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ELECTRONIC STRIPE CARDS

Brief Description of the Drawings

Figures 1 and 2 show prior art magnetic field generation;

Figures 3 and 4 show diagrams of electronic stripe cards in accordance with

various embodiments of the present invention;

Figures 5-8 show magnetic field generation in accordance with various

embodiments of the present invention;

Figure 9 shows swipe sensor contacts and a read head in relation to an

electronic stripe card;

Figure 10 shows a plot of swipe sensor impedance; and

Figure 11 shows a diagram of an electronic stripe card in accordance with

various embodiments of the present invention.

Background

As shown in Figures 1 and 2, in the prior art, a coil around a magnetic

material is used to generate magnetic field that "adds" up inside the magnetic

material by using the same biasing current. The direction of flow of current in the

top layer is opposite in the z-axis to that of the bottom layer, but the field lines

below the top metal layer and above the bottom metal layer are confined in the

magnetic field and will be along the same direction.

Description of Embodiments

In the following detailed description, reference is made to the accompanying

drawings that show, by way of illustration, various embodiments of an invention.

These embodiments are described in sufficient detail to enable those skilled in the

art to practice the invention. It is to be understood that the various embodiments of

the invention, although different, are not necessarily mutually exclusive. For

example, a particular feature, structure, or characteristic described in connection

with one embodiment may be implemented within other embodiments without



departing from the spirit and scope of the invention. In addition, it is to be

understood that the location or arrangement of individual elements within each

disclosed embodiment may be modified without departing from the spirit and scope

of the invention. The following detailed description is, therefore, not to be taken in

a limiting sense. In the drawings, like numerals refer to the same or similar

functionality throughout the several views.

Figures 3 and 4 show diagrams of electronic stripe cards in accordance with

various embodiments of the present invention. Electronic stripe card 300 (Figure 3)

includes memory and microcontroller 320, energy source 310, track drivers 330, and

electronic stripe tracks 340. Memory and microcontroller 320 may include

application software, account data, and any other software and data. Energy source

310 may be any suitable energy source for providing energy to the remaining

devices shown in Figure 3. Electronic stripe tracks 340 may be implemented using

magnetic field generation circuits described with reference to later figures. Further,

electronic stripe tracks 340 may include multiple magnetic field generation circuits

to generate magnetic fields corresponding to multiple magnetic card tracks. Track

drivers 330 provide driving signals to electronic stripe tracks 340 to effect the

generation of magnetic fields.

Electronic stripe card 400 (Figure 4) includes memory and microcontroller

320, energy source 310, and electronic stripe tracks 340, all of which are described

in the previous paragraph. Electronic stripe card 400 also includes track drivers 430

and swipe sensor 410.

Swipe sensor 410 may sense when the card is swiped past a magnetic card

reader head, and track drivers 430 may operate in response thereto. For example,

with input from swipe sensor 410, the microcontroller (uC) can sense when the track

driving needs to begin and/or end, making the energy consumption much lower.

Swipe sensor 410 may be implemented using optical sensors, mechanical sensors or

electrical sensors. Example embodiments of swipe sensors are described further

below with reference to later figures. Without a swipe sensor, the track drivers



continuously drive the electronic stripes: This will consume energy from the energy

source irrespective of if the card is being swiped or not.

Figures 5-8 show magnetic field generation in accordance with various

embodiments of the present invention. As shown in Figures 5 and 6, flux lines

spread out due to absence of magnetic material and therefore are in the opposite

direction resulting in canceling of the magnetic fields due to current flow in the top

with that of the bottom metal layer's .

As shown in Figures 7 and 8, in various embodiments of the present

invention, the same bias current is used without magnetic material, while preventing

the canceling of field lines by re-routing the bottom metal layer further away along

the x-axis. Physical separation of the bottom with the top layers ensures that the

flux lines do not cancel each other. The flux lines in the top metal layer might also

add-up. Note that the metal width along the x-axis for the top and bottom layers do

not have to be the same. This design ensures that the metal conductors in one side

of the layout carry current in the same direction. Use of more than two layers of

metal can help improve this effect.

