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Cali bration report AProbe ES3DV30

Calibration Laboratory of {\,‘w\\'\‘yﬁ.ﬁ; S Schweizerischer Kalibr
Schmid & Partner —— ¢ Service suisse détalonnage
Engineering AG z = s Servizio svizzero di taratura
Zeughausstrasse 43, 8004 Zurich, Switzerland % /,ﬁ.\“‘? Swiss Calibration Service
Actredited by the Swiss Accreditation Service (SAS) Accroditation No.: SCS 0108

The Swiss Accreditation Service is one of the signatories to the EA
Multitateral Agreoment for the recognition of calibration certificates

client  Cetecom Certificate No: ES3-3320_Feb15
CALIBRATION CERTIFICATE |
Object ES3DV3 - SN:3320

Calibeation procedure(s) QA CAL-01.v9; QA CAL-12.v9, QA CAL-23.v5, QA CAL-25.v6

Calibration procedure for dosimetric E-field probes

Calibration date; February 25, 2015

This calibration certificate documents the traceabiiy to national standards, which realize the physical units of measurements (S4).
The measurements and the uncertainties with conficence probability are given on the following pages and are part of the certificate

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

Calibration Equipment used (M&TE critical for cadibration)

Primary Standards 1D Cal Date (Certificate No.) Scheduled Caibration

Power meter E44198 GB41293874 03-Apr-14 (No, 217-01911) Apr-15

Power sensor E4412A MY41438087 03-Apr-14 (No. 217-01511) Apr-15

Reference 3 dB Att o SN: 55054 (3¢) 03-Apr-14 (No. 217-01915) Apr-15

Reference 20 dB A o SN: $5277 (20%) 03-Ape-14 (No. 217-01919) Ape-15

Reference 30 dB Attenuator SN: $5122 (308) 03-Apr-14 {No. 217-01920) Ape-15

Reference Probe ES3DV2 SN; 3013 30-Dec-14 (No. ES3-3013_Deci4) Dec-15

DAE4 SN: 660 14-Jan-15 (No. DAE4-660_Jan15) Jan-16

Secondary Standards (o] Check Date (in house) Scheduled Check

RF generator HP 8648C US2842U01700 4-Aug-92 (in house check Apr-13) In house check: Apr-16

Network Analyzer HP 8753E US37390585 18-0ct-01 {in house check Oct-14) In house check: Oct-15
Name Function

Calibrated by: Claudio Leubler Laberatory Technician

Approved by: Katja Pokovic Technical Manager Ws

Issued: February 25, 2015

This calibration certificate shall not be reproduced except in full without written approval of the taboratory.

Certificate No: ES3-3320_Feb15 Page 1 of 11
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Annex D to Test report no.: 1-9303/15-02-02-A

Calibration Laboratory of Schiwstzsrischer Kalibrierdi
Schmid & Partner C  Service suisse d'étalonnage
Engineering AG g  Serviaio svizzero di taratura

Zeughausstrasse 43, 8004 Zurich, Switzeriand 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

AB.CD modulation dependent linearization parameters

Polarization o rotation around probe axis

Polarization § 9 refation around an axis that is in the plane normal to probe axis (st measurement center),
i.e., 8 = 0 is normal fo 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) |EEE Std 1528-2013, "IEEE Recommended Practice for Determining the Peak Spatial-Averaged Specific
Absorption Rate (SAR) in the Human Head from Wireless Communications Devices: Measurement
Techniques”, June 2013

b) 1EC 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

Methods Applied and Interpretation of Parameters:

* NORMx.y,z: Assessed for E-field polarization 9 = 0 (f < 900 MHz in TEM-cell; f > 1800 MHz: R22 waveguide).
NORMzX,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,

s DCPxy,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.

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

s Axy.z Bxy.z Cxy.z: Dxyz: VRxy.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
MMz,

s Spherical isofropy (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).

Certificate No: ES2-3320_Feb15 Page 2 of 11
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Annex D to Test report no.: 1-9303/15-02-02-A “’ECOM
M.

ES3DV3 - SN:3320 February 25, 2015

SN:3320

Manufactured:  January 10, 2012
Repaired: February 23, 2015
Calibrated: February 25, 2015

Calibrated for DASY/EASY Systems

{Note: non-compatible with DASY2 system!)

Certificate No: ES3-3320_Feb15 Page 3 of 11
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Annex D to Test report no.: 1-9303/15-02-02-A "E’ECOM
M.

ES3DV3- 8N:3320 February 25, 2015

DASY/EASY - Parameters of Probe: ES3DV3 - SN:3320

Basic Calibration Parameters

Sensor X Sensor Y Sensor Z Unc (k=2)
Norm {uV/(Vim)H? 1.26 1.07 1.16 +10.1 %
DCP (mV)® 101.9 105.3 107.3

Modulation Calibration Parameters

uiD Communication System Name A B C D VR Unc®
dB dBvuV dB mv (k=2)
Y cw X 0.0 0.0 1.0 0.00 | 1845 | *38%
Y 0.0 0.0 1.0 186.7
z 0.0 0.0 1.0 1734

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 NormX,Y,Z do not affect the E*-field uncertainty inside TSL (see Pages 5 and 8).

8 Numerical linearization parameter; uncertainty not required.

€ Uncertainty is determined using the max. deviation from linear response applying rectangutar distribution and is expressed for the square of the
field value.

Certificate No: ES3-3320_Feb15 Page 4 of 11
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Annex D to Test report no.: 1-9303/15-02-02-A "ETECOM
M

ES3DV3- SN:3320 February 25, 2015

DASY/EASY - Parameters of Probe: ES3DV3 - SN:3320

Calibration Parameter Determined in Head Tissue Simulating Media

Relative Conductivity Depth ® unct.

£(MHz)® | Permittivity" (sim)* ConvEF X | ConvFY | ConvFZ | Alpha® | (mm) {k=2)
450 43.5 0.87 6.75 6.75 6.75 0.22 2.55 +13.3 %
750 41.9 0.89 6.32 6.32 6.32 0.26 2.16 +12.0 %
835 41.5 0.90 6.14 8.14 6.14 0.29 2.01 +120%
900 41.5 0.97 6.04 6.04 6.04 0.45 1.55 +12.0%
1450 40.5 1.20 5.52 5.52 5.52 0.46 1.56 +12.0%
1640 40.3 1.29 525 5.25 5.25 0.64 1.25 £12.0 %
1750 40.1 1.37 5.19 5.18 5.19 0.80 1.19 +12.0 %
1900 40.0 1.40 5.04 5.04 5.04 0.45 1.61 £12.0%
2450 39.2 1.80 4.51 4.51 4.51 0.71 1.35 +12.0%

€ Frequency validity above 360 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. Freguency 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 AL frequencies below 3 GHz, the validity of tissue parameters (£ and ¢} can be refaxed 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.

