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Outline

What is an antenna

What do we want to charactierize

Circuit measurements

Field measurements

Special cases : the electrically small antenna
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What is an antenna ?

An antenna transforms a guided wave to a
radiated wave

An antenna is a link between Krichhof’'s world
(circuit) and Maxwell’s world (fields)

An antenna is a spatial filter and a spectral
filter

An antenna is a one port device
An antenna is a two port device
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Circuit characteristics

* Frequency response of the antenna (antenna
bandwidth)

* Imput impedance of the antenna
« Reflection coeffcient of the antenna
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Antenna characterisation using power
measurements

SPECTRUM ANALYZER
WITH TRACEING GENERATOR
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Matching measurement using a SA
calibration procedure

Measure first the reflected power in the
absence of the antenna (opern circuit = max
reflection), or better using a short circuit

In the presence of the antenna, we measure
the difference of reflected power, which
corresponds to the transmitted (radiated)
power
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Circuit measurements using an NWA

* The antenna input reflection coeffcient is
measured after a usual 1 port calibration
procedure
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Sources of errors

« Systematic errors (can be calibrated out)

- Random errors (noise, connexions, cables,
etc.)

* Drift errors (can also be taken care off)

 Errors specific to antennas : spurious
radiation
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The solutions

* Anechoic chamber
* Qutdoor ranges
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Anechoic chamber

VWYY VWYV VYW VWYYV,

Rectangular Anechoic Chamber
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Outdoor ranges

Outdoor Elevated Ra
noe Ground Reflection Range
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Field characterisitcs

Radiation pattern
Directivity

Gain

Polarization
Radiation efficiency
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Reminders

- Radiated power per solid angle (Far field) :
P (60,40
» Gain (with respect to an isotropic radiator) :

G(0.4)= ng’qj)

» Maximum gain :G_,. = maX[G(9,¢):|
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Principle
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Mesured :

kP, , P,

Known :
kK, LetA
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Several solutions

» Known G,
- Use two identical antennas (G,=G,)

* Do three measurements using three
antennas (G,G,, G,G;, G,G,), :
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Radiation pattern

r(6’,¢)=(;(iwﬁ) = 0<r<li

max

Principle :
- You need two antennas or one antenna and a known reflector
- You need to be in the far field

2d?
2_
A

L
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Far field (variation of the phase over the

range)
\f"
S
R
Receiving
d Antenna
. Aperture
Transmitting
Antenna )
2d
L>—
A

Usual criterion : A ¢ smaller than n/8/ X pess
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Amplitude variation over the range

* Usually up to 0.5 dB amplitude varaition is
tolerated over the aperture of the antenna
under test
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Errors due to refelction

A interfering field which is 30 dB below the
direct path signal can cause a variation of
+0.25 dB in the measured maximum gain and
can seriously affect the measured sidelobe
structure of the pattern.

» Thus : us a directive transmitting antenna, an
anechoic chamber or an outdoor range

=PrL



Elevated outdoor range

= P—

Outdoor Elevated Range

Variations in the amplitude of the field incident over a test aperture must also be
restricted for accurate far-zone measurements.

For range geometries employing comparatively large transmitting and test tower
heights (i.e., elevated range geometries), it is

advisable to restrict amplitude taper to the order of 1/4 dB or less by using the
following criterion:

dy

|

AR
4D
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With

- d, = transmitting antenna diameter

| A = wavelength

* R =range length

* D = maximum test aperture dimension
- H>06D
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Ground reflection test ranges

Ground Reflection Range

Constructive interference with the ground reflected signal is
Used. Good for low directive antenna test
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Ground reflection test ranges

In these expressions:

R:= 2D R = range length
3 D = test aperture diameter
A = wavelength
h.z 3.3D Vertical-plane amplitude h; = height of the center of the
taper 1/4 dB test aperture
h¢ = height of the center of the
hy = IR Peak of first interference transmitting antenna
4h, lobe at h; dy = transmitting antenna diameter
di = IR Horizontal-plane amplitude

4D taper = 1/4 dB
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Anechoic chambers

VWYV VWYV VYW VWV

égja Skrivervik E P F L



Anechoic chambers

- Large chambers needed for large antennas
(directive antennas)

- Large chambers needed for high frequencies
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Solutions

* Near field measurements, then near to far
field transform

« Compact ranges
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* Planar
 Cylindrical
» Spherical
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Near field ranges
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Planar near field ranges

Planar Near-Field Method — With planar near-field scanning, the
probe usually is scanned in X and Y linear coordinates over the
aperture of the test antenna. A large planar scanner is used to move
the probe over a very accurate plane located in front of the test
antenna’s aperture. Once aligned to the scan plane, the test antenna is
not moved during the collection of the nearfield data. Planar near-field
provides limited angular coverage of the test antenna’s field due to the
truncation caused by the scanner's dimensions
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Cylindrical near field ranges

&

|

&l

Cylindrical Near-Field Method — For this method the probe typically is
scanned in one linear dimension using a single axis linear positioner.
The test antenna is stepped in angle on a rotary axis oriented parallel
to the linear axis. The resulting scan describes a cylindrical surface
around the test antenna. Cylindrical near-field scanning can provide
complete angular coverage of the test antenna’s field in one plane. The
orthogonal plane has limited angular coverage due to truncation
caused by the finite length of the linear scanner.
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Spherical near field ranges

4

-l v

Spherical Near-Field Method — Spherical near-field scanning
normally involves installing the test antenna on a spherical
scanning positioner. The probe antenna is normally fixed in
space. The test antenna is normally scanned in one angular axis
and stepped in an orthogonal angular axis. The resulting data is
collected over a spherical envelope surrounding the test
antenna. Full or nearly-full coverage of the test antenna’s
radiating field can be evaluated with this type of near-field
system.
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Compact ranges
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Compact Antenna Test Range
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Advantages of compact ranges

 Anechoic
« Reasonable size for directive antennas
« Reasonable cost
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Measurements of electrically small antennas
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1898, in Paris

chaines disolateurs
;‘,. / d*extramite

Size of the antenna : a few fractions
of wavelengths
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Innovative Antennas
efficiencies as high as 70 or 80%

Antenova has revealed an innovative form of antenna that liberates wireless developers from
the pmblems and restrictions associated with conventional technology. Among the capabil-

|
|
|
Y

ities that this technology can offer are fine control over direc-
tionality, extremely small size with virtual immunity to
detuning - allowing multiple antennas to be integrated onto
PCBs - solid-state steerability, narrow or broadband configu-
ration, and much hlgher efficiencies. The technology results
from three years of pioneering R&D that has transformed the
effect of dlelec‘mc resonance from a scientific curiosity into a

completely characterized technology - backed by a design methodology and wmputer-mded
tools. Another important capability is the means to design broadband antennas to suit prod-
ucts such as mobile phones, or extremely narrowband versions to eliminate the conventional
need for external passband filters. The antennas themselves can be as small as a tenth of the
size of a conventional produict, as well as much more sensitive - efficiencies as high as 70 or
80% are easily achievable. Antenova Lid, Far Field House, Albert Road, Stow-cum-Quy, Cam-
bridge CB5 9AR, UK, Tel: +44-1223-810616, Fax: +44-1223-810650.

InfoCard: Enter No:
Online: www.eelink.com 2604

100 years later

« Size of the antenna : a
tenth of wavelength

- Max. 3 dB bandwidth : 1.5
%
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Wheeler:
* A/21 (radiansphere)
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What is a small antenna ?

1.8
1.6+

14+

(5}
g 0.8
5

--------------------------------------------------------------------------------------------------------

Antenna size in wavelength

=PrL



Why small antennas ?

System Frequency :
MHZ] The wavelength 1s between
[ 14 cm and 35 cm.
GSM (2G) 900 / 1800/ 1900
UMTS (3G) 1955/ 2155

e s et
antenna 1s between a
1575 fifth and a tenth of a
Satellite link | 1620 (up) / 2490 (down) wavelength.
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		System

		Frequency


[MHz]



		GSM (2G)

		900 / 1800 / 1900



		UMTS (3G)

		1955 / 2155



		DECT

		1890



		PHS

		1900



		CT 2

		866



		GPS

		1575



		Satellite link

		1620 (up) / 2490 (down)



		Pager

		< 900






Application example
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Evolution on cell phones' size

Late 1980s

1992 1995 1997 2002 2003
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Where are the limitations ?

* Limitations on the bandwidth

* Theoretical minimum Q as a function of the size (Chu,
Harrington, McLean, Collin).

 Limitations on the efficiency

* Theoretical maximum gain as a function of the size
(Harrington).
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The small antenna challenge

BW

How can we obtain the best compromise between those
characteristics ?
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Rule of thumb

gain (or efficiency) x bandwidth
= constant

volume
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Q in presence of losses

100

T 1 T T71Trri
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Practical gain limitation

Wave impedance ofa 1M _Jn n n |2

1

TM wave +r - kl" h(2)2|_7z'kr+](Jn]n +nnnn)J
n

=
2
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Measurement: What is the problem ?

