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1. GENERAL INFORMATION

Test Sample : Single-Band PCS Only Phone

Model Number : SGH-D415

Serial Number : Identical prototype (S/N : #FA034-F)
Manufacturer : SAMSUNG ELECTRONICS Co., Ltd.

Contact . JW CHO, Enginser

Phone : +82-54-479-7616

Fax : +82-54-473-7714

Test Standard : §2.1093; FCC/OET Bulletin 65, Supplement C(July 2001}
FCC Classilication : Licensed Portable Transmitter Held to Ear {PCE}
Test Dates : Decemnber 04, 2003 ~ December 05, 2003
Tested for : FCC/TCB Certification

2. DESCRIPTION OF DEVICE

Tx Freq.Range: 185000- 191000 MHz (PCS GSM)
Rx Freq. Range : 193000 - 198000 MHz (PCS GSM)
Max. RF Qutput Power : 1.858W EIRP PCS (32.69dBm)
Antenna Manufacturer : ACE antenna

Model No. : SGH-D415
Antenna Dimensions : Length = 37.34 mm
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3. DESCRIPTION OF TEST EQUIPMENT
3.1 SAR Measurement Setup

Robotic System

Measurements are performed using the DASY3 automated dosimetric assessment system. Which
is made by Schmid & Partner Engineering AG {SPEAG) in Zurich, Switzerland and consisis of high
precision robotics system {Staubli), robot controller, Pentium [ computer, near-field probe, probe
alignment sensor, and the SAM twin phantom containing the brain equivalent material. The robot
is a six-axis industrial robot performing precise movements to position the probe to the location

{points) of maximum slectromagnslic field (EMF) (sea Fig. 3.1).
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Figure 3.1 SAR Measurement System Setup

System Hardware

A cell controller system contains the power supply, robol controller, teach pendant (Joystick), and a
remote contral is used to drive the robot matars. The PC consists of the Samsung Pentium 11l
550MHz computer with Windows 2000 system and SAR Measurement Software DASY3, A/D
interface card, LCD monitor, mouse and keyboard. The Stdubli Robot is connected to the cell
controller to allow software manipulation of the robot. A data acquisilion electronic (DAE) circuit that
performs the signal amplification, signal multiplexing, AD-conversion, offset measurements,
mechanical surface detection, collision detection, etc. is connected to the Elactro-optical coupler
(EOC). The ECC performs the conversion from the oplical into digital electric signal of the DAE
and transfers data to the PC plug-in card.
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The DAE3 consists of a highly sensitive eleclrometer-grade preamplifier with auto-zeroing, a

System Electronlcs

channel and gain-swilching multiplexer, a fast 16-bit AD-converter and a command decoder and
control logic unit. Transmission to the PCcard is accomplished through an optical downlink for data
and status information and an oplical uplink for commands and clock lines. The mechanical probe
mounting device includes two different sensor systams for frontal and sidewise probe contacts.
They are also used for mechanical surface dateclion and probe collision detection. The robot uses

ils own controtter with a built in VIME-bus computer.

3.2 DASY3] E-field Probe

The SAR measurement were conducted with the dosimetric probe
ET3DV6E, designed in the classical triangular configuration (see Fig.3.3)
and oplimized for dosimetric evaluation. The probe is consirucled using
the thick film technigue; with printed resistive lines on ceramic subsirales.
The probe is equipped with an optical multifiber line ending at the front of
the probe tip (see Fig.3.4). It is connected to the EOC box on the robot
arm and provides an aulomalic detection of the phantom surface. Half of
the fibers are connected to a pulsed infrared transmitter, the other half to a
synchronized receiver. As the probe approaches the surface, the reflection

from the surface praduces a coupling from the transmitting to the receiving

fibers. This reflection increases first during the approach, reaches a

Figure 3.2 DAE System ) ]
maximum and then decreasses. If the probe is flatly touching the surface,
the coupling is zero. The distance of the coupling maximum to lhe surface is independent of the
surface reflactivity and largely independent of the surface to probe angle. The DASY3 software
reads the reflection during a software appreoach and logks for the maximum using a 2 order Mtting

{see Fig.3.2). The approach is stopped al reaching the maximum.

Probe Speacifications
Construction Symmatrical design with triangular cora
Builtin optical fiber for surface deteclton syslem
Builkin shielding against static charges

PEEK anclosure material (reslsianl to organic solvents, e.g., glycolsther)
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Calibration In air from 10 MHz to 2.5 GHz
In brain and muscle simulaling liquid at 835MHz and 1900MHz {accuracy + 9.5%; k=2)
Frequency 10 MHz to 3 GHz; Linearity : 70.2 dB {30 MHz to 3 GHz)
Direclivity 1.2 dB in H5L (rotation around probe axis)
10.4 dB in HSL {rotation normal to probe axis})
Dynamic SW/g o > 100mW/g; Linearity: 10.2dB
Range Flgure 3.3 Trlangular Probe Conflguration
Dimenslons QOverall langth: 330mm
Tip length: 16mm
Body diameter: 12mm
Tip diameter: 6.8mm
Distance from praobe lip to dipole centers: 2.7mm
Application General dosimelry up to 3 GHz
Compliance tesis of mobile phones
Fast automatic scanning in arbitrary phanloms Figure 3.4 Probe Thick-Film Technique
Qptical +0.2 mm repealability In alr and clear liquids over diffuse reflecting surfaces
Surface
Detection
3.3 SAM Phantom

The SAM Twin Phantom V4.0 is constructed of a fiberglass shaell inlegrated in a wooden table.

