SPORTON LAB.

Calibration Certificate of DASY

Measurement Conditions

DASY system configuration, as far as not given on page 1.
DASY Version DASYS v52.2
Extrapolation Advanced Extrapolation
Phantom Modular Flat Phantom V4.9
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 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 389x26% 1.78 mho/m = 6 %
Head TSL temperature during test (22.0 £ 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 1W 52.0mW /g

SAR for nominal Head TSL parameters

normalized to 1W

§52.2 mW /g £ 17.0 % (k=2)

SAR averaged over 10 cm® (10 g) of Head TSL condition
SAR measured 250 mW input power 6.10mW /g
SAR normalized normalized to 1W 244 mW /g

SAR for nominal Head TSL parameters

nommalized to 1W

24.4 mW /g £ 16.5 % (k=2)

Certificate No: D2450V2-735_Jun10
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SPORTON LAB.

Calibration Certificate of DASY

Body TSL parameters
The following parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Body TSL parameters 22.0°C §27 1.95 mho/m
Measured Body TSL parameters (22.0+0.2)°C 527 +6% 1.96 mho/m + 6 %
Body TSL temperature during test (22.0+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 134mW /g
SAR normalized normalized to 1W 536mW /g

SAR for nominal Body TSL parameters

nomalized to 1W

53.5mW /g +17.0 % (k=2)

SAR averaged over 10 cm’ (10 g) of Body TSL condition
SAR measured 250 mW input power 628 mW /g
SAR normalized normalized to 1W 251 mW /g

SAR for nominal Body TSL parameters

normalized to 1W

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

Certificate No: D2450V2-735_Jun10
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seanron a5, CaliDration Certificate of DASY

Appendix
Antenna Parameters with Head TSL

Impedance, transformed to feed point

53.802 + 3.4 |0

Return Loss

-25.1dB

Antenna Parameters with Body TSL

Impedance, transformed to feed point

505Q +3.7)Q

Return Loss - 26.5dB
General Antenna Parameters and Design
| Electrical Delay (one direction) | 1.154 ns

After long term use with 100W radiated power, only a slight warming of the dipcle 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 shont-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

May 07, 2003

Certificate No: D2450V2-735_Jun10
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seanron a5, CaliDration Certificate of DASY

DASY5 Validation Report for Head TSL
Date/Time: 16.06.2010 10:56:25

Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 2450 MHz; Type: D2450V2; Serial: D2450V2 - SN:735

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

Medium: HSL. Ul 1 BB

Medium parameters used: f = 2450 MHz; ¢ = 1.78 mho/m; &, = 38.9; p = 1000 kg/m*
Phantom section: Flat Section

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

DASYS5 Configuration:
e Probe: ES3DV3 - SN3205: ConvF (4.53, 4,53, 4.533); Calibrated: 30.04.2010
®  Sensor-Surface: 3mm (Mechanical Surface Detection)
¢ Electronics: DAE4 Sn601; Calibrated: 10.06.2010
e Phantom: Flat Phantom 5.0 (front): Type: QDOOOPSOAA; Serial: 1001
*  Measurement SW: DASYS2, V52.2 Build 0, Version 52.2.0 (163)

e Postprocessing SW: SEMCAD X, V14.2 Build 2, Version 14.2.2 (1685)

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 = 100.3 V/m; Power Drift = 0.046 dB

Peak SAR (extrapolated) = 26.6 W/kg

SAR(1 g) = 13 mW/g; SAR(10 g) = 6.1 mW/g

Maximum value of SAR (measured) = 16.6 mW/g

n

0dB = 16.6mW/g

Certificate No: D2450V2-735_Jun10 Page 6 of 9
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seanron a5, CaliDration Certificate of DASY

Impedance Measurement Plot for Head TSL
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seanron a5, CaliDration Certificate of DASY

DASYS5 Validation Report for Body

Date/Time: 17.06.2010 11:28:23

Test Laboratory: SPEAG, Zurich, Switzerland

DUT: Dipole 2450 MHz; Type: D2450V2; Serial: D2450V2 - SN:735

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

Medium: MSL Ul 1 BB

Medium parameters used: f = 2450 MHz; 6 = 1.96 mho/m; g, = 52.7; p = 1000 kglm3
Phantom section: Flat Section

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

DASYS5 Configuration:

Probe: ES3DV3 - SN3205; ConvF(4.31, 4.31, 4.31); Calibrated: 30.04.2010
Sensor-Surface: 3mm (Mechanical Surface Detection)

Electronics: DAE4 Sn601: Calibrated: 10.06.2010

Phantom: Flat Phantom 5.0 (back); Type: QDDXXIPSOAA; Serial: 1002
Measurement SW: DASYS2, V52.2 Build 0, Version 52.2.0 (163)

