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CARD SYSTEM, IC CARD AND CARD READER./WRITER USED FOR

THE CARD SYSTEM

- FIELD OF THE INVENTION

[0001]

The present invention relates to a card system, and an IC card and a
card reader/writer both used for the card system. In particular, t%ie present
invention relates 10 'a card system in which a card, such as a JAVA card
which is capable of transmitting and receiving data at a high rate is used,
and an IC card and a card reader/writer used for the card system.

[0002]

BACKGROUND OF THE INVENTION

Magnetic cards have hercgo'fore been used for many of cash cards
and credit cards. Recently, countecfeiting of magnetic cards has been
increascd. Employing an IC cards in licu of a magnertic card have atrracred
attention. An IC card has an internal CPU for proccssing encryption and
decipherment so that counterfeiting of the IC card is more difficult in
comparison with the magnetic card. Much information can be stored in an
IC, and hence many of IC cards are equipped with multi-functions.

[0003)

A conventional card system will be described with reference 1o Fig.
I which illustrates a diagram of a IC card system to which the present
invention is applied. Fig. | illustrates a diagram showing strucrurcs of
an [C card 10 and an IC card reader/writer 20 for reading information from
the IC card 10 and/or recording i‘nt'ormatio'n on the IC card 0. The IC card
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readec/writer 20 comprises a port terminal (PORT) 22 from and to which
data is input and outpur, a clock terminal (CLOCK) 23 for outputting a
clock signal for counting input and output timings of data, a reset terminal
(RESET) 24 for outputting a resct signal which initiates operation of a
CPU 11 located in the IC card 10, a power supply terminal (V) 25 for
supplying power to drive the CPU 11 in the IC card 10 and 2 ground
terminal (GND) 26.

[0004)

The IC card reader/writer 20 further comprises a CPU 28 for
controlling various signals which are output to terminals 22 to 26, a power
supply 21 for driving the CPU 28 and a pull-up resistor 27 connected
between the power supply 21 and the port terminal 22. The IC card 10
comprises terminals 12 to 26 which correspond to the terminalg 22 to 26
of the IC card reader/writer 20, rcspectively, through which various
signals are input to and output from the IC card 10. The IC card 10
further comprises a memory 17 for storing a program for carrying oul
half-duplex synchronous communication and user data, and a CPU 11 for
executing the program siored in thc memory 17.

[0005]

A term "half-duplex” used herein means a communication scheme
for alternatingly transmitting data between two communication
equipments to enable bi-directional communications. When one of the
equipments transmits data, another equipment receives the data.
Simultaneous transmission of data by both equipments is not allowed.

For example, when data is output from the IC card reader/writer 20, the IC
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card 10 can not outpu;' data to the IC card reader/writer 20 and only
receives data from the IC card readcr/writer 20.

[0006]

Operation of a system shown in Fig. 1 will be described. When the
IC card 10 is mounted to the IC card reader/writer 20, power V,, is
supplied to a main body of the IC card 10 through the power supply
terminals 25, 15 in response to an instruction from the CPU 28. More
specifically, when the power supply terminal 25 and the groupd terminals
26 are electrically conrected respectively with the power supply terminal
15 and the ground terminal 16, the CPU 11 is enabled to be driven.

[0007)

Thereafter, a reset signal is output from the IC card reader/writer 20
via the reset terminal 24 in accordance with an instruction from the CPU
28. Then, a reset signal is supplied to the IC card 10 via the reset
tcrminal 14 and in turn provided to the CPU 11. This brings the CPU 11
into such a state that the CPU 11 can be initiated to operate. _

[0008]

Subsequently, the IC card reader/writer 20 outputs a clock signal
via the clock terminal 23 in accordance with an instruction from the CPU
28. Then, the output clock is provided to the CPU 11 of the IC card 10
via the clock terminal 13. Then, IC card reader/writer 20 ourputs a data
read request, and data which is to be written into the IC card 10, via the
port terminal 22 in synchronization with a clock signal being output.

[0009)

On the IC card 10, the CPU 11 reads out user data stored in the
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memory |7 to output the user data to the IC card reader/writer 20, and
writes data supplied from the IC card reader/writcr 20 into the memory 17
based upon the request and data which have been received by the IC card
10 in accordance with a scheme of half-duplex - synchromous
communication.

[0010]

Figs. 8 and 9 illustrate data formats used for the half-duplex
synchronous communication. Fig. 8 illustrates data format when data
communication is normally conducted and Fig. 9 illustrates data format
when data communication is not normally conducted.

