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1. General Information

1.1. EUT Description
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Operation Frequency

2.402 GHz to 2.480GHz

Test model

HS-IPN4KBCS

iphone4S FCC ID

BCG-E2430A

Max. Output Power

3.48dBm for GFSK modulation

Bluetooth Version V2.0
Modulation GFSK
Number of channels 79

Antenna Designation

Integrated Antenna

Antenna Gain 0.8dBi
Hardware Version N/A
Software Version N/A

Power Supply

DC3.7V by Built-in Li-ion Battery

Note:

1 The sample used for testing is end product.
2 This is a variant report which is only aim at the maximum SAR value of A1387 for iphone4S, to estimate SAR
value through put on Bluetooth keyboard, which can be referred to UL CCS Report Number 11U13896-5B as

1.0 and 10.1.



1.2. Test Procedure
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1 | Setup the EUT and simulators as shown on above.

2 | Turn on the power of all equipment.

3 | and test them respectively at U.S. bands

EUT Communicate with iphone4S through BT, and iphone4S communicate with 8960 at the same time ,

1.3. Test Environment
Ambient conditions in the laboratory:

Items Required Actual
Temperature (°C) 18-25 21+ 2
Humidity (%RH) 30-70 5542
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2. SAR Measurement System

2.1. COMOSAR System Description

—— b

COMOSAR [~y = / “" i

The COMOSAR 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
Communicate Mobile mobile phone 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 Opensar 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.

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.
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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?2 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, EN 50361 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 Post processor, COMOSAR 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.

o [ TSy

file,y,z) = A e~ e cos>
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2.2. COMOSAR E-Field Probe

The SAR measurement is conducted with the dissymmetric probe manufactured by SPEAG.

The probe is specially designed and calibrated for use in liquid with high permittivity. The

dissymmetric probe has special calibration in liquid at different frequency.

SPEAG conducts the probe calibration in compliance with international and national standards (e.g. |EEE 1528,
EN62209-1, IEC 62209, etc.) Under ISO17025. The calibration data are in Appendix D.

2.2.1. Isotropic E-Field Probe Specification

Model EP159
Manufacture Satimo
frequency 0.3 GHz-3 GHz

Linearity:+0.2dB(300 MHz-3 GHz)
Dynamic Range | 0.01W/Kg-100W/Kg

Linearity:+0.2dB

Dimensions Overall length:330mm

Length of individual dipoles:4.5mm
Maximum external diameter:8mm

Probe Tip external diameter:5mm
Distance  between dipoles/ probe
extremity:2.7mm

Appli-mobile High precision dosimetric measurements in any exposure scenario
phone (e.g., very strong gradient fields). Only probe which enables
compliance testing for frequencies up to 3 GHz with precision of better
30%.
2.3. Robot

The COMOSAR system uses the high precision robots TX90
XL type out of the newer series from Satimo SA (France).For
the 6-axis controller COMOSAR system, the KUKA robot
controller version from Satimo is used.
The XL robot series have many features that are important for
our application:

High precision (repeatability 0.02 mm)

High reliability (industrial design)

Jerk-free straight movements

Low ELF interference (the closed metallic
construction shields against motor control fields)

6-axis controller




2.4. Video Positioning System
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The video positioning system is used in OpenSAR to check the
probe. Which is composed of a camera, LED, mirror and
mechanical parts. The camera is piloted by the main computer
with firewire link.

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.

2.5. Device Holder

The COMOSAR 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 COMOSAR device holder has been made out of low-loss
POM material having the following dielectric parameters: relative
permittivity er =3 and loss tangent & = 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.
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2.6. 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 850MHz 850MHz 1900MHz 1900MHz
(% Weight) Head Body Head Body
Water 40.45 52.4 54.90 40.5
Salt 1.42 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
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The dielectric parameters of the liquids were verified prior to the SAR evaluation using COMOSAR

Dielectric Probe Kit and R&S Network Analyzer ZVL6 .

