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Appendix C — Dipole Calibration

Calibration Laboratory of

Schmid & Partner
Engineering AG

Zeughausstrasse 43, B004 Zurich, Switzerland

Client g

This calibralion statement documents iaceabldity of MATE used in the calibration procedures and conformity of the procedures with the ISOAEC
17025 rternatonal standiard

Al calibrations have been conducted in the closed Iaboratory tacility: environment temperature 22 +/- 2 degrees Celsius and humidity < 75%.

Caltration Equipment used (MATE cribcal for calbralion)

| Model Type o Cal Date (Calibrated by, Certificate Mo.) Schaduled Cofbration |
Powar meter EPM E44198 GBA 1293874 2-Agr-03 (METAS, Mo 252-0250) A4 {
Powar sersor E44124 MY 41495277 2-Apr-03 (METAS, No 252-0250) Apr-0d

Powst sensor HP BAB1A MY41082317 18-0ct-02 (Agilent, No. 20021018} Oct-04

RF generator RAS SMT0S 100058 Z3-May-01 (SPEAG, in house check May-03)  In house check: May-05

Netwark Analyzer HP B753E US37380585 18-0ct-01 (SPEAG, In house check Now-03) In house check: Oct 05

| Mame Function Sipnature

D ’ A R

Approved by:

Darte issued: March 25, 2004

Thig ealibration certficate is issued a3 an Intermediate salution untl the acereditation process (based on ISONEC 17025 Intermational Standard) for
Calibraion Laboratory of Schmid & Pariner Engineering AG s compieted.
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Schmid & Partner Engineering AG s e a
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Phone +41 1 245 9700, Fax +41 1 245 9779
info@speag.com, hip.fwww speag com

DASY

Dipole Validation Kit
Type: D5SGHzV?2

Serial: 1021

Manufactured:  February 5, 2004
Calibrated: = March 23, 2004
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DSGH2W2 - SM: 1021
. M t Conditions

The measurements were performed in the flat section of the SAM twin phantom filled with head
simulating solution of the following electrical parameters:

Frequency: 5200 MHz
Relative Dielectricity 36.3 + 5%
Conductivity 4.57 mho/m + 5%
Frequency: S800 MHz
Relative Dielectricity 354 + 5%
Conductivity £20 mho/m +5%

The DASY4 System with a dosimetric E-field probe EX3DV3 - SN:3503 was used for the
measurements. The dipole was mounted on the small tripod so that the dipole feedpoint was positioned
below the center marking of the flat phantom section and the dipole was onented parallel to the body
axis (the long side of the phantom). The standard measuring distance was 10mm from dipole center to
the solution surface. Lossless spacer was used during measurements for accurate distance positioning,

The coarse grid with a grid spacing of 10mm was aligned with the dipole. Special 8x8x8 fine cube was
chosen for cube integration (dx=dy=4.3mm, dz=3mm). Distance between probe sensors and phantom
surface was set to 2.5 mm. The dipole input power (forward power) was 250 mW + 3 %. The results
are normalized to 1W input power.

5 SA with DASY System

Standard SAR-measurements were performed according to the measurement conditions described in
section 1. The results (see figures supplied) have been normalized to a dipole input power of IW
(forward power). The resulting averaged SAR-values measured at 5200 MHz (Head Tissue) with the
dosimetnic probe EX3DV3 SN:3503 and applying the advanced extrapolation are:

averaged over | em’ (1 g) of tissue: 81.2 mW/g + 20.3 % (k=2)'

averaged over 10 em’ (10 g) of tissue: 23.1 mWig + 19.8 % (k=2)'

The resulting averaged SAR-values measured at 5800 MHz (Head Tissue) with the dosimetric probe
EX3DV3 5N:3503 and applying the advanced jon are:

averaged over 1 cm’ (1 g) of tissue: 81.2 mW/g = 20.3 % (k=2)°

averaged over 10 cm’ (10 g) of tissue: 22.6 mW/g = 19.8 % (k=2)

