Body TSL parameters at 5200 MHz

The following parameters and calculations were applied.

Temperature Permittivity Conductivity
Mominal Body TSL parameters 220°C 48.0 5.30 mho/m
Measured Body TSL parameters (22.0£0.2)°C 4936 % 546 mho/m + § %
Body TSL temperature change during test <050 e
SAR result with Body TSL at 5200 MHz
SAR averaged over 1cm’ (1 g) of Body TSL Condition
SAR measured 100 mW input power 7.38 Wikg
SAR far nominal Body TSL parameters normalized 1o 1W T3.7 Wikg = 19.9 % (k=2)
SAR averaged over 10 cm” (10 g) of Body TSL condition
SAR measured 100 mW input power 2.05 Wikg
SAR for nominal Body TSL parameters nomalized 1o 1W 2006 Wikg = 19.5 % (k=2)
Body TSL parameters at 5500 MHz
The following parameters and calculations were applied.
Temperature Permittivity Conductivity
Mominal Body TSL parameters 20*C 4B8.6 5.65 mho/m
Measured Body TSL parameters (22.0+02)°C 48.8 =6 % 5.85 mha'm = 6 %
Body TSL temperature change during test <0.5°C — —
SAR result with Body TSL at 5500 MHz
SAR averaged over 1 em”® {1 g) of Body TSL Caondition
SAR measured 100 mW input power T.T4 Wikg

SAR for nominal Body TSL parameters

normalized to 1

77.6 Wikg + 19.9 % (k=2)

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

condition

SAR measured

100 mW input power

2.15 Wikg

SAR for nominal Body TSL parameters

normalized to 1W

21.6 Wikg = 19.5 % (k=2)

Carificate No: D5GHZV2-1156_Junid
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Body TSL parameters at 5800 MHz
The following paramsters and caleulations were applied.

Temperature Permittivity Conductivity

Mominal Body TSL parameters 220°C 48,2 6.00 mho/m

Measured Body TSL parameters (220+02)°C 483+ 8% £.28 mhoim £ 6 %

Body TSL temperature change during test «05°C e e
SAR result with Body TSL at 5800 MHz

SAR averaged over 1 cm’ (1 g) of Body TSL Condition

SAR measured 100 mW input power 7.258 Whkg

SAR for nominal Body TSL parameaters normalized ta 1W 73,1 Wikg = 19.9 % (k=2)

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

SAR measured 100 mW input power 2.01 Whg

SAR for nominal Body TSL parametars normalized o TW 20.1 Wikg = 19.5 % (k=2)

Centificate Mo DSGHzV2-1156_Jun13 Page 6 of 13



Appendix

Antenna Parameters with Head TSL at 5200 MHz

Impedance, transformed to feed point s20-7.81

Aetum Loss .22 2dB
Antenna Parameters with Head TSL at 5500 MHz

Impedance, ransfarmed Lo feed point 56.4 0 -3.0K

Return Loss -236dB
Antenna Parameters with Head TSL at 5800 MHz

Impedance, transtormed to feed point 58.30-40j0

Feturn Loss -21.4dB
Antenna Parameters with Body TSL at 5200 MHz

Impedance, transformed 1o faad paint 49.1 - 5.5

Ratum Loss -25.1d8
Antenna Parameters with Body TSL at 5500 MHz

Impedance, transformed to feed point 55.8 8- 1.7 1

Return Loss -249dB
Antenna Parameters with Body TSL at 5800 MHz

Impedance, transformed to feed point SBO-31jQ

Retum Loss =21.2dB
General Antenna Parameters and Design

| Electrical Delay (one direction) | 1.201 ns

Aher long lerm use with 100W radiated power, only a slight warming of the dipole naar tha feadpaoint can be measurad.

The dipole ks made of standard seminigid coaxial cable. The center conductor of the feeding line is directly connecled 1o the
second arm of the dipole. The antanna is therefore short-circuited for DC-signals, On some of the dipales, small end caps
are added to the dipole arms in arder to improve matching when loaded according to the position as explained in the
"Measuramant Conditions™ paragraph. The SAR data are not affected by this change. The overall dipole length is still

according to the Standard.