© AlphaDepth 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: ES3-3320_Feb15 Page 5§ of 11
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Annex D to Test report no.: 1-9303/15-02-02-A CETECOM
M

ES3DV3- $N:3320 February 25, 2015

DASY/EASY - Parameters of Probe: ES3DV3 - SN:3320

Calibration Parameter Determined in Body Tissue Simulating Media

Relative Conductivity Depth © Unct.

f(MH2)C | Permittivity” (8m)F ConvE X | ConvFY | ConvFZ | Alpha®| (mm) (k=2)
450 56.7 0.94 7.00 7.00 7.00 0.15 1.80 +13.3%
750 55.5 0.96 6.09 6.09 6.09 0.31 1.96 +12.0%
835 55.2 0.97 6.11 6.11 6.11 0.80 1.20 +12.0%
900 55.0 1.05 5.95 5.95 5.95 0.71 1.31 +12.0 %
1450 54.0 1.30 5.29 5.29 5.29 0.46 1.87 +12.0%
1640 53.8 1.40 5.14 5.14 514 0.80 1.28 +12.0%
1750 53.4 1.49 473 473 4.73 0.80 1.25 +12.0%
1900 53.3 1.52 4,54 4.54 4.54 071 1.38 £12.0%
2150 53.1 1.66 4.46 4.46 4.46 0.72 1.26 £12.0%
2450 52.7 1.95 4,16 4.16 4.16 0.80 1.02 +£12.0%

© 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 + 16, 25, 40, 50 and 70 MHz for ConvF assessments at 30, 84, 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 o) can be relaxed to £ 10% if fiquid cempensation formula is applied to
measured SAR values. At frequencies above 3 GHz, the validity of tissue parameters (¢ and o) s restricted to + 5%. The uncertainty is the RSS of
the ConvF uncertainty for indicated target tissue parameters.

© Alpha/Depth are determined during cafibration. SPEAG warrants that the remaining deviaticn 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: £53-3320_Feb15 Page 6 of 11
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ES3DV3- SN:3320 February 25, 2015

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)

Certificate No: ES3-3320_Feb15 Page 7 of 11

Page 9 of 88




Annex D to Test report no.: 1-9303/15-02-02-A

CETECOM

ES3DV3- 8N:3320 February 25, 2015
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Uncertainty of Axial Isotropy Assessment: + 0.5% (k=2)

Certificate No: ES3-3320_Feb15 Page 8 of 11
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Annex D to Test report no.: 1-9303/15-02-02-A

CETECOM
L

ES3DV3- SN:3320

February 25, 2015

Dynamic Range f(SAReaq)
(TEM cell , foya= 1900 MHz)
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Uncertainty of Linearity Assessment: % 0.6% (k=2)

Certificate No: ES3-3320_Feb15
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ES3DV3- SN:3320 February 25, 2015

Conversion Factor Assessment

f = 500 MHz WGLS R9 (H_convF) f=1750 MHz WGLS R22 (H_convF)
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Uncertainty of Spherical Isotropy Assessment: * 2.6% (k=2)
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Annex D to Test report no.: 1-9303/15-02-02-A

CETECOM
L

ES3DV3~ SN:3320

February 25, 2015

DASY/EASY - Parameters of Probe: ES3DV3 - SN:3320

Other Probe Parameters

Sensor Arrangement Triangular
Connector Angle (%) -108.1
Mechanical Surface Detection Mode enabled
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 2mm
Probe Tip to Sensor Y Calibration Point 2 mm
Probe Tip to Sensor Z Calibration Point 2mm
Recommended Measurement Distance from Surface 3mm

Certificate No: ES3-3320_Feb15 Page 11 of 11
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Annex D to Test report no.: 1-9303/15-02-02-A

Cali bration report AProbe ES3DV30
Calibration Laboratory of A, Schweizerischer Kalibriordi
Schmid & Partner A (S: Service suisse d'étalonnage

Engineering AG % Servizio svizzero di taraturs
Zeughausstrasss 43, 8004 Zurich, Switzerland % 47;-::‘\'.@? S Swiss Calibeation Service
Accredited by the Swss Accreditation Sanice (SAS) Accregitation No.: SCS 0108
The Swiss Accreditation Service bs one of the signatories to the EA
Mubtilateral Agreement for the recognition of calibration certificates
cient  Cetecom Cortificate No: ES3-3326_Aug15

CALIBRATION CERTIFICATE

Obyect ES3DV3 - SN:3326

| Calbration procedure(s) QA CAL-01.v9, QA CAL-23.v5, QA CAL-25v6

Caibration date August 12, 2015

Calbratan Equipmant used (METE crilical for caltranon)

Calibration procedure for dosimetric E-field probes

Thes calbration cerificate documents the traceabity 10 NaNoNe! staNdarcs. which restze the physical units af measurements {S4)
Tha emanis and the wx with corfidence prodabdity are given an the lowing pages and are parn of the curficae

Al calibrations have been canducted in the dosed laboratary faclity: ervironmant temperature (22 = 3)°C and humidity < 7%

Primavy Standards D Cal Date (Cortficate No ) Scheduled Caibrataon
Power mater E44108 GB412033874 01.Agr-15 {Na. 217-02128) Mar-16
Poaer sensar E44124 MY 41458087 01 Age-15 (Na. 21702128} Mar-16

_Refarenca 3 dB Attenustor SN 55054 (3c) 01 Agr-15 {Na. 21702129) Mar-16 —
Raferenca 20 9B Attenusior SN. $5277 (20x) 01-Apr-15 (Na. 217.02132) Mar-16
Raference 30 9B Attenuaion SN 55129 (3tb) 01-Ape-15 (No. 217-02133) Mar-16
Raference Probe E530V2 SN 3013 30-Dag-14 (No. ES3-3013_Dec14) Oec-15

| DAE4 SN: 660 #4-Jan-15 {No DAE4-650_Jan15) Jan-16
Secondary Standards iD Chack Dae (i1 house) Schedutad Check
RF gonerator HP 85480 US3842U01700 4-Aug-99 {In house check Agr-13) In house chack: Aor-16
Network Analyzor HP 47536 US37360585 18-0c1-01 (n house check Dct-14) In house chack: Oct-15

Name Function Swonature
Caiteated by, Lo Kiysner Laboratory Techiician W %
Approved by Kats Pokovic Technical Manager W’
ssuad: August 13, 2015

Thes cafbration camficate shal not ba reproduced axcapt in (Ul wihout wittan approval of the aboratory

Ceortdicate No: ES3-3326_Aug15 Page 1 of 11
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Annex D to Test report no.: 1-9303/15-02-02-A W

Mm
By~

Calibration Laboratory of e, gl
: 3 ", cher Kalibr
Schmid & Partner = Z g Service suisse détalonnage
Engineering AG % Servizio svizzero di taraturs
Zoughausstrasse 43, 8004 Zurich, Switzerland N S Swiss Calibration Service
Ml
Accrdead by the Saiss Accredration Service (S4S5) Accroditation No.: SCS 0108

The Swiss Accroditation Service is one of the signatories to the EA
Multitateral Agreement for tha recognition of calibration certificates

Glossary:

TSL

tissue simulating hquid

NORMx.y.z sensitivity in free space

ConvF
DCP
CF

sensitivity In TSL / NORMx,y,2
diode compression poant
crest factor {1/duty_cycle) of the RF signal

A B CD modulation dependent linearization parameters
Polarization ¢  rotation around probe axis
Polarization § 3 rotaton around an axis that is in the plane normal to probe ax:s {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 rabot 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 62208-1, "Procedure to measure the Specific Absorption Rate (SAR) for hand-held devices used in close
proximity ta 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 proximay to the human body (frequency range of 30 MHz to 6 GHz)", March 2010

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

Mothods Applied and Interpretation of Parameters:

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

NORM(Nx,y.z = NORMx.y.2 * frequency_response (see Frequency Response Chart), This linearization i
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

Axy.z; Bxy.z. Cxy.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 modutation signal. The parameters do not depend on frequency nor
media. VR s the maximum calibration range expressed in RMS voltage across the dwode.

