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Laboratory Information

We, QuieTek Corporation, are an independent EMC and safety consultancy that was
established the whole facility in our laboratories. The test facility has been
accredited/accepted(audited or listed) by the following related bodies in compliance with ISO
17025, EN 45001 and specified testing scope:

Taiwan R.O.C. : BSMI, NCC, TAF
Germany :  TUV Rheinland
Norway :  Nemko, DNV
USA : FCC

Japan : VCcCl

China : CNAS

The related certificate for our laboratories about the test site and management system can be downloaded
from QuieTek Corporation’s Web Site :http://www.quietek.com/tw/ctg/cts/accreditations.htm

The address and introduction of QuieTek Corporation’s laboratories can be founded in our Web site :
http://www.quietek.com/

If you have any comments, Please don’t hesitate to contact us. Our contact information is as below:

HsinChu Testing Laboratory :
No.75-2, 3rd Lin, Wangye Keng, Yonghxing Tsuen, Qionglin Shiang, Hsinchu County 307, Taiwan, R.O.C.
TEL:+886-3-592-8858 / FAX:+886-3-592-8859 E-Mail : service@quietek.com

LinKou Testing Laboratory :
No.5-22, Ruishukeng, Linkou Dist., New Taipei City 24451, Taiwan, R.O.C.
TEL : 886-2-8601-3788 / FAX : 886-2-8601-3789 E-Mail : service@quietek.com

Suzhou Testing Laboratory :
No0.99 Hongye Rd., Suzhou Industrial Park Loufeng Hi-Tech Development Zone., SuZhou, China
TEL : +86-512-6251-5088 / FAX : 86-512-6251-5098 E-Mail : service@quietek.com
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1. General Information

1.1. EUT Description

Product Name GPS Tracker

Model No. Caref, Caref 1, Caref 2, Caref 3, Caref 4, Caref 5, Caref 6,
Caref 7, Caref 8, Caref 9, PT100, PT150, PT200, PT250,
PT300, PT350, PT400, PT450, PT500, PT550

2G

Support Band GSM850/PCS1900

GPRS Class Class 12

Uplink GSM 850: 824~849MHz
PCS 1900: 1850~1910MHz

Downlink GSM 850: 869~894MHz
PCS 1900: 1930~1990MHz

Release Version R99

Type of modulation GMSK for GPRS

Antenna Gain -1.5dBi for GSM900
1.0dBi for DCS1800

GPS

Class of SRD Class 3

Note: They are only different marketing requirements.
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1.2. Test Environment

Ambient conditions in the laboratory:

Items Required Actual
Temperature (°C) 18-25 21.5+2
Humidity (%RH) 30-70 52

1.3. EUT Antenna Locations

Bottom of GPS Tracker

-

24mm
2mim
2mm < 5
) E—
EPRS Antefina
30mm S
35mm 3
=
GPQﬁntenna
4l . 18mm -+
0 . E
T 2mm -

1.4. Power Reduction for SAR
There is no power reduction used for any band/mode implemented in this device for SAR purposes.

1.5. Guidance Documents

1) FCC KDB Publication 447498 D01v05r01 (General SAR Guidance)
2) FCC KDB Publication 865664 D01v01r01(SAR measurement 100 MHz to 6 GHz)
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2. SAR Measurement System
2.1. DASYS5 System Description
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The DASYS5 system for performing compliance tests consists of the following items:

» A standard high precision 6-axis robot with controller, teach pendant and software.
An arm extension for accommodating the data acquisition electronics (DAE).

» A data acquisition electronics (DAE) which performs the signal amplification, signal
multiplexing, AD-conversion, offset measurements, mechanical surface detection,
collision detection, etc. The unit is battery powered with standard or rechargeable
batteries. The signal is optically transmitted to the EOC.

» The Electro-optical converter (EOC) performs the conversion from optical to electrical
signals for the digital communication to the DAE. To use optical surface detection, a
special version of the EOC is required. The EOC signal is transmitted to the
measurement server.

» The Light Beam used is for probe alignment. This improves the (absolute) accuracy

of the probe positioning.

A computer running WinXP and the DASY5 software.

Remote control and teach pendant as well as additional circuitry for robot safety such

as warning lamps, etc.

» The phantom, the device holder and other accessories according to the targeted
measurement.

vV VvV
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2.1.1. Applications

Predefined procedures and evaluations for automated compliance testing with all
worldwide standards, e.g., IEEE 1528, OET 65, IEC 62209-1, IEC 62209-2, EN 50360,
EN 50383 and others.

2.1.2. Area Scans

Area scans are defined prior to the measurement process being executed with a user
defined variable spacing between each measurement point (integral) allowing low
uncertainty measurements to be conducted. Scans defined for FCC applications utilize a
10mm?* step integral, with 1mm interpolation used to locate the peak SAR area used for
zoom scan assessments.

When an Area Scan has measured all reachable points, it computes the field maxima
found in the scanned area, within a range of the global maximum. The range (in dB) is
specified in the standards for compliance testing. For example, a 2 dB range is required in
IEEE 1528-2003 and IEC 62209 standards, whereby 3 dB is a requirement when
compliance is assessed in accordance with the ARIB standard (Japan).

2.1.3. Zoom Scan (Cube Scan Averaging)

Zoom Scans are used to assess the peak spatial SAR values within a cubic averaging
volume containing 1 g and 10 g of simulated tissue. A density of 1000 kg/m* is used to
represent the head and body tissue density and not the phantom liquid density, in order to
be consistent with the definition of the liquid dielectric properties, i.e. the side length of the
1 g cube is 10mm, with the side length of the 10 g cube 21,5mm.

The zoom scan integer steps can be user defined so as to reduce uncertainty, but normal
practice for typical test applications utilize a physical step of 7x7x7 (5mmx5mmx5mm)
providing a volume of 30mm in the X & Y axis, and 30mm in the Z axis.

2.1.4. Uncertainty of Inter-/Extrapolation and Averaging

In order to evaluate the uncertainty of the interpolation, extrapolation and averaged SAR
calculation algorithms of the Postprocessor, DASY5 allows the generation of
measurement grids which are artificially predefined by analytically based test functions.
Therefore, the grids of area scans and zoom scans can be filled with uncertainty test data,
according to the SAR benchmark functions of IEEE 1528.The three analytical functions
shown in equations as below are used to describe the possible range of the expected
SAR distributions for the tested handsets. The field gradients are covered by the spatially
flat distribution f1, the spatially steep distribution f3 and f2 accounts for H-field cancellation
on the phantom/tissue surface.
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2.2. DASYS5 E-Field Probe

The SAR measurement is conducted with the dosimetric probe manufactured by SPEAG.
The probe is specially designed and calibrated for use in liquid with high permittivity. The
dosimetric probe has special calibration in liquid at different frequency.

SPEAG conducts the probe calibration in compliance with international and national
standards (e.g. IEEE 1528, EN 62209-1, IEC 62209, etc.) under ISO 17025. The
calibration data are in Appendix D.

2.2.1. Isotropic E-Field Probe Specification

Model EX3DV4

Construction (Symmetrical design with triangular core Built-in shielding against static
charges PEEK enclosure material (resistant to organic solvents, e.g.,
DGBE)

Frequency 10 MHz to 6 GHz

Linearity: £ 0.2 dB (30 MHz to 6 GHz)
Directivity + 0.3 dB in HSL (rotation around probe axis)

+ 0.5 dB in tissue material (rotation normal to
probe axis)

Dynamic Range |10 yW/g to 100 mW/g

Linearity: £ 0.2 dB (noise: typically < 1 yW/g)
Dimensions  |Overall length: 330 mm (Tip: 20 mm)

Tip diameter: 2.5 mm (Body: 12 mm)

Typical distance from probe tip to dipole centers:
1 mm

Application High precision dosimetric measurements in any exposure scenario
(e.g., very strong gradient fields). Only probe which enables
compliance testing for frequencies up to 6 GHz with precision of better
30%.
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2.3. Boundary Detection Unit and Probe Mounting Device

The DASY probes use a precise connector and an
additional holder for the probe, consisting of a plastic tube
and a flexible silicon ring to center the probe. The
connector at the DAE is flexibly mounted and held in the
default position with magnets and springs. Two switching
systems in the connector mount detect frontal and lateral
probe collisions and trigger the necessary software
response.

2.4. DATA Acquisition Electronics (DAE) and Measurement Server

The data acquisition electronics (DAE) consists of a highly
sensitive electrometer-grade preamplifier with
auto-zeroing, a channel and gain-switching multiplexer, a
fast 16 bit AD-converter and a command decoder and
control logic unit.

Transmission to the measurement server is accomplished
through an optical downlink for data and status
information as well as an optical uplink for commands and
the clock.

The input impedance of the DAE4 is 200M Ohm; the
inputs are symmetrical and floating. Common mode
rejection is above 80dB.

The DASY5 measurement server is based on a PC/104
CPU board with a 400MHz intel ULV Celeron, 128MB
chipdisk and 128MB RAM. The necessary circuits for
communication with the DAE electronics box, as well as
the 16 bit AD converter system for optical detection and
digital I/O interface are contained on the DASY5 1/O board,
which is directly connected to the PC/104 bus of the CPU

board.
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2.5. Robot

The DASYS system uses the high precision robots TX90
XL type out of the newer series from Staubli SA (France).
For the 6-axis controller DASY5 system, the CS8C robot
controller version from Staubli is used.

The XL robot series have many features that are important \ \
for our application: - v
» High precision (repeatability 0.02 mm)

» High reliability (industrial design) =

» Jerk-free straight movements L

» Low ELF interference (the closed metallic .

construction shields against motor control fields)
»  6-axis controller

2.6. Light Beam Unit

The light beam switch allows automatic "tooling" of the
probe. During the process, the actual position of the probe
tip with respect to the robot arm is measured, as well as
the probe length and the horizontal probe offset. The
software then corrects all movements, such that the robot
coordinates are valid for the probe tip.

The repeatability of this process is better than 0.1 mm. If a
position has been taught with an aligned probe, the same
position will be reached with another aligned probe within
0.1 mm, even if the other probe has different dimensions.

During probe rotations, the probe tip will keep its actual
position.
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2.7. Device Holder
The DASY5 device holder is designed to cope with

different positions given in the standard. It has two scales
for the device rotation (with respect to the body axis) and
the device inclination (with respect to the line between the
ear reference points). The rotation center for both scales
is the ear reference point (EPR).

Thus the device needs no repositioning when changing
the angles.

The DASY5 device holder has been made out of low-loss
POM material having the following dielectric parameters:
relative permittivity er =3 and loss tangent 6 = 0.02. The

amount of dielectric material has been reduced in the

closest vicinity of the device, since measurements have
suggested that the influence of the clamp on the test
results could thus be lowered.

