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(57) ABSTRACT 

A card is provided, such as a credit card or security card, that 
may transmit information to a magnetic stripe reader via a 
magnetic emulator. The emulator may transmit the informa 
tion serially in order to reduce the amount of circuitry needed 
to emulate a particular block of information. Additionally, for 
example, a serial encoder may send any amount of informa 
tion through a single emulation segment. Such a magnetic 
emulator may be provided on a credit card. A dynamic credit 
card number may be provided by, for example, coding a 
number With a different coding scheme for different periods 
of time. The magnetic emulator may be utiliZed to transmit a 
particular coded number for a particular period of time. In this 
manner, a dynamic credit card number may be provided such 
that to help secure, and progress, a payment transaction. 
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CARDS WITH SERIAL MAGNETIC 
EMULATORS 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application claims the bene?t of US. Provi 
sional Patent Application Nos. 61/016,491 ?led on Dec. 24, 
2007 (Docket No. JDM/01 9 PROV), 61/026,846 ?led on Feb. 
7, 2008 (Docket No. JDM/019PROV2), 61/027,807 ?led on 
Feb. 11, 2008 (Docket. No. JDM/020 PROV), 61/081,003 
?led on Jul. 15, 2008 (Docket No. D/005 PROV), 61/086,239 
?led onAug. 5, 2008 (Docket No. D/006 PROV), 61/090,423 
?led on Aug. 20, 2008 (Docket No. D/007 PROV), 61/097, 
401 ?led Sep. 16, 2008 (Docket No. D/008 PROV), 61/112, 
766 ?led on Nov. 9, 2008 (Docket No. D/009 PROV), 61/117, 
186 ?led on Nov. 23, 2008 (D/010 PROV), 61/119,366 ?led 
on Dec. 2, 2008 (Docket No. D/011 PROV), and 61/120,813 
?led on Dec. 8, 2008, all of Which are hereby incorporated by 
reference herein in their entirety. 

BACKGROUND OF THE INVENTION 

[0002] This invention relates to cards such as payment 
cards. 

SUMMARY OF THE INVENTION 

[0003] A card, or other device, is provided With a magnetic 
emulator operable to communicate With a magnetic stripe 
reader. The emulator may be operable to communicate a 
block of information serially such that a reader may sense the 
emulator and the information may be transmitted through the 
emulator serially. Accordingly, the emulator may comprise 
of, for example, a single Wire or coil and may transmit bits 
one-by-one at high frequencies such that all information in a 
block is transmitted to a magnetic stripe reader While the read 
head of the reader is in the proximity of the single Wire or coil. 
An emulator may also be provided in a parallel con?guration 
such that multiple bits of data are emulated at the same time. 
For example, a parallel emulator may include 3000 regions to 
emulate 3000 bits simultaneously While a serial emulator may 
include a single region to communicate the 3000 bits in rapid 
succession. 
[0004] A card, or other device, having a magnetic emulator 
may take the form of, for example, a credit card, debit card, 
security card, and/or any other type of card. Accordingly, the 
dynamic information may be a dynamic credit card number, a 
dynamic debit card number, a dynamic security number, or 
any other type of dynamic number. A display may be provided 
to display the data, or a portion of the data, communicated 
through an emulator or additional data. For example, a one 
type of security code may be displayed on a display and 
another type of security code may be communicated through 
a magnetic emulator. 
[0005] A payment card, such as a credit card, may be pro 
vided that includes a display. All, or a portion of, a payment 
card number (e.g., a credit card) may, for example, be 
changed periodically and displayed on the display. Similarly, 
this changed information may be emulated via a parallel or 
serial emulator. A magnetic encoder may also be utiliZed to 
erase and Write information to a magnetic medium. 
[0006] A parallel or serial emulator may be located next to 
one or more magnetic stripe segments (e.g., sandWiched 
betWeen tWo magnetic stripe segments). A magnetic stripe 
may be utiliZed to transmit static information such that poWer 
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is conserved. For example, if the beginning bits of a data 
block must take a particular form (e.g., start bits folloWed by 
user identi?cation information) then this information may be 
embodied as a magnetic stripe. A serial or parallel emulator 
may then be provided to communicate the remaining infor 
mation of the block (e. g., dynamic credit card number). 
[0007] Numerous types of structures may be utiliZed to 
determine When a read head of a magnetic stripe reader is 
reading, or is about to read, a magnetic stripe or a dynamic 
magnetic communications device (e. g., a magnetic emulator 
or encoder). Such structures may be utiliZed to turn a mag 
netic emulator, such as a serial magnetic emulator, ON. By 
only turning an emulator ON When the emulator is in the 
proximity of a magnetic stripe reader, poWer may be con 
served. For example, a button may be provided on a card, or 
other device, such that a user may provide manual input to 
instruct the card, or other device, to turn an emulator ON. 
Alternatively, for example, one or more sensors may be pro 
vided to determine the presence of a read-head of a magnetic 
stripe reader. For example, a hall-effect sensor may be pro 
vided to detect a magnetic ?eld’s interaction With a read-head, 
a circuit may be provided to detect the presence of a conduc 
tive material, and/or a circuit may be provided to detect the 
capacitance of a particular material. Alternatively still, for 
example, the sWiping motion of a card may be detected via 
one or more inertial sensors such as accelerometers and/or 

