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ACTIVE STYLUS WITH FRACTIONAL FIG . 12 illustrates an example method for transmitting 
CLOCK - CYCLE TIMING information . 

1 

5 

10 

15 

DESCRIPTION OF EXAMPLE EMBODIMENTS Matter enclosed in heavy brackets [ ] appears in the 
original patent but forms no part of this reissue specifica FIG . 1 illustrates an example touch sensor 10 with an 
tion ; matter printed in italics indicates the additions example touch - sensor controller 12. Touch sensor 10 and made by reissue ; a claim printed with strikethrough touch - sensor controller 12 may detect the presence and 
indicates that the claim was canceled , disclaimed , or held location of a touch or the proximity of an object within a invalid by a prior post - patent action or proceeding . touch - sensitive area of touch sensor 10. Herein , reference to 

a touch sensor may encompass both the touch sensor and its 
TECHNICAL FIELD touch - sensor controller , where appropriate . Similarly , refer 

ence to a touch - sensor controller may encompass both the 
This disclosure generally relates to touch sensors and touch - sensor controller and its touch sensor , where appro active styluses . priate . In particular embodiments , a touch - sensor controller 

may be referred to as a touch controller . Touch sensor 10 BACKGROUND may include one or more touch - sensitive areas , where appro 
A touch sensor may detect the presence and location of a priate . Touch sensor 10 may include an array of drive and 

touch or the proximity of an object ( such as a user's finger 20 sense electrodes ( or an array of electrodes of a single type ) 
or a stylus ) within a touch - sensitive area of the touch sensor disposed on one or more substrates , which may be made of 
overlaid on a display screen , for example . In a touch a dielectric material . Herein , reference to a touch sensor may 
sensitive - display application , the touch sensor may enable a encompass both the electrodes of the touch sensor and the 
user to interact directly with what is displayed on the screen , substrate ( s ) that they are disposed on , where appropriate . 
rather than indirectly with a mouse or touch pad . A touch 25 Alternatively , where appropriate , reference to a touch sensor 
sensor may be attached to or provided as part of a desktop may encompass the electrodes of the touch sensor , but not 
computer , laptop computer , tablet computer , personal digital the substrate ( s ) that they are disposed on . 
assistant ( PDA ) , smartphone , satellite navigation device , An electrode ( whether a ground electrode , a guard elec 
portable media player , portable game console , kiosk com trode , a drive electrode , or a sense electrode ) may be an area 
puter , point - of - sale device , or other suitable device . A con- 30 of conductive material forming a shape , such as for example 
trol panel on a household or other appliance may include a a disc , square , rectangle , thin line , other suitable shape , or 
touch sensor . suitable combination of these . One or more cuts in one or 

There are a number of different types of touch sensors , more layers of conductive material may ( at least in part ) 
such as ( for example ) resistive touch screens , surface acous create the shape of an electrode , and the area of the shape 
tic wave touch screens , and capacitive touch screens . Herein , 35 may ( at least in part ) be bounded by those cuts . In particular 
reference to a touch sensor may encompass a touch screen , embodiments , the conductive material of an electrode may 
and vice versa , where appropriate . When an object touches occupy approximately 100 % of the area of its shape . As an 
or comes within proximity of the surface of the capacitive example and not by way of limitation , an electrode may be 
touch screen , a change in capacitance may occur within the made of indium tin oxide ( ITO ) and the ITO of the electrode 
touch screen at the location of the touch or proximity . A 40 may occupy approximately 100 % of the area of its shape 
touch - sensor controller may process the change in capaci ( sometimes referred to as 100 % fill ) , where appropriate . In 
tance to determine its position on the touch screen . particular embodiments , the conductive material of an elec 

trode may occupy substantially less than 100 % of the area of 
BRIEF DESCRIPTION OF THE DRAWINGS its shape . As an example and not by way of limitation , an 

45 electrode may be made of fine lines of metal or other 
FIG . 1 illustrates an example touch sensor with an conductive material ( FLM ) , such as for example copper , 

example touch - sensor controller . silver , carbon , or a copper- , silver- , or carbon - based mate 
FIG . 2 illustrates an example active stylus exterior . rial , and the fine lines of conductive material may occupy 
FIG . 3 illustrates an example active stylus interior . approximately 5 % of the area of its shape in a hatched , 
FIG . 4 illustrates an example active stylus with an 50 mesh , or other suitable pattern . Herein , reference to FLM 

example device . encompasses such material , where appropriate . Although 
FIG . 5 illustrates an example synchronization signal with this disclosure describes or illustrates particular electrodes 

corresponding edge and clock - cycle counts . made of particular conductive material forming particular 
FIG . 6 illustrates an example block diagram associated shapes with particular fill percentages having particular 

with determining a synchronization parameter of a synchro- 55 patterns , this disclosure contemplates any suitable electrodes 
nization signal and transmitting information using the deter made of any suitable conductive material forming any 
mined synchronization parameter . suitable shapes with any suitable fill percentages having any 

FIG . 7 illustrates a block diagram of an example routine suitable patterns . 
for determining time intervals for transmitting data . Where appropriate , the shapes of the electrodes ( or other 

FIG . 8 illustrates a table with example values related to 60 elements ) of a touch sensor may constitute in whole or in 
determining time intervals for transmitting data . part one or more macro - features of the touch sensor . One or 

FIG . 9 illustrates an example graph of Number of Clock more characteristics of the implementation of those shapes 
Cycles versus Iteration . ( such as , for example , the conductive materials , fills , or 

FIG . 10 illustrates an example graph of Cumulative Error patterns within the shapes ) may constitute in whole or in part 
versus Iteration . 65 one or more micro - features of the touch sensor . One or more 

FIG . 11 illustrates an example timing diagram with macro - features of a touch sensor may determine one or more 
example touch - controller signals and example stylus signals . characteristics of its functionality , and one or more micro 
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features of the touch sensor may determine one or more electrodes forming an array of capacitive nodes . A drive 
optical features of the touch sensor , such as transmittance , electrode and a sense electrode may form a capacitive node . 
refraction , or reflection . The drive and sense electrodes forming the capacitive node 