 Commercial DECT antenna :
» Ceramic chip, 6 X 9 x 1.8 mm
* Gain of 2.2dBi at 1.89 GHz
« Max Gain after Harrington : -3.3 dBi !!
* Gain measured at LEMA : -8 + 2 dBi

» The discrepancy is due to measurement
errors
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Spurious radiation from cables

e
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Effect of Spurious radiation in the case of the chip
antenna

2.2 mm semi-flexible cable

Chip
antenna

=505 w400 300 200 CSl0 00 200030 0 40 50
X [mm]

25 20 -15 -10 5 0
Ey"2 [dB]
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Effect of Spurious radiation in the case of the chip
antenna

printed circuit

30
2.2 mm semi-flexible cable

SMA -
¢
mjs =

-10

Chip
antenna

-20

-30

40 -30 20 -10 0 10 20 30 40
X [mm]

e - L Y L R s | TR
Ey”2 [dB]
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Effects on radiation characteristics

 Unwanted radiation in unwanted directions

* Increase of measured gain up to 10 dB

« Destruction of both polarization and radiation
pattern
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Measurement solutions

- Baluns
* Wheeler cap method

« System measurement methods
* reverberation chamber
* anechoic chamber
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Baluns

The spurious radiation can be
attenuated using for instance ferrite
cores, chockes or baluns.

A4

conductor

Plastic shield ——
Dielectric

conductor

Anja Skrivervik
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Coaxial outer

Coaxial center
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Baluns

- Advantage :
 good for both circuit and radiation measurements

- Disadvantages :
* mostly narrow-band

* cumbersome for the characterization of multi-band
antennas

Anja Skrivervik E P F L
61



Wheeler cap

* Introduced by Wheeler in 1959 [Wheeler,
H.A., "The Radiansphere Around a Small

Antenna", Proc. IRE, pp. 1325-1331, August
1959.

 Based on the measurement of the radiation
resistance
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Wheeler cap

Efficiency : n=

ThUS . .i'? — R'mi — R:l'r.'n'

P'ﬂﬂ' + jjf-:l;.': R:I'n.:f + RI-:J-.E:

when the equivalent circuit of the antenna can be represented
as an series RLC circuit
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Wheeler cap

* We need to measure R
. . _1_ Moss
the input resistance and n=1
the loss resistance. Rtat

* The loss resistance
obtained when the
radiation resistance is
removed in the
measurement setup
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Wheeler cap

A
2 “"'\-.1 WHEELER
'EﬁF'
/ TEST \
.H‘-I"I'FHHA I|II
h

T ‘\Gnnurm

in PLAME

The radiation resitance is removed by surrounding the
antenna by a grounded sphere (the cap)
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Wheeler cap

 the radius of the sphere is of one
radianlength, which marks the near-field - far
field transition

 the far field is thus removed, without
disturbing the near field or the loss

 |n practice, the shape, the size and the
material of the cap is not so important
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Wheeler cap

 if the antenna can be modeled as a series
RLC circuit, its reflection coefficient vs.
frequency is a constant R circle on the Smith
chart, we get :

2

I- ‘Sl lcap

n=1- 3

1_‘Sllfreespace

Anja Skrivervik E P F L
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Wheeler cap

* if the equivalent circuit is more complicated,
adjustments and approximations need to be
done

* The method implies that the antenna has a
ground plane of reasonable size

Anja Skrivervik E P F L
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Wheeler cap : references

* H. A. Wheeler, “The radiansphere around a small

Anja Skrivervik

antenna,” Proc. IRE. pp. 1325-1331, Aug. 1959.

Pozar, D.M., Kaufman, B.: “Comparison of three
methods for the measurement of printed antenna
efficiency”, IEEE Transactions on Antennas and
Propagation, vol. 36, no. 1, pp. 136 —139, Jan. 1988.

Johnston, R.H., McRory, J.G.: “An improved small
antenna radiation-efficiency measurement method”,
IEEE Antennas and Propagation Magazine, vol. 40,
no. 5, pp. 40 —48, Oct. 1998.
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Integrated gain and efficiency
measurements

System measurement

Get rid off the cables

Take the casing into account
Minimize disturbations
Compare to known system

Two solutions : in reverberation chamber
and in anechoic chamber

Anja Skrivervik
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Reverberation Chamber

« Thanks to Prof. P.S. Kildal, from University of

Chalmers in Gothenburg for providing the
information and slides

 More information can be found on the website

-http://www.elmagn.chalmers.se/elmagn/ante
nna/
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Reverberation chamber

| — é

|® @BLUETEST.se® "

o

- &

l‘ :. ‘_ '; ” ..‘ ‘, !1» B ?: ‘

& 2 ks
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Reverberation chamber

* Principle
» Theoretical work by David Hill

* What can be measured:
« Antenna efficiency
* Antenna impedance
- Total radiated power
 Diversity gain of antennas
- Diversity gain of active terminals (DECT)
« Receiver sensitivity, Bit Error Rate (BER)
- BER in fading environment
« Channel capacities of MIMO systems
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Principle

* A cavity mode can be expanded in a series of 8 plane
wave

» The cavity modes are stirred mechanically in order to
obtain all possible plane wave excitation. This
creates a Rayleigh distributed transfer function
between two antennas inside the chamber

« The mean response of the system is obtained
analyzing the results of these plain wave excitations
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- M/\G Reverberation chamber and set-up for
antenna measurements

A Stirring methods:
B mechanical,
platform,
polarization and
L et frequency.
-
Switch
L E
1 2
Netwiork
Analyzer

Anja Skrivervik E P F L
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- M/\G Example of results for radiated power
20 phones, 5 positions, 900 MHz

[ Free space I Mean TCP —=— Cheek right Tilt right Cheek left Tilt left

35
34
33
32 e
31
30
29
28
27 - os
26 |
25
24 +
23
22
21
20 1

TCP in dBm GSM900 band

I

TCP (dBm)
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Phones

		Mobile phones

								Ant.								Size in (mm)								Letter

		Manufacturer		Model		Antennatype		Code		IMEI		Origin		Length		Width		Thickness		SAR*		Battery nr.		code

		Alcatel		OneTouchClub db		External		E		332039536321890		TCO		122		52		22						R

		Ericsson		A2618s		External		E		520253512650080		GEAB		131		52		16		0.79				N

		Ericsson		R310s		External		E		520080614226200		GEAB		138		53		25		0.94				M

		Ericsson		R520m & IAT-10		Extractable		EL				GEAB												L

		Ericsson		R520m & IAT-10 (ne)		External		E				GEAB												K

		Ericsson		R520m		External		E		520329510009230		GEAB												J

		Ericsson		T20s		External		E		520257196344390		GEAB		98		54		18				050028717IDFHHP		I

		Ericsson		T28s & IAT-10		Extractable		EL				GEAB												H

		Ericsson		T28s & IAT-10 (ne)		External		E				GEAB		96		50		13						G

		Ericsson		T28s		External		E		520094717964210		GEAB		96		50		13		1.27		036029310SLFCFC		F

		Motorola		P7389		External		E		449176082976570		GEAB		130		44		15		0.83				O

		Motorola		V2288		External		E		449240072458290		GEAB		136		50		21						P

		Motorola		V3688		External		E		448835083743630		TCO		83		42		10				IUD361FEJECI		Q

		Nokia		3310		Built-in		BI		350102809574590		GEAB		113		49		22		0.75		67028563807105500		A

		Nokia		6210		Built-in		BI		449333700120500		TCO		129		47		19		1.19				B

		Nokia		6250		Built-in		BI		350001100345480		GEAB		141		59		25						C

		Nokia		7110		External		E		448904108504840		GEAB		125		53		16		0.76				D

		Nokia		8210		Built-in		BI		449309109952780		GEAB		102		45		18		0.72				E

		Panasonic		EB-GD92		External		E		449317876048830		TCO		118		40		16		1.07		5073736		V

		Samsung		SGHM100		External		E		520028980074800		GEAB		106		44		13						W

		Siemens		C35i		External		E		449191529808150		TCO		118		46		14		1.19				S

		Siemens		S35i		Built-in		BI		449197526667490		GEAB		118		46		21		0.99				T

		Siemens		S40		Built-in		BI		350077800389310		GEAB		112		44		22						U

		Sony		CMD-Z5		External		E		457025066437010		GEAB		88		49		17		1.06				X

		*SAR-values are taken from Sunday-Times web page december 2000





data@9

		Measurement protocol GSM900								Measured TCP-values given in dBm

								TCP-values measured in Bluetest G3																						TCP-values measured in Bluetest G1																										Size in (mm)

		Phone				Antennatype		Free space		Cheek right		Cheek left		Tilt right		Tilt left		Worst case		MaxHL dB		MaxHL W		Mean TCP		MeanHL dB		MeanHL W		Free space		Cheek right		Cheek left		Tilt right		Tilt left		Worst case		MaxHL dB		MaxHL W		Mean TCP		MeanHL dB		MeanHL W		SAR*		Length		Width		Thickness

		Ericsson R520m & IAT-10 (EL)		L (EL)		Extractable		29.2		27.0		26.6		26.3		26.9		26.3		2.8		0.4		26.7		2.4		0.4

		Ericsson T28s & IAT-10 (EL)		H (EL)		Extractable		29.4		26.3		27.4		26.3		26.4		26.3		3.1		0.4		26.6		2.8		0.4		30.0		26.4		26.4		25.8		25.5		25.5		4.5		0.6		26.0		4.0		0.6				0		0		0

		Ericsson R310s (E)		M (E)		External		31.8		27.1		27.5		28.3		28.8		27.1		4.6		1.0		28.0		3.8		0.9		33.7		26.4		27.5		28.0		28.0		26.4		7.3		1.9		27.5		6.2		1.8		0.94		138		53		25

		Alcatel OneTouchClub db (E)		R (E)		External		32.1		27.9		27.1		27.3		28.0		27.1		5.0		1.1		27.6		4.5		1.0		32.4		25.7		27.0		28.0		28.2		25.7		6.7		1.4		27.2		5.1		1.2				122		52		22