gyroscopes. Upon the initiation of turning an emulator ON, 
the emulator may be driven through a routine (e.g., repeatedly 
emulating the same block of information serially for a period 
of time or for a number of data transmissions). A card, or other 
device, may include, for example, a magnetic stripe section, 
folloWed by a read head detector, folloWed by a serial or 
parallel encoder. A second magnetic stripe section may fol 
loW the serial or parallel encoder (e. g., and another read head 
detector may precede the encoder to determine When the read 
head is not reading the encoder). 
[0008] An emulator may be fabricated using a PCB printing 
technique. Such a technique may provide the emulator on, for 
example, a PCB board (e. g. FR4 board). Any additional com 
ponents may be fabricated on the ?exible PCB board. For 
example, a processor, display, and emulator may be fabri 
cated on the same ?exible PCB board. Such a ?exible PCB 
board may be coupled to a ?exible battery and hot-?lm lami 
nated or cold laminated (e.g., injection molding) to form a 
card. The ?exible PCB board and ?exible battery may be 
placed into any housing of any device. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0009] The principles and advantages of the present inven 
tion can be more clearly understood from the folloWing 
detailed description considered in conjunction With the fol 
loWing draWings, in Which the same reference numerals 
denote the same structural elements throughout, and in 
Which: 

[0010] FIG. 1 is an illustration of cards constructed in 
accordance With the principles of the present invention; 
[0011] FIG. 2 is an illustration of cards constructed in 
accordance With the principles of the present invention; 
[0012] FIG. 3 is an illustration of cards constructed in 
accordance With the principles of the present invention; 
[0013] FIG. 4 is an illustration of emulators constructed in 
accordance With the principles of the present invention; 
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[0014] FIG. 5 is an illustration of process topologies con 
structed in accordance With the principles of the present 
invention; 
[0015] FIG. 6 is an illustration of a card constructed in 
accordance With the principles of the present invention; 
[0016] FIG. 7 is an illustration of a card constructed in 
accordance With the principles of the present invention; and 
[0017] FIG. 8 is an illustration of a personal electronic 
device constructed in accordance With the principles of the 
present invention. 

