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1. Description of the measurement

This measurement was done by E-field scanning system for dosimetric
assessments. It is robot-based system which allows automated E-fieid
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 4 x 4 x 7 points on a grid of
10 mm. 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
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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
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4. Device list:

Automated E-field scanning system for dosimetric assessments System.
Calibration due July 1998. Technical data (Appendix 1)

Probe ET3DV4, SN: 1105, Recalibrated due July 1998
Technical data (Appendix 2)

DASY-dosimetric assessment system, DAE V2, SN: 213, Calibration
due July 1998 (Appendix 3)

Industrial robot and Control unit, type STAUBLI 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 GV, SN:792708
-Scale Mettler Doleto, SN: 2114177678

HP 85070A Dielectric probe system

- network analyzer HP 8753B, SN:2716U00762, Calibration due April 1999
- cables

- probe stand

- dielectric probe kit NO: US33020242

- PC AST PREMMIA 4/66 d

- HP-IB 823358 (interface and software)

Dipole Validation kit for 900 MHz band, Schmid & Partner Engineering AG,

Typ: D900V2, SN: 003, Recalibrated/Verification due August 1998

- signal generator ROHDE & SCHWARZ, 1038.6002.03 , Calibration due
June 2000

- power meter, ROHDE & SCHWARLZ, 857.8008.02, Calibration due
November 1999

- amplifier ZHL-42 (SMA), 022488-RM:4152
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5. Equipment under test

Unit: NOKIA 282
FCC-ID: GML NHA-9

5.1 Verification and resulits

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 %.

The error was < 8 % compared to the parameter of manufacturer SAR
results (0.1W): 0.415 mW/g (1g) and 0.385 mW/g (1g). Appendix: 8 and 9

5.2 Specification of Liquid

The liquid were done using the “Recipe 900MHz” for liquid of brain tissue,
respectively, and preparation bases on brochure. Appendix 5

900 MHz liquid was used with the 900 MHz validation kit measurement.

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

Liquid parameters € r (Relative permittivity) and ¢ (Conductivity) were
measured by HP 85070A Dielectric probe system.

824MHz: €r = 419 o© = 0.78mho/m
836 MHz: €r = 418 o = 0.79 mho/m
849 MHz: €r = 417 o© = 0.80 mho/m
900 MHz: €r = 412 o© = 0.85mho/m



NOKIA MOBILE PHONES

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.

Measurement was done with a Left-Hand (L.H.) side because the helix phone
antenna is situated in the top right corner of the phone (viewed from the
earpiece side). Therefore, the antenna is closer to the head in the
measurement position using a L.H. side rather than a R.H. side. Itis
concluded that the L.H. side is worst case me ement position.

The test signal for SAR measurement wag AMPS. |

The phone position against the head was fmal 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 ear area
of phantom head is 4 mm (page 8).

The used radio channels on were: 991, 384 and 799.

Peak TX power (“Power” in the table of the paragraph 5.5) was measured
with antenna adapter using power level 2. During the tests the battery was
fully charged.

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



NOKJiA MOBILE PHONES

5.4 The phone position against generic twin phantom

220 mm

250 mm
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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.

Appendix 10, page 7 (Nr:7), has sketch of the phone added on the plot for
clarifying the position of the phone with respect to the measured SAR values.

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.

/ -

7
meas Phone position Frequency Power Whip in Whip up
nr: MHz / channel [dBm] {1g) [mW/qg] (1g) [mW/g]
i, 2 9Q° 824.0 / 991 25.6 0.31 0.53
3, 4 g0° 836.0 / 384 26.9 0.31 0.66
5, 6 9Q° 849.0 / 799 26.1 0.23 0.64

FCC ID: GML NHA-9 FCC limit 1.60[mW/g1 1.60[mwW /g ]

MEASURED: 17.07.1997 / NMP (ANSI/IEEE) (ANSI/IEEE)




NOKIA MOBILE PHONES

Appendix 1
pages 1-9

AUTOMATED E-FIELD SCANNING SYSTEM FOR
DOSIMETRIC ASSESSMENTS



Automated E-Field Scanning System for Dosimetric

Assessments
Thomas Schmid, Oliver Egger and Niels Kuster

Swiss Federal Institute of Technology
Zurich, Switzerland

Abstract— The interest in accurate dosimetric measure-
ments inside phantoms that simulate biological bodies has
burgeoned since several regulatory commissions began call-
ing for or recommending the testing for compliance with
safety standards of low power devices . This paper presents
a newly developed, robot-based system that allows auto-
mated E-field scanning in tissue simulating solutions. The
distinguishing characteristics of the system are its high sen.
sitivity and its broad dynamic range (1 yW/g to 100 mW /g)
over the entire frequency range (10 MHz to over 3 GHz)
used for mobile communications. The reproducibility of the
dosimetric evaluations has been shown to be considerably
better than = 5%. This has been accomplished by the use of
an improved isotropic E-field probe connected to amplifiers
with extremely low noise and drift characteristics in con-
junction with digital processing of the data. Special empha-
sis has been placed on system reliability, user-friendliness
and graphic visualization of data.

Keywords—

I. INTRODUCTION

The question of whether low power transceivers comply
with current safety limits was first raised by Cleveland et
al. [1]. Two years later the study of the absorption mech-
anism in the near field of sources revealed a direct contra-
diction of the exclusion clause for low power devices with
basic safety restrictions [2]. Additional findings of the lat-
ter study relevant for this paper were:

o In the close near field. induced currents are mainly
caused by the inductive coupiing of the high frequency
(HF) current distribution on the radiating structure
with the biological body.

o The induced specific absorption rate (SAR) depends
more on the actual design and the position of the ra-
diating structure with respect to the body than on the
inhomogeneity of the tissue.

» Devices with an input power of considerably less than
1 W might violate the basic safety limits for partial
body exposure which are: 1.6 mV/g averaged over
1 g (ANSI/IEEE [3]), 2.0 mW/g averaged over 10 g
tissue (CENELEC [4]) respectively.

These findings have been confirmed in the following
by studies with partially homogeneous bodies exposed to
dipole and helix antennas [5], [6] and by a study with
largely inhomogeneous head phantoms [7].

Several recently published dosimetric studies on eurrent
mobile phones found spatial peak SAR values in the range

Author's address: Swiss Federai Institute of Technoiogy (ETH),
CH-8092 Zurich, Switzerland — Submitted to IEEE Transactions on
Microwave Technology, January [995, Accepted in July 1985

of the safety limits for uncontrolled environments [8], [9],
(10], [11], [12}, [13]. Under certain conditions, these limits
were exceeded (8], [11], [10], [13]. This caused some concern
in the industry as the current trend towards miniaturiza-
tion with shorter antennas is bound to iead to higher ab-
sorption if these issues are not carefully considered during
the design process.

Taking various concerns and factors into consideration.
individual type approval using dosimetric tests is the most
sound approach for both the public as well as industry. As
far back as 1992, the German Agency for Radiation Pro-
tection [14] recommended type approval for mobile com-
munication devices. The FCC [15] has now taken a similar
stance and is cailing for the demonstration that the maxi-
mum SAR for PCS devices with output power of more than
100 mW complies with the ANSI/IEEE guidelines for SAR
values.

Needless to say, such test procedures will lead to deci-
sions with far-reaching economic consequences. It is there-
fore essential that the testing procedure meets the highest
possible standards of accuracy, reproducibility, standard-
ization and availability during the design procedure of new
devices. A critical issue is the operating position of the
device being tested. In case compliance must be demon-
strated for the use of the device under all operational condi-
tions [14], it is not sufficient to test the device by measure-
ment or computation in one particular predefined position
(e.g., normal position). Instead, the “worst case” exposure
situation among all operational conditions must be tested.
This “worst case” exposure situation can only be deter-
mined by varying the most relevant parameters such as the
position of the device, the operational condition of the de-
vice (e.g., extended or retracted antenna), use by left or
right handers, variations of head shape and the position of
the hand holding the device,

As no system is vet avaiiable that satisfies all these re-
quirements, several groups are currently engaged in devel-
oping numerical simulation tools or measurement systems
for safety assessments of handheld transceivers.

Although anatomical details can now be represented
with considerable detail, the numerical approach is fraught
with serious difficulties: (1) As today’s transceivers have
been optimized with regard to size, weight and appear-
ance, simple modelling of the transmitter as a metal box
with antenna may not suffice, even if the geometry has
been correctly discretized. The reason is that consider-
able HF currents may flow on internal substructures of the



Fig. 1. Laboratory set up including robot, probe, data acquisition
electronics, phantom and PC.

transceivers which, in turn, can induce high SAR values.
The HF coupling mechanisms of these internal siructures
are often not obvious and it can therefore be difficult to
arrive at the appropriate numerical modelling. In addi-
tion, these effects can underge considerable changes in the
vicinity of the scatterer. (2) If compliance under all op-
erational conditions is required. a number of simulations
must be performed, which necessitate techniques that are
efficient. largely independent of the grid orientations and
which possess self-validating capabilities. (3) It may also
be necessary to show that compliance is achieved despite
manufacturing variations.

In contrast, an accurate and highly sensitive measure-
ment set up would allow tests of randomly selected samples
of a product whereas no modelling or alteration of the prod-
uct being investigated would be necessary. The position of
the device would be easily modified when seeking the worst
case conditions. An important difference to nurmerical sim-
ulations is that only the system (including phantom) and
not each measurement must be validated. As the location
of the strongly local maximum is not known a priori, the
SAR distribution in a larger volume of the exposed tissue
must be scanned, requiring a large degree of mobility of the
probe within the tissue. This in turn, restricts the possible
complexity of the phantom.

This paper presents a system that enables the automated
measurement of the absorption distribution as well as the
assessment of the spatial peak SAR values inside any tissue
simulating solution.

II. LaporaToRrY SET Up

The SAR can be determined by measuring either the
electric field (E) or the temperature rise (J7/3t} inside
the exposed tissue.

aT

SAR = %.82 = (1)

where o is the conductivity, p the density and ¢ the specific
thermal constant of the tissue at the site of measurement.

Fig. 2. Tips of the “triangular” (left) and the “rectangular” (right)
probes. The tip shell has been removed.

In the set up shown in Figure 1, the SAR distribution
is determined by measuring the electric fleld with minia-
turized E-Field probes. Measuring the temperature rise in
the simulated tissue does not provide sufficient sensitivity
for compliance testing of consumer products [11]. However,
this technique is used for the validation of the system as
well as for the calibration of the probes (see section VIII).

Measurements are done in shell phantoms filled with tis-
sue simulating solution. In the laboratory three types of
shell phantoms are used:

+ geometrically simple phantoms for calibration and nu-

merical validation of the system

+ simplified body and head phantoms to simulate worst-

case conditions of exposure with real devices

» very detailed phantoms to investigate the effects of

different tissue layers (skin, living bone, air cavities.
etc.), different exposure conditions (device positions.
hand effect. spectacle frames, etc.) and to validate the
simplified phantorns.

The E-field probes are positioned by a §-axis precision
robot (Stiubli RX90) inside shell phantoms with a working
range greater than 0.9 m and with a position repeatability
that is better than £0.02 mm (at constant temperature).
Each probe incorporates an optical surface-detecting sys-
tem, which permits the accurate positioning of the probe
with respect to the phantom’s surface. Basically the SAR
distribution in any volume can be measured. The cur-
rently implemented compliance test involves firstly measur-
ing the SAR on a coarse 3D-grid in a preselected volume.
Afterwards a fine 3D-grid around the previously detected
maximum is measured. The 1g or 10g-average SAR-values
are interpolated from the fine-grid resuits. The procedure
is completely automated and takes less then 15 minutes.
which is well within the battery lifetime of standard com-
munication devices.

III. IsoTroPic E-FIELD PROBES

The most crucial components of the whole system are
the E-field probes. The main requirements are:
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Fig. 3. Equivalent circuit representation of the probe.

+ high sensitivity and linear response over a broad fre-

quency range

s high spatial resolution

« isotropy in differing media

s low interaction with the measured field

o small in size

For optimal performance under different measuring con-
ditions. two types of E-Field probes have been developed.
The design with the triangular core (Figure 2} was selected
for dosimetric measurements in liquids with high permit-
tivity because of the smaller outline and the possibiiity
of placing the surface detector in the center of the probe.
The “vectangular® design (Figure 2) with one dipole par-
allel to the probe axis enables the separation of the field
vector components corresponding to the coordinates of the
probes, i.e., parallel and normal to the probe axis. This
results in better omnidirectivity, especially in low-epsilon
media [16]. Iowever, the probe has an asymmetric core
and a slightly bigger profile.

Each probe consists of three small dipoles (3mm) directly
loaded with a schottky diede and connected with resistive
lines to the data acquisition unit. The theory of this type of
probe has been discussed previously in various publications
{e.g., in {17]). While these papers describe the probe’s
characteristics by modelling the components (dipole-diode-
line), they do not discuss the influence of the dielectric
supporting materials of the probe, which can completely
distort the theocretical dipole-characteristics. To further
improve the directivity of the probes. special attention has
been paid to these construciional problems.

A, Problem 1. Secondary Modes of Reception

An important part of most antenna design 15 to sup-
press secondary reception modes produced by the connect-
ing lines. constructional asymmetries. etc. In the probes
described above there are several possible secondary re-
ception modes. One is produced by normal mode signals
coupled into the resistive lines and rectified in the diode.
These signals can be reduced by decreasing the spacing be-
tween the lines or by filtering techniques. Another mode is
produced by common mode sighals coupled into the lines
and converted at the diode into normal mode signals by
asymmetrical loading of the dipcle halves due to construe-
tional asymmetries (especially when measuring in the im-
mediate proximity of metallic structures). As the source
impedances of these modes have high resistive components,
they are negligible at higher frequencies where the {mainly
capacitive) impedances of the antenna and diode are much

180°

=
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—— 30
- 100
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Fig. 4. Directivity diagram of the new probe in thick-film technique
with the E-field normal to the probe axis. Measured using the
TEM cell (ifil10) between 10 MHz and 900 MHz.

lower. At lower frequencies. however, these modes can be-
come dominant and distort the ideal antenna characteris-
tics {see Figure 5).

Other electromagnetic fields present in the laboratory
can also be the source of such secondary signals, especially
ELF fields produced by power lines or robot control sig-
nals. A carefully designed laboratory grounding system
has proven to be of great importance for high probe sensi-
tIvity.

In order to suppress these modes and make the probe
useful for frequencies down to 10 MHz, a distributed filter
was introduced between the dipole and the resistive line
(see Figure 3).

The thick-film technique was empioyed for the construc-
tion of the dipole and lines instead of the normally used
thin-film technique. This permits the use of lines with
different sheet resistances on the same substrate, and the
production of much higher sheet resistances than manufac-
turable with the thin-film technique. Since the thick film
layers are printed using silk screening, the structures are
much coarser than those of thin-film probes.

In Figure 4 the directivity diagram normal to the probe
axis of the “triangular” probe is shown between 10 MHz
and 900 MHz. For comparison, Figure 5 shows the same
diagram of the well known E-Field probe in thin film tech-
nology (50 um line spacing and width) described in [17].
Apparently, the performance degeneration caused by direct
coupling effects between dipole and line (TEM cell ifi110)
could be significantly reduced by this new approach.

The high resistive decoupling of the diode from the detec-
tor circuit has another desired effect. The diode impedance
has less influence on the timing characteristic of the detec-
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Fig. 5. Directivity diagram of the standard probe in thin-film tech-
nique with the E-field normal to the probe’s axis. Measured using
the TEM cell between 10 MHz and 900 MHz.
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Fig. 6. Deviation from isotropy of the probe with triangular design
in air. whereby the E-field was rotated in a plane normal to the
probe axis. \leasured using the TEA cell {ifi110) between 10
\Hz and 900 MHz and the waveguide R26 at 2500 MHz.

tor circuit. This prevents the usual “peak detector char-
acteristic” of diode detector probes for pulsed signals. In
Figure 13, the rms response of this approach is tested for
duty cyles of up to 100.

B. Problem 2; Influence of the Probe Materials on the
Field

Any dielectric material around electric dipoles will have
an effect on the local signal strength. Tt is obvious {rom
the construction of these probes that the influence on E-
field components normal to the probe axis will be different
to those on E-Field components parallel to the probe axis.
Furthermore. this difference in sensitivity depends on the
surrounding media. This results in poor isotropy in planes
that include the probe axis.

Figures 6 and 7 shows the deviation from isotropy of the
probe with triangular design in air and brain simulating
solution in a plane normai to the probe axis and in a plane
through the probe axis, respectively.
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Fig. 7. Deviation from isotropy of the probe with triangular de-

sign in air at 2500 MHz {above an open waveguide R26) and in
brain tissue equivalent solution (900MHz), whereas the E-field
was rotated in a plane through the probe axis.

It can be clearly seen that the component of the E-field
in the direction of the probe axis in air is much stronger
than the component normal to the probe axis, while in
solutions with high permittivity this effect is reversed, but
to a much lesser extent. While this probe works well in
solutions which simulate the electric properties of tissues
with high water content. it proves to be unusable in air
(unless the polarization of the E-Field is known in advance
and the probe placed accordingly, 1.e., normal to the field).
This problem can be overcome in the following ways:

+ By selecting material for construction with the same
characteristics as the surrounding media. As such ma-
terial must be easily mechanically processible, no such
materials for air or for biological tissue are available.

+ By adjusting the angular orientation of the dipoles in
order to compensate for the different sensitivities along
and normal to the probe axis. It follows that such a
probe wouid only be usable in a single surrounding
media.

» Another approach is to compensate for these effects by
numerically weighting the dipole-signal input accord-
ing to the field orientation with respect to the probe
extension. This is only possible if the component of
the E-field along the probe axis can be separated,
i.e., if one of the probe’s dipoles is aligned along the
probe axis. This has been successfully accomplished
in the “rectangular” design which is described in [16]
{see also Figure 2). By simply introducing a media-
dependent conversion factor for the signal of the com-
ponent along the probe axis, the isotropy In air is bet-
ter than +0.5 dB in all directions and for all polariza-
tions.

The probe with the triangular design was selected for dosi-
metric measurements for the following reasons:

+ There was slightly better isotropy in planes normal to
the probe axis due to the high degree of constructional
symmetry in this plane.

« The slightly weaker isotropy in the other planes in sc-
lutions with high water content is not a significant
drawback. The reason being that the components of
the E-field along the probe axis, i.e., normal to the
phantom surface, have been shown to be significantly
smaller than components in other directions. This has



been predicted in [2] and is demonstrated in Figures 8
and 9. Hence, the maximum error introduced by this
lack of isotropy is much less than the deviation of 0.6
dB in Figure 7.

+ The fact that the dipole orientation differs from the
probe orientation is not a disadvantage because only
the total field is of interest in dosimetric applications.

+ The high degree of constructional symmetry Improves
the efficiency of the described filtering method for sec-
ondary reception modes. The frequency response at
frequencies below 100 MHz is better than in the probe
with the “rectangular” design.

« The triangular design is very compact and ensures
a high spatial resolution. The distance between the
dipole centers is less than 2 mm.

+ The surface detection system (see Section V) is posi-
tioned in the center of the probe. This ensures excel-
lent positioning accuracy even when the probe is not
normal to the phantom surface.

C. Problem 3: Influence of the Probe on Inhomogeneous
Fields

The disturbance caused by the probe on inhomogeneous
fields depends not only on the probe material and geom-
etry but also largely on the field itself. The influence of
these effects must be investigated in each case. Figure 14
shows the results of SAR measurements in brain simulating
solution near the shell of the phantom.

