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This invention relates to olactronic data communications systems and, in pamcular. 1o a non-contact
- gystem for two-way communlcatlon between a station and & portable data card. Non-contact communica-
: § tions systems do notirequire the portable data card to have physical contact with the station, but aflow data
' transfer to be effected when the card Is brought into close proximity with the station. Such data
_ communication systams have been proposad for use in, lor_ example, shop floor control systems, bank
transaction systems énd so on.

| FIELD OF THE INVENTION'

10 BACKGROUND OF THE INVENTION

In U.S. Patent Nq 3,298,424 (Vinding) there is disclosed an interrogator-responder idaentificstion system
in which the responder is identified when inductively coupled to the interrogator. The inductive coupfing is

. achieved by means af resonant, circuits tuned to the same frequency within the responder and mterrogator

‘75 thereby enabling nonrcontact communication between the two.
In 2 preferred embodiment the responder is self- powered, deriving its dc supply voltage by rectifying a
portion of the induced interrogator signal. )
Data stored within the responder [s read, or identified, by the interrogator by means of a detuning or
losding circuit coupldd to the responder. through a switch means. The switch meang is activated in response
20 to the stored data sé as to load the responder resonant circuit, thereby decreasing its interaction with the
intecrogator resonant- circuit. Congequently, the varying loading effect of the responder on the interrogator
resanator- circuit may' be interpreted in terms of the responder data. For example, & signal correspanding to
the responder data may be transmitted to the interrogator by amplitude- or phase-rnodulatmg the resonant
frequency signal of the interrogator.

-] Whilst Vinding disclcses a system in which a.responder, self-pOwered by means of & signal transmitted
by an interrogator, iransmits data to the mterrogator. there Is no prOVISlon for wiiting data from the
interrogator to the regponder.

U.S. Patent No.|4,845,347 (McCrlndle et al) discioses a transaction system permitting bi-directional

communication betwpen a portable token and 2 terminal. Beoth the terminal and the token include resonant

30 circuits tuned to the same. frequency and the token is self-powered by the energy transmitted by the
" terminal resonant cir¢ult and received by the token resonant circuit by mutual coupling.

Data g transmitted from the token to the terminal by loading the token resonant clreu:t thereby

modlrylng its impedance and amplitude modulating the carrier frequency radiated by the termmal resonant

. cm:ult _

35 " Data is transmnﬁed frorn the terminal to the token by frequency modulating the carnar signal generated
' by the terminal resonant circuit. In particular,the two logic levels HIGH and LOW are transmitted from the

* termingl- to the tokeh by means of two different: frequency signais. The token operates on one of two

dlﬂerent resonant curves according to which of thé two logic levels is received,

) Thus, whilst Mquindla et al disclose a system for bisdirectional communication between a fixed

40 termingl and a portable token, resonant circuits must be provided in both the terminal and the token and
data is transmitied fiom the terminal to the token by frequency . modulanon of the terminal resonant circuit
carrier signal.

In U.S. Patent No 4,814,565 (Gdboa) there is disclosed 8 data rangmission system for the nonscontact
transmission of data between a station and a portable data card, both of which contain resonant circuits

45 tuned to the same f}equency The data card receives power from the station via inductive coupling of the

. two resonant circuitsi and transmits data to the station by means of a loading circult on the card which foads

- the card resonant circuut and hence, by mutual coupling, the station resonant circuit in response to data
stored within the caﬂd The card also containg & reading circuit containing a pulse generation circuit which
generates & pulse whanever the power received by the card resonant circuit is interrupted and then

so restored. Data may ithus be transmitted frem the gtation to the card by deactuating the station resonant

. clrcuit in response jo the data to be transmitted, the rasultmg pulses generated within the ¢ard being

interpreted as the trqnsm:ttmg data. -
: The puise genefatlon circuit- employed by Gllboa is based on a JK fiip-flop which changes state in

* response o an incomlng clock pulse. According io the communications protocol employed by Gilbos, a

' s5 clock puise is produced by the card reading circuit whenever the station resonant circuit (and consequently
the card resonant circuit also) Is deactuated and subsequently re-energized. In such a communications
protocol, each pulse; generated by the card reading eircuit may contain a plurality of logic "0 or "1" bits,
the number of such bits corresponding to the time interval between deactuation of the station regonant
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circuit and its subsequent re-energi2ation.

It is theraefore necessary in the card reading circuit to sample the puise train generaled by the pulee
generation clreuit at- very precise time intervalg in order to reproduce the corect number of logic pulses
between successive deactuations and subseguent re-energizations of the etation resonant circuit. This

" requires the provlsldn of a very precise timing circuit driven by a quanz crystal which is expensive and

vulnerable to damage. particularly if the portable card is dropped or otherwise manhandled.

It will be apprecliated that the prior art systeme either require resonant circuits in both the station and
the card for providing a.resonant cerrier signal which can be medulated with a data signal or, alternatively,
require transformer coupling for two-directional data transfer.

