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(57) The balancing of the antenna (AER2) of a
mobile station card and an antenna interface (LNA)
interrupts the access of interference (E) formed in the
chassis of the electronic device acting as the host of the
mobile station card through the antenna interface to dis-
turb the radio reception of the mobile station card. The

antenna has two elements that are placed to receive the
interference emitted by a computer in a symmetric way.
The antenna interface is balanced using a balun (Ba) or
a differential antenna amplifier.
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Description

[0001] The present invention relates to reducing the
interference received from a computer by a radio com-
munication device detachably connectable inside the
computer.
[0002] Various accessories can be connected in a
computer using the interface standardised for portable
computers. The Nokia Cellular Card Phone- (CCP)
mobile telephone card, introduced in the CeBit -97 exhi-
bition and now in the market, is an example of such a
PC - card (prior known as PCMCIA). A computer can be
connected to the public telephone network using the
mobile station card. Thus it is possible, e.g. to receive
and send E-mail using it.
[0003] An internal PC-card slot inside a portable com-
puter is a problematic place for a radio receiver due to
the electromagnetic interference created by the compu-
ter. A mobile telephone card according to the GSM -
standard ETSI TS 101 157 V6.0.0 (1998-01) must be
capable of receiving with its antenna even a very weak
radio signal of the level of -102 dBm, while some porta-
ble computers have been measured to engender, to the
same antenna, radio interference even on the level of -
80 dBm, i.e. with over hundred fold the output. This
radio interference disturbs the reception of radio sig-
nals. Because of this, the CCP mobile telephone card is
provided with also a connector for an external antenna
to which connector a separate external antenna can be
connected with cable at the distance of ca. 0,5 m from
the computer. The use of a separate external antenna is
however more laborious than using the own antenna
and all interference not even using an external antenna
is possible to avoid which will cause errors in the
received data stream. Errors slow down the data trans-
fer because normally data has to be delivered error-free
and meaning that corrupted data packets have be
retransmitted. On speech transfer, errors cause deterio-
rated voice quality and at worst, on reception, even a
complete muting when the amount of errors further
increases.
[0004] In order to meet the requirements concerning
electromagnetic compatibility portable computers usu-
ally have a conductive shielding surrounding their high-
speed digital circuits. This is typically realised in a com-
puter with a plastic chassis by applying on the inside of
the case of the computer a metal foil or coating or -
plates that are electrically connected to each other, and
the foil, coating or plates may be grounded.. A conduc-
tive enclosure, that prevents any leakage of electromag-
natic radiation, known as Faraday's cage is formed in
order to reduce interference . The case does not always
form an ideal Faraday's cage but all holes and espe-
cially long gaps or poorly sealed contact surfaces
reduce its capability of keeping electromagnetic emis-
sion inside it. The internal parts of a computer emitting
high frequency radio interference inside a computer
induce interference currents on the surface of the the

case. Further, if the case is grounded, interference
caused by computer parts is conducted to the case.