[0011]

As shown in Fig. 8, a start bit which informs of transmission of data
bits, data bits DO through D7 which constitute substantially transmitted
and rcceived data and a parity bit from which it is chccked whether the
data has been correctly transforred are transmitted beiween thg IC card
reader/writer 20 and the IC card 10.

[0012]

When the data communication has not been normally conducted as
shown in Fig. 9, a data rctrapsmission request signal is transmitted
between the IC card reader/writer 20 and the IC card 10 for requesting a
transmitting side to retransmit the data. In Figs. 8 and 9, the clock signal
comprises, for example, 512 pulses in each period. Each data transmitted
and received at a V,; level or a Grouund level.

[0013]

The IC card reader/writer 20 and IC card 10 are controlled by the
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CPUs 28 and 11, so that each of the IC card reader/writer 20 and IC card
10 is brought in a state of an output mode for transmitting data ?or an input
mode for receiving data, whilst both of the I1C card reader/writer 20 and IC
card 10 are not simultaneously brought into the output mode in order to
carry out half-duplex data communication.

[0014]

Operations of the IC card rcader/writer 20 and the IC card 10 when
data is normally transmitted from the IC card reader/writer 20 to the IC
card 10 will be described.

[0015]

As shown in Fig. 8, the IC card reader/writer 20 which is

o
functioning as a data transmitting side in half-duplex communication is
controlied by the CPU 28 so that it is brought into the output mode in
periods TO to T9 and input mode and in periods TIO and T11, respectively.

More specifically,

(1) a start bit is transmitted in the beginning of TO.

(2) Data bits DO to D7 are transmitted at T1 1o T8, respectively,

(3) At T9, a parity bit- having "0” or "1" which is determined
depending upon data bits is transmitted.

(4) When a data retransmission request signal is transmitted at T10
and T11, the IC card reader/writer 20 is controlled to be able to receive
the signal. -

[0016]

The IC card 10 which is functioning as a data receiving side in

half-duplex communication is controlled so that it is brought into the
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input mode at all periods TO to T1!l. More specifically,

(1) a start bit is received at TO.

(2) Data bits are received at Tl to T8,

. (3) A parity bit is received at T9.

s (4) The IC card 10 executes parity check with reference to the parity
which has been received at T10, and T1l. Since no error occurs, no data
retransmission request signal is transmitted and information comprised of
data bits DO to D7 is stored in the memory 17. ’

[0017]

Thus, the IC card reader/writer 20 functioning as a data transmitting
side and the IC card 10 functioning as a data recciving side are brought
into the input mode at periods 1:10 and T11, and the port terminals 12 and
22 are fixed at a Vy, level by the pull-up resistor 27 located in the card
reader/writer 20.

[0018)

When the data has not becn normally transmitted from the IC card
reader/writer 20 to the IC card 10, the IC card reader/writer 20
functioning as a data transmitting side is brought into the output:'and input
modes at periods TO to T9 and T10 to T12, respectively, as shown in Fig. 9.
More specifically,

(1) a start bit is transmitted at TO.

(2) Data bits are transmitted at T1-to T8.

(3) A parity bit is transmitted at T9.

(4) A data retransmission request signal transmitred is received at

part of a period of T10, and at T11. ——
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{06019)

The IC card 10 functioning as a data receiving side is controlled so
that it is brought into the input modc from period TO to an intermediate
point of Tll and at TI2 and is brought into the output mode at an
intermediate point of a period of T10 and at T11. More specifically,

(1) a start bit is received at TO.

{2) Data bits are rcceived at T1 to T8.

(3) A parity bit is received at T9.

(4) The IC card 10 executes parity check with reference to the parity
bit at timing including T10.

In this case, an crror occurs, and hence the data retransmission
request signal is transmitted back to the IC card readcr._/writcr 20. When
the IC card reader/writer 20 receives this signal, it retransmits the data to
the IC card 10. ’

{0020]

Accordingly, at timings excluding a part of T10, and T11 the IC
card reader writer 20 functioning as a data transmitting side as well as the
IC card 10 functioning as a data receiving side are in the input mode and
the port terminals 12 and 22 are fixed at the Vy, level by the pull-up
resistor 27 located in the card reader/writer 20.

{00217 -

By using the above-mentioned protocol, data communication is
carried out between the IC card 10 and the IC card reader/writer 20.