Mo excessive foree must be applied to the dipole arms, because they might bend or the soldered connections near the

feadpoint may be damaged.

Additional EUT Data

Manufactured by

SPEAG

Marutaciured an

Septemnber 20, 2012

Certificate Mo: DSGHzV2-1156_Jun13
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DASYS5 Validation Report for Head TSL

Dhate: 20006.2013
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole SGHz; Type: DSGHzV2; Serial: DSGHzV2 - SN: 1156

Communication System: UID 0 - CW ; Frequency: 5200 MHz, Frequency: 5500 MHz, Frequency: 3800
MHz

Medium parameters used: { = 5200 MHz; o = 4.47 S/m; £, = 36; p= 1000 kg/m’ , Medium parameters used: f
= 5500 MHz: o = 4.76 Sim; & = 35.6; p = 1000 kg/m’ , Medium parameters used: f = 5800 MHz; o = 5.07
Sim; &, = 35.2; p = 1000 kg/m’

Phantom section: Flat Section

Measurement Standard: DASY 5 (IEEE/TEC/ANST C63.19-2007)

DASY 52 Configuration:

« Probe: EX3DV4 - SN3503; ConvF(5.41, 5.41, 5.41); Calibrated: 28.12.2012, ConvI(4.91, 4.91,
4.91); Calibrated: 28.12.2012, ConvF(4.81, 4.81, 4.81); Calibrated: 28.12.2012;

s  Sensor-Surface: 1.4mm (Mechanical Surface Detection)

« Electronics: DAE4 Sn601; Calibrated: 25.04.2013

s+ Phantom: Flat Phantom 5.0 (front); Type: QDOOOPS0AA; Serial: 1001
« DASYS525287(1137), SEMCAD X 14.6.10(7164)

Dipole Calibration for Head Tissue/Pin=100mW, dist=10mm, f=5200 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Measurement grid: dx=4mm, dy=4mm, dz=1.4mm

Reference Value = 63,002 ¥V/m; Power Dnft = 0.00 dB

Peak SAR (extrapolated) = 28.9 Wikg

SAR(1 g) = 7.86 Wrkg; SAR(10 g) = 2.25 Wikg

Maximum value of SAR (measured) = 17.8 W/kg

Dipole Calibration for Head Tissue/Pin=100mW, dist=10mm, f=5500 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Mecasurement grid: dx=4mm, dy=4mm, dz=1.4mm

Referenee Value = 65,370 Vim; Power Drift = 0.03 dB

Peak SAR (extrapolated) = 33.2 Wikg

SAR(I g) = 8.42 W/kg; SAR(10 g} = 2.39 Wikg

Maximum value of SAR (measured) = 19.6 Wikg

Dipole Calibration for Head Tissue/Pin=100mW, dist=10mm, f=5800 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Measurement grid: dx=4mm, dy=4mm, dz=1.4mm

Reference Value = 61,501 Vim: Power Drift = -0.01 dB

Peak SAR (extrapolated) = 31.4 Wikg

SAR(1 g) = 7.59 W/kg; SAR(10 g) = 2.16 W/kg

Maximum value of SAR (measured) = 18.4 W/kg

Cerificate MNe: DSGHzV2-1156_Juni3 Page 8o 13



-6.00

-12.00

-24.00

-10.00

0dB = 18.4 Wikg = 12.65 dBW/kg
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Impedance Measurement Plot for Head TSL
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DASYS Validation Report for Body TSL

Date: 18.06.2013
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 5GHz; Type: D5GHzV2; Serial: DSGHzV2 - SN: 1156

Communication System: ULD 0 - CW ; Frequency: 5200 MHz, Frequency: 5500 MHz, Frequency: 5800
MHz

Medium parameters used: = 5200 MHz; o = 546 8/m; £, =49.3; p = 1000 kg/m’ , Medium parameters
used: = 5500 MHz; o = 5.85 S/m; & =48.8; p = 1000 kg/m’ , Medium parameters used: f = 5800 MHz; o =
6.28 S/m; & = 48.3; p = 1000 kg/m’