Postprocessing SW: SEMCAD X, V14.2 Build 2, Version 14.2.2 (1685)

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

Reference Value = 94.8 V/m; Power Drift = 0.073 dB

Peak SAR (extrapolated) = 27.7 W/kg

SAR(1 g) = 13.4 mW/g; SAR(10 g) = 6.28 mW/g

Maximum value of SAR (measured) = 16.7 mW/g

0dB = 16,7mW/g

Certificate No: D2450V2-735_Jun10 Page 8 of 9
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Impedance Measurement Plot for Body TSL
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seonron Las.  FCC Test Report

D2450V2, serial no. 735 Extended Dipole Calibrations
Referring to KDB 450824, if dipoles are verified in return loss (<-20dB, within 20% of prior calibration), and in
impedance (within 5 ohm of prior calibration), the annual calibration is not necessary and the calibration

interval can be extended.

<Dipole Verification Data> - D2450 V2, serial no. 735
2450 MHz - Head
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Trigger Continuous _
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2450 MHz — Body

File ‘“iew Channel Sweep Calibration Trace Scale Marker  System  Window  Help
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SPORTON LAB.

FCC Test Report

<Justification of the extended calibration>

D2450V2 - serial no. 735

2450 Head 2450 Body
Real Imaginary Real Imaginary
Date of Return-Loss | Delta Delta Delta |Return-Los | Delta Delta Delta
Impedance Impedance Impedance Impedance
Measurement (dB) (%) (ohm) (ohm) s (dB) (%) (ohm) (ohm)
(ohm) (ohm) (ohm) (ohm)
6.17.2010 -26.098 53.848 3.4219 -28.537 50.537 3.7285
6.17.2011 -26.067 |0.119 53.219 |0.629 | 4.0128 | -0.591 | -28.516 | 0.074 51.934 |-1.397| 2.9174 |0.811

The return loss is < -20dB, within 20% of prior calibration; the impedance is within 5 ohm of prior calibration.

Therefore the verification result should support extended calibration.

SPORTON INTERNATIONAL INC.
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ssammon nas. Calibration Certificate of DASY

ANy,
Calibration Laboratory of s“‘\\\EZi"': Schweizerischer Kalbrierdienst
SChm’d & Panner e Service suisse d'étalonnage
Engineering AG et Servizio svizzero di taraturs
Zoughausstrasse 43, 8004 Zurieh, Switzeriand %y /7\\\\_.\} Swiss Calration Sarvice
o
Accredited by the Swiss Accreditation Service (SAS) Acorsgitation No.. SCS 108
The Swiss Accreditation Service is one of the signatories to the A
Muttliateral Agreament for the recognition of calibration certificates
Cliant Sporton (Auden) Cortificate No: D2450V2-736_Jul09
l__ ‘
Objoct D2450V2 - SN: 736

Celibrason procedure(s) AL-05.v7 :

’

Caltoration dote: July 20, 2009
Condition of me cadbeated tem 0 Tolerance

Ths cabration cotificase documenns T tracoakilty to nationsl standande, which reaize the plyscal units of measurements (S1)
™e ants and he uncantanies with confidence probabiity are gven on the lolowng pages and are part of the cenificate,

| Al calbrations have Been conducted in 18 Cosed Iaboralony fRciity: aovFnoment 1ampeaaiurs (22 + 31°C and humidity < 70%

!
| Catbration Equipment used (MATE critical for calbration)

Primary Standards L [ _Cal Dato (Calbeatec by, Centilicase No.) Schedued Castration

Powur moter EPM-4424 GBIZAB0TM 08-0ct-08 (No. 217-D0ese) Cct09

Power sacace HP B481A US37202703 08-0ct-08 (No. 217-00e858) Cet 03

Ratarence 20 4B Attecwsion SN 5086 (20g| 31-Mar-08 (No. 21701028 Mar 10

Typa-N mismalch combination SN 5047.2 7/ 05327 31-Mar-08 (No, 217-01029) Mar10

Ratarenca Probe ES30V2 SN 3025 F0-Ape-08 (No. ES3-3025_Apr(e=} Apr-10

DAE4 SN0 O7-Mar-06 (No, DAEA-60%_Mar08) Mar-10

Secondary Standards D¢ - Chack Date (0 houss) Schaaudsc Cneck

Power sensor HP BAE1A MY 41052317 18-0ct-02 §n house check Oct.U7) i housa chack: Oct.09 i

HF gonerator RAS SMT-O05 100008 4-Aug-99 (n house chook Oct07) 1 house chock: Oct.08

Matwork Anayzer HP 97536 USITI00588 Saz206 18-0ct-01 (n house check Oct-08) 1 house shoack: Oot09
Nama Funcien Signatuea |

Cafitrated by: W - Labeestory Techrician 5

ey e ot S aF

ssued July 22, 2009

This calbraticn carsficate shall not be raproducod axcept In Al withcut weitian approvad of the aboratory.

