MHz; Type: D1900V2; Serial: D1900V2 - SN: 5d121

Communication System; CW, Frequency: 1900 MHz

Medium parameters used: = [900 MHz; o = 1.56 mho/m: g, = 53: p= 1000 laga’mt
Phantom section: Flat Section

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

DASYS2 Configuration:
»  Probe: ES3DV3 - SN3205; ConvFi(4.62, 4.62, 4.62); Calibrated: 3(1.12.2()11
« Sensor-Surface: Imm (Mechanical Surface Detection)
« Electronics: DAE4 5n601: Calibrated: 04.07.2011
= Phantom: Flat Phantom 5.0 {back): Type: QDCOOPSDAA; Serial: 1002
= DASYS5252.8.00692): SEMCAD X 14.6.4(4989)

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

Reference Value = 93.537 ¥/m; Power Drift = 0.0039 dB

Peak SAR (extrapolated) = 17.3450

SAR(] g) = 9.84 mW/g: SAR(10 g) = 5.15 mW/g
Maximum value of SAR (measured) = 12.473 mW/g

RS
1600

2000

0dB=12470mW/g=21.92 dB mW/g

Certificats No: D1900V2-5d121_Feb12 Page7of &
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Impedance Measurement Plot for Body TSL
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Calibration Laboratory of
Schmid & Pariner

Engineering AG
Zeughausstrasse 43, 8004 Zurich, Swilzerland

5 Schweizerischer Kalibrierdienst
Service suisse d'étalonnage

c Servizio svizzero di taratura

s Swiss Callbration Service

Accredited by the Swiss Accreditation Service (SAS) Accreditation No.: SCS 108
The Swizs Accreditation Service is one of the signalories to the EA
Multilateral Agreement fer the recegnitien of calibration certificates

cient  Quietek-CN (Auden) Certificate No: D2450V2-839_Feb12

|ICALIBRATION CERTIFICATE

Object D2450V2 - SN: 839

Calibration procedura(s) QA CAL-05.v8
Calibration procedure for dipole validation kits abave 700 MHz

Calibration dale: February 23, 2012

This calitration cerlificate documents tha fracaeabiity to national standards, which realize the physical units of measurements {S1).
The measuraments and the uncerlainties with senfidence prebability are given on the fellowing pages and are part of the cenifivate.

All calibretions have been conductad in tha closed laboratory facility: environment temperature (22 + 3)°C and humidity < 709,

Calibratton Equiprmsm used (MATE critical fur calileliong

Primary Standards 1D # Cal Date [Cenilicate No.) Soheduled Calioration :

Powar metor EPM-4424 GBAT430704 05-0ct-11 (Mo, 217-01451) Dcl-12

Powar sensor HP 84814 LIB3T202783 05-Oct-11 {Mo. 217-01451) Oet-12

Raferenca 20 dB Attenuator Sh: 5086 (20g) 28-Mar-11 (Na. 217-01368) Apr-12

Type M mismatch combination SN: 50472 1 08337 28-Mar-11 (Ne. 217-01371) Bpr-12

Fafarance Probe ES30OV3 SN 3205 30-Dec-11 (No. ES3-3205_Dec11) Dec-12

DAE4 SN: 601 Dd-Jul-11 (No. DAE4-601_Jul11) Jul-12

Sacondary Standards 10 i Check Date {in hause) Scheduled Check

Paower sensor HP 84814 MY¥41092317 18-0ct-02 {in house check Oct-11) in housa check: Cet-13

RF generator R&S SMT-06 100005 04-Aug-89 (in house check Oet-11) in house check: Oct-13

Metwork Analyzer HP 8753 US3TIRN585 54206 18-0ct-01 {in house check Ock-11) In house check: Oel-12
MEmE Function Slgnature

Calioratad by lsrae El-Naoug Laboratory Technician

OJ:’Z&&L g!’m’?&mﬁt
Approved by Katja Pokovic Technical Managar Af_ﬁ%

Issued: February 23. 2012

This calibration cerdificate shall not be raproduced except in Tull without witten approval of the laboratory,
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Callbfatlon Labﬂratarv of -‘:‘Q?\_‘\\\:-'-’/H___/ﬂﬂ?f} S schweizerischer Kalibrisrdienst
Schmid & Partner %‘E c Service suisse d'étalonnage
Engineering AG T A Servizio svizzera di taratura
Zaughausstrasse 43, 8004 Zurich, Switzerland %ﬁf s Swiss Calibration Service
Felapl it
Accredited by tha Swiss Accraditation Service (SAS) Accreditation No.: SCS 108