		Motorola V2288 (E)		P (E)		External		30.6		26.8		25.7		27.4		27.5		25.7		4.9		0.8		26.9		3.7		0.7		32.2		25.1		25.6		27.1		27.5		25.1		7.1		1.3		26.3		5.9		1.2				136		50		21

		Siemens C35i (E)		S (E)		External		32.2		25.5		26.9		26.5		27.4		25.5		6.7		1.3		26.6		5.6		1.2		32.9		25.2		26.1		25.9		27.0		25.2		7.7		1.6		26.0		6.9		1.6		1.19		118		46		14

		Motorola V3688 (E)		Q (E)		External		31.0		25.4		24.1		27.2		27.6		24.1		6.9		1.0		26.1		4.9		0.9		30.7		24.9		26.3		27.2		28.2		24.9		5.8		0.9		26.7		4.1		0.7				83		42		10

		Ericsson R520m & IAT-10 (ne) (E)		K (E)		External		30.2		24.9		26.1		25.8		26.7		24.9		5.3		0.7		25.9		4.3		0.7

		Ericsson T20s (E)		I (E)		External		29.3		26.5		28.2		23.2		25.0		23.2		6.1		0.6		25.7		3.5		0.5		30.8		26.0		28.1		23.2		25.3		23.2		7.6		1.0		25.7		5.2		0.8				98		54		18

		Ericsson A2618s (E)		N (E)		External		29.5		23.9		25.1		26.3		27.2		23.9		5.6		0.6		25.6		3.9		0.5		31.5		24.3		25.1		23.8		26.8		23.8		7.7		1.2		25.0		6.5		1.1		0.79		131		52		16

		Motorola P7389 (E)		O (E)		External		30.7		25.3		24.6		26.3		25.2		24.6		6.1		0.9		25.4		5.3		0.8		30.8		24.5		24.9		25.7		25.8		24.5		6.3		0.9		25.2		5.6		0.9		0.83		130		44		15

		Samsung SGHM100 (E)		W (E)		External		30.1		25.1		23.7		25.3		25.4		23.7		6.4		0.8		24.9		5.2		0.7		32.9		24.1		24.2		24.6		25.1		24.1		8.8		1.7		24.5		8.4		1.7				106		44		13

		Nokia 7110 (E)		D (E)		External		29.2		26.6		23.7		25.0		23.3		23.3		5.9		0.6		24.6		4.6		0.5		30.4		25.7		25.1		24.8		24.4		24.4		6.0		0.8		25.0		5.4		0.8		0.76		125		53		16

		Sony CMD-Z5 (E)		X (E)		External		30.4		26.9		24.2		24.0		23.4		23.4		7.0		0.9		24.6		5.8		0.8		32.3		26.1		25.1		23.4		25.3		23.4		8.8		1.5		25.0		7.3		1.4		1.06		88		49		17

		Panasonic EB-GD92 (E)		V (E)		External		31.1		22.8		25.3		24.8		25.4		22.8		8.3		1.1		24.6		6.5		1.0		30.7		22.3		24.1		23.7		25.3		22.3		8.4		1.0		23.8		6.9		0.9		1.07		118		40		16

		Ericsson T28s (E)		F (E)		External		30.9		24.4		27.1		22.3		24.5		22.3		8.7		1.1		24.6		6.4		1.0		32.1		23.9		25.9		23.1		23.5		23.1		9.0		1.4		24.1		8.0		1.4		1.27		96		50		13

		Ericsson R520m (E)		J (E)		External		29.2		22.8		24.8		24.4		25.0		22.8		6.5		0.6		24.3		5.0		0.6

		Ericsson T28s & IAT-10 (ne) (E)		G (E)		External		29.7		24.6		26.4		22.0		23.9		22.0		7.8		0.8		24.2		5.5		0.7

		Nokia 6250 (BI)		C (BI)		Built-in		31.7		27.6		28.6		28.6		29.5		27.6		4.1		0.9		28.6		3.1		0.8		33.2		26.5		28.4		27.6		28.8		26.5		6.7		1.6		27.8		5.3		1.5				141		59		25

		Nokia 6210 (BI)		B (BI)		Built-in		31.0		25.2		26.3		26.7		27.5		25.2		5.8		0.9		26.4		4.6		0.8		32.2		23.9		25.7		26.1		27.4		23.9		8.3		1.4		25.8		6.4		1.3		1.19		129		47		19

		Siemens S35i (BI)		T (BI)		Built-in		31.1		25.8		25.7		26.7		26.4		25.7		5.4		0.9		26.2		5.0		0.9		33.8		25.7		25.3		26.1		26.6		25.3		8.5		2.1		25.9		7.9		2.0		0.99		118		46		21

		Siemens S40 (BI)		U (BI)		Built-in		30.3		25.1		26.6		25.0		26.0		25.0		5.4		0.8		25.7		4.7		0.7		nm		24.4		25.3		24.9		24.4		24.4						24.7								112		44		22

		Nokia 8210 (BI)		E (BI)		Built-in		31.6		25.4		25.3		25.6		25.7		25.3		6.3		1.1		25.5		6.1		1.1		32.8		24.6		25.3		25.0		25.4		24.6		8.2		1.6		25.1		7.7		1.6		0.72		102		45		18

		Nokia 3310 (BI)		A (BI)		Built-in		31.4		24.7		25.1		25.0		25.0		24.7		6.7		1.1		24.9		6.5		1.1		33.0		24.9		25.4		25.0		25.6		24.9		8.1		1.7		25.2		7.7		1.7		0.75		113		49		22

								30.6		25.6		25.9		25.7		26.2		24.7		5.9										32.0		25.0		25.8		25.5		26.2		24.6		7.4

								30.6		25.4		25.9		26.1		26.2		24.8		6.0										32.2		25.0		25.5		25.3		25.7		24.5		7.7

																														32.1		23.9		25.9		23.1		23.5





TCP@9

		L (EL)		L (EL)		L (EL)		L (EL)		L (EL)		L (EL)

		H (EL)		H (EL)		H (EL)		H (EL)		H (EL)		H (EL)

		M (E)		M (E)		M (E)		M (E)		M (E)		M (E)

		R (E)		R (E)		R (E)		R (E)		R (E)		R (E)

		P (E)		P (E)		P (E)		P (E)		P (E)		P (E)

		S (E)		S (E)		S (E)		S (E)		S (E)		S (E)

		Q (E)		Q (E)		Q (E)		Q (E)		Q (E)		Q (E)

		K (E)		K (E)		K (E)		K (E)		K (E)		K (E)

		I (E)		I (E)		I (E)		I (E)		I (E)		I (E)

		N (E)		N (E)		N (E)		N (E)		N (E)		N (E)

		O (E)		O (E)		O (E)		O (E)		O (E)		O (E)

		W (E)		W (E)		W (E)		W (E)		W (E)		W (E)

		D (E)		D (E)		D (E)		D (E)		D (E)		D (E)

		X (E)		X (E)		X (E)		X (E)		X (E)		X (E)

		V (E)		V (E)		V (E)		V (E)		V (E)		V (E)

		F (E)		F (E)		F (E)		F (E)		F (E)		F (E)

		J (E)		J (E)		J (E)		J (E)		J (E)		J (E)

		G (E)		G (E)		G (E)		G (E)		G (E)		G (E)

		C (BI)		C (BI)		C (BI)		C (BI)		C (BI)		C (BI)

		B (BI)		B (BI)		B (BI)		B (BI)		B (BI)		B (BI)

		T (BI)		T (BI)		T (BI)		T (BI)		T (BI)		T (BI)

		U (BI)		U (BI)		U (BI)		U (BI)		U (BI)		U (BI)

		E (BI)		E (BI)		E (BI)		E (BI)		E (BI)		E (BI)

		A (BI)		A (BI)		A (BI)		A (BI)		A (BI)		A (BI)



Free space

Cheek right

Tilt right

Cheek left

Tilt left

Mean TCP

TCP (dBm)

TCP in dBm            GSM900 band

29.171283

27.02532

26.347752

26.590664

26.934468

26.724551

29.388686

26.277769

26.300251

27.374265

26.370295

26.580645

31.755476

27.124662

28.329244

27.532543

28.820596

27.95176125

32.104539

27.885009

27.327167

27.114408

28.033004

27.589897

30.617593

26.831804

27.433103

25.728191

27.498417

26.87287875

32.156735

25.490783

26.538261

26.943922

27.445663

26.60465725

31.034142

25.441398

27.240665

24.106891

27.607043

26.09899925

30.225263

24.895801

25.827797

26.124354

26.668412

25.879091

29.267354

26.505293

23.168471

28.203348

24.994453

25.71789125

29.47981

23.891174

26.276777

25.055854

27.197084

25.60522225

30.662671

25.344628

26.289946

24.560131

25.229712

25.35610425

30.093102

25.060791

25.300841

23.717761

25.412756

24.87303725

29.226011

26.629809

24.966605

23.652526

23.331229

24.64504225

30.435215

26.943751

23.958376

24.215138

23.390551

24.626954

31.1235

22.784191

24.811167

25.310207

25.435093

24.5851645

30.944651

24.433069

22.266428

27.07621

24.484748

24.56511375

29.229332

22.767252

24.436377

24.824191

24.978245

24.25151625

29.749558

24.586814

21.95792

26.380986

23.881031

24.20168775

31.699381

27.580678

28.614728

28.608438

29.508545

28.57809725

31.027112

25.21906

26.701358

26.298314

27.528816

26.436887

31.109502

25.819677

26.66107

25.703505

26.449016

26.158317

30.312734

25.131788

24.954009

26.568496

25.974399

25.657173

31.631541

25.39154

25.596248

25.335549

25.673911

25.499312

31.445784

24.730748

24.98961

25.089424

24.971643

24.94535625



HL@9

		L (EL)		L (EL)