&

[0022]

SUMMARY OF THE DISCLOSURE
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Data communication above described is suited for data
communication at a rate such as 9600 bps. However it is not suited for a
high speed data communication, a rate of which is for example 1228800
bps as is adopted in JAVA card in view of delayed speed of data.

[0023]

Fig. 10 illustrates an opcration of a system in a case wherein no data
retransmission request signal is transmitted or ceceived with a parity bit
of "1" using the format as shown in Fig. 8 and data communication is
conducted at a rate such as 1228800 bps. Fig. 11b illustrates an operation
of a2 system in a case wherein no data retransmission requcs: signal is
transmitted or reccived with a parity bit of "0" using the format as shown
in Fig. 8 and data communication is conducted at a rate such as 1228800
bps. Rig. 11a illustrates an operation of a system in a case wherein no data
retransmission request signal is transmitted or received with a parity bit
of "0" using the format as shown in Fig. 8 and data commnunications are
conducted at a rate such as 9600 bps.

[0024)

The data transfer rate in Figs. 10 and 11a, that is, one period of each
of TO to T12 is, for example, 103 & s(microsecond). A clock signal in
one period comprises 512 pulses. One period of each of TO to T:2 in Fig.
11b 1is, for exar'nple, 810 nS. The clock signal in one period comprises four
pulses.

[0025]

The data is transmitted in a Vyp level in an interval of T9 to T11 as
shown in Fig. 10 if a parity bit i "1". i\{o problem occurs unlike the case

e
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in Fig. 11a. If the parity bit is "1", the data is similarly transmitted tn
the V,, level in the interval of T9 to T11 as in case of data communication
at a ratc such as 9600 bps, so that no problem occur. This reason resides
in that a rising edge of a data pulse up to the V, level is not made to
become dull by a delay time of the data.

The data is transmitted via the pull-up resister 27 frém the port
terminal 22 at time of T10 as shown in Fig. 11a. At this timc, a rising

edge-of a data pulse becomes dull. However, since the data pulse
becomes the V,, level before the data is actually input form a trapsmitting
side, presence or abscnce of an error signal can be accurately detected.

[0026]

On the other hand, data may not come to the V,, level at T10 as well
as at T1! when data communication is carried out at a high rate as shown
in Fig. 11b. This makes it difficult to accurately dctect presence or
absence of an error signal since the data will not completely reach to the
Vo level by a time when the data is actually input from a t?'ansmitting
side.

[0027]

Figs. 12 and 13 show cases shown in Fig. 9, wherein a data
retransmission request signal is transmitted when a parity bit is "1". Fig.
12 shows an operation in a case wherein data communication is conducted
at a high rate such as 1228800 bps. A data transfer rate in Figs. 12 and 13

is the same as that in Figs. 11a and 11b.

[0028]
A data signal rises to a Vpp level at a timing T12 in both Figs. 12
‘ /J———‘—_—J_
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and 13. In case of Fig. 12, the data becomes the V, level at T12. On
the other hand, the data does not come to the VD,, level at Tls;z in case of
Fig. 12. Accordingly, a falling edge of a start bit for next
communication is not completely formed.

[0029]

Most part of a dullness in 2 waveform of a rising edge of data signal
is causcd by a resistance element such as pull-up resistor and the like.
The resistance of the pull-up resistor 27 may be increased by the frequent
insertion or removal of the IC card 10 into or from the IC card
reader/writer 20. The resistance may be also increased by touch of the
terminals 12 to 16 on the IC card with fingers. Since the rcsistance is
different due 1o variations among the IC card readcr/writ:r 20, it is
difficult to eliminate a dullness of a data signal waveform.

[0030)

A delay time tw caused by a dullness in a waveform of a data signal
is represented by a formula using natural logarithm as follows:

[0031]

w = -Ln{{Vp,-Vth)/Vp] x Cx R

wherein C denotes capacitance of wiring and the like, R denotes the
resistance of the pull-up resistor 27 and the like, and Vth denotes 0.7 x
Vop.

Assuming that C be 30 pF (a valie recommended by ISO 7316), R be
20 Kohm (a value recommended by ISO 7816) and VDD be 5.5 V, then
the tw is 720 nS(nanosecond).

At this time, the transfer rate is 103 4 S. The delay time of 720 nS
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of 1034 § does not matter.

