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SAR Test Report

To: SHINTOM Co., Ltd.

Date: 1/11/00

Re: 10047

Radio Information Conditions

Radio Type : Cellular Transceiver Robot : 6 Axis

Model Number - TR93 Scan Type : SAR

Serial Number 17400000825 Measured Field - E

Frequency Band(MHz) 800 Measured Power(W): 1.839

Frequency Tested(MHZ) 824 Phantom Type : Head - Full Body
Phantom Position: Horizontal

Nominal Output Power:(W) 3.0 peek
Room Temperature °C:  24.0

Antenna Type : Colinear
Antenna Position : Fixed Distance Antenna-Shell: 10 mm
Signal Type : AMPS
Duty Cycle : - Probe
Probe Name : ETR225 1 999

Simulated Tissue Probe Orientation: -

Type of Tissue Brain Probe Offset(mm): 2.25
Measured Dielectric Constant: 455 Sensor Factor - 108
Measured Conductivity 0.89 Conversion Factor: 0.65
Cadlibration Date : 11/19/99

Results
Maximum Fields Location: X 25 Y: -10
SAR (averaged over 1 gram of tissue) W/Kkg : 0.15
Comments

@ 824 MHz, 1.839 W —0.15 W/Kg

@ 837 MHz, 1.921 W —0.10 W/Kg

@ 849 MHz, 1.687 W — 0.08 W/Kg (Continue)
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(Note)

Insertion loss of adapter cable : 1.62 dB @ 835 MHz (Measured by manufacturer)

All the power values listed above are already compensated with the proper insertion loss
All the power values listed above are RMS power if it is not notified

We measured the power at the termina of the transceiver directly *WITHOUT* cable

We set up the devices so that antenna was fed through cable (this is why negative insertion

loss value is shown at the following measurement data)
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Product Compliance Test Report

Re: 10047

Manufacturer : Shintom Co., Ltd.

Address : 1-19-20 Shin-Yokohama, Kohoku-ku Y okohama 222-0033, Japan
Product Description: Cédlular Transceiver

Product Classification: Uncontrol

Based on the above information and the test results shown in attached test report, of the aforementioned
product, the undersigned states that ;

Tests were performed to establish the maximum value of the SAR (Specific Absorption Rate)
in a person holding the product as specified in the user’s manual. The D.U.T. was tested to
be in compliance with the suggested procedures described in |EEE C95.1-1991, OET
Bulletin 65 (Supplement C), RSS-102(I ssue 1).

Name : Oscar Garay
Signed : Self Date: 1/11/00

3D-EMC Laboratory, Inc.



2 Applicable Documents

The Guidelines of the following documents were considered in the performance of

2.1 Guidelines
thistest :

1) NCRP report 1986,
2) ANSI C95.1- 1982,
3) IEEEC95.1- 1991,
4) FCCrules96 - 326
5) OET Bulletin 65

L ocation of test

All testswere performed at the 3D-EMC Laboratory, Inc. for Near Field
M easurements located on 5440 NW, 33" Avenue, Suite 109, Fort-Lauderdale, Florida,

33309.

2.2 Measurement System Specifications

Positioner

Praobe

Type: 3D Near Field Scanner

L ocation Repeatability : 0.1mm

Sensor ; E-Fidd

Spatial Resolution : 0.1 cm®

Speed 180°/sec Isotropic Response: + 0.25dB
AC motors Dynamic Range : 2 mi//g to 100 mW/g
Computer Phantom

Type: 166 MHz Pentium
Memory : 32 Meg. RAM
Operating System : Windows NT

Monitor : 17" SVGA

Tissue : Smulated Tissue with dectrica
characteristics Smilar to those of the human at
normal body temperature.

