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NON-CONTACT SMART CARD INTERROGATOR, WHEREIN ACROSS A TRANSMISSION LINE FROM AN
ANTENNA TO A RECEIVER THE SIGNAL MODULATION VARIES BETWEEN AMPLITUDE MODULATION
AND PHASE MODULATION

The invention concerns a non-contacting smart card interrogator, wherein across a
transmission line from an antenna to a receiver the signal modulation varies be-
tween the amplitude and the phase one and which comprises a carrier wave genera-
tor and a first amplitude demodulation receiver, both being connected to the an-
tenna through the transmission line. The interrogator is improved so that an effec-
tive amplitude demodulation of the signal generated within the smart card as an
amplitude modulated signal is made possible.

Identification by means of radiofrequency data transmission quickly spreads to new
areas of application. The subject matter of the invention is limited to an inter-
rogator in a system carrying out a process of such identification, the system also
comprising one or several smart cards. A non-contacting smart card interrogator
comprises a carrier wave generator, e. g at a frequency 13.56 MHz, and a receiver,
usually an amplitude demodulation receiver, which are connected to an antenna
through a transmission line. The interrogator antenna transmitts the carrier wave in
the form of radiofrequency waves and receives radiofrequency waves, which,
amplitude-modulated, are transmitted by an antenna of the smart card, when it
receives the said carrier wave. Thereafter, received signals are identified by the in-
terrogator.

In the interrogator antenna by means of a signal, which is amplitude-modulated in
the smart card oscillating circuit and transmitted by the antenna of the smart card, a
signal is generated, which at the antenna terminals is amplitude-modulated or
phase-modulated or modulated according to the composition of the said two
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modulation kinds, depending on rations of the transmitted wave frequency with
respect to resonance curves of the smart card antenna and the interrogator antenna
as well as on the coupling factor between the two antennas. The modulation of the
received signal also varies along the cable from connection terminals of the inter-
rogator antenna to the receiver input.

In the patent US 6,208,235 a circuit on a smart card is disclosed, wherein the varia-
tion from the amplitude modulation to phase modulation resulting from two or
more smart cards present in the interrogator field is reduced.

In the system of the kind disclosed the demodulation of the phase part of the signal
modulation is not acceptably solved.

A phase-modulated signal having a modulation angle below 90° is usually demodu-
lated by a receiver having a phase-locked loop (PLL). It is locked onto the mean
phase of the carrier wave and the output voltage of the phase detector depends on
the current phase difference or phase modulation. However, the receiver circuit (a
loop filter, voltage controlled oscillator - VCO) gets larger and especially the volt-
age controlled oscillator in the phase-locked loop becomes a dominant phase noise
source, which sets limits to system properties.

A demodulation of the phase part of the signal modulation may be carried out by
means of sampling in zero passages of the signal voltage. Collected samples repre-
sent a phase difference in any moment, and therefore a demodulated signal.
However, a sampler, having an exact and stable timing down to the order of mag-
nitude of 100 ps is needed. Also the phase noise of control pulses is mapped directly
onto the demodulated signal.

Some producers have avoided difficulties arising at the demodulation of the phase
part of the signal modulation by applying another modulation method in the smart
card and providing an interrogator with an exceptionally sensitive receiver. For in-
stance, a modulation having a subcarrier completely amplitude-modulated with
data appropriately coded is never hidden by a phase. Since after the demodulation
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only the presence of the subcarrier is important and its phase after the demodula-
tion is not relevant, the signal is acceptably received by means of an exceptionally
sensitive amplitude demodulation receiver also when the signal power is
predominantly phase-modulated. In this way, however, neither phase variation
when no subcarrier is used nor at BPSK modulation is eliminated.

Consequently, the technical problem to be solved by the present invention is how to
improve a circuit interrogating smart cards, when smart cards generating an
amplitude-modulated signal are used, in order to have the interrogator reliably
identify the smart card by means of its amplitude demodulation receiver.

