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No provision, however, is made in such an arrange- mentto regulate the
amount of powerthatis delivered This Invention relates to power transfer
arrange-  to the card. The proper positioning of the PDC in the ments and
methods for magnetically coupling a pre-  reader/writer unit is of some
significance in this determined amount of power across an interface.  5
regard; equipment tolerances and variation in air Personal Data Cards
(PDC), also known as       gaps among different PDCs may cause too little
ortoo Smart Cards," are devices that include one or more  much power to be
transferred to the card. Too little microelectronic chips embedded in a
piece of plastic  power would not activate the circuitry while too much
about the size of a conventional creditcard. Typically,  power would damage
it. Another general concern is the chips include a microprocessor to
perform com-  10  the need to determine whether a conventional credit
puting operations and some form of memory, such as  card or a PDC Is being
inserted into the reader/writer an EEPROM, for storage. Such cards may be
used,    unit without requiring the card holder to enter such for example,
In a manner similar to a "debit" card for  information. long distance
telephone calls, retail store purchases  Accordingly, it is desirable that
a card and automatic banking machines. Other uses include   15
reader/writer unit be able to distinguish the type of personal
identification and general data storage   card (conventional or PDC) that
Is Inserted therein. It which may be modified from time to time by the card
is similarly desirable that the card reader/writer unit holder or the card
issuer. Background material for  consistantly transfers a predetermined
amount of such cards can be found in an article entitled "Smart  power to a
PDC, inserted therein regardless of card Credit Cards: the answer to
cashless shopping"  20  warpage or Improper alignment between the PDC and
published in the February, 1984 issue of IEEE Spec-  the unit. trumat pages
43-49 ; and in an article entitled "Smart  EP-A-0016537 discloses a
transformer-coupled, Cards" published in the November, 1985 issue of Sci-
DC-to-DC converter that regulates the amount of entific American at pages
152-159.                 power delivered to a load impedance in the
secondary Power transfer to the PDC is conventionally  25  circuit. A
network is positioned within the primary cir- achieved via metallic
contacts which, unfortunately,  cult that has an Impedance characteristic
which is are subject to oxidation, corrosion, and the deposit of  similar
to the secondary load Impedance. Current flow surface contaminants that may
increase ohmic resist-  through this network is measured and used to regu-
ance In one situation, or create a short circuit between  late the duty
cycle of a DC voltage applied to the trans- adjacent contacts in another.
Such metallic contacts  30  former primary winding. need to be electrically
and mechanically rugged to    According to one aspect of this Invention
there is provide reliable results over their expected lifetime.  provided
an arrangement as claimed in claim 1. One solution to this general problem
is disclosed  According to another aspect of this invention In U.S. Patent
4,480,178 issued October 30,1984 to  there is provided a method as claimed
In claim 5. R.R. Miller II, et al for a "Tuning Arrangement for inter-  35
In an embodiment of the invention for magneti- facing Credit Card-Like
Device to a Reader System,"  cally coupling a predetermined amount of
electrical assigned to the assignee hereof and Incorporated   power to a
load Impedance contained on a Personal herein by reference. The reference
discloses an    Data Card (PDC), a power amplifier, driven by an
arrangement that provides operating power to the   oscillator, Includes a
variable voltage source and Is PDC through a capacitive interface. A
variable induc-  40  connected to a first coil thatoperates as a
transformer tor automatically tunes a power transfer circuit to  primary
the transformer secondary being another coil resonance and thereby
maximizes power transfer to   located on the PDC. the card.
There is provided an apparatus for measuring the Unfortunately, the size of
the capacitor plates limits  magnitude of current flow through the first
coil and the the amount of power that can be transferred to the   45
magnitude of the variable voltage source. The product card.
of these magnitudes forms a measure of generated An improved technique for
transferring power to  power. Apparatus is provided for storing the the PDC
is disclosed in United States patent appli-  measured power and for
detecting the presence or cation Serial No.664,555 filed October25,1984 in
the  absence of a card so that power might be measured name of R.L.Billings
for a "Flexible Inductor," assig-  50  both with and without the load
impedance present. ned to the assignee hereof and corresponds to EP-A-
Apparatus is also provided for calculating the differ- 180 380 published on
may 7, 1986. This application  ence between the power with and without the
load im- discloses a card having a flexible coil and a flexible  pedance
present, and forvarying the magnitude of the ferromagnetic member which,
when inserted into an  variable voltage source until the power difference
is associated card reader/writer unit, inductively coup-  55  substantially
equal to the predetermined amount of les to a transformer primary so that
the coil in the PDC  electrical power. Through this arrangement, regulated
operates as a transformersecondary and, in that role,  power may therefore
be supplied to a PDC with mini- receives electrical power from the
reader/writer unit.  mum power dissipation on the PDC itself. The oscil-
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lator used in connection with the power transfer also  rent drive measured
by current monitor 120. conveniently provides the required timing to the
PDC.  Before PDC 200 is inserted into the reader/witer The Invention will
now be described with refer-  unit, processor 310 causes variable voltage
source ence to the accompanying drawings, in which:      320 to apply a
sequence of stepped voltage levels to FIG. 1 Illustrates, in block diagram
form, a regu-   5   primary coil 101 and store in its memory the measure
lated power delivery system embodying the      of a quiescent DC current
drive associated with each Invention for a contactless data card;
of the stepped voltage levels. After PDC 200 Is inser- FIG. 2 discloses
schematic details of the regu-  ted into the reader/writer module,
processor 310 lated power delivery system generally illustrated  causes
variable voltage source 320 to Increase the In FIG. 1; and
10  voltage applied to primary coil 101 in a similar sequ- FIG. 3 and 4
depict a flow chart that Illustrates the  ence of stepped voltage levels.