Tissue Stimulant Measurement for PCS 1900
Frequency N . . Tissue Temp
(MH2) Parts Description Dielectric Parameters °C]
er O[s/m]
Rif;,r/fr\:;ﬁég\fvu't 40.00 1.40 N/A
1900MHz Head B 38.00-42.00 1.33-1.47
Jan.8, 2013 39.77 1.41 21
er O[s/m]
Rifgg/‘jg;ﬁ(;gjv““ 53.30 1.52 N/A
1900MHz Body B 50.635-55.965 1.444-1.596
Jan.8, 2013 54.26 1.50 21
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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
(MH2) er o (S/m) er o (S/m)
300 45.3 0.87 58.2 0.92
450 43.5 0.87 56.7 0.94
850 41.5 0.90 55.2 0.97
900 41.5 0.97 55.0 1.05
915 41.5 1.01 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

(er = relative permittivity, o = conductivity and p = 1000 kg/m3)



4. SAR Measurement Procedure

4.1. SAR System Validation
4.1.1. Validation Dipoles
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The dipoles used is based on the IEEE-1528 standard,
and is complied with mechanical

and electrical specifications in line with the
requirements of both IEEE and FCC Supplement C. the
table below provides details for the mechanical and

electrical

Specifications for the dipoles.

Frequency

L (mm)

h (mm)

d (mm)

1900MHz

68

39.5

3.6
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4.1.2. Validation Result

System Performance Check at 1900MHz for Head

Validation Kit: SN 46/11DIP 1G900-187

Fre[z'\(}ltlj_'ezr}cy Description SAR [w/kg] 19 SAR [w/kg] 10g Tissue Temp.[°C]
Reference result £ 39.7 20.5 N/A
1900 MHz 10% window 35.73 to 43.67 18.45 to 22.55
Jan.8, 2013 39.18 21.24 21.0

Note: All SAR values are normalized to 1W forward power.
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4.2. SAR Measurement Procedure
The COMOSAR calculates SAR using the following equation,

-

c:.r|E B
S4R =—
el
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 1mm?2) 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 1mm3).

When multiple peak SAR location were found during the same configuration or test mode, Zoom scan shall
performed on each peak SAR location, only the peak point with maximum SAR value will be reported for the
configuration or test mode.
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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/kQ)

Uncontrolled Environment

Type Exposure Limit

Spatial Peak SAR (19 cube tissue for brain or body) 1.60 W/kg




6. Test Equipment List
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Equipment Manufacturer/Mo S Current Next calibration
L Identification No. . .
description del calibration date date
SAR Probe Satimo SN 22/12 EP159 12/11/2012 12/10/2013
Phantom Satimo SN 4511 SAM90 Vahdated: No cal Valldated: No cal
- - required. required.
- . Validated. No cal | Validated. No cal
Liquid Satimo - : :
required. required.
Comm Tester R&S - CMU200 069Y7-158-13-712 02/23/2012 02/22/2013
Comm Tester Agilent-8960 GB46310822 10/22/2012 10/21/2013
Multimeter Keithley 2000 1188656 02/07/2012 02/06/2013
. . SN46/11 DIP
Dipole Satimo SID900 0G900-185 12/09/2011 12/08/2014
. . SN46/11 DIP
Dipole Satimo SID1900 1G900-187 12/09/2011 12/08/2014
Amplifier Aethercomm SN 046 12/08/2012 12/07/2013
Power Meter HP E4418A US38261498 03/30/2012 03/29/2013
Network Analyzer | (node g‘vi‘:h""arz SN100132 02/07/2012 02/06/2013

Note: Per KDB 50824 Dipole SAR Validation Verification, AGC Lab has adopted 3 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. Return-loss is within 20% of calibrated measurement;
4. Impedance is within 5Q of calibrated measurement.




7. Measurement Uncertainty
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Satimo Uncertainty

Measurement uncertainty for 300 MHz to 6 GHz averaged over 1 gram / 10 gram.

Error Description Sec Tol Prob. Div. (Ci) (Ci) Std. Std. (Vi)

(%) Dist. 19 10g unc. uUnc. Veff
(19) (+%) | (109)(+%)