The said technical problem is solved by a first embodiment of the non-contacting
smart card interrogator according to the invention, wherein across a transmission
line from an antenna to a receiver the signal modulation varies between the
amplitude and the phase one and which comprises a carrier wave generator and a
first amplitude demodulation receiver, both being connected to the antenna
through a transmission line, which non-contacting smart card interrogator is charac-
terized in that to a terminal connecting the first receiver to the transmission line,
which may be made as a filter shifting a carrier wave for 45° a first end of an
eighth-wave transmission line is connected, and to a second end thereof the carrier
wave generator is connected, and that to the first end of the eighth-wave transmis-
sion line the first amplitude demodulation receiver and to the second end of the
eighth-wave transmission line a second amplitude demodulation receiver are con-
nected.

The said technical problem is also solved by a second embodiment of the non-
contacting smart card interrogator according to the invention, wherein across a
transmission line from an antenna to a receiver the signal modulation varies be-
tween the amplitude and the phase ones and which comprises a carrier wave gener-
ator and a amplitude demodulation receiver, both being connected to the antenna
through a transmission line, which non-contacting smart card interrogator is charac-
terized in that to a terminal connecting the receiver to the transmission line, which
may be made as a filter shifting a carrier wave for 45°, a first end of an eighth-wave
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transmission line is connected, and to a second end thereof the carrier wave genera-
tor is connected, and that the amplitude demodulation receiver is connected alter-
nately to the first end and to the second end of the eighth-wave transmission line.

In both embodiments of the invention the non-contacting smart card interrogator is
characterized in that the carrier wave generator is connected to the second end of
the eighth-wave transmission line through an impedance matching filter attenuating
the upper harmonics of the carrier wave as well.

In the non-contacting smart card interrogator of the invention an effective use of an
amplitude demodulation is made possible by changing the phase modulation into
an amplitude one by means of a passive element, whereby, however, no noise
source has been introduced into the system.

The invention will now be explained in more detail by way of the description of two
embodiments of the interrogator of the invention and with reference to the accom-
panying sole figure representing a circuit scheme of the first embodiment.

An interrogator 1 of a non-contacting smart card 2 comprises a carrier wave gener-
ator 11 and an amplitude demodulation receiver 16 (Fig.). They are connected to
an antenna 15 through a transmission line 14.

To a terminal connecting the receiver 16 to the transmission line 14, a first end A of
an eighth-wave transmission line 13 is connected, and to its second end B the carrier
wave generator 11 is connected, preferably through a matching LC filter 12 also at-
tenuating the upper harmonics of the carrier wave.

The eighth-wave transmission line 13 may be made either by an coaxial cable or by
a filter shifting the carrier wave phase for 45°. When the dielectric within the 50 ()
coaxial cable is polyethylene, at the frequency of 13.56 MHz the cable length is
1.825 m.
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In the first embodiment of the interrogator 1 of the invention to the first end A of
the eighth-wave transmission line 13 the first amplitude demodulation receiver 16
and to the second end B of the eighth-wave transmission line 13 a second amplitude
demodulation receiver 16’ are connected.

In the second embodiment of the interrogator 1 of the invention, however, the
amplitude demodulation receiver 16 is connected alternately to the first end A and
to the second end B of the eighth-wave transmission line 13 (not represented).

The carrier wave CW from the carrier wave generator 11 reaches an antenna 21 of
the smart card 2 through the matching filter 12, the eighth-wave transmission line
13, transmission line 14 and an interrogator antenna 15. An integrated circuit 22 of
the smart card absorbs the energy from the carrier wave CW and extracts a clock
signal for its own operation and, through the antenna 21, transmits information on
the smart card 2 in the form of an amplitude-modulated side band wave SBW
towards the interrogator 1. In the interrogator antenna 15 the amplitude-modulated
side band wave SBW generates a signal that on the antenna terminals is amplitude-
modulated or phase-modulated or modulated according to the composition of the
said modulation kinds.

