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Calibration Laboratory of

3 Schweizerischer Kalibrierdienst
Schmid & Partner Service suisse d'étalonnage

Engineering AG Servizio svizern di taratura
Zoughauestrasee 43, 8004 Zurich, Switzedand Swiss Calibration Service
Accradited by the Swiss Accreditation Service (3AS) Accreditation No.: SCS 108

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

Client

Object

Calibration precadu-e(s)

Calibration date:

This calibration cartficate documents the traceab lity tc national stardards, which realize the physice! units of measurements (SI).
The ts and the nties with confid probability are glven on the following pagss and are part of the certificats.

All calbrations have been conducted in the closed laboratory facility. enviror ment temperature (22 £ 3)°C and humicdity < 70%.

Calibration Equipment used (M&TE crtical for calibration)

Primary Standards D Cal Cate (Certificate No ) Scoeduled Calibration
Power meter E4410B GR41293874 04-Apr-13 (No. 217-01733; Apr-14

Power sensor E44124 MY41498087 04-Apr-13 [No. 21/-01/33; Apr-14

Rl 3 dB Attenuator SN: S5054 (3c) 04-Apr-13 (No. 217-01737 Apr-14

Reaference 20 dB Attenuator SN: 85277 (20x) 04-Apr-13 (No. 217-01735! Apr-14

Relference 30 dB Allenuator SN: 55129 (304) 04-Apr-13 (No. 217-01738; Apr-14

f Probe ES3DV2 SN: 3013 30-Dec-13 (No. ES3-3013_Dec13) Oec-14

DAE4 SN: 660 13-Dec-13 (No. DAE4-650_Dec13) Dec-14

secondary Standards 18] Chac< Date (in house) lled Check

RF generator HP 8543C US3642U01700 4-Aug-98 {in house check Apr-13) In house check; Apr-16
N k Analyzer HP 87635 US37300565 18-0¢i-01 (in heuse check Oct-13) In house check: Oct-14

Narme Function Signature

Calibrated by: atl :
Approved by:

Issued: January 28, 2014

This calibration certificate shall not be -eprodi except in full vithout written approval of the laboratory.

Certificate No: EX3-3972_Jani4 Page 10of 11



Calibration Laboratory of \‘\\'i y,
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Engineering AG S
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Zeughausstrasse 43, 8004 Zurich, Switzerland = /‘ﬁ\,\“\ Swiss Calibration Service
Accredited by the Swisa Accraditation Servica (SAS) Accreditation No.: SCS 108
The Swiss Accreditation Service is one of the signatories ta the EA
Muliilateral Agreement for the recognition of calibration certificates
Glossary:
TSL tissue simulating liquid
NORMx,y,z sensitivity in free space
ConvF sensitivity in TSL { NORMx,y,z
DCP diode compression point
CF crest factor (1/duty_cycle) of the RF signal
A.B,C,D modulation dependent linearization parameers
Polarizaticn ¢ o rotation around probe axis
Polarizaticn & 4 rotation around an axis that is in the plane normal to probe axis (at measurement center).
i.e., 8 = 0is normal to probe axis
Connector Angle information used in DASY system to align probe sensor X to the robot coordinate system

Calibration is Performed According to the Following Standards:

a)

b)

|IEEE Std 1528-2013, “IEEE Recommended Practice for Determining the Peak Spatial-Averzged Specific
Absorption Rate {SAR) in the Human Heac from Wireless Communications Devices: Maasurement
Techniques™, June 2013

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

Methods Applied and Interpretation of Parameters:

NORMx.y,z: Assessed for E-field polarization 8 =0 (f £ 900 MHz in TEM-cell; f > 1800 MHz: R22 waveguidz).
NORMx,y,z are only intermediate values, i.e., the unceriainties cf NORMx,y,z does not affect the E’-field
uncertainty inside TSL (see below CorivF).

NORM(f)x.y.z = NORMx.y.z * frequency_response (see Frequency Response Chart). This linearization is
implementad in DASY4 software versions later than 4.2 The uncertainty of the frequency respanse 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 C\W
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: Bx.y,z: Cx,y,z; Dx,y.z; VRx.y.z: A. B, C, D are numerical lineerization parameters assessed based on
lhe dala ol power sweep fur specific modulation signal. The parameters do nol depend on frequency nor
media. VR is the maximum calibraticn 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
mzasurements for f > 800 MHz. The same setups are used for assessmenl of the parameters appled for
boundary compensation (alpha, depth) of which typical uncertainty values are given. These parameters are
used in DASY4 software to improve probe accurzcy 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 exlending he validily ftom + 50 MHz 1o £ 100
MHz.

Spherical isctropy (3D deviation from isotropy): in a field of low gradients realized using a flat phantom
exposed by a patck antznna.

Sensor Ofiset. The sensor offset corresponds to the cffset of virtual measuremen: center from the probe tip
(on probe axis). No tclerance required.

Connector Angle: The angle is assessed using the information gained by determining the NORMx ino
uncertainty required).

Certificate No: EX3 3972 _Jan14 Page 2 of 11



EX3DV4 - SN:3972 January 28, 2014

Probe EX3DV4

SN:3972

Manufactured:  November 5, 2013
Calibrated: January 28, 2014

Calibrated for DASY/EASY Systems

{Note: ncn-compatible with DASY2 system!)