If the distance between the probe tip and surface of the
phantom is less than 1 mm, the field distribution inside the
probe tip differs due to short circuiting between the probe
and the outside media. i.e., the measured values become
too high. This error source is greater than the error caused
due to scattering effects by the probe at the interface [18].
The problem can be solved by measuring the SAR at differ-
ent distances from the surface and extrapolating the SAR
values to the surface. (This extrapolation procedure is also
necessary because of the separation of the dipole center
from the probe tip}.

Another source of error in inhomogeneous fields arises
from the spacing between the dipole centers in the probe.
Because each field component is measured at a slightly dif-
ferent location, discrepancies are to be expected where fieid
magnitudes or directions change rapidly within the probe’s
dimensions. Because of the nature of the absorption mech-
anism {2]. the field gradients induced by mobile phones op-
erating at {requencies below 3 GHz have larger dimensions
than the probe’s diameter.

Iv.

The probe consists of a two-shell construction. The core
which holds the ceramic substrate is made entirely of the
synthetic microwave material (STYCAST 0005) with a per-
mittivity of 2.54 and a loss tangent of 0.0005. The tip of
the outer shell is made of the same material and the main
outer shell is made of common PMMA tubing. The core is
centered at the tip and held in place with a spring at the
connector end. A slight deformation of the outer sheil does

PrRoOBE CONSTRUCTION
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Fig. 8. Distribution of the SAR component normal to the probe axis
in the shell phantom measured with a commercial mobile phone.
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Fig. 9. Distribution of the SAR component in the shell phantom
parallel to the probe axis measured with a commercial mobile
phone.

not effect the fragile core. The probe can be dismantled for
repair. Between the core and the outer shell a sheet of very
high resistivity is introduced to neutralize static charges on
the extertor of the probe or in the measuring set up. The
distance between the probe tip and the dipole center is 2.7
mm.

The probe is connected with a precision 7-terminal con-
nector to the acquisition unit. The counter part in the ac-
quisition unit is flexibly mounted. If excess force is applied
to the probe, the probe will give way and a touch detec-
tion logic in the acquisition unit will immediately stop the
robot. A dielectric tube over the probe connector holds the
probe flexibly at a second point 8 cm from the connector.
This ensures very high accuracy in the positioning of the
probe tip at all probe angles.

V. SURFACE DETECTION

The surface detection system included in the probes con-
sists of an optical muitifiber line. Half of the fibers are
pulsed by an infrared LED, the other half are connected
to a synchronized receiver. An object in the correlation
area of the two fiber ends causes a coupling between trans-
mitting and receiving fibers. When the probe is moved
towards the surface, the reflected signal increases until it
reaches a maximum approximately 1.2 mm from the sur-
face, from where it decreases until the probe touches the
surface. The location of the maximum is independent of
the surface reflectivity and largely independent of the an-
gle between the probe and the surface (see Figure 10). The
complete set up gives a positioning accuracy of the probe
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Fig. 11. Block diagram of the data acquisition hardware.

with respect to the surface of £0.2 mm.

VI, DaTa AcquisiTioNy ELECTRONICS

The improved probe characteristics were obtained at the
cost of increased demands on the signal amplifier. The
probes have source impedances of 5 to 8 M{2 due to the
high resistive lines and the decoupling filters. The recti-
fied signals range from 1pV to 200 mV. High noise signals
{especially induced signals from power lines) are to be ex-
pected.

The first unit of the data acquisition system is housed
i1 a metal box of dimensions 68 x 57 x 46mm, is battery
powered and is connected with fiber-optic links to the main
data evaluation system. The system can therefore be used
in situations where telemetric measurements are necessary.

Figure 11 shows the block diagram of the data acquisi-
tion system.

a. Pulse relays with low thermal voltage (<0.5 @V) for

offset calibration.

b. Input filter to prevent HF-signals passing to the am-

plifier and being rectified in input nonlinearities.

c. Electrometer grade differential input amplifier (<0.1

pA bias current).

d. Second stage instrumentation ampiifier with x1 /

x100 gain.

e. Multiplexer to switch between channels and gain.

. Fast 16 bit sampling AD-converter with serial output.

7. Control logic for power down mode, calibration cycle.
channel selection, gain selection.

h. Touch logic with asynchronous transmission of touch
state signal to instantly stop the robot’s movement.

i. Optical up-link with 1 MHz clock, synchronization
and control signals.

j. Optical down-link with serial data and state signals
(low battery, touch, channel address,etc.}.

k. Rechargable battery pack for 5 hours of operation.

{. Computer plug in card with main timing unit, data
conversion of the serial E-Field data and state signals.
data acquisition of the analog signal from the surface
detection amplifier and fast digital link to the robot.

m. Optical transmitter/receiver for the surface detecticn
system.

VII. SOFTWARE

For ease and speed of measurements, a program has been
written in C*++ under Windows, to perform all involved
tasks: Data acquisition, surface detection, robot control,
administration of all calibration parameters of the system.
evaluation and visualization of the measured data. Com-
plex measuring tasks are available at the push of a button.
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Fig. 10. Response of the surface detectorasa function of the distance
(x) from the surface.

A. Robot Conirol

The robot is completely controlled by the PC and its
movements can be monitored on the screen. Some program
modules are downloaded to the robot computer for faster
response times.

Several measuring options permit complete measure-
ments in user defined volumes, planes or along lines with
or without surface detection. The measuring process is dis-
played on the screen. The filtered raw data from the data
acquisition system is stored in data files together with all
the calibration parameters. If a measurement is made with
false parameters, it is possible to correct the parameters in
the file and reevaluate the data.

B. Data Processing

The data acquisition system samples 7800 data sets per
second. L.e., 2600 complete field measurements per second
for 3D probes. The program reads and filters the incom-
ing data during the measuring or surface detection cycles.
Depending on the received signal strength, the program
switches the gain of the amplifier unit and launches calibra-
tion cycles accordingly, The program caiculates an accu-
racy estimate of the filtered signal and stops the measuring
cycle upon reaching the desired accuracy. The measuring
time per grid point (always a muitiple of the power line
period)} varies with the desired accuracy and the received
signal-to-noise ratio.

Figure 12 shows the deviation from linearity in function
of the signal strength in V/m and the equivalent SAR val-
ues for brain tissue. The line with the empty symbole show
the values before and those with the dark symbole those af-
ter numerical compensation of the diode compression. For
low signal sirengths. the measuring time was 10 seconds,
for stronger signals 1 second.

Because of the low cutoff frequency the system cannot
follow pulsed HF signals, but provides an average value
of the rectified signal. As long as the signal strength stays
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Fig. 12. Deviation from linearity. The line with the dark symbols

are the values after compensation of the diode compression. The
data was obtained from measurement at 900 MHz in the TEM
cell (ifi 110).
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Fig. 13. Measured error between CV and pulsed signals with pulse
frequencies between 10Hz and 1kHz and duty cycle between !
and 100. Reference was a HP437B peak power meter.

within the square law range of the detector diode, the read-
ing is the average of the absorbed power. If the peak signal
strength is higher, the compression of the diode must be
compensated. This is done automatically by the evaluation
software depending on the duty cycle parameter. The sys-
temn then calculates the peak power, compensates for the
diode compression and gives the new average value.

Figure 13 shows the measured error between CW and
pulsed signals with pulse frequencies between 10Hz and
1kHz and duty cycle between 1 and 100,

C. Data Visualization

The program evaluates the raw data with the calibra-
tion parameters and can produce two-dimensional or three-
dimensional graphical output with interpolated isolines in
different units (uV of rectified signal, V/m, SAR, power
flow density, etc.). The total field strength of each of the
dipole components can be separately plotted. SAR values
can be numerically integrated over 1 g or 10 g of simu-
lated tissue. Evaluated data can be exported to other file
formats. Figures 8 and 9 demonstrate one of the various
implemented graphical visualizations.

VIII. CALIBRATION ‘AND VALIDATION OF THE SYSTEM

The system can be easily calibrated for air in known
fields (far field of antennas or in TEM cells and wave



TABLE I
SYSTEM SPECIFICATIONS WITH 1ISOTROPIC E-FIELD.

frequency range

dynamic range in tissue simulating solutions

linearity

10 MHz to > 3 GHz
1 pW/g to 100 mW/g
< +0.2dB

deviation from isotropy in tissue(triangular probe)

- normal to probe axis

- in all planes, all polarizations
variation with frequency
spatial resolution of SAR measurements
reproducibility of probe positioning

+ 0.2dB
+ 0.8 dB
<+ 02dB
< 0.125 cm?®
< £ 0.2mm

probe.

Note: The rather large deviation from isotropy in all planes scarcely affects the accuracy of dosimetric
assessments if the probe is positioned predominantely normal to the phantom surface.
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Fig. 14. Comparison of SAR values obtained by numerical simu-
lation, measured temperature rise and E-field measurements for
the same set up (plane phantom exposed to a half wave 900 MHz
dipole parallel to the phantom’s surface}. The phantom was filled
with Lrain equivalent salution (¢r = 44, ¢ = 1.1 mho/m). All
values are normalized to an antenna feedpoint current eof 100
maA.

guides). In sclutions, however, a conversion factor must
be introduced to account for the different sensitivities of
the probes in the solution. This conversion factor was ob-
tained by comparing the measured values with those from
numerical simulations. The simple set up was already used
in [2] and consists of a standard half wave dipole below a
half plane phantom.

To validate the result, the same set up was used with

a 100 W amplifier and temperature measuring equipment.
The fiber optical temperature probes have a diameter of

less than 0.5 mm allowing true point measurements. How-
ever, high power is required because of the rather low sen-
sitivity (> 10 mW/g). Figure 14 shows the results of the
three evaluation methods at different distances from the
transmitting dipole and the probe from the bottom of the
phantom.

IX. CoNCLUSION

The developed measurement system is a flexible. auto-
mated, time-efficient tool to assess SAR distributions in
tissue simulating sotutions. It is especially suited for com-
pliance testing of handheld or body mounted devices with
specific safety standards. Tests have shown an excellent
reproducibility of the integrated peak SAR values of well
within +5% even when changing the starting measuring
grid. The specifications of the system can be summarized
as in Table L.

Although the main emphasis is now on the open phantom
issue. several improvements are anticipated. For Instance.
extension of the system for general near field measurements

used in antenna design, EMI, EMC.
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ET3DV4 SN:1105

Introduction

The performance of all probes is measured before delivery. This includes an assessment of the
characteristic parameters, receiving patterns as a function of frequency, frequency response and relative
accuracy. Furthermore, each probe 1s tested in use according to a dosimetric assessment protocol. The
sensitivity parameters (NormX, NormY. NormZ), the diode compresion parameter (DCP) and the
conversion factor (ConvF) of the probe and some of the measurement diagrams are given in the
following.

The performance of the individual probes varies

)
slightly due to tolerances arising from the L‘Ppmb
manufacturing process. Since the lines are highly 4
resistive (several MOhms), the offset and noise
problem is greatly increased if signals in the low uV

range are measured. Accurate measurement below 10 2

@|

uW/a are possible if the following precautions are
taken. 1) check the current grounding with the
multimerer! | ie. low noise levels, 2} compensate the

current oﬁfserj, 3) use long integration time (approx.

A |

10 seconds), 4) calibrate’ before each measurement, 7 o e
5) persons shouid avoid moving around the lab while -

measuring. A

Since the field distortion caused by the supporting

material and the sheath is quite high in the 8 direction,

the receiving pattern 1s poor in air. However, the Fig | Due to the ficld distortion caused by the
distortion in tissue equivalent materal 15 much less supporting matenal. the probe has two chatac-
because of its high dieleciricity In addition. the fields teristic directions. referred o us angle y and 8.
induced in the phantoms by dipole structures close to

the bodv are dominently parailel to the surface. Thus. the error due to non-isotropy is much better than |
dB for dosimetric assessments

The probes are calibrated in the TEM cell i 110 although the field distribution in the cell 5 not very
uniform and the frequency response 1s not very flat. To ensure consistency, a sirict protocol 1s followed,
The conversion factor {ConF) between this calibration and the measurement i the nissue simulation
solution 1s performed by compansen with temperature measurements and computer simulations. This
conversion factor 1s only valid for the specified tissue simulatmg liquids a: the specified frequencies. If
measurements have to be performed in solutions with other electrical properties or at other frequencies.
the conversion factor has to be assessed bv the same procedure

As the probes have been constructed with printed resistive lines on ceramic substrates {thick film
technique). the probe is very delicate with respect to mechaniczl shocks.

Attention:

Do not drop the probe or et the probe collide with any solid object. Never let the robot move
without first activating the emergency stop feature (i.e., without first turning the data acquisition
electronics on).

! Feature of the DASY?2 Software Tool.
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ET3DV4 SN:1105

Parameters of Probe

NormX 1.53
NormY 1.6
NormZ 1.42
DCP 43000

ConvF({450MHz) 6.64 £ 10%
ConvF(so0MHz)  5.98 = 10%
ConvF(1800MHz) 4.85 = 10%

dprODE_tlp - center_gwpotes 2 . 7

12+02

dsurface - prabe_tip

' Brain tissue simulating liquids

ET3DV4 SN:1105

wV/(VIm)?

wV/(Vim)?

WV/(Vim)?

uVv

£=47.2 + 5% ¢=0.45 + 10% mho/m’
£=425 + 5% 6=0.86 * 10% mho/m’
£=41.0 + 5% =17 + 10% mho/m’

mm

mm



ET3DV4 SN:1105

Receiving Pattern (¢), 6 = 0°, f= 10 MHz
( TEM-Cell:ifi110 )

error{dB]
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ET3DV4 SN:1105

Receiving Pattern (¢), 6 = 0°, f = 30 MHz
( TEM-Cell:ifi110 )
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ET3DV4 SN:1105

Receiving Pattern (¢), 6 =0°, f = 100 MHz
( TEM-Cell:ifi110 )
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ET3DV4 SN:1105

Receiving Pattern (¢), 6 = 0°, f = 300 MHz
( TEM-Cell:ifi110 )
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ET3DV4 SN:1105

Receiving Pattern (¢), 6 = 0°, f = 900 MHz
( TEM-Cell:ifi110 )
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ET3DV4 SN:1105

Receiving Pattern (¢), 6 = 0°, f = 1800 MHz
( Waveguide R22 )
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ET3DV4 SN:1105

Receiving Pattern (¢), 6 = 0°, f = 2500 MHz
( Waveguide R26 )
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ET3DV4 SN:1105

Receiving Pattern (¢,f), 6 = 0°
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ET3DV4 SN:1105

Frequency Response of E-Field
( TEM-Cell:ifi110, Waveguide R22, R26)
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ET3DV4 SN:1105

Dynamic Range f(SARprain)
( TEM-Cell:ifi110 )
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ET3DV4 SN:1105

Conversion Factor Assessment, f = 900 MHz
( Waveguide R9)
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ET3DV4 SN:1105

Conversion Factor Assessment, f = 1800 MHz
{ Waveguide R22)
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DASY - DOSIMETRIC ASSESSMENT SYSTEM

CALIBRATION REPORT

DATA ACQUISITION ELECTRONICS

MODEL: | DAEVZ

SERIAL NUMBER: | 213

This Data Acquisition Unit was calibrated and tested using a FLUKE 702 Process
Calibrator. Calibration and verification were performed at an ambient temperature of
23 £ 5 °C and a relative humidity of < 70%.

Measurements were performed using the standard DASY software for converting
binary values, offset compensation and noise filtering. Software settings are
indicated in the reports.

Results from this calibration relate only to the unit calibrated.

Calibrated by: PMerlan

Calibration Date:

DASY Software Version:
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1. DC Voltage Measurement

DA - Converter Values from DAE

Low Gain: 1LSB = 6.1uv, full range = 400 mV
High Gain: 1LSB= 61nV, full range = 4 mvV
Software Set-up
Calibration time: 3 sec
Measuring time: 3 sec
Low Gain Input Reading in puV % Error
Channel X + Input 20mv 2005498016 0.27
200mv 200552.47145 0.28
Channeil X - Input 20mV 20046.97047 0.23
Channel Y + Input 20mv 20074.81189 0.37
200mv 200707 87635 0.35
Channel Y -Input 20mv 20065.61671 0.33
Channel Z + Input 20mv 20081.24562 0.41
200mv 200800.96827 0.40
ChannelZ - Input 20mv 20070.67089 0.35
High Gain Input Reading in pV % Error
Channel X + Input 0.2mvV 200.48786 0.24
2mV 2000.78165 0.04
Channel X - Input 0.2mVv 200.21739 0.11
ChannelY +Input 0.2mv 200.30797 0.15
2mvV 2004.46779 0.22
Channel Y - Input 0.2mV 200.05215 0.03
Channel Z + Input 0.2mv 200.47890 0.24
2mvV 2003.21100 0.16
Channel Z - Input 0.2mV 199.63097 -0.18
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2. Common mode sensitivity

Software Set-up

Calibration time: 3 sec
Measuring time: 3 sec
inuVv Common mode | Low Gain Reading High Gain Reading
input Volitage
Channel X 200mV -3.55099 -3.41941
-200mvV 3.09558 3.41772
Channel Y 200mv 472162 4.67912
-200mvV -6.49555 -4.55039
Channel Z 200mV 5.74669 6.16822
-200mV -6.54250 -5.11790
3. Channel separation
Software Set-up
Calibration time: 3 sec
Measuring time: 3 sec
inuVv Input Voltage | Channel X Channel Y Channel Z
Channel X 200mV - 2132 4.7
Channel Y 200mv 3.2 - -12.8
Channel Z 200mvV -11.6 -4.4 -
4. AD-Converter Values with inputs shorted
in LSB Low Gain High Gain
Channel X 16491.19449 15291.06897
Channel Y 16506.46282 16421.89038
Channel Z 1649599821 15750.42641
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5. Input Offset Measurement

Measured after 15 min warm-up time of the Data Acquisition Electronic.
Every Measurement is preceded by a calibration cycle.