The shape of the shell is based on data from an anatomical study designed lo determine the

maximum exposure in at least 90% of all users. It enables the dosimetric evaluation of laft and right

hand phone usage as well as body mounled usage at the flat phantom region. A cover prevents the

evaporation of the liquid.
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Reference markings on the phantom allow the complete
setup of all predsfined phantorn positions and
measurement grids by manually teaching three points in

the robot. (See Figure 3.5)

Figure 3.5 S8AM Twin Phantom

Phantom Speclfication

Consiruction The shell commesponds to the specifications of the Specific Anthropomorphic
Mannequin {SAM) phantom defined in IEEE 1528-200X, CENELEC 50361 and IEC
62209, It enables the doslmetric avaluation of left and right hand phone usage as well

as body mounled usaga at Lhe flal phantcin region. A cover prevents evaporation of

the liquid.
Shell Thickness 2+02mm
Filing Volume Approx. 25 liters
Dienenslons Height: 810 mm: Length: 1000 mm; Width: 500 mm

3.4 Prain & Muscle Simulating Mixture Characterization

The brain and ruscle mixtures consist of a viscous gel using
hydroxathylcellullose {HEC) gelling agent and saline solution
(see Table 3.1). Preservation with a baclericide is added and
visual inspsection is made lo make sure air bubbles are not

trapped during the mixing process. The mixture is calibraled to

obtain proper dielectric constant (permittivity) and conduclivity
of the desired tissue. The head tissue delectric parameters
recommanded by the I|EEE SCC-34/3C-2 have been

incorporated in P1528 are darived from lhe lissue dielectric Flgure 3.6 Simulated Tissue

parameters computed from the 4-Cole-Cale equalions.
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Table 3.1 Composition of the Brain & Muscle Tissue Equivalent Matter

INGREDIENTS 1800MHz Brain | 1900MHz Muscle
WATER 54.86% 69.91%
SUGAR - -
SALT 0.210% 0.130%
CGBE 44 91% 29.96%
BACTERIACIDE - -
HEC - -
Dielectric Constant Target 40.00 53.30
Condudiivity Targel (S/m) 1.400 1.520

3.5 Device Holder for Transmitters

In combination with the Twin SAM Phantom V4.0, the Mounting Device (see Fig. 3.7) enables the
rotation of the mounted transmitler in spherical coordinates wheareby the rolation points is the ear
- opening. The devices can be easily, accurately and repeatedly be
posilioned according to the FCC specificalions, The device holder can
be locked at different phantom localions (feft head, right head, flat
phantomn).

*Note: A simulating human hand is nat used due lo the complex
anatomical and geometrical  structure of the hand thal may produced

infinite number of configuralion. To produce worst-case condition {ihe
hand absorbs antenna oulput powar), the hand is omitled during the

Figure 3.7 Device Holder tests.

3.6 Validation Dipole

The reference dipole should have a retum loss bstter than —20 dB (measured in the setup) at the

resonani frequency to reduce the uncertainty in the power measurement.

Frequency 1900MHz
Retum Loss < -20 4B at specified validation posiion
Dimersions D1500V2: dipole fength: 68 mm; overall height: 200 mm
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3.7 Equipment Calibration

Table 3.2 Test Equipment Callbration

P s vvg

Type Calibration Data Sarlal Number

Saubli Robat RX90BL Not Required SWR-S001
SPEAG DAE3 2003-11-17 SWR-5024
SPEAG E-Field Probs ET30VE 2003-09-18 SWR-5039

SPEAG SAM Twin Phantom V4.0 Mot Requred SWR-S001-¢
SPEAG Validation Dipole D1900v2 2003-02-05 SWR-5058
EPtt441A Power Mater 2003-08-22 SWR-5036
E4419B Power Meter 2003-11-13 SWR-5037
HP-B8664A Signal Generalor 2003-08-25 SWR-5035
BBS3Q7ECK Power Amp. 2003-03-19 SWR-S056
HP-8753ES NetworkAnalyzer 2003-05-26 SWR-5006
HPBS070C Dialectric Probs Kt Not Required SWR-5002

DASY3 S/W (Ver 3.1d) Neol Required SWR-S001-a
8481A Power Sensor 2003-01-02 SWR-5042
B481A Pawer Sensor 2003-01-02 SWR-5043
8481A Pawer Sansor 2003-01-02 SWR-S044
CMU200 Cormunication Tesler Nat Required SWR-5013

NOTE:

The Efield probe was calibrated by SPEAG, by temperature measuremen! procedurc. Dipole Validation
measurement is performed by Samsung Lab. before each test. (see § 7.2) The brain simulating material is
calibrated by Samsung using the dielectric probe system and network analyzer to determine the conductivity

and permittivity (dieleciric conslant) of the brain-cquivalent material. (see § 7.1}
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4, SAR MEASUREMENT PROCEDURE

The evaluation was performed using the following procedurs.

STEP 1
The SAR measurement was taken al a selected spalial reference point to monitor power variations

during testing. This fixed location point was measured and used as a reference value.

STEP 2

The SAR distribution at the exposed side of the head was measurad at a distance of 3.9mm from
the inner surface of the shell. The area covered the entire dimension of tha head and the horizontal
grid spacing was 20mm x 20mm. Based on the area scan data, the area of lthe maximum

absomtion was determined by spline interpolation.

STEP 3

Around this point, a volume of 32mm x 32mm x 34mm (fine resolution volume scan, zoom scan)

was assessed by measuring 5 x 5 x 7 points. On this basis of this data set, the spatial peak SAR

value was evaluated with lhe lollowing procedure:

The data at the surface was extrapolated, since the center of the dipoles is 2.7mm away from the

tip of the probe and the distance between the surface and the lowest measuring point is 1.2mm.

The extrapolation was based on a least square algorilhm. A polynomial of the fourth order was

calculated through the points in zaxes. This polynomial was then used to evaluated the points

between the surface and the probe lip. The maximum interpolated valug was searched with a

straight-forward algorithm. Around this maximum the SAR values averaged over the spatial
volumes (ig or 10g) were computed using the 3D-Spline interpolation algorithm. The 3D-spline is
composad of thres one-dimensional splines with the “Not a knot” condition (in x, v, and z directions).
The volume was integratad wilh the trapezoidal algerilhm. One thousand points {10 x 10 x 10} wers
interpolated to calculate the average. All neighboring volumes were evaluated until no neighboring

volume with a higher average value was found.
STEP 4

The SAR value at the same location as in step 1 was again measured. (If the value changed by

more than 5%, the evaluation is repeated.)
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5. DESCRIPTION OF TEST POSITION

5.1 SAM Phantom Shape

Figure 5.1 shows the front, back and side views of SAM. The point *M" is the reference point for
the center of mouth, “LE" is the left ear referenca point (ERP), and "RE" is the right ERP. The
ERPs are 15 mm posterior to the entrance to ear canal {EEC} along the B-M line (Back-Mouth), as

shown in Figura 5.2.