A mechanical stack may contain the substrate ( or multiple may come near each other , but not make electrical contact 
substrates ) and the conductive material forming the drive or 5 with each other . Instead , the drive and sense electrodes may 
sense electrodes of touch sensor 10. As an example and not be capacitively coupled to each other across a space , or gap , 
by way of limitation , the mechanical stack may include a between them . A pulsed or alternating voltage applied to the 
first layer of optically clear adhesive ( OCA ) beneath a cover drive electrode ( by touch - sensor controller 12 ) may induce 
panel . The cover panel may be clear and made of a resilient a charge on the sense electrode , and the amount of charge 
material suitable for repeated touching , such as for example 10 induced may be susceptible to external influence ( such as a 
glass , polycarbonate , poly ( methyl methacrylate ) touch or the proximity of an object ) . When an object touches 
( PMMA ) . This disclosure contemplates any suitable cover or comes within proximity of the capacitive node , a change 
panel made of any suitable material . The first layer of OCA in capacitance may occur at the capacitive node and touch 
may be disposed between the cover panel and the substrate ensor controller 12 may measure the change in capacitance . 
with the conductive material forming the drive or sense 15 By measuring changes in capacitance throughout the array , 
electrodes . The mechanical stack may also include a second touch - sensor controller 12 may determine the position of the 
layer of OCA and a dielectric layer ( which may be made of touch or proximity within the touch - sensitive area ( s ) of 
PET or another suitable material , similar to the substrate touch sensor 10 . 
with the conductive material forming the drive or sense In a self - capacitance implementation , touch sensor 10 
electrodes ) . As an alternative , where appropriate , a thin 20 may include an array of electrodes of a single type that may 
coating of a dielectric material may be applied instead of the each form a capacitive node . When an object touches or 
second layer of OCA and the dielectric layer . The second comes within proximity of the capacitive node , a change in 
layer of OCA may be disposed between the substrate with self - capacitance may occur at the capacitive node and touch 
the conductive material making up the drive or sense elec sensor controller 12 may measure the change in capacitance , 
trodes and the dielectric layer , and the dielectric layer may 25 for example , as a change in the amount of charge needed to 
be disposed between the second layer of OCA and an air gap raise the voltage at the capacitive node by a pre - determined 
to a display of a device including touch sensor 10 and amount . As with a mutual - capacitance implementation , by 
touch - sensor controller 12. As an example only and not by measuring changes in capacitance throughout the array , 
way of limitation , the cover panel may have a thickness of touch - sensor controller 12 may determine the position of the 
approximately 1 mm ; the first layer of OCA may have a 30 touch or proximity within the touch - sensitive area ( s ) of 
thickness of approximately 0.05 mm ; the substrate with the touch sensor 10. This disclosure contemplates any suitable 
conductive material forming the drive or sense electrodes form of capacitive touch sensing , where appropriate . 
may have a thickness of approximately 0.05 mm ; the second In particular embodiments , one or more drive electrodes 
layer of OCA may have a thickness of approximately 0.05 may together form a drive line running horizontally or 
mm ; and the dielectric layer may have a thickness of 35 vertically or in any suitable orientation . Similarly , one or 
approximately 0.05 mm . Although this disclosure describes more sense electrodes may together form a sense line 
a particular mechanical stack with a particular number of running horizontally or vertically or in any suitable orien 
particular layers made of particular materials and having tation . In particular embodiments , drive lines may run 
particular thicknesses , this disclosure contemplates any suit substantially perpendicular to sense lines . Herein , reference 
able mechanical stack with any suitable number of any 40 to a drive line may encompass one or more drive electrodes 
suitable layers made of any suitable materials and having making up the drive line , and vice versa , where appropriate . 
any suitable thicknesses . As an example and not by way of Similarly , reference to a sense line may encompass one or 
limitation , in particular embodiments , a layer of adhesive or more sense electrodes making up the sense line , and vice 
dielectric may replace the dielectric layer , second layer of versa , where appropriate . 
OCA , and air gap described above , with there being no air 45 Touch sensor 10 may have drive and sense electrodes 
gap to the display . disposed in a pattern on one side of a single substrate . In 
One or more portions of the substrate of touch sensor 10 such a configuration , a pair of drive and sense electrodes 

may be made of polyethylene terephthalate ( PET ) or another capacitively coupled to each other across a space between 
suitable material . This disclosure contemplates any suitable them may form a capacitive node . For a self - capacitance 
substrate with any suitable portions made of any suitable 50 implementation , electrodes of only a single type may be 
material . In particular embodiments , the drive or sense disposed in a pattern on a single substrate . In addition or as 
electrodes in touch sensor 10 may be made of ITO in whole an alternative to having drive and sense electrodes disposed 
or in part . In particular embodiments , the drive or sense in a pattern on one side of a single substrate , touch sensor 10 
electrodes in touch sensor 10 may be made of fine lines of may have drive electrodes disposed in a pattern on one side 
metal or other conductive material . As an example and not 55 of a substrate and sense electrodes disposed in a pattern on 
by way of limitation , one or more portions of the conductive another side of the substrate . Moreover , touch sensor 10 may 
material may be copper or copper - based and have a thick have drive electrodes disposed in a pattern on one side of 
ness of approximately 5 um or less and a width of approxi one substrate and sense electrodes disposed in a pattern on 
mately 10 um or less . As another example , one or more one side of another substrate . In such configurations , an 
portions of the conductive material may be silver or silver- 60 intersection of a drive electrode and a sense electrode may 
based and similarly have a thickness of approximately 5 um form a capacitive node . Such an intersection may be a 
or less and a width of approximately 10 um or less . This location where the drive electrode and the sense electrode 
disclosure contemplates any suitable electrodes made of any " cross ” or come nearest each other in their respective planes . 
suitable material . The drive and sense electrodes do not make electrical 