' Target dipole values determined by FDTD (feedpoint impedance set 1o 50 Ohm). The values are SAR_1g=76.5 mW/g,
SAR 10g=21.6 mW/g and SAR peak=3103 mW/g

* Target dipole values determined by FDTD (feedpoint impedance set to 50 Ohm). The values are SAR_1g=78 0 mW/g,
SAR_10g=21.9 mW/g and SAR_peak=340.9 mW/g.
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D3GHzV2 - SN:1021

3 Dipole Tr (il n

The impedance was measured at the SMA-connector with a network analyzer and numerically
transformed to the dipole feedpoint (please refer to the graphics attached to this document). The
transformation parameters from the SMA-connector to the dipole feedpoint are:

Electrical delay: 1.200 ns (one direction)
Transmission factor: 0.950 {voltage transmission, one direction)
! M. Conditi

The measurements were performed in the flat section of the SAM twin phantom filled with body
simulating solution of the following electrical parameters;

Frequency: 5200 Mz
Relative Dielectricity 49.7 + 5%
Conductivity 5.18 mho/m + 5%
Frequency: S800 MHz
Relative Dielectricity 48.5 + 5%
Conductivity 6.01 mho/m + 5%

The DASY3 System with a dosimetric E-field probe EX3DV3 - SN:3503 was used for the
measurements. The dipole was mounted on the small tripod so that the dipole feedpoint was positioned
below the center marking of the flat phantom section and the dipole was oriented parallel to the body
axis (the long side of the phantom). The standard measuring distance was 10mm from dipole center to
the solution surface. Lossless spacer was used during measurements for accurate distance positioning.

The coarse grid with a grid spacing of 10mm was aligned with the dipole. The 8x8x8 fine cube was
chosen for cube integration (dx=dy=4.3mm, dz=3mm). Distance between probe sensors and phantom
surface was set to 2.5 mm. The dipole input power (forward power) was 250 mW £ 3 %. The results
are normalized to 1W input power.
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DSGHzY2 - SN: 1021
5. SAR Measurement with DASY System

Standard SAR-measurements were performed according to the measurement conditions described in
section 4. The results (see figures supplied) have been normalized 1o a dipole input power of 1W
{forward power). The resulting averaged SAR-values measured at 5200 MHz (Body Tissue) with the

dosimetne probe EX3DV3 SN:3503 and applying the advanced extrapolation are:
averaged over 1 cm’ (1 g) of tissue: 76.4 mWig + 20.3 % (k=2)'
averaged over 10 em’ (10 g) of tissue: 21.6 mWig = 19.8 % (k=2)'

The resulting averaged SAR-values measured at 5800 MHz (Body Tissue) with the dosimetric probe
EX3DV3 SN:3503 and applying the advanced extrapolation are:

averaged over | cm’ (1 g) of tissue: 72.0 mW/g + 20.3 % (k=2)"
averaged over 10 cm]{m 2) of tissue: 20,0 mW/g + 19.8 % {k=2}"
6. Measurement Conditions

The measurements were performed in the flat section of the SAM twin phantom filled with head and
body simulating solution of the following electrical parameters:

Frequency: S500 MHz (Head)
Relative Dielectricity 35S + 5%
Conductivity 5.03 mho/m + 5%
Frequency: 5500 MHz (Body)
Relative Dielectricity 49.1 + 5%
Conductivity 559 mho/m + 5%

The DASY3 System with a dosimetnic E-field probe EX3DV3 - SN:3503 was used for the
measurements. The dipole was mounted on the small tripod so that the dipole feedpoint was positioned
below the center marking of the flat phantom section and the dipole was oriented parallel to the body
axis (the long side of the phantom). The standard measuning distance was |Omm from dipole center to
the solution surface. Lossless spacer was used during measurements for accurate distance positioning.