RE & S

Flgure 5.1 Front, back and slde view of SAM

The plane passing through the two ear canals and M is defined

as the Reference Plane. The line N-F {Neck-Front)
perpendicular to the reference plane and passing through the RE
(or LE) is called the Reference Pivoting Line (see Figure 5.3).
Line B-M is perpendicular to tha N-F line. Both NF and B-M lines
should be marked on the external phantom shell to facilitate

handset positioning. Posterior to the NF line, the thickness of

the phantam shell with the shape of an ear is a flat surface 6 mm ERF - oar rolorencs polt - ..

EEC - crirance 1o eor cangd)c
thick at the ERPs. u

Flgure 5.2 Close up slde view
5.2 CheekiTouch Position

Two imaginary lines on the handset were established: the verlical centerline and the horizontal line.
The test device was placed in a normal cperating position with the “test device reference point®
located along the “vertical centerlina” on the front of the device aligned lo the “ear reference point”

(see Fig. 5.4). The “lest device reference point” was than located at the same level as the center of
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the eat reference point. The lest device was positioned so that

the “vertical centerline” was bisecting the front surface of the

handset at it's tip and botiom edges, positioning the “ear

reference point” on the outer surface of the both 1he left and

right head phantoms on the ear reference point

vl
cvnley joie

setecd
ZeLlel ke

Taavury ol
homlisd

Flgure 5.4 Handset vertical and horizontal reference lines

Step 1

Figure 5.3 Side vlew of the
phantom showling relevant
marklngas

The tast device was positioned with the handset close to the surface of the phanlom such that point

A is on Ihe (virtual) extension of the line passing through points RE and LE on the phantom (see

Figure 5.5), such lhat the plane defined by the vertical center line and the horizonlal line of the

phons is approximately parallel to the sagittal plane of the phantom

Figure 5.5 Front, Side and Top View of CheekiTouch Position

Step 2

The handset was translaled towards the phantom along the line passing through RE & LE unlil the

handset touches the ear.
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Poinmsuncy
Stap 3

While maintaining the handset in this plane, the handset was rotated around the LE-RE line until

tha varlical centerline was in the plane normal to MB-NF including (he line MB (reference plane}.

Step 4
Rotate the handsst around ihe vertical centerline until the phone {(horizontal line} was symmetrical

was respect to the line NF.

Step 5

While maintaining the vertical centerline in the reference plane, keeping point A on the line passing
through RE and LE, and maintaining the phone conlact with the ear, the handset was rotated about
the lina NF until any point on the handset made contact with a phantom peint below the ear {cheek).

See Figure 5.2,

5.3 EARITIlt 15° Position

With the test device aligned in the “Cheek/Touch Position™

Step 1
Repeat steps 1 to 5 of 5.2 to place the device in the "Cheek/Touch Position”

FIgure 5.6 Front, slde and Top View of Ear/TIit 15° Position
Step 2

While maintaining the orientation of the phone, the phone was retracted parallel 1o the reference

plane far enough to enable a rotation of the phone by 15 degree.
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Step 3
The phone was then rotated around the horizontal line by 15 degree.

Step 4

While maintaining the orientation of the phone, the phone was moved parallel to the reference
plane until any part of the phone touches the head. (In this position, point A was located on the line
RE-LE). The tilted position is obtained when lhe contact is on the pinna. If the contact was at any
localion other than the pinna, the angle of the phone would then be reduced. The tilted position was
obtained when any part of the phone was in contact of the ear as well as a second part of the

phona was in contacl wilh the head.
5.4 Body Holster/Belt Clip Configurations

Body-worn operating configurations are tested with the beltclips and holsters attached lo the
device and positionad against a flat phantom in a normal use configuration {see Figure 5.7). A
device with a headset oultput is lested with a headset connected to the device. Body dielectric

parameters are used.

Figure 5.7 Body Belt Clip and Holster Conflguratlons

Accessories for Body-worn operation configurations are divided inte two categories: those that do
not contain metallic components and those that contain metallic components. When muitiple

accessories that do not contain metallic components are supplied with lhe device, the device is
tested with only the accessory that dictates the closest spacing 1o the body. Then multiple
accessories that contain malallic components are supplied with the device, the device is lested with
each accessory that contains unique metallic component. If multiple accessory share an identical
metallic component {(i.e. lhe same metallic beltclip used with different holsters with no other

metallic components} only the accessory that dictates the closest spacing to the body is tested.
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Body-worn accessories may not dways be supplied or available as oplions for soms Devices
intended to be authorized for body-worn use. In this case, a test configuration where a separation

distance between the back of the device and the flat phantom is used.

Transmitters lhal are designed to operate in front of a person's face, as in pushtotalk
configurations, are tested for SAR compliance with the front of the device positioned to face the flat
phantom. For devices (hal are carried next to the body such as a shoulder, waist or chest-worn
transmitters, SAR compliance is tested with the accessory(ies}, Including headsets and
microphones, attached to the device and positioned against a flat phantom in a normal use

configuration.

In all cases SAR measurements are parformed to investigate the worst-case positioning. Worst-

case posilioning is then documented and used to perform Body SAR testing.

