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Appendix D. Probe Calibration Data

Calibration Laboratory of

Schwelzerischer Kalibrierdienst
Schmid & Partner Service suisse d'étalonnage
Engineering AG Servizio svizzero di taratura

Zeughausstrasse 43, 8004 Zurich, Switzerland Swiss Calibration Service

Accredited by the Swiss Accredilation Service (SAS) Accreditation No.: SCS 108
The Swiss Accreditation Sarvice is one of the signatories to the EA
Muiltilateral Ag! for the gnition of calibration certificates

Calibration procedure(s}

Calibration date:

This calibration certificale documents the traceability 1o national standards, which realize the physical units of measurements (SI).
The measurements and the uncertainties with confidence probability are given on the following pages and are par of the cartificate.

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

Calibration Equipment used (M&TE critical for calibration)

Primary Standards D # Cal Date (Cartificate No.) Scheduled Calibration
Power meter E44198 GB41293874 1-Apr-10 (No. 217-01136) Apr-11
Power sensor E44124 MY41485277 1-Apr-10 (No. 217-01136) Apr-11
Power sansor E44124 MY41498087 1-Apr-10 {(No, 217-01136) Apr-11
Reference 3 dB Attenualor SN: 55054 (3c) 30-Mar-10 (No. 217-01159) Mar-11
Rafe 20 dB Att 1t SN: 55086 {20b) 30-Mar-10 (No. 217-01181) Mar-11
Reference 30 dB Attenualor SN: 55129 (30b) 30-Mar-10 (Mo. 217-01180) Mar-11
Reference Probe ES3DV2 SN: 3013 29-Dec-10 (No. ES3-3013_Dec10) Dec-11
DAE4 SN: 660 20-Apr-10 (No. DAE4-860_Apr10) Apr-11
Secondary Standards D # Check Date (in house) Scheduled Check
RF generator HP 8648C US36420U01700 4-Aug-99 (in house check Oct-08) in house check: Oct-11
Network Analyzer HP 8753E US373080585 18-Oct-01 (in house check Oct-10) In house check: Oct-11
Name Function
Calibrated by: atin Pk i
Approved by:
Issued: January 25, 2011
This calibration certificate shall not be reproduced except in full without written approval of the laboratory.
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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 BC modulation dependent linearization parameters
Polarization ¢ «p rotation around probe axis
Polarization 9 9 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”, December 2003

b} I|EC 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

Methods Applied and Interpretation of Parameters:
s NORMX,y,z: Assessed for E-field polarization 3 = 0 (f < 900 MHz in TEM-cell; f > 1800 MHz: R22 waveguide).
NORMux,y,z are only intermediate values, i.e., the uncertainties of NORMx,y,z does not effect the E*-field
uncertainty inside TSL (see below ConvF).

»  NORM(fx,y,.z = NORMx,y,z * frequency_response (see Frequency Response Chart). This linearization is
implemented in DASY4 software versions later than 4.2. The uncertainty of the frequency response is included
in the stated uncertainty of ConvF.

+ DCPx,y 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.

«  Axyz 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 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 assessment 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
to NORMx,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. i

= Spherical isotropy (3D deviation from isotropy): 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 virtual measurement center from the probe tip
{on probe axis). No tolerance required.
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EX3DV4 SN:3661 January 24, 2011

Probe EX3DV4

SN:3661

Manufactured: October 20, 2008
Last calibrated: December 30, 2009
Recalibrated: January 24, 2011

Calibrated for DASY/EASY Systems
(Note: non-compatible with DASY2 system!l)
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EX3DV4 SN:3661 January 24, 2011

DASY/EASY - Parameters of Probe: EX3DV4 SN:3661 |

Basic Calibration Parameters

Sensor X | Sensor Y | Sensor Z [Unc (k=2)
Norm (uVAV/m)*)* 0.47 0.52 0.50 |[%10.1%
DCP (mv)® 99.7 99.0 97.2

Modulation Calibration Parameters

uiD Communication System Name PAR A B c VR Unc*®
dB dBuV mV (k=2)
10000 cw 0.00 X 0.00 0.00 1.00| 157.5 +34%
¥ 0.00 0.00 1.00] 1516
z 0.00 0.00 100| 15686

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 NormX.Y,Z do not affect the E-field uncertainty inside TSL (see Pages 5 and 6).
® Numerical linearization parameter; uncertalnty not required,
F Uncertainty I3 determined using the maximum deviation from linear response applying recatangular distribution and is expressed for the square of the field value.
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EX3DV4 SN:3661 January 24, 2011