However, an mhérent problem associated with the use of a resonant circuit in the station is that, in order
10 operate at resonént frequency, the resonant circuit components, including the antenna and any cable
conneested thereto, Have to be carefully cslibrated. in practice, this requires that once the station resonant
circuit has been assembied and tuned, the maximum dieplacement of the antenna relative to the station is
fixed and cannot be; altered without retuning the resonant circuit. This is not siways desirable for several
reasons. First, the station may represent a secure data system, such as a bank and it may be desirabls to

" locate the antenna k significant distance from the station itself. This is impractical In prior art systems

because the capacitance of the connectlng cable will bs g0 large as to throw the resonant circuit out of
resonance.
It should also b¢ observed that in the prior art systemse described above employing regonant circuits,

data (g generally tradsmitted from the card to the station by loading the card resonant gireuit. Thie reduces - *

the response of the hard resonant gircuil and, by mutual coupling, imposes a similar loading on the station
resenant circult and' a consequent reduction in response thereof. When there is a eignificant amount of
noise in such systems, the noise can swamp the reduced signal response. It is therefore preferable to
detect transmitted data as a resull of inereased responge rather than reduced response in ordar that the
.data signal can still Be detected even in the pregence of noise,

Conventional daia transmission protocols for transmitting' data from the card to the station in prior art
systems include the iManchester code wherein & change in logic level from logic HIGH for a duration of T to

"logic LOW for a durgtion of T ig interpreted as logic 0, whilst a change in logie level from logic LOW for a

duration of T to logi¢ HIGH for a duration of T ig interpreted as logic 1. Thus, esch pulse transmutted in the
Manchester code oeéupaes a time interval of 2T,
The protocol employed by Gilboa for transmitting data from the card to the station Is iliustrated In Flgs

.6a and 8b of the abgve-mentioned U.S. Patent No. 4,814,595, A logic "0" is interpreted as a change in logic

level from logic LOW for a time duration of 2T to logic HIGH for a time duration of T. whilat logie *1" is
interprated as & change in state from logic LOW for & time duration of T to logic HIGH for & time duration.of
2T. Thus, in such a grotocol each data bit occupies a time interval of ST.

It would be desirable io employ a communications protocol wherein each logic bit occuples. Gn

: average. atime imeri:al at least less than 2T as required by the Manchester code.

SUMMAHY OF THE-‘INVENT ION

It is a principal object ot the invention to provide a system for the non-contact transmission of data
between a station and 3 portable data carrier which overcomes some or all of the disadvantages ageociated
with hitherte proposqd sysiems. '

According to ong aspect of the invantion there is provided a systern for non-contact transmxsslon of
data between & statién (1) and a portable data carrier, whersln the station comprises:

a station transmltler operaling at predstermined frequency for generating a first signal, and

@ receiver for recewmg & second signal superimposged on the flrst signal;

and wherein the portable data catrier comprises: .

supply means fof coupling to a source of electric power. and

a data carrier mpdulstor tor modulating the first signal with the second signa! in response to first data
generated by the data carrier by means of said inductive coupling, and thereby enabling the first data fo be
transmitted from the data carrier 10 the station;

GHARAGTERIZED IN THAT:

the station further includes: ;

a mafched station antenna coupled via a length of cable to the station transmitter so as to be operatwa
at said frequency redardiess of the length of cable; and

the portable datd carrier further includes: :

a funed antenna circuit inductively coupled with the station antenna 8o as to receive thorofrom an

; . , 4
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The matchad stahon antenna compriges an antenna and 8 matching network that matches the antenna
impedancs 1o the cable characteristic impedance Zo. This enables the system to operate at various !engths
of ¢cable without the tjsed for retuning. This ig in contrast to hitherto proposed systems including a resonant
antenna circuit. wheréin the cable acts as a pant of the resonant circuit thereby limiting the maximum length
of cable permissible and requiring retuning whenever the cable lsngth is changed.

The station transhmer transmits a carriar wave via the matched antennga. The carrier wave is also used
10 radiste power to the data camrer tuned antenna circuit and is prefersbly amplitude modulated by a
second s:gnal derweﬂ from the data carrier tuned antenna circuit. The modulated signal fed to the receiver
within the station which recovers the first data transmitted by the data carrier.

The station preférably includeg & control circuit having means for deactuating the station transmitter
thereby changing thd voltage induced within the data carrler tuned antenna circuit. The data catrier includes
a detector which detects the state of the voltsge induced within the data carrier tuned antenna circuit. By
this means, the state of the data carrier tuned antenna circuit can be modified in accordance with data
generated by the stafion control circuit.

Whenever the ddta carrier is within the vicinity of the station antenna, a voltage is induced within the
tuned antenna enrcunt by means of mutual coupling. Preferably, the data cdrrier circuit contains a
microprocessor and a non-volatile memory which are energized by the voltage ‘induced in the tuned
antenna circuit and the modulator includes a decoupling means controlled by the microprocessor so as
effectively to prevent the tuned antenna circuit from supplying energy to the remaining data carrier circuitry,
in response to data generated by microprocessor. This unioads the tuned antenna circuit and modulates the
first signal by increating its amplitude. Modulation by means of decoupling results in a significant increase
of the modulation-depth compared to modulation by means of loading proposed in prior art systems. )

When data is transmitted by the station to the data carrier, the output of the detector is fed to the
microprocessor wnthin the dats carrier so a8 to recover the data and store it in the non-volatile memory. The
data transmitted by ihe data carrier o the station may either be stored within the non-volatila memory or

EP 0 492 569 A2

~ may be derived via dny source in‘temal or external to the dsta carrier.