In arder for users 1o be aware of the body-warn operating requirements for meeting RF expasure

compliance, operaling instructions and cautions statements must be included in the user's manual.
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6. MEASUREMENT UNCERTAINTY

Table 6.1 Uncertalnty Budget

PSinseng

. Uncertalnty] Probabllity [ ;. . c Standard | wor
Error Description Value(3%) | Distribution =0 ! uncertalnty | ver
Measurament System
Probe calibration 4.4 normal 1 1 *44% on
Axial Isolropy of the probe +47 rectangular S {i-c)? +1.9% Ly
Spherical Isolropy of the probe +9.6 ractangular N (c.,)m *3.9% o
Spatial resolution +0.0 ractangular N2 1 =0.0% ca
Boundary effects 155 rectangular N 1 13.2% o
Probe linearity 4.7 rectangular N 1 27% o
Deteclion limit +4.0 ractangular N0 1 +0.6% o
Readout electronlcs +1.0 normal 1 1 1.0% o
Response time 08 rectangular $ 1 +0.5% S
Intagralion time 1.4 ractangular NE) 1 +0.8% co
RF ambient conditions +30 rectangular N 1 11.7% oo
Mechanlcal constralns of robot +0.4 rectangular AN 1 10,2% o
Probe posilioning 2.9 rectangular N 1 7% o0
Extrapolation and integration 39 reclangular A 1 +2.3% @
Test Sample Related
Device positioning +6.0 normal 0.89 1 +6.7% 12
Davica holder uncertainty *50 normal 0.84 1 +5.9% 8
Power Drift +5.0 reclangular N 1 *2.9% oo
Phantom and Setup
Phantom uncertainty 4.0 ractangular S3 1 +2.3% o
Liquld conductivity 4 4.1 70 -
{deviation from target) 50 rectangular 5 08 7%
Liquld conductivity + + o
(measurement error) +10.0 ractangular Nz 06 +3.5%
Liquid permittivity + + o
(deviation from target) *50 rectangular Nz 06 1.7%
Liquid permittivity + 41 79 .
(measurement afror) 5.0 reclangular S 0.6 1.7%
Comblned Standard Uncertalnty 113.6%
Extended Standard Uncertalnty{K=2) +27.1%
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7. SYSTEM VERIFICATION

7.1 Tissue Verification

Table 7.1 MEASURED TISSUE PARAMETERS

1900MHz Brain 1900MHz Muscle
Target Measured Target Measured
Date - Dec. 05,2003 - Dec. 04,2003
Liquid Temperature(°C) - 21.0 - 217
Dielectric Constant: €' 40.0 38.8 533 51.5
Condugctivity: 1.40 1.38 1.52 1.50

The measured value must be within 5% of the target value.

7.2 Test System Validation

Prior to assessment, the system is verified to the £10% of the specification at 835MHz and
1900MHz by using the system validation kit(s). (see Appendix F, Graphic Plot Attached)

Table 7.2 System Validation Results

System _ Targeted SAR Measured SAR Lo Ligquid
Validation Kit | 1/SS4€ g (mwig) | Deviation (%) Rae Temperature(°C)
Discov: 9.925 10.7 7.81 Dec. 05,2003 20.9

Figure 7.1 Dipole Validation Test Setup
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8. SAR MEASUREMENT RESULTS

Procedures Used To Establish Test Signal

The handset was placed into simulated call mode (PCS GSM) using manufacturers test codes.
Such test signals offer a consistent means for testing SAR and are recommended for evaluating
SAR. When test modes are not available or inappropriate for testing a handset, the actual
transmission is activated through a base station simulator or similar equipment. See data pages for

actual procedure used in measurement.

Device Test Conditions

The handset is battery operated. Each SAR measurement was taken with a fully charged battery. In
order to verify that the device was tested at full power, conducted output power measurements
were performed before and after each SAR measurement to confirm the output power. If a

conducted power deviation of more than 5% occurred, the test was repeated.

EUT Handset Reference Points
ERP-Ear Reference Point

I

Horizontal Center Line

Vertical Center Line

Figure 8.1 Handset Reference Points
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8.1 MEASUREMENT RESULTS (PCS GSM Right Head SAR - Touch)

Date of Test : Dec. 05, 2003
Mixture Type: 1900MHz Brain Tissue Depth: 15.0Cm
Dielectric Constant: 38.8 Liquid Tissue Temp.: 21.5
Conductivity: 1.38 Ambient Temp: 224

FREQUENCY - S Begin/End POWER* Device Test | Antenna | Slide SAR
Mz | ch (dBm) Battery Position Position | Position (Wrkg)
18502 | 512 PCSGSM | 30 | 30.14 | Standard | Cheek/Touch Fixed Up 0.108
18502 | 512 PCSGSM | 30 |29.98 | Standard | Cheek/Touch Fixed Down 0.602
1880.0 | 661 PCSGSM | 30 |30.02 | Standard | Cheek/Touch Fixed Up 0.0912
1880.0 | 661 PCSGSM | 30 | 30.06 | Standard | Cheek/Touch Fixed Down 0.536
1909.8 | 810 PCSGSM | 30 |29.99 | Standard | Cheek/Touch Fixed Up 0.0839
1909.8 | 810 PCSGSM | 30 |30.00 | Standard | Cheek/Touch Fixed Down 0.417

ANSI / IEEE C95.1 1992 - SAFETY LIMIT Brain
Spatial Peak 1.6Wikg (mWig)
Uncontrolled Exposure / General Population averaged over 1 gram

NOTES:

1. The test data reported are the worst-case SAR value with the antenna-head position set in a
typical configuration. Test procedures used are according to FCC/OET Bulletin 65, Supp.C

[July 2001].
2.
3. Battery is fully charged for all readings.
*Power Measured X
4. SAR Measurement System
5. Phantom Configuration O
6. SAR Configuration X
7.  Test Signal Call Mode O
8. Battery Option X

All modes of operation were investigated, and the worst-case results are reported.

