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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
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.

» 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
measuramenl.

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

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

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

* Input Offset Measurement: Output voltage and slatistical 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 vollage, a battery
alarm signal is generated.

« Power consumption: Typical value for infoermation. Supply currents in various operating
modes.
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DC Voltage Measurement
A/D - Converter Resolution.nominal
High Range: 1L.SB = 8.1uV, full range = -100...+300 mV
Low Range: 1LSB = 61nVv, fullrange=  -1....... +3mV
DASY measurement parameters: Auto Zero Time: 3 sec; Measuring time: 3 sec

Calibration Factors X ¥ Z
High Range 403.674 £ 0.02% (k=2) | 404.250 + 0.02% (k=2) | 404.207 + 0.02% (k=2)
Low Range 3.97238 + 1.50% (k=2) | 3.97905 + 1.50% (k=2) | 3.97471+ 1.50% (k=2)

Connector Angle

Connector Angle to be used in DASY system 62.0°%+1°
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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 199996.77 0.71 0.00
Channel X + Input 20002.26 0.91 0.00
Channel X - Input -20000.38 0.70 -0.00
Channel Y + Input 199996.98 1.32 0.00
Channel Y + Input 19999.89 -1.32 -0.01
Channel Y -Input” -20003.36 -2.29 0.01
Channel Z + Input 199997.81 1.86 0.00
Channel Z + Input 20001.76 0.52 0.00
Channel Z -Input -20002.73 -1.59 0.01
Low Range Reading (uV) Difference (uV) Error (%)
Channel X + Input 2001.72 0.37 0.02
Channel X + Input 201.83 0.23 0.11
Channel X - input -197.67 0.66 -0.33
Channel ¥ + Input 2001.35 -0.07 -0.00
Channel Y + Input 200.58 -1.07 -0.53
Channel Y - input -199.76 -1.41 0.71
Channel Z +Input 2001.21 -0.12 -0.01
Channel Z + Input 200.89 -0.61 -0.30
Channel Z - Input -199.38 -0.88 0.44
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 7.57 6.75
- 200 -5.52 -6.95
Channel Y 200 -21.81 -21.79
- 200 20.05 19.45
Channel Z 200 -2.35 -2.47
- 200 0.80 0.82

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 - 2.79 -3.02
Channel Y 200 8.38 - 5.71
Channel Z 200 9.27 5.72 -
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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

16201 15043
Channel Y 16281 15799
Channel Z 16108 15449

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. l():\}/iation
Channel X 1.34 0.13 2.66 0.51
Channel Y -0.17 -1.21 1.45 0.49
Channel Z -0.51 -1.57 0.55 0.45
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 (+ Vece) +7.9
Supply (- Vcc) -7.6

9. Power Consumption (Typical values for information)
Typical values Switched off (mA) | Stand by (mA) Transmitting (mA)
Supply (+ Yee) +0.01 +B +14
Supply (- Vec) ~0.01 -8 -9
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IMPORTANT NOTICE

USAGE OF THE DAE 4

The BAE unit is a delicate, high pracision instrument and requires careful treatment by the user. There are no
selviceable parts Inside the DAE, Special altention shall be given to the following points:

Battery Exchange: The ballery cover of the DAE4 unit is closad using a sorew, over lightening the screw may
cause the threads inside the DAE to wear oul.

Shipping of the DAE: Before shipping the DAE to SPEAG for calibration, remove the balleries and pack the
DAE In an antistatic bag. This antistatic bag shall then be packed into a larger box or container which protecls the
DAE from Impacts during transportation. The package shall ba marked lo Indicate that a fragile instrument s
Inside.

E-Stop Faillures Touch delection may be malfunctioning due lo broken magnets in the Estop. Rough handling
of the E-slop may lead 1o damage of these magnets. Touch and collision errors are often caused by dust and dirt
accumulated in the Estop. To prevent Estop failure, the customer shall always mount the probe to the DAE
caratully and keep the DAE unit in 2 non-dusty environment if not used for measuraments.

Repalr: Minor tepairs 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 defecl,

DASY Configuration Files: Since the exacl values of the DAE inpul resistances, as meaasured during the
calibration procedure of a DAE unit, are not used by the DASY software, a nominal value of 200 MOhm s given
In the garresponding configuration file.

Important Note:
Warranty and callbration 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 Enginesring

TN _BRO0O40315AD DAE4.doc 11.12.2008
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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 Vollage 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.

» DC Voltage Measurement Linearily: Verification of the Linearity at +10% and -10% of
the nominal calibration voltage. Influence of offsel 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

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 channe! input offset
currant, 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.
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DC Voltage Measurement
A/D - Converter. Resolution nominal
High Range: 1LSB = 6.1uV, full range = -100...4+300 mV
Low Range: 1LSB = éinv, fullrange = -1....... +3mV
DASY measurement parameters: Auto Zero Time: 3 sec; Measuring time: 3 sec

Calibration Factors X b 4 Z
High Range 405.606 + 0.02% (k=2) | 403.476 + 0.02% (k=2) | 404.919 + 0.02% (k=2)
Low Range 3.96607 = 1.50% (k=2) | 3.99309 + 1.50% (k=2) | 4.01584 + 1.50% (k=2)

Connector Angle

Connector Angle to be used in DASY system 355°+1°
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Appendix (Additional assessments outside the scope of SCS0108)

1. DC Voltage Linearity

High Range Reading (V) Difference (uV) Error (%)
Channel X +Input 200033.27 -3.37 -0.00
Channel X +Input 20005.30 -0.07 -0.00
Channel X -input -20004.41 0.82 -0.00
Channel Y +Input 200032.45 -3.99 -0.00
Channel Y +Input 20004.24 -0.94 -0.00
Channel Y - Input -20006.06 -0.71 0.00
Channel Z + Input 200036.33 -0.22 -0.00
Channel Z +Input 20003.18 -2.03 -0.01
Channel Z -input -20006.39 -1.04 0.01
Low Range Reading (nV) Difference (V) Error (%)
Channel X + Input 2001:51 -0.05 -0.00
Channel X + Input 201.95 0.53 0.26
Channel X - Input -197.81 0.55 -0.28
Channel Y + Input 2000.90 -0.50 -0.03
Channel Y + Input 200.67 -0.72 -0.36
Channel Y - Input -199.08 -0.50 0.25
Channel Z + Input 2002.13 0.75 0.04
Channel Z + Input 201.06 -0.23 -0.11
Channel Z - Input -200.21 -1.59 0.80
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 17.00 15.49
- 200 -3.45 -5.04
Channel Y 200 6.40 576
- 200 -7.38 -7.65
Channel 2 200 -2.14 -1.80
- 200 -2.12 -1.86

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

Input Voltage (mV) | Channel X (uV) | Channel Y (pV) Channel Z (uV)
Channel X 200 - 1.16 -4.78
Channel Y 200 7.83 - 1.39
Channel Z 200 9.43 5.25 -

Certificate No: DAE4-1303_Nov16
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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 (L.SB)
Channel X 15919 16679
Channel Y 15630 16907
Channel Z 16103 14028

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

Input 10MQ
Average (V) | min. Offset (uV) | max. Offset (uv) | Si%" ?::,’;am"
Channel X 0.32 -0.90 1.62 0.50
Channel Y -0.88 -2.56 0.01 0.41
Channel Z -1.07 -2.44 0.01 0.50
6. Input Offset Current
Nominal Input circuitry offset current on all channels: <25fA
7. Input Resistance (Typical values for information)
Zeroing (kOhm) Measuring (MOhm)
Channel X 200 200
Channel Y 200 200
Channel Z 200 200
8. Low Battery Alarm Voltage (Typical values for information)
Typical values Alarm Level (VDC)
Supply (+ Vcc) +7.9
Supply (- Vce) -7.6
9. Power Consumption (Typical values for information)
Typical values Switched off (mA) | Stand by (mA) Transmitting (mA)
Supply {+ Vee) +0.01 +6 +14
Supply (- Vec) -0.01 -8 -9
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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 Iaborétory facility: environment temperature(22+3)C and
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Process Calibrator 753 | 1971018 27-Jun-17 (CTTL, No.J17X05859) June-18
Name Function

