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1. Applicant information

Applicant: E-TECH Co., Ltd.

Address: 655, Pyeongcheon-ro, Wonmi-gu, Bucheon-si, Gyeonggi-do, Korea

Telephone: +82-32-328-3184

Fax: +82-32-328-3186

E-mail: pico76@etech2004.co.kr

Contact name: Kim Jae-Hyeon

Manufacturer: E-TECH Co., Ltd.

Address: 655, Pyeongcheon-ro, Wonmi-gu, Bucheon-si, Gyeonggi-do, Korea
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2. Laboratory information

Address

KCTL Inc.

65, Sinwon-ro, Yeongtong-gu, Suwon-si, Gyeonggi-do, Korea
TEL: 82705008 1021 FAX: 82505299 8311

Certificate

KOLAS No.: KT231

FCC Site Designation No.: KR0040
FCC Site Registration No.: 687132

VCCI Site Registration No.: R-3327, G-198, C-3706, T-1849
IC Site Registration No.: 8035A-2
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3. Identification of Sample

EUT Type FM Handheld Transceiver (UHF)
Brand Name E-TECH Co., Ltd.
Mode of Operation FM
Model Number NEP400
Serial Number N/A
Max. Power 37 .dBm
Tx Freg.Range 406.1 ~ 512 MHz
Rx Freg.Range 406.1 ~ 512 MHz
Antenna Type Whip Type
Normal \oltage DC 7.4V
H/W Version V1.0
S/W Version V1.0
KCTL Inc. 65, Sinwon-ro, Yeongtong-gu, Suwon-si, Gyeonggi-do, 16677, Korea

TEL: 827050081021 FAX: 825052998311
This test report shall not be reproduced, except in full, without the written approval.
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4.Test Result Summary
4.1 FM Head SAR
Frequenc Average Max. Measured Measured Scaled
q y P g tune up Scaling EUT | Distance 19 SAR 19 SAR
OWer | “ower | Factor |Position| (mm) | (Wikg) (Wikg) | S9SAR
MHz | Channel | (dBm) (dBm) Duty 100 % | Duty 50 % (W/kg)
459 126 36.39 37 1.15 Front 25 1.86 0.93 1.16
* Contain the results of the worst test SAR including battery.
4.2 FM Body SAR
E Average Max. Measured Measured Scaled
requency P g tune up Scaling EUT | Distance 19 SAR 19 SAR
OWer | "ower | Factor |Position| (mm) | (Wikg) (Wikg) | L9SAR
MHz | Channel | (dBm) | (451 Duty 100 % | Duty50% | (W/K9)
459 126 36.36 37 1.15 Back 0 5.03 2.52 3.13

* Contain the results of the worst test SAR including battery.

5. Report Overview

This report details the results of testing carried out on the samples listed in section 3, the results contained in this

test report do not relate to other samples of the same product. The manufacturer should ensure that all products in

series production are in conformity with the product sample detailed in this report.

This report may only be reproduced and distributed in full. If the product in this test report is used in any

configuration other than that detailed in the test report, the manufacturer must ensure the new configuration

complies with all relevant standards and certification requirements. Any mention of KCTL Inc. Wireless lab or

testing done by KCTL Inc. Wireless lab made in connection with the distribution or use of the tested product must

be approved in writing by KCTL Inc. Wireless lab.

6. Test Lab Declaration or Comments

None

7. Applicant Declaration or Comments

None

KCTL Inc.

65, Sinwon-ro, Yeongtong-gu, Suwon-si, Gyeonggi-do, 16677, Korea
TEL: 827050081021 FAX: 825052998311
This test report shall not be reproduced, except in full, without the written approval.
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8. Measurement Uncertainty

All measurements and results are recorded and maintained at the laboratory performing the tests and

measurement uncertainties are taken into account when comparing measurements to pass/ fail criteria.

A b c D ¢ = fdk) P i=cxgie | Kk
Description | Tolerance/ | Probability Div. i Standard | VI
of U IEEE P1528 | Uncertuinty | Distribution | uncertainty | or
Source neertainty vakis Nelt
(03~ 3 GHa) +% g %, (1g)
Measurement System
FProbe calibmation(k=1) E21 6,50 N i 1 630 -
Axaal motropy E22 0.50 I 1.73 07l 020 »
JHemisphenical isotropy E22 2.60 R 1.73 07l |.06 -
L imesinity E2A4 0.00 R 173 | 034 -
Houndary effect E23 1.00 R 173 1 058 -
S vatem detection limite E2S 100 R 173 1 058 -
Jresdont electronices E26 030 N | | 030 »
[chmnsc time E.27 0.80 R 1.73 1 046 -
Ay rstson toe EZ28 2.00 R 1.73 | 1% -
RF ambient conditions -noisc E.6.l 3.00 I’ 1.73 1 1.73 -
[RF wnbient conditions reflectzms]  E.6.1 .00 R 1.73 1 1.73 -
[Pmlw peeitiones mechanseal E62 0.40 R 173 1 0.23 o
ol orande
obe positionng with respect 1o F63 %90 R 173 . 7 -
hantom shell
Extmpolation, interpolation, and
kntegration algorithma for max ES 2.00 I 1.73 | INE -
BAR evaduation
est Sample Related
Test mample poattioning E42 ol | N | | .71 9
Diwvic holdee uncettanty Ed] 3.00 N | 1 100 b
FOutput power vaeiation—-SAR 6.62 5.00 R 173 I _— -
idn fl measurement
Phantom and Tissue Parameters
Fhrstom wicertainty va ) - p
shape and thicknesa tolermees ) E3l 6.10 R 173 l 32
i sond VIV =TT
lemlt‘)u NCU VItV - sareament £33 1.93 N | 064 0.98 s
pancertningy
Liguid permitivity-inessusvimont . N
Y E33 307 N I 05 1.84 b
weertmnty
Aguid conduetivity -<deviation X J -
. 3 E32 5.00 I 1.73 064 185 -
rom 1mge! values
anwd permilizyaty-deviatson from: B3% o e 75 05 73 -
gt values
I ombnned stacsland wietamnty nss 11.00 165
Expanded wncetuinty
95% CONFIDENCE K=2 2.0
FNTHR‘«':\I.)
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A b c D c=7('d,k) £ li=ecxgie k
Description | Tolerance/ | Probability Div. G Standard | Vi
IEEE P1528 | Uncertainty | Distribution uncertainty | or
Source of Uncertainty 1 Veff
(03~3GHz)| =% 0 | =%
Measurement System
Probe calibration(k=1) E2.1 6.30 N 1 1 6.30 %
Axial isotropy E22 0.50 R 1.73 071 0.20 ®
Hemisphencal isonopy E22 2.60 R 1.73 071 1.06 B
Lineanty E24 0.60 R 1.73 1 0.35 *
Boundary effact E23 1.00 R 1.73 1 0.58 ®
System detection limuts E235 1.00 R 1.73 1 0.58 -
Readout electronics E2é6 0.30 N 1 1 0.30 *®
Response time E27 0.80 R 1.73 1 046 ®
Integration time E28 2,60 R 173 1 1.50 ®
RF ambient conditions-nonze Eé.] 3.00 R 1.73 1 173 *
TR E61 3.00 R 1.73 1 173 *
Px‘obo positioner mechanical E62 0.40 R L7 ) 0.3 “
tolerance
Probe po:mo:':;ng with respect to E63 200 R 173 1 167 -
Jphantom shell
Extrapolation, interpolation, and
integration algonthms for max ES 2.00 R 1.73 1.15 ®
SAR evaluaton
Test Sample Related
Test sample pozitioning E42 471 N 1 471 9
Device holder uncertamty E4l 3.60 N 1 1 3.60 $
JOutput power vananon—SAR 662 500 R 173 1 2 89 -
dnft measurement
Phantom and Tissue Parameters
Phantom uncertamty < . . ) .
(shape and thickness tolerances) E3l 7.30 R 173 i +33
Liquid conductivity-measursment £33 1.5 N 1 064 0.98 .
tncertainty
Liquid pc:'z.mn:\mumu-.mmoz:z £33 307 .\' 1 06 184 s
uncertamty
Liquud conductivity-deviation E32 5.00 R 173 0.64 185 -
from target values
Liqud permittivity-deviation = 5
from target values E32 3.00 R 173 0.6 1.73 2
JCombined standard uncertamty RSS 1129 183
Expanded uncertainty
(95% CONFIDENCE K=2 2257
INTERVAL)
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9. The SAR Measurement System

<SAR System Configuration>

e Astandard high precision 6-axis robot (Staubli RX family) with controller, teach pendant
and software. An arm extension for accommodating the data acquisition electronics (DAE).

e Adosimetric probe, i.e., an isotropic E-field probe optimized and calibrated for usage in
tissue simulating liquid. The probe is equipped with an optical surface detector system.

e 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.

e The Electro-optical converter (EOC) performs the conversion between optical and electrical
of the signals for the digital communication to the DAE and for the analog signal from the
optical surface detection. The EOC is connected to the measurement server.

e The function of the measurement server is to perform the time critical tasks such as signal
filtering, control of the robot operation and fast movement interrupts.

e A probe alignment unit which improves the (absolute) accuracy of the probe positioning.

e A computer operating Windows 2000 or Windows XP.