Touch sensor 10 may implement a capacitive form of 65 contact with each other — instead they are capacitively 
touch sensing . In a mutual - capacitance implementation , coupled to each other across a dielectric at the intersection . 
touch sensor 10 may include an array of drive and sense Although this disclosure describes particular configurations 
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of particular electrodes forming particular nodes , this dis connections for coupling touch - sensor controller 12 to drive 
closure contemplates any suitable configuration of any suit electrodes of touch sensor 10 , through which the drive unit 
able electrodes forming any suitable nodes . Moreover , this of touch - sensor controller 12 may supply drive signals to the 
disclosure contemplates any suitable electrodes disposed on drive electrodes . Other tracks 14 may provide sense con 
any suitable number of any suitable substrates in any suit- 5 nections for coupling touch - sensor controller 12 to sense 
able patterns . electrodes of touch sensor 10 , through which the sense unit 
As described above , a change in capacitance at a capaci of touch - sensor controller 12 may sense charge at the 

tive node of touch sensor 10 may indicate a touch or capacitive nodes of touch sensor 10. Tracks 14 may be made 
proximity input at the position of the capacitive node . of fine lines of metal or other conductive material . As an 
Touch - sensor controller 12 may detect and process the 10 example and not by way of limitation , the conductive 
change in capacitance to determine the presence and loca material of tracks 14 may be copper or copper - based and 
tion of the touch or proximity input . Touch - sensor controller have a width of approximately 100 um or less . As another 
12 may then communicate information about the touch or example , the conductive material of tracks 14 may be silver 
proximity input to one or more other components ( such as or silver - based and have a width of approximately 100 um 
one or more central processing units ( CPUs ) ) of a device that 15 or less . In particular embodiments , tracks 14 may be made 
includes touch sensor 10 and touch - sensor controller 12 , of ITO in whole or in part in addition or as an alternative to 
which may respond to the touch or proximity input by fine lines of metal or other conductive material . Although 
initiating a function of the device ( or an application running this disclosure describes particular tracks made of particular 
on the device ) . Although this disclosure describes a particu materials with particular widths , this disclosure contem 
lar touch - sensor controller having particular functionality 20 plates any suitable tracks made of any suitable materials 
with respect to a particular device and a particular touch with any suitable widths . In addition to tracks 14 , touch 
sensor , this disclosure contemplates any suitable touch sensor 10 may include one or more ground lines terminating 
sensor controller having any suitable functionality with at a ground connector ( which may be a connection pad 16 ) 
respect to any suitable device and any suitable touch sensor . at an edge of the substrate of touch sensor 10 ( similar to 

Touch - sensor controller 12 may be one or more integrated 25 tracks 14 ) . 
circuits ( ICs ) , such as for example general - purpose micro Connection pads 16 may be located along one or more 
processors , microcontrollers , programmable logic devices or edges of the substrate , outside the touch - sensitive area ( s ) of 
arrays , application - specific ICs ( ASICs ) . In particular touch sensor 10. As described above , touch - sensor controller 
embodiments , touch - sensor controller 12 comprises analog 12 may be on an FPC . Connection pads 16 may be made of 
circuitry , digital logic , and digital non - volatile memory . In 30 the same material as tracks 14 and may be bonded to the FPC 
particular embodiments , touch - sensor controller 12 is dis using an anisotropic conductive film ( ACF ) . Connection 18 
posed on a flexible printed circuit ( FPC ) bonded to the may include conductive lines on the FPC coupling touch 
substrate of touch sensor 10 , as described below . The FPC sensor controller 12 to connection pads 16 , in turn coupling 
may be active or passive , where appropriate . In particular touch - sensor controller 12 to tracks 14 and to the drive or 
embodiments , multiple touch - sensor controllers 12 are dis- 35 sense electrodes of touch sensor 10. In another embodiment , 
posed on the FPC . Touch - sensor controller 12 may include connection pads 16 may be connected to an electro - me 
a processor unit , a drive unit , a sense unit , and a storage unit . chanical connector ( such as a zero insertion force wire - to 
The drive unit may supply drive signals to the drive elec board connector ) ; in this embodiment , connection 18 may 
trodes of touch sensor 10. The sense unit may sense charge not need to include an FPC . This disclosure contemplates 
at the capacitive nodes of touch sensor 10 and provide 40 any suitable connection 18 between touch - sensor controller 
measurement signals to the processor unit representing 12 and touch sensor 10 . 
capacitances at the capacitive nodes . The processor unit may FIG . 2 illustrates an example exterior of an example 
control the supply of drive signals to the drive electrodes by active stylus 20 , which may be used in conjunction with 
the drive unit and process measurement signals from the touch sensor 10 of FIG . 1. In particular embodiments , active 
sense unit to detect and process the presence and location of 45 stylus 20 is powered ( e.g. , by an internal or external power 
a touch or proximity input within the touch - sensitive area ( s ) source ) and is capable of providing touch or proximity 
of touch sensor 10. The processor unit may also track inputs to a touch sensor ( e.g. , touch sensor 10 illustrated in 
changes in the position of a touch or proximity input within FIG . 1 ) . Active stylus 20 may include one or more compo 
the touch - sensitive area ( s ) of touch sensor 10. The storage nents , such as buttons 30 or sliders 32 and 34 integrated with 
unit may store programming for execution by the processor 50 an outer body 22. These external components may provide 
unit , including programming for controlling the drive unit to for interaction between active stylus 20 and a user or 
supply drive signals to the drive electrodes , programming between a device and a user . As an example and not by way 
for processing measurement signals from the sense unit , and of limitation , interactions may include communication 
other suitable programming , where appropriate . Although between active stylus 20 and a device , enabling or altering 
this disclosure describes a particular touch - sensor controller 55 functionality of active stylus 20 or a device , or providing 
having a particular implementation with particular compo feedback to or accepting input from one or more users . The 
nents , this disclosure contemplates any suitable touch - sensor device may be any suitable device , such as , for example and 
controller having any suitable implementation with any without limitation , a desktop computer , laptop computer , 
suitable components . tablet computer , personal digital assistant ( PDA ) , smart 