Cartificate No: D2450V2-736_Jul0d Page 1ol 9
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ssammon nas. Calibration Certificate of DASY

Calibration Laboratory of

'y, o
; Sn Schweizerischer Kalbrierdienst
Schmid & Partner N Service mslsse détalonaage
Engineering AG Gt Servizio svizzero di taratura
Zeughausstrasse 43, 8004 Zurich, Switzerlang ’-4, 4/.?,::»‘\-\ Swiss Calibration Service
Acoreditnd by tho Swiss ACoaditalion Senice (SAS) Accreditation No.: SCS 108

The Swiss Accreditation Service 1S ona of Ihe signatories 1o the EA
Multsiateral Agreamant for te racognition of ealibeation certifioates

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) |EEE 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 62209-1, "Procedure to measure the Specific Absomtion 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
Electromagnaetic Fields; Additional Infermation 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 Report at the end
of the centificate. All figures stated in the cenificate 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 Retum 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 uncentainty requirad.

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

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

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

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

Cartilicate No: D2450V2-736_JulDg Page2of9
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SPORTON LAB.

Calibration Certificate of DASY

Measurement Conditions

DASY system conliguration, s 1ar as not given on page 1.
DASY Vaersion DASYS WE O
Extrapelation Adwvanced Extrapalation
Phantam Modular Flat Pharnbarn VE.0
Distance Dipole Centar - TSL 10 mm with Spacar
Zoom Scan Resolution dx, dy, dz =5 mm
| Frequency 2450 MHz + 1 MHz J
Head TSL parameters
The lollowing pararmeters and caloulations wars appied.
Temperature Perrmithivity Conductivity
Mominal Head TSL paramaters 22.0°C .2 1.80 mhafm
Measured Head TSL parameters {220 =0.2)°C --1-:] 2e6% 1. Tamho'm + B %
Head TSL temperalure during best (22.0+0.2)°C
SAR result with Head TSL
SAR averaged over 1 sm® (1 g) of Hasd TSL I:nn\;i'linn_
S4R measured 250 MYV inpul powiar 134 mW /g
SAR normalized normalized b TW S36mW fg

SAR for nominal Head TSL parameters | normakzed by 1W 54.2 mW /g = 17.0 % (k=2)
SAR averaged over 10 cm” {10 ) of Head TSL condtion

SAR measurad 250 mW Input pawer BLEI mW g

S54R normalized normalized o 10 253 MW g

SAR for nominal Head TSL parameders '

roermalized to 1W

25.5 mW fg = 165 % (k=2)

" Coreation 1o nominal TEL paramelens sacconding to d). chapler *SAR Sensilivbas”

Carificale Ma: D245002-736_Jullg
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Body TSL parameters
The lcllowing pararmeders and calculations were applied.

5AaR for nomingl Body TSL parameters *

normalized o 1w

Temparaiure Permittivity . Conductivity

Morminal Body TSL parameters 200 52,7 1,85 mho'm
Measured Body T5SL paramaters (220203 "C E2Ha+6% 1.88 mhadm 2 6 %
Body TSL temperature during test (21.0 =2 0.2) *C

SAR result with Body TSL
SAR averaged over 1 em” {1 g) of Body TSL Condition
SAR rmeasuned 250 mWW input power 13.4 MW 7 g
S4R normalizad normelized i W B36 mW /g

Si.ﬂ mW g = 17.0 % (k=2)

SAR averaged over 10 cm® (10 g) of Body TSL condilion
SAR measuned 250 MW inpul poses 6.26 mW /g
AR normalized nofmalized 1o 1W 250 mw / q

SAR for nominal Body TSL parameters ©

normalized to 1W

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

Coraction to nominal TSL parameters according to d. chapler *SAR Senailivibag™

Cartificate Mo: D2450W2-736_Jull
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Appendix

Antenna Parameters with Head TSL

Impedance, transformed bo feed paint 53910 =22 0

Redurn Logs - 272 dB

Antenna Parameters with Body TSL

Impedance, iransformead to feed poin 48.7 1+ 4.2 1
FAetum Loss -2v.4d8

General Antenna Parameters and Design

| Electrical Daday (one direction) | 1.158 ns

Aftar long term use with 100W radiated powar, only & sbght warming of the dipohe near the teedpaint can be measwead.