Thereafter, current particular operations performed by a microp-   monitor
120 measures the DC current drive through rocessor to implement the
invention.           primary coil 101 and presents that measurement, In
FIG. 1 generally illustrates, In block diagram form,  digital form, to
processor 310 where it Is stored In a power delivery system for an
electronic transaction   15  association with the particular primary
voltage that card, also referred to as a Personal Data Card (PDC).  caused
It to flow. A measure of power is then calcu- PDC 200 is intended to be
inserted into a card    lated from the product ofthese currents and
voltages. reader/writer unit (receptor) designed to transfer data  For each
of the stepped voltages a power difference to and receive data from the PDC
by way of electrical  is also calculated between the measured power with
signals. PDC 200 is similar in appearance to a con-  20  and without the
PDC inserted. This power difference ventlonal credit card in that it is
made from an opaque  corresponds to the amount of power actually deliv-
plastic material and Is of approximately the same  ered to the PDC. When
this amount exceeds a pre- dimensions (85.7 x 54 x 0.78 mm). PDC 200
further  determined threshold the stepping process is Includes the full
power of a microprocessor and   discontinued, and the voltage presently
being applied associated memory-integrated circuits that are  25  to
primary coil 101 is fixed until the PDC is removed embedded within the
plastic of the card and require  from the reade/writer unit. After removal
of the PDC, power in order to operate. Although a number of   new quiescent
values of power are calculated. techniques exist for providing power to
such circuits,  Referring now to FIG. 2, oscillator 110 supplies a the
present Invention discloses an apparatus and   1.8432 MHz square wave to
transformer 137 through method for delivering only a predetermined amount
30  a preamplifier comprising components 131-136. In across a contactless
interface. FIG. 1 focuses on the  the preamplifier, resistor 132 provides
bias stabili- power transfer from the reader/writer unit to the PDC.
zation and sets the emitter current while capacitor 133 Aspects such as
data transfer between the PDC and  Is an associated AC bypass. The
preamplifier's the reader/writer unit are not discussed herein.  square
wave output Is converted into a sine wave by PDC 200 Includes a number of
circuits that  35  the primary of interstage transformer 137 which Is
require power in order to operate and are collectively  resonated by the
Input capacitance of the drive field represented by block 220. Inductive
device 201    effect transistors (FETs) 141-142, reflected back to includes
a flexible coil and a flexible core piece. This  transformer 137, and
capacitor 136 In parallel with the inductive device forms a secondary coil
of a transfor-  transfonner primary. Resistor 135 provides a fixed mer
which cooperates with primary coil 101 located In  40  output impedance
that prevents shorting of the tank power delivery system 100 of the
reader/writer unit.  circuit (from an AC standpoint) when transistor 134 Is
Rectifier 210 operates to convert AC voltage into DC  on. Transformer 137
Is designed to step up the volt- voltage; such rectifiers are well known
among those  age by a factor of four and it is center tapped to split
skiiled in the art. Reference clock 230 extracts timing  the output into
two signals-180 degrees apart. from the AC voltage delivered to inductive
device 201   45  The drive circuit of the power amplifier consists of and
generates a clock signal for use by the circuits  the two FETs, 141-142,
arranged as a push-pull, class designated 220.
B amplifier. Tuning capacitors 144, 145 and resistors The portion of the
reader/writer unit that operates  143, 146 and 123 are used for wave
shaping. The to power the PDC comprises power delivery system   push-pull
configuration is used to obtain a larger 100 and power regulator 300. Power
amplification cir-  50  peak-to-peak output swing from the fixed supply
than cult 130 is driven by oscillator 110 and in turn drives  would be
possible with a single device amplifier. primary coil 101. Voltage Is
supplied to primary coil  Theoretically, a peak-to-peak swing of four times
the 101 In a center tapped arrangement fed from variable  supply voltage
can be obtained when the output coil voltage source 320. Current monitor
120 measures  Is resonated. Obtaining this output swing is important the DC
current drive that flows through primary coil  55   because it allows the
primary to have more turns for 101. Processor 310, among other things,
controls the  the same voltage output atthe secondary. This In turn primary
voltage level, [err], applied to the center tap of  lowers circuit Q, and
consequently circuit losses. The primary coil 101 and stores in its memory
the DC cur-  peak swing on each FET gate can be as high as 18 3    5
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volts In the present circuit. This swing Is intentionally  sense when a
card is present and whether it is fully made high to insure that all
devices will turn on hard,  inserted Into the reader/writer unit. These
sensor cir- thus reducing the variation of "on" channel resistance  cults
are identical, and use a slotted optical switch that might be encountered
over various devices If a  with mechanically activated interrupters. The
aper- low drive level is used.                      5   ture dimensions of
the optical switch (MST9230), FETs 141, 142 have a [err] of 2 to 4 volts,
and an  used In the preferred embodiment of the invention, "on" channel
resistance of 2.4 ohms max. The gate   are 20 mils wide by 60 mils high.
