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SAR TEST REPORT of Nokia 8290

Gentlemen,

Please find attached SAR test report of FCC ID: LJPNSB-7

For and on behalf of Nokia Mobile Phones Ltd.

Respectfully,
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1. DESCRIPTION OF THE MEASUREMENT

This measurements were done by E-field scanning system for dosimetric
assessments. It is robot-based system which allows automated E-field
scanning in tissue simulating solutions. The measurements are based on the
induced specific absorption rate (SAR) definition of relevant ANSI / IEEE
standards. The dosimetric assessment system of Nokia Mobile Phones is
manufactured by Prof. Niels Kuster at ETH (Schmid & Partner Engineering
AG) in Switzerland, Europe.

The method used to determine the 1 gram average value of SAR is:

Initially a coarse scan is performed over the whole area on a 15 x 15 mm
grid. From this coarse scan, the location at which the maximum value is
measured is used as the centre for a second, more detailed scan. This
second scan is based on a 3 dimensional grid of 5 x 5 x 7 points on a grid of 8
mm for 1800 MHz band. The average SAR values are computed using the 3D
spline inter-polation algorithm. The 3D spline is composed on three one-
dimensional splines with the “Not a knot” condition in the x, y and z directions
(1), (2). The volume is integrated with the trapezoidal algorithm. 1000 points
(10x10x10) are interpolated to calculate the average. All neighbouring
volumes are evaluated until no neighbouring volume with a higher average is
found.

(1) W. Gander, Computermathematik, Birkhauser, Basel, 1992

(2) W. H. Press, S. A Teukolsky, W. T. Vettering and B. P. Flannery,
Numerical Recipes in C, The Art of Scientific Computing, second edition,
Cambridge University Press, 1992



2. DESCRIPTION OF CALIBRATION BY MANUFACTURER

The calibration of data acquisition electronics and probe was done by the
manufacturer. (Appendix 3 and 7)

- the data acquisition unit is calibrated and tested using a FLUKE 702 Process
Calibrator

- measurement uncertainty is less than ± 20% for various tissues simulating
solutions and frequencies:

- these calibration parameters were measured using a
temperature probe developed by manufacturer

- description of the probe calibration and examples of the
evaluation are enclosed in Appendix 7

3. LIST OF STANDARDS

ANSI/IEEE Std C95.1-1992
IEEE Standard for Safety Levels with Respect to Human Exposure
to Radio Frequency Electromagnetic Fields, 3 kHz to 300 GHz

ANSI/IEEE Std C95.3-1992
IEEE Recommended Practice for the Measurement of Potentially
Hazardous Electromagnetic Fields-RF and Microwave



4. DEVICE LIST:

Automated E-field scanning system for dosimetric assessments System.
Calibration due July 2000. Technical data (Appendix 1)

Probe  ET3DV4, SN: 1105, Recalibrated due July 2000
Technical data (Appendix 2)

DASY-dosimetric assessment system, DAE V2, SN: 213,
Calibration  due July 2000 (Appendix 3)

Industrial robot and Control unit, type STÄUBLI CS7 RX 90(CR)
NO:595148-01, Technical data (Appendix  4)

Generic Twin Phantom  Version 3 (Appendix 6).

PC COMPAQ 466
laser printer QMS magicolor plus

Devices for preparation of the brain tissue simulating liquids
-General laboratory equipment for preparation of liquids
-Magnetic stirrer with heating plate  IKA RET CV, SN:792708
-Scale Mettler Doleto, SN: 2114177678

HP 85070A Dielectric probe system
- network analyzer HP 8753B, SN:2716U00762, Calibration due April 2000
- cables
- probe stand
- dielectric probe kit NO: US33020242
- PC AST PREMMIA 4/66 d
- HP-IB 82335B (interface and software)

Dipole Validation kit for 900 MHz band, Schmid & Partner Engineering AG,
Typ: D900V2, SN: 003, Recalibrated/Verification due July 2001 and

Dipole Validation kit for 1800 MHz band, Schmid & Partner Engineering AG,
Typ: D1800V2, SN: 207, Recalibrated/Verification due July 2001

- signal  generator ROHDE & SCHWARZ, 1038.6002.03 , Calibration due
  July 2000
- power meter,  ROHDE & SCHWARZ, 857.8008.02,  Calibration due
  December 2001
- amplifier ZHL-42 (SMA),  022488-RM:4152



5. EQUIPMENT UNDER TEST

Unit:       NOKIA 8290
FCC-ID: LJPNSB-7

5.1 Verification and results

Validation of the measurement system was made before measurement using
the Validation kit. Appendix: 8 and 9.

This validation measurement makes sure that the repeatability of SAR
measurement value with careful positioning is better than 10 %.