DETAILED DESCRIPTION OF THE INVENTION 

[0018] FIG. 1 shoWs card 100 that may include a display 
that displays dynamic number 110, Which may be utiliZed, for 
example, as part of a credit card number (e.g., With a static 
portion of a credit card number that proceeds dynamic num 
ber 110). Persons skilled in the art Will appreciate that a 
dynamic number may take any forms such as, for example, a 
dynamic credit card number, a dynamic veri?cation code 
number, and/or a dynamic security code number. For 
example, card 100 may include a dynamic credit card number 
and a dynamic veri?cation code (e.g., a 15 digit credit card 
number and a 4 digit veri?cation code). 
[0019] Identi?cation information 120 may be provided on 
card 100. Accordingly, for example, a dynamic number may 
be provided for a particular period of time according to a 
coding scheme for that particular period of time. Thus, the 
identi?cation information, time, and dynamic information 
may be transmitted via manual entry (e. g., through an online 
store) or via a magnetic emulator (e.g., through a magnetic 
stripe reader). A remote server may receive such information 
and verify Whether the dynamic information is correct for 
particular identi?cation information and a particular period of 
time. 
[0020] Card 150 is provided and may include magnetic 
emulator 160 instead of magnetic stripe 170. Persons skilled 
in the art Will appreciate that magnetic emulator 160 may be 
embedded behind a magnetic stripe or may be located next to 
a magnetic stripe. Magnetic emulator 160 may take many 
forms. For example, magnetic emulator 160 may include any 
number of emulation segments (e.g., one or more Wires or 
coils) to emulate a particular bit or number of bits of infor 
mation. 
[0021] Emulator 160 may include a single emulation seg 
ment and may communicate a block of information serially 
by communicating bits at a high data transmission rate. 
Accordingly, a serial emulator may be provided. 
[0022] Emulator 160 may include multiple emulation seg 
mentsieach of Which may, for example, simultaneously 
emulate a different bit of information. Accordingly, a parallel 
emulator may be provided. 
[0023] Emulator 160 may include multiple emulation seg 
mentsieach of Which may, for example, emulate the same 
bit of information. Accordingly, a serial emulator may be 
provided. Such a serial emulator may, for example, alloW for 
a larger area to be read by a reader. In doing so, for example, 
a read head may be located over emulator 160 for a longer 
period of time such that more information may be read by a 
read-head for a particular period of time. 
[0024] FIG. 2 shoWs card 200, Which may include any 
number of emulators. For example, card 200 may include 
emulator 210, 220, and 230. Each ofemulators 210, 220, and 
230 may, for example, be a serial emulator. Such emulators 
may be vertically aligned or vertically staggered. Persons 
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skilled in the art Will appreciate that by providing multiple 
emulators, multiple tracks of a magnetic stripe may be simul 
taneously emulated. 
[0025] A magnetic stripe reader may, for example, deter 
mine information on a magnetic stripe by detecting the fre 
quency of changes in magnetic ?elds (e. g., ?ux transversals). 
A particular frequency of ?ux transversals may correlate to, 
for example, a particular information state (e.g., a logic “1” or 
a logic “0”). Accordingly, for example, a magnetic emulator 
may change the direction of an electromagnetic ?eld at par 
ticular frequencies in order to communicate a different state 
ofinfor'mation (e.g., a logic “1” or a logic “0”). 
[0026] Persons skilled in the art Will appreciate that a mag 
netic emulator may electromagnetically communicate infor 
mation serially by changing the magnitude of an electromag 
netic ?eld With respect to time. As such, for example, a current 
in a single direction may be provided through a magnetic 
emulator in order for that magnetic emulator to generate an 
electromagnetic ?eld of a single direction and a particular 
magnitude. The current may then be removed from the mag 
netic emulator such that, for example, the electromagnetic 
?eld is removed. The creation of a presence of an electromag 
netic ?eld, and the removal of that electromagnetic ?eld, may 
be utiliZed to communicate information to, for example, a 
magnetic stripe reader. A magnetic stripe reader may be con 
?gured to read, for example, the change in ?ux versus time 
and may associate an increase in an electromagnetic ?eld 
(e.g., creation of a ?eld) as one ?ux transversal and a decrease 
(e.g., removal of a ?eld) as another transversal. In doing so, 
for example, driving circuitry (not shoWn) may be provided 
Which, in turn, controls When current is provided to a mag 
netic emulator. The timing of magnetic ?ux transversals, as 
determined by a magnetic stripe reader, may be utiliZed by 
that reader to determine Whether a logic one (“1”) or logic 
Zero (“0”) Was communicated. Accordingly, a driving circuit 
may change the frequency of When current is supplied and 
removed from a magnetic emulator in order to communicate 
a logic one (“1”) or a logic Zero (“0”). 

[0027] A driving circuit may, for example, change the 
direction of current supplied to a magnetic emulator to 
increase the amount of change in an electromagnetic ?eld 
magnitude for a period of time. In doing so, for example, a 
magnetic stripe reader may more easily be able to discern 
overall changes in an electromagnetic ?eld and, as such, may 
more easily be able to discern information. As such, for 
example, a driving circuit may increase the magnitude of an 
electromagnetic ?eld by providing negative current, decrease 
the amount of negative current until no current is provided 
and provide an increasing positive current in order to provide 
a large sWing in the magnitude of an electromagnetic ?eld. 
Similarly, a driving circuit may sWitch from providing one 
amount of negative current (or positive current) to one 
amount of positive current (or negative current). 
[0028] Persons skilled in the art Will appreciate that a string 
ofa particular bit of data (e.g., a string of logic Zeros “0s”) 
may be communicated before as Well as after information is 
communicated through a magnetic emulator. A magnetic 
stripe reader may utiliZe such data, for example, to determine 
base timing information such that the magnetic stripe reader 
has a timing reference that the reader can utiliZe to assist in 
determining timing changes of perceived ?ux transversals. 
Accordingly, for example, a magnetic emulator may send 
data at different overall frequencies and a magnetic stripe 
reader may be able to recon?gure itself to receive data at such 
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overall frequencies. Information may be encoded using, for 
example, Frequency/ Double Frequency (P2P) encoding such 
that magnetic stripe readers may perform P2P decoding. 
[0029] A processor may control one or more emulators by, 
for example, controlling the direction of the current supplied 
through one or more segments of an emulator. By changing 
the direction of current through a region, for example, the 
direction of an electromagnetic ?eld may be changed. Simi 
larly, a processor may control one or more emulators by, for 
example, controlling the change in magnitude of current sup 
plied through one or more segments of an emulator. As such, 
for example, a processor may increase the magnitude of cur 
rent as Well as decrease the magnitude of current supplied 
through an emulator. A processor may control the timing of 
such increases and decreases in current such that a magnetic 
emulator may, for example, communicate P2P encoded infor 
mation. 