[0005] Present mobile stations use normally radio fre-
quencies of approximately 800 - 1900 MHz. Their wave-
lengths are respectively approximately 0,38 m - 0,16 m.
The outer dimensions of a portable computer and
accordingly those of the Faraday's cage thus formed are
typically of the same magnitude as said wavelengths.
The case of a computer also emits outward interference
on the same frequency received by the mobile station
card intensified by resonance formed. The antenna of a
normal mobile station is connected to an antenna con-
nector which in turn is connected to a separator, e.g. a
duplex filter, a circulator or a TX/RX -switch separating
the transmitter and receiver from each other. This sepa-
rator in turn is connected to low noise amplifier LNA
which raises the signal power received by the antenna
to a safe level above the disturbance power. The LNA is
the first component of the mobile station card which
amplifies the radio frequency signal received by the
antenna. Normally, the LNA is single-ended, i.e. its first
input is grounded to the cover of the system formed by
the mobile station card and the computer. The interfer-
ence conducted to the cover is amplified together with
the actual antenna signal arriving from the antenna to a
second input of the connection. In addition to it the radio
interference emitted outward by the cover of the compu-
ter induces in the antenna error currents that are also
conducted to the antenna connection. A current loop is
formed to the interference current leaving the source of
interference in the computer closed through the
antenna and LNA.
[0006] Normally in radio receivers radio interference is
accounted for in the design of a device in such a way
that the components causing most interference are
striven to be placed far from the antenna and the
antenna connector and in them it is possible to dimen-
sion the components in a way ideal from the point of
view of reception. A mobile station card on the other
hand can be connected to a computer from any manu-
facturer. The regulations concerning the electromag-
netic compatibility of those are, however, very loose
thinking the use of the mobile station card, in which
case the above mentioned over hundred fold interfer-
ence power compared with the received signal can quite
well be realised without deviating from these regula-
tions. A mobile station card manufactured to a PC -card
and a computer are not designed together at all. A man-
ufacturer of mobile station cards has to design the
mobile station cards produced by him to tolerate radio
interference caused by very different computers.
[0007] Now a method and a device are invented, by
which it is possible to increase the immunity of a mobile
station card connected to a computer to electromag-
netic interference generated by the computer. Accord-
ing to the invention a differential antenna interface
isolated from the cover of said system is arranged for
the antenna of the mobile station card. Some of interfer-
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ence conducted through the ground of a computer is
reduced by connecting the antenna either to a single-
ended antenna interface using a symmetrification trans-
former i.e. balun or by alternatively by using a differen-
tial connection galvanically isolated from the cover of
the system. The invention prevents or at least reduces
the access conducted interference to the antenna inter-
face to interfere the radio signal received by the mobile
station card.

[0008] A mobile station card for receiving radio trans-
missions comprising

an interface for connecting said mobile station card
to a card slot of an electronic device,
a radio receiver,
an antenna, and
a ground is characterised in that
said radio receiver has a differential input with a first
input node and a second input node,
said antenna comprises a first antenna pole and a
second antenna pole for receiving a radio signal as
an electric signal between the first and second
antenna poles,
said first antenna pole is arranged to be functionally
connected to said first input node and said second
antenna pole is arranged to be functionally con-
nected to said second input node.

[0009] An antenna for a mobile station card, compris-
ing a first antenna element, a second antenna element,
and an interface comprising a first signal node and a
second signal node is characterised in that

the antenna is arranged to be connected to a
mobile station card as the antenna of said mobile
station card, which card is connectable to an elec-
tronic device,
the antenna comprises separating means having a
first side and a second side,
said first side is functionally connected between
said first and second antenna elements, and
said second side is functionally connected between
said first and second signal nodes in order to
arrange a differential input in said connection.

[0010] A method for reducing interference at radio
reception when the radio receiver is connected to an
electronic device is characterised in

transforming received radio waves into an electric
signal between two antenna elements,
transferring said electric signal to the radio receiver
keeping the antenna elements electrically sepa-
rated from the ground of the radio receiver in order
to transfer the signal to the radio receiver and to
reduce the electric interference arriving through the
ground and mixing into said electric signal,
transforming said electric signal in the radio

receiver to such a form which can be utilised by said
electronic device, and

transferring the message to said electronic device.

[0011] The invention is explained in the following in
detail using examples and with reference to enclosed
figures of which

Figure 1A presents as a block diagram the connec-
tion of a prior art mobile station card to a
computer;

Figure 1B presents as a block diagram the power
transmission connection belonging to a
first connecting part in Figure 1A;

Figure 1C presents as a block diagram the power
transmission connection belonging to a
second connecting part in Figure 1A;

Figure 2a presents a prior art mobile station card
connected to a computer;

Figure 2b presents as a simplified circuit the con-
nection of the antenna interface of a prior
art mobile station card connected to a
computer to an interference voltage;

Figure 3 presents the prior art equivalent circuit in
Figure 2b in the form of a circuit compris-
ing two parallel loops;

Figure 4a presents as a simplified equivalent circuit
the connection according to a first aspect
of the invention for reducing interference
received by the radio receiver of a mobile
station card;

Figure 4b presents as a simplified equivalent circuit
the connection according to a second
aspect of the invention for reducing inter-
ference received by the radio receiver of a
mobile station card;

Figure 5 presents a mobile station card according
to the invention;

Figure 6 presents an antenna according to the
invention; and

Figure 7 presents a method according to the inven-
tion for increasing the immunity to interfer-
ence of a mobile station card connected to
an electronic device.