DASY/EASY - Parameters of Probe: EX3DV4 SN:3661

Calibration Parameter Determined in Head Tissue Simulating Media

f [MHz] Validity [Mi-lz]'c Parmittivity Conductivity ConvFX ConvFY ConvFZ Alpha Depth Unc (k=2)
750 +50/+ 100 41.9+£5% 0.89 £ 5% 9.96 9.96 9.96 0.47 0.71 £11.0%
835 +50/%100 41.5+5% 0.90 £ 5% 9,58 9.58 958 0.58 067 £11.0%
1750 +£50/+£100 40.1 £ 5% 1.37 £ 5% 9.05 9.05 9.05 0.31 0.97 £11.0%
1900 +50/+ 100 40.0 £ 5% 1.40 + 5% 888 8.68 868 0.40 0.95 £11.0%
2000 +50 /1100 40.0 £ 5% 1.40 5% 8.53 8.53 8.53 047 0.81 £11.0%
2450 +50/+ 100 39.2 £ 5% 1.80 5% 7.80 7.80 7.80 0.28 113 £11.0%
5200 +50/+ 100 36.0+5% 466+ 5% 4.88 4.88 4.88 040 1.80 £13.1%
5300 +50/+ 100 35.9+5% 4.76 +5% 459 459 4.59 042 1.80 +13.1%
5500 +50/+100 356 £5% 4.96 £ 5% 441 441 44 0.45 180 £131%
5600 +50/+£100 35515% 507 £5% 417 4.17 417 0.50 1.80 £13.1%
5800 +50/+100 35.3+5% 527 +5% 4.15 4.15 4.15 0.50 1.80 £13.1%

£ The validity of £ 100 MHz only applies for DASY v4.4 and higher (see Page 2), The uncertainty Is the RSS of the ConvF uncartainty al calibration frequency

and the uncertainty for the indicated frequency band,
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EX3DV4 SN:3661 January 24, 2011

DASY/EASY - Parameters of Probe: EX3DV4 SN:3661

Calibration Parameter Determined in Body Tissue Simulating Media

f [MHz] Validity [MHz]°  Permittivity Conductivity ConvFX ConvFY ConvFZ Alpha Dapth Unc (k=2)
750 +50/+100 555+ 5% 0.96 + 5% 9.75 9.75 9.75 0.47 0.79 £11.0%
835 +50/+100 552 £ 5% 0.97 + 5% 9.58 9.58 9.58 0.35 0.89 +11.0%
1750 +50/+£100 53.4 +5% 149+ 5% 7.95 7.95 7.95 0.64 068 +11.0%
1900 +50/+100 53.3+5% 152 5% 7.72 7.72 7.72 0.52 0.75 £11.0%
2000 +50/+ 100 53.3+5% 1.5225% 7.81 7.81 7.81 0.46 0.80 £11.0%
2450 +50/+ 100 52.7+5% 1.95%5% 7.55 7.55 7.55 0.66 0.64 £11.0%
5200 + 50/ 100 49.0 £ 5% 5.30£ 5% 4.42 4.42 442 0.50 190 +13.1%
5300 +50/+ 100 48.9 + 5% 542 +5% 4.20 4.20 4.20 0.55 1.90 £13.1%
5500 +50/+100 48.6 £ 5% 5.65 £ 5% 3.88 3.88 3.88 0.55 1.90 +13.1%
5600 +50/+100 48.5 + 5% 577 +5% 3.59 3.59 3.59 0.60 1.80 £13.1%
5800 +50/+ 100 48.2 £ 5% 6.00 £ 5% 3.87 3.87 3.87 0.60 180 £13.1%

© The validity of £ 100 MHz only applies for DASY v4.4 and higher (see Page 2). The uncertainty Is the RSS of the ConvF uncertainty at calibration frequency

and the uncertainty for the indicated frequency band.
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EX3DV4 SN:3661 January 24, 2011

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)

Certificate No: EX3-3661_Jan11 Page 7 of 11

Page: 77 of 113



QU ieTeK Report No.: 11CS030R-HP-US-P03V01

EX3DV4 SN:3661 January 24, 2011

Receiving Pattern I(¢I), 9=0°

f =600 MHz, TEM ifi110EXX f=1800 MHz, WG R22

—0—30 MHz
—8—100 MHz
—&—EB00 MHz

—— 1800 MHz

—ir— 2500 MHz

Ungertainty of Axial Isotropy Assessment; £ 0.5% (k=2)
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Uncertainty of Linearity Assessment: £ 0.6% (k=2)
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EX3DV4 SN:3661 January 24, 2011

Conversion Factor Assessment

f = 835 MHz, WGLS RS9 (head) f = 5800 MHz, WGLS R58 (head)
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Deviation from Isotropy in HSL
Error (¢, 9), f = 900 MHz

Error [dB]

| -1,00--0.80 W-0.80-0.50 W-0.60--0.40 W-0.40--0.20 W-0,20-0.00
@0.00-0.20 W0.20-0.40 WO.40-0.60 W0.60-060 WO.80-1.00

Uncertainty of Spherical Isotropy Assessment: £ 2.6% (k=2)
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Other Probe Parameters

Sensor Arrangement Triangular|
Connector Angle (°) Not applicable
Mechanical Surface Detection Mode enabled
Optical Surface Detection Mode disabled
Probe Overall Length 337 mm
Probe Body Diameter 10 mm
Tip Length 9 mm
Tip Diameter 2.5 mm
Probe Tip to Sensor X Calibration Point 1 mm
Probe Tip to Sensor Y Calibration Point 1 mm
Probe Tip to Sensor Z Calibration Point 1 mm
Recommended Measurement Distance from Surface 2 mm
Certificate No: EX3-3661_Jan11 Page 11 of 11
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Appendix E. Dipole Calibration Data

