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PORTABLE ELECTRONIC APPARATUS, IC CARD AND READER/WRITER

BACKXGROUND OF THE INVENTION‘

The present inven;ion relates to a portable
electronic apparatus, an IC card ﬁnd a reader/writer.
More particularly, the invention relates to a non-contact
type IC card system which samples reéults of detection at
high speed to decode data based on a signal level
distribution of a detected signal and which furthexr
decodes data by detecting a correlation value
representing sameness between a clock signal agd the
detected signal, so that bit errors are sufficiently
reduced during deterioration.of the detected signal
obtained by detection of a high-frequenc§ signal induced
on an antenna.

Earlier development non-contact type IC card
systems used in automated tickeﬁ inspection systems at
raillway stations involve having suitable data
communicated wirelessly between an IC card and a
reaaer/writer to read éata from"the card and update the
data if necessary.

Fig. 11 is a block diagram of an IC card system 1.
The IC card system 1 in Fig. 11 includes a non-contact

type IC card 2, a reader/writer 3 for gaining access to
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the IC card 2,. and a personal computer 4. The personal

Eomputer 4 processes results of access by the

reader/writer 3 to the IC card 2 ip order to manage
illustratively the.card holder's entering or leaving
rooms well as passing through automated wickets of
railway stations.

In the reader/writer 3, a digital signal processing
circuit 5 under control of the personal computer 4
outputs send data D1 as serial data to the IC card 2 and._
processes receive data D2 coming as serial data from a
reception circuit 6. In inputting and outputting the send
data D1 and receive data D2, the digital signal
processing circuit 5 requests the IC card 2 to respond
for mutual authorization and other processes. Such
processes are also used to output retrieved data from the

IC card 2 to the personal computer 4 and to update the

P

" contents of the card as directed by the personal computer

4.

A transmission circuit 7 receives the send data D1 .
from the digital signal processing circuit 5 and
modulates the data D1 according to a scheme in effect for
wireless communiéation with the IC card 2. The circuit 7
thus generates for output a send signal S1 whose level

varies depending on the send data Di. ?he method used
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here for data modulation is based illustratibely on
Manchester encoding. A Manchester code series is brought
about by phase modulation Qhereby the signal level is
inverted across the middle of each bit cell as shown in
Figs. 12A and 12B. That is, the signal level is switched
between a logical 0 and a logical 1.

A wireless interface 8 generates a modulated éignal
by amplitude-modulating a suitable carrier signal based
on the send signal S1. The interface 8 drives the antenna -
using the modulated signal thus generated so as to
transmit the send signal S1 to the IC card 2.
Illustratively, the reader/writer 3 supplies the antenna
with a carrier signal of a constant amplitude and
switches a terminal impedance of the antenna as per the
send signal S1, thereby generating the amplitude-
modulated signal to drive the antenna.

As thé antenﬁa is being fed with the carrier signal
of the constant amplitude, the wireless interfacela
subjects a high-frequency signal induced on the antenna
to-amplitude detectioﬁ so as t; generate a detected
signal. The wireless interface 8 further puts the
detected signal into binary format to generate a receive
signal S2,.

The reception circuit 6 regenerates a clock signal
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from the receive signal S2 and latches the receive signal
S2 successively in reference to the clock signal, thereby
decodigg the receive data D2 sent from the IC card 2. 1In
this manner, the reader/writer 3 exchanges data
wirelessly with the IC caxd 2.

In the IC card 2, a wireless interface 10 detects a
high-frequency signal induced on an antenna likewise to
generate a detected signal. The interface 10 further
subjects the detected signal to binarization to output a
receive signal S3. As the IC card 2 physically approaches
the reader/writer 3 and as the amplitude of the high-
frequency signal induced on the antenna becomes greater
than a predetermined value, the receive signal S3 has its
signal level inverted to correctly reflect the logic
level of the send data D1.

Furthermore, the wireless interface 10 generates a
modulated signal by amplitude-modulating a suitab;e
carrier signal according to a send signal S4 output from
a transmission circuit 11. The circuit 10 d;ives the
antenna using the modulated signal, thereby transmitting
the send signal to the reader/writer 3. The IC card 2
modulates in amplitude the high-frequency signal induced
oﬁ the antenna by illustratively switching the terminal

impedance of the antenna as per the send signal Ss4, {
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whereby the send signal S4 is transmitted to the
reader/writer 3.

A reception circuit 12 regenerates a clock signal
from the receive signal S3 and latches the receive signal
S3 successively in reference to the clock signal, thereby
decoding the receive data D3 corresponding to the send
data D1 from the reader/writer 3.

A digital signal processing circuit 13 outputs send
data D4 to the transmission circuit 11 in response to the
receive data D3, thus responding to a call from the
reader/writer 3 and carrying out mutual authorization
with the reader/writer 3. During the processing, the
digital signal processing circuit 13 reads data from an
internal memory for output to the reader/writer 3 and
updates the memory contents as directed by the
reader/writer 3.