		H (EL)		H (EL)

		M (E)		M (E)

		R (E)		R (E)

		P (E)		P (E)

		S (E)		S (E)

		Q (E)		Q (E)

		K (E)		K (E)

		I (E)		I (E)

		N (E)		N (E)

		O (E)		O (E)

		W (E)		W (E)

		D (E)		D (E)

		X (E)		X (E)

		V (E)		V (E)

		F (E)		F (E)

		J (E)		J (E)

		G (E)		G (E)

		C (BI)		C (BI)

		B (BI)		B (BI)

		T (BI)		T (BI)

		U (BI)		U (BI)

		E (BI)		E (BI)

		A (BI)		A (BI)



Mean head loss in dB

Max head loss in dB

Head loss in dB

GSM900 band

2.446732

2.823531

2.808041

3.110917

3.80371475

4.630814

4.514642

4.990131

3.74471425

4.889402

5.55207775

6.665952

4.93514275

6.927251

4.346172

5.329462

3.54946275

6.098883

3.87458775

5.588636

5.30656675

6.10254

5.22006475

6.375341

4.58096875

5.894782

5.808261

7.044664

6.5383355

8.339309

6.37953725

8.678223

4.97781575

6.46208

5.54787025

7.791638

3.12128375

4.118703

4.590225

5.808052

4.951185

5.405997

4.655561

5.358725

6.132229

6.295992

6.50042775

6.715036



HLW@9

		L (EL)		L (EL)		L (EL)

		H (EL)		H (EL)		H (EL)

		M (E)		M (E)		M (E)

		R (E)		R (E)		R (E)

		P (E)		P (E)		P (E)

		S (E)		S (E)		S (E)

		Q (E)		Q (E)		Q (E)

		K (E)		K (E)		K (E)

		I (E)		I (E)		I (E)

		N (E)		N (E)		N (E)

		O (E)		O (E)		O (E)

		W (E)		W (E)		W (E)

		D (E)		D (E)		D (E)

		X (E)		X (E)		X (E)

		V (E)		V (E)		V (E)

		F (E)		F (E)		F (E)

		J (E)		J (E)		J (E)

		G (E)		G (E)		G (E)

		C (BI)		C (BI)		C (BI)

		B (BI)		B (BI)		B (BI)

		T (BI)		T (BI)		T (BI)

		U (BI)		U (BI)		U (BI)

		E (BI)		E (BI)		E (BI)

		A (BI)		A (BI)		A (BI)



Mean head loss in W

Max head loss in W

SAR values

W and W/kg

Head loss in W and SAR value in W/kg      GSM900 band

0.3558952434

0.3949862439

0.4136419182

0.4442960666

0.874135605

0.9823414214

0.94

1.0494031613

1.1089403473

0.6660844231

0.7788593644

1.1855573381

1.2890747891

1.19

0.8615750256

1.0114136915

0.6660608687

0.7445065664

0.4716950367

0.6373456899

0.5236022937

0.6421446635

0.79

0.8215923065

0.8790745369

0.83

0.7145520556

0.786285417

0.5453505152

0.6214212605

0.76

0.8152065336

0.887104506

1.06

1.0078196146

1.1053855453

1.07

0.9568870161

1.0744661021

1.27

0.5712350535

0.6482858078

0.6808357639

0.7870037122

0.7581059722

0.9060121257

0.8265699854

0.9342216154

1.19

0.8781837529

0.9192360197

0.99

0.7067763088

0.76176909

1.1012184255

1.1143464764

0.72

1.0827396112

1.0977956769

0.75



data@18

		Measurement protocol GSM1800								Measured TCP-values given in dBm

								TCP-values measured in Bluetest G3																						TCP-values measured in Bluetest G1																										Size in (mm)

		Phone				Antennatype		Free space		Cheek right		Cheek left		Tilt right		Tilt left		Worst case		MaxHL dB		MaxHL W		MeanTCP		MeanHL dB		MeanHL W		Free space		Cheek right		Cheek left		Tilt right		Tilt left		Worst case		MaxHL dB		MaxHL W		MeanTCP		MeanHL dB		MeanHL W		SAR*		Length		Width		Thickness

		Ericsson T28s & IAT-10 (EL)		H (EL)		Extractable		29.4		27.1		27.0		26.3		26.6		26.3		3.0		0.4		26.8		2.6		0.4		28.8		27.2		26.9		26.4		27.4		26.4		2.4		0.3		27.0		1.9		0.3				0		0		0

		Ericsson R520m & IAT-10 (EL)		L (EL)		Extractable		27.2		24.7		25.2		24.5		24.7		24.5		2.7		0.2		24.8		2.4		0.2

		Ericsson R310s (E)		M (E)		External		29.0		26.6		26.6		27.5		27.5		26.6		2.4		0.3		27.0		1.9		0.3		29.6		28.0		26.9		28.1		27.2		26.9		2.7		0.4		27.5		2.1		0.3		0.94		138		53		25

		Ericsson T28s (E)		F (E)		External		29.1		26.2		27.4		25.7		26.8		25.7		3.4		0.4		26.5		2.6		0.4		29.5		26.9		27.0		25.6		27.1		25.6		3.9		0.5		26.6		2.9		0.4		1.27		96		50		13

		Motorola P7389 (E)		O (E)		External		29.1		27.1		26.1		26.2		25.5		25.5		3.6		0.5		26.2		2.9		0.4		29.8		26.5		26.0		26.9		25.6		25.6		4.2		0.6		26.3		3.6		0.5		0.83		130		44		15

		Siemens C35i (E)		S (E)		External		28.8		25.8		26.2		26.1		26.5		25.8		3.0		0.4		26.1		2.7		0.4		29.1		26.1		26.1		26.6		27.1		26.1		3.1		0.4		26.5		2.6		0.4		1.19		118		46		14

		Ericsson T20s (E)		I (E)		External		28.0		25.8		26.6		25.3		25.9		25.3		2.7		0.3		25.9		2.1		0.2		27.9		26.2		26.1		26.2		26.2		26.1		1.8		0.2		26.2		1.7		0.2				98		54		18

		Motorola V3688 (E)		Q (E)		External		27.0		25.5		25.6		26.4		26.0		25.5		1.5		0.1		25.9		1.1		0.1		27.4		26.0		25.9		27.0		26.7		25.9		1.5		0.2		26.4		1.0		0.1				83		42		10

		Ericsson A2618s (E)		N (E)		External		28.7		25.6		25.6		25.7		26.0		25.6		3.2		0.4		25.7		3.0		0.4		29.0		27.1		26.3		26.5		26.7		26.3		2.6		0.4		26.7		2.3		0.3		0.79		131		52		16

		Motorola V2288 (E)		P (E)		External		28.3		25.7		25.3		25.8		25.6		25.3		3.0		0.3		25.6		2.7		0.3		28.2		26.5		25.9		26.5		25.5		25.5		2.6		0.3		26.1		2.1		0.2				136		50		21

		Ericsson T28s & IAT-10 (ne) (E)		G (E)		External		28.5		25.4		26.5		24.6		25.8		24.6		4.0		0.4		25.5		3.0		0.4

		Nokia 7110 (E)		D (E)		External		28.7		26.0		25.1		26.0		24.8		24.8		3.9		0.4		25.5		3.2		0.4		27.6		26.9		25.6		26.7		25.2		25.2		2.4		0.2		26.1		1.5		0.2		0.76		125		53		16

		Alcatel OneTouchClub db (E)		R (E)		External		27.4		25.8		25.0		25.9		24.7		24.7		2.7		0.3		25.4		2.1		0.2		28.0		26.4		25.0		26.5		25.0		25.0		3.0		0.3		25.7		2.2		0.3				122		52		22

		Sony CMD-Z5 (E)		X (E)		External		27.4		25.3		24.3		25.9		24.5		24.3		3.0		0.3		25.0		2.3		0.2		28.6		26.1		25.6		26.7		25.4		25.4		3.2		0.4		26.0		2.6		0.3		1.06		88		49		17

		Ericsson R520m (E)		J (E)		External		27.8		24.7		25.4		24.5		24.8		24.5		3.3		0.3		24.8		3.0		0.3

		Ericsson R520m & IAT-10 (ne) (E)		K (E)		External		27.5		24.5		25.0		23.8		24.5		23.8		3.8		0.3		24.4		3.1		0.3

		Samsung SGHM100 (E)		W (E)		External		26.9		24.8		23.6		24.4		23.5		23.5		3.4		0.3		24.1		2.8		0.2		27.0		25.9		24.1		25.7		23.7		23.7		3.3		0.3		24.9		2.2		0.2				106		44		13

		Panasonic EB-GD92 (E)		V (E)		External		24.5		21.9		22.8		21.1		21.9		21.1		3.3		0.1		21.9		2.5		0.1		24.6		22.4		22.7		21.9		22.3		21.9		2.7		0.1		22.3		2.3		0.1		1.07		118		40		16

		Nokia 3310 (BI)		A (BI)		Built-in		28.8		26.8		27.4		26.9		27.4		26.8		2.0		0.3		27.1		1.6		0.2		29.0		26.7		27.1		26.9		26.9		26.7		2.2		0.3		26.9		2.0		0.3		0.75		113		49		22