[0012] Figure 1A presents as a block diagram the con-
nection of a prior art mobile station card CCP to an
interface card slot in portable computer PC. Mobile sta-
tion card CCP comprises antenna AER1, antenna con-
nector 11, duplex filter 12, radio frequency part RF
comprising on the reception side low noise amplifier
LNA and receiver 13A and on the transmission side
transmitter 13A and power amplifier PA. The mobile sta-
tion card further comprises base band part 14 and first
connecting part 15 comprising first data transfer inter-
face 15A and first power transfer interface 15B for con-
necting the mobile station card to a computer. Mobile
station card CCP receives a radio signal with its
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antenna from which the signal proceeds to over the
antenna connector and the duplex filter to low noise
amplifier LNA. The duplex filter separates the transmis-
sion and reception sides from each other and prevents
transmitter 13B signal entering receiver 13A. LNA
amplifies the antenna signal. Receiver 13A removes the
carrier wave from the radio signal, i.e. demodulates the
signal. The demodulated signal is decoded in base
band part 14.

[0013] Portable computer PC comprises microproces-
sor 17, power supply PS and second interface part 16
comprising second data transfer interface 16A and sec-
ond power transfer interface 16B. The data decoded in
base band part 14, e.g. data connected with data trans-
fer, is transferred over first data transfer interface 15A
and second data transfer interface 16A to microproces-
sor 17 of the computer. Correspondingly, the data
obtained from the computer to be transmitted is trans-
ferred over second data transfer interface 16A and first
data transfer interface 15A to base band part 14 and
radio frequency part 13 of the mobile station card in
order to be coded and modulated, after which it is trans-
mitted with transmitter 13B over duplex filter 12,
antenna connector 11 and antenna AER1 to the free
space. The mobile station card gets its operating volt-
age from power supply PS of the computer over second
power supply interface 16B and first power transfer
interface 15B.
[0014] Figure 1B presents as a block diagram first
power transfer interface 15B comprised in the first con-
necting part in Figure 1A. The first power transfer inter-
face comprises first ground connector GCON1 and first
plus-connector PCON1 in order to bring a supply volt-
age to the mobile station card. Naturally the mobile sta-
tion card may comprise more than one voltage input, but
for the invention it is sufficient that to the mobile station
card it is brought over the power transfer interface for
minus the ground to ground connector GCON1 and a
positive voltage, e.g. +5 V, to first plus-connector
PCON1.
[0015] Figure 1C presents as a block diagram second
power transfer interface 16B comprised in the second
connecting part in Figure 1A. The second power trans-
fer interface comprises second ground connector
GCON2 and second plus-connector PCON2 for bring-
ing the supply voltage from the computer to first power
transfer interface 15B of the mobile station card.
[0016] Figure 2a presents prior art mobile station card
CCP connected to interface card slot SLOT in computer
PC. The mobile station card comprises antenna AER1.
The antenna in the immediate vicinity of the computer.
In this way the antenna forms together with the electri-
cally conductive part of the cover of the computer, i.e. a
Faraday's cage, a capacitive connection which is pre-
sented with imaginary capacitance C2, over which inter-
ference currents formed in the cover of the computer
may cause electric interferencies in the antenna.
[0017] Figure 2b presents as a simplified equivalent

