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FIELD OF THE INVE~TlON. 
~1YY>P co P~ 

' 
This invention r«lates to electronic data communications systems and. in panicular, to a non-contact 

system for two-way communication between a station and a portable data card. Non-contact communica· 
s tions Systems do notl require the portable data card to have pliysical contact with the station, but .allow data 

transfer to be effeqted when the card Is brought into close proximity with the station. Such data 
. communication systims have been proposed far· use In, for example, shop floor control systems, bank 
transaction systems •nd so on. · 

! 

10 BACKGROUND OF THE INVENTION . · 

In U.S. Patent Nq. 3,299.424 (Vinding) there is disclosed an interrogator-responder ldentlficatlOtl system 
in whict'! the responder is identified when inductively coupled ro the interrogator. The inductive coupling is 
achieved by means cbf resonant. circuits tuned to the aame frequency within the responder and interrogatOr. 

· 1s thereby enabling non;lcontact communication between tne two. . · · 
In a preferred embodiment the responder is self· powered, deriving Its de supply voltage by rectifying a 

portion of the induce4f Interrogator signal. .. ·~ 
Data stored within the·. responder ls read, ar identified, by the interrogator by means of a detuning 0t 

loading circuit coupldd to the responder. through a sWitch means. The switch means is activated in response 
ao ·to the stored data sc> as to load the resi:ionder resonant Circuit, thereby decreasing its interaction with the 

intetr0gator resonant; circuit. Consequently, the varying loading effect of the responder on the interrogator 
resonator circuit maYi be Interpreted in terms of tne responder data. For example, a signal corresponding to 
the responder data tj\ay be transmitted to the Interrogator by amplitude· or phase-modulating the .resonant 
f,..quency signal of t~e Interrogator. 

. tS Whilst Vinding d~scloseJ a system in.which a. responder. self•powerecl by means of a signal transmitted 
by an interrogator. ~ransmits data to tl'le interrogator, there Is na provision for writing data from the 
interrogator to the re.pof!dar. · . 

U.S. Patent No. l 4.845,347 (McCrlndle et al) di•closes a transaction system. permitting bi-directional 
communicatio11 betwj&en a portable· token and a terminal. Both the tetmlnal 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~uil and received by the taken resonant circuit by mutual coupling. . . 

. Data is transmii;ted from the token to the terminal by loading the token resonant circuit, thereby 
mOditylng its imped.,,ce and amplitude modulating the carrier frequency radiated by the terminal reso~ant 
ci~~L .• . 

35 · Data is transmi~d from the terminal to the token by frequency modulating the carrier signal generated 
by th~ terminal resonant circuit. In particular.the two logic levels HIGH and LOW are transmitted from ,the 
termJnal:lo the toke)'\ by means of two different· fre"Quency signats. The lokan operates on .one ot two 
diffe~t resonant curV.s according to which of the two !ogle levels !s reeeiv,d. . . 

Thus, whilst MqCrlncue et al disclose a . syStem· for bi•directional communication between a· fixed · 
40 terminal and a po~ble token, resonant circuita must be provided in both the terminal and the token and 

dat~ is transmitted ftom the terminal to the token by frequency modulation of the terminal resonant circuit 
carrier signal. . 

In U.S. Patent N~. ~.B14.SS5 (Gilboa) there Is disclosed a dat~ rransmlssion system for the non-contact 
transmission of datai between a statton and a ponable data card, both of which i:ontaln resonant circuits 

4S tuned to the same ffequency. The data card receives pawer from ·the station via inductive coupling of the 
two resonant cil'cuitsi and transmits data to the station by means of a loading circuit on the card which -toads 

· the card resonant .circuit and hence, by mutual coupling, the station resonant circuit In response to data 
stored within the car'd. The card also contains a reading circuit containing a pulse generation circuit which 
generates a pulse ~henever the Power received by the card resonant circuit is Interrupted and then 

so restored. Data may iihus be transmitted from the Btatiol\ to the card by deaetuating the station resonant 
circuit in response Jo the data to be ltansmltted, · rhe resulting pulser generated within the card being 
interpreted as the tr~nsmitting data. · . . 

The pulse generation circuit. employed by Gilboa le based on a JK flip-flop wklch changes state in 
response \o an lnc'*"lng clock pulse. A.c;:eordlng to the communications protacoi employed by Gilboa, a 

ss clock pulse is produted by the card reading circuit whenever the station resonant circuit (and consequently 
the ·card reaonant Circuit also) Is deactui1ed and subaequenaly re•energized. In· such a communications 
protocol, each pulsei generated by the card reading circuit may contain a plurallty of logic ."0" or "1" bits, 
the number of suchl bits corresponding to the time interval betwe•n deaciuation of the station r•l£0nani 
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circuit and Its subsequent re-energi2ation. 
It is therefore n*cessary in the card reading circuit to sample the pulle train generated by the pulse 

generation circuit atj very precise time intervals In order to reprOduce the correct number ot logic ·pulses 
. between succesalv~ deactuations and subsequent re-energizations of the station resonant circuit This 

s. · requires the pro"lsi~n· ot a very precise timing circuit driwn by a Quartz crystal which is expensive and 
vulnerable to damag,, particularly if the portable card is dropped or otherwise manhandled. . 