Shell : Fiberglass human shell shaped (1.5 mm
thick)
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2.3 Test Description

In the SAR measurement, the positioning of the probes must be performed with sufficient
accuracy to obtain repestable measurements in the presence of rapid spatial attenuation
phenomena The accurate positioning of the E-field probe is accomplished by usng a high
precison robot. The robot can be taught to position the probe sensor following a specific
pattern of points. In afirst sweep, the sensor is positioned as close as possible to the interface,
with the sensor enclosure touching the inside of the fiberglass shell . The SAR ismeasured on a
grid of points which covers the curved surface of the phantom in an arealarger than the size of
the DUT. After theinitia scan, ahigh resolution grid is used to locate the absolute maximum
mesasured energy point. At thislocation, an attenuation versus depth scan will be accomplished
by the measurement system to calculate the SAR vaue.

2.4Phantom

The phantom used in the evaluation of the RF exposure of the user of the wireless deviceisa
clear fiberglass enclosure 1.5 mm thick, shaped like a human head or body and filled with a
mixture smulating the dielectric characteristics of the brain, muscle or other types of human
tissue. The maximum width of the crania modd is 17 cm, the cephdic index is 0.7 and the
crown circumference of the crania mode is61 cm. The ear is 6 mm above the outer surface of
the shell.

2.5 Smulated Tissue

1) Simulated Tissue : Suggested in a paper by George Hartsgrove and colleagues
in University of Ottawa Ref.: Bioelectromagnetics 8:29-36 (1987)

Ingredient Quantity
Water 40.4 %
Sugar 56.0 %
Salt 2.5%
HEC 1.0 %
Bactericide 0.1%

- Table. Example of composition of simulated tissue.

This simulated tissue is mainly composed of water, sugar and salt. At
higher frequencies, in order to achieve the proper conductivity, the solution
does not contains salt. Also, at these frequencies, D.I. water and alcohol is
preferred.

2) Tissue Density : Approximately 1.25 g/em®
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Preparation

We determine the volume needs and carefully measure al components. A clean container
is used were the ingredientswill be mixed. A stirring paddie and ahand drill is used to stir
the mixture. First we heat the DI water to about 40 °C to help the ingredients to dissolve
and then we pour the salt and the bactericide. We stir until all the ingredients are
completely dissolved. We continue stirring slowly while adding the sugar. We avoid high
RPM from the mixing device to prevent air bubblesin the mixture. Later on, we add the
HEC to maintain the solution homogeneous. Mixing timeis approximately 30 to 40 min.

2.6 M easurement of Electrical Characteristicsof Simulated Tissue
1) Network Analyzer HP8753C or others

2) Sotted Coaxia Waveguide
Dexription of the dotted coaxial waveguide

The cylindrical waveguideis constructed with copper tube of about 30 to 40 cm of length,
generaly 12.5 mm diameter, with connectors at both ends. Inside of thistube, a
conductive rod about 6.3 mm is coaxial supported by the two ends connectors (radiator).
A slot 3 mm wide start at the beginning of the tube to almost the two third of the tube
length. The outer edge of the slotted tube is marked in centimeters (10 to 12) every 1
centimeter, 0.5 if higher frequencies. A saddle piece containing the sampling probeis
inserted in the slot so the tip of the probe is close but not in contact with the inner
conductor (radiator).

To measure the electrical characteristics of the liquid simulated tissue, wefill the coaxial
waveguide, select CW frequency and measure amplitude and phase with the Network
Anayzer for every point in the dot (typically 11). An effort is made to keep the results
dielectric constant and conductivity within 5 % of published data
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Electrical Characteristics
Measurement Setup

Network Analyzer

Waveguide

c =340°m/s
DA 1

A= Din, =
20 °m

q= Dqg X2p
360

¢ 100.
= —x—inches
f 254

4p
g = | 1A
4p.Je.
S = tan ()
e

re

V(1+S)

s = Sx¥p X »8.85440% >, (S/ m)

where;
DA is the amplitude attenuation in dB
Dqg is the phase change in degrees for 5 cm of wave propagation in the slotted line
f is the frequency of interest in Hz
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2.7 System Description

The measurement system consists of an E-field probe, instrumentation amplifiers, RF
transparent cable connecting the amplifiers to the computer, the robotics arm with its
extension and proximity sensors, a phantom with simulated tissue and aradio holder to
support the device under test. The E-field probeis athree channel device used to measure
RF electric fieldsin the near vicinity of the source. The three sensors are mutually
orthogonal positioned dipoles, and are constructed over a quartz substrate. Located in the
center of the dipole is a Schottky diode. High impedance lines are connecting the sensor
to the amplifier and then optically linked to the computer. The probe has an isotropic
response and is transparent to the RF fields.