Tracks 14 of conductive material disposed on the sub- 60 phone , satellite navigation device , portable media player , 
strate of touch sensor 10 may couple the drive or sense portable game console , kiosk computer , point - of - sale 
electrodes of touch sensor 10 to connection pads 16 , also device , or other suitable device . Although this disclosure 
disposed on the substrate of touch sensor 10. As described provides specific examples of particular components con 
below , connection pads 16 facilitate coupling of tracks 14 to figured to provide particular interactions , this disclosure 
touch - sensor controller 12. Tracks 14 may extend into or 65 contemplates any suitable component configured to provide 
around ( e.g. , at the edges of ) the touch - sensitive area ( s ) of any suitable interaction . Active stylus 20 may have any 
touch sensor 10. Particular tracks 14 may provide drive suitable dimensions with outer body 22 made of any suitable 
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material or combination of materials , such as , for example stylus 20 and a device . In particular embodiments , active 
and without limitation , plastic or metal . In particular stylus 20 may have a tip 26 located at an end of active stylus 
embodiments , exterior components ( e.g. , 30 or 32 ) of active 20 , and tip 26 may include one or more electrodes config 
stylus 20 may interact with internal components or program ured to communicate data between active stylus 20 and one 
ming of active stylus 20 or may initiate one or more or more devices or other active styluses . By way of example 
interactions with one or more devices or other active sty and without limitation , the electrodes of active stylus 20 may 
luses 20 . reside on outer body 22 of active stylus , in active - stylus tip 
As described above , actuating one or more particular 26 , or on or in any other suitable part of active stylus 20. Tip 

components may initiate an interaction between active stylus 26 may provide or communicate pressure information ( e.g. , 
20 and a user or between the device and the user . Compo- 10 the amount of pressure being exerted by active stylus 20 
nents of active stylus 20 may include one or more buttons 30 through tip 26 ) between active stylus 20 and one or more 
or one or more sliders 32 and 34. As an example and not by devices or other active styluses . Tip 26 may be made of any 
way of limitation , buttons 30 or sliders 32 and 34 may be suitable material , such as a conductive material , and have 
mechanical or capacitive and may function as a roller , any suitable dimensions , such as , for example , a diameter of 
trackball , or wheel . As another example , one or more sliders 15 1 mm or less at its terminal end . Active stylus 20 may 
32 or 34 may function as a vertical slider 34 aligned along include one or more ports 28 located at any suitable location 
a longitudinal axis of active stylus 20 , while one or more on outer body 22 of active stylus 20. Port 28 may be 
wheel sliders 32 may be aligned around the circumference of configured to transfer signals or information between active 
active stylus 20. In particular embodiments , capacitive slid stylus 20 and one or more devices or power sources via , for 
ers 32 and 34 or buttons 30 may be implemented using one 20 example , wired coupling . Port 28 may transfer signals or 
or more touch - sensitive areas . Touch - sensitive areas may information by any suitable technology , such as , for 
have any suitable shape , dimensions , location , or be made example , by universal serial bus ( USB ) or Ethernet connec 
from any suitable material . As an example and not by way tions . Although this disclosure describes and illustrates a 
of limitation , sliders 32 and 34 or buttons 30 may be particular configuration of particular components with par 
implemented using areas of flexible mesh formed using lines 25 ticular locations , dimensions , composition and functionality , 
of conductive material . As another example , sliders 32 and this disclosure contemplates any suitable configuration of 
34 or buttons 30 may be implemented using an FPC . suitable components with any suitable locations , dimen 

Active stylus 20 may have one or more components sions , composition , and functionality with respect to active 
configured to provide feedback to or accept feedback from stylus 20 . 
a user , such as , for example and without limitation , tactile , 30 FIG . 3 illustrates example internal components of an 
visual , or audio feedback . Active stylus 20 may include one example active stylus 20. Active stylus 20 includes one or 
or more ridges or grooves 24 on its outer body 22. Ridges more components , such as a controller 50 , sensors 42 , 
or grooves 24 may have any suitable dimensions , have any memory 44 , or power source 48. In particular embodiments , 
suitable spacing between ridges or grooves , or be located at one or more components may be configured to provide for 
any suitable area on outer body 22 of active stylus 20. As an 35 interaction between active stylus 20 and a user or between 
example and not by way of limitation , ridges 24 may a device and a user . In other particular embodiments , one or 
enhance a user's grip on outer body 22 of active stylus 20 or more internal components , in conjunction with one or more 
provide tactile feedback to or accept tactile input from a external components described above , may be configured to 
user . Active stylus 20 may include one or more audio provide interaction between active stylus 20 and a user or 
components 38 capable of transmitting and receiving audio 40 between a device and a user . As an example and not by way 
signals . As an example and not by way of limitation , audio of limitation , interactions may include communication 
component 38 may contain a microphone capable of record between active stylus 20 and a device , enabling or altering 
ing or transmitting one or more users ' voices . As another functionality of active stylus 20 or a device , or providing 
example , audio component 38 may provide an auditory feedback to or accepting input from one or more users . As 
indication of a power status of active stylus 20. Active stylus 45 another example , active stylus 20 may communicate via any 
20 may include one or more visual feedback components 36 , applicable short distance , low energy data transmission or 
such as a light - emitting diode ( LED ) indicator or an elec modulation link , such as , for example and without limita 
trophoretic display . As an example and not by way of tion , via a radio frequency ( RF ) communication link . In this 
limitation , visual feedback component 36 may indicate a case , active stylus 20 includes a RF device for transmitting 
power status of active stylus 20 to the user . 50 data over the RF link . 
One or more modified surface areas 40 may form one or Controller 50 may be a microcontroller or any other type 

more components on outer body 22 of active stylus 20 . of computing device or processor suitable for controlling the 
Properties of modified surface areas 40 may be different than operation of active stylus 20. Controller 50 may be one or 
properties of the remaining surface of outer body 22. As an more ICs — such as , for example , general - purpose micropro 
example and not by way of limitation , modified surface area 55 cessors , microcontrollers , programmable logic devices 
40 may be modified to have a different texture , temperature , ( PLDs ) , programmable logic arrays ( PLAs ) , or ASICs . Con 
or electromagnetic characteristic relative to the surface troller 50 may include a processor unit , a drive unit , a sense 
properties of the remainder of outer body 22. Modified unit , and a storage unit . In particular embodiments , pro 
surface area 40 may be capable of dynamically altering its cessor unit in controller 50 may control the operation of 
properties , for example by using haptic interfaces or ren- 60 electrodes in active stylus 20 , either via drive or sense units 
dering techniques . A user may interact with modified surface or directly . The drive unit may supply signals to electrodes 
area 40 to provide any suitable functionality . For example of tip 26 through center shaft 41. The drive unit may also 
and not by way of limitation , dragging a finger across supply signals to control or drive sensors 42 or one or more 
modified surface area 40 may initiate an interaction , such as external components of active stylus 20. In particular 
data transfer , between active stylus 20 and a device . 65 embodiments , the drive unit of active stylus 20 may be 
One or more components of active stylus 20 may be configured to transmit a signal that may be detected by 