The modulation of the signal received in the interrogator 1 then varies along the
transmission line 14 and the eighth-wave transmission line 13 to the receiver input.
With respect to the carrier wave phase, the phase in the side band of the modulated
signal changes along the transmission lines 14, 13. Thus at a half wave length dis-
tance a site may be found where the spectral components are in-phase or of op-
posite phase (amplitude or inverse amplitude modulation), at a site with a 90° shift
in one or another sense, however, there is a phase modulation with one or another
polarization.

The distance between the receivers 16, 16’ as determined by the eighth-wave trans-
mission line 13 is such that always one of them gets the predominantly amplitude-
modulated signal. When the receivers 16, 16’ get equal portions of the amplitude
and phase modulations, the received signal is for a factor (2)* weaker than the
strongest signal at the pure amplitude modulation on one of them.
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Claims

1. Non-contacting smart card interrogator, wherein across a transmission line
from an antenna (15) to a receiver the signal modulation varies between the
amplitude and the phase ones and which comprises a carrier wave generator (11)
and a first amplitude demodulation receiver (16), both being connected to the an-
tenna (15) through a transmission line (14), characterized in

that to a terminal connecting the first receiver (16) to the transmission line (14), a
first end (A) of an eighth-wave transmission line (13) is connected, and to a second
end (B) thereof the carrier wave generator (11) is connected,

and that to the first end (A) of the eighth-wave transmission line (13) the first
amplitude demodulation receiver (16) and to the second end (B) of the eighth-wave
transmission line (13) a second amplitude demodulation receiver (16’) are con-

nected.

2. Non-contacting smart card interrogator, wherein across a transmission line
from an antenna (15) to a receiver (16) the signal modulation varies between the
amplitude and the phase ones and which comprises a carrier wave generator (11)
and the amplitude demodulation receiver (16), both being connected to the an-
tenna (15) through a transmission line (14), characterized in

that to a terminal connecting the receiver (16) to the transmission line (14), a first
end (A) of an eighth-wave transmission line (13) is connected, and to a second end
(B) thereof the carrier wave generator (11) is connected,

and that the amplitude demodulation receiver (16) is connected alternately to the
first end (A) and to the second end (B) of the eighth-wave transmission line (13).

3. Non-contacting smart card interrogator as recited in claim 1 or 2,
characterized in

that the eighth-wave transmission line (13) is made as a filter shifting the carrier
wave phase for 45°.

4., Non-contacting smart card interrogator as recited in any preceding claim,
characterized in

that the carrier wave generator (11) is connected to the second end (B) of the
eighth-wave transmission line (13) through an impedance matching filter (12) at-
tenuating the upper harmonics of the carrier wave as well.



WO 03/015007 PCT/S102/00021

171

Lig

L'

12 13
il

/11




INTERNATIONAL SEARCH REPORT

InteTMational Application No

PCT/SI 02/00021

A. CLASSIFICATION OF SUBJECT MATTER

IPC 7 GO6K7/08 G06K19/07
H04Q5/00

Ho1Q1/27

HO1P5/00 H04B1/38

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

IPC 7 GO6K HO1Q HO1P HO4B HO04Q

Minimum documentation searched (classification system followed by classification symbols)

Documentation searched other than minimum documentation to the extent that

such documents are included in the fields searched

EPO-Internal, WPI Data, PAJ

Electronic data base consulted during the international search (name of data base and, where practical, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category °

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

US 6 208 235 B1 (TRONTELJ JANEZ)
27 March 2001 (2001-03-27)
cited in the application

DE 20 08 600 A (UNISEARCH LTD)
24 September 1970 (1970-09-24)
the whole document

EP 0 466 949 A (SIEMENS AG)
22 January 1992 (1992-01-22)
the whole document

8 March 2001 (2001-03-08)
the whole document

column 5, 1line 8 - Tine 14; figures

DE 199 38 998 A (INFINEON TECHNOLOGIES AG)

1-4

1-4

1-4

Y

Further documents are listed in the continuation of box C.