Cdlibration is performed by two steps :

1) Determination of free space E-field from amplified probe outputs in a test RF
field. This cdibration is performed in a TEM cell when the frequency is below
1 GHz and in awaveguide or some other methodologies above 1 GHz. For the
free space calibration, we place the probe in the volumetric center of the cavity
and at the proper orientation with the field. The probe is then rotated 360
degrees until the three channels show the maximum reading. This reading
equate to ImW/cn? if that power dengty is available in the correspondent
cavity.

2) Correlation of the measured free space E-fied, to temperature rise in a
dielectric medium. E-field temperature correlation cdibration is performed in a
planar phantom filled with the appropriate smulated tissue.

For temperature correlation calibration, a RF transparent thermistor-based temperature
probe is used in conjunction with the E-field probe. First, the location of the maximum E-
field close to the phantom’ sinner surface is determined as a function of power into the RF
source; in this case, adipole. Then, the E-field probe is moved sideways so that the
temperature probe, while affixed to the E-field probe is placed at the previous location of
the E-field probe. Finally, temperature changes for 30 seconds exposure at the same RF
power levels used for the E-field measurement are recorded. The following equation
relates SAR to initial temperature slope::

SAR= Cz where :
Dt
Dt = exposuretime (30 seconds),
C=  heat capacity of tissue (brain or muscle),
DT = temperatureincrease due to RF exposure.

The heat capacity used for brain simulated tissueis 2.7 joules/°C/g and 3.0 joules/°C/g for
muscle.

10
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SAR is proportional to DT / Dt, the initia rate of tissue heating, before thermal diffusion
takes place. Now, it’'s possible to quantify the electric field in the smulated tissue by
equating the thermally derived SAR to the E-field;

E 2
SAR = ||—>S where;
r
s =  simulated tissue conductivity,
r =  Tissuedensity (1.25 g/cm® for simulated tissue)

2.8 DataExtrapolation (CurveFitting)

Thereis adistance from the center of the sensor (diode) to the end of the protective tube
called ‘ probe offset’. To compensate we use an exponential curve fitting method to obtain
the peak surface value from the voltages measured at the distance from the inner surface
of the phantom. At the point where the highest voltage was recorded, the field is measured
as close as possible to the phantom’ s surface and every 1 mm along the ™ Z ™ axisfor a
distance of 50 mm. The appropriate exponential curveis obtained from all the points
measured and used to define an exponential decay of the energy density versus depth.

E(@)=E, e’ (mv)

2.91nterpolation and Gram Averaging

The voltage, (1 cm) above the phantoms surface (Ei: 1 cm), is needed to calculate the
exposure over one gram of tissue. This SAR value that estimates the average over 1 gram
of tissue, is obtained by taking the integral over 1 cm® surface of the measured field along
the exponential decay curve of the energy density with depth.

\ N\ \lcm CF
= . = P A —
SAR(MW/ Q) Qu, SAR(-)dv Q.:0 E(2) Eactor dzds

11
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2.10 Power M easur ement

When ever possible, aconducted power measurement is performed. To accomplish this,
we utilize afully charged battery, a calibrated power meter and a cable adapter provided
by the manufacturer. The data of the cable and related circuits losses are also provided by
the manufacturer. The power measurement isthen performed across the operational band
and the channel with the highest output power is recorded.

Power measurement is performed before and after the SAR to verify if the battery was
delivering full power for the time of test. A differencein output power would determinate
aneed for battery replacement and repetition the SAR test.

