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Accreditod by the Swiss Accradiation Seevice (SAS) Accreditation No.: SCS 0108

The Swiss Accreditation Seevice Is one of the signatories to the EA

Mullilateral Agreement for the recognition of calibiration cerfificates

Glossary:

TSL tissue simulating liquid

NORMx,y,2 sensitivity in free space

ConvF sansitivity in TSL { NORMx,y,z

pce diode compression point

CF crest factor (1/duty_cycie) of the RF signal

ABCD modulation dependent linoatization parameaters

Polarization ¢  rotation around probo axis

Polarization 8 4 rotation around an axis that ks in the plane normal to probe axis (al measurement center),
Le., 8 =0 is nomal to probe axis

Connector Angle information used in DASY system to align probe sensor X to the robot coordinate syslem

Calibration is Performed According to the Following Standards:
s) IEEE Std 1528-2013, “IEEE Recommended Praciice for Determining the Peak Spatial-Averaged Specific
Rate (SAR) in the Human Hoad from Wireless Communications Devices: Measurement

Techniques®, June 2013

b) IEC 62209-1, %, "Maasurement procedure for the assessment of Specific Absorption Rato (SAR) tram hand-
heid and body-mounted devices used next to the ear (frequency range of 300 MHz to 6 GHz)'", July 2016

c) IEC 62209-2, *Procedurs to determine the Specific Absorption Rate (SAR) for wiralass communication devices
used in close proximity to the human body (frequency range of 30 MHz to 6 GHz)", March 2010

d) KDB 865664, “SAR Measwement Requirements for 100 MHz to 6 GHz"

Methods Applied and Interpretation of Parameters:

o NORMx,y,z: Assessed for E-fieki pofarization 8 = 0 {f < 800 MHz in TEM-cell, f > 1800 MHz: R22 waveguide).
NORMx.y.z are only intermediate values, i.¢., the uncentainties of NORMx.y.z does ot affect the E-fiald
uncartainty inside TSL (see below ConvF).

. NORM(I)x.y,z=NORw,y.z'Mwwy_nws(mﬁmwnumom.mmmﬂbnb
Inplamammhoﬁ.swwﬁmmbmhwvunl.z.memmdhfnqmyrummehmm
in the stated uncertainty of Convf.

. DCPAy.tDCPmmMIDmMmpmmwmwmhundpcmrmepmcw
signal (no uncertainty required). DCP does not depend on frequency nor media,

«  PAR: PAR is the Peak fo Average Ratio that is nof calibrated but determined based on the signal
characteristics

o ANz Bry.z Cry.z Dxy,z VRxy.z: A 8, C, D are numerical inearization paramelers assessed based on
the data of power sweep for specific modulation signal. The parameters do not depend on frequency nor
media. VR is the maximum calibration range expressed in RMS voltage soross the diode.

o ConvF and Boundary Effect Paramefers; Assessed in fiat phantom using E-field (or Temperature Transfor
Standard for f < 800 MHz) and inside waveguide using analytical field distributions based on power
measurements for [ > 800 MHz The same setups are used for assessment of the paramelers applied for
boundary compensation (aipha, depth) of which typical uncertainty values are given, These parameters are
used in DASY4 software 1o Improve probe accuracy close to the boundary. The sensitivity in TSL corresponds
10 NORMx,y,z * ConvF whereby the uncertainty corresponds to that given for ConvF. A frequency dependant
ConvF is used in DASY version 4.4 and higher which allows extending the validity from & 50 MHz to £ 100
MHz,

« Spherical isoiropy (3D deviation from isotropy): In a field of low gradients realized using a flat phantom
exposed by a patch antenna.

« Sensor Offset. The sensor offset comesponds 1o the offset of virtual measurement center from the probe tip
(on probe axis), No tolerance required.

« Conneclor Angle; The angle is assessed using the information gained by determining the NORMx (no
uncertainly required).