*  DASY4 software.

*  Remote control with teach pendant and additional circuitry for robot safety such as warning
lamps, etc.

e The SAM twin phantom enabling testing left-hand and right-hand usage.

e The device holder for handheld mobile phones.

e Tissue simulating liquid mixed according to the given recipes.
*  Validation dipole kits allowing to validate the proper functioning of the system.

KCTL Inc. 65, Sinwon-ro, Yeongtong-gu, Suwon-si, Gyeonggi-do, 16677, Korea
TEL: 827050081021 FAX: 825052998311
This test report shall not be reproduced, except in full, without the written approval.
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9.1 Isotropic E-field Probe

£ 0.2 dB in TSL (rotation around probe axis)
tD3thTSL(rotauon normal to probe axis)

Dimensions Overall length: 337 mm (Tip: 20nm;
Tip diameter: 3.9 mm (Body: 12 mm
Dlstaxoeﬁ'ompmbehpmdipolecelm 20mm

Compatbiey DASYS, DASYA, DASYS2 SAR and igher EASYAIMRI

ISO/IEC 17025 calibration service available.

Directivity +0.3 dB in TSL (rotation around probe axis)
' + 0.5 dB in TSL (rotation normal to probe axis)

Dimensions Overall length: 337 mm (Tip: 20 mm)
Tip diameter: 2.5 mm (Body: 12 mm)
Typical distance from probe tip to dipole centers: 1 mm

Compatibility DASY3, DASY4, DASY52 SAR and higher, EASY4/MRI

KCTL Inc. 65, Sinwon-ro, Yeongtong-gu, Suwon-si, Gyeonggi-do, 16677, Korea
TEL: 827050081021 FAX: 825052998311
This test report shall not be reproduced, except in full, without the written approval.
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9.2 Phantom
Twin SAM

The shell corresponds to the specifications of the Specific
Anthropomorphic Mannequin (SAM) phantom defined in IEEE 1528 and
|EC 62209-1. It enables the dosimetric evaluation of left and right hand
phone usage as well as body mounted usage at the flat phantom region. A
cover prevents evaporation of the liquid. Reference markings on the
phantom allow the complete setup of all predefined phantom positions and
measurement grids by teaching three points with the robot.

Twin SAM V5.0 has the same shell geometry and is manufactured from
the same material as Twin SAM V4.0, but has reinforced top structure.

Material Vinylester, glass fiber reinforced (VE-GF)

Liquid Compatibility Compatible with all SPEAG tissue simulating liquids (incl. DGBE type)
Shell Thickness 2+ 0.2 mm (6 + 0.2 mm at ear point)

Dimensions Length: 1000 mm

(incl. Wooden Support) m‘,’;‘w a‘;’?&gge ot

Filling Volume approx. 25 liters

Wooden Support SPEAG standard phantom table

Accessories Mounting Device and Adaptors

ELI

Phantom for compliance testing of handheld and body-mounted wireless
devices in the frequency range of 30 MHz to 6 GHz. ELI is fully compatibie
with the IEC 62209-2 standard and all known tissue simufating liquids. ELI
has been optimized regarding its performance and can be integrated into
our standard phantom tables. A cover prevents evaporation of the liquid.
Reference markings on the phantom allow instaliation of the complete
setup, including all predefined phantom positions and measurement grids,
by teaching three points. The phantom is compatible with all SPEAG
dosimetric probes and dipoles.

ELI V5.0 has the same shell geometry and is manufactured from the same
material as ELI4, but has reinforced top structure. ELI V6.0, released in
August 2014, has the same shell geomeiry as ELI4 but offers increased

longterm stability.
Material Vinylester, giass fiber reinforced (VE-GF)
Liquid Compatibility Compatible with all SPEAG tissue simulating liquids (incl. DGBE type)
Shell Thickness 2.0 £ 0.2 mm (botiom plate)
Dimensions Major axis: 600 mm
Minor axis: 400 mm
Filling Volume approx. 30 liters
Wooden Support SPEAG standard phantom table
Accessories Mounting Device and Adaptors
KCTL Inc. 65, Sinwon-ro, Yeongtong-gu, Suwon-si, Gyeonggi-do, 16677, Korea

TEL: 827050081021 FAX: 825052998311
This test report shall not be reproduced, except in full, without the written approval.
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9.3 Device Holder for Transmitters

Mounting Device for Hand-Held
Transmitters

Mounting Devices and Adaptors

MD4HHTVS5 - Mounting Device for Hand-Held Transmitters

In combination with the Twin SAM V5.0/V5.0¢ or ELI Phantoms, the
Mounting Device for Hand-Held Transmitters enabies rotation of the
mounted transmitter device to specified spherical coordinates. At the
heads, the rotation axis is at the ear opening. Transmitter devices can be
easily and accurately positioned according to IEC 62209-1, IEEE 1528,
FCC, or other specifications. The device holder can be locked for
positioning at different phantom sections (left head, right head, flat).

Material: Polyoxymethylene (POM)

Mounting Device for Laptops

MD4LAPVS5 - Mounting Device for Laptops and other Body-Worn
Transmitters

In combination with the Twin SAM V5.0/V5.0c or ELI Phantoms, the
Mounting Device (Body-Worn) enables testing of ransmitier devices
according to IEC 62209-2 specifications. The device holder can be locked
for positioning at flat phantom section.

Material: Polyoxymethylene (POM), PET-G, Foam

KCTL Inc. 65, Sinwon-ro, Yeongtong-gu, Suwon-si, Gyeonggi-do, 16677, Korea
TEL: 827050081021 FAX: 825052998311
This test report shall not be reproduced, except in full, without the written approval.
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10. System Verification

10.1 Tissue Verification

The dielectric properties for this Tissue Simulant Liquids were measured by using the SPEAG Model DAK3.5
Dielectric Probe in conjunction with Agilent E5071B Network Analyzer (300 kHz — 8 500 MHz). The

Conductivity (o) and Permittivity (p) are listed in Table 1.For the SAR measurement given in this report. The

temperature variation of the Tissue Simulant Liquids was (22 + 2) °C.