Various embodiments of the present invention can be used as the design for

electronic stripe tracks 340 (Figures 3, 4) to reuse the same bias current and

generate magnetic field(s) that mimic the standard magnetic stripe functionality.

This solution does not require magnetic material. Further, this solution does not

suffer from flux cancellation.

Figure 9 shows swipe sensor contacts and a read head in relation to an

electronic stripe card. Swipe sensor contacts 920 are shown as two metal islands on

electronic stripe card 910. Read head 930 represents a metal read head in a

magnetic card reader such as a point-of-sale (POS) card reader. Since the read head

is made out of metal, a swipe sensor that resides on the card with two metal islands

spaced closely can be effective. When the read head is in between the two metal

islands they will be shorted to each other via the read head. Any other position of

the read head will leave these two lines open. By sensing the impedance or by

measuring corresponding current/voltage between these two metal islands a swipe



sensor such as swipe sensor 410 (Figure 4) may be implemented. During the

swiping action of electronic stripe card 910 through a card reader, the sensor is

activated when read head 930 is on top of, and in between, the two metal islands

shown at 920.

Figure 10 shows a plot of swipe sensor impedance. As shown in Figure 10,

the impedance between the two islands may drop when the read head shorts the two

islands together. The sensor may detect this condition and activate track driving to

generate magnetic field(s) to mimic a standard magnetic card.

In some embodiments, multiple swipe sensors exist. For example, one swipe

sensor may be on each end of electronic stripe card 910. In these embodiments,

track driving may start when the first sensor is activated, and track driving may stop

when the second sensor is activated. Alternatively, the activation of the first sensor

may trigger the driving of the stripe and the driving is automatically stopped after

sending all the data to the electronic stripe a predetermined number of times. In

addition, swipe sensors may be on one or both sides of the electronic stripe card.

Figure 11 shows a diagram of an electronic stripe card in accordance with

various embodiments of the present invention. Electronic stripe card 1100 includes

memory and microcontroller 320, energy source 310, electronic stripe tracks 340,

and swipe sensors 410, all of which are described above. Electronic stripe card

1100 also includes interleaved track drivers 1130.

Most financial cards have two tracks of data. The data stored in these two

tracks are read by two independent card reader circuits in the card reader. In a

traditional magnetic stripe card since the data for the two tracks are physically

recorded on the stripes they are read simultaneously. In various electronic stripe

embodiments of the present invention, the data is not stored physically in the stripes,

but rather electronically programmed one bit at a time. Since the time slot required

for a bit is usually much smaller compared to the time it takes to swipe the entire

card, it is possible to drive one track at a time. This is accomplished by first sending

the entire data for one of the tracks, followed by the entire track data for the next

track. When no data is sent, the track does not consume any current. For a two



track system, track interleaving reduces the power consumption by a factor of two

and completely eliminates any cross-talk between tracks.

Track interleaving can be done with or without swipe sensors. In some

embodiments, there are two swipe sensors for the whole card - one on each end. In

these embodiments, activation of one of the swipe sensors may lead to driving of the

tracks in an interleaved fashion. The driving can stop after driving the tracks for a

predetermined number of times or after the activation of the other swipe sensor. In

some embodiments, swipe sensors are dedicate to each track. For example, when

one swipe sensor is swiped past a read head, a first track may be driven, and when a

second swipe sensor is swiped past the read head, a second track may be driven.

Track interleaving for power saving is also valid for designs with more than two

tracks.

The various embodiments described herein may be applicable to financial

cards, credit/debit cards, and other such cards. Further, the various embodiments

may be used in merchant point-of-sale retail locations, automatic teller machine

(ATM) locations, or wherever such cards may be read. Still further, the various

embodiments may be used for purposes other than financial cards. For example, the

various embodiments may be used for access control.

Although the present invention has been described in conjunction with

certain embodiments, it is to be understood that modifications and variations may be

resorted to without departing from the spirit and scope of the invention as those

skilled in the art readily understand. Such modifications and variations are

considered to be within the scope of the invention and the appended claims.



