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ANNEX F: D1900V2 Dipole Calibration Certificate

Calibration Laboratory of
Schmid & Partner
Engineering AG

Zoughaussiraase 43, 8004 Zurich, Switzerland

Schweizerischer Kalibrierdiens)
Service suisse d'étalonnage
Sarvizio svizzero di taratura
Swiss Calibralion Service

Accrediled by the Swss Accreditation Sarvice [SAS)
The Swiss Accreditation Service is one of the signalories to the EA
Multilateral Agreement fof the recognition of callbration cerlificales

cient  TA-Shanghal (Auden) Certificate No: D1900V2-5d060_Aug11
CALIBRATION CERTIFICATE 3 |
i D1900V2 - SN: 50060 {

Aceraditation No.: SCS 108

Calibration procedwaia)

mml-‘ﬂﬁ-“ﬂ =
Calibration procedure for dipole validation kits above 700 MHz

Calibraton date:

August 31, 2011

This cakration cerlificale documents the traceability to nasionsl stendards, which realiza the physical Unita of measurements (S()
The maasuramants and the uncenamtsas with confidance probabilty are given on he lollewing peges and are part of the cerificate;

A calibrations have been conductad in 1he closed labataiory Facity: arwimonment tamparasios (22 = 3°C and ity = T0%,

Cadbration Equipment used (MATE eritcil for calibration)

This calibration DE_I!'I]'II:‘.MB ehall nol b maproduced excapt in full withow wiitten appreval of the labaratory

Frimary Standards 1D & Cal Date (Cerificate Mol __ Schaduad Calibraton

Paveer matar EPM-4424 GBIT480T 06-0ct-10 (Mo, 217-01286) Oct-11

Power sansor HF Bddia USs7r2az7as DE-Cot-10 (Mo, 297-01266) Oet-11

Ralerance 20 dB Attanuatos ZN; S50BE [20b) 29-Mar-11 (Mo, 217-01367) Apr-12

Type-N mismatch combination Sh: 50472 1 DEIZT 20-Mar-11 [No. 217-01371) Apr-12 B

Raference Probe ESIDVI SN: 3205 29-Apr-11 {No. ES3-3205_apri1) Apra@2

DAE4 SN &1 -Jif-17 (Mo, DAES-G01_ Jdid11) Jul-12

Secondary Standards 10 # Check Data (in housa) Stheduled Check

Powar sensar HP B4A1A MY 41092317 16-Oct-02 {in house check Oci-09) In house chack: Ocl-11

AF ganerator RAS SMT-06 100005 04-Aug-84 (im housa chack Oct-09) In house chack: Oct-11

Network Ansfyzer HP BTSIE LIGAT 3585 54206 1B-0ct-01 in housa chack Cct-10) In house check: Cct11
MNama Function Ssgnature

Cafibratod by; Dimee liey. Labioratory Technician E) %

Approvad by: Katja Pokowic Technical Manager

Izsued: August 31, 2011

Cerificate No: [1900V2-50060_Aug11
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G&H‘bl_‘atiﬂn Laboratory of Sohwalzsrischer Kallbrisrdienst
Schmid & Partner Service sulsse d'étalonnage
EI'IQiI'IEE'Fi'ﬂg AG Servizio svizzero di taratura

Zoughaussirasse 43, 8004 Zurich, Swiltzerland Swiss Calibration Servica

Aceremied by the Swiss Accraditation Serice |SAS) Aceraditation Ho.: SCS 108
Tha Swiss Accreditation Service (s one of the signalories to the E&
Multilateral Agreemant for the recognition of calibration certificates

Glossary:

TSL tissue simulating liquid

ConvF sensitivity in TSL / NORM x,y.z
MA, 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) 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

¢) Federal Communications Commission Office of Engineering & Technology (FCC QET),
“Evaluating Compliance with FCC Guidelines for Human Exposure to Radiofrequency
Electromagnetic Fields; Additional Information for Evaluating Compliance of Mobile and
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 Conditions: Further details are available from the Validation Repor at the end
of the certificate. All figures stated in the cerificate are valid at the frequency indicated.