On 1800 MHz band error was < 6 % compared to the parameter of
manufacturer SAR results (0.25W): 9.28 mW/g (1g) and 9.80 mW/g (1g).
Appendix: 8 and 9

5.2 Specification of Liquid

The liquids were done using the “Recipe 1800MHz “, respectively, and
preparation bases on brochure. Appendix  5

1800 MHz liquid was used with the 1800 MHz validation kit measurement.

The parameters were measured by liquid testing of HP85070A Dielectric
probe system. The amounts of used liquids were 20 litres.

Liquid parameters φ!r  (Relative permittivity) and!τ ! (Conductivity)  were
measured by HP 85070A Dielectric probe system.

Frequency [MHz] Relative permittivity / εr Conductivity  [mho/m]
1800 41.9 1.66
1850 41.6 1.72
1880 41.5 1.75
1910 41.3 1.78



5.3 Specification of position with phone against generic twin phantom

The position of the phone relative to the head phantom is shown on page 8.
The centre of the phone’s earpiece is aligned such that it is co-axial with a
mark on the phantom which represents the centre of the ear on the left side of
the head.

The measurements were done left and right side of the phantom.

The test signal for measurements was digital GSM1900.

The phone position against the head was in Normal phone position (for the
IEEE Std  C95.1-1991 (ANSI / IEEE) and FCC measurement). The angle
between the reference line of the phone and the line connecting both auditory
canal opening was 90°. The distance between the handset and the brain
simulation liquid was 6 mm (page 8).

The used radio channels on GSM1900 mode were: 512, 661 and 810.

During the tests the battery was fully charged.

Ambient and "brain tissue" liquid temperature was 23 °C  ± 1 °C.



5.4 The phone position against generic twin phantom

Picture 5.4.
The centre of the ear piece were placed directly at the entrance of the imaginary
auditory canal of the phantom. The reference line of the phone lie in the reference
plane defined by the following three points: auditory canal openings of both ears and
the centre of the mouth.

150 mm

250 mm

220 mm

90°



5.5 Results of SAR for 1g.

Appendix: 10

The plots in Appendix 10 are a graphical representation of the SAR values
over the whole area being scanned.

The size of the area being scanned is sufficiently large to ensure that
all possible regions of peak SAR are measured.  This is indicated by the
fact that the position of peak SAR is in the measured area, and the value of
SAR reduces asymptotically in the x- and y- directions as the probe is
moved towards the border of the measured area.

Digital mode GSM 1900, Right Hand Phantom
meas
nr:

Phone position Frequency
MHz / channel

Power EIRP*)

[dBm]
SAR (1g)
[mW/g]

1 90° 1850 / 512 31.4 1.09

2 90° 1880 / 661 29.9 0.89

3 90° 1910 / 810 29.4 0.71

FCC ID: LJPNSB-7
MEASURED:  9.3.2000 / NMP

FCC limit 1.60[mW/g]
(ANSI/IEEE)

*) Radiated power was measured by FCC accredited test lab

Digital mode GSM 1900, Left Hand Phantom
meas
nr:

Phone position Frequency
MHz / channel

Power EIRP*)

[dBm]
SAR (1g)
[mW/g]

4 90° 1850 / 512 31.4 0.80

5 90° 1880 / 661 29.9 0.66

6 90° 1910 / 810 29.4 0.59

FCC ID: LJPNSB-7
MEASURED:  9.3.2000 / NMP

FCC limit 1.60[mW/g]
(ANSI/IEEE)

*) Radiated power was measured by FCC accredited test lab
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AUTOMATED E-FIELD SCANNING SYSTEM FOR
DOSIMETRIC ASSESSMENTS
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PROBE ET3DV4 SN: 1105
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DASY- DOSIMETRIC ASSESSMENT SYSTEM
CALIBRATION REPORT

DATA ACQUISITION ELECTRONICS
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INDUSTRIAL ROBOT AND CONTROL UNIT
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BRAIN TISSUE SIMULATING LIQUIDS



Brain Tissue Simulating Liquids

Preparation of the Liquids

Requirements:
• Scale
• Magneto Stirrer: Heating Plate, Magnetos (recommended).
• HP 85070A Dielectric Probe Kit (200MHz to 20GHz) plus mounting device and

Network Analyser
Canisters or "closed" jars to store the liquid (recommended)

Preparation:
1.) Heat the water to about 40" Celsius.

2.) Add salt and bactericide to water while stirring and wait until salt is dissolved.

3.) Add about one third of the sugar. Keep stirring. Wait until sugar is dissolved. Add the
second third and when dissolved add the final third. The liquid gains volume and
thickens slightly.

4.) Keep stirring at maximum speed possible.

