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Glossary:

TSL tissue simulating liguid

ConvF sensitivity in TSL / NORM x,y,2
WA not applicable or not measured

Calibration is Performed According te the Following Standards:

a) |EEE Std 15628-2003, “IEEE Recommended Practice for Determining the Peak Spatial-
Averaged Specific Absorption Rate (SAR) in the Human Head fram Wireless
Communications Devices: Measurement Techniques”, December 2003

b) |EC 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

¢} Federal Communications Commission Office of Engineering & Technology (FCC OET),
“Evaluating Compliance with FCC Guidelines for Human Exposura to Radiofrequency
Electromagnetic Fields; Additicnal Information for Evaluating Compliance of Mabile and
Portable Devices with FCC Limits for Human Exposure to Radiofrequency Emissions”,
Supplement C (Edition 01-01) to Bulletin 65

Additional Documentation:
d) DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

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

s Anfenna 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 arme oriented
parzallel to the body axis.

s [Feed Point Impedance and Return Loas: These parameters are measured with the dipole
positioned under the liquid filed phantom. The impedance stated is transformed from the
measuremeant at the SMA connector to the feed point. The Return Loss ensures low
reflected power. No uncertainty requined.

s Electical Dalay: One-way dalay between the SMA connector and the anlenna leed point.
Mo 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.

s 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%.

Certidicats Mo: DS38V2.44114_Jul 3 Page Zof B
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Measurement Conditions

DASY eystem configuration, s far as not given cnipage 1,

DASY Version DASYS Vs2.8.7
Extrapolaiion Advanced Extrapolation
Phantom Modular Flal Phantam
Distance Dipole Center - TSL 18 mm with Spacar
Zoom Scan Resolution | dy, dy, dz = 5 mim
Frequancy | 835 MHz = 1 MHz
Head TSL parameters
The following perameters and calculations wers applied. :
! Temperature Permittivity Conductivity
Mominal Head TSL parameters Z2.0°C 41.5 .50 mheim
| Measured Head TSL parameters {22002 "C 418 8% 0.92 mhafm + 6 %
| Head TSL temperature change during lest =05"C
SAR result with Head TSL
SAR sreraged owver 1 em” (1 g} of Head TSL Condifign
SAR measured 250 miW input power 2,41 Wikyg
SAR for nominal Head TSL parameters mormalized to W 8.50 Wikg = 17.0 % [k=8)
SAR overaged aver 10 em’® (10 g) of Head TSL condition
EAR maasurad 250 mW inpul power 1.58 Wikg

SAR for norminal Head TSL parareters

normalized to 1W

6.24 Wikg = 16.5 % (k=2)

Body TSL parameters

The following parametors and calculations were apolied.

Temperaiurns Permittivity Conductivity

Hominal Body TSL parameters 220°C 56,2 0.97 mho/m
Measured Body TSL parameters | (E20=08°C 548 286 % 1.0 mho'm = 8 %
Body TSL temperature change during test | <0570 e ——

SAR result with Body TSL
SAR averaged over 1 em” (1 g) of Body TSL Condition
S5AF measured 250 mW inpul power 244 Wikg
FAR for nominal Body TSL parameatars normalkized fo 19 9.53 Wika £ 17.0 % (k=2)

—

I_ﬁﬂﬁ -nv:ragu:l over 10 em” (10 g) of Body TSL

condiiion

BAR measurad

250 W Input power

1.61 Wikg

SAR for pominal Bedy TSL parameters

mormalizad to 1W

£.32 Wikg & 16.5 % (k=2)

Cerificats Mo: D835V2-ad114_Juli3
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Appendix
Antenna Parameters with Head TSL

Imoedancs, transformad to feed point 5210-13§

Retum Loss -3214dB

Antenna Parameters with Body TSL

Impedance, fransformed to feed poin 48,2 3 - 3.0 ji2

Aetunn Loss - 28,1 dB

General Antenna Parameters and Design

Elacirical Delay (one dirsction) 1380 ns

Aftar [ong taam use with 100W radated powar, enly & ehght warming of the dipalé naar the feedpaint can be messurad,

The dipole iz made of standard semirigid coaxial cable. The center conducior of the feeding line |e directly connected to the
second arm of the dipode. The antenna is therefore shoni-circuited for DC-signals. On some of the dipcles, emall end caps
ars added 1o the dipola arms in ondar io improve matching when loaded according to the position as explained in the
"Maasuramenl Conditicns® paragraph. Tha SAR data are not affected by thes change. The ovarall dipole langth s still

aocording to the Standand
Mo exceseive force must be applied to the dipole arms, bacaese they might bend or the soldered connections near the
feedpaint may be damaged.
Additional EUT Data
Manulactured by SPEAG
anufactured on Jurwa 29, 2010 |

—

Carificate Mo: DEIEV24di1d_Juli3 Fags4d of 8
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DASY5 Validation Report for Head TSL

Date: 30.07.2013
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 835 MHz; Type: DE35VZ; Serial: D335V - SN: 4d114

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

Medinm parameters used: T = 835 MHz, o = 0.92 8/m; & =41.8; p = 1000 kg/m®
Phantoim section: Flat Section

Measurement Standard: DASY S (IEEEIBC/ANSE C63. 19-200°7)

DASY 52 Configuration:
+  Probe: ES3IDV3 - SN3205: ConvF(6.05, 6.03, 6.05); Calibrated; 28.12.2012;
= Sensor-Surface: 3mm (Mechanical Surface Detection)
= Electronics: DAE4 Sn601; Calibeated: 25.04.2013
» Phantom: Flat Phantom 4.9L; Type: QDOOOP49AA; Serial: 1001
»  DASYS52 528.7(1137) SEMCAD X 14.6.10(7164)

Dipole Calibration for Head Tissue/Pin=250 mW, d=15mm/Foom Scan (7Tx7x7)/Cube 0:
Measurement grid: dx=5mm, dy=5mm, dz=5mm

Reference Value = 56.702 Vim; Power Drift = 0.05 dB

Peak SAR (extrapolated) = 3.60 Wiksz

SAR(I g) = 2.41 Wikg: SAR(10 ) = 1.58 Wikg

Maximum value of SAR (measured) = 2.81 Wikg

B5E

1=

0 dB =281 Wikg =440 dBW kg

Carilicats Moo DEZEV2-4d114_Jul13 Pags b ol 8
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impedance Measurement Plot for Head TSL
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DASYS Validation Report for Body TSL
Date: 22.07.2013

Test Laboratory: SPEAG, Zurich, Switzerland
DUT: ipole $35 MHz; Type: IB35V2; Serial: DE3ISY2E - SN: 4d114
Communication System: UID 0 - CW ; Frequency: 835 MHz
Medium parameters used: f =835 MHz; o = | S/m; & = 54.9; p = 1000 kg/m’
Phantom section: Flat Section
Measurement Standard: DASYS {(IEEEIECIANST Co3. 19-2007)
DASY52 Configoration:

«  Probe: ES3DV3E - SN3205; ConvE(6.04, 6.04, 6.04); Calibrated: 28.12.2012;

= Sensor-Surface: 3mm (Mechanical Surface Detection)

» Electronics: DAE4 Sn601; Calibrated: 25,04.2013
Phantom: Flat Phantom 4.9L; Type: QDOOOP4GAA; Senial: 1001

DASYSZ 528, 1137 SEMCAD X 14.6.10(7164)

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

Reference Value = 54,853 ¥V/m; Power Dnft = (1L.05 dB

Peak SAR (extrapolated) = 3.56 W/ke

SAR(1 g) = 2.44 Wikg; SAR(10 g) = 1.61 Wikg

Maximom value of SAR {(measured) = 2,83 Wik

DdB =283 Wrkp =452 dBW/kg

Cetificate Mo DEIEVE-4d114_Juii3 Page 7ot &




=I5 <= Compliance Certification Services Inc.

Date of Issue: June 15, 2016 Report No

.. C160520S02-SF

Impedance Measuremeant Plot for Body TSL
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D835V2,Serial No.4d114 Extended Dipole Calibrations

Per IEEE Std 1528-2013,the dipole should have a return loss better than -20dB at the test frequency to
reduce uncertainty in the power measurement.

Per KDB 865664 DO01,if dipoles are verified in return loss(<-20dB,within 20% of prior calibration),and in
impedance (within 5 ohm of prior calibration),the annual calibration is not necessary and the calibration
interval can be extended.

Justification of the extended calibration

D835V2 Serial No.4d114
835 Head
Real Imaginary
Date of Return-Loss | Delta Delta Delta
Measurement (dB) (%) Impedance (ohm) Impedance (ohm)
(ohm) (ohm)
7.30.2013 -32.147 - 52.127 - -1.346 -
7.29.2014 -32.293 0.45 48.878 3.249 -2.134 0.788
D835V2 Serial No.4d114
835 Body
Real Imaginary
Date of Return-Loss | Delta Delta Delta
Measurement (dB) (%) Impedance (ohm) mpedance (ohm)
(ohm) (ohm)
7.30.2013 -29.073 - 48.217 - -2.961 -
7.29.2014 -27.435 5.63 46.911 1.306 -2.689 0.272

The return loss is < -20dB, within 20% of prior calibration; the impedance is within 5 ohm of prior
calibration. Therefore the verification result should support extended calibration.

Page 9 of 53
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Dipole Verification Data D850V2 Serial No.4d114
835MHz-Head

1 Active ChjTrace 2 Response 3 Stimulus 4 Mkrfanalysis 5 Instr State 1 Active ChiTrace 2 Response 3 Stimulus 4 MkrfAnalysis 5 Instr State

P

Log Mag

Phase

Group Delay

Palar

Lin Mag

H SWR

Real

Imaginary

Start 635 MHz IFBW 70 kHz Stop 1,035 GHz B[ |1 Stant 635 MH: IFBW 70 kHz Stop 1,035 GHz (&)1 .

835MHz-Body

1 Active ChiTrace 2 Response 3 Stimulus 4 MirfAnalysis 5 Instr State 1 Active ChfTrace 2 Response 3 Stimulus 4 Mkrjanalysis 5 Instr Stake

P

Log Mag

Fhase

Group Delay

Polar

Lin Mag

SR

Real

Imaginary

v
Statt B35 MHz IFBW 70 kHz Stop 1.035 GHz [ [1 Start 635 nHz IFBW 70 kHz Stop 1.035 GHz

Page 10 of 53
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Per IEEE Std 1528-2013,the dipole should have a return loss better than -20dB at the test frequency to
reduce uncertainty in the power measurement.

Per KDB 865664 DO01,if dipoles are verified in return loss(<-20dB,within 20% of prior calibration),and in
impedance (within 5 ohm of prior calibration),the annual calibration is not necessary and the calibration

interval can be extended.

Justification of the extended calibration

D835V2 Serial No.4d114
835 Head
Real Imaginary
Date of Return-Loss | Delta Delta Delta
Measurement (dB) (%) Impedance (ohm) mpedance (ohm)
(ohm) (ohm)
7.30.2013 -32.147 - 52.127 - -1.346 -
7.29.2014 -32.293 0.45 48.878 3.249 -2.134 0.788
7.28.2015 -32.702 1.27 52.519 3.641 -3.267 1.133
D835V2 Serial No.4d114
835 Body
Real Imaginary
Date of Return-Loss | Delta Delta Delta
Measurement (dB) (%) Impedance (ohm) mpedance (ohm)
(ohm) (ohm)
7.30.2013 -29.073 - 48.217 - -2.961 -
7.29.2014 -27.435 5.63 46.911 1.306 -2.689 0.272
7.28.2015 -27.436 0.01 47.229 0.318 -3.066 0.377

The return loss is < -20dB, within 20% of prior calibration; the impedance is within 5 ohm of prior

calibration. Therefore the verification result should support extended calibration.

Page 11 of 53
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Dipole Verification Data D850V2 Serial No.4d114
835MHz-Head

S1Instr State

1 Active ChiTrace 2 Response 3 Stimulus 4 Merfanalysis 5 Instr State 1 Active ChiTrace 2 Response 3 Stimulus 4 Merfanalysis
] (1] ith (R+J e 1.0000 [F1 Dell

Star B35 MHz IFEM 70 kHz Stop 1,035 GHz 1 Star 635 MHz2 IFEMW 70 kHz

835MHZ-Body

Stop 1,035 GH: [ )1

5 Instr State

1 Active ChfTrace 2 Response 3 Stimulus 4 MkrfAnalysis S Inskr State 1 Active ChiTrace 2 Response 3 Stimulus 4 Mkrfanalysis
(371} dth (R+30 = ou [F1 Del]

1 Start 635 MHz IFBW 70 kHz Stap 1,035 GHz 1 Stan 635 MHz IFEW 70 kHz

Page 12 of 53
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Calibration Laboratory of
Schmid & Partner

Engineering AG
Zeughnusstrasse 43, BODS Lurich, Sviter)and

Accrediied by the Swiss Accred Raton Sanica (SA5)

S Schwaizerischer Kalibrierdisnst

c Service sulsse d'étalonnage
Servizio swizzero i taretura

5 Swiss Callbration Service

Accreditation Mo.: SCS 108

Thee Swiss Accreditation Service is one of the signetories 1o the EA
Multiladeral Agreement for the recognition of calibration certificates

ctiet CCS-CH (Auden)

Cortificats No: D 900V2-5d136 Juli3

|CALIBRATION CERTIFICATE

| Crbjmc 1800V2 - 5N: 5d136

I
| Calbration procadurais) A CAL-05 v

Calibration procadure for dipola validation kits above 700 MHz

Calbyration dale: July 22, 2013

This calbration cestificate documanis tha tracasbiity o national standards, which realize the physical urits of measurements (S0),
The meaguréments and tha unoertzemies with confidence probatiity ara givan on e following peges and are pad of e seificabs.