Measurement System

Probe Calibration E.2.1 6 N 1 1 1 6 6 P

Axial Isotropy E.2.2 3 R G| ()" | (1cp)'* | 1.22474 | 1.22474 =

Hemispherical Isotropy E.2.2 5 R 3 'JCP m,f(jp 2.04124 | 2.04124 o

Boundary Effects E.2.3 1 R 3 |1 1 0.57735 | 0.57735 P

Linearity E.2.4 5 R VI |1 1 2.88675 | 2.88675 p

System Detection E.25 1 R 3 0.57735 | 0.57735 oo

Limits

Readout Electronics E.2.6 0.5 N 1 1 1 0.5 0.5 o

Response Time E.2.7 0.2 R V2 |1 1 0.11547 | 0.11547 P

Integration Time E.2.8 2 R 431 1 1.1547 1.1547 =

RF Ambient Noise E.6.1 3 R v |1 1 1.73205 | 1.73205 p

Probe Positioner E.6.2 2 R 43 (1 1 1.1547 1.1547 =

Mechanical Tolerance

Probe Positioning with E.6..3 1 R JF (1 1 0.57735 | 0.57735 p

Respect to Phantom Shell

Extrapolation,interpolation E.5.2 15 R 3|1 1 0.86603 | 0.86603 «

and Integration Algorithms for

Max. SAR Evaluation

Dipole

Device Positioning 8E42 |1 N V2 (1 1 0.57735 | 0.57735 | N-1

Power Drift 8.6.6.2 2 R 431 1 1.1547 1.1547 =

Phantom and Tissue

Parameters

Phantom Uncertainty E.3.1 4 R 3|1 1 2.3094 2.3094 =

Liquid Conductivity (target) E.3.2 5 R JF | 064 0.43 1.84752 | 1.2413 P

Liquid Conductivity (meas.) E.3.3 25 N 1 0.64 0.43 1.6 1.075 P

Liquid Permittivity (target) E.3.2 3 R JF |06 0.49 1.03923 | 0.8487 «

Liquid Permittivity (meas.) E.3.3 2.5 N 1 0.6 0.49 15 1.225 M

Combined Standard RSS 8.09272 | 7.9296

Uncertainty

Expanded Uncertainty k 16.18544 | 15.8592

(95%CONFIDENCE
INTERVAL)




8. Conducted Power Measurement
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Frequency
Mode (MH2) Peak Power Avg. Burst Power
1852.4 22.95 22.57
WCDMA 1900
RMC(12.2bps) 1880 22.74 22.35
1907.6 22.63 22.45
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9. Test Results

9.1. SAR Test Results Summary
9.1.1. Test position and configuration
Head SAR was performed with the device configured in the positions according to IEEE1528.

9.1.2. Operation Mode
This is a simple-slot with GPRS 10 device. During the head SAR test, the device was transmitting with
maximum 1 uplink timeslot. Additionally, this device doesn’t support dual transfer mode (DTM).



9.1.5. Test Result
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SAR MEASUREMENT

Ambient Temperature (°C) : 21+ 2

Relative Humidity (%): 55

Liquid Temperature (°C) : 21 £ 2

Depth of Liquid (cm):>15

Product: Bluetooth keyboard

Simultaneous transmission condition please refer to Appendix B
The BT keyboard has potential to decrease the SAR test results of iPhone4S.

Configuration Antenna Frequency Power SAR Limit
Position rift (10) (Wikg)
Position Status channel MHz (<+5%) (W/kg)
9262 1852.4 -- - --
ot Cheek Fixed | 9400 | 1880.0 3.47 1157 16
9538 1907.6 -- - -
Cheek 9262 1852.4 - - -
Right (Simultaneous | 0y [ 9400 1880.0 2.11 1.549 1.6
Head transmission
condition) 9538 1907.6 - - -
Note: when the 1-g SAR is < 0.8 W/Kkg, testing for low and high channel is optional. refer to KDB 941225.