Software set-up:

Calibration time: 3 sec
Measuring time: 3 sec
Number of measurements: 100
Input open
inpuVv min. Offset |max. Offset |Average Std. Deviation
Channel X -00.95 01.01 00.06 00.44
Channel Y -00.58 01.86 00.78 00.53
Channel 2 -01.10 01.48 00.42 00.45
input shorted
in uV min. Offset | max. Offset |Average Std. Deviation
Channel X -00.86 01.06 -00.01 00.34
Channel Y -01.41 01.07 -00.07 00.40
Channel Z -00.82 00.66 00.04 00.24
6. Input Offset Current
in fA Input Offset Current
Channel X <100
Channel Y <100
Channel Z <100
7. Input Resistance
in kQ Calibrating Measuring
Channel X 199.3 20190
Channel Y 199.4 20170
Channel Z 199.5 20110
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8. Low Battery Alarm Voltage

inV Alarm Level
Digital Supply (VCC) 4.9V
Analog Supply (+ Vcc) 5.3V
Analog Supply (- Vcc) -5.6V

9. Power Consumption
in mA Switched off |Stand by Transmitting
Digitat Supply (VCC) 0.0110 475 12.4
Analog Supply (+ Vcc) 0.0029 997 9.87
Analog Supply (- Vcc) 0.0 -9.8 -9.8

10. Functional test
Relay pulse length 3.8ms
Touch async pulse ok
Touch status bit ok
Channel synchronisation bit ok
Power off pulse ok
Power down mode ok

Q e 2 D TF é/)TZ;fM:,d
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Technical Data

General

Axes

Drives

Caentrol

Positional Control
Coordinates

Structure
Intercornecting cabies

6

AC Brushless electric motors
Digital

Absolute resolvers, nan-volatile
Carnesian. revolute

Revolute

5 m {between arm and control unit)

Work envelope

Reach at tool flange
Reach at wrist center
Working volume

Working range

985 mm

900 mm

360° working volume in lefty or righty
canfiguration

Axis 1- Axis 2 - Axis 3 - Axis 4 - Axis 5 - Axis B
3200 275 285° 540 225 B4O®

Programming

Load Nominal payload 5kg
capacity Maximum payload 9 kg {at low speed)
Tool Flange 1ISQ 9409 - 1 - A 40
Cuiside dia. 50 mm
Pertfarmance Aepeatability = 0.02 mm {constant temperature)
Maximum speed 3.8 mss
Cartesian speed 1.5 mvs
Nominai speed Axis 1 - Axis 2 - Axis 3 - Axis 4 - Axis 5 - Axis §
240%s 200%s 286%s 401%/s 320°s 580°%s
Control unit CPU Motorola 68030
FPU Motorola 68882

"V*" advanced programming language
arnd/or teach pendant

11O Intertace 12 Inv6 Qut in standard version,
expandable to 64 In/64 Cut
by 32 In/32 Out module
3 RS-232 serial ports
1 RS-422/485 serial ports
Options Analog inputs/cutputs
10 m Interconnecting cables {between
arm and control unit)
Memory capacity RAM : 4 Mbytes, expandable to 8 Mbytes
Hard disk : 40 Mbytes minimum
Built in 3 1/2" disk drive,
(1,44 Mbytes) IBM PC format
Work environment  Temperature 510 40° C (CEL 204-1)
Humidity < 90 % non condensing {CE| 204-1)
interference suppression Incorporated
Power supply 230, 400, 440, 480 V 3-phase
50/60 Hz - 4 kVA
Weight Arm 105 kg
Cantrol unit 200 kg

TAUBLI

UNIFIATION

Deutschiand

Staubli-Unimation

Zweigniederiassung ger Staudli & Co GmoH
D-60437 Frankiurt-Niedereschbach
Tel. (63} 50 00 09-0

Fax {(89) 50 00 09-22

Espana

Staubli Espanola SA
E-08G13 Barcelona
Tel (932321312
Fax (93) 232 43 74

France

Staubli France SA
F-74210 Faverges
Tel. 50 85 60 60
Fax 50 6561 30

Italia

Staubli falia SpA

1-20048 Carate Brianza/Milano
Tel. (362) 90 63 69

Fax (362} 90 70 39

Japan

Staubli KK
J-Osaka 541

Tel. (6) 229 0787
Fax (6) 229 0795

North America
Staubli-Unimation Inc
USA-Pittsburgh,

PA 15143-2305

Tel. (412) 741 1740
Fax (412) 741 1789

Schweiz

Staubli AG
CH-8810 Horgen
Tel. {1) 725 25 11
Fax (1) 72513 88

United Kingdom
Staubli-Unimation Lid
GB-Telford, Shropshire TF3 3BN
Tel. (952) 290 931

Fax (952) 28 00 57



NOKIA MOBILE PHONES

Appendix 5
pages 1-3
BRAIN TISSUE SIMULATING LIQUID



Schmid & Partner
Engineering AG

Oberer Deutweg 59, CH-8400 Winterthur, Telefon +41 52 232 7272, Fax +41 52 232 7127

Brain Tissue Simulati.ng 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 disolved.

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

4.) Keep stirring at maximum speed possible.

5.) When all the sugar is disolved, 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 disolve all of the HEC 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 1tem (phantom models), monitor water evaporation.

To minimze 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 (NaCl) 0.8 %
HEC (Hydroxyethylcellulosis) 1.0 %

Preservative Substance

900 MHz: € = 42.5 £ 5% and ¢ = 0.85 % 10% mho/m

Recipe 1800 MHz:
Water : 45.0 %
Sugar’ 539 %
HEC (Hydroxyethylcellulosis) 1.0 %

Preservative Substance

1800 MHz: ¢ =41.0+ 5% and ¢ = 1.65 £ 10% mho/m

10



ET3DV4 SN:1105

Parameters of Probe

NormX

NormY

NormZ

DCP

ConvF(450MHz)
ConvF{900MHz)
ConvF (1800MHz)

dprobe_tip - cermer_cipoles

dsurface - proce_tip

1.53

1.42

43000

6.64 x 10%

5.98 + 10%
485+ 10%

2.7

1.2+£0.2

! Brain tissue simulating liquids

ET3DV4 SN:1105

uV/(Vim)?
uV/(Vim)?
uV/(Vim)?

uV

£=47.2 + 5% 5=0.45 + 10% mho/m’
£=42.5 + 5%; 5=0.86 + 10% mho/m’
£,=41.0 £ 5%; 6=1.7 + 10% mho/m’

mm

mim
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ADVANCED INFORMATION 7/96

DL PHANTOM WITH EVICEFOR' M

Summary

i cooperation witl ETH Zunich, Schnnd & Partner Engieeriny AG s currentty developing u new phanton. us well iy 2 new device Lo
the mousting wnd posiioning o handhedd nobile welecommuications equipinent MTEY. This new phanton setup will be optimized for
compliance testing i accordunve with CENELEC, ANSIIEEE und NCRP reguirements. [t will kave the Iollowing improvements comparcd
wr the current setup (Let/Right- Huwsd Torse V201 und Mountng Deviee tor Transiaitiers V2

Basis

Shape

Muodeiing of the Far

Construction

Mounting Device

User-Friendliness

Compatibility

Availability

The tew phantom will be based onan anatenucal study

The shape ol the sew phanton w1l be desizned W provids SAR values which are unitkely 10 be exceeded mthe
head el ay user. Furihemwore, the overastmation will be ol

The pranton will melude asimple var seement which represents the thickness at ihe pressed huian cur.

The tew phanton wil also be made ot giherglans. However. the wlerance of the shedl thickness will he substanuadly
unproved, The tibergluss shell will be mtegrated ine a wooden tuble wineh will turther niprove the stabiliny ot
the phuntom

The mountme dev e for the MTE will allow accurate and repeatable placement of the device withi respeet i the
posttions detined e futest CENELEC dratt. The repeatabidity of the henzontal posttion shatl be beter than
=1, 1wl be designed w be compatible with current MTE designs and anterpated future designs.

The phantem wiil also be sore user-feendly. sinee leltand nght hand condigurations ad (he device lor moununs
and posttioming of ihe MTE wall be combined inoue setup, e leltwul neht hand nieasurenicots will be possibic
without exehanrgnte phantems, The mumumam amows of yimulation hguwd 1o test MTE with operaung 1requeivies
above 00 A H, will he reduced.

The phanton wil be tully companble with the hardware and soltware ol DASY2 as wetl us v DASYE.
VDASY R witdl be aviadable m Lale Spnng 970

The new phaston wad the aew device tor the mounong and posiioning ol MTE will he conunercially avalable
i October 1996, The shape of the phaziom will be avalable ay a CAD duta scton the [nternet.
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Eidgenéssische Ecole polytechnique tédérale de Zurich
Technische Hochschule Politecnico federale di Zurigo
Zidrich Swiss Federal Institute of Technology Zuri,

Prof. Dr. Niels Kuster Tel: +41716322737, Fax: +41 1632 10:

Institint fiir Feldtheorie

und Héchstfrequenztechnik

ETH Ziirich

CH-8092 Zirich Mr. llkka Pankinaho
Nokia Mobile Phones
NMP/R&D
P.C. Box 86
FIN-24101 Salo
Finland

Zurich, 2 December 1955

Mobile Phone Certification

Dear Mm /.Z.. b= pm A

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 inforin 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 peformed 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 calib-

ration procedure has now been submitted to the EU program “Standards, Measure-
ments & Testing.”

Phantom: Another open issue is the verification that the absorption in homogeneous
human phantoms represents well the actyal 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.

discussed within CENELEC's TC111 Working group on Mobile Telecomrmunications
Equipment. Please find the MAanuscript 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
predsion and improved time efficiency. DASY3 will be largely compatible with
DASY?2, 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 demonstrate the test pro-
Cedure to their customers . Since we already had a video for other Qccasions, 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 vou 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 dosimnetric assessment system DASY, i suggest you contact SPEAG directly
(phone: +41 52 232 7272, FAX: +41 52 232 7127).

Yours sincerely




Broadband Calibration of E-Field Probes
in Lossy Media

Klaus Meier, Michael Burkhardt, Thomas Schmid and Niels Kuster

Absiract— A broadband calibration procedure for E-field
probes that minimizes the overall uncertainties inherent in
E-field measurements in lossy dielectric liguids has been de-
veloped. The analysis of the calibration requirements shows
that probes that are symmetrical with respect to their axis
greatly facilitate accurate calibration, since the calibration
procedure can be divided into several discrete steps. Such
a procedure is presented and analyzed with respect to its
uncertainties. Absolute calibration is performed at three
frequencies (450 MHz. 900 MHz and 1.8 GHz) and in differ-
ent tissue-simulating liguids. The parameters obtained are
verified by numerical simulations of the probe in the sur-
rounding media. Such simulations allow the assessment of
some of the calibration parameters with sufficient accuracy
in cases where the experimental determination would be too
tedious and time-consuming.

I. INTRODUCTION

The interaction of high-frequency electromagnetic fieids
with biological matter has been the object of growing in-
terest for several years. Miniature E-field probes have been
developed to determine experimentally the induced electric
field in actual tissue or tissue-simuiating liquids.

In view of the phenomenal growth of the mobile com-
munications market, the telecommunications industry has
lately recognized the need to test its mobile telephones for
compliance with today’s safety limits. The key value for
dosimetric assessments in general and compliance tests in
particular is the maximum tolerable absorbed power per
tissue mass in m¥ /g, known as the specific absorption rate
(SAR)}. The local SAR can be determined experimentally
by measuring either the induced electrical field sirength ar
the temperature rise in tissue,

SAR = %EE =c‘a—T

5 (1)
where o is the conductivity, p is the mass density and ¢
is the specific heat of the tissue at the site of measurement.
Since measurements using thermal probes do not pro-
vide an adequate degree of efficiency and sensitivity for
compliance-testing of consumer products, the research up
until today has been focused on small isotropic E-field
probes.

The original design of a miniaturized isotropic E-field
probe for use in tissue-simulating liguids goes back to
Bassen ¢t al. [1} Recently the authors presented a new
probe design [2] with significantly improved performance.

In view of the significance of, and the difficulties in-
voived in, accurate caiibration, surprisingly little has been

Submitted to IEEE Transactions on Microwave Technique and
Technology - Cctober 19395,

The authors are with the Swiss Federal Institute of Technology
{ETH), CH-8092 Zurich, Switzerland.

published so far about broadband calibration of isotropic
E-field probes in dielectric materials. In {3] a calibration
procedure in an S-band waveguide at a single frequency of
2.45GHz is described. However, the calibration uncertain-
ties due to the dependence of the probe sensitivity on po-
larization, frequency, dielectric parameters of the surround-
ing media and spatial resolution have oniy been marginally
addressed. In this paper these issues are analyzed and a
calibration procedure enabling accurate calibration of the
probes for a broad frequency range in two lossy dielectric
liquids is described. A flexible setup has been chosen in
order to study ways of minimizing the uncertainty of dosi-
metric assessments in the frequency range of mobile com-
munications.

II. E-FieLD ProBE DESIGN AND MEASUREMENT
ERRORS

The main requirements for E-field probes in any type of
surrounding medium are:

« high degree of isotropy in various media:

« high sensitivity and linear response over a broad fre-

quency range;

« high spatial resolution (small tip size); and

« low interaction with the measured field.

E-field probes with isotropic response can be achieved
by the orthogonal positioning of three sensors that are sen-
sitive to one E-field component each. Short dipoles or
small E-field-sensitive crystals have these characteristics.
In miniaturized E-field probes small dipoles with diode rec-
tifiers are mainly used, because they offer the greatest sen-
sitivity and have a linear response over a wide {requency
range. A design with a triangular core was chosen for the
new E-field probe. This design provides a small outline and
shows a high degree of symmetry (Figurel). The sensors
themselves consist of three small dipoles (3mm in length)
directly loaded with a Schottky diode and connected via
resistive lines to the data acqusition electronics.

In the following, a number of design problems of these
probe types are mentioned; some of them apply to other
probe types as well. A more detailed description of the
probes is given in [2].

1.) Secondary modes of reception: Resistive lines are
used to transmit the signal from the rectifier diodes to the
evaluation electronics. The interaction of these lines with
the field should be minimal. Nevertheless, RF signals can
be picked up by the lines and detected and rectified by the
diodes. These secondary reception modes appear mainly at
lower frequencies, where the impedance of the dipole and
the diodes is very high and can produce disturbed direc-
tivity characteristies. Special filtering techniques or high



Fig. 3. Tip of the E-field probe. The tip encapsulation has been
removed. One 3 mm long dipole and the diode can be seen. In the
center of the core is the opening for a built-in optical proximity
sensor.

ohmic lines can reduce this effect. (2]

2.) Influence of the probe materials on the field: Any di-
electric material around electric dipoles can have an effect
on the local signal strength inside the probe. It is obvious
from the construction of these probes that the influence on
E-field components normal to the probe axis will be differ-
ent from that on E-field component parallel to the probe
axis. Furthermore, this difference in sensitivity depends on
the surrounding medium. This results in poor isotropy in
planes along the probe axis. In [2], several methods are
presented to compensate for these effects. In any case the
directivity characteristic of the probe will be different in
different media. This has to be taken into account when
calibrating the probe in a specific medium.

3.) Influence of the probe om nonhemegenecus fields:
The disturbance caused by the probe on nonhomogeneous
fields depends both on the geometrical and material prop-
erties of the probe and on the nature of the field itself.
The influence of these effects must be investigated in each
case. Errors in SAR readings can occur when using the
probe in the immediate vicinity of material discontinuities
- for instance, when the probe approaches the surface of
a shell phantom (see also Figures6 to 9). By performing
measurements at different distances from the surface and
extrapolating to the surface, corrected SAR values for the
vicinity of the surface can be obtained.

4.} Spatial resolulion: Another source of error in non-
homogeneous fields arises from the spacing between the
dipole centers in the probe. Since each field component
is measured at a slightly different location, discrepancies
are to be expected when the field’s magnitude or direction
varies greatly within the probe’s dimensions. By turning
the probe aiong its long axis, the measurement locations
of the three sensors shift and a further isotropy error will
occur.

Therefore, a calibration setup that minimizes these er-
rors must be carefully chosen.

I111. CALIBRATION REQUIREMENTS

The three output signals from an isotropic E-field probe
with three orthogonally positioned sensors must be evalu-
ated to give a reading that corresponds to the SAR at the
measurement site in the absence of the probe. The relation
between the field and the sensor signals depends on various
factors:

e design and construction materials of the probe;

+ electrical properties of the surrounding media;

+ direction and polarization of the field;

o field gradient at the measurement site;

s RF characteristics of the antenna, the rectifying ele-

ment and the transmission line;

» higher order modes or different reception modes in the

probe;

» sensitivity of the rectifier; and

« characteristics of the evaluation circuit for the rectified

signals.

Each calibration essentially attempts to describe these
effects guantitatively, so that correct SAR values can be
obtained under various measurement conditions. Further-
more, it is important to know the absolute uncertainty and
the validity range of the calibration. To keep the number
of calibration parameters and calibration measurements
low, it is crucial to separate the above-listed influences and
quantify them individually. An effective way must be found
to reduce the effect of anv possible further errors that can
arise under various measurement conditions. The probe
design is a deciding factor in this regard. For our dosimet-
ric probes, a three-step calibration process has proven to
be the most effective approach:

3
fi(V2)
Bl =% =
£ =3 A

(2)
i=1

a) fi(V;): The rectified signal of each sensor (V) is lin-
earized. The linearization function depends on the charac-
teristics of the rectifier and the evaluation circuit. It can
be described as a function of the magnitude of the rectified
signal and can be assessed easily by a power sweep of the
exciting field. When the rectifying elements and evaluation
channels are identical, the same function f (f;(V;) = f(V}))
can be used for all sensors. In the case of amplitude-
modulated signals, the timing characteristics of the eval-
uation circuit must alsc be taken into account, unless the
signal stays within the “square law” region of the detector
element, or the evaluation is rapid enough to keep pace with
the modulation. For pulsed signals with a known crest fac-
tor, a simple correction formula can be given; for arbitrary
modulations, however, a more sophisticated signal analysis
is necessary.

b) #7;: These factors describe the absolute sensitivities
of the probe sensors (pV/(V/m)?) in air for which ¥; is
equal to one. They depend on the probe construction ma-
terials, the sensor positioning and the RF characteristics
of the sensor components. If detector diodes are used as
rectifying elements, the parasitic capacitance, which is gen-
erally not precisely specified, infiuences the RF behavior.



Therefore, the factors n; will be different for each sensor,
even if the sensors are positioned in a symmetrical fashion.
“These factors can be assessed by standard probe calibration
procedures (see SectionIV). All error sources (isotropy,
frequency linearity) must be investigated during this cal-
ibration in order to assess the calibration factors for an
average measurement situation and to evaluate the error
and validity range of the calibration. For broadband E-
field probes, the calibration factors are independent of the
frequency over a wide range (2 to 3 decades) and can thus
be considered to be constants.

¢) ¥;: These factors describe the ratio of the sensitivity
of the probe sensors in different media to their sensitiv-
ity in air. These usually depend both on the surrounding
material and the frequency and on the constructional ma-
terials and the design of the probe. They wiil be identicat
for each probe of the same type. In the case of symmetri-
cal sensor positioning they will even be identical for each
sensor (v; = 7). This implies that the (time-consuming)
assessment of these calibration factors (see Sections V and
VI) need to be done only once for each probe type. and
not for each individual probe. = will hereafter be called
the “conversion factor”.

The separation of the calibration factor in a probe and
sensor dependent factor 7; and a probe type and situatien-
dependent conversion factor +; is an approximation that is
based on various assumptions:

+ The variation of the dipole impedance caused by the

surrounding medium is the same for all sensors.

» The local E-field distribution in the area of the sen-
sors inside the probe only depends in magnitude on
the surrounding medium. In symmetrical probes this
condition can be regarded more leniently.

« The constructional differences {manufacturing toler-
ances) between probes of the same type are small.

The validity of these assumptions depends largely on
the probe’s design. Measurements and simulations of our
probes have established the feasibility of this calibration
procedure. However, it is necessary to reassess the devi-
ation from isotropy in liquid, since it may differ from air.
{see Section II).

At higher frequencies and in lossy media. the fields have
high gradients. If the gradient is significant within the
probe’s dimensions, a calibration reference point in the
prabe must be defined. The field gradient will result in
further isotropy errors depending on the probe’s alignment
with respect to the direction of the field gradient. For the
best calibration results, the calibration setup should be as
close as possible to the actual measuring situation.