Certificale No: ES3-3337_Sep20) Page 20f9
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ES3DV3 - SN:3337 September 8, 2020

DASY/EASY - Parameters of Probe: ES3DV3 - SN:3337

Basic Calibration Parameters

Sensor X Sensor Y Sensor Z Unc (k=2)
Norm (pV/(Vim)H» 1.27 1.31 139 +101 %
DCP {mV)° 1074 106.7 108.6 ]
Calibration Resuiis for Modulation Response
uiD Communication System Name A B c D VR Max Unct
dB dBvVuv dB my dev. (k=2)
0 cw X 0.0 0.0 1.0 0.00 1906 | +35% | 247 %
Y 0.0 0.0 1.0 173.5
z 0.0 0.0 10 1725

The reported uncertainty of measurement is stated as the standard uncertainty of measurement
mulliplied by the coverage factor k=2, which for a normal distribution corresponds to a coverage

probability of approximately 95%.

* The uncertaintics of Norm XY, 7 do not affect the E-fisld uncerlainty inside TSL {sce Faye 5).

® Numerical linearization parameter: uncertainty not required.
E Uncertainty is detemmined using the max. deviation frem linear response applying rectangular distribution and is expressed far the square of the

field value.

Gertificate No: ES3-3337 Sep20 Page 3of 9




ES3DV3- SN:3337

Seplember 8, 2020

DASY/EASY - Parameters of Probe: ES3DV3 - SN:3337

Other Probe Parameters

Sensor Arrangement Triangular
Connector Angle (") -81.4
Mechanical Surface Detection Mode enatled
Optical Surface Detection Mode disabled
"Probe Overall Length 337 mm
“Probe Body Diameter 10 mm
"Tip Length 10 mm
| Tip Diameter 4 mm
| Probe Tip to Sensor X Calibration Point 2 mm
Probe Tip to Sensor Y Calibration Point 2 mm
[ Probe Tip to Sensor Z Calibration Point 2 mm
Recommended Measurement Distance from Surface 3 mim

Note: Measurement distance from surface can be increased to 3-4 mm for an Area Scan job.

Certificate No: ES3-3337 Sep2C
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ES3DV3- SN:3337

DASY/EASY - Parameters of Probe: ES3DV3 - SN:3337

Calibration Parameter Determined in Head Tissue Simulating Media

September 8, 2020

Relative Conductivity Depth © Unc

f{MHz)¢ | Permittivity" (Sim}* ConvFX | ConvFY | ConvEZ | Alpha® | (mm) (k=2)
150 52.3 0.76 7.80 7.80 7.80 0.10 1.20 +13.3%
450 435 0.87 6.93 6.93 6.93 0.20 1.50 +133%

© Erequency validity above 300 MHz of + 100 Miiz only applies for DASY v4.4 and higher (see Page 2), else it is restricted to + 50 MHz. The
uncertainty is the RSS of the ConvF uncerainty at calibration frequency and the uncertainly for the indicated fraquency band. Frequency validily
below 300 MHz is + 10, 25, 40, 50 and 70 MHz for ConvF assessments al 30, 64, 128, 150 and 220 MHz respectively. Validity of ConvF assessed at

6 MHz is 4-9 MHz, and ConvF assessed at 13 Mtz is 9-19 MHz. Above 5 GHz frequency valigity can be extended to £ 110 MHz.

' At frequencies below 3 GHz, the validity of tissue parameters (e and ) can be relaxed to £ 10% if liquid compensation formuda is applied to
measured SAR values. M frequencies above 3 GHz, the validity of tissue parameters (e and o} is restricted to £ 5%. The uncertainty is the RSS of

ihe ConvF uncertainty for indicated larget lissue parameters,

© AlphafDaplh are determined during calibration. SPEAG warrants that the remaining deviation due to the boundary effect after compensation is
always less than £ 1% for frequancies below 3 GHz and below + 2% for frequencies between 3-8 GHz al any distance larger than half the praba tip
diameter from the boundary.

