:
\‘ o e

DR ;@%%""".
R, RN \53.’1.'.

e
Y
‘\ (] ". LY 3 v
Y. ‘t\ “ ¢ 0N “-‘\ S ‘l\ \ \
N N e e TN Y /[ [/ §
Y ‘ea"s 4 AR RN 3 B
SRR Ak | P
L] Y h 9 4 - s
A S N TN
- ‘. l\\"o\ WA T
L ‘}0’ ’:.qf“!‘ - - - -

OPIC

OFFICE DE LA PROPRIETE

INTELLECTUELLE DU CANADA 3 PROPERTY OFFICE

(72) IKEFUJI, YOSHIHIRO, JP
(72) CHIMURA, SHIGEMI, JP
(72) TAGUCHI, HARUOQO, JP
(71) ROHM CO., LTD., JP

1) Int.C1.° HO4B 1/59
30) 1997/03/28 (9-76922) JP

(12) (19) (CA) Dem ande-Application

(CANADIAN INTELLECTUAL

(21) (A1) 2,283,250
86) 1997/12/18
87) 1998/10/08

54) DISPOSITIF DE TELECOMMUNICATION

549) TELECOMMUNICATION DEVICE

4 ... rectifying cirouit

S ... regulator
7 ... vave Getention cirouit

8 ... depodar
9 ... protoonl sPpply ssction

(57) Ce dispositif de telecommunication (répondeur),
pouvant correspondre avec a la fois un systeme a une
onde et un systeme a deux ondes, comprend des premier
et second circuits d’accord (I, 2) un circuit
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10 ... enoodar

il ... pulse forming cirouit

12 ... BARMOTY
14 ... dataction cirouit

200 ... intarvogatar

(57) A telecommunication device (responder) capable of
corresponding to both a one-wave system and a two-
wave system comprising first and second tuning circuits
(1, 2), a power-supply circuit (3) connected to the first
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d’alimentation en €nergie (3) connecte au premier circuit
d’accord (1) et conc¢u pour produire de 1’€nergie au
movyen d’un signal re¢u a partir de ce premier circuit (1),
ains1t qu’un circuit de traitement d informations (15); ce
dernier circuit (15) est connecte au premier (1) ou au
second (2) circuit d’accord au moyen d’un circuit de
commutation (6), 11 comprend un circuit de détection
d’onde (7), un décodeur (8) et un codeur (10), ains1 qu un
circuit (14) destine a détecter s1 le systeme d’onde radio
recue est un systeme a une onde ou un systeme a deux
ondes, d’apres la sortie produite par le premier circuit
d’accord (1), et a commander le circuit de commutation
(6) afin que celui-c1 connecte le circuit de deétection

d’onde (7) a1’un ou I’ autre des premier et second circuits
d’accord (1, 2).
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tuning circuit (1) and adapted for generating power using
a signal recerved by the first tuning circuit (1), and an
information processing circuit (15) connected to the first
tuning circuit (1) or the second tuning circuit (2) through
a switching circuit (6) and including a wave detection
circuit (7), a decoder (8) and an encoder (10), 1n which
the 1nformation processing circuit (15) includes a
detection circuit (14) for detecting whether the system of
a recerved radio wave 1s the one-wave system or the two-
wave system on the basis of the output of the first tuning
circuit (1) and controlling the switching circuit (6) to
connect the wave detection circuit (7) to either one of the
first and the second tuning circuits (1, 2).
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ABSTRACT

A data communication apparatus according to the present invention
can be used both in one-wave mode and two-wave mode, and includes: first
and second tuning circuits (1, 2); a power supply circuit (3) connected to
first tuning circuit (1) for generating power by a signal received by first
tuning circuit (1); an information processing circuit (15) connected to first
tuning circuit (1) or second tuning circuit (2) through a switching circuit (6)
and including a detection circuit (7), a decoder (8), an encoder (10) and the
like. Information processing circuit (15) includes a switch control circuit
(14) detecting if the mode of the received radio wave is one-wave mode or
two-wave mode in accordance with an output from first tuning circuit (1)
and controlling switching circuit (6) such that detection circuit (7) 1s
connected to one of first and second tuning circuits (1, 2).