The mechanical drives are provided by a center tapped transformer  design
insures that the aperture Is either completely output, from the predrive,
with the center tap DC  blocked or completely opened when a card is
inserted biased at 1.8 volts nominally to reduce deadband dur-  10  or
withdrawn, respectively. Each time a card Is with- ing transition
Intervals. A voltage divider comprising  drawn from the card slot (denoted
by the return of the resistors 138, 140 along with filter capacitor 139
pro-   "card In" sensor to a high state) processor 310 vides the necessary
bias.                          enables counter 321 and sends a sequence of
15 Capacitors 144, 145 are used to resonate the    pulses to the counter to
increment the primary voltage primary coil 101. Without definite tuning,
the primary  15  to maximum. The drive current that flows in primary would
be excited at its self-resonant frequency and  coil 101 is measured by A/D
converter 121. Processor produce severe ringing which would create the pos-
310 then stores the value of quiescent drive current sibility of false
clock pulses appearing on the secon-  for each step of primary voltage;
quiescent power dary. Tuning also makes the primary circuit look like
being measured when no card is inserted in the a "real" load to the drive
circuit, thus greatly reducing   20  reader/writer unit. reactive current
components In the drive and the      When the card trips the "card fully
inserted" sen- associated losses. The tuning capacitance is split bet-
sor, a measurement of minimum current flow in prim- ween capacitors
144-145, each having double the     ary coil 101 Is made. Processor 310
then compares required value of capacitance and placed In series  this
current flow with the stored value of current flow across the primary
halves. This provides a smoother  25  In the primary coil without the card
Inserted. If the dif- and more symmetrical output waveform than a single
ference is greater than a predetermined threshold, capacior placed across
the entire primary coil 101.  then the card is considered to be a PDC and a
clamp It is important to acquire a measure of the drive  is activated to
hold the PDC in place. The predeter- current flowing though coil 101 so
that an estimate of  mined threshold is a variable, stored in memory, that
power consumption can be made. Since all current  30  can be assigned any
value. that passes through the coil also passes through      Before damping
the PDC, processor 310 trans- resistor 125 located in current monitor 120,
the DC  mits one more pulse to counter 321 which rolls it over voltage
across resistor 125 Is proportional to the drive  to zero and sets the
primaryvoltage to minimium. After current. Resistor 125 serves as the drive
current  the card is clamped, processor 310 measures the sensing resistor
as well as a source degeneration   35  active current [err] flowing in the
primary coil. The resistor for drive FETs 141, 142. The voltage across
value of quiescent drive current [err] for that value of resistor 125 is
filtered by resistors 122, 123 and  primary voltage is recalled from memory
and subtrac- capacitor 124. Analog to Digital (A/D) converter 121  ted from
the value obtained with the card clamped. is a device used to convert an
analog voltage, present  This change In current is multiplied by the
primary at its input, into an ordered sequence of 8 binary vol-  40
voltage and by a correction factor, whose values are tages at its output.
The analog voltage referred to is,  stored in ROM, to determine the power
being deliv- of course, the voltage across resistor 125 after filter-  ered
to the PDC. If the calculated card power is below ing. A clock signal of
153.6kHz Is applied to Input 402  a predetermined threshold (200 mW for
example), of A/D converter 121 enabling it, In conjunction with  then the
processor Increments the primary voltage, the reference voltage on input
401, to step through a   45  measures the drive current, repeats the
calculations, series of successive approximations. Processor 310  and again
checks for proper level in the card. Once initiates the conversion process
over leads desig-  the power being drawn by the card exceeds the pre- nated
403. A/D converter 121 presents its output data  determined threshold,
processor 310 holds the prim- to processor 310 as a serial bit stream over
leads 403  ary voltage at that value until the card is removed; with the
Most Significant Bit (MSB) presented first.  50  thereafter, processor310
re-measures and stores the AID converter 121 is a conventional 8-bit serial
con-  quiescent drive current at all primary voltage levels. verter such as
the ADC 0831 available from Texas      Counter 321 accepts pulses from
processor 310 Instruments.                                       over lines
406 to generate a parallel binary output sig- Processor 310 Is an 8-bit
microcontroller, such as  nal on lines 407. An acceptable device is a 4-bit
binary the Intel 8051, that controls A/D converter 121 and   55  counter,
such as the 74LS93, that generates sixteen power regulator 300 to determine
if an inserted card  different states. Quad comparator 322 compares is a
PDC, and to set the power transferred to the PDC  binary signals present on
lines 407 to reference vol- to the proper level. Optical detectors are used
to  tages on lines 408 to drive four "open collector" tran- 4    7
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sistor circuits at its output. These output signals gen-  rent calculation.