2.8. SAM Twin Phantom

The SAM twin phantom is a fiberglass shell phantom with
2mm shell thickness (except the ear region where shell
thickness increases to 6mm). It has three measurement
areas:

» Left head

» Right head

» Flat phantom

The bottom plate contains three pair of bolts for locking the device holder. The device
holder positions are adjusted to the standard measurement positions in the three
sections. A white cover is provided to tap the phantom during off-periods to prevent water
evaporation and changes in the liquid parameters. On the phantom top, three reference
markers are provided to identify the phantom position with respect to the robot.
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3. Tissue Simulating Liquid

3.1. The composition of the tissue simulating liquid

INGREDIENT 835MHz 835MHz 1900MHz 1900MHz
(% Weight) Head Body Head Body
Water 40.45 52.4 54.90 40.5
Salt 1.45 1.40 0.18 0.50
Sugar 57.6 45.0 0.00 58.0
HEC 0.40 1.00 0.00 0.50
Preventol 0.10 0.20 0.00 0.50
DGBE 0.00 0.00 44.92 0.00

3.2. Tissue Calibration Result

The dielectric parameters of the liquids were verified prior to the SAR evaluation using
DASY5 Dielectric Probe Kit and Agilent Vector Network Analyzer E5071C

Body Tissue Simulant Measurement

Frequency Description Dielectric Parameters Tissue Temp.

[MHz] =g o [s/m] [°C]
Reference result 55.20 0.97 N/A

835 MHz + 5% window 52.44 to 57.96 0.92to 1.02
08-01-2014 54.46 0.95 21.0
Reference result 53.30 1.52 N/A

1900 MHz + 5% window 50.64 to 55.97 1.44 to 1.60
08-01-2014 53.57 1.51 21.0
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3.3. Tissue Dielectric Parameters for Head and Body Phantoms

The head tissue dielectric parameters recommended by the IEEE SCC-34/SC-2 in P1528
have been incorporated in the following table. These head parameters are derived from
planar layer models simulating the highest expected SAR for the dielectric properties and
tissue thickness variations in a human head. Other head and body tissue parameters that
have not been specified in P1528 are derived from the tissue dielectric parameters
computed from the 4-Cole-Cole equations described in Reference [12] and extrapolated
according to the head parameters specified in P1528.

Target Frequency Head Body
(MHz) &r o (S/m) &r o (S/m)
150 52.3 0.76 61.9 0.80
300 453 0.87 58.2 0.92
450 43.5 0.87 56.7 0.94
835 41.5 0.90 55.2 0.97
900 415 0.97 55.0 1.05
915 415 0.98 55.0 1.06
1450 40.5 1.20 54.0 1.30
1610 40.3 1.29 53.8 1.40
1800 — 2000 40.0 1.40 53.3 1.52
2450 39.2 1.80 52.7 1.95
3000 38.5 2.40 52.0 2.73
5800 35.3 5.27 48.2 6.00

(& = relative permittivity, o = conductivity and p = 1000 kg/m?)
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4. SAR Measurement Procedure

4.1. SAR System Validation

4.1.1. Validation Dipoles

N
! 1 R T The dipoles used is based on the IEEE-1528
\ \{?K - 1 standard, and is complied with mechanical
—a and electrical specifications in line with the
P requirements of both IEEE and FCC
o Supplement C. the table below provides
i details for the mechanical and electrical
1k specifications for the dipoles.
coaxizl feed x\ ¥
5
%M/g a
Frequency L (mm) h (mm) d (mm)
835MHz 161.0 89.8 3.6
1900MHz 68.0 39.5 3.6
4.1.2. Validation Result
System Performance Check at 835MHz, 1900MHz for Body
Validation Kit: D835V2-SN: 4d094
Frequency _— SAR [w/kg] SAR [w/kg] Tissue Temp.
[MHz] Description 1g 10g °C]
Reference result 9.57 6.33 N/A
835 MHz + 10% window 8.61to 10.53 5.70 to 6.96
08-01-2014 9.40 6.12 21.0
Validation Kit: D1900V2-SN: 5d121
Frequency _ SAR [w/kg] SAR [w/kg] Tissue Temp.
[MHz] Description 1g 10g °C]
Reference result 39.4 20.8 N/A
1900 MHz + 10% window 35.46 t0 43.34 18.72 t0 22.88
08-01-2014 40.80 21.08 21.0

Note: All SAR values are normalized to 1W forward power.
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4.2. SAR Measurement Procedure

The DASYS calculates SAR using the following equation,

-

c:r|E
S4R ="
Fe

o: represents the simulated tissue conductivity
p: represents the tissue density

The EUT is set to transmit at the required power in line with product specification, at each
frequency relating to the LOW, MID, and HIGH channel settings.

Pre-scans are made on the device to establish the location for the transmitting antenna,
using a large area scan in either air or tissue simulation fluid.

The EUT is placed against the Universal Phantom where the maximum area scan
dimensions are larger than the physical size of the resonating antenna. When the scan
size is not large enough to cover the peak SAR distribution, it is modified by either
extending the area scan size in both the X and Y directions, or the device is shifted within
the predefined area.

The area scan is then run to establish the peak SAR location (interpolated resolution set
at Tmm? ) which is then used to orient the center of the zoom scan. The zoom scan is then
executed and the 1g and 10g averages are derived from the zoom scan volume
(interpolated resolution set at 1mm?).
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4.3. Extremity exposure conditions

Devices that are designed or intended for use on extremities or mainly operated in
extremity only exposure conditions; i.e., hands, wrists, feet and ankles, may require
extremity SAR evaluation. When the device also operates in close proximity to the
user’s body, SAR compliance for the body is also required. The 1-g body and 10-g
extremity SAR Test Exclusion Thresholds in section 4.3 should be applied to determine
SAR test requirements. When extremity SAR testing is required, a flat phantom must
be used if the exposure condition is more conservative than the actual use conditions;
otherwise, a KDB inquiry is required to determine the phantom and test requirements.
Body SAR compliance is also tested with a flat phantom. For devices with irregular
shapes or form factors that do not conform to a flat phantom, and/or unusual operating
configurations and exposure conditions, a KDB inquiry is also required to determine the
appropriate SAR measurement procedures. Unless it is specified differently in the
published RF exposure KDB procedures, when simultaneous transmission applies to
extremity exposure, the simultaneous transmission SAR test exclusion provisions in
section 4.3.2 should be applied. When simultaneous transmission SAR measurement
is required, the enlarged zoom scan and volume scan post-processing procedures in
KDB 865664 should be applied.

Transmitters that are built-in within a wrist watch or similar wrist-worn devices typically
operate in GPRS mode for data communication, with the device worn on the wrist. The
wrist-worn condition requires 10-g extremity SAR. The 10-g extremity test exclusions
may be applied to the wrist exposure conditions. When SAR evaluation is required, the
wrist bands should be strapped together to represent normal use conditions. SAR for
wrist exposure is evaluated with the back of the devices positioned in direct contact
against a flat phantom fill with body tissue-equivalent medium. The wrist bands should
be unstrapped and touching the phantom. The space introduced by the watch or wrist
bands and the phantom must be representative of actual use conditions; otherwise, if
applicable, the neck or a curved head region of the SAM phantom may be used,
provided the device positioning and SAR probe access issues have been addressed
through a KDB inquiry. When other device positioning and SAR measurement
considerations are necessary, a KDB inquiry is also required for the test results to be
acceptable; for example, devices with rigid wrist bands or electronic circuitry and/or
antenna(s) incorporated in the wrist bands. These test configurations are only
applicable to devices that are worn on the wrist and cannot support other use
conditions; therefore, the operating restrictions must be fully demonstrated in both the
test reports and user manuals.
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5. SAR Exposure Limits

SAR assessments have been made in line with the requirements of IEEE-1528, FCC
Supplement C, and comply with ANSI/IEEE C95.1-1992 “Uncontrolled Environments”
limits. These limits apply to a location which is deemed as “Uncontrolled Environment”
which can be described as a situation where the general public may be exposed to an
RF source with no prior knowledge or control over their exposure.

Limits for General Population/Uncontrolled Exposure (W/kg)

Type Exposure Uncontrolled
Environment Limit
Spatial Peak SAR (1g cube tissue for brain or body) 1.60 Wikg
Spatial Average SAR (whole body) 0.08 W/kg
Spatial Peak SAR (10g for hands, feet, ankles and wrist) 4.00 Wikg
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6. Test Equipment List

Instrument Manufacturer Model No. Serial No. Cali. Due Date
Staubli Robot TX60L Staubli TX60L F10/5C90A1/A/01  |N/A
Controller Staubli SP1 S-0034 N/A
Dipole Validation Kits Speag D835V2 4d094 2014.02.17
Dipole Validation Kits Speag D1900V2 5d121 2014.02.22
SAM Twin Phantom Speag SAM TP-1561/1562 N/A
Device Holder Speag SD 000 HO1 HA  [N/A N/A
Data Speag DAE4 1220 2014.01.23
Acquisition Electronic
E-Field Probe Speag EX3DV4 3710 2014.03.27
SAR Software Speag DASY5 V5.2 Build 162 N/A
Power Amplifier Mini-Circuit ZVA-183-S+ N657400950 N/A
Directional Coupler Agilent 778D 20160 N/A
Universal Radio R&S CMU 200 117088 2014.03.30
Communication Tester
Vector Network Agilent E5071C MY48367267 2014.03.30
Signal Generator Agilent E4438C MY49070163 2014.03.30
Power Meter Anritsu ML2495A 0905006 2014.11.01
Wide Bandwidth Sensor |Anritsu MA2411B 0846014 2014.11.01

Note: Per KDB 865664 D01 v01r02, Section 3.2.2 requirements for dipole calibration, QuieTek Lab

has adopted two years calibration

intervals. On annual basis, every measurement dipole has been evaluated and is in compliance with the following criteria:

1. There is no physical damage on the dipole;

2. System validation with specific dipole is within 10% of calibrated value;

3. RetumHoss is within 20% of calibrated measurement (Show below);

4. Impedance is within 5Q of calibrated measurement (Show below).
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Impedance Plot for D835V2

835 Body

Calibrated impedance: 47.7 Q; Measured impedance: 48.611 Q (within 5Q)

Calibrated return loss: -24.5 dB; Measured return loss: -25.333 dB (within 20%)
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Impedance Plot for D1900V2

1900 Body

Calibrated impedance: 47.4 Q; Measured impedance: 45.692 Q (within 5Q)

Calibrated return loss: -21.9 dB; Measured return loss: -21.900 dB (within 20%)
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7. Measurement Uncertainty
DASY5 Uncertainty