It will be appre~ated that the prior art systems either require resonant circuits in both the station and 
the card for providing a.resonant carrier signal which c.an be modulated with a data signal or, alternatively, 
require uansformer coupling for two-directional data transfer. 

fO However, en ioh~rent problem associated with the use of a resonant circuit in the station is that, in order 
to operate at reso"4nt frequency1 the resqnant circuit components, includi.ng the antenna and any cable 
connected thereto. l'iave to be carefully calibrated. Jn practice, this requires thar once the station resonant 
circuit has been ass~mbled and tunecs, the maximum displacement of the antenna relative to the station is 
fixed and cannot bei altered without retuning the resonant circuit. This is not always desirable for several 

ts reasons; First. the siation may represent a secure data system. such as a bank and it may be desirable to 
locate the antenna ~ significal'lt ~istance ~om the station Itself. ihis is impractical In prior art systems 
because the capacitence Of the connecting cable will be so large as to throw the resonant circuit out of 
reacnance. , 

It should also b• observed that in the prior a~ syste.rns described above employing resonant circuits, 
20. de.ta is generally traiilsmltted from the card to ttie station by loading ttie card resonant circuit. Thia reduces 

the response of the Fatd resonant circuit and, ·by mutual coupling. imposes a similar loSdlng on .the station 
resonant circuit and' a consequent recsuction in response thereof. When there is a significal\t .amount of 
noise in sucti systetns, the noise can swamp the reduced signal response. It it .therefore preferable to 
de.te.ct transmitted d•ta as a result of increaaed reaponae rather than reduced response in order that the 

2S .data signal can still ~e detected even In the presence of noise. 
Conventional data transmission protocols tor transmitting· data from the card to the station in prior art 

systems include the !Manchester coae wherein a change in logic level from logic .HIGH for J duration of T 10 
. logic LOW for a durtitlon of T is interpreted as loglc O, whllat a change In logic level from logic LOW for a 
duration of T to logi4 HIGH for a duration of T is Interpreted as logic 1. Thus, each pulse transmitted in the 

DO ManCl'lectet code ~upies a time interval of .2T. 
The protocol employed by· Gilboa tor transmitting data from the card to the station Is illustrated In Figs • 

. 6a and Sb of the ebqve•mentioned U.S. Patent No. 4,814,595. A·loglc n~ 11 is interpreted as a change in logic 
level from logic l.OW for a time dul'$tion of 2T to logic HIGH for a time duration of T, whilat loglc "1" ia 
interpreted at a chaDge in state from roglc LOW ror a time duration ot T to IOglc HIGH for a time duratiOI". of · 

35 2T. Thus, in sueh a qrotocol each data bit occupies a time Interval of ST. . · 
It would be qesirable to employ a.·communicatlons protocol wherein each logic bit occupies, ori 

average, a time lnter~al at least less than 2T as required by the Manchester cOde. 

SUMMARY OF THE fNVENTION . ! 

It is a princtpal ;obJect ot the invention to provide a system for the non·contact transmission of data 
bezween a station an~ a portable data carrier which overcomes some or. all of the disadvantages associated 
with hitherto propo~ systems. 

According to onja aspect of the Invention there is provided a system for non-contact transmission of 
's data between a statl~n (1) and a portable data carrier, wherein the station comprises: 

a station transmit.tar operaUng at predetermined frequency ior generating a first signal, and 
a receiver for reqeiving a se~ond signal superimposed on the first signat: 
and wherein the portable datt carrier comprises: . 
supply means fot coupling tQ a source of electric power, and 

so a ·data carrjer mf>clulator tor 'modulating the first signal with me second signal in response to first data 
generated by the da1a carrier by means of said inductive coupling, and thereby enabling the first data to be 

tran~.::=~~a~~~~~:;:to the station: 

the station furth~r lncluc!es: 
ss a matched stati'*' antenna coupled via a length cf cable to the station transmitter so 81 to be operative 

at aald frequency reoardles~ 'Of the length of cable: and 
the por1able data carrier further Includes: . 
a tuned · antenn~ circuit Inductively coupled with tlie &tation antenna 10 u to receive therefrom an 
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induced signal. , 
The matched. station antenna comprises an antenna and a matching networit that matches the antenna 

impedance ·to the ca~le characteristic ifF\pedance Zo. This enables the system to operate at various lengths 
of cable without the deed for retuning. This is In contrast to hitherto proposed systems including a resonant 

s antenna circuit. wher.in the cabie acts as a part of tha resonant circuit thereby limiting the maximum length 
of cable J)ermissible lnd requiring retuning wiiene\ler tlie cable length is Chang.ad • 

The station transkiitter transmits a carrier waote via the· matched antenna. The carrier wave is also used 
to radiate power to ithe data carrier tuned antenna circuit and Is preferably amplitude modulated by a · 
second signal deril,e~ from the data carrier tuned antenna circuit. The modulated signal fed to the receiver 

10 within th·e station whlC:h recovers the first data transmitted by the data carrier. 
The station pref.rably includes a control circuit having means for deactuating the station transmitter 

thereby changing th~ voltage Induced within the data carrier tuned antenna circuit. The data carrier includes 
a detector which det-cts the state of the voltage induced within the data carrier tuned antenna circuit. Sy 
this means. the •• of the data carrier tuned antenna circuit can be modified in accordance with data 

is generated by the sta1ion control circuit. 
Whenever ~e d$ta carrier is within the vicinity of lhe. station antenna. a voltage is Induced within the 

t1.ined antenna cire~it by means of mul\lal coupling. Preferably: the ·data cdrrier circuit contains a 
microprocessor and ; a non•volalile me17.1ory which are energized by the voltage ·Induced in ·the tuned 
antenna circuit and the modulator includes a decoupling meana ~ontrolled by the microprocessor so as 

20 effectively to preven~ the tuned antenna circuit from supplying energy to the remaining data c.arrier circuitry, 
in· r.esponse to data generated by microprocessor. This unloads the tuned antenna circuit and modulates the 
first sJgnal by increafiing its amplitude. Modulation by means of decoupling results in a Bignificent Jncrease 
of the modulation·depth compared to modulation by means of loacHng 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 
' . 