Al calibrations have been condusted in tha closed laboratary facilty: environmant temperatura (22 « 31°C and hiimadity = 70%.

| Galipration Equipmeant used (METE crilical for calitration)

Cal Dats (Carificals MNa.)

Soheduled Callbmsion

| Primary Btandards J1o ¥
| Powar mater EPM-#42 GBEIT4R074
Powar sangor HP 34814 US3TEaETaS
| Referenos 20 di éfenumior S 50GE (20k)
| Type-M mismateh cosnbination S RO4ATS 32T
Refananca Probe ES30VE Skt 3206
LIAes bt S R |
Sacondary Stendards [ oF
Fawar sensor HF 34814, MY410E9E3 T
AF genenaior A&S SMT-06 10000
Metwark Anatyzar HP B753E UEATE05A5 S4206
Mama
Calibrated by: Jalon Kasirali
Approvad by Fafje Pokovic

01 -Men-12 {Ma, 21 7-01640)
01 -Non-12 [Ma. 217-018400)
Da=Apr-13 (Mo, 217-01736)
O4-Apr-13 (M. 217-01738)
20.Da0.12 (Mo, ES3.5008_Dact)
25-Ape-13 {Me. DAE4-BH _Aprid)

Gheck Dats (in houss)

18-Dcl-02 (in house check Oel-11)
04=A0xg-838 {in houss check Oct=11)
1800 |In hiouse chisck Lct-12)

Fumelion

Laburanq,rTsl:hpi:iEn— — __'i: il E eeoiLLsl

Technical Manager

This. calibration cerilicats shall ol be reproduced except infull without witter approval of the laborahory,

Ot 3
L8 B
Apr-14.
Apr-14
as-13
Apr-14

Schedulad Chack

In house chedk: Oct-13
In house check: Oci-13
In hoidse check: Oci-13

Slgrature

| - .__,.:"_._,3___,.-__..
___.;_-F'b:.:-'" £ ="
F oo

lsguedt July 22, 2013

Codificate Mo D1900V2-5d136_Jun3
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Calibration Laboratory of
Schmid & Pariner
Engineering AG

Zoughausstrasse 43, B004 Zwrich, Swilzerland

§ Schweizerischer Kalibrierdienst

c Sgrvice SU|sae d'é‘talnrlrlage
Servizio svizzero dl taratura

S  swiss Cailbration Sarvice

Accredised by the Swiss Accredialion Senice (SAS) Accreditation Ho.:. SCS 108
The Swiss Accreditation Service Is one of the signaiories o the EA

Multilateral Agresment for the recognition of calibration certificates

Glossary:

TSL tissue simulating licuid

ConvF sensitivity in TSL / NORM x,y.z

M/A not applicable or not measured

Calibration is Performed According to the Following Standards:

a) IEEE Std 1528-2003, “IEEE Recommended Practice for Determining the Peak Spatial-
Averaged Specific Absorption Rate (SAR) in the Human Head from Wireless
Communications Devices: Measurement Techniques®, December 2003

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

g} Federal Communications Commission Office of Engineering & Technology (FCC OET),
“Evaluating Compliance with FCC Guidelines for Human Exposure o Radiofrequency
Electromagnetic Fields; Additional Information for Evaluating Compliance of Mobile and
Fortable Devicas with FCC Limits for Human Exposure to Radiofrequency Emissions”,
Supplement C {Edition 01-01) to Bulletin 65

Additional Documentation:
d) DASY4/S System Handbook

Methods Applied and Interpretation of Parameters:

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

e Antenna Parameters with TSL: The dipole s 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
measurament at the SMA connector to the feed point. The Return Loss ensures low
reflected powear. No uncerainty required.

= Elechical Delay! One-way delay belween e SMA vonmecior and Whe antenng fzed point.
Mo uncertainty required.

SAR measured: SAR measured at the stated antenna input powaer.
SAR normalized: SAR as measured, normmalized to an input power of 1 W at the antenna
connecior.

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

The reported uncertainty of measurement is stated as the standard uncertainty of measurement

multiphed by the coverage factor k=2, which for a normal distribution corresponds to a coverage
probability of approximately 95%.

Cartificate Mo D1800VE-5d135_Jul13 Fage 2 of 8
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Measurement Conditions
DASY system configuralion, as far as not given on page 1. A
DASY Version DASYS VE2B8.7
| Extrapalation Advanced Exiragalation
Phantom Micciudar Flat Phantom
| Distance Dipale Center - TSL 10 min m’ti‘n .Spnner
Zoom Eclu.n Resolutlon dhe, dy, dz =5 mm |
| Frequancy 1800 MHz = 1 MHz
Head TSL parameters
The following pararmalers and caleulations ware applied.
Temperature Permittivity Conductivity
Mominal Head TSL parameters 220G 40.0 1.40 mhodm
Measured Head TSL parameters (220 +0,2)°C WS =6% 1.36 mho/m £ 6 %
Head TSL temperature change during test <05°C | —
SAR result with Head TSL
SAR averaged over 1 em” {1 g} of Head TSL Conditicn
SAR rosasLneg 250 MW Inpul powes 0.0 Wikg
5AR for nominal Head TSL pararmateis nommalizad 1..:| 1'|.":' 40.4 Wikg + 17.0 % (k=2)
_Sl_!uFl averaged over 10 cm® (10 ) of Head TSL condithomn
SaR Haaaurad 250 mwW Enpul.puw 5.28 Wikg
SAH tor nominal Head TSL parameters nomalized to 1% 21.3 Wikg + 16.5 % (k=2) 1

Body TSL parameters
The following parameters and calculations wers applisd.
Temperature Parmmiltivity Conductivity
Mominal Body TSL parameters 22.0°C B33 1.52 mho/m
Mieasured Body T_EI-L paramebers 1220 0.2 *C 834 =68% 1.48 rmiba'm + 6 %%
Body TSL temperature change during test < L5 °C o
SAR result with Body TSL
SAR averaged over 1 em® {1 g) of Body TSL Condition
SAR massured 250 ' ingul prower 10.0 Wikg

| ZAR lor norminal Body TSL parameters

normalizad to 1W

40.5 Wikg = 17.0 % (k=2)

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

candition

SAR maasured

I —

250 m'l.l'l' inprt power

5.37 Wkg

SAR for nominal Body TSL parametars

normallzed to 1W

21.6 Wikg = 15.5 % (k=2)

Cadilicata Mo: D1800V2-54136_kil13
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Appandix
Antenna Parameters with Head TSL
Impedance, ransionmed to fead poin 290+ T2
RAstum Loss -2254d8