configured to communicate a signal or data between active electrodes of touch sensor 10. As an example and not by way 
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of limitation , the drive unit of active stylus 20 may include battery , such as for example an alkaline battery , or a 
a voltage pump or a switch , such that the voltage pump may rechargeable battery , such as for example a lithium - ion or 
generate a high voltage signal , or the switch may toggle the nickel - metal - hydride battery . In particular embodiments , 
potential of tip 26 between zero voltage and one or more power source 48 may be charged by energy from a user or 
pre - determined voltage levels . The drive unit of active stylus 5 device . As an example and not by way of limitation , power 
20 may transmit a signal , such as a square wave , sine wave , source 48 may be a rechargeable battery that may be charged 
or digital - logic signal , that may be sensed by the electrodes by motion induced on active stylus 20. In other particular 
of touch sensor 10. In particular embodiments , the drive unit embodiments , power source 48 of active stylus 20 may 
of active stylus 20 may transmit a signal to the electrodes of provide power to or receive power from the device or other 
touch sensor 10 by applying a voltage or current to elec- 10 external power source . As an example and not by way of 
trodes of tip 26 that results in charge removal or charge limitation , power may be inductively transferred between 
addition to the electrodes of touch sensor 10 , mimicking a power source 48 and a power source of the device or another 
touch or anti - touch of a finger on a pulse - by - pulse basis . external power source , such as a wireless power transmitter . 

The sense unit may sense signals received by electrodes Power source may also be powered or recharged by a wired 
of tip 26 through center shaft 41 and provide measurement 15 connection through an applicable port coupled to a suitable 
signals to the processor unit representing input from a power source . 
device . The sense unit may also sense signals generated by FIG . 4 illustrates an example active stylus 20 with an 
sensors 42 or one or more external components and provide example device 52. Device 52 may include a touch sensor 
measurement signals to the processor unit representing input similar to touch sensor 10 of FIG . 1. Device 52 may be any 
from a user . The processor unit may control the supply of 20 suitable device that includes a touch sensor , such as , for 
signals to the electrodes of tip 26 and process measurement example and without limitation , a desktop computer , laptop 
signals from the sense unit to detect and process input from computer , tablet computer , personal digital assistant ( PDA ) , 
the device . The processor unit may also process measure smartphone , satellite navigation device , portable media 
ment signals from sensors 42 or one or more external player , portable game console , kiosk computer , point - of - sale 
components . The storage unit may store programming for 25 device , or other suitable device . Device 52 may have a 
execution by the processor unit , including programming for display ( not shown ) and a touch sensor with a touch 
controlling the drive unit to supply signals to the electrodes sensitive area 54. Device 52 display may be a liquid crystal 
of tip 26 , programming for processing measurement signals display ( LCD ) , a LED display , a LED - backlight LCD , or 
from the sense unit corresponding to input from the device , other suitable display and may be visible though a cover 
programming for processing measurement signals from sen- 30 panel and substrate ( and the drive and sense electrodes of the 
sors 42 or external components to initiate a pre - determined touch sensor disposed on it ) of device 52. Although this 
function or gesture to be performed by active stylus 20 or the disclosure describes a particular device display and particu 
device , and other suitable programming , where appropriate . lar display types , this disclosure contemplates any suitable 
As an example and not by way of limitation , programming device display and any suitable display types . 
executed by controller 50 may electronically filter signals 35 Device 52 electronics may provide the functionality of 
received from the sense unit . Although this disclosure device 52. As an example and not by way of limitation , 
describes a particular controller 50 having a particular device 52 electronics may include circuitry or other elec 
implementation with particular components , this disclosure tronics for wireless communication to or from device 52 , 
contemplates any suitable controller having any suitable executing programming on device 52 , generating graphical 
implementation with any suitable components . 40 or other user interfaces ( Uls ) for device 52 display to display 

In particular embodiments , active stylus 20 may include to a user , managing power to device 52 from a battery or 
one or more sensors 42 , such as touch sensors , gyroscopes , other power source , taking still pictures , recording video , 
accelerometers , contact sensors , or any other type of sensor other suitable functionality , or any suitable combination of 
that detect or measure data about the environment in which these . Although this disclosure describes particular device 
active stylus 20 operates . Sensors 42 may detect and mea- 45 electronics providing particular functionality of a particular 
sure one or more characteristic of active stylus 20 , such as device , this disclosure contemplates any suitable device 
acceleration or movement , orientation , contact , pressure on electronics providing any suitable functionality of any suit 
outer body 22 , force on tip 26 , vibration , or any other able device . 
suitable characteristic of active stylus 20. As an example and In particular embodiments , active stylus 20 and device 52 
not by way of limitation , sensors 42 may be implemented 50 may be synchronized prior to communication of data 
mechanically , electronically , or capacitively . As described between active stylus 20 and device 52. As an example and 
above , data detected or measured by sensors 42 communi not by way of limitation , active stylus 20 may be synchro 
cated to controller 50 may initiate a pre - determined function nized to device 52 through a pre - determined bit sequence 
or gesture to be performed by active stylus 20 or the device . transmitted by the touch sensor of device 52. As another 
In particular embodiments , data detected or received by 55 example , active stylus 20 may be synchronized to device 52 
sensors 42 may be stored in memory 44. Memory 44 may be by processing a drive signal transmitted by drive electrodes 
any form of memory suitable for storing data in active stylus of the touch sensor of device 52. Active stylus 20 may 
20. In other particular embodiments , controller 50 may interact or communicate with device 52 when active stylus 
access data stored in memory 44. As an example and not by 20 is brought in contact with or in proximity to touch 
way of limitation , memory 44 may store programming for 60 sensitive area 54 of the touch sensor of device 52. In 
execution by the processor unit of controller 50. As another particular embodiments , interaction between active stylus 20 
example , data measured by sensors 42 may be processed by and device 52 may be capacitive or inductive . As an example 
controller 50 and stored in memory 44 . and not by way of limitation , when active stylus 20 is 
Power source 48 may be any type of stored - energy source , brought in contact with or in the proximity of touch 