The transmission circuit 11 modulates the send data
D4 from the digital sigﬁal processing circuit 13 so as to
generate the send signal S4 whose signal level varies ]
depénding on the send data D4. The method used here for
data modulation is the same as that of the reader/writer
3, i.e., the method based illustratively on Manchester
encoding. In this manner, the IC card system 1 permits

wireless exchanges of appropriate data between the
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reader/writer 3 and the IC card 2.

Fig. 13 is a block diagram of the reception circuit
6 {and 12). The IC card 2 and the reader/writer 3 each
generate a detected signal S6 (Fig. 14B) by detecting a
high-frequency signal S5 induced on the respective
antenna as an amplitude-modulated signal (Fig. 14A). The
detected signal S6 is put into binary format with respect
to a predetermined signal level, whereby the receive
signal S2 (S3) is generated (Fig. 14C).

The reception circuits § and 12 each regenerate a
clock signal by having the receive signals S2 and S3
input to alclock generation circuit 15. The clock
generation circuit 15 located in an oscillation circuit
16 generates a clock signal CK {Fig. 14E) having
substantially the same frequency as that for the receive
signals S2 and S3. A phase synchronization circuit 17
compares the clock signal CKX with the receive signals S2
and S3 in terms of phase. Given results of the phase
comparison, the clock generation circuit 15 provides
phase contfol over the clock signal CX, thus eonstituting
a feedback loop circuit for clock signal (CK)
regeneration.

The clock generation circuit 15 further generates a

latch pulse P1 (Fig"14D) that, rises upon elapse of one-
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fourth of one clock cycle following each traiiing edge of
the clock signal Ck from the oscillation circuit 16. A
supplementary circﬁit 18 made of a latching circuit
latches the receive signals 852 and S3 successively in
reference to the latch pulse P1l, thereby decoding the
receive data-D2 and D3 for output'(Fig. 14D} .

In the IC card systemll above, externél noise and
other disturbances can degrade the S/N ratio of the high-
frequency signal induced on the antenna and can abruptly
change the signal level of that high-frequency signal. In
the IC card 2 and reader/writer 3, degradation of the
high-frequency signal in S/N ratio leads to a waveform
distortion in the detected signal and thus lowers the
quality of the latter. Degraded quality of thg detected
signal in turn deteriorates the duty ratio of the receive
signals S2 and S3 and can trigger their jitteré. This
produces bif errors in the receive data D2 and D3 that
have been obtained by processing of the receive signals
82 and 83,

Illustfatifely,“if receive signais S2A and S3A with
a duty ratio of 50 % each are correctly input {as shown
in Fig. 15A-1), a latch pulse signal Pl (Fig. 15B) may be
used to latch the receive signals S22 and S3A

successively, whereby receive signal D2A and D3A (Fig.
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15C-1) are correctly decoded. On the other hand, if
‘receive signals S2B and S3B have -their duty ratio
_partially deter;orated when input (Fig. 15A-2), it is
still possible to generate receive data D2B and D3B (Fig.
15C-2) by successively latching the receive signals S2B
and S3B using the latch pulse signal P1l. In this case,
however, those portions of the receive signals S2B and
S3B in which the duty ratio is deteriorated {indicated by
arrow A in the figure) produce errors when decoded.

In the above type of wireless communication system,
such bit errors in the receive data D2 and D3 caused by
the deterioration of detected signal quality are dealt
with by an error correction process that produces the
send signals D1 and D3. However, as the degree of bit
érrors worsens, it becomes increasingly difficult for the
error correction process to address the .errors.
Eventually Ehe data involved need to be retransmittéd
repeatedly to overcome the errors. This lowers the
effective data transmission rafe considerably.

Even such repeated data rétransmissions may
eventually become insufficient for correct data reception.
In the end, it may become impossible to exchange data
between the IC card 2 and the reader/writer 3.

In the IC card system 1, weak electromagnetic waves
b



are used by the reader/writer 3 and IC card 2 to exchange
data therebetween in close proximity. In that setup, a
high-frequency signal induced on the anteﬁna is picked up
to ob£ain a detected signal that may degrade in quality.
If bit errors caused by the deterioration of the detected
signal in quality ére reduced, the communicable distance
between the reader/writer 3 and the IC card 2 may be
increased correspondingly. That in turn makes the system
1 more convenient to use. Illustratively, if the IC card
system 1 is used in ticket inspection systems at railway
stations, passengers carrying IC cards instead of tickers
are allowed to pass rapidly through the wickets by the

system thus easing the congestion.

SUMMARY OF THE INVENTION

The present invention haé been made in view of the
above circumstances and provides a portable electronic
apparatus{ an IC card, and a reader/writer capable of
sufficiently reducing bit errors even if a detected
signal obtained ﬁy pickiﬁg up a higﬂ-frequené} signal
induced on an antenna has deteriorated in quality.

In carfying out the invention and according to a
first aspect thereof, there is provided a portable

electronic apparatus including a detecting element for
]



detecting a high-frequency signal received by an antenna
and for outputting the detected signal, a sampling
element for samﬁ;ing the detected signal with regard to a
frequency higher than a clock frequency of the detected
signal and for outputting sampled results, and a decoding
element for decoding data transmitted by a high-frequency
signal by use of a signal level distribution of the
detected signal derived f;om the sampled results.