Conducted

DASY3

Left Head O FlatPhantom X Right Head
Head O Body 0 Hand
Manu. Test Codes X Base Station Simulator
Standard O Extended O Slim

Figure 8.2 Right Head SAR Test Setup
-~ Cheek / Touch Position--
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8.2 MEASUREMENT RESULTS (PCS GSM Right Head SAR - Tilt)

Date of Test : Dec. 05, 2003
Mixture Type: 1900MHz Brain Tissue Depth: 15.0 Cm
Dielectric Constant: 38.8 Liquid Tissue Temp.: 21.5
Conductivity: 1.38 Ambient Temp: 22.4
FREQUENCY Begin/End POWER" Device Test | Antenna | Slide SAR
MHz | Ch. e (dBm) Battery Fosition kovMon i iE oRkio Wika)
18502 | 512 PCSGSM | 30 |29.95| Standard Ear/Tilt 15° Fixed Up 0.0860
1850.2 | 512 PCSGSM | 30 |29.93 | Standard Ear/Tilt 15° Fixed Down 0.409
1880.0 | 661 PCSGSM | 30 |29.98 | Standard Ear/Tilt 15° Fixed Up 0.116
1880.0 | 661 PCSGSM | 30 [20.96 | Standard Ear/Tilt 15° Fixed Down 0.407
1909.8 | 810 PCSGSM | 30 |30.03 | Standard Ear/Tilt 15° Fixed Up 0.0961
1909.8 | 810 PCSGSM | 30 |30.01 | Standard Ear/Tilt 15° Fixed Down 0.346
ANSI / IEEE C95.1 1992 — SAFETY LIMIT Brain
Spatial Peak 1.6W/kg (mWig)
Uncontrolled Exposure / General Population averaged over 1 gram
NOTES:

1. The test data reported are the worst-case SAR value with the antenna-head position set in a
typical configuration. Test procedures used are according to FCC/QET Bulletin 65, Supp.C
[July 2001].

2. All modes of operation were investigated, and the worst-case results are reported.
3. Battery is fully charged for all readings.
*Power Measured X Conducted
4. SAR Measurement System DASY3
5. Phantom Configuration O Left Head O Flat Phantom Right Head
6. SAR Configuration Head O Body O Hand
7.  Test Signal Call Mode O Manu. Test Codes X Base Station Simulator
8. Battery Option X Standard O Extended 0O Slim

Figure 8.3 Right Head SAR Test Setup
-- Ear/Tilt 15° Position--
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SAERLE

8.3 MEASUREMENT RESULTS (PCS GSM Left Head SAR - Touch)

Date of Test : Dec. 05, 2003
Mixture Type: 1900MHz Brain Tissue Depth: 15.0Cm
Dielectric Constant: 38.8 Liquid Tissue Temp.: 21.5
Conductivity: 1.38 Ambient Temp: 22.4

FREQUENCY TR Begin/End POWER* Device Test Amenna Slide SAR
MHz Ch. (dBm) Battery Position Position | Position (Wikg)
18502 | 512 PCSGSM | 30 [29.99 | Standard | Cheek/Touch Fixed Up 0.163
18502 | 512 PCSGSM | 30 |29.95 | Standard | Cheek/Touch Fixed Down 0530
1880.0 | 661 PCSGSM | 30 |29.92 | Standard | Cheek/Touch Fixed Up 0.160
1880.0 | 661 PCSGSM | 30 |2998 | Standard | Cheek/Touch Fixed Down 0.476
1909.8 | 810 PCSGSM | 30 |30.10 | Standard | Cheek/Touch Fixed Up 0.124
1909.8 | 810 PCSGSM | 30 |30.02 | Standard | Cheek/Touch Fixed Down 0.363

ANSI/ [EEE C95.1 1992 — SAFETY LIMIT Brain
Spatial Peak 1.6W/kg (mWig)
Uncontrolled Exposure / General Population averaged over 1 gram

NOTES:

1. The test data reported are the worst-case SAR value with the antenna-head position set in a
typical configuration. Test procedures used are according to FCC/OET Bulletin 65, Supp.C
[July 2001].

2. All modes of operation were investigated, and the worst-case results are reported.
3. Battery is fully charged for all readings.
*Power Measured ® Conducted
4. SAR Measurement System X DASY3
5. Phantom Configuration X Left Head O FlatPhantom [ Right Head
6. SAR Configuration X Head O Body O Hand
7. Test Signal Call Mode O Manu. Test Codes Base Station Simulator
8. Battery Option X Standard 0O Extended O Slim

Figure 8.4 Left Head SAR Test Setup
-- Cheek / Touch Position--
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SZEHTE

8.4 MEASUREMENT RESULTS (PCS GSM Left Head SAR - Tilt)

Date of Test : Dec. 05, 2003
Mixture Type: 1900MHz Brain Tissue Depth: 15.0 Cm
Dielectric Constant: 38.8 Liquid Tissue Temp.: 21.5
Conductivity: 1.38 Ambient Temp: 224

FREQUENCY T Begin/End POWER* DevieiTut Antar!m Slid_e SAR
MHz ch. (dBm) Battery Position Position | Position (Wikg)
18502 | 512 PCSGSM | 30 |30.01 | Standard Ear/Tilt 15° Fixed Up 0.124
18502 | 512 PCSGSM | 30 |30.00 | Standard Ear/Tilt 15° Fixed Down 0.438
1880.0 | 661 PCSGSM | 30 |29.93 | Standard Ear/Titt 15° Fixed Up 0.182
1880.0 | 661 PCSGSM | 30 |29.94 | Standard Ear/Tilt 15° Fixed Down 0.455
1900.8 | 810 PCSGSM | 30 |30.10 | Standard Ear/Tilt 15° Fixed Up 0.156
1909.8 | 810 PCSGSM | 30 |30.02 | Standard Ear/Tilt 15° Fixed Down 0.370

ANSI/ IEEE C95.1 1992 — SAFETY LIMIT Brain
Spatial Peak 1.6Wikg (mW/g)
Uncontrolled Exposure | General Population averaged over 1 gram

NOTES:

1. The test data reported are the worst-case SAR value with the antenna-head position set in a
typical configuration. Test procedures used are according to FCC/OET Bulletin 65, Supp.C
[July 2001].