including electrical or chemical - energy sources , suitable for 65 sensitive area 54 of device 52 , signals generated by active 
powering the operation of active stylus 20. In particular stylus 20 may influence capacitive nodes of touch - sensitive 
embodiments , power source 48 may include a primary area of device 52 or vice versa . In particular embodiments , 
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interaction between active stylus 20 and device 52 may 52 may transmit data to active stylus 20 by sending data to 
occur when tip 26 of active stylus 20 is in contact with or in one or more drive electrodes of touch sensor 10 , and active 
proximity to device 52. As an example and not by way of stylus 20 may receive data via electrodes of tip 26. In 
limitation , active stylus 20 may transmit tip pressure infor particular embodiments , after active stylus 20 and device 52 
mation ( e.g. , an amount of pressure being applied to tip 26 ) 5 are synchronized , active stylus 20 may transmit data to 
to device 52. As another example and not by way of device 52 by performing charge addition or charge removal 
limitation , active stylus 20 may transmit a status of a button on one or more sense electrodes of touch sensor 10 , and 
or switch ( e.g. , button 30 is pressed or in a closed state ; or device 52 may receive data sent from active stylus 20 by 
button 30 is not pressed or is in an open state ) to device 52 . sensing data with one or more sense electrodes of touch 
A user may press a button 30 while active stylus 20 is in 10 sensor 10 . 
proximity of touch - sensitive area 54 of device 52 , and based In particular embodiments , an electronic device ( e.g. , 
on the button 30 being pressed , active stylus 20 may interact active stylus 20 ) may include a clock having a clock period , 
with device 52 to initiate a mouse - type function , such as for and the clock may produce a periodic electronic signal that 
example , a mouse click ( e.g. , a left , right , or middle mouse oscillates between a high voltage state ( e.g. , approximately 
click ) or a mouse hover . Although this disclosure describes 15 1.8 V , 2.5 V , or 3.3 V ) and a low voltage state ( e.g. , 
particular interactions and communications between active approximately 0 V ) . The clock period ( which may be 
stylus 20 and device 52 , this disclosure contemplates any referred to as a stylus clock period or an active - stylus clock 
suitable interactions and communications through any suit period ) may be approximately equal to a duration of one 
able means , such as mechanical forces , current , voltage , or cycle of the clock , which may be referred to as a clock cycle . 
electromagnetic fields . 20 The frequency of the clock may be approximately equal to 

In particular embodiments , one or more measurement the reciprocal of the clock period . As an example and not by 
signals from sensors 42 of active stylus 20 may initiate , way of limitation , an active - stylus clock may have a clock 
provide for , or terminate interactions between active stylus frequency between approximately 3 and 25 MHz , and the 
20 and one or more devices 52 or one or more users , as active - stylus clock may have an active - stylus clock period 
described above . Interaction between active stylus 20 and 25 between approximately 40 and 340 nanoseconds . As another 
device 52 may occur when active stylus 20 is contacting or example and not by way of limitation , active stylus 20 
in proximity to device 52. As an example and not by way of ( which may be referred to as stylus 20 ) may have a clock 
limitation , a user may perform a gesture or sequence of with a clock frequency of approximately 3 MHz , 6 MHz , 12 
gestures , such as shaking or inverting active stylus 20 , whilst MHz , or 24 MHz , and the stylus clock may have a corre 
active stylus 20 is hovering above touch - sensitive area 54 of 30 sponding clock period of approximately 333 nanoseconds , 
device 52. Active stylus may interact with device 52 based 167 nanoseconds , 83 nanoseconds , or 42 nanoseconds , 
on the gesture performed with active stylus 20 to initiate a respectively . In particular embodiments , a clock of stylus 20 
pre - determined function , such as authenticating a user asso may be referred to as a stylus clock , an active - stylus clock , 
ciated with active stylus 20 or device 52. Although this a clock generator , or a system clock . In particular embodi 
disclosure describes particular movements providing par- 35 ments , a stylus - clock signal may have any suitable format 
ticular types of interactions between active stylus 20 and ( e.g. , square wave , triangle wave , sawtooth wave , sinusoidal 
device 52 , this disclosure contemplates any suitable move wave ) and any suitable duty cycle ( e.g. , 25 % , 50 % , or 75 % 
ment influencing any suitable interaction in any suitable duty cycle ) . As an example and not by way of limitation , a 
way . stylus clock may produce a periodic two - level digital signal 

Active stylus 20 may receive signals from external 40 ( e.g. , a square wave ) with alternating rising and falling edges 
sources , including device 52 , a user , or another active stylus . that occur at regular intervals , and the clock period may be 
Active stylus 20 may encounter noise when receiving such approximately equal to the time interval between consecu 
signals . As examples , noise may be introduced into the tive rising edges or consecutive falling edges . As another 
received signals from data quantization , limitations of posi example and not by way of limitation , a stylus clock may 
tion - calculation algorithms , bandwidth limitations of mea- 45 have a clock frequency of 12 MHz ( corresponding to a clock 
surement hardware , accuracy limitations of analog front period of 1/12 MHz = 83 nanoseconds ) , and the clock signal 
ends of devices with which active stylus 20 communicates , may be a square wave with a 50 % duty cycle . 
the physical layout of the system , sensor noise , charger In particular embodiments , a clock of stylus 20 may be 
noise , device noise , noise from device 52 display , stylus included as part of controller 50 , or a stylus clock may be a 
circuitry noise , or external noise . The overall noise external 50 separate internal component of stylus 20. As an example and 
to active stylus 20 may have frequency characteristics not by way of limitation , a clock of stylus 20 may include 
covering a wide range of the spectrum , including narrow a resistor - capacitor ( RC ) oscillator , a multivibrator , a relax 
band noise and wide - band noise , as well . ation oscillator , or any other suitable electronic circuit 