1V. CALIBRATION IN AIR

To calibrate the probe in air, a well-defined measurement
volume with an absolutely known and largely homogenecus
electrical field is necessary. The field strength can be mea-
sured with a standard calibrated probe, if available: oth-
erwise, it must be determined from power measurements.
Several methods are used to produce such fields:

a} Far field of standard radiators: These calibrations are

Signal Geacrstor Fower I
Ampifer Bidirscuonal c‘“‘
on 2 e e
Atm,. Ann. 2048
. .—-—. —(") w H—-—
Calibrawed Attt Short
Attr.
Probe 'Pmb:‘
h Y
A AN A A o~
9 TGul) L7 A
o 0 e

Fig. 2. Setup for calibration in waveguides {air}. Measurements 2 and
& to calibrate the power meters Py and Pa. P3 is a high-precision
meter. Probe measurements ¢ and d with different distances to
load.
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Fig. 3. Receiving pattern of the three orthogonally arranged dipoles
after calibration in air. E-field is normal to the probe axis.

done in free space or in anechoic chambers. The open mea-
surement area permits the positioning of the probe easily
at any angle towards the field. The radiated power can be
measured with high accuracy. Errors in the determination
of the antenna gain and reflections limit the absolute accu-
racy of this calibration method to approximately £0.5dB.

b) Near fleld of radiators: In the near field, it is not
easy to determine the absolute field strength. However,
the direction of the fleld vector is often determined by sim-
ple symmetry considerations. These fields can be used to
measure the relative directivity of the probe when the field
gradient is small compared to the probe dimensions.

¢) TEM cells produce a homogeneous TEM wave in a
limited volume (<« wavelength). The highest usable fre-
quency is determined by the existence of higher-order prop-
agation modes (200 MHz to 1.5 GHz, depending on the cell
size). The power can be measured at the output of the cell.
The accuracy is limited by cell impedance variations due to
constructional inaccuracies, The discontinuities in the con-
struction (edges, access openings) produce field deviations
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Fig. 4. Experimental setup. On the top is the Plexiglas box filled
with the sirmuiating liquid. At the bottom is the dipole. The
temperature probes and the E-field probe are positioned directly
above the dipole feedpoint.

from the theoretical TEM mode. An absolute accuracy of
+0.4dB is possible.

d) GTEM cells have no discontinuities and can be used
from DC to several GHz. The calibration volume can have
dimensions of several wavelengths. The reflections from the
built-in absorber and load produce standing waves, which
limit the absolute accuracy of GTEM cells to +1 to £3 dB.

e) Waveguides produce well-defined fields in small vol-
umes and a limited frequency band. With high-precision
components (loads. lines, adaptors to coaxial lines) and er-
ror compensation. the field can be determined to be within
+2%. However, the influence of the probe itself on the fieid
must be carefully investigated.

For the absolute probe calibration in air, we used meth-
ods <) and e). At frequencies over 1 GHz we measured in
standard waveguides R22 and R26, with a setup according
to Figure 2. The probe is rotated around its axis with a po-
sitioning accuracy at the probe tip of better than £0.1 mm.
Absolute accuracy of the calibration 1s given for an average
in the directivity and lies within £5% (The linearity over
different frequencies and waveguides is better than +£2%.).
At frequencies below 1 GHz, a TEM cell ifi110 was used for
calibration {Figure 3).

The agreement in absolute vaiue with the measurements
in the waveguides is better than could be expected from
the cell data (within £3%). Waveguide measurements at
900 MHz will be performed to confirm this agreement. As
the directivity for all rotational angles of the probe cannot
be determined in waveguides. a near-fleld exposure situ-
ation was used, For higher frequencies, the center point
over an open waveglide was chosen as the measurement
site and, for lower frequencies, the field in the symmetry
plane of highly symmetrical standard dipoles.

V. CALIBRATION IN Lossy DIELeEcTRrIC LiQuiDs

A. Setup

To determine the conversion factor v, a well-defined SAR
distribution inside the dielectric material for which the
probe must be calibrated is needed. Setups are preferred

which allow the computation of the field inside the dielec-
tric material analytically or by numerical simulations. One
way would be a dielectric slab in a rectangular waveguide.
Although the induced fields are well defined and can be de-
termined easily if the emergence of spurious higher modes
can be sufficiently suppressed, the setup is very narrow-
banded.

Another setup used in [4] is the simulation of a dielec-
tric half-space, which is exposed to a A/2 dipole parallel
aligned to the surface of this half-space (Figure4). This
configuration can be accurately simulated by using numer-
ical techniques, since the SAR on the axis is predominantly
proporticnal to the square of the antenna feedpoint current
and not to the output power. However, experimentally, the
feedpoint current can be assessed only with fairty large un-
certainties of no better than £10%.

Nevertheless this setup was chosen because:

o It is easy to build up and to handle.

o It provides much greater flexibility since a broad fre-

quency range can be covered by the same setup.

« It is a good representation of the test situation imple-
mented for dosimetric assessments of mobile commu-
nications devices {3].

« In lossy dielectric liquids, the local SAR values can
be experimentally measured by small thermal probes
according to equation (1) at high power levels.

The half-space is simulated by an acrylic glass box
(600x300x200mm?) filled with the lossy dielectric liquid.
The thickness of the acrylic glass box phantom is 4 mm.
The dipoles are piaced parallel to the dielectric surface at
distances that are small compared to the dimensions of the
box and to the distance from the floor. The floor is lined
with absorbers.

The dipole used at 450 MHz is a Stoddard dipole 310 mm
long, and at 900 MHz a high-precision dipole 147 mm long
and 3.6 mm in diameter is used. In both cases, the dipoles
are driven by an HP8636B generator and a broadband
RF power amplifier (Kalmus Model 717C, 100 W output
power). A bidirectional coupler HP775D moniters the for-
ward and reflected power. The 1.8 GHz dipole 1s 73.5mm
in length and has a diameter of 2.25 mm. Losses along the
coupler and the lines are taken into account.

In the following, the conversion factors v for brain-
simulating tissues at 450 MHz, 900 MHz and 1800 MHz are
determined.

B. Brain Simulating Liquids

The simulating liquids for brain tissue at 450 MHz and
900 MHz consist of sugar, water, NaCl and Hydroxyethyi-
cellulosts (HEC). [6] For brain tissue at 1.8 GHz, two dif-
ferent liquids were used. The first was based on a simple
sugar-water solution without any salt (free ions}. Neverthe-
less, the conductivity of such a solution was still higher than
most recent data for living tissue [7] would suggest (Ta-
bleI). At frequencies higher than 1 (GHz, the bound sugar-
water complexes begin to determine the conductivity level
of the liquid. Therefore, in a second approach, sugar was
replaced by butyldigol (2-(2-butoxyethoxy)ethanolbutyl),



TABLE I
DIELECTRIC PROPERTIES OF BRAIN TISSUE-SIMULATING LIQUIDS AT
THE TESTED FREQUENCIES. AT 1.8 GHZ, TWO LIQUIDS WERE USED:
SUGAR-WATER SOLUTION {A) AND BUTYLDIGOL-WATER SOLUTION (B).

Frequency [MHz] €r ¢ [mho/m]
450 470 +5% | 0.43 6%

900 40.0 5% | 0.87 6%

18004 405 +5% | 1.75 +6%
1800s 415 +5% | 1.25 +6%

which. when dissolved in water, shows smaller conductiv-
ity values. At the same ¢, value, the conductivity could
be reduced from 1.75 to 1.25mho/m. The electrical pa-
rameters were measured by an open coaxial method using
the HP 85070A Dielectric Probe Kit. To verify the open
coaxial method, we determined the electrical parameters
using the slotted-line method. The agreement was within
4%. Tablel gives an overview. The temperature depen-
dence of the liquid’s parameter was aiso checked. In the
temperature range between 15° C and 30°C, a change of
5% was measured, which lies within the uncertainty of the
permittivity measurement method.

The specific thermal constant ¢ was determined using a
simple calorimetric procedure with an accuracy of better
than £4%. The specific density g and ¢ depend mainily
on the ratio between sugar and water. For brain tissue-
simulating liquids. ¢ was determined to be 2.85J/K/g +4%
with a specific density (p) of 1.30g/em® £1%. Comparison
of these values for ¢ with data from literature shows con-
siderabie agreement. Gucker et al. measured 2.90 J/K/g
for a similar aqueous sucrose solution. [8] The value for the
brain tissue-simulating liquid which uses the sugar substi-
tute Buthyidigol is 3.583/K/g (p = 0.98g/cm® +1%).

. Temperature Probe

The measurement of the local SAR by temperature
probes has the advantage that temperature is a scalar
value. Small sensors can therefore be easily produced. Im-
munity of the temperature probes towards the HF fields
must be guaranteed and can be achieved by optical probes
or thermistor probes with high resistive lines. [9] The lim-
ited temperature sensitivity of theses sensors can be over-
come by applying high power.

In this study, the nonmetallic temperature measurement

TABLE II
CONVERSION FACTOR v, WHICH DESCRIBES THE INCREASE OF
SENSITIVITY IN BRAIN TISSUE-SIMULATING LIQUIDS AT THE TESTED

FREQUENCIES.
. Frequency [MHz] | ¢ 1 ¢ [mho/m] ¥
’ 450 47.0 0.43 6.7 +10%
900 40.0 0.87 6.0 +10%
18004 40.5 1.65 48 10%
18004 41.0 1.25 48 +10%
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Fig. 5. Temperature increase measured during RF exposure 10 a
900 MHz fieid. The power input was 43dBm. d = dipole distance
from the simulating ligquid: a = sensor distance from the acrylic
glass bottom.

systemn (SPEAG DASY2) was used to measure the temper-
ature increase. The probe is based on an NTC temperature
sensor connected to four resistive lines. {10] The noise level
of this system is about 100 times less than that of the
two comparable optical devices on the market (£0.001°C
averaged over ().1s). The noise level for temperature rise
measurement over a period of 10s was found to be bet-
ter than +0.1mK/s. At these high frequencies (450 MHz
- 1.8 GHz) the absorption is very local - i.e., close to the
feedpoint of the dipole and rapidly decreasing the further
it penetrates the tissue. This causes strong temperature
gradients inside the liquid. Thus, thermodynamic dissipa-
tion processes, such as convection, had to be monitored.
The RF power was usually on for about 14 seconds. The
corresponding linear temperature increase was evaluated
by least-square. After every exposure period, the liquid
was stirred until a thermodynamic equilibrium state was
reached again before the RF power could be switched on
again. The temperature increase in the liquid due to expo-
sure to a 900 MHz fieid at two distances from the body is
shown in Figure 3. The effects of convection were assessed
by evaluating different time intervals and were found to
be negligible within the first 10s for sugar-water solution.
The solution based on Buthyldigol had considerably lower
viscosity, so that the evaluation time had to be reduced to
as.

A robot positioned the temperature probe in the liguid
by moving it from the top, like the E-field probes, towards
the bottom of the box. The disturbance of the probe holder
has proven to be negligible.

D. Resuits

The conversion factor 4 was determined by comparing
the SAR values measured by the temperature probe and by
the E-field probe. The measurement points were located
on a line normal to the Plexiglas bottom above the dipole
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Fig. 7. SAR assessed by E-field (small empty symbois) and tem-
perature measurement (big full symbois) at 900 MHz in brain-
simulating liquid (er = 40.0 and ¢=0.87 mho/m). The SAR was
normalized on 1 Watt input power. The dipole distances from
the body were 20mm, 30mm and 50mm. The conversion factor
~ was determined to 6.0 £10%.

feedpoint (Figure4). These measurements were repeated
at different power levels, at different distances of the RF
source from the body and at different frequencies (Figures 6
to 9). The conversion factor was assessed by a least-square
procedure considering all measured values. The results for
the various tissues are summarized in Tablell.

The accuracy of the conversion factor o is mainly deter-
mined by the uncertainties in determining the correct elec-
tromagnetic and thermal properties of the tissue-simulating
liquid. Using the “slot line” and “open coaxial” methods
to determine the conductivity of the liquid introduces an
uncertainty of about £6%. The specific heat of the liquid
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Fig. 8. SAR assessed by E-field (small empty symbols) and tem-
perature measurement (big full symbols) at 1.8 GHz in brain-
simulating liquid (¢, = 40.5 and 0=1.75 mho/m). The SAR was
normalized on 1 Watt input power. The dipole distances from
the body were 10mm, 20mm and 30mm. The conversion factor
~ was determined to 4.8 £10%.
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Fig. 9. SAR assessed by E-field (small empty symbols) and tem-
perature measurement (big full symbols) at 1.8 GHz in brain-
simulating liquid (¢ = 41.0 and e=1.25 mho/m). The SAR was
normalized on 1 Watt input power. The dipole distances from
the body were 10mm, 20mm and 30 mm. The conversion factor
+ was determined to 4.8 £10%.

can be assessed to an accuracy of about +£4%. The E-field
probe yields another £3%. Adding the uncertainty of the
positioning of the E-field probe (£1%), of the temperature
probe (£2%), and of the power meters (£1%) leads to a
total uncertainty of less than +10%.

VI. NUMERICAL STUDIES

Three objectives led us to use numerical techniques to
simulate the probe embedded in lossy dielectric materials:
1) to study methods to improve the isotropy of the probes
(2]; 2) to assess the spatial resolution; and 3) to determine
the conversion factor v computationally, since numerical
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Fig. 10. Computer simulation model: transversal cut of the probe
and location of the dipoles.

techniques are less tedious than the experimental approach.

To obtain a deeper insight into the behavior of the con-
version factor, two numerical program packages based on
two different techniques were used. This had the advantage
of the possible cross-validation of the results obtained by
both techniques, each of which has its strengths in different
areas.

The first one is the 3D MMP software package devel-
oped at the Swiss Federal Institute of Technology (ETH).
It is a frequency domain boundary technique suited for 2D
and 3D scattering problems within piecewise linear, homo-
geneous and isotropic domains. Details are given in [11]
and [12]. The second software package, “MAFIA”, was de-
veloped at the Technische Hochschule Darmstadt (THD),
Germany. The method used is based on the finite inte-
gration technique (FIT} and is very similar to an FDTD
approach. Details are given in [13] and [14].

A. Modeling of the probe

To study the field distribution inside the probe depend-
ing on the electrical parameters of the surrounding media,
different discretizations of the E-field probe were chosen. A
transversal cut of the probe and a perspectival view with
the location of the dipoles inside the probe is shown in Fig-
ure 10, Different discretizations with increasing complexity
have been compared:

a) The simpiest numerical representation of the probe
is a simple homogeneous, lossless cylinder 6.8 mm in di-
ameter with a relative permittivity of 2.54. This corre-
sponds to the electrical properties of the microwave ma-
terial utilized {STYCAST 0003) to build the core of the
probe. The length of the cylinder is 15mm, which has
proven to be long enough to study the fields induced in
the probe tip. MMP could only be used for this simple
homogeneous model of the probe. In MMP, the modeling
required about 550 matching points at the boundary of the
two domains and 9 multipoie expansions. As expected, the
maximum errors (<10%) appeated on the matching points
at the corners of the probe. In order to minimize these er-
rors and to use a minimal number of expansion functions,
the edge of the probe was slightly rounded. About 90,000
voxels were needed to model the whole computational do-

Fig. 11. Computer simulation model: complex model of the probe
for the MAFIA simulation tool.

main within MAFIA. about 5.000 of which were needed for
the probe itself. Problems occur at the outer boundaries
when using open-boundary conditions and assuming the
whole computational domain to be of a lossy material, as
in the case of biological tissue. Nevertheless, in choosing
a long computational domain in the direction of the wave
propagation vector and in considering that the attenuation
over one wavelength is very slight, the influence of possible
reflected waves was assumed to be less than 3%.

b) A more complex model simulated the optical fiber
in the center of the core. The fiber was discretized as a
smaller homogeneous cylinder 1 mm in diameter with a
relative permittivity of 5 in the center of the STYCAST
cylinder.

¢) Additional details were incorporated in a further
model by the modeling of the three air holes (Figure 10).

d) In the most complex model, three ceramic sheets on
which the dipoles and lines are printed were simulated as
well (Figure 11). This leads to a discretization with 210,000
voxels, about 37,000 of which were needed for the probe
itself.

In all the models the dipoles were not simulated. The
conversion factor can be calculated by integrating the elec-
tric field at the location of the dipoles, firstly with biological
tissue surrounding the structure and then with air around
1t:

S = 2

Z (fD,-po,el_ Eds(intissue))
v = t:lal — 2 (3)
.z (fDl'paie, Eds(zn &ff‘))

i=1

As the reference value, the E-field at the location of the
dipole center in the absence of the probes was chosen.
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B. Results of the Simulations

The simulations with the simple homogeneous modeis
were performed for different dielectric properties of the
probe’s surrounding medium. Figure 12 shows the depen-
dence of the probe’s conversion factor as a function of the
relative permittivity. The frequency of the excitation was
set to 900 MHz. These calculations were made for absorb-
ing biological tissue and for nonabsorbing tissue.

The conductivity of the lossy material corresponds
to the value used for the experimental investigations
(0.88 mho/m, see below). The influence of the conduc-
tivity of the lossy material becomes less important for a
larger real part of the complex permittivity. Within a wide
range of relative permittivities (of biological tissue), the
conversion factor or, in other words, the sensitivity of the
probe changes by less than 10%. This is even true when
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Fig. 14. Experimentally assessed conversion factor for brain tissue-
simulating liquid in comparison with the values obtained from
numerical simulation for homogeneous {empty symbols} and non-
homogeneous (filled symbols) modelings of the probe.

changing the conductivity of the biological tissue within a
certain range. However, for small real parts of the com-
plex permittivity, the influence of the conductivity on the
conversion factor is strong. A comparison of the results of
the two methods (MMP and MAFIA) reveals that the dif-
ference is less than 1% for the nonabsorbing material and
between 1% and 3% for the absorbing material.

In Figure 13, the resuits for different MAFIA models are
compared. The results of the homogeneous model are the
same as discussed before. The conductivity was again cho-
sen to be 0.88mho/m and the frequency 900 MHz. The
effect of the optical fiber inside the probe can be neglected.

For the more complex model with an optical fiber, ce-
ramic sheets and air holes. v is about 6% lower than for
the homogeneous model. Additional simulations which ne-
glected the ceramic sheets or the air holes revealed that
the air holes are responsible for the drop in the conversion
factor. ,

In Figure 14, the frequency dependence of 7 is shown
for the homogeneous models of MMP and MAFIA and the
more complex MAFIA model.

The homogeneous models simulated with MMP and
MAFIA are in close agreement with each other. Again,
the values for the more complex modeling are slightly lower
than those for the homogeneous modeling. In contrast to
these findings, the experimentally determined conversion
factors are larger than those of the simulations. The rea-
son lies in the fact that even the most complex modeling
involves many simplifications of the structure of the real
probe. In addition, the electrical parameters of the probe
material were not measured, but were taken from the lit-
erature. The most important effect is most likely to be the
change of the dipole capacitance, which depends on the
surrounding media and could not be considered in the sim-
ulations. This effect is expected to be more significant for
probe designs in which the dipoles are positioned closer to



the surrounding medium.