		Nokia 6250 (BI)		C (BI)		Built-in		28.4		26.4		26.7		26.6		27.0		26.4		2.0		0.3		26.7		1.8		0.2		27.5		27.3		26.4		27.7		26.7		26.4		1.0		0.1		27.0		0.5		0.1				141		59		25

		Nokia 8210 (BI)		E (BI)		Built-in		28.3		26.2		26.8		26.5		26.9		26.2		2.0		0.2		26.6		1.7		0.2		28.1		27.2		26.2		26.9		26.3		26.2		1.9		0.2		26.6		1.4		0.2		0.72		102		45		18

		Siemens S35i (BI)		T (BI)		Built-in		27.2		26.2		26.0		26.2		26.1		26.0		1.2		0.1		26.1		1.1		0.1		27.1		26.4		26.1		26.9		26.3		26.1		1.1		0.1		26.4		0.7		0.1		0.99		118		46		21

		Nokia 6210 (BI)		B (BI)		Built-in		27.8		24.7		25.2		25.0		25.3		24.7		3.1		0.3		25.0		2.8		0.3		28.2		25.7		25.1		25.0		25.1		25.0		3.2		0.3		25.2		3.0		0.3		1.19		129		47		19

		Siemens S40 (BI)		U (BI)		Built-in		25.8		24.8		24.2		25.0		24.9		24.2		1.7		0.1		24.7		1.1		0.1		26.6		26.0		23.9		25.2		24.7		23.9		2.7		0.2		25.0		1.6		0.1				112		44		22

								27.9		25.6		25.7		25.5		25.5		25.1		2.8										28.1		26.4		25.8		26.3		25.9		25.5		2.6

								28.1		25.7		25.6		25.8		25.7		25.3		3.0										28.1		26.4		26.0		26.6		26.3		25.8		2.7





TCP@18

		H (EL)		H (EL)		H (EL)		H (EL)		H (EL)		H (EL)

		L (EL)		L (EL)		L (EL)		L (EL)		L (EL)		L (EL)

		M (E)		M (E)		M (E)		M (E)		M (E)		M (E)

		F (E)		F (E)		F (E)		F (E)		F (E)		F (E)

		O (E)		O (E)		O (E)		O (E)		O (E)		O (E)

		S (E)		S (E)		S (E)		S (E)		S (E)		S (E)

		I (E)		I (E)		I (E)		I (E)		I (E)		I (E)

		Q (E)		Q (E)		Q (E)		Q (E)		Q (E)		Q (E)

		N (E)		N (E)		N (E)		N (E)		N (E)		N (E)

		P (E)		P (E)		P (E)		P (E)		P (E)		P (E)

		G (E)		G (E)		G (E)		G (E)		G (E)		G (E)

		D (E)		D (E)		D (E)		D (E)		D (E)		D (E)

		R (E)		R (E)		R (E)		R (E)		R (E)		R (E)

		X (E)		X (E)		X (E)		X (E)		X (E)		X (E)

		J (E)		J (E)		J (E)		J (E)		J (E)		J (E)

		K (E)		K (E)		K (E)		K (E)		K (E)		K (E)

		W (E)		W (E)		W (E)		W (E)		W (E)		W (E)

		V (E)		V (E)		V (E)		V (E)		V (E)		V (E)

		A (BI)		A (BI)		A (BI)		A (BI)		A (BI)		A (BI)

		C (BI)		C (BI)		C (BI)		C (BI)		C (BI)		C (BI)

		E (BI)		E (BI)		E (BI)		E (BI)		E (BI)		E (BI)

		T (BI)		T (BI)		T (BI)		T (BI)		T (BI)		T (BI)

		B (BI)		B (BI)		B (BI)		B (BI)		B (BI)		B (BI)

		U (BI)		U (BI)		U (BI)		U (BI)		U (BI)		U (BI)



Free space

Cheek right

Tilt right

MeanTCP

Cheek left

Tilt left

TCP (dBm)

TCP in dBm          GSM1800 band

29.352383

27.144981

26.337767

26.777899

26.982873

26.645975

27.178755

24.681667

24.479656

24.76375925

25.18117

24.712544

28.982155

26.579442

27.478064

27.03483425

26.603695

27.478136

29.055553

26.189361

25.652739

26.50283875

27.409563

26.759692

29.138163

27.133527

26.244023

26.23645225

26.066293

25.501966

28.823732

25.820509

26.056382

26.1364335

26.176327

26.492516

28.01948

25.807831

25.339118

25.9065025

26.623245

25.855816

26.982485

25.456784

26.424077

25.86225725

25.614796

25.953372

28.749941

25.584374

25.719862

25.7209725

25.628025

25.951629

28.276137

25.719358

25.782487

25.608236

25.298604

25.632495

28.528692

25.372384

24.550948

25.5488755

26.489012

25.783158

28.696379

26.017515

25.952521

25.48585375

25.141494

24.831885

27.413438

25.755546

25.894774

25.35573025

25.03692

24.735681

27.360401

25.285294

25.925258

25.0127175

24.333946

24.506372

27.817096

24.72544

24.476116

24.84672125

25.351048

24.834281

27.543141

24.5156

23.759325

24.43210575

24.969635

24.483863

26.859121

24.817755

24.380292

24.06543625

23.597126

23.466572

24.453783

21.862224

21.131498

21.93158775

22.8035

21.929129

28.773014

26.757758

26.942432

27.13076225

27.395183

27.427676

28.438924

26.43939

26.565757

26.67161275

26.671924

27.00938

28.257426

26.249112

26.480155

26.5986315

26.794144

26.871115

27.194364

26.172886

26.154275

26.1127745

26.020682

26.103255

27.814272

24.722099

24.951173

25.04795225

25.235889

25.282648

25.847858

24.778624

24.962771

24.71858725

24.190327

24.942627



HL@18

		H (EL)		H (EL)

		L (EL)		L (EL)

		M (E)		M (E)

		F (E)		F (E)

		O (E)		O (E)

		S (E)		S (E)

		I (E)		I (E)

		Q (E)		Q (E)

		N (E)		N (E)

		P (E)		P (E)

		G (E)		G (E)

		D (E)		D (E)

		R (E)		R (E)

		X (E)		X (E)

		J (E)		J (E)

		K (E)		K (E)

		W (E)		W (E)

		V (E)		V (E)

		A (BI)		A (BI)

		C (BI)		C (BI)

		E (BI)		E (BI)

		T (BI)		T (BI)

		B (BI)		B (BI)

		U (BI)		U (BI)



Mean head loss in dB

Max head loss in dB

Head loss in dB

GSM1800 band

2.574484

3.014616

2.41499575

2.699099

1.94732075

2.402713

2.55271425

3.402814

2.90171075

3.636197

2.6872985

3.003223

2.1129775

2.680362

1.12022775

1.525701

3.0289685

3.165567

2.667901

2.977533

2.9798165

3.977744

3.21052525

3.864494

2.05770775

2.677757

2.3476835

3.026455

2.97037475

3.34098

3.11103525

3.783816

2.79368475

3.392549

2.52219525

3.322285

1.64225175

2.015256

1.76731125

1.999534

1.6587945

2.008314

1.0815895

1.173682

2.76631975

3.092173

1.12927075

1.657531



HLW@18

		H (EL)		H (EL)		H (EL)

		L (EL)		L (EL)		L (EL)

		M (E)		M (E)		M (E)

		F (E)		F (E)		F (E)

		O (E)		O (E)		O (E)

		S (E)		S (E)		S (E)

		I (E)		I (E)		I (E)

		Q (E)		Q (E)		Q (E)

		N (E)		N (E)		N (E)

		P (E)		P (E)		P (E)

		G (E)		G (E)		G (E)

		D (E)		D (E)		D (E)

		R (E)		R (E)		R (E)

		X (E)		X (E)		X (E)

		J (E)		J (E)		J (E)

		K (E)		K (E)		K (E)

		W (E)		W (E)		W (E)

		V (E)		V (E)		V (E)

		A (BI)		A (BI)		A (BI)

		C (BI)		C (BI)		C (BI)

		E (BI)		E (BI)		E (BI)

		T (BI)		T (BI)		T (BI)

		B (BI)		B (BI)		B (BI)

		U (BI)		U (BI)		U (BI)



Mean head loss in W

Max head loss in W

SAR values

W and W/kg

Head loss in W and SAR value in W/kg          GSM1800 band

0.3852657562

0.4311610096

0.2227608682

0.241725311

0.2858477031

0.3361414606

0.94

0.3575785276

0.4370401778

1.27

0.3996215441

0.465030576

0.83

0.3519219483

0.3807451269

1.19

0.2441657383

0.2918838221

0.1134912645

0.1478698247

0.3765502742

0.3881099817

0.79

0.3086110648

0.3336430621

0.3538093541

0.4274742997

0.3870328818

0.4364719026

0.76

0.2080235581

0.2536883235

0.2273977942

0.273287408

1.06

0.2996746723

0.3246436571

0.2904887138

0.3303081363

0.2301882665

0.2630347224

0.1228426358

0.1490922346

1.07

0.2373715575

0.2798813474

0.75

0.233371628

0.2575664442

0.2125435164

0.2478774081

0.72

0.1155465145

0.1241192794

0.99

0.2848042896

0.3079165368

1.19

0.0880154335

0.1219605289
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Example of validation results:

Measurement techniques - results comparison

2 chambers: 925 MHz, 8 phones, 1 pos.