In particular embodiments , a signal may be received by configured to provide a periodic clock signal . In particular 
one or more electrodes capable of sensing signals in active 55 embodiments , a stylus clock may have a particular accuracy , 
stylus 20. These electrodes may reside on or within active drift , or stability , which represents an amount that the 
stylus tip 26. The signal received by the electrodes in active clock's frequency or period may vary over time or with 
stylus 20 may then be transmitted from the electrodes to temperature . In particular embodiments , a stylus clock may 
controller 50. In particular embodiments , a signal may be have a frequency stability of approximately 0.5 % , 1 % , 2 % , 
transmitted to controller 50 via center shaft 41. Controller 60 3 % , 5 % , or any suitable value . As an example and not by 
50 , as discussed above , may include , without limitation , a way of limitation , stylus 20 may have a clock with a nominal 
drive unit , a sense unit , a storage unit , and a processor unit . or average frequency of 12 MHz and a 3 % variation in clock 
In particular embodiments , a received signal may be ampli frequency so that the clock's frequency may vary between 
fied by any suitable amplifier , including a digital or an approximately 11.6 MHz and 12.4 MHz over a particular 
analog amplifier . In particular embodiments , a received 65 time period ( e.g. , one minute , one hour , or one day ) or as 
signal may be filtered by any suitable filter , including a temperature varies over a particular range ( e.g. , between 10 ° 
digital or an analog filter . In particular embodiments , device C. and 40 ° C. ) . A 12 - MHz clock with a 3 % variation may 
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have a clock period that varies between approximately 80.6 format ( e.g. , square wave , triangle wave , sawtooth wave , 
nanoseconds and 86.2 nanoseconds . Although this disclo sinusoidal wave ) and any suitable duty cycle ( e.g. , 25 % , 
sure describes particular stylus clocks having particular 50 % , or 75 % duty cycle ) . In the example of FIG . 5 , 
frequencies , clock periods , formats , duty cycles , and stabili synchronization signal 100 is a two - level digital signal 
ties , this disclosure contemplates any suitable stylus clocks 5 having a duty cycle of approximately 50 % and having a 
having any suitable frequencies , clock periods , formats , duty series of alternating rising edges 130 and falling edges 140 . 
cycles , and stabilities . In particular embodiments , synchronization signal 100 

FIG . 5 illustrates example synchronization signal 100 may have a half - period 120 which is equal to one half of 
with corresponding edge and clock - cycle counts . In particu synchronization - signal period 110. For a synchronization 
lar embodiments , an electronic device may be configured to 10 signal 100 with a 50 % duty cycle ( such as the synchronza 
wirelessly receive synchronization signal 100 from a second tion signal illustrated in FIG . 5 ) , half - period 120 may be 
device . As an example and not by way of limitation , the equal to a duration of time between a rising edge 130 and a 
electronic device may be a stylus 20 that includes one or subsequent falling edge 140 ( or the time between a falling 
more electrodes for wirelessly transmitting signals to or edge 140 and a subsequent rising edge 130 ) . In particular 
wirelessly receiving signals from touch sensor 10 or touch 15 embodiments , synchronization signal 100 may have a fre 
controller 12 of a second computing device . As another quency between approximately 100 kHz and 1 MHz and a 
example and not by way of limitation , stylus 20 may have synchronization - signal period 110 between approximately 1 
one transmit electrode for transmitting signals and another and 10 microseconds . As an example and not by way of 
receive electrode for receiving signals . The second comput limitation , synchronization signal 100 may have a frequency 
ing device may be a personal computing device , such as for 20 of approximately 220 kHz and a corresponding synchroni 
example , device 52 illustrated in FIG . 4. As examples and zation - signal period 110 of approximately 4.545 us . Addi 
not by way of limitation , a personal computing device may tionally , the corresponding half - period 120 of synchroniza 
be a portable computing device , mobile phone , smartphone , tion signal 100 is approximately 2.273 us . 
tablet computer , laptop computer , desktop computer , or any In particular embodiments , device 52 may generate a 
other suitable computing device that includes touch sensor 25 synchronization signal 100 with a particular accuracy , drift , 
10 for transmitting signals ( e.g. , synchronization signal 100 ) or stability , which represents an amount that the frequency 
through electrodes of touch sensor 10 or for receiving input or period of synchronization signal 100 may vary over time 
via a stylus or a person's touch ( e.g. , a person's finger ) . As or with temperature . In particular embodiments , a synchro 
an example and not by way of limitation , touch - sensor nization signal 100 may have a frequency stability of 0.5 % , 
controller 12 of a personal computing device may drive the 30 1 % , 2 % , 3 % , 5 % , or any suitable value . As an example and 
electrodes of touch sensor 10 with a voltage or current signal not by way of limitation , synchronization signal 100 may 
corresponding to synchronization signal 100 so that syn have a frequency of 320 kHz ( and a corresponding synchro 
chronization signal 100 is wirelessly transmitted to stylus ation - signal period 110 of approximately 3.13 us ) and a 
20. The wireless transmission of synchronization signal 100 3 % variation so that the synchronization - signal frequency 
may include a capacitive coupling between one or more 35 may vary between approximately 310 kHz and 330 kHz ( and 
electrodes of touch sensor 10 and one or more electrodes of the synchronization - signal period may vary between 
stylus 20. In the example of FIG . 5 , the horizontal axis approximately 3.03 us and 3.22 us ) . Although this disclosure 
represents time , and the vertical axis represents an amplitude describes and illustrates particular synchronization signals 
of a characteristic of synchronization signal 100 , such as for having particular frequencies , periods , formats , duty cycles , 
example an amplitude of a voltage , electric field , current , or 40 and stabilities , this disclosure contemplates any suitable 
power of synchronization signal 100 as transmitted by synchronization signals having any suitable frequencies , 
device 52 or as received by stylus 20. Although this disclo periods , formats , duty cycles , and stabilities . 
sure describes and illustrates particular synchronization sig In particular embodiments , stylus 20 may receive syn 
nals transmitted between particular devices in particular chronization signal 100 transmitted from touch - sensitive 
manners , this disclosure contemplates any suitable synchro- 45 area 54 of device 52. In particular embodiments , based on 
nization signals transmitted between any suitable devices in the received synchronization signal 100 , stylus 20 may 
any suitable manners . determine a synchronization parameter that includes an 