The reader/writer unit may be equip- erally operate as switches between
resistors 323-326  ped with a solenoid that damps the PDC in place. and
ground. A suitable device is the LM339 which is  Step 609 causes this to
occur and simultaneously available from a number of manufacturers. A sequ-
sets n = 0 so that active current measurements for once of sixteen
different voltages are thus presented   5   various primary voltages, can
be commenced. Step to the inverting input of amplifier 330 and compared
612 measures and stores the value of drive current with a reference voltage
present on its non-inverting  [err] that flows in primary coil 101 for each
value of n. input. The reference voltage Is formed by a well-      Step 613
calculates the power that Is actually known configuration comprising series
dropping     delivered to the PDC, for each new value of n, as the resistor
501, Zener diode 502, and filtering capacitor  10  product ofthe difference
currents indicated and a volt- 503. A value of 1,235 volts is used in the
preferred  age [err] stored in ROM. This product Is then multipled
embodiment. The various voltage levels emanating   by a correction factor
C.F. that is experimentally from amplifier 330 ultimately control primary
voltage  determined, stored in memory, and used to achieve [err] on lead
409 via pass transistor 335. In the preferred  correspondence between
mathematical calculations embodiment, the power regulator is set to step
from   15  and actual power measurements. The correction fac- 6.75 to 10.5v
In equal Increments. Resistor 328 pro-  tor is a system constant that
accounts for Inherent vides negative feedback to amplifier 330 and main-
measurement inaccuracies, flux leakage, etc talne bias stability. Since
primary voltage [err] is     When the power delivered to the PDC exceeds a
supplied to the preamplifier as well as the power  predetermined threshold,
stored In ROM, steps 615- amplifier, the effect of variations in [err] are
multiplied.  20  616 provide an indication that data transfer between
Capacitor 337 provides filtering for [err].           the reader/writer
unit and the PDC may commence Referring now to the flow chart of FIG. 3 and
4,  until the card is removed. If, however, the power dell- steps are set
forth that provide the basis for a simple  vered to the PDC is less than
the predetermined computer program to perform all necessary tasks of
threshold, step 617 Increases the value of [err]. hence processor 310 In
controlling power delivered to the   25  the primary voltage, and repeats
the measurements PDC.                                               of
steps 612 and 613. Initialization sequence 600 Is designed to estab-  In
the event that the power being delivered to the lish a table of quiescent
currents that flow in primary  PDC is still less than the predetermined
threshold coil 101 when the PDC is not inserted in the       after the
maximum primary voltage is applied, steps reader/writer unit.
so  618 and 619 provide a default state whereby a mag- Step 601 sets n = 0.
This value of n is thereafter  netic stripe card is assumed. Normally, step
610 used by the 4-bit binary counter 321 to produce par-  would have
detected this condition. allel binary digits "0000" at its output and
ultimately  When the card is removed, initialization sequ- provide the
minimum primary voltage level-previ-   ence 600 Is repeated to accommodate
any drift In ously selected to be 6.75 volts in the preferred embo-  35
quiescent currents from day to day due to equipment diment. Step 602 is the
current measurement step in  wear, temperature  variation, and  unforeseen
which AID converter 121 provides a measure of the  changes. quiescent
current low associated with a particular    The above-described invention
thus provides a value of n and is designated [err].                 method
and apparatus for delivering a predetermined Steps 603 and 604 setup aloop
whereby 16 total  40  amount of power to a PDC. Advantageously, power
values of quiescent current [err] are measured  regulation  is
accomplished  within  the  card and stored in a RAM.
reader/writer unit so that regulator circuits and their Once a card is
fully inserted, as indicated by a  associated power dissipation are
eliminated from the sensor on the reader/writer unit, a maximum active  PDC
itself. As an added advantage, monitoring the current is measured (i.e.,
the current that flows in  45  amount of power transferred provides an
ability to dis- primary coil 101 when [err] is at its maximum level).