(0032}

If the IC card is used at 4.91 MHz and 1228800 bps, a transfer rate
of one bit is 810 nS as shown in Fig. 15. As a result, if a delay time of 720
nS should occur, erronecous detection of a signal, such as a data
retransmitring request signal would then ‘occur as mcationed above.

[0033]

1f the resistance R is doubled due to variations amongethe IC card
reader/writers 20 and insertion and removal of the IC cards, then

tw = 1.44 14 8§
so that a maximum transfer rate would be reduced to 614400 bps.

[0034] |

Accordingly, it 1is necessary 1o provide another IC card
reader/writer, designed to carry out data communjcation with a device
such as JAVA card requiring high speed data communication, which is
other than that for an IC card of low speed communication. However,
provision of two sets of IC card reader/writers is wasteful. It has bcen
demanded to make it possible to carry out data communication®between an
off the shelf IC card reader/writcr and thc JAV A card, etc.

[0035]

It is therefore an object of the prescnt invention to make it possible
to carry out high rate data communication using an off the shelf IC card
reader/writer.

[0036]

In order to accomplish the object, in accordance of one aspect, the
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present invention provides a card system wherein when data is transmitted
and received over a signal line between an IC card (10) and a card
reader/writer(20) for reading or writing of the data, a data transmitting
side transmits a parily based upon content of the data together with the
data over the signal line and a data receiving side checks whether or not
there is any error in reception of data based upon content of the data and
the parity received to transmit back to the data transmitting side a data
retransmission request signal for requesting the data transmitting side to
retransmit the data when there is an error, characterized in that the IC card
corrects a level of the signal line for requesting the data transmitting side
to transmit next data when it is verified that there is no error in the
reception of the data based upon contc;.nc of the data and thec parity
received by the data receiving side.

[0037] -

The present invention in accordance with another aspect further
provides a card systcm wherein when data is transmitted and rsceived
over a signal line between an IC card {10) and a card reader/writer(20) for
reading or writing of the data, a data transmitting side transmits a parity
based upon content of the data together with the data over the signal line
and a data receiving side checks whether or not there is any error in
reception of data based upon content of the data and the parity received to
transmit back to the data transmitting side a data retransmission request
signal for requesting the data transmirtting side to retransmit the data when
there is an error; characterized in that the IC card corrects a level of the

signal line for requesting the data transmitting side to retransmit the data,
- T
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after the receiving side transmits the data retransmission request signal.

In accordance with another aspect of the prescnt invention, in case
of the IC card being the data receiving side, the level of the signal line is
corrected preferably during an interval from a reception of the parity to a
reception of the data rctransmission request signal by the data receiving
side.

In case of the IC card being the data transmitting side, the fevel of
the signal line is corrected preferably at a predetermined timing before
next data is transmitted.

[0038] »

In accordance with another aspect of the present invention, is
provided an IC card (10) used for a card system wherein whén data is
transmitted and rcceived over a signal line between the IC card and a card
reader/writer(20) for reading or writing of the data, a data transmitting
side transmits a parity based upon content of the data together with the
data over the signal line and a data receiving side checks whether or not
there is any errov in reception of data based upon content of the data and
the parity rcceived to transmit back to the data transmitting side a data
retransmission request signal for requesting the data transmitting side to
retransmit the data when there is an crror, characterized in thar ¢he IC card
corrects a level of the signal line for requesting the data transmitting sidc
to transmit next data when it is vérified that there is mo crror in the

reception of the data based upon content of the data and the parity

received by the data receiving side.
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In accordance with aaother aspect of the present iavention, is
provided an IC card (10) used for a card system wherein when data is
transmitted and received over a signal line between the IC card and a card
reader/writer(20) for reading or wriring of the data, a data transmitting
side transmits a parity based upon content of the data together with the
dara over the signal line and a data receiving side checks whgthcr or not
therc is any error in reception of data based upon content of the data and
the parity received to transmit back to the data transmitting side a data
retransmission request signal for requesting the data transmitting side to
retransmit-the data when there is an error, characterized in that the IC card
corrects a level of the signal line for requesting the data transmitting side
to retransmit the darta, after the data receiving side transmits the data
retransmission request signal.

[0040]

In accordance with another aspect of thc present invention, is
provided a card reader/writer for transmitting and receiving dara being
conducted for writing and rcading of data thereto and therefrom,
respectively.