2$ microprocessor withlf1 the data catrier so as to recover the data and store It in the non•volatile memory. The 

30 

35 

40 

date transmitted bv·ihe data carrier to the atatio11 may either be stored within the no~volatile memory or 
may be derived via ~ny s9urce Internal or external to the data carrier. 

BRIEF D~SCRIPTJ~ OF THE DRAWINGS 
; . .. 

I 
For a clearet ut1deratandlng of the invention and to understand how the same may be carried out in 

practice, some pref~rred embodiments will now be described, by way .on non-limiting e"ample only, with 
reference to the accompanying drawings, in wnicti: 

Fig. 1 is a blockldiagram showing schematlcally the system comprising a fixed station and a portable 
' . data carrier: . ·: . 

Fig. 2 is a partial i:ircuit diagram of the stationi 
Fig. 3 is· a partial ~lrcult diagram of the data carrier: . 
Fig. 4 is a detail qf an alternative tuned antenna circuit for the daia carrier circuitry shown in Fig. 3; 
Figs. 5a to Sc ~re pictorial representations of the control signal, induced signal and data waveforms 

·associated with tile data carrier when transmitting fi'om the· data carrier to the statiol"I in accordance with 
a first comm1.1ni~ons protocol; 
F'ags. &a to Se ai!e pictorlal repreeentations of the carrier signal and data waveforms associated with ttie 
station and data ~arrier when transmitting f;om the station to the data carrier using the first communica• 
tlons protocol; ! 
Figs. 7a to 7e ~re pictorial representations relating to an altematiVe communications protocol for data 
transaction from tjte station to the data carrleri and 
Fig. B is a flow dtagram showing the principal steps in decoding received data transmitted in accordance 
with the communjcations protocQla Illustrated in Figs. B anct 7. 

: 
so DESCRIPTION OF 'flEFERRED EMBODIMENTS 

. . 
As seen in Fig. n the system comprises a fixed 1tation 1 and a portable data canier 2. The nxed atarlan 

1 comprises an rt tansmitter 3 · whicl'I transmits a radio frequeney signal which is fed through a coaxial 
cable 4 to an anten~~ 5 via a matching circuit 6. The output from the transmitter 3 Is also fed to a receiver 7 

55 and thence to a fir~ microcomputer 8. The microcomputer 8 Is coupled to the transmitter 3 via a control 
unit 9 by means of which the transmitter 3 may be deactuated in response to data generated by the 
microcomputer 8 a~ that no signal reaches the an1enna 5. The microcomputer 8 together with the control 
circuit 9 conatiture ai station control circuit. 

I 
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THIS SHEET HAS BEEN 
.REPLACED 

The portable d~ta carrier 2 comprises a tuned antenna circuit 10 including an antenna 11 ·and a tuning 
circuit 12. The ant6nna 11 Is tuned to the same frequency as the station transmitter 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 1~ is also coupled ta a modulator ·14 controlled by a microprocesaor 15 powered by the 

.5 powe; supply 13 aftd having associated therewith a memory 18. A detector 18 Is coupled to the tuning 
circuit 12 and is responsive to an output voltage thereof for inputting data to the microprocessor 15. 

The operation ~f tl'le staUon 1 is. as follows. The transmitter 3 generates an. rf ai;nal (constituting a first 
signal) which i& fe~ to the matched antenna S via the cable 4. The matching network 8 matches the 
Impedance Of the ;ntenna S to the eharacterlstic impedance Zo at the cable 4. as will be explained in 

JO greater detail below! with reference·to Pig. 2 of the drawings. . . · · 
The first signal is amplitude modulated by a second signal generated within the data carrier 2 in 

· response to first Clafa therein and fed to the .receiver 7. wherein the second signal is detected and amplified. 
The resultant signal is filtered s~ as ta remove the rf .component from the detect•d signal so tha1 the first 
data may be recoveired and stored by the. microcomputer 8. . 

1& The microcomputer 8 pro.,ides means tor deactuating the transmitter 3 whereby the first signal 
generated by the t~nsmitter 3 ·may effectively be modulated by second data generated within the. station 1 

by the microcompuler B. 
The operation iot the portable data carrier 2 is as follows. The antenna 11 ls tuned to the same 

frequency as that generated by the transmitter 3 in the fixed station 1. Consequently. when the data carrier .' 
20 2 is brought wlthin;the vicinity of the ;tation 1.a voltage Is induced within the tuned antenna circuit 10 by ·· 

means of mutual doupling. The power supply 13 draws its energy from the voltage Induced in the tuned 
antenna circuit 10 •nd includes addltl~nal circuitry for rectffy;ng, limiting and smoothing the induced voltage 
so as ·to produce a !stable de ·voltage suitable tar powering the circuitry associated with the data carrier 2. 

· The modulator.!14 modulates the flrat signal with the second signal by decoupling the tuning circuit 12 
2S from the power au~ply 13. The modulator 14 is controlled by the microprocessor 15 in response to the ffrst 

·data generated thefeby. Tlie detector 18 senses the level of the voltage Induced in the tuned .antenna circuit 
10 and produces ah equivalent digital signal which is fed to the mlcrop~cessor 15. The microprocessor 15 
interprets the logic! level of the digital signal produced by .the detector 18 so as to recover the second data 
transmitted by the ttatlon 1 . 

:io The .memory 1~ is non•volatile •nd ensures that the data stored 'within the data carrier 2 rema.ins Intact 
even when the pow.er supply is is disabled. 