According to a second aspect of the inventiocn,
there is provided an IC card for receiving data
transmitted by a reader/writer and for outputting data
from an internal memory in return including a detecting
element for detecting a hiéh—:requency signal induced on
an antenna and for outputting the detected signal, a
sampling element for sampling the detected signal with
regard to a frequency higher than a clock frequency of
the detected signal and for outputting sampled results,
- and a decoding element for decoding data transmitted by a
high-frequency signal by use of a signal levei
distributién of themdetected signal derived from the
sampled results.

According to a third aspect of the invention, there
is provided a reader/writer for receiving data

transmitted by an IC card including a detecting element
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for detecting a high-frequency signal induced on an
antenna and for outputting the detected signal, a
sampling elgment for s;mpling the detected signal with
regard to a frequency higher than a clock frequency of
the detected signal and for outputting sampled results,
and a decoding element for decoding data transmitted by a
high-frequency signal by use of a signal level
distribution of the detected signal derived from the
sampled results.

In the portable electronic apparatus, the IC card
and the reader/writer described above, the signal level
distribution of the detected signal, obtained by having
the detected signal sampled with respect to a frequency
higher than the clock frequency of the detected signal,
sﬁows a consistent tendency while the same logic level is
in effect aespite externally applied noises or duty ratio
fluctuations. When data transmitted by the high-frequency
signal are decoded by use of the signal level
distribution, bit errors are sufficiently reduced
regardless of the éresence of external noiée or the duty
ratio changes.

According to a fourth aspect of the invention,

there is provided a portable electronic apparatus

including a detecting element for detecting a high-
)
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frequency signal received by an antenna and for
outputting the detected signal, a clock regenerating
element for regenerating a cloék signal from the detected
signal, a correlation value detecting element for
detecting a cor;elation value representing sameness
between a clock signal and a detected signal, and a
decoding element for decoding data transmitted by a high-
frequency signal in accordance with the correlation value.

According to a fifth aspect of the invention, there
is provided an IC card for receiving data transmitted by
a reader/writer and for outputting data from an internal
memory in return, including a detecting element for
detecting a high-frequency sigral induced on an antenna
and for outputting the detectgd signél, a clock
'regenerating element for regenerating a clock sfghél from
the detected signal, a correlation value detecting ‘
element for detecting a correlation value representing
sameness between a cléck signal and a detected signal,
and a'deqqding element for decoding data transmitted by a
high-frequency signal in Qccordanéé with the correlation
value.

According to a sixth aspect of the invention, there
is provided a reader/writer for receiving data

tranémitted by an IC card, including a detecting element
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for detecting a high-frequency signal induced on an
antenna and for outputting the detected signal, a clock
regenerating element for regenerating a clock signal from
the detected signal, a correlation value detecting
element for detecting a correlation value representing.
sameness between a clock.signal and a detected signal,
and a decoding element for decoding data transmitted by a
high-frequency signal in accordance with the correlation
value.

In the portable electronic apparatus, the IC card
and the reader/writer described above, the correlation
value denoting sameness between the clock signal and the
detected signal represents a high degree-of similarity
while the same logic level is in effect despite
externally applied noises or duty ratio fluctuations.
When data transmitted by the high-frequency signal are
decoded in accordance with the correiation value, bit
errors are sufficiently reduced fegardless of the
presence of external noise or the duty ratio changes.

Other obiects, features and advantages of the
invention will become more apparent upon a reading of the

following déscription and appended drawings.

BRIEF DESCRIPTION OF THE DRAWINGS ’
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Fig. 1 is a block diagram of a reception circuit
used in an IC card system practiced as a first embodiment
of this invention;

Figs. 2A through 2J are timing charts for
explaining the principles of decoding of receive data by
the reception circuit of Fig. 1;

FPigs. 3A and 3B are schematic views for explaining
a memory in the reception circuit of Fig. 1;

Figs. 4A through 4E are timing charts for
explaining how clock phases are switched in the reception
circuit of Fig. 1;

Figs. 5A through 5D are timing charts for
explaining how the reception circuit of F;g. 1 works;

Fig. 6 is a block diagram of a reception circuit
used in an IC card system practiced as a second
embodiment of the invention;

Figs. 7A, 7B and 7C are timing charts for
explaining the principles of decoding of receive data by
the reception circuit of Fig. §6;

Figs. 8A, 8B énd 8C are timing cﬁarts in ;ffect
when a duty ratio fluctuates during decoding of receive
data by the reception circuit of Fig. 6;

Figs. 9A through 9F are timing charts for

expl§ining how the reception circuit of Fig. 6 works;

14



Figs. 10A through 10F are more timing charts for
explaining how the reception circuit of Fig. 6 works when
the duty ratio fluctuates;

Fig. 11 is a block diagram of a cenventional IC
card system;

Figs. 12A and 12B are timing charts for explaining
Manchester encoding applied to the IC card system of Fig.
11;

Fig. 13 is a block diagram of a reception circuit
used in the IC card system of Fig. 11;

Figs. 142A through 14F are timing charts for
explaining how the reception circuit of Fig. 13 works;

and

Figs. 15A-1, 15A-2, 15B, 15C-1 and 15C-2 are timing
charts for explaining how the reception circuit of Fig.