» Anfenna Parameters with TSL: The dipole is mountad with the spacer to position its feed
point exactly below the center marking of the flat phantom section, with the arms oriented
paraliel 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 reguired.

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

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

*  SAR nommalized: 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 resull.

Cerificale No: D1900V2-5d060_Aug11 Page 2 of B
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Measurement Conditions

DASY system configuration, as far as not given on page 1.
DASY Version DASYS VB2 6.2
Extrapolation Advanced Extrapolation
Phantom Modular Flat Phantom

"Eratanna Dipaole Center - TSL 10 mm with Spacer 20

Zoom Scan Resolution dx. dy, dz = 6 mm

| Frequency 1900 MHz = 1 MHz

Head TSL parameters
Tha following parameters and caleulations were applied,
Temperature Parmittivity Conductivity
Nominal Head TSL parameters 220°C 40,0 1.40 mhao'm
Measured Head TSL parameters (22.0 £0:2)°C 33526 % 1.42 mho/m + 8 %
Head TSL temperature change during test =0.5°C - -
SAR result with Head T5L
SAR averaged over 1 cm” (1 g) of Head TSL Gondition
SAR measured 250 mW input power 102mW /g
SAR for nominal Head TSL parameters normalized to 19 40.3 mW /g = 17.0 % (k=2)
"sar averaged over 10 em® (10 g) of Head TSL condition

SAR measured 250 mW input power 530mW {g
SAR for nominal Head TSL paramaters normalized ta 1W 21,1 mW /g £ 16.5 % (k=2)

Body TSL parameters
The fallowing parameters and calculations were applied.
Temperature Permittivity Conductivity
Mominal Body TSL parameters 22.0°C 533 1.52 mhaim
Measured Body TSL parameters {220 =0.2) *C 53.9+6% 1.57 mhafm + 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 Canditian
SAR measured 250 mW input powsr 108 mW /g

SAR for nominal Body TSL paramaters

normallzed to 1W

AT mW g £ 17.0 % (k=2)

SAR averaged over 10 cm” {10 g) of Body TSL

condition

SAR measurad

250 mW input power

555mWig

SAR for nominal Body TSL parametars

normalizad to 1W

—

22.0 mW /g = 16.5 % (k=2}

Canificate No: D1900V2-54060_Auwg11
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Appendix
Antenna Parameters with Head TSL
Impedance, transformed to feed point GEEL+ 750
Retum Loss - 223 dB
Antenna Parameters with Body TSL
Impedance, transformed to feed palnt 4T A0+ T80
Retum Loss -21.3dB

General Antenna Parameters and Design

Elecirical Detay (one direction) 1.194 ns

After long term use with 100W radiated power, anly & slight warming of the dipala near the feedpaint can be measured.

The dipole is made of standard semirigid coaxial cable, The center conductar of the feading line is directly connectad to the
second am of the dipole. The antenna is therelere shor-circuited for DG-signals.

Mo axcessive force must be applied to the dipole ams, because they might bend or the soldered connections naar the
feadpoint may be damaged.

Additional EUT Data

Manufactured by SPEAG
Manutactured cn Dacembear 10, 2004

Certificate Mo: 01 900V2-5d060_Aug11 Page 4 of
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DASYS Validation Report for Head TSL
Diate: 30008201 1

Test Laboratory: SPEAG, Zurich, Switzerland

DUT: Dipole 1900 MHz; Type: D190V 2; Serial: D1900% 2 - SN: Sd0a6l

Communication System: CW; Frequency: 1900 MHz

Medium parameters used: F= 1900 MHz; o= 1.42 mho/m; g, = 39.5: p = 1000 kg/m®
Phantom scction: Flat Section

Measurement Standard; DASY S (IEEETEC/ANSI CA3,19-2007)

DASYS2 Configuration
«  Probe: ES3DV3 - SN3205; ConvF(5.01, 5.01, 5.01); Calibrated: 29.04.201
= Sensor-Surface: 3mm (Mechanical Surface Detection )
+  Electronics: DAE4 Sn601; Calibrated: 04.07.2011
= Phantom: Flat Phantom 5.0 (front); Type: QDOOOPS0AN; Serial: 101