Original test results for the type A1387 of iphone4S

Configuration Antenna Frequency 19) Limit
Position W/k
Position Status channel MHz (W/kg) (Wikg)
9262 1852.4 -- --
Right .
Cheek Fixed 9400 1880.0 1.180 1.6
Head
9538 1907.6 -- --
Cheek 9262 1852.4 -- --
Right (simultaneous | o oy [ 9400 1880.0 1.552 1.6
Head transmission
condition) 9538 1907.6 - -
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Appendix A. SAR System Validation Data
Test Laboratory: AGC Lab Date: Jan.8, 2013
System Check Head 1900MHz
DUT: Dipole 1900 MHz ; Type: SID 1900
Communication System: CW; Communication System Band: D1900 (1900.0 MHz); Duty Cycle:1:1; Conv.F=5.73
Frequency: 1900 MHz; Medium parameters used: f = 1900 MHz; o =1.41 mho/m; &r =39.77;p = 1000 kg/m?3 ;
Phantom section: Flat Section ; Input Power=10dBm
Ambient temperature (C): 21, Liquid temperature (C): 21
Satimo Configuration:
Probe:EP159; Calibrated: 12/11/2012
- Sensor-Surface: 4mm (Mechanical Surface Detection)
- Phantom: SAM1; Type: SAM
- Measurement SW: OpenSAR V4_02_01
Configuration/System Check PCS1900 Head/Area Scan: Measurement grid: dx=8mm,dy=8mm
Configuration/System Check PCS1900 Head/Zoom Scan: Measurement grid: dx=8mm,
dy=8mm, dz=5mm

SURFACE SAR VOLUME SAR

Maximum location: X=0.00, Y=0.00
SAR 10g (W/KQg) 0.212411
SAR 1g (WI/Kg) 0.391843
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Z (mm) 0.00 4.00 9.00 14.00 19.00
SAR (W/KQg) 0.0000 0.4185 0.2360 0.1347 0.0813
SAR, Z Axis Scan (X =0, Y = 0)
0,42 - N
0.35- AN
~ 0.30- \
< ne5- N,
= h
e 0.20- P,
= N
0.15- 'L\_.
0.10- "‘hﬂ.ﬁ__-_-
0.05-; e
0.0 25 50 T.5 100 12.5 150 17T.5 20.0 22.5 25.0
Z [mm)

3D screen shot Hot spot position
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Appendix B. SAR measurement Data

Test Laboratory: AGC Lab Date: Jan.8, 2013
W-CDMA Band Il Mid Right Cheek(Primary Antenna)

DUT: Bluetooth keyboard; Type: HS-IPN4AKBCS

Communication System: UMTS; Communication System Band: Band Il UTRA/FDD ;Duty Cycle:1:1; Conv.F=5.73;
Frequency: 1880 MHz; Medium parameters used: f = 1880 MHz; o = 1.41 mho/m; €r =39.77; p = 1000 kg/m3 ;
Phantom section: Right Section

Ambient temperature (C): 21.0, Liguid temperature (C): 21.0

Satimo Configuration:

- Probe:EP159; Calibrated: 12/11/2012

- Sensor-Surface: 4mm (Mechanical Surface Detection)
- Phantom: SAM1; Type: SAM

- Measurement SW: OpenSAR V4_02_01

Configuration/ WCDMA BAND Il Mid-Touch-Right /Area Scan: Measurement grid: dx=20mm, dy=20mm
Configuration/ WCDMA BAND Il Mid-Touch-Right /Zoom Scan: Measurement grid: dx=8mm,
dy=8mm, dz=5mm;

Area Scan surf_sam_plan.txt

ZoomScan 5x5x7,dx=8mm dy=8mm dz=5mm,Very fast

Phantom Validation plane

Device Position Right head

Band Cheek

Channels Middle
Signal TDMA (Crest factor: 1.0)
SURFACE SAR VOLUME SAR

Maximum location: X=13.00, Y=0.00
SAR 10g (W/KQg) 0.638846
SAR 1g (WI/Kg) 1.157035
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Z (mm) 0.00 4.00 9.00 14.00 19.00
SAR (W/KQg) 0.0000 1.1813 0.6720 0.3889 0.2333
SAR, Z Axis Scan (X = 13, Y = 0)
1.2- N\
1.0- \\
0L =
=
S e
= N
0.4- \H""“--..
01 \T‘“._ |
0.0 2.5 S50 7.5 10.0 1.5 15.0 17.5 20.0 22.5 25.0

Z (mm)

3D screen shot

Hot spot position
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Test Laboratory: AGC Lab Date: Jan.8, 2013
W-CDMA Band Il Mid Right Cheek(Simultaneous transmission with wifi )
DUT: Bluetooth keyboard; Type: HS-IPN4AKBCS

Communication System: UMTS; Communication System Band: Band Il UTRA/FDD ;Duty Cycle:1:1; Conv.F=5.73;
Frequency: 1880 MHz; Medium parameters used: f = 1880 MHz; o = 1.41 mho/m; €r =39.77; p = 1000 kg/m3 ;
Phantom section: Right Section