.BRIEF DESCRIPT!ON OF THE DRAWINGS

For a clearer uddershnding of the invention and to understand how the same may be carried out in
practice, some prefdrred embodiments will now be described, by way on non-limiting exsmple only, with
reference to the accdmpanying drawings, in which:

Flg. 1 is a block! d:agram showing schematlcally the system comprising a fixed station and a portable
data carrler; ;

Flg. 2 is a partial gircuit diagram of the station;

Fig. 3 is a parlial kircult diagram of the data carrier;

Fig. 4 is a detajl ¢f an alternative tuned antenna circuit for the data carrier circuitry. shown in an 3

Figs. 5a to Sc are pictorial representations of the control signal, induced signal and data waveforms
-ggsociated with the data carriar when fransmitting from the data carrier o the station in accordance with
a first communications protocol;

Figs. 6a to 6e an{e pictarial representations of the catrier signal and data waveforms sssoclated with the
station and data camer when transmitting from the station to the data carrier uging the first communica-
tions protocol;

Figs. 7a to 7e are pictorial representations relatmg to an alternative commumcations pratocot for data
transaction from the station to the data carrier; and

Fig. 8 is a flow diagram shewing the principal steps in decoding recsived data transmutted in accordanca
with the communlcauons protocols filustrated in Figs. 6 and 7.

DESCRIPTION OF I?HEFEHRED EMBODIMENTS

As seen in Fig. H the system comprises a fixed etation 1 and a portable data carrier 2, The fixed station
1 comprises an rf iransrmtter 3 which transmits a radio frequency signal which is fed through a coaxial
cable 4 to an antenria 5 via a matching circuit 6. The output from the transmitter 3 is also fed to a receiver 7
and thence 10 a ﬁrs{t microcomputer 8, The microcomputer 8 g coupled to the transmitter 3 via & control
unit & by means of which the fransmitter 3 may be deactuated in responge to data generated by the
microcomputer 8 :q that no signal reaches the antenna 5. The microcomputer 8 together with the control
circult 8 constitute al shﬂon control circuit.
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The portable ddta carrier 2 comprises 2 tuned antenna circuit 10 including an antenna 11 and a tuning
circuit 12. The antdnna 11 is tuned to the same frequency as the station iransmitter 3 by means of the
tuning circuit 12 whbse output is ted to a power supply 13 which provides power for the rest of the circuit.
The tuning circuit 1g is glso coupled to a modulator 14 controlled by a microprocessor 15 powered by the
power supply 13 ahd having associsted therewith a memory 16, A detector 18 is coupled to the tumng
circuit 12 and is regponsive 1o &n output voltage thereof for inputting data to the microprocessor 15.

The operation of the stalion 3 is as follows. The transmitter 3 generates an rf signal (constituting a first
signal) which is fep to the matched antenna 5 via the csble 4, The maiching network & matches the
impedance of the antenna § o the characteristic impedance Zo of the cable 4, as will be explamed in
greater detail below' with reference to Fig. 2 of the drawinge. .

The first signal is amplitude modulated by a second signal generated within the data camer 2in

‘response 10 first da';a therein and fed 1o the recsiver 7 wherein the second signal is detected and amplified.

The resultant signal ig filtered &0 as to remove the rf component from the detected signal o that the first
data may be recwéred and stored by the. microcomputer 8.

The mlcrocamputer 8 provides means for deactuating the fransmitter 3 whereby the first signal
generated by the transmifter 3 may effectively be modulated by second data ganerated within the station 1
by the microcomputer &.

The operation lof the portable data carrier 2 is as joliows, The antenna 11 Is. tuned to the same
frequency as that denerated by the transmitter 3 in the fixed station 1. Consequently, when the data carrier
2 is brought withinithe vicinity of the station 1 2 voltage i induced within the tuned antenna circult 10 by
means of mutusl douplmg The power supply 13 draws its energy from the voltage induced in the tuned
antenna circuit 10 ind includes additional eircuitry for rectifying, limiting and smoothing the inducad voltage
80 as fo produce alstable de voltage suitable for powering the circuitry associated with the data carrier 2,

_ The modulatorl14 modulates the first signal with the second signal by decoupling the tuning circuit 12
fromn the power sursply 13. The modulator 14 is controlied by the microprocessor 15 in response to the first

‘data generated theteby. The detector 18 senses the level of the voltage induced in the tuned-antenna circuit

10 and produces ah equivalent digital signal which is fed 1o the microprocessor 15, The microprocessor 15
interprete the logicilevel of the digital signal produced by the detector 18 8o g3 to recover the second data
transmitted by the btation 1. )

The memory 1% is non-volztile and ensures that the data stored within the date camer 2 remains intact
even when the pavder supply 18 is dissbied.