ConvF and Boundary Effect Parameters: Assessed in fiat phantom using E-field (or Temperature Transfer
Standard for f < BOO 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 paramsters are
used in DASY4 software to improve probe accuracy close to the boundary. The sensitivity in TSL comresponds
to NORMx.y,z * ConvF whereby the uncertainty coresponds to that given for ConvF. A frequency dependent
CaonvF 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 Offsat: The sensor offset correspands 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),

Cartficats No: ES3-3326_Aug15 Paga 2 of 11
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Annex D to Test report no.: 1-9303/15-02-02-A CETESOM

ES30%3 - SN3326 August 12, 2015

Probe ES3DV3

SN:3326

Manufactured:  January 10, 2012
Calibrated: August 12, 2015

Calibrated for DASY/EASY Systems

(Mota: non-compatible with DASY 2 systeml)

Cerificala Mo ES3-3326_Auwgls Page 3 of 11
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ESIDVE- SM-1326 August 12, 2015

DASY/EASY - Parameters of Probe: ES3DV3 - SN:3326

Basic Cﬂlil_:r_;a_t_ign__Paramatars

| Sensor X Sensor Y Sensor £ Unc (=2} |
Morm (pVIImET 1.18 0.93 0.2 +10.1 %
[ DEP {mv)® 104.0 1 wors 1015 [
Modulation Calibration Parameters
U | Communicatien System Name I B | C [u] VR | Unc |
| 4B | dBvuv | dB mv ks2) |
(o W (x| o0 00 | 10 | 000 | 2035 | #33% |
| | ¥ 0.0 0.0 1.0 206.2
: T 0.0 10 2034

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
prabability of approximately 95%.

A Thie unceraintes of Nom XY .2 do nsl alect the E'-Nield uncemainly ingide TSL [ses Pages 5 and &)

B Mumerical lrearization EATAMEEn uncarandy nol regquined

P Uncertainty is determined using e max, cevstion fom linear response apphing rectangular distibuton and s expressed for the squane of e
Nl value

Corificata Mo: ES3.3326_Augl15s Page 4 of 11
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Annex D to Test report no.: 1-9303/15-02-02-A

ES30DV3- SN.3326 August 12, 2015

DASY/EASY - Parameters of Probe: ES3DV3 - SN:3326

Calibration Parameter Determined in Head Tissue Simulating Media

Relative Conductivity | Depth” Unc
_F(MH2)© | Permittivity” (8im)' | ConvFX | ConvFY | ConvFZ | Alpha® | (mm) | (k=2)
750 410 0.89 641 6.41 541 0.58 134 +120%
835 415 0.90 6.18 6,18 6.18 0.22 2.53 +120%
200 415 097 6.10 6.10 6.10 0.57 1.39 +120%
1750 | 401 | 137 5.18 5.18 518 | 059 130 | +120%
1900 40.0 1.40 5.00 500 | 500 0.74 120 | 2120%
2450 39.2 | 1.80 4.42 4.42 442 077 1.28 1 2120%

" Frequency valaity aoove 300 MHz of = 100 MHz only apokes for DASY vd 4 and highar (see Page 2, sise t = restricted (o + 50 Mrlz. The
uncestanty is the RSS of the Convf uncetanty at calbraton frequency and the uncanainty for the indcated requency band Frequency vaicly
below 300 Mz 15 £ 10, 25 20, 50 and 70 MMz for CanvF assessmants &t 30, 64, 128, 150 and 220 MHz respectvely. Above 5 GH: frequency
waicity can be extenced fo £ 110 Mtz

" At frequencios below 3 Gz, tha valkiity of 15508 paramelees (¢ and o) can be relaxed 16 = 10% if liguit e formulis = apphed %
measured SAR values. AL frequencies above 3 GHz, the valdity of tssue parameters (C and a) & restncied o £ 5% The uncerainty is the RSS of
he Com¥ uncentanty for indoated larget issus pansmetears

“ ApnaDepth s oetermined durag caibialion. SPEAG wartsnts that the remmnrg tenabon due 1o the boundary effect after compensation
@witys less Man + 1% 161 equances below 3 GHZ andl balow 1 2% for frequences between 3-8 GHz at any datance Sarger than half the prabe bp
camotar from the boundary

Certificate No: ES3-3326_Aug15 PageSol 11
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Annex D to Test report no.: 1-9303/15-02-02-A

ESIDV3- SN'3326 August 12, 2015

DASY/EASY - Parameters of Probe: ES3DV3 - SN:3326

Calibration Parameter Determined in Body Tissue Simulating Media

f(MHz)© Pgmy‘ co?é(m"y ConvFX | ConvFY | ConvFZ | Alpha® D(.umn (g-";)
750 55.5 0.96 6.33 6.33 6.33 0.80 115 | $120%
835 55.2 0.97 6.24 .24 6.24 035 | 187 £120%
%00 §5.0 1.05 6.18 618 6.18 063 | 138 £120%
1750 534 149 : 485 | 485 485 055 1.50 +120% l
1900 533 | 152 | 467 4.67 467 0.74 1.31 £120% |

| 2450 52.7 | 195 [ 427 4.27 427 0.80 1.09 £120%

" Frequency validity above 300 MHz of « 100 MHz only applies for DASY w4 4 and higher (sec Page 7). olse i s resincted to + 50 MHz. The
uncenainty i the RSS of the ConvF uncartanty ot calbration frequency and the uncentanty for the ndicaled frequency band. Freguency validiy
betow 300 MHz is £ 10, 25, 40, 50 and 70 MHz for ConvF assessments at 30, 64, 128 150 and 220 MMz respectively. Abowve 5 GHz frequency
valitity can be extended 10 = 110 MH2

" Al lrequencies below 3 GHz, the valdity of tasue parameters {c and ) can ba rolaxed o + 10% If lguid compensation formuta ts appled to
measred SAR valuas Al hequences above 3 GHZ. the vaidity of lIssus parameters (= and o) 8 rasinctsd to 1 5% The uncestanty is the RSS of
the ComnfF uncentainty for indicated target tssun paramelers

! WphaDepen are detemnad during calibration. SPEAG warrants that the remaining deviabon due 10 the boundary effect aftar compensation s
always lass than = 1% for frequencies below 3 GHz and below = 2% for freguencies batwesn 3-6 GHz at any dstanca larger than naf the probe tip
diameter from the bourdary

Certificate No: ES3-3326_Aug1% Page Gof 11
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Annex D to Test report no.: 1-9303/15-02-02-A CETESO_M

ES30V3-SN:3326 August 12, 2015

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

Frequency response (normalized)
o
i
|
|
:

Uncertainty of Frequency Response of E-field: £ 6.3% (k=2)

Cenificate No. ES3-3326_Aug1h Pape 7 of 11
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Annex D to Test report no.: 1-9303/15-02-02-A CE”QOM

ES3DV3- SN'3326 August 12, 2015

Receiving Pattern (¢), 9 = 0°

=600 MHz TEM f=1800 MHz R22
L] L . . .
Tot X Y 2 Tot . Y i
1
= }
2 t .. .
5 !J.—.’. -3 2 s p-e “.x.‘ -0 e $-o 2 " |
LI
SSSST T VISP GOV T e 4 H It ' " L i
) 1 ] 100
Rol [)