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

Satimo Configuration:

- Probe:EP159; Calibrated: 12/11/2012

- Sensor-Surface: 4mm (Mechanical Surface Detection)
- Phantom: SAM1; Type: SAM

- Measurement SW: OpenSAR V4_02_01

Configuration/ WCDMA BAND Il Mid-Touch-Right /Area Scan: Measurement grid: dx=20mm, dy=20mm
Configuration/ WCDMA BAND Il Mid-Touch-Right /Zoom Scan: Measurement grid: dx=8mm,
dy=8mm, dz=5mm;

Area Scan surf_sam_plan.txt

ZoomsScan 5x5x7,dx=8mm dy=8mm dz=5mm,Very fast

Phantom Validation plane

Device Position Right head

Band Cheek

Channels Middle
Signal TDMA (Crest factor: 1.0)
SURFACE SAR VOLUME SAR

Maximum location: X=-24.00, Y=-11.00
SAR 10g (W/KQ) 0.864375
SAR 1g (W/KQg) 1.549112
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Z (mm) 0.00 4.00 9.00 14.00 19.00
SAR (W/KQg) 0.0000 1.6214 1.0670 0.6788 0.4115
SAR, Z Axis Scan (X = -24, T = -11)
1.6- .
Y
1.4- \\
_l.z-
]
=1.0-
=
0.a-
E 0.6
. - -H
0.4- Rﬁ""‘-..
0.2- -
0.0 25 50 7.5 1000 12.5 15.0 17.5 20.0 22.5 25.0

Z (mm)

3D screen shot

Hot spot position
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Appendix C. TEST SETUP PHOTOGRAPHS &EUT PHOTOGRAPHS

Test Setup Photographs
RIGHT-CHECK TOUCH
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|
DEPTH OF THE LIQUID IN THE PHANTOM—ZOOM IN

Note : The position used in the measurement were according to IEEE 1528-2003
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EUT PHOTOGRAPHS
TOP VIEW OF EUT

BACK VIEW OF EUT
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LEFT VIEW OF EUT

RIGHT VIEW OF EUT
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FRONT VIEW OF EUT

BOTTOM VIEW OF EUT
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OPEN VIEW-1 OF EUT

OPEN VIEW-2 OF EUT
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OPEN VIEW-3 OF EUT

OPEN VIEW-4 OF EUT
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INTERNAL VIEW-1 OF EUT

Bluetooth
O Antenna

INTERNAL VIEW-2 OF EUT
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Appendix D. Probe Calibration Data
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3.1 SEMNSIIIWVILY

The sensitivity factors of the three dipoles were determuned usmg a two step calibration method (air
and tissue simulating ligquid) using waveguides as outlined in the standards.

33 LOWER DETECTTON LIMIT

The lower detection limit was assessed using the same measurement set up as used for the limearity
measurement. The required lower detection limuit 15 10 mWikg.

34 ISOTROPY

The axial isotropy was evaluated by exposing the probe to a reference wave from a standard dipole
with the dipole mounted under the flat phantom in the test configuration suggested for system
validations and checks. The probe was rotated along 1ts main axis from 0 - 360 degrees m 15 degree
steps. The hemispherical 1sotropy 1s determmed by mserting the probe 1 a thin plastic box filled
with tissue-squivalent liquid, with the plastic box illuminatad with the fields from a half wave dipole.

The dipole 1s rotated abowt 1ts axis {(0°—180°) in 13° mcrements. At each step the probe 1s rotated
about its ax1s (0°—3607).

3.5 BOUNDARY EFFECT

The boundary effect 15 defined as the dewviation between the SAR measured data and the expected
exponential decay m the ligquid when the probe 1s oriented normal to the mterface. To evaluate thas
effect, the Liquid filled flat phantom 1s exposed to fields from either a reference dipole or waveguide.
With the probe normal to the phantom surface, the peak spatial average SAR 1s measured and
compared to the analytical value at the surface.

4 MEASUREMENT UNCERTAINTY

The guidelines outlined m the IEEE 1528, OET 65 Bulletin C, CENELEC EN30361 and CEL'IEC
62209 standards were followed to generate the measurement uncertainty associated with an E-field
probe calibration using the waveguide technique. All uncertamties listed below represent an
expanded uncertainty expressed at approxumately the 93% confidence level using a coverage factor
of k=2_ traceable to the Internationally Accepted Guides to Measurement Uncertainty.