Calibrated by: YuZongying SAR Test Engineer

Reviewed by: “Lin Hao o ‘SARTeysvt Engineer

Approved by: QiDianyuan ~ SAR Project Leader

Issued: September 18, 2017
This calibration certificate shall not be reproduced except in full without written approval of the laboratory.
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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 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 report provide only calibration results for DAE, it does not contain other
performance test results.
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DC Voltage Measurement
A/D - Converter Resolution nominal
High Range: 1LSB = 6.1uV, full range =
Low Range: 1LSB = 61nV, full range =
DASY measurement parameters: Auto Zero Time: 3 sec; Measuring time: 3 sec

-100...+300 mV

X Y

Calibration Factors

yA

High Range 403.992 + 0.15% (k=2) | 403.520 % 0.15% (k=2)

403.933 £ 0.15% (k=2)

Low Range 3.95088 + 0.7% (k=2) | 3.93780 +0.7% (k=2)

3.90364 + 0.7% (k=2)

Connector Angle

Connector Angle to be used in DASY system

63.5°+1°
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Glossary:
TSL lissue simulating liguid
MNORMx. vz sensilivity in free space
GanvF sansilivity in TSL/ NORMx.y.z
DCP diode compression point
CF crest factor (1/duty_cycle) of the RF signal
ABCD madulation dependesnt linearization paramefers
Polarization ¢ o rotation around probe axis
Polarization 8 4 rotation around an axis that i in the plane normal lo probe axis (at measuremant cenlar),
&, 8 =0 is normal to probe axis
Cannector Angle information usad in DASY system to align probe sensor X to the robol coordinate system

Calibration is Performed According to the Following Standards:

aj

b)
)

d)

IEEE Std 1528-2013, “|IEEE Recommended Practice for Delermining the Peak Spatial-Averaged Specific
Absorptian Rate (SAR) in the Human Head from Wireless Communications Devices: Measurement
Technigues”, June 2013

IEC 622081, "Procedure lo measure the Specific Absorplion Rate (SAR) for hand-held devices used in close
proximity to the ear (frequency range of 300 MHz to 3 GHz)", February 2005

IEC 62200-2, "Procedure lo delermine the Specific Absorplion Rate (SAR) for wireless communication devices
used in close proximity to the human body (frequency range of 30 MHz to 6 GHz)", March 2010

KDB 865664, "SAR Measuremen! Requiremants for 100 MHz to 6 GHz"

Methods Applied and Interpretation of Parameters:

NORMx,y.z- Assessed for E-field polarization 8 = 0 (f <900 MHz in TEM-cell; > 1800 MHz: R22 waveguide).
NORMx,y.z are only intermediate values, |.e., the uncertainties of NORMx,y,z does not affect the E°-field
uncartainly inside TSL (ses balow ConvF),

NORM(Fx,y.z = NORMx,y.z * frequency_response (see Frequency Response Chart). This linearizalion is
implemeniad in DASY4 software versions later lhan 4.2. The uncertainty of the frequency response is included
in the stated uncerainty of ConvF.

DCPx,y,z: DCP are numerical linearization parameters assessed based on the data of power sweap with CW
signal (no uncertainty required). DCP does not depend on frequency nor media.

PAR: PAR is the Peak to Average Ratio that is not calibrated but determined based on the signal
charactarislics

Ax,y.z: Bx.y,z: Cx.y.z Dxy.z; VR y.z: A, B, C. D are numerical linearization paramelers assassed 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 across the diode.

ConvF and Boundary Effect Parameters: Assessed in flal phantom using E-field (or Temperalure Transfer
Standard for { < 800 MHz) and inside waveguide using analylical field distributions based on power
measyrements for { > B0O MHz. The same selups are used for assessment of the paramelers applied for
boundary compansation (alpha, depth) ol which lyplcal uncertainty values are given, Thesa pararialerns ars
used in DASY4 software lo improve probe accuracy closé lo the boundary. The sensitivily In TSL corresponds
1o NORMzx,y.z * ConvF whereby the uncertainty corresponds to that given for GonvF. A frequency dependent
ConvE is usad in DASY version 4.4 and higher which allows extending the validity from + 50 MHz to £ 100
MHz.

Spherical isotropy (3D deviation from isotropy): in a field of low gradients realized using a flal phantom
exposed by a palch @ntenna. _

Saensor Offset: The sensar offset corresponds 1o the offset of virtual measurement center from the probe lip
(on probe axis). No tolerance required.

Connector Angle: The angle is assessed using the information gained by determining the NORMx (no
uncertainty reguired),
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Probe EX3DV4

SN:3958

Manufactured:  August 6, 2013
Calibrated: December 12, 2016

Calibrated for DASY/EASY Systems

(Note: non-compatible with DASY2 systemt)
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EX3DV4- SN:3958 December 12, 2016

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3958

Basic Calibration Parameters

Sensor X SensorY SensorZ Unc (k=2)
Norm (uV/(Vim)*)* 0.50 0.45 0.53 +10.1 %
DCP (mV)" 100.5 99.9 98.9

Modulation Calibration Parameters

uID Communication System Name A B c D VR Unc®
dB dBvuVv dB mV (k=2)
0 Cw X 0.0 0.0 1.0 0.00 159.7 +2.5%
Y 0.0 0.0 1.0 150.0
Z 0.0 0.0 1.0 156.3

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 to a coverage
probability of approximately 95%.

A The uncertainties of Norm X,Y,Z do not affect the E*field uncertainty inside TSL (see Pages 5 and 6).

& Numerical linearization parameter: uncertainty not required.

£ Uncertainty is determined using the max. deviation from linear response applying rectangular distribution and is expressed for the square of the
field value.
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EX3DV4- SN:3958 December 12, 2016

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3958

Calibration Parameter Determined in Head Tissue Simulating Media

Relative Conductivity Depth © Unc

f(MHz)© | Permittivity" (sim)f ConvFX | ConvFY | ConvFZ | Alpha®| (mm) (k=2)
750 41.9 0.89 10.85 10.85 10.85 0.59 0.80 +12.0%
835 415 0.90 10.62 10.62 10.62 0.49 0.80 +12.0%
900 415 0.97 10.33 10.33 10.33 0.27 1.19 +12.0%
1450 40.5 1.20 9.21 9.21 9.21 0.36 0.80 £12.0%
1750 40.1 1.37 8.82 8.82 8.82 0.42 0.80 +12.0%
1900 40.0 1.40 8.58 8.58 8.58 0.44 0.80 +12.0%
2000 40.0 1.40 8.53 8.53 8.53 0.39 0.80 +12.0%
2300 39.5 1.67 8.15 8.15 8.15 0.44 0.80 +12.0%
2450 39.2 1.80 7.84 7.84 7.84 0.38 0.90 +12.0%
2600 39.0 1.96 7.69 7.69 7.69 0.38 0.93 +12.0 %
3500 37.9 2.91 7.30 7.30 7.30 0.35 1.10 +13.1%
5200 36.0 4.66 5.72 5.72 572 0.35 1.80 +13.1%
5600 355 5.07 4.94 4.94 4.94 0.40 1.80 +13.1%
5750 35.4 5.22 5.11 5.11 5.11 0.40 1.80 +13.1%

¢ Frequency validity above 300 MHz of + 100 MHz 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 uncertainty at calibration frequency and the uncertainty for the indicated frequency band. Frequency validity
below 300 MHz is % 10, 25, 40, 50 and 70 MHz for ConvF assessments at 30, 64, 128, 150 and 220 MHz respectively. Above 5 GHz frequency
validity can be extended to £ 110 MHz.