Phantom section: Flal Section

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

DASYS2 Configuration:

» Probe: EX3DV4 - SN3503; ConvF(4.91, 491, 4.91); Calibrated: 28.12.2012, ConvF(4.43, 4.43,
4.43); Calibrated: 28.12.2012, ConvF(4.38, 4.38, 4.38); Calibrated: 28.12.2012;

s Sensor-Surface: 1.4mm (Mechanical Surface Detection)

» Electronics: DAE4 Sn601; Calibrated: 25.04.2013

+ Phantom: Flat Phantom 5.0 (back); Type: QDOOOPS0AA; Serial: 1002
o« DASYS252.8.7(1137); SEMCAD X 14.6.10(7164)

Dipole Calibration for Body Tissue/Pin=100mW, dist=10mm, f=5200 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Measurement grid: dx=4mm, dy=4mm, dz=1.4mm

Reference Value = 58.062 V/m; Power Drft = -0.04 dB

Peak SAR (extrapolated) = 28.6 W/kg

SAR(] g) = 7.36 Wikg; SAR(10 g) = 2,05 Wikg

Maximum value of SAR (measured) = 16.7 W/kg

Dipole Calibration for Body Tissue/Pin=100mW, dist=10mm, f=5500 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Measurement grid: dx=4mm, dy=4mm, dz=1.4mm

Reference Value = 57.696 V/m; Power Drift = -0.04 dB

Peak SAR (extrapolated) = 32.5 Wikg

SAR(1 g) = 7.74 Wikg; SAR(10 g) = 2.15 W/kg

Maximum value of SAR (measured) = 18.1 Wikg

Dipole Calibration for Body Tissue/Pin=100mW, dist=10mm, f=5800 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Measurement grid: dx=4mm, dy=4mm, dz=1.4mm

Reference Value = 54,075 V/m; Power Drift = -0.06 dB

Peak SAR (extrapolated) = 33.3 Wikg

SAR(1 g) = 7.29 Wikg; SAR(10 g) = 2.001 W/kg

Maximum value of SAR {measured) = 17.6 Wikg

Cartificate Mo: DEGHEV2-1156_Jun13 Page 11 of 13
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Impedance Measurement Plot for Body TSL
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Calibration Laboratory of

Fa iy S Schwealzerischer Kallbrierdienst
SChT‘I‘iilﬂ & F_‘aﬂ rer i Serviee suisse d'étalonnage
Engineering AG 7 X Servizio svizzero di taratura
Zeughausstrasse 43, B004 Zurich, Switzerland fﬂ,r;f-:\_-"\“\,?

Swiss Calibration Service

Accradited by the Swiss Accradiation Sendce (SAS)
The Swiss Accreditation Serviee is one of the signatories to the EA
Multilateral Agreement for the recognition of calibration eertificates

Cerpass (Auden)

Accreditation Ho.: SCS 108

Client

Certificate No: D5GH2zV2-1156_May14

|[CALIBRATION CERTIFICATE

Object D5GHzV2 - SN: 1156

Calibration procedurs(s) QA CAL-22.v2

Calibration procedure for dipole validation kits between 3-6 GHz

Calibration date: May 22, 2014

This calibration certiiicate docurnents the iraceabiiity to national standards, which realiza the physical units of measuremants (S1).
The measuramants and the uncarainties with eonfidence probability are given on the {ollowing pages and are par of the cartificata,

Al ealibrations have been conductad in the closed labaratory faciity: emdronmant ternperature (22 + 3)°C and humadity < 70%.