VII. CONCLUSIONS

A procedure has been presented that allows an absolute
calibration of the probes for dosimetric assessments with
an accuracy of better than £10%. The chosen approach
has the advantage that the calibration setup closely cor-
responds to that of the actual dosimetric assessments per-
formed with the scanner described in [5]. Thus, further
considerations with regard to polarization are not required.
If such studies are needed, the techniques described in [5]
can be used. Numerical techniques have proven to be ade-
quate to assess the conversion factor « if a precision of only
+20% is sufficient for this probe. For other probe designs,
the uncertainties of the numerically determined conversion
factors might be considerably larger.
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1. Measurement Conditions

The measurements were performed in the flat section of the new generic twin
phantom (shell thickness 2mm) filled with brain simulating sugar solution of the
following electrical parameters at 900 MHz:

Relative Dielectricity 42.0 + 5%
Conductivity 0.86 mho/m =+ 5%

The DASY?2 System (Software version 2.3d) with a dosimetric E-field probe ET3DV4
(SN:1302) was used for the measurements. The Conversion Factor (probe parameter)
for this probe was 5.2

The dipole was mounted on the small tripod so that the dipole feedpoint was
positioned below the centre marking of the flat phantom section and the dipole was
oriented parallel to the body axis (the long side of the phantom). The standard
measuring distance was 30mm from dipole centre 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 5x5x7
fine cube was chosen for cube integration. Probe isotropy errors were cancelled by
measuring the SAR with normal and 90° turned probe orientations and averaging.
The dipole input power (forward power) was 100mW =+ 3 %. The results are
normalised to W input power.

2. SAR Measurement

Standard SAR-measurements were performed with the phantom according to the
measurement conditions described in section 1. The results have been normalised to a
dipole input power of W (forward power). The resulting averaged SAR-values are:

averaged over 1 cm’ (1 g) of tissue: 415 mW/g

averaged over 10 em’ (10 g) of tissue: 2.92 mW/g

If the liquid parameters for validation are slightly different from the ones used for
initial calibration, the SAR-values will be different as well. The estimated
sensitivities of SAR-values and penetration depths to the liquid parameters are listed
in the DASY Application Note 4: ‘SAR Sensitivities’.



3. Dipole Impedanc and return loss

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

Electrical delay: 1.419 ns  (one direction)

Transmission factor: 0.985 (voltage transmission, one direction)

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

Feedpoint impedance at 900 MHz: Re{Z} = 4490
Im {Z)} = 5.20
Return Loss at 900 MHz - 22.3dB
4. Handling

The dipole is made of standard semirigid coaxial cable. The centre conductor of the
feeding line is directly connected to the second arm of the dipole. The antenna is
therefore short-circuited for DC-signals.

Do not apply excessive force to the dipole arms, because they might bend. If the
dipole arms have to be bent back, take care to release stress to the soldered
connections near the feedpoint; they might come off.

After prolonged use with 100W radiated power, only a slight warming of the dipole
near the feedpoint can be measured.
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VERIFY WITH DIPOLE VALIDATION KIT
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SAR MEASUREMENT RESULTS
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Nr: 7, Type: z:@?o _cP gm::m_ 384 (836 MHz), Phone position 90°, Measured 1998-Jul-17/NMP
T = 079 [mhoim] g = 41.8 p= 1.00 [glcmS]
Codrse Grid Dx =15.0 Dy=15.0 Dz=5.0 {mmj
SAR[mW/g] Max: 0.69
SAR(1g): 0.664 [mW/g] SAR (10g): 0.479 [mWig]

SAR [ mW/g |

6.91E-1
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FaX Jan 12, 1999
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Power Levels

EMISSION/MHZ ERP Level dbuv @m FRP dbm FERP W

High g24.000 130.85 3 23.85 0 3
g36.400 132.55 3 25.55 0.352

R48.970 131.95 3 24.95 0.312

Low g24.000 111.8 3 4.8 0.0030
836.400 113.1 3 6.1 0.0041

g48.970 112.6 3 5.6 0.0036
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M. FLOM ASSOCIATES
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OKIA%

R&D (UK) LTD:
June 23, 1998

Federal Communications

EQU\PMENT APPROVAL

p. 0. Box 35815
Pittsburgh, P

Commission

SERVICES

CONFIDENTIAL

A 15251-531 5

Attention. Authorization and Evaluation Division
Reference: ECC ID: GML NHA-0.  Nokia NHA-9 series. .
pursuant to Sections 0.457 (Y1) and 0.459 of the Commission's Rules, the
Applicant hereby request confidential treatment of some of the information
accompanying this Application. as listed below.
(a) GM
(b) List of active devices and functions document
(c) Transceiver EMI/RFI suppression document
(d) Transceiver system assembly critical components
(e) Transceivel system module assembly plock diagrams, circuit diagrams,
\)) gection 9 of type acceptance document titled: Miscellaneous information
' support type acceptance tests Ltk 5
@ SAR report

These materials
released 10 the p
pplicant and
JUSTIFICAT!
Arms Regulat

provi

The Applicant understand
Application and all accomp
Grant for this Application.
Sincerely-

For NOKIA R&D u
Name and position in Com

NOKIA R&D (UK) LTD-

contain trade secrets and
ublic. The pu
de unjustified benefits
ON OR EXPLANAT
ions (ITAR), etc.)}

s that pursuant
anying docume

information not customarily
be harmful to the

OTHER
nal Traffic in

propriety
blic disclosure of these matters might
10 its competitors.

ION, AS APPROPR\ATE (6.g- internatio

)

disclosure of the
petors the date of

to Rule 0.457(d(1W);

ntation will not be made

K) LTD.

Signature: V@M

pany:

Yy

WerTtH Sﬁ-aQOE—&S - fP-OGﬁJ\M MARAGTE

——

Ashwood House. Pambroke Broadway,
SURREY. UK. @uis axp

Ragicterad i Engiand N2 17687330. Reg

Camberiey.

-

Tei +a4 (0)1276 688
Fax: +44 (01276 6788

Islared oitic® Achwood House. Pambroke Broadway. cambariay. Surrey- UK. GU1S U0

- | |
T e D Eng.
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29210 '0% TO 14:32 FAX +258 10 sgs2lo¢C R&D
NOKIA REPORT
NOKIA RESEARGH CENTER © 1898-10-27

Val Santomaa

Resulls

Discussion

Side of the phone Maximum SAR in hand In 10g mass

Nokia 282 (NHA-9) G ML NRA — 9
Display side 0,98 W/kg

Antennz side 3,5 Wrkg (near the antenna)

Back side 2,78 W/kg (near antenna)

Opposite slde of antenna C,33 W/kg

i NHA-95
Nokia 282N { “)_ qs
Display side 0,97 W/kg
Antenna side 3,7 W/kg {n=ar antenna)
Back side 3,06 W/ikg (near antenna)

Opposite side of antenna 0,34 W/kg

2 (2)

PAGE B3
‘-l@ Wiz

<Y

The maximum values measursd are near the antenna and in normal use the antenna
ehould not be touched, however, the automatic measuring sysiem searches the maximum

SAR area and stherelore these values are given,

As commented on sarlier, due to the zbsence of a phantom hsad, the 1ast method

adopted will give very worst case ‘'hand SAR' results.

Hand SAR results, as expected, wers grealer than those of SAR agalnst the head.

T T

Salo 29 Oct 1698 Jari Talkara
Engineering Manager, Antennas
NMP Sala R&D
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207140 B8 TO 14:32 FAX =358 1o RI52100 R&D [@!;.’,-.‘,*.
NOKA REPORT 22 @
NOKIA RESEARCH CENTER 1998-10-27

Veli Santomaa

Results

Dlscussion

Side of the phone Maximum SAR n hand in 10g mass

Nokia 282 {NMA-9)

Display sids 0,88 Wikg
Artanna side 3.5 W/kg (near the antenna)
Back side 2,78 W/kg (near anienna)

Opposite side of antenna 0,33 W/kg

Nokia 282N (NHA@ X

Display side 0,97 W/kg
Antanna slde 3,7 Wikg (near antenna)
Back side 3,06 W/kg (near antanna)

Opposile side of antenna ,34 Wikg

Tne maximum values measured are near the antenna and in no'mal use the antenna
should not be tnuched, however, the automatic measunng system searches the maximum
SAR area and therefore these values are given.

As cornmented on earlier, due to the absence of a phantom head, the tast mathod
adopted will give very waorst case ‘hand SAR' results.

Hand SAR results, as expected, were grealer than those of SAR against the head.

%o T

Szlo 29 Oct 1084 Jari Telkara
Enginegring Manager, Antenanas
NWMP Salo RAD
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Radiated measurements

Outdoor test site and general arrangement for measurement

The outdoor test site consisted of & level surace

At one point on the site, a ground planz of 5 m diameter was ussd.

Localed in ihe middie of the ground plane was a non-conducting support, capable of
fotation through 360° In 1ne horizantal plane.

The support was ussd to support the test sample at a height of 1.5 meters above the
ground plane.

i-am

Key:

1. Equipment under test

2. Test antenna

3. High pass filter (may not be necossary)
4. Spectrum analyser or measuring recsiver

D.U.T Position
The D.U.T. was placed in the position closest io the nermal use as declared by the
applicant with the antenna extended vertically upwards by a nonsconducting support.

Test antenna

The test antenna used to detect the radiation from test sampie and the substitution
antenna was mounted on a support to allow the antenna to be used In horizontal and
vertical polarisation. The height of its centre above ground was varied over the range
imiodm,

The test antenna was connected to a measuring receiver capable of being tuned 10
the frequency under investigation and of measuring accuralely the relativa levels of
signals at Its input.

Substtution antenna

A dipole and a calibrated signal was used to substitute the D.U.T..

The substitution antenna used was a calibrated 2 dipole, resonant at the D.UT.
operating frequency. The site altenuation was measured and the correct D.U.T. ERP
was deiermined.

The process was repeated for both horizontal and vertical polarisation's.
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EQUIPMENT IDENTIFICATION

FcCc ID: GML NHA-9

NAMEPLATE DRAWING

ATTACHED, EXHIBIT 1.

LOCATION

AS PER LABEL DRAWING(S)

DATE OF REPORT

July 6, 1998



GML NHA-9

THE APPLICANT HAS BEEN CAUTIONED AS TO THE FOLLOWING:

15.21 INFORMATION TO USER.

The users manual oOr instruction manual for an intentional
radiator shall caution the user that changes OT modifications not
expressly approved by the party responsible for compliance could
void the user's authority to operate the equipment.

15.27(a) SPECIAL ACCESSORIES.

Equipment marketed to a consumer must be capable of complying
with the necessary regulations in the configuration in which the
equipment ig marketed. where special accessories; such as shielded
cables and/or special connectors are required to enable an
unintentional or intentional radiator to comply with the emission
limits in this part, the equipment must be marketed with, i.e.
shipped and sold with, those special accessories. However, in lieu
of shipping ©r packaging the special accessories with the
unintentional or intentional radiator, the responsible party may
employ other methods of ensuring that the special accessories are
provided to the consumer, without additional charge.

Information detailing any alternative method used to supply
the special accessories for a grant of equipment authorization OT
retained in the verification records, as appropriate. The party
responsible for the equipment, a5 detailed 1in § 2.909 of this
chapter, shall ensure that these special accessories are provided
with the equipment . The instruction manual for guch devices shall
include appropriate instructions ©OD the first page of text
concerned with the installation of the device that these special
accessories must be used with the device. It is the responsibility
of the user to Uuse the needed special accessories supplied with the

equipment.



PAGE 2. GML NHA—-9

ORMATION RE UIRED FCR TYPE ACCEPTANCE

LIST OF GENERAL INF Q

IN ACCORDANCE WITH FCC RULES AND REGULATIONS,
VOLUME II, PART 2 AND TO

224, CONFIDENTIALITY

sub-part
2.983(a}): NAME AND ADDRESS OF APPLICANT:
Nokia Mobile Phones, Inc.
6200 Courtney Campbell Causeway, Suite 900
p.0. Box 30730
Tampa, Florida 33630-3730

VENDOR:
Nokia R&D (UK) Ltd.
pinehurst Park

Farnborough Rd.
Hampshire, UK Gul4 7GJ

2.983(b): FCC ID: GML NHA-9

MODEL NO: 282, TYPE NHA-9NA

2.983(c): QUANTITY PRODUCTTION PLANNED .

5. 983(d): TECHNICAL DESCRIPTION: SEE ATTACHED EXHIBITS
(1}): TYPE QF EMISSION: A0KOF8W, 40KOF1D
(2): FREQUENCY RANGE, MHzZ : 824.02 to 848 .98
(3}): POWER_RATING, Watts: 0.006, 0.5
SWITCHABLE ADJUSTABLE _X N/A

(4): MAXIMUM POWER RATING, Watts: 7 (22.904)



PAGE 3.

2.983(d)
(5):

(7):

{(8):

(9):

(10):

{(11):

(12):

2.983(e):

2.983(f):

2.983(g):

GML NHA-9

VOLTAGES & CURRENTS IN ALL ELEMENTS IN FINAL R. F. STAGE,
INCLUDING FINAL TRANSISTOR OR 50LID STATE DEVICE:

COLLECTOR CURRENT, A = per manual
COLLECTOR VOLTAGE, Vdc per manual
SUPPLY VOLTAGE, Vdc = 3.6

FUNCTION OF ACTIVE CIRCUIT DEVICES:

PLEASE SEE ATTACHED EXHIBITS

CIRCUIT DIAGRAM:

PLEASE SEE ATTACHED EXHIBITS
MANUAL:
PLEASE SEE ATTACHED EXHIBITS

TUNE-UP PROCEDURE:

PLEASE SEE ATTACHED EXHIBITS

DESCRIPTION OF CIRCUITRY & DEVICES PROVIDED FOR
DETERMINING AND STABILIZING FREQUENCY :

PLEASE SEE ATTACHED EXHIBITS

DESCRIPTION OF CIRCUITS OR DEVICES EMPLOYED FOR
(a) SUPPRESSION OF SPURIOUS RADIATION,
(b) LIMITING MODULATION,
(c) LIMITING POWER:

PLEASE SEE ATTACHED EXHIBITS

DIGITAL MODULATION DESCRIPTION:

ATTACHED EXHIBITS
N/A X

TEST AND MEASUREMENT DATA:

FOLLOWS

LABEL INFORMATION:

PLEASE SEE ATTACHED EXHIBITS

PHOTOGRAPHS :

PLEASE SEE ATTACHED EXHIBITS
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Sub—-part
2.983(e): TEST AND MEASUREMENT DATA

All tests and measurement data shown were performed 1in
accordance with FCC Rules and Regulations, Vvolume 1I; Part 2,
Sub-part J, Sections 2.9871, 2.983, 2.985, 2.987, 2.989, 2.991,
2.993, 2.995, 2.997, 2.999 and the following individual Parts:

21 — Domestic Public Fixed Radio Services

22 — Public Mobile Services

22 Subpart H - Cellular Radiotelephone Service

22.901(d) - Alternative technologies and auxiliary services

23 — International Fixed Public Radiocommunication services

24 - Personal Communications Services

74 Subpart H — Low Power Auxiliary Stations

80 - Stations in the Maritime Services

80 Subpart E - General Technical Standards

80 Subpart F - Equipment Authorization for Compulsory Ships

80 Subpart K - Private Coast Stations and Marine Utility
Stations

80 Subpart S - Compulsory Radiotelephone Installations for
Small Passenger Boals

80 Subpart T - Radiotelephone Installation Required for
Vessels on the Great Lakes

80 Subpart U - Radiotelephone Installations Required by the
Bridge-to-Bridge Act

80 Subpart V - Emergency Position Indicating Radiobeacons

ARRRRERRSE

L

|

(EPIRB'S)
80 Subpart w - Global Maritime Distress and Safety System
(GMDSS)
80 Subpart X - Voluntary Radio Installations
87 - Aviation Services
90 - Pprivate Land Mobile Radio Services
94 - private Operational-Fixed Microwave Service
95 Subpart A - General Mobile Radio Service (GMRS)
~__ 95 sSubpart C - Radio Control (R/C) Radio Service
95 subpart D - Citizens Band (CB) Radio Service
95 Subpart E - Family Radio Service
95 Subpart F - Interactive Video and Data Service (IVDS)



PAGE b. GML NHA-9

GENERAL INFORMATION

1. Prior to testing, the deviation for audio modulation and each
of the respective SAT + ST tones were set as close to possible

to the required limit.

2. Except for audio modulation, which was applied externally,
wideband Data, SAT, ST and all other tones and operational
modes were provided by a test control unit incorporating
appropriate software. Worst case repetition rate for Wideband

Data was 10 kb/s.

3. Spurious radiation was measured at three (3) melters.

4. The two cellular frequency bands are available to the user
automatically. Please refer to the manual contained in the
documentation.

5. The normal modes of modulation are:

(a) VOICE X
(b) WIDEBAND DATA X
(c) SAT X
{d) ST X
{e) SAT + VOICE %
(f) SAT + DTMF X
{g) CDMA

(h) TDMA

(i) NAMPS VOICE

{(3) NAMES DSAT

(k) NAMPS ST

(1) NAMPS VCOICE + DSAT
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NAME_OF TEST: R. F. POWER OUTPUT (CONDUCTED)
PARAGRAPH: 47 CFR 2.985 {(a)

GUIDE: TTA/EIA STANDARD I15-19-B

TEST CONDITIONS: STANDARD TEMPERATURE & HUMIDITY
TEST EQUIPMENT: AS PER ATTACHED PAGE

MEASUREMENT PROCEDURE

1. The E.U.T. was connected to a resistive coaxial attenuator of
normal load impedance, and the unmodulated output power was

measured by means of an R. F. Power Meter.

2. Measurement accuracy is t3%.

MEASUREMENT RESULTS

MEASURGHNEIL Lo n=

I

NOMINAL, MH=z CHANNEL R.F. POWER OUTPUT, WATTS
Lo Hi

AMPS MODE:

824.040 991 0.006 0.5

836.400 380 0.006 0.5

848.970 799 0.006 0.5

CDMA/ TDMA /NAMPS {AS APPROPRIATE} MODE:

825.290
836.400
847.720

$
s

SUPERVISED BY: M N FLOM¥ P. En
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NAME OF TEST: R. F. POWER OQUTPUT (RADIATED)
PARAGRAPH: 47 CFR 2.985 (a)

GUIDE: T1A/EIA STANDARD 15-19-B

TEST CONDITIONS: STANDARD TEMPERATURE & HUMIDITY
TEST EQUIPMENT: AS PFR ATTACHED PAGE

MEASUREMENT PROCEDURE
1. The E.U.T. was placed on an open—field site and its radiated
field strength at a known distance was measured by means of a
spectrum analyzer. Fquivalent loading was calculated from the
equation p =((E x R)%/49.2) Watts, where R = 3m.
2. Measurement accuracy ig +1.5 dB.

MEASUREMENT RESULTS

TUNED, EMISSION,

MHz MHz aBuV dB dBm

LOW POWER, aMPS MODE

824.040 824.04 S : 100.0 0.0 4.9
836.400 836.40 TS 101.3 0.0 6.2
848.970 848.97 o & 100.8 0.0 5.7
HTIGH POWER, AMPS MODE

824.040 824.04 el e 119.0 0.0 23.9

836 .400 836.40 . 120.7 0.0

848.970 848.97 > 120.1 0.0 25.0

SUPERVISED BY: M N FLOM® P. En

269 <~
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R.F. POWER OUTPUT (A.M. OR F.M.)

TEST 1: R. F. POWER OuUTPUT
TEST 2: FREQUENCY STABILITY

TEST

SAMPLE (2)
POWER
SUPPLY {3)

{1) COAXIAL ATTENUATOR

NARDA 766-10
SIERRA 661A-30
BIRD 8329 (30 dB)

RN

{2) POWER METERS

HP 435A
HP 436A
HP 8901A

Rdd

(3) FREQUENCY COUNTER

HP 5383A
HP 5334B
HP B901A FREQUENCY MODE

| bl




PAGE 9.