Reference wm; now be made to Fig. 2, which shows In more detail some of the station circuitry 
represented tun:inally in Fig. 1. The transmitter 3 comprises an rt oscillator 20 having therein a quartz 
cry.Ital which g ates an rf signal of characteristic frequency. The output from the. r1 oscillator 20 is 

as connected to one i put of a 2·1nput AND gate 21 whose other input is connected to the mlcroproc:easor 15. 
The output of the ~ND gate 21 ·11 fed via a resistor 22 connected In aeries witti a capacitor 23 to the base of 
a bipolar junction i transistor 25-. Whose emitter is connected ~ ground GND. The resistor 22 and the 
capacitor 23 toget~er constitute an Impedance whose value ia chosen to mau:h the logic level& of the rf 
digital signal to the input analog voltage levels of the transistor 25. A diode 26 ts connected with its anode 

40 to GND and Its ca1hode to the bue of the transistor 25 and serves to discharge the capacitor 23 when 1he 
transistor 25 is cutoff. The collector of the transistor 25 is connected to one end of an rf choke 27 whose 
other end is connept•d to a positive supply ran Vccl. ·. · . 

The collector_ ~.r the transistor 25 is coupled,. via a c.Pacitor 2S, to one end of the cable 4 whose other 
end is connected 1to the antenna s by .the matching . circuit e. The matching circuit 8 includes a parallel 

•5 inductance 31 corinected between the cable 4 and ground -C3ND and •·series capacitance 32 connected 
between the cablel4 and the antenna 5. The antenna S comprises a wound cail having associated therewith 
an ohmic resistan~e and a parasitic capacitance. The malChlng network e matches the impedance of the 
antenna 5 to the !characteristic Impedance Zo of the cable 4. This ensures ·that the Impedance of the 
antenna 5 In combination with the matching circuit 8 is equal to Z0 . The calculation Of the component 

so values of the ind~ctance 31 ancl the capacitance 32 Is straightforward once the above requirement is 
understo~d. but tot the sake or completeness the basic equation is as follows: . 
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where: , 
ZL is the im~edance of the Inductance 31; 
Zc is the impedance of the capacitance 32: 
z. is the im?,edance of the anll~nna 5: and 
Zo is the chwacteristic impedance of the cable 4. 
It will be unde)'stood, however, that the matching circuit 8 shown in Fig. 2 ls only one of several 

possible configura~ons and that different components can be employed in nrious series or parallel 
connections so as tb achieve the d~sired matching between the cable 4 and the antenna 5. 

The Junction b~tween the capacitor 29 and the cable 4 is ted to an AM detector 35 whose output i; fed 
ro 10 the Input of an AGC band·pass filter and amplifier 36 whose output Is fed to the microprocessor 15 via a 

level· shift circuit 37. The output from the AM detector' 35 corresponds to the first data generated by 1he 
data carrier 2 \'llh~e rf frequertey component corresponding to the signal generated by the rt tfansmitter 3 
is removed by the lband•pass filter. The AGC provides a constant amplitude signal at the input of the level 
shift circuit 37 writch serves as a buffer and shifts · the signal levels to logic levels sultable for the 

rs microprocessor 15., The AM detector 35, the AGO band-pass· filter and amplifier SS and the level shift circuit 
37 together conjtitljlte the receiver 7 shown in Fig. 1. 

The signal ge~erated by tne rt oscillator 20 Is a digital rf signal which is amplified by the translator 25 
only when the 2·input AND gate 21 ls enabled by the microcomputer 8. Thus, 'When the microcomputer 8 
applies a zero logJc level control signal to the second. input of the ANO gate 21, the 11 O$Cill&tor 20 is 

20 decoupled from th• transistor 25, thereby effectively deactuating the transmitter 3. 
Referring now 1to Fig. 3 of the drawings, some of the circuitry ·relating to the data carrier 2 and shown 

functionally in Fig.~ will now be described. 
The antenna 1~ comprises a center·tapped coil 40 whose center tap la connected to ground GND and 

whose ends· are c0nnected to -terminals 41 and 42, across which is connected a tuning capacitor 43. The 
as terminals 41 and 4i2 are respectively COl'\nected to the anodes of rectifier diodes 43 and 44, whose cathodes 

are commonly co~nec:tad to a firit contilet 45 of a normally~losed electronically operated switch 46. The 
other switch contaet 47. ls connected to ttie positive CC supply rail Vcc2 such that when the switch 48 is 
open, the positive ~upply rail Vee~ is disconnected from the tuned antenna circuit 10. The DC voltage at the 
Poailive supply r~I Vee! is smoothed . by means of a smoothing capacitor 49 connected between the 

30 positive supply raij Vcc2 and GND and clipped by a zerier diode 50 which limits the maximum DC voltage 

·. 40 

to a sate level. ; 
. The tuning capacitor 43 constitutes the tuning circuit 12 and the switch 46 constitutes the mod1Jlator 14 

shOwn functionallY: in Fig. 1. Likewise. the combination of the diodes 43 and 44. together with the smoothing 
capacitor 49 and tfle zanar diode 50 constitute the power aupply 13 ahown functionally in Fig. 1. 

The tuned arltenna circuit 1 O la con&tiluted by the center-tapped coil 40 together with the tuning 
capacitot 43 and~ibi output ia coupled at terminals 41 and 42 to respective anodes of rectifier diodes 57 and 
58. The caitiodesiot the. recttfier diodes 57 and .68 are commonly conf!ected; via a current limiting resistor 
59, to a timing qircuit comprising a parallel connection .ot ·a· capacitor eo and a resistor 81 connected 
between the resistor 59 and GND. The combination" of the diodes 57 and 58, lOgether with the resistor 59, 
the cap.cltOr 80 and the resistor 81, constitutes the detector 18 shown functionally in Fig. 1. 