Freq. | Tissue . o . . Tem
(MHqZ) Type Limit/Measured Permittivity (p) Conductivity (o) ("C;)
- 44.03+5% 087+5%
06,1 HSL Recommended Limit (41.83 ~ 46.23) (0.83 ~ 0.91) 22+2
Measured, 2015-10-01 43.77 0.87 22.21
- 4350+ 5% 087+5%

450 HSL Recommended Limit (41.33 ~ 45.68) (0.83 ~ 0.91) 22+2

Measured, 2015-10-01 43.25 0.88 22.21
.- 4345+ 5% 087+5%

459 HSL Recommended Limit (41.28 ~ 45.62) (0.83 ~ 0.91) 22+ 2

Measured, 2015-10-01 43.12 0.89 22.21
.- 43.17+5% 0.87+5%

512 HSL Recommended Limit (41.01 ~ 45.33) (0.83 ~ 0.91) 22+2

Measured, 2015-10-01 42.02 0.91 22.21

L 57.14+5% 0.93+x5%
406.1 MSL Recommended Limit (54.28 ~ 60.00) (0.88 ~ 0.98) 222
Measured, 2015-10-02 57.29 0.93 22.72

- 56.70+ 5% 094+5%

450 MSL Recommended Limit (53.87 ~ 59.54) (0.89 ~ 0.99) 22+2
Measured, 2015-10-02 56.91 0.98 22.72

- 56.66 + 5 % 094+5%

459 MSL Recommended Limit (53.83 ~ 59.49) (0.89 ~ 0.99) 22+2

Measured, 2015-10-02 56.83 0.90 22.72
- 56.46 + 5 % 094+5%

510 MSL Recommended Limit (53.64 ~ 50.28) (0.89 ~ 0.99) 22+2
Measured, 2015-10-02 55.87 0.95 22.72
<Table 1.Measurement result of Tissue electric parameters>

KCTL Inc. 65, Sinwon-ro, Yeongtong-gu, Suwon-si, Gyeonggi-do, 16677, Korea

TEL: 827050081021 FAX: 825052998311
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10.2 Test System Verification

The microwave circuit arrangement for system verification is sketched below picture. The daily
system accuracy verification occurs within the flat section of the SAM phantom. A SAR
measurement was performed to see if the measured SAR was within = 10% from the target SAR
values. These tests were done at 450 MHz. The tests were conducted on the samedays as the
measurement of the EUT. The obtained results from the system accuracy verification are displayed
in the table Table 2 (A power level of 250mWV was input to the dipole antenna). During the tests, the
ambient temperature of the laboratory was in the range (22 = 2) C ,the relative humidity was in the
range (50 + 20)% and the liquid depth above the ear/grid reference points was above 15 cm in all the
cases. It is seen that the system is operating within its specification, as the results are within
acceptable tolerance of the reference values.

z y
Spacer X

3D Probe positioner

Field probe
s Fiat phantom

. |
Dipole
Amp Dir. coupler ¥
Signal
generator — |
Validation | Dipole Ant. | Frequency Tissue Limit/Measurement (Normalized to 1 W)
Kit SIN (MHz) Type 1lg 10 g
Recommended Limit 4.62+10% 3.06+ 10 %
D450Vv3 1080 450 HSL (Normalized) (4.16 ~ 5.08) (2.75 ~ 3.37)
Measured, 2015-10-01 4.80 3.20
Recommended Limit 446+ 10% 293+10%
D450V3 1080 450 MSL (Normalized) (4.01 ~4.91) (2.64 ~ 3.22)
Measured, 2015-10-02 4.56 3.08
<Table 2.Test System Verification Result>
KCTL Inc. 65, Sinwon-ro, Yeongtong-gu, Suwon-si, Gyeonggi-do, 16677, Korea

TEL: 827050081021 FAX: 825052998311
This test report shall not be reproduced, except in full, without the written approval.

[KCTL-TIA002-002/0]



Report No.: KCTL16-SFA0007
Page: 15 of 56

http://iwww.kctl.co.kr

11. Operation Configurations

Measurements were performed at the lowest, middle and highest channels of the operating band. The EUT was

set to maximum power level during all tests and at the beginning of each test the battery was fully charged.

KCTL Inc. 65, Sinwon-ro, Yeongtong-gu, Suwon-si, Gyeonggi-do, 16677, Korea
TEL: 827050081021 FAX: 825052998311
This test report shall not be reproduced, except in full, without the written approval.
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12. SAR Measurement Procedures

Step 1: Power Reference Measurement

The Power Reference Measurement and Power Drift Measurements are for monitoring the power drift
ofthe device under test in the batch process. The Minimum distance of probe sensors to
surfacedetermines the closest measurement point to phantom surface. The minimum distance of probe
sensorsto surface is 2 mm. This distance cannot be smaller than the Distance of sensor calibration
points toprobe tip as defined in the probe properties.

Step 2: Area Scan

The Area Scan is used as a fast scan in two dimensions to find the area of high field values, before
doinga fine measurement around the hot spot. The sophisticated interpolation routines implemented in
DASYsoftware can find the maximum locations even in relatively coarse grids. When an Area Scan
hasmeasured all reachable points, it computes the field maximal found in the scanned area, within a
rangeof the global maximum. The range (in dB) is specified in the standards for compliance testing.
Forexample, a 2 dB range is required in IEEE Standard 1528 and IEC 62209 standards, whereby 3 dB
is arequirement when compliance is assessed in accordance with the ARIB standard (Japan). If only
oneZoom Scan follows the Area Scan, then only the absolute maximum will be taken as reference.
Forcases where multiple maximums are detected, the number of Zoom Scans has to be
increasedaccordingly.

Area Scan Parameters extracted from KDB 865664 D01 SAR Measument 100 MHz to 6 GHz v01r04.

<3 GHz 3 GHz
Maximum distance from closest measurement point . R "
TS . S+ 1mm 0 In(2) £ 0.5 mm
(geometric center of probe sensors) to phantom surface
Maximum probe angle from probe axis to phantom 30° 4 1° 20° 4 1°
surface normal at the measurement location e AR
<2 GHz: < 15 mm 3-4GHz < 12 mm
2-3GHz < 12 mm 4 -6GHz < 10mm
Maximum area scan \pmml resolution: AXases. AVare When the x or y dimension of the test device. i the
measurement plane onentation, 1s smaller than the above,
the measurement resolution must be < the corresponding
x or y dimension of the test device with at least one
measurement pomt on the test device
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Step 3: Zoom Scan

Zoom Scans are used to assess the peak spatial SAR values within a cubic averaging volume
containingl g and 10 g of simulated tissue. The Zoom Scan measures 5x5x7 points within a cube
whose base faces are centered on the maxima found in a preceding area scanjob within the same
procedure. When the measurement is done, the Zoom Scan evaluates theaveraged SAR for 1 g and 10
g and displays these values next to the job’s label.

Zoom Scan Parameters extracted from KDB 865664 D01 SAR Measument 100 MHz to 6 GHz v01r04.

<3 GHz

>3 GHz

Maximum distance from closest measurement point
(geometric center of probe sensors) to phantom surface

5mmz+1mm

Y% -0-In(2) mm 0.5 mm

Maximum probe angle from probe axis to phantom
surface normal at the measurement location

30° +1°

20° x1°

Maximum area scan spatial resolution: AxArea, AyArea

<2 GHz: <15 mm
2-3GHz: <12 mm

3-4GHz: <12 mm
4 -6 GHz: <10 mm

When the x or y dimension of the test device, in the
measurement plane orientation, is smaller than the
above, the measurement resolution must be < the
corresponding x or y dimension of the test device with
at least one measurement point on the test device.

Maximum zoom scan spatial resolution: AxZoom, AyZoom

<2 GHz: <8 mm
2 -3 GHz: <5 mm*

3 -4 GHz: <5 mm*
4 — 6 GHz: <4 mm*

3-4GHz: <4 mm

uniform grid: AzZoom(n) <5 mm 4-5GHz: <3 mm

Maximum zoom 5—6 GHz: <2 mm
scan spatial AzZoom(1): between 3-4 GHz: <3 mm
1st two points closest <4 mm 4 -5GHz: £2.5mm

resolution, normal to

graded

to phantom surface

5-6 GHz: <2 mm

phantom surface orid AzZoom(n>1):

between subsequent <1.5-AzZoom(n-1) mm
points
Minimum zoom 3 -4 GHz: > 28 mm
XY,z >30 mm 4 —-5GHz: > 25 mm

scan volume

5-6 GHz: > 22 mm

Note: & is the penetration depth of a plane-wave at normal incidence to the tissue medium; see IEEE Std
1528-2013 for details.
* When zoom scan is required and the reported SAR from the area scan based 1-g SAR estimation procedures of
KDB Publication 447498 is < 1.4 W/kg, < 8 mm, <7 mm and < 5 mm zoom scan resolution may be applied,
respectively, for 2 GHz to 3 GHz, 3 GHz to 4 GHz and 4 GHz to 6 GHz.