Uncertainty analysis of the probe calibration in waveguide
. . Uncertainty Probability s . Standard
ERROR SOURCES value (%) Distribution Divisor e Uncertainty (%)
Incident or forward power 3.00% Fectangular ﬁ | 1 1.732%
Reflected power 3.00% Rectangular W3 | 1 1.732%
Liquid conductivity 5.00% Rectanzular M3 | 1 2 887%
Ligquid permittivity 4.00% Rectangular N | 1 2.309%
Field homogeneity 3.00% Fectangular ﬁ | 1 1.732%
Field probe positioning 5.00% Rectangular NEY | 1 2.887%
Field probe linearity 3.00% Rectangular N | 1 1.732%
Fage: 5/10
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Combined standard unce rtainty 5.831%

Expanded uncertainty

50
93 % confidence level k=2 11.662%

5 CALIBRATION MEASUREMENT RESULTS

’

Calibration Parameters
Liquid Temperature 21 °C
Lab Temperature 21°C
Lab Humidaty 45 %%

3.1 SENSITIVITY IN ATR

Normx dipole | Normuy dipo].je Normz dipole
1 uV/(Vim)) | 2 uV/(V/im)™) | 3 (uViVim))
2.41 4.68 J.48

DCP dipole 1
(mW)

DCP dipole 2

DCP dipole 3

102

- R
000 0.05 010 015 020 0.25 030 0.35 040 0.45 051
Valkage V)]

FPage: 6510
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Linearity
1.00-
0.75-
ﬁ 0.50-
5 0.25-
|E e alal || 1 | DN NN [N N D [ [ [ | nF_ 1 L | B . T
5 0.50-
0.75-
-I _I:ID—I |
0 100 200 200 s00 B00 653
EField [v/m)]
Linearityl+/~1.97% {+/~0.09dE)
5.3 SENSITIVITY IN LIQUID
Ligmid Frequency Permuittivity Epzilon (5/m) ConvE
(MH= +/-
100MEH=)
HL:00 300 44 87 0.8¢€ 7.03
HL450 4350 42.90 0.87 5.89
HLES0 2335 41.92 0.91 6.05
HILS00 900 4240 0.98 5.79
HL1800 1750 39.75 1.38 5.22
HL1200 1880 38.99 1.38 5.73
HL2200 1950 40.85 1.43 5.30
HL2450 24350 40.32 1.7¢ 5.49
LOWER DETECTION LIMIT: TmW'kg
Pags: 710
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HI 900 MHz
- Axial 1sotropy:

- Hemuaspherical sotropy

HI 1500 MHz
- Axial 1sotropy:
- Hemispherical sotropy

0.05dB
D.08 dB
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HL.Z32U MIHZ
- Axal 1sotropy: 0.07 dB
- Hemuspherical isotropy: 0.14 dB
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Equipment Summary Sheet

Directional Coupler

Equipment Manufacturer / . . Current Next Calibration
Description Model LD E T L S A T Date
Flat Phantom Satimo SN-20/09-SAM71 |/alidated. Noeal — Walidated.  No  cal
reqguired. required.
COMOSAR Test Bench|  Version 3 NA Validated. Nocal  Walidated.  No  cal
required. required.
Network Analyzer | 109 & Sehwarz SN100132 02/2010 02/2013
Reference Probe Satimo EP 94 SN 37108 Characterized prior to |Characterized prior to
test. Mo cal required. [tesl. Mo eal required.
Multimeter Keithley 2000 1188656 11/2010 11/2013
Signal Generator Agilent E4438C MY 49070581 12/2010 12/2013
Amplifier Aethercomm SN D46 Characterized prior to |Characterized prior to
test. Mo cal required. |test. Mo cal required.
Powsr Meter HP E4418A US38261488 11/2010 11/2013
Powsr Sensor HP ECP-E23A UsS37181460 11/2010 11/2013
Narda 4216-20 01386 Charactenzed prior to |Charactenized prior to

test. Mo cal required.

test. Mo cal required.

09y 7-158-13-712

Waldated. Mo cal

Walidated. Mo cal

, ) .