Calibration Laboratory of
Schmid & Partner
Engineering AG

Zeughaussirasse 43, 8004 Zurich, Switzerland

Schweirarischer Kalibrlerdiansl
Service sulsse d'¢alonnoge
Servizio svizzero di taratura
Swiss Calibration Service

Accradited by 1he Swiss Accrediation Sarvice (SAS)
The Swiss Accreditalion Service s one of the signatories to the EA
Muitilateral Agreemant lor the recognition of calibration certificates

Aceraditation Ne.: SCS 108

Client Quietek (Auden) Certificate No: DB35V2-4d094_Mar10
[CALIBRATION CERTIFICATE 5 _
| Otject DB3sV2 - SN: 4d094

QA CAL-05.v7
Calibration procedure for dipole validation kits

Cakbration procedura(s)

Calibrasion date:

March 15, 2010

This calibralion cerificale docurnents the receability Lo national standards, which reskes the physical unils ol measurements (1),
Tha measuraments and tha uncertainties with confidance probability ame given on the following pages and ane part of the certilicate

Al calibrations havo boen conducied in B closod laboratony facty: anvironment iempaerabuee (22 + 3)°C and humidity < 70%.

Castation Equipment usod (MATE crilical lor caleation)

This calibration cerificate shall nat be reproduced except in full without writian appreval of the laboratorny

| Primnry Standards 1D ¥ Cal Do (Cortilicate No.) Schaduad Calbration
Powar matar EPM-4428 GBEIT4B0T04 06-Oct-09 {No. 217-01086) Oet-10
Powar sensor HP B4814 USITERETES 06-Orc1-08 (Mo, 217-01088) Oct-10
Rafarence 20 dB Attonuilar SN: 5084 (20g) 31-Mar-08 (Mo 217-01025) Mar-10
Type-N mismateh combination SMN: BO4T.2 / DEIZT 31-Mar-09 (No. 217-01028) Mar-10
Relerance Probe ES30VI SN 3205 R-Jun-0rt (Mo, ES3-3205_Jun(d) Jun-10
DAE4 SN; 801 02-Mar-10 (Mo, DAEL-801_Mar1() Mar-11
| Secondary Standards (D8 Chick Do {in housa) Schoduled Check
Power sansor HP B4814 MY41062317 18-0¢t-02 (in housa check Oct-08) In house check: Oct-11
AF ganomtor RAS SMT-06 100005 A-fug-89 (in housa check Col-08) In house check: Oct-11
MNatwerk Analyzer HP B753E US3ITIB0GAS 54206  18-0ci-01 (n housa check Oct-04) In house check: Oct-10
Nama Function Signatura
Casibeted by: Dimce lliev Labaratery Technician @ M
Approved by Katja Pokoic Technical Manager

P2

Isswed: March 15, 2010

Certificate No: DB35V2-4d094_Mar10
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i i a1y, - o
Calibration Laboratory of S\‘ \i\\:‘/? ‘/3 S Schweizerischer Kalibrierdienst
Schmid & Partner ;:EE\-—-"-—"F//W%_ c Service suisse d'étalonnage

Engineering AG Tt Servizio svizzero di taratura
Zeughausstrasse 43, 8004 Zurich, Switzerland 5,4”,:-;\?“:‘3- S Swiss Calibration Service
il W
Accredited by the Swiss Accreditation Service (SAS) Accreditation No.: SCS 108

The Swiss Accreditalion 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

¢) 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:
o 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 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.

e 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.

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

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

o 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: D835V2-4d094_Mar10 Page 2 of 9
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Report No.: 11CS030R-HP-US-P03V01

Measurement Conditions

DASY system configuration, as far as not given on page 1.
DASY Version DASYS V52
Extrapolation Advanced Extrapolation
Phantom Modular Flat Phantom V4.9
Distance Dipole Center - TSL 15 mm with Spacer
Zoom Scan Resolution dx, dy, dz =5 mm
Frequency 835 MHz + 1 MHz
Head TSL parameters
The following parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Head TSL parameters 22.0°C 415 0.90 mho/m
Measured Head TSL parameters (22.0+0.2)°C 42946 % 0.91 mho/m +6 %
Head TSL temperature during test (21.56+0.2)°C — -
SAR result with Head TSL
SAR averaged over 1 em® (1 g) of Head TSL Condition
SAR measured 250 mW input power 243mW /g
SAR normalized normalized to 1W 9.72mW /g

SAR for nominal Head TSL parameters

normalized to TW

9.70 mW /g + 17.0 % (k=2)

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

SAR measured
SAR normalized

SAR for nominal Head TSL parameters

250 mW input power 1.58mW /g
8.32mW/g

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

normalized to 1W

normalized to 1W

Certificate No: DB35V2-4d094_Mar10 Page 30f 9
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Quielek

Body TSL parameters

The following parameters and calculations were applied.