Step 4: Power drift measurement

The Power Drift Measurement measures the field at the same location as the most recent
powerreference measurement within the same procedure, and with the same settings. The Power
DriftMeasurement gives the field difference in dB from the reading conducted within the last
PowerReference Measurement. This allows a user to monitor the power drift of the device under test
within abatch process. The measurement procedure is the same as Step 1.

Step 5: Z-Scan

The Z Scan measures points along a vertical straight line. The line runs along the Z-axis of a
onedimensionalgrid. In order to get a reasonable extrapolation, the extrapolated distance should not
belarger than the step size in Z-direction.

* Z Scan Report on Liquid Measure the height Annex A.4 Liquid Depth photo to replace
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13. Test Equipment Information

Test Platform

SPEAG DASY4 System

Description

SAR Test System

Software Reference

DASY4: V4.7,Build80
SEMCAD: V1.8,Build 186

Hardware Reference

STpEE bl S Uiz (IJDfaE?alibration r?eL:(i (g:?ﬁk?rfation
Shield Room Shield Room None N/A N/A
DASY4 Robot RX90BL Speag FO5/51E0A1/A01 N/A N/A
DASY4 Controller RX90BL Speag FO5/51E0A1/C/01 N/A N/A
Phantom 2mm Oval Phantom ELI5 | 1220 N/A N/A
Mounting Device Mounting Device None N/A N/A

DAE DAE4 666 2015-04-28 2016-04-28
Probe ES3DV3 3302 2015-05-26 2016-05-26
Dipole Validation Kits D450Vv3 1080 2014-11-19 2016-11-19
Network Analyzer E5071B MY42403524 2015-07-14 2016-07-14
Dual Directional Coupler 778D 16059 2015-07-14 2016-07-14
Signal Generator E4438C MY42080486 2015-01-19 2016-01-19
Power Amplifier GRF5039 1062 2015-07-14 2016-07-14
LP Filter LA-15N 36543 2015-07-14 2016-07-14
Dual Power Meter E4419B GB43312301 2015-07-14 2016-07-14
Power Sensor 8481H 3318A19377 2015-07-15 2016-07-15
Power Sensor 8481H 3318A19379 2015-07-15 2016-07-15
Dielectric Assessment Kit DAK-3.5 1078 2015-08-19 2016-08-19
g;{; 'ggé’é ? dagro/ Temp. MHB-382SD 14036 2015-05-22 2016-05-22
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14. RF Average Conducted Output Power

14.1 Average Conducted Output Power

Band Power Conducted Power (dBm)
406.1 MHz 459 MHz 512 MHz
EM 1W - Low 30.29 30.72 30.42
4 W - High 36.05 36.39 36.16
14.2 Max. tune up power

Band Power Target Power Tolerance Max. Allowed
(dBm) (dB) Power (dBm)

EM 1W - Low 30.00 +1.50 31.50

4 W - High 36.00 +1.00 37.00
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15. SAR Test Results

15.1 Head SAR Test Results

Frequency Average t L2S . . LG b TR Scaled
Power une up Scaling EUT Distance 19 SAR 19 SAR 19 SAR
MHz | Channel | (dBm) ?gév;; Factor | Position | (mm) Du(t\;wllgg(;))% 5 lg\tlzllgg)% (Wikg)
459 126 36.39 37 1.15 Front 25 1.86 0.93 1.16
<Note>

1.FCC KDB Publication 643646D01v01r03.
I) When the head SAR of an antenna tested in A) is:
a) < 3.5 W/kg, testing of all other required channels is not necessary for that antenna
b) > 3.5 W/kg and < 4.0 W/kg, testing of the required immediately adjacent channel(s) is not
necessary; testing of the other required channels may still be required
¢) > 4.0 W/kg and < 6.0 W/kg, head SAR should be measured for that antenna on the
required immediately adjacent channels; testing of the other required channels still needs
consideration
d) > 6.0 W/kg, test all required channels for that antenna
e) for the remaining channels that cannot be excluded in b) and c), which still require
consideration, the 3.5 W/kg exclusion in a) and 4.0 W/kg exclusion in b) may be applied
recursively with respect to the highest output power channel among the remaining
channels; measure the SAR for the remaining channels that cannot be excluded
i) if an immediately adjacent channel measured in c) or a remaining channel measured
in e) is > 6.0 W/kg, test all required channels for that antenna
2. FCC KDB Publication 447498D01v06
1) The operating configurations of handheld PTT two-way radios generally require SAR testing for
in-front-of the face and body-worn accessory exposure conditions. A duty factor of 50% should be
applied to determine compliance for radios with maximum operating duty factors < 50%.
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15.2 Body SAR Test Results

F Average Max. Measured Measured Scaled
requency Powe?' tune up Scaling EUT | Distance 19 SAR 19 SAR 19 SAR
owWer Factor | Position mm Wik Wik
MHz | Channel | (dBm) ?dBm) mm Du(ty 10%)% Dl(,lty 53)% ()
459 126 36.39 37 1.15 Back 0 5.03 2.52 3.13

<Note>
1.FCC KDB Publication 643646D01v01r03.

1) When the body SAR of an antenna tested in A) is:
a) < 3.5 W/kg, testing of all other required channels is not necessary for that antenna
b) > 3.5 W/kg and < 4.0 W/kg, testing of the required immediately adjacent channel(s) is not
necessary; testing of the other required channels may still be required
¢) > 4.0 W/kg and < 6.0 W/kg, body SAR should be measured for that antenna on the
required immediately adjacent channels; testing of the other required channels still needs
consideration
d) > 6.0 W/kg, test all required channels for that antenna
e) for the remaining channels that cannot been excluded in b) and c), which still require
consideration, the 3.5 W/kg exclusion in a) and 4.0 W/kg exclusion in b) may be applied
recursively with respect to the highest output power channel among the remaining
channels; measure the SAR of the remaining channels that cannot be excluded
i) if an immediately adjacent channel measured in c) or a remaining channel measured
in e) is > 6.0 W/kg, test all required channels for that antenna
2. FCC KDB Publication 447498D01v06
1) The operating configurations of handheld PTT two-way radios generally require SAR testing for
in-front-of the face and body-worn accessory exposure conditions. A duty factor of 50% should be

applied to determine compliance for radios with maximum operating duty factors < 50%.
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16. Test System Verification Results

System check for 450 MHz-Head(2015-10-01)
Procedure Name: d=15 mm, Pin=250 mW, f=450

Frequency: 450 MHz; Duty Cycle: 1:1
Medium parameters used: =450 MHz; ¢ = 0.885 mho/m; & = 43.3; p=1000 kg/m3
Phantom section: Flat Section
DASY4 Configuration:
e Probe: ES3DV3 - SN3302; ConvF(6.31, 6.31, 6.31); Calibrated: 2015-05-26
e Sensor-Surface: 3mm (Mechanical Surface Detection)
« Electronics: DAE4 Sn666; Calibrated: 2015-04-28
e Phantom: ELI v5.0; Type: QDOVAO002AA; Serial: 1220
e Measurement SW: DASY4, V4.7 Build 80; Postprocessing SW: SEMCAD, V1.8
Build 186

d=15 mm, Pin=250 mW, f=450/Area Scan (81x201x1): Measurement grid: dx=15mm,
dy=15mm
Maximum value of SAR (interpolated) = 1.41 mW/g

d=15 mm, Pin=250 mW, f=450/Zoom Scan (7x7x7)/Cube 0: Measurement grid: dx=5mm,
dy=5mm, dz=5mm

Reference Value = 40.8 VV/m; Power Drift =-0.019 dB

Peak SAR (extrapolated) = 1.83 W/kg

SAR(1g) =1.2 mW/g; SAR(10 g) = 0.800 mW/g

Maximum value of SAR (measured) = 1.40 mW/g

dB8
0.000

-2.00

-4.00

-5.99

-7.99

-9.99
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System check for 450 MHz-Body(2015-10-02)
Procedure Name: d=15 mm, Pin=250 mW, =450