What is claimed is:

1. An electronic stripe card comprising:

a conductive path having first portions oriented to carry current in a "z"

direction and having second portions oriented to carry current in a "-z" direction,

wherein the first and second portions are separated by a sufficient distance to allow

a magnetic field created by the first portions to mimic a magnetic track without

interference from a magnetic field created by the second portions.

2. The electronic stripe card of claim 4 further comprising a metal layer on one

side of the electronic stripe card, wherein the conductive path is formed on the metal

layer.

3. The electronic stripe card of claim 4 further comprising:

a top metal layer and a bottom metal layer without magnetic material

therebetween, wherein the conductive path is partially on the top metal layer and

partially on the bottom metal layer.

4. An electronic stripe card comprising:

a top metal layer and a bottom metal layer without magnetic material

therebetween; and

a conductive path alternating between the top metal layer and the bottom

metal layer, wherein the conductive path on the top metal layer is remote from the

conductive path on the bottom metal layer to reduce magnetic flux interference.

5. The electronic stripe card of claim 4 wherein the conductive path on the top

metal layer has a different width from the conductive layer on the bottom metal

layer.



6. The electronic stripe card of claim 4 further comprising track driving

circuitry to provide current to the conductive path.

7. The electronic stripe card of claim 6 further comprising a swipe sensor to

detect when the electronic stripe card is swiped past a read head.

8. The electronic stripe card of claim 7 wherein the track driving circuitry is

responsive to the swipe sensor to active when the electronic stripe card is swiped

past the read head.

9. The electronic stripe card of claim 8 further comprising a second swipe

sensor.

10. The electronic stripe card of claim 9 wherein the track driving circuitry is

responsive to the second swipe sensor to deactivate the electronic stripe when the

second swipe sensor is swiped past the read head.

11. The electronic stripe card of claim 4 further comprising a second conductive

path alternating between the top metal layer and the bottom metal layer.

12. The electronic stripe card of claim 11 further comprising interleaving track

driving circuitry to provide current to the conductive path and the second conductive

path in an interleaved fashion.

13. An electronic stripe card comprising:

a first conductive path to emit a first magnetic field to mimic a first track in a

magnetic card;

a second conductive path to emit a second magnetic field to mimic a second

track in a magnetic card;



a swipe sensor to detect when the electronic stripe card is swiped past a read

head; and

an interleaved track driver circuit responsive to the swipe sensor, to drive the

first and second conductive paths one at a time.

14. The electronic stripe card of claim 13 further comprising a top metal layer

and a bottom metal layer without magnetic material therebetween.

15. The electronic stripe card of claim 14 wherein the first conductive path

comprises a conductive path alternating between the top metal layer and the bottom

metal layer, wherein the conductive path on the top metal layer is remote from the

conductive path on the bottom metal layer to reduce magnetic flux interference.

16. The electronic stripe card of claim 15 wherein the conductive path on the top

metal layer is a different width from the conductive path on the bottom metal layer.

17. The electronic stripe card of claim 13 further comprising a second swipe

sensor.

18. The electronic stripe card of claim 17 wherein the interleaved track driver

circuit is responsive to the second swipe sensor to stop driving the first and second

conductive paths.

19. A method comprising:

detecting that a swipe sensor has been swiped past a read head; and

driving a first conductive path to mimic a first magnetic track and driving a

second conductive path to mimic a second magnetic track, wherein the driving of

the first and second conductive paths is interleaved.



20. The method of claim 19 further comprising detecting that a second swipe

sensor has been swiped past the read head.

2 1. The method of claim 20 further comprising stopping driving when the

second swipe sensor is detected.

22. The method of claim 19 wherein driving a first conductive path comprises

driving a first conductive path alternating between a top metal layer and a bottom

metal layer, wherein the conductive path on the top metal layer is remote from the

conductive path on the bottom metal layer to reduce magnetic flux interference.

23. The method of claim 19 wherein driving a first conductive path comprises

driving a first conductive path alternating between a top metal layer and a bottom

metal layer without magnetic material therebetween, wherein the conductive path on

the top metal layer is remote from the conductive path on the bottom metal layer to

reduce magnetic flux interference.
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