Still other objects and advantages of the present inveation will
become readily apparent to those skilled in this art from the following
detailed dcsc':ription, wherein only the preferred embodiment of the
invention is shown and described, simply by way of illustration of the
best mode contemplated of carrying out this invention. As will be
realized, the invention is capable of other and different embodiments,

and its several details are capable of modifications in various obvious
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respects, all without departing from the invention. Accordingly, the
drawing and description are to be regarded as illustrative in nature, and
not as restrictive, —

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a block diagram showing an IC card and an IC card
reader/writer which reads and records information from and on the IC card,
respectively.

Fig. 2 is a diagram showing that data having a parity bit of “0" is
transmitted at a high rate (for example, 1228800 bps), resulting in that
there is no error in the data transmission.

Fig. 3 is a diagram showing that data having a parity bit of "1” is
transmitted at a high rate (for example, 1228800 bps), resulting in that
there is an error in the data transmission.

Fig. 4 is a flow chart shows the operation in Pigs. 2, 3, 5 and 6.

Fig. 5 is a diagram showing that the level of the signal line from
CPU to power supply is corrected while the IC card is brought into the
output mode for a period corresponding to two clock intervals.

Pig. 6 is a diagram showing that data having a parity bit of "1" is
transmitted at a high rate (for cxample, 1228800 bps), resulting in that
there is no crror in the data tragsmission.

Fig. 7‘is a diagram showing that data having a parity bit of "I" is
transmitted at a high rate (for example, 1228800 bps), rcsulti_ng in that
there is an error in the data transmission.

Fig. 8 is a diagram showing the format of the data used for half-

duplex synchronous communications when the data communications are
communications are
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normally conducted,

Fig. 9 is a diagram showing the format of the data used for half-
duplex synchronous communications when the data communications are
not normally conducted.

Fig. 10 is a diagram showing that no data retrapsmission request
signal is transmitted and received with the parity bits being “1" and that
the data communications are conducted at, for example, 1228800 bps.

Fig. 11 is a diagram showing that no transmission and reception of
the data retransmission request signal is conducted with the”parity bits
being "0".

Fig. 12 is a diagram showing that a data retransmission request
signal' is transmitted at a low rate (for example, 9600 bps) with the parity
bits being "1".

Fig. 13 is a diagram showing that a data retransmission request
signal is transmitted at a high rate (for example, 1228800 bps) with the
parity bits being “1".

Fig. 14 is a diagram showing the dara transfer rate and the delay
time at a low rate.

Fig. 15 is a diagram showing the data transfer rate and the delay
time at.a high rarte.

[004]1] °
PREFERRED EMBODIMENTS OF THE INVENTION

An embodiment of the present invention will now be deseribed with

reference to the drawings.

[0042)
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Fig. 1 illustrates a diagram showing structures of an IC card 10 and
an IC card reader/writer 20 for reading information from the IC card 10
and/or recording information on the IC card 10. The IC card
reader/writer 20 comprises a port terminal (PORT) 22 via which data is
input and output, a clock terminal (CLOCK) 23 for outputtf’ng a clock
signal for timing the input and output of the data, a reset terminal
(RESET) 24 for outputting a reset signal which irnitiates the driving of a
CPU 1 in the IC card 10, a power supply terminal (V) 25 for supplying
power to drive the CPU 11 in the IC card 10 and a ground terminal (GND)
26.

[0043]

The IC card rcader/;xlriter 20 further comprises a CPU 28 for
controlling various signals which are output to terminals 22 10 26, a power
supply 21 for driving the CPU 28 and a pull-up resistor 27 between the
power supply 21 and the port terminal 22. The IC card IO@comprises
terminals 12 to 26 which correspond to the terminals 22 to 26 of the IC
card reader/writer 20, respectively, through which various signals are
input to and output from the IC card 10. The IC card 10 further
compriscs a memory 17 for storing programs for conducting half-duplex
synchronous gommunication and user data and a CPU 11 for executing the
programs stored in the memory 17.

[0044]

The format, which has been described with reference to Figs. 11 and

12, will be used for data communication in the prcsent embodiment.

=

[0045] ,
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Fig. 2 illustrates timing operation of the present embddiment in a
case wherein data having a parity bit of 0" is transmitted at a high rate
such as 1228800 bps, resulting in no error in data transmission. Fig. 3
illustrates timing operation of the present embodiment in a case wherein
data having a parity bit of “1” is transmirtted at a high rate (for example,
1228800 bps), resulting in an error in data transmission. In Figs. 2 and 3,
the IC card 10 is a receiving side and the IC card reader/writer 20 is
transmitting side, respectively. In timing charts such as Figs. 2 and 3,
CLOCK and DATA illustrate timing waveforms of a clock signal and data,
while INPUT and OUTPUT of a receiving side and a transmitting side
indicate states of sides, taking input and outp'ut modes. ?