tinguish between various types of cards (e.g., PDC or Steps 605 and 606
perform this task. Step 607 calcu-  conventional credit cards). This is
useful in two ways: lates the current delivered to the card [err] as the
dif-  (i) it provides an ability to be compatible with conven- ference
between the maximum active current [err]  tional credit cards and (ii) it
provided a means for dis- and the maximum quiescent current [err]. If this
deli-  50  tinguishing among future "smart cards." vered current [err]
exceeds reference current [err],   Although power regulation is well known,
the pre- stored in memory, then it is assumed that the Inserted  sent
invention provides a unique way in which to card is a PDC ; otherwise, a
magnetic stripe card (that  achieve it across a contactiess Interface ; and
while a does not draw current) Is assumed. Step 608 defines  specific
embodiment is disclosed, it is understood that the measurement, and steps
610, 611 are self exp-  55   various modifications are possible. One
modification lanatory.                                          is the
elimination of quiescent current measurements Step 609 is invoked when it
is determined that the  each time a card is removed from the reader/writer
inserted card is a PDC-based on the delivered cur-  unit. Instead,
estimates of quiescent current are 5    9                  EP 0 262181 B1
10 



stored in memory that have been selected as rep-   same into an ordered
sequence of binary digits, mem- resentative of the particular reader/writer
unit design.  ory means (310) for storing ordered sequences of Another
modification is the elimination of the microp-  binary digits representing
the magnitude of the volt- rocessorand digital memory. Instead, an analog
feed-  age source, the predetermined quantity, the mag- back circuit,
responsive to current flow in the primary   5   nitude of the current
flowing through the primary coil, coil, is used to control the variable
voltage source.  the magnitude of the predetermined amount of elec- System
parameters that are expected to exhibit mini-  trical power, and the
measure of delivered power, and mum variation over the lifetime of the
reader/writer  microprocessor means (310), responsive to said unit, such as
quiescent currents, are accommodated  ordered sequences of binary digits,
for regulating the by adjustable components In the feedback circuit that
10  magnitude of the voltage source and, thus, the are fixed at the time of
manufacture.             amount of power being delivered to the load Im-
pedance. 4. An arrangement as claimed In claim 1, 2 or 3 Claims
wherein the time varying signal is a reference clock for 15  the load
impedance. 1. A power transfer arrangement for magnetically    5.A method
for magnetically coupling a predeter- coupling a predetermined amount of
electrical power  mined amount of power across a dielectric interface from
an amplifier (130) to a load impedance (200)  from a primary coil (101) In
a station apparatus (100, across an electrically contactless interface, the
300) to a secondary coil (201) embedded in a mov- amplifier being
electrically connected to a primary coil  20  able electronic transaction
card (200), the primary coil (101) which primary coil connects a voltage
source  being connected to a variable voltage source (320), (320) to a
semiconductor device (141, 142), the semi-  CHARACTERISED BY conductor
device serving to regulate the current flow  measuring the magnitude of
quiescent current flow through the primary coil in response to a time
varying  [err] in the primary coil for each of n voltage source signal, the
arrangement including means (120) res-  25  magnitudes [err] when the
secondary coil is not in the ponsive to the magnitude of the current
flowing    proximity of the primary coil; and, when the secon- through the
primary coil for generating a voltage pro-  dary coil is in the proximity
of the primary coil; portional thereto, and CHARACTERIZED BY multi-
(i) Initializing n = 0 plying means (310) jointly responsive to said
(ii) setting n = n + 1 proportional voltage and to the magnitude of the
volt-  so  (iii) measuring the magnitude of current flow [err] age source
for forming a product therebetween, sub-    in the primary coil for the
voltage source mag- tracting means (310) jointly responsive to said
nitude [err]; product and to a predetermined quantity for forming a  (iv)
calculating the quantity; difference therebetween to create a measure of
power delivered to the load impedance, said predeter-  35      [err] mined
quantity being proportional to the powergener- ated by the amplifier when
the load impedance is not magnetically coupled to the primary coil, and
means   where K is a predetermined scaling factor; (310,321,
322,330,332,335) for varying the power      (v) comparing [err] with the
predetermined output of the amplifier until the delivered power is sub-  40
amount of power; and stantially equal to said predetermined amount of elec-
(iv) repeating steps (ii) to (v) until [err] exceeds trical power.
the predetermined amount of power. 2. An arrangement as claimed in claim 1
including   6. A method as claimed In claim 5 wherein the sta- means for
detecting the presence of the load im-   tion apparatus includes means for
detecting the pedance In close physical proximity to the interface  45
removal of the electronic transaction card from the and for providing an
indication thereof, means (310)  station apparatus, and the method includes
measur- responsive to the removal of the load impedance from  ing the
magnitude of current flaw in the primary coil at close physical proximity
to the interface for commenc-  each of n values of voltage source level,
and replacing ing a measurement of power generated by the        the stored
values of quiescent current flow [err] with amplifier, and memory means
(310) for storing said  50  the measured magnitudes of current flow in the
prim- predetermined quantity and replacing same with the  ary coil each
time the electronic transaction card Is measured powergenerated bythe
amplifier each time  removed from the station apparatus. the load Impedance
is removed from close physical proximity to the interface. 3. An
arrangement as claimed in claim including  55   Patentansprtiche
analog-to-digital converter means (121), responsive to said voltage
proportional to the magnitude of the  1. Leistungmllbertragungsanordnung
zur magne- current flowing through the primary coil, for converting  tishen
Kopplung elner vorbeotimmten elektrischen    9                   EP 0
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resentative of the particular reader/writer unit design.  ory means (310)
for storing ordered sequences of Another modification is the elimination of
the microp-  binary digits representing the magnitude of the volt- rocessor
and digital memory. Instead, an analogfeed-  age source, the predetermined
quantity, the mag- back circuit, responsive to current flow in the primary
5   nitude of the current flowing through the primary coil, coil, Is used
to control the variable voltage source.  the magnitude of the predetermined
amount of elec- System parameters that are expected to exhibit mini-
trical power, and the measure of delivered power, and mum variation over
the lifetime of the reader/writer  microprocessor means (310), responsive
to said unit, such as quiescent currents, are accommodated  ordered
sequences of binary digits, for regulating the by adjustable components in
the feedback circuit that  10   magnitude of the voltage source and, thus,
the are fixed at the time of manufacture.              amount of power
being delivered to the load im- pedance. 4. An arrangement as claimed in
claim 1, 2 or 3 Claims                                             wherein
the time varying signal isa reference clock for 15  the load impedance. 1.