Certificate No: EX3-3972_Jan14 Page 3 of 11



EX3DV4- SN:3972 January 28, 2014

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3972

Basic Calibration Parameters

Sensor X Sensor Y Sensor Z Unc (k=2)
Norm (uV/(vim)*)* 0.49 0.49 0.48 +101%
DCP (mV)® | 100.1 98.2 103.1 |
Modulation Calibration Parameters
uip Communication System Name A B c [ D VR Unc®
dB dB vV dB mv (k=2)
|0 cw x | 00 0.0 10 | 000 | 1630 | #27% |
Y 0.0 0.0 1.0 161.8
4 0.0 0.0 1.0 | 15671

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

* Tha Lncertainties of NomX,Y,Z do nct affect the E -tield uncertainty nside TSL (see Pages 5 and 6).

" Numerical linearization parameter: uncertainty not required.

* Uncea nty is determined using the max. deviatian from linear response applying reclangular distribution and s expressed for the square of the
field value.

Cerlificate No: EX3-3972 Jan14 Page 4 of 11



EX3DV4- SN:3972 January 28, 7014

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3972

Calibration Parameter Determined in Head Tissue Simulating Media

Relative Conductivity Depth © Unct.

fiMHz)©  Permittivity" (Sfm) " ConvEX | ConvFY | ConvFZ | Alpha®| (mm) (k=2)
750 419 0.89 10.13 10.13 10.13 0.59 0.71 +12.0 %
835 41.5 0.92 9.75 9.75 9.75 0.29 1.08 +12.0%
1750 40.1 1.37 8.05 8.05 8.05 0.51 0.80 +12.0 %
1900 40.0 1.40 7.81 7.81 7.81 0.66 0.67 +12.0 %
2450 30.2 1.80 7.09 7.09 7.09 0.33 090 | $12.0%
| 2600 3¢.0 1.95 5.97 6.97 6.97 0.37 0.95 | 112.0%

f Freguency validity of + 100 MHz only applies for DASY v4.4 and higher (see Page 2), else it is restricted 1o L 0 MEZ, The uncertainty is the RSS
of the CorvF uncertainty at calibration frecuency and the uncertainty for the indicaled frequency banc.

F At frequencies below 3 GHz, the validity of tissue parameters | and o) can be reiaxed to + 10% i liquid compensation formula is apalied to
measured SAR values. At frequencies above 3 Gl Iz, the validity of tissue pararreters (v ard a} is restricted tc = 5%. The uncertainty is the RES of
the Convl inty for indiceted target tissue par

 Alpha/Depth are determined curing calibratior. SPEAG warrants that the remaining deviation due to the boundary effect after companaation is
abways less than 2 19 for frequencies below 3 GHz anc below + 2% for frequencies between 3-8 GHz at any distance larger than hal’ the probe tip
diameter fram the boundary.

Cerlificale No: EX3-3972_Jan14 Page 5 of 11



EX3DV4- SN:3972

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3972

Calibration Parameter Determined in Body Tissue Simulating Media

January 28, 2014

Ralative Conductivity [ Depth © Unct.

| f{MHz)C | Permittivity " {sim)" ConvFX | ConvFY ConvFZ |[Alpha®  (mm) (k=2)
750 55.5 0.96 9.64 964 9.64 0.29 1.11 +£12.0 %
1750 53.4 1.49 7.85 7.85 7.85 0.76 .60 +12.0 %
| 1900 53.3 1.52 7.58 7.58 7.58 0.51 .74 +12.0%
2450 52.7 1.95 7.24 7.24 7.24 0.76 057 | #120%
Lzsoo 52.5 2.16 6.96 6.96 6.56 0.80 050 | $120%

© Frequeney validizy of = 130 MHz only applies for DASY v4.4 and higher (see Page 2). slsa if is restricted to + 50 MHz. The uncertainty is the RSS
of the CorvF uncertainty at calibration frequency and the uncertainty for the indicated frequency band.

¥ 4t fraquencies below 3 GHz, the va idily of tissue paraneters (r and o) can be relaxad to + 10% if liquid compensation formula is applied to

measured SAR values. At frequsncise sbave 3 GHz, the validity of tissue parameters (e and a) is restriced Lo = 8% The uncerzinty is the RSS of

the CorvF uncertzinty for indicated targat issue parameters
© AlphalDepth are determingd during calib-ation. SPEAG warants that the remaining deviation due te the bouncary effect afler compensation is

alvays less than + 1% far frequencies balow 3 GHz end below + 2% for frequencies between 3-5 GHz at any distance larger than half the probe tip

diameter fac the baundary.