5.) When all the sugar is dissolved, add the HEC. HEC is highly hygroscopic. It forms
lumps when added to the liquid. Either "help" the magneto stirrer by stirring from
outside or dissolve all of the BEC first in another jar with a little bit of liquid using
another stirrer. Add it then to the rest of the solution. Once HEC is added the liquid
thickens considerably.

6.) During the whole process watch the temperature to prevent water evaporation.

7.) Once the liquid clears up pour it into canisters. Let it stand for a couple of hours
before using it.

III Use

• When in the item (phantom models), monitor water evaporation.
• To minimize water evaporation cover the phantoms when not used. Do not store the

liquid in the phantoms, rather store it in closed canisters.
• In case water has evaporated, you can add (warm) water to the liquid. Be sure that

after stirring it is completely homogeneous.
• The liquid can be used for at least 3 months. After longer periods bacteria might grow

that are resistant against the bactericide.



Recipe 900 MHz:
Water 40.1%
Sugar 58.0%
Salt (NaCI) 0.8%
HEC (Hydroxyethylcellulosis) 1.0%
Preservative Substance

900 MHz: εr = 42.5 ± 5% and σ = 0.85 ± 10% mho/m

Recipe 1800 MHz:
Water 45.0%
Sugar 53.9%
HEC (Hydroxyethylcellulosis) 1.0%
Preservative Substance

1800 MHz: εr  = 41.0 ± 5% and σ = 1.65 ± 10% mho/m
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GENERIC TWIN PHANTOM
Version 3.
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PROBE CALIBRATION



Prof. Dr. Niels Kuster         Tel. +41 1 632 2737, Fax: +41 1 632 105

Institut für Feldtheorie
und Höchstfrequenztechnik
ETH Zürich
CH-8092 Zürich

Mr. Ilkka Pankinaho
Nokia Mobile Phones
NMP/R&D
P.O. Box 86
FIN-24101 Salo
Finland

Zurich, 2 December 1995

Mobile Phone Certification

Dear Ilkka,

In mid-September, we promised to send preprints of the paper which describes the
calibration procedure we developed during the last months. We would appreciate any
suggestions and comments, since a thorough calibration is fundamental to enforce
the safety limits. In addition, we would like to take this opportunity to inform you
about the newest developments towards finalizing the scientific and technical
conditions for a type approval.

Uncertainties of Measurements: In connection with the calibration, we performed an
analysis which assessed the total uncertainty of SAR measurements in shell phan-
toms. The results are promising. The total uncertainty can be kept below +20% at
900 MHz. A project to further reduce these uncertainties and to develop a standard
calibration procedure has now been submitted to the EU program "Standards,
Measurements & Testing."

Phantom: Another open issue is the verification that the absorption in homogeneous
human phantoms represents well the actual spatial peak absorption in the user. In
one study, in close cooperation with the research center of German Telekom, absorp-
tion induced in three numerical and three experimental phantoms were compared
for the mobile communications frequency at 900 MHz. The various phantoms and
our findings are briefly described in the attachment.

Requirements of a Certification Procedure: In connection with the recent WTR
workshop in Rome, we defined the scientific pre-condition necessary to implement a
certification procedure. The manuscript also reflects the requirements which were
discussed within CENELEC's TC111 Working group on Mobile Telecommunications
Equipment. Please find the manuscript in the attachment as well.



DASY: Schmid & Partner Engineering AG (SPEAG) has started the development of
DASY3. Besides a general revision and extension of the DASY2 hardware and soft-
ware, the main objectives Of DASY3 are improved spatial resolution, improved
precision and improved time efficiency. DASY3 will be largely compatible with
DASY2, although some of the new functions will not be fully usable without minor
hardware updates. SPEAG will keep you informed with respect to these develop-
ments.

The temperature probes which have been developed for the previously mentioned
calibration study will soon be commercially available. The prototype showed a
sensitivity of about <0.1 mK/s. It might be interesting to all DASY users that this
probe will be fully compatible with DASY2, DASY3 and DASYmini. The active
volume of about 1 mm3 is ideal for those laboratories which plan to do calibration
or SAR measurements in very small structures.

Part of the industry was interested in a video of DASY2 to dernonstrate the test pro-
cedure to their customers. Since we already had a video for other occasions, we
adapted it to these requests and now have copies available. If you are interested,
please return the enclosed form by mail or fax. If you want copies of any of the
publications listed on that form, we would be happy to send you these copies as well.

If you have any questions regarding our activities in the area of mobile phone
certification, please do not hesitate to contact me. For questions regarding
the dosimetric assessment system DASY, I suggest you contact SPEAG directly
(phone: +41 52 232 7272, FAX: +4152 232 7127).