Reference wm now be made to Fig. 2. which shows In more detail some of the station circuitry
represented functignally in Fig. 1. The transmitter 3 comprises en 1t oscillator 20 having therein a quartz
crystal which genirates an rf signal of characterlstic frequenicy. The oufput from the. rf oscillator 20 is
connected to one ipput of a 2-input AND gate 21 whose other input is connected to the microprocessor 1.
The cutput of the AND gate 21 is fed vie a resistor 22 connected in series with a capacitor 23 to the base of
a bipoier junction;transistor 25 whese emitter is connected to ground GND. The resistor 22 and the

capacitor 23 together constitute an impedance whose velue is chosen to match the fogic levels of the f .°

digital signal to thé input analog voltage levels of the trangistor 25. A diode 26 is connected with its anade
to GND snd its cainods 1o the base of the transistor 25 and serves 1o discharge the capacitor 23 when the
transistor 25 is cu;oﬁ The collector of the transistor 25 is connected to one end of an «f choke 2? whose
other end is connefted to a positive supply rail Veel.

The collectoretff the transistor 25 is coupled, via a capacitor 28, to one end of the cable 4 whosa other

" end is connected ito the antenna § by the matching circuit 8. The maiching eclrevit 8 includes a parallel

inductance 31 corinected tetween the ¢able 4 and ground GND and a. series capacitance 32 connected
between the cable 4 and the antenna S. The antenna § comprises a wound coil having associated therewith
an ohmic resastanée and a parasitic eapacitance. The matching network 8 matches the impedance of the
antenna 5 to the icharacteristic impedance Zp of the cable 4. This ensures that the impedance of the
antenna 5 in combination with the matching circuit € is equal to 2. The calculation of the component -
valuez of the indictance 31 and the capacitance 32 Is straightiorward once the above requnrement is
understood, but fo; the sake of completeness the bagic equation is as follows:

(1)
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Z  isthe lmqedance of the inductance 31;
Zc is the impedance of the capacitance 32;
Z,  is the impedance of the antenna 5: and
Zo e the characteristic impedance of the cabie 4.

It will be undefstood, however, that the matching circuit 8 shown in Fig. 2 is only one of several
possible conhgurat&ons and that different components ¢an be employed in various series or paraile!
connections o as to achieva the desired matching between the cable 4 and the antenna 5.

The junction be'!ween the capacitor 29 and the cable 4 is ted to an AM detector 35 whose output is fed
10 the input of an AGC band-pass filter and ampleier 36 whose output ig fed to the microprocessor 15 via 2
level shitt circuit 37. The output from the AM detector 35 corresponds to the first data generated by the
data carrier 2 whoqa it frequency component corresponding to the signal generated by the rf tfansmitter 3
is removed by the lband<pass filter. The AGC provides a constant amplitude signal at the input of the ievel
shit cireuit 37 which serves as a buffer and shifts ‘the signg! levels to logic levels sultable for the
microprocessor 15. The AM datector 35, the AGC band-pass- filter and amplmer 36 and the leve! shift circuit
37 together constltt,nte the receiver 7 shown in Fig. 1.

The signal generated by the tf oscillator 20 s & digital ff signal which ig amplified by the transistor 26

- only when the z-mput AND gate 21 is enabled by the microcomputer 8, Thus, when the microcomputer 8

applies & zero logic level control signal to the second input of the AND gate 21, the i oscillator 20 is
decoupled from thé transistor 25, thereby effectively deactuating the transmitter 3.

Referring now tto Fig. 3 of the drawings, some of the circullry relating to the data carrier 2 and shown
functionally in Fig. 1 will now be described.

The antenna 11 comprises & centar-tapped coil 40 whosge center tap Is connected to ground GNOD and
whose ends are connected to-terminals 41 and 42, across which is connected a tuning capacitor 43. The
terminals 41 and 42 are respectively connected to the anodes of rectifier diodes 43 and 44, whoea cathodes
are commonly cofjnected 10 a first contact 45 of a normally-closed electronically operated ewitch 46. The
other switch contay:t 47 is connected to the positive DC supply rail Vee2 such that when the switch 46 is
open, the positive supply rail Vec2 is disconnected from the tuned antenna circult 10. The DC voltage at the
‘positive supply rail Vee2 is smoothed by means of a smoothing capeacitor 48 connected between the
pogsitive supply raif Vee2 and GND and clipped by a zerier diode 50 which limits the maxlmum OC voltage
fo a safe level. |

‘The tuning capacitor 43 constitutes the tuning circuit 12 and the gwitch 46 constitutes the modulator 14
shown functionallyi in Fig. 1. Likewise, the combination of the diodes 43 and 44, together with the smoothmg

. capacitor 49 and the zener diode 50 constitute the power supply 13 shown functionally in Fig. 1.

The tuned antenna circuit 10 I8 constituted by the center-tapped coil 40 fogether with the tuning
capacitor 43 and'its output is coupled at terminals 41 and 42 to respective anodes of rectifier diodes 57 and
58. The cathodes:of the. rectifier diodes 57 and 56 are commoanly connected; via & current limiting resistor
59, to a timing dircuit comprising 8 paraliel connection of -a’ capacitor 60 and & resistor 61 connected
between the resistor 59 and GND. The combination of the diodes 57 and 58, together with the resistor 58,
the capacitor 80 and the resistor 61. constitites the detector 18 shown functionally in Fig. 1. .

it has already! been explained that the data carrier 2 is not self-powered but, rather, is powered by the
voltage signal indjiced in the tuned antenna circult 10 in responge o the signal transmitted by the station 1.
The manner in which thig is achieved ig as follows. The tuned antenna 11 within the data carrier 2 resonates
when It Ig brought within a predetermined distance of the station antenna §. since the antenna 11 ls tuned
by the tuning cagacitor 43 to subatantially the same frequency of the rf signal fransmitted by the station
transmitter 3. The data carrier 2 starts to operate whenever the magnitude of the signal thue induced within
the tuned antennd circuit 10 is sufficiently high to enable the microprocessor 13 to function.