« DASYS252.6.2(482); SEMCAD X 14.4.5(3634)

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

Reference Value = 97.636 Vim: Power Drift = 0.07 dB

Peak SAR {extrapolated) = 18.535 W/kg

SAR(I g) = 10.2 mW/g; SAR(10 g) = 53 mW/g

Maximum value of SAR (measured) = 12.600 mW/g

oo
i5.00

<00

OdB = 12.600mW/g

Cerlilicate Moo D1900YV2-5d060_Aug11 Page 5 of 8
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Impedance Measurement Plot for Head TSL
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DASYS Validation Report for Body TSL
Date: 31.08.201 1

Tesi Laboratory: SPEAG, Zurich, Switzerland

DUT: Dipole 1900 MHz: Type: D190V 2: Serial: D1900V2 - SN: Sd060

Communication System: CW; Frequency: 1900 MHz

Medium parameters used: = 1900 MHz; = .57 mho/m; & = 53.9; p = 1000 kg/m’
Phantom section: Flatl Seciion

Measurement Standard: DASYS (IEEEIEC/ANS] C63.19-2007)

DASYS52 Configuration:
+  Probe: ES3DV3 - SN22005: ConvF(4.62, 4.62, 4.62); Calibrated: 29.04.2011
= Sensor-Surface: 3mm (Mechanical Surface Detection
=  Electronics: DAE4 Sn601; Calibrated: 04.07.201 1
«  Phantom: Flat Phantom 5.0 (back); Type: QDOODPS0OAA; Senal: 1002

= DASYS5Z32.6.2(482) SEMCAD X 14.4.5(3634)

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

Reference Valoe = 96433 Vim; Power Drift = -0.009%9 dB

Peak SAR (extrapolated) = 18,663 Wika

SAR(L g) = 1006 mW/g; SAR(10 g) = 5.55 mW/g

Maximum value of SAR (measured) = 13397 mW/z

-1.00
-8.00

(X ]

0 dB = 13400mW/p

Certificate No: D1900V2-50060_Aug11 Page T of &
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Impedance Measurement Plot for Body TSL
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ANNEX G: D2450V2 Dipole Calibration Certificate

Calibration Laboratory of
Schmid & Partner

Enginaaring AG
Zeuvghaussirasse 43, 8004 Furich, Switzerland

G Schweizerischer Kalibrigrdienst

c Service sulsse d'Malonnage
Sarvizio svizzero dl taratura
Ewiss Calibration Sarvice

Accreditad by the Swiss Accreditation Senvica [S45)
The Swiss Accraditation Service is one of the signalories to the EA
Multilateral Agreemaent for the recognition of calibration cerlificates

Accreditation No.: SCS 108

S : Gertificats No: D2450V2-786_Aug11
CALIBRATION CERTIFICATE |
Otjact D2450V2 - 5M: 786

| cairation procedursiss QA CAL-05.v8

Calibration procedure for dipole validation kits above 700 MHz

Calitration dit:

August 29, 2011

This calibrastion cerificate documents the iraceability to national standands, which realize the physical urits of maasuramants (31).
The massurements and the uncersnbas with confidance probabiity are given on the lallowng peges and are part of the codificass

All calibrations have besn conducted in The closed Iabaratory Racility: swionmend ternparatung (22 1 3)°C and humiddy « 70%.

Callration Equilpment usaed (METE crtcal for calibration)

This calipration cadificate shall nol be reprodused except in 1l wilhout wrifien apprl of e laberatary

Cordificate No: D2450V2-786_Augl 1

Primary Standards IO ¥ = Cad Diata {(Cartificate No.j Scheduled Calibratien g

Power matar EFM-4428 GEATAROTY DE-Oot-10 (Mo, 217-01266) Del-11

Paver sansor HP 846814 UsaTaezTas 08Ol 10 (Mo, 31700 266) Oat-11

Aelgrance 20 dBE Atenuaior BN S50BE (20b0) 29-Mer-11 (Mo. 217-01367) Apr-12

Type-M mismaich combination SN: 50472 | DEIRT 29-Mar-11 (Mo, 217-01371) Apr-12

Redemance Proba ES3DVA SN, 3205 2-hpe-11 (Mo ES3-A205_ Ape11) Apr-12

DAE4 SN & 0a-Jul-17 (Mo, DAE4-601 Jultl) Jul1g

Secondary Standards DW Chack Dty (in housa) Schadulad Chack

Power sansor HF 84814 MY 41082317 18-0ct-02 (i house chack Oot-08) I hionise heck: Oab11