Antenna Parameters with Body TSL

Impedancs, transformed to fead point

47.7 L2+ 7.3 |2

Fedurn Loss =221 dB
General Antenna Parameters and Design
Elecdrical Dalay (one dinsction) 1.203 ns

Aftar bong termn uge with 1008 radiated power, only a slight warming of the dipole near the lesdpaoint can be measurad

The dipole is rade ol stendard semingid coaxial cable. The center conductor of the leading line is direstly connected to the
second arm of the dipole. The antenna |s theralore shost-circuited for DC-signals, On some of the dipolea, small end caps
are added to the dipole asme In order 1o mprove matching when loaded according to the poeition as exptained In the
"Measuremant Conditiona” paragraph. The SAR data are not affected by this change. The overall dipole length is stil

according to the Standard.

Mo excessive foree must be applied & the dipole arrmes, becauss they might bend or the soldered connections near the

Teedpoint may be damaged.

Additional EUT Data

Ranuiactiired by

Manuiaciured on

SPEAL

April 14, 2010

Carificata Mo: 01800V2-5d136_Jul13 Fage 4 of &
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DASYS5 Validation Report for Head TSL

Date: 22.07.2013
Test Laboratory: SPEAG. Zurich, Switzerland
DUT: Dipole 1994 MHz; Type: D190V Serial: D190V - SN: 54136

Communication System: UTD 0 - CW ; Frequenacy: 1900 MHz

Medium parameters used; f = 1900 MHz; o = 1.36 S/m; & = 38.9; p = 1000 kg/m’
Phantom section: Flat Section

Measurement Standard: DASY 3 (IEEE/IEC/ANST C63. 10-2007)

DASYS2 Configuration:
s Probe: ESADV3 - SN3205; ConvF(4.98, 4.98, 4.98); Calibrated: 28.12.2012;
»  Sensor-Surface: 3mm (Mechanical Surface Detection)

s+ Fleciromics: DAE4 Snt];, Calibrated: 25.04.2013

* Phantom: Flat Phantom 5.0 (front); Type: QDOOOPS0AA; Serial: 1001
« DASY5252.8.7(1137); SEMCAD X 14.6.10(7164)

Dipole Calibration for Head Tissue/Pin=250 mW, d=10mm/Zoom Scan (7x7x7¥Cube 0:
Measurement grid: dx=5mm, dy=5mm, dz=3mm

Reference Value = 95 803 V/m; Power Dnft =0.03 dB

Peak SAR {(extrapolated) = 18.1 W/kg

SAR(E g)= 10 W/kg; SAR(10 g) = 5.29 W/kg

Maximum value of SAR (measured) = 12,4 Wikg

=15.00
=20.00

-25.00

0dB = 12.4 Wikg = 10.93 dBW/kg

Cartficate Mo: D19D0W2-54136_Jul13 Page 5 of 8
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Impedance Measurement Plot for Head TSL

22 Jul ZMz 11:38:3S8
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DASYS5 Validation Report for Body TSL

Date: 22072013
Test Laboratory: SPEAG, Furich, Switzerland
DUT: Dipole 1900 MHz; Type: D1900V2; Serial: D1900V2 - SN: 5d136

Communication System: UID 0 - CW ; Frequency: 1900 MHz

Medium parameters used: f = 1900 MHz; o = 1.49 S/m; & = 53.4; p = 1000 kg/m’
Phantom section: Flat Section

Measurcment Standard: DASYS (IEEE/IEC/ANSI C63.19-2007)

DASYS52 Configuration:
= Probe: ES3DV3 - SN3205: ConvFi4.6, 4.6, 4.6); Calibrated: 28.12.2012:
= Sensor-Surface: 3mm (Mechanical Surface Detection)
= Electronics: DAE4 Sn601; Calibrated: 25.04.2013
« Phantom: Flat Phantom 5.0 (back); Type: QDO0DPS0AA; Serial: 1002
s DASYS2 52871137y SEMCAD X 14.6.10(7164)

Dipole Calibration for Body Tissue/Pin=250 mW, d=10mm/Zoom Scan (7x7x7)/Cube 0:
Measurement grid: dx=5mm, dy=3mm, de=5mm

Reference Value = 95,803 V/m; Power Drift = 0.00 dB

Peak SAR (extrapolated) = 17.0 Wikg

SAR(1 g) = 10 W/kg; SAR(10 g) = 5.37 W/kg

Magimum value of SAR (measured) = 12.5 Wikg

0dB = 12.5 Wikg = 10.97 dBW/kg

Carlificate Mo; 01900V2-50135_Jul13 Fage 7 of &
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Impedance Measurement Plot for Body TSL

22 WJul 2843 14:3dc@
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D1900V2,Serial No.5d136 Extended Dipole Calibrations

Per KDB 865664 DO01,if dipoles are verified in return loss(<-20dB,within 20% of prior calibration),and in
impedance (within 5 ohm of prior calibration),the annual calibration is not necessary and the calibration
interval can be extended.

Justification of the extended calibration

D1900V2 Serial N0.5d136
1900 Head
Real Imaginary
Date of Return-Loss | Delta Delta Delta
Measurement (dB) (%) Impedance (ohm) mpedance (ohm)
(ohm) (ohm)
7.22.2013 -22.471 - 52.887 - 7.2031 -
7.21.2014 -23.930 6.49 51.667 1.22 6.2513 0.9518
D1900V2 Serial N0.5d136
1900 Body
Real Imaginary
Date of Return-Loss | Delta Delta Delta
Measurement (dB) (%) Impedance (ohm) mpedance (ohm)
(ohm) (ohm)
7.22.2013 -22.094 - 47.693 - 7.3418 -
7.21.2014 -22.704 2.76 47.761 0.068 6.8096 0.5322

The return loss is < -20dB, within 20% of prior calibration; the impedance is within

calibration. Therefore the verification result should support extended calibration.

Page 21 of 53
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Dipole Verification Data D1900V2 Serial No.5d136

1900MHz-Head

1 Active ChfTrace 2 Response 3 Stimulus 4 MkrfAnalysis 5 Instr State

1 Active ChjTrace 2 Response 3 Stimulus

4 Mirfanalysis 5 Instr State

1 Active ChfTrace 2 Response 3 Stimulus 4 MkrfAnalysis 5 Instr State

1 Active Ch/Trace ZResponse 3 Stimulus 4 Mkr/Analysis 5 Instr Skate
[F1 De1] (1] th 2

U [FL ]

Log Mag

Phase

Group Delay

Polar

Lin Mag

SR,

Real

Imaginary
[1 Start 1.7 GHz

IFBW 70 kHz Stop 2.1 GHz [E01 (4[1 Start 1.7 GHz IFB 70 kHz Stop 2.1 GHz [
‘. [ 21 10
1900MHz-Body

Page 22 of 53
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Per KDB 865664 DO01,if dipoles are verified in return loss(<-20dB,within 20% of prior calibration),and in
impedance (within 5 ohm of prior calibration),the annual calibration is not necessary and the calibration
interval can be extended.