[0030] Card 250 may be provided and may include emula 
tor 260. Emulator 260 may be con?gured so that it canbe read 
by more than one read heads. For example, emulator 260 may 
be con?gured so that it can be read by three read heads. 
Accordingly, one region may be utiliZed to communicate the 
same information across all three read heads simultaneously. 
Emulator 260 may, for example, cycle through transmitting 
information from each track such that all tracks are commu 
nicated serially. Such tracks may be communicated With bits 
identifying each track such that processing connected to each 
read-head can determine the information desired to be com 
municated to each particular read-head. As such, a magnetic 
stripe reader may be con?gured to receive the multiple tracks 
(e.g., tracks 1 and 2) through each read-head such that the 
magnetic stripe reader receives four tracks of data. The mag 
netic stripe reader may then, for example, utiliZe identi?ca 
tion bits (e.g., start sentinels) in each track to identify the 
received track. Similarly, for example, the magnetic stripe 
reader may be con?gured to recogniZe that multiple instances 
of the same track Were received and only forWard a single 
instance of each received track to a processor. Persons skilled 
in the art Will appreciate that different tracks may be commu 
nicated With the same identi?cation bits. Accordingly, for 
example, a magnetic stripe reader may be con?gured to deter 
mine the identity of tracks by performing additional compu 
tations. For example, the magnetic stripe reader may be con 
?gured to check all of the information sent in those tracks and, 
if the information is the same, a single instance may be 
provided to subsequent processing. Additionally, for 
example, the magnetic stripe reader may be con?gured to 
determine the length of tracks With the same identi?cation 
bits (e. g., start sentinels) to determine Whether different 
tracks Were communicated. Similarly, a single emulator that 
sequentially communicates multiple different tracks of infor 
mation to a single read-head may, for example, change the 
timing of each communicated track such that processing 
coupled to the single read-head discerns just the single track 
that the read-head expected to receive. 

[0031] Persons skilled in the art Will appreciate that a mag 
netic stripe on a card may be of a particular density having a 
?xed amount of bits. A serial emulator, for example, may 
communicate more than this ?xed amount of bits by, for 
example, increasing the rate at Which bits are serially com 
municated. A serial emulator may, for example, communicate 
a format code that a reader may utiliZe to discern the length of 
the communicated information. For example, a serial emula 
tor may communicate a track of information that is greater 
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than, approximately, 750 bits in length, 1,000 bits in length, or 
2,000 bits in length. Any number of bits may de?ne, for 
example, a character (e.g., 4-bit characters, 5-bit characters, 
6-bit characters, 7-bit characters, or 8-bit characters). 
[0032] FIG. 3 shoWs card 300 that may include structures to 
determine When card 300 is being read by a magnetic stripe 
reader. Card 300 may include magnetic emulator 340. For 
example, card 300 may include button 310 that may be 
pressed in order to initiate an emulator such as emulator 340. 
Emulator 340 may be con?gured to turn ON While button 310 
is pressed. Alternatively, for example, emulator 340 may be 
con?gured to turn ON When button 310 is pressed for a 
particular period of time, to transmit a particular sequence of 
data (e.g., information including a number that changes With 
every button press), and/ or a particular number of repetitions 
of a sequence of the same data. Persons skilled in the art Will 
appreciate that if a button press of button 310 is associated 
With turning emulator 340 ON for a particular period (e.g., 
more than 1 second but less than 5 seconds) of time then, for 
example, emulator 340 may only turn ON for a relatively 
short period of time (or not at all) When button 310 is acci 
dently pressed doWn for a relatively long period of time. 
Inertial movement sensor 320 may be included to detect a 
sWipe in order to initiate one or more emulators. Inertial 
movement sensor 320 may include, for example, any number 
of accelerometers and/or gyroscopes. Read-head sensor 330 
may be included to detect When a read head of a magnetic 
stripe reader is about to pass over, or is passing over, emulator 
340. Persons skilled in the art Will appreciate that multiple 
read head sensors 330 may be located (e.g., aligned verti 
cally) adjacent to emulator 340 as different sensors may 
detect different types of readers. Additionally, for example, 
one or more sensors may be placed on the other side of 
emulator 340 such that emulator 340 is sandWiched betWeen 
sensors. In this manner, for example, emulator 340 may be 
triggered regardless of the direction that card 300 is sWiped. 
Sensors may include, for example, hall-effect sensors, 
capacitive sensors, and/ or conductive material sensors. Con 
ductive material sensors may detect conductive material by 
closing an electrical loop that uses the conductive material to 
close the electrical loop. 
[0033] Card 350 may include emulator 360. Emulator 360 
may extend, for example, along the majority of the length of 
card 350 (or approximately all of card 350). Emulator 360 
may be a parallel emulator or, for example, may be a serial 
emulator. For example, emulator 360 may be a coil such that 
a single bit is emulated by emulator 360 at a time. Such an 
emulator 380 may, for example, sWitch bits being emulated at 
a high rate so that a read-head of a magnetic stripe reader can 
receive a large amount of information While the read-head of 
the magnetic stripe reader is located over emulator 360. 