Waveguide Mega Industries required. required.

Waveguide Transition | Mega Industiies | 069Y7-158-13.7g1 [/ aldated. Nocal  Walidated. No cal
required. required.

Waveguide Termination

Mega Industries

0By 7-158-13-701

Walidated. Mo cal
reqguired.

Walidated. No cal
required.

Temperature / Humidity
Sensor

Ccecntrol Company

11-661-9

32012

32014

Page: 100710
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Appendix E. Dipole Calibration Data
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SAR Reference Dipole Calibration Report

Ref: ACR343.7.11.3ATUA

Page 56 of 64

ATTESTATION OF GLOBAL COMPLIANCE CO.LTD.

1&2F, NO.2 BUILDING, HUAFENG NO.1 INDUSTRIAL PAREK, GUSHU
COMMUNITY XIXTANG STREET

BAOAN DISTRICT, SHENZHEN, P.R. CHINA
SATIMO COMOSAR REFERENCE DIPOLE

FREQUENCY: 1900 MHEZ
SERIAL NO.: SN 46/11 DIP 1G900-187

Calibrated at SATIMVMO US
2105 Barrett Park Dr. - Kennesaw, GA 30144

12/09/11

Sraparys

This document presents the method and results from an accredited S3AR reference dipole calibration
petformed in 3ATIMO T3A using the COMOZAR test bench  All calibration results ate traceable
to national m et ology institutions.
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1 INTRODUCTION

This document contains a summary of the requirements set forth by the IEEE 1528, CET 65 Bulletin
C and CELUTEC 62209 standards for reference dipoles used for SAR measurement systemn validations
and the measurements that were performed to wvenfy that the preduct complies with the fore

mentioned standards

2 DEVICE UNDER TEST
Device Under Test
Device Type COMOZAR 1900 MHz EEFERENCE DIPCLE
M anufacturer Satitno
Maodel =D 1900
sertal Number =0 46011 DIP 1G200-187
Product Condition (new [ used) new

A yearly calibration wterval 1s recommended.

3 PRODUCT DESCRIPTION

31 GEMNER AT, TNECENATTON

Satme’s COMOSAR Validation Dipoles are built in accordance to the IEEE 1528, CET 65 Bulletin

Cand CELTEC 62209 standards. The product iz designed for use with the COWNOSAR test bench
only.

Figure 1 — Satiznn COMOSAR Validation Dipale

Fage: 4%
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The IEEE 1528, OET 65 Bullen © and CELTEC 622039 slandawds provide requiremnenls [or
reference dipoles used for system validaton measurements. The following measurements were
petformed to venfy that the product complies with the fore mentioned standards.

4.1 RETUEN LOSS REECTTEEMENTS

The dipole uged for SAE eyetem validation measurements and checlee must have a retarn loze of 20
dB or better. The return loss measurement shall be performed against a liquid filled flat phantom,
with the phantom constucted as cutlined in the fore mentioned standards.

42 MECHAMNICAT RECTTREMENTS

The IEEE Std 1528 and CEIIEC 62209 standards specify the mechanical components and
dimensions of the validation dipoles, with the dimensions frequency and phantom shell thickness
dependent. The COMOSAR test bench employs a 2 mmm phantom shell thickness therefore the
dipoles zold for uge with the COMIOSAR test bench comply with the requirem ente zet forth for a 2
mm phantom shell thickness.

5 MEASUREMENT TNCERTATNTY

All uncertainties listed Lelow represent an expanded uncertanty expressed at ap proxun ately the 5%
confidence level using a coverage factor of k=2, traceable to the Internationally Accepted Guides to
Wleasurement Uncertainty.

5.1 ERETUEN TOSS

The follovnng uncertainties apply to the return loss measurement:

Frequency hand Expanded Uncertainty on Return Loss
400-6000MHz 01 de

a2 DIMWENSTON WME A STTR EWENT

The following uncertainties apply to the dimension measurements:

Length (mum) Expanded Uncertainty on Length
3-300 0.05% mm

53 VATITDATION MEASTREENMENT

The guidelines outlined in the IEEE 1528, OET &5 Bulletin C, CENELEC EMN30361 and CELTEC
62209 standards were followed to generate the measurement wncertainty for wvalidation
mcasurcmconts.