Justification of the extended calibration

D1900V2 Serial No.5d136
1900 Head
Real Imaginary
Date of Return-Loss | Delta Delta Delta
Measurement (dB) (%) Impedance (ohm) mpedance (ohm)
(ohm) (ohm)
7.22.2013 -22.471 - 52.887 - 7.2031 -
7.21.2014 -23.930 6.49 51.667 1.22 6.2513 0.9518
7.20.2015 -24.627 2.913 52.869 1.202 5.333 0.9183
D1900V2 Serial No.5d136
1900 Body
Real Imaginary
Date of Return-Loss | Delta Delta Delta
Measurement (dB) (%) Impedance (ohm) mpedance (ohm)
(ohm) (ohm)
7.22.2013 -22.094 - 47.693 - 7.3418 -
7.21.2014 -22.704 2.76 47.761 0.068 6.8096 0.5322
7.20.2015 -22.731 0.119 48.021 0.260 6.8866 0.077

The return loss is < -20dB, within 20% of prior calibration; the impedance is within

calibration. Therefore the verification result should support extended calibration.

Page 23 of 53
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Dipole Verification Data D1900V2 Serial N0.5d136
1900MHz -Head

1 Active ChjTrace 2 Response 3 Stimulus 4 Mkrfanalysis S Instr State 1 Active ChiTrace 2 Response 3 Stimulus 4 Mkrfanalysis 5 Instr State
[Yrri] fag 1 f 0.000d8 [F1 Del] [JT1] 1th g 1.000U [F1

40,00

10.00

-10.00

-40.00

IFBW 70 kHz Stop 2.1 GHz [EF4[1 |1 Start 1.7 GHz IFEW 70 kHz Stop 2.1 GHz

1 Active ChjTrace 2 Response 3 Stimulus 4 MhkrfAnalysis 5 Inskr State

1.000U [FL Dell

Start 1.7 GHz IFEW 70 kHz Stop 2.1 GHz | |7 start 1.7 GHe TFRIN 70 ke
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Calibration Laboratory of
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Calibration Laboratory of

r g Schwalzeriszhar Kalibrierdisnst
Schmid & Partner g Service suisse détalonnags
EI‘IQiHEE ring AG T Servizio svizzero di tareture
Zaughaussirsass 43, 5004 Zurich, Switzerand %{fﬂ?}? 8 suiss Calibration Servics
Tlag] i
Aceradited by the Swiss Accredlation Sanice (SAS) Accrediation Me., SCS 108

The Swiss Acoroditstion Service i ane of e signatories to the EA
Bultikaberal Agreement for the recagniiion of callbration cerificales

Glossary:

TSL tissue simulating liquid

ConvF sensitivity in TSL / NORM x,y,z
MIA not applicable or not measured

Calibration is Performed According to the Following Standards:

aj

b)

c)

IEEE Std 1528-2003, *|IEEE Recommended Practice for Determining the Peak Spatial-
Averaged Specific Absorption Rate (SAR) in the Human Head from Wireless
Communications Devices: Measurement Techniques®, December 2003

IEC 62208-1, "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

Federal Communications Commission Office of Enginearing & Technology (FCC OET),
“Evaluating Compliance with FCC Guidelines for Human Exposure to Radiofrequency
Electromagnetic Fields; Additional Information for Evaluating Compliance of Mobile and
Fortable Davicas with FCC Limits for Human Exposure to Radiofrequency Emissions”,
Supplement C (Edition 01-01) to Bulletin 65

Additional Documentation:

d)

DASYA/E System Handbook

Methods Applied and Interpretation of Parameters:

Measuremeant Conditions: Further details are available from the Validation Report at the end
of the certificate. All figuras 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 centar marking of the flat phantom section, with the arme oriented
parallel to the body axis.

Feed Point impedatice and Retum Loss: These parameters are measured with the dipole
positioned under the liguid filled phantom. The impedance stated is transformed from the
measurament at the SMA connactor to the feed point. Tha Return Loss ensures low
reflected power. Mo uncertainty required.

Efectrical Dalay: One=way delay betweean the SMA connector and the antenna feed point.
Mo 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
connectar,

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%.

Cartfficats No: D2450W2-817_Jul13 Page 2 of &
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Measurement Conditions

DASY systemn cordiguration, a5 far as not given on page 1

DASY Version DASYE VR AT
Extrapolation Advanced Extrapalation
Phantom Medular Fiat Phantom
Distance Dipole Center - TSL 10 mm with Spacer
Zoom Scan Resolution dx, dy, dz =5 mm
Fregquency 2450 MHz = 1 MHz
Head TSL parameters
Th Iollowing parameters and calculations were applisd,
Temperature Parmitt/vity Conductivity
Nominal Head TSL parameters 2200 gz 1.80 mhodm
Measurad I'Iuﬂ.d '!'EL parameters (220 0.2 "G AT ELE% 181 mho'm=& Sk
Head TSL temperature change during test <0.6°C =
SAR result with Head TSL
SAR averaged over 1 em® (1 g) of Head TSL Coandition
SAR measurad 250 mW inpai power 13.3 Wikg
EH for nomenal Head TSL paramaions marmalized to 1W 52.6 Wikg = 17.0 % (k=2)
SAR averaged aver 10 em® (10 g} of Head TSL condition
SAR measured 250 mW inpast powar 5.18 Wrieg
SAR for nominal Heao TSL paramatons norfmalized o 1W 24.5 Wy + 16.5 % (k=2
Body TSL parameters
Mhe following pararmatars and calculations wers spplisd.
Temperatura Permiithity Canductivity
Mominal Body TSL parameters 2.0 a7 1.898 mhoim
| Measured Body TSL paramoters (22002 °C E0.526% 2,01 miho/m + & %
EBody TSL temperature change during test < .50
SAR result with Body TSL
EAR sveraged over 1 em” (1 g) of Body TSL Condition
SAR measured 250 mW npull povwar 128 Wiky
SAR for norminal Body TSL paramaters normalized to 19 45.2 Wikg = 17.0 % (k=2)
SAR averaged over 10 em” (10 g) of Body TSL | condtion
‘SAR measured 250 W Input power .87 Wy
SAR for nominal Body TSL paramatars | mormalized to 1W 23.1 Wikg = 16.5 % [k=2)

Cerllicate Mo: D245002-B17 _Jul13
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Appendix

Antenna Parameters with Head TSL
Impedance, fransformasd to feed point S3EQ+29(0
Réturn Loss =271 dB

Antenna Parameters with Body TSL

Impedance, transformed 1o feed point 48.7 02 +4.5 [0}

Retum Loss - 27.0dB

General Antenna Parameters and Design

| Erectrical Detay (one diraction) 1.158 ns

Aftar long term use with 100 radiated power, only & slight warming of the dipole near the feedpoint can be meaasuned.