The maxlmum operating distance in which the data carrier 2 is sansitive to the signal transmitted by the
station transmittet 3 depends on several factors including, for example, the size and -shape of the station
antenna 5 and the data carrier antenna 11. Other factors include the magnitude of the signal generated by

the station transhitter 3 and the power consumption of the data carrier circuitry. The mutual coupling -

between the staton antenna § and the data carrier antenna 11 is also influenced by the mutual spatial
orientation of the:two antennas, as well as the presence of high permeabliity materials within the magnetic
circuit finking thejtwo antennas.

The microprdcesser 15 is responsive to the data stored within the memery 18 for opening and closing
the gwitch 46, whereby the DC positive supply rail Vec2 s decoupled from the tuned sntenna circuit 10.
During the tme that the positive supply rail Vec2 is decoupled, the smocthing capac-tor 49 supplies electric
power to the remaining data carrier cirouitry.
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The funed antenha circuit 10 shown in Fig. 3 is a resonant circuit whose resonant frequency is
substantlally equsl toithe frequency of the station trangmitter 3. Fig. 4 shows a detail of an alternative tuned

: EP 0 492 568 A2 ‘
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~ antenna circuit employmg a matched antenna ‘clreult instead of & resonant eircuit. In Fig. 4 those
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20

£

components which afe common to the embodiment described above with reference to Fig. 3 are given
identical reference numerals.

Thus there is shewn in Fig. 4 a tuned antenna circuit 85 compriging a coil antenna 63 operating at the
fraquency of the trafsmitter 3 (shown in Fig. 2) so as to receive an induced voltage therein by mutual
coupling. The mduce{d voltage suppliss a load 84 having & load impedance Z. by means of a full wave
rectifier comprising réctifier diodes 85 and 86. The cathode of the rectifier diode €5 is coupled to the load
64 via a switch 67 npserated under control of the microprocesser 15.

The antenna 63 n}s matched to.the load 64 by means of a matching clrcurt 68 comprising a capacnor 70
connected in seriesiwith the antenna 63, and @ capacitor 71 connected in paraliel the resulting series
combination. The caﬂacltances of the capacitors 70 and 71 are selected such that the resulting impedance
of the antenna 63 toqether with the matching circuit €8 i 2oual to the losd impedance Z,.

" The operstion of the circult is essentially the same as that described above with reference to Fig: & of
the drawings. The microprocessor 15 is responsive to data stored in the memory 16 for opening the switch
67. whereby the load 84 is decoupled from the tuned antenna circuit 55.

" Referring now to Fig. 5 of the drawings. the etfect of decoupling the tuned antenna circuit 55 from the
positive supply rail Nce2 (and the load connected thereto) will be expigined in more detail with reference to
the transmission from the data carrier 2 to the station 1 of data corresponding to 1001 (binary), .

Fig. 5a shows lie form of a control signal pulse train which must be generated by the microprocessor

15 ‘within the data carrier 2. The control signal has two logic levels LOW, corresponding to the switch 48

" being closed, and HIGH corresponding 1o the switch 46 being open. At the beginning of the puise train, &

reference pulse is generated by the microprocessor 15 having-a pulse width of 14T for opening the switch
46 for an equal timp perlod. The first data bit corresponding fo logic 1™ requires a control bit having a
puise width of 2T which closes the switch 48 for an equivalent lime period. The next two dats bits
corresponding t© loénc "0" require respactive control pufse widths of T which successively open and closs |

‘the switch 48 for equal time pericds of T. The final data bit corresponding to logic “1" requires that the '

switch. 46 again be opened for a time period of 2T by generating a control bit of pulse width equal to 2T, .
after which the contqol pulge train returns to logic leval LOW whereby the switch 46 is again closed.

Referring to Fig; 5b of the drawings, there will now be described the effect on the induced signal within
the data carrier 2 of opening and closing the switch 48 In response to the control pulse train shown In Fig,
Sa. The sections of ithe waveformn marked 75, having a relatively low amplitude. correspond (o the situation
wherein the switch 4B is closed. When the switch 48 is open, the tuned antenna circuit 10 is decoupled
from the power supply 13, and this etfectively unioads the resanant circuit comprising the center-tapped coil
40 and the tuning eapacitor 43. Under thess conditions, the magnitude of the signal induced within the
tuned antenna clrcuut 10 Increases as shown by those ssctions of the curve marked 76.