Frequency: 450 MHz; Duty Cycle: 1:1
Medium parameters used: f =450 MHz; ¢ = 0.978 mho/m; & = 56.9; p = 1000 kg/m3
Phantom section: Flat Section
DASY4 Configuration:
e Probe: ES3DV3 - SN3302; ConvF(6.54, 6.54, 6.54); Calibrated: 2015-05-26
e Sensor-Surface: 3mm (Mechanical Surface Detection)
o Electronics: DAE4 Sn666; Calibrated: 2015-04-28
e Phantom: ELI v5.0; Type: QDOVAO02AA,; Serial: 1220
e Measurement SW: DASY4, V4.7 Build 80; Postprocessing SW: SEMCAD, V1.8
Build 186

d=15 mm, Pin=250 mW, f=450/Area Scan (81x201x1): Measurement grid: dx=15mm,
dy=15mm
Maximum value of SAR (interpolated) = 1.32 mW/g

d=15 mm, Pin=250 mW, f=450/Zoom Scan (7x7x7)/Cube 0: Measurement grid: dx=5mm,
dy=5mm, dz=5mm

Reference Value = 37.2 VV/m; Power Drift = -0.005 dB

Peak SAR (extrapolated) = 1.75 W/kg

SAR(1 g) = 1.14 mW/g; SAR(10 g) = 0.769 mW/g

Maximum value of SAR (measured) = 1.32 mW/g

dB
0.000

-2.00

-5.99

-7.99

-9.99
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17. Test Results

#1 FM Head SAR
Procedure Name: FM transmitter FM_Ch.126 _f.459 Head Front_Gap 25 mm

Frequency: 459 MHz; Duty Cycle: 1:1
Medium parameters used: =459 MHz; ¢ = 0.892 mho/m; & =43.1; p = 1000 kg/m3
Phantom section: Flat Section
DASY4 Configuration:
e Probe: ES3DV3 - SN3302; ConvF(6.31, 6.31, 6.31); Calibrated: 2015-05-26
e Sensor-Surface: 3mm (Mechanical Surface Detection)
« Electronics: DAE4 Sn666; Calibrated: 2015-04-28
e Phantom: ELI v5.0; Type: QDOVAO002AA; Serial: 1220
e Measurement SW: DASY4, V4.7 Build 80; Postprocessing SW: SEMCAD, V1.8
Build 186

FM transmitter FM_Ch.126 f.459 Head Front_Gap 25 mm/Area Scan (71x201x1):
Measurement grid: dx=15mm, dy=15mm
Maximum value of SAR (interpolated) = 2.10 mW/g

FM transmitter FM_Ch.126 f.459 Head Front_Gap 25 mm/Zoom Scan (5x5x7)/Cube 0:
Measurement grid: dx=8mm, dy=8mm, dz=5mm

Reference Value = 46.5 VV/m; Power Drift = -0.030 dB

Peak SAR (extrapolated) = 2.48 W/kg

SAR(1 g) =1.86 mW/g; SAR(10 g) = 1.37 mW/g

Maximum value of SAR (measured) = 2.07 mW(/g

mWig
2.07

1.02

0.671

0.321
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#2 FM Body SAR
Procedure Name: FM transmitter FM_Ch.126_f.459 Body Back_Gap 0 mm

Frequency: 459 MHz; Duty Cycle: 1:1
Medium parameters used: =459 MHz; ¢ = 0.9 mho/m; & = 56.8; p = 1000 kg/m3
Phantom section: Flat Section

DASY4 Configuration:

e Probe: ES3DV3 - SN3302; ConvF(6.54, 6.54, 6.54); Calibrated: 2015-05-26

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

o Electronics: DAE4 Sn666; Calibrated: 2015-04-28

e Phantom: ELI v5.0; Type: QDOVAO02AA,; Serial: 1220

e Measurement SW: DASY4, V4.7 Build 80; Postprocessing SW: SEMCAD, V1.8
Build 186

FM transmitter FM_Ch.126 f.459 Body Back_Gap 0 mm/Area Scan (51x141x1):
Measurement grid: dx=20mm, dy=20mm
Maximum value of SAR (interpolated) = 5.62 mW/g

FM transmitter_ FM_Ch.126 _f.459 Body Back_Gap 0 mm/Zoom Scan (5x5x7)/Cube O:
Measurement grid: dx=8mm, dy=8mm, dz=5mm

Reference Value = 77.3 V/m; Power Drift = -0.004 dB

Peak SAR (extrapolated) = 7.04 W/kg

SAR(1 g) =5.03 mW/g; SAR(10 g) = 3.65 mW(/g

Maximum value of SAR (measured) = 5.62 mW/g

mW/g
5.62

4.67

1.81

0.858
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Annex A. Photographs

Annex A.1 EUT

Front View

BLUEBIRD®

Back View

)
&
»
o0
L&
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Right side View

Left side View
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Top side View

Bottom side View
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Annex A.2 Photographs of Test Setup

Photograph of the SAR measurement System
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Annex A.3 Test Position

(a) Head_Front

(b) Body_Back
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(c) Body_Back-Ear Phone

(d) System Check 450 MHz
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Annex A.4 Liquid Depth

HSL450

MSL450
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Annex B. Calibration certificate

Annex B.1 Probe Calibration certificate

Calibration Laboratory of
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Schweizerischor Kallbrnaedienst
Servics suisan d'dtadonnage
Servizo svizzoro di tarstura
Swins Calibration Sorvice

Accraditaton No.: SCS 0108

cient  KCTL (Dymstec) Certineats No: ES3-3302_May15
{CALIBRATION CERTIFICATE |
| otject ES3DV3 - SN:3302
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May 26, 2015
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FRetarance 3 o8 ATenuioc SN 55054 (3) | 01-Age 15 (No, 217-02128) Mar18 1
Fatarence 20 &8 Altwnuster | GN: 55277 {20« 01-Agr-1% (No. 21702132} Mar 10
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Network Anatyanr HP BTSIE | US3I7380605 | 18.0c101 ¢n howse check Oct.36) | In house chack: Dct-15
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Cattrivied by. Left Kiymner Latonatory Techmain W /2£
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Calibration Laboratory of A, g s har Kalibelard

Schmid & Partner % G Sevice susman ditatonnage
Enginw‘ﬂg AG T s Servizio svizzero di aratura

Zaughmawstransn 43, D004 Zurich, Switzortand % /'T\ " Bwiss Calibration Service

Adcrading by the Swas Aciredttan Survce (SAS) Acoreditasion No.: SCS 0108

The Swiss Accreditation Servics is one of the signatories o the EA

M A for the of cartificaes

Glossary:

TSL tissue simulatng lquid

NORMx,y.2 sensitivity in free space

ConvF sensilivity in TSL / NORMx.y.2

OCP diode comgression pont

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

A B,C,D modulation dependent linearization paramelers

Polarzation ¢ o totation around probe axis

Polanzation 4 4 rotation sround an axis that is In the plane nomal Lo probe axis (8l measurement center),

e, 8 =0 nomal fo probe axis
Connector Angle information wsed in DASY syslem 1o align probe sensor X (o the robol coordinate system

Calibration is Performed According to the Following Standards:

a) |EEE Std 1528-2013, "IEEE Recommended Practice for Determning the Peak Spatal-Aversged Specific
Absorption Rate (SAR) in the Human Head from Wireless Communications Deovices: Measurement
Techniquas®, June 2013

b) |IEC 62209-1, "Procedure to measura the Specific Absorplion Rate (SAR) for hand-held devices used in cloge
proximity to the aar (frequancy rangs of 300 MHz 1o 3 GHz)*, Fabruary 2005

Methods Applied and Interpretation of Parameters:
NORMYx, y,z- Assessed for E-field polanization & = 0 (f < 900 MHz in TEM-cell, f > 1800 MHz: R22 wavequide)
NORM.y,z are cnly intermadiate values, i e., the uncartainties of NORMx.y,z doas not affect the E*-fisld
uncertainty inside TSL (see below ConvF),

«  NORM{fx.y,z = NORMxy,.z * fraquoncy _response (seo Frequency Response Chart). This ineanzation &
Impismentad In DASY4 software varsions @ter than 4.2 The unocertainty of the frequancy response is included
in the stated uncertainty of ConvF

« DCPxyz DCP are numenical linsarization paramelers assessed basad on the dala of power swaep with CW
signal (no uncertainty required). DCP does not depend on frequency nor medis.