Cerlificate No: ES3-3337_8ep20
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ES30V3- SN:3337

Frequency Response of E-Field
(TEM-Cell:ii110 EXX, Waveguide: R22)

Page 6 of 22

Soptember 8, 2020
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ES30V3- SN.3337 September 8, 2020
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Uncartainty of Axial Isotropy Assessment: £ 0,5% (k=2)

Conificate No: ES3-3337_Sep20 Paga 7ol 9




Page 8 of 22

ES3IOV3- SN:3337 Soptembar &, 2020

Dynamic Range f(SARcaq)
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Uncertainty of Linearity Assessment: £ 0,6% (k=2)

Cantificate No: ES3-3337_Sep20 PagoBiof9
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ES3DV3- SN:3337

Seplember 8, 2020

Conversion Factor Assessment

1= 150 MHz WGLS Flat Phantom 4.4 1« 450 MHz. WGLS Flat Phantom 4.4
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Uncertainty of Spherical Isotropy Assessment: + 2.6% (k=2)
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CALIBRATION CERTIFICATE
Object DAE4 - SD 000 D04 BM - SN: 1398
Caiibeation procedure(s) QA CAL-08.v30
Calibration procedure for the data acquisition electronics (DAE)
Calbestion date April 23, 2020
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Calibration Laboratory of L, Sohwalzarischer Kalibrlerdienst

Schmid & Partner % e —
Engineering AG 3 & s Servizio swizzero di taratura

Zeughausstrasse 43, 5004 Zurich, Switzeriand @; Swiss Colibration Service

Acorecited by tho Swiss Acoraditation Serdoo (SAS) hccreditntion No.: SCS 0108

The Swiss Accreditation Servics is one of the signatories to tho EA

Multilatersl Agreement for the recognition of cailbration cerliicates

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
comresponds 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 sensilivity: 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 inpuls 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 voitage 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.

Cenilicate No: DAE4-1398_Apr20 Page 20l s
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DC Voltage Measurement
A/D - Converter Besolution nominal

High Range: 1L8B = B.ipV, full range = -100...+300 mV
Low Range: 1LSB = 81nV , ful range = -1....... +3my
DASY measurement parameters: Auto Zero Time: 3 sec; Measuring time: 3 sec
Calibration Factors X Y z
High Range 404.182 £ 0.02% (k=2) | 404.183 £ 0.02% (k=2)} | 403.625 1. 0.02% (k=2)
Low Range 3.97491 + 1.50% (k=2) | 3.99141 £ 1.50% (k=2) | 3.97045 * 1.50% (k=2)

Connector Angle

Connector Angle to be used in DASY system

485°+1°

Cetificate No: DAE4-1398_Apr20
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Appendix (Additional assessments outside the scope of SC50108)

1. DC Voltage Linearity

High Range Reading {uV) Difference (V) Error (%)
Channel X + Input 199993.97 -0.69 -0.00
Channel X + Input 20002.68 0.80 0.00
Channel X - Input -19988.43 2.09 -0.01
Channel Y + Input 199995.37 0.2 0.00
Channel Y + Input 20001.51 0.19 0.00
Channel Y - Input -20002.51 -1.02 0.01
Channel Z + Input 199986 81 1.22 0.00
Channel Z + Input 19999.63 215 -0.01
Channel Z - Input -20003.31 -1.71 0.01
Low Range Reading (uV) Difference (uV) Error (%)
Channel X + Input 2001.04 -0.06 -0.00
Channel X + Input 201.40 -0.04 -0.02
Channel X = Input -198.36 0.09 -0.05
Channel Y + Input 2000.82 -0.33 -0.02
Channel Y + Input 200.78 -0.64 -0.32
Channel ¥ -Input -198.93 -0.50 0.25
Channel Z + Input 2000.88 -0.29 -0.01
Channel Z + input 200.17 -1.16 -0.58
Channel Z - Input -199.73 -1.11 0.56
2. Common mode sensitivity
DASY measurement parameters: Auto Zero Time: 3 sec;, Measuring time: 3 sec
Common mode High Range Low Range
input Voitage (mV) Average Reading (uV) Average Reading {uv}
Channel X 200 -13.38 -14.99
- 200 16.43 14.19
Channel ¥ 200 9.12 8.64
- 200 -10.42 -10.63
Channel Z 200 7.29 7.30
-200 -10.50 -10.14