-11 -
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SPECIFICATION
Data Communication Apparatus

Technical Field

The present invention relates to a data communication apparatus
which receives a radio wave transmitted from an antenna to generate
power for communication.

Background Art

Conventionally, a high frequency tag (RF. TAG), which generates
power by a radio wave transmitted from an antenna and transmits
information which has been stored therein, has been developed and used
for a gate of the ski lift, gate at the station, sorting of parcels and the like.

The high frequency tag is provided with a non-volatile memory and a
transmission/reception mechanism, but not with a power supply source
such as a battery. In addition, power is generated by the received radio
wave (a high frequency signal). Thus, the power supply source needs not
be provided therein and information exchange can be performed for a long
period of time. Further, remote (non-contact) data communication can
advantageously be performed as it is performed by the radio wave.

For a system in which such communication apparatus (hereinafter
referred to as "a responder") is used, one type of radio wave (one-wave
mode) or two types of radio waves (two-wave mode) may be transmitted
from the other communication apparatus (hereinafter referred to as "an
interrogator”). Only one type of carrer with information is transmitted
from the responder in a one-wave mode, so that the carrier is rectified to
generate power and also detected to obtain information.

On the other hand, for the responder in a two-wave mode, a first
carrier for generation of power which has not been modulated and a second
carrier with information are transmitted. Thus, the first and second
carriers are separately received, so that the first carrier is rectified to
generate power and the second carrier i1s detected to obtain information.

.1 -
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Since responders used in these modes (e.g., high frequency tags) are
of course different in structure, the responder used in one mode cannot be
used 1n the other mode. Therefore, two types of responders are required to
perform communication in both modes. Accordingly, two types of
integrated circuits (IC) forming the responders must be manufactured.
This disadvantageously results not only in increase in the designing,
manufacturing and product cost, but also in complicated management of
the products (integrated circuit, communication apparatus and the like) for
proper use. '

Disclosure of the Invention

An object of the present invention is to provide a data communication
apparatus (a responder) which can be used both in one-wave and two-wave
modes.

The object of the present invention is achieved by a data
communication apparatus for data communication with an interrogator
including: a power generating circuit generating power by a signal having a
first frequency transmitted from the interrogator; and a modulating circuit
modulating the signal having the first frequency in accordance with
response information for an interrogation data when the signal having the
first frequency transmitted from the interrogator has been modulated in
accordance with the interrogation data, and modulating a signal having a
second frequency in accordance with response information for an
interrogation data obtained by demodulating the signal having the second
frequency transmitted from the interrogator when the signal having the
first frequency transmitted form the interrogator has not been modulated.

An advantage of the present invention is that one data
communication apparatus (responder) enables communication both in the
one-wave mode and two-wave mode, so that two types of data
communication apparatuses are not necessary. In addition, since two
types of integrated circuits forming the data communication apparatuses
needs not be manufactured, reduction in the designing, manufacturing and
product cost is achieved and management of the products (integrated

.9 .
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circults or communication apparatuses) for proper use is facilitated.

Brief Description of the Drawings

Fig. 11s a block diagram showing a structure of a high frequency tag
according to a first embodiment of the present invention.

Figs. 2A and 2B are diagrams showing waveforms of signals in the
case of the two-wave mode.

Fig. 3 1s a diagram showing a waveform of a signal in the case of the
one-wave mode.

Figs. 4A and 4B are timing charts shown in conjunction with
operations of an interrogator and responder.

Fig. 5 1s a diagram showing a waveform of a signal which is
transmitted back to the interrogator from the high frequency tag.

Fig. 6 1s a block diagram showing a structure of a high frequency tag
according to a second embodiment of the present invention.

Fig. 7 1s a block diagram showing a structure of a switch control
circuit detecting the mode related to the received radio wave.

Figs. 8A and 8B are diagrams showing waveforms of signals input to
or output from a detection circuit.