Measurement uncertainty for 300 MHz to 3 GHz averaged over 1 gram / 10 gram.
Error Description Uncert. | Prob. | Div. (ci) (ci) Std. Std. (vi)

value Dist. 19 10g Unc. Unc. Veff

(19) (109)

Measurement System
Probe Calibration 16.0% | N 1 1 1 16.0% | ¥6.0% | =
Axial Isotropy #4.7% | R ] 0.7 0.7 1.9% | £1.9% |
Hemispherical Isotropy | £9.6% R V3 0.7 0.7 1+3.9% 1+3.9% 0
Boundary Effects +1.0% |R V3 1 1 +0.6% | 20.6% |«
Linearity #47% |R W3 1 1 27% | 22.7% |
System Detection Limits | £1.0% R 3,3'3' 1 1 +0.6% +0.6% 0
Readout Electronics 10.3% N 1 1 1 10.3% | £0.3% °°
Response Time +0.8% |R NE] 1 1 +0.5% | 205% |«
Integration Time 12.6% R V3 1 1 £1.5% | £1.5% |«
RF Ambient Noise +3.0% |R SE] 1 1 #1.7% | +1.7% | =
RF Ambient Reflections | #3.0% | R SE] 1 1 #1.7% | x1.7% | =
Probe Positioner 04% | R /3 1 1 $0.2% | 202% |
Probe Positioning 12.9% | R V3 1 1 $1.7% | $1.7% | =
Max. SAR Eval. +1.0% |R A3 1 1 $0.6% | 20.6% |
Test Sample Related
Device Positioning 12.9% N 1 1 1 12.9% 12.9% 145
Device Holder 13.6% N 1 1 1 +3.6% |+3.6% |5
Power Drift +5.0% | R V3 1 1 +2.9% | +2.9% |
Phantom and Setup
Phantom Uncertainty +4.0% | R ¥3 1 1 +2.3% | $2.3% |
Liquid Conductivity _
(target) 5.0% |R ] 0.64 0.43 +1.8% | +1.2% | =
Liquid Conductivity
(meas.) +25% | N 1 0.64 0.43 1.6% |21.1% |«
Liquid Permittivity
(target) 5.0% |R V3 0.6 0.49 +1.7% | 214% | =
Liquid Permittivity
(meas.) +25% | N 1 0.6 0.49 £1.5% | £1.2% |«
Combined Std. Uncertainty £11.0% | £10.8% | 387
Expanded STD Uncertainty 122.0% | £21.5%
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8. Conducted Power Measurement

Mode Frequency | Avg. Burst Duty Cycle | Frame Power | Max. Power | Scaling
(MHz) Power (dBm) | Factor (dB) (dBm) (dBm) Factor
Maximum Power
824.2 30.76 -9 21.76 31.5 1.186
GPRS850(1 Slot) 836.4 30.95 -9 21.95 31.5 1.135
848.8 31.07 -9 22.07 31.5 1.104
824.2 29.49 -6 23.49 30.0 1.125
GPRS850(2 Slot) 836.4 29.73 -6 23.73 30.0 1.064
848.8 29.90 -6 23.90 30.0 1.023
824.2 27.12 -4.25 22.87 28.0 1.225
GPRS850(3 Slot) 836.4 27.39 -4.25 23.14 28.0 1.151
848.8 27.65 -4.25 23.40 28.0 1.084
824.2 25.95 -3 22.95 26.5 1.135
GPRS850(4 Slot) 836.4 26.23 -3 23.23 26.5 1.064
848.8 26.48 -3 23.48 26.5 1.005
1850.2 27.01 -9 18.01 27.5 1.119
GPRS1900(1 Slot)| 1880.0 27.12 -9 18.12 27.5 1.091
1909.8 27.22 -9 18.22 27.5 1.067
1850.2 26.94 -6 20.94 27.5 1.138
GPRS1900(2 Slot)| 1880.0 27.00 -6 21.00 27.5 1.122
1909.8 27.12 -6 21.12 27.5 1.091
1850.2 25.74 -4.25 21.49 26.0 1.062
GPRS1900(3 Slot)| 1880.0 25.85 -4.25 21.60 26.0 1.035
1909.8 25.95 -4.25 21.70 26.0 1.012
1850.2 2417 -3 21.17 25.0 1.211
GPRS1900(4 Slot) 1880.0 24.38 -3 21.38 25.0 1.153
1909.8 24.56 -3 21.56 25.0 1.107

Note 1: Scaling Factor = Max. Power(mW) / Avg. Burst Power(mW)

2: This device operates using the following maximum and nominal output power specifications. SAR

values were scaled to the maximum allowed power to determine compliance per KDB Publication 447498

D01v05r01.

3: Both burst-averaged and calculated frame-averaged powers are included. Frame-averaged powers

were calculated from the measured burst-averaged power by converting the slot powers into linear units and

calculating the energy over 8 timeslots.

4: The bolded GPRS modes were selected for SAR testing according to the highest frame-averaged
output power table per KDB 941225 D03v01.
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9. Test Results
9.1. Test Results

SAR MEASUREMENT

Ambient Temperature (°C) : 21.5+ 2

Relative Humidity (%): 52

Liquid Temperature (°C):21.0 £ 2

Depth of Liquid (cm):>15

Product: GPS Tracker

Wrist-worn Condition SAR Configurations

Test Mode: GPRS850-2slot

Test Position Frequency Power Scaled
Antenna Frame | FOEST | SAR | Scaling | SAR | Limit
Body Positi oer Dri g Factor 10g (W/kg)
(0mm gap) Osiion | Channel | MHz (dBm) | (<+0.2) | (W/kg) (W/kg)
Body-worn Fixed 128 8242 | 23.49 -- - 1.125 - 4
Body-worn Fixed 189 836.4 | 23.73 0.01 0.015 1.064 0.016 4
Body-worn Fixed 251 848.8 23.90 -- -- 1.023 -- 4

Note: when the 10-g SAR is < 2.0 W/kg, testing for low and high channel is optional, refer to KDB 447498

D01v05r01.




Quielek

Report No.: 1410226R-HP-US-P03V01

SAR MEASUREMENT

Ambient Temperature (°C) : 21.5+ 2

Relative Humidity (%): 52

Liquid Temperature (°C) : 21.0 £ 2

Depth of Liquid (cm):>15

Product: GPS Tracker

Wrist-worn Condition SAR Configurations

Test Mode: GPRS1900-3slot

Test Position Frequency Power Scaled
Bod Antenna eme | it | oan | Scaling | SAR | Limit
y Position | channel MHz (dBm) <402 (W/kgg) Factor 10g (W/kg)
(Omm gap) (<£0.2) (W/kg)
Body-worn Fixed 512 1850.2 | 21.49 -- -- 1.062 -- 4
Body-worn Fixed 661 1880 21.60 -0.02 1.68 1.035 1.74 4
Body-worn Fixed 810 1909.8 | 21.70 -- -- 1.012 -- 4

Note: when the 10-g SAR is < 2.0 W/kg, testing for low and high channel is optional, refer to KDB 447498

D01v05r01.
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9.2. SAR Test Notes

General Notes:

1. Batteries are fully charged at the beginning of the SAR measurements.

2. Liquid tissue depth was at least 15.0 cm for all frequencies.

3. The manufacturer has confirmed that the device(s) tested have the same physical, mechanical and
thermal characteristics and are within operational tolerances expected for production units.

4. SAR results were scaled to the maximum allowed power to demonstrate compliance per FCC KDB
Publication 447498 D01v05r01.

5. Per FCC KDB 447498 D01v05r01 Section 4.2.3, devices that are designed or intended for use on
extremities or mainly operated in extremity only exposure conditions; i.e., hands, wrists, feet and ankles,
may require extremity SAR evaluation. When extremity SAR testing is required, a flat phantom must be
used if the exposure condition is more conservative than the actual use conditions.

6. Per FCC KDB 447498 D01v05r01 Section 6.2, when SAR evaluation is required, the wrist bands should
be strapped together to represent normal use conditions. SAR for wrist exposure is evaluated with the back
of the devices positioned in direct contact against a flat phantom fill with body tissue-equivalent medium.

The wrist bands should be unstrapped and touching the phantom.
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Appendix A. SAR System Validation Data

Date/Time: 08-01-2014
Test Laboratory: QuieTek Lab
System Check Body 835MHz
DUT: Dipole 835 MHz D835V2; Type: D835V2
Communication System: CW; Communication System Band: D835 (835.0 MHz); Duty Cycle: 1:1;
Frequency: 835 MHz; Medium parameters used: f = 835 MHz; ¢ = 0.95 mho/m; er = 54.46; p = 1000 kg/m? ;
Phantom section: Flat Section ; Input Power=250mwW
Ambient temperature (°C): 21.5, Liquid temperature (°C): 21.0
DASY5 Configuration:

Probe: EX3DV4 - SN3710; ConvF(9.41, 9.41, 9.41); Calibrated: 27/03/2013;

e Sensor-Surface: 4mm (Mechanical Surface Detection)

e Electronics: DAE4 Sn1220; Calibrated: 24/01/2013

e Phantom: SAM2; Type: SAM; Serial: TP1562

e Measurement SW: DASY52, Version 52.8 (1); SEMCAD X Version 14.6.5 (6469)

Configuration/System Check Body 835MHz/Area Scan (8x17x1): Measurement grid: dx=10mm,
dy=10mm, Maximum value of SAR (measured) = 2.36 mW/g

Configuration/System Check Body 835MHz/Zoom Scan (7x7x7)/Cube 0: Measurement grid: dx=5mm,
dy=5mm, dz=5mm, Reference Value = 51.594 V/m; Power Drift = 0.03 dB

Peak SAR (extrapolated) = 3.537 mW/g

SAR(1 g) = 2.35 mW/g; SAR(10 g) = 1.53 mW/g Maximum value of SAR (measured) = 2.54 mW/g

-2.09

-4.17

-6.26

-8.34

-10.43

0 dB =2.54 mW/g = 8.10 dB mW/g
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Date/Time: 08-01-2014

Test Laboratory: QuieTek Lab

System Check Body 1900MHz

DUT: Dipole 1900 MHz D1900V2; Type: D1900V2

Communication System: CW; Communication System Band: D1900(1900MHz); Duty Cycle: 1:1; Frequency:
1900 MHz; Medium parameters used: f = 1900 MHz; o = 1.51 mho/m; er = 53.57; p = 1000 kg/m? ; Phantom
section: Flat Section ; Input Power=250mwW