O @ Power Meter

O =
ﬁg bUT

Measured Power » Measured Power + Cable and Switching Mechanism Loss

2.11 Positioning of D.U.T.

The clear fiberglass phantom shell have been previously marked with ahighly visibleline,
so can easily be seen through the liquid smulated tissue. In the case of testing acellular
phone, thislineis connecting the ear channel with the corner of thelips. TheD.U.T. is
then placed by centering the speaker with the ear channel and the center of the radio
width with the corner of the mouth. At the same time the surface of the D.U.T. isaways
in contact with the phantoms shell. Three points contact; two in the ear region and one on
the chin in addition to the previously describe alignment will assure repeatability of the
test.

For HAND HELD devices (push-to-talk), or any other type of wireless transmitters, the
D.U.T. will be positioned as suggested by manufacturer operational manuals.

12
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Test Infornmation

Dat e 1/ 11/ 00
Ti me 4:04:18 PM
Product Cel [ ul ar Transcei ver Test
Manuf act ur er Shintom Co., Ltd. Frequency (MHz)
Model Number TR93 Nomi nal Qutput Power (W
Serial Number 17400000825 Ant enna Type
FCC | D Nunber BFYT3017 Si gnal
Phant om Head - Front Di el ectric Constant
Si mul at ed Ti ssue Brain Conductivity
Pr obe ETR225_1_999 Ant enna Posi tion
Probe O fset (mm 2.3 Measur ed Power (W
Sensor Factor (nV) 10.8 (conduct ed)
Conver si on Fact or 0. 65 Cabl e Insertion Loss (dB)
Cal i brated Date 11/19/99 Conmpensat ed Power (W
Amplifier Setting :

Channel 1 : .00709 Channel 2 : .00690 Channel 3 : .01017
Location of Maxi mumField :

X =-25 Y =-10
Measur ed Val ues (nmv)

4.95 4.03 3.56 3.25 3.00 2.78

2.57 2.38 2.22 2.05 1.89
Peak Voltage (nV) : 5.73 1 Cm Vol tage (V) 2.16 SAR (W Kg)

3D-EMC Laboratory, Inc.

SAR

824

3.0

Col i near
AMPS

45.5
0.89
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2.67

-1.62
1.839
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Axis
(mm)

-10 0 10

X Axis (mm)
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Local SAR(W/Kg)
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0.29

0.24
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Depth (mm)

3D-EMC Laboratory, Inc.

30

40

50



Probe Output(mV)

5.73

4.91

4.09

3.28

2.46

1.64

0.82

0.00

\

-10
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Test Infornmation

Dat e 1/ 11/ 00
Ti me 4:25:57 PM
Product Cel [ ul ar Transcei ver Test
Manuf act ur er Shintom Co., Ltd. Frequency (MHz)
Model Number TR93 Nomi nal Qutput Power (W
Serial Number 17400000825 Ant enna Type
FCC | D Nunber BFYT3017 Si gnal
Phant om Head - Front Di el ectric Constant
Si mul at ed Ti ssue Brain Conductivity
Pr obe ETR225_1_999 Ant enna Posi tion
Probe O fset (mm 2.3 Measur ed Power (W
Sensor Factor (nV) 10.8 (conduct ed)
Conver si on Fact or 0. 65 Cabl e Insertion Loss (dB)
Cal i brated Date 11/19/99 Conmpensat ed Power (W
Amplifier Setting :

Channel 1 : .00709 Channel 2 : .00690 Channel 3 : .01017
Location of Maxi mumField :

X = -35 Y = -10
Measur ed Val ues (nmv)

3.15 2.61 2.31 2.10 1.93 1.76

1.59 1.45 1.32 1.20 1.07
Peak Voltage (nV) : 3.79 1 Cm Vol tage (V) 1.33 SAR (W Kg)

3D-EMC Laboratory, Inc.