RAF gemarator RS SMT-D& 100005 Od-Aug-59 [in house check Col-0w) in howss check: Dat-11

Matwork Analyzer HP B753E US37380585 54206 18-0c1-01 (1 houso chack Oct-10p In howsa check: Oal-11
Namea Function Signatins

Callbrated by Dimca lhav Laboratory Technician @M

Approved by: Katja Pokovic Tochnical Manager

Lk

|ssued: Awgust 28, 2011
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Calibration Laboratory of
Schmid & Partner
Engineering AG

Zpughausstrasse 43, 8004 Zurich, Switzerland

Schweizerischer Kalibrierdienst
Sarvice sulsse d'étalonnage
Servizio svizzero di teretura
Swiss Calibraticn Service

Accredited by the Swiss Accreditation Service (SA5) Accraditation Mo.: SCS 108
The Swiss Accreditation Service is one of the signatorias to the EA
Multilwberal Agresmant tor tha recognition of calibration certificates

Glossary:

TSL tissue simulating liquid

ConvF sansitivity in TSL/ NORM x.y.z
MN/A not applicable or not measured

Calibration is Performed According to the Following Standards:

a) |EEE Std 1528-2003, "IEEE Recommended Practice for Determining the Peak Spatial-
Averaged Specific Absorption Rate (SAR) in the Human Head from Wiraless
Communications Devices: Measurement Technigues”, 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 Hurman 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 Conditions; Further details are available from the Validation Report at the end
of the cerificate. All figures stated in the certificate are valid at the frequency indicated.

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

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

= Electrical Delay. One-way delay between the SMA connector and the antenna feed paint.
Mo uncertainty required.

» S5AA 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.

»  S5AR for nominal TSL parameters: The measured TSL parameters are used to calculate the
nominal SAR result.

Cerlicate No: D2450Y2-786_Augi Paga 2 ol 8
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Measurement Conditions

DASY system configuration, as far as not given on page 1
DASY Version DASYS V52.6.2
Extrapolation Advanced Extrapolation
Phantom Modular Flat Phantom
Distance Dipole Center - TSL 10 mm with Spacer
Zoom Scan Resolution dx, dy, dz =5 mm
Frequency 2450 MHz + 1 MHz
Head TSL parameters
The following paramelers and calculations were applied.
Temperature Permittivity Conductivity
Mominal Head TSL parameters 22.0°%C 39.2 1.80 mho'm
Measured Head TSL parameters (22.0 = 0.2} "C 3B4+6% 1.85 mhofim = 6 %
Head TSL temperature change during test =0.5°C - —
SAR result with Head TSL
SAR averaged aver 1 cm’® {1 g) of Head TSL Conditicn
SAR measured 250 mW Input power 13TmW /g

SAR for nominal Head TSL parameters normalized fo 1W 53.8 mW /g = 17.0 % (k=2)

SAR averaged over 10 em” (10 g} of Head TSL
SAR measurad

condition

250 m\W input power 641 mW /g

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

SAR for nominal Head TSL parameters normalized to 1W

Body TSL parameters
The following parameters and calculations wars applied.
Temperature Permittivity Conductivity
Mominal Body TSL parameters 220°C 52.7 1.95 mhaim
Measured Body TSL parameters {(220+£02)"C E1B+6% 2.02 mho/m + 6 %
Body TSL temperature change during test <{(5°0 - wee
SAR result with Body TSL
SAR averaged over 1 cm” (1 g} of Body TSL Condition
SAR measured 250 mwW Input power 132mW.ig

SAR for nominal Body TSL parameters

normalized fo 1W

51.7 mW /g = 17.0 % (k=E)

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

condition

ZAR measured

250 mW input power

G.10mwW./g

SAR for nominal Body TSL parameters

normalized fo 1W

24.2 mW /g £ 16.5 % (k=2)