Scan Volume Expanded Uncertainty
Ta 16 19 v
0g 15.86 %
Page: 59
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6.1 RETURIN LOSS

150m
0

Frequency (MHz)
1900 105
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11 [48)
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Aam22
N _

Frequency (WMHz) Return Loss (dB) Reguirement (dB)

15900 -25.23 -20

6.2 MECHAWICAT DINMENSIONS
Frequency MHz L mirr hrm d mm
required measured requlred measured requlred measured
300 A200+1 % 25001 % E.35 1%,
454 200,01 %, 1EE7 =1 % E.35 =1 %,
750 176.0+1 % 10001 % E.35 1%,
835 1E1.0+1 % 80,8 =1 %, JE+1%.
s8] 148.0+1 % 833 +1%. JE+1%
1450 881 1 %, 1.7 1% JE+1%
1500 80,571 % 50.071%. 1ET1%.
140 7001 %, 457 1%, JE+1%.
1750 7521 % A2.9+1 %, JE+1%
1800 T201 % 41.7 1%, JE+1%.
1808 RAO+1 8 PASS 10 5 +1% PASS TR+1% BASS
1950 EE.3 =1 %5 385 1% JE+1%.
2000 E4.5 +1 % 7.5 +1%. JE+1%
2100 E1.0 1 %, 357 1%, JE+1%.
2300 5.5 =1 %, 32.E=1%. JE+1%.
2450 51.5 1% 304 =1%. JE+1%.
2B00 A8.5+1 %5, 288 1% JE+1%
3000 A41.5+1 %, 250+1% JE+1%
3500 3781 % 2B =1 %, JE+1%.
00 3471 % 2B =1 %, JE+1%.
Fage: 69
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The IEEE Std. 1528 and CELTEC 62209 standards state that the system walidation measurements
should produce the SAR walues shown below (for phantom thickness of 2 mm), within the
uncertainty for the system walidation Al SAR walues are normalized to 1 W forward power. In
braclket. the measured SAFR 15 given with the used input power,
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Frea“;zm"r 12 SAR (W/kg/W) 102 SAR [Wikg/W)
requlred measured required measured
300 2.85 1.84
450 4.58 3.06
750 a.4g 5.55
835 9.5 E.22
O 100 B.00
1450 29 1E
1500 305 168
1640 342 184
1750 IE4 19.3
1800 8.4 201
1900 39.7 40,44 [4.04) 20.5 20,60 [2.08)
1950 405 209
2000 41.1 211
2100 431E 2118
2300 48.7 233
2450 524 24
2EOD 553 24.E
3000 E38 257
4500 E71 25
SAR, Z Awis Scan (X =1, =1}

w

—— :

5?

Z. 40 m E4

BANE | cua|

[
ES

B Sfma] [ ¥ )

[k ]
ap X5 B0 7S i X5 B0 175 MD XE BD

Z iy
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Equipment Manufacturer / Id entific ation INo Current Next Calibration
Description Nodel ’| Calibration Date Date
. alidated. Ma cal alidated. Mo cal
Flat Phantom Satimao SM-20/09-5AM7 1 Fequired. equire d.
COMOSAR Test Bench “ersion 3 R dlidaled. Mo cal dlidaled. Mu Ll
Fequired. Fequired.
Network Analyze- | Mot & Schwarz SN100132 02/2010 022013
Calipers Carrera CALIFER-OM 12£2010 1242013
Refarence Probe Satimo EPG122 SN g1 [Charaderized pricr to)Characterized prior to
test. Mo cal required. [test. Mo cal required.
Wiultimeter keith ey 2000 11358655 112010 1172013
Signal Generator Agilent E4435C WY 42907 0551 1242010 1272013
Amplifier Asthe reorm i S [4E Characterized pricr to|Characterized prior to
test. Mo cal required. |test. Mo calreguired.
FPawer Meter HF E4418A LIS35261495 1142010 112013
Power Sensor HP ECP-E2EA LI=37181460 1152010 1172013
Directional Coupler | Marda 4216-20 01386 Characterized pricr to | Characterized prior to
test. Mo cal required. [test. Mo cal required.
Ternperature anc
Humidity Sensor Control Company 11-661-3 322010 32012
Fage: 93
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