{0046] |

If a level of data is corrected at a timing as shown in Fig. 2(see
clliptical area in Fig. 2), dectection of whether or not a data retrapsmission
request signal has been received could be made correctly on the data
transmitting side. If a level of data is corrected at a timing as shown in
Fig. 3, a falling edge of a start bit for next communication could be
formed.

[0047)

The operation in Fig. 2 will now be described with reference to a
flow chart of Fig. 4b. The IC card 10, which is functioning as a data
rcceiving side checks whether or not a start bit has been, received (step
S11). If it is verified that the start bit has been received, the program
sequence wifl proceed to stcp S12, or otherwise the program sequence

repeats step S11. Acr step S12, it is checked whether or not 8 bits data
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has been received. If it is verified that 8 bits data has been received, the
program sequence will proceed to step S13, or otherwise repeats step S12,

[0048]

Atstep S13, a parity bit is received and the parity check is executed
based upon the received parity bit (step S14). Since there is no error in the
data (step S13), the IC card 10 is switched to an output mode-in response
to, for example, a third clock of T10 in accordance with the ckock signal.

In order to request the transmission of next data by changing a level of
the data to a Vy;, level, a level of a signal line from CPU 11 to CPU 28 is
corrected to a voltage level such as Vy,,  (see elliptical area in Fig. 2) at
'step $16. The level of the signal line from CPU 11 1o CPU 28 is set to the
Vyp level under a control of the CPUL1 of the IC card 10, |

[0049]

Thus, the voltage level of the signal line is corrected to the Vg,
level within a period of T10, as a result of which, it can be detected that a
retransmission of the data has not been requested since the signal line
level is at a V,, level when the data is actually input by tite IC card
reader/writer 20. A V,, level means a voltage level of a power supply
voltage V,,. In a logic system for use in a binary data communication,
Voo level is also termcd High lcvel while 2 Ground level is termed Low
level,

[0050]

Although the IC card is switched to an output mode in response to a
third clock at T10, theoretically the level of the signal line from CPU 11

to CPU 28 may be changed to a level such as the V,;, level by bringing the
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IC card 10 into an output mode for a period corresponding to at least one
clock interval prior to T11. However, there may be such a case in which
an error during an operation of data communication occurs ingthe IC card
reader/writer 20 which is a data transmitting side, so that the data is input
before a first clock at T11,

[0051]

In this case, even if the IC card 10 is switched to an output mode in
for example, a fourth clock ar TI0, prescncc/absénce of a data
retransmission request signal can be accurately detected. Hence, the IC
card 10 is brought into an outpnt mode in respouse to the third clock at
T10.

[0052]

Although the level of the éignal line from CPUs 11 to 28+s changed
to a level such as the Vp, level while the IC card 10 js brought into an
output mode for a period corrcsponding to one clock interval, the signal
line level may be corrected whilc the IC card is brought into an output
mode for a period correspc.)nding to, for example, two clock intervals.

[0053]

Since both the IC card 10 and IC card reader/writer 20 are not
simultaneously brought into output modes even if control is conducted to
transmit and receive the data as shown in Fig. 2, the operation does not
violate a half-duplex communication scheme.

[0054] >

Now, the operation in Fig. 3 will be described with reference to Fig.

4b. Steps 11 through 14 are executed as is similar to those in Fig. 2.
> /’
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When it is verified that there is an error in data transmission at step S15, a
program sequence will proceed to step S17, at which 2 data retransmission
request signal is transmitted for a period, for example, from a second
clock at T10 to a4 fourth 'clock at T11. Then, a voltage level of the signal
line from CPUs 11 to 28 is brought into a level such as the V,, level in
responsc to a first clock at T12 (elliptical area in Fig. 3).

[0055)

Fig. 6 tllustrates an operation of the present embodiment in a case
wherein data having a parity bit of 1" is transmitted at a high zate such as
1228800 bps using the format shown in Fig. 10, resulting in no error in
data trapsmission. Fig. 7 illustrates an operation of the present
embodiment wherein data having a parity bit of "1" is transmitted at a
high rate such as 1228800 bps using the format shown in Fig. 9, resulting
in an error in data trausmission. In Figs. 6 and 7, it is assumed that the
IC card 10 is a receiving side and the IC card reader/writer 20 is a
transmitting side.