circuit the connection of the antenna interface of a
mobile station card to an interference voltage. Although
the circuit is a highly simplified one dimensional model
of the 3-D reality, it helps to understand the interference
mechanism and also the method of the invention for
preventing interference from being passed to a sensitive
radio receiver. The duplex filter and the antenna con-
nector are omitted from the figure because they do not
have any amplification of an antenna frequency signal
and thus have no relevance for the explanation of the
invention. The figure presents the electrically conduc-
tive cover PCch acting as Faradays cage of a portable
computer and chassis CCPch of the mobile station card
connected to ground. The high frequency interference
currents formed in the cover of the computer are cou-
pled to cover CCPch of the mobile station card by con-
duction or a capasitive or inductive coupling generated
by the vicinity of conductive surfaces. Here in order to
present the inputs of the radio receiver of the mobile
station card, a single-ended low noise amplifier LNA is
used. LNA is single-ended, i.e. it has one asymmetric
input and the ground of the mobile station card acts as
a reference for this input. However, in this case two
inputs are shown, of which first input In1 is grounded
over the mobile station card ground (G) to the cover of
the computer and second input In2 is coupled over a
duplex-filter to antenna AER1. The components con-
tained by the computer induce in its cover PCch interfer-
ence currents by the induction of electromagnetic
radiation and also by conduction if the cover is con-
nected also to the power supply of the computer, for
example to its ground. The circuit shows two points, A
and B, of cover PCch. Between these a voltage source
E is placed representing the interference source and in
series with it, the impedance Z which comprises also a
frequency-dependent component. Point A is connected
via cover PCch of the mobile station card further to the
grounded first input In1 of LNA. Second input In2 of LNA
is assumed to be coupled to the cover only with a
capacitive coupling through point B over capacitance
C2 shown in the x. Capacitance C2 is formed by the
antenna of the mobile station card and the electrically
conductive surfaces of the cover of the computer.

[0018] The source of interference is represented by
voltage source E, the internal impedance of which is Z.
Current I caused by the source of interference is divided
in point B into two branches. Current Ia first circulates in
first loop La through second impedance Zc caused by
cover PCch. Current Ib circulates in loop Lb first through
capacitance C2 to second input In2 of LNA. First input
In1 of LNA is in turn connected to point A, and accord-
ingly current loop Lb is closed through the interference
voltage (E, Z) back to point B.
[0019] Figure 3 presents the prior art equivalent circuit
in Figure 2b in such a way that antenna AER1 in Figure
2b is shown as AER1 on the side of capacitance C2 of
LNA. The interference voltage is represented by voltage
source E, the internal impedance of which is Z. The cur-
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rent caused by the interference source is divided in
point B into two branches and it causes two current
loops, as explained above in connection with Figure 2b.
The interference voltages generated in the cover of the
computer enter ground G of the mobile station and LNA
combined to the antenna signal received by antenna
AER1, in which case they also cause interference in
output O of LNA.

[0020] Figure 4A presents a connection according to
the invention for reducing interference arriving at LNA.
Here too, the interference voltage between points A and
B formed in the electrically conductive cover of a com-
puter is presented by voltage source E the internal
impedance of which is Z. As the antenna of a mobile
station card it is used balanced antenna AER2 compris-
ing two elements electrically isolated from each other,
for example a dipole antenna, in which a capasitively
coupled interference is assumed to arrive to the first ele-
ment from point B and to the second element from point
B'. The capacitive coupling of the first element of the
dipole antenna is presented with capacitance C1 and
the coupling over a capacitance of the second element
to the cover of the computer is presented with capaci-
tance C2. Between these there is a third impedance, Z'.
Voltage source E generates a current passing through
impedances Z and Z' connected in series, a part of
which current passes from point B to point A through
third impedance Zc formed by the cover. If it is assumed
that the interference coming to both elements of the
dipole antenna over a capacitive coupling is coming
from the same point, i.e. , Z' vanishes and interfer-
ence voltage E causes no voltage difference at all in the
input nodes of dipole antenna AER2. The antenna has
to be separated functionally from the cover of the com-
puter and from the ground of the mobile station card in
order to prevent interference occurring on the frequen-
cies used by the mobile station card from being con-
ducted to low noise amplifier LNA. The input of the
single-ended low noise amplifier is arranged to be differ-
ential using suitable separating means, for example by
using a symmetrification transformer i.e. balun Ba (Bal-
anced - Unbalanced). The balun can be e.g. a compo-
nent formed by two coils coiled on a circular core. The
first i,e, primary coil BaP is connected between the ele-
ments of the two-part antenna and the second or sec-
ondary coil BaS is connected between second input In2
of the balun and ground or first input In1. Alike a trans-
former the balun creates a floating coupling to the
antenna connection in such a way that the increase of
the potential of LNA, for example the increase of poten-
tial coming from the interference to input In1 connected
to ground increases the potential of the signal coming to
first input In1 by the same amount and the difference
between them, or voltage, only depends on the voltage
difference between the first and second element of the
antenna generated by the radio waves received by the
antenna. Interference voltages formed in the cover of
the computer thus cause no interference in output O of