Uncertainty of Axial Isotropy Assessment: £ 0.5% (k=2)

Cartificate No ES3-3326_Aug15 Page 8 of 11
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Annex D to Test report no.: 1-9303/15-02-02-A

CETECOM

ES3DV)- SN:3326

Input Signal [uV)

Certficate No: ES3-3326_Aug15

Dynamic Range f(SAR}ead)
(TEM cell , forn= 1900 MH2)

10% | >
.’;:
.. ‘
-
10'4‘ o
..’
1L > {
4
1044 fi-oeed-oo 13iil o
| -
¥ A%
-
10" n
»
v. .'
.
-
107+
;’
x.
5 L
i i A "
10 10 10° 0 10 10
SAR [mWicm3] B
E3 o)
not compensaied compensated
1«
% o 8 e s o e L7 WA T 2 1n
5 L
2 — t =t
10 103 10 108 10 102 109
SAR [mWicm3]
.| o
not compensated compensated

Uncertainty of Linearity Assessment: £ 0.6% (k=2)

Page 2ol N1

August 12, 2015
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Annex D to Test report no.: 1-9303/15-02-02-A aL’QM

ES3DV3- SN:3326 August 12, 2015

Conversion Factor Assessment

=900 MHz WGLS R9 (H_com) f= 1750 MHz WGLS R22 (H_convF)
“ x :
' |
|
w :
s 2 "
& .
H H
"/
"
o8
20 pa-td :
L n R L8 . % w " ' - " x = x » »
- amw) - A= -
vencs wansw custrs v

Deviation from Isotropy in Liquid
Error (¢, 3), f= 900 MHz

10 -0D8 08 -04 02 00 02 04 06 08 10
Uncertainty of Spherical Isotropy Assessment: £ 2.6% (k=2)

Certificate No: E53-3326_Aug15 Page 10 of 17
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Annex D to Test report no.: 1-9303/15-02-02-A

CETECOM

ES3DV3- SN:3326

Auguet 12, 2015

DASY/EASY - Parameters of Probe: ES3DV3 - SN:3326

Other Probe Parameters

[Sensor Arrangament Triangular
Connector Angle (0 1308
Mechanical Surface Detection Moda enabled
Oplical Surface Detection Mode disabled
Probe Overall Length 337 mm |
Frobe Body Diameter 10 mm |
Tip Length 10 mm
Tip Diarmeter 4 mm
Proba Tip to Sensor X Calibration Paoint 2 mm

| Probe Tip to Sensor ¥ Calibration Point T - 2 mm
Probe Tip to Sensor 2 Calibeation Point  Zmm
Recommended Measurement Dstance from Surface 3 mm

Cartificate Mo: ES3-3326_Aug15 FPage 11 of 11
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Annex D to Test report no.: 1-9303/15-02-02-A

Cali bration report AProbe EX3DV450

Calibration Laboratory of & “’;'i;"'f«,,; S  Schwsizerischer Kalibriordionst
Schmid & Partner % % o8 détaionnag
Engineering AG S Servizio svizzero di taratura
Zeughausstrasse 43, 8004 Zurich, Switzerland % ,fr\\\\; S Suiss Cattwstion Service
iyl
Accredted by the Swiss Accreditalion Service (545) Accreditation No.: SCS 0108

The Swiss Accreditation Service is one of the signatoras to the EA
Multilateral Agreemant for the recognition of calibration certificates

cliet  Cetecom Certificate No: EX3-3944 Aug15
[CALIBRATION CERTIFICATE |
Oyect EX3DV4 - SN:3944

Calitration 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 August 14, 2015

This calibration cortificale documents the tracaabilty to national stendards, which realize the physcal s of magsurements (SI)
The messurements and the uncestantes with canfidence probabiity are given on tha folowing pages and are part of 1ha cedificsle.

Al caibrations have been conducted in the clased labaratory faciity: enviccament lemperature (22 = 35°C and humigity < 70%

Calibraton Equpmeant used (M&TE cntical for caliration)

| Primary Stangarus G Csl Date (Cemficata No ) Schaduled Calbeaton
| Pomer meler E44108 GB41283874 01-Apr-15 (Na. 217-02128) Mar-16

Power sersor E4412A MY41486087 | 01-Age15 (N0, 217:02128) Mar-16

Reference 3 cB Attenuator SN: S5054 (3c) | 01-Apr-15 (No_217.02129) Mar-16

Refersnce 20 o8 Attenuator | SN: 85277 [20x) 01-Ape-15 (No. 217-02132) Mar 46

Rederence 30 o Atlenustor | SN: S5129 (30b) 01-Apr-14 (No. 217-02133) Mac-16

Reference Probe ES3OVZ SN 3013 30-Doc-14 (N0, ES3-3013_Dectd) | Dee15

DAE4 SN (60 14-Jan 15 (No. DAE4-660_Jan15) Jan-16

Secandary Standarts D Check Date {in house) Schetuted Check
| BF generator HP B648C USI6A2U01700 S-Aug-B9 {in house check Ape-13) 10 houss chack. Ape- 16
| Network Anatyzer HP 87535 | US37300565 | 18.001-01 (n house check Oc.14) In house chede. Oct-15

Name Function Snature
Calibrated by Lait Kyysner Laboratory Technician 2 g’
Approved by Katjo Pokovic Techrcal Manager Af -;? ,/gz
ﬁ -

ksued August 17, 2018

Thas caltvation cenficate shal nol ba raproduced except o full without wiittar approval of the taboratory

Centificate No: EX3-3944_Aug15 Page 1of 11
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Annex D to Test report no.: 1-9303/15-02-02-A art

™

Calibration Laboratory of A o er Kolbrords

Schmid & Partner — 5 g Service suisse d'étalonnage
Engineering AG % g  Servizio svizeero  taratura

Zeughsusstrasse 43, 3004 Zurich, Switzerland % ,‘ﬁ'\“\" Swiss Calibration Service

Accrected by the Swiss Accrednation Service [SAS) Accreditation No.: SCS 0108

Tha Swiss Accrediation Service is one of the signatories to the EA

Multilateral Agreamant for the recognition of calibration certificates

Glossary:

TSL tissue simukating liquid

NORMx.y,z sensitivity in free space

ConvF sensitivity in TSL / NORMx.y,2

DCP dicde compression point

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

A B CD modulation dependent lineanzation parameters

Polarization i rotation around peobe axis

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

I, 8 =0is normal 10 probe axis

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

Calibration is Performed According to the Following Standards:

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

b) IEC 62209-1, "Procedure 10 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

¢} |EC 62209-2, "Pracedure 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 865864, "SAR Measurement Requirements 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-celi; f > 1800 MHz: R22 waveguide)
NORMx.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 tater than 4 2. The uncertainty of the frequency response is included
in the stated uncertainty of Convf

DCPx,y,2: OCP 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
charactenstics

Ax.y.z: Bxy.z; Cxy.2: 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-fieid (or Temperature Transfer
Standard for f < 800 MHz) and inside waveguide using analytical field distributions based on power
measurements for f > B00 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 (o the boundary, The sensitivity In TSL corresponds
1o NORMx.y,z * ConvF whereby the uncertainty corresponds ta 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 isatropy). in a field of low gradients realized using a flat phantom
exposed by a patch antenna.