Tha digoda 15 made of standard seminged coaxial cable. The center condwctor of ha faading line is directly connected 1o the
seoond arm of the dipele. The anenna is tharsfore short-gircuitad for CC-signals

Py @uogssivg fonee mus! be applied 1o e dpole arms, Bacause they might bend or the soldensd connactions near the
ledpaint may e damadged.

Additional EUT Data

Manulaciured by SPEAG
Manulactursd on August 26, 2003
Cenficale No; D2450V2-735 Jullo Paga 5 aof &
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DASYS5 Validation Report for Head TSL

Date/Time: 20.07.2009 17:44:29
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 2450 MHz: Type: D2450V2; Serial: D2450V2 - SN736

Communication System: CW; Frequency: 2450 MHz: Duty Cycle: 111

Mcdium: HSL U111 BB

Medium parameters used: f = 2450 MHz; 6 = .78 mho/m; 5, = 40.2; p = 1000 kg/m’
Phantom section: Flat Section

Measurement Standard: DASYS (IEEE/IEC)

DASYS Configuration:
e Prohe: ESIDV2 - SNIO2S; Cony 4,35, 4,35, 4.35): Calibrated: 300042000
o Sensor-Surdace: Smm {Mechanical Surface Detection)
¢ Elecinmics: DAEA Sni01; Calibealed: 07.03.2008
e Phastone Flat Phuntom 5.0 (front); Type: QDOOMNSOAA: Senal: 1001

o Measurement SW: DASYS, V50 Build 120, SEMCAD X Version 13.4 Build 45

Pin = 250 mW; d = 10 mm/Zoom Scan (7x7x7)/Cube 0:
Mcasurement grid: dx=3mm, dy=5mm, dz=5mm

Reference Vaiue = 100.6 V/m; Power Drift = 0.037 dB

Peak SAR (extrapolated) = 27.4 W/kg

SAR(I g) = 134 mW/g; SAR(10 g) = 6,33 mW/g

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

-m

“aa
"
n
"wa
-
0dB = |6 9mWig
Conflicate Mo: D2450V2-736_Jud9 Page 6 of 9
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Impedance Measurement Plot for Head TSL

Cerifficate No: D2450V2-726 Ju(09 Pag

e70ol8
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DASYS5 Validation Report for Body TSL

Date/Time: 14.07.2000 | 7:46:41
Test Labormory: SPEAG, Zurich, Switzerland

DUT: Dipole 2450 MHz; Type: D2450V2: Serial: D2450V2 - SN:736

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

Mediem: MSL U710 BB

Medium parameters used: f = 2450 MHz: o = 2 mho/m; g, = 52.9: p = 1000 kg/m’
Phantom section: Flat Section

Measurement Standard: DASYS (IEEENEC)

DASYS Configuration:
e Probe: ESIDVY2 - SNI2S; ConvR 4 06, 4.06. 4.00): Calibrased: 30.04, 2000
s Sensor-Surdaoe: Imm (Mochanscal Surface Detection)
o Elecimones: DAES Sea01: Calibrated: 07.03.200%
®  Phantom: Flat Phantom 5.0 {back): Type: QDOUOPSIAA; Seaal. 1002

o Moeasurement SW.DASYS VS0 Buwld 120, SEMCAD X Version 13,4 Buikd 45

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

Reference Value =98 Vim: Power Drift = (1.018 dB

Peak SAR (extrapolated) = 27.1 Wikg

SAR(I g) = 134 mW/g; SAR(10 g) = 6,26 mW/g

Maximum value of SAR (measured) = 17.8 mW/g

-m

“ s

|
"
"
ﬁ L M

048 = 17.8mW/g
Cartiticata No: D2450V2-738_Juldd Page Bof &
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Impedance Measurement Plot for Body TSL

Cestéicate Noc D2450V2-736_Jul0D Page Dol 9
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seonron Las.  FCC Test Report

D2450V2, serial no. 736 Extended Dipole Calibrations
Referring to KDB 450824, if dipoles are verified in return loss (<-20dB, within 20% of prior calibration), and in
impedance (within 5 ohm of prior calibration), the annual calibration is not necessary and the calibration

interval can be extended.