It has alreadyl been explained that·the data carrier 2 is not salf·powerea but, rather, ls powered by the 

voltage signal inct~ed in the tuned antenna circuit 1 O in response to !he signal tranamlned by the station 1. 
The manner in wijlch this Is achieved Is as follows. The tuned antenna 11 wlthlrt the data carrier 2 resonates 
when It 1$ brough~ within a predetermined distance of the itation antenna s. since the antenna 11 Is tuned 

•s by the tuning ca~acltor 43 to· subitantially the sam~ frequency of the rf signal transmitted by the station 
transmitter 3. Th~ data carrier 2 starts to operate whenever the magn!tude of the signal thus induced within 
the tuned an1enn~ circuit 10 la 1ufflcient1y high to enable the microprocessor tS to function. 

The maximur11 cperating distance in which the data carrier 2 is sensitf\le to the Signal transmitted by the 
station transmittet 3 depends on 1evera1 factors Including, for example, the size and ·Shape of the station 

so antenna 5 and th~ data carrier antenna 11. Other factors include the magnitude of the signal generated by 
the station trans'1Jtter 3 and the power consumption of t~e data Cart"ier circuitry. The mutual coupling · 
between the st.mien antenna S and. the data carrier antenna 11 is also influenced by the mutual spatial 
orientation of thei two antennas, as well as tne presence of high permeability materlata wJthln 1he magnetic 
circuit Unking the itwo antennas; 

55 . The mletoprcfcessor 1 S Is responsive to the data stored within the memory 1 S for opening and closing 
tha switch 46, whereby the OC positive supply rail VcC2 Is decoupled from the tuned antenna circuit 10. 
During the time that the positiv• supply rail Vcc2 is decoupled, the smoothing capacitor 49 1&1ppliea electric 
power to the rem•ining data carrier circuitry. 
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The tuned anten~a circuit t O shown in Fig. 3 i.s a resonant circuit whose resonan~ frequency is 
substantially equal tolthe frequency of the station transmitter 3. Fig. 4 shows a detail ot an alternative tuned 
antenna circuit emp!oying a matched antenna ·circuit lnsteao of I· resonant circuit •. In Fig. 4 those 
components which ate common to the embodiment described above with reference to Fig. 3 are given 
identical reference n~merals. 

Thus there is ahQ-wn in Fig. 4 a tuned antenna circuit 55 comprising a coil antenna 83 operating at the 
frequenoy of the traesmitter 3 (shown in Fig. 2) so as to receive an Induced vo~e therein by mutual 
coupling. The induc~d voltage supplies a load 84 having I load impedance ~ by means ~ a full wave 
rectifier eomprislng "ctifier diodes 85 and 88. The eathOde of the rectifier diode SS Is coupled to the load 

10 64 ,,la a switch 87 o*rated under control of the microprocessor 1 s. 
The antenna 83 iJ matched to.the load. 64 by means of a matchin'g circuit 88 comprising a capacitor 70 

connected \n series~ with the antenna 83, and a capacitor 71 connected In parallel the resulting series 
combination. The ca•scltances of the capacitors 70 and 71 are selected such that the resulting impedance 
of tne antenna 83 together ~Ith the matching circuit es ia eaual to the loa~ impedance Zc.· 

. 15 The operation ofl the circuit is essentially the same as that described abo"e with referei:ice to Fig; 3 of 
the drawings. The mJcroprocessor 15 is respOl'\slve to data stored in the memory 16 for opening the sWitch 
67, whereby the loa~ B4 is decoupled .from the tuned antenna circuit 55. 
· Referring now to Fig. s of the drawings. the effect of dec:oupling the tuned antenna circuit 55 from the 
positive supply rail ~cc2 (and the load. connected thereto) will be explained In more detail with reference to 

20 the transmission fro~ the data carrier 2 to the station 1 of data co"esponding to 1001 (binary), 
Fig. Sa shows tHe form of a control signal pulse train which must be generated by the microprocessor 

15 within tl'\e data c.arrier 2. Tf"le control signal has two logic levels LOW, corresponding to the switch 48 
being closed, and 11!GH corresponding to the switch 46 being open. At the beginning of the pulse train, a. 
reference pulse is g~nerated by the microprocessor 15 having.a pulse width ~f 1iT for opening the switch 

as 46 tor an equal tim~ period. The first data bit corresponding to logic "1" requires a control bit having a 
pulse width of 2T ~hich closes the S\Yltch 46 for an equivalent time period. The next two data bits 
carresponding to loOic "O" require respective control pulse widths of T which successively open and close 
the switch 48 for equal time periods of T. The final data bit correspondl11g to logic .. , •• requires that the 

I . 

switch. 48 again be ~pened for a time period of 2T by. generating a control bit of pulse width equal to 2T, . 
. I . 

30 after which the contljol pulae train returns to logtc level LOW whereby tl:le switch 48 Is again closed. 
Referring to Figi Sb of the drawings, there will now be described the effect on the. induced signal within 

the data carrier 2 of opening and closing the ~itch 48 In respanae to the control pulse train shown In Fig. 
Sa. The sections of lthe waveform marked 75. h8'1ing a relatively low .amplitude. correspond ro the situation 
wherein the switch ~8 ·is closed. When the switch 48 is open, the tuned antenna circuit 10 is decoupled 

as from the power· supply 13. and this effectively unloads the resonant circuit ®mprising the center-tapped coil 
40 and the tuning papacitor 43. Under theae conditions, the magnitude of the ·signal induced within the 
tuned antenna circujt 1 O Increases as shown by these sections of the curve marked 76. 