Fig. 5 shows tha effect on the first signal generated by the. station transmitter 3 of decoupling and
coupling the tuned &ntenna circuit 10 within the data carrier 2, it will be seen that the form of the first signat
is similar in shapd to the induced signal shown in Fig. Sb, and an envelope 78 of the first signal
corresponds exscrly to the control pulse train shown in Fig. 5b, thereby enabling the station 1 to recover the
transmitied data. -

it should be ndted that the eections 75 and 78 of the wavelorm in Fig. Sb are not drawn to scale. In
practice, the arnplitude of the induced signal-when the tuned antenna circuit 10 is urioaded (i.e. switches 46
or 67 are open). cgn be several times greater than when the tuned antenne circuit 10 i losded and the
gffect on the first slgnal is significantly greater than the effect achisved by Ioading the antenna as taught in
hitherto proposed systems.

Referring now {o Figs. 62 to 68 of the drawings, there will be described & protocol according to whlch
data is communicaied between the station 1 and the data carrier 2. The data o be transmifted is organized
into words, each of which staris with a reference bit having a predstermined time period and (s followed by
a plurality of bits cbrresponding to the actual data, and each having a respective time period corresponding
to the logic level Jssocsated therewith. Thue, the pulse width for logic "0” ie equal to T, whilst the puite
width for logic 1" fe equal fo 2T,

. Fig. 6a shows the form of a contral signal pulse train, applied to the AND gate 21 by the microcomputer
8 (see Fig. 2) for transmlltmg the data word 001101 (binary) trom the station 1 to the data carrier 2. At the
baginning of the pilge train, a reference pulse having a pulse width of 1¢T ig transmitted. The next two data
bits, corresponding to logic “0” are transmitted, each having a pulse width of T, whilst the next two data
bits, corresponding fo logic *1° are fransmitted, each having a puise width of 2T. The next two data bits,
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corresponding to logtc "0* and logic "1%, respectively, are transmitted having puise widths of T and 2T,
respectively. The pqlse train shown in Fig. 63 is decoded by the microprocessor 15 within the data carrier 2
simply by companng the width of the reference pulse with the respectwe widths of each subsequent data

pulse, .
If the width of the data pulses is less than the width of the reference puise, this corresponds to logic

. 0", whilst if the opposite is true and the width of the data pulse exceeds the width of the reference puilse,

10

15

thig corresponds to Jogic "1". -

When itis desnied to tranemit data from the microcomputer 8 within the station { to the data carrier 2, 2 -
contro! signal supplied by the microcomputer 8 to the AND gate 21, switches the transmitter 3 off and on-as
geen In Fig. 6b which shows the resulting signal generated thereby. Fig. 6c shows the form of the voltage
induced within the ;uned antenna circuit 10 in the data carrier 2, from which it will be seen that the induced
voitage falls fo zero] whenever the station transmitter 3 is deactuated under cantrof of the microcomputer 8.

Fig. 8d shows!the DC level of the positive supply rail Vec2. corresponding to the deactuation and -
subsequent re-ener’[gnzatron of the station transmitter 3. it will be noted that the smocthing capacitor 49 (see
Fig. 3) is sufficiently large that there is only stight discharge of the smoothing capacitor 49 during those
periods when the stauon transmitter 3 is deactuated thereby ensuring an uninterrupted supply of power to
the data carrier 2, |

Fig. 6e represents the output of the detector 18 shown in Fig. 3, from whigh it will be seen that the
output of the detector 18 follows the envelope of the voitage induced within the tuned antenng circuit 10 of
the data carrier 2 'shown in Fig. 6¢. The discharge RC time constant, determined by the values of the
capacitor 80 and the resistor 61, Is short compared to the minimum.pulse period T. The recharge RC time

. constant of the cgpacitor 80 is determined mainly by the value of the resistor 58 and is substentally
_ ingtantaneous.

25

a0

it will be unde,\'stood that if, on average; the number of logic "0" bits equals the number of logic 1"
bits, then the average data puise width is equal to 14T, which results in faster data transmission than that
achieved with the wail-known Manchester code, whaoss constant pulse width is equal to 2T.

More importantly, such a protocel obviates the need for very praciee time reference within the dats
carrier 2, since it énables reliable communication between & receiver and a transmitter having unrelated and
different time bashs, thereby rendermg the resultant crystal free data carrier 2 both less expensive and
more rebust.

" In the commupications protocal described above with reference to Figs. 6a to 6e of the drawings, the -
reterence bit and !he data bits are defined a¢ the time period between successive logic changes. Thus, in
Fig. 6a, the referdnce pulsa commences when the logic level changes from HIGH to LOW, whulst the first
data bit commenchs when the logic level changes étate from LOW to HIGH, and so on.

Refarring to Higs 7a to 78 of the drawings, there will now be described an alternative communications
protoco! for transmmmg data from the station 1 to the data carrier 2, and wherein the reference bit and gach
of the data bits are defined as the time period between successive pulses.
~ Fig, 7a shows the contro! signa! developed by the microcomputsr 8 within the station 1. It will be seen
that the logic levél of the control signal is normally HIGH except when a shori pulse is generated by the
microcomputer 8 iwhen the logic level goes LOW for the time duration of the pulise. The first two pulses in

_the control pulse Iram gre spaced apart in time by & period of 1T and define a HIGH logic level reference
bit having a time period equal to 13T whilst the remaining puiges in the control pulse frain show the control

5

50

58
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pulses which must be genersted by the microcomputer 8 in order to transmit the data word 001101
(binary). The first two bits of data corresponding to logic "0v are ropresented by data pulses having
regpective time perlods both equal to T thereby requiring that shert pulses be transmitted at the end of
successive lime tnterva!s. each equal to T. The next fwo bits of the deta correspond to logic 1", requiring.
that the next two, ‘control pulses are generated by the micracomputer 8 after further respective time interval
equal fo 2T. Thei next data bit corresponds to logic "0, requiring that the next puise is generated after a
further time intervai equal to T, whilst the fina! data bit, corresponding to fogic "1°, requires that a further
pulse Is gensrateti after a time interval of 2T.