2. All modes of operation were investigated, and the worst-case results are reported.
3. Battery is fully charged for all readings.
*Power Measured X Conducted
4.  SAR Measurement System DASY3
5. Phantom Configuration X Left Head O FlatPhantom 0[O Right Head
6. SAR Configuration X Head O Body O Hand
7. Test Signal Call Mode O Manu. Test Codes X Base Station Simulator
8. Battery Option X Standard O Extended O Slim

Figure 8.5 Left Head SAR Test Setup
-- Ear/Tilt 15° Position--
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TP

8.5 MEASUREMENT RESULTS (PCS GSM Body SAR wio Holster)

Date of Test : Dec. 04, 2003
Mixture Type: 1900MHz Muscle Tissue Depth: 15.3Cm
Dielectric Constant: 51.5 Liquid Tissue Temp.: 218
Conductivity: 1.50 Ambient Temp: 224
FREQUENCY e Begin/End POWER* D::l:e ;ﬁ.:t m (:l?k'; )
MHz Ch. (dBm) Battery
1850.2 512 PCS GSM 30 |29.98 | Standard | 1.5cm[Wio Holster] Fixed 0.273
1880.0 661 PCS GSM 30 | 29.97 | Standard | 1.5cm[Wio Holster] Fixed 0.323
1909.8 810 PCS GSM 30 | 30.03 | Standard | 1.5cm{Wio Holster] Fixed 0.260
ANSI / IEEE C95.1 1992 ~ SAFETY LIMIT Muscle
Spatial Peak 1.6Wikg (mWig)
Uncontrolled Exposure / General Population averaged over 1 gram
NOTES:

1. The test data reported are the worst-case SAR value with the antenna-head position set in a
typical configuration. Test procedures used are according to FCC/OET Bulletin 65, Supp.C
[July 2001].

2. All modes of operation were investigated, and the worst-case results are reported.
3.  Battery is fully charged for all readings.
*Power Measured X Conducted
4.  SAR Measurement System DASY3
5. Phantom Configuration O Left Head Flat Phantom [ Right Head
6. SAR Configuration O Head Body OO0 Hand
7.  Test Signal Call Mode [0 Manu. Test Codes Base Station Simulator
8. Battery Option Standard O Extended O Slim

Figure 8.6 Body SAR Test Setup
-- w/o Holster--
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9. CONCLUSION

The SAR measurement indicates that the EUT complies with the RF radiation exposure limils of the
FCC. These measurements are taken to simulate the RF effecls exposure under warst-case
conditions. Precise laboratory measures were taken to assure repeatability of the tests. The test

results and statements relate only to the itam(s} tested.

Please note that the absorption and distribution of electromagnetic energy in the body are very
complex phenomena that depend con the mass, shape, and size of the body, the orientation of the
body with respect to the fiald vectors, and the electrical properties of both the body and the
environment, Other variables that may play a substantial role in possible biological effects are those
thal characterize the snvironment (e.g. ambient temperature, air velocity, relative humidity, and
body insulation) and those that characterize the individual (e.g. age, gender, activity level,
debilitation, or disease). Because innumerable factors may interacl to determine the specific
biological outcome of an exposure to electromagnetic fields, any protection guide shall consider
maximal amplification of biological effects as a result of field-body interaclions, environmental

conditions, and physiological variables.

240f25



10. REFERENCES

[1) IEEE Standards Coordinating Commitles 34 — IEEE Std. 1528-200X (Draft 6.1 — July 2001), Draft Recommendad
Practies for Delermining the Peak Spalal-Average Specific Absorplion Rale (SAR} in the Human Body Dus lo Winless
Communicalions Davice: Experimental Tachniques.

[2) Federal Communications Commission, OET Bulletin 65 (Ediion 97-01), Supplement C (Edition 01-01), Evafualing
Compliance with FCC Guldelines for Humen Exposura lo Radiofrequency Elactromagneltic Fields, July 2001.

[3] ANSIWIEEE C895.3 — 1991, /EEE Racommended Practice for the Measuremnen! of Polantially Hazardous Electromagnetic
Flelds — RF and Micmowave, New York: IEEE, 1992.

[4] Faderal Communications Commission, OET Bulletin 65, Evaluating Compliance with FCC Guidelines for Human
Exposura to Radiofrequency Electromagnetic Fields. Supplement C, Dec. 1997,

[5] ANSIYIEEE C95.1 — 1991, American National Standard Safety lovels with respect lo human exposure to radlo fraguency
elactromagnelic fialds, J00kHz to 100GHz, New York: : |[EEE, Aug. 1992,

[6] Federal Communications Commisslon, ET Dockel 93-62, Guidelines for Evaluating the Environmental Effecls of
Radiofrequency Radlation, Aug. 1996.

[7] NCRP, Nationa} Council on Radiation Protaction and Measurements, Bldogical Effecls end Exposure Crtera for
RadioFraquency Efeciromagnelic Flalds, NCRP Report No. 86, 1986. Repsinled Feb. 1995.

(4] T. Schmid, O. Egger, N. Kusler, Aurfomaled E-fieid scanning system for dosimelric essessments, |EEE Transaction on
Microwave Theory and Techniques, vof, 44, Jan, 1996, pp. 105-113.

[6] K. Pokavic, T.Schmid, N. Kuster, Robust selup for predise calibration of Efieid probes In lissue simulating liquids at
mobile communicelions frequencles, ICECCMI7, Oct 1997, pp. 120-124,

[10] G.Harsgrove, A. raszewski, A. Surowiec, Simulaled Biologlcal Materials for Electromagnslic Rediation Absorplion
Siudias, University of Ottawa, Bicelsctromagnelics, Canada: 1987, pp. 29-36

[#1] Q. Balzano, Q. Garay, T. Manning Jr.. Efectromagnetic Energy Exposure of Simulated Users of Portable Celiular
Telsphones, JEEE Transactions on Vehicular Technology, vol. 44, na.3, Aug, 1995.

[12) WH. Prass, SA. Teukolsky, W.T. Vellerfing, and B.P. Flannery, Numarical Recepies in C, Tha Ast of Scienlific
Compuling, Second edition, Cambridge University Press, 1992

[13] K. Pokovic, T.Schmid, N. Kuslaer, E-feld Probe with improved isolropy in brain simulaling fiquids, Proceedings of the
ELMAR, Zadar, June 23-25, 1998, pp. 172-175.

[14] Schmid & Partner Engineering AG, Application Note: Data Sterage and Evaluation, June 1998, p2.