3. Channel separation

DASY measurement parameters: Aulo Zero Time: 3 sec; Measuring time: 3 se¢

Input Valtage (mV)

Channel X (V)

Channel Y (uV)

Channel Z {pV}

Channel X 200 - -2.81 -1.24

Channel ¥ 200 325 - -2.30

Channel Z 200 9.51 1.74 -
Cartificale No: DAE4-1398_Apr20 Page 4 of 5
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4. AD-Converter Values with inputs shorted

DASY measurement paramelers: Auto Zero Time: 3 sac; Measuring time: 3 sec

High Range {LSB)

Low Range (LSB)

Channel X 15956 15899
Channel Y 15863 17836
Channel 2 15841 13905

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

Input 10MQ

Average (uV) min. Offset (uV) | max, Offset (V) $td. Deviation

(v}
Channel X 0.28 -0.88 225 0.44
Channel Y -0.69 -1.65 0.47 0.36
Channel Z -0.76 -1.687 0.59 0.37

6. Input Offset Current
Nominal Input circuitry offset current on ali channals; <25fA

7. Input Resistance (Typical values for information)

Zeroing (kOhm)

Measuring {MOhm}

Channel X 200 200
Channel Y 200 200
Channel 2 200 200

8. Low Battery Alarm Voltage (Typical values for information)

Typical values

Alarm Level (VDC)

Supply (+ Vee)

+7.9

Supply (- Vec)

7.6

9. Power Consumption (Typical valugs for information)

Typical values

Switched off (mA) | Stand by {mA)

Transmitting (mA)
Supply (+ Vcc) +0.01 +6 +14
Supply {- Veo) ~0.0% -8 -g

Certificate No: DAE4-1398_Apr20
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Cal Date (Corficats No.) Scheduled Calbranon

Power mater NRP SN 104778 00-Apr-19 (No. 217-02832/00833) Apr20

Powar aensor NRP.291 SN 103244 03-Apr-19 (No. 217-02892) Apt:20

Power sensor NAP-291 SN 100245 03-Apr-19 (No. 217-02893) Apr20
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Ratarences Prove EX30VA SN 3877 31-Dac19 (No. EX3-3877 Dectd) Dec-20

DAE4 SN 654 27-Jun-15 (No. DAE4-654 Jun19) Juev20

Secordary Standards D Check Dase (in houss) Schedules Check

Power meter E43198 SN GB41293874 08-Ape-18 (in house check Jun-18) In house chacic Jun-2)

Powar sensor E4412A SN: MY 41400087 05-Apr-16 (In house check Jun-18) In house check. Jun-20

Powar senscr E4412A | SN 000110210 05-Ape-16 (in house check Jun-18) In houss chack: Jun-20
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Networe Adutyzee Agilant EBSS8A | SN: US41080477 31-Mar-14 (In house check Oct-15) I house chack: Oct-20
Name Functon Signature

Caibirated by: Jeton Kastran Laborutory Techrician C{’,_' (/&Z 2

-
Appeoved by. Katia Pakovic Tectvical Managor

Issued: March 12, 2020

This calibration camficale shal not bo reprodL.Ced axcept In Il wihout written apgproval of the laboratory.
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Calibration Laboratory of S,