Fig. 7b shows the resultant voitage generated by the f oscilfator 20 (gee Fig. 2), from which it will be
seen that a condtant amplitisde signal i generated except during these brief periods when the microecom-
puter 8 sends aicontrol puige for disabling the AND gete 21 shown in Fig, 2. Fig. 7¢ shows the voltage
induced within the tuned antenna circuit 10 of the data carrier 2 and corresponds in shape generally to the
waveform showr| in Fig. 7b. Uniike the situstion shown in Fig. 8¢, where a change in voltage output:
corresponding to§ the atation transmitter 3 being sither actuated or deactuated represents the start or end of
a logic pulse, in Fig. 7¢c & signal is continuously induced within the tuned antenna circuit 10 in the data
carrler 2 except Hunng the very brief time intgrval when a control puiee is generated by the microcomputer
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8 in the station 1. :

Fig, 7d shows the DC volitage leve! produced by the power supply 13 within the data carrier 2, from
which it will be seeri that the smoothing capacitor 49 (shown in Fig. 3) discharges only during the brief fime
intervale when a pul$e i generated by the microcomputer 8.

Fig. 7e shows the data sigrisl detected by the detector 18 in the data carrier 2 consequent to the control
signgl shown in. Fgf 7a being generated by the microcomputer 8 within the station 1, This, of course,
carresponds to the data signal transmitted by the station microcomputer 8.

Referring to Fg 8 of the drawings there will now be summarized the principal steps required for
decoding a data signal transmitted according to the communications protocols described above with
reterence to Figs. 8 and 7 of the drawings. At the start of the procedure a relerence bit is received which is
followed by one orimore sequences of data bits. The end of each sequence of data bits is signalled by &
siop signal. The trrqa periods of the reference bit and each of the data bits are stored in a temporary buffer
tor subsequent processmg

The stored daq is procesged by comparing the time period of each data bit with the time period of the
reference bit, a dats bit being designated logic "O" if its time period Is less than that of the reference bit
and as logic "1™ utherwrse The procedurs is repeated in like manner until all the stored data has been
processed. H

it should be noted that whrlst in the preferred embodiment the poriablé dala carrier is powered by
meang of ensrgy ‘transmitted from the station, it can equally well be self-powered since the manner in which

the data carrier redaives power is not itséif & feature of the invention. Likewise, it should be underetood that .

whilst the preferret!:l embodiments relate to bi-direstional communication between the station and the data
carrier, this also isinot a characterizing feature of the invention whoge principal novel feature resides in the
provision of a matt:hrng circuit in-the station for ensuring that the output impedancs sean by the anlenna
remaing constant l'egardless of the length of cable connecting the antenna fo the transmitter within the
station.

A subsidiary feature of the rnventian resrdes in the communications protocol for transmrtting data
between the statron and the data carrier which results in a faster average transmrsslon rate than is available
with hitherto propojsed systems.

in the preferréd embodiments, the reference bit and the data bits are defined as the time perieds
between either guccessive logic changes or bstwaen successive pulses However, the logic changes or
pulses need not f:e successive providing only that the decoder within the receiver empioys exactiy the

- same protoco! as the fransmitter.

It should also ibe noted that, whilst in the preterred embodiments, the carrier signal received by the data
carrier tuned ant:Ena circuit is modulated in response to data generated by the data carrier by decoupling
the tuned antenng circuit from the power supply. modulation mdy aiso be effscted by loading the data
carrier ned antenna circuit as described in any of the prior art references discussed gbove.

Furthermore, jalthough ‘the preferred embodiments have been described with reference to & porteble
data carrier, it wl}l be appreciated that the invention may be equally employed within rnore general data .
transfer systems, !

For example,.in a restricted access system, an access cods may be pre-stored within the memory of
the data carrier 80 as to- permit restricted access to the owner of the data carrier dependent on the
particular code stprad therein,

A further usd for the invention is a manufacturing system in which each workpiece carries a marker
corresponding toithe data carrier of the invention. The marker identifies the workplece and siso permits a
recard of each machining operation, for example. 10 be writfen to the marker so that it contains an up-to-
date record of ali operations performed on the workplecs. This permits manufacturing data associated with
the workpieces to be processed during manufacture snd, since the data transfer is effected withaut
contacting the workpiece, the manufacturing process does not require halting for the transmission of data,

Other uses fpr the invention include shop inventory control systems where goods carry appropriste tags |
each storing theiein corresponding order codes, stareroom codes, cost and retall prices, and o on. At the
checkout caunter. & non-contact reader automatically reade and procesges the data stored within the tags
as the goods pass, so thst invoices can be prepared automatically without the need to enter codes
manusglly. This npt only results in a much faster throughput of goods, but aiso pravents errors resulting from
the Incorrect manual entry of price codes. Furthermore, storeroom data ie automatically updated permitting
automatic reordang of goods when the remaining quanitity falls below a predetermined threeshold.