<Dipole Verification Data> - D2450 V2, serial no. 736
2450 MHz — Head

File “iew Channel Sweep Calibration Trace Scale Marker Spstem ‘wWindow Help

Format: 1 of 3 Logkdag

2450000 GH= S227a 0
245197 pH 37741 0

1.0000f
1000 Smitk

Ch1: Starr 225000 GHe —— Stop 265000 GH=

Status CH1: Ei1 | CA 1 -Port D elay LCL

File “iew Channel Sweep Calbration Trace Scale Marker Spstem ‘wWindow Help

P0.00 | SEESE 2 2450000 GHz  R7.315 4B

|00

(=000

L2000

10.00

oo,

L1000 ——

F20.00

F30.00 /
H40.00

H=0.00
Ch1: Start 225000 GHe —— Stop 265000 GHz

Status CH1: E11 | T 1-Port Delay LCL

SPORTON INTERNATIONAL INC.
TEL : 886-3-327-3456
FAX : 886-3-328-4978
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2450 MHz — Body

File “iew Chanhel Sweep Calibration Trace Scale

b ark.er

Spztern “window Help

Format: 1 of 3

1000w
1000 Smith

2450000 GHe 512320
267 56pH 471187 0

Chi: Stat 225000 GHz ——

Stop 265000 GHz

Status  CH1: 511 | A 1-Port

Delay

LCL

File ‘“iew Channgl Sweep Calibration Trace Scale

I arker

Suztem “Window Help

Farmat: 1 of 3

£0.00 |
10.00dB/
0.0048  Legh ||,

=1

2450000 GHz  -F7.446 dB

[30.00

[20.00

10.00

000

H10.00

20.00

F30.00

r40.00

Fa0.00

Ch1: Start 225000 GHe —

Stop 2.63000 GHz

Status CH1: 11 | T 1-Port

Drelay

LEL

SPORTON INTERNATIONAL INC.
TEL : 886-3-327-3456
FAX : 886-3-328-4978




SPORTON LAB.

FCC Test Report

<Justification of the extended calibration>

D2450V2 - serial no. 736

2450 Head 2450 Body
Real Imaginary Real Imaginary
Date of Return-Loss | Delta Delta Delta |Return-Los | Delta Delta Delta
Impedance Impedance Impedance Impedance
Measurement (dB) (%) (ohm) (ohm) s (dB) (%) (ohm) (ohm)
(ohm) (ohm) (ohm) (ohm)
7.20.2009 -27.236 53.949 2.2012 -27.406 49.652 4.2224
7.20.2010 -27.315 |-0.29 52.279 1.67 3.7741 | -1.573 | -27.446 |-0.156 | 51.232 | -1.58 | 4.1187 |0.104

The return loss is < -20dB, within 20% of prior calibration; the imp

edance is within 5 ohm of prior calibration. Therefore the verification result should support extended

calibration.

SPORTON INTERNATIONAL INC.

TEL : 886-3-327-3456
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DAE3 - SD 000 D03 AD - SN: 495

QA CAL-086.v22
Calibration procedure for the data acquisition electronics (DAE)

bdure(s)

April 28, 2011

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

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

Calibration Equipment used (M&TE critical for calibration)

Calibrated by:;

Approved by:

Primary Standarfis ID # Cal Date (Certificate No.) Scheduled Calibration
Keithley Multimefer Type 2001 SN: 0810278 28-Sep-10 (No:10376) Sep-11

Secondary Standlards ID # Check Date (in house) Scheduled Check
Calibrator Box V|l .1 SE UMS 006 AB 1004 07-Jun-10 (in house check) In house check: Jun-11

Name Function Signature
Dominique Steffen Technician \!g
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Calibration Laboratory of Schweizerischer Kalibrierdienst

Schmid & Hartner Service suisse d'étalonnage
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Multilateral Agréement for the recognition of calibration certificates

Glossary
DAE
Connector

Methods

data acquisition electronics
ngle information used in DASY system to align probe sensor X to the robot
coordinate system.

plied and Interpretation of Parameters

e DC Voltage Measurement: Calibration Factor assessed for use in DASY system by
comparison with a calibrated instrument traceable to national standards. The figure given
corrgsponds to the full scale range of the voltmeter in the respective range.

e Connector angle: The angle of the connector is assessed measuring the angle
mechanically by a tool inserted. Uncertainty is not required.

e The

ollowing parameters as documented in the Appendix contain technical information as a

resulf from the performance test and require no uncertainty.

C Voltage Measurement Linearity: Verification of the Linearity at +10% and -10% of
the nominal calibration voltage. Influence of offset voltage is included in this
easurement.

ommon mode sensitivity: Influence of a positive or negative common mode voltage on
tihe differential measurement.

hannel separation: Influence of a voltage on the neighbor channels not subject to an
input voltage.

D Converter Values with inputs shorted: Values on the internal AD converter
rresponding to zero input voliage

Ihput 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.

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

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

ower consympt:on Typical value for information. Supply currents in various operating
odes.