The coarse grid with a gnd spacing of 10mm was aligned with the dipole. The 8x8x8 fine cube was
chosen for cube integration (dx=dy=4.3mm, dz=3mm). Distance between probe sensors and phantom
surface was set to 2.5 mm. The dipole input power (forward power) was 250 mW + 3 %. The results
are normalized to W input power,

? Target dipole values determined by FDTD (feedpoint impedance set 1o 50 Ohm). The values are SAR_1g=71.8 mW/g,
SAR_10g=20.1 mW/g and SAR_peak=284 7 mWig

* Target dipole values determined by FDTD (feedpoint impedance set to 50 Ohm). The values are SAR_1g=T4.1 mWig,
SAR_10g=20.5 mW/g and SAR_peak=324.7 mWig
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DASGH=V2 - SN: 1021
7. SAR Measurement with DASY System

Standard SAR-measurements were performed according to the measurement conditions described in
section 6. The results (see figures supplied) have been normalized to a dipole input power of 1W
{forward power). The resulting averaged SAR-values measured at 5500 MHz (Head Tissue) with the
dosimetnc probe EX3DV3 SN:3503 and applying the advanced extrapolation are;

averaged over 1 em’ (1 g) of tissue: 95.2 mWi/g + 20.3 % (k=2)

averaged over 10 cm’ (10 g) of tissue: 26.3 mWig = 19.8 % (k=2)

The resulting averaged SAR-values measured at 5500 MHz (Body Tissue) with the dosimetric probe

EX3DV3 SN:3503 and applying the adv ion are:
averaged over 1 cm’ (1 g) of tissue: 79.6 mWig = 20.3 % (k=2)
averaged over 10 cm’ (10 g) of tissue: 21.9 mWig = 19.8 % (k=2)
8. Handling

Do not apply excessive force to the dipole arms, because they might bend. Bending of the dipole anms
stresses the soldered connections near the feedpoint leading to a damage of the dipole.

9, n

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.

Small end caps have been added to the dipole arms in order to increase frequency bandwidth at the
position as explained in Sections 1,4 and 6.

10, er Test

After long term use with 40W radiated power, only a slight warming of the dipole near the feedpoint
can be measured.
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Page | of 1
Date/Time: 03/23/04 10:32:59

Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole S5GHz; Serial: DSGHzV2 - SN:1021

Communication System: CW-5GHz; Duty Cycle: 1:1; Medium: MSL3800
Medium purameters used: = 5500 MHz; o = 5.59 mho'm; g, = 49.1; p= 1000 kg'm’
Phantom: SAM with CRP - TP:1312; Phantom section: Flat Section

DASY4 Configurailon:

Probe: EX3IDV3 - SN1503; ConvF(4.8, 4.8, 4.8);
Sensor-Surface: 2.5mm (Mechanical Surface Detection)
Electronics: DAE4 600; Calibrated: 973072003
Measurement SW: DASY4, V4.2 Build 44;

- & & @

d=10mm, Pin=250mW, f=5500 MHz/Area Scan (31x31x1): Measurement grid: dx=10mm, dy=10mm
Reference Value = 73.6 V/m:; Power Drift = 0.001 dB
Maximum value of SAR (interpolated) = 379 mW/g

d=10mm, Pin=230mW, {=5500 MHz/Zoom Scan (8xBx8), dist=2.5mm (7x7x8)/Cube 0:
Measurement grid: dx=4.3mm, dy=4.3mm, dz=3Imm

Reference Value = 73.6 V/m; Power Drift = 0.00] dB

Peak SAR (extrapolated) = 75.9 Wikg

SAR(1 g)=19.9 mW/g; SAR(10 g) = 5.48 mW/g

0 dB = 34.1mW/g
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Page 1 of |
Date/Time: 03/22/04 11:13:39

Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 5GHz; Serial: DSGHzV2 - SN:1021