Fig. Sc shows 'he effect on the first signal generated by the. station iransminer 3 of decoupling and 
coupling the tuned jntenna circuit 10 within tbe data carrier 2. It wtll be seen ~at the form Of the first signal 

'° Is similar in snap• to the induced signal shown in Fig. Sb, and an envelope 78 of the first signal 
corresponds exsctli to the control pulse train shown in Fig. Sb, thereby enabling the station , to recover the 
transmitted data. i . . · 

ft should be n~ted that the sections 75 and 78 of the waveform in Fig. Sb are not drawn to scale. In 
practice, the ampliijicle of the induceCI slgnal ·Whan the tuned antenna circuit 10 is unloaded (i.e. switches 48 

45 or 67 8!' open), c+n be several limes greater than when the tuned .. anteni:aa circuit 10 is loaded and the 
effect on the first ~jgnal ls significantly greater than the effect achieved by loading the antenna as taught in 
hitherto proposed ~stems. · 

Referring now ~ Figs. Sa to 6e of the drawings, there will be described a protocol according to which 
data is communlcaied between the station 1 and the data carrier 2. The dafa to be transmitted is organized 

so into words, each of: which starts wiUl a reference bit having a predetermined time period and Is followe~ by 
a plurality of bits cf_rreaponding to the actual data~ and each having a respective time period corresponding 
to the logic: level "8sociated lherewl1h. Thus, the pulse width for logic "O" la equal to T, whilst tha pulse 
width for logic .. , " Is equal to 2T. 

. Fig. Ga al'\ows ~· form of a conttol signal p~lse train. applied to the AND gate 21 by the microcomputer 
H 8 (see Fig. 2) for transmitting the data word 001101 (binary) from the station 1 to tne data carrier 2. At the 

beginning of the P'!ilse train, a ·reterence pulae having a pulse width of 1 t T la transmitted. The next two data 
bits, corresponding to logic 110" are tranamlited, each having a putse width of T. whilst the next two data 
bits, correspondinq to logic •1 • are transmitted, each having a pulse width of 2T. The next two data bits. 

8 
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corresponding to lo~lc "D" and logic "1 ", respeCtively, are transmitted having pulse widtt1s of T and 2T. 
respectively: ihe p~lse train sl'town in Fig. ea is decoded by the microprocessor 15 Within the data carrier 2 
simply by compari~g the width of lhe reference put~ with the respective widths of each subsequent data 

pulse. . ~ · .. 
If -the width of the data pulses Is less than the width of the reference pulse, this corresponds to logic 

, "O'', whilst if tne opposite is true and the width of the data pulse exceeds the width of the reference pulse, 
this corresponds to logic "1 " . 

. When it is desi~ed to transmit data from tf'le microcomputer 8 within the station 1 to the data carrier 2, a · 
control signal supplied by the microcomputer 8 to the AND gate 21, switches the transmitter 3 off and on· as 

to seen In Fig. 6b wh~ch shows the resulting Signal generated thereby. Fig. Sc showa the form of the voltage 
induced withln the Juned antenna circuit 10 in the ·data carrier 2, from which it will be seen that the Induced 
voltage falls to ieroj whenever the station transmitter 3 is deactuated under control at the microcomputer 8. 

Fig. Sd shows i the DC level of the positive· supply rail Vcc2 corresponding to the deactua.tlon and. 
subsequent re·enerl,gization of the station transmitter 3. It will be rioted that the smoothing capacitor 49 (He -

1s Fig. 3) is sufficiently large that there is only slight discharge of the smoothing capacitor 49 during those 
J)eriods when the •tation transmitter 3 is deactuated. thereby ensuring an uninterrupted aupply of power tci 
the data carrier 2. ; . 

Fig~ 6e repres.nts the output of the detector 18 shown in Fig. 3, from wh~h. ie. will be seen that the 
output of the deteQtor 18 follOWs the envelope of the voltage induced within ~e tuned antenna circuit 1 O of 

20 the data carrier 2 ·shown in Fig. 6c. The discharge RC time constant, determined by tf'le values of the 
capacitor 80 and t~e resister 61, Is short compared to the minimum.pulse period T. Ttte recharge RC time 

. cqnstant of the ctpacitor 60 is determined mainly by the .value of the reSistor 59 and i$. substantially 
instantaneous. 

It will .be unde)'stood that if, on· average; the number of logic ·"Q" .bits equals the number of logic "1" 
2s bits, then the ave~ge data pulse wldtl'I is equal to 1+T. which results In faster data transmission tttan that 

achieved with the well•known Manchester code, whose constant pulse width is equal to 2T. 
· More importa~tly, such a l)l"Otocol obviates the need tor very precise time reference within the data 

carrier 2. since it .,ables reliable communication between a receiver and a transmitter having unrelated and 
different ·time bases, thereby rendering the resultant -crystal free data carrier 2 both less expensive and 

30 rrtore robust. I · . 
· In the commufiicaeiona. protocol described above with reference to Figs. ea to 6e of the drawings. the 

reference bit and ~he data. bits are defin$d as the time period between successive logic changes. Thus. Jn 
Fig. ea, the refer~nce pulse commences when ttie logic level changes from HIGH to LOW, whilst the first 
data, bit commen~s whftn the logic level changes State from LOW to HIGH, and so on. 