Temperature Permittivity Conductivity
Nominal Body TSL parameters 22.0°C 55.2 0.97 mho/m
Measured Body TSL parameters (22.0+20.2) °C 553+6 % 1.01 mho/m =6 %
Body TSL temperature during test (21.3x02)°C

SAR result with Body TSL

SAR averaged over 1 cm® (1 g) of Body TSL Condition
SAR measured 250 mW input power 255mW /g
SAR normalized normalized to 1W 10.2mwW /g

SAR for nominal Body TSL parameters

normalized to 1TW

9.90 mW /g x17.0 % (k=2)

SAR averaged over 10 cm® (10 g) of Body TSL condition
SAR measured 250 mW input power 1.67mW /g
SAR naormalized normalized to 1W 6.68 MW /g

SAR for nominal Body TSL parameters

normalized to 1W

6.53 mW / g £ 16.5 % (k=2)

Certificate No: D835V2-4d094_Mar10
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Appendix

Antenna Parameters with Head TSL

Impedance, transformed to feed paoint 5220-27iQ

l_FIeturn Loss -294dB

Antenna Parameters with Body TSL

Impedance, transformed to feed point 48.0Q-48 0

Return Loss -26.5dB

General Antenna Parameters and Design

Electrical Delay (one direction) 1.388 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 September 15, 2009
Certificate No: D835V2-4d094_Mar10 Page50of9
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DASYS5 Validation Report for Head TSL

Date/Time: (8.03.2010 10:52:27
Test Laboratory: SPEAG. Zurich, Switzerland
DUT: Dipole 835 MHe; Type: D83ISV2: Serial: D835V - SN:4d094

Communication System: CW; Frequency: 835 MHz; Duty Cycle: 1:1
Medium: HSL900

Medium parameters used: f = 835 MHz; o = 0.91 mho/m; & = 42.7; p = 1000 kg/m'
Phantom section: Flat Section
Measurement Standard: DASYS (IEEE/EC/ANS] C63.19-2007)

DASYS Configuration:
«  Probe: ES3DV3 - SN3205; ConvF(6.04, 6.04, 6.04); Calibrated: 26.06.2009
« Sensor-Surface: 3mm (Mechanical Surface Detection)
«  Electronics: DAE4 Sn601; Calibrated: (02.03.2010
« Phantom: Flat Phantom 4.9L; Type: QDOODP49AA; Serial: 1001
«  Measurement SW: DASYS, V5.2 Build 157; SEMCAD X Version 14.0 Build 57

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

Reference Value = 57.3 V/m: Power Drift = 0.00297 dB

Peak SAR (extrapolated) = 3.65 Wikg

SAR(I gl =243 mW/g: SAR(10 g) = .58 mW/g

Maximum value of SAR (measured) = 2.84 mW/g

-

A5

e

0dB = 2.84mW/g

Certificate No: DB35V2-4d084_Mar1D Page 6ol 2
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Impedance Measurement Plot for Head TSL
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DASYS Validation Report for Body

Date/Time: 15.03.2010 11:52:53
Test Laboratory: SPEAG, Zurich, Switzerland

DUT: Dipole 835 MHz; Type: D835V2; Serial: DE3SV - SN:4d094

Communication System: CW: Frequency: 835 MHz; Duty Cyele: 1:1

Medium: MSL9X)

Medium parameters used: f = 835 MHz; o = 101 mho/m; & = 55.3; p = 1000 kg/m’
Phantom section: Flat Section

Measurement Standard: DASY S (IEEEAEC/ANS] C63.19-2007)

DASYS Configuration:
¢ Probe: ES3IDV3 - SN3205; ConvF(5.97, 5.97, 5.97); Calibrated: 26.06.2009
«  Sensor-Surface: 3mm (Mechanical Surface Detection)
» Electronics: DAE4 Sn601; Calibrated: 02.03.2010
« Phantom: Flat Phantom 4.9L; Type: QDOOOP49AA; Serial: 1001
+  Measurement SW: DASYS, V5.2 Build 157; SEMCAD X Version 14.0 Build 57

Pin250 mW /d=15mm, dist=3.0mm (ES-Probe)/Zoom Scan (7x7x7) /Cube 0: Measurement
grid: dx=5mm, dy=3mm, dz=5mm

Reference Value = 55.9 Vim; Power Drift = -0.00975 dB

Peak SAR (extrapolated) = 3.77 Wikg

SAR(L g) = 2.55 mW/g; SAR(10 g) = 1.67T mW/g

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

1.2

0dB =2.98mW/g
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Impedance Measurement Plot for Body TSL
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Schmid & Partner ﬁ c Service sulsse d'étalonnage
Engineering AG i Servizio svizzero di taraturs
Zeughausstrasse 43, 8004 Zurich, Switzerland e S Swiss Callbration Service
eyl
Accradiled by the Swiss Accradilation Sandon (SAS) Azcreditation Mo.: SCS 108

The Swiss Accreditation Service is ane of the signatories 1o the EA
Multilateral Agreement for the recognition of callbration certilicales

Client Quietek (Auden) Cortificate No: D1900V2-5d121_Mar10
CALIBRATION CERT_I_EICATE

Object D1900V2 - SN: 5d121

Calibration procedura(s] QA CAL-05.v7
Calibration procedure for dipole validation kits

Caliralion date: March 23, 2010

This calibraton cenificate documents the traceability 1o nakonal standands, which realize the physical unils ol measuraments (S1).
The measuremants and tha uncariainies with confidence probabiity are given on the following pages and ana part of the corificate

Al calibrations have been conducted in the closed laboralory laciiity: ervironment tamparaturs (22 = 3)°C and humidity < 70%.