The dipols is made of standard samirigid coaxial cable. The center conductor of the faeding line ks directly connectad 10 the
satond arm of the dipole. Tha antenna is thersfore shaort-circuited for DC-signals. On some of the dipoles, small end caps
are addad to the dipale arms in ardar o improve matching when loaded acconding to the position as explained in the
‘Measurement Condilians® paragraph, The SAR data are not affected by this changs. The overall dipole length is =l
according o tha Standard.

[¥o excessive force musat be applied 10 the dipole ams, because they might bend or the soldered conmneclions nesar The
feadpaint may be damaged.

Additional EUT Data
1
Manufactured by SPEAG
Manutactured on Ociober 23, 2007

Certilicate Mo: DR450W2-817_Jul3 Page 4 of 8
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DASYS Validation Report for Head TSL

Date: 31.07.2013
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 2450 MHz; Type: D2450V2; Serial: D2450V2 - 5N: 817

Communication System: UID 0 - CW: Frequency: 2450 MHz

Medium parameters used: f = 2450 MHz; o = 1.81 5/m; & = 37.8; p = 1000 kg/m’
Phantom section; Flat Section

Measurement Standard: DASY S (IEEEMEC/ANST CG3.19-2007)

DASYS2 Configuration:
«  Probe; ES3DV3 - SN3205; ConvF{4.52, 4,52, 4.52% Calibrated: 28.12.2012;
= Sensor-Surface: 3mm (Mechanical Surface Detection)
# Elecironics: DAE4 5n601; Calibrated; 25.04.2013
» Phantom: Flat Phantom 5.0 {froni); Type: QDOO0PS0AA; Seral: 1001
« DASYS2STETL13TY SEMCAD X 14.6.1007164)

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

Reference Valoe = 99. 78] Vim; Power Drift = 0.06 dB

Peak SAR (extrapolated) = 27.7 Wike

SAR(] g) = 13.3 W/kg; SAR(10 g) = 6.18 Wikg

Muximum value of SAR (measured) = 16.8 Wikg

-14.40

10,29

-24.0

DdB = 168 Wikg = 12.25 dBW/kg

Certificates Mo: D245002-817_Jul3 Page Hafd
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Impedance Weasurement Plot for Head TSL
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DASYS Validation Report for Body TSL

Date: 31.07.2013
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 2450 MHz; Type: D2450V2; Serial: DZ450V2 - SN: 517

Communication System: UID 0 - CW; Frequency: 2450 MHz

Medium parameters used: f = 2450 MHz; o = 2.01 8/m; & = 50.5: p = 1000 kg/m’
Phantom section: Flat Section

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

DASY 52 Configuration:
= Probe: ES3DV3 - SN3205; ConvFi(4.42, 442, 4.42); Calibrated: 2812 2012,
o Sensor-Surface: 3mm (Mechanical Surface Detection)
»  Electronics: DAES Sn601; Calibrated: 25.04.2013
«  Phantom: Flat Phantom 5.0 (back); Type: QDOOOPS0AA; Serial: 1002
e DASYS252.87(1137) SEMCAD X 14.6.1T164)

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

Reference Value = 94,131 Vm; Power Daft =0.06 dB

Peak SAR (extrapolated) = 26.3 Wikg

SAR(1 g) = 12.6 W/kg: SAR(10 g) = 5.87 W/kg

Maximum value of SAR (measured) = 16,7 Wikg

-24.08

0dB = 16.7 Wike = 12.23 dBWikg

Carlificata Mo, D245002-817_Juli3 Fage 7ol B




=I5 <= Compliance Certification Services Inc.

Date of Issue: June 15, 2016

Report No

.. C160520S02-SF

impedance Measurement Plot for Body TSL
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D2450V2, Serial No.817 Extended Dipole Calibrations

Per IEEE Std 1528-2003,the dipole should have a return loss better than -20dB at the test frequency to
reduce uncertainty in the power measurement.

Per KDB 865664 DO01,if dipoles are verified in return loss(<-20dB,within 20% of prior calibration),and in
impedance (within 5 ohm of prior calibration),the annual calibration is not necessary and the calibration
interval can be extended.

Justification of the extended calibration

D2450V2 Serial No.817
2450 Head
Real Imaginary
Date of Return-Loss Delta Delta Delta
Measurement (dB) (%) Impedance (ohm) Impedance (ohm)
(ohm) (ohm)
7.31.2013 -27.140 -- 53.512 -- 2.897 --
7.30.2014 -26.620 1.92 52.828 0.684 3.898 0.911
D2450V2 Serial No.817
2450 Body
Real Imaginary
Date of Return-Loss Delta Delta Delta
Measurement (dB) (%) Impedance (ohm) mpedance (ohm)
(ohm) (ohm)
7.31.2013 -26.968 -- 49,723 -- 4.465 --
7.30.2014 -25.469 5.56 49.237 0.486 5.234 0.769

The return loss is < -20dB, within 20% of prior calibration; the impedance is within 5 ohm of prior
calibration. Therefore the verification result should support extended calibration.

Page 33 of 53
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Dipole Verification Data D2450V2 Serial N0.817
2450 MHz-Head

1 Active ChiTrace 2 Response 3 Stimulus 4 Mhkrfanalysis

5 Instr State

1 Active ChjTrace 2 Response 3 Stimulus 4 Mkrfanalysis 5 Instr State

Screen Image...

ESO91A Setup

Mist Setup

EBiacklight
ON

Firmware
Revision

Service Menu

Exit.
4 Return
hd
1 Stan 2,25 GHz IFBW 70 kHz Stop 2,65 GHz | (1 Stan 2,25 GHz IFBW 70 kHz Srop 2,65 5Hz [
2450 MHz-Body
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Per IEEE Std 1528-2003,the dipole should have a return loss better than -20dB at the test frequency to
reduce uncertainty in the power measurement.

Per KDB 865664 DO01,if dipoles are verified in return loss(<-20dB,within 20% of prior calibration),and in
impedance (within 5 ohm of prior calibration),the annual calibration is not necessary and the calibration
interval can be extended.