13 works when the duty ratio fluctuates.

DESCRIPTICON OF THE PREFERRED EMBODIMENTS
Preferred embodiments of this invention will now be

described with reference to the accompanying drawings.

(1) First Embodiment
{1-1) Structure of the First Embodiment

Fig. 1 is a block diagram of a reception circuit

15



used in an IC card and a reader/writer practiced as the
first embodiment of this invention.

In this reception circuit 21, a clock genération
circuit 25 regenerates a clock signal CKR from receive
signals 82 and S3. More specifically{ an oscillation
circuit 26 in the clock generation circuit 25 generates a
rectangular wave signal having a frequency eight times as
high as that of a clock signal derived from the receive
signals S2 and S3. The rectangular wave signal is then
dividéd by eight to generate the clock signal CK. The
clock signal CX thus generated is compared in phase with
the receive signals S2 and S3 by a phase synchronization
circuit 17 in the clock generation circuit 25. Based on
the result of the comparison, the phase synchronization
circuit 17 corrects in phase the rectangular wave signal
from the oscillation circuit 26. The clock generation
circuit 25 further rectifigs in waveform the rectangular
wave signal from-the oscillation circuit 26 to output a
sampling signgl P8. The sampling signal P8 has eight
le;ding edges per clock-cycle of receive d;ta D2 ané‘DB
_assigned to the receive signals S2 and S3. In addition,
the clock generation circuit 25 changes the timing of
dividing the rectangular wave signal in accordance with a

selection signal SEL from a determination circuit 27. If
v
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the clock signal CK is judged locked in opposite phase
with regard to the receive signals S2 and $3, the clock
signal CK is output with its phase switched so that the.
signal is locked in phase.

A memory 28 is used to latch signal levels of the
receive signals S2 and S3 at leading edges of the
sampling signal P8 in reference to the clock signal CK.
After eight consecutive samples are taken {each logical 1
or O'thrSugh binarization), the sampled results are used
és addresses whereby internally held data are output. In
this manner, the reception circuit 21 outputs logic
values of the receive data D2 and D3 in agcordance with a.
time series distribution of the receive signals S2 and S3
in logic wvalues per clock cycle.

With the first embodiment, Manchester encoding is
applied to the receive signals S2 and S3. For that reason,
as shown in Figs. 2A through 2J, the receive signals S2
and S3 reflect the logic values of the receive data D2
and D3 in the results DS of eight consecutive Samplgs per
éycle where no noise is introduced,and where binarization
is correctly effected with a duty ratio of 50 percent.
That ié, if the receive data D2 and D3 are made of
logical 1's, the first four samples are composed of

continuous logical 1's and the ensuing four samples are

17
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constituted by logical 0's in a row (Figs. 2A through 2C).
On the other hand, if the receive data D2 and D3 consist
of logi§al 0's, Ehen the first four samples are madé of
consecutive logical 0's and the ensuing four samples are
composed of logical 1's in a row (Figs. 2D through 2F).

In the above setup, if noise is introduced or if
the duty ratio is altered by jitters, the logic values of
the first four samples and those of the ensuing four’
samples vary depending on when the noise is introduced
and how the duty ratio is altered. 1In that case, however,
the distribution of logic values in fhe first four
samples and in the ensuing four samples still reflect the
logic values of the receive data D2 and D3. That is, as
long as the receive data D2 and D3 are on the same ;ogic
level, their logic values represent a constant tendency
in distribution when sampled.

According to the principles outlined above, the
memory 28 puts into addresses the results of all eight
samples taken while noise is being introduced or jitters.
ar; being generated, as sh&wn in Figs. 3A and 53. The M
addresses are used as the basis for outputting the logic
values of the receive data D2 and D3. -In this manner, the

memory 28 decodes the receive data D2 and D3 based on the

distributioq of the sampled results. Fig. 3A shows
b
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addresses in the memory 28 from which the receive data D2
and D3 of logical 1's are output, and Fig. 3B indicates
addresses in the memory 28 from which the receive data D2
and D3 of logical 0's are output.

If no access is available to any logic values
corresponding to the éddrgsses; that means tHe cléck
signal CK is located in opposite'éhase with respect to
the receive signals $2 and S3. 1In that case, an error
signal ER is output to indicate the difficulty of such
access.