Certificate No: EX3-3972_Jani4
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CX3DV4— SN;3972 January 28, 2014

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: EX3-3972 Jani4 Page 7 of 11



EX3DV4- SN:3072 January 28, 2014

Receiving Pattern (¢), 9 = 0°

=600 MHz, TEM f=1800 MHz R22
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Uncertainty of Axial Isotropy Assessment: + 0.5% (k=2)
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EX3DV4- SN:3€72 January 28, 2014

Dynamic Range f(SARc.q)
(TEM cell , f= 900 MHz)
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Uncertainty of Linearity Assessment: * 0.6% (k=2)
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EX3DV4— SN:3872

January 28, 2014

Conversion Factor Assessment

f= 835 MHz, WGLS RS (H_convF)
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EX3DV4— SN:3972 January 28, 2014

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3972

Other Probe Parameters

["Sensor Arrangement Triangular
Connector Angle (°) 30.5
Mechanical Surface Detection Mode enabled
Optical Surface Detection Mode disabled
Probe Overall Length 337 mm

| Probe Body Diameter 10 mm
Tip Length 9 mm
Tip Diameter 2.5 mm
Probe Tip to Sensor X Calibration Point 1 mm
Probe Tip to Sensor Y Calibration Paint 1 mm
Probe Tip to Sensor Z Calibralion Point 1 mm

l Recommended Measurement Distance from Surface 2 mm

Cerlificate Na: £X3-3972_Jan14 Page 11 of 11
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Schmid & Partner G = Service suisse d'émlonnage
Engineering AG T~ Swervizio svizzero di laratura

A

Zeughausstrasse 43, 8004 Zurich, Switzerland 2 ) NS
bl

Swiss Calibration Service

Accreditad by the Swiss Accreditation Servize (SAS)
The Swiss Accreditation Service is one of the signatories to the EA
Tultilateral A t for the recognition of calibration certificates

KTL (Dymstec)

Accreditation No.: SCS 108

Client Certificate No: D835V2-481_Apri3

(CALIBRATION CERTIFICATE

Objecl DB35V2 - SN: 481

Calibralion prozedure(s)

QA CAL-05.v9
Calibration procedure for dipole validation kits above 700 MHz

Calibration datz:

April 25, 2013

This calibration cartificate documents the tacezbility to naticnal standards, which realize the physical units of measurements (3l).
The measurements and the uncertainties with confidence probability are given on the tollowing pages and ara part of the ceriticate.

All calibrations have been conducted in the closed ladoratory facility: @nvironment temperatura (22 = 3)°C and humldity = 70%.

Calibration Equipmeant used (MA&TE critical for calibraticn)

This calibration certificatz shall not be reproduczd except in ful

without written approval of the lzborazory.

Primary Standards 1D Cal Date (Certificate No.) Scheduled Calibration
Powar meter EPM-442A G0AT460704 01-Nov-12 (No. 217-01640) Oot-13
Powar sensor HP 84814 1837292783 01-Nav-12 (No. 217-01640) Ozt-13
Reference 20 dB Attenuator SN E0E8 [20k) 04-Apr-13 [No. 217-01736) Apr-14
Type N mismatch combination SN: 80473 / 06327 04-Apr-13 (No, 217-01738) Apr-14
Heferance Probe ES3DV3 Sh: 5205 28-Dec-12 (No. ES3-3205_Dec12) Dec-13
DAE4 Sh: e0E 11-Sep-12 (No. DAE4-S08_Sep12) Sep-13
Secondary Stancards D Check Date (in house} Suheduled Cheuk
Power sensor HP B481A MY 41082317 18-Oct-02 {in heuse check Oct-11) In house check: Oct-13
RF generater R&S SMT-06 100005 04-Aug-99 (in house chack Qct-11) In house check: Oct-13
Nelwok Analyzer FP B753E |JS37350585 S4206 18-0ct-01 {in heuse check Oct-12) In house check: Oct-13
Name Function Sigrialdre |

Calibrated by: Claudio Leubler Laboratory Technician \ {

~

L

Approved by: Katja Pokovic Technicel Manager

Issued: April 26, 2013

Certificate No: 0835V2-4B1_Apri13
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Calibration Laboratory of ‘s‘\sgﬁ”'/,; g Schweizerischer Kalibrierdienst
Schmid & Partner ;g/m} c Service suisse d'étalonnage
Engineering AG e Servizio svizzero di taratura
Zeughausstrasse 43, 8004 Zurich, Switzerland T TN S swiss Calibration Service
”"luh\‘.\‘\\
Accreditzd by the Swiss Accraditeticn Service (SAS) Accroditation No.; SCS 108

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

Glossary:

TSL tissuc 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 1528-2003, “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

¢) Federal Communications Commission Office of Engineering & Technology (FCC OET),
“Evaluating Compliance with FCC Guidelines for Human Exposure to Radiofrequency
Electromagnetic Fields; Additional Information for Evaluating Compliance of Mobile 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:

o 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.

e 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.

e 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 poini. The Return Loss ensures low
reflected power. No uncertainty required.

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

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

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

« SAR for nominal TSL pararneters: The measured TSL paramelers 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%.