The Swiss Accreditation Service is ene of the signatories to the EA
Multilateral Agreement far the recognition of calibration certificates

Glossary:

TSL lissue simulating liquid

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

Calibration is Performed According to the Following Standards:

a)

b)

c)

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

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

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 Mabile and
Portable Devices with FCC Limits for Human Exposure to Radiofrequency Emissions”,
Supplement C (Edition 01-01) to Bulletin 65

Additional Documentation:

d)

DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

Measurement Canditions: 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.
Mo 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: D2450V2-839_Feb12 Page20f8
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Report No.: 128S003R-HP-US-P03V01

Measurement Conditions

DASY systermn configuration, as far as not given on page 1.
DASY Version DASYS Ve2.8.0
Extrapolation Advanced Extrapolation
Phantom Modular Flat Phantom
Distance Dipole ﬁsnter -TSL 10 mm with Spacer
Zoom Scan Resolution dx, dy, dz =5 mm
Frequency _ 2450 MHz = 1 MHz
Head TSL parameters
The following parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Head TSL parameters 22.0°C 39.2 1.80 mha/m
Measured Head TSL parameters (22.0+02)°C 38.9:6% 1.86 mho/m + 6 %
Head TSL temperature change during test <=05°C
SAR result with Head TSL
SAR averaged over 1 em® (1 g) of Head TSL Condition
SAR measured 250 mW input power 13.2mW /g

SAR for nominal Head TSL parameters normalized to 1W 51.9 mW /g + 17.0 % (k=2)

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

SAR measured 250 mW input power 6.09 mW / g

24.1 MW /g £ 16.5 % (k=2)

SAR for nominal Head TSL parameters normalized to 1W

Body TSL parameters

The following paramaters and calculations were applied.

Temperature Permittivity Conductivity
Neminal Body TSL parameters 220°C 52.7 1.85 mho/m
Measured Body TSL parameters (22.0+0.2)°C 523+6% 2.02 mho/m =6 %
Body TSL temperature change during test <05°C
SAR result with Body TSL
SAR averaged over 1 cm” (1 g) of Body TSL Condition
SAR measurad 250 mW input power 124mW /g

SAHR for nominal Bedy TSL parameters

normalized to 1W

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

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

SAR measurad 250 m\W input power 76EmMW /g

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

normalized to AW

SAR for nominal Body TSL parameters

Certificate No: D2450V2-839_Febi2 Page 3of B
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Appendix

Antenna Parameters with Head TSL

Impedance, transformed to feed point 55.7 - 1.0j0

Return Loss | -25.2 dB

Antenna Parameters with Body TSL

Impedance, transformed to feed point 521 Q+1.0ja

Return Loss -32.9dB

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 samirigid coaxial cable. The center conductor of the feeding line is directly connected to the
second arm of the dipole. The antenna Is therefora short-circuited for DC-signals. On some of the dipoles, small end caps
are added to the dipole arms in order to improve matching when loaded according to the position as explained in the
"Measurement Conditions” paragraph. The SAR data are not affected by this change, The overall dipole length is still
according to the Standard.

Mo excessive force must be applied fo 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 July 20, 2009
Certificate No: D2450V2-839_Febi2 Page 4 of B
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DASYS5 Validation Report for Head TSL

Date: 23.02.2012
Test Laboratory: SPEAG, Zurich, Switzerland
DUT; Dipole 2450 MHz; Type: D2450V2; Serial: D2450V2 - SN: 839

Communication System: CW: Frequency: 24500 MHz

Medium parameters used: = 2450 MHz; o = 1.86 mho/m; & = 38.9; p= 1000 1-Lg|"1"r|E
Phantom section: Flat Section

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

DASYS? Configuration:
= Probe: ES3DV3 - SN3205; ConvFi4.45, 4.45, 4.45); Calibrated: 30.12.2011
s Sensor-Surface: 3mm (Mechanical Surface Delection)
» Electronics: DAE4 Sn601; Calibrated: 04.07.2011
« Phantom: Flat Phantom 5.0 (front); Type: QDOOOPS0AA; Serial: 1001
= DASYS5252.8.0(692); SEMCAD X 14.6.4(4989)