Ambient temperature (°C): 21.5, Liquid temperature (°C): 21.0

DASY5 Configuration:

e Probe: EX3DV4 - SN3710; ConvF(7.6, 7.6, 7.6); Calibrated: 27/03/2013;

e Sensor-Surface: 4mm (Mechanical Surface Detection)

e Electronics: DAE4 Sn1220; Calibrated: 24/01/2013

e Phantom: SAM2; Type: SAM; Serial: TP1562

e Measurement SW: DASY52, Version 52.8 (1); SEMCAD X Version 14.6.5 (6469)

Configuration/System Check Body 1900MHz/Area Scan (7x11x1): Measurement grid: dx=10mm,
dy=10mm

Maximum value of SAR (measured) = 11.3 mW/g

Configuration/System Check Body 1900MHz/Zoom Scan (7x7x7)/Cube 0: Measurement grid: dx=5mm,
dy=5mm, dz=5mm, Reference Value = 86.584 V/m; Power Drift = 0.03 dB

Peak SAR (extrapolated) = 18.918 mW/g

SAR(1 g) =10.2 mW/g; SAR(10 g) = 5.27 mW/g Maximum value of SAR (measured) = 11.5 mW/g

-3.53

-7.06

-10.58

-14.11

-17.64

0 dB =11.5mW/g =21.21 dB mW/g
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Appendix B. SAR measurement Data

Date/Time: 08-01-2014
Test Laboratory: QuieTek Lab
GPRS850 Mid Body-Back(2up)
DUT: GPS Tracker; Type: Caref
Communication System: GPRS/EGPRS-2 Slot; Communication System Band: GSM850; Duty Cycle: 1:4.2 ;
Frequency: 836.4 MHz; Medium parameters used: f = 836.4 MHz; o = 0.97 mho/m; er = 55.63; p = 1000
kg/m? ; Phantom section: Flat Section
Ambient temperature (°C): 21.5, Liquid temperature (°C): 21.0
DASY5 Configuration:

e Probe: EX3DV4 - SN3710; ConvF(9.41, 9.41, 9.41); Calibrated: 27/03/2013;

e Sensor-Surface: 4mm (Mechanical Surface Detection)

e Electronics: DAE4 Sn1220; Calibrated: 24/01/2013

e Phantom: SAM2; Type: SAM; Serial: TP1562

e Measurement SW: DASY52, Version 52.8 (1); SEMCAD X Version 14.6.5 (6469)

Configuration/GPRS850 Mid Body-Back/Area Scan (7x9x1): Measurement grid: dx=10mm, dy=10mm
Maximum value of SAR (measured) = 0.0277 mW/g

Configuration/GPRS850 Mid Body-Back/Zoom Scan (5x5x7)/Cube 0: Measurement grid: dx=8mm,
dy=8mm, dz=5mm, Reference Value = 5.108 V/m; Power Drift = 0.01 dB

Peak SAR (extrapolated) = 0.050 mW/g

SAR(1 g) = 0.025 mW/g; SAR(10 g) = 0.015 mW/g Maximum value of SAR (measured) = 0.0303 mW/g

-4.02

-8.0%

-12.07

-16.10

-20.12

0 dB =0.0303 mW/g =-30.37 dB mW/g
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Z-Axis Plot

Interpolated Max SAR Z Line(z)

—
GPRSA50 Mid Body-Back; Zoom Scan; SAR;cube 0
||

Markers

0.050

0.045 \\
0.040

0.035 ~

0.030

% 0.025 -

0.020 \
0.015

et
0.010 \\\‘H-..
0.005 - -‘H‘H""“‘*H-._._h_
-‘_-_‘_-__'-_-'—-___
0.000
0.000 0. 0.010 0015 0.020 0.025 0.030 0.035
m

Page: 31 of 77



QUieTeK Report No.: 1410226R-HP-US-P03V01

Date/Time: 08-01-2014

Test Laboratory: QuieTek Lab

GPRS1900 Mid Body-Back(3up)

DUT: GPS Tracker; Type: Caref

Communication System: GPRS/EGPRS-3 Slot; Communication System Band: PCS 1900; Duty Cycle:
1:2.8 ; Frequency: 1880 MHz; Medium parameters used: f = 1880 MHz; o = 1.5 mho/m; er = 53.6; p = 1000
kg/m? ; Phantom section: Flat Section

Ambient temperature (°C): 21.5, Liquid temperature (°C): 21.0

DASY5 Configuration:

e Probe: EX3DV4 - SN3710; ConvF(7.6, 7.6, 7.6); Calibrated: 27/03/2013;

e Sensor-Surface: 4mm (Mechanical Surface Detection)

e Electronics: DAE4 Sn1220; Calibrated: 24/01/2013

e Phantom: SAM2; Type: SAM; Serial: TP1562

e Measurement SW: DASY52, Version 52.8 (1); SEMCAD X Version 14.6.5 (6469)

Configuration/GPRS1900 Mid Body-Back/Area Scan (7x9x1): Measurement grid: dx=10mm, dy=10mm
Maximum value of SAR (measured) = 3.32 mW/g

Configuration/GPRS1900 Mid Body-Back/Zoom Scan (5x5x7)/Cube 0: Measurement grid: dx=8mm,
dy=8mm, dz=5mm, Reference Value = 47.522 \V//m; Power Drift = -0.02 dB

Peak SAR (extrapolated) = 5.213 mW/g

SAR(1 g) = 3.17 mW/g; SAR(10 g) = 1.68 mW/g Maximum value of SAR (measured) = 3.48 mW/g

-3.59

AL

L

-10.78

-14.37

-17.96

0 dB = 3.48 mW/g = 10.83 dB mW/g
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Z-Axis Plot

Interpolated Max SAR Z Line(z)
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Appendix C. Test Setup Photographs & EUT Photographs

Test Setup Photographs

-

wrist-worn Extremity SAR at Omm
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Depth of the liquid in the phantom — Zoom in

Note: The position used in the measurements were according to IEEE 1528 - 2003
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EUT Photographs

(1) EUT Photo

(2) EUT Photo
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(3) EUT Photo

Page: 37 of 77



QUieTeK Report No.: 1410226R-HP-US-P03V01

Appendix D. Probe Calibration Data
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Calibration Laboratory of

T
Schmid & Partner ﬁlﬂgﬁgﬁ

SthwnizaiiEcher Kalibrissdinnst
Eervice Auigss ' ialannano

Engineering AG P Barvizic svizmara di faraben
Zoughausstrasse 43, 3004 Zurich, Ewitzadand iﬁf Swiss Callbration Sorden
ih
Aeereiind by ihe Swie Accrecilation Serdon (SR5] Accroditation Me.: SCS 108

Tha Swiks fAccreditation Sordce s one of the signatories to the E&
Mulilsieral Agraomont for the reccgniion of calibealion cantifisibig

Glossary:

TEL tiEsue simutatng liguid

MORMz,y,x sansitivity in free spece

CanvF sengitivity in TSL f RORMyz

noe dizda compression poaint

CF crast fackor (1/duy_cyela) of ihe BF signal

AB G D maodulation dapendent linaarization pasamealers

Polarizetion ua rofation amwnd probe axis

Faolarizetion 3 & rokation sraund an axis that is in the plena normal o proebe axis (al rmeasurement cender),

i.m, & =0 is nomal o probe axis

Calibration is Performed According to the Following Standards:
ap |EEE 5td 1528-2003, "IEEE Recommended Praclice for Determining the Peak Spatial-Averaged Specilic
Abserplion Raba (SAR) in the Heman Haad from Wirelass Communications Devices: Measuromzni
Tachniques™, Dacernbar 2003
by IEC G2208-1, "Procedure 1o magsure the Specilic Abasorplion Rale (SAR) for hand-held davices used in eloss
prawrmaty b the ear {frequancy ranga of 300 MHz bx 3 GHz)", Febraary 2005

Methods Applied and Interpretation of Parameters:

+  NORM Y 2 Assessed for E-field polarization 8 =0 [f < 900 MHz in TEM-call; 1 = 1300 MHz: RE2 wirveguids)
MRS v 2 are only intermediate values, ie., the wcerainfies of NORM:x,y,z does not affect the E*-Fald
uncarainty inside: TSL (see balow Canve).

s NORMxyx = NORMy x * frequency_raspones [ses Frequency Respense Chiand), This neaszation is
implemented in DASYS software versions labar than 4.2, Tha uncerainty of the frequency respanse is inclided
In tha sleted uncartainty of CowF.

¢ DCPypr DCP are numencal lingarizetion parermeters sssessed basad on the data of powear sweap with G
signal (no unzerdainty required). DCP doas not dapend on Treguency nar media,

¢ PAR: PAR is the Peak io Average Ratic that is not calibrated but datermined based an he signal
characlerislics

= Ay By e Cople Owp e VR p e A, B, C, D are numencal inearization parameders assassad besed on
the: dats of power swaep for specific modulation signal. The parametens de nat depend an freqguency nar
mizdE, VR i5 the maximumn calbration range expressed in RMS vollege across the diode.

= ConvF and Baundary Effest Parnmatars, Assessed in flat phantam using E-field (or Temperature Trarsfar
Standerd for f = 800 MHz} end Inslde waveguide using analytical field disiributans based on powar
mesyurements for f > 800 MMz The same selups are usad for assesameant of the parametars apphad far
maundary conmgarsation [alpha, deplh) of which typical uncedainty walues ane given, Thass paramaters sna
ugad in DASYS software Lo imgrove probe sccuracy close Lo the boundary, The sensitivity in TSL cormasponds
o NORM: oz * GonwE wheraby the uncertainty comasponds o that givan for CenvF. & frequancy dependens
CanvF is used in DASY version 4.4 and higher which allews aebanding the waligity from £ 50 MHz te £ 900
MHz.

= Sphsocal isotrapy (30 deviabion froor lsobeeaed: ina field of low gradients realized using a flaf phantam
axpesed by B paich antenna,

»  Sensor Ofsal The sersor offset comasponds fo the offset of widual massuement canter from the probea tip
(o probe asis). Mo lolerance reguisaed,

Canmificata Mot EX3-3710_Maria Faga Zof 11
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EXA0A = SN:ETID March 37, 2013

Probe EX3DV4

SN:3710

Manufactured:  July 21, 2009
Calibrated: March 27, 2013

Calibrated for DASY/EASY Systems

{Mate: non=compatible with DASEY2 systam|)

Cerlificate Mo EXI-3710_Mari3 Fage 3ol 11
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EX3DV4— 3M:3T10 Manch 27, 2013

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3710

Basic Calibration Parameters
ot LAl

] Fensor X Sensor ¥ ] Bansor £ Une (k=a} |
| Marm {usitim|’y” [ 0.56 0,45 101 %
| DER {mv” 101.3 g 1 9E.E
Modulation Calibration Parameters
uio T Commimicalion System Name - A B I o VR Une"
4B dBy W dB i (k=2)
o o x | oo 0.0 1.0 B0 | 1585 | 2P
¥ 0.0 ot [ 1@ 125
z 0 041 1.0 159.4

The reparted uncestainty of measurement is stated as the standand uncertainly of measurement
multiplied by the coverage faclor k=2, which for & nomal distribution cerrespends to a coverage
probability of approdimately 85%.