[0034] FIG. 4 shoWs emulators 400, 420, 450, and 470. 
Emulator 400 may include, for example, contacts 401 and 402 
that may provide a current through conductive segments 405, 
406, and 407 in a particular direction. Particularly, for 
example, a voltage may be applied across contacts of a par 
ticular polarity to provide a current in a particular direction 
(given the particular resistance of the emulator). Driving cir 
cuitry may be coupled to one or more contacts for providing 
a particular current (e.g., of a particular direction and/or par 
ticular magnitude). Information may be communicated by, 
for example, supplying current to and emulator, and remov 
ing the current supply from the emulator, in a fashion that 
results in communicating information to a magnetic stripe 



US 2009/0159669 A1 

reader through electromagnetic ?elds provided by the emu 
lator. Additional circuitry may be provided to control differ 
ent attributes of an electrical signal provided to conductive 
segments 405, 406, and 407. For example, a transistor may be 
provided to assist With controlling the magnitude of a current 
that reaches conductive segments 405, 406, and 407. 

[0035] Emulator 400 may be fabricated, for example, using 
any fabrication technique such as a printed circuit board 
fabrication technique (e.g., utiliZing PR4). Via 410 and via 
415 may be included to electrically couple conductive seg 
ments 405 and 407 to conductive segment 406. Accordingly, 
for example, conductive segment 406 may be provided at a 
different height then conductive segment 405 and conductive 
segment 407 (e.g., With respect to a base). For example, 
conductive segments 405 and 407 may be provided one sur 
face of a material While conductive segment 406 is provided 
on another surface of a material. Segment 405 and 407 may be 
located closer to the reverse side of a card While segment 406 
may be located closer to the obverse side of a card (or vise 
versa). Accordingly, for example, Wire segments 405, 406, 
and 407 may take on a three-dimensional shape and particular 
segments (e.g., Wire segment 406) may be closer to a particu 
lar surface than other segments. Persons skilled in the art Will 
appreciate that segment 406 may be angled (e.g., With respect 
to a top or bottom edge of a card) or may be in parallel (With 
respect to a top or bottom edge of a card). An emulator may 
include multiple instances of emulator 400 coupled in, for 
example, a series con?guration. Conductive segments on the 
same surface of a material may be, for example, spaced uni 
formly on that surface. Accordingly, for example, a coil may 
be provided as an emulator With numerous turns and a current 
may be provided through that emulator such that an electro 
magnetic ?eld is generated that is operable to be sensed by a 
magnetic stripe reader. 
[0036] Persons skilled in the art Will appreciate that numer 
ous vias and line segments may be provided such that con 
ductive segments are provided at several heights. Thus, for 
example, a coil may be fabricated on a multiple layer board. 
Emulator 400 may be utiliZed, for example, to transmit infor 
mation serially. For example, the direction of the electromag 
netic ?eld created by line segments 405, 406, and 407 may be 
changed. Control circuitry may, in turn, change the direction 
of the electromagnetic ?eld (e. g., by changing the direction of 
the current) at different frequencies such that a reader con 
?gured to detect the frequency of ?eld reversals (e.g., using 
P2P decoding) can receive information. As such, emulator 
400 may communicate multiple bits of data serially by utiliZ 
ing line segments 405, 406, and 407. Any number of line 
segments may be added. Additionally, for example, only a 
single conductive segment may be provided. Furthermore, 
multiple instances of emulator 400 may be placed next to each 
other and may be separately controlled. In doing so, for 
example, multiple, independent electromagnetic ?elds may 
be controlled such that different information may be emu 
lated simultaneously (e.g., in parallel). 
[0037] Conductive segments may, for example, be printed 
on a board (e.g., a ?exible PCB board) in a conductive mate 
rial (e. g., a metal). Similarly, vias may be provided and ?lled 
to provide conductive interconnects. Multiple layers may be 
printed to provide a three-dimensional PCB. Persons skilled 
in the art Will appreciate, hoWever, that an emulator may be 
provided on a single layer With any number of conductive 
segments (e. g., one or more than one). 
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[0038] Emulator 420 may be provided and may include 
conductive segment array 423. Person skilled in the art Will 
appreciate that conductive segment array 423 may be fabri 
cated in multiple layers to form a coil. Accordingly, the coil 
may be provided With a current of a particular direction and 
may generate an associated electromagnetic ?eld across the 
coil. Additionally, for example, current may be provided and 
removed from emulator 420 to communicate information. In 
extending the length of an array (e.g., adding more segments 
or increasing the space of segments), the amount of time a 
read head is operable to read information from an array may 
be increased. 
[0039] Emulator 450 may be provided and may include 
contacts 451 and 452 to provide a current (e. g., a current of a 
particular direction) to conductive segment array 453. Per 
sons skilled in the art Will appreciate that conductive seg 
ments in array 453 may be coupled to vias that are not hori 
Zontally aligned With one another. Accordingly, the vias may 
be staggered. In doing so, for example, the conductive seg 
ments may be spaced closer together as vias may be spaced 
closer together. For example, by staggering the lengths of line 
segments, vias 454 and 455 may be able to be provided at 
larger densities. In turn, a coil may be provided With an 
increased number of turns. 

