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Appendix D. DASYS5 System Calibration Certificate
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Glossary:

TSL tissue simulating Sgquid

WORME..Z sensitivity in free space

ConvF sensitvity in TSL 7 NORMx

DCP dicde compression point

CF crest factor (1iduty_cycle) o

ABCD miodulation dependent lines

FPolarizaton @ o rofation around probe axi

Polarizabion % 4 rotation around an axie 1 axle (al measurement center],
i.e., 8 =0 is normal to prob

Connector Angle informaltion used in DASY the robot coordinate system
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o}
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ES30V3 - Shizie January 25, 2HE

Probe ES3DV3

SN:3292

Manufactured:  July 6, 2010
Calibrated: January 25, 2018

Calibrated for DASY/EASY Systems

[(Mate: non-compatible with DASYZ sysleml)

Cerificale Mo: EE3-2282_Jan18 Page 3 of 11
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ES3DV3I- 5N:3282 Jamgary 25, 2018

DASY/EASY - Parameters of Probe: ES3DV3 - SN:3292

Basic Calibration Parameters

Sensor X Sensor 'y Sensor I Une (k=2)
Morm {uiWim)©y" 0.08 0,96 0.83 £ 101 %
DCP (my) 104.2 1076 112.3 |

Modulation Calibration Parameters

uin Communication System Name | A B C o VR Unct
dB | dBVv | 48 mv | (k=2
o | o [ x| oo | oo 10 | 000 | 1815 | 333% |
| ) i 00 | 0D 1.0 187 6
| N | z 0.0 0.0 1.0 | 1902

The reported uncertainty of measurement is stated as the standard uncertainty of measurement
multiplied by the coverage factor k=2, which for a normal distribution corresponds o a coverage
probability of approximately B5%,

:TI'I'H urcartantes of Koem XY .Z o nol et the E™-Seld uncedainty insads TEL [see Pages 5 and &)
, Humancal linesrization parameter: uncerainty not recuined

Uncerainty & deemmingd using e max. devialian from linear response applying reciamguiar distiboion and i expressed for the squans of tha
Fsld value.
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ES30V3- SM:a202 January 25, 2018

DASY/EASY - Parameters of Probe: ES3DV3 - SN:3292

Calibration Parameter Determined in Head Tissue Simulating Media

. Relative | Conductivity Depth© Une
| FiMHz) " | Permitthvity {Sim) " ConwF X | ComvFY | ConwFZ | Alpha® | (mm) k=2
150 52.3 0.76 T.85 7.85 785 0,04 1.20 $13.3% |
| |
| 450 43.5 0.87 A F T.12 | 712 0.18 1.20 +13.3%

¥ Frequency validity abava 300 MHz of = 100 AMHz only appies for DASY 8.4 and highe (ses Page 2), slss it i resticled 1o ¢ 50 MHz The
uriartanty is tha RES af the ConyF unceriainiy at calibraten frequency and thi ungaraiety 127 T indcabed frequancy bard. Freguency valdiy
b 300 MHE = 10, 28, 40, 50 and 70 MHZ for Com assessments at 30, 54, 128, 180 and 220 MHz respectivaly, Abowe 5 GHZ freguancy
vahdiy can ke extended 1o + 170 MHz
" A fresquancies below 3 GHz, the valdity of ts5ue parameters = and o) can be ielaeed 1o = 10% # fouid compensation famua s aopled 1o
mbgsuied SAR values. it frequencies above 3 GHz, ihe validity of lissue paramesars (cand a) s resticied o + 5%, The wcertanty is the RSS of
tha CameF uncanainty Ter indicaled tangel issue pammaiers.