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

Reference Value = 98.155 V/m: Power Drift =(0.08 dB

Peak SAR (extrapolated) = 27.8700

SAR(I g) = 13.2 mW/g; SAR(10 g) = 6.09 mW/g

Maximum value of SAR (mensured) = 16.839 mW/g

%0
-10.40
1560

<20.80

-26.00 Ll
0 dB = 16.840mW/g = 24.53 dB mW/g
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Impedance Measurement Plot for Head TSL

Hld

START 2 250,008 000 MHZ STOP 2 650.000 800 MH=z
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DASY5 Validation Report for Body TSL

Date; 23.02.2012
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 2450 MHz; Type: D2450V2; Serial: D2450V2 - SN; 839

Communication System: CW; Frequency: 2450 MHz

Medium parameters used: = 24350 MHz; o = 2.02 mho/m; &, = 52.3; p = 1000 kga‘m"
Phantom section: Flal Section

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

DASY 52 Configuration:
= Probe: ES3DV3 - SN3205; ConvF(4.26, 4.26, 4.26); Calibrated: 30.12.2011
« Sensor-Surface: 3mm (Mechanical Surlace Detection)
» Electronics: DAE4 Sn601; Calibrated: 04.07.2011
« Phantom: Flat Phantom 5.0 (back); Type: QDOOOPS0AA; Serial; 1002
«  DASYS2 52.8.0(602); SEMCAD X 14.6.4(4989)

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

Reference Value = 93.056 Vim; Power Drift = 0.0053 dB

Peak SAR (extrapolated) = 25.2250

SAR(1 g) = 12.4 mW/g; SAR(10 g) = 5.76 mW/g

Masimum value of SAR (measured) — 16.258 mW/g

v

400

450

4,48

19.20

T ’

0dB = 16.260mW/g = 24.22 dB mW/g
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Impedance Measurement Plot for Body TSL
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Appendix F. DAE Calibration Data

Calibration Laboratory of o,
Schmid & Partner
Engineering AG

Schweizerischer Kalibrierdienst
Service suisse d'étalonnage

',

4

z /_-/:__.\\ S Servizio svizzero di taratura

Zeughausstrasse 43, 8004 Zurich, Switzerland % /’F{\\y‘ Swiss Calibration Service
il

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 certiticates

client  Quietek-CN (Auden) Certificate No: DAE4-1220_Jan12

CALIBRATION CERTIFICATE

Object DAE4 - SD 000 D04 BJ - SN: 1220

Calibration procedure(s) QA CAL-06.v24
Calibration procedure for the data acquisition electronics (DAE)

Calibration date: January 23, 2012

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

| All calibrations have been conducted in the closed laboratary facility: environment temperature (22 + 3)°C and humidity < 70%.

Calibration Equipment used (M&TE critical for calibration)

Primary Standards 1D # Cal Date (Certificate No.) il Scheduled Calibration

Keithley Multimeter Type 2001 SN. 0810278 28-Sep-11 (No:11450) Sep-12

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

Calibrator Bax V2,1 SE UWS 053 AA 1001 05-Jan-12 (in house check) Inhouse check: Jan-13
Name Function Signature

Calibrated by: Dominique Steffen Technician ’ ‘%_\
Approved by: Fin Bomholt R&D Director f’ /)/Z;’Z:f‘ ;{; é/_

Issued: January 23, 2012

This calibration eerlificate shall nol be reproduced excepl in lull without written approval of the laboratory.
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Calibration Laboratory of SN
Schmid & Partner iﬁﬁé

Engineering AG e
Zeughausstrasse 43, 8004 Zurich, Switzerland SN

ol
Accredited by lhe Swiss Accreditation Service (SAS)
The Swiss Accreditation Service is one of the signatories to the EA

Muiltilateral Agreement for the recognilion of calibration certificates

Glossary

S Schweizerischer Kalibrierdienst

c Service suisse d'étalonnage
Servizio svizzero di taratura

S Swiss Calibration Service

Accreditation No.: SCS 108

DAE

data acquisition electronics

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

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 to 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. Uncertainty is not required.

o The 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: Verification of the Linearity at +10% and -10% of
the nominal calibration voltage. Influence of offset voltage is included in this
measurement,

Common mode sensitivity: Influence of a positive or negative common mode 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 converter
corresponding to zero input voltage

Input Offset Measurement. Output voltage and statistical results over a large number of
zero voltage measurements.