Justification of the extended calibration

D2450V2 Serial N0.817
2450 Head
Real Imaginary
Date of Return-Loss | Delta Delta Delta
Measurement (dB) (%) Impedance (ohm) mpedance (ohm)
(ohm) (ohm)
7.31.2013 -27.140 - 53.512 - 2.897 -
7.30.2014 -26.620 1.92 52.828 0.684 3.898 0.911
7.29.2015 -25.93 2.59 53.086 0.258 4.095 0.197
D2450V2 Serial N0.817
2450 Body
Real Imaginary
Date of Return-Loss | Delta Delta Delta
Measurement (dB) (%) Impedance (ohm) mpedance (ohm)
(ohm) (ohm)
7.31.2013 -26.968 - 49.723 - 4.465 -
7.30.2014 -25.469 5.56 49.237 0.486 5.234 0.769
7.29.2015 -25.139 1.30 49.31 0.073 5.419 0.185

The return loss is < -20dB, within 20% of prior calibration; the impedance is within 5 ohm of prior

calibration. Therefore the verification result should support extended calibration.
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Dipole Verification Data D2450V2 Serial No.817
2450 MHz-Head
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IMPORTANT NOTICE

USAGE OF THE DAE 4

The DAE unit is a delicate, high precision instrument and requires careful treatment by the user. There are no
serviceable parts inside the DAE. Special attention shall be given to the following points:

Battery Exchange: The battery cover of the DAE4 unit is closed using a screw, over tightening the screw may
cause the threads inside the DAE to wear out.

Shipping of the DAE: Before shipping the DAE to SPEAG for calibration, remove the batteries and pack the
DAE in an antistatic bag. This antistatic bag shall then be packed into a larger box or container which protects the
DAE from impacts during transportation. The package shall be marked to indicate that a fragile instrument is
inside.

E-Stop Failures: Touch detection may be malfunctioning due to broken magnets in the E-stop. Rough handling
of the E-stop may lead to damage of these magnets. Touch and collision errors are often caused by dust and dirt
accumulated in the E-sstop. To prevent E-stop failure, the customer shall always mount the probe to the DAE
carefully and keep the DAE unit in a non-dusty environment if not used for measurements.

Repair: Minor repairs 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 defect.

DASY Configuration Files: Since the exact values of the DAE input resistances, as measured during the
calibration procedure of a DAE unit, are not used by the DASY software, a nominal value of 200 MOhm is given
in the corresponding configuration file.

Important Note:
Warranty and calibration 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 Engineering

TN_BR040315AD DAE4.doc 11.12.2009
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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

Client CCS - CN (Auden) Certificate No: DAE4-1245_Jul15
CALIBRATION CERTIFICATE

Object DAE4 - SD 000 D04 BM - SN: 1245

Calibration procedure(s) QA CAL-06.v29
Calibration procedure for the data acquisition electronics (DAE)

Calibration date: July 22, 2015

This calibration certificate documents the traceability to national standards, which realize the physical units of measurements (SI)
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 1D # Cal Date (Certificate No.) Scheduled Calibration

Keithley Multimeter Type 2001 SN: 0810278 03-Oct-14 (No:15573) Oct-15

Secondary Standards D # Check Date (in house) Scheduled Check

Auto DAE Calibration Unit SE UWS 053 AA 1001 06-Jan-15 (in house check) In house check: Jan-16
Calibrator Box V2.1 SE UMS 006 AA 1002 06-Jan-15 (in house check) In house check: Jan-16

Name Function Signature
Calibrated by: Eric Hainfeld Technician — - =
]

Approved by: Fin Bomholt Deputy Technical Manager [

UR-RIINE

Issued: July 22, 2015

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

Certificate No: DAE4-1245_Jul15 Page 1 of 5
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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
e 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.

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

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

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

e 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.

o Input Offset Current: Typical value for information; Maximum channel input offset
current, not considering the input resistance.

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

e 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.

Certificate No: DAE4-1245_Jul15 Page 2 of 5
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DC Voltage Measurement
A/D - Converter Resolution nominal
High Range: 1LSB = 6.1uV, fullrange = -100...+300 mV
Low Range: ILSB = 61nV, full range= -1....... +3mV
DASY measurement parameters: Auto Zero Time: 3 sec; Measuring time: 3 sec

Calibration Factors X ¥ Z
High Range 405.968 *+ 0.02% (k=2) | 404.691 £ 0.02% (k=2) | 405.828 £ 0.02% (k=2)
Low Range 4.00326 + 1.50% (k=2) | 3.98439 + 1.50% (k=2) | 4.02655 £ 1.50% (k=2)

Connector Angle

Connector Angle to be used in DASY system 285°+1°

Cantificate No: DAEA.1945 ]
rtificate No: DAE4-1245_,

—ertica Ui
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Appendix (Additional assessments outside the scope of SCS0108)

1. DC Voltage Linearity

High Range Reading (pV) Difference (uV) Error (%)
Channel X + Input 200028.69 -6.39 -0.00
Channel X + Input 20006.54 1.92 0.01
Channel X - Input -20003.38 1.71 -0.01
Channel Y + Input 200030.86 -3.89 -0.00
Channel Y + Input 20003.32 -1.15 -0.01
Channel Y - Input -20004.69 0.56 -0.00
Channel Z + Input 200028.63 -11.14 -0.01
Channel Z + Input 20003.37 -0.96 -0.00
Channel Z - Input -20004.54 0.81 -0.00
Low Range Reading (pV) Difference (pV) Error (%)
Channel X + Input 2000.94 0.10 0.01
Channel X + Input 200.71 -0.31 -0.15
Channel X - Input -199.09 -0.05 0.03
Channel Y + Input 2000.77 -0.04 -0.00
Channel Y + Input 200.24 -0.79 -0.39
Channel Y - Input -199.48 -0.35 0.18
Channel Z + Input 2001.26 0.43 0.02
Channel Z + Input 199.86 -1.00 -0.50
Channel Z - Input -201.97 -2.76 1.38
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 (pV)
Channel X 200 -7.52 -8.59
- 200 10.21 8.63
Channel Y 200 -7.45 -7.28
- 200 6.40 6.24
Channel Z 200 -5.86 -6.35
- 200 4.39 3.77

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

Input Voltage (mV)

Channel X (nV)

Channel Y (uV)

Channel Z (pV)

Channel X 200 - 3.60 -3.27
Channel Y 200 9.38 - 3.62
Channel Z 200 9.93 6.83 -
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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 15877 17010
Channel Y 16451 16190
Channel Z 15943 17349

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) | S'%" '(3:\}’;""“”
Channel X 1.17 -0.54 2.46 0.56
Channel Y 0.34 -0.62 1.45 0.44
Channel Z -0.68 1.73 0.92 0.51

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 (+ Vee) +7.9

Supply (- Vec) -7.6

9. Power Consumption (Typical values for information)
Typical values

Switched off (mA) | Stand by (mA)