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

o Axyz Bryr Ceyz Dxyx VReyz A B C. D are numerical inearzation parameters assessed hased on
the data of power sweep for specific modulation signal. The paramaters do not depend on frequency nor
media. VR s the maxemum calibration range expressed in RMS voltage across the dode

s ConwF and Boundary Effect Parameters: Assessed in fiat phantom using E-fieki (or Temperature Transfer
Standard for | < 800 MHz) and mexde waveguide ueing analytical fiald distributions based on powar
measurements for f > B00 MMz, The same setups are used for assassment of the paerameters applied for
poundary compensation (aipha, dapth) of which typical uncenainty values are given. These parameters are
used in DASY4 software to improve probe accuracy clase to the boundary, The sersdivity in TSL caresponds
1o NORMx,y,z * Comvic whereby the uncertanty corresponds 10 that given for ConvF. A frequency dependent
ConvF Is used in DASY version 4.4 and higher which allows extonding the validity from £ 50 MHz lo £+ 100
MHz

o Spherical isotropy (3D dewiation from isotropy): i a fiekd of low gradients realized using a fat phantom
axposad by & patch antenna

* Seasor Offsef The sensor offset corresponds to the offset of virual measurement center from the peobe tip
(on probe axis). No tolerance required.

* Comeclor Angle: The angle is assessed using the nformation ganed by determining the NORMY (no

uncartainty required)
Certficate No: ES3.3302_ May15 Puge 20f 11
KCTL Inc. 65, Sinwon-ro, Yeongtong-gu, Suwon-si, Gyeonggi-do, 16677, Korea

TEL: 827050081021 FAX: 825052998311
This test report shall not be reproduced, except in full, without the written approval.

[KCTL-TIA002-002/0]



Report No.: KCTL16-SFA0007
Page: 35 of 56

http://iwww.kctl.co.kr

ES30V3 - SN:3302 May 26, 2015

Probe ES3DV3

SN:3302

Manufactured:  August 27, 2010
Calibrated: May 26, 2015

Calibrated for DASY/EASY Systems

(Note: non<compatitle weh DASY2 systam/)
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DASY/EASY - Parameters of Probe: ES3DV3 - SN:3302

Basic Calibration Parameters

Sensor X [ Sensor Y Sensor Z unc (k=2)

Nomm (uVI(Vim)')" 118 138 133 101 %

DCP (mV)" 104.5 l 103.2 103.2
Modulation Calibration Parameters

WD Communication System Nama A | B c ] o | W Unc"

JB dBVuv @B mv (k=2)
[0 oW x| 00 | o0 | 10 | 000 | 287 | 227 |
Yy | 0o 04 ) [ 2ms |
I |.Z 00 | o0 1.0 254 |

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

* The uncartairties of NarmX_ Y2 o not affect the E7Seld uncertanty inzioe TSL (soe Pnges 5 and 6)

" Numencal leearizalion paramalin: uncenEnty nal seguimpd

* Uncertanty is determined using the max. devialion from linear resconse apohying rectanguiar distiizution and & egressed nr the sguare of the
faid value
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DASY/EASY - Parameters of Probe: ES3DV3 - SN:3302

Calibration Parameter Determined in Head Tissue Simulating Media

Relative Conductivity 1 | Depth™ Uned.,
L (MHz)® | Pormimtity” | (Sim)" | ComvFX | ConvFY | ConvFZ | Alpha®| (mm) |  (k=2)
| 300 453 0.87 669 | 669 ‘ 569 013 | 220 | +133%
450 435 0.87 6,31 [ 6.31 | 6.31 0.20 2,20 £133%
B50 415 092 | 578 579 579 065 | 129 | +120% |
| %00 a15 0.97 5.72 572 | 572 0.33 193 | $120%
1750 401 1.37 1 4.87 497 497 077 118 +120% |
1800 | 400 1.40 4.80 480 480 | 080 116 | £120%
2450 392 1.80 416 | 416 | 416 | 080 1.27 | 4120%
| 2600 | 30 | 138 4.06 4.06 4.06 0.80 132 | 2120%

* Frequency vaficity above 300 Mz of = 100 Mz coly appiss for DASY »4 4 and hgher (sne Page 2. elee | s rostrotes Lo + 50 MHz. The
unconanty & the RSS of the Sond uncertanty ot caltration froguency and 1 uncananty for e indasiud Swaguncy tond Frequaccy validity
bolow 300 MHz & + 10, 25, 40, 50 and 70 MHz for Comvf nssessments at 30, 54, 128, 150 and 220 MH2 respectively. Above 5 Gz frequency
wukity can be extended to £ 110 M-z

" At buguencies beiow 3 GHE the sty of fs2us jevamolers (c and o} Gan be relannd 10+ 1056 I Sgukd compensation famids & sppked o
Mocturod SAR vilues. Al frequercies sbove 3 GHE the voldity of tasue paramaiees [« and o) & sestiicied %0  5%. The uncertainty & 0w RSS of
he ConvF unoanainty K indicansd target lissus porameters

* AphaDepth ae catenmned duning calbrasion. SPEAS wormants that the remaining devation ds 10 18 baundady effed aflar compensstion is
ahwigs less than + 1% for feguencies balow 3 Giz and bofow = 2% for equencias batwean 3-8 GHe ul sy detance larger than helf the probe 5p
dumeter from the boundary.
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ES3DV3- SN:3302 May 26, 2015

DASY/EASY - Parameters of Probe: ES3DV3 - SN:3302

Calibration Parameter Determined in Body Tissue Simulating Media
" Relative Conductivit

¥ [ Depth Unct,
1MHY© | Permativity” | (Sm)’ | ConEX | ConvFY | ComvE2 |Alpha® | (mm) | (ke2)
300 56.2 0.92 645 | 845 | 645 | 010 | 220 | s133%
450 567 | 094 65¢ | 654 | 65¢ | 013 | 210 | s133% |
850 552 0.09 563 | 563 | 583 | 038 | 172 | +120%
%0 | 550 | 108 s62 | 582 | 562 | 055 | 142 | s120%
1750 534 | 149 460 | 480 | 460 | 066 | 13¢ | s120%
900 | s33 | s 437 | 437 | 431 | 053 | 156 | 2120%
| 2450 527 | 195 404 | 404 404 | om0 | 120 | s120%
2600 s25 | 216 389 | 389 | 3ee | 080 | 125 | s120% |

¥ Frequency voddty abave 300 MHZ of £ 100 Nz aely appties for DASY w4 a0 highsr [see Page 2], oo it & rastiiciod & + 50 M. The
uncaninirty = e RSS of e ComF uncertuinty of calbrabon Traguenicy el ihe uncertsingy for ®e indicaled frequency band Frequency valdty
Batow 300 MH2 is + 10. 25, 40, 50 3nc 70 MMz for ConvE assessmens @t 30, 64, 128, 150 snd 220 Mz respectivoly. Abave § GHz frequency
valicity can ba egended 1 £ 110 MHz

¥ Al frequoncies below 3 Gz, the vekdiy of tissue Pty (= wnd o) Gan be rolaesd 1o = 10% f Iqud compensaton formuds s apples 10
measued SAR voloa Al becancias stovs 3 Gz, the valdiny of tissue pomameterns (¢ a0d o) is reskicled (o = 5% The uncananty is the RSS of
the Cort’ uncenanly for indcale targul SR panunokers

" Algha/Dugen ore determines durng calbrabon. SFEAG wamants al thi femEney devistion due to Ihe boundary efiect afer compensalion s
uhwsiys bacess than 2 1% lor heguences below 3 GHz and bekow £ 2% for Maquencas Satwesn 3-8 Gtz & any detonce arger than hak the prooe by
diamater trom the boundary.
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ES30V3- SN 3302 May 26, 2015

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

Frequency response (normalized,

1 1 1 by gl " e
o] 500 1000 1500 2000 2500 3000

Uncertainty of Frequency Response of E-field: £ 6.3% (k=2)
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May 26, 2015
Receiving Pattern (¢), 9 = 0°

=600 MHz, TEM =1800 MHz R22

. -
Tot !