Yours sincerely
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DIPOLE VALIDATION KIT
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VERIFY WITH DIPOLE VALIDATION KIT



Validation Kit 1800MHz, SN: 207, d = 10mm, f = 1800 MHz, Pin = 250mW,Generic Flat Phantom, Measured 2000-Mar-9/NMP

σ ε ρ= 1.66 [mho/m] r = 41.9 = 1.00 [g/cm3]

Coarse Grid Dx=20.0 Dy=20.0 Dz=5.0 [mm]

SAR[mW/g] Max:9.16

SAR (1g): 9.80 [mW/g] SAR(10g): 4.99 [mW/g]

SAR[mW/g ]

1.02E+0

3.05E+0

5.09E+0

7.12E+0

9.15E+0
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SAR MEASUREMENT RESULTS



Nr: 1, Type: NSB-7, GSM 1900 mode, Channel 512 (1850MHz), Right Hand Phantom, Phone position 90°, Measured 2000-Mar-9/NMP

σ ε ρ= 1.72 [mho/m] r = 41.6 = 1.00 [g/cm3]

Coarse Grid Dx=15.0 Dy=15.0 Dz=5.0 [mm]

SAR[mW/g] Max: 1.27

SAR(1g): 1.09 [mW/g] SAR(10g): 0.546 [mW/g]

1.41E-1

2.83E-1

4.24E-1

5.66E-1

7.07E-1

8.49E-1

9.90E-1

1.13E+0

1.27E+0

SAR[mW/g ]



Nr: 2, Type: NSB-7, GSM 1900 mode, Channel 661 (1880MHz), Right Hand Phantom, Phone position 90°, Measured 2000-Mar-9/NMP

σ ε ρ= 1.75 [mho/m] r = 41.5 = 1.00 [g/cm3]

Coarse Grid Dx=15.0 Dy=15.0 Dz=5.0 [mm]

SAR[mW/g] Max:1.03

SAR (1g): 0.885 [mW/g] SAR(10g): 0.446 [mW/g]

SAR[mW/g ]

1.14E-1

2.28E-1

3.42E-1

4.56E-1

5.69E-1

6.83E-1

7.97E-1

9.11E-1

1.03E+0



Nr: 3, Type: NSB-7, GSM 1900 mode, Channel 810 (1910MHz), Right Hand Phantom, Phone position 90°, Measured 2000-Mar-9/NMP

σ ε ρ= 1.78 [mho/m] r = 41.3 = 1.00 [g/cm3]

Coarse Grid Dx=15.0 Dy=15.0 Dz=5.0 [mm]

SAR[mW/g] Max:0.83

SAR (1g): 0.712 [mW/g] SAR(10g): 0.359 [mW/g]

SAR[mW/g ]

9.21E-2

1.84E-1

2.76E-1

3.68E-1

4.61E-1

5.53E-1

6.45E-1

7.37E-1

8.29E-1



Nr: 4, Type: NSB-7, GSM 1900 mode, Channel 512 (1850MHz), Left Hand Phantom, Phone position 90°, Measured 2000-Mar-9/NMP

σ ε ρ= 1.72 [mho/m] r = 41.6 = 1.00 [g/cm3]

Coarse Grid Dx=15.0 Dy=15.0 Dz=5.0 [mm]

SAR[mW/g] Max:0.77

SAR (1g): 0.797 [mW/g] SAR(10g): 0.432 [mW/g]

SAR[mW/g ]

8.53E-2

1.71E-1

2.56E-1

3.41E-1

4.27E-1

5.12E-1

5.97E-1

6.83E-1

7.68E-1



Nr: 5, Type: NSB-7, GSM 1900 mode, Channel 661 (1880MHz), Left Hand Phantom, Phone position 90°, Measured 2000-Mar-9/NMP

σ ε ρ= 1.75 [mho/m] r = 41.5 = 1.00 [g/cm3]

Coarse Grid Dx=15.0 Dy=15.0 Dz=5.0 [mm]

SAR[mW/g] Max:0.62

SAR (1g): 0.658 [mW/g] SAR(10g): 0.354 [mW/g]

SAR[mW/g ]

6.87E-2

1.37E-1

2.06E-1

2.75E-1

3.43E-1

4.12E-1

4.81E-1

5.49E-1

6.18E-1



Nr: 6, Type: NSB-7, GSM 1900 mode, Channel 810 (1910MHz), Left Hand Phantom, Phone position 90°, Measured 2000-Mar-9/NMP

σ ε ρ= 1.78 [mho/m] r = 41.3 = 1.00 [g/cm3]

Coarse Grid Dx=15.0 Dy=15.0 Dz=5.0 [mm]

SAR[mW/g] Max:0.57

SAR (1g): 0.587 [mW/g] SAR(10g): 0.316 [mW/g]

SAR[mW/g ]

6.28E-2

1.26E-1

1.88E-1

2.51E-1

3.14E-1

3.77E-1

4.39E-1

5.02E-1

5.65E-1
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