F At frequencies below 3 GHz, the validity of tissue parameters (s and o) can be relaxed to + 10% if liquid compensation formula is applied to
measured SAR values. At frequencies above 3 GHz, the validity of tissue parameters (e and o) is restricted to + 5%. The uncertainty is the RSS of
the ConvF uncertainty for indicated target tissue parameters.

¢ Alpha/Depth are determined during calibration. SPEAG warrants that the remaining deviation due to the boundary effect after compensation is
always less than + 1% for frequencies below 3 GHz and below 2% for frequencies between 3-6 GHz at any distance larger than haif the probe tip
diameter from the boundary.
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EX3DV4- SN:3958 December 12, 2016

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3958

Calibration Parameter Determined in Body Tissue Simulating Media

Relative Conductivity Depth © Unc

f(MHz)® | Permittivity " (sim)* ConvFX | ConvFY | ConvFZ | Alpha®| (mm) (k=2)
750 55.5 0.96 10.29 10.29 10.29 0.49 0.82 +12.0 %
835 55.2 0.97 10.34 10.34 10.34 0.43 0.85 +12.0%
1750 53.4 1.49 8.58 8.58 8.58 0.38 0.80 +12.0%
1900 53.3 1.52 8.18 8.18 8.18 0.32 0.94 £12.0 %
2300 52.9 1.81 8.02 8.02 8.02 0.37 0.80 +12.0%
2450 52.7 1.95 7.72 7.72 7.72 042 0.80 +12.0%
2600 52.5 2.16 7.62 7.62 7.62 0.36 0.80 £12.0%
3500 51.3 3.31 7.03 7.03 7.03 0.30 1.20 £13.1%
5250 48.9 5.36 4.79 4.79 4.79 0.45 1.90 +13.1 %
5600 48.5 5.77 3.91 3.91 3.91 0.55 1.90 +13.1 %
5750 48.3 5.94 4.16 4.16 4.16 0.55 1.90 +13.1 %

¢ Frequency validity above 300 MHz of + 100 MHz 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 uncertainty at calibration frequency and the uncertainty for the indicated frequency band. Frequency validity
below 300 MHz is + 10, 25, 40, 50 and 70 MHz for ConvF assessments at 30, 64, 128, 150 and 220 MHz respectively. Above 5 GHz frequency
validity can be extended to + 110 MHz.

F At frequencies beiow 3 GHz, the validity of tissue parameters (e and o) can be relaxed to + 10% if liquid compensation formula is applied to
measured SAR values. At frequencies above 3 GHz, the validity of tissue parameters (e and o) is restricted to + 5%. The uncertainty is the RSS of
the ConvF uncertainty for indicated target tissue parameters.

S Alpha/Depth are determined during calibration. SPEAG warrants that the remaining deviation due to the boundary effect after compensation is
always less than £ 1% for frequencies below 3 GHz and below + 2% for frequencies between 3-6 GHz at any distance larger than half the probe tip
diameter from the boundary.
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EX30V4- SN:3858

Frequency Response of E-Field
(TEM-Cell:ifi110 EXX, Waveguide: R22)

Decamber 12, 2016
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Uncertainty of Frequency Response of E-field: £ 65.3% (k=2)
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Receiving Pattern (¢), 9 = 0°

=600 MHz, TEM f=1800 MHz,R22
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Uncertainty of Axial Isotropy Assessment: £ 0.5% (k=2)
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Dynamic Range f(SAR}¢aq)
(TEM cell , fuyy= 1900 MHz)

1&‘ T i L ';:E =

11111111 il o
) 1S3 E ) I
s s ]
bl .
:;: ' =
- L2 L
I/ |

1054t

el 1

! _.T_tl ..... —}
=t i
B = 1

e
L=3
-
i

Input Signal [uV)

ik LI ¥ HIE | LI |

920015 0 A 1 1 1
A TTHE I O
TDL.:-i-{ Srrn :"-.:j':.:."i:l”:'; : Erpnammersy Uz =

T : 1 - - =1 3
—+in REOS S Sk et DL OR P T e 1L, B P ol
ek —eem - - S

10% 10! 100 1y L1 10
SAR [mWlam3]

AT R

— : i T
109 101 100 107 102 100

Uncertainty of Linearity Assessment: £ 0.6% (k=2)
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Conversion Factor Assessment
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Uncertainty of Spherical lsotropy Assessment: £ 2.6% (k=2)
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EX3DV4- SN:3958

December 12, 2016

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3958

Other Probe Parameters

Sensor Arrangement Triangular
Connector Angle (°) 41.5
Mechanical Surface Detection Mode enabled
Optical Surface Detection Mode disabled
Probe Overall Length 337 mm
Probe Body Diameter 10 mm
Tip Length 9 mm
Tip Diameter 2.5mm
Probe Tip to Sensor X Calibration Point 1mm
Probe Tip to Sensor Y- Calibration Point 1.mm
Probe Tip to Sensor Z Calibration Point 1 mm
Recommended Measurement Distance from Surface 1.4 mm
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Client Sporton International

rtificate: No:  Z217-97151

Object

Calibration Procedure(s)

Calibration date:

This calibration Certificate documents the traceability to national standards, which realize the physical units of
measurements(S|). 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 Iaboratory facility: environment temperature(22+3)C and
humidity<70%.

Calibration Equipment used (M&TE critical for calibration)

Primary Standards ID#___ Cal Date(Calibrated by, Certificate No.)__.  Scheduled Calibration
Power Meter NRP2 101919 27-Jun-17 (CTTL, No.J17X05857) Jun-18
Power sensor NRP-Z91 | 101547 27-Jun-17 (CTTL, No.J17X05857) Jun-18
Power sensor NRP-Z91 | 101548 27-Jun-17 (CTTL, No.J17X05857) Jun-18
Reference10dBAttenuator | 18N50W-10dB  13-Mar-16(CTTL,No.J16X01547) Mar-18
Reference20dBAttenuator | 18N50W-20dB  13-Mar-16(CTTL, No.J16X01548) Mar-18
Reference Probe EX3DV4 | SN 7433 26-Sep-16(SPEAGN0.EX3-7433_Sep16)  Sep-17
DAE4 SN 549 13-Dec-16(SPEAG, No.DAE4-549_Dec16) Dec-17
Secondary Standards ID# Cal Date(Calibrated by, Certificate No.) Scheduled Calibration
SignalGeneratorMG3700A | 6201052605 27-Jun-17 (CTTL, No.J17X05858) Jun-18
Network Analyzer E5071C | MY46110673  13-Jan-17 (CTTL, No.J17X00285) Jan -18
Name Functlon Slgnature ‘
Calibrated by: Yu Zongying .' SAR Test: Englneer n
Reviewed by: Zhao Jing S AR'TestEng.in,e’ér;
Approved by: Qi Dianyuan : - 'SAR Project Leader

Issued: September 27, 2017
This calibration certificate shall not be reproduced except in full without written approval of the laboratory.
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Glossary:
TSL tissue simulating liquid
NORMx,y,z sensitivity in free space
ConvF sensitivity in TSL / NORMXx,y,z
DCP diode compression point
CF crest factor (1/duty_cycle) of the RF signal
AB,CD modulation dependent linearization parameters

Polarization ® @ rotation around probe axis

Polarization © 6 rotation around an axis that is in the plane normal to probe axis (at measurement center),

0=0 is normal to probe axis

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

Calibration is Performed According to the Following Standards:

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

c) 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"

Methods Applied and Interpretation of Parameters:

e NORMXx,y,z: Assessed for E-field polarization 8=0 (f<900MHz in TEM-cell; > 1800MHz: waveguide).