Cerlificale Nu: D835V2-481_Apri3 Page 2 of 8



Measurement Conditions

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

DASY Version DASYS V52.8.5

Extrapolation Advanced Extrapalation

Phantom Modular Flat Phantom

Distance Dipole Center - TSL 15 mm with Spacer

Zoom Scan Resalution dx. dy, dz =5 mm

Frequency 835 MHz % 1 MHz
Head TSL parameters

The following parametars and calculations were applied.
Temperature Permittivity Conductivity

Nominal Head TSL parameters 220"C 41.8 0.90 mho/m

Mcasured Head TSL parameters (22.0=0.2) °C 408 £6 % 0.91 mho/m + 6 %

Head TSL temperature change during test <05"C e
SAR result with Head TSL

SAR averaged over 1 em” (1 g) of Head TSL Condition

SAR measured 250 mW input power 2.46 Wikg

SAR for nominal Head TSL parametars

normalized to 1W

9.49 Wikg = 17.0 % (k=2)

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

condition

SAR measured

250 mW input power

1.59 Wikg

SAR for nominal Head TSL parameters

normalized to 1W

6.18 Wikg = 16.5 % (k=2)

Body TSL parameters
The folowing parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Body TSL parameters 22.0°C 55.2 0.97 mho/m
Measured Body TSL parameters (22.0£0.2) °C 5406 % 1.01 mha/m =6 %
| Body TSL temperature change during test <05°C ee- -
SAR result with Body TSL
SAR averaged over 1 em® (1 g) of Body TSL Condition
SAR measured 250 mW input power 250 Wikg

SAR for nomingl Body TSL parameters

nommalized to 1V

9.65 Wikg = 17.0 % (k=2)

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

condition

SAR measured

250 mVW input power

1.63 W/kg

SAR for nominzl Body TSL parameters

normalized to 1W

6.34 Wikg + 16.5 % (k=2)

Certificate No: D835V2-431_Apri3
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Appendix

Antenna Parameters with Head TSL

Impedanca, transformed to feed point 51.3Q-5.1jQ
Hetun Loss -25.7dB

Antenna Parameters with Body TSL

Impedance, transformsd to feed point 46.50Q2-6.5j2
Retum Loss -224dB

General Antenna Parameters and Design

Electrical Delay (one direction) 1.393 ns

After long term use with 100W radiated power, cnly a slight warming of the dipole near the feedpoint can be measured.

The dipole is made of standard semirigid coaxial cable. The center conducter of the feeding line is directly connected to the
second arm of the dipole. The antenna is therefore short-circuitad for DC-signals. On some of the dipcles, small end caps
are added to the dipole arms in order to improve matching when loaded according to the pesition as explained in the
"Measurement Conditions* paragraph. The SAR data are not affected by this change. The overall dipole length is still
according to the Stancard.

No excessive force must be applied to the dipole arms, because they m ght bend cr the soldered connections near the
feedpoint may be damaged.

Additional EUT Data

Manufactared by SPEAG
Manufactared on April 23, 20C3

Centificate No: DB35Y2-481_Apr13 Page 4 of 8



DASYS Validation Report for Head TSL

Date: 25.04.2013
Test Laboratory: SPEAG, Zurich, Swilzerland
DUT: Dipole 835 MIIz; Type: D835V2; Serial: D835V2 - SN: 481

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

Mecdium paramcters used: £ = 835 MHz; o = 0.94 S/m; ¢, =40.8; p = 1000 kg/m3
Phantom section; Flat Section

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

DASYS2 Configuration:
e Probe: ES3DV3 - SN3205: ConvF(6.05, 6.05, 6.05); Calibrated: 28.12.2012;
» Scnsor-Surface: 3mm (Mechanical Surface Detection)
» Elcctronics: DAE4 Sn909; Calibrated: 11.09.2012
e Phantom: Flat Phantom 4.91.; Type: QDOOOP49AA; Serial: 1001
o DASYS5252.8.6(1115); SEMCAD X 14,6.9(7117)

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

Reference Value = 56.921 V/m; Power Drift =-0.01 dB

Peak SAR (extrapolated) = 3.77 W/kg

SAR(1 g) = 2.46 W/kg; SAR(10 g) = 1.59 W/kg

Maximum valuc of SAR (measured) = 2.89 W/kg

4.3
$.59

373

-10.98

0 dB = 2.89 Wikg = 4.61 dBW/kg

Certificate No: D835V2-481_Apri13 Page 5 of 8



Impedance Measurement Plot for Head TSL

25 fApr 2013 09:09:05
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DASYS Validation Report for Body TSL

Test Laboratory: SPEAG, Zurich, Switzerland

DUT: Dipole 835 MHz; Type: D835V2; Serial: D835V2 - SN: 481

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

Medium parameters used: =835 MHz:, ¢ = 1.01 S/m; & = 54; p= 1000 kgfm3
Phantom section: Flat Section

Measurement Standard: DASYS (IEEEJIEC/ANSIT C63.19-2007)

DASYS52 Configuration:

Probe: ES3DV3 - SN3205; ConvF(6.04, 6.04, 6.04); Calibrated: 28.12.2012:

Sensar-Surface: 3mm (Mechanical Surface Detection)
Electronics: DAE4 Sn909; Calibrated: 11.09.2012

Phantom: Flat Phantom 4.91.; Type: QDOOOP49A A; Serial: 1001
DASY52 52.8.6(1115); SEMCAD X 14.6.9(7117)

Date: 24.04.2013

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 = 55.650 V/m; Power Drift = -0.01 dB
Peak SAR {exwapolated) = 3.71 W/kg