Transmitting (mA)
Supply (+ Vcc) +0.01 +6 +14
Supply (- Vec) -0.01 -8 -9
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ciient ~ CCS-CN (Auden) Certificate No: EX3-3798_Jul15

CALIBRATION CERTIFICATE

Object EX3DV4 - SN:3798

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: July 24, 2015

This calibration certificate documents the traceability to national standards, which realize the physical units of measurements (SI).
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 D Cal Date (Certificate No.) Scheduled Calibration
Power meter E4419B GB41293874 01-Apr-15 (No. 217-02128) Mar-16
Power sensor E4412A MY41498087 01-Apr-15 (No. 217-02128) Mar-16
Reference 3 dB Attenuator SN: 85054 (3c) 01-Apr-15 (No. 217-02129) Mar-16
Reference 20 dB Attenuator SN: §5277 (20x) 01-Apr-15 (No. 217-02132) Mar-16
Reference 30 dB Attenuator SN: §5129 (30b) 01-Apr-15 (No. 217-02133) Mar-16
Reference Probe ES3DV2 SN: 3013 30-Dec-14 (No. ES3-3013_Dec14) Dec-15
DAE4 SN: 660 14-Jan-15 (No. DAE4-660_Jan15) Jan-16
Secondary Standards D Check Date (in house) Scheduled Check
RF generator HP 8648C US3642U01700 4-Aug-99 (in house check Apr-13) In house check: Apr-16
Network Analyzer HP 8753E US37390585 18-Oct-01 (in house check Oct-14) In house check: Oct-15

Name Function Signature |
Calibrated by: Claudio Leubler Laboratory Technician | Fam

A

Approved by: Katja Pokovic Technical Manager

Issued: July 24, 2015

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

Certificate No: EX3-3798_Jul15 Page 1 of 11
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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,C,D modulation dependent linearization parameters

Polarization ¢ ¢ rotation around probe axis

Polarization 9 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) |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) 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 § = 0 (f < 900 MHz in TEM-cell; f > 1800 MHz: R22 waveguide).
NORMAX,y,z are only intermediate values, i.e., the uncertainties of NORMYx,y,z does not affect the E*-field
uncertainty inside TSL (see below ConvF).

o NORM(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 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.

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

e Axy.z: Bxy,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.

s 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.

e 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: EX3-3798_Jul15 Page 2 of 11
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EX3DV4 — SN:3798 July 24, 2015

Probe EX3DV4

SN:3798

Manufactured:  April 5, 2011
Calibrated: July 24, 2015

Calibrated for DASY/EASY Systems

(Note: non-compatible with DASY2 system!)
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EX3DV4- SN:3798 July 24, 2015

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3798

Basic Calibration Parameters

Sensor X Sensor Y Sensor Z Unc (k=2)
Norm (uV/(Vim)™)* 0.54 0.51 0.59 +10.1%
DCP (mV)" 101.3 100.9 102.8
Modulation Calibration Parameters
uID Communication System Name A B c D VR Unct
dB dBvVuv dB mV (k=2)
0 cw X 0.0 0.0 1.0 0.00 | 1404 | #35%
Y 0.0 0.0 1.0 136.3
I 0.0 0.0 1.0 128.7

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).

B 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: EX3-3798_Jul15 Page 4 of 11
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EX3DV4- SN:3798

Calibration Parameter Determined in Head Tissue Simulating Media

July 24, 2015

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3798

Relative Conductivity Depth © Unc

f(MHz)® | Permittivity " (tm)F ConvF X | ConvFY | ConvFZ | Alpha®| (mm) (k=2)
835 41.5 0.90 9.13 9.13 9.13 0.38 0.97 +12.0%
900 41.5 0.97 8.88 8.88 8.88 0.23 1.50 +12.0%
1810 40.0 1.40 7.68 7.68 7.68 0.38 0.80 +12.0%
1900 40.0 1.40 7.63 7.63 7.63 0.42 0.81 +12.0 %
2450 39.2 1.80 6.97 6.97 6.97 0.36 0.84 +12.0%
5200 36.0 4.66 5.08 5.08 5.08 0.35 1.80 +13.1%
5300 35.9 4.76 4.84 4.84 4.84 0.35 1.80 £13.1%
5500 35.6 4.96 4.81 4.81 4.81 0.35 1.80 +13.1%
5600 35.5 5.07 4.59 4.59 4.59 0.40 1.80 +13.1%
5800 35.3 5.27 4.67 4.67 4.67 [ 0.40 f 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 (¢ 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 ) 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: EX3-3798_Jul15
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EX3DV4- SN:3798 July 24, 2015

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3798

Calibration Parameter Determined in Body Tissue Simulating Media

Relative Conductivity [ Depth® Unc
f (MHz) Permittivity " (Sim)" ConvF X | ConvFY | ConvFZ | Alpha® (mm) (k=2)
835 55.2 0.97 8.87 8.87 8.87 0.30 1.10 +12.0%
900 55.0 1.05 8.59 8.59 8.59 0.29 1:44 +12.0%
1810 53.3 1.52 7.40 7.40 7.40 0.39 0.81 +12.0%
1900 53.3 1.52 7.29 7.29 7.29 0.30 0.96 +12.0 %
2450 52.7 1.95 7.08 7.08 7.08 0.25 0.80 +12.0%
5200 49.0 5.30 4.64 4.64 4.64 0.40 1.90 +13.1%
5300 48.9 5.42 4.42 4.42 4.42 0.40 1.90 +131 %
5500 48.6 5.65 4.01 4.01 4.01 0.50 1.90 +131 %
5600 48.5 5.77 3.90 3.90 3.90 0.50 1.90 +131%
5800 48.2 6.00 4.16 4.16 4.16 0.50 1.90 £ 1341 %J

© 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 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.

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.

Certificate No: EX3-3798_Jul15 Page 6 of 11
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EX3DV4- SN:3798 July 24, 2015

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

Frequency response (normalized)
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Uncertainty of Frequency Response of E-field: * 6.3% (k=2)
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EX3DV4- SN:3798

Tot

Receiving Pattern (¢), 3 = 0°

=600 MHz, TEM f=1800 MHz,R22

July 24, 2015
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Uncertainty of Linearity Assessment: £ 0.6% (k=2)
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Conversion Factor Assessment
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Uncertainty of Spherical Isotropy Assessment: £ 2.6% (k=2)
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DASY/EASY - Parameters of Probe: EX3DV4 - SN:3798

Other Probe Parameters

Sensor Arrangement | Triangular
Connector Angle (°) | 140.3 ;
“Mechanical Surface Detection Mode I enabled |
Optical Surface Detection Mode o ' ' ml
| Probe Overall Length ; 337 mm |
i[ Probe Body Diameter : 10 mm l
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
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