NAME OF TEST:

NANME ML Z=te=

PARAGRAPH:
GUIDE:

TEST CONDITIONS:

TEST CURLS 2222

TEST EQUIPMENT:

1. The E.U.T.

following page-

GML NHA-9

MODULATION CHARACTERISTICS -~
FREQUENCY RESPONSE OF AUDIO MODULATING CIRCUIT

47 CFR 2.987 (a)
TIA/EIA S TANDARD 15-19-B
g, T. & H.

AS PER ATTACHED PAGE

MEASUREMENT PROCEDURE

and test equipment were set up as shown on the

2. The audio signal generator was connected to the audio input

circuit/microphone of the E.U.T.

3. The audlo signal input was adjusted to obtain 20% modulation
at 1 kHz, and this point was taken as the 0 dB reference
level.

4, with input lLevels held constant and below 1limiting at all
frequencies, the audio signal generator was varied from 100 Hz
to 50 kHz.

5. The response in dB relative to 1 kHz was then measured, using

the HP 8901A Modulation Analyzer.

6. MEASUREMENT RESULTS: ATTACHED
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TRANSMITTER TEST SET-UP

TEST A. MODULATION CAPABILITY/DISTORTION
TEST B. AUDIO FREQUENCY RESPONSE
TEST C. HUM AND NOISE LEVEL
TEST D. RESPONSE OF LOW PASS FILTER
TEST E. MODULATION LIMITING
—— IS
TEST

(1) SAMPLE (2) ——— (3)
POWER
SUPPLY {5) - (4}

(1) AUDIO 0SCILLATOR/GENERATOR

HP 204D
HP 8903A

|

(2) COAXIAL ATTENUATOR

NARDA 766-10
SIERRA 661A-30
BIRD 8329 (30 dB)

RRd

(3) MODULATION ANAIYZER

HP B8901A

b

(4) AUDIO ANALYZER

HP 8903A X

(5} SCOPE

HP 54502A
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TRANSMITTER AUDIO FREQUENCY RESPONSE

NOKIA, 282, NHA-9NA (AMPS)

30 JUN 1998, 09:42

0. TRANSMITTER AUDIO FREGUEN?Y RESPONSE
IBIB . U RN SO UL INE SUU-SUN SUUIRIRMRPPPPPRRIY BRSNS SLLe
N
8.8 /S:/// \\
L N
T \ N

dB RELATIVE TO | whe

—-3.B - . ‘ \

-&ﬂﬂ]B.E .............. [ OV SN e 15',‘ I .
FREGLENCY, Hz

Y- ) - R — /;’/,/ \ \\ s
| -2 \
k

PEAK AUDIO FREQUENCY, Hz: 2820

TABLE VALUES:

FREQUENCY, LEVEL, FREQUENCY, LEVEL, FREQUENCY, LEVEL,
Hz dB Hz dB Hz dB

300 -8.6 30000 -12.2

20000 -12.2 50000 -12.2

OB

SUPERVISED BY: MORTON _FIOM, P. Eng.
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NAME OF THST: MODULATION CHARACTERISTICS -
FREQUENCY RESPONSE OF AUDIO LOW PASS FILTER
PARAGRAPH: 47 CFR 2.987 (a)
GUIDE: TTA/EIA STANDARD 15-19-B
TEST CONDITIONS: S. T. & H.
TEST EQUIPMENT: AS PER PREVIOUS PAGE

MEASUREMENT PROCEDURE

1. The E.U.T. and test equipment were set up such that the audio
input was connected at the input to the modulation limiter,

and the modulated stage.

2. The audio output was connected at the output to the modulated

stage.

3. MEASUREMENT RESULTS: ATTACHED



PAGE 13

FREQUENCY RESPONSE OF AUDIO LOW PASS FILTER

NOKIA, 282,
30 JUN 1998,

NHA-9NA (AMPS)
09:45

G

ML NHA-9

FREQUENCY RESPONSE OF AUDIOQ LOW PASS FILTER

le.g

<

N

-18.b

\

-28.8

-38.8

—-6.8

SB.B o

dB RELATIVE TO | hH=

~68.8

N

1\»—’_‘—\\__‘_'/‘

-78.8

=t

-84.8

—QB.E‘ K

™

FREGLENCY, Hz

166 h

PEAK AUDIO FREQUENCY, Hz:

SUPERVISED BY:

2820

MORTON FLOM, P. Eng.
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NAME OF TEST: MODULATION CHARACTERISTICS -
MODULATION LIMITING

PARAGRAPH: 47 CFR 2.987 {(b)

GUIDE: TIA/EIA STANDARD IS-19-B

TEST CONDITIONS: 5. T. & H.

TEST EQUIPMENT: AS PER PREVIOUS PAGE

MEASUREMENT PROCEDURE

1. The audio signal generator was connected to the audio input
circuit/microphone of the E.U.T. as for "Frequency Response of

the Audio Modulating Circuit."”

2, The modulation response was measured for each of three tones
(one of which was the frequency of maximum response), and the
input voltage was varied and was observed on an HP B8901A

Modulation Analyzer.

3. The audio input level was varied from 30% modulation (+3.6 kHz

deviation) to at least 20 dB higher than the saturation point.

4. Measurements were performed for both negative and positive

modulation and the respective results were recorded.

5. MEASUREMENT RESULTS: ATTACHED FOR

COMPANDOR ON:

1. VOICE X
2. VOICE + SAT x



PAGE 15.1. GML NHA-9
MODULATION LIMITING

NOKIA, 282, NHA-9NA (AMPS)

1998-JUN-30, 10:22

VOICE ONLY
MODULATION LIMITING
12.8 k
1.4 k e e =
282047
18.8 k e
9.8 k -
/ _/"f\
8.8 k ” /! k
N
/ \
= ; "7 ....... _
S a8 VEBBL b i
= / / /
S 5.8 k 7 / ........ PO T SOOI ST,
= / / /
4,8 K Lo S . NV AN, WS— S—

1.8 R bt
P -
e |
A.8 : PSS OSSO SOOIV SOOI
-8 —4B -38 -2 -18 a 8 28 a8 48 58

AUDID INFUT, dB

REFERENCE DEVIATION, kH=z = b
REFERENCE MODULATION, Hz = 1000
PEAKS = POSITIVE
AUDIC AMPLITUDE, mV = 181.58

SUPERVISED BY: MORTON FLOM, P. Eng.




GML NHA-9
PAGE 15.2.
MODULATION LIMITING
NOKIA, 282, NHA-SNA (AMPS)

1998-JUN-30, 10:22

VOICE ONLY

MODULATION LIMITING

Hz

DEVIATION,
(&) m
= [u]
- a
T

k1=

-58 —4d -38 -28 ~-18 B [R=] 28 g 48 58

AUDID INPUT, dB

REFERENCE DEVIATION, kHz = 6
REFERENCE MODULATION, Hz = 1000
PEAKS = NEGATIVE
AUDIO AMPLITUDE, mV = 181.58

2y

SUPERVISED BY: MORTON FLOM, P. Eng.




PAGE 15.3 GML NHA-9

MODULATION LIMITING
NOKIA, 282, NHA-9NA (AMPS)
1998-JUN-30, 10:18

VOICE + SAT

MODULATION LIMITING

G

H=z

DEVIATION,

-5H -48 -38 -Z28 -18 8 18 28 3d Bl

AUDID INFUT, dB

REFERENCE DEVIATION, KkHz = b
REFERENCE MODULATICN, Hz = 1000
PEAKS = NEGATIVE
AUDIO AMPLITUDE, mV = 83

SUPERVISED BY: MORTON FLOM, P. FEng.




PAGE
MODULA%I%N LIMITING
NOKIA, 282, NHA-9NA (AMPS)

1998-

JUN-30, 10:18

VOICE + SAT

GML NHA-9

Hz

DEUIATION,

2

14.
13.

12.

N W

MODULATION LIMITING

P P

-58 —4d -38 -28 -18

B

a 28

AUDID INPUT, dB

aa Gl ] 58

REFERENCE DEVIATION, kHz
REFERENCE MODULATION, Hz
PEAKS

AUDIO AMPLITUDE, mV

SUPERVISED BY:

1l

6
1000
POSITIVE

73.13

OBt

-—“"-

MORTON FLOM, P. Eng.




PAGE 16. GML NHA-9

NAME OF TEST: OSCILLOSCOPE PRESENTATION OF TONES
MEASUREMENT OF MAXIMUM DEVIATION

PARAGRAPH:
GUIDE: TIA/ETA STANDARD IS-19-B
TEST CONDITIONS: S. T. & H.
TEST EQUIPMENT: AS PER ATTACHED PAGE
MEASUREMENT PROCEDURE
1. The presentation of tones was obtained by attaching the HP

54502A Oscilloscope to the modulation output of the HP 8901

Modulation Analyzer.

2. The E.U.T. was modulated by an HP 8903 Audio Analyzer and/or

internally generated signals.

3. Oscillographic presentations and max imum deviation

measurements were recorded for the various configurations.

4. MEASUREMENT RESULTS: ATTACHED SUMMARY FOR DEVIATION

5. MEASUREMENT RESULTS: ATTACHED PLOTS FOR TONES



PAGE 17. GML NHA-9

TRANSMITTER SPURIOUS EMISSION

TEST A. OCCUPIED BANDWIDTH (IN-BAND SPURIQUS)
TEST B. OUT-OF-BAND SPURIOUS

TEST

SAMPLE (2) (3)

POWER
SUPPLY

{5) (4)

{1) AUDIO 0SCILLATOR/GENERATOR
HpP 204D
HP 8903A

d

(2) COAXIAL ATTENUATOR
NARDA 766-10
SIERRA 661A-30

1k

(3) FILTERS; NOTCH, HP, LP, BF
CIRQTEL FHT
EAGLE TNF-1
PHELPS DODGE PD-495-8

REd

(4) SPECTRUM ANALYZER
HP 8566B
HP B8563E

REs

-

(5) SCOPE
HP 54502A

| ¥




PAGE 18. GML NHA-9

MEASUREMENT SUMMARY : OSCILLOSCOPE PRESENTATION OF TONES
MEASUREMENT OF MAXIMUM DEVIATION

MODULATION DEVIATION, +kHz
{a) VOICE 10.8
(b) WIDEBAND DATA 8.2
(c¢)y SAT 2.2
(d) ST 8.2
(e) SAT + VOICE 11.8
(f) SAT + DTMF 11.0
(g) CDMA N/A
(h) TDMA N/A
(i} NAMPS VOICE N/A
(j) NAMPS DSAT N/A
(k) NAMPS ST N/A
(1) NAMPS VOICE N/A

SUPERVISED BY: M N FLOM¥ P. Eng.




PAGE 19.1. GML, NHA-9
0SCILLOSCOPE PRESENTATION
NOKIA, 282, NHA-9NA (AMPS)
1998-JUN-30, 14:26, TUE
MODULATION: VOICE { AMPS)
—1.28280 ms z . 28008 [ | BPAEd ms
N I 1
T |
- 1
- |
T -
- I ”Mul
e
: |
Timebase DelaoysPos Refersence Mode=
Mainm 2868 s/ div B . AHyE88 = Cernter Reol t ore (EXTENDELS
Sensttivity Off=as=t Probe Coupl img
Chaormne | ! S8.8 mU div -5 . 0ae miJ 1.eaa 1 pe (S8 oemmd
Tr‘iggsﬁ mode Edge
On Poe.tive Edge OF Cranrt
Trigger Level
Cauﬂl 19 Bag md (mroise re ject OFF >
Haldoff = 48.688B8 r=

N

ACL RIGATS RESERVED

Ty P COPYRIGHT (o1 19a6 51 N, FLOM Woa0CTA T3, THT

CLY

. B TRECE S -




PAGE 19.2. GML NHA-9

OSCILLOSCOPE PRESENTATION
NOKIA, 282, NHA-SNA (AMPS)
1998-JUN-30, 14:28, TUE

MODULATION: WIDEBAND DATA (AMPS)

—4P@ . 888 uws 2. 28baa & 43908 . 88D ws

— 7" s i?ff"‘\\ S =

]t. A M}J(Jw v \—rl ;E L J‘M‘!‘J ]ILL[J"J“W\ L

Timabose Delay/Pos Referemnces Mode

Mainm BE. 8 wus/div [SIRE]=]5]5]5] = Center Real time (EXTENGED)
Sensi bt ity Of fowt Frokbe Caupi ing

Charnnas! | 20 .8 cllrdi -2 .504a m.J 1.823 1 do (58 okhmi

Trigger mode . Edge
Om Pos=itive tdge OFf Chanid
Triggar Level
Chon! =— 1R.784 md (e ise re ject OFFD

Ho ldof £ = 48 . 888 =Y

WL RIGHTS FESERUED

o Ty

T AT BY M. FLOW @SS InTE

AR TRTERT

LD TRACES-Febwgmz d PLT




PAGE 19.3. GML NHA-9
0SCILLOSCOPE PRESENTATION

NOKIA, 282, NHA-ONA (AMPS)

1998-JUN-30, 14:3%, TUE

MODULATION: SAT (AMPS)

-498 . BB us g BB s 486 .00 ue

T

bt
k)

§
¥

i
t

t\\‘\-.
)
o
o
P
el
'\I—-\L
L]

A

-1~ :?
rl‘
ff
-
.
F
BLL RI1GHTS RFSERUED

e A R WA

]
{
§
{
4

n
T

T

| - _
Timebose Delay/Pos Referance Maocle
Main B8R . B wssdiv 2. -adua8 = Cent=r Real time (LXTERMDED?
Semsibow by Offoset Probe Coupling
Chormnes f 188 m S -12.568 mt) 1.8 1 do (B8 okml
Trigger mode . Edae

Om Positive Sage Of Chand
Trigger Level

Chent = 55 5808 mU (roise ~=jact OFFD
Holdoff = 48 28R gt

FOPVEIGRT (F1 1959 8% 9  FLOF paa0l ToTEs,




PAGE 19.4.
OSCILLOSCOPE PRESENTATION

NOKIA, 282, NHA-9NA (AMPS)
1998-JUN-30, 14:32, TUE

MODULATION: ST

GML NHA-9

{ AMPS)

Trigger- mode Ecige
On Positive Edge COf Chanl

Trigoger Leve|
Chamt = 15 . 8BB mU (roise
Haldef £ = <48 .68 ns

reject DFFD

—4aP@ . 880 us 2. 88ekog s ayl@ . paa
T i
+
+
s
i L T ' o
N s T K ¥ o ; K i
i ! 4 ! ! X f B i U
3 k 3 E ; " 8 \ I | K B
o+ F '|' + ilr' +— 3 it II il_ + vl.‘ T + T v 7 {
'| )" " Y R \- i " ! ;
L W ) . T i Mo M S
L i
Iy \
.
©
T
I
|
Timebase Delay Pas Referancea Mocle
M i B8 B us div B .y88649a = Cernter Realt me {EXTENDED)
Senait:vity U faest FPrabe Coup!l ing
Charmmne | | S8.8 mUSdi ~5 . 88E miJ I.esa 1 ago (58 o)

s

FLOM assof T Fe,

TR ST A

FOFTRTAHT 5]

I




PAGE 19.6. GML NHA-9
OSCILLOSCOPE PRESENTATION

NOKIA, 282, NHA-9NA (AMPS)
1998-JUN-30, 14:35, TUE

MODULATION: SAT+VOICE {AMPS)

-7 0@089B8B me ¢ . 8grBan (=% 2 PdgdE ms

+ ]
T

4 }
“— |
* |
T n!

A . A ~ A ral

L~
N
—
a—""rl
I Cwm L
t
r—’/
| "
”‘__/"
_}‘-‘—'_’
WL RIGHTS

WIRY/RWRYIRY AN RY/RW RN
v \vi 7

w

T T \ -~ Ll E

N\ S ¥ RV i \/ " B

i

b

T &

T i

1

’ T >
. =

e

Timebose Deiay./Pos Raferamncea Mode 4

M i 488 em i 8.0959000 = Ceriter Fouly we "C¥LoICCCY i
-

Sersit vity OF Faet FProbe Cowp! inmg >

Chaoamrcr=t 1 58.8 U db e B2.8p5049 J 1.e8m 1 do (S8 oriml ~

Trigger- mode . Edge
On Fos tive Fdge OFf Crarl
Trigoer Leve!
Chen! = 30 488 mU (moise reject OFF>
Holdoff = <48 . 84848 i

STROCFS -BASIEET FLT FOPTEIGAT o




PAGE 19.7. GML NHA-9

OSCILLOSCOPE PRESENTATION
NOKIA, 282, NHA-9NA {AMPS)
1998-JUN-30, 14:37, TUE

MODULATION: SAT + ST {(AMPS)

-1 .044088 ms ¢ . aBeRa N 1 . 28f88 me
X
T
T
T
s
™ 2N i -
A o pa N :
ey P YRR A SN Y RN G
i _ £\ A
e ; T N ! \ f v
| 177 AN YA DR N N
e Y, T T 7 w
‘ . I A
' T
L 3
!
Timeboase DelaysPos Referamce Macle
Mo im 284 s d i Q. avsBRra = Cermter Rezal toome (EXTENDEGS
CSmrmoi towvity Offose=t Probe Coupl ing
Chanmre | 5.9 mUsdiw o .a3a888 W [ G 5 Y t o USE3 oemd
l Triggaer modes Edae
D Pos= . tive Edge OF Cryaam |
Te igger Lavel
Cha-! = 38 4806 mld (noise rej=ct OFF >
Holdoff = 48 . 884 15

WL ETATS RESERIED

TRT .

ToH By 4. FLOM Woarw TeTER .

COFYRIGHT 114

N O TEAMFES REEIAAL 7




PAGE

0

19.8.
SCILLOSCOPE PRESENTATION

NOKIA, 282, NHA-9NA (AMPS)
1998-JUN-30, 14:39, TUE

MODULATION: SAT+DTMF # { AMPS}

GML NHA-9

-7 PgEpB ms 2. aana =8 ? CBRRCE rs
r 2 -
T 1
\ T !
- 1 — 5
X : =
+ :
+ j -
b T
T |
=
4 =AU B4 Ao ~ e N : f‘/,\/\,{ ;
pe
rﬁ/‘u -\\_/\/I ~, + v\_/ \/-\\ ’r\j ‘\
______.__—__‘i_/’__ + ~ : ko
ps : Z
- I .
T i
( T A
T i
+ =
T g :
| : -
N R i Lff L S
i
Timrbose Deloy/Pos Referance Mecle i
Ma i 48368 wldiv 5. abheen = Ce=rtear Pl Lo L CritDod .
Smmsit:vity Offzet Probe Coup !l imo 3;
Channe ! ! s53.@ mWAdiv a.2a8888 WA | .epza de (5D ammd (-
Trigger mode . Edge é
O Pasitiwve Edge OFfF Crmam? b
Trigger Level =
Chamt! = 23 268 wl (moise reject OFF 2 &
Holdeff = 48 @88 o I
o
-
M
s
3
-
o
o}
i

L




PAGE 20. GML NHA-9

NAME OQOF TEST: OCCUPIED BANDWIDTH
PARAGRAPH: 47 CFR 2.989 (c)(1)
GUIDE: TIA/EIA STANDARD IS-19-B
TEST CONDITIONS: S. T. & H.

TEST EQUIPMENT: AS PER PREVIOUS PAGE

MEASUREMENT PROCEDURE

1. The E.U.T. and test equipment were set up as shown on the

previous page, with the Spectrum Analyzer connected.