Other uses for the invention will be apparent to those skilled in the ant and include coinless public
telephone systerins. automatic personnel time card systems and so on.
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1. A system for nonr-contact transmigsion of data between a station (1) and a ponable data carrier (2)
 whaerein the station (1) comprises:
5 3 station transmitter (3) operating at predetarmined frequency for generating & first signal, ang
a receiver (7) for receiving & second signal superimposed on the first signal
and wherein the portable data carrier (2) comptises:
supply means (13) for coupling to a source of electric power, and
a data carrien modulstor (14) for modulating the first sigrtal with the second signal in response to
10 first data generat¢d by the data carrier (2) by means of said inductive coupling, and thereby enabling
the first data to bé transmitted from the data carrier (2) to the station (1); _
CHARACTERIZED IN THAT: .
the atation (1) further includes:
a matched station antenna (5) coupled via & length of cable (4) to the statron iransmitter (3) so asto
% be operative at s.*ld frequency ragsrdless of the length of cabie; and
the portable data carrier (2) furiher includes:
a tuned antenna circuit (10, §S) inductively - coupled with the station antenna (5) so as to receive
therafrom &n mduced signal, _ o
20 2. The system accprdmg to cra.m 1. characterized in that the tuned antenna crrcurt (10) compriges a
regonant circuit (1 2) tuned to the frequency of the lirst signal.

3. The system acdordlng to Claim 1, characterized in that the tuned sntenna c:rcuxt (65) comprises a '

matchad antenna crrcult (68) g0 as to maximize antenna efficiency..
25
4, The system accbrdmg to any of Clgsims 1 to 3, characterized in that the supply means (13) is coupled

to the tuned anténna circuit (10) and ie responsive {6 the induced signal for supplymg electric power fo.

the data carrier {2).

0 S The system accprdmg fo any of Claims 1 t0 4, characterized in that the station (1) further mcludes
a station cdntrol circuit (9) for deactuating the station tranernitter (3) in response (o second data
stored in the etdtion (1) and, by means.of ssid inductive coupling, deactuating the signal induced in the
.data carrier tuned anterina circuit (10, 58):
_ and the daﬂa carrier (2) further includes. a detector (18) coupled to the data carrier tuned antenna
a5 clrcuit (10, 58) for detectmg lhe state of the induced voitage of the data carrier tuned antenna circuit
(10, 55), '

2 logic circuit (15) coupied to the detector (18) and regponsive to said state. whereby &n output of .

~ the logic crrcurt! (15) corresponds o the second-date, and
. means for coupling the output of the logic circuit (15) to a memory (16) wrthm e data carrier (2)
40 so as to store the second data therein.

6. The system aécordmg to any of CIaims 1 to 5, characterized In that the data carrier modulator (14)
camprises a dgcoupling means (48) for decoupling the tuned antenna cireuit (10, S5) in response to the
first data there y modulating the first signal with the second signal.

7. The system af:cordmg o any of clalms 1 to 6, characterized in that the data carrier modulamr (14)
' comprises a l0ading circuit for loading the tuned antenna circuit In response to the first data thereby
modulating thq first signal with the second signal.

50 8. A method for itransmitting data from the data carrier (2) to the station (1), in the system according to
“any of Claims 1 to 7, characterized by the steps of:
transmitting a logic reference bit having a predetermined time peried,
transmittidg & plurality of bits corresponding to ssid data and having respactive time pariods,
comparing, for each of said plurality of bits, the respective time period with the predetermined time
55 - ‘period of the; logic reference bit and assigning a respective logic fevel according to whether the
respective fime period is greater than or less than the predeterminad time pericd.

9. The method dccording to Claim 8, characterized in that the reference bit or each of the plurality of bits

AR |11
* c L M s *
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are dsfined a8 the time period betweenpulses.

10. The method adcordmg to Claim 8, characterized in that the reference bit or each of.the plurality of bits
are defined as lhe time period between logic changes.

11. A data carrier (2) comprising:
supply megns (13) for coupling 10 a source of electric power,
a tuned aritenna circuit (10, 55) for recewing and transmitting a first signal having a predetermined
frequency, and
a modulator (14) for modulatmg the first signal with 2 second signal corresponding tc data 10 be
fransmitted iroirn the data carrier (2) to a remote receiver (7) tuned {0 said predetermined frequency:
CHARACTERIZED IN THAT:
the modumor {14) includes a decoupling means (48} for decoupling the tuned antenna cirguit (10,

§5) in responsa 1o the data generate:l by the data carrier (2)

10

1]
12. A method for transmlttmg data bstween a transmuter (1 2) and 8 recewer 2, 1). characterized by the
steps of: ' _
transmmurig 2 logic reference bit havmg 2 predetermlned time peticd,
transmattmg a plurality of bits corresponding to sald data and having regpective time periods, and )
20 comparing, for each of said plurality of bits, the respective time pariod with the predeterminad time
period of thel logic reference bit and assigning @ respective logic Jevel according to whether the
respectwe ume perlod is graater than or less than the predetermined time period.
2
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