NORMYX,y,z are only intermediate values, i.e., the uncertainties of NORMx,y,z does not effect the

E* field uncertainty inside TSL (see below ConvF).

e  NORM(Nx,y,z = NORMXx,y,z* frequency_response (see Frequency Response Chart). This
linearization is implemented in DASY4 software versions later than 4.2. The uncertainty of the
frequency response is included in the stated uncertainty of ConvF.

e DCPx,y,z: DCP are numerical linearization parameters assessed based on the data of power sweep
(no uncertainty required). DCP does not depend on frequency nor media.

e PAR: PAR is the Peak to Average Ratio that is not calibrated but determined based on the signal
characteristics.

e Ax,y,z Bxyz Cxyz VRx,yz:A,B,C are numerical linearization parameters 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 across the diode.

e ConvF and Boundary Effect Parameters: Assessed in flat phantom using E-field (or Temperature
Transfer Standard for f<800MHz) and inside waveguide using analytical field distributions based on
power measurements for f >800MHz. The same setups are used for assessment of the parameters
applied for boundary compensation (alpha, depth) of which typical uncertainty valued are given.
These parameters are used in DASY4 software to improve probe accuracy close to the boundary.
The sensitivity in TSL corresponds to NORMx,y,z* ConvF whereby the uncertainty corresponds to
that given for ConvF. A frequency dependent ConvF is used in DASY version 4.4 and higher which
allows extending the validity from+50MHz to+100MHz.

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

e Sensor Offset: The sensor offset corresponds to the offset of virtual measurement center from the
probe tip (on probe axis). No tolerance required.

e Connector Angle: The angle is assessed using the information gained by determining the NORMx
(no uncertainty required).
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Probe EX3DV4

SN: 3642

Calibrated: September 25, 2017
Calibrated for DASY/EASY Systems

(Note: non-compatible with DASY2 system!)
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DASY/EASY — Parameters of Probe: EX3DV4 — SN: 3642

Basic Calibration Parameters

Sensor X SensorY SensorZ Unc (k=2)
Norm(pV/(V/im)})* 0.31 0.34 0.36 +10.0%
DCP(mV)® 98.8 100.9 103.4
Modulation Calibration Parameters
uiD Communication A B c D VR UncE
System Name dB dBVuV dB mV (k=2)

0 cw X 0.0 0.0 1.0 0.00 1351 | +2.3%

Y 0.0 0.0 1.0 142.2

z 0.0 0.0 1.0 152.2

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 to a coverage probability of approximately 95%.

A The uncertainties of Norm X, Y, Z do not affect the E*-field uncertainty inside TSL (see Page 5 and Page 6).
® Numerical linearization parameter: uncertainty not required.

E Uncertainly is determined using the max. deviation from linear response applying rectangular distribution
and is expressed for the square of the field value.
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DASY/EASY - Parameters of Probe: EX3DV4 — SN: 3642

Calibration Parameter Determined in Head Tissue Simulating Media

. . . G
f [MHz]° Pe?r?rli:tt;\\:iin C°"‘:;7:1“)"Fty ConvF X | ConvF Y | ConvF Z | Alpha® D(:'::; :(:c;)
750 419 0.89 9.20 9.20 920 | 032 | 080 | +121%
835 415 0.90 9.04 9.04 904 | 029 | 093 |+£12.1%
900 415 0.97 9.00 9.00 900 | 018 | 123 | +£12.1%
1750 40.1 137 7.75 775 775 | 020 | 117 | £12.1%
1900 40.0 1.40 7.59 7.50 759 | 021 | 117 | £12.1%
2000 40.0 1.40 7.40 7.40 740 | 015 | 148 | £12.1%
2300 395 167 7.35 7.35 735 | 046 | 077 | £12.1%
2450 39.2 1.80 7.25 7.25 725 | 049 | 076 | *£12.1%
2600 39.0 1.96 6.90 6.90 690 | 060 | 0.70 | +121%

¢ Frequency validity above 300 MHz of +100MHz only applies for DASY v4.4 and higher (Page 2), else it is restricted to
+50MHz. The uncertainty is the RSS of ConvF uncertainty at calibration frequency and the uncertainty for the indicated
frequency band. Frequency validity below 300 MHz is + 10, 25, 40, 50 and 70 MHz for ConvF assessments at 30, 64, 128,
150 and 220 MHz respectively. Above 5 GHz frequency validity can be extended to + 110 MHz.

F At frequency below 3 GHz, the validity of tissue parameters (e and ¢) can be relaxed to +10% if liquid compensation
formula is applied to measured SAR values. At frequencies above 3 GHz, the validity of tissue parameters (¢ and o) is
restricted to £5%. The uncertainty is the RSS of the ConvF uncertainty for indicated target tissue parameters.

€ Alpha/Depth are determined during calibration. SPEAG warrants that the remaining deviation due to the boundary
effect after compensation is always less than + 1% for frequencies below 3 GHz and below + 2% for the frequencies
between 3-6 GHz at any distance larger than half the probe tip diameter from the boundary.
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DASY/EASY - Parameters of Probe: EX3DV4 — SN: 3642

Calibration Parameter Determined in Body Tissue Simulating Media

) . . G

f [MHZ]C Pe'::"i::i"‘,';y,: C°“°:;I°|:‘)"Fty ConvF X | ConvF Y | ConvF Z | Alpha® D(r;h) ::(':;t)
750 55.5 0.96 9.35 9.35 935 | 040 | 085 | +£121%
835 55.2 0.97 9.06 9.06 9.06 | 023 | 118 | £12.1%
1750 53.4 1.49 7.55 7.55 765 | 022 | 116 | £12.1%
1900 53.3 152 758 7.58 758 | 016 | 1.00 | £12.1%
2300 52.9 181 7.19 7.19 749 | 051 | 081 | £12.1%
2450 52.7 1.05 7.09 7.09 700 | 038 | 1.02 | £12.1%
2600 525 2.16 6.80 6.80 680 | 046 | 082 | £12.1%

¢ Frequency validity above 300 MHz of £100MHz only applies for DASY v4.4 and higher (Page 2), else it is restricted to
+50MHz. The uncertainty is the RSS of ConvF uncertainty at calibration frequency and the uncertainty for the indicated

frequency band. Frequency validity below 300 MHz is + 10, 25, 40, 50 and 70 MHz for ConvF assessments at 30, 64, 128,

150 and 220 MHz respectively. Above § GHz frequency validity can be extended to + 110 MHz.
F At frequency below 3 GHz, the validity of tissue parameters (€ and o) can be relaxed to £10% if liquid compensation
formula is applied to measured SAR values. At frequencies above 3 GHz, the validity of tissue parameters (€ and o) is
restricted to +5%. The uncertainty is the RSS of the ConvF uncertainty for indicated target tissue parameters.
GAIpha/Depth are determined during calibration. SPEAG warrants that the remaining deviation due to the boundary
effect after compensation is always less than + 1% for frequencies below 3 GHz and below * 2% for the frequencies
between 3-6 GHz at any distance larger than half the probe tip diameter from the boundary.
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Frequency Response of E-Field
(TEM-Cell: ifi110 EXX, Waveguide: R22)
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Uncertainty of Frequency Response of E-field: 7.4% (k=2)
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Receiving Pattern (®), 6=0°

f=600 MHz, TEM f=1800 MHz, R22
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Uncertainty of Axial Isotropy Assessment: £1.2% (k=2)

Certificate No: Z17-97151 Page 8 of 11



£
z
m
8

X
3
.