[0056)

The operation in Figs. 6 and 7 will now be described with reference
to a flow chart of Fig. 4a. The IC card 10 which is a data trinsmitting
sidc transmits a start bit (step S1) and then transmits data of one bit (step
S2). At stc-p S$3, it is checked whether 8 bits data has been recejved. If
it is verified that 8 bits data has been received, the program sequence will
procced to step S4, or otherwise rcturn to step S2.

(00571

A parity bit is transmitted at step S4. Then, after transmission of
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the parity bit, the IC card 10 is bronght into an oﬁtput mode for a period
corresponding to one clock interval (first clock at T10) and the V,, level
is maintained by correcting the level of the signal line from CPUs 11 to 28
to a level such as the V,, level (step S5). Then the IC card 10 is
switched to the input mode in response to the second clock at T10.

[0058)

Subsequently, it is checked whether the data has any error (step S6).

If it is verified that there is an error, a program sequence will return to

step S1, and if it is verificd that there is no error, the IC card 10 is
switched to an output mode in response to, for example, a fourth clock at
T11, so that the data is changed to the V,;, level by correcting the level of
the signal linc .again (step S7). If there is an error in data, a data
retransmission request signal is transmirted as shown in Fig. 7.

[0059]

The IC card 10 which is a data transmitting side makes it possible to
make an enough timing margin to form a falling edge of a start bit for a
next communication by changing the level of the signal line twice to
change the data to V,, level within T10 and T1l irrespective of the
presence or absence of the data transmission. The purposc of correcting
the level of the signal line within T10 is to make the data to the V,;, level
by a first clock at T11 if a parity bit is "0" as is similar to correction at
step S16 in Fig. 4b.

[0060]

The meritorious effects of the present invention are summarized

as follows. In accordance with the present invention as described above,
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since the IC card corrects the level of the signal line for transmitting data

5

toward a data transmitting side after a data receiving sidc transmits a data

retransmission request signal, it is possible to transmit and receive the

data retransmission request signal while data is in, for example, V,, level,
Erroneous reception of this signal can be prevented.

[0061]

In accordance with the present invention, since after a data
receiving side transmits a data retransmission request signal, the IC card
corrects the level of the signal line to transmit data which has not been
completely transmitted and reccived, to a dara transmitting, it is possible
to transmit that data again.

k2

It should be noted that other objects, features and aspects of the
prescnt invention will become apparent in the entire disclosure and that
modifications may be done without departing the gist and scope of the
present invention as disclosed herein and claimed as appended herewith.

Also it should be noted that any combination of the disclosed
and/or claimed clemcnts, matters and/or items might fall under the

modifications aforementioned.

g
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CLAIMS:
1. A card system comprising an IC card (10) and a card reader/writer
(20) wherein

when data is transmitted and received over a signal line between the
IC card (10) and the card reader/writer(20) for reading or writing the data,
a data rransmitting side transmits a parity based upon content of the data
together with the data over the signal line and a data receiving side checks
whether or not there is any error in reception of data based u';on content
of the data and the parity received to transmit back to the data
transmitting side a data retransmission request signal for requesting the
data transmitting side to retransmit the data when there is an error,

characterized in that the IC card (10) corrects a level of the signal
line for requesting the data transmitting side to transmit next data when it
is verified that there is no error in the reception of the data based upon
content of the data and the parity received by the data receiving side.
2. A card system comprising an IC card (10) and a card reader/writer
(20) wherein
>

when data is transmitied and received over a signal line between the
IC card (10) and the card reader/writer(20) for reading or writing of the
data, a data transmitting side transmits a parity based upon conient of the
data together with the data over the signal line and a dara receiving side
checks whether or not therc is any error in reception of data bascd upon
content of the data and the parity received to transmit back to the data

trapsmitting side a data rctransmission request signal for requesting the

data transmitting side to retransmit the data when there is an error,
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characterized in that the IC card (10) corrects a level of the signal
line for requesting the data transmitting side to retransmit the data, after
the receiving side transmits the data retransmission request signal.
3. The card system as defined in claim 1, characterized in’that in case
of the IC card (10) being the data receiving side, the level of the signal
line is corrected during an interval from a reception of the. parity to a
reception of the data retransmission request signal by the data receiving
side.
4, The card system as defined in claim 2, characterized in that in case
of the IC card (10) bcing the data transmitting side, the level of the signal
line is corrected at a predetermined timing before next data is transmitted,
5. An IC card for use in a card system wherein when data is
transmitted and received over a signal line between the IC card (10) and a
card reader/writer(20) for reading or writing the data, a data t?ansmitting
side transmits a parity bascd upon content of the data together with the
data over the signal linc and a data receiving side checks whether or not
there is any error in reception of data hased upon content of the data and
the parity reccived to transmit back to the data transmitting side a data
retransmission request signal for requesting the data transmitting side to
retransmit the data when there is an error,