Sensor Offsel. The sensor offset corresponds 10 the offset of virlual 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 NORMYx (no
unceriainty required)

Cetificate No: EX3-3944_Aug15 Page 2 of 11
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Annex D to Test report no.: 1-9303/15-02-02-A CETESOM

EX30NV4 — 53944 August 14, 2015

Probe EX3DV4

SN:3944

Manufactured: May 2, 2013
Calibrated: August 14, 2015

Calibrated for DASY/EASY Systems

{Mate: non-compatible with DASY 2 aystemdl)

Certificale Mo EX3-3944 Aug15 Page 3 of 11
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Annex D to Test report no.: 1-9303/15-02-02-A ctrtgo__m

EXI0N 4~ 5M:3044 August 14, 2015

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3944

Basic Calibration Parameters

- Sansor X ] Sansor Y Sensor Z | Unc (k=2)
| Narmn (uW{im)©y I 0.58 0.63 [ 0.43 £10.1 %
[oce |nw}E ] 98.5 985 [ We7 O

Modulation Calibration Parameters

1

[ Communication System Mame A B [ D | wvr Une

| - dB dB v dB my (k=2} |
D ow x| oo | ao | j.n_l 000 | 1508 | 135%
[ [ ¥ 00 | oo 10 | 1534 |
| lz | oo | oo T 1470

The rabﬂﬂed uncertainty of measurement is stated as the standard uncertainty of measurement
multiplied by the coverage factor k=2, which for a normal distribution corresponds 10 a coverage
probability of approximately 95%.

: Thee urcertamties of Morm XY, 2 do nod affect the Efisld uncerainty inside TSL (see Pages 5 and §)
MNumarnical linearizabion paramater. uncenainly nal reguired

© Lincenainty is determined using the mas. devialion fram linear response aplying rectangular distnbation and & expressed for the sguare of the

faald valie

Certificate Mo: EX3-3944_Aug15 Page 4 of 11
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Annex D to Test report no.: 1-9303/15-02-02-A

CETE

EX30V4- SN:3944

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3944

Calibration Parameter Determined in Head Tissue Simulating Media

August 18 2015

. F Relative | Conductivity | ; Depth© Unc ]

(MHz) Permittivity {Si/m} ConvFX | ConvFY | ConvFZ | Alpha“ (mm) (k=2)
750 41.9 0.89 10.22 10.22 10.22 024 1.33 £120%

| B35 a5 0.90 9.96 9.96 9.96 0.22 1.40 £120%
900 415 0.97 9.74 9.74 9.74 0.22 1.38 +12.0%
1750 40.1 1.37 842 | 842 8.42 033 0.89 +120% |
1900 40.0 1.40 8.19 8.19 819 0.37 0.80 $120%
2450 39.2 1.80 7.28 7.28 7.28 0.38 0.80 £120%
2600 39.0 1.96 7.15 7.15 7.15 030 | 095 +12.0%
3500 379 291 7.12 7.12 7.12 0.48 089 | +131% |
5200 36.0 486 536 5.38 5.36 0.35 1.80 $131%
5300 35.9 4.76 508 5.08 508 0.40 1.80 2131 % |
5500 356 496 4.92 4.92 492 | 040 | 180 | +131%

5600 35.5 5.07 4.80 4.80 4.80 0.40 1.80 +13.1%
5800 353 5.27 477 471 477 0.40 1.60 +131%

© Frequancy validity abova 300 MHz of + 100 MHz only apphes Lir DASY v4.4 and hoher (see Page 2), aks & 1s restricled 1o + 50 MMz The
uncensrty = the RSS of tha ConvF uncertanty at calbeabon fraquancy and the uncertsinty %r the mdcatnd frequency band Frequency vakdey
Debow 300 Mz 1s £ 10, 25, 40, 50 and 70 MHz for CanvF assessments at 30, 64, 128, 150 and 220 MMz respoactively Above 5 GHz frequancy

v oty can be exiended 1o = 110 MHz

' A1 frequencies balow 3 GHz, the valdity of issue paramaeters {= 80 0} Can be retaned 1o & 10% ¢ tqud compensation 1oMmula = apphed 0
measured SAR values, At frequancies above 3 GHL the validy of tissue parametars & and o) s restncied 1o + 5% Tha uncenainty is the RSS of

e Comd uncananly for indcated target issue parameters

" AlpharDeptn are oatermined dunng caltrason. SPEAG warraais that (he femaining devaton tue to e boundsry efact sMer compensation s
always less than + 1% for requencies bekow 3 Gz and bhitw = 2% 106 requencies betaeen 3.6 GH2 at any dstance fatger than haf the probe tp
diameter from the boundary

Cortificate No- EX3-30944_Aug1s

Page Sof 11
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Annex D to Test report no.: 1-9303/15-02-02-A "’TEQOM

EX3DWd- Sh:3944 August 14, 2015

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3944

Calibration Parameter Determined in Body Tissue Simulating Madia

Rulative Conductivity I Depth ® Unc

MMz} " | Permittivity” {&imj) " ConvF ¥ | ComFY¥ | ComvF2Z | Alpha® | (mm) |  (k=3)
750 | 555 0.95 9.98 9.98 9.98 0.28 118 | £120%
| B35 55.2 0.87 8,91 as | 8: | 036 | 094 | £120%
800 55.0 1.05 a.72 ar2 | a7 049 | 081 | £120%
1750 53.4 1.49 813 813 B.13 D45 | 080 | £120%
1900 53.3 1.52 7.9 7.91 7.9 0.46 080 | £120%
2450 527 1.95 7.53 7.53 7.53 033 | 080 | +120%
2600 52.5 2.16 7.37 7.37 7.37 D30 | 085 | +12.0%
3500 51.3 a.31 B.81 .81 6.81 0.31 133 | £131%
5200 49.0 5.30 ! 458 4.68 4.68 DA | 190 | £131%
5300 489 542 | 448 | 448 4.48 D40 | 190 | #13.1%
5500 485 5.65 4.16 4.16 416 | 050 | 190 | £131%
600 | 485 577 4.02 4,02 4.02 0.50 1.40 +13.1%
5B 48.2 £.00 4.11 411 | 411 | 050 180 | #131%

© Fragquency validity above 300 MHz of £ 100 MHz only applies for DASY v4.4 and higher [sse Page 2), sl & i restricted 1o £ 50 MHz. The
unceranty & the REE of the CanyF uncerainty at calibralion frequency ard the uncestanty for (he ndicaled fnequency bard, Fraquancy validity
below 300 Mz is & 10, 25, 40, 50 ard 70 MHz for ConyF assessments at 30, 64, 128, 150 and 220 MHz respacivaly. Above 5 GHE fraguancy
waldy can be exlended 1o+ 110 MHz.

] frquances below 3 GHz, the validity of teswe paramelers (o and o) can be relapsd b+ 10% il iquid compersation fermuala is appled 1o
measured SAR values. Al hequencias abava 3 GHz, tha validity of tissue paramelers [« and o) 5 restrched o + 8% The uncertamty s the RSS of
the CorvF uncertainty Tor indicalad g Issue parsmetars

= Apha! Depth ane degarmingd duning calbmbon. SPEAG warrants that the remaining deviatian due ta the boundary effect after compeansaton s
always less than £ 1% for frequencies below 3 GHz and below ¢ 2% for frequencies bebween 3-8 GHz al any distancs larger than half the probe g
diamaier from thi boundany.