* The uncertainies of Mormil ¥ 2 oo not affect the EX-Sal uecedinly nsde TSL (s Pages 5 and &)

* phamivical linearization parameter: uncedanhy ot requined.

Uity i degenmined wing e mee, devation Som Ineor respast appiying rectanguar dsbon s i expresssd for the squan of the
ok walun,

Cerlilicala Moo EX3-3710_Mari3 Fagad ol 11
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ExX3DWd- BR300 March 27, A013

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3710

Callbration Parameter Determined in Head Tissue Simulating Media

Ralative Conductivity Depth Unat.
f(MHz) % | Pasmittivity” {Sim} © ConyF X | ConwFY | ComFZ | Alpha | [mm) L
450 435 [.E7 09,87 BE7 | gar 0.14 130 | #1345
TED £1.9 DT B84 .94 | 9g4 029 | 088 | £120%
B35 41.6 .80 0,52 4,52 8.52 1.38 .83 + 120 %
B0 | 418 0.97 5.50 9.50 950 | 070 | 03 | x120%
1610 400 1,40 75 T.75 T.75 0.66 0,63 + 120 %
18450 400 1.40 7.47 747 T4 0.75 058 | +120%
2450 193 1.80 T i TG .63 B4 | =120%
200 | 390 1.58 B.8% 683 .83 .50 074 | =120%
3500 ary 281 G.81 681 §.31 a2 0.7 + 131 %
5200 3EB.0 486 4 B 4,86 . 4,86 A5 1480 + 131 %
E300 ] 476 L4 4.74 4. 74 0.45 1.80 +13.1%
5500 35.6 4.96 4.50 4,50 450 : 050 | 180 | +£131%
S0 385 3.07 _A.42 442 4,432 045 1,80 +13.1 ':H’—:
5RI0 353 6.27 4.43 443 443 050 | 180 | +151%

E Fireayiiarary salidity of = 100 MHz oy applies S DRSY w4 s Bighar [ses Page 2], elbs R is mefncded o & 50 MHz. The utnosriainty & $a RES
o dr= CameF uncerdainty al calbosion & oy and the onesrtaisty for (he indieslad fregiiesy hissd,

" Al Traquanciea below 3 GHz, The validity of lsua paranvetens {vand o) can b relaomsd fo & 10% i liguid com pensalion formisda is applied 1o
rwcasured SAR vakes, A1 frequencies abows 3 GHz. Lhe validity of issue parametors (2 and «) is restricied 1o = 5%. The uncorainly is ihe RSS of
thi Comd ungniainly ford indicaled tangel Bue paramals

Cartficate Moo EX3-3710_Man3 Paga 5ol 11
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EX30d- SH-ATI0 Marnch 27, 2013

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3710

Calibration Parameter Determined in Body Tissue Simulating Media

| 1 [MHz) Pﬁliarzvv;r‘ Gn:sd:“c:::i;vlw ConyF X | ConvFY | ConwFZ | Alpha ] ?.i:-.-.? '[.JI'EE!]
450 58.7 0.94 1084 1068 | 1089 L.08 1.20 2134 %
] 55.5 0.86 9.0 9.60 .60 .44 0.63 $120%
B35 65.2 {4 0.41 .41 .41 038 | omg | =120%
500 55.0 1.08 09,30 8,30 050 A0 | 083 | £120%
1810 514 1.52 .60 760 T80 o4z | oel | e120%

1850 - 1.52 782 762 T.62 0.34 0.58 +12.0 %
2480 27 1.95 708 | 7.08 i 708 LiE | 056 | 2120%
ZEOD 526 218 6.88 5.36 A.86 080 | 080 | 2120%
3500 51.3 | .81 6.38 6,38 .38 1.00 .57 131 %
5200 48.0 £ 458 4.3% 432 | 0485 190 | £131% |
5300 13 542 | 418 4.6 496 0.45 1.490 £131 %
5500 406 565 3BT 3.E7 387 | 080 | 190 | +131% |

| se00 | 4as 5.77 289 389 389 | 040 | 180 | £131%
500 48,2 6.00 405 405 4.05 oEr | 1ep | #i3d%

IEFrvlh:.uil‘t::.- walichty ol 2 100 MHz only appies for DASY w4 and higher (s Page 2], oise i is resticed 192 50 MHx. Tha oiGectinty & Se RES
of thie ComreF uncsatainty al ealbasan & and tha inty for the indicaled frequency band.

" At fregquentins balgw 3 GHz, fhe valdity of s paeametoes (o and w) con b reloed be & 10% i lguid com pessstion Fonmue i appied 1o
measwed SAR values, A iregoencios abows 3 GHZ, the valdity of Sssus paramabers (s and o) s reaticied 10 2 5%, The uncerainty is the 55 of
the Convf uncertainty dor indicaled Egel Sosun cammetors.

Camficates Moo EX2=3710_Mar13 Pags Gof 11
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EXI0N- SRETI0 March 27, 2013

Frequency Response of E-Field
(TEM-Cell:ifl110 EXX, Waveguide: R22)

[resfrralized)

FIEJWENcy responaa

08+~ i
LT+
08 : o
nﬁ - - 1 { pliyy | | I I | i [ i I i i i | i
i S0 1200 1500 0o 2500 3000
f [MHz]
L] & |
R e
Uncarainty of Frequency Response of E-lield: £ 5.3% [ke2)
Camficesn ha: EXA3T10_Mar13 Paga 7ol 11
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EX30Vd— SMAT10 March 27, 2013

Receiving Pattern (¢), 9 =0°

=600 MHz, TEM =1800 MHz R22

B W
L] © 13 o “
K - L. .
w ” e L LR H] L Togr .
rlll_ oy na N-_ L] 1 3 . i hl 01 ©d bR On ."
. i ,

T i ns a3 - = Sl e
4 !
[] ® ] ] [} ]
Toi x ¥ Z Tzt S ¥ L
a5 i : Sty .ﬁ .................... i . ..................... e T e s
% i { H i
'E e == St e o L . Al 2 o
] i | I E |
A% i
Ty | PR TSN YR o T A L T PRI S R ! - PR W
11 I|:|I:| -d:.'l |.I '=.|:1 160 150
Rl 7]
[ ] B
IET#I: Dl:'-ﬁJ-u |£-f!rr:|ru P 7= P
Uncertainty of Axial lsodropy Assessment: £ 0.6% (k=2)
Camficate Mo: EXA=3710_Mar1d Page ol 11
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ExXIDa- 583710 March 27, 2013

Dynamic Range f(SAR}..q)
(TEM cell , f = 300 MHz)

Input Sigrel (V]
7]

10°

2 1
<l ! { il
b e e
P 1] L dafee= |4 i
= 1wt 1 i
R | i R i i i
o [ | i Litiity iil i L3 i
10 et gpz [ o TR 10
miiornd
nol compensstaz oompansabsd
Uncartainty of Linsarity Assessmant: ® 0,6% (k=2)
Cartificale b EXE-3T10_Mart2 Paga fal 11
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EX3Dva— SM:aT10 Mamch 27, 201l
Conversion Factor Assessment
1= 200 MHZ WGLS RY (H_comF) F= 1810 MHz, WGLE R232 {H_canwt)
| |
gL TR
£ | £ |
S | -8
| s
B uﬂuu.: = nq;lddv T = F “_:';-__u ,1.?..' = w:;“ o &
Deviation from Isotropy in Liquid
Error (¢, #), f = 900 MHz

40 D& -085 04 M DO D2 04 08 D& 10
Uncertainty of Spharical lsotropy Assessment: £ 2.8% [k=2)

Cerilicale Ma: EX3-3710_Maria Faga 1091
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EXA0V4— 5M:3710 Mianch 27, 2013

DASYIEASY - Parameters of Probe: EX3DV4 - SN:3710

Other Probe Parameters

Sensar Arrangement Triangular |
Connacior Angle [*) -0z
| Mechanical Suace Delection Mode angled
Oplical Surface Detection Mode dizahled
Prober Ovarall Langth ' 337 rmen |
Probe Body Ciameater 10 mm
Tip Langih A mm
| Tip Dlamater ; ZEmm
"Frebe Tip to Bensor X Galibabon Point Tmm
Prabe Tip & Sensor ¥ Galibration Point Tmm
Frabe Tip te Sensor Z Calibratizn Point i 1 mm
Recommended Measuramend Distance from Surlace 2 mm |
Candcata Mo EX3-2710_Mar13 Pagae 11af 11
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Report No.: 1410226R-HP-US-P03V01

Quielek

Appendix E. Dipole Calibration Data

Calibration Lahoratunr of
Schmid & Parner

Engineering AG
Zoughaussirasse 43, 8004 Zurich, Switzerland

Schwoizarischer Kalibrierdienst
Service suisse d'dalonnage
Servizio svizzero di laraiura
Swiss Calibration Service

Accredded by the Swiss Accreditalion Senioe (SAS)
The Bwiss Accreditalion Service is one of the signatories 1o the EA
Muttilateral Agreement for the recognition of calibration certificates

client  Quietek-CN (Auden)

Acereditation No.: SCS 108

Cartificats to: D0OV2-1d096_Feb12
CALIBRATION CERTIFICATE |

Otyoc DO00V2 - SN: 1d096

Calibration precaoure(s) QA CAL-05.v8
' Calibration procedure for dipole validation kits above 700 MHz

Cabbeation date February 17, 2012

This calibration cerificate documents the raceabdty o national standards, which realize the physical units of maasurements (51)
Tha measwements and the uncenainies with confidence probability ane given on tha lolloweng papges and are par of ihe cedificate.