Alpha!Depth are detamningd during calioration. SPEAG warrants that the remaining deeiahion dus to the Baundary sfiect sfar compansation is
always leis than & 1% for requences bakow 3 GH2 ard Belaw & 25 for frequencies betaaan 16 GHz ot any Jiekanss langer en kel e prabs 1
ciametier fram he oy,

Cartificata Mo FRE3-A292_ laniA Page & of 11
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ES3DV 3= 3N: 3292 January 25 2018

DASY/EASY - Parameters of Probe: ES3DV3 - SN:3292

Calibration Parameter Determined in Body Tissue Simulating Media

Ralativa Conductivity Depth - Unc

fiMHZ)" | Parrmittiviey " {Sim) " ConvF X | ComFEY | ConvE 2 r.upm“ ) (=2}
150 f1.9 080 | 758 7.59 750 | 0.04 120 | £133%
450 56.7 0.94 7.28 7.28 728 | 0.2 120 | £133%

¥ Frequancy validiy sbiuve 300 MMz of = 100 MHz erly apeies o DAEY w44 and higher (sec Page 2), slse i i restricted 10 = 50 MHz. The
uncerainty s fa R55 of the ConF uncertainty at calitvation requency and the unceriairty for the indicabed frequensy band. Fregusncy validily
Bediw 00 MHz is + 10, 25, 40, 50 and 70 MHE for Corn® assessments of 30, 64, 128, 150 and 220 MHz respeciively. Above B GHz frequency
walldity can ba esterded 1o 2 110 MHz

Al Trequencies bekow 3 GHz, the valldily of tasue paramesars (z and a) can be reigesd 19+ 10% if gl cormperrestion formuta is appied ko
mezzred SAR values, Al frequencies abave 3 GHz, the walidity of lissia peramedars fc and o) i restricied 1o & 5% The uncerainty & the RS5 of
the ConyF urcertainky for indicated fargat tiepus paramsalers
“ wphamMapth ane delermined during calbration. SPEAG wamania kot the remaining deviation dug to the Bouncany sBac Bler compensalion i

arways less than & 1% or Mequenses balos 3 GHz and balow 1 2% for fiequencies. betersen 3-8 GHz 2 any dstance lager than half the probe ip
dismetar from the boundary.
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ESsDY 018
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ES3D 8
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ES3DV3= BM2203 Jani@ry 25 2018
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ES30NE- SN:3262 Jamzary 25, 2014

DASY/EASY - Parameters of Probe: ES3DV3 - SN:3292

Other Probe Parameters

Sensor Arrangement Triangular
Connecior Angle () o "R
Mechanical Surface Detection Mode enablad
Opical Surface Delection Mode dsabled
Probe Overall Length ' 337 mm
Frobe Body Diameler 10 mm
Tip Leswgth - 10 mm
Tip Diameler 4 mm
Prabe Tip to Sensor X Calibration Paint 2 mm
Prabe Tip o Sensor ¥ Calibration Point 2 mm
Prabe Tip ta Sensor £ Calibration Point Zmm |
Recommended Measurement Distance from Surface . T 3mm |
Cartificale Mo: ES3-3292_Jan1E Page 11 of 11
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sizerischer Kalibrierdienst
‘e suisse d'étalonnage

io svizzero di taratura
Calibration Service

ion No.: SCS 0108

to the robot

’ system by
e s s e i e e s swanaarus. 1HE figure given
Is to the full scale range of the voltmeter in the respective range.

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

° ng parameters as documented in the Appendix contain technical information as a
the performance test and require no uncertainty.

ltage Measurement Linearity: Verification of the Linearity at +10% and -10% of
ninal calibration voltage. Influence of offset voltage is included in this
rement.

on mode sensitivity: Influence of a positive or negative common mode voltage on
erential measurement.

el separation: Influence of a voltage on the neighbor channels not subject to an
oltage.

nverter Values with inputs shorted: Values on the internal AD converter
)onding to zero input voltage

Mffset Measurement. Output voltage and statistical results over a large number of
ltage measurements.

fffset Current: Typical val =~ = ation; Maximum channel input offset

, hot considering the inpt

2sistance: Typical value f n: DAE input resistance at the connector,

Internal auto-zeroing and surement.

itery Alarm Voltage: Typ “information. Below this voltage, a battery

ignal is generated.