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

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

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

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

Cenificate No: DAE4-1220_Jan12 Page 2 of 5
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DC Voltage Measurement
A/D - Converter Resolution nominal

High Range: 1LSB = 6.1uv, full range= -100...+300 mV
Low Range: 1LSB = B1nV . full range=  -1....... +3mV
DASY measurement parameters: Auto Zero Time: 3 sec; Measuring time; 3 sec
Calibration Factors X Y Z
High Range 405.267 + 0.1% (k=2) 404.990 £ 0.1% (k=2) 404.221 + 0.1% (k=2)
Low Range 3.97762 £ 0.7% (k=2) 3.99629 £ 0.7% (k=2) | 3.98707 £ 0.7% (k=2)

Connector Angle

Connector Angle to be used in DASY system 1768 E1° J

Certificate No: DAE4-1220 _Jani2 Page 3of 5
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Appendix
1. DC Voltage Linearity
High Range Reading (uV) Difference (uV) Error (%)
Channel X + Input 199991.77 262 -0.00
Channel X + Input 20001.19 1.01 0.01
Channel X - Input -19996.52 3.93 -0.02
Channel Y + Input 189892.70 -2.15 -0.00
Channel Y + Input 18999.00 -1.14 -0.01
Channel Y - Input -19999.75 0.71 -0.00
Channel Z + Input 199991.55 -3.11 -0.00
Channel Z + Input 19999.33 -0.76 -0.00
Channel Z - Input -20001.23 -0.67 0.00
Low Range Reading (uV) Difference (uV) Error (%)
Channel X + Input 1999.14 -1.60 -0.08
Channel X + Input 201,79 0.59 0.29
Channel X - Input -198.19 0.48 -0.24
Channel Y + Input 1899 .56 -0.99 -0.056
Channel Y + Input 200.20 -0.96 -0.48
Channel Y - Input -199.38 -0.54 0.27
Channel Z + Input 2000.07 -0.52 -0.03
Channel Z + Input 200.32 -0.83 -0.41
Channel Z - Input -199.80 -0.78 0.39
2. Common mode sensitivity
DASY measurement parameters: Auto Zero Time: 3 sec; Measuring time: 3 sec
Common mode High Range Low Range
Input Voltage (mV) Average Reading (pV) Average Reading (pV)
Channel X 200 10.22 8.65
- 200 -6.989 -8.91
Channel Y 200 -10.43 -11.02
- 200 7.895 9.22
Channel Z 200 14.25 13.66
-200 -18.77 -14.99

3. Channel separation
DASY measurement parameters: Auto Zero Time: 3 sec; Measuring time: 3 sec

Input Voltage (mV) | Channel X (uV) | Channel Y (pV) Channel Z (uV)
Channel X 200 - -1.62 -2.79
Channel Y 200 8.07 - -2.95
Channel Z 200 7.90 6.93
Certificate No: DAE4-1220_Jan12 Page 4 of 5
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4. AD-Converter Values with inputs shorted
DASY measurement parameters: Auto Zero Time: 3 sec; Measuring time: 3 sec

High Range (LSB)

Low Range (LSB)

Channel X 15896 16218
Channel Y 16012 15924
Channel Z 15702 15710

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

Input 10ME2
Average (uV) min. Offset (uV) | max. Offset (uV) ShE I?E:;atlon
Channel X 0.67 Q.77 1.84 0.43
Channel Y -1.44 -2.35 -0.02 0.39
Channel Z -0.81 -1.60 0.01 0.37
6. Input Offset Current
Nominal Input circuitry offset current on all channels: <25fA
7. Input Resistance (Typical values for information)
Zeroing (kOhm) Measuring (MOhm)
Channel X 200 200
Channel Y 200 200
Channel 2 200 200
8. Low Battery Alarm Voltage (Typical values for information)
Typical values Alarm Level (VDC)
Supply (+ Vcc) +7.9
Supply (- Vee) -7.6

9. Power Consumption (Typical values for information)

Typical values Switched off (mA) | Stand by (mA) Transmitting (mA)

Supply (+ Vec) +0.01 +6 +14

Supply (- Vec) -0.01 -8 -8
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