925.0 MHz
(cable-fed phones)

—&—925.0 MHz BLUETEST
——925.0 MHz EMW

0,00

-1,00

-2,00

-3,00

-3,12

-4,00

-5,00

-6,00

Radiation Efficiency, dB

-7,00

-8,00

-9,00

-10,00

Anja Skrivervik
78

Phones




Chart1

		A  - retractable, extended		A  - retractable, extended		A  - retractable, extended		A  - retractable, extended		A  - retractable, extended		A  - retractable, extended		A  - retractable, extended		A  - retractable, extended		A  - retractable, extended		A  - retractable, extended		A  - retractable, extended		A  - retractable, extended

		B - stub		B - stub		B - stub		B - stub		B - stub		B - stub		B - stub		B - stub		B - stub		B - stub		B - stub		B - stub

		C - stub		C - stub		C - stub		C - stub		C - stub		C - stub		C - stub		C - stub		C - stub		C - stub		C - stub		C - stub

		D - built in		D - built in		D - built in		D - built in		D - built in		D - built in		D - built in		D - built in		D - built in		D - built in		D - built in		D - built in

		E - built in		E - built in		E - built in		E - built in		E - built in		E - built in		E - built in		E - built in		E - built in		E - built in		E - built in		E - built in

		F - built in		F - built in		F - built in		F - built in		F - built in		F - built in		F - built in		F - built in		F - built in		F - built in		F - built in		F - built in

		G - built in		G - built in		G - built in		G - built in		G - built in		G - built in		G - built in		G - built in		G - built in		G - built in		G - built in		G - built in

		H - built in		H - built in		H - built in		H - built in		H - built in		H - built in		H - built in		H - built in		H - built in		H - built in		H - built in		H - built in



880.0 MHz SEMC

925.0 MHz SEMC

960.0 MHz SEMC

880.0 MHz BLUETEST

925.0 MHz BLUETEST

960.0 MHz BLUETEST

880.0 MHz EMW

925.0 MHz EMW

960.0 MHz EMW

880.0 MHz FLEXTRONICS

925.0 MHz FLEXTRONICS

960.0 MHz FLEXTRONICS

Phones

Radiation Efficiency, dB

Cable-fed device  measurement results - GSM 900 MHz

-5.3

-4.95

-4.49

-3.37

-3.24

-3.58

-3.58

-3.12

-2.27

-4.9010627687

-0.5053569188

-2.6391855159

-10.19

-9.12

-9.7

-8.21

-7.36

-8.36

-8.43

-7.02

-7.69

-9.4441042092

-5.6466629919

-6.6815937028

-11.48

-10.84

-10.44

-8.44

-8.81

-7.76

-9.87

-7.94

-7.15

-8.9702481091

-6.4954727227

-6.6078382594

-12

-9.26

-10.72

-9.43

-6.29

-8.8

-10.33

-6.64

-8.07

-10.1907522739

-4.5781248932

-8.6046532809

-9.22

-8.99

-9.63

-6.22

-6.13

-7.25

-7.09

-5.83

-6.37

-7.2456468023

-4.4256758547

-6.6210737386

-9.17

-12.5

-15.96

-5.74

-8.91

-12.55

-6.57

-9.28

-12.23

-7.7612436813

-6.7756948236

-13.234433259

-9.27

-10.96

-12.76

-5.94

-8.17

-9.97

-6.44

-7.89

-9.34

-5.8738645122

-6.0936622854

-9.1568671229

-8.8

-9.65

-12.24

-6.33

-6.64

-10.01

-7.26

-7.45

-9.78

-7.3768606046

-4.2992714009

-9.8777741433



Chart5

		A  - retractable, extended		A  - retractable, extended		A  - retractable, extended		A  - retractable, extended		A  - retractable, extended		A  - retractable, extended		A  - retractable, extended		A  - retractable, extended		A  - retractable, extended		A  - retractable, extended		A  - retractable, extended		A  - retractable, extended

		B - stub		B - stub		B - stub		B - stub		B - stub		B - stub		B - stub		B - stub		B - stub		B - stub		B - stub		B - stub

		C - stub		C - stub		C - stub		C - stub		C - stub		C - stub		C - stub		C - stub		C - stub		C - stub		C - stub		C - stub

		D - built in		D - built in		D - built in		D - built in		D - built in		D - built in		D - built in		D - built in		D - built in		D - built in		D - built in		D - built in

		E - built in		E - built in		E - built in		E - built in		E - built in		E - built in		E - built in		E - built in		E - built in		E - built in		E - built in		E - built in

		F - built in		F - built in		F - built in		F - built in		F - built in		F - built in		F - built in		F - built in		F - built in		F - built in		F - built in		F - built in

		G - built in		G - built in		G - built in		G - built in		G - built in		G - built in		G - built in		G - built in		G - built in		G - built in		G - built in		G - built in

		H - built in		H - built in		H - built in		H - built in		H - built in		H - built in		H - built in		H - built in		H - built in		H - built in		H - built in		H - built in



1710.0 MHz SEMC

1780.0  MHz SEMC

1880.0 MHz SEMC

1710.0 MHz BLUETEST

1780.0  MHz BLUETEST

1880.0 MHz BLUETEST

1710.0 MHz EMW

1780.0  MHz EMW

1880.0 MHz EMW

1710.0 MHz FLEXTRONICS

1780.0  MHz FLEXTRONICS

1880.0 MHz FLEXTRONICS

Phones

Radiaton Efficiency, dB

Cable-fed device measurement results- GSM 1800 MHz

-6.33

-5.77

-6.12

-3.94

-4.78

-4.23

-4.4

-4.48

-4.21

-2.9735150072

-3.8309559566

-5.3167589115

-7.86

-7.01

-6.06

-6.46

-6.41

-5.14

-6.42

-5.54

-5.25

-4.3816164406

-3.6638547491

-6.7569359471

-6.74

-6.01

-6.22

-4.05

-4.86

-4.75

-4.54

-4.35

-4.44

-4.5853781315

-2.7723557293

-4.3805363451

-7.41

-8.32

-7.12

-5.18

-6.49

-7.74

-5.57

-5.84

-6.2

-2.8203854959

-4.4770608568

-6.964373274

-7.06

-7.63

-8.12

-5.82

-5.51

-6.08

-5.04

-5.36

-6.74

-2.1067864359

-4.7215988364

-6.3119952221

-10.27

-10.29

-7.61

-7.96

-8.73

-6.25

-8.42

-7.8

-5.82

-7.4624157756

-7.6491817313

-4.8994519652

-8.24

-6.03

-6.43

-5.53

-5.31

-5.35

-6.14

-4.92

-4.96

-4.6543928065

-3.77832722

-5.4066400434

-6.2

-4.85

-7.5

-4.55

-3.99

-5.99

-4.65

-3.79

-5.9

-1.940582494

-2.216912163

-5.605520073



Chart7

		A  - retractable, extended		A  - retractable, extended		A  - retractable, extended		A  - retractable, extended		A  - retractable, extended		A  - retractable, extended		A  - retractable, extended		A  - retractable, extended		A  - retractable, extended		A  - retractable, extended		A  - retractable, extended		A  - retractable, extended

		B - stub		B - stub		B - stub		B - stub		B - stub		B - stub		B - stub		B - stub		B - stub		B - stub		B - stub		B - stub

		C - stub		C - stub		C - stub		C - stub		C - stub		C - stub		C - stub		C - stub		C - stub		C - stub		C - stub		C - stub

		D - built in		D - built in		D - built in		D - built in		D - built in		D - built in		D - built in		D - built in		D - built in		D - built in		D - built in		D - built in



1850.0 MHz SEMC

1910.0 MHz SEMC

1990.0 MHz SEMC

1850.0 MHz BLUETEST

1910.0 MHz BLUETEST

1990.0 MHz BLUETEST

1850.0 MHz EMW

1910.0 MHz EMW
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				Cable Measurement FLEXTRONICS

				S21 - normalized to the reference dipole

						Dipole		T39mE		T39m(stub)		Motorola		T68m		Siemens M35		Nokia 3310		Nokia 6210		Nokia 8210		Bluetooth

				F (MHz)		dB		Norm, dB		Norm, dB		Norm, dB		Norm, dB		Norm, dB		Norm, dB		Norm, dB		Norm, dB		NOT processed

				880		-17.20		-4.90		-9.44		-8.97		-10.19		-7.25		-7.76		-5.87		-7.38

				925		-19.00		-0.51		-5.65		-6.50		-4.58		-4.43		-6.78		-6.09		-4.30

				960		-18.67		-2.64		-6.68		-6.61		-8.60		-6.62		-13.23		-9.16		-9.88

				1710		-22.19		-2.97		-4.38		-4.59		-2.82		-2.11		-7.46		-4.65		-1.94

				1780		-23.01		-3.83		-3.66		-2.77		-4.48		-4.72		-7.65		-3.78		-2.22

				1880		-23.31		-5.32		-6.76		-4.38		-6.96		-6.31		-4.90		-5.41		-5.61

				1850		-21.06		-5.52		-6.54		-6.52		-8.91		-8.10

				1910		-22.81		-2.42		-5.55		-4.96		-7.36

				1990		-23.73		-0.86		-5.05		-2.58		-4.87

				2402																				-26.9248012674

				2480																				-27.9179293544

				Cable -fed phone measurement FLEXTRONICS

				No.		Presentation No.		Phone Model		Antenna		Band		880.0 MHz		925.0 MHz		960.0 MHz		1710.0 MHz		1780.0  MHz		1880.0 MHz		1850.0 MHz		1910.0 MHz		1990.0 MHz		2402.0 MHz		2480.0 MHz

														Flextronics		Flextronics		Flextronics		Flextronics		Flextronics		Flextronics		Flextronics		Flextronics		Flextronics		Flextronics		Flextronics