SAR

836

3.0

Col i near
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Probe Output(mV)
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Test Information

Dat e 1/ 11/ 00
Ti me 4:46:13 PM
Product Cel [ ul ar Transcei ver Test
Manuf act ur er Shintom Co., Ltd. Frequency (MHz)
Model Number TR93 Nomi nal Qutput Power (W
Serial Number 17400000825 Ant enna Type
FCC | D Nunber BFYT3017 Si gnal
Phant om Head - Front Di el ectric Constant
Si mul at ed Ti ssue Brain Conductivity
Pr obe ETR225_1_999 Ant enna Posi tion
Probe O fset (mm 2.3 Measur ed Power (W
Sensor Factor (nV) 10.8 (conduct ed)
Conver si on Fact or 0. 65 Cabl e Insertion Loss (dB)
Cal i brated Date 11/19/99 Conmpensat ed Power (W
Amplifier Setting :

Channel 1 : .00709 Channel 2 : .00690 Channel 3 : .01017
Location of Maxi mumField :

X = -35 Y =-5
Measur ed Val ues (nmv)

2.26 1.86 1.63 1.49 1.36 1.22

1.09 0.98 0. 89 0. 80 0.71
Peak Voltage (nV) : 3.66 1 Cm Vol t age (V) 0.83 SAR (W Kg)

3D-EMC Laboratory, Inc.

SAR

849

3.0

Col i near
AMPS

45.5
0.89

FI XED
2.45

-1.62
1.687

0.08



3D-EMC Laborator y, Inc.



2.50

2.09

2.03
174
1.45
1.16
0.87
0.58
0.29

-

3D-EMC Laboratory, Inc.



2.03

174

y 145
Axis 116
(mm) 0.87
0.58

0.29

-50 -40 -30 -20 -10 0 10 20 30 40 50
X Axis (mm)

3D-EMC Laboratory, Inc.



-5
2.03
1.74
Y 145
Axis -10 116
(mm) 0.87
0.58
0.29

-15

-20

-40 -35 -30 -25 -20
X Axis (mm)

3D-EMC Laboratory, Inc.



0.22

0.19

0.16

o
[y
w

Local SAR(W/Kg)

0.06

0.03

0.00

\

10

20
Depth (mm)

3D-EMC Laboratory, Inc.

30

40

50



Probe Output(mV)
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3D-EMC Laboratory, Inc.
5440 NW 33rd Ave- Suite 109 Fort Lauderdale, FL. 33309

Date: 1/10/00, 8:54
Frequency: 835 MHz Comments: Shintom
Mixture: Brain (‘Brain’ or 'Muscle")
# of Points: 11 Point Dist: 1 cm Room Temp.: 23.5
-49.9
Point Amplitude |Phase -51.6
1 -23.60f -163.60 -53.5] -2.109090909
2 -25.50 128.90 -55.3| -21.17272727
3 -27.50 59.10 -56.9 -69.07
4 -29.60 -8.20 -93.79818182
5 -31.60 -79.20
6 -33.60| -148.40 Omega: 5246459731 |rad/sec
7 -35.60 141.00 Epsilon 0: 8.85E-14|F/m
8 -37.70 71.60 mu: 1.26E-08[H/m
9 -40.10 4.40 alpha avg: -0.242818064|Np/cm
10 -42.50 -64.20 beta avg: -1.205498914|rad/cm
11 -44.80f -131.80
Results: Target Low Limit |High Limit |% Off Target
D. Const: 45.5 44.0 41.8 46.2 3.41
Cond: 0.89 0.90 0.855 0.945 -1.34
Mixture Test Amplitude and Phase Plot
0 0
-5 -
o  Amplitude 100
1 ——L.Amp
10
X\) X Phase - -200
15 4 — — L.Phase
\x\ - -300
=0 5
= \ L -400
Es °\ ~
3 - -500
:EE:O \ <\
\n\u\\x\ - -600
-35 \n\u\
40 - -700
.45 \( - -800
-50 : -900
0.0 2.0 4.0 8.0 10.0

Point Disqgnce (cm)
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