Ercor [d8)
-
.

A S e e = = B N
.

‘ Red[] ‘
T WO ST = OOTE

Uncertainty of Axlal Isotropy Assessment: £ 0.5% (k=2)
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Dynamic Range f(SARpeaq)

(TEM cell |, fys= 1900 MHz)
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1
g
-g. 0- T .—0"-.'0'~f't‘f't ~ ’-":-o L ST = L
- 1
y |'-3" 109 ) '.34 o 102 104
SAR [mW'eamn3]
e (l'."l?)l!’!“i'm f.nl"(:‘éﬂlm!
Uncertainty of Lineanty Assessment: £ 0.6% (k=2)
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Conversion Factor Assessment

= 350 MHz. WGLS RY (H_canyfF) = 1900 MHz WGLS R22 (H_com#)

Trengi

T

X a - it} .
“lve

= =0 © -
Sl

e ] VR e

Deviation from Isotropy in Liquid
Error (¢, 8), f= 900 MHz

L -

-10 -08 08 04 02 00 02 04 06 08 10
Uncartainty of Spherical Isotropy Assessment: £ 2.6% (k#2)
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DASY/EASY - Parameters of Probe: ES3DV3 - SN:3302

Other Probe Parameters

Sensor Arrangement Trianguiar |
| Connector Angle (") = = 459 |
| Mechanical Surface Dotection Mogde enabled |

Optical Surface Detection Mode disabled
| Probe Overall Length T B 337 mm
[ Probe Bogy Diameter e T 10mm

Tip Length S T T 10mm
Tip Camatar o e 1 4mm
“Probe Tip 10 Sensor X Calibration Point 2mm |

‘P-f_amlb Sensor Y Caiibration Paint 2mm |
| Probe Tip % Sensor Z Calibeaton Point ‘ Zmm |

Recommended Measurement Distancs from Surface 1 3mm |
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Annex B.2 DAE Calibration certification

Calibration Laboratory of s ischer Kalibrierdi
Schmid & Pariner ¢ Survice suisse d'élalonnage
Engineering AG Servizio svizzero di tarsturs

Zoughausstrasse 43, 3004 Zurich, Switzeriand S Swiss Calibration Service

Actredted by the Setss Accradtalion Sendca (SAS) Accreditation No.: SCS 0108
The Swiss Accreditation Service is one of the signatories to the EA

M a for the recognition of jon curtife

Client EMC Compliance (Dymstec) Certificate No: DAE4-666_Apri15

CALIBRATION CERTIFICATE

Object DAE4 - SD 000 D04 BM - SN: 666

Cathration procedurned(s) QA CAL-08.v29
Calibration procedure for the data acquisition electronics (DAE)

Calbraton date April 28, 2015

Tha cafibration certificate cocumants tho tmoeatsity (o nabions! standanss, which reslize o physcal uits of maasusments (S1)
The mooasurements and the unosrainbes with confidunos probatility ars given an 1he $lowing pages and ans par of the cedificate

NI calieations have been conckted in 1he dosed BDormory tacilly: amdrooment temperaturs (22 = 3)°C and humidiy « 70%

| Cadtration Equipment used (METE orbcal for calitration)

Primary Standands e Cal Date (Codificate Noj - Scheduled C
i Kesthioy Muttimatar Type 2001 N os102y8 G-Cot-14 (No: 15573) Oct-16

Seconaary Standands ina Cnack Date (n house) Schedulsd Cheds

Auna DAE Calbeagon Unit 1 SE UWS 053 AA 1001 05-2an-15 [In house chack) In house chooc Jan-16

Caltrmior Box V2 1 | SE UMS 006 A& 1002 06-Jan-15 (In house cheek) In nouse check: Jan-16

Neurs Function Soratua
| Cafilirated by R Meyomz Tochoician
3 ,%«7&’9; ‘

| “ s

Approved by Fin Bombolt

Deputy Techmcal Manager ‘;—/(/‘._'A//_

Isguod: April 28, 2015
This mlualkrlpyysﬁgm- bl et D saproccnd sacupl b Wil o wiltlen soonovl of the labanidory.
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Calibration Laboratory of §~:-:;j‘,"~,,,3 S Schwolserische Kaib
Schmid & Partner % c Service sutsse d'étalonnage

Engineering AG B Seevizic svizzero di tarature
Zeughausstrasse 43, 8004 Zurich, Switzerland % /”\\\_‘\f S Swiss Calibration Servios

MU B

Accradiiod by the Swiss Accradtaion Service (SAS) Accreditation No.: SCS 0108
The Swiss Accreditstion Service ks one of the signatories to the EA
L Agr for the gnition of calitvation certificates
Glossary
DAE data acquisition electronics

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

Methods Applied and Interpretation of Parameters
+« DC Voitage Measurement: Calibration Faclor assessed for use in DASY system by
comparison with a calibrated instrument traceable to national standards. The figure given
corresponds to the full scale range of the voltmeter in the respective range.

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

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

s 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 veltage on the neighbor channels not subject to an
input voitage.

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

o Input Offset Measurement. Oulput 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 al the connector,
during intemal aute-zeroing and during measurament,

» Low Battery Alarm Voltage: Typical value for information. Below thig voltage, a battery
alarm signal is generated.

«  Power consumption: Typical value for Information. Supply currents in various operating

modes.
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DC Voitage Measurement
A - Comventaer Resolution nominal

High Range: 1LS8 = 6.1uV, full mnga = -100...+300 mV
Low Range: 1LSB = a1V, full range = -1 43mV
DASY measureman paramaters Auto Zero Time: 3 sec; Maasuring time: 3 sec
[ ]
Calibration Factors X Y z 1
High Range 405 452 + 0.02% {k=2) | 404.589 + 0.02% (k=2) | 403,650 + 0.02% (k=2)
Low Range 3,89203 + 1.50% (k=2) | 3.90088 + 1.50% (k=2) | 3.87425 + 1.50% (k=2)

Connector Angle

Connector Angle 10 be used o DASY system 7 ] 3055°+1°
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Appendix (Additional assessments outside the scope of SCS0108)
1. DC Voltage Linearity

High Range Reading (kV) Difference (uV) Error (%)
Channel X+ Input 200031.22 558 0,00
Channal X & Input 20006.34 122 0.0
Channel X < Input -20005.04 .18 0.00
Channel ¥ + Input 20003460 -3.07 -0.00
Channel ¥ + Input 20003.79 -1.23 .01
Channel Y - Input 20004 86 0.08 -0.00
Channel Z + Input 20003619 0.18 0.00
Channel Z + Input 20004.62 035 0.00
Channel Z - Input -20005.82 .88 0,00
Low Range Reading (pV) Difterence (uV) Error (%)
Channel X + Input 2002 42 0.39 002
Channel X + input 201 46 029 015
Channel X « Input -198.59 0.19 0.10
Channel Y + Input 2002.01 039 0.02
Channel Y + Input 200.00 1.48 0,73
Channel Y - lnput -189.19 0.58 0.30
Channel Z + Input 200213 0.61 0.03
Channel Z + Input 200.80 0.60 0.30
Channel Z - Input -199 66 107 054
2. Common mode sensitivity
DASY measurement parametars: Auto Zevo Tens: 3 sec: M ing time: 3 sec
Common mode High Range Low Range
Input Voltage (mV) Average Reading (uV) Average Reading (uV)
Channel X 200 -0.34 -1.42
<200 090 -2.87
Channel Y 200 154 1.70
- 200 278 317
Channel Z 200 -4.80 -4.52
- 200 257 223
3. Channel separation
DASY measurement pammeters: Auto Zeco Tma: 3 sec. M ring lime: 3 sec
Input Voltage {mV) | Channal X (uV) | Channel Y (uV) | Channel Z (uV)
Channel X 200 - 281 -3.03
Channal ¥ 200 8.41 - .75
Channel Z 200 a.88 6.00 -
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4. AD-Converter Values with inputs shorted