Cedilicate Mo: D2450V2-7T86_Aug11
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Appendix
Antenna Parameters with Head TSL

Impedance, transtormed to feed point

55,001+ 2.4 [{)

Return Loss - 255 dB
Antenna Parameters with Body TSL
Impedance, transformed fo feed poind 50401+ 35(0
Return Loss - 29.0 dB
General Antenna Parameters and Design
Elactrical Delay (one direction) _i 1154 ns _|

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

The dipola is made of standard semirigid coaxial cable. The center conductor of the feeding line is directly connectad to the

second arm of the dipole, The antenna is therefore shor-circuited for DC-signals.

Mo excessive force must ba applied to the dipole ams, because fney might bend or the soldered connections near the

leadpoint may be damaged.

Additional EUT Data

Manutacturad by

SPEAG

Manufactured on

May 06, 2005

Cartificate No: D2450V2.786 Augt
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DASYS Validation Report for Head TSL
Daie: 29.08.201 |

Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 2450 MHz; Type: D2450V2; Serial: D2450V2 - SN: 786
Communication System: CW; Frequency: 2450 MHz
Medium parameters used: = 2450 MHz: o = 1.85 mho/m: & = 38.4; p= 1000 kg/m’
Phantom section: Flat Section
Measurement Standard: DASYS ([EEE/NEC/ANST T3, 19-2007)
DASYS2 Conliguration:

= Probe: ES3DV3 - SN3205; ConvF(4.43, 4.45, 4.45); Calibrated: 29.04.2011

= Semsor-Surface: 3mm (Mechanical Surface Detection)

«  Electromics: DAE4 Sn601; Calibrated: 04.07.201 1

= Phantom: Flat Phantom 5.0 (front); Type: QDOOOPSDAA: Serial: 1001

« DASYS2 52.6.2(482); SEMCAD X 14.4.5(3634)

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

Reference Value = 101.5 Vim: Power Drift =(L06 dB

Peak SAR {extrapolated) = 28303 W/kg

SAR(L g1 = 13.7 mW/g; SAR(10 g) = 6.41 mWig

Maximum value of SAR (measured) = 17.561 mWig

dEl
— 0

A4
-850
Tdan

LET]

24,00

dB = 17.560mW/e

Cerficaie No: D2450V2-785_Augi Page 5ol 8
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Impedance Measurement Plot for Head TSL
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DASYS Validation Report for Body TSL

Drate; 29.08.201 |

Test Laborutory: SPEAG, Zurich, Swilzerland

DUT: Dipole 2450 MHz; Type: D2450V2; Serial: D2450V2 - SN: 786

Communication Systen: CW; Frequency: 2450 MHz

Medium parameters used; = 2450 MHz; o= 2.02 mho/m; & = 51.8: p = 1000 l;;;_;.l'n-|1L
Phantom section: Flat Section

Measurement Standard: DASYS ([EEE/AECIANST CA3. 192007

DASYS2 Configuration:
= Probe: ES3DV3I - SN3205; ConvF(4.26, 4.26, 4.260); Calibrated: 29.04.201 |
= Sensor-Surface: 3mm {Mechanical Surface Detection)
= Electronics: DAE4 Sn601 ; Calibrated: 04.07.201
«  Phantom: Flat Phantom 5.0 (back); Type: QDODOPS0AA: Serial: 1002

« DASYS2 52.6.2(482); SEMCAD X 14.4.5(3634)

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

Reference Value = 96118 ¥/m: Power Drift = 0.0072 dB

Peak SAR (extrapolated) = 27.129 W/ikg

SAR(L g) = 13.2 mW/g; SAR(10 g) = 6.1 mW/g

Maximum value of SAR (measured) = 17,387 mW/g

[SET ]
26l
14,40
19,58

2408

HdB = 1 7.390mW/g

Certificate Mo: D2450V2-786_Augi1 Page 7 of 8
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Impedance Measurement Plot for Body TSL
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ANNEX H: DAE4 Calibration Certificate

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

Accredited 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

Client TA Shanghai (Auden) Certificate No: DAE4-1317_Jan12
CALIBRATION CERTIFICATE

Object DAE4 - SD 000 D04 BJ - SN: 1317

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 national standards, which realize the physical units of measurements (S1),
The measurements and the uncertainties with confidence probability are given on the following pages and are part of the certificate.