Schmid & Partner e %
Engingering AG H

bugngmm-n?s, 8004 Zurich, Switzertand ’,@\3

Accredied by e Swss Accrediiaton Samice (SAS)
The Swiss Accreditation Service is one of the signatories 1o the EA
Multitalerat Agresment for the recognition of calibration certificates

Glossary:

TSL tissue simulating liquid

ConvF sensitivity in TSL / NORM x,y,z
N/A not appiicable or not measured

Calibration is Performed According to the Following Standards:

Service suisee o'etalonnage
Servirio svizzero di taratura
Swiss Calibeotion Service

mwow

Accreditation No.: SCS 0108

a) IEEE 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

b) IEC 62209-1, "Measurement procedure for the assessment of Specific Absorption Rate
(SAR) from hand-held and body-mounted devices used next to the ear (frequency range of

300 MHz to 6 GHz)", July 2016

¢) IEC 62209-2, “Procedure to determine the Specific Absorption Rate (SAR) for wireless
communication devices used in close proximity to the human body (frequency range of 30

MHz to 6 GHz)", March 2010

d) KDB 865664, "SAR Measurement Requirements for 100 MHz to 6 GHZ"

Additional Documentation:
e) DASY4/5 Systern Handbook

Methods Applied and Interpretation of Parameters:

= 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 source is mounted in a touch configuration below the

center marking of the flat phantom,

* Retum Loss: This parameter is measured with the source positioned under the liquid filled
phantom (as described in the measurement condition clause), The Return Loss ensures low

reflected power. No uncertainty required.

SAR measured: SAR measured al 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.

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 1o a coverage

probability of approximately 95%.

Certificate No: CLA150-4008_Mar20 Page 20l 8
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Measurement Conditions
DASY system configuration. as far as not given on page 1.
DASY Version DASYS V52104
Extrapolation Advanced Extrapolation
Phantom ELI4 Flat Phantom Sholl thickness: 2 = 0.2 mm
EUT Positioning Touch Position
Zoom Scan Resolution dx, dy =4.0mm, dz = 1.4 mm Graded Ratio = 1.4 (Z direction)
Frequency 150 MMz = 1 MMz
Head TSL parameters
The following parameters and calculaticns were applied.
Temperature Permittivity Conductivity
Nominal Head TSL parameters 220*C 523 0.76 mho/m
Measured Head TSL parameters (220+£02)'C 509+6% 0.76 mha'm 26 %
Head TSL temperature change during test <05*C —_ ~—
SAR result with Head TSL
SAR averaged over 1 cmy? (1 g) of Head TSL Condition
SAR measured 1 W input power 391 Wka
SAR for nominal Head TSL parameters normaiized to 1W 3.89 Wikg = 18.4 % (k=2)
SAR averaged over 10 cm” (10 g) of Head TSL condition
SAR measured 1 W irput power 260 Whkg
SAR for nominal Head TSL parameters normalized to 1W 2.59 Wikg = 18.0 % (k=2)
Body TSL parameters
The following parameters and calculations were applied
Temperature Permittivity Conductivity
Nominal Body TSL parameters 220°C 619 0.80 mho/m
Measured Body TSL parameters (220202)°C 63626% 0.81 mho'm 2 6%
Body TSL temperature change during test <05°C -
SAR result with Body TSL
SAR averaged over 1 cm’ (1 g) of Body TSL Condition
SAR measured 1 W input power 4.03 Wikg

SAR for nominal Body TSL parameters

normalized to 1YW

4.01 Wikg = 18.4 % (k=2)

SAR averaged over 10 cm’ (10 g) of Body TSL condition
SAR measured 1 W input power 270 Wkg
SAR for nominal Body TSL parameters normalized to 1'W 2.69 Wikg = 18.0 % (k=2)
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Appendix (Additional assessments outside the scope of SCS 0108)

Antenna Parameters with Head TSL

Impodancs. transformed to faed paint 470-660
Retum Loss -2100B
Antenna Parameters with Body TSL
Impedanca, transformed to feed paint 4790-00M0
Return Loss -205dB
Additional EUT Data
| Manutactured by | SPEAG