Communication System: CW-SGHz; Duty Cycle: 1:1; Medium: HSLSR00

Medium parameters used: f= 5200 MHz; o = 457 mho/m: £, = 36.3; p= 1000 kg'm?
Medium parameters used: f= 5800 MHz; o = 5.2 mho/m; €, = 35.4; p = 1000 kg/m’
Phantoim; SAM with CRF - TP:1312; Phantom section: Flat Section

DASY4 Configuration;

+ Probe: EX3IDV3 - SN3503; ConvF(5.7, 5.7, 5.7), ConvF(5, §, 5);
® Sensor-Surface: 2 5mm (Mechanical Surface Detection)

¢ FElectronics: DAE4 600 Calibrated: 9302003
& Measurement SW: DASYS, V4.2 Build 44;

d=10mm, Pin=250mW, (=5200 MHz/Area Scan (91x91x1): Measurement grid: dx=10mm, dy=10mm
Reference Value = 91.2 V/m; Power Drift = -0.002 dB
Maximum value of SAR (interpolated) = 37 mW/g

d=10mm, Pin=250mW, f=58800 MHzZoom Scan (Bx8xR), dist=2.5mm (7x7x8)/Cube 0:
Measurement grid: dx=4.3mm, dy=4,3mm, dz=3mm

Reference Value = 85.8 Vim; Power Drift = -0.0 dB

Peak SAR (extrapolated) = 87.3 Wikg

SAR(1 g) = 20.3 mW/g; SAR(10 g) = 5.66 mW/ig

d=10mm, Pin=250mW, f=5200 MHz/'Zoom Scan (8x8x8), dist=2.5mm (7x7x8)/Cube 0:
Measurement grid; dx=4.3mm, dy=4 3mm, dz=3mm

Reference Value = 91.2 Vim; Power Drift = -0.002 dB

Peak SAR (extrapolated) = 78 Wikg

SAR(1 g) =203 mWig; SAR(10 g) =5.77T mW/g

40 l
0dB = 33.6mW/g
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Page 1 of 1
Date/Time: 03/23/04 10:32:59

Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole SGCHz; Serial: DSGHzV2 - SN:1021

Communication System: CW-30GHx, Duty Cycle: 1:1; Medium: MSL3800

Medium parameters used: = 5200 MHz; o =5.18 mha/m; £, = 49.7; p= 1000 I;g.";"r'|1
Medium paremeters used: = 5800 MHz; o = 6.01 mho/m; & = 48.5; p = 1000 kg/m*
Phantom: SAM with CRP - TP:1312; Phantom section: Flat Section

DASY4 Configuration;

Probe: EX3DV3 - SN3503; ConvF(5, 5, 5), ConvF(4.6, 4.5, 4.6);
Sensor-Surface: 2.5mm (Mechanical Surface Detection)
Electronics: DAE4 600; Calibrated: 9302003

Measurement SW; DASYA, V4.2 Build 44;

* & & @

d=10mm, Pin=250mW, f=5200 MHz/Area Scan (31x31x1): Measurement grid: dx=10mm, dy=10mm
Reference Value = 79.4 Vim; Power Drft=0.0dB
Maximum value of SAR (interpolated) = 36 mWi/g

d=10mm, Pin=250mW, {=5800 MHz/Zoom Scan (8x8x8), dist=2.5mm (7x7x8)/Cube 0:
Measurement grid: dx=4.3mm, dy=4.3mm, dz=3mm

Reference Value = 68.1 Vim; Power Drift =-0.0 dB

Peak SAR (extrapolated) = 73.9 W/kg

SAR(1g)= 18 mW/g; SAR(10 g) = 5.01 mW/g

d=10mm, Pin=250mW, =520 MHz/Zoom Scan (8x8x8), dist=2.5mm (7x7x8)/Cube 0:
Measurement grid: dx=4.3mm, dy=4.3mm, dz=3mm