S~  CALIBRATION LABORATORY

District, Beijing, 100191, China

ian
Fax

i

No.51 Xueyuan Road, Ha
+86-10-62304633-2218

Add:

Tel
E

+86-10-62304633-2209

J//www.chinattl.cn

Hit

ttl.com

1nal

cttl@chi

1

~mal

[ PR Y D PN D 1 1P N VY QI PR -
pre

i 57
FeammYT = rRTTYTA—T—A--1----—arT

v
FER T TR R PP

e e B

900 MHz)

dlcmanad

S P S N A

(TEM cell,

]
SEATTEERTITITT
] IR EN]
==AT S SRTTTITOACTC

] [IRRE

Dynamic Range f(SARpeaqd)
f

[A]reuis induj

10°

10°

10'

10°

—&— compensated

3

SAR[mW/cm

E3-]not compensated

— compensated

ty Assessment: £0.9% (k=2)

1
10

SAR[mWi/cm’]

[gplionz

ineari

Uncertainty of L

Page 9 of 11

21797151

Certificate No



LG‘ In Collaboration with

Add: No.51 Xueyuan Road, Haidian District, Beijing, 100191, China
Tel: +86-10-62304633-2218 Fax: +86-10-62304633-2209

E-mail: ctti@chinattl.com Http://www.chinattl.cn

Conversion Factor Assessment
f=835 MHz, WGLS R9(H_convF) f=1750 MHz, WGLS R22(H_convF)
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Uncertainty of Spherical Isotropy Assessment: +3.2% (K=2)
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DASY/EASY - Parameters of Probe: EX3DV4 — SN: 3642

Other Probe Parameters

Sensor Arrangement Triangular
Connector Angle (°) 110
Mechanical Surface Detection Mode enabled
Optical Surface Detection Mode disable
Probe Overall Length 337mm
Probe Body Diameter 10mm
Tip Length 9mm
Tip Diameter 2.5mm
Probe Tip to Sensor X Calibration Point 1mm
Probe Tip to Sensor Y Calibration Point 1mm
Probe Tip to Sensor Z Calibration Point 1mm
Recommended Measurement Distance from Surface 1.4mm
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Calibration Laboratory of S, Schwelzarischer Kalibriardienst

Schmid & Partner e c Service sulsse d'étnlonnage
Engineering AG % g Servitlo svizero di araiura

Zeughausstrasse 43, 8004 Zurich, Switzsrland NS Swiss Calibration Service

Aerredited by ihe Swiss Acchedilation Bamvice (SAS)
Tha Swies Acereditation Service is ane of the signatoties lo (he EA.
Multilateral Agroamient tor the recognition of calibration cortificates

Cliomt  Sporton-SZ (Auden)

Accreditation Ne.: SCS 0108

Cortificats No: EX3-3819_Novib

[CALIBRATION CERTIFICATE

Obect EX3DV4 - SN:3819

Calibrafion procadurea(s)

QA CAL-01.v9, QA CAL-14.v4, QA CAL-23.v5, QA CAL-25.v6
Callbration procedure for desimetric E-field probes.

Callbeallon date:

November 28, 2016

Thia caliteation cefilicats documants tha tracesbilly 10 nalicnal standards, which realize the physizal units of measurements (51,
The messursmenis and the uncersintiss wih confidence probabiity ane givien on ihe lollowing pages and are part of he cestifcale.

Al colibrations have been conducted in the closad ioboratory taciily: emimnment iemperaturn (22 £ 3)"C and humidily < 0%

Calibretlon Equipment ased (METE critical lor calilaiabion)

Prmarg Standards in Cal Dute (Certifale Mo, | Schadyled Callbration
Powar matar NRP SN; 104778 0B-Ape-168 (Mo, 217-0228002269) Ap-17
Powsr senso; NRP-2U1 Sh: 103244 OB-Agr-18 (Mo, 217-02288) Apr-17
Powar sanaor NRP-Z01 SN: 103245 O8-Apr-16 (Mo 21 7-(12258) Ape-17
Referance 20 08 Allanutor SN; SSETT (0%} 05-Apr-16 (No. 217412203) Apr-17
Referanca Proha ESI0NVZ 8N 313 31-Dec-15 (No. ES3-3013_Dec15) Dec- 16
DAEA N G860 23-Dec-15 (Mo, DAE4-680_Dec15) Plec- 16
Sechndary Siandards 18] Check [ate (in houss) Schaduted Cheok
Power metar E44 168 SN GEA1283874 DE-Apr-16 [in houss chesck Jun-18) In houss chack; Jun.18
Pown sersor E44124 SN: Y4 1498087 B-Ape-18 (in house oHeek Jun-18) I house chesk: Jun-18
Power penaur E44124 SN 000110210 06-Apr-16 i house check Jun-18) In house check: Jun-18
RF gersrator HP BR40C SN, US3842001 700 04-Aiia-29 (In house check Jun-16) In house check: Jun-18
| Metwork Analyzet HP B753E | SN: US37300585 18-0ct-01 (in houss chdck Oct-16) I hiousia-check: Oal-17
Mama i'un:hun Sgnature
Calibratat by. Lell Kiysrier Laboratory Technigian fzf %i
Approved by, Iat]n Pokevic

Tethnics) Manager /C’ii?ﬂﬁ‘:"é’;:*

Issued: Nowsmbai 28, 2016

This calibration carificats stall nol be epodiced excepl in full wilfoul witlen appioval of the laboisiony.
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Calibration Laboratory of oL

2 % Schwalreriechar Kallbrierdianst
Schmid & Partner —— g Sorvico sulsse d'dtalannage
Engineering AG £ 3 Survizlo sviszaro di taratura
Zoughausstrasse 43, 8004 Zurich, Switzerland ﬁﬁﬁf S swiss Calibration Sarvice
Accradited by the Swiss Accraditation Sendca (SAS) Accreditation No.: SCS 0108
The Swiss Accraditation Service is one of the signatories to the EA
Multilateral Agraement for the recognition of calibration carificates
Glossary:
TSL tissue simulating liguid
NORMx v,z sensitivity in free space
ConvF sensitivity in TSL / NORMx,yz
DCP dinde compression palnt
CF crest factor (1/duty_cycle) of the RF signal
AB,C,D rmodulation dependent linearization paramsters
Folarization g o rotation around probe axis
Polarization 8§ 3 rofation around an axis thal is I0 (ke plane normal to probe axis (at measurement canter),
le.. & =0Is normal to probe axis
Connectol Angle information usad in DASY syslem o align probe sensor X lo the robol coordinate syslem

Calibration is Performed According to the Following Standards:

a) |EEE Std 1528-2013, "IEEE Recommended Fraclice for Delermining the Peak Spalial-Averaged Speciflc
Absotplion Rate (SAR) I the Human Head from Wireless Communications Dévices: Measurement
Techriiques”, June 2013

b) |EC G2208-1, "Procedure to measure the Specific Absarplion Rate {SAR) for harnd-held devices used In ¢lose
proximily lo the ear {frequency range of 300 MHz to 3 GHz)", February 2005

c) |EC 62200-2, "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

dj KDB BES6E4, "SAR Measurement Requirements for 100 MHz ta 6 GHz"

Mathuds Applied and Interpretation of Parameters:
MNORMx, y.z: Assessed for E-field polarization % = 0 (f < 900 MHz In TEM-cell; { = 1800 MHz: R22 wavagulda}
NORMu,y.z are only intermediate values, i.e., the uncertainties of NORMx,y.z does not affect the E-field
uncertainty inside TSL (see below ConvF),

= NORM(X, .z = NORMx, y.z * frequency_response (see Frequency Response Chart). This linearization |s
implamented in DASY4 software versions later than 4.2. The uncertainty of the frequency response is included
in the stated uncertainty of ConvF,

s DCPx.y.2 DCP are numencal linearlzation paramelers assessed based on the data of power swaep with CW
signal (no uncertainty required). DCP does not depend on frequency nor media.