All calibrations have baen conducied in the closed laborstory facility: oméonmant tempartare (22 = 35°C and humidity < T0%, |

Callbration Equpmant used (METE critical for calibratioh)

This calibration cenilzais shall not be reproduced except i full without weitian approval of the laboratony

Primary Standards D& (Cal Dl [Camificals Mo ) __Sehedulsd Cabbention
Power maler EFM-4424 GEITAE0TDS 05-0ct-11 (Mo 217-01451) Oet-12
| Powar sensor HP B4B1A usaT2a27e3 05-0ct-11 (No. 217-01451) Oct-12
FReference 20 B Attenuator 5N: 5086 (20g) 2-Mar-11 (No. 217-01368) Apr-12
Type-N mismatch combination 5N: 50472 [ 05327 29-Mar-11 (No, 217-01371) Apr-12
Redarence Probe ES30VA SN: 3205 30-Dec-11 (Mo, ES3-3208_Dect1) Dec-12
DAE4 SN &1 D=1 (No. DAEA-B01_Juli1) Jul-12
Sacondary Standanis ID# A . Gheck Date [in house) Scheduled Check .|
Porar sensor HP 84814 MY 41092317 18-Ocd-02 fin houss chock Dci-11) In house check: Oct-13
AF genarator ALS SMT-06 100005 Od-Aug-99 (in house chock Oct-11) In hguse chegke Oct-13
Metwork Anafyzer HP 8T53E USATIO05E5 54206  18-0c1-01 (in house chack Oct-11) In house check: Oct-12
Nama Function raLng
Callbralod by Isrne El-Maouq Laboratory Technician
Sl (1"%[\'.11}.]
Approved by Kalg Pokovic Technical Mansger

e
—
e A
e

|ssued: Fetauary 20, 2012

Cenificate Mo: D300V2-10096_Feb12

Pag= 1ol B
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Calibration Laboratory of SN

SA Schweizerischer Kalibrierdienst
Schmid & Partner e = Service suisse d'étalonnage
TS TS .
Engineering AG NS Servizio svizzero di taratura
Zeughausstrasse 43, 8004 Zurich, Switzerland "’:,,/f’_‘:\\.x\‘\ Swiss Calibration Service
il
Accredited by the Swiss Accreditation Service (SAS) Accreditation No.: SCS 108

The Swiss Accreditation Service Is one of the signatories to the EA
Multilateral Agreement for the recagnition 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) |EEE 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

c) 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.

o Feed Point Impedance and Return Loss: These parameters are measured with the dipole
positioned under the liguid 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 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.

o  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.

Certificate No: D900V2-1d096_Feb12 Page 2 of 8
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Report No.: 1410226R-HP-US-P03V01

Quielek

Measurement Conditions

DASY system configuration, as far as not given on page 1.
DASY Version DASYS5 VE2.8.0
Extrapolation Advanced Extrapolation
Phantom Modular Flat Phantom
Distance Dipole Center - TSL 15 mm with Spacer
Zoom Scan Resolution dx, dy, dz =5 mm
Frequency 900 MHz + 1 MHz
Head TSL parameters
The following parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Head TSL parameters 22.0°C 415 0.97 mho/m
Measured Head TSL parameters (22.0 £0.2) °C 403+6% 0.95 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 measured 250 mW input power 260mW /g

SAR for nominal Head TSL parameters normalized to 1W

10.5 mW /g £ 17.0 % (k=2)

SAR averaged over 10 em® (10 g) of Head TSL condition

SAR measured 250 mW input power 1.67mW/g

6.73 mW /g = 16.5 % (k=2)

SAR for nominal Head TSL parameters normalized to 1W

Body TSL parameters
The following parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Body TSL parameters 22.0°C 55.0 1.05 mho/m
Measured Body TSL parameters (22.0 £0.2) °C 55.1+6% 1.08 mho/m + 6 %
Body TSL temperature change during test <0E7C
SAR result with Body TSL
SAR averaged over 1 cm® (1 g) of Body TSL Condition
SAR measured 250 mW input power 280mwW /g

SAR for nominal Body TSL parameters normalized to 1W

11.0 mW / g = 17.0 % (k=2)

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

condition

SAR measured

250 mW input power

1.80mW /g

SAR for nominal Body TSL parameters

normalized to 1W

7.08 mW / g = 16.5 % (k=2)

Certificate No: D900V2-1d096_Febi2
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QUieTeK Report No.: 1410226R-HP-US-P03V01

Appendix

Antenna Parameters with Head TSL
Impedance, transformed to feed point 5310 +14jQ
Return Loss -29.7 dB

Antenna Parameters with Body TSL

Impedance, transformed to feed point 4850-1.8jQ
Return Loss -32.3dB

General Antenna Parameters and Design

Electrical Delay (one direction) 1.410 ns

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

The dipole is made of standard semirigid coaxial cable. The center conductor of the feeding line is directly connected fo the
second arm of the dipole. The antenna is therefore short-circuited for DC-signals. On some of the dipoles, small end caps
are added to the dipole arms in order to improve matching when loaded according to the position 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 farce must be applied to the dipole arms, because they might bend or the soldered connections near the
feedpoint may be damaged.

Additional EUT Data

Manufactured by SPEAG
Manufactured on September 22, 2009
Certificate No: D900V2-1d096_Feb12 Page 4 of B

Page: 52 of 77



Q.UieTeK Report No.: 1410226R-HP-US-P03V01

DASYS5 Validation Report for Head TSL

Date: 17.02.2012
Test Luboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 900 MHz: Type: D900V 2; Serial: DY00V2 - SN: 1d096

Communication System: CW; Frequency: 900 MHz

Medium parameters used: f = 900 MHz: o = 0.95 mho/m; g, = 40.3; p = 1000 kg/m"
Phantom section: Flal Section

Measurement Standard: DASY 3 (IEEEMIEC/ANS] C63.19-2007)

DASYS52 Configurmtion:
» Probe: ES3DV3 - SN3205; ConvF(5.97, 5.97, 5.97); Calibruied: 30.12.2011]
« Sensor-Surface: Imm (Mechanical Surface Detection)
= Electronics: DAE4 Sn601: Calibrated: 04.07.2011
« Phantom: Flat Phantom 4.9L; Type: QDOOOP49AA: Serial: 1001
« DASYS2 52.8.0(692); SEMCAD X 14.6.4(498%)

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

Reference Value = 58.787 V/m; Power Drifi = 0.01 dB

Peak SAR (extrapolated) = 3.8810

SAR(1 gl = 2.6 mW/g: SAR(10 g) = L.67T mW/g

Maximum value of SAR (measured) = 3.046 mW/g

.40

-1.20

“lres
0 dB = 3.050mW/z = 9.69 dB mW/g

Carlificate No: DS00V2-1d096_Feb12 Page 50l B
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Impedance Measurement Plot for Head TSL

i7 Feb Z012 46133582
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B HH
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H2 511 LOG 5 dBSREF -29 of L ] 3 pa.pR0 HO0 HHz
e - H
-Irl:- 11=9, 3549 dB
= 5.008 M=z
%
T - 5
i1 '.'.
vy R
ag 3 \:{l‘
Hld
e ; : i i LGN T

Certificate No: DO00V2-1d006_Feb12 Page 6 of B
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DASYS Validation Report for Body TSL

Date: 17.02.2012
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 900 MHz: Type: D900V2; Serial: D900V2 - SN: 1d0Y%6

Communication System: CW; Frequency: 900 MHz

Medium parameters used: f = 900 MHz; o = 1.08 mho/m; g = 55.1; p = 1000 keg/m’
Phantom section: Flat Section

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

DASYS52 Configuration:
=  Probe: ES3DV3 - SN3205; ConvF(5.94, 5.94, 5.94); Calibrated: 30.12.2011
« Sensor-Surface: 3Imm (Mechanical Surface Detection)
« Elecironics: DAE4 Sn601; Calibrated: 04.07.201
+  Phantom: Flal Phantom 4.9L; Type: QDOOGOP49AA; Serial: 1001
« DASYS2 52.8.0(692); SEMCAD X 14.6.4(4989)

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

Reference Value = 56.370 V/m; Power Drift = 0.0075 dB

Peak SAR (extrapolated) = 4.2490)

SAR(I g) = 2.8 mW/g: SAR(10 g) = 1.8 mW/g

Maximum value of SAR (measured) = 3.283 mW/g

-1k

-ena

0dB = 3.280mW/g = 10.32 dB mW/g

Certificate No: DB00V2-1d096_Feb12 Page 7 of B
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Report No.: 1410226R-HP-US-P03V01

Impedance Measurement Plot for Body TSL
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Report No.: 1410226R-HP-US-P03V01

CE“I‘JI’HHOH Lﬂbﬂrﬂ.tﬂfjl' ﬂf “{“‘I@ﬂg’ s Sehwoizerischer Kallbrierdienst

Schmid & Partner — 2 c Service sulsse d'dtalonnage
Engineering AG m Servizio svizzera di laratura

Zoughaussirasse 43, B004 Zurich, Switzorland '“"-.;ﬁ;ﬁ S Swiss Callbration Sarvice

Accrediied by the Swiss Accraditation Service (SAS)

Accreditation No.: SCS 108

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

Cliant Quietek-CN (Auden) Certiticate No: D1800V2-2d179_Feb12
[CALIBRATION CERTIFICATE
Object D1800V2 - SN: 24179

QA CAL-05.vB

Calibratgn procedunns)

Calibration date:

February 22, 2012

Calibration procedure for dipole validation kits above 700 MHz

This cahbrabion cemficalo Gocuments tho traceability 1o nalional slandarnds, which realize ihe physical units of maasuremeants (51)
Tha measurements and the uncertaintias with confidence probability are givan on tha lollowing pages and are part of the cerificala

All calitwations have baen conductad In the closed iabomiory faciity: environment temperature (22 = 3)°C and humidity < 7%,

Cabbration Equpmant used (MATE cribcal for calibrafion)

Primary Standards 0 # Cal Dale [Conificato Mo.) Schadulad Calibration |
Power mater EPM-4424 GBITA80T 050111 (Mo, 21T-01451) Dei-12
Powar sensor HP Ba1A US3T202TR3 05-0aci-11 (Mo. 217-01451) Oct-12
Refermnce 20 dB Attenualor 5N: 5086 (20g) 28-Mar-11 (Mo, 217-01368) Ape12
Type-N mismaich combination SM: 50472 / D327 29-Mar-11 (Mo, 217-013711) Apr-12
Referance Probe ES30VA 5M: 3205 30-Disc-11 (Mo, ES3-3205_Dec11) Dec-12
DAE4 SN 601 04-Jul-11 (MNo. DAE4-BOT _Juli1) Jul-12
Secondary Standards 1D # Check Date (in house) Scheduled Check
Powar sensor HP 84814 MY41092317 18-0ct-02 (v house check Oct-11) In house check: Oct-13
RF genarator RES SMT-06 100005 04-Aug-99 (in houss chisck Oct-11) In house chisck: Oct-13
Motwodk Analyzer HP BTS3E US3T390585 54206 18-0ct-01 (i house check Oct-11) In house check: Oct-12