[0040] Emulator 470 may be provided and may include 
array 471 controlled by contacts 472 and 473. Vertical con 
ductive segments may, for example, be controlled together or 
may be controlled independently (e.g., by having a separate 
pair of contacts for each vertical conductive segment). Com 
ponents may be provided on each segment in order to, for 
example, provide current through each segment. For 
example, resistors may be added to each segment. The resis 
tors of each segment may be different. For example, the 
resistance of each segment may be con?gured to be substan 
tially equal. Multiple emulators may be utiliZed on a structure 
(e.g., a card or other device) to communicate to, for example, 
communicate to different read heads or the same read head. 

[0041] FIG. 5 shoWs ?oW charts 510, 520, and 530. FloW 
chart 510 may be utiliZed in a card or any other device (e. g., 
a token or personal electronic device). Step 510 may be uti 
liZed to transmit a ?rst block of data (e.g., track 1 credit card 
information). Step 512 may then receive an indication to 
sWitch the data block that is being communicated. Such a 
sWitch may be done autonomously through processing logic 
or manually through a manual interface such as a button. Step 
513 may provide a second block of data (e.g., track 2 credit 
card information). In this manner, for example, an emulator 
may provide different types of data in different types of for 
mats and at different data block lengths. 
[0042] FloW chart 520 may be provided and may include 
step 521, in Which a signal is received to initiate a transmis 
sion. Such a transmission may take the form of an emulation 
and may be triggered autonomously through softWare (e.g., 
the detection of a read head) or manually through a manual 
interface (e.g., one or more buttons). Step 522 may initiate 
and repeatedly send a block of data serially. Step 523 may 
initiate and a signal may be received to end a transmission. 
Such a signal may be provided, for example, autonomously 
through softWare (e.g., the detection of a read-head by a 
second detector circuit after an emulator) or manually 
through a manual interface (e.g., on or more buttons. Trans 
mission may be ended in step 524. 
[0043] Persons skilled in the art Will appreciate that a read 
head detector may be utiliZed to cause a magnetic emulator to, 
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for example, transmit a block of information serially (e.g., 
payment information) once each time the read-head detector 
senses a read-head. Alternatively, for example, a read-head 
detector may be utilized to cause a magnetic emulator to, 
serially transmit the same block of information repeatedly a 
particular number of times or for a particular period of time. 
Pauses may be introduced betWeen transmissions of the block 
of information (e. g., payment information). Any dynamic 
magnetic communications device (e.g., one or more emula 
tors and/ or encoders) may be utiliZed based on the readings of 
one or more read-head detectors. 

[0044] How chart 530 may be provided. Step 531 may, for 
example, change the coding of a number based on time (e. g., 
may code a credit card number differently With respect to 
time). Accordingly, a number may be changed based on the 
changed coding in step 532. The coded block may be trans 
mitted in step 533. Persons skilled in the art Will appreciate 
that a number (e.g., a dynamic number) may be provided 
visual via a display as Well as magnetically via an emulator. 
Such a visual and emulation display may occur simulta 
neously. A different manual interface may be utiliZed (e. g., a 
different button) to turn a display ON or to turn an emulator 
ON. 

[0045] Persons skilled in the art Will appreciate that a par 
ticular magnetic stripe track (e.g., track 2 of a payment card 
such as a credit card) may have a particular amount of infor 
mation at a particular density and in a particular format. For 
example, an emulator may transmit 40 characters, Where each 
character is represented by 5 bits, by transmitting 200 bits. A 
magnetic stripe may include a track With, for example, 400 
magnetic regions that may represent a maximum of approxi 
mately 400 ?ux reversals. Persons skilled in the art Will appre 
ciate that, furthering this example, With serial transmission, 
all 400 ?ux reversals (or more) may be transmitted by a single 
region. If start bits are utiliZed in a data block, then, for 
example, the data block may be repeatedly sent and resent and 
be properly utiliZed by a reader. For example, if a reader picks 
up a serial transmission in the middle of a transmission, the 
reader may not recogniZe the start bits and may Wait until a 
start bits are received. Thus, an emulator may be driven such 
that it can, for example, send a data block approximately at 
least tWice (e.g., approximately 800 associated ?ux reversals 
if a block is associated With 400 ?ux reversals) While a read 
head of a magnetic stripe reader is operable to communicate 
With an emulator (e.g., the read-head is located over the 
emulator). In doing so, for example, an emulator may be able 
to transmit a block regardless of When a read head starts 
reading a block. 