Cerfificate No: CLA150-4008_Mar20
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DASYS Validation Report for Head TSL

Date: 11.03.2020

Test Labarstory: SPEAG, Zurich, Switzerlund

DUT: CLA150; Type: CLA150; Serial: CLA150 - SN: 4008

Communication System: UID 0 - CW; Frequency: 150 MHz
Medium parameters used: f= 150 MHz: ¢ = 0.76 S/m; & = 50.9; p = 1000 kg/m’
Phantom section: Flat Section

Measurement Standard: DASYS (IEEE/IEC/ANSI C63.19-2011)
DASY52 Configuration:

Probe: EX3DV4 - SN3877; ConvF(12.45, 12.45, 12.45) @ |50 MHz: Calibrated: 31.12.2019
Sensor-Surface: . 4mm (Mechanical Surface Detection)

Electronics: DAE4 Sn654; Calibrated: 27.06.2019

Phantom: ELI v4.0; Type: QDOVAODIBB; Serial: TP: 1003

DASY52 52.10.4(1527); SEMCAD X 14,6.14(7483)

CLA Calibration for HSL-LF Tissue¢/CLA150, touch configuration, Pin=1W/Zoom Scan,
dist=1.4mm (8x10x8)/Cube 0: Measurement grid: dx=4mm. dy=4mm, dz=1.4mm

Reference Value = 83.37 Vim; Power Drift = .05 dB

Peak SAR (extrapolated) = 7.13 W/kg

SAR( g) = 3.91 W/kg: SAR(10 g) = 2.60 W/kg

Smallest distance from peaks 10 all points 3 dB below: Larger than measurement grid (>30 mm)

Ratio of SAR it M2 to SAR ar M1 = 81.5%

Maximum value of SAR (measured) = 5,45 Wikg

-2.99

-5.98

-8.98

-11.97

-14.96

0dB =545 W/kg = 7.36 dBW/kg
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Impedance Measurement Plot for Head TSL
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DASYS5 Validation Report for Body TSL

Date: 12.03,2020
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: CLAIS0; Type: CLA150; Serial: CLA1S0 - SN: 4008

Communication System: UID 0 - CW; Frequency: 150 MHz

Medium parameters used: = 150 MHz; 0 = 0.81 S/m; g, = 63.6; p = 1000 kg/m’
Phuntom section: Flat Section

Measurement Standard: DASYS (IEEE/IEC/ANSI C63.19-2011)

DASYS52 Configuration:
» Probe: EX3DV4 - SN3877; ConvF(11.51, 11,51, 11.51) @ 150 MHz; Calibrated: 31.12.2019
«  Sensor-Surface: 1.4mm (Mechanical Surface Detection)
»  Electronics: DAE4 Sn654; Calibrated: 27.06.2019
«  Phantom: ELI v4.0; Type: QDOVAMIBB; Serial: TP: 1003
*  DASYS5252.10.4(1527); SEMCAD X 14.6.14(7483)

CLA Calibration for MSL-LF Tissue/CLA150, touch configuration, Pin=1W/Zoom Scan,
dist=1.4mm (8x10x8)/Cube 0: Measurement gnd: dx=4mm, dy=4mm, dz=! 4mm

Reference Value = 83,31 V/m; Power Drift = 0.01 dB

Peak SAR (extrapolated) = 7.41 Wikg

SAR(1 g) = 4.03 W/kg: SAR(10 g) = 2,70 Wikg

Smallest distance from peaks to all points 3 dB below: Lurger than measurement grid (>30 mm)

Ratio of SAR ut M2 1o SAR st M1 = 81.7%

Maximum value of SAR (measured) = 5.60 W/kg

-3.00
-9.00

-12.00

-15.00

0 dB = 5.60 Wikg = 7.48 dBW/kg
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Impedance Measurement Plot for Body TSL
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