Calibrasion Equipmant wsed (MATE crlical lor calibration)

Primary Standands . D & Qal Date (Coerificala Ma ) Sthwod Calibration
Power mater EPM-4424 GEITABOTON 080109 (Mo, 217-010806) Dct-10

Power sansor HP B4814A US3T292783 D6-Oct-09 (No, 217-01086) Qet-10

Raferance 20 98 Attenuator SN: 5086 (20g) 31-Mar-09 (No, 217-01028) Mar-10

Type-M mismaich combination SN: 50472 [ 08327 31-Bdar-00 (No, 217-01029) Mar-10

Ralgrence Probe ES30V3 BN; 3205 26-Jun-09 (Mo, ES3-3205_Jun09) Jur-10

DAEL Sh; 60 02-8ar-10 (Mo, DAE4-801_MariD) Mar-11
| Secondary Standuds _ I0# Check Date (in house) Schedubod Check
Power sensaor HP B4814 MY 41082317 18-0e1-02 (in house check Ot 09) I house chack: Oct-11
RF gansrator AAS SMT-06 100005 A-Aug-89 (in house check Oct-03) In howse check: Oct:11
Notwork Analyeor HP B753E US3T3005685 54208 18-0ci-01 (in house eheck Oct-08) in house check: Oct-10

Mame Function Signature

Caiteatod by: Dimee ley Laboratory Technician &) %
- JuLAS
Approved by: Kalja Pokavic Technical Manages /é’gf:? g,E:

Essued: March 23, 2010

This calibmtion conilicaie shall not be reproduced axoept in full wim_uul: writien aporoval of tha laboratony
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Calibration Laboratory of

S Schweizerischer Kallbrierdienst
Schmid & Partner c Service suisse d'étalonnage
Engineering AG Servizio svizzero di taratura
Zeughausstrasse 43, B004 Zurich, Switzerland 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 lhe 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 15628-2003, “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 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:
o 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.

s 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.

e 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 Electrical 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.

e 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: D1900V2-5d121_Mar10 Page 2 of 9
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Measurement Conditions
DASY system configuration, as far as not given on page 1.

DASY Version

DASYS V5.2

Extrapolation Advanced Extrapolation
Modular Flat Phantom V5.0

10 mm

Phantom

Distance Dipole Center - TSL with Spacer

Zoom Scan Resolution dx, dy,dz =5 mm

1900 MHz + 1 MHz

Frequency

Head TSL parameters

The following parameters and calculations were applied.

Temperature Permittivity Conductivity

Nominal Head TSL parameters 22.0°C 40.0 1.40 mho/m
Measured Head TSL parameters (22.0£0.2) °C 41.1+26% 1.45 mho/m £ 6 %
Head TSL temperature during test (21.5+0.2)°C

SAR result with Head TSL
SAR averaged over 1 em® (1 g) of Head TSL Condition
SAR measured 250 mW input power 101 mW /g
SAR normalized normalized to 1TW 40.4mW /g

SAR for nominal Head TSL parameters

normalized to TW

39.8 mW /g £ 17.0 % (k=2)

SAR averaged over 10 cm’ (10 g) of Head TSL condition
SAR measured 250 mW input power 5.30mW /g
SAR normalized normalized to 1W 21.2mW /g

SAR for nominal Head TSL parameters

normalized to 1W

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

Cenrtificate No: D1900V2-5d121_Mar10
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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 549 %6 % 1.58 mho/m + 6 %

Body TSL temperature during test (21.5=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 105mW /g

SAR normalized normalized to 1W 420mW /g

SAR for nominal Body TSL parameters normalized to 1W 41.4mW /g =17.0 % (k=2)

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

SAR measured 250 mW input power 560mW /g

SAR normalized normalized to 1W 224mW /g

SAR for nominal Body TSL parameters normalized to 1W 223 mW /g £16.5 % (k=2)
Certificate No: D1900V2-5d121_Mar10 Page 4 of 9
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Appendix

Antenna Parameters with Head TSL

Impedance, transformed to teed point 50.6Q +7.4jQ

Return Loss -22.7dB

Antenna Parameters with Body TSL

Impedance, transformed to feed point 46.1 Q + 7.1 Q2

Return Loss -21.5dB

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-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 August 25, 2009
Certificate No: D1900V2-5d121_Mar10 Page 5of 9

Page: 95 of 113



Q.U ieTeK Report No.: 11CS030R-HP-US-P03V01

DASY5 Validation Report for Head TSL

Date/Time: 23.03.2010 12:23:06
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 1900 MHz; Type: DI900V2; Serial: D1900V2 - SN:5d121

Communication System:; CW; Frequency: 1900 MHz; Duty Cycle: 1:1
Medium: HSL UL 1 BB