Illustrati#ely, suppose that the receive data D2
and D3 are constituted by a sequence of the same logic
value (logical 1 in this case) in the Manchester-encoded
receive signals 52 and S3, as shown in Figs. 4A through
4E. In that case, the receive signals S2 and S3 have
their logic values switched per half-cycle of the clock
signal CK (Fig. 4A}). The signal level is ;witcﬁed in
synchronism with the altermating signal level of the
clock signal CK (Figs. 4A and 4B).

if iogic value changes occur in the receive data D2
and D3 when the data are made of a series of the same
logic value, then the receive signals D2 and D3 at time
tl and time t2 have a sequence of the same logic value

between cycles of the clock signal CK (Figs. 4B and 4C).
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In that case, .toco, the receive signals S82 and S3 have
their logic values inverted approximately in the middle
of one cycle of the clock signal CK.

If the clock signal CK is locked in opposite phase,
then the same logic value continues during each cycle of
the clock signal CX as shown in a period T in Figs. 4D
and 4E. Because Manchester encoding has no pattern in
wnhich the same logic wvalue continues during each cycle of
the clock signal CX, the presence of such a pattern helps
determine that the clock signal is locked in opposite
phase.

The memory 28 has the above-aescribed addresses
established therein so as to output an error signal ER
regarding all sampled results that may occur if noise is
introduced or if the duty ratio is altered while the
clock signal is being locked in opposite phase.

If the error signal ER is output by the memory 28,
the determination circuit 27 outputs a selection signal
SEL to thé clock gener;tign circuit 25 so that the clock
signal CK locked in opposite phase is brought back into
phase. Furthermore, the determination circuit 27 retains
for a predetermined period the receive data D2 and D3
coming from the memory 28. If no error sigmal ER comes

from the memory 28, the retained qgceive data D2 and D3
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are dutﬁut.

Thus as shown in Figs. 4A through 4E, the clock
signal CKX {(Fig. 5D} is generéted in reference to the
receive signals S2 and 83 (Fig. 5A). Then the sampling
signal P8 (Fig. 5B) is generated with a frequency eight
times as high as that of the clock signal CX. The
saﬁpling signal P8 is used to sample the receive signals
S2 and 83 resulting in sampled results D5 {Fig. 5C). The
sampled results D5 provide the basis for decoding the

receive data D2 and D3.

{1-2) Workings qf the First Embodiment

In the IC card system of the above constitution
(see Fig. 11), the IC card 2 is brought near the
reader/writer 3. The proximity induces on the antenna of
the IC card 2 a high-frequency signal transmitted from
the reader/writgr 3. Suitable processing of the high-
frequency signal allows the IC card 2 to receive a call
from the reader/writer 3. The processing causes the IC
card-z to switch the tefminal iméedance of its aﬁtenna
and transmit a response to the call. .The response allows
the reader/writer 3 to switch the terminal impedance of
its antenna and transmit to the IC card 2 ngcessary data

for mutual authorization. The IC card 2 sends appropriate
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data likewise in response to the transmitted data. These
steps are repeated so¢ that the reader/writer 3 and IC
card 2 exchan§é data therebetween and that anfigternal
memory of the IC card 2 is accessed. . .

During such data exchanges, the wireless interfaces
8 and 10 in the reader/writer 3 and IC card 2 detect the
high-frequency signal induced on the respective antennas.
The detected signals are put intoc binary format to
generate the receive signals S2 and 83. The receive
signals S2 and S3 in turn are used to generate the clock
signal CX. With the clock signal CX set as the reference,
the receive signals S2 and S3 are latched successively
whereby the data transmitted from the reader/writer 3 and
IC card 2 are decoded.

With the first embodiment performing the above
processing, the oscillation circuit 26 (Fig. 1) of the
reception circuit 21 in the IC card 2 and reader/writer 3
generates the sampling signal PS8 hgving a frequency eight
times that of the clock of the receive s%gna;s 82 and sS3.
A clock signal CK is generated by dividing the sampling
signal P8. Under control of the phase synchronization
circuit 17; the clock signal CK is synchronized in phase
with the receive siénals S2 and S3. With the clock signal

CK and sampling signal P8 used as the reference, Ehe
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receive signal S2 in each cycle is sampled eight times to

provide logic-values. The logic values thus acquired are

used as addresses whereby the memory 28 is accessed.

[y

In thHe manner described, the IC card system samples
the reéeive signals S2 and S3 at high speed and, based on
how the logic values of the sampled results are
distributed, causes the memory 28 tc¢ output aecoded
results of the receive data D2 and D3. Even if noise is
introduced into the receive signals S2 and 83 or if their
duty ratio is altered, the logic value distribution shows
a constant tendency as long as the logic level of the
receive data D2 and D3 remains the same. The IC card
system thus decodes the receive data D2 and D3 on tﬁéﬂ
basis of how the logic values of the sampled results are
distributed. Even if the receive signals S2 and S3 have
their signal level partially changed due to external
noise or if their duty ratio is varied by jitters,'the.
receive data D2 and D3 are correctly decoded. This allows
the IC card system effectively to bypass bit errors. As a
result, the'IC card need not bé brought“as close to the
reader/writer as before when it comes to correctly
exchanging data between the reader/writer and the IC card.
Host systems incorporating the inventive IC card system

can thus operate more efficiently than before.
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If an attempt to access the memory 28 based;on
eight samples reveals they stem from a continuation of
the same logic value, then the reception circuit 21
causes the memory 28 to output the error signal ER. The
error signal ER causes the determ;nation circuit 27 to
switch the clock signal CK in phase. This constitutes a
scheme that determines whether the clock signal CK is in
phase or in opposite phase based on the result of eight
samples, whereby the clock signal CX is set to be locked

in phase.