the antenna interface. Instead of a balun it is possible to
use alternatively for example a transformer which at the
same time adapts the impedance of the antenna inter-
face suitable for circuit LNA receiving the antenna sig-
nal, or a balanced input SAW (Surface Acoustic Wave) -
filter which at the same operates as a duplex-filter.

[0021] Entering of some interferencies to the antenna,
on the reception frequency and in the frequency band
near it, is prevented by the electrical isolating of the ele-
ments of an antenna. It is striven for to avoid electric
couplings occurring on these frequencies formed
between the antenna and the electrically conductive,
interference reducing parts of the cover of the computer,
or between the antenna and the ground of the mobile
station card by isolation the antenna from said parts suf-
ficiently well on the signal frequency. In order to realise
the electric isolation, the signal frequency coupling
between the elements of the antenna and said parts
(cover, ground) is that weak, that in respect to the oper-
ation of a mobile station, no significant interference level
can by captured by the antenna through that path and
further through it to be amplified together with the useful
signal. The elements of the antenna have preferably
been isolated both galvanically and inductively and
capacitively as well as possible, although capacitive and
inductive coupling between the cover of the computer
and the antenna may be formed as explained above.
[0022] Said isolation means (balun, transformer, SAW
-element) also prevent the operation of the case of a
computer and the ground of a mobile station and the
components connected to it as radiating elements. It is
possible to adapt for example with a ring balun the
impedance of an antenna connected to an antenna
interface to be suitable for the interface, in which case
the number of the secondary coil of the ring balun may
comprise a number of turns different from that of the pri-
mary coil. An electric signal transferred from the primary
side to the secondary side of a balun is not essentially
changed except for a possible systematic change in its
voltage due to said ratio between the turns. Instead of a
balun and a single-ended antenna amplifier it is possi-
ble to use alternatively for example as an antenna inter-
face a differential low noise amplifier as shown in Figure
4b. The components between the antenna and the low
noise amplifier, such as a duplex-filter or a Rx/Tx sepa-
ration switch and antenna connectors, are not shown in
the figure because they have no significant amplification
nor attenuation. From the point of view of the invention
they can be placed on either side of the balun.
[0023] A balun can be situated for example in connec-
tion with the antenna interface of the radio receiver of a
mobile station card between the leads coming from the
antenna and the next component for example a duplex-
filter or just before low noise amplifier LNA. Alterna-
tively, it can be placed in connection with an external
antenna, for example as an element of the antenna or
antenna conductor. If the balun is placed for example in
an external antenna between antenna elements and an

B=B'
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antenna cable interference on the radio frequency of
reception formed in the ground of LNA enter at least on
the moment of reception through the conductor of the
antenna cable from a first input to one end of the sec-
ondary side of the balun. A location in connection with
the antenna or the antenna cable is a good place for a
balun because in this way it is possible to use as the
antenna of the mobile station card alternatively which-
ever, either a balanced two-pad antenna according to
the invention which in this case itself prevents the inter-
ference occurring in the ground of the mobile station
card from entering the voltage between the inputs of
LNA, or a usual one-pad antenna, in which case the
ground plane of which is the ground of the mobile sta-
tion card. Such a solution is presented later in Figure 6.