DASY measurement parametens: Auta Zeco Time: 3 sec: Measuring time: 3 sec
High Range (1.S8) Low Range (LSB)

__C;umol X 16487 16407
Channel ¥ 16038 16604
Channel Z 16133 16162

5. Input Offset Measurement
DASY measurement parameters: Auto Zero Tene: 3 sac. Measuning time: 3 sec
loput 10M2

Average (V) | min. Offset (uv) | max. Offset (uv) | %' D‘(Ev“)“'”“

Channel X 1.50 043 390 0.57
Channel Y 013 -1.44 186 0.62
Channel Z 0.62 059 174 045

6. Input Offset Current
Nominal Input circuitry offset current on all chamnnels: <2584

7. Input Resistance (Typial 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 (+ Vec) 379
Supply (- Vec) 7.6

9. Power Consumption (Typical valuas for information)
Typical values Switched off (mA) | Stand by (mA) | Transmitting (mA)
Supply {+ Veo) 0. +6 +14
Supply (- Vee) -0.M -8 -G
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Annex B.3 Dipole Calibration certification

D450V3
Calibration Laboratory of Schweizerischer Kalibriercienst
Schmid & Partner Service suisse d'étalonnage
Engineering AG Seryizio svizzero di tarstura
Zeughausatrasas 43, 8004 Zurich, Switzeriand Swiss Calibration Service
Accrodted by the Swiss Aocrodtation Servce (SAS) Accraditation No: SCS 108
The Swiss Accreditation Service |s one of the signatories to the EA
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Calibration Laboratory of

o s Schweizerischer Kallbrierdienst

Schmid & Pariner Barvice suiese ¢étslonnnge

Engineering AG C  sarvizio svizesro i taratura
Zeughsusstrasse 43, 8004 Zurich, Switzeriand s Swins Casitration Service
Accradiied by the Swiss Accradtalion Servee (SAS) Accreditation No.: SCS 108
The Swiss Accreditation Service is ane of the signatories to the EA
Multitaserai Ag for the recognition of eaibration 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 1528-2013, "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 62208-1, "Procedure to measure the Specific Absorption Rate (SAR) for hand-held
devices used in close proximity to the ear (frequency range of 300 MHz to 3 GHz)",
February 2005

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

Additional Documentation:
d) DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

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

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

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

» Electncal 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%.
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Measurement Conditions
DASY system configuration, as far as not given on page 1.
DASY Version DASYS V5288
Extrapolation Advanced Extrapoiation
Phantom ELI4 Flat Phantom Shell thickness: 2 + 0.2 mm
Distance Dipole Center - TSL 15 mm with Spacer
Zoom Scan Resolution dx, oy, dz =5 mm
Frequency 450 MHz = 1 MHz
Head TSL parameters
The following paramaters and calculations ware applied
Temperature Permittivity Conductivity
Nominal Head TSL parameters 220°C 435 0,87 mho/m
Measured Head TSL parameters (220202)°C 445+6% 0.88 mho/m = 6 %
Head TSL temperature change during test <05°C e -
SAR result with Head TSL
SAR averaged over 1 cm’ (1 g) of Head TSL Candttion

SAR measwed 250 mW input power 0.774 Wikg

SAH lor nominal Head TSL parameters nomalized 1o 1W 3.06 Wikg = 17.6 % (k=2)
Body TSL parameters

The lallowing parameters and calculations were applied
Temperature Parmittivity Conductivity

Nominal Body TSL parameters 20'C 56.7 .94 mho/m

Measured Body TSL parameters {220202)°C 55326% 0.94 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 Conditon

SAR measwed

250 mW nput power

1.7 Wisg

SAR for nominal Head TSL parameters

nommalized to 1W

4,82 Wikg = 18,1 % (k=2)

SAR averaged over 10 cm” (10 g) of Heed TSL

condition

SAR measured

250 mW input powar

1.12 Wikg

SAR for nominal Body TSL parameters

normakzed 1o 1W

4.48 Wikg = 18.1 % (k=2)

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

conciition

SAR measured

250 mW input power

0.735 Wikg

SAR for nominal Body TSL parameters

narmakized 1o TW

2.93 Wikg = 17.6 % (k=2)

Cartificate No: D450V3.1080_Nov14
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Appendix (Additional assessments outside the scope of SCS108)
Antenna Parameters with Head TSL

impedance, transformed 1o feed point S580Q-25
Aeturn Loss <2144d8

Antenna Parameters with Body TSL

Impedance, transformed 1o feed pont 5520-56)0
Retum Loss -228d8

General Antenna Parameters and Design

| Electrical Detay (one direction) | 1.332 ns |

Afted long term use with 100V radiated power, only a sight warming of the dipole negr the leedpeint can ba measured

The dipole is mada of standard semirgid coaxial cable. The center conductor of the feading ling i= directly connected to the
second arm of tha dipole. The antenna is therefore shont-circulted for DC-signals. On some of the dipoles, small and caps
&re added 1o the dipole arms in order to improve matching when loaded according 1o the pesition as explained in the
*Measurament Canditions” paragraph. Tha SAR data are not affected by this change. The overall dipale length is still

accordng to the Standard.
No excessive force must be applied to the dipole wms, because they might bend ar the soldered connections naar the
leadpoint may be damagad
Additional EUT Data
Manufactured by SPEAG
Manufactured on March 03, 2011
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DASYS Validation Report for Head TSL
Date: 19.11.2014
Test Luboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 450 MHz: Type: D450V 3; Serial: D450V3 - SN:1080
Communication System: UID 0 - CW; Frequency: 450 MHz
Medium parameters used: =450 MHz; o = 0.89 $/m; & = 44.5; p = 1000 kg/m’

Phantom section: Flat Section
Measurement Standard: DASYS (IEEEAEC/ANSI C63,19-2011)

DASY 352 Configuration:
» Probe: ET3IDV6 - SN1507; ConvFi6.65, 6.65, 6.65); Calibrated: 30.12.2013;
«  Seasor-Surfuce: 4mm (Mechanical Surface Detection)
« Electronics: DAE4 Sn654; Calibrated: 30.06.2014
« Phuantom: ELI v4.0; Type: QDOVAOO1BB; Serial: TP: 1003
* DASYS252.8.8(1222); SEMCAD X 14.6.10(7331)

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

Reference Value = 39,34 Vim; Power Drift = -0.03 dB

Peak SAR (extrapolated) = 1.76 Wikg

SAR(1 g) = 1.17 W/kg; SAR(10 g) = 0.774 W/ikg

Maximum valee of SAR (measured) = 1.25 W/kg

-2.00
-4.00
-6.00

-8.00

0 dB = 1.25 W/kg = 0.97 dBW/kg
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Impedance Measurement Plot for Head TSL
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DASYS Validation Report for Body TSL

Date: 19.11,2014

Test Laboratory: SPEAG. Zurich, Switzedand

DUT: Dipole 450 MHz: Type: D450V3; Serial: D450V 3 - SN:1080

Communication System: UID 00 - CW; Frequency: 450 MHz

Medium parameters used: £ =450 MHz; o = 0.94 S/m: & = 55.3; p = 1000 kg/m’
Phantom section: Flat Section

Measurement Standard: DASYS (IEEEANEC/ANSI C63,19-2011)

DASYS52 Configuration:

« Probe: ET3DV6 - SN1507; ConvF(7.1, 7.1, 7.1); Calibrated: 30.12,2013;

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

» Elecuonics: DAE4 Sn654: Calibrated: 30.06.2014

» Phantom; ELI v4.0; Type: QDOVAOOIBB; Serial: TP:1003

o« DASY5252.88(1222); SEMCAD X 14.6.10(7331)

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

Reference Value = 36,74 V/m; Power Drift = -0.03 dB

Peak SAR (extrapolated) = 1.77 Wikg

SAR(1 g) = L.12 W/kg; SAR(10 g) = 0.736 W/kg

Maximum valoe of SAR (measured) = 1.19 W/kg

dB
0

-2.00

-6.00

. |

0dB = 1.19 W/kg = 0.76 dBW/kg
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Impedance Measurement Plot for Body TSL
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