Cerbficate No: EX3-3544_Augls Fage 6ol 11
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Annex D to Test report no.: 1-9303/15-02-02-A CETESO_M

EX30V4- SN:3944 August 14, 2015

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

{normalized)
-
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e e
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Uncertainty of Frequency Response of E-field: £ 6.3% (k=2)
Cartificate No. EX3.3944 Aug1s Page 7ol 11
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Annex D to Test report no.: 1-9303/15-02-02-A CE”QOM

EX30V4- SN:3944 August 14, 2015

Receiving Pattern (¢), 3 = 0°

=600 MHz, TEM =1800 MHz R22
a - o . L ]

Tt X ¥ Z Tot X Y b 4

—
&
*E— l.;la:!'__‘:.‘-..‘:_;anﬁq-\ Sttt -e- =1
W

1 1 W U - - ~ B
Rot [

Uncertainty of Axial Isotropy Assessment: £ 0,5% (k=2)

Cerificate No: EX3-3944_Augis Page 8of 11
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Annex D to Test report no.: 1-9303/15-02-02-A

CETECOM

EX3DV4- SN 3544

Input Signal [uV]

Dynamic Range f(SAR¢ad)
(TEM cell , foyu= 1900 MHz)
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Uncertainty of Linearity Assessment: £ 0.6% (k=2)

Certificate No. EX3-3044_Aug15
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Annex D to Test report no.: 1-9303/15-02-02-A aL’QM

EX3DV4- SN:3944 August 14, 2015

Conversion Factor Assessment

=900 MHz WGLS RS (H_convF) f= 1750 MHz WGLS R22 (H_convF)
.o »
" ]
A n
1
2 £ 5
I, 4
a3 ¥
w0
n
o gaid " s
x s “ W - " | w " = D » n -

& efm|
2. A 2) X
wiin ey usten e

Deviation from Isotropy in Liquid
Error (¢, 9), f= 900 MHz

-0 -08 -08 -D4 -02 00 02 04 08 08 10
Uncartainty of Spherical Isotropy Assessment: £ 2.6% (k=2)

Certificate No: EX3-3944_Aug15 Page 10 of 11
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Annex D to Test report no.: 1-9303/15-02-02-A ctrtgo__m

EX3DVd4- 5N 3044 August 14, 2015

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3944

Other Probe Parameters

Sensor Asrangament Triangular
| Connector Angle () - - o Eﬁ‘
| Mechanical Surface Datection Mode - - enabled |
"Optical Surface Detection Mode disabled |
| Probe Overall Length o ' C O 3EFTmm |
"Frobe Body Dismeter B 0 mm |
W_ - - & mm |

Tip Diameter 25 mm |

Brobe Tip to Sensor X Calibration Point 1 mm
| Probe Tip to Sensor ¥ Calibration Point ' 1 mm

Probe Tip to Sensar 2 Callbeation Paint o 1mm |

Fecommended Measurement Distance from Surface 1.4 mm
Cortficaty No; EX3-3844_Augis Page 11 of 11
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CETECOM

Cali bration report fn835 MHz System validat
Calibration Laboratory of S, S Schwelzerischer Kalibrierdionst
Schmid & Partner ] Service suisse d'étalonnage
Engineering AG i% C servizio svizzero di taratura
Zoughausstrasse 43, 8004 Zurlch, Switzeriand N S swiss Calibration Service

Accroditod by the Swiss Accradtabon Senvics (SAS)
The Swiss Accreditation Service is one of the signatories to the EA
Multiateral Ag for the gnition of calibration certificates

Cetecom
CALIBRATION CERTIFICATE

Accreditation No.: SCS 0108

Client Certificate No: DB35V2-4d153_May15

Onject DB835V2 - SN: 4d153

Calibration procecureds) QA CAL-05.v8

Calibration procedure for dipole validation kits above 700 MHz

Calibration date

May 12, 2015

This calibation certificats documents the raceabiity to nationsl standards, which realze the physical units of measuraments (SH
The measuraments and the uncentaiies with confidgancs probabiity are given on the following pages and are part of the cenificate

| All calibrations neve been conducted n the closed labeeitory facility: environment lemperature (22 = 3)°C and humidity < 70%

Calibration Equipment 1:sed (METE critical far casbration)

This calibration cenficate shall not ba regroduced excapt in full without written approved of the labaratary

Prmary Standards LD g Cal Date (Cemticata No.) Scheduled Calibration

Power meter EPM-342A GB37480704 07-0ct-14 (No, 217402020) Oct15

Power sensor HP 84814 US37292783 07-Oct-14 (No. 217-02020) Oct-15

Power sensor HP 8481A MY41082317 07-0ct-14 (No, 217-02021) Oct-15

Rederance 20 0B Attenuatar SN: 5058 (20k) D1-Apr-15 (No. 217-02131) Mas-16

Typa-N mismaich combination SN 5047.2 / 06327 01-Apr-15 (No. 217-02134) Mar-16

Reference Probe ES3DV3 SN: 3205 30-Dec-14 (No. ES3-2205 Dec14) Dec-15

DAEa SN: 601 18-Aug-14 (Na. DAE4-601_Augia) Aug-15

Secondary Standards o ¢ Check Dato {in houss) Schedused Check

AF genarator RAS SMT-06 100005 04-Aug-98 (in hause check Oct-13) In housa check: Oct-16

Network Analyzer HP 87538 US37330585 54208 18-0c1-01 (in house check Oct-14) In housa check: Oct-15
Name Function Sqgnature

Calibrated by: Michael Websr Labaratory Technician /ﬁé

Approvaed by: Katja Pokove Teachnical Manager

-2

Issunct May 13, 2015

Centificate No: DB3SV2-4d153_May15
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Calibration Laboratory of ST, Schweizerischer Kalibricrdienst

Schmid & Partner o Service suisse d'étalonnage
Engineering AG i = Servizio svizzero di taratura

Zeughausstrasse 43, 8004 Zurich, Switzerland % ,{;‘\‘\\\\ Swiss Calibration Service

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

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

Multilaterat Agr 1 for the gnition of calibration certificates

Glossary:

TSL tissue simulating liquid

ConvF sensitivity in TSL / NORM x,y,z

N/A not applicable or not measured

Calibration is Performed According to the Following Standards:

a) IEEE Std 1528-2013, “[EEE 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, "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

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

Additional Documentation:
d) DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

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

* Antenna Parameters with TSL: The dipole is mounted with the spacer to position its feed
point exactly below the center marking of the flat phantom section, with the arms oriented
parallel to the body axis.