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

Calibration Equipment used (M&TE critical for calibration)

Primary Standards — ID# Cal Date (Certificate No.) Schedulad Calibration
Keithley Multimeter Type 2001 SN: 0810278 28-3ep-11 (No:11450) Sep-12
Secondary Standards 1D # Check Date (in house) Scheduled Check
Calibrator Box V2.1 SE UWS 053 AA 1001 05-Jan-12 (in house check) In house check: Jan-13
-
Name Function Signature

Calibrated by: Dominique Steffen Technician q ﬁ
Approved by: Fin Bomholt R&D Director f' s %

Issued: January 23, 2012

This calibration certificate shall not be reproduced except in full without written approval of the laboratory.
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Calibration Laboratory of
Schmid & Partner

5 Schweizerischar Kallbrierdisnst
c Service suisse d'étalonnage
s

Engineen’ng AG Servizio svizzero di taratura
Zeughausstrazse 43, BO04 Zurich, Switzerland ,,,r;/,.' {xv\c Swiss Callbration Service
Ayt
Avcredited by the Swiss Ancreditation Servico (SAS) Accreditation No.: SCS 108

The Swiss Accreditation Service is one of the signatories ta the EA
Multilateral Agreement for the racognition of calibration certificates

Glossary

DAE data acquisition electronics

Connector angle  information used in DASY system to align probe senser 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.

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

= 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 channe! input offset
current, not considering the input resistance.

* Input resistance: Typical value for information: DAE input resistance at the connector,
during internal auto-zercing 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.
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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 = 61nV, full range= -1....... +3mV

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

Calibration Factors X Y

z

High Range 404.064 +0.1% (k=2) | 404.056 + 0.1% (k=2)

403.955 + 0.1% (k=2)

Low Range 3.98762 + 0.7% (k=2) 3.98737 + 0.7% (k=2)

3.98343 + 0.7% (k=2)

Connector Angle

Connector Angle to be used in DASY system

117.0:9:£1 2
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Appendix
1. DC Voltage Linearity
High Range Reading (uV) Difference (uV) Error (%)
Channel X + Input 199992.18 -1.75 -0.00
Channel X + Input 20001.35 0.46 0.00
Channel X - Input -19997.31 1.96 -0.01
Channel Y + Input 199993.18 -1.24 -0.00
Channel Y + Input 20001.40 0.60 0.00
Channel Y = Input -20000.04 -0.70 0.00
Channel Z + Input 199991.58 -2.43 -0.00
Channel Z + Input 19999.62 -1.14 -0.01
Channel Z - Input -20001.31 -1.83 0.01
Low Range Reading (pV) Difference (uV) Error (%)
Channel X + Input 2000.74 -0.89 -0.04
Channel X + Input 202.18 -0.01 -0.01
Channel X - Input -197.58 0.36 -0.18
Channel Y + Input 2000.34 -1.20 -0.06
Channel Y + Input 199.67 -2.39 <118
Channel Y - Input -197.64 0.32 -0.16
Channel Z + Input 2000.69 -0.78 -0.04
Channel Z + Input 200.84 -1.16 -0.57
Channel Z - Input -198.45 -0.47 0.24
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 -23.40 -24.98
-200 = 28.01 26,12
Channel Y 200 -2.57 -2.75
- 200 1.67 1.31
Channel Z 200 -11.92 -11.43
200 9.80 9.45

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 - -215 -4.41
Channel Y 200 7.18 - -2.47
Channel Z 200 7.44 5.46 -
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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 16081 17027
Channel Y 16103 16170
Channel Z 16221 16651

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

Input 10MQ
Average (uV) min. Offset (uV) | max. Offset (uV) S, E{):‘\:;atlon
Channel X -0.45 -1.32 0.40 0.32
Channel Y -2.63 -3.99 -1.68 0.42
Channel Z -0.67 -3.07 1.36 0.50
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 (+ Vcc) +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 (- Vce) -0.01 -8 -9
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