Calibration Equipmant used [MATE eritical for calibration)

| This calbration certificate shall nat be reproduced exsept in ful wilhout writien appeoval of the laboratory,

Primary Standards 1D # Cal Date {Cedilicale Mo Schedulad Calibration
Pownr melar EPM-442A GB3T430704 09-0ct-13 (Ko, 217-01827) Oet-14
Power sensor HP B4B14 UsarzazTes 09-0ct-13 (Mo, 217-01827) Qet-14
Powar senaor HP 84814 MY 41092317 09-0ct-13 (Mo, 217-01828) Deot-14
Relferance 20 dB Attenualor SN 5058 (20K} 03-Apr-14 [Mo. 217-01318) Apr-13
Typa-M mismalch combination SN 50472 F 0E3ET o3F-Apr-14 (Mo, 217-01821) Apr-15
Refarence Probe EX3DV4 SN: 3503 50-Dac-13 (Mo, EX3-3503_Dec13) Dac-14
DAE4 SN: 601 30-Apr-14 (Mo, DAE4-601_Aprid) Apr-15
Secondary Standards 10 # Check Date {in housa) Scheduled Check
AF generator RES SMT-06 100005 (4-Aug-99 (in housa check Oct-13) In house check: Ocl-16
Natwork Analyzer HP BT53E LS37300585 54206 18-Dct-01 (in house check Oct-13) Iy house ehoele Det-14
Mama Funcilon Signatura
Calibrated by: |arae El-Magug Labomtory Technician 0 @“y
‘] T
Appacsvead by Katja Pokovic Technical Manager ﬁ -':’;; i
Issued: May 22, 2014

——

Certificate Mo: DSGHZVE-1156_May14
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Calibration Laboratory of

Schmid & Parmar 5 S;ﬂh\ralzuriiwher.élc:lhnerdlmﬂ
En inee rin AG c o ELNgas o |ﬂl'lﬂﬂgB
g Q Servizio svizzers di taralura
Zewghausstrasse 43, B004 Zurich, Switzerland 5 Swiss Calibration Sorvice
Accradited by the Swiss Accrediation Sonvico (SAS) Acereditation Mo.: SCS 108

The Swiss Accreditation Service is one of the signatories 1o the EA
Multilateral Agreement for the recognition of calibration certificates

Glossary:
TSL tissue simulating liquid
E?FF sensitivity in TSL / NORM x,y,z

not applicable or not measured

Calibration is Performed According to the Following Standards:

a) |EC 62209-2, “Evaluation of Human Exposure to Radio Freguency Fields from Handheld
and Body-Mounted Wireless Communication Devices in the Frequency Range of 30 MHz to
6 GHz: Human models, Instrumentation, and Procedures™; Part 2: “Procedure to determine
the Specific Absorption Rate (SAR) for including accessories and multiple transmitters”,
March 2010

b) KDB 865664, “SAR Measurement Requirements for 100 MHz to 6 GHz"

c) |EEE Std 1528-2013, “IEEE Recommended Practice for Determining the Peak Spatial-
Averaged Specific Absorption Rate (SAR) in the Human Head from Wireless
Communications Devices: Measurement Techniques”, June 2013

Additional Documentation:
d) DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

e Measurement Conditions: Further details are available from the Validation Report at the end
of the certificate. All figures stated in the certificate are valid at the frequency indicated.

« 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 Impadance and Return Loss: These parameters are measured with the dipole
positioned under the liquid filled phantom. The impedance stated is transformed from the
measurement at the SMA connector to the feed point. The Return Loss ensures low
reflected power. No uncertainty required.

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

SAR measured: SAR measured at the stated antenna input power.
SARA normalized: SAR as measured, normalized to an input power of 1 W at the antenna
nnectar.

. ?:T[LH for nominal TSL parameters: The measured TSL parameters are used to calculate the
nominal SAR result.

The reported uncertainty of measureme nt is stated as the standard uncertainty of measurement
multiplied by the coverage factor k=2, which for a normal distribution correspends to a coverage

probability of approximately 95%.

Certificate No: D5GHzV2-1156_May14 Page 2of 8




Measurement Conditions

DASY system configuration, as far as not given on page 1.

DASY Version DASYS V52,88
Extrapolation Advanced Extrapolation

Phantom Modular Flat Phartom V5.0

Distance Dipole Center - TSL 10 mm with Spacer

Zoom Scan Resolution

dx, dy = 4.0 mm, dz = 1.4 mm

Giraded Ratio = 1.4 {Z direction)

Frequency

5600 MHz + 1 MHz

Head TSL parameters at 5600 MHz

The fallowing parameters and calculations were applied.