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

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

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

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

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

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%,

Certficate No: D835V2-4d153_Mayt5s Page 20! 8
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Measurement Conditions

DASY system configuration, as far as not given on page 1
DASY Version DASYS ! V52.8.8
Extrapolation Advanced Extrapalation
Phantom Modular Flat Phaniom
Distance Dipole Center - TSL 15 mim with Spacer
Zoom Scan Resolution dx, dy, dz =5 mm
Frequency B35 MHz =1 MHz
Head TSL parameters
The following parameters and calculations were applied.
Temperature Permittiwity I Conductivity
Nominal Head TSL parameters Z20°C 415 0.0 mhem
Measured Head TSL parameters [22.0+0.2) "C 421 +8 % 0.592 mhodm = & %
Head TSL temperature change during test =05 .
SAR result with Head TSL
|_SAR averaged over 1em’ (1 g) of Head TSL Condétion
| 88R measured 250 mW input power 2.30 Wikg
SAR for nominal Head TSL parameters [ normalized 1o 1W 9.08 Wikg £ 17.0 % (k=2)
SAR averaged over 10 cm® (10 g) of Head TSL condition
S5AR measured 260 mW input powaer 1,50 Wikg
SAR for noménal Head TSL parametars normalized to 1W 5.83 Wikg £ 16.5 % (k=2)
Body TSL parameters
The following parameters and caloulations were applied.
Temperature Permittivity Conductivity
MNominal Body TSL parameters 220°C 552 .87 mho'm
Measured Body TSL parametars (B20+£02)°C EE2+6% 0,99 mho'm =6 %
| Body TSL temperature change during test =05"C —
SAR result with Body TSL
SAR averaged over 1 em” (1 g) of Body TSL Candition
SAR measurad 250 mW input pawer 2,36 Wiy
SAR for nominal Body TSL parameters normalized 1o 1W 9.30 Wikg £ 17.0 % (k=2)
SAR averaged over 10 cm® (10 g) of Body TSL condition
SAR measured 250 mW input power 1.56 Wikg
SAR for nominal Bedy TSL parameters normalized to 1W 6,16 Wikg = 16.5 % (k=2)
Certificate Mo: DEIEV2-4d153_May15 Page 3of &
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Appendix (Additional assessments outside the scope of SCS 0108)

Antenna Parameters with Head TSL

| Impedanes, transformed fo feed point 5200-21
Return Loss -30.9dB

Antenna Parameters with Body TSL

4850 -35(0 |
Return Loss - 28.4 dB |

Impedance, transformed to feed paint

General Antenna Parameters and Design

Electrical Delay {one direction) | 1.436 ns |

Adfter long term use with 100V radiated powar, ondy a slight warming of the dipole near the feedpoint can be measured.

The dipole is made of standard semirigid coaxial cable. Tha center conducter of the feeding line Is directly connected to the
second arm of the dipole. The antenna is therefore shor-circuited for DG-signals. On same of the dipoles. small end caps
are added 1o the dipols arms in ordar o Improve matching when leaded according 1o the position as explained in the
"Measuwrement Cenditions” paragraph. The SAR data are nol affected by this change. The cwerall dipole length is stil
according 1o the Standand,

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

Additional EUT Data

| Manufactured by SPEAG
LMHnufE:turel:l on December 28, 2012
Cerlificate Mo: DEXEV2-4d153_May15 Page4of 8
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DASYS5 Validation Report for Head TSL

Date: 12052015
Test Laboratory: SPEAG. Zurich, Switzerland
DUT: Dipole 835 MHz; Type: D835V2; Serial: D835V2 - SN: 4d153

Communication System: UID 0 - CW: Frequency: 835 MHz

Medium parameters used: {= 835 MHz: 6= 0.92 S/m; &, = 42.1; p= 1000 kg/m'
Phantom section: Flat Section

Mcasurement Standard: DASYS (IEEE/TEC/ANSI C63.19-2011)

DASYS52 Configuration;
» Probe: ES3DV3 - SN3205; ConvF(6.2. 6.2, 6.2); Calibrated: 30.12.2014:
» Sensor-Surface: 3mm (Mechanical Surface Detection)
» Electronics: DAE4 Sn601; Calibrated: 18.08.2014
»  Phantom: Flat Phantom 4.9L; Type: QDOOOP49AA: Serial: 1001
« DASY52 52.8.8(1222); SEMCAD X 14.6.10{7331)

Dipole Calibration for Head Tissue/Pin=250 mW, d=15mm/Zoom Scan (7x7x7)/Cube 0:
Measurement grid: dx=Smm, dy=3mm, dz=5mm

Reference Value = 55.89 V/m: Power Drift = 0.00 dB

Peak SAR (extrapolated) = 3.41 W/kg

SAR(1 g) = 2.3 W/kg; SAR(10 g) = 1.5 W/kg

Maximum value of SAR (measured) = 2.69 W/kg

dB8

-2.40
-4.80
-7.20
-9.60

-12.00

0 dB = 2.69 Wrkg = 4.30 dBW/kg

Certificate No: D835V2-4d153_May15 Page 5 of 8
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Impedance Measurement Plot for Head TSL
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DASYS Validation Report for Body TSL

Date: 12.05.2015
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 835 MHz: Type: D835V 2; Serial: D835V2 - SN: 4d153

Communication System: UID 0 - CW; Frequency: 835 MHz

Medium parameters used: = 835 MHz; o = 0,99 S/m; ¢, = 55.2; p = 1000 kg/m’
Phantom section: Flat Section

Measurement Standard: DASY3S (IEEE/IEC/ANSI C63.19-2011)

DASY52 Configuration:
* Probe: ES3DV3 - SN3205: ConvF(6.17, 6.17. 6.17): Calibrated: 30.12.2014:
» Sensor-Surface: 3mm (Mechanical Surface Detection)
*  Electronics: DAE4 Sn601; Calibrated: 18.08.2014
+ Phantom: Flat Phantom 4.9L; Type: QDOOOP49AA; Serial: 1001

» DASYS5252.8.8(1222): SEMCAD X 14.6.1(47331)

Dipole Calibration for Body Tissue/Pin=250 mW, d=15mm/Zoom Scan (7x7x7)/Cube 0:
Measurement grid: dx=5mm, dy=3mm, dz=5mm

Reference Value = 54,63 V/m; Power Drift = -0.01 dB

Peak SAR (extrapolated) = 3.44 W/kg

SAR(1 g) = 2,36 Wikg; SAR(10 g) = 1.56 W/kg

Maximum value of SAR (measured) = 2,76 Wikg

dB

-2.40
-4.80
-1.20
-9.60
-12.00

0dB =276 W/kg = 4.4]1 dBW/kg

Certificate No: DB35V2-4d153_May15 Page 708
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Impedance Measurement Plot for Body TSL
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Cali bration report A1750 MHz System valid
Calibration Laboratory of S, Schweizerischor Kafibrierdienst
Schmid & Partner ‘\\\\E///’é S Service lu:u o'étalonnage
Engineering AG 3N c Servizio svizzero di taratura
Zaughausstrasse 43, BOD4 Zurich, Switzerland f'x,%ﬁ‘\_y} S  Sswiss Callbration Service

Accradied by he Swiss Accreditation Sarvios (SAS)

Accreditation No.: SCS 0108

The Swiss Accreditation Service is one of the signatorios to the EA
Multilsteral Agreement for the recognition of calibration certificates

client  Cetecom Cartificate No: D1750V2-1093_May15
(CALIBRATION CERTIFICATE
Object D1750V2 - SN: 1093

Calibration precedurais)

Callbration gate

QA CAL-05.v8

Calibration procedure for dipole validation kits above 700 MHz

May 13, 2015

Calbiraton Equpment used (MATE critical 1o calibension)

| This calbration cendicate documents the traceability to national standards, which realze the physical unts of maaswraments {Sh).
The measwremants and the uncedaintias with confidence probability are Qiven on the folowing pages and m part of the cenificate.

All calibrations have been conductad in the closed \abaratory facilty: emaronment temperature (22 + 3)°C and humidity «< 70r%.