Reference Value = 79.4 Vim: Power Drift = 0.0 dB

Peak SAR (extrapolated) = 67.7 Wikg

SAR(1 g)=1910 mW/g; SAR(10 g) = 541 mW/g

‘32 |

0 dB = 31.7mW/g
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Page 1 of 1
Date/Time: 03/22/04 11:13:39

Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole SGHz; Serial: DSGHzV2 - SN:1021

Commumication System:; CW-5GHz;Duty Cycle: 1:1; Medium: HSL5B0K)
Medium parameters used: f= 5500 MHz; o = 5.03 mho/m; g, = 35.5; p= 1000 kg,-'m"
Phantom: SAM with CRP - TP:1312; Phantom section; Flat Section

DASY4 Configurailon:

¢ Probe: EXIDV3I - SN3503; ConvF(5, 5, 5%

¢ Senmsor-Surface: 2.5mm (Mechanical Surface Detection)
¢ Electronics: DAE4 600; Calibrated: 9/30/2003

o Measurgment SW: DASY4, V4.2 Build 44;

d=10mm, Pin=250mW, f=5500 MHz/Area Scan (91x91x1): Measurement grid: dx=10mm, dy=10mm
Reference Value = 97.3 V/m; Power Dnft = 0.0 dB
Maximum value of SAR (interpolated) = 44.6 mW/g

d=10mm, Pin=250mW, f=5500 MHz/Zoom Scan (8x8x8), dist=2.5mm (7x7x8)/Cube 0:
Measurement grid: dx=4.3mm, dy=4_.3mm, dz=3mm

Reference Value = 97.3 V/m; Power Dnft = 0.0 dB

Peak SAR (extrapolated) = 95.3 Wikg

SAR(1 g)=23.8 mW/g; SAR(10 g) = 6.58 mW/g

dB |
| 1
-8

!

16

-32

4D

0 dB = 40.TmW/g
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Appendix D — Probe Calibration

Calibration Laboratory of
Schmid & Partner
Engineering AG

Zsughausstrasse 43, 8004 Zurioh, Bwitseriand

Calbraion procedunss) mwtﬂ L L
Calibration procedure for dosimetric E-field probes

Caibration dals March 19, 2004
Cendtar of the caibrateater |0 Tol@rance (according to the specific calibration document)

This calibration comficata documaents the traceabily to nalonal stardards, whech reakas Bhe physcsl unin of messuremenn [5)
The measuremants and he uncersinties Wil confdence probatiity are gven on the fslowng Deges and 5fe part of ihe cerficabe

Al caibrations have been conducted in the clesad labaratory fecity. envirenment iemperstue 22 -+~ 7 degress Calwus end humidty < TE%.

Calibration Equiprmant used (MATE critical for calibration)

Midel Tyoe 10a — Cal Date (Caliramd by, Cerifcate No |} WEL“J_EW—‘___
Fowar mater EPM E44198 GH4 1293874 2-Ape-00 [METAS, Mo I52-0250) Al -k

Power sensar E44128 MY 81485377 2-Ape-03 [METAS, Mo T52-0250) Ap-Dd

Referance 20 B Afenuatar Sht G086 20b) IApr-00 (METAS Mo 2591-03407 Ape -

Fluke Process Calibrator Type 702 SN 6285803 5-Sep-00 (Sintred SC8 Na. E-000020) Sap-04

Powar sansor HP 84814 MY &1082180 16-5ep-02 [SPEAG, in house check 00-03) In house check O 0F

RF generator HF BEE4C US3IB4 0170 LA 0 (SPEAG in house check AugOZ) In house check AugOs

Metwork Analyzer HS AT53E US3r 30585 18-0ct-01 (SPEAG, In house check Dat-03) Ir house chack Ot DS

Namm Funmciion Bignatura

Cafibrated by Meo Vereri Techrizan DW
Approved oy Maga Pokovc Laboratery iractic ﬁ, el ":,ﬁ