Referring to Rgs. ?a to 7e of the draWin;s. there will now be described an alternative communications 
protocol for transrttitting data from the station 1 to the data carrier 2, and wherein the reference bit and each 
of the data bits a" defirJed as the time period between successive pulses. 
. Fig. 7a show~ the control signal developed by tlile microcampujer 8 within rhe station 1. It wlll be seen • 
that the logic lev•I of the control signal is normally HIGH except when a stiort pulse is generated by the 

40 microcomputer 8 lwhen the logic level goes LOW for the ·time duration of the pulse. The first two pulses in 
the control pulse ~ain are spaced apart In ~me by a period of 1 t T end define a HIGH logic level reference 

· . bit having a time ;period equal to 1 l T whUst the remaining pulses In the control pulse train show the control 
pulses which mJst be generated by the microcomputer B ln order to transmit the data word 001101 
(binary). The firs.t lWO bits of data corresponding ta logic '"0" are represented by data pulses having 

•S reSpectlve time ~eriocls both equal to T thereby requiring that ShOrt pulses be transmitted at the end of 
succeasive lime (ntervats, each equal to T. The nexi two bits of the data correspond to logic "1 ", requiring 
that the next two ;control pulses are generated by the mlcrocomp"1er 8 after further respective tirrie interval 
equal to 2T. The: next data bit corresponds ta logic "O", requiring that 1he ne>d pulse is generated after a 
further time interYal equal to T, whilst the final data bit, corresponding ta logic •1•, requires that a further 

so pulse Is genera~ after a time interval of 2i. 
Fig. 7b sho~ the resultant voltage generated by ·the tf oscillator 20 (see Fig. 2), from which it will be 

seen that a conlrant amplitude signal Is. generated ·except during tttose brief periods when the mlcrocom~ 
puter 8 sends a!control pulse far disabling the AND gate 2' 1hown tn Fi;. 2. Fig. ~c 1hgw1 the voltage 
induced within ff1e tuned antenna circuit 10 Of the data carrier 2 and corresponds in shape generally to the 

55 wavefcrm showtj in Fig. 7b. Unlike the situation shown In Fig.·. ec, where a change in voltage output· 
corresponding td, the station transmitter 3 being either actuated or deactuated represents the start or end or 
a logic: pulse, ill! Fig. 7c a signal is continuously Induced within the tuned antenna circuit 10 in tne data 

J--- carrier 2 e:itcept ~uring the very brief time interval when a control pulse la generated by the mi~eomputer 
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S In the &tation 1 • : . 
· Fig, 7d shows the DC voltage le'lel pr_oduced 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 time 
I 

intervals when a pu1;e is generated by the microcomputer 8. · · 
s Fig. 7e shows trie data signal detected by the detector 18 in the data carrier 2 consequent to the control 

signal shown in FiQ. ?a being generated by the microcomputer 8 within the station 1. This, of course, 
corresponds to the •ata signal transmitted by the station microcomputer a. 

Referring to Fil. 8 of the drawings there will now be summarized the princlp•I steps required for 
decoding a data ~gnal transmitted according to the communications protocols described above with 

10 reference to Figs. 81 and 7 Of the drawings. At the start of the procec:lure a reference bit is received which is 
followed by one or !more sequences of data bits. The end Of. each sequence of data bits is signalled by a 
stop signal. The tirtje· periods of the reference bit and each of the data bits are stored in a temporary buffer 
tor subsequent p~ssing. 

, The stared dat; is processed by comparing the time p~riod of each data bit with the time period Of the 
fs reference bit, a da1a bit being designated logic "O" if its time pericd ls less than that of the reference bit 

and as logic "1" qtherwise. The procedure is repeated in like manner until all the stored· data has been 
processed. 

It should be noted that whilst, irt the preferred embodiment the porta~le data carrier is powered by 
means of energy· tr'-ansmltted from the st~tion. it can equally well ~ self·powered since the manner in which .• • 

10 the data carrier re~elves power Is not itself a feature of the invention. Likewtse. it should be understood that ·. · · ·.• 
whilst the preferre~ embodiments relate to bi·directional communication between the station and the data 
carrier, this also isinot a characterizing feature of the Invention whose principal novel feature resides In the 
provision of a matthing circuit in· the station for ensuring that the output impedance seen by the antenna 
remains conitant .l-egardless of the length o1 cable connecting the aotenna to the transmitter within the 

as station. l 
A subsidiary feature of the invention resides in the communications protocol for transmitting data 

between the statioh and the data carrier which results In e falter averege transmission rate than is available 
with hitherto p'rop~sed systems. 

In the preferrfd embodiments. ~e reference bit and the da\$ bits are defined as the time periods 
30 between either s~ccessi\le logic changes or between successive pulses. However, the logic changes or 

pulses need not f>e successl\le providing only that 1he decoder within the receiver employs exactly· the 
same protocol as the transmitter; 

· It should also ibe no~ that, whilst in the preferred embOdlments, the clrrier signal received by the data 
carrier tuned antepna circuit is madulat6d in response to data generated by the data carrier by decoupling 

3s the tuned anten'* .circuit from the pawer supply, modulation mily also be effected by loading the data 
carrier tuned Brlteflna circuit as described in any of the prior art references discussed above. 

Furthermore. ialthough ·the preferred embodiments have been described with reference to a portable 
data carrier. it wl)I be appreciated that the Invention may be equally employed within more general data . 
transfer systems. ! . 

40 For example,: in a restricted access system, an access code may be pre•stored within the memory of 
the data carrier !SO as to · permit restricted access to the owner of the data carrier dependent on the 
particular code sti>red tnerein, • 

A further us~ tor the invention Is a manufacturing system In which e•ch workpiece carries a marker 
corresponding to! the data carrier of the Invention. The marker Identifies the workpiece and also permits a 

45 record of each njlachlning operation, for example. to be written to the marker so that it contains an uo-to· 
date record Cf a~ ope(ations performed on the workpiece. This permits manufacturing data associated with 
the workpieces lo be proc:esse~ during manufacture and, since the data ~ansfer Is effected without 
contacting the workpiece. the manutacturtng process does not require halting for the transmission of data. 