Name Funaction Gignalura
Casbrated by: Israe E-Nacug Laboratory Technician [

e LFO&&N\,L

Approved by Katia Pokovic Technical Manager

This calibralion certificate =hall not be reproduced excepd in full without wiitten approval of the laboratony,

g

Ilssued: Fabmuary 22, 2012

Cartificate No: D1800V2-24179_Feb12

Page 1ol B

Page: 57 of 77



QUieTeK Report No.: 1410226R-HP-US-P03V01

Calibration Laboratory of oy,

RN Schweizerischer Kalibrierdienst
Schmid & Partner ilﬁ,g G Service suisse détalonnage
Engineering AG Z ﬁ“\:‘: Servizio svizzero di taratura
Zeughaussirasse 43, 8004 Zurich, Switzerland "'f,; !/,7%\\ b Swiss Callbration Service
RO
Accredited by the Swiss Accreditalion Service (SAS) Accreditation No.: SCS 108

The Swiss Accreditation Service is one of the signatories to the EA
Multilateral Agreement (or 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)

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 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:

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

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

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

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

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

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

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

DASY system configuration, as far as not given on page 1.
DASY Version DASYS V52.8.0
Extrapolation Advanced 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 mho/m

Measured Head TSL parameters (22.0+02)°C 405 +6 % 1.34 mho/m + 6 %

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

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

SAR measured 250 mW input power 9.17mW /g

SAR for nominal Head TSL parameters normalized to TW 37.8 mW /g = 17.0 % (k=2)

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

SAR measured 250 mW input power 491 mW /g

SAR for nominal Head TSL parameters normalized to 1W 20.0 mW /g £ 16.5 % (k=2)
Body TSL parameters

The following parameters and calculations were applied.
Temperature Permittivity Conductivity

Nominal Body TSL parameters 22.0°C 533 1.52 mho/m

Measured Body TSL parameters (22.0+0.2)°C 531+6% 1.49 mho/m £ 6 %

Body TSL temperature change during test <05°C
SAR result with Body TSL

SAR averaged over 1 cm® (1 g) of Body TSL Condition

SAR measured 250 mW input power 927mW /g

SAR for nominal Body TSL parameters normalized to 1W 37.5mW /g =17.0 % (k=2)

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

SAR measured 250 mW input power 492mW /g

SAR for nominal Body TSL parameters normalized to 1W 19.8 mW /g +16.5 % (k=2)
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Appendix

Antenna Parameters with Head TSL
Impedance, transformed to feed point 5020-29iQ
Return Loss -30.7 dB

Antenna Parameters with Body TSL

Impedance, transformed to feed point 46.10Q-28iQ

Return Loss -26.0 dB

General Antenna Parameters and Design

Electrical Delay (one direction) 1.214 ns I

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

The dipole is made of standard semirigid coaxial cable. The center conductor of the feeding line is directly connected to the
second arm of the dipole. The antenna is therefore short-circuited for DC-signals. On some of the dipoles, small end caps
are added to the dipole arms in order to improve matching when loaded according to the position as explained in the
"Measurement Condilions" 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 dipole arms, because they might bend or the soldered connections near the
feedpoint may be damaged.

Additional EUT Data

Manufactured by SPEAG
Manufactured on September 05, 2008
Certificate No: D1800V2-2d179_Feb12 Page 4of 8

Page: 60 of 77



QUieTeK Report No.: 1410226R-HP-US-P03V01

DASYS5 Validation Report for Head TSL

Date: 22.02.2012
Test Loboratory: SPEAG, Zurich, Switzerlund
DUT: Dipole 1300 MHz; Type: D1800V2; Serial: DIS0O0V2 - SN: 24179

Commumcation System: CW; Frequency: 18300 MHz

Medium parameters used: f = 1800 MHz; o = 1.34 mho/m; & = 40.5; p = 1000 kg/n'
Phantom section: Flai Section

Measurement Standard: DASYS (IEEEMEC/ANS] Co3.19-2007)

DASYS2 Configuration:
«  Probe; ES3DV3 - SN3205; ConvF(5.07, 5,07, 5.07); Calibrated: 30.12.2011
» Sensor-Surface: 3mm (Mechanical Surface Detection)
¢ Electronics: DAE4 Sn601: Calibrated: 04.07.2011
« Phantom: Flat Phantom 5.0 (front); Type: QDIOPS0AA; Serial: 1001

« DASYS2 52.8.0(692); SEMCAD X 14.6.4{4989)

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

Reference Value = 95,908 V/m; Power Drift = 0.04 dB

Peak SAR (extrapolated) = 16.0120

SARL g} =917 mW/g; SAR(10 g) = 4.91 mW/g

Maximum value of SAR (measured) = 11.315 mW/g

-14.40

0dB = 11.320mW/e=21.08 dB mW/g
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Impedance Measurement Plot for Head TSL
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DASYS Validation Report for Body TSL

Date: 22.02.2012
Test Laboratory: SPEAG, Zurich. Switzerland
DUT: Dipole 1500 MHz; Type: DIS00V2; Serial: D1S00V2 - SN: 2d179

Communication System: CW; Frequency: 1800 MHz

Medium parameters used: { = 1800 MHz; o = 1.49 mho/m; & = 53.1; p= 1000 kg/m’
Phantom section: Flat Section

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

DASYS52 Configuration:
¢« Probe: ESIDV3 - SN3205; ConvFi{4.74, 4.74, 4.74); Calibrated: 30.12.2011
= Sensor-Surface: 3mm (Mechanical Surface Detection)
« Electronics: DAE4 Sn601; Calibrated: 04.07.2011
+  Phantom: Flat Phantom 5.0 (back); Type: QDOMIPS0AA; Serial: 1002

« DASYS52 52.8.00692); SEMCAD X 14.6.4(4989)

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

Reference Value = 92.820 V/m; Power Drift = 0,0038 dB

Peak SAR (extrapolated) = 16.0810

SAR(1 g} =9.27 mW/g: SAR(10 g) = 4.92 mW/g

Maximum value of SAR (measured) = 11.751 mW/g

3,60

A

“Ven

0dB = 11.750mW/g = 21.40 dB mW/g
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Impedance Measurement Plot for Body TSL
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Zeughaussirasse 43, 8004 Zurich, Switzerland ”3;;' e S Swiss Calibration Service

Accrediled by the Swiss Accreditation Service [SAS)
The Swiss Accreditation Service is one of the signatories to the EA
Multilateral Agreemant for the recagnitien of calibration certiflcates

Quietek-CN (Auden)
CALIBRATION CERTIFICATE

Accreditation No.: SCS 108

Client

Ceriificate No: D1900V2-5d121 _Feb12

Object

Calibration procedura(s)

QA CAL-05.v8

Calibration date

Calibraten Eyuiprient used (METE crities Tor calibation)

D1900V2 - SN: 5d |21

February 22, 2012

Calibration procedure for dipole validation Kits above 700 MHz

This calibration certificate documeants tha raceability to national standams, which realize the physical umits of measurements [51)
The measursments and the uncerainlies with confidence prabability are given an Lhe followng pages and are part of the cartilicato.

Al calibrations have been conductzd in the closed laboratory lacility. environment temperature (22 « 3)°C and hurmidity < 70%.

Matwok Analyzer HP B7R3E US37300585 S42068

MName
Calibrated by Israe El-Macug
Approved by: Kalja Pokoyic

18-0et-01 {in house check Oet-11)

Function
Laboratory Technician

Technizal Managar

This calibralion cerdilicale shall nol be reproduced except in full without written approval of the laboratary,

Primary Standards 1D # Cal Date (Certilicate Mo.) Scheduled Calibration
Powar matar EPM-4424A GBaT480704 05-0ct-11 (No. 217-01451) Q12

Power sensor HP 84814 usar2gaz27aa 05-Cet-11 (No. 217-01451) Dct-12

Reterence 20 dB Attenuator SN: 5086 {20g) 20-Mar-11 (Ne. 217-01368) Apr-12

Typa-M miemateh combination SM; 50472/ 06327 28-Mar-11 (Mo, 217-01371) Apr-12

Reference Probe ES3DV3 SM: 3205 30-Dec-11 {No. ES3-3205_Dec11) Dec-12

AE4 SNz 8601 O4-Jul-11 (No. DAE4-601_Jul1 1} Jul-12

Secondary Standards 1D i Check Date {in house) Scheduled Check
Powar sensor HP 84814 MY 41092317 18-0ct-02 (in house check Oot=11) In house check: Oct-13
RF generator R&S SMT-06 100008 04-Aug-98 (in house check Oct-11) In house check: Oct-13

I house check: Oct-12

(Bign&lura

; Alliea Fl‘-j.é_&ﬂ

Izsued: February 22, 2012
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Calibration Laboratory of
Schmid & Partner
Engineering AG

Zeughausstrasse 43, 8004 Zurich, Switzerland

Schweizerischer Kalibrierdienst
Service suisse d'dtalonnage
Servizie svizzero di taratura
Swiss Calibration Service

Accredited by the Swiss Accreditation Service (SAS) Accreditation 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 tissue simulating liquid

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

Calibration is Performed According to the Following Standards:

a) |EEE 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 Interprelation of Parameters:
» Measurement Conditions: Further details are available from the Validation Report at the end
of the certificate. All figures stated in the ceriificate 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.

¢ 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.

s  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 1o calculate the
nominal SAR result.

Certificate No: D1900V2-5d121_Feb12 Page 2ot 8
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Quielek

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

I DASY Version DASYS V52.8.0
| Extrapolation Advanced Extrapolation
Phantom Madular Flat Phantom
Distance Dipole Center - TSL 10 mm with Spacer
Zoom Scan Resolution dx, dy, dz =5mm
Frequency 1900 MHz = 1 MHz
Head TSL parameters
The following paramelers and calculations were applied.
Temperature Permittivity Conductivity
Nominal Head TSL parameters 22.0°C 40.0 1.40 mho/m
Measured Head TSL parameters (22.0x+0.2) °C 404 =6 % 1.40 mhofm =6 %
Head TSL temperature change during test =<05°C
SAR result with Head TSL
SAR averaged over 1 cm® (1 g) of Head TSL Condition ‘
SAR measured 250 mW input power §.84 mW iy

SAR for nominal Head TSL parameters normalized to 1W 39.4 mW /g £ 17.0 % (k=2)

SAR averaged over 10 em” (10 g) of Head T5L condition

SAR measured 250 mW input powear 519 mW /g

20.8 mW /g + 16.5 % (k=2)

SAR for nominal Head TSL parameaters normalized to 1W

Body TSL parameters
The following parametars and calculations were applied.
Temperature Permittivity Conductivity
Nominal Body TSL parameters 220°C 53.3 1.52 mho/m
Measured Body TSL parameters (22.0+0.2) °C 53.0£6% 1.56 mho/m = 6 %%
Body TSL temperature change during test <05°C ]
SAR result with Body TSL
SAR averaged over 1 em® (1 g) of Body TSL Condition
SAR measured 250 mW input power 9.84mW /g

SAR for nominal Body TSL parameters

normalized to 1W

38.7 mW /g =17.0 % (k=2)

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

condition

SAR measurad

SAR for nominal Body TSL parameters

250 mW input power

515 mW /g

normalized to 1W

20.4 mW /g = 16.5 % (k=2)

Certificate No: D1900V2-5d121_Febi2
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Appendix

Antenna Parameters with Head TSL

Impedance, transformed to feed point 5160 +7.2j0
Retum Loss -22.8dB

Antenna Parameters with Body TSL

Impedance, transformed to feed point 4740 + 740

Return Loss -21.9dB

General Antenna Parameters and Design

Electrical Dalay (one direction) 1.205 ns

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

The dipole is made of standard semirigid coaxial cable. The center conductor of the feeding line is directly connected to the
second arm of the dipole. The antenna is therefore short-circuited for DC-signals. On some of the dipeles, small end caps
are added to the dipole arms in order to improve matching when loaded according to the position 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.