Certificate No:

DAE3-495_ Apri1 Page 2 of 5




DC Voltag¢ Measurement
A/D - Conperter Resolution nominal

High IRange:
Low HRange:

1LSB =
1LSB =

6.1uv,
61nV,

full range =

-100...+300 mV
full range =  -1.......

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

Calibra‘ion Factors

X Y 4
High Reinge 404.324 + 0.1% (k=2) | 405.291 £ 0.1% (k=2) | 405.622 + 0.1% (k=2)
Low Range 3.95043 £ 0.7% (k=2) | 3.97613 + 0.7% (k=2) | 3.95159 + 0.7% (k=2)

Connector|Angle

Connecfor Angle to be used in DASY system

2275%£1°

Certificate No: O

AE3-495_Apr1
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Appendix
1. DC Voltage Linearity
High Rapge Reading (uV) Difference (uV) Error (%)
Channej X + Input 199993.1 -2.74 -0.00
Channe{X  +Input 20001.66 146 0.01
ChannelX - Input -19994.94 5.16 -0.03
Channel Y + Input 200006.0 1.16 0.00
ChannelY  +Input 20002.16 1.86 0.01
ChannelY - Input -19997.98 2.02 0.01
ChannelZ  +Input 200005.6 1.57 0.00
ChannellZ + Input 20003.05 3.05 0.02
Channel|Z - Input -19998.31 1.59 -0.01
Low Rarnge Reading (uV) Difference (pV) Error (%)
Channel|X + Input 2000.3 0.26 0.01
ChannellX  +Input 199.66 -0.24 0.12
Channel| X - Input -200.28 -0.38 0.19
ChannellY  +Input 2001.0 1.06 0.05
Channe![Y + Input 200.75 0.85 0.42
ChannellY - Input -202.12 212 1.06
Channellz  +Input 1999.0 1.13 -0.06
ChanneIIZ + Input 198.35 -1.65 -0.82
Channellz - Input -200.94 -1.04 0.52
2. Commor) mode sensitivity
DASY megsurement 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 2.91 1.12
-200 0.15 -1.40
Channel ¥ 200 -0.69 -0.74
- 200 -0.12 -0.47
Channel £ 200 2.83 2.71
-200 -4.22 -4.44
3. Channel separation
DASY megsurement parameters: Auto Zero Time: 3 sec; Measuring time: 3 sec
Input Voltage (mV) | Channel X (uV) | Channel Y (uV) Channel Z (uV)
Channel X | 200 - 2.33 0.36
Channel Y 200 217 - 4.08
Channel Z 200 3.22 -0.54 -

Certificate No: [JAE3-495_Apri1
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4. AD-Co
DASY me

erter Values with inputs shorted
surement parameters: Auto Zero Time: 3 sec; Measuring time: 3 sec

High Range (LSB)

Low Range (LSB)

Channel X 15791 16416
Channel |[Y 15742 16582
Channel [Z 15883 16533
5. Input Offset Measurement
DASY megisurement parameters: Auto Zero Time: 3 sec; Measuring time: 3 sec
Input 10M{2 |
Average (uV) min. Offset (uV) | max. Offset (uV) oud. l::‘\;;atlon
Channel [X | a187 -3.03 -0.77 0.45
Channel [Y -1.74 -2.98 -0.06 0.56
Channel £ -1.44 -2.79 -0.14 0.61
6. Input Offset Current
Nominal Input circuitry offset current on all channels: <25tA
7. Input Resistance (Typical values for information)
Zeroing (kOhm) Measuring (MOhm)
Channel r( 200 200
Channel IY 200 200
Channel g 200 200
8. Low Baitery Alarm Voltage (Typical values for information)
Typical vhlues ' Alarm Level (VDC)
Supply (4 Vec) +7.9
Supply (-|Vcc) -7.6
9. Power C onsumption (Typical values for information)
Typical values Switched off (mA) | Stand by (mA) Transmitting (mA)
Supply (4 Vec) +0.01 +6 +14
Supply (-|Vee) -0.01 -8 =5)

Certificate No: [JAE3-495_Apr11
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Calibration Laboratory of Schweizsrischer Katibrierdienst
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Zoughausstrasse 43, 8004 Zurich, Switzerland Swiss Calibration Service
Accredited by the Swiss Accreditation Service (SAS) Accroditation No.: SCS 108

The Swiss Accreditation Service is one of the signatories to the EA

Multilateral Agreement for the recognition of calibration certificates

cient  Sporton (Auden) Cortificate No: DAE4-778_Oct10
@ TION CERTIFICATE |

Ovject DAE4 - SD 000 D04 BJ - SN: 778

Calibration procedure(s) QA CAL-06.v22

Calibration procedure for the data acquisition electronics (DAE)