[0046] A magnetic stripe reader may, for example, be con 
?gured such that it is able to sense approximately at least 
30,000 ?ux changes per second. Accordingly, an emulator 
region may transmit, for example, tWo blocks of information 
(e.g., of 400 transversals) to such a reader in approximately 
0.0266 seconds. If, for example, the region is approximately 
1 mm Wide, the user may be operable to sWipe at approxi 
mately 0.037 meters/ second (approximately 1.5 inches/sec 
ond) and the information may be communicated to a reader. 
If, for example, the region is approximately 5 mm Wide, the 
user may sWipe at approximately 7.5 inches/second and the 
information may be communicated to a reader. Persons 
skilled in the art Will appreciate that larger currents may be 
utiliZed to drive larger regions. Persons skilled in the art Will 
appreciate that users may be able to sWipe at a variety of 
speeds, and may change the speed of the sWipe While a card is 
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being read by a reader, and an emulator may still properly 
transmit information via emulation. An emulator may be 
provided, for example, such that a user may sWipe at speeds 
up to at least approximately 0.5, l, 5, 10 feet/ second for a 
particular reader (e. g., a reader operable of reader 30,000 ?ux 
changes a second). 
[0047] Persons skilled in the art Will appreciate that a num 
ber of manufacturing techniques may be utiliZed. An emula 
tor may provide a uniform ?eld for a particular distance about 
the surface of a card, but may be able to rapidly change the 
direction of the ?eld. A coil may be provided using a tWo 
layer or several-layer PCB techniques. Persons skilled in the 
art Will appreciate that the Width of a conductive segment 
(e.g., a Wire trace) may be approximately 0.003 inches (or 
larger) and the diameter of vias connecting layers may be 
approximately 0.008 inches (or larger). Additionally, for 
example, a pattern of concentric rectangles may be utiliZed to 
produce a desired ?eld in serial (or in parallel, for example, if 
multiple are utiliZed) transmission scheme. A single trace 
may also be split into multiple parallel traces that collective 
generate a desired ?eld pattern. 

[0048] FIG. 6 shoWs card 600 that may include, for 
example, one or more IC chips 630 (e.g., EMV chips), RFID 
antennas 620, processors 640, displays 650, dynamic mag 
netic communications devices 610 (e.g., magnetic encoders 
and/or magnetic emulators), batteries 660, and buttons 651 
and 652. Additional circuitry 698 may be provided Which 
may be, for example, one or more oscillators or emulator 
driving circuits. Persons skilled in the art Will appreciate that 
button 651 may, for example, be utiliZed by a user to select 
one encryption algorithm for a number displayed on display 
650 While button 652 may be utiliZed by a user to select a 
different encryption algorithm. Persons skilled in the art Will 
appreciate that the components of card 600 may be provided 
on either surface of a card (e. g., a front or rear surface of the 
card) or inside ofa card. A logo (e.g., ofa card issuer) and logo 
may be provided on either surface of a card. 

[0049] A button, such as button 651, may be utiliZed, for 
example, to display a number. Such a number may be, for 
example, encrypted from a secure number based on time or 
use. For example, one-time use numbers (e.g., a payment 
number or code) may be retrieved from a list of numbers on 
memory each time button 651 is pressed and displayed on 
display 650. A processor may only go through each number 
once on a list. A registration process may be provided in 
Which a user may be requested to enter in a sequence of 
numbers such that a remote server may validate the card and 
learn Where in a sequence of a list a card currently resides. 
Numbers may be repeated on a list or may only occur once on 
a list. All of the numbers available by the length of the number 
may be utiliZed by the list or only a portion of the numbers 
available by the length of the number may be provided by the 
list. A secret number may be encrypted on a card and a 
veri?cation server may also have knoWledge of this secret 
number. Accordingly, the remote server may perform the 
same encryption function as the card on the secret number and 
verify that the resultant encrypted number is the same as the 
resultant encrypted number on a card. Alternatively, for 
example, the remote server may decrypt the received 
encrypted number to determine the authenticity of the 
encrypted number and validate an activity (e.g., validate a 
security access request or a purchase transaction). 
[0050] FIG. 7 shoWs card 700 that may include, for 
example, signature area 710 that may include a material oper 
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able to receive marks from a pen (e.g., a signature). Card 700 
may also include, for example, displays 720 and 730. Display 
720 may, for example, display a payment number While dis 
play 730 displays a security code (e.g., for online purchase 
authentication). Display 720 as Well as display 730 may be 
utiliZed on the same side as, for example, dynamic magnetic 
communications device 710. 

[0051] FIG. 8 shoWs personal electronic device 800 Which 
may be, for example, a portable telephonic device, portable 
media player, or any type of electronic device. Persons skilled 
in the art Will appreciate that the functionality of a card may 
be provided on a personal device and displayed through a 
graphical user interface. Personal electronic device 800 may 
include, for example, user inputs 840 and display 810. Virtual 
card 820 may be displayed on display 820. Display 820 may 
be a touch-sensitive display such that, for example, virtual 
button 830 may be provided on virtual card 820. Persons 
skilled in the art Will appreciate that cards may be provided as 
virtual cards and a user may interact With such virtual cards in 
order to provide a variety of functions. Personal electronic 
device 800 may communicate to a card reader such as, for 
example, an RFID reader. 