[15] V. Hombach, K Meier, M. Burkhardt, E, Kuhin, N. Kuster, The Dependance of EM Energy Absorplion upon Human Head
Modeling at 900MHz, |EEE Transaction on Microwave Theory and Techniques, vol 44 no. 10, Ocl. 1998, pp. 1865-1873.

[16] N. Kuster and Q. Balzano, Energy absorption machanism by biologics! bodies in the near figld of dipole anlennas above
300MHz, |EEE Transaction on Vehicular Technology, vol. 41, no.1, Feb.1992, pp. 17-23.

[17] N. Kustar, R. Kasle, T. Schmid, Dosimetric evaluation of mobile communications equipment with known precision, IEEE
Transaction on Communications, vol, EB0-B, no. 5, May 1997, pp.645-652.

25025



APPENDIX A
SAR Definitlon

Specific Absorption Rate (SAR) is defined as the time derivative (rate) of the incremental
energy (dU) absorbed by {dissipated in ) an incremental mass (dm) contained in a volume
element (dV) of a given density (p). lt is also defined as the rate of RF energy absorption pet
unit mass at a point in an absorbing body (see Fig. A.1).

sir=2(4U)_4d[4u
dt\ dm | dt| pdv

Figure A.1 SAR Mathamatlcal Equation

SAR is expressed in units of Watts per Kilogram (Wikg).

SAR = E2/p
Where :
= conductivity of the tissue-simulant material (S/m)

o
p = mass density of the tissue-simulant material (kg/m°)
E = Total RMS electric field strength (V/im)

Note: The primary factors that control rale or energy abserplion were found to be the wavelength of
the incident field in relations Lo the dimensions and geometry of the irradiated organism, the orientation
of the organism in relation lo the polarity of field vectors, the presence of reflecling surfaces, and

whether conduclive contact is made by lhe organism with a ground plane.



APPENDIX B

Probe Calibration Process

Dosimetric Assessment Procedure

Each probe is calibraled according to a dosimetric assessment procedure described in K. Pokovic, T.Schrnld,
N. Kuster, Robust setup for precise callbration of E-fleld probes In tissue simulating liqulds at mobile
communfcations freguencles, ICECOMS7, Oct. 1897, pp. 120-124 with an accuracy better than +/-10%.
The spherical isolropy was evaluated with the procedure described in K. Pokovlc, T.Schmld, N. Kuster, E-
fiald Probe with improved Isotropy In braln simulating liquids, Proceedings of the ELMAR, Zadar, .June
23-25, 1996, pp. 172-175 and found to be better than +/-0.25dB. The sensilivity paramelers (NormX, NormY,
NomnZ}, tha diode compresslon parameter (2CP) and the conversion factor (ConvF) of the probe is lested.

Free Space Assessmenl

The free space E-field from amplified probe outputs is determined in a test chamber. This is performed in a
TEM call for fraquencles bellow 1 GHz (sea Fig. B.1), and in a waveguide above 1 GHz for free space. For
lhe free space calibration, the probe is placed in the volumelric center of the cavily and at lhe proper
orientation with the field. The probe is then rotated 360 degrees.

Temperaiure Assessment

E-field temperature comelation calibration is performed in a flat phantom flat phantom filled with the
appropriats simulated brain tissue. The measurad free space E-field in the medium corralatas to temperalure
fise in a dielectric medium. For temperature correlalion calibration a RF transparent thermislor-based
temperalure probe is used in conjunction with the E-field probe (see Fig. B.2).

2
AT |&]-o
SAR=C— SAR =
At 2
where: whaere:
Zt = exposure lime (30 seconds) o = simulated lssue conduclivity
C = heat capacity af lissus (brain or muscie). p = Tissue density (1.25 g/ent for brain lissua)

AT = temperature increase due to RF exposure.

SAR is proportional ta AT/ A, tha initial rate of lissue

heating, before thermal diffusion takes place. Now it's

possible to quantify the electric field in lhe simulaled lissue
by equaling the thermally derived SAR to tha E-field;
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Flgure B1. E-Flalci';nd Temperature Figure B.2. E-Flel'clh;nd ternparature
measurements at 900MHz measurements at 1.9GHz



APPENDIXC

ANSVIEEE C85.1 - 1992 RF EXPOSURE LIMITS

Uncontrolled Environment

UNCONTROLLED ENVIRONMENTS are dafined as lecations where there is the exposure of Indlviduals
who have no knowledge or control of their exposure. The general populationfuncentrolled exposure limits are
applicable to situations in which the general public may be exposed or in which persons who are exposed as a
consequence ol thelr employment may not be made fully aware of ihe polential for exposure or cannot
exercise conlrol over thelr exposure. Members of the general public would come under thls category when
exposure is not employmentralated; for example, in ihe case of a wireless transmitter that exposes persons in
its vicinity.

Controllad Environment

CONTROLLED ENVIRONMENTS are defined as locations where there is ihe exposure thal may be incurred
by persons who are aware of the potential for exposurs,{i.e. as a result of employment or accupation). In
general, occupational/controlled exposure limits are applicable to siluations in which persons are exposed as a
consaquence of their employment, who have been made fully aware of the potenlial for exposure and can
exercise conirol over thelr exposure. This exposure category is also applicable when the exposure is of a
transient nature due to incldental passage through a location where the exposure levels may be higher than
the general populationfuncontrolled limits, but the exposed person is fully aware of the potential for exposurs
and can exercise control over his or har exposure by leaving the area or by some other appropriate means.

Table C.1 Safety Limits for Partial Body Exposure

UNCONTROLLED ENVIRONMENT

CONTROLLED ENVIRONMENT

Hands,Feet Ankles, Wrists

General Papulation General Population
{Wikg) ar (mwWig) {Wihkg) or {m\Wig)
1
::;J:\r"ll'm PEAK SaR 160 8.00
2
1
SPATIAL PEAK SAR .00 20,00

! The Spatial Peak value of the SAR averaged ovar any 1 gram of lissue {defined as tissue volume in the shape of a cuba)
and ovar itha appropriate avaraging time.