SAR(1 g) = 2.5 Wikg; SAR(10 g) = 1.63 W/kg
Maximum value of SAR (mcasured) = 2.92 Wjkg

0dB =2.93 Wkg = 4.67 dBW/kg

Certificate No: D835V2-481_Apr13 Page 7 of 8




Impedance Measurement Plot for Body TSL

24 Apr 2813 11:31:49

S11 1UFs 2: 46.457 @ -6.4531 a 29537 pF 835.000 203 HHz
o
*
Del
cs
Av
163
Hld
CH2 511 Lis S dB/REF -28 dB 5—22.3&:’ dB 835,908 BAB MHz
iRERAE
—‘-\\- __~_~_———
] /F
ca /
N
?-gs \ l
Al
¥
Hld
START £35.000 606 MHz STOP 1 835.0008 06008 MHz

Certiticate No: D835V2-481_Apr13 Page B of 8



Calibration Laboratory of
Schmid & Partner S

Engineering AG SE%—\\\W
Zeughausstrasse 43, 8004 Zurich, Switzerland

7~
G
AR

o, - —
Q‘\\;/,/ v Schweizerischer Kalibrierdienst

Service suisse d'étalonnage
Servizio svizzero di taratura
Swiss Calibration Service

AR

Vg,
0

o
7
ey, /.

Accredited by the Swiss Accreditation Servize (SAS)
The Swiss Accreditation Sarvice is one of the signatories to the EA
Tdultilateral Agreement for the recognition of calibration certificates

Client KTL(DYNSNC)

Accreditation No.: SCS 108

Certificate No: D1900V2-5d038_May13

CALIBRATION CERTIFICATE

Oblezt D1900V2 - SN: 5d038

Calibration procedurais)

QA CAL-05.v9
Calibration procedure for dipole validation kits above 700 MHz

Callbration date: May 29, 2013

This ca ibration certificate dacuments the tracaability to national slardards, which realize the physical units of measurements {31},
The measurements and the uncertaintias wit confidence probability are given on the following pages and are par of the certifizate.

All calibrations have been conducted in the closed laboratory facility: enviconment temperalure (22 1 3)°C and humidity < 70%.

|
Celibration Cquipment used (M&TL critical for calibration)

This calibialion cerilicale shial nul be reproduced except in full without wiitten approval of t1e laboratory.

Primary Slandards n Cal Date (Cerificate No.) Scheduled Calibration
Power meter EPM-4424 GB37480704 01-Nov-12 [Nu, 217-01640) Oct-13
Pcwer sensor HP 84B1A US37292783 01-Nov-12 [No, 217-01640) Oct-13
Reference 20 ¢B Atlenuator SN 8068 (204) M-Apr-13 (Na. 217-0173R) Apr-14
Type-N m amaich cormbination SN 5047.5 /06327 04-Apr-13 (No. 217-01739) Apr-14
Heterence Probe ES3DV3 SN 3205 23-Dee-12 [No. ES3-3205_Dec12) Dec-13
DAEA SN 601 25-Apr-13 (No. DAE4-801_Apr13) Apr-14
Secondary Standards ot Check Date {in house) Scheduled Check
Pawer sensor HP 8281A MY41092317 13-Oct-02 ( n house check Oct-11] In house check: Oct-13
RAF genarator F&S SMT-06 1000C5 01-Aug-98 {in house check Oct-11) In house cheek: Ocet 13
Network Analyzer HP 8753E US37390585 S£206 13-0c1-01 ( n house check Oct-12; In house check: Oct-13

Mame Function Signature
Calibrated by: Leif Klysner Laboratory Technician W

AN S

Appraved by: Katja Pokovic Technical Manager

e

Issued: May 29, 2013

Certificate No: D1200V2-5d038_May13
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Calibration Laboratory of N G Schweizerischer Kalibrierdienst

Schmid & Partner m Service suisse d'étalonnage
Engineering AG X //_4-\\.. c Servizio svizzero di taratura

Zeughausstrasse 43, 8004 Zurich, Switzerland 24"-@*“"\5 S Swiss Calibration Service

Aceredited by the Swiss Accreditation Sa-vice (SAS) Accreditation No.: SCS 108

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

Multilateral Agr t for the recognition of calibration certificates

Glossary:

TSL tissue simulating liquid

ConvF sensitivity in TSL / NORM x,y,z

N/A not applicable or nat 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 Absarption 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 Exposure to Radiofrequency
Electromagnetic Fields; Additional Infarmation far Evaluating Compliance of Mobile 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 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.

e Antenna Parameters with TSL: The dipale 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.

e FElectrical 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%.