Temperature Permittivity Conductivity
Nominal Head TSL paramelers 22.0°C 35.5 5,07 mho/m
Measured Head TSL parameters (22.0 £ 0.2)"C 3E0£6% 4.96 mho/m = 6 %
Head TSL temperature change during test =0.5"°C e =
SAR result with Head TSL at 5600 MHz
SAR averaged over 1 cm’ (1 g} of Head TSL Candition
SAR measured 100 mW input power B8.57 Wikg

SAR for nominal Head TEL parameters

normalized to 1W

B5.4 Wikg = 19.9 % (k=2)

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

condilion

SAR measured

100 m\W input power

2,43 Wikg

SAR for nominal Head TSL parameters

normalized to 1W

24.2 Wikg = 198.5 % (k=2)

Body TSL parameters at 5600 MHz

The following parametars and calculations wara applied.

Temperature Permittivity Conductivity
Mominal Body TSL parameters 220°C 4B.5 5 77 mhoim
Measured Body TSL parameters (22.0x£02)°C 464 £ 6 % 5.98 mho'm + 6 %
Body TSL temperature change during test <0.5"C — -
SAR result with Body TSL at 5600 MHz
SAR averaged over 1em’ (1 g) of Body TSL Condition
SAR measured 100 mW input power 8.34 Wikg

SAR for nominal Body TSL parameters

nomalized 1o 1W

B2.8 Wikg = 19.9 % (k=2)

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

condition

SAR measurad

100 mW inpul power

2.31 Wikg

SAR for nominal Body TSL paramaters

normalized to 1W

22.9 Wikg = 19.5 % (k=2)

Certificate Mo: DSGHzV2-1156_May14

Page 3ol 8




Appendix
Antenna Parameters with Head TSL at 5600 MHz

Impedance, transformed to feed point 568140

Retumn Loss -23.8dBE

Antenna Parameters with Body TSL at 5600 MHz

Impedance, transfermed to feed point 56.6 L + 2.7
Retwrn Loss -235d8

General Antenna Parameters and Design

| Etectrical Delay (one direction) 1.199 ns

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

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

Mo excessiva force must be applied to the dipole arms, because they might bend or the soldered connections near the
feedpaint may be damaged.

Additional EUT Data

Manufactured by SPEAG
Manufactured on September 20, 2012

Certificate Mo: D5GEHzV2-1156_May14 Page 4 of B




DASYS Validation Report for Head TSL

Date: 22.05.2014
Test Luboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 5GHz; Type: DSGHzV2; Serial: DSGHzV2 - SN: 1156

Communication System: UID O - CW; Frequency: 5600 MHz
Medium parameters used: [ = 5600 MHz: 6 = 4.96 S/m: & = 35; p = 1000 kg/m’
Phamom section: Fla Section

Measurciment Standard: DASY S5 (IEEEEC/ANSI C63.19-2011)
DASYS2 Configuration:
»  Probe: EX3DV4 - SN3503; ConvF{4.86, 4.86, 4.86); Calibrated: 30.12.2013;
= Sensor-Surface: Ldmm (Mechanical Surface Detection)
»  Electronics: DAE4 Sn601; Calibrated: 30,04.2014
=  Phantom: Flat Phantom 5.0 (front); Type: QDOO0PS0AA; Serial: 1001
«  DASYSZ 52.8.8(1222); SEMCAD X 14.6.10(7331)

Dipole Calibration for Head Tissue/Pin=100mW, dist=10mm, f=5600 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Measurement grid: dx=4mm, dy=4mm, dz=1.4mm

Reference Value = 63,88 W/m; Power Driflt = -0.00 dB

Peak SAR (extrapolated) = 33.6 Wikg

SAR(1 g) = 8.57 W/kg; SAR(10 g) = 2.43 W/kg

Maximum value of SAR (measured) = 19.8 W/kg

-12.00
-18.00

-24.00

-30.00

0dB = 19.8 Wikg = 1297 dBW/kg
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Impedance Measurement Plot for Head TSL
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DASYS Validation Report for Body TSL