consumption: Typical val iation. Supply currents in various operating
Certific 7_Sep17
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DC Voltage Measurement
A/D - Converter Resolution nominal
High Range: 1LSB = 6.1uv, fullrange = -100...4300 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 404.489 + 0.02% (k=2) | 404.852 + 0.02% (k=2) | 404.862 + 0.02% (k=2)
Low Range 3.97827 + 1.50% (k=2) | 3.95875+ 1.50% (k=2) | 3.97982 + 1.50% (k=2)

Connector Angle

| Connector Angle to be used in DASY system 53.0°%+1°

Certificate No: DAE4-387_Sep17 Page 3 of 5
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Appendix (Additional assessments outside the scope of SCS01 08)

1. DC Voltage Linearity

High Range Reading (uV) Difference (uV) Error (%)
Channel X + Input 200032.85 -3.31 -0.00
Channel X + Input 20007.64 1.88 0.01
Channel X - Input -20003.48 1.18 -0.01
Channel Y + Input 200034.23 -1.43 -0.00
Channel Y + Input 20006.60 0.9 0.00
Channel Y - Input -20004.04 0.72 -0.00
Channel Z + Input 200035.38 -0.83 -0.00
Channel Z + Input 20003.69 -2.11 -0.01
Channel Z - Input -20006.38 -1.59 0.01
Low Range Reading (uV) Difference (uV) Error (%)
Channel X + Input 2001.63 0.08 0.00
Channel X + Input 202.29 0.70 0.35
Channel X - Input -197.90 0.60 -0.30
Channel Y + Input 2001.33 -0.07 -0.00
Channel Y + Input 200.86 -0.60 -0.30
Channel Y = Input -189.87 -1.23 0.62
Channel Z + Input 2001.61 0.27 0.01
Channel 2 + Input 200.60 -0.70 -0.35
Channel Z = Input -199.51 -0.85 0.43
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 (V) Average Reading (uV)
Channel X 200 13.50 11.56
- 200 -8.64 -11.18
Channel Y 200 -0.81 -1.28
- 200 1.05 0.09
Channel 2 200 7.7 6.91
- 200 -9.46 -9.01

3. Channel separation
DASY measurement 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 E -1.70 0.33
Channel Y 200 10.70 = -0.38
Channel Z 200 7.1 7.89 -
Certificate No: DAE4-387_Sep17 Page 4 of 5
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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 15969 17466
Channel Y 15661 16162
Channel Z 15980 16190

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) Std. I;J:‘\;;atlon
Channel X 0.73 -2.58 3.29 0.62
Channel Y 0.41 -0.49 1.23 0.40
Channel Z -0.80 -1.88 0.30 0.42
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 (+ Vec) +7.9
Supply (- Vec) -7.6
9. Power Consumption (Typical values for information)
Typical values Switched off (mA) | Stand by (mA) Transmitting (mA)
Supply (+ Vec) +0.01 +6 +14
Supply (- Vcc) =0.01 -8 -9

Certificate No: DAE4-387_Sep17 Page 5 of 5
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Extended Dipole Calibrations

Referring to KDB865664 D01, 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.

Head
Date of Return-loss Delta Real Impedance Delta Imaginary Delta
measurement (dB) (%) (ohm) (ohm) impedance (ohm) (ohm)
2016-08-29 -22.0 58.0 -2.9
2017-08-29 -21.9 0.45 58.2 0.2 -3.0 -0.1
Body
Date of Return-loss Delta Real Impedance Delta Imaginary Delta
measurement (dB) (%) (ohm) (ohm) impedance (ohm) (ohm)
2016-08-29 -22.0 56.1 -5.8
2017-08-29 -22.0 0.00 56.2 0.1 -5.6 -0.2

The return loss is <-20dB, within 20% of prior calibration; the impedance is within 50hm of prior calibration.
Therefore the verification result should support extended calibration.

wxxxxEND OF REPORT*
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