Calibrason date October 22, 2010

This calibration cortficate documents the Iraceability 10 national standards, which realize the physical units of measurements (S1)
The maeasuremants and the uncenainties with confidence probabdity are given on e following pages and are part of the cortificate

All calibrations have been conducted in the closod laboratory facility: environmant tempesature (22 = 3)°C and hurnidity < 70%,

Calbration Equipment used (MATE critical for calibration)

| Pimary Standards D ¥ _Cal Date (Cenilicata No.) Schaduled Calibraticn
Keithiay Multmeter Type 2001 SN. 0810278 28-Sap-10 (No:10378) Sop-11
Secondary Standards 1D ¥ Check Date (in houss) Schedutad Chack
Calibrator Box V1.1 SE UMS 006 AB 1004  (07-Jun-10 (in house check) In house check: Jun-11
Narmo Function Signature

Caltwated by: Eric Hainfeld Technician C%’
Approved by Fin Bumholt RAD Director .‘JM

Issued: October 22, 2010

This calbeation carificate shall not be reproduced except In full without witton approval oi the laboratory,

Certificate No: DAE4-778_Oct10 Page 10l 5
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seanron a5, CaliDration Certificate of DASY

Calibration Laboratory of S  Schweizerischer Kalibrierdienst
Schmid & Partner ¢ Service suisse détalonnage
Engineering AG Servizio svizzero d| taratura

Zoughausstrasse 43, 8004 Zurich, Switzesland S Swiss Calibration Service

Accredited by the Swiss Accreditation Service (SAS) Accreditation No.: SCS 108
The Swiss Accreditation Service is one of the signatories 10 the EA
Multiateral 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

coordinate system.

Methods Applied and Interpretation of Parameters
* DC Voitage Measurement: Calibration Factor assessed for use in DASY system by
comparison with a calibrated instrument traceable 1o 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 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.

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

e AD Converter Values with inputs shorted: Values on the internal AD converter
corresponding to zero input voltage

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

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

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

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

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

Certificate No; DAE4-778_Oct10 Page 2 of 5
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seanron a5, CaliDration Certificate of DASY

DC Voltage Measurement
A/D - Converter Resolution nominal
High Range: 1LSB = B.1uV ., full range = -100...4300 mV
Low Range: 1LSB = 81nv fullrange = -1 +3mV
DASY measurement parameters: Auto Zero Time: 3 sec; Measuring time: 3 sec
Calibration Factors X Y 2
High Range 404.679 + 0.1% (k=2) | 403.480 + 0.1% (k=2) | 405.025 + 0.1% (k=2)
Low Range 3.98633 + 0.7% (k=2) | 3.96375 + 0.7% (k=2) | 3.99940 + 0.7% (k=2)
Connector Angle
[ Connector Angle to be used in DASY system 645°+1°

Centificate No: DAE4-778_Oct10

Page 3 of §
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SPORTON LAB.

Calibration Certificate of DASY

Appendix
1. DC Voltage Linearity
High Range Reading (uV) Difference (uV) Error (%)
Channel X + Input 200004 4 1.89 0,00
Channel X + Input 2000111 1.41 0.01
Channel X - Input -19998.36 1.54 0.0
Channel Y + Input 194996 1 3.42 0.00
Channel ¥ + Input 19099.75 035 0.00
Channel Y - Input -19999 92 0.12 0.00
Channel Z + Input 2000027 1.29 0.00
Channel Z + Input 10906.85 -2.55 -0.01
Channel Z - Input -20004.31 -4.61 0.02
Low Range Reading (uV) Difference (uV) Error (%)
Channel X + Input 2000.0 0.09 0.00
Channel X + Input 200.02 0.02 0.01
Channel X - Input -198.62 1.48 0.74
Channel Y + Input 1999.6 -0.58 0.03
Channel Y + Input 199.13 -0.57 -0.29
Channel Y = Input -200.71 -0.61 0.31
Channel Z + Input 2000.1 -0.01 -0.00
Channel Z + Input 198.96 -1.14 0.57
Channel Z = Input -200.98 -0.98 0.49
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 -5.28 6.07
- 200 6.79 6.12
Channel Y 200 -1.80 -1.60
- 200 0.97 0.35
Channel Z 200 ‘8.76 -9.86
=200 7.56 7.61
3. Channel separation
DASY measurement parameters: Auto Zero Time: 3 sec; Measuring time: 3 sac
Input Voltage (mV) | Channel X (uV) | Channel Y (uV) | Channel Z (uV)
Channel X 200 1.86 -0.66
Channel Y 200 2.28 289
Channel Z 200 1.68 -0.15 -
Cerlficate No: DAE4-778_0ct10 Page 4 of 5
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ssammon nas. Calibration Certificate of DASY