Medium parameters used: f = 1900 MHz; a = 1.45 mho/m; & = 41.2; p = 1000 kg/m’
Phantom section: Flat Section
Meazurement Standard: DASYS (IEEE/IEC/ANST C63.19-2007)

DASYS Configuration:
» Probe: ES3DV3 - 5N3205; ConvF(5.09, 5.00, 5.09); Calibrated: 26.06.200%
« Sensor-Surface: 3mm (Mechanical Surface Detection)
»  Electronics: DAE4 Sn601; Calibrated: 02.03,2010
«  Phantom: Flat Phantom 5.0 (front); Type: QDOOOPS0AA; Serial: 1001
»  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: Measuremen
grid: dx=53mm, dy=5mm, dz=5mm

Reference Value = 97.6 Vim; Power Drift = 0.00658 dB

Peak SAR (extrapolated) = 18.5 Wikg

SARI(1 g) = 10.1 mW/g: SAR(10 g) = 5.3 mW/g

Maximum value of SAR (measured) = 12.8 mW/g

b
o
A
]
-2
AB
20
0dB = 12.8mW/g
Cenificate No: D1900V2-5d121_Mari0 Page 6ol 9
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Impedance Measurement Plot for Head TSL
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DASYS5 Validation Report for Body

Dare/Time: 17.03.2010 13:29:09
Test Laboratory: SPEAG, Zurich, Switzerland

DUT: Dipole 1900 MHz; Type: D1900V2; Serial: D1900V2 - SN:5d121

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

Medium: MSL U1l BB

Medium parameters used: f= 1900 MHz; o = 1.58 mho/m: & = 55; p = 1000 kg/m’
Phantom section: Flat Section

Measurement Standard: DASY'S (IEER/AEC/ANSI C63.19-2007)

DASYS Configuration:
+  Probe: ES3DV3 - SN3205; ConvFi4.59, 4.59, 4.59); Calibrated: 26.06.2009
»  Sensor-Surface: 3mm (Mechanical Surface Detection)
« Electronics: DAE4 Sn601: Calibrated: 02.03.2010
« Phantom: Flat Phantom 5.0 (back); Type: QDIOOPS0OAA; Serial: 1002
«  Measurement SW: DASYS, V3.2 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=5mm, dy=5mm, dz=5mm

Reference Value = 97 Vim; Power Drift = 0.00345 dB

Peak SAR (extrapolated) = 17.6 Wikg

SAR(1 g) = 10.5 mW/g; SAR(10 g) = 5.6 mW/g

Maximum value of SAR (measured) = 13.3 mW/g

b
e ]
12
Al
=20
0 dB = 13.3mW/g
Certilicate Mo: D1200V2-54121_Mar10 Page 8ol 9
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Impedance Measurement Plot for Body TSL
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5 swiss Callbration Service

Accradiiod by Iho Swiss Accreditation Sendice (SAS)
Thie Swiss Accroditation Service is one of the signatorics to the EA
Multilateral Agresment for the recognition of calibration corlificales

cient  Quietek (Auden)

Accreditation No.: SCS 108

Certficate No: D2450V2-839_Mar10

CALIBRATION CERTIFICATE l
Object D245002 - SN: 839
Calibration procedurals) QA CAL-O5.v7

Calibration procedure for dipole validation kits

Calibration date:

March 12, 2010

Thiis caliwalion conilicale documents the iraceabily 1o national slandands, which reakze the physical unils of measwremants (5]
Thiz maasuramenis and tha uncarainties wilth conlidence probabilty ane givon on the fallowing pages and ar par of the corlifcate.

Calitsation Equipment used (MATE ceitical tor calibrafion)

AR calibrations have boan conduched in the clesed laboratory Iacility. environmiend tempematien (22 + 3)°C and hurnigity < 7%

This enbbeation ceilicate shall nol be reproduced icopl in lull withaul willen asproval ol ha labaratary

Primary Standards D # Cal Dole (Cerificaly No ) Schoduled Calibraticn

Power mater EPM-2424 GEITA0T04 06-0cl-08 (No. 217-01086) Cet-10
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DAEa SN &1 02-Mar-10 (Mo. DAE4-E01_MariD) Mar-11

Secondary Standards Da Check Date {in house) Schaduled Check

Power sensor HP B481A MY 41082317 18-Dct-02 {in housa check Del-09) In howse check: Oct-11

AF genaralor &S SMT-06 100005 d-Aug-39 (in house check Oct-09) In hoiessn chack: Oal-11

Nelwark Analyzer HF B753E US3TI05e5 54206 18-0ct-01 (in house check Oct-09) I howse check: Ocl-10
Marm Funiion Segnalure
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Calibration Laboratory of
Schmid & Partner
Engineering AG

Zeughausstrasse 43, 8004 Zurich, Switzerland

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

Accredilad by the Swiss Accreditation Service (SAS) Accreditation No.: SCS 108
The Swiss Accreditation Service is one of the signatories to the EA
Muiltilateral 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 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

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.

e 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.

e 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 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
connector,

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

Certificate No: D2450V2-839_Mar10 Page20f 9
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Measurement Conditions