{1-3) Effects of.the First Embodiment

The first embodiment of the above constitution
detects a high-frequency signal induced on antennas and
subjects the detected signal to binarization to produce
receive signals S2 and S3. The embodiment then samples

the receive signals S2 and S3 at high speed to find a

distribution of their logic values in the sampled results.

Based on the logic value distribution, the first
embodiment decodes receive data D2 and D3 with a
sufficiently reduced amount of bit errors despite
possible deterioration of the receive signals due to the
presence of noise or other disturbances.

The detected signal is put into binary format to

24
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generate the receive signals 82 and 83 which in turn are
sampled to find a distribution of their logic values. The
'éimplifigd scheme still allows the receive data D2 and D3

to be decoded properly.

{2} Second Embodiment
(2-1) Structure of the Second Embodiment

Fig. 6 is a block diagram of a reception circuit
used in an IC card and a reader/writer practiced as the
second embodiment of the invention. In the second
embodiment, the parts having'the same or corresponding
functions as their counterparts in the reception circuit
6 or 12 described above with reference to Fig. 1 are
designated by like reference numerals, and their
desc;iptions'are omitted to.avoid unnecessary repetition.

| In the second embodiment, a correlation value

detection circuit 32 detects a correlation value signal X
indicative of a degree of similarity in signal waveform
between a clock signal CK on the one hand and receive
signals S2 and S3 on the othér hand. The correiation
value signal K is output to a determination circuit 33.
In turn, the determination circuit 33 regenerates data D2

and D3 through a determination process on the correlation

value signal X and outputs the regenerated data.
[
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In decoding the receive data D2 and D3 based on the
correlation value signal K;‘the second embodimént defines
a correlation value K({x) by which to generate tﬁe
correlation value signal X using an exéression {1} shown
below. In the expression that follows, T represents one
cycle of the receive signals S2-and S$3 and also denotes
one cycle of the clock signal CX; f(t) stands for the
signal level of the receive signals S2 and S3; and g(t)
indicates the signal level of the clock signal CK. The
scope of integration ranges from "x" to "x + T*. fThe
correlation value is defined as follows:

Kix) = JE(t).g(t)dt : o (1)

In the expression above, the correlation value K(x)
becomes larger when f{t) and g{(t) are in phase with each
other and present the same tendency of changes. If f£({t)
and g{t) are getting out of phase, the correlation wvalue
K{x) is reduced'by an amount corresponding to the éhift.
If £(t) and g(t) are in opposite phase with each other,
the correlation value K({x) is reduced to the smallest
ﬁoséible numﬁer.

As shown in Figs. 7A through 7C, when the clock
signal CK.KFié. 7B) is in phase with the receive signals
S2 and 83 (Fig. 7A), the correlation value K(x) becomes

larger {(Fig. 7C). When the clock signal CK is in opposite
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phase with thé.receive-signals 82 and 83, the correla;ion
value K({x) becomes smaller (Fig. 7¢C). Thus even if noise
is being introduced or if the duty ratio is being altered,
the values that may be taken to represent the correlation
remain similar as long as the receive data D2 and D3 are
at the same logic level. As a result, the correlation
value K{x) is determined at bit boundaries of the receive
signals S2 and S3 in reference to an intermediate value
REF between the largest and the smallest numbers that may
be taken by the correlation value K(x), whereby the
receive data D2 and D3 are decoded. The correlation value
X{x) shown in Fig. 7C has its amplitude limited by the -

- dynamic range of a circuit arrangement in charge of the
processing.

If the receive signals S2 and S3 are subject to
jitters so that changes in their signal level are shifted
by a time period At (Figs. 8A and 8B), then the
correlation value K(x) is varied by an amount
corresponding to the sgift (Fig. 8C). Nevertheless, if
the correlation value X(x} is determined ;t bit
boundaries of the receive signals S2 and S3 in reference
to the intermediate.value REF, it is possible to decode
the receive data D2 and D3 correctly.

If noise is introduced, the correlation value K{x)
L]
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is also altered by an amount corresponding to the noise.
However, if the ;orrelation value K(x} is determined at
bit boundaries of the receive signals $2 and S3 in
reference to the intermediate wvalue REF, the receive data
D2 and D3 are decoded correctly.