[0052] A display may be bi-stable or non bi-stable. A bi 
stable display may consume electrical energy to change the 
information displayed on the bi-stable display but may not 
consume electrical energy to maintain the display of that 
information. A non bi-stable display may consume electrical 
energy to both change and maintain information on the non 
bi-stable display. A display driving circuit may be provided, 
for example, for a bi-stable display (or a non bi-stable dis 
play). Such a display driving circuit may step-up a supply 
voltage (e.g., 1-5 volts) to a larger voltage (e.g., 6-15 volts) 
such that a bi-stable display may change displayed informa 
tion. A controller (e.g., a processor) may be utiliZed to control 
such a display driving circuit. Persons skilled in the art Will 
appreciate that a display may be con?gured to display 
numerical data or alphanumerical data. A display may also be 
con?gured to display other indicia (e.g., the image of a battery 
and its remaining life). 
[0053] Persons skilled in the art Will appreciate that a 
dynamic magnetic communications device (e.g., a magnetic 
emulator or magnetic encoder) may be fabricated, either com 
pletely or partially, in silicon and provided as a silicon-based 
chip. Other circuitry (e.g., driving circuitry) may also be 
fabricated on such a silicon-based chip. A processor, such as 
a processor for controlling a magnetic communications 
device, may be, for example, a programmable processor hav 
ing on-board programmable non-volatile memory (e.g., 
FLASH memory), volatile memory (e.g., RAM), as Well as a 
cache. Firmware as Well as payment information (e.g., 
dynamic numbers) may be, for example, communicated from 
a programming device to a processor’s on-board program 
mable non-volatile memory (e.g., a FLASH memory) such 
that a card may provide a variety of functionalities. Such a 
processor may also have one or more poWer-saving operating 
modes, in Which each operating mode turns OFF a different 
set of circuitry to provide different levels of poWer consump 
tion. One or more poWer-savings modes may turn OFF, for 
example, one or more clocking circuitry provided on a pro 
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cessor. An Application-Speci?c Integrated Circuit (ASIC) 
may also be included in a card or other device to provide, for 
example, processing, dynamic magnetic communications, as 
Well as driving capabilities. 
[0054] Persons skilled in the art Will also appreciate that the 
present invention is not limited to only the embodiments 
described. Instead, the present invention more generally 
involves dynamic information. Persons skilled in the art Will 
also appreciate that the apparatus of the present invention 
may be implemented in other Ways then those described 
herein. All such modi?cations are Within the scope of the 
present invention, Which is limited only by the claims that 
folloW. 
What is claimed is: 
1. A system comprising: 
a card comprising: 

a magnetic emulator, fabricated on at least one printed 
circuit board layer, operable to serially communicate 
a data block of magnetic stripe information. 

2. The system of claim 1, further comprising a card reader, 
Wherein said card further comprises a sensor for detecting a 
sWipe of said card in said reader, Wherein said sensor is an 
inertial movement sensor. 

3. The system of claim 1, further comprising a card reader, 
Wherein said card further comprises a sensor for detecting 
sWipe of said card in said reader, Wherein said sensor is a 
manual control interface. 

4. The system of claim 1, further comprising a card reader, 
Wherein said card further comprises a sensor for detecting 
sWipe of said card in said reader, Wherein said magnetic 
emulator emulates said data block at least tWice While in the 
presence of a read head of said reader. 

5. The system of claim 1, further comprising a card reader, 
Wherein said card further comprises a second magnetic emu 
lator operable to serially communicate a second data block to 
said card reader. 

6. The system of claim 1, further comprising a card reader, 
Wherein said card further comprises a second magnetic emu 
lator operable to serially communicate a second data block to 
said reader and said magnetic emulator and said second mag 
netic emulator are vertically aligned With respect to a plane of 
said card. 

7. The system of claim 1, Wherein said card further com 
prises a second magnetic emulator operable to serially com 
municate a second data block to said reader and said magnetic 
emulator and said second magnetic emulator are vertically 
staggered With respect to a plane of said card. 

8. The system of claim 1, Wherein said data block is asso 
ciated With a ?rst credit card data track. 

9. The system of claim 1, further comprising a card reader, 
Wherein said data block is associated With a ?rst credit card 
data track, said magnetic emulator serially transmits a second 
data block to said reader, and said second data block is asso 
ciated With a second credit card data track. 

10. A card comprising: 
a magnetic emulator operable to serially communicate a 

data block of magnetic stripe data based on signals a 
processor receives from at least one read-head detector. 

* * * * * 