Cerlificate No: D1900V2-5d036_May13 Page2o0f8



Measurement Conditions

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

DASY VYersion DASYS VE2.8.6

Extrapolation Advancad Extrapolation

Phantom Modular Flat Phantom

Distance Dipole Center - TSL 10 mm with Spacer

Zoom Scan Resolution dx, dy,dz =5 mm

Frequency 1800 MHz = 1 MHz
Head TSL parameters

The following parameters and calculations were applied.
Temperature Permittivity Conductivity

Nominal Head TSL parameters 22.0°C 40.0 1.40 mhofin

Measured Head TSL parameters (220 £0.2) °C 393x6% 1.35 mho/m =6 %

Head TSL temperature change during test <05°C e =y
SAR result with Head TSL

SAR averaged over 1 em® (1 g) of Head TSL Condition

SAR measured 250 mW input power 10.1 Wikg

SAR “or nomina Head TSL parameters

normalized to TW

41.1 Wikg = 17.0 % (k=2)

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

condition

SAR measured

250 mW input power

5.29 Wikg

SAR for nominal Head TSL parameters

ncrmalized to 1W

21.4 Wikg = 16.5 % (k=2)

Body TSL parameters
The following parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Body TSL parameters 220°C 538.3 1.52 mhofin
Measured Body TSL parameters (22.0 =0.2) °C 53.6=6% 1.43 mho/im =6 %
Body TSL tamperature change during test <05°C —-
SAR result with Body TSL
SAR averaged over 1 em® (1 g) of Body TSL Cendition
SAR measured 250 mW input power 10.2 Wikg

SAR for nominal Body TSL paramelers

normalized to 1W

41.3 Wikg = 17.0 % (k=2)

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

conditior

SAR measured

250 mW input powsr

5.47 Wikg

SAR for nominal Body TSL parameters

normalized to 1W

22.1 Whkg = 16.5 % (k=2)

Certificate No: D1900V2-6d038 May13
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Appendix

Antenna Parameters with Head TSL

Impedance, transformed to feed paint 521 Q+6.7jQ
Retum Loss -23.3d3

Antenna Parameters with Body TSL

Impedance, transformed to feed point 4790 + 700
Return Less -225dB

General Antenna Parameters and Design

Electrical Delay (one directian) 1.197 ns

After long Lerrn use wilh 100W radiated power, cnly a slight warming of the dipole near the feedpeint can be measured.

The dipole is made of standard semirigid coaxial cable. The center concucter of the fecding line is directly connected to the
second arm of the dipole. The anienna is therefore shert-circuited for DC-signals. On some of the diocles, small end caps
are added to the dipole arms in order to improve matching when loaded according to the sosition as explained in the
"Measurement Conditions” paragraph. The SAR data are not affected by this change. The overall dipole length is still
according to the Standard.

No excessive force must be applied to the dipale arms, because they might bend or the soldered connections near the
feedpoint may be damaged.

Additional EUT Data

Manufactured by SPEAG
Manufactured on July 04, 2003

Certificate No: D1900V2-5d038_May13 Page 4 0f 8



DASYS5 Validation Report for Head TSL

Test Laboratory: SPEAG, Zurich, Swilzerland

DUT: Dipole 1900 MHz; Type: D1900V2; Serial: D1900¥2 - SN: 54038

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

Medium parameters used: { = 1900 MHz; ¢ = 1.35 S/m; &, = 39.3; p = 1000 kg/nf
Phantom section: Flat Section

Measurement Slandard: DASYS (IEEE/IEC/ANST C63.19-2007)

DASYS2 Configuration:

Prohc: ES3DV3 - SN3205; ConvF(4.98, 4.98, 4.98); Calibrated: 28.12.2012;

Sensor-Surface: 3mm (Mechanical Surface Detection)

Electronics: DAE4 Sn601; Calibrated: 25.04.2013

Phantom: Flat Phantom 5.0 (front); Type: QDDOOPS0AA: Serial: 1001
DASY52 52.8.6(1113); SEMCAD X 14.6.9(7117)

Date: 29.05.2013

Dipole Calibration for Head Tissue/Pin=250 mW, d=10mm/Zoom Scan (7x7x7)/Cube 0:
Measurciment grid: dx=5mm, dy=5mm, dz=5Smm
Reference Value = 97.243 Vim; Power Drift = .05 dB
Peak SAR (extrapolated) = 18.1 W/kg

SAR(1 g) = 10.1 W/kg; SAR(10 g) = 5.29 Wikg
Maximum value of SAR (measurcd) = 12.3 W/kg

-1.20
-10.40
-14.40

-iB.uo

0dB =12.3 Wikg = 10.90 dBW/kg

Cerlificate No: D1900V2-5d038_May13 Page 50f 8



Impedance Measurement Plot for Head TSL
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DASYS5 Validation Report for Body TSL

Test Laboratory: SPEAG, Zurich, Switzerland

DUT: Dipole 1900 MHz; Type: D1900V2: Serial: D1900V2 - SN: 5d038

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

Medium parameters used: f = (900 MHz; 6 = 1.49 S/m; & = 53.6: p = 1000 kg/m"

Phantom section: Flat Scetion
Measurement Standard: DASYS (IEEE/IEC/ANSI €63.19-20071

DASY32 Configuration:

Probe: ES3DV3 - SN3205; ConvF(4.6, 4.6, 4.6); Calibrated: 28.12.2012;
Sensor-Surface: 3mm (Mechanical Surface Detection)

Clectronics: DAE4 Sn601; Calibrated:; 25.04.2013

Phantom: Flat Phantom 5.0 (back); Type: QDOCOPS0AA; Serial: 1002
DASYS52 52.8.6(1115); SEMCAD X 14.6.9(7117)