				1		A		Ericsson - T39mE		retractable, extended		GSM,DCS,PCS		-4.90		-0.51		-2.64		-2.97		-3.83		-5.32		-5.52		-2.42		-0.86		NOT processed		NOT processed

				2		B		Ericsson - T39m		stub 25mm		GSM,DCS,PCS		-9.44		-5.65		-6.68		-4.38		-3.66		-6.76		-6.54		-5.55		-5.05

				3		C		Motorola - Timeport		stub		GSM,DCS,PCS		-8.97		-6.50		-6.61		-4.59		-2.77		-4.38		-6.52		-4.96		-2.58

				4		D		Ericsson - T68m		built in, flex film		GSM,DCS,PCS		-10.19		-4.58		-8.60		-2.82		-4.48		-6.96		-8.91		-7.36		-4.87

				5		E		Siemens - M35		built in, metal plate		GSM,DCS		-7.25		-4.43		-6.62		-2.11		-4.72		-6.31		-8.10

				6		F		Nokia - 3310		built in, metal plate		GSM,DCS		-7.76		-6.78		-13.23		-7.46		-7.65		-4.90

				7		G		Nokia - 6210		built in, MID		GSM,DCS		-5.87		-6.09		-9.16		-4.65		-3.78		-5.41

				8		H		Nokia - 8210		built in, metal plate		GSM,DCS		-7.38		-4.30		-9.88		-1.94		-2.22		-5.61

				11		K		Bluetooth headset																								-26.9248012674		-27.9179293544

						Cable Measurement LUND

				No.		Presentation No.		Phone Model		Antenna		Band		880.0 MHz		925.0 MHz		960.0 MHz		1710.0 MHz		1780.0  MHz		1880.0 MHz		1850.0 MHz		1910.0 MHz		1990.0 MHz		2402.0 MHz		2480.0 MHz

														Radiation Efficiency, dB		Radiation Efficiency, dB		Radiation Efficiency, dB		Radiation Efficiency, dB		Radiation Efficiency, dB		Radiation Efficiency, dB		Radiation Efficiency, dB		Radiation Efficiency, dB		Radiation Efficiency, dB		Radiation Efficiency, dB		Radiation Efficiency, dB

				1		A		Ericsson - T39mE		retractable, extended		GSM,DCS,PCS		-5.30		-4.95		-4.49		-6.33		-5.77		-6.12		-6.36		-5.53		-4.61

				2		B		Ericsson - T39m		stub 25mm		GSM,DCS,PCS		-10.19		-9.12		-9.70		-7.86		-7.01		-6.06		-6.3		-6.1		-6.74

				3		C		Motorola - Timeport		stub		GSM,DCS,PCS		-11.48		-10.84		-10.44		-6.74		-6.01		-6.22		-6.25		-6.17		-6.45

				4		D		Ericsson - T68m		built in, flex film		GSM,DCS,PCS		-12.00		-9.26		-10.72		-7.41		-8.32		-7.12		-7.76		-6.56		-6.38

				5		E		Siemens - M35		built in, metal plate		GSM,DCS		-9.22		-8.99		-9.63		-7.06		-7.63		-8.12

				6		F		Nokia - 3310		built in, metal plate		GSM,DCS		-9.17		-12.50		-15.96		-10.27		-10.29		-7.61

				7		G		Nokia - 6210		built in, MID		GSM,DCS		-9.27		-10.96		-12.76		-8.24		-6.03		-6.43

				8		H		Nokia - 8210		built in, metal plate		GSM,DCS		-8.80		-9.65		-12.24		-6.20		-4.85		-7.50

				9		I		Siemens - SL45		stub		GSM,DCS

				10		J		Siemens - S40		built in, 2 antennas		GSM,DCS,PCS

				11		K		Bluetooth headset																								-6.06		-5.86

						Cable - fed phone Measurement BLUETEST

				No.		Presentation No.		Phone Model		Antenna		Band		880.00 MHz		925.00 MHz		960.00 MHz		1710 MHz		1780.00 MHz		1880.00  MHz		1850.00 MHz		1910.00 MHz		1990.00 MHz		2402.00 MHz		2480.00 MHz

														Radiation Efficiency, dB		Radiation Efficiency, dB		Radiation Efficiency, dB		Radiation Efficiency, dB		Radiation Efficiency, dB		Radiation Efficiency, dB		Radiation Efficiency, dB		Radiation Efficiency, dB		Radiation Efficiency, dB		Radiation Efficiency, dB		Radiation Efficiency, dB

				1		A		Ericsson - T39mE		retractable, extended		GSM,DCS,PCS		-3.37		-3.24		-3.58		-3.94		-4.78		-4.23		-3.9		-4		-3.81

				2		B		Ericsson - T39m		stub 25mm		GSM,DCS,PCS		-8.21		-7.36		-8.36		-6.46		-6.41		-5.14		-5.63		-5.38		-6.15

				3		C		Motorola - Timeport		stub		GSM,DCS,PCS		-8.44		-8.81		-7.76		-4.05		-4.86		-4.75		-5.1		-4.25		-5.07

				4		D		Ericsson - T68m		built in, flex film		GSM,DCS,PCS		-9.43		-6.29		-8.8		-5.18		-6.49		-7.74		-7.85		-6.52		-7.21

				5		E		Siemens - M35		built in, metal plate		GSM,DCS		-6.22		-6.13		-7.25		-5.82		-5.51		-6.08

				6		F		Nokia - 3310		built in, metal plate		GSM,DCS		-5.74		-8.91		-12.55		-7.96		-8.73		-6.25

				7		G		Nokia - 6210		built in, MID		GSM,DCS		-5.94		-8.17		-9.97		-5.53		-5.31		-5.35

				8		H		Nokia - 8210		built in, metal plate		GSM,DCS		-6.33		-6.64		-10.01		-4.55		-3.99		-5.99

								Ericsson - T39mE						-3.51		-3.69		-3.28		-3.55		-4.62		-4.07		-4.11		-4.41		-3.91

				11		K		Bluetooth headset

				Results -  GSM 900 (1)										LUND		BLUETEST		FLEXTRONICS

				No.		Presentation No.		Phone Model		Antenna		Band		880.0 MHz		880.00 MHz		880.0 MHz		925.0 MHz		925.00 MHz		925.0 MHz		960.0 MHz		960.00 MHz		960.0 MHz

														SEMC		BLUETEST		FLEXTRONICS		SEMC		BLUETEST		FLEXTRONICS		SEMC		BLUETEST		FLEXTRONICS

				1		A		Ericsson - T39mE		retractable, extended		GSM,DCS,PCS		-5.3		-3.37		-2.45		-4.95		-3.24		-0.25		-4.49		-3.58		-1.32

				2		B		Ericsson - T39m		stub 25mm		GSM,DCS,PCS		-10.19		-8.21		-4.72		-9.12		-7.36		-2.82		-9.70		-8.36		-3.34

				3		C		Motorola - Timeport		stub		GSM,DCS,PCS		-11.48		-8.44		-4.49		-10.84		-8.81		-3.25		-10.44		-7.76		-3.30

				4		D		Ericsson - T68m		built in, flex film		GSM,DCS,PCS		-12		-9.43		-5.10		-9.26		-6.29		-2.29		-10.72		-8.8		-4.30

				5		E		Siemens - M35		built in, metal plate		GSM,DCS		-9.22		-6.22		-3.62		-8.99		-6.13		-2.21		-9.63		-7.25		-3.31

				6		F		Nokia - 3310		built in, metal plate		GSM,DCS		-9.17		-5.74		-3.88		-12.50		-8.91		-3.39		-15.96		-12.55		-6.62

				7		G		Nokia - 6210		built in, MID		GSM,DCS		-9.27		-5.94		-2.94		-10.96		-8.17		-3.05		-12.76		-9.97		-4.58

				8		H		Nokia - 8210		built in, metal plate		GSM,DCS		-8.8		-6.33		-3.69		-9.65		-6.64		-2.15		-12.24		-10.01		-4.94

				11		K		Bluetooth headset

				Results -  GSM 900 (2)										LUND						BLUETEST						EMW						FLEXTRONICS

				No.		Presentation No.		Phone Model		Antenna		Band		880.0 MHz		925.0 MHz		960.0 MHz		880.0 MHz		925.0 MHz		960.0 MHz		880.0 MHz		925.0 MHz		960.0 MHz		880.0 MHz		925.0 MHz		960.0 MHz

														SEMC		SEMC		SEMC		BLUETEST		BLUETEST		BLUETEST		EMW		EMW		EMW		FLEXTRONICS		FLEXTRONICS		FLEXTRONICS

				1		A		A  - retractable, extended		retractable, extended		GSM,DCS,PCS		-5.3		-4.95		-4.49		-3.37		-3.24		-3.58		-3.58		-3.12		-2.27		-4.90		-0.51		-2.64

				2		B		B - stub		stub 25mm		GSM,DCS,PCS		-10.19		-9.12		-9.70		-8.21		-7.36		-8.36		-8.43		-7.02		-7.69		-9.44		-5.65		-6.68

				3		C		C - stub		stub		GSM,DCS,PCS		-11.48		-10.84		-10.44		-8.44		-8.81		-7.76		-9.87		-7.94		-7.15		-8.97		-6.50		-6.61

				4		D		D - built in		built in, flex film		GSM,DCS,PCS		-12		-9.26		-10.72		-9.43		-6.29		-8.8		-10.33		-6.64		-8.07		-10.19		-4.58		-8.60