According to the principles outlined above, the
cdrfelation value detection circuit 32 suppliés an
inverting circuit 34 with the receive signals S2 and S3
{as shown in Fig. 9A). The inverting circuit 34 inverts-
the polarity of.the receive siénals $2 and 83 to generate
inverted receive signals IS2 and IS3 (Fig. 9B). 2
.selection signal geneggtion circuit 35 changes the
féiarity of the ;lock signal CK to generate a selection
signal SEL1l (Fig. 9C}. Given the selection signal SEL1l, a
selector 36 permits_seiégtive output of either the
receive.signals 82 and 83 or the inverted receive signals
I82 and IS3. -In this manner, the inverting circuit 34,
éelection signal generation circuit 35, and selector 36
generate and output a multiplication signal defined as
f{t).g(t) in tﬁe expres;ion {1} above.

| A low-pass filter (LPF) 37 integrates the
multiplication signal and outputs the result.
Specifically, the low-pass filter 37 integrates the

multiplication signal by adding it cyclically in
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reference to the sampling signal P8 so as to generate the
correlation value K(x)}. The result of the integratiocn is
limited by the dynamic range in effect when eight samples
taken provide consecutive products. The low-pass filter
(LPF} 37 then outputs correlation values K(x) varying
Erom 8-to 0 {Fig. 9D)..

A latch pulse generation circuit 38 generates a
latch pulse signal whose signal level rises at bit
boundaries of the recei&e signals S2 and 83 in reference
to the clock signal CX. Given the latch pulse signal, a
latching circuit 39 latches the signal output from the
low-pass filter 37, thereby gengraiing and outputting the
éorrelation value signal K.(Fig. SE}.

A determination circuit 40 in the reception circuit
31 determines the correlation value signal K wiﬁﬂ rééard
to the reference value REF mentioned above and thereby
decodes the receive data D2 and D3 (Fig. 9F). As shown in
Figs. 10A through 10F in contrast with Figs. 9a through
9F, the reéeive signals D2 and D3 are correctly decoded
even if noise is introduced or if edges of the receive‘
signals S2 and S3 are shifted by the amount corresponding

to the time period At, the shift being attributable to

signal jitters.
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{2-2) Workings of the Second Embodiment

In the IC card system of the above constitution
pr%ctiged as the second embodiment, tﬁe reception circuit
31 of the reader/writer and IC card generates a clock
siggal and, in reference to the generated ‘¢tlock signal,
regenerates receive data D2 and-D3 from the receive
signals S2 and S3.

From the receive signals 52 and 83, the inverting
circuit 34 generates inverted receive signals IS2 and IS3
having the inverted polarity. A selection signal SEL
generated by inverting the clock signal CK in polarity
causes the selector 36 to pérmit selective output of
either the receive signals 82 and S3 or the inverted
receive signals IS2 and IS3. A multiplication sighal is
then generated by multiplying the clock signal CK and the
receive signais S2 and S3. The multiplication signal is
integrated by the low-pass filter 37 generating the
correlation value K{x} indicative of the degree of
similarity between the clock signal CK on the one hand
and the recei&e signals S2 and Ss on the ;ther hand.

Even where noise is being introduced or the duty

" ratio is being altered, the correlation value K(x)

represents a high degree of sameness as long as the

receive data D2 and D3 are at the same logic level. 1In
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such a case, the latching circuit 39 in the reception
circuit 31 latches the correlation value X{x) of the
receive data D2 and D3 at their bit boundaries. The
latched results are determined by the determination
circuit 40 so as to decode the receive data D2 and D3.

In the manner described, the reception circuit 31
decodes data transmitted by a high-frequency signal in
accordance with the correlation value K({x). During the
decoding, bit errors are sufficiently reduced even in the

presence of external noises or in the face of duty ratio

fluctuations.

{2-3) Effects of the Second Embodiment

The second embodiment of the above constitution
decodes target data by detecting the correlation wvalue
K(x) representing sameness between the clock signal and
the detected signal. The scheme makes it possible
sufficiently to reduce bit errors despite possible
quality deterioration that may occur in the signal
obtained by detecting the high-frequency signal induced
on the antenna.

The correlation value K{x) is detected using the
receive signals S2 and S3 acquired by putting the

detected signal into binary format. This setup, though
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"~ simple in structure, still permits proper detection of

the receive data D2 and D3.

(3) Other Embodiments

Although the foregoing_embodiments ware shoyn
subjecting the detected signal to binarization fér
sampling purposes and detécting the correlation value
K(x) involved, this is not limitative of the invention.
Alternatively, the detected signal may be processed
directly.

The second embodiment was shown latching the
correlation value X{(x) prior to the determination process
based on the reference level REF in order to decode the
receive data D2 and D3. Aiternatively, a bina;izatign
process with respect to an appropriate reference level
may precede the latching process.

With the second embodiment, the correlation value
K{x) was shown limited by a éuitable dynamic range.
However, this is not limitative of the invention.
Alternatively, iﬁtegrated results m;y be reséf per clock
cycle of.the receive signals S2 and 83 so as to detect
the correlation value K({x).

With the first embodiment, the internal memory was

s?own accessed per clock cycle in decoding the receive
¥
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data D2 and D3 directly. Alternatively, the results of
continuous eight samples may be shifted successively for
access to the memory. As another alternative, the sampled
results may be converted to a continuation of logic
values corresponding to the eight samples so that the
receive data D2 and D3 may be decoded.