Best Modes for Carrying Out the Invention

Embodiments of the present invention will now be described in detail
with reference to the drawings. It is noted that the same reference
numerals in the drawings indicate the same or corresponding portions.

[First Embodiment]

Fig. 11s a block diagram showing an overall structure of a high
frequency tag (a responder) according to a first embodiment of the present
invention. As shown in Fig. 1, a high frequency tag 100 receives and
transmits a signal from and to an interrogator 200 having an antenna 201
by a radio wave, and is provided with a first tuning circuit 1, a second
tuning circuit 2 and an integrated circuit 110.

Here, first tuning circuit 1 includes a tuning coil L1 tuning
approximately to 13.56 MHz and functioning as a reception antenna, and a

.3 -
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tuning condenser C1 connected between both ends of tuning coil LL1. A
signal having a tuned frequency fi1 which is determined by tuning coil L1
and tuning condenser C1 is output from tuning coil L.1.

Second tuning circuit 2 includes a tuning coil L2 tuning
approximately to 3.39 MHz and functioning as a transmission/reception
antenna, and a tuning condenser C2 connected between both ends of tuning
coll L2. A signal having a tuned frequency fz which is determined by
tuning coll L2 and tuning condenser C2 is output from tuning coil L2.

Further, integrated circuit 110 includes: a power supply circuit 3
connected to first tuning circuit 1 and generating power by the received
high frequency signal; an information processing circuit 15; and a
switching circuit 6 which is formed of a semiconductor switch and
connected to a connecting point A in the i1nitial state. Power supply circuit
3 includes a rectifying circuit 4 rectifying a tuned signal and a regulator 5
connected to rectifying circuit 4 and stabilizing a voltage rectified by and
transmitted from rectifying circuit 4. It is noted that an output voltage of
regulator 5 1s supplied for each circuit in integrated circuit 110.

In addition, information processing circuit 15 includes: a detection
circuit 7 connected to switching circuit 6 and detecting (demodulating) a
modulated signal (a carrier) shown in Fig. 8 A which i1s supplied from first
tuning circuit 1 or second tuning circuit 2 for obtaining an information
signal shown in Fig. 8B; and a decoder 8 connected to detection circuit 7.
It 1s noted that the information signal shown in Fig. 8B is a digital signal,
which 1s shaped to be a pulse signal having a waveform in a rectangular
shape by a waveform shaping circuit (not shown) and then supplied for
decoder 8.

Thereafter, decoder 8 decodes the above mentioned pulse signal in
accordance with a prescribed protocol and outputs a digital data. Itis
noted that, generally, decoder 8 also performs serial-parallel conversion.

Information processing circuit 15 includes a memory 12 connected to
decoder 8. Memory 12 is accessed by an address designation data output
from decoder 8 and, a data stored at the designated address is read.

Information processing circuit 15 includes: an encoder 10 connected
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to memory 12; a protocol supplying portion 9 connected to decoder 8 and
encoder 10; a pulsating circuit 11 connected to encoder 10; and an N
channel MOS transistor 13 having its gate connected to pulsating circuit 11.
Here, an encoding process is performed for the data which is read from
memory 12 by encoder 10 in accordance with the protocol supplied from
protocol supplying portion 9. In most cases, encoder 10 also performs
parallel-serial conversion. The data which has been converted to serial
data is in turn converted to a pulse train signal by pulsating circuit 11 and
supplied for the gate of N channel MOS transistor 13.

Information processing circuit 15 includes a signal transmission line
16 connecting switching circuit 6 and detection circuit 7, and the N channel
MOS transistor has its source connected to a ground node and its drain
connected to signal transmission line path 16. In the periods in which N
channel MOS transistor 13 is turned on and off, an impedance of first
tuning circuit 1 or second tuning circuit 2 which is connected to signal
transmission line 16 via switching circuit 6 is different.