DASY system configuration, as far as not given on page 1.
DASY Version DASYS V6.2
Extrapolation Advanced Extrapolation
Phantom Modular Flat Phantom V4.9
Distance Dipole Center - TSL 10 mm with Spacer
Zoom Scan Resolution dx, dy, dz =& 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 mho/m

Measured Head TSL parameters (22.0+0.2)°C 404 £6 % 1.80 mho/m +6 %

Head TSL temperature during test (21.0 £0.2)°C
SAR result with Head TSL

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

SAR measured 250 mW input power 13.0mW /g

SAR normalized normalized to 1TW 520mW /g

SAR for nominal Head TSL parameters normalized to TW 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 BA1mW /g

SAR normalized normalized to 1W 244mW /g

SAR for nominal Head TSL parameters normalized to 1W 24.5 mW /g = 16.5 % (k=2)
Certificate No: D2450V2-839_Mar10 Page3of9
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Body TSL parameters

The following parameters and calculations were applied.

Temperature Permittivity Conductivity

Nominal Body TSL parameters 22.0°C 82.7 1.95 mho/m
Measured Body TSL parameters (22.0x0.2) "C 54.4x6% 2.00 mho/m 6 %
Body TSL temperature during test (21.0x£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 13.0mW /g
SAR normalized normalized to 1W 52.0mW /g

SAR for nominal Body TSL parameters

normalized to 1W

51.6 mW /g +17.0 % (k=2)

SAR averaged over 10 cm® (10 g) of Body TSL

condition

SAR measured

250 mW input power

6.06 MW /g

SAR normalized

normalized to 1W

242mW /g

| SAR for nominal Bady TSL parameters

normalized to 1W

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

Certificate No: D2450V2-839_Mar10
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Appendix

Antenna Parameters with Head TSL
Impedance, transformed to feed point 53.50-068jQ
Return Loss -29.4 dB

Antenna Parameters with Body TSL

Impedance, transformed to feed point 50002 +08Q

Return Loss -40.8 dB

General Antenna Parameters and Design

Electrical Delay (one direction) 1.134 ns

After lang 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 July 20, 2009
Certificate No: D2450V2-839_Mar10 Page 50f 9
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DASYS Validation Report for Head TSL

Date/Time: 12.03.2010 13:24:52
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 2450 MHz; Type: D2450V2; Serial: D2450V2 - SN:839

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

Medium: HSL U1 BB

Medium parameters used: f = 2450 MHz: o = 1.81 mho/m; & = 40.5; p = 1000 kg/m”
Phantom section: Flat Section

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

DASYS Configuration:
»  Probe; ES3DV3 - SN3205; ConvFi(4.53, 4,53, 4.53); Calibrated: 26.06.2009
«  Sensor-Surface: 3mm (Mechanical Surface Detection)
« Electronics: DAE4 Sn601; Calibrated: 02.03.2010
»  Phantom: Flat Phantom 5.0 (front); Type: QDUOOPS0AA; Seral: 1001
«  Measurement SW: DASYS, V5.2 Build 157; SEMCAD X Version 14.0 Build 57

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

Reference Value =99.1 Vim: Power Drift = 0.060 dB

Peak SAR (extrapolated) = 26,5 Wike

SAR(1 g) = 13 mW/g; SAR(10 g) = 6.11 mW/g

Maximum value of SAR (measured) = 16.5 mW/g

ai
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22

0 dB = 16.5mW/g
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Impedance Measurement Plot for Head TSL
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DASYS Validation Report for Body

Date/Time: 12.03.2010 15:25:35
Test Luboratory: SPEAG, Zurich, Switzerland

DUT: Dipole 2450 MHz; Type: D2450V2; Serial: D2450V2 - SN:839

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

Medium: MSL U0 BB

Medium parameters used: f = 2450 MHz: o = 2.01 mho/m: & = 54.5; p = 1000 kg/m’
Phantom section: Flat Section

Measurement Standard; DASYS (IEEENEC/ANS] Co3.19-2007)

DASYS Configuration:
= Probe: ES3DV3 - SN3205; ConvF(4.31, 4.31, 4.31); Calibrated: 26.06.2000
= Sensor-Surface: 3mm (Mechanical Surface Detection)
s Electronics: DAE4 Sn601; Calibrated; 02.03,2010
= Phantom: Flat Phantom 5.0 (back): Type: QDOOOPS0AA; Serial: 1002
«  Measurement SW: DASYS, V5.2 Build 157; SEMCAD X Version 14.0 Build 57

Body/d=10mm, Pin250 mW, dist=3.0mm (ES-Probe)/Zoom Scan (7x7x7) (7x7x7)/Cube 0:
Measurement grid: dx=5mim, dy=5mm, dz=3mm

Reference Value = 94.9 Vim; Power Drift = -0.0047 dB

Peak SAR (extrupolated) = 27.1 Wikg

SAR(1 g) = 13 mW/g: SAR(10 g) = 6.06 mW/g

Maximum value of SAR (measured) = 17.2 mW/g

T |

e

2T ]

13z

1LE

22

0dB = 17.2mW/g
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Impedance Measurement Plot for Body TSL
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Appendix F. DAE Calibration Data

Calibration Laboratory of

A Schweizerischer Kalibrierdienst
Schmid & Partner Sarvice sulsse d'étalonnage
Engineering AG Servizio svizzero dl taratura

Zeughausstrasse 43, 8004 Zurich, Switzerland Swiss Calibration Service

Accradited by the Swiss Accraditation Service (SAS) Accreditation No.: SCS 108
The Swiss Accreditation Service is one of the signatories to the EA
Muitilateral Agreement for the recognition of callbration certificates

Client

Calibration procedure(s)

Calibration date:

This calibration certificate documants the traceability to national standards, which realize the physical units of measurements (S1).
The meast its 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%.