= PAR: PAR Is the Peak to Averags Ratio thal is nol calibrated but determined based on the signal
characteristics

o Axy.z Bxyz Cxyz Dxyz VRey.z A B, C, D are numerical linearization parameters assessed based an
the dala of power sweep for specific modulation signal. The parameters do nol depend on Trequency nor
media, VR is the maximum callbration range sxpressad n RMS vollage across the diode.

» ConvF gnd Boundary Effect Paramelers: Asséssad in flat phantom using E-fiald (or Temperalure Transfer
Standard for [ < 800 MHz) and inside waveguide using analytical ield distributions based on power
measurements for [ = BOD MHz, The same selups are used for assessment of the parameters applied for
buundary compensalion (alpha, depth) ol which lypical uncertainly vallies are givan. Thase paramelers ara
used in DASYY software to improve prabe accuracy close to the boundary, The sensitivity in TSL coresponds
o NORMx .z * ConvF wherehy the uneedainty correspongs to that given for ConvF. A frequency depandent
ConvF s used in DASY version 4.4 and higher which allows extending the validity from % 50 MHz to + 100
Mz

» Spherical isotrapy (3D deviation from isofropy): in a field of low gradients realized using a flal phantom
exposed by a patch anienna.

= Sensor Offsel: The sensor offset corresponds o the offsel of viriual measurement center from (he probe lip
(on probe axis). No tolerance required.

= Conneclor Angle: The angle |s assessed using the Informatlon gained by determining the NORMx (no
uncertainly required),

Cerlilicale No: EX3-3818_Nov1b Fage 2 ol 11



EX3DV4 - SN:3819 November 28, 2016

Probe EX3DV4

SN:3819

Manufactured:  September 2, 2011
Calibrated: November 28, 2016

Calibrated for DASY/EASY Systems

{Note: non-compatible with DASY2 system!)
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EX3DV4- SN:3819

November 28, 2016

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3819

Basic Calibration Parameters

Sensor X SensorY SensorZ Unc (k=2)
Norm (uV/(V/im)*)* 0.46 0.40 0.45 +10.1%
DCP (mV)® 96.6 98.3 104.7
Modulation Calibration Parameters
uiD Communication System Name A B c D VR Unc®
dB | dBVpv dB mv (k=2)
0 Cw X 0.0 0.0 1.0 0.00 130.8 +3.5%
Y 0.0 0.0 1.0 142.8
Z 0.0 0.0 1.0 133.4

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 to a coverage
probability of approximately 95%.

A The uncertainties of Norm X,Y,Z do not affect the E*field uncertainty inside TSL (see Pages 5 and 6).

8 Numerical linearization parameter: uncertainty not required.

£ Uncertainty is determined using the max. deviation from linear response applying rectangular distribution and is expressed for the square of the

field value.

Certificate No: EX3-3819_Nov16
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EX3DV4- SN:3819 November 28, 2016

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3819

Calibration Parameter Determined in Head Tissue Simulating Media

Relative Conductivity Depth © Unc

f(MHz)C | Permittivity" (sim)*" ConvE X | ConvFY | ConvFZ | Alpha® | (mm) (k=2)
750 41.9 0.89 10.11 10.11 10.11 0.30 113 +12.0%
835 415 0.90 9.76 9.76 9.76 0.41 0.90 £12.0%
900 41.5 0.97 9.65 9.65 9.65 0.38 0.92 +12.0%
1450 40.5 1.20 8.71 8.71 8.71 0.32 0.80 +12.0%
1750 40.1 1.37 8.56 8.56 8.56 0.36 0.84 +12.0%
1900 40.0 1.40 8.17 8.17 8.17 0.37 0.80 +12.0%
2000 40.0 1.40 8.10 8.10 8.10 0.18 1.15 +12.0%
2300 39.5 1.67 7.57 7.57 7.57 0.29 0.90 +12.0 %
2450 39.2 1.80 7.24 7.24 7.24 0.31 0.90 +12.0%
2600 39.0 1.96 7.03 7.03 7.03 0.44 0.80 +12.0%
3500 37.9 2.91 6.98 6.98 6.98 0.27 1.25 +131%
5250 35.9 4.71 5.17 517 517 0.40 1.80 +13.1 %
5600 355 5.07 4.55 4.55 4.55 0.45 1.80 +13.1%
5750 35.4 5.22 4.70 4.70 4.70 0.45 1.80 +131%

¢ Frequency validity above 300 MHz of + 100 MHz 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 uncertainty at calibration frequency and the uncertainty for the indicated frequency band. Frequency validity
below 300 MHz is + 10, 25, 40, 50 and 70 MHz for ConvF assessments at 30, 64, 128, 150 and 220 MHz respectively. Above 5 GHz frequency
validity can be extended to = 110 MHz.

F At frequencies below 3 GHz, the validity of tissue parameters (¢ and &) can be relaxed to + 10% if liquid compensation formula is applied to
measured SAR values. At frequencies above 3 GHz, the validity of tissue parameters (¢ and o) is restricted to * 5%. The uncertainty is the RSS of
the ConvF uncertainty for indicated target tissue parameters.

¢ Alpha/Depth are determined during calibration. SPEAG warrants that the remaining deviation due to the boundary effect after compensation is
always less than % 1% for frequencies below 3 GHz and below + 2% for frequencies between 3-6 GHz at any distance larger than half the probe tip
diameter from the boundary.

Certificate No: EX3-3819_Nov16 Page 5 of 11



EX3DV4- SN:3819 November 28, 2016

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3819

Calibration Parameter Determined in Body Tissue Simulating Media

Relative Conductivity Depth® Unc

f(MHz)® | Permittivity" (sim)*© ConvF X | ConvFY | ConvFZ | Alpha® | (mm) (k=2)
750 55.5 0.96 9.86 9.86 9.86 0.36 0.92 +12.0%
835 55.2 0.97 9.53 9.53 9.53 0.36 1.00 +12.0%
1750 53.4 1.49 8.08 8.08 8.08 0.41 0.80 £12.0 %
1900 53.3 1.52 7.77 7.77 7.77 0.28 0.99 +12.0 %
2300 52.9 1.81 7.54 7.54 7.54 0.43 0.80 +12.0%
2450 52.7 1.95 7.34 7.34 7.34 0.36 0.80 +12.0%
2600 52.5 2.16 7.11 7.11 7.1 0.38 0.80 £12.0%
3500 51.3 3.31 6.69 6.69 6.69 0.30 1.25 +13.1%
5250 48.9 5.36 4.50 4.50 4.50 0.45 1.90 +13.1%
5600 48.5 577 3.95 3.95 3.95 0.50 1.90 +13.1 %
5750 48.3 5.94 413 4.13 4.13 0.50 1.90 +13.1%

¢ Frequency validity above 300 MHz of + 100 MHz 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 uncertainty at calibration frequency and the uncertainty for the indicated frequency band. Frequency validity
below 300 MHz is + 10, 25, 40, 50 and 70 MHz for ConvF assessments at 30, 64, 128, 150 and 220 MHz respectively. Above 5 GHz frequency
validity can be extended to + 110 MHz.