2. For voice modulated equipment, the audio signal generator was
adjusted to the freguency of maximum response and with output

level set for +6 kHz deviation (or 50% modulation).

3. with level ceonstant, the frequency was set at & kHz, then the

signal level was increased 16 dB.

4. The Occupied Bandwidth was measured with the Spectrum Analyzer

controls set as shown on the test results.

5. All other modulations for this equipment as available from

appropriate interface devices.

6. MEASUREMENT RESULTS: ATTACHED



PAGE 21,

MEASUREMENT SUMMARY: OCCUPIED BANDWIDTH

GMI. NHA--G

MODULATION MEASURED DEVIATION LIMIT B/W @ —-26 4B
+kHz (HP 8901A) +kHz PLOTS, kHz

NONE 0.0 0 0

VOICE 10.7 12 -32

WIDEBAND DATA 8.2 8 -22

SAT + VOICE 11.8 N/A -34

SAT + DTMF 11.0 N/A -19

CDMA N/A N/A N/A

TDMA N/A N/A N/A

NAMPS N/A N/A N/A

FOR ALL OCCUPIED BANDWIDTH PLOTS:

1. 0 dB REFERENCE LEVEL TOP

2. HORIZONTAL

3. VERTICAL

4. I.F. BANDWIDTH
5. VIDEQ FILTER
6. POWER OUTPUT
7. WORST CHANNEL

8. WORST CASE

SUPERVISED BY:

AS INDICATED
AS INDICATED
AS INDICATED
OFF

AS PER PAGE 2.
380

VOICE + SAT

il [




PAGE 22.

1. GML NHA-9

SPECTRUM ANALYZER PRESENTATION
NOKIA, 282, NHA-ONA {(AMPS)
1998-JUN-30, 11:18, TUE

POWER: LOW
MODULATION: NONE

- T o T MKR 836,399 9 MHz
Lu  REF 7.7 dBm ATTEN 40 dB 7 78 dBm
r————1 | T — T 7 T — T ] T
18 dB/
OFFSET ]
3 1 |
dB
rr \ !' \ \ U
CORR'D h&__ l@_ __ﬁﬁﬂ@ﬁv A I
‘ %
|
CENTER 836 399 MH=z ‘%ﬁam B8 =

|
|
1
L

RES BlW 382 Hz UBlW 388 Hz SWF 3. 88 =sec

-

WL RIGATS RESERUED

BT W, FLGA RSGOCIGTES, (ML,




PAGE 22.2. GML NHA-9

SPECTRUM ANALYZER PRESENTATION
NOKIA, 282, NHA-SNA {AMPS)
1998-JUN-30, 11:27, TUE

POWER: LOW
MODULATION: VOICE: 2500 Hz SINE WAVE
MASK: AMPS CELLULAR, F3E/F3D w/LPF

l] L REF 7.7 dbm ATTEN 48 o8 188 dBm
|
|

P ——

—————— S

1
=
——
o
e
p——"_ "]

oo W J%#rf—%gf LN

|
|

CENTER 835 399 MH=z SPan 108 kH=
\— RES BlW 398 H=z uBLu 3BB  Hz SLP 3. .88 sec

ALL RIGHTS RESCRUED

T DR TRACE S e asa s PL TOPYRTGHT (C1 1998 BY M, FLOM BESOCTATES, MO



PAGE 22.3. GML NHA-9

SPECTRUM ANALYZER PRESENTATION
NOKIA, 282, NHA-SNA (AMP3)
1998-JUN-30, 11:32, TUE

POWER: LOW
MODULATION: WBD
MASK: AMPS CELLULAR, F3E/F3D w/LPF
— T MKR 836,393 9 MH=z
L REF 7.7 dBm ATTEN 49 dB B 62 dBm
7.7 dm AT Dl
wws [ ] B - N

n
im——
==
[—
—
=
——

| O=FSET

CENTER 8367399 WMH= =pnN THE A=
RES BlW 388 Hz UBL 3P3  Hz SUP 3 BR sec

o \FAT TG P T COFVRTGHT 107 1958 BY 4. FLOM ASSn TATES, TRE, L RIGATS RLSERiCD

[Nt




PAGE 22.4. GML NHA-9
SPECTRUM ANALYZER PRESENTATION
NOKIA, 282, NHA-9NA (AMPS)

1998-JUN-30, 11:35, TUE

POWER: LOW
MODULATION: SAT
MASK: AMPS CELLULAR, F3E/F3D W/LPF

T WKR 836 390 9 MHz
L REF 7.7 dbm ATTEN 40 dB 7 43 dbm

e i e e
o nm==nl
| n \ \ ML ‘1
L | J\x\H

FRFVRIERT (LY 1958 Av A FLOM w3 [ATEs, INC.

|

] I

\ . a4 — | — —

~| CORR' O i ﬂJ ql‘ “

| cenTER 8g§.399 MHz SPAN 100
\ RES BW 388 Hz URL 3B@ Hz SWE 3 PE =

«‘-Ww

L
|
| i
|

:
i




PAGE 22.5.

SPECTRUM ANALYZE

NOKIA, 282, NHA-ONA (AMPS)

1998-JUN-30,

POWER:

11:40, TUE

LOW

MODULATION: ST

MASK:

31

1 OFFSET
dB

AMPS

R PRESENTATION

CELLULAR, F3E/F3D W/LPF

ATTEN 48 dB

-

T

GML NHA-9

TMKR 236 393 B MHz
& 3B oBm

Gl RIGATS

LTS

Bl LOPVRIGHT (1 &SR Bt M. FLOM SRRt (T N




PAGE 22.6. GML NHA-9

SPECTRUM ANALYZER PRESENTATION
NOKIA, 282, NHA-ONA (AMPS)
1908-JUN-30, 11:37, TUE

POWER: LOW
MODULATION: SAT+VOICE
MASK: AMPS CELLULAR, F3E/F3D W/LPF

KR B35 399 9 MHz
1 42 obm




PAGE 22_.7.

SPECTRUM ANALYZER PRESENTATION
NOKIA, 282, NHA-9NA (AMPS)
1998-JUN-30, 11:43, TUE

GML NHA-9

POWER : LOW
MODULATION: SAT+DTMF
MASK: AMPS CELLULAR, F3E/F3D W/LPF
[ B o  MKR 835 333 9 MHz
U REF 7.7 dBm ATTEN 48 dB -4 S0 B

———— - [ R ——— ————

19 dbvs

OFFSET W MH.
3.1 ﬂr‘
dB

A.C RIGHATS RESERUED

if \W!LM.

CORR'D mmwﬂ”%MWWW¥&#ji N h ”"“MMEWWﬂWv

Mgy,

CENTER 836 3183 MH= SPRM o TRhA T
RES BW 302 Hz UBW I8 H=z SUFEO3 AR =ec

WLOn - TRBEES “BER MBI =L T COF TRIGHT 171 TGS BY <1, FLMOM GSACLTETER. [NC




PACE 22.8.

SPECTRUM ANALYZER PRESENTATION
NOKIA, 282, NHA-9NA (AMPS)
1998-JUN-30, 11:15, TUE

POWER: HIGH
MODULATION: NONE

(LJL] REF 26.9 dBm

S

18 dB/

ATTEN 4@ dB

[“)“”—*T*—T“*W—*—ﬁ_w

T MK 836.4088 B

GML NHA-9

5 MHz
PE.BR dBm

_———""—"'_‘—"__'_

=
£

} CORR‘D
3 i i
| M@WMM“"

1 q

|
SPaM TRE <H

CENTER 8%?.399 MH=
RES BW 388 Hz

UBL 3BB  Hz

[
SLP 3 BB sec

R

AL RIGHTS

BN TRACE S B53a00E FLT CAPTRICHT () 1998 57 M. FLORM oesOcTaTES, [HL.




PAGE 22.9. GML NHA-9
SPECTRUM ANALYZER PRESENTATION

NOKIA, 282, NHA-SNA {AMPS)

1998-JUN-30, 11:25, TUE

POWER: HIGH
MODULATION: VOICE: 2500 Hz SINE WAVE
MASK: AMPS CELLULAR, F3E/F3D w/LPF

MKR 936,393 9 MHz
il REF 26.9 dBm ATTEN 42 dB 18 58 dBm

ALL RIGATS RESCRUED

ER % | T _—‘——~#——1QF—ﬁ__
Eka \ A W |
L e LB UL
UM
Hy\“ I Hm\\

\
|
|
\‘w

|
I
AR iy

CORR ‘D mMWNWWvﬁ:

! i
‘ CENTER 836393 MH=z Srab THE =H=z

\ RES BW 388 Hz UBL 388 Hz SUF 3 98  sec
i

e TTETRGMES O ESANGT PLT COPYRIGHY 17 1938 BT M FLON Aeo0C1-1Es, THC.




PAEG 22.10.

SPECTRUM ANALYZER PRESENTATION GML NHA-9
NOKIA, 282, NHA-9NA (AMPS)
1998-JUN-30, 11:3%, TUE
POWER: HIGH
MODULATION: WBD
MASK: AMPS CELLULAR, F3E/F3D w/LPF
———— T T T T R 8327390 9 M
L REF 26.9 dBm ATTEN 48 dB 20 .28 dBm
- - e _ T
13 dB/ {47 ‘T I
OFFSET ﬂl N\M g
2.7 ¥ =
5 I { l\A i
g ¥
| L lgy ﬂ WTALN o — 2
| A i :
} I r!l' + 1 g §
‘ I J W !\mh
| IR K
CORR’D —t 1 1 1 Y % _ak
CENTER 836,303 MH=z SPAN THA <H=
RES BuW 368 H=z UBlW 389  Hz SWE 3 .88 sec




PAGE 22.11.

SPECTRUM ANALYZER PRESENTATION GML NHA-9
NOKIA, 282, NHA-9NA (AMPS)

1998-JUN-30, 11:34, TUE

POWER : HIGH
MODULATION: SAT
MASK: AMPS CELLULAR, F3E/F3D W/LPF

" UKR B35.399 3 MHz
L REF 25.9 dBm ATTEN 4@ dB 26 88 dSm

13 dB/ _ﬁi__ﬂﬁJ_ﬂgT_ﬂmfﬁ_**__{ ““_—]"W~—T—_.I —
|

TRl RIRATS RESERUED

VRN
w
~J
____7_&,__._.——@—4———':'

L -

’ CORR ‘D |

o
b
—
l s
=

T
mh——
YETEHT 701 1938 B M. FLOM assieIRTEs, INC

I Pt H
|

u | \
| | ﬁ
| L | |
I rENTER 83F 399 MH= ZOAN 181 <H=
| RES BUW 398 Hz UBL 3R H= SLP 3. P8 e




PAGE 22.12.

SPECTRUM ANALYZER PRESENTATION
NOKIA, 282, NHA-SNA { AMPS)

1998-JUN-30,

POWER:

11:39, TUE

HIGH

MODULATION: ST

GML NHA-9

MASK: AMPS CELLULAR, F3E/F3D W/LPF

[7"_*_"4_ e — T T bk 836,399 8 MHz |

Ly REF 269 dBm ATTEN 48 dB 25 .68 dBm
18 aB/ | 1 1 B (47 a E [ .
O=FSET N | | 0k
2.7 __r47 >
- H ‘ | i
1 T ——— e
| L *' ‘?
| | :
' [
\ 1 B
| \“ o i
| ' / A ( 11\ ]
"
, R e T R
CORR'D ! s
| | WWMW
l |
1 i .
i | =
| | IR
! 7
| CENTER 876799 FH= : e e
BW 3@@  Hz UBL 388 Hz SUP 3 EE ses '




PAGE 22.13. GML NHA-9
SPECTRUM ANALYZER PRESENTATION

NOKIA, 282, NHA-ONA (AMPS)

1998-JUN-30, 11:36, TUE

POWER : HIGH
MODULATION: SAT+VOICE
MASK: AMPS CELLULAR, F3E/F3D W/LPF

N T MKR 836.393 O MHz
UL REF 26.9 dBm ATTEN 40 oB 18 60 dBm

TRy RN AJ_-gf__ng_m%g_Tﬁgﬁ

Ik

| % M.

T @l RIGHTS RESERUED

=

4
[ |
|

e ——

S
| —3

CORR’D ' ' “

7]
CENTER BSFiBQQ MH= éﬁﬁM AR <H=

RCS BY 308 Hz UBLW 388 Hz SUP 3.88  ==c

=T
=
?
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SPECTRUM ANALYZER PRESENTATION

NOKIA, 282, NHA-O9NA (AMPS)

1998-JUN-30, 11:42, TUE

POWER : HIGH
MODULATION: SAT+DTMF
MASK: AMPS CELLULAR, F3E/F3D W/LPF
(o — - T MKR 236,390 O MHz
L REF 26.9 dBm ATTEN 48 dB 16 28 <dBm
e P S
14 dB/ { |

|
QFFSET , |
2.7 ' 'N 1
B

T Ll ;
‘ E
|

|

\
IR "V A S
CORRD WWWW#W; | | ﬂmﬁﬁﬁm@wwﬁmwﬁAw#

CENTER 836393 MH= SPaM THR -H=
RES BuW 398 Hz UBW SHEHE Hz SWFE 3. 88 sec

o

"t RIGATS RESERUED

HT

BLT rOEvRIEHT (L) - add 3¢ M. FLOM EREIOE N
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NAME OF TEST: FMISSION REQUIREMENTS -
WORST CASE MODULATION & WIDEBAND DATA
PARAGRAPH: 47 CFR 22.917
GUIDE: TIA/EIA STANDARD IS-19-B
TEST CONDITIONS: s. T. & H.
TEST EQUIPMENT: AS PER PREVIOUS PAGE

MEASUREMENT PROCEDURE

1. The E.U.T. was connected to a coaxial attenuator and then to
a spectrum analyzer. The unmodulated carrier was set for 0 dB

reference level.

2. A notch filter was introduced to reduce oOr eliminate any
spectrum analyzer internally generated Spurious for

measurements of the harmonics and the carrier level.

3. Spectrum analyzer pandwidth was set to section 22.917(h) as
applicable.
4, Measurements were made on channels 380, 799 and 991. The

equipment was first modulated for the Worst Case Modulation,

then for Wideband Data (F8wW, F1D).

5. All other spurious emissions over the range of 0 to beyond the

10th harmonic (10 CHz) were 20 4B or more below the limit.
6. The data presented here is for the worst case.

7. MEASUREMENT RESULTS: ATTACHED
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MEASUREMENT SUMMARY: EMISSION REQUIREMENTS -
WORST CASE MODULATION

WORST CASE MODULATION = VOICE + SAT

EMISSION, LIMIT, SPURIQUS EMISSIONS, dBc

MHz /HARM. dBc Lo Hi

Fo + {Fo + 20 kHz) <—26 <=57 <«—40

to Fo + 45 kHz

Fo + {(Fo + 45 KkHz) <—45 <73 =77

to Fo + 90 kHz (<—13 dBm)

2nd to 10th <—=51 <—53 <-63
(<-13 dBm)

MEASUREMENT RESULTS = ATTACHED OFFSET PLOTS

EMISSICNS IN THE RECEIVER CRITICAL BAND

EMISSION, LIMIT, SPURIOQUS EMISSIONS, dBm
MHz /HARM. dBm Lo Hi
869 to 894 <-80 <—90 <-90
MEASUREMENT RESULTS = ATTACHED PLOTS

SUPERVISED BY: Mogfﬁﬁ'gzgm, P. Eng.




PAGE 25.1.
SPECTRUM ANALYZER PRESENTATION

NOKIA, 282, NHA-9NA (AMPS)
1998-JUN-30, 13:23, TUE

POWER: LOW
MCDULATION: OFFSET VOICE + SAT

GML NHA-9

MKR 836.399 7 MHz

Luw REF 7.7 dBm ATTEN 48 dB -1.88 oBm
1 dB/
i
OFFSET A, |
BN 5
dB
.
i
‘w i
I | ‘
commn 4%Wmmg__. o o | _
#EJ I \ | m 1,
bttty g e
{1
CENTER 83& 4399 MH=» SPAON 250 <H=
RES BW 349 Hz UBL 388 Hz SWF 7 .28 s

TLL TIGATS Rf SERUFD

YR 8T M, FLOm 05500 [GTES | INCE

LT N TRECES \BERI@R 15 PLT COPYRIGHT (L ¢
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SPECTRUM ANALYZER PRESENTATION
NOKIA, 282, NHA-SNA (AMPS)
1998-JuUN-30, 13:36, TUE

POWER : LOW POWER
MODULATION: CH 380, 799, 991
REMARK : RECEIVER CRITICAL BAND
MKR 869.73 MHz
L, REF -18 B dBm ATTEN 8 dB ~91 28 dBm
18 4B/ i
| 2 1)
:
[ S N R N R
CORR’ D g N
MM%WMNWWWWM"MM MM‘WM“WWW
g
START 863 @ MHZ STOP EUC D RS

i RES Bl 38 kH=z UBLI 38 H=z SWFE TR B msec
t

ALL RIGATS RESERUED

S TRACES RAEIBBIT PLT COPVRIGHT 01 o438 By M FLOM ALSOLTATES, L[HL

RN

L




PAGE 25.3.
SPECTRUM ANALYZER PRESENTATION
NOKIA, 282, NHA-9NA (AMPS)

1998-JUN-30, 13:20, TUE

POWER: HIGH
MODULATION: OFFSET VOICE + SAT

GML N

HA-9

’ MKR 836.399 B MHz
Ly REF 26.9 dBm ATTEN 4@ dB 18.28 dBm
13 dB/
OFFSET NI
27
JB %
| I ‘
|
| =
CORR’D T W B I
MW* WF““lﬁﬂmﬁﬁN%muﬂmﬁmww ]
CENTER 836,409 MHz SEN SAR Tils
RES Bl 383 Hz UBLW 388 Hz SUP 7.58  sec
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SPECTRUM ANALYZER PRESENTATION
NOKIA, 282, NHA-ONA (AMPS)
1998-JUN-30, 13:35, TUE

GML NHA-9

POWER : HIGH POWER
MODULATION: CH 380, 799, 991
REMARK: RECEIVER CRITICAL BAND
[ ) o - ) 7 MkR 831.23 MRz
L REF -18.8 dBm ATTEN @ dB -82 18 dBm
13 dB/ T
|
|
- =th
!
CORR D S A
ﬁ%mwﬂwawmwwm#%MMMWwmﬁmmwwwwmwwMmmthWWWWMWwwwwkﬂﬁwww#ﬁw%¢MWW
1
L |
STeRT 869 0 NMH= STOF 894. 17 Hhz
RES BUW 38 kHz UBLW 38 =Hz SWP 75 .8 memc

a, L RTGHTS RESERUED

LOFVRTGHT (€ 1G98 BY M. FLOM ASSOCTo ES, THE.