[0024] In this case the antenna side is chosen for the
primary side of the balun and for the secondary side the
side connecting the inputs of LNA.
[0025] Figure 4b presents according to a second
aspect of the invention as a simplified equivalent circuit
a connection for reducing interference received by the
radio receiver of a mobile station card. The antenna
interface of the mobile station card comprises for sup-
plying an antenna signal from the two antenna poles
AP1 and AP2 to the two inputs In1, In2 isolated from
ground G. In this case ground G of the mobile station
card is connected to neither input, nor is a balun
required even for preventing the ground of mobile sta-
tion card from acting as an antenna. Such an antenna
interface can be for example be connected to a differen-
tial antenna amplifier.
[0026] Figure 5b presents mobile station card CCP
according to the invention comprising dipole antenna 2
and antenna conductors L1 and L2. The card is manu-
factured to be slightly longer than a PCMCIA interface
card slot in order to leave dipole antenna 2 in its one
end outside the interface card slot when the card is
placed in the interface card slot. Dipole antenna 2 has
preferably in one end been arranged to be folding verti-
cally from the direction of the short edge supported by
hinge pin A1, because the PCMCIA interface card slots
normally are manufactured to horizontal in the normal
operating position of a computer and the antenna oper-
ates best in vertical position at the reception of a in
mobile communications networks normally used verti-
cally polarised radio transmission. By folding the
antenna parallel to the card it requires less space and
the card need not necessarily be removed for example
when a portable computer is carried inside a briefcase.
On the top surface of the mobile station card there are
two contact surfaces P1 and P2 functioning as the
antenna interface inputs (In1 and In2) of the mobile sta-
tion card for two rods R1 and R2 of the dipole antenna.
First rod R1 of the dipole antenna is connected using
conductor L1 to first contact surface P1 and second rod
R2 with conductor L2 to second contact surface P2. The
conductors are connected to the next to each other
ends of the rods, in the middle portion of the dipole

antenna. The electric length of the dipole antenna is
preferably ‘ wavelength on the radio frequency used,
but the physical length of the antenna can be shortened
by using helix in one rod or in both. In this way it is pos-
sible to solve the technical problem of placing a dipole
antenna in connection with a mobile station card by
manufacturing the dipole antenna to be of equal length
with shorter edge of the mobile station card. The length
can be varied rather freely, but then it may be necessary
to improve the adaptation of the antenna using a partic-
ular adapter circuit. In the figure a portion of rod R1 is
coiled into helix H1 and a portion of rod R2 into helix H2.
The dipole antenna shortened using the helixes can
preferably be placed inside an electrically isolation
cover, for example one made of plastic, in which case it
is not damaged easily or get caught in objects, for
example textiles. Conductors L1 and L2 can also prefer-
ably at least partly be substituted by connecting rods R1
and R2 of the dipole antenna into terminals P1 and P2
of the antenna interface of the mobile station card using
conductors integrated in the cover protecting the rods of
the dipole antenna.

[0027] Figure 6 presents balanced antenna AER1,
according to the invention which also balances the
antenna interface. The antenna comprises first rod R1
and second rod R2 connected to each other over the
primary coil of balun Ba. The antenna also comprises
first and second signal poles SP1 and SP2. Said first
rod is functionally connected through the balun to the
first signal pole and the second rod to the second signal
pole. When the antenna is connected through its signal
poles to a mobile station card it operates as the antenna
of the mobile station card according to the connection in
Figure 4a. In this way both of the rods of the antenna
are electrically isolated on the radio reception frequency
from the ground of the mobile station card and a mobile
station card equipped with a single-ended antenna
interface can avoid a major part of the interference
entering the antenna signal through the ground. The
antenna is suitable to used as the antenna of already
existing mobile station cards equipped with a single-
ended antenna interface provided that they are
equipped with an interface for an external antenna. One
of its signal poles is then connected to the terminal
intended also for the signal arriving from the rod
antenna of the antenna interface of the mobile station
card. If the external antenna interface comprises also a
second pole for connecting the ground plane of the
antenna or one of the rods of a dipole antenna the first
signal pole is connected to it, but if there is none the first
signal pole can be connected alternatively to the ground
of the mobile station card or to the ground of the compu-
ter if the computer and the mobile station card share the
same ground, which often is the case. For example the
connectors of the data transfer ports of a computer
often comprise a grounded part. The antenna may also
be provided with an adapter, on the opposite sides of
which there are for example male and female connec-
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tors suitable for RS-232 serial port, and which adapter
branches the grouded part of the port to the first signal
pole of the antenna.