Date: 21.05.2014

Test Luboratory: SPEAG, Zurich, Switzerland

DUT: Dipole 53GHz; Type: DSGHzV2; Serial: DSGHzV2 - SN: 1156

Communication System: UID 0 - CW: Frequency: 5600 MHz .
Medium parameters used: 1= 5600 MHz: 6 = 5.98 5/m: & =46.4; p = 1000 kg/m
Phantom section: Flat Section

Measurement Standard: DASYS (IEEE/NEC/ANST C63.19-2011)

DASY52 Configuration:

Probe: EX3DV4 - SN3503; ConvF(4.3, 4.3, 4.3); Calibrated: 30.12.2013;
Sensor-Surface: | 4mm (Mechanical Surface Detection)

Electronics: DAE4 Sn601; Calibrated: 30.04.2014

Phantom: Flat Phantom 5.0 (back); Type: QDO0OPS0AA; Serial: 1002
DASY 52 52.8.8(1222); SEMCAD X 14.6.10{(7331)

Dipole Calibration for Body Tissue/Pin=100mW, dist=10mm, f=5600 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Measurement grid: dx=4mm, dy=4mm, dz=1.4mm

Reference Value = 59 44 V/im; Power Drift = -0,01 dB

Peak SAR (extrapolated) = 37.1 W/ke

SAR(1 g) = 8.34 W/keg; SAR(10 g) = 2.31 Wikg

Maximum value of SAR (measured) = 20.2 Wikg

-12.00

-18.00

-24.00

-30.00

0dB =20.2 W/kg = 13.05 dBW/ke
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Impedance Measurement Plot for Body TSL
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3. Appendix F. DAE Calibration Data

Calibration Laboratory of
Schmid & Partner

Engineering AG
Zrughauastrasse 43, 8004 Zurich, Switzariand

Schweizerischer Kalibrierdienst
Service suisse d'#alonnage
Servizio svizzero di taratura
Swisa Calibration Service

Accredited by the Swiss Accreditation Servce (SAS) Accreditation Na.: SCS 108
The Swiss Accreditation Service s one of the signatories to the EA
Multitateral Agreement for the recognition of calibration cortificates

cient  Cerpass (Auden) Certificate No: DAE4-1379_May14

|CALIBRATION CEH'I;IFICATE

Ciajeat DAE4 - SD 000 D04 BJ - SN: 1379

Calibrazsion procedurefs) A CAL-D6.v26
Calibration procedure for the data acquisition electronics (DAE)

Calibeation date: May 19, 2014

Thiz calibration cedilicate documents ihe fraceahiliy 1o national standards, which reafize 1he physical units of measuraments (51
The mgasurements and the uncenates wilh canlidence probabdity arg givan an the following pages and am pan of the cerficala.

All ealibrations hawa been conducted in the clesed laboralory faciity: anvirenmant temperate (22 = 3)°C and hurmidity = 70%.

Calization Equipment used (MATE critical for cabipration)

Prirnary Standards 1o & Cal Date {Cartificate Mo.) Sehadulad Calibration

Kaithigy Multereser Type 2001 SN 0810278 =013 (Mo 3376} Qct-14

| Sacondary Siandards =] Check Date (in housel Scheuled Chack

Aute DAE Calibraticn Unit BE UWE 053 AA 1001 OF-Jan-12 {in house chack) v hause chack: Jan-15

Calibrator Box W21 SE UMS 006 AA 1002 OT-Jan-14 {in house chack) Im imauge chack: fan-15
Mame Furclion Sigrature

Calibrated by Diminiqua Stafen Technician

Appraved by Fn Bambhoit Deputy Technical Manager « .
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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
comparisoen with a calibrated instrument traceable to national standards. The figure given
corresponds to the full scale range of the voltmeter in the respective range.

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

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

« [DC Voltage Measurement Linearity: Verification of the Linearity at +10% and -10% of
the nominal calibration voltage. Influence of offset voltage is included in this
meaasurement.