A power transfer arrangementfor magnetically    5. A method for
magnetically coupling a predeter- coupling a predetermined amount of
electrical power  mined amount of power across a dielectric interface from
an amplifier (130) to a load impedance (200)   from a primary coil (101) in
a station apparatus (100, across an electrically contactless interface, the
300) to a secondary coil (201) embedded in a mov- amplifier being
electrically connected to a primary coil  20  able electronic transaction
card (200), the primary coil (101) which primary coil connects a voltage
source  being connected to a variable voltage source (320), (320) to a
semiconductor device (141,142), the semi-  CHARACTERISED BY conductor
device serving to regulate the current flow  measuring the magnitude of
quiescent current flow through the primary coil In response to a time
varying  [err] in the primary coil for each of n voltage source signal, the
arrangement including means (120) res-  25   magnitudes [err] when the
secondary coil is not in the ponsive to the magnitude of the current
flowing    proximity of the primary coil; and, when the secon- through the
primary coil for generating a voltage pro-  dary coil is in the proximity
of the primary coil; portional thereto, and CHARACTERIZED BY multi-
(i) initializing n = 0 plying means (310) jointly responsive to said
(ii) setting n = n+ 1 proportional voltage and to the magnitude of the
volt-  30  (iii) measuring the magnitude of current flow [err] age source
for forming a product therebetween, sub-   In the primary coil for the
voltage source mag- tracting means (310) jointly responsive to said
nitude [err]; product and to a predetermined quantity for forming a  (iv)
calculating the quantity; difference therebetween to create a measure of
power delivered to the load impedance, said predeter-  35      [err] mined
quantity being proportional to the powergener- ated by the amplifier when
the load impedance is not magnetically coupled to the primary coil, and
means    where K is a predetermined scaling factor; (310, 321, 322, 330,
332, 335) for varying the power  (v) comparing [err] with the predetermined
output of the amplifieruntil the delivered power is sub-  40  amount of
power; and stantially equal to said predetermined amount of elec-  (iv)
repeating steps (ii) to (v) until [err] exceeds trical power.
the predetermined amount of power. 2. An arrangement as claimed in claim 1
including  6. A method as claimed In claim 5 wherein the sta- means for
detecting the presence of the load im-   tion apparatus includes means for
detecting the pedance in close physical proximity to the interface   45
removal of the electronic transaction card from the and for providing an
Indication thereof, means (310)  station apparatus, and the method includes
measur- responsive to the removal of the load impedance from  ing the
magnitude of current flaw in the primary coil at close physical proximity
to the interface for commenc-  each of n values of voltage source level,
and replacing ing a measurement of power generated by the        the stored
values of quiescent current flow [err] with amplifier, and memory means
(310) for storing said  50  the measured magnitudes of current flow in the
prim- predetermined quantity and replacing same with the  ary coil each
time the electronic transaction card Is measured powergenerated by the
amplifier each time  removed from the station apparatus. the load impedance
is removed from close physical proximity to the interface. 3. An
arrangement as claimed in claim 1 including  55   Patentansprache
analog-to-digital converter means (121), responsive to said voltage
proportional to the magnitude of the   1. Leistungs0bertragungsanordnung
zur magne- current flowing through the primary coil, for converting
tischen Kopplung einer vorbestimmten elektrischen 6    11
EP0262181 B1                    12 Energiemenge von olnem VetstArker (130)
an sine   vorbestimmten Energlemengean elnerdleleiktrischen 



Lastimpedanz (200.) Oberolne kontaktiose elektrische  Schnittatellevon
ehner Primarspule (101) In elnerSta- Schnittstelle, wobel der Verstarker an
eine Primar-  tionsvorrichtung (100, 300) an sine Sekundfrwick- spule (101)
angeschaitet lot, die sine Spannungs-  lung (201), die In sine bewegliche
eleltronische quele (320) mIt einem Halbleiterbautell (141, 142)   5