Drabe imsued: March 25, 2004

This calirson cerficaie s sued s an misrmecine slulion untl the ecoreditation process (besed on ISONES 17025 ImMemaktonal Siandard) for
Calibration Laperaiery of Schmid & Parner Engineseing AD i compieies
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Probe EX3DV3

SN:3519

Manufactured: March 8, 2004
Last calibrated: March 19, 2004

Calibrated for DASY Systems

(Nete: non-compatible with DASY2 system()

Page 2 of &
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EX3DV3 SN:3519

March 19, 2004

DASY - Parameters of Probe: EX3DV3 SN:3519

Sensitivity in Free Space Diode Compression™
NormX 0.78 pVi(V/im)* DCPX 96 mV
NormY 0.79 UV (VIim)? DCPY 96 mV
NormZ 0.73 uVi(Vim)? DCPZ 96 mV

Sensitivity in Tissue Simulating Liquid (Conversion Factors)

Plese sea Page 7.
Boundary Effect
Head 900 MHz Typical SAR gradient: § % per mm
Sensor Cener to Phanfom Surface Distance 20mm 3.0 mm
SAR,, [%] Without Correction Algorithm 24
SARy, [%] With Comection Algonthm 0.1
Head 1800 MHz Typical SAR gradient: 10 % par mm
Sensor to Surface Distance 20mm 3.0 mm
SAR,, [3] Without Cormection Algosithm 48
SAR [%] With Comection Algarithm 0.2
Sensor Offset
Probe Tip to Sensor Center 1.0 mm

corresponds to a coverage probability of approximately 85%.

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

* numarical insanzaton parameter: uncartanty not requined

Page 3of 8
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EX3DV3 SN:3519 March 19, 2004
Frequency Response of E-Field
({ TEM-Cell:ifi110, Waveguide R22)
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EX3DV3 SN:3519

f= 900 MHz, TEM cell ifi110

Page Sof8

Receiving Pattern () , 6 =0°

f=1800 MHz, WG R22
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EX3DV3 SN:3519 March 19, 2004

Dynamic Range f(SARpeaq)
( Waveguide R22 )

1.E+1

1|=‘,° j: _I i H” L |- : :II ':!.1.; 1 .
0,000 0.001 0.0 o1 1. 10.

Probe Linearity < £ 0.2 dB
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EX3DV3 SN:3519

—

=900 MHz, WGLS R9 (haad)

3.0 -

March 19, 2004

Conversion Factor Assessment

{ = 1800 MHz, WGLS R22 (head)

F[MHz] Validity MHz)®  Tissue Permittivity Conductivity Alpha Depth

ConvF Uncertalnty

900 800-1000 Head 41.5:5% 09715% 0.30
1800 1710-1810 Head 4001 5% 1.40 % 5% 0.08
S200  4%40-5450 Head 365015% 4.6615% 0.45
5500 52255775 Head 35681:5% 4068:25% 0.45
5800 5510-8090 Head 353+0% 52715% 0.45
5200  4940-5450 Body 400x5% S53015% 0.45
5500 52255775 Body 48615% 56525% 043
5800 5510-8090 Body 482:+5% 60015% 0.43

fBOUENCy AN the SLANGET UNCBMEINTY 107 the MOCAtes faquency Band

Page T of B
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.82

£ 11.3% (k=2)
£ 11.7% (k=2)
£ 21.8% (k=2)
£ 22.6% (k=2)
£23.4% (k=2)

£ 21.8% (k=2)
+ 22.6% (k=2)
+ 23.4% (k=2)

® The totsl standerd uncertsinty is calculsted a5 rool-sumsquare of standard uncertainty of the Conversion Fadior at calibration
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EX3DV3 SN:3519

March 19, 2004

Deviation from Isotropy in HSL
Error (0,5 ), f= 900 MHz

Error [d&]