Information processing circuit 15 includes a switch control circuit 14
connected to detection circuit 7 and detecting a mode of the received radio
wave for selectively connecting a connecting point A or connecting point B
by switching circuit 6. Switch control circuit 14 checks an output signal
from first tuning circuit 1 and, if the output signal is related to the one-
wave mode, connects connecting point A by switching circuit 6, but connects
connecting point B by switching circuit 6 if the output signal is related to
the two-wave mode. It is noted that connecting point A is connected by
switching circuit 6 in the initial state and the output signal from first
tuning circuit 1 1s detected by detection circuit 7.

Switch control circuit 14 includes a latch circuit 32, a register 33 and
a comparator 34 connected to latch circuit 32 and register 33 as shown for
example in Fig. 7. Here, latch circuit 32 latches a prescribed number of
bits of the output signal from detection circuit 7, and register 33 stores a
reference data for the one-wave mode (or two-wave mode). Comparator 34
compares an output signal from latch circuit 32 and an output signal from
register 33 and, continues to output "1" if they match, but "0" if they
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mismatch. For example, if register 33 stores the data related to the one-
wave mode, connecting point A is connected by switching circuit 6 when "1"
1s output, whereas connecting point B is connected by switching circuit 6
when "0" is output.

Next, an operation of high frequency tag 100 according to the first
embodiment will be described.

Initially, when interrogator 200 has the two-wave mode, a first
signal of a carrier which has not been modulated and which has a
frequency fi: shown in Fig. 2A and a second signal which is an arbitrary
information signal such as "10101" shown in Fig. 2B and a carrier having
an amplhitude-modulated frequency f2 are transmitted from antenna 201.

At the time, in high frequency tag 100, first tuning circuit 1 receives
the first signal and second tuning circuit 2 receives the second signal. The
recelved first signal is converted to power by power supply circuit 3, so that
the power 1s supplied for every circuit in high frequency tag 100 including
detection circuit 7, switch control circuit 14 and the like as operating power.

On the other hand, the first signal received by first tuning circuit 1 is
supplied for detection circuit 7 via switching circuit 6 as connecting point A
1s connected by switching circuit 6 in the initial state, and the two-wave
mode of interrogator 200 is detected by switch control circuit 14. As a
result, connecting point B is connected by switching circuit 6, and the
second signal received by second tuning circuit 2 is supplied for information
processing circuit 15 by signal transmission line 16. Thereafter,
information "10101" from the second signal shown in Fig. 2B is decoded by
decoder 8, and response information "10110" for the information shown in
Fig. 5 1s pulsated by pulsating circuit 11. N channel MOS transistor 13 is
turned on/off in accordance with the pulse train signal which has been
pulsated by pulsating circuit 11, and the impedance of second tuning circuit
2 1s changed.

For the second signal transmitted from interrogator 200,
transmission periods T0-T1, T2-T3 and reception period T1-T2 are
alternately arranged as shown in Fig. 4A for interrogator 200. Although a
modulated signal such as the one shown in Fig. 2B is transmitted in
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transmission periods T0-T1, T2-T3, for example, a signal of a carrier at
frequency fz,which has not been modulated, is transmitted in reception
period T1-T2. In reception period T1-T2, however, since the impedance of
second tuning circuit 2 which is to be a load of interrogator 200 is changed
1n accordance with on/off of N channel MOS transistor 13 by the radio wave,
a signal which has been amplitude-modulated in accordance with "10110"
shown in Fig. 5 1s recognized by detection of the level of the signal
transmitted from interrogator 200. It is noted that this is equivalent to
transmission of the response information from high frequency tag 100 to
interrogator 200 by the radio wave. More specifically, the response
information from high frequency tag 100 is transmitted by the radio wave
from interrogator 200 without transmitting the radio wave from high
frequency tag 100.

Fig. 4B 1s a timing chart showing the operation of high frequency tag
100. As shown in Fig. 4B, the operation of high frequency tag 100 isin a
reverse relation with respect to the operation of interrogator 200 shown in
Fig. 4A. |

It 1s noted that a mode of high frequency tag 100 is switched between
transmission and reception modes by a command, which is transmitted
from interrogator 200 as a part of information.