Datc: 29.05.2013

Dipole Calibration for Body Tissue/Pin=250 mW, d=10mm/Zoom Scan (7x7x7)/Cube 0:
Measurement grid: dx=5mm. dy=5mm, dz=>3mm
Reference Value = 97.243 V/m; Power Drift = 0.02 dB
Peak SAR {(cxtrapolated) = 17.4 W/kg

SAR( g) =10.2 W/kg; SAR(10 g) = 5.47 W/kg
Maximum value of SAR (measured) = 12,9 W/kg

0dB =129 W/kg = | [.11 dBW/kg

Certificate No: D1900V2-5d038_ May' 3 Page 7 of 8



Schweizerischer Kalibrierdienst
Service suisse d'étalannage
Servizio svizzero di taratura
Swiss Calibration Service

Calibration Laboratory of S,
Schmid & Partner o=t
Engineering AG M/ =S8

Zeughausstrasse 43, 8004 Zurlch, Swhzerland U NN
el

Accraditad by the Swiss Accradilation Sarvice (SAS) Accreditstion No.: SCS 108
The Swiss Accreditation Service is one of the signatories to the EA

Multilateral Agreement for the recognition of calibration certificates

ciient  KTL (Dymstec) Certificate No; D2450V2-746_Jan14

[CALIBRATION CERTIFICATE 7

Objact D2450V2 - SN: 746

QA CAL-05.v9
Callibration procedure for dipole validation kits above 700 MHz

Calibration procedure(s)
Calibration date:

January 21, 2014

This calibration cerlificate documents the traccability to national standards, which realize the physical units of measurements (Sl).
The measur Ls and he une ‘with conficence prabablilty are given on the following pages anc are part cof the certilicate,

All calibrations have been conductad in the closed laboraory facility: envilonment lemperature (22 + 3)°C and humidity < 70%.

Calibration =quipment used (M&TE critical for calibration)

 Primary Standards 1D # Cal Date (Certificate No.) Scheduled Calibration
Power meter EPM-142A GB37480704 08-Oct-13 (No. 217-01827) Cet-14
Power sensor HP 84814 US37292783 09:0ct-13 (N2, 217-01827) Cet-14
Power sensor HP 84814 MY41092317 09-Oct-13 (N2, 217-01828) Cot-14
Reference 20 dB Attenuatar SN: 5058 (20k) 04-Apr-- 3 (Na. 217-01736) Apr-14
Type-N mismatch combination SN: 50473 / 06327 04-Apr-~3 (No. 217-01739) Apr-14
Reterence Prcbe ES3DV3 SN: 3205 30-Dac-13 (No. ES3-3205_Dec13) Dac-1<
DAE4 SN: 601 25-Apr-13 (No. DAF4-B0M_Apri3) Apr-14
‘ Sacondary Standards 1D # Check Datz (in hause) Scheduled Chack
RF generator R&S SMT-0E 100005 04-Aug-39 (in house chack Oct-13) Ir hnuse chack: Oct-16
Network Analyzer HP 8753 US37300585 S4206 “8-0ct-01 (in house check Oct-13) In house chack: Oct-14
Name Function Signature
Calibrated ty: Israe El-Napug Laboratory Technician
s Basccin
Appraved by: Karja Pokovic Technical Manager

This calibration certificata shall not be reproducad except in full without writicn appraval of the laboratory.

|ssued: January 21. 2014

Certificate No: D2450V2-746_Jan14
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Calibration Laboratory of SN,

N \\\:/// %, Schweizerischer Kalibrierdienst

Schmid & Partner S Service suisse d'étalonnage
Engineering AG it Servizio svizzero dl taratura
Zeughausstrasse 43, 8004 Zurich, Switzerland "’:,/R\o\“\ Swiss Calibration Service
ML
Accrecited by the Swiss Accreditation Sersire (SAS) Accreditation No.: SCS 108

The Swiss Accreditation Service is one of the signatories to lhe EA
Multilateral Agreement for the recognition 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, “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

¢) 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 Relurn 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 fo 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%.

Certificate No: D2450V2-745_Jan14 Page 2 of 8



Measurement Conditions

DASY system contiguration, as far as not given on page 1.

DASY Version DASYS v52.8.7

Extrapolation Advanced Extrapolation

Phantom Modular Flat Phantom

Distance Dipole Center - TSL 10 mm with Spacer

Zoom Scan Resolution dx, dy, dz =5mm

Frequency 2450 MHz = 1 MHz
Head TSL parameters

The following parameters and calculations were applied.
Temperature Permittivity Conductivity

Nominal Head TSL parameters 22.0°C 39.2 1.80 mho/m

Measured Head TSL parameters (22.0+02)°C 38.7+6 % 1.86 mho/m + 6 %

Head TSL temperature change during test <05°C S -
SAR result with Head TSL

SAR averaged over 1 em® (1 g) of Head TSL Condition

SAR meastred 250 mW input power 13.2 Wikg

SAR for nominal Head TSL parameters

normalized to 1W

51.8 W/kg £ 17.0 % (k=2)

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

condition

SAR measured

250 mW input power

6.11 Wikg

SAR for nominal Head TSL parameters

normalized to 1W

24.2 W/kg = 16.5 % (k=2}

Body TSL parameters

| he ‘ollowing parameters and calculations were applied.