F At frequencies below 3 GHz, the validity of tissue parameters (e and &) can be relaxed to + 10% if liquid compensation formula is applied to
measured SAR values. At frequencies above 3 GHz, the validity of tissue parameters (e and ) is restricted 1o + 5%. The uncertainty is the RSS of
the ConvF uncertainty for indicated target tissue parameters.

G Alpha/Depth are determined during calibration. SPEAG warrants that the remaining deviation due to the boundary effect after compensation is
always less than + 1% for frequencies below 3 GHz and below + 2% for frequencies between 3-6 GHz at any distance larger than half the probe tip
diameter from the boundary.
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EX30WVA—SN:3815 MNovember 28, 20106

Frequency Response of E-Field
(TEM-Cell:ifi110 EXX, Waveguide: R22)
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Uncertainty of Frequency Response of E-field: £ 6.3% (k=2)
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EX30DV4- SN:3819 Nevamber 28, 2016

Receiving Pattern (¢), 3 = 0°

=600 MHz, TEM f=1800 MHz,R22
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Uncertainty of Axial Isotropy Assessment: * 0.5% (k=2)
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EX3DVa4—SN:3819 MNovermbei 28, 2018

Dynamic Range f(SARpead)
(TEM cell , fova= 1900 MHz)
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Uncertainty of Linearity Assessment: £ 0.6% (k=2)
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EXATVA- SN:3819 Meweimibar 28, 2016

Conversion Factor Assessment

= B35 MHz, WGLS RS (H_comfF) = 1800 MHz WGLS R22 (H_convF)
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Deviation from Isotropy in Liquid
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Uncertainty of Spherical Isotropy Assessment: * 2.6% (k=2)
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EX3DV4- SN:3819

November 28, 2016

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3819

Other Probe Parameters

Sensor Arrangement Triangular
Connector Angle (°) 115.1
Mechanical Surface Detection Mode enabled
Optical Surface Detection Mode disabled
Probe Overall Length 337 mm
Probe Body Diameter 10 mm
Tip Length 9.mm
Tip.Diameter 2.5 mm
Probe Tip to Sensor X Calibration Point 1 mm
Probe Tip to Sensor Y Calibration Point 1 mm
Probe Tip to Sensor Z Calibration Point 1 mm
Recommended Measurement Distance from Surface 1.4 mm

Certificate No: EX3-3819_Nov16
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Calibration Laboratory of Wy,

Schweizerischer Kalibrierdienst

- SN S
Schmid & Partner i';‘\\—\-:a//sugr‘_ c Service suisse d'étalonnage
Engineering AG f_///——,_-—\-.\\? S Servizio svizzero di taratura
Zeughausstrasse 43, 8004 Zurich, Switzerland “ ///:\\\ N Swiss Calibration Service
gy N
Accredited by the Swiss Accreditation Service (SAS) Accreditation No.: SCS 0108

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

ciient  Sporton-XA (Auden) Certificate No: EX3-3935_Nov16

CALIBRATION CERTIFICATE

Object EX3DV4 - SN:3935

Calibration procedure(s) QA CAL-01.V9, QA CAL-14.V4, QA CAL-23.V5, QA CAL-25.v6
Calibration procedure for dosimetric E-field probes

Calibration date: November 28, 2016

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

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

Calibration Equipment used (M&TE critical for calibration)

Primary Standards ID Cal Date (Certificate No.) Scheduled Calibration

Power meter NRP SN: 104778 06-Apr-16 (No. 217-02288/02289) Apr-17

Power sensor NRP-Z91 SN: 103244 06-Apr-16 (No. 217-02288) Apr-17

Power sensor NRP-Z91 SN: 103245 06-Apr-16 (No. 217-02289) Apr-17

Reference 20 dB Attenuator SN: 85277 (20x) 05-Apr-16 (No. 217-02293) Apr-17

Reference Probe ES3DV2 SN: 3013 31-Dec-15 (No. ES3-3013_Dec15) Dec-16

DAE4 SN: 660 23-Dec-15 (No. DAE4-660_Dec15) Dec-16

Secondary Standards ID Check Date (in house) Scheduled Check

Power meter E4419B SN: GB41293874 06-Apr-16 (in house check Jun-16) In house check: Jun-18

Power sensor E4412A SN: MY41498087 06-Apr-16 (in house check Jun-16) In house check: Jun-18

Power sensor E4412A SN: 000110210 06-Apr-16 (in house check Jun-16) In house check: Jun-18

RF generator HP 8648C SN: US3642U01700 04-Aug-99 (in house check Jun-16) In house check: Jun-18

Network Analyzer HP 8753E SN: US37390585 18-Oct-01 (in house check Oct-16) In house check: Oct-17
Name Function Signature

Calibrated by: Leif Klysner Laboratory Technician XM‘/
Approved by: Katja Pokovic Technical Manager /g%

Issued: November 28, 2016

This calibration certificate shall not be reproduced except in full without written approval of the laboratory.
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Callbratlon Laboratory of _\\“\‘@”"A_ S Schweizerischer Kalibrierdienst

Schmid & Partner m c Service suisse d'étalonnage
Engineering AG Tz Servizio svizzero di taratura

Zeughausstrasse 43, 8004 Zurich, Switzerland c”'ﬁ‘s S Swiss Calibration Service

Accredited by the Swiss Accreditation Service (SAS) Accreditation No.: SCS 0108

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

Multilateral Agreement for the recognition of calibration certificates

Glossary:

TSL tissue simulating liquid

NORMx,y,z sensitivity in free space

ConvF sensitivity in TSL / NORMx,y,z

DCP diode compression point

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

A B,CD modulation dependent linearization parameters

Polarization ¢ ¢ rotation around probe axis

Polarization 8 9 rotation around an axis that is in the plane normal to probe axis (at measurement center),

i.e., 8 = 0is normal to probe axis
Connector Angle information used in DASY system to align probe sensor X to the robot coordinate system

Calibration is Performed According to the Following Standards:

a)

b)
c)

d)

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

IEC 62209-1, "Procedure to measure the Specific Absorption Rate (SAR) for hand-held devices used in close
proximity to the ear (frequency range of 300 MHz to 3 GHz)", February 2005

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

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

Methods Applied and Interpretation of Parameters:

NORMzx,y,z: Assessed for E-field polarization 8 = 0 (f < 900 MHz in TEM-cell; f > 1800 MHz: R22 waveguide).
NORMXx,y,z are only intermediate values, i.e., the uncertainties of NORMx,y,z does not affect the E*-field
uncertainty inside TSL (see below ConvF).

NORM(f)x,y,z = NORMx,y,z * frequency_response (see Frequency Response Chart). This linearization is
implemented in DASY4 software versions later than 4.2. The uncertainty of the frequency response is included
in the stated uncertainty of ConvF.

DCPx,y,z: DCP are numerical linearization parameters assessed based on the data of power sweep with CW
signal (no uncertainty required). DCP does not depend on frequency nor media.

PAR: PAR is the Peak to Average Ratio that is not calibrated but determined based on the signal
characteristics

Ax,y,z; Bx,y,z; Cx,y,z; Dx,y,z; VRx,y,z: A, B, C, D are numerical linearization parameters 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 across the diode.

ConvF and Boundary Effect Parameters: Assessed in flat phantom using E-field (or Temperature Transfer
Standard for f < 800 MHz) and inside waveguide using analytical field distributions based on power
measurements for f > 800 MHz. The same setups are used for assessment of the parameters applied for
boundary compensation (alpha, depth) of which typical uncertainty values are given. These parameters are
used in DASY4 software to improve probe accuracy close to the boundary. The sensitivity in TSL corresponds
to NORMx,y,z * ConvF whereby the uncertainty corresponds to that given for ConvF. A frequency dependent
ConvF is used in DASY version 4.4 and higher which allows extending the validity from + 50 MHz to + 100
MHz.