[m-1.00-060 M-060-060 W-060-040 W-0.40-0. 20 ldﬁn-ﬂ.oj

0000020 MmO20-040 D040-080 DO0S50-0.80 MEOB0-1.00

Spherical Isotropy Error < £ 0.4 dB
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Appendix E — Data Acquisition Electronic (DAE) Calibration

Calibration Laboratory of
Schmid & Pariner

Engineering AG
Zeughausstrasss 41, BO04 Turich, Swittesiand

Accrodited by the Swiss Fedorad Odfice of Metrology and Accroditation
The Swiss Accreditation Service is one of the signatories 1o the EA
Muiltflatersl Agreement for the recegnition of calibration cenificates

cient  Auden
CALIBRATION CERTIFICATE
Otgect DAE3 - 5D 000 DO3 AA - SN: 303
Calibraton prodadunels CAL-06.v11
, mmmhmmmmmm
Cubration daty April 25, 2005

| Condition of the caibrated e | IN Tolerance

This calibration cartficate documsents (he Bmcaability o nalions standars., which realize tha physical unis of measuramants (5.
The measuremants and B uncerinintias with conSidence probabiity ane ghven on the foliowing pages and ane par of the carificate,

All calteations Rave boon conducied in tha closed WW'leqz}:!rcww-rﬂ.

Calibrasion Equipmesnt used (MATE critical for calibeation)

Primary Standands oa Cal Destia (1 try. Corsficate Mo Sehaduled C

Fluks Process Calbeator Typs 702 | SM; 6295800 T-Sap-0d4 (Sintrel, No.E-040073) Sep-08

Secondary 53 s iDw Croch Dale (in housa) Scheduled Chook

Calibrater Box 1.1 SE UBMS 008 AB 1002 18-Jul-D4 (SPEAG, in house chack) Ins hxgusse chack Jul-05

Mama Funcsion Sg?h.rl

Calibrated by Drarit Gaerachior Technician :@ T, | l( 4 f ﬁ

Approved by: Fin Bormnan AAD Dimetor f.-,ﬁ.y,,-;’:#
Iasundt Aqeil 25, 2005

This calibration certificatln shall not be reproduced except in bl witkoul writion apgeovil of V.

Cortificate Mo: DAE3-293_Apr05 Page 1al &
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Calibration Laboratory of
Scomid & Partner

Engineering AG
Zoughausstrasss 43, B004 Zurich, Swilzarland

Accredted by b Swiss Federsl Ofce of Metrology and Accreditalion
The Swiss Accreditation Service is one of the signatories to the EA
Bultilateral Agreement for the recognition of calibration cestificates

Glossary
DAE digital acquisition electronics
Conneclor angle  information used in DASY system to align probe sensor X to the robot

coordinate system,.

Methods Applied and Interpretation of Parameters
« OC 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 contain technical information as a result from the performance
test and require no uncertainty.

= DC Voltage Measurernent Linearily: Verification of the Linearity at +10% and -10% of the
nominal calibration voltage. Influence of offset voltage is included in this measurement.

differential measurement.

voltage.

« AD Converfer Values with inputs shorfed: Values on the internal AD converter
corresponding o zero input voltage

= Input Offset Measurement: Output voltage and statistical results over a large number of
zero voltage measurements,

«  [nput Offset Current; Typical value for information; Maximum channel input offset current,
not considering the input resistance.

= Input resistance: DAE input resistance at the connector, during internal aute-zeroing and
during measurament.

= Low Baltery Alarm Veltage: 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.