When interrogator 200 has the one-wave mode, only a signal of a
carrier having a frequency fo which has been amplitude-modulated for
example by the information as shown in Fig. 3 is supplied for high
frequency tag 100. Here, frequency fo is the same as or close to frequency
fi of a signal including a carrier for the two-wave mode. Thus, the signal
shown in Fig. 3 is received by first tuning circuit 1. At the time, no signal
1s received by second tuning circuit 2, so that an output therefrom would be
0. ' .

The signal received by first tuning circuit 1 is converted to power by
power supply circuit 3. Unlike the case of the two-wave mode, although
there is a slight variation in an output voltage level of rectifying circuit 4
for rectifying the modulated signal, the voltage is kept at a prescribed level
by regulator 5.
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The received signal is also detected by detection circuit 7 through
switching circuit 6, and connecting point A is still connected by switching
circult 6 as the one-wave mode is detected by switch control circuit 14.

It 1s noted that N channel MOS transistor 13 is turned on/off by the
pulse train signal output from pulsating circuit 11, and the impedance of
first tuning circuit 1 is changed. In addition, transmission of the response
information to interrogator 200 is performed by the radio wave received by
first tuning circuit 1.

[Second Embodiment]

Fig. 6 1s a block diagram showing an overall structure of a high
frequency tag (a responder) according to a second embodiment of the
present invention. As shown in Fig. 6, the high frequency tag has a
structure which is similar to that of the high frequency tag according to the
first embodiment, except that one end of second tuning circuit 2 is not
connected to a ground node, signal transmission lines 16a and 16b are
respectively connected through switching circuits 6a and 6b to both ends of
second tuning circuit 2, and the high frequency tag is provided with a
comparator 17 having input ends connected to signal transmission lines
16a and 16b, an inverter 18 and a resistance R1 which are connected in
series between pulsating circuit 11 and signal transmission line 16a and a
resistance R2 connected between pulsating circuit 11 and signal
transmission hine 16b, where switch control circuit 14 controls switching
circuit 6a and switching circuit 6b.

More specifically, switch control circuit 14 makes switching circuits
6a and 6b connect connecting points on the same side. In other words,
when connecting point A is connected by switching circuit 6a, for example,
connecting point A 1s also connected by switching circuit 6b.

High frequency tag 101 having such structure also enables data
communication with interrogator 200 both in the one-wave mode and two-
wave mode as in the case of high frequency tag 100 according to the above
described first embodiment.
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CLAIMS

1. - A data communication apparatus for data communication with
an interrogator (200), compnsing:

power generating means (3) for generating power by a signal having
a first frequency transmitted from said interrogator (200); and

modulating means (1, 2, 6, 15) for modulating said signal having the
first frequency in accordance with response information for an
interrogation data when said signal having the first frequency transmitted
from said interrogator (200) has been modulated in accordance with said
interrogation data and for modulating a signal having a second frequency
in accordance with the response information for an interrogation data
obtained by demodulating said signal having the second frequency
transmitted from said interrogator (200) when said signal having the first
frequency transmitted from said interrogator (200) has not been modulated.

2. The data communication apparatus according to claim 1,
wherein said modulating means (1, 2, 6, 15) includes:

first tuning means (1) for transmitting and receiving said signal
having the first frequency;

second tuning means (2) for transmitting and receiving said signal
having the second frequency;

demodulating means (7) for demodulating a signal received by one of
said first tuning means and said second tuning means;

switching means (6, 6a, 6b) for connecting said demodulating means
and one of said first tuning means and said second tuning means and for
connecting said demodulating means and said first tuning means 1n an
initial state; and

switch controlling means (14) connected to said demodulating means
for controlling said switching means to connect said demodulating means
and said first tuning means when said signal having the first frequency
demodulated by said demodulating means has been modulated and to
connect said demodulating means and said second tuning means when said

.9 .
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signal has not been modulated.

3. The data communication apparatus according to claim 2,
wherein said modulating means (15) further includes differential
amplifying means (17) connected between said switching means (6a, 6b)
and said demodulating means (7) for differentially inputting the signal
received by said first tuning means (1) or said second tuning means (2).

- 10 -
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