Temperature Permittivity Conductivity
Nominal Body TSL parameters 22.0°C 52.7 1.95 mho/m
Measured Body TSL parameters (22.0+0.2) °C 51.3+6% 2.04 mhoim + € %
Body TSL temperature change during test <0.5°C —— e
SAR result with Body TSL
SAR averaged over 1 cm® (1 g) of Body TSL Condition
SAR measired 250 mW input power 12.5 Wikg

SAR for nominal Body TSL parameters

narmalized to 1W

48.6 W/kg = 17.0 % (k=2)

I SAR averaged over 10 cm” (10 g} of Body TSL

condition
SAR measured 250 mVWY input power 5.78 Wikg
L SAR for nominal Body TSL paramaeters normalized to 1\ 22.8 Wikg = 16.5 % {k=2)

Cecrtificate No: D2450V2-746_Jan14
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Appendix
Antenna Parameters with Head TSL

Impedance, transformed to feed point 53.80Q+3.9jQ
Retum Loss -25.5dB

Antenna Parameters with Body TSL

Impedance, transformed to feed point 50,20 +5.2jQ
Return Loss -25.8d8

General Antenna Parameters and Design

Electrical Delay (one diraction) 1.155 ns

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

The dipo'e is made of standard semirigid coaxial cable. The centar conductor of the fecding line is directly connected to the
second arm of Ihe dipole. The anlenna is therefore short-circuited for DC-signals. On some cf the dipoles, small end caps
are added to the dipole arms in orcer to improve matching when loaded according to the position as explained in the
'Measurerrent Conditions’ paragraph. The SAR data are not affected by this change. The overall dipole langth is still
according to the Standard.

Ne excessive force must ke applied to the dipolz arms, because they might bend or the so'dered connections near the
feedpoint may be damaged.

Additional EUT Data

Manufactured by SPEAG
Manufactured on December 01, 2003

Certificatc No: D2450V2-746_Jan14 Page d ol 8



DASYS5 Validation Report for Head TSL

Date: 21.01.2014
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 2450 MIlIz; Type: D2450V2; Serial: D2450V2 - SN: 746

Communication System: UID 0 - CW; Frequency: 2450 M1z

Medium parameters used: f = 2450 MHz; o = 1.86 Sfm; &, =38.7; p = 1000 kg/'m3
Phantom section: Flat Section

Measurement Standard: DASYS (IEEE/TEC/ANST C63.19-2007)

DASY32 Configuration:
» Probe: ES3DV3 - SN3205: ConvF(4.53, 4.53, 4.53); Calibrated: 30.12.2013;
«  Sensor-Surface: 3mm (Mechanical Surface Detection)
o FHlectronics: DAE4 Sn601; Calibrated: 25.04.2013
+ Phantom: Flat Phantom 5.0 (front); Type: QDOOOPS0AA; Serial: 1001
o DASY3252.8.7(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=5mn, dz=5mm

Reference Value = 99.581 V/m; Power Drift = 0.06 dB

Pcak SAR (extrapolated) = 27.4 Wikg

SAR(T g) = 13.2 W/kg; SAR(10 g) = 6.11 W/kg

Maximum value ol SAR (measured) = 17.0 Wikg

-14.40

-19.20

-Z4.00

0 dB = 17.0 Wikg = 12.30 dBW/kg

Certificate No: D2450V2-746_Jan14 Page 5 of 8



Impedance Measurement Plot for Head TSL
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DASY5 Validation Report for Body TSL

Date: 21.01.2014
Test Laboratory: SPEAG, Zurich, Swilzerland
DUT: Dipole 2450 MHz; Type: D2450V2; Scrial: D2450V2 - SN: 746

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

Medium parameters used: f = 2450 MHz: ¢ = 2.04 S/m; g, = 51.3; p = 1000 kg/m"
Phantom scction: Flat Section

Measuremenl Standard: DASY 5 (IEEE/AEC/ANSI C63.19-2007)

DASYS52 Configuration:
e Probe: BES3DV3 - SN3205; ConvE(4.35, 4.35, 4.35); Calibrated: 30.12.2013:
= Scnsor-Surface: 3mm (Mechanical Surface Detection)
o Electronics: DAE4 Sn601; Calibrated: 25.04.2013
» Phantom: Flat Phantom 5.0 {back): Type: QDO0O0OPSOAA; Serial: 1002
o DASYS2 52.8.7(1137); SEMCAD X 14.6.10(7164)

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

Reference Value = 93.204 V/m; Power Dritt = 0.0] dB

Peak SAR (extrapolated} = 26.0 W/kg

SAR(1 g) = 12.5 W/kg; SAR(10 g) = 5.78 W/kg

Maximum value of SAR (measurcd) = 10.6 Wikg

-14.40

-19.20

-24.00

0dB = 16.6 W/kg = 12.20 dBW/kg

Certificate No: D2450V2-716_Jan14 Page 7 of 8



Impedance Measurement Plot for Body TSL
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