Patent family members are listed in annex.

° Special categories of cited documents :

*A" document defining the general state of the art which is not
considered to be of particular relevance

'E* earlier document but published on or after the international
filing date

‘L' document which may throw doubts on priority claim(s) or
which is cited to establish the publication date of another
citation or other special reason (as specified)

*O" document referring to an oral disclosure, use, exhibition or
other means

*P* document published prior to the international filing date but
later than the priority date claimed

'T* later document published after the international filing date
or priority date and not in conflict with the application but
cited to understand the principle or theory underlying the
invention

*X* document of particular relevance; the claimed invention
cannot be considered novel or cannot be considered to
involve an inventive step when the document is taken alone

*Y* document of particular relevance; the claimed invention
cannot be considered to involve an inventive step when the
document is combined with one or more other such docu—
merr]ﬂs, ﬁuch combination being obvious to a person skilled
in the art.

*&* document member of the same patent family

Date of the actual completion of the international search

5 December 2002

Date of mailing of the international search report

16/12/2002

Name and mailing address of the ISA

European Patent Office, P.B. 5818 Patentlaan 2
NL — 2280 HV Rijswijk

Tel. (+31-70) 340-2040, TX. 31 651 epo nl,
Fax: (+31-70) 340-3016

Authorized officer

Heusler, N

Form PCT/ISA/210 (second sheet) (July 1992)

page 1 of 2




INTERNATIONAL SEARCH REPORT

Interrrauonal Application No

PCT/SI 02/00021

C.(Continuation) DOCUMENTS CONSIDERED TO BE RELEVANT

Category °

Citation of document, with indication,where appropriate, of the relevant passages

Relevant to claim No.

A

PATENT ABSTRACTS OF JAPAN

vol. 1999, no. 13,

30 November 1999 (1999-11-30)

& JP 11 220424 A (KOKUSAI ELECTRIC CO
LTD), 10 August 1999 (1999-08-10)
abstract

1-4

Form PCT/ISA/210 (continuation of second sheet) (July 1992)

page 2 of 2



INTERNATIONAL SEARCH REPORT

Information on patent family members

Intermauonal Application No

PCT/SI 02/00021

Patent document Publication Patent family Publication

cited in search report date member(s) date

US 6208235 Bl 27-03-2001 AU 723295 B2 24-08-2000
AU 6703698 A 20-10-1998
CN 1251189 T 19-04-2000
EP 0968488 Al 05-01-2000
JP 2002515155 T 21-05-2002
WO 9843218 Al 01-10-1998

DE 2008600 A 24-09-1970  BE 746458 Al 25-08-1970
DE 2008600 Al 24-09-1970
FR 2033401 A5 04-12-1970
GB 1298381 A 29-11-1972
JP 51010491 B 05-04-1976
LU 60418 Al 09-09-1970
NL 7002703 A ,B, 28-08-1970
SE 373968 B 17-02-1975

EP 0466949 A 22-01-1992 EP 0466949 Al 22-01-1992
AT 135835 T 15-04-1996
DE 59010221 D1 25-04-1996
ES 2083985 T3 01-05-1996
GR 3019399 T3 30-06-1996
JP 2113595 C 21-11-1996
JP 4074024 A 09-03-1992
JP 8017344 B 21-02-1996
us 5440302 A 08-08-1995

DE 19938998 A 08-03-2001 DE 19938998 Al 08-03-2001
Wo 0113597 Al 22-02-2001

JP 11220424 A 10-08-1999  NONE

Form PCT/ISA/210 (patent family annex) (July 1992)




	Abstract
	Bibliographic
	Description
	Claims
	Drawings
	Search_Report