* Common mode sensitivity: Influence of a positive or negative common mode voltage on the

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

Cortificate No: DAE3-393_AprDS Page 2ol 5
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DC Voltcge Measurement
AD - Converter Resolution nominal

High Range: iL58 = B.1pV, full range = =100...+300 mV
Low Range: iL5E = BinV, full range = -1.......+3mV
DASY measurament parameters: Aulo Zero Time: 3 sec: Measuring time: 3 sec
Calibration Factors X Y z
High Range 404,034 £ 0.1% (k=2) | 404.200 £ 0.1% (k=2) | 404,188 £ 0.1% (k=2)
Low Range 297015+ 0.7% (k=2) | 3.05219 £ 0.7% (k=2) | 3.95274 £ 0.7% (k=2)

Connector Angle

| Connectar Angle to be used in DASY system | 18%£1° |
Cartificats No: DAE3-383_ApriS Page 3 of 5
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Appendix
1. DC Voltage Linearity
High Range Input (V) Raoading (uV} Error (%)
Channal X + Input 200000 200000.3 0.00
Channel X + Input 20000 19997.98 0001
Channel X = Input 20000 =189891.49 0,04
Channel ¥ + Input 200000 199999.8 0.00
Channal ¥ + Input 20000 19995.58 0,02
Channal ¥ = Input 20000 ~19091.04 0,04
Channel Z + Input 200000 200000.5 0.00
Channel Z + Input 20000 19606.71 40.02
Channel = Input 20000 -20001.13 0.01
Low Range Imput (uV) Reading (uV) Error (%)
Channel X + Input 2000 1996.9 0.00
Channel X + Input 200 189.89 0.00
Channel X - Input 200 -200.44 022
Channel ¥ + Input 2000 1899.9 0.00
Channel ¥ + Impat 200 199.28 0,38
Channel ¥ - Imput 200 20086 (%]
Channel £ + Inpaut 2000 18299 0,00
Channel £ + Inpaut 200 189.22 -0.38
Channel £ = Impast 200 -201.08 0.54
2. Common mode sensitivity
DASY measurement paramaters: Auto Zero Time: 3 sec, Measuring fime: 3 sec
Comman modae High Range Low Range
Input Voltage (mV) Average Reading (uV) Average Reading (uV)
Channel X 200 12,51 11.50
- 200 10,12 A1.21
Channal ¥ 200 9.52 945
- 200 ={0.B8 -11.18
Channel Z 200 335 2.54
- 200 4599 -5.03
3. Channel separation
DASY maaswement parameters: Aulo Zero Time: 3 sec; M g bme: 3 sec
Input Voltage (mV) | Channel X (uV) | Channel ¥ (uV] | Channel Z (uV)
Channal X 200 - 3.00 =0.31
Channal ¥ 200 1.48 - 595
Channel Z 200 082 1.03 -
Certificats No: DAE3-393_Apr05 Page 4 of 5
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4, AD-Converter Values with inputs shorted
DASY measurement parameters: Auto Zaero Time: 3 sec, Maasuring time: 3 sec
High Range (LS8) Low Range (LSB)
Channel X 16144 16008
Channal Y 16013 16872
Channel 16448 16857
5. Input Offset Measurement
DASY measuremant parameters: Auto Zero Time: 3 sec; Measuring time: 3 sec
Input 10K
Average (V) | min. Offset (uV) | max. Offset (V) MM{!U
Channel X 1.00 0.39 247 0.24
Channal ¥ -1.33 217 -0.42 0.26
Channal Z 062 2,27 1.81 0,40
6. Input Offset Current
Nominal Input circuitry offsat cumant on all channels: <25(A
7. Input Resistance
Zaroing (MOhm) Measuring (MOhm)
Channel X 01860 200.6
Channel ¥ 0.2001 200.4
Channal Z 0.1999 2001
8. Low Battery Alarm Voltage (verfied during pre test)
Typical values Alarm Level (VDC)
Supply [+ Vo) +70
Supply (- Vec) 1.8
9, Power Consumption (verfied during pre test)
Typical values Switched off (ma) | Stand by (mA) | Transmitting (mA)
Supply [+ Vec) +0.0 +6 +14
Supply (- Vo) -0.01 B -
10. Common Mode Bit Generation (veritied dusing pre test)
Typical values Bit sat to High at Commaon Mode Error (Vipe)
Channel X, Y, Z +1.25
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