Gesohaftsvorgangakarts (200) elngebettet ist, wobei verbindet, welches den
Sbromfiu& fiber die Primar-  die Primarspule mitelnervariablen
Spannungsqueile spule unter Ansprechen auf sin zeltabhlngiges     (320)
verbunden let, gekennzelchnet durch Signal regit, und wobel die Anordnung
sine Einrich-  Messen der H8he des Ruheastromfiusses (lqi) Ober lung (120)
enthllt, die abhlngig von der H8he des  die Primarspule fDrJede von n
Spannungswerten (Vs) Oberdle PrimirspuleffeBendenStromeseine propor-  io
der Spannungsquelle, wenn die Sekundarspule sbch tionale Spannung ezzeugt,
gekennzeichnet durch    nlcht In der NAhN der PrImiropule befindet und wenn
sine MultlplizlresInrchtung (310) die sin Produkt aws  die Sekundarspule
sich In der Nahe der Primarapule der proport0onalen Spannung und der
Spannung der  befindet: Spannungequelle bidet, sine 8ubtrahlereinrdchtung
i Initlaileeren n - 0, (310), die die Diflerenzzwlschen dem Produkt und el-
is  tl) Setzen n = n + 1, nem vorbestimmten Betrag bidet, urn sin Malf~r
die   iI) Messen derH6he des Stromflusess (a.,i) in der an die Lastimpedanz
abgsgebsne Energle zu erzeu-      Primirspule fOr den Spannungswert (V,)
der gen, wobel der vorbesstmmte Betrag proportionai der   Spannungequelle,
vom Verstirker erzeugten Lelstung let, wenn die      Iv) berechnen des
Weres: Lastlmpedanz magnetioch nicht mit der Prmimrspule  20 gskoppelt lot,
und sine Elnrichtung (310, 321, 322,          Pow = P.,n - I0.. x V. x K,
330, 323, 335) zur Anderung der Ausgangisieltung des Verstirkers, bis die
gelieFerte Energie Im wesent- lichen gisich der vorbestimmten Menge an
elektri-     wobei K ein vorbestimmter Maestabsfaktor lot, ocher Energle
lot.                           25       v) Vergelichen Pm.,, mit der
vorbestirnmten Ener- 2. Anordnung nach Anspruch 1, mit elnerEinrich-
glmenge und tung, die des Vorhandenesln der Lastimpendanz In     iv)
Wiederholen der Schtitt I) bbs v) bis Pwd die dichter Nachbarachaft zur
Schnittstelle festatellt und  vorbeetfmmte Energlemenge Obereteigt. sine
Anzelge hierfr liefert, mit diner Einrichtung    6. Verfahren nach Anspruch
6, bel dem die Sta- (310), die bel Entlfmen der Lastimpedanz aus der  so
tionsvorrdohtung sins Elnrlohtung enthilt, die dae Ent- dichten
Nachbarschaft zur Schnittstelle sine Moe.  femen der eiektroniechen
GesohAftsvorgangskarte sung der vorn Verstirker erzougten Energie beginnt,
ausder~tationsvorrichtungfeetstellt, und das Verfah- und mit elner
Spelchereinrlohtung (310) zur Spebche-  ron die Schritte umfagt: Messen
derH8he des Strom- rung der vorbestimmten Menge und Ersetzen dorsl.
f1usses In der Primarspule bel jedem  von n ben durch die vom Verstarker
ezeeugtb Energle  9C  Spannungswerten der Spannungsquelie und Ersot-
Jedesmal dann, wenn die Lastimpedanz aus derdich-  zen der gespeloherten
Worts des Ruhestromflusses ten Nachbarschaft zur Schnittstelle entfemt
wird.  (iq.,) mit don gernessenen Werten des Stromfiusses 3. Anordnung nach
Anspruch 1, mit elnem Ana-   Ober die Primlrspule jedesmal dann, wenn die
elek- log-Digital-Wandler (121), der unter Ansprechen auf  tronische
Geschfftsvorgangskarte aus der Statlons- die der H1he des Stromflusses
fiber der Primrepuie  40  vorichtung entfernt wird. proportionale Spannung
diese In sins geordnete Folge von Blnziffern umnwandelt, mitelnerSpeicher-
slnrichtung (310) zur Speicherung der geordneten  Revendications Folgen von
Bin irztffern, die die H1he der von der Spannungsquelle gelieferten
Spannung, die vorbe-  4S  1. Un dispositif de transfert de puissance
destln6 stimmte Menge, die H8he des Stromflusses fber die  A coupler de
faoon magnetique une puissance 6lec- Primirspule, die Grfte der
vorbestimmten selktri-  trique prhdotermines d'un amplificateur (130) vers
schen Energismenge und des Mal3 der gelieferten   une imp6dance de charge
(200), a travers une Inter- Energhe darstellen, und mit elnem
M1kroprozessor  face sane contacts electriques, I'ampiicatour 6tant (310),
der unter Ansprechen auf die geordneten Fol-  6o  connecte eiectriquement A
une bobine primaire (101) gen von Binfirziffern die Hohe der von der Span-
qul connects une source de tension (320) b un dispo- nungsqueile
gelieferten Spannung und damit die    sitif b semiconducteurs (141, 142),
le dispositif A Menge der an die Lastimpendanz gelleferten Energie
somiconducteurs ayant pour fbnction de reguler le regelt.