Other uses 1•r the Invention include shop inventory control systems where goods· carry appropriate tags 
so each storing thetein corresponding order codes, storeroom codes, cost and retail prices, and so on. At the 

checkout counter. a non•conta~ reader automatically reads and processes the data stored within the tags 
as the goods ~"· 10 that invoice• can be prepared automatically without the need to enter codes 
manually. This npt only results Jn a much faster throughput of g00d1. bl.it alto pr1v1nt11rror1 rtaultlna tram 
ttle Incorrect m.,,ual entry of price codes, Furthermore, storeroom data Is a!Jtomatically updated .permitting 

ss automatic reo~nng of goods when the remaining quantity falls below a predetermined threshold; 
Other uses ~or the invention will be apparent to those skilled in the art and include colnless public 

telephone sys.tel!ns. autOmatic personnel time card systems and so on. 
I 
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1. A iystem for non~coritact rransmissiori of data between a station (1) and a ponable data carrier (2). 
wherein the station (1 > comprises: 

a station tran8'nitter (3) operating at predetermined frequency for generating a first signal, and 
a receiver (7) ~or receiving a second eignal superimposed on the first signal: 
and wherein the portable data carrier (2) comprises: · 
supply meanS. (13) for coupling to a source of electric power. and 
a data carrie~ modulator (14) for mOdulating the first sigrtal with the second signal in response to 

first data generat+d by the data carrier (2) by· means of said inductive coupling, and thereby enabling 
the first data to b+ transmitted from the data carrier (2) to the station (1 ): 

CHARACTERIZED IN THAT: 
the station (1 i further includes: 
a matched station antenna (5) coupled via a length or cable (4) to the station transmitter (3) so as to 

be operative at s.ld frequency regardless of the length of cable: and 
the portable etata carrier (2) further ineludes: 
a tuned ante;nna Circuit (10, 66} inductively ·coupled with the station antenna (5) so as to receive 

therefrom an ind~ced signal. .• . 
aa 2. The system acc~rding to OJ~im 1, characterized in that the tuned antenna ci;euit (10) comprises a 

resonant circuit (h 2) tuned to the· frequency Of the first Signal. 

25 

I 

I • 

3. The systern acdordlng to Claim 1, characterized in that the tuned antenna Circuit (55) comprises a 
matched antenn+ circuit (88) so as to m&ldmb:e antenna efficiency.· 

4. .The system accbrding to any of Claims 1 to 3, characterized In that the supply means (13) is coupled 
to the tuned antenna Circuit (10) and Is responsive tO the induced signal for supplying electric power to 
the data carrier (2). • 

30 · s. The system ac*rding to any of Claims 1 to 4, characterized in that the station (1) further includes; 
a station CC)ntrol circuit (9) far deactuating the station transmitter (3) In response to second data 

stored in the station (1).and, by means.of said inductive coupling, deactuating the signal induced In the 
. data carrier tumld antenna circuit (1 o, SS)~ · · 

and the d~a carrier (2) further Includes. a detedar (18) coupled to the data carrier wned antenna 
:is circuit (10, 55) ~or detecting lhe state of the induced· voltage of the dati carrier wned antenna circuit 

(10, 55), 
a logic circjJit (15) caupled to the detector (18) and responsive to said state, whereby an output of 

the logic circui~ (15) corresponds to the second·da~a. and . • · 
means for coupling the output of the logic circuit (15) t.O a memory (16) within the data carrier (2} 

· ~ so. as to store q,e second data therein. · 

6. The system according to any Of Claims 1 to 5, characterized In that the data carrier modulator (14) 
comprises a dpupling means (48) for decoupllng tne tuned antenna circuit {10, 55) in response to the 
first dara there~y modulating the first Signal with the second signal. · 

I 

7. The system af:Cording to any of Claims 1 to 6, characterized in that the data carrier modulator (14) 
· comprises .a IOacling circuit far loading the tuned antenna circuit In response to the first data thereby 
modulating 1h~ first signal with· the second signal. 

so a. . A method for· jtransmltting data from the data ca"ier (2) to the station (1), in the sy~m according to 
any ot Cl~ms; 1 ro 1, characterized by the steps of: 

tranamlrtl~g a lo;ic reference bit having a predetermined time period, 
transmltti~g a plurality of bits corre1pond1ng to 11ld data and having re1pective time p1rlod1, 
comparin9, for each of said pluraHty of bits. the respective time period with the prederermined time 

ss ·period of thej logic refererice bit and assigning a respective !ogle level according to whether the 
respecth1e tirtje period is greater than or less than the predetermined ~me period. 

8. The method •ccording ta Claim 8. characterized in that the reference bit or each of the plurality of bits 

11 111111111111111111111111111111 
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10. The method ad.cording to Claim e. characteriied in that the rtfere~ce bit or each of. the plurality of bits 
are defined as the time period between logic changes. 

11, A data carrier (!2) comprising: · 
supply mejans (13) for coupling to a source of electric power. 
a tuned antenna circuit (1 o. 65) for receiving and transmitting a first signal having a predetermined 

frequency, and . 
10 a modulaipr (14) for modulating the first signal with a second signal corresponding to· data to be 

25 

30 

35 

40 

46 

60 

55 

transmitted frotn the data carrier (2) to a remote receiver (7) tuned to said predetermined frequency; 
CHARAcT;EFUZED IN THAT: 
the modu~tor (14) includes a decoupJlng means (46) for decoupling the tuned antenna circuit ('10, 

55) In respons~ to the data generated by the data carrier (2). 

12. A method tor '.transmitting data between a transmitter {1 , 2) and a receiver (2, 1 ), characterized by the 
steps of: · 

transmitti~g a logic reference bit having a predetermined time period, 
transmittii;g • plurality of bits corresponding to said data and having respective time periods. and 
compann$. for each of said plurality of bits, the respective time period with the predetermined time 

period of the! logic reference bit and assigning a respective logic Jevel according to whether the 
respective time period is greater than or less than the predetermined time period. · 
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