				5		E		E - built in		built in, metal plate		GSM,DCS		-9.22		-8.99		-9.63		-6.22		-6.13		-7.25		-7.09		-5.83		-6.37		-7.25		-4.43		-6.62

				6		F		F - built in		built in, metal plate		GSM,DCS		-9.17		-12.50		-15.96		-5.74		-8.91		-12.55		-6.57		-9.28		-12.23		-7.76		-6.78		-13.23

				7		G		G - built in		built in, MID		GSM,DCS		-9.27		-10.96		-12.76		-5.94		-8.17		-9.97		-6.44		-7.89		-9.34		-5.87		-6.09		-9.16

				8		H		H - built in		built in, metal plate		GSM,DCS		-8.8		-9.65		-12.24		-6.33		-6.64		-10.01		-7.26		-7.45		-9.78		-7.38		-4.30		-9.88

				11		K		Bluetooth headset

				Results -  GSM 1800 (1)										LUND						BLUETEST						EMW						FLEXTRONICS

				No.		Presentation No.		Phone Model		Antenna		Band		1710.0 MHz		1780.0  MHz		1880.0 MHz		1710.0 MHz		1780.0  MHz		1880.0 MHz		1710.0 MHz		1780.0  MHz		1880.0 MHz		1710.0 MHz		1780.0  MHz		1880.0 MHz

														SEMC		SEMC		SEMC		BLUETEST		BLUETEST		BLUETEST		EMW		EMW		EMW		FLEXTRONICS		FLEXTRONICS		FLEXTRONICS

				1		A		A  - retractable, extended		retractable, extended		GSM,DCS,PCS		-6.33		-5.77		-6.12		-3.94		-4.78		-4.23		-4.4		-4.48		-4.21		-2.97		-3.83		-5.32

				2		B		B - stub		stub 25mm		GSM,DCS,PCS		-7.86		-7.01		-6.06		-6.46		-6.41		-5.14		-6.42		-5.54		-5.25		-4.38		-3.66		-6.76

				3		C		C - stub		stub		GSM,DCS,PCS		-6.74		-6.01		-6.22		-4.05		-4.86		-4.75		-4.54		-4.35		-4.44		-4.59		-2.77		-4.38

				4		D		D - built in		built in, flex film		GSM,DCS,PCS		-7.41		-8.32		-7.12		-5.18		-6.49		-7.74		-5.57		-5.84		-6.2		-2.82		-4.48		-6.96

				5		E		E - built in		built in, metal plate		GSM,DCS		-7.06		-7.63		-8.12		-5.82		-5.51		-6.08		-5.04		-5.36		-6.74		-2.11		-4.72		-6.31

				6		F		F - built in		built in, metal plate		GSM,DCS		-10.27		-10.29		-7.61		-7.96		-8.73		-6.25		-8.42		-7.8		-5.82		-7.46		-7.65		-4.90

				7		G		G - built in		built in, MID		GSM,DCS		-8.24		-6.03		-6.43		-5.53		-5.31		-5.35		-6.14		-4.92		-4.96		-4.65		-3.78		-5.41

				8		H		H - built in		built in, metal plate		GSM,DCS		-6.2		-4.85		-7.50		-4.55		-3.99		-5.99		-4.65		-3.79		-5.90		-1.94		-2.22		-5.61

				11		K		Bluetooth headset

				Results -  GSM 1900 (1)										LUND						BLUETEST						EMW						FLEXTRONICS

				No.		Presentation No.		Phone Model		Antenna		Band		1850.0 MHz		1910.0 MHz		1990.0 MHz		1850.0 MHz		1910.0 MHz		1990.0 MHz		1850.0 MHz		1910.0 MHz		1990.0 MHz		1850.0 MHz		1910.0 MHz		1990.0 MHz

														SEMC		SEMC		SEMC		BLUETEST		BLUETEST		BLUETEST		EMW		EMW		EMW		FLEXTRONICS		FLEXTRONICS		FLEXTRONICS

				1		A		A  - retractable, extended		retractable, extended		GSM,DCS,PCS		-6.36		-5.53		-4.61		-3.9		-4.00		-3.81		-4.51		-4.08		-2.99		-5.52		-2.42		-0.86

				2		B		B - stub		stub 25mm		GSM,DCS,PCS		-6.3		-6.1		-6.74		-5.63		-5.38		-6.15		-5.28		-5.23		-5.21		-6.54		-5.55		-5.05

				3		C		C - stub		stub		GSM,DCS,PCS		-6.25		-6.17		-6.45		-5.1		-4.25		-5.07		-4.48		-4.55		-4.51		-6.52		-4.96		-2.58

				4		D		D - built in		built in, flex film		GSM,DCS,PCS		-7.76		-6.56		-6.38		-7.85		-6.52		-7.21		-6.42		-5.68		-4.58		-8.91		-7.36		-4.87

						Cable Measurement EMW

				No.		Presentation No.		Phone Model		Antenna		Band		880.0 MHz		925.0 MHz		960.0 MHz		1710.0 MHz		1780.0  MHz		1880.0 MHz		1850.0 MHz		1910.0 MHz		1990.0 MHz		2402.0 MHz		2480.0 MHz

														EMW		EMW		EMW		EMW		EMW		EMW		EMW		EMW		EMW		EMW		EMW

				1		A		Ericsson - T39mE		retractable, extended		GSM,DCS,PCS		-3.58		-3.12		-2.27		-4.4		-4.48		-4.21		-4.51		-4.08		-2.99

				2		B		Ericsson - T39m		stub 25mm		GSM,DCS,PCS		-8.43		-7.02		-7.69		-6.42		-5.54		-5.25		-5.28		-5.23		-5.21

				3		C		Motorola - Timeport		stub		GSM,DCS,PCS		-9.87		-7.94		-7.15		-4.54		-4.35		-4.44		-4.48		-4.55		-4.51

				4		D		Ericsson - T68m		built in, flex film		GSM,DCS,PCS		-10.33		-6.64		-8.07		-5.57		-5.84		-6.2		-6.42		-5.68		-4.58

				5		E		Siemens - M35		built in, metal plate		GSM,DCS		-7.09		-5.83		-6.37		-5.04		-5.36		-6.74

				6		F		Nokia - 3310		built in, metal plate		GSM,DCS		-6.57		-9.28		-12.23		-8.42		-7.8		-5.82

				7		G		Nokia - 6210		built in, MID		GSM,DCS		-6.44		-7.89		-9.34		-6.14		-4.92		-4.96

				8		H		Nokia - 8210		built in, metal plate		GSM,DCS		-7.26		-7.45		-9.78		-4.65		-3.79		-5.90

				11		K		Bluetooth headset																								-3.42		-2.96
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In real

environments
- Rayleigh distribution
« Statistics has elevation
dependence

« Different environments have
different statistics

« Measurements not
reproducible

*  Field measurements

* Need 2 or 3 measurement
receivers

* Time-consuming

Anja Skrivervik
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Aomparison diversity measurements

In reverberation

chamber

Rayleigh distribution

Uniform/isotropic multipath
environment

Field statistics are reproducible

Measurements are both statistically
and deterministically reproducible

Laboratory measurements

Need 1 measurement receiver or
network analyzer

Fast
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Cumulative probability

Cumulative probability distributions and
effective and apparent diversity gain

Two dipoles separated 15 mm

Radiation efficiency
branch 1 and 2

Ideal reference

Branch 1 and 2
separate

Rayleigh

iversity gain at 0.5%

heoretical 1

¥~ Selection combining -

Effective diversity gain at 1% ]
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Relative power level (dB)
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“Total radiated power” of DECT
phone with diversity

Switch CMD60 /
Spect. / Unit
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Base station
simulator
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Measurement system
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sonclusion &

Metwork
Analyzer

Reverberation chamber can be used to measure multipath
performance of antennas and wireless terminals:

radiation efficiency, total radiated power, BER, diversity gain, active
diversity gain, capacity of MIMO systems.
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Anechoic chamber method

The antenna is mounted on the actual
device case and powered by a VCO
and a miniature battery.

Conformed
Antenna
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reference generator
+ calibrated antenna
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receiving antenna

HP 8561E spectrum analyzer

=PrL



Anja Skrivervik
86

Principle of measurement (Max. gain)

The AUT i1s placed in front of the receiving antenna
The VCO 1s tuned to get the max. power.

The AUT is placed in the sphere on the positionner
The maximum power 1s recorded

The AUT is replaced by a ref. antenna

Power 1s adjusted to get the same signal

Verification with a Power meter

P

to _dipole T GalnDipole _ POW@I’VCO = C;alnzé[UT
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wheel supporting
and rotating the
plastic sphere

rotary joint for
compressed air

~~The random positioner

air injector

belt driving
head rotation

3 air motors
(different speeds)

1 electric motor
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Microwawes

G
The dipole and the DUT
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Example of maximum gain
measurement

- Watch integrated communication device

- Antenna size : 0.2 A
frequency tuning

ON/OFF switch

Anja Skrivervik
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VCO

A VCO was realized and integrated at LEMA:

—&— P_out [dBm]

VCO_E.Zellweger_17.8.2000

tuning range: 2.28 - 2.56 GHz

output power: -5.1 - -4.1 dBm

P_out [dBm]

225 28 235 24 245 25 255 26
{ [GHz]
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ante switch

VCO
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MG :
,,,,,,,,, Galn Of antenna alone
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_MAG DUT mounted within the plastic
sphere

2 mm DUT

spacing
foam

Meat (human
arm simulator)
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‘Measurement conditions

Plastic film
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the proximity of the antenna
to the virtual arm
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