charact-erized in that the IC card (10) corrects a level of the signal
line for requesting the data transmitting side to transmit next data when it

is verified that there is no error in the reception of the data based upon

o

content of the dara and the parity reccived by the data receiving side.

6. An IC card for use in a card system wherein when data is transmitted
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and received over a signal line between the IC card (10) and a card
reader/writer(20) for reading or writing the data, a data transmitting side
transmits a parity based upon content of the data together with the data
over the signal line and a data receiving side checks whether or not there
is any error in reception of data based upon content of the data and the
parity received to transmit back to the data transmitting side a data
retransmission request signal for requesting the data transmitt'ing side to
retransmit the data when there is an error,

characterized in that the IC card (10) corrects a level of the signal
line for requesting the data transmitting side to retransmit the, data, after
the receiving side transmits the data retransmission request signal.
7. A card reader/writer characterized in that data is transmittcd and
received by the card reader/writer for writing and reading the data 10 and
from the IC card as defined in claim 5 or 6.
8. A card system comprising an IC card (10) and a card reader/writer (20)

wherein

the an IC card (10) comprises at Ieast a CPU(11), a memory(17) for
storing a program an.d/or data, a port terminal(12) for data input and
output, a terminal(13) for receiving a clock signal, and a plurality of
power supply terminals(15,16), each of the terminals being connected to a
corresponding -terminal of a plurality of terminals of the CPU(11), and

the card reader/writer(20) comprises at least a CPU(28), a port
terminai(22) for data input and output, a terminal(23) for providing a
clock signal, and a plurality of power supply terminals(25,26) for

supplying a power and a ground, each of the terminals being connected 10

1l
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a corresponding terminal of a plurality of terminals of the CPU(28),
whilst each of terminals of the IC card (10) is electrically connected to a
corresponding terminal of the card reader/writer(20) when the IC card
(10) is mounted on the card reader/writer(20); and

wherein

a data transmitting side, being. one of the IC card (10) and the card
reader/writer(20) transmits a data comprised of a series of data bits
accompanied by an error check code over a signal line arranged between
the CPU(11) of the IC card (10) and the CPU(28) of the card
reader/writer(20) through the port tcrminals(12,22) of the IC card and the
card reader/writer, the an error check code being calculated based on
content of the data bits, and

a data receiving side, being another of the IC card (10) and the card
reader/writer(20), checks an error in data received by calculating an error
check code based upon content of the data bits received and comparing the
calculated error check code with an errox check code received fo transmit
back to the data transmitting side a data retransmission request signal for
asking the data transmitting sidc to retransmit the data when the error is
detecied,

characterized in that the IC card (10) corrects a level of the signal
line to a pr;zdetcrmincd voltage fevel, when it is verified by the dara
receiving side that there is no error in reccption of the data based upon the
error check code, the correction of the level of the signal line causing the
data transmitting side to dctect that a data retransmission request signal is

not transmitted at a timing of inputting a next data to the signal line by the
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data transmirtting side.

9. The card system as defined in claim B, characterized in that the IC
card (10) is constituted to correct a level of the signal line afrer the data
receiving side transmits the dara retransmission request signal to request
the data transmitting side to retransmit the data.

10.  The card system as defined in claim 8 or 9, characterized in that the
IC card (10) is constituted to correct the level of the signal line during an
interval from a reception of the parity to a reception of the data
retransmission request signal by the data receiving side in case of the IC
card being the data receiving side.

11.  The card system as defined in any one of claims 8 to 10,
characterized in that the IC .card (10) is constituted to correct gjhc level of
the signal line at a predetermined timing before next data is transmitted in
case of the IC card being the data transmitting side.

12.  The card system as defined in any onec of claims 8 to 11,
characterized in that the error check codc is made up of a parity bit.

13.  The card system as defined in any one of claims 8 to 12,

characterized in that a start bit is transmitted on the signal line ahead of

the data bits from the data transmitting side.
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