Spherical isotropy (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 corresponds to the offset of virtual measurement center from the probe tip
(on probe axis). No tolerance required.

Connector Angle: The angle is assessed using the information gained by determining the NORMx (no
uncertainty required).
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Probe EX3DV4

SN:3935

Manufactured:  July 24, 2013
Calibrated: November 28, 2016

Calibrated for DASY/EASY Systems

(Note: non-compatible with DASY2 system!)
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EX3DV4- SN:3935

November 28, 2016

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3935

Basic Calibration Parameters

Sensor X Sensor Y SensorZ Unc (k=2)
Norm (uV/(V/im)*)* 0.48 0.52 0.47 +10.1 %
DCP (mV)°® 103.3 100.8 106.1
Modulation Calibration Parameters
uiD Communication System Name A B C D VR Unc"
dB dBVuv dB mV (k=2)
0 cw ¥ 0.0 0.0 1.0 0.00 | 1344 | #35%
Y 0.0 0.0 1.0 144.8
Z 0.0 0.0 1.0 133.6

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 to a coverage
probability of approximately 95%.

" The uncertainties of Norm X,Y,Z do not affect the E*-field uncertainty inside TSL (see Pages 5 and 6).

Numerical linearization parameter: uncertainty not required.

£ Uncertainty is determined using the max. deviation from linear response applying rectangular distribution and is expressed for the square of the

field value.
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DASY/EASY - Parameters of Probe: EX3DV4 - SN:3935

Calibration Parameter Determined in Head Tissue Simulating Media

Relative Conductivity Depth © Unc

f(MHz)® | Permittivity (sim)F ConvFX | ConvFY | ConvFZ | Alpha® | (mm) (k=2)
750 41.9 0.89 10.92 10.92 10.92 0.41 1.07 +12.0 %
835 41.5 0.90 10.61 10.61 10.61 0.24 1.49 +12.0 %
900 41.5 0.97 10.52 10.52 10.52 0.23 1.56 +12.0 %
1750 40.1 1.37 9.03 9.03 9.03 0.38 0.80 +12.0%
1900 40.0 1.40 8.64 8.64 8.64 0.38 0.80 +12.0%
2000 40.0 1.40 8.48 8.48 8.48 0.37 0.80 +12.0%
2300 39.5 1.67 8.18 8.18 8.18 0.38 0.81 +12.0 %
2450 39.2 1.80 7.81 7.81 7.81 0.28 1.00 +12.0%
2600 39.0 1.96 7.60 7.60 7.60 0.36 0.80 +12.0 %
3500 37.9 2.91 7.37 7.37 7.37 0.26 1.20 £13.1. %
5250 35.9 4.71 5.32 2.2 5.32 0.35 1.80 +13.1%
5600 365 5.07 4.84 4.84 4.84 0.40 1.80 +13.1%
5750 354 522 4.78 4.78 4.78 0.40 1.80 +13.1%

¢ Frequency validity above 300 MHz of + 100 MHz 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 uncertainty at calibration frequency and the uncertainty for the indicated frequency band. Frequency validity
below 300 MHz is + 10, 25, 40, 50 and 70 MHz for ConvF assessments at 30, 64, 128, 150 and 220 MHz respectively. Above 5 GHz frequency
validity 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 formula is applied to
measured SAR values. At frequencies above 3 GHz, the validity of tissue parameters (e and o) is restricted to + 5%. The uncertainty is the RSS of
the ConvF uncertainty for indicated target tissue parameters.

& Alpha/Depth are determined during calibration. SPEAG warrants that the remaining deviation due to the boundary effect after compensation is
always less than = 1% for frequencies below 3 GHz and below + 2% for frequencies between 3-6 GHz at any distance larger than half the probe tip
diameter from the boundary.
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DASY/EASY - Parameters of Probe: EX3DV4 - SN:3935

Calibration Parameter Determined in Body Tissue Simulating Media

Relative Conductivity Depth ° Unc

f(MHz)® | Permittivity " (sim)* ConvFX | ConvFY | ConvFZ | Alpha® | (mm) (k=2)
750 55.5 0.96 10.68 10.68 10.68 0.44 0.85 +12.0%
835 55.2 0.97 10.48 10.48 10.48 0.41 0.80 +12.0%
1750 53.4 1.49 8.46 8.46 8.46 0.45 0.80 +12.0%
1900 53.3 1.52 8.18 8.18 8.18 0.45 0.80 +12.0%
2300 52.9 1.81 7.99 7.99 7.99 0.41 0.80 +12.0%
2450 52.7 1.95 7.89 7.89 7.89 0.39 0.80 +12.0%
2600 52.5 2.16 7.67 7.67 7.67 0.36 0.80 +120%
3500 51.3 3.31 7.13 7.13 7.13 0.26 1.20 +13.1 %
5250 48.9 5.36 4.84 4.84 4.84 0.35 1.90 +13.1 %
5600 48.5 577 4.00 4.00 4.00 0.50 1.90 +13.1%
5750 48.3 5.94 4.23 4.23 4.23 0.50 1.90 +13.1%

¢ Frequency validity above 300 MHz of + 100 MHz 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 uncertainty at calibration frequency and the uncertainty for the indicated frequency band. Frequency validity
below 300 MHz is 10, 25, 40, 50 and 70 MHz for ConvF assessments at 30, 64, 128, 150 and 220 MHz respectively. Above 5 GHz frequency
validity can be extended to + 110 MHz.

At frequencies below 3 GHz, the validity of tissue parameters (e and o) can be relaxed to + 10% if liquid compensation formula is applied to
measured SAR values. At frequencies above 3 GHz, the validity of tissue parameters (¢ and o) is restricted to + 5%. The uncertainty is the RSS of
the ConvF uncertainty for indicated target tissue parameters.

& Alpha/Depth are determined during calibration. SPEAG warrants that the remaining deviation due to the boundary effect after compensation is
always less than = 1% for frequencies below 3 GHz and below + 2% for frequencies between 3-6 GHz at any distance larger than half the probe tip
diameter from the boundary.
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Frequency Response of E-Field
(TEM-Cell:ifi110 EXX, Waveguide: R22)
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Uncertainty of Frequency Response of E-field:  6.3% (k=2)
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Receiving Pattern (¢), 9 = 0°

=600 MHz, TEM f=1800 MHz,R22
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Uncertainty of Axial Isotropy Assessment: * 0.5% (k=2)
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Input Signal [uV]

November 28, 2016

Dynamic Range f(SARcaq)
(TEM cell , feya= 1900 MHz)
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Uncertainty of Linearity Assessment: * 0.6% (k=2)
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Conversion Factor Assessment

f =750 MHz, WGLS RS9 (H_convF) f= 1900 MHz, WGLS R22 (H_convF)
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Deviation from Isotropy in Liquid
Error (¢, 9), f =900 MHz
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Uncertainty of Spherical Isotropy Assessment: * 2.6% (k=2)
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November 28, 2016

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3935

Other Probe Parameters

Sensor Arrangement Triangular
Connector Angle (°) 43.7
Mechanical Surface Detection Mode enabled
Optical Surface Detection Mode disabled
Probe Overall Length 337 mm
Probe Body Diameter 10 mm
Tip Length 9 mm
Tip Diameter 2.5mm
Probe Tip to Sensor X Calibration Point 1 mm
Probe Tip to Sensor Y Calibration Point 1 mm
Probe Tip to Sensor Z Calibration Point 1 mm
Recommended Measurement Distance from Surface 1.4 mm
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