Primary Standards D ¥ Cai Date (Cartificate No.) Scheduled Cal n
Powsr mater EPM-442A GB3IT460704 07-0ct-14 (No. 217-02020} Oci-15
Power sensce HP B481A US37292783 07-0ct-14 (No. 217-02020) Cet-15
Power sensar HP B481A MYa1002517 07-Oct-14 (No. 217-02021) Oct-15
Reaference 20 dB Attenuatoe SN: 5058 {20k) 01-Agr-15 (No, 217-02131) Mar-16
Type-N mismatch combnatian SN: 5047 2 / 08327 01-Agr-15 (No, 217-02134) Mar-16
Aeference Probe ES3OVA SN 3205 30-Dsc-14 (No. ES3-3205 Dec14) Dec-15
DAE4 SN 601 18-Aug-14 (No. DAES-ED1 _Augtd) Aug-15
|
Sacondary Standards 10 » Check Date (n housa) Schaduied Check
RF ganerator R&S SMT-06 100005 O4-Aug-89 (n house chack Oct-13) In house check: Oc1-16
Natwork Analyzer HP 8753F USI7390685 S4206 18-0¢ct-01 (in house chack Oct-14) In house chack: Oet-15
Name Function Signaturn
Cafibrated by Michaal Weber Laboratory Techniczan
Approved by Katia Pokovic Technical Marager

This calibeation centificate shall not be reproduced except in ful without welttan approval of the laboratory

Issued: May 13, 2016

Certificate No: D1750V2-1093_May15
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Calibration Laboratory of .‘q‘\'&"}'f"ﬁ_ S  Schweizerischor Kalibrierdienst

Schmid & Partner % Service sulsse d'éalonnage
Engineering AG e C sl ovieawo tarstura

Zeughausstrasse 43, 8004 Zurich, Switzerland % 4@.\&“ S Swiss Catibeation Service

Accredied by the Swiss Accroditation Service {SAS) Accreditation No.: SCS 0108

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

Muititataral Agr for the recognition of callbration certificates

Glossary:

TSL tissue simulating liquid

ConvF sensitivity in TSL / NORM x,y,z

N/A not applicable or not measured

Calibration is Performed According to the Following Standards:

a) 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, "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

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

Additional Documentation:
d) DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

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

* Antenna Parameters with TSL: The dipole is mounted with the spacer to position its feed
point exactly below the center marking of the flat phantom section, with the arms oriented
parallel to the body axis.

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

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

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

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

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

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 85%.

Centificate No: D1750V2-1093_May15 Page2of8
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Measurement Conditions

DASY system configuration, a5 far as not given on page 1.

DASY Version DASYS V5288 N
Extrapolation Acvanced Extrapolation
Phantom Madular Flat Pharom
Distance Dipole Center - TSL 10 mim with Spacer T
Zoom Scan Resolution dx, dy, dz =5 mm
Frequency 1750 MMz + 1 MHz
Head TSL parameters
The following parameters and calculations were applied.
Temperature Permittivity Conductivity
HNominal Head TSL parameters 220°c 401 1.37 mho'm
Measured Head TSL parameters (22.0 +0.2) "C 300=6% 1.37 mha'm £ 8 %
Head TSL temperature change during test =05°C
SAR result with Head TSL
SAR averaged over 1em” (1 g) of Head TSL Condition
SAR measured 250 mW input powaer 9.37 Wikg

SAR for mominal Head TSL parameters

normakzed 1o 1W

37.2 Wikg = 17.0 % (k=2)

SAR averaged over 10 cm’ (10 g) of Head TSL

condition

S5AR measured

250 mW input power

4.99 Wikg

SAR for nomingl Head TSL parameters

nomalized to 1W

18.9 Wikg = 16.5 % (k=2)

Body TSL parameters
The following parameters and calculations were applied,
| Temperature Permittivity Conductivity
Hominal Body TSL parameters 220°C 53.4 1.49 mho/m
Measured Body TSL parameaters (220+02)"C 51526% 1.4% mha'm = & %
Body TSL temperature change during test <050
SAR result with Body TSL
| SAR averaged over 1 cm’ (1 g) of Body TSL Condition
| SAR measured 250 mW input power 8.46 Wikg

| SAR for nominal Body TSL paramelers

-

normalized to 1W |

37.5 Wikg = 17.0 % (k=2)

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

condition

SAR measured

250 mW input power

5.09 Wikg

SAR for nominal Body TSL parametars

narmalized to 1W

20.3 Wikg = 16.5 % (ka2)

Cerificate No: D1750V2-1093_May15
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Appendix (Additional assessments outside the scope of SCS 01 08)

Antenna Parameters with Head TSL

| Impadance, transformed o feed point ' 4980-030 |
Return Loss - 46.8 dB |

Antenna Parameters with Body TSL
[ imp |

Impedance, franslormed 1o feed point 458 0 - 0.4 j2

Raturn Logs -27.2dB |

General Antenna Parameters and Design

| Elecirical Delay {one direction) | 1.213 ns _—l

After long term use with 100W radiated power, only shght warming of the dipale near the feedpoint can be measured.

The dipobe is made of standard semirigid coaxial cable. The center conductar of tha feeding line i3 direcily connected o the
second arm of the dipole. The antenna is therefore short-circuited for DC-signals. On some of the dipoles, small end caps
are added to the dipole arms in order to imgrove matching when loaded according to the position as explained in the
“Measurement Canditions" paragraph. The SAR data are not affected by this change. The overall dipole length is still
according to the Standard.

Mo excessive force must be applied to the dipale arms, because they might bend or the soldered connections near tha
feedpoint may be damaged

Additional EUT Data

Manufactured by i SPEAG
Manufactured on | Movember 07, 2012
Certficate Moz D1750W2-1093_May15 Page 4 of 8
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DASYS5 Validation Report for Head TSL

Date: 13.03.2015
Test Laboratory: SPEAG, Zurich, Switzerdand
DUT: Dipole 1750 MHz; Type: D1750V2; Serial: D1750V2 - SN: 1093

Communication System: UID () - CW; Frequency: 1750 MHz

Medium parameters used: f = 1750 MHz; o = 1,37 $/m; £, = 39; p = 1000 kg/m’
Phantom section: Flat Section

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

DASY52 Configuration:
» Probe: ES3DV3 - SN3205: ConvF(5.2, 5.2, 5.2): Calibrated: 30,12.2014:
*  Sensor-Surface: 3mm (Mechanical Surface Detection)
» Electronics: DAE4 Sn601: Calibrated: 18.08.2014
»  Phantom: Flat Phantom 5.0 (front); Type: QDODOPSOAA; Serial: 1001
« DASYS5252.8.8(1222); SEMCAD X 14.6.10(7331)

Dipole Calibration for Head Tissue/Pin=250 mW, d=10mm/Zoom Scan (7x7x7)/Cube 0
Measurement grid: dx=Smm, dy=Smm, dz=5mm

Reference Value = 96.43 Vim; Power Drift = 0,01 dB

Peak SAR (extrapolated) = 16.8 W/kg

SAR(1 g) = 9.37 W/kg: SAR(10 g) = 4.99 Wikg

Maximum value of SAR (measured) = 11.9 Wikg

-3.60
-1.20
-10.80

-14.40

-18.00

0dB = 11.9 W/kg = 10.76 dBBW/kg

Certficate No: D1750V2-1093_May15 Page 50f 8
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Impedance Measurement Plot for Head TSL
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