«  Commaon mode sensitivity: Influence of a positive or negative common mode voltage on
the differential measurament.

« 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

e Input Offset Measurement: Output voltage and statistical results over a large number of
Zero voltage measuraments,

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

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

= Low Batlery Alarm Vollage: Typical value for information. Below this voltage, a battery
alarm signal is generated.

«  Paower consumplion: Typical value for information, Supply currents in various operating
modas,
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DC Voltage Measurement
AD - Comverter Basclution nominal
High Range: 1LEB =
Lew Ranga: 1LSE =

B.lpV
ainW

full range =
full range =

S100, 4300 my

-1

DASY measuremant parameters: Auto Zero Time: 3 sec; Maasuring time: 3 soc

Calibration Factors

X

¥

z

High Range A03.805 + 0.02% (k=2} | 404.075 + 0.02% (k=2) | 404.011 £ 0.02% (k=2)
Low Range 3.B9E38 + 1.50% (k=2) | 3.99504 + 1.50% (k=2) | 4.00152 £ 1.50% (k=2)
Connector Angle

Connectar Angle tc be used in DASY system

14855 +17
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Appendix

1. DC Voltage Linearity

High Range Reading (pV) Difference {uV} Error (%)
Channel X + Input 19545429 -1.98 -0.00
Channel X + Input 15998.30 -1.30 0001
Channel X - Input -19998 .41 290 -0
Channel ¥ + Input 199996, 73 0.2% 0.00
Channel ¥ + Input 199096, 72 -3.84 -0.02
Channel ¥ = Input =20001.24 -0.12 0.0
Channel Z + Input 199095 04 134 -0.00
Channel Z + Input 18058.92 -1.47F =001
Channel Z = Input -20002.08 (.85 Q.00
Low Range Reading (pV) Difference (pV) Error (%)
Channel X + Input 2001 57 t.11 0,06
Channel X + Input 201,61 018 0.10
Channel X = Input -198.88 .22 o1
Channel ¥ + Input 2001.25 3 002
Channel ¥ + Input 201.42 0.07 Q.03
Channel ¥ = Inpurt 199,14 0.59 0.30
Channel Z + Input 2001.40 0.60 0.03
Channel Z + Input 198,50 -1.64 .82
Channel Z - Input -199.24 -0.49 0.25
2. Common mode sensitivity
DASY measurement parameters: Auto Zero Time: 3 sec, Measuring lime: 3 sec
Common mode High Range Low Range
Input Voltage {mV) Average Reading {1V} Average Reading (uV)
Channel X 200 781 -19.05
- 200 20,93 1882
Channel ¥ 204 =4.43 -4.38
- 200 4,21 4,00
Channel Z 200 =10.49 -10.31
- 200 B.62 B.36
3. Channel separation
DASY measurement parameters: Auto Zero Time: 3 sec; Measuring time: 3 sac
Input Voltage (mY) | Channel X (uV) | Channel Y [pV) Channel Z (V)
Channel X 200 - -0.60 -5.10
Channel ¥ 200 815 0.34
Channel 2 200 10,42 532
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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 16034 13834
Channel ¥ 16256 12485
Channel Z 15825 15528

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

Input 10RL
Average (uV) | min. Offset (i) | max. Offset (uv) | ?::;“"““
Channel X -1.78 -3.29 0,79 047
Channel ¥ -0.21 -2.44 1.81 0.7
Channel £ «0.03 -1.33 2.40 0.7a
6. Input Offset Current
Mominal Input circuitry offset current on all channels: <2584
7. Input Resistance (Typical values for information)
Zeraing (kDhm) Measuring (MOhm)
Channel X 200 200
Channel ¥ 200 200
Channel Z 200 200
8. Low Battery Alarm Voltage (Typical values for information}
Typical values Alarm Level (VDC)
Supply [+ Veg) +7.8
Supply (- Vec) 7.6
9. Power Consumption (Typical values for information)
Typical values Switched off (mA) | Stand by (mA) Transmitting (maA)
Supply (+ Vec) +0.01 +5 +14
Supply (- Vo) =101 -8 -G
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