[0028] In this text two-part antenna having radiating
antenna elements is used as an example to aid under-
standing of the present invention. One should appreci-
ate that any antenna having two poles may be used. A
dipole antenna is one of the most popular two-pole
antenna, because it has two distinct elements and thus
it has the two poles. There is also a number of other
two-pole antennae suitable for the invention including
meander- and loop antennae, an asymmetric antenna
and an antenna the antenna element of which is formed
of more than one element. The electric length of the
antenna is preferably a � - wavelength of the radio fre-
quency used or a multiple of the � -wavelength. It can
alternatively be 5/8 -wavelength.
[0029] A dipole antenna can be made to be folding
into two parts between rods R1 and R2, in which case
the physical length of rods R1 and R2 can be increased
with no need to sacrifice too much space for the trans-
port and keeping of a mobile station card equipped with
a dipole antenna.
[0030] Figure 7 presents a method according to the
invention for reducing the susceptibility for interference
of a mobile station card when it is connected to an elec-
tronic device. The method begins in block 71 after which
it is received in block radio waves as an electric signal
between two antenna elements. In block 73 the electric
signal is transferred to a radio receiver keeping at the
same the elements of the antenna isolated from the
ground of the radio receiver in order to reduce the elec-
tric interference coming through the ground received by
the radio receiver along with said electric signal. In block
74 the received electric signal is transformed into such
a from which can be utilised by said electronic device,
for example into data to be transferred through a PCM-
CIA -interface card slot. In block 75 said message is
transferred to the electronic device using the mobile sta-
tion card.
[0031] A mobile station card according to the invention
can be used also in electronic devices other than com-
puters, which devices comprise a PCMCIA -interface.
As examples of such it can be mentioned e.g. drink or
cigarette vending machines or machines remote con-
trolled over a mobile telephone network or controlling
functions built in so-called intelligent houses or offices,
such as control of air conditioning or lighting. By using a
mobile station card equipped with a PCMCIA -interface
the manufacturer of such a device need take into
account a mobile telephone network supported on the
installation site, but he can equip all his devices with a
PCMCIA -interface and a mobile station card suitable
for each mobile telephone network provided by a sepa-
rate manufacturer of mobile station cards.
[0032] A mobile station card according to the invention
can naturally be realised according to other generally
used types of interface cards without deviating from the

scope of the invention.

[0033] The advantage of the invention is that a mobile
station card connectable to a computer can avoid for a
major part the electronic interference caused by the
computer which interference would otherwise cause
interference and errors in the data received by the
mobile station card. Further, by using the connection
according to the invention it is possible to reduce the
interference caused in the computer by a radio trans-
mission which is particularly preferable for the distur-
bance-free operation of audio-video devices connected
to the computer. The active interference reduction
according to the invention is particularly well suited for
use in connection with other interference suppression,
for example to be used together with an external, two-
part antenna to be placed at a distance of 0,5 m from
the computer. In such a case the field strength of the
interference emission received by the antenna is lower
also because of the distance and in addition to it the
coupling of the interference to the elements of the
antenna is more symmetric than if an antenna placed
closer to the computer were used.
[0034] In the above examples a vertical antenna is
used as a part of the interference reduction equipment
according to the invention. A vertical antenna operates
best at receiving vertically polarised radio transmission.
The invention can naturally equally well be used for
receiving other than vertically polarised radio transmis-
sions. In such a case the antenna is preferably arranged
according to the polarisation plane of the radio trans-
mission to be received.
[0035] The above is a description of the realisation of
the invention and its embodiments utilising examples. It
is self evident to persons skilled in the art that the inven-
tion is not limited to the details of the above presented
examples and that the invention can be realised also in
other embodiments without deviating from the charac-
teristics of the invention. The presented embodiments
should be regarded as illustrating but not limiting. Thus
the possibilities to realise and use the invention are lim-
ited only by the enclosed claims. Thus different embod-
iments of the invention specified by the claims, also
equivalent embodiments, are included in the scope of
the invention.