Although the foregoing embodiments were shown
processing the high-frequency signal through amplitude
modulation, this is not limitative of the invention..
Alternatively, the invention applies extensivel} téhother
modulation systems inéluding that of frequency modulation.

In the foregoing embodiments, target data were
shown Manchester-encoded before being transmitted.
Alternatively, the invention also applies to other
diverse encoding schemes.

Although the invention was described as applicable
to an IC card system in the foregoing embodiments, this
is not limitative of the invention. Alternatively, the
_invention applies extensively to diverse kinds of_
portable electronic apparatuses that process wirelessly
transmitted data. The IC card described above in
connection with the embodiments may be replaced by many
other portable electronic apparatuses having shapes other

.than a card. The inventive functions may be incorporated '
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into mobile telephones, wristwatches, portable personal
computers and other portable terminals. The inventive IC
card when used may also be inserted into any of these
portable apparatuses.

As described and according to the invention,
detected resultg arg sampled at high speed for generating
a detected signal, and data are decoded on the basis of a
signal level distfibution of the detected signal. Data
are also decoded by detecting a correlation value
indicative of sameness between a clock signal and the
detected signal. In this manner, bit errors are
sufficiently reduced during the decoding even if there
occurs a deterioration of quality in the detected signal
acquired by detecting a high-fregquency signal induced on

an antenna in use.

While preferred embodiments of the invention have
been described using sﬁecific terms, such description is
for iliustrative purposés only, and it is to be
understood that changes and variations may be made
without departing from the spirit or scope of the claims

that follow.

-
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WHAT IS CLAIMED IS:

1. A portable elect;onic &éparatus comprising:

detecting means for detectihg a high-frequency
signal received by an antenna and for outputting the
detected signal; |

sampling means for sampling said detected signal
with regard to a frequency higher than a clock frequency
of said detected signal and for outputting sampled
results; and

decoding means for decoding data transmitted by
said high-frequency signal by use of a signal level
distribution of said detected signal derived from said
sampled results.

2. A portable electronic apparatus according to
claim 1, wherein said sampling means acquires said
sampled results by subjecting said detected signal to
binarization for sampling.

3. An IC card for receiving data transmitted by a
reader/write; and for outputting data from an internal
memory in'return, said IC caéd compri;ing:

detecting means for detecting a high-frequency
signal induced on an antenna and for outputting the
detected‘signal;

sampling means for sampling said detected signal
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with regard to a frequency higher than a clock frequency
of said detected signal and for outputting sampled
results; and

decoding means for decoding the received data by
use of a signal level distribution of said detected
signal derived from said sampled results.

4, An IC card according to claim 3; wherein said
sampling means acquires said sahpled results by
subjecting said detected signal to binarization for
sampling.

5. A reader/writer for receiving data transmitted
by an IC card, said reader/writer comprising:

detecting means for detecting a high-frequency
signal induced on an antenna and for outputting the
detected signal;

sampling means for sampling said -detected signal
with regard to a frequency higher than a clock frequency
of said detected signal and for outputting sampled
results; and

decoﬁing meagé for decoding said data by use of a
signal level distribution of said detected signal derived
from said sampled results.

6. A reader/writer according to claim S5, wherein

said sampling means acqguires said sampled results by
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subjecting said detected signal to binarization for
sampling.

7. A portable electronic apparatus comprising:

detecting means for detecting a high-frequency
signal received by an antenna and for outputting the
detected signal;

clock regenerating means for regenerating a clock
signal from said detected signal;

correlation value detecting means for detecting a
correlation value representing sameness between said
clock signal and said detected signal; and

decoding means for decoding data transmitted by
said high-frequency signal in accordance with said
correlation value.

8. A portable électronic apparatus according to
claim 7, wherein said correlation value detecting means
‘detects said correlation value by subjecting said
detected signal to binarization.

9. An IC card for receiving data transmitted by a
reader/writer-and for outputting data from an iﬁternal
memory in return, said IC card comprising:

detecting means for detecting a high-frequency

signal induced on an antenné and for outputting the

detected signal; )
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clock regenerafing means for regenerating a clock
signal from said detected signal;

correlation value detecting means fér detecting a
correlation value representing sameness between said
clock signal and said detected signal; and

decoding means for decoding data transmitted by
said high-frequency signal in accordance with said
correlation wvalue.

10. An IC card according to claim 9, wherein said
correlation value detecting means detects said
- correlation value by subjecting said detected signal to
binarization.

11. ‘A reader/writer for receiving data transmitted
by an IC card, said reader/writer comprising:

detecting means for detecting a high-frequency
signal induced on an antenna and for outputting the
detected signal;

clock regenerating means for regenerating a clock
signal from said detected signal;

correlatioﬁ value detecting meéns for a;tecting a
correlation value representing sameness between said
clock signal and said detected signal; and

decoding means for decoding data transmitted by

said high-frequency signal in accordance with said
¥

38



A

correlation value.

12. A reader/writer according to claim 11, wherein
said correlation value detecting means detects said.

correlation value by subijecting said detected signal to

binarization.
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