Mo excassive force must be applied to the dipole arms, because thay might bend or the soldered connections near the
feedpoint may be damaged.

Additional EUT Data

Manufactured by SPEAG
Manufacturad on August 25, 2008
Certificate No: D1900V2-5d121_Fab12 Page 4 of 8
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DASYS5 Validation Report for Head TSL

Date: 22.002.2012
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 1900 MHz; Type: DI900V2; Serial: D1900V2 - 5N: 5d121

Communication Systam; CW; Frequency; 1900 MHz

Medium parameters used: f = 1900 MHz: o = 1.4 mho/m: & = 40.4; p = 1000 kg/ m’
Phantom section: Flat Section

Measurement Standard: DASY S (IEEE/EC/ANS] C63.19-2007)

DASYS2 Configuration:
+ Probe: ES3DV3 - SN3205: ConvF(3.01, 5.01, 5.01); Calibrated: 30.12.2011
«  Sensor-Surface: 3mm (Mechanical Surface Deteclion)
« Electronics: DAE4 Sn601; Calibrated: 04.07.2011
«  Phantom: Flat Phantom 5.0 (front); Type: QDOOOPSOAA; Serial: 1001
« DASY5252.8.0(692); SEMCAD X 14.6.4(4989)

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

Reference Yaloe = 96.900 V/m; Power Drift = 0.04 dB

Peak SAR (extrapolated) = 17.5160

SAR(1 g) = 9.84 mW/g: SAR(10 g) = 5.19 mW/g

Maximum value of SAR (measured) = 12,195 mW/g

4.00

AL

12.00

A6.00

-
-20.oa -
0dB = 12200mW/g =21.73 dB mW/g
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Impedance Measurement Plot for Head TSL

22 Feb 2812 @9:151:21
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DASY5 Validation Report for Body TSL

Date: 22.02.2012
Test Laboratory: SPEAG. Zurich, Switzerland
DUT: Dipole 1900 MHz; Type: D1900V2; Serial: D1900V2 - SN: 5d121

Communication System: CW; Frequency: 1900 MHz

Medium parameters used: = 1900 MHz; o = 1.56 mho/m: £,= 53 p = | 000 kgfm"'
Phantom section; Flat Section

Measurement Standard: DASYS (IEEE/NEC/ANST CA3.19-2007)

DASYS2 Configuration:
»  Probe: ES3DV3 - SN3205: ConvF(4.62, 4.62, 4.62); Calibrated: 30.12.2011
« Sensor-Surfuce: 3mm (Mechanical Surface Detection)
« Electronics: DAE4 Sn601; Calibrated: 04.07.2011
« Phantom: Flat Phantom 5.0 (back); Type: QDOOOPS0AA: Serial: 1002
= DASYS2 52.8.0(692); SEMCAD X 14.6.4(4989)

Dipole Calibration for Body Tissue/Pin=250 mW, d=10mm/Zoom Scan (7x7x7)/Cube 0:
Measurement grid: ds=5Smm, dy=53mm, dz=5mm

Reference Value = 93,537 V/m; Power Drift = 0.0039 dB

Peak SAR (extrapolated) = 17.3450

SAR(I g} = 9.84 mW/g; SAR(10 g) = 5.15 mW/g

Maximum value of SAR (measured) = 12.473 mW/g

1200

-16.00

e
0 dB = 12.470mW/g = 21,92 dB mW/g

-20.0n
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Impedance Measurement Plot for Body TSL
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Zeughausstrasse 43, B004 Zurich, Switzerand %ﬁﬁw\‘ Swiss Callbration Service
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Accredited by the Swiss Accreditation Servica (SAS) Aceraditation No.: SCS 108

The Swiss Accreditation Service is one of the signatories 1o the EA
Muiltilsteral Agresmant for the recognition of calibration certificates

cient  Quie Tek (Auden)
ICALIE_.RATIUN CERTIFICATE

Certificate No: DAE4-1220_Jan13

Ohbjact DAE4 - SD 000 D04 BJ - SN; 1220
Caltration procedureds) QA CAL-06.v25

Calibration procedure for the data acquisition electronics (DAE)
Calibration date: January 24, 2013

This calibralion certificaln documents the iraceability 1o nations standards, which realize the prysical units of maasurements [(S1).
The measuramants and the uncertainties with confidence probabd@ily are given on the loBowing pages and are part of the cerificats,

Al calibrations have been conducted in e closed laboratory facility: environment iemperature (22 = 3)°C and humidty < T0%.

Cadibration Equipment used (MATE critical for caibration)

Frlmﬂ_ﬁ_?l_‘id_:urqi‘ L[] Cal Date {Cenificate No.) Scheduled Calibration
| Kaithiay Multimeter Type 2001 SN: 0810278 02-0ct-12 (Noc12728) Oat-13

Socondary Standands o# Chick Diate (in house) Sehoduled Check

Ao DAE Calibration Unit SE UWS 053 AA 1001 07-Jan-13 (n house check) In house check: Jan-14

Calibralor Bax V2.1 SE UMS 006 A5 1002  07-Jan-13 (n house check) In house check: Jan-14

Namo Funcion Signatune
Callbrated by: i Mayoraz Technician T (bt
; Fin Bam Technical .
Approved by: # Bamhall Daputy sl Manager ; \I @LLWW

Issuad: January 24, 2013
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Calibration Laboratory of 5—:"‘:&;;’/!/“’3

Schmid & Partner iﬁ-ﬁ;/ﬂﬁ@

Engineering AG o

Zeughausstrasse 43, 8004 Zurich, Switzerland % Nt
mm

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

Glossary

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

Accreditation No.: SCS 108

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.

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

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

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

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

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

Input Offset Measurement: Output voltage and statistical results over a large number of
zero voltage measurements,

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

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

Low Battery Alarm Vollage: 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: DAE4-1220_Jan13 Page 2 of 5
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DC Voltage Measurement
AJD - Converter Resolution nominal

High Range: 1LSB = 6.1V, full range = -100...+300 mV
Low Range: 1LSB = 81n\V, full range= -1......+3mV
DASY measurement parameters: Auto Zero Time: 3 sec; Measuring time: 3 sec
Calibration Factors X Y Z
High Range 405.203 + 0.02% (k=2) | 404.925 £ 0.02% (k=2) | 404.155 + 0.02% (k=2)
Low Range 3.97823 + 1.55% (k=2) | 3.99494 + 1.55% (k=2) | 3.98678 + 1.55% (k=2)

Connector Angle

Connector Angle lo be used in DASY system 176.5°£1*°
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Appendix
1. DC Voltage Linearity
High Range Reading (uV) Difference (uV) Error (%)
Channel X + Input 189994 51 -0.20 -0.00
Channel X + Input 20002.32 2.74 0.01
Channel X - Input -19999.37 224 -0.01
Channel Y + Input 199995.12 0.58 0.00
Channel Y + Input 19999.79 0.15 0.00
Channel Y - Input -20001.15 0.37 -0.00
Channel Z + Input 1999893.80 -0.47 -0.00
Channel Z + Input 19998.06 -1.69 -0.01
Channel Z - Input -20003.12 -1.65 0.01
Low Range Reading (pV) Difference (uV) Error (%)
Channel X + Input 2000.11 0.30 0.02
Channel X + Input 199.89 -0.29 -0.15
Channel X - Input -199.74 -0.14 0.07
Channel Y + Input 2000.30 0.54 0.03
Channel Y + Input 200.19 0.06 0.03
Channel Y - Input -199.81 -0.14 0.07
Channel Z + Input 1999.40 -0.47 -0.02
Channel Z + Input 189.41 -0.98 -0.49
Channel Z - Input -200.25 -0.72 0.36
2. Common mode sensitivity
DASY measurement parameters: Auto Zero Time: 3 sec; Measuring time: 3 sec
Commeon mode High Range Low Range
Input Voltage (mV) Average Reading (uV) Average Reading (pV)
Channel X 200 9.1 7.73
- 200 -8.18 -9.59
Channel Y 200 -9.61 -8.37
- 200 8.21 8.45
Channel Z 200 12.18 11.90
- 200 -15.16 -14.84

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

Input Voitage (mV) | Channel X (uV) | Channel Y (pV) Channel Z (1V)
Channel X 200 - 2.08 -4.00
Channel Y 200 7.59 - 268
Channel Z 200 9.59 6.24 -
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4. AD-Converter Values with inputs shorted
DASY measurement parameters: Auto Zero Time: 3 sec; M rring time: 3 sec

High Range (LSB) Low Range (LSB)
Channel X 15892 16975
Channel Y 16014 16213
Channel Z 15705 16067

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

Input 10MQ
Average (pV) min. Offset (uV) | max. Offset (V) S, I?:‘\;;atlon
Channel X 1.05 -0.80 218 0.45
Channel Y -0.16 -1,22 0.92 0.45
Channel Z -0.68 -2.22 0.60 0.48
6. Input Offset Current
Nominal Input circuitry offset current on all channels: <25fA
7. Input Resistance (Typical values for information)
Zeroing (kOhm) Measuring (MOhm)
Channel X 200 200
Channel Y 200 200
Channel Z 200 200
8. Low Battery Alarm Voltage (Typical values for information)
Typical values Alarm Level (VDC)
Supply (+ Vcc) +79
Supply (- Vcc) -7.6
9. Power Consumption (Typical values for information)
Typical values Switched off (mA) | Stand by (mA) Transmitting (mA)
Supply (+ Vee) +0.01 +6 +14
Supply (- Vec) -0.01 -8 9
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