Claims

1. A mobile station card (CCP) for receiving radio
transmissions comprising

an interface (15) for connecting said mobile
station card to a card slot (PCMCIA) of an elec-
tronic device (PC),
a radio receiver (13A),
an antenna (AER2), and
a ground (G), characterised in that said radio
receiver has a differential input (LNA&Ba,
LNA2) with a first input node (In1) and a sec-
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ond input node (In2),

said antenna (AER2) comprises a first antenna
pole (AP1) and a second antenna pole (AP2)
for receiving a radio signal as an electric signal
between the first and second antenna poles,
said first antenna pole (AP1) is arranged to be
functionally connected to said first input node
(In1) and said second antenna pole (AP2) is
arranged to be functionally connected to said
second input node (In2).

2. A mobile station card according to Claim 1, charac-
terised in that

both antenna poles (R1, R2) are electrically
isolated from the ground (G) of the mobile sta-
tion card in order to reduce radio interference
of said ground disturbing the reception of radio
signals caused by the electronic device (PC)
using the mobile station card.

3. A mobile station card according to Claim 1, charac-
terised in that

the first input (In1) is functionally connected to
ground (G), and
the mobile station card comprises separating
means (Ba) having a first side (BaP) and a sec-
ond side (BaS), and
said first side (BaP) is functionally connected
between said first and second antenna poles,
and
said second side (BaS) is functionally con-
nected between the second input and ground
(G) in order to arrange said differential input.

4. A mobile station card according to Claim 1, charac-
terised in that

both inputs (In1, In2) of the radio receiver are
electrically separated from the ground (G) of
the mobile station card, and
said first antenna pole is connected using first
coupling means (11, 11, 12) to the first input
(In1) and the second antenna pole using sec-
ond coupling means (12, 11, 12) to the second
input (In2).

5. A mobile station card according to Claim 1, charac-
terised in that

said antenna comprises a first antenna ele-
ment (R1) and a second antenna element (R2),
and
said second antenna element (R2) is arranged
as the ground plane of said first antenna ele-
ment (R1).

6. A mobile station card according to Claim 1, charac-
terised in that

said antenna has one of the following construc-
tions: loop antenna, fragment antenna, helix-
antenna, asymmetric antenna and dipole
antenna.

7. A mobile station card according to Claim 1, charac-
terised in that

said antenna comprises a first antenna ele-
ment (R1) and a second antenna element (R2),
and
at least another of said antenna elements (R1,
R2) comprises a helix.

8. A mobile station card according to Claim 1, charac-
terised in that

it is arranged to be a PCMCIA-interface card.

9. An antenna (AER2) for a mobile station card (CCP),
comprising a first antenna element (R1), a second
antenna element (R2), and an interface comprising
a first signal node (SP1) and a second signal node
(SP2), characterised in that

the antenna is arranged to be connected to a
mobile station card (CCP) as the antenna
(AER2) of said mobile station card, which card
is connectable to an electronic device (PC),
the antenna comprises separating means (Ba)
having a first side (BaP) and a second side
(BaS),
said first side (BaP) is functionally connected
between said first and second antenna ele-
ments (R1, R2), and
said second side (BaS) is functionally con-
nected between said first and second signal
nodes (SP1, SP2) in order to arrange a differ-
ential input in said connection.

10. A method for reducing interference (Ib) at radio
reception when the radio receiver (CCP) is con-
nected to an electronic device (PC), characterised
in

transforming (72) received radio waves into an
electric signal between two antenna elements,
transferring (73) said electric signal to the radio
receiver keeping the antenna elements electri-
cally separated from the ground of the radio
receiver in order to transfer the signal to the
radio receiver and to reduce the electric inter-
ference arriving through the ground and mixing
into said electric signal,
transforming (74) said electric signal in the
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radio receiver to such a form which can be uti-
lised by said electronic device, and

transferring (75) the message to said electronic
device.
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