O TRACES \BORIAATE Pl -
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MEASUREMENT SUMMARY: EMISSION REQUIREMENTS -
WIDEBAND DATA (F9D, 10 kb/s)

MEASURED CHANNELS = 380, 799, 991

EMISSION, LIMIT, SPURIQUS EMISSIONS, dBcC

MHz /HARM. dBc Lo Hi

Fo + (Fo + 20 kHz) <—26 «—28 <—29

to Fo + 45 kHz

Fo + (Fo + 45 kHz) <-45 <66 <—65

to Fo + 90 kHz

Fo + (Fo + 90 KkHz) <-60 <—91 <—92

to 2nd Harmonic (<-13 dBm)

2nd to 10th <—51 <-53 <—6H3
{(<-13 dBm)}

MEASUREMENT RESULTS = ATTACHED QFFSET PLOTS

EMISSIONS IN THE RECEIVER CRITICAL BAND

EMISSION, LIMIT, SPURIOQUS EMISSTIONS, dBm
MHz /HARM. dBm Lo Hi
869 to 894 <—80 <—-90 <=90
MEASUREMENT RESULTS = ATTACHED PLOTS

OBt /.
SUPERVISED BY: M N FLOMY P. Eng.




PAGE 27.1.
SPECTRUM ANALYZER PRESENTATION

NOKIA, 2B2, NHA-9NA (AMPS)

1998-JUN-30,

POWER:
MODULATION: OFFSET WIDEBAND DATA

13:43, TUE

LOW

GML NHA-9

MKR R236.393 7 MHz
L REF 7.7 dBm ATTEN 42 dB 8 78 ABm
- N ! s o T
19 dB/ |
OFFSET E
31
dB
i
: h/!\ |
i |
L |
: gt
i i
CorRrR'D 1 | T | 3 7 |
k
AL v ﬁ&&#
%
} :
CENTER BI& 400 MH= SEAN oRE A=
RES B 3882 H=z UBL 384 Hz SR 7 =a Y=t

ALL RTGHTS RE SERUED

D DS TRRCES~ BRI A0 FLT rOFTRIGHT 11 1958 BY 4. FLon AS30CTRIES, IHC.




PAGE 27.2. GMI, NHA-9
SPECTRUM ANALYZER PRESENTATION

NOKIA, 282, NHA-SNA {AMPS)

1998-JUN-30, 13:47, TUE

POWER: LOW POWER
MODULATICN: CH 380, 799, 99
REMARK: RECEIVER CRITICAL BAND

MKR 869.15 Mk=

UL REF -18.B oBnm STTEN @ dJB ~9Z .28 dbm
R - S S . -
1d dBrs i :
i I
|
|
i
- - - 1 - — —
CORR'D
ﬁwwwmwwmwm WWM«WMMMMWMMWJ‘JMWMM«ww-«;w‘x
|
p I j
STHRT 869 @ MH=z STOP 894 8 MEz
RES B 238 kHz VgLl 33 wH=z SLFOT7R B mzec

ALL ATSHTS RE SEFUED

1O BY W FLOM o Siw TeTEs, NG

LT COFYRTSAT (C 3

[ZH]

LTRACE: @

YRR




PAGE 27.3.
SPECTRUM ANALYZER PRESENTATION

NOKIA, 282, NHA-SNA (AMPS)

1998~JUN-30,

POWER:
MODULATION: OFFSET WIDEBAND DATA

13:42, TUE

HIGH

14 dB/

OFFSET
2.7
dB

CORR D

CENTER

A REF

26.9 dBm

ATTEN 48 dB

GML NHA-9

Mk 835,303

28.498 dBm

/i MHz

=

IﬂwwﬁWHNM“Mwﬁwwﬂh

*W%NWW\W/WYMW

! . *'m," Ly,
| )
836 .489 MH-=- SPAMN 258 <H=
RES B 388 H= VBLW 38H H=z SWUF 7 .BEQ sSaec

AT RIGHTS RESERUED

COFTRTEHT 177 18 BY 9, FLOM Assor (5 EE. INT.

=1

_ESNBdR3ER




PAGE 27.4. GML NHA-9
SPECTRUM ANALYZER PRESENTATION

NOKIA, 282, NHA-9NA (AMPS)
1998-JUN-30, 13:46, TUE

POWER: HIGH POWER
MODULATION: CH 380, 799, 991
REMARK: RECEIVER CRITICAL BAND

MKR BSZ2.25 MHz
i REF -18.8 dBm ATTEN @ dB -82 58 dSm

g dbB/s

ALL JA7S RESERUED

T FEE BV 4 FLOM assrr [GTES, IAC

CORR"D

|
I T TS RS NS S —
|

ety e o ot b o oot it s B I bt b

|

START 869 M MHz STOFP &34 3 ME=
RES BlW 2@ kHz VBl 3B RH=z SUF 7% B msec

-0 TRACESNBEE AR A "L COF YRIEHT

[HERY




PAGE 28. GMLI, NHA-9
NAME OF TEST: SPURIOUS EMISSIONS AT ANTENNA TERMINALS
PARAGRAPH: 47 CFR 2.991, 22.917

GUIDE: TIA/ETIA STANDARD 1S-19-B

TEST CONDITIONS: S. T. & H.

TEST EQUIPMENT: AS PER ATTACHED PAGE

MEASUREMENT PROCEDURE

The E.U.T. was connected to a coaxial attenuator and then to

a Spectrum Analyzer.

A notch filter was introduced to reduce or eliminate spurious
emissions which could be generated internally in the spectrum

analyzer.

Measurements were made over the range from 45 kHz to 10 GHz
for the worst case modulation at both the highest and lowest

R.F. power settings.

All other emissions were 20 dB or more below the limit.

Spectrum analyzer bandwidth was set to section 22.917(h} as

applicable.

MEASUREMENT RESULTS: ATTACHED



PAGE NO. 29.1.

G86U0CO3

TRANSMITTER SPURIOUS EMISSIONS (CONDUCTED)
FOWER: LOW

GML NHA-9

FREQUENCY FREQUENCY LEVEL, LEVEL, LEVEL,

TUNED, MHz EMISSION, MHz dBm dBcC HW
836.400 1672.779 -47.6 -55.3 0
836.400 2509.537 -52.1 -59.8 0
836.400 3346.022 -52.9 -60.6 0
836.400 4181.562 -52.8 -60.5 0
836.400 5318.110 -52.8 -60.5 0
836.400 5854.722 -46.3 -54.0 0
836.400 6690.727 -47.3 -55.0 0
836.400 7527.888 -47.2 -54.9 0
836.400 8364.202 -46.6 -54.3 )
836.400 9200.859 -46.2 -53.9 0
836.400 10036.650 -45.9 -53.6 0
836.40C0 10872.988 -46.5 -54.2 0
836.400 11709.227 ~-45.5 -53.2 0
836.400 12546.474 -41.4 -49 .1 0



PAGE NO. 29.2. GML NHA-9
G86U004

TRANSMITTER SPURIOUS EMISSIONS (CONDUCTED)

POWER: HIGH

FREQUENCY FREQUENCY LEVEL, LEVEL, LEVEL,

TUNED, MHz EMISSITON, MHz dBm dBc W
836.400 1672.789 -36.7 -63.6 0
836.400 2509.208 ~-47 .4 -74.3 0
836.400 3345.795 -52.9 -79.8 0
836.400 4182.274 -53.3 -80.2 a
836.400 5018.208 -53.6 -80.5 0
836.400 5855.038 -46.4 -73.3 0
836.400 6691.617 -47.5 -74.4 0
836.400 7527.490 -46.6 -73.5 0
836.400 8364.156 -46.0 -72.9 0
836.400 9200.579 -47.9 -74.8 0
836.400 10036.352 -47 .2 -74.1 0
836.400 10872.753 -46.8 -73.7 0
836.400 11709.952 -46.7 -73.6 0
836.400 12545 .501 -42.2 -69.1 0



PAGE 30. GML NHA-S

NAME OF TEST: FIELD STRENGTH OF SPURIOUS RADIATION
PARAGRAPH: 47 CFR 2.993 (a)

GUIDE: SEE MEASUREMENT PROCEDURE BELOW

TEST CONDITIONS: S. T. & H.

TEST EQUIPMENT: AS PER ATTACHED PAGE

MEASUREMENT PROCEDURE

1. A description of the measurement facilities was filed with the
FCC and was found to be in compliance with the requirements of
Section 15.38, by letter from the FCC dated March 3, 1997,
FILE 31040/SIT. All pertinent changes will be reported to the

Commission by up-date prior to March 2000.

2. At first, in order to locate all spurious frequencies and
approximate amplitudes, and to determine proper eqguipment
functioning, the test sample was set up at a distance of three
meters from the test instrument. Valid spurious signals were

determined by switching the power on and off.

3. In the field, the test sample was placed on a wooden turntable
above ground at three (or thirty) meters away from the search
antenna. The test sample was connected to an R.F. Wattmeter

and a 50 ohm dummy load, and adjusted to its rated output.

In order to obtain the maximum response at each spurious
frequency, the turntable was rotated. Also, the BSearch
Antennas were raised and lowered vertically, and all cables

were oriented. Excess power lead was coiled near the power

supply.
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10.

A signal generator, connected with a non-radiating cable to a
vertically polarized half-wave antenna (for each frequency
involved) was substituted for the transmitter. The Search

Antenna was raised and lowered to obtain maximum indicated.

The signal generator output was adjusted until a signal level

indication equal to that from the transmitter was obtained.

Steps 4 and 5 were repeated, using a horizontally polarized
half-wave antenna. The higher of the two observations was

noted.

Power into the half-wave antenna was calculated from the
characteristic impedance of the line, and the voltage output

from the signal generator.

The level of each spurious radiation with reference to the
transmitter power in dB, was calculated from:
SPURIOUS LEVEL, dB = 10 LOG (Calculated Spurious Power)

[from Para. 7].
Tx Power (Wattmeter)

The worst case for all channels is shown.

MEASUREMENT RESULTS: ATTACHED
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RADTIATED TEST SETUP

{c)

(3)-\ )] \ I l
\

{d)

Sy

(g)

AR

-2m C —(p)

e @ ®

Vaozs g '

Yr 7 T T Y Y YT Y Y Y s rrrrrriy i o T

NOTES :

(a)} Search Antenna - Rotatable on boom.

(b)) Non-metallic boom.

{c) Non-metallic mast.

{(d) Adjustable horizontally.

(e) Equipment Under Test.

{f} Turntable.

(g) Boom adjustable in height.

(h) External control cables routed horizontally at least one
wavelength.

(i) Rotatable.

(3) Cables routed through hollow turntable center.

(k) 30 cm or less.

(1) External power source.

(m) 10 cm diameter coil of excess cable.

(n) 25 cm (V), 1 m=7 m (V, H).

(o) 25 cm from bottom end of 'V', 1 m normally.

(p) Calibrated Cable at least 10 m in length.

(q) Amplifier (optiocnal}).

(r) Spectrum Analyzer.
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RADIATED EMISSIONS (TXZ2), LOW POWER

1998-JUN-2G, 12:36, MON

TUNED, EMISSION, METER, C.F., ERP,

MHz MHz dBuv dB dBm
824.040 1648.08 30.8 33.5 -30.9
836.400 1672.80 31.8 33.6 ~-29.8
848.970 1697.94 30.5 33.8 -30.9
824.040 2472.12 45,2 5.8 —44 .2
836.400 2509.20 471.5 6.0 -47 .7
848.970 2546.91 42 .7 6.2 -46.4
824.040 3296.16 40.5 9.3 -45,4
836.400 3345.60 40.2 9.5 -45.6
848.970 3395.88 40.2 9.7 -45.4
824.040 4120.20 40.0C 11.3 -43.9
836.400 4182.00 40.7 11.3 ~43.2
848.970 4244 .85 39.5 11.3 ~44 .4
824.040 4944 . 24 40.5 13.2 -41.6
836.400 5018.40 40.7 13.5 -41 .1
848.970 5093.82 39.0 13.7 ~-42.5
824.040 5768.28 39.5 15.6 —-40.2
836.400 5854 .80 39.5 15.7 —-40.0
848.970 5942.79 38.2 15.9 —41.2
824.040 6592.32 37.8 16.8 -40.6
836.400 6691 .20 39.5 17.1 —-38.17
848.970 6791.76 37.5 17.4 -40.4
824.040 7416.36 37.8 19.2 -38.2
836.400 7527.60 39.2 19.5 -36.6
848.970 7640.73 37.5 19.7 ~-38.1
824.040 8240.40 39._.3 20.6 —-35.3
836.400 8364.00 38.3 20.8 -36.1
848.970 8489.70 40.0 21.0 -34.2
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RADIATED EMISSIONS (TX1), HIGH POWER

1998-JUN-29, 10:35, MON

TUNED, EMISSTON, METER, C.F., ERP,

MHz MHz dBuV aB dBm
824.040 1648.08 47 .2 33.5 ~-14.6
8z24.040 1648.08 47 .8 33.5 -13.9
836.400 1672.80 47.0 33.6 ~-14.6
836.400 1672.80 45.7 33.6 -15.9
848.970 1697.94 44.3 33.8 —-17.1
848.970 1697.94 45 .7 33.8 -15.8
824.040 247212 57.7 5.8 -31.7
848.970 2546.91 56.8 6.2 —-32.2
824.040 3296.16 43.2 9.3 -42.7
836.400 3345.60 51.7 9.5 -34 1
848.970 3395.88 49 .7 9.7 —-35.9
824.040 4120.20 43.5 11.3 —-40.4
848.970 4244 .85 52.5 11.3 -31.4
824.040 4944 .24 45.2 13.2 -36.9
836.400 5018.40 46.7 13.5 —~35.1
848.970 5093.82 51.7 13.7 ~-29.8
824.040 5768.28 40.3 15.6 -39 .3
848.970 5942.79 38.0 15.9 -41.3
824.040 6592.32 39.5 16.8 -39.0
836.400 6691 .20 28.0 17.1 ~-50.2
848.970 6791.76 39.5 17.4 -38.4
824.040 7416.36 41 .90 19.2 -35.0
848.970 7640.73 38.0 19.7 -37.6
824.040 8240.40 39.5 20.6 -35.1
836.400 8364.00 33.8 20.8 -40.6
848.970 8489.7C 41.5 21.0 ~-32.7
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NAME OF TEST: FREQUENCY STABILITY - TEMPERATURE VARIATION
PARAGRAPH: 47 CFR 2.995 (a)(1)

GUIDE: TIA/ETA STANDARD T1S5-19-B

TEST CONDITIQONS: AS INDICATED

TEST EQUIPMENT: AS PER ATTACHED PAGE

MEASUREMENT PROCEDURE

1. The E.U.T. and test equipment were set up as shown on the
following page.

2. with all power removed, the temperature was decreased to -30°C
and permitted to stabilize for three hours. Power was applied
and the maximum change in frequency was noted within one
minute.

3. With power OFF, the temperature was raised in 10°C steps. The
sample was permitted to stabilize at each step for at least
one—-half hour. Power was applied and the maximum frequency
change was noted within one minute.

4. The temperature tests were performed for the worst case.

MEASUREMENT RESULTS: ATTACHED
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TRANSMITTER TEST SET-UP

TEST A. OPERATIONAL STABILITY
TEST B. CARRIER FREQUENCY STABILITY
TEST C. OPERATIONAL PERFORMANCE STABILITY
TEST D. HUMIDITY
TEST E. VIBRATION
TEST F. ENVIRONMENTAL TEMPERATURE
TEST G. FREQUENCY STABILITY: TEMPERATURE VARIATION
TEST H. FREQUENCY STABILITY: VOLTAGE VARIATION
F— - - - - -~ 7
[ TEST |
SAMPLE (2) (3)
(1)
L . — - 1 - - -1
POWER
SUPPLY (4)

(1) TEMPERATURE, HUMIDITY, VIBRATION

TENNEY TEMPERATURE CHAMBER
WEBER HUMIDITY CHAMBER
L.A.B. RVH 18-100

]k

(2) COAXIAL ATTENUATOR

NARDA 766-10
SIERRA 661A-30
BIRD 8329 (30 dB)

]k

{3) R.F. POWER

HP 435A POWER METER
HP 436A POWER METER
HP 890TA POWER MODE

N

{4) FREQUENCY COUNTER

HP 5383A
HP 5334B
HP 89071A ba
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TRANSMITTER FREQUENCY STABILITY
NOKIA, 282, NHA-9NA (AMPS)
30 JUN 1998, 16:58

TRAONSMITTER FREQUENCY STeBILITY .~

FREGLENCY, PPN
[\

-4
TEMPERATURE, ©

FREQUENCY OF CARRIER, MHz = 836.39974
LIMIT, ppm = 2.5
LIMIT, Hz = 2091

OuBos

SUPERVISED BY: MORTON FLOM, P. Eng.
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NAME OF TEST: FREQUENCY STABILITY — VOLTAGE VARIATION
PARAGRAPH: 47 CFR 2.995 (b} (1)

GUIDE: SEE MEASUREMENT PROCEDURE BELOW

TEST CONDITIONS: 5. T. & H.

TEST EQUIPMENT: AS PER PREVIOUS PAGE

MEASUREMENT PROCEDURE

1. The E.U.T. was placed in a temperature chamber at 25+5°C and

connected as for "Frequency Stability - Temperature Variation"

test.

2. The power supply voltage to the E.U.T. was varied from 85% to

115% of the nominal value measured at the input to the E.U.T.

3. The variation in frequency was measured for the worst case.

MEASUREMENT RESULTS

LIMIT, ppm - 2.5

LIMIT, Hz — 2097
STV, % vdc CHANGE IN FREQUENCY, Hz
85 3.6 836400070 70
100 4.2 836400000 0
115 4.8 836399950 -50
BATTERY END POINT: 2.7 836399920 -80

M Bt §.

SUPERVISED BY: Moafﬁﬁ‘;:;M, P. Eng.




TESTIMONIAL
AND
STATEMENTOF CERTIFICATION

GML NHA-9

THIS IS TO CERTIFY:

1. THAT the application was prepared either by, or under

the direct supervision of, the undersigned.

2. THAT the technical data supplied with the application

was taken under my direction and supervision.

3. THAT the data was obtained on representative units,

randomly selected.

4. THAT, to the best of my knowledge and belief, the facts

set forth in the application and accompanying technical

data are true and correct.

CERTIFYTING ENGINEER:

QT f

: . ng.







F.C.C. HAS RULED SAR REPORT

CAN BE KEPT CONFIDENTIAL

ATTACHED IS SAR DATA EXTRACTED
RESULTS
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NOKIA MOBILE PHONES

5.5 Results ot SAR for 1g.
Appendix: 10

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

Appendix 10, page 7 (Nr:7), has sketch of the phone added on the plot for
clarifying the position of the phone with respect to the measured SAR values.

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. o

/

&
meas Phone positicn Frequency Power Whip in Whip up
nr: MHz / chaanel fdBm} (1g9) [nW/g]) {1g9) [mW/g]
1, 2 ag° 824.0 / 991 25.6 0.31 0.53
3, 4 g0° 836.0 / 384 26.9 0.31 0.66
5, 6 So¢® 849.0 / 799 26.1 - 0.23 0.64

FCC ID: GML NHA-9 FCC limit 1.60 [mW/g] 1.60[mw,/g1

MEASURED: 17.07.1997 / NMP {ANSI/IEEE) {ANSI/IEEE)

Z’fﬂ[ G—L\ ﬂl-}' Y.




NOKIA MOBILE PHONES

July 17th, 1998

P.O. Box 86

S5 CONFIDENTIAL

FEDERAL COMMUNICATIONS COMMISSION
Equipment Authorization Branch

7435 Oaklands Mills Road

Columbia, MD 21046

SAR TEST REPORT of Nokia 282

Gentlemen,

Please find attached SAR test report of FCC ID: GML NHA-9

For and on behalf of Nokia Mabile Phones Ltd.

Respectfully,
S oA

Simon O'Neill
Senior Programs Manager