courant qu1 circulo dens la bobine primaire, sous la 4. Anordnung nach
Anspruch 1, 2oder3, beo der  as   ddpendance d'un signal varlantdans ie
temps, le die- das zeltabhlngige Signal ein Bezugstakt fir die   positif
comprenant des moyens (120) qui rdagissent Lastimpedanz Ist
A le valour du courant qul choule dens Ia bobine pri- 5. Verfahren zur
magnetischon Kopplung eter    malre en gdn6rantune tension proportlonnelle
A cette 7    13                 EP 0     262181 B1             14 valour,
et CARACTEPiSE PAR des moyons de mul-    on mesure la valeur du courant du
repos (QqJ) dans Ia 



tiplication (310) qui reaglssent conjointement A la ten-  bobine primalre,
pour chacune de n velours de source slon proportlonnelle et A la valeur de
la tension de la  de tension (V), lorsque la bobine secondalre n'est source
de tension an tornant leur prodult, des   pas a proximite de Ia bobine
primalre; et lorsque la moyens de soustractlion (310) qul reagiasent
conjoIn-   6   bobine secondalre eoat a proxlmlt6 de la bobine pri- tement
au produit preKte et a une quantltI pred6ter-  malre: min6e
enformantunediff6rence entre eux, pourcr6er    (i) on Initlalise n A 0 une
mesure de la puissance qui eat fourne A l'lmp6-  (i) on fixe n = n + 1
dance de charge, cette quanti16 prdd6termln6e 6tant  (Ill) on mesure la
valeur du courant (1,j) dans l~a proportionnele A la puissance quo
produltl'amplifica-  10  bobine primairo pour la valour de source de ten-
tour lorsque l'rnpedance de charge n'est pas en cou-  sion (Vj); plage
magn6tUque avoc la bobine primalre, et des     (iv) on calcule la quentlt6:
moyens (310, 321, 322, 330, 332, 335) pour faire varier la puissance de
sortie de Iamplificateurlusqu'A           = -l n - I.J x V. x K co quo la
puissance foumle soft pratiquement egale  1w A la puissance 6lectrique
predditeminde. 2. Un dispositif solon la revendication 1, compre-  dans
laquelle K eat un facteur d'etalonnago pr6- nant des moyons pour d~tecterla
pr~sence de limpe-   ditermin6; K   dance de charge A proximiti physique
etrolte de      (v) on compare Pb avec la puissance pred~ler- rinterfce, et
pourfoumirnune Indication de cefalt, des  20  minr.; et moyens (310) qul
reagissent au fat quo l'Imp~dance  (iv) on repete les etapes (ii) A (v)
jusqu'A ce quo de charge est retiree de la position de proximite phy-
P,,,, depasse la puissance prdetormines. sique 6trolte vis-&-vis de
l'interface, on commengant  6. Un procodA salon Ia revendication 5. dans
une mesure de la puissance quo prodult l'ampllflca-  lequd l'equlpement
terminal comprend des moyens tour, et des moyens de memoire (310) qul sont
desti-  25  pour d~tecterle falt quo la carte do transactions Alec- nes A
enregistrer la quanfte proddtermine et A   troniques est retiree de
I'apparell terminal, et le pro- remplacer ceale-cl per la puissance mesurie
quo pro-  odd comprend la mesure de la valeurdu courant qul dult
l'amplificateur, chaque fobs quo l'mp~dance de  circule dans la bobine
primaire pour chacune de n charge eat refte de la position de proximit
physique  valours de nhveau de source de tension, et le rempla- etrolte
vie-A-via de l'interface.           ao  cement des valours enregistrbes de
courant de repos 3. Un disposllifeelon la revendicatlon 1, compre-  (Iq,
par les velours mesurees du courant circulant nant des moyens
convertisseurs analogique-numeri-  dans la bobine primaire, chaque fola quo
la carte de que (121), qul reagissent A la tension proportlonnelle
transactions Alectroniques est retirdo de l'equlpement A la valeur du
courant qul circue dans la bobine pd-  terminal. malre, on convertbsant
cetto tension en une  36 soquence ordonneo do chiffres binalres, des moyens
de memoire (310) deatines A enreglstrerdes siquen- K)   cos ordonnies de
chfRs binaires representant la vaelour de la source de tension, Ia quantitA
predeter- minAe, la valourdu courant qul circule dens la bobine  40
primaire, la valour de la puissance leotrque prede- terminde, et la mesure
de la puissance foumle, et des moyens A mbcroprocesseur (310) qul
rhagissent A ces sequences ordonnees de chiffrs binaires en regulant la
vaieurde la tension de la source de tnslon, et donc  46 la puissance qul
est foumle A rimpedance de charge. 4. Un dispositif solon la revendication
1, 2 ou 3, dens loquel Is signal variant dene Is tamps eat une horloge de
reference pour lImp~dance de charge. 5. Un procede pour coupler de facon
magnetique  6o une puissance prd~termln6e A travers une interface
dielectrique, d'une bobine primaire (101) dans un equlpement terminal (100,
300) vers une bobine secondaire (201) qui est noyee dans une carte de
transactions alectiques moble (200), Ia bobine pri-  s5 maire Atant
connectee A une source de tension varla- ble (320), CARACTERISE EN CE QUE 8