2 The Spatial Average value of the SAR averaged ovar lha whole body.

? The Spatial Peak value of the SAR averaged over any 10 grams of lissue {dafined as a lissua volume in the shape of a
cube) and aver the appropriale avaraging time.
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Calibration of The Validation Dipole



Calibration Laboratory of
Schmid & Partner

Engineering AG
Zeughausstrasse 43, 8004 Zurich, Swhzerland

Client

{CALIBRATION.CERTIFICAT

Cblect{s)

Callbration procedure(s)

T e ey g B ——

Calibration date: . Febrda 57,2003

)

Condion ot he civated o IR BIGFANER; (BCC0rding 0 16 SHEGHE calitrs

i ki,

This calibration slalement documents fraceabllity of M&TE used in the cabbralion pracedures and confermity of the procedures with the ISOAIEC
17025 international standard.

All calibralions have been conducled in Lhe ¢losed laboratory facility: environment temperature 22 +/- 2 degrees Celsius and humidity < 75%,

Callbration Equipment used {M&TE critical for calibration)

i Model Type . Iba Cal Date Sicheduled Catibralion
RF generator HP 8684C US3842U01700 4-Aug-98 (In house check Aug02)  In house check: Aug-05
Power sensor E44124 MY41455277 §-Mar-02 Mar-03
Power sensor HP 8481A MY41052160 18-Sep-02 Sep-03
Power meler EPM E4415B GB41293874 13-Sep-02 Sep-03
Network Analyzer HP 8753E US3B432426 3-May-00 In house check: May 03
Fluke Process Calibrator Type 702 SN: 6255803 3-Sep-01 Sep-03

Funciten

Ty ity

Calibrated by; J}-;ﬁ AT AN ethialHd:

Approved by:

Dale Issued: February 6, 2002

This calibration ceriificate [s Issued as an ntermediate salition until the acereditallon process (based on ISO/EC 17925 Intematlenal Standard) for
Celibratien Laboratory of Schmld & Pariner Engineering AG Is completed.
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Schmid & Partner
Engineering AG

Zaughausstrasse 43, B004 Zurlch, Switzerland, Phone +41 1 245 97 00, Fax +41 7 245 97 79

DASY

Dipole Validation Kit
Type: DI1900V2

Serial: 5d023

Manufactured:  September 28, 2002
Calibrated:  February 5, 2003



1. Measurement Conditions

The measurements were performed in the flat section of the SAM twin phantom filled with
head simulating glycol solution of the following electrical parameters at 1900 MHz:

Relative Dielectricity 39.18 *5%
Conductivity 1.45 mho/m £5%

The DASY4 System with a dosimetric E-field probe ET3DV6 (SN:1507, Conversion {actor
5.2 at 1900 MHz) was used for the measurements.

The dipole was mounted on the small tripod so Lhat the dipole feedpoint was positioned below
the center marking of the flat phantom section and the dipole was oriented parallel (o the body
axis (the long side of the phantom). The standard measuring distance was 10mm from dipole
center to the solution surface. The included distance holder was used during measurements for
accurate distance positioning,

The coarse grid with a grid spacing of 15mm was aligned with the dipole. The 7x7x7 fine cube
was chosen for cube integration,

The dipole input power (forward power) was.250mW + 3 %. The results are normalized to
1'W input power.

2 SAR Measurement with DASY4 System

Standard SAR-measurements were performed according to the measurement conditions
described in section L. The results (see figure supplied) have been normalized to a dipole input
power of 1W {forward power). The resulting averaged SAR-values measured with the
dosimetric probe ET3DV6 SN:1507 and applying the advanced extrapolation are;

averaged over 1 cm’® (1 g) of tissue: 41.2 mW/g

averaged over 10 cm® (10 g) of tissue: 20.84 mW/g



3. Dipole Impedance and Return Loss

The impedance was measured at the SMA-connector with a network analyzer and numerically
transformed to the dipole feedpoint. The transformation parameters from the SMA-connector
to the dipole feedpoint are:

Electrical delay: 1.L191 ns  (one direction)

Transmission factor: 0.997 (voltage transmission, one direction)

The dipole was positioned at the flat phantom sections according to section 1 and the distance
holder was in place during impedance measurements.

Feedpoint impedance at 1900 MHz: Re{Z} = 51.6
Im {Z} = 4.7Q
Return Loss at 1900 MHz -26.3 dB

4, IMandling

Do not apply excessive force to the dipole arms, because they might bend. Bending of the
dipole amms stresses the soldered connections near the feedpoint leading to a damage of the
dipole.

5. Design
The dipole is made of standard semingid coaxial cable. The center conductor of the feeding

line ts directly connected to the second arm of the dipole. The antenna is therefore short-
circuited for DC-signals,

6. Power Test

After long term use with 40W radiated power, only a slight warming of the dipole near the
feedpoint can be measured.



Test Laboratory: SPEAG, Zurich, Switzerland
File Name: SN5d023_SN1507_HSL1900_050203.dad

DUT: Dipole 1900 MHz Type & Serial Number: D1900V2 - SN5d023
Program: Dipole Calibration; Pin = 250 mW; d = 10 mm

Communication System: CW-1900; Frequency: 1900 MHz; Duty Cycle; 1:1
Medium: HSL 1900 MHz (¢ = 1.45 mho/m, g = 39.18, p = 1000 kg/m3)
Phantoin section: FlatSection

DASY4 Configuration:

- Probe: ET3DV6 - SN1507; ConvF(5.2, 5.2, 5.2); Calibrated; 1/18/2003
- Sensor-Surface: 4dmm (Mechanical Surface Detection)

- Electronics: DAE3 - SN410; Calibrated: 1/14/2003

- Phantom: SAM 4.0 - TP:1006

- Software: DASY4, V4.0 Build 51

Area Scan (81x81x1): Measurement grid: dx=15mm, dy=15mm
Zoom Sean (7x7x7)/Cube 0: Measurement grid: dx=5mm, dy=5mm
Reference Value =93.8 V/m

Peak SAR = 18.6 mW/g

SAR(I g) = 10.3 mW/g, SAR(10 g) = 5.2 mW/g

Power Drift =0.005 dB

SAR in dB

Date/Time: 02/06/03 15:02:37
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