Calibration Equipment used (MATE critical for calibration)

Primary Standard 1D # Cal Date (Certificate No.) Scheduled Calibration
Kelthley Multimeter Type 2001 SN: 0810278 28-Sep-11 (No:11450) Sep-12

Secondary Standards 1D # Check Date {in house) Scheduled Check
Calibrator Box V1.1 SE UMS 006 AB 1004 0B-Jun-11 (in house check) In housa check: Jun-12

Function

Calibrated by:

Approved by:

Issued: October 10, 2011

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

Certificate No: DAE4-1291_Oct11 Page 10f5
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Calibration Laboratory of
Schmid & Partner
Engineering AG

Zeughausstrasse 43, 8004 Zurich, Switzeriand

S Schweizerischer Kalibrierdienst

c Service suisse d'étalonnage
Servizio svizzero di taratura

S swiss Callbration 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

DAE data acquisition electronics

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

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

* DC Voitage 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 intemal 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.

s 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.

Certificate No: DAE4-1291_0Oct11 Page 2 of 5
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DC Voltage Measurement
A/D - Converter Resolution nominal

High Range: 1LSB = 8.1uv, full range = -100...4+300 mV
Low Range: 1LSB = 61nV, fullrange = -1.......+3mV
DASY measurement parameters: Auto Zero Time: 3 sec; Measuring time: 3 sec
Callbration Factors X Y F4
High Range 402.618 + 0.1% (k=2) | 403.311 £ 0.1% (k=2) | 403.219 £ 0.1% (k=2}
Low Range 3.97373 £ 0.7% (k=2) | 3.93305 + 0.7% (k=2) | 3.99084 % 0.7% (k=2}

Connector Angle

Connector Angle to be used in DASY system 309.0°x£1°

Certificate No: DAE4-1291_0Octi1 Page 30of 5
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Appendix
1. DC Voltage Linearity
High Range Reading (nV) Difference (uV) Error (%)
Channel X + Input 199992.4 -0.94 -0.00
Channel X + Input 20001.34 2.24 0.01
Channel X = Input -19997.31 2.39 -0.01
Channel Y + Input 199994.7 228 0.00
Channel Y + Input 20000.26 0.46 0.00
Channel Y - Input -19999.51 0.09 -0.00
Channel Z + Input 200005.6 -0.41 -0.00
Channel Z + Input 20000.09 0.09 0.00
Channel Z - Input -20000.54 -0.94 0.00
Low Range Reading (uV) Difference (uV) Error (%)
Channel X + Input 2000.1 -0.04 -0.00
Channel X + Input 200.47 0.57 0.28
Channel X - Input -198.59 1.41 -0.70
Channel Y + Input 1999.8 -0.20 -0.01
Channel Y + Input 200.06 -0.04 -0.02
Channel Y - Input -200.07 -0.07 0.03
Channel Z + Input 2000.0 -0.04 -0.00
Channel Z + Input 199.87 -0.13 -0.07
Channel Z - Input -200.32 -0.12 0.06
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 (uV) Average Reading (uV)
Channel X 200 9.31 7.38
-200 -5.70 -7.73
Channel Y 200 13.16 13.22
- 200 -15.11 -15.12
Channel Z 200 -15.99 -16.16
- 200 14.64 14.71

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

Input Voltage (mV) | Channel X (1V) | Channel Y (uV) Channel Z (V)
Channel X 200 - 3.83 -1.00
Channel Y 200 1.58 - 489
Channel Z 200 3.00 1.27 -
Certificate No: DAE4-1291_Oct11 Page 4 of
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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 16025 15514
Channel Y 15811 15983
Channel Z 16040 14624
5. Input Offset Measurement
DASY measurement parameters: Auto Zerc Time: 3 sec; Measuring time: 3 sec
Input 10MQ
Average (uV) min. Offset (uV) | max. Offset (LV) e l:::;ahon
Channel X -1.78 -3.14 0.35 0.47
Channel Y -1.26 -4.20 -0.42 0.45
Channel 2 -1.77 -2.71 -0.62 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 Z 200 200
8. Low Battery Alarm Voltage (Typical values for information)
Typical values Alarm Level (VDC)
Supply (+ Vce) +7.9
Supply (- Vec) 7.6
9. Power Consumption (Typical values for information)
Typical values Switched off (mA) | Stand by (mA) Transmitting (mA)
Supply (+ Vee) +0.01 +6 +14
Supply (- Vcc) -0.01 -8 -9
Certificate No: DAE4-1291_Oct11 Page5of 5
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