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 16056 16950
Channel Y 16153 13741
Channel Z 16441 16066

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

Input 10MQ
Average (uV) | min. Offset (V) | max. Offset (uv) | ' mm"
Channel X 0.32 -2.35 2.08 0.55
Channel Y -1.83 -2.96 Q.72 0.47
Channel Z -1.83 -3.00 -0.80 0.45
6. Input Offset Current
Nominal Inpul circuitry offset current on all channels: <251A
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 (+ Vee) +79
Supply (- Vec) 76
9. Power Consumption (Typical values for information)
Typical values Switched off (mA) | Stand by (mA) Transmitting (mA)
Supply (+ Vec) +0.01 +6 +14
Supply (- Vec) -0.01 -8 -9
Certificate No: DAE4-778_Oct10 Page 5 of 5
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Schmid & Partner Engineering AG s p e a g

Zeughausstrasse 43, 8004 Zurich, Switzerland
Phone +41 44 245 9700, Fax +41 44 245 9779
info@speag.com, htip://www.speag.com

IMPORTANT NOTICE

USAGE OF THE DAE 4

The DAE unit is a delicate, high precision instrument and requires careful treatment by the user. There are no
serviceable parts inside the DAE. Special attention shall be given to the following points:

Battery Exchange: The battery cover of the DAE4 unit is closed using a screw, over tightening the screw may
cause the threads inside the DAE to wear out.

Shipping of the DAE: Before shipping the DAE to SPEAG for calibration, remove the batteries and pack the
DAE in an antistatic bag. This antistatic bag shall then be packed into a larger box or container which protects the
DAE from impacts during transportation. The package shall be marked to indicate that a fragile instrument is
inside.

E-Stop Failures: Touch detection may be malfunctioning due to broken magnets in the E-stop. Rough handling
of the E-stop may lead to damage of these magnets. Touch and collision errors are often caused by dust and dirt
accumulated in the E-stop. To prevent Estop failure, the customer shall always mount the probe to the DAE
carefully and keep the DAE unit in a non-dusty environment if not used for measurements.

Repair: Minor repairs are performed at no extra cost during the annual calibration. However, SPEAG reserves
the right to charge for any repair especially if rough unprofessional handling caused the defect.

DASY Configuration Files: Since the exact values of the DAE input resistances, as measured during the
calibration procedure of a DAE unit, are not used by the DASY software, a nominal value of 200 MOhm is given
in the corresponding configuration file.

Important Note:
Warranty and calibration is void if the DAE unit is disassembled partly or fully by the
Customer. '

Important Note:

Never attempt to grease or oil the E-stop assembly. Cleaning and readjusting of the E-
stop assembly Is allowed by certified SPEAG personnel only and is part of the annual
calibration procedure.

=

Important Note:' =

To prevent damage of the DAE probe connector pins, use great care when Installing the
probe to the DAE. Carefully connect the probe with the connector notch oriented in the
mating position. Avoid any rotational movement of the probe body versus the DAE
while turning the locking nut of the connector. The same care shall be used when
disconnecting the probe from the DAE.

Schmid & Partner Engineering

TN_BRO040315AD DAE4.doc 11.12.2009
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Accredited by the Swiss Accreditation Service (SAS) Accreditation No.: SCS 108
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Client

Object

Calibration procedure(s)

Calibration date:

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

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

Calibration Equipment used (M&TE critical for calibration)

Primary Standards D # Cal Date (Certificate No.) Scheduled Calibration
Keithley Multimeter Type 2001 SN: 0810278 28-Sep-10 (No:10376) Sep-11

Secondary Standards 1D # Check Date (in house) Scheduled Check
Callibrator Box V1.1 SE UMS 0086 AB 1004 08-Jun-11 (in house check) In house check: Jun-12

Function Signature

Calibrated by:

Approved by:

Issued: June 17, 2011

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

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

Glossary

DAE

data acquisition electronics

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

coordinate system.

Methods Applied and Interpretation of Parameters

DC Voltage Measurement: Calibration Factor assessed for use in DASY system by
comparison with a calibrated instrument traceable to national standards. The figure given
corresponds to the full scale range of the voltmeter in the respective range.

Connector angle: The angle of the connector is assessed measuring the angle
mechanically by a tool inserted. Uncertainty is not required.

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

e 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.

e Common mode sensitivity: Influence of a positive or negative common mode voltage on
the differential measurement.

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

e AD Converter Values with inputs shorted: Values on the internal AD converter
corresponding to zero input voltage

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

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

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

o Low Battery Alarm Volitage: 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: DAE4-1279_Juni1 Page 2 of 5
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