In particular embodiments , a synchronization routine may integer part and a fractional part . In particular embodiments , 
include stylus 20 receiving synchronization signal 100 from a synchronization parameter may reflect a relationship 
touch - sensitive area 54 of device 52 and determining one or 50 between synchronization - signal period 110 and the stylus 
more synchronization parameters from synchronization sig clock period . As examples and not by way of limitation , the 
nal 100. In particular embodiments , a synchronization synchronization parameter may correspond to a duration of 
parameter may be related to a particular characteristic of time approximately equal to synchronization - signal period 
synchronization signal 100 , such as for example , a period , 110 or one - half of synchronization - signal period 110. In 
frequency , timing , phase , data rate , signal amplitude , jitter , 55 particular embodiments , the integer part of a synchroniza 
duty cycle , or pulse duration associated with synchroniza tion parameter may represent a positive integer multiple of 
tion signal 100. In the example of FIG . 5 , synchronization an active - stylus clock period , and the fractional part of a 
signal 100 has a synchronization - signal period 110 approxi synchronization parameter may represent a fractional por 
mately equal to a duration of one cycle of synchronization tion of the active - stylus clock period . As an example and not 
signal 100. The duration of one cycle of synchronization 60 by way of limitation , the integer part may be 27 and may 
signal 100 is equal to a duration of time between consecutive represent 27 clock cycles of the stylus clock ( e.g. , a duration 
rising edges 130 ( as illustrated by synchronization signal of time equal to 27xT , where T is the stylus clock period ) , 
period 110 in FIG . 5 ) or consecutive falling edges 140 of and the fractional part may be 0.28 and may represent 0.28 
synchronization signal 100. The frequency of synchroniza clock cycles ( e.g. , a duration of time equal to 0.28xT ) . In 
tion signal 100 may be approximately equal to the reciprocal 65 particular embodiments , determining a synchronization 
of synchronization - signal period 110. In particular embodi parameter may include one or more of the following steps : 
ments , synchronization signal 100 may have any suitable counting the number of stylus clock cycles until a particular 
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quantity of edges of synchronization signal 100 is accumu updated based on the total number of clock cycles that are 
lated ; dividing the number of counted clock cycles by the counted by stylus 20 since the zeroth edge . As illustrated in 
particular quantity of edges to determine a decimal number , FIG . 5 , when the eighth edge is detected , Edge Count 
the decimal number having an integer part and a fractional becomes 8 , and Clock - Cycle Count is 218. In FIG . 5 , 
part ; and assigning the integer part of the decimal number to 5 tracking of edges and stylus clock cycles continues until 32 
the integer part of the synchronization parameter and the edges are counted . After the 32nd edge ( rising edge 130B ) 
fractional part of the decimal number to the fractional part is counted , Edge Count is 32 , and the total number of stylus 
of the synchronization parameter . As an example and not by clock cycles since the initial rising edge 130A is 873 . 
way of limitation , stylus 20 may count stylus clock cycles Although this disclosure describes and illustrates particular 
until 1 , 5 , 10 , 25 , 50 , 100 , or 500 edges , or any suitable 10 parameters used to track or measure particular synchroni 
number of edges of synchronization signal 100 are detected zation signals , this disclosure contemplates any suitable 
or received by stylus 20. In particular embodiments , the parameters used to track or measure any suitable synchro 
particular quantity of edges accumulated by stylus 20 may nization signals . 
equal 2 " , where n is a positive integer ( e.g. , the quantity of In the example of FIG . 5 , synchronization signal 100 may 
edges accumulated by stylus may be 2 , 4 , 8 , 16 , 32 , 64 , 128 , 15 have a frequency of 220 kHz ( corresponding to a synchro 
etc. ) . Although this disclosure describes and illustrates par nization - signal period 110 of approximately 4.545 us ) , and 
ticular synchronization parameters determined in particular the stylus clock may have a frequency of 12 MHz ( corre 
manners , this disclosure contemplates any suitable synchro sponding to a stylus clock period of approximately 83.3 
nization parameters determined in any suitable manners . nanoseconds ) . In FIG . 5 , each accumulated edge count 

In the example of FIG . 5 , stylus 20 uses the Edge Count 20 corresponds to one half - period 120 of synchronization signal 
parameter to track edges of synchronization signal 100 until or , equivalently , one half of synchronization - signal period 
a total of 32 edges are detected . In particular embodiments , 110. The duration of time to accumulate 32 edges corre 
stylus 20 may track only rising edges 130 , only falling edges sponds to 32 half - periods 120 or , equivalently , 16 synchro 
140 , or both rising edges 130 and falling edges 140 of nization - signal periods 110. Based on the edge counts , the 
synchronization signal 100. In particular embodiments , sty- 25 total duration of time to accumulate 32 edges is approxi 
lus 20 may track rising edges 130 and falling edges 140 mately 16x4.545 us = 72.7 us . Similarly , the corresponding 
separately and may maintain two separate edge counters , total duration of time to accumulate the 873 clock cycles is 
one for rising edges 130 and one for falling edges 140. In the approximately 873x83.3 ns = 72.7 us , which is consistent 
example of FIG . 5 , stylus 20 counts both rising edges 130 with the previous 72.7 us time calculated based on edge 
and falling edges 140 together until a total of 32 edges are 30 counts . 
detected . The duration of time to accumulate the 32 edges In particular embodiments , after counting the number of 
corresponds to 32 half - periods 120 , which is equal to 16 clock cycles until a particular quantity of edges of synchro 
synchronization - signal periods 110. While accumulating the nization signal 100 is accumulated , stylus 20 may divide the 
edges , stylus 20 uses the Clock - Cycle Count parameter to number of counted clock cycles by the quantity of edges to 
keep track of the number of stylus clock cycles . The Clock- 35 determine a decimal number with an integer part and a 
Cycle Count parameter may be used to measure a time fractional part . In particular embodiments , the particular 
interval ( e.g. , a time interval between two edges of synchro quantity of edges may equal 2 " , where n is a positive integer , 
nization signal 100 ) in terms of stylus clock cycles . As an and dividing the number of counted clock cycles by the 
example and not by way of limitation , a counter ( represented particular quantity of edges may include applying a right 
by Clock - Cycle Count ) may be initialized to a value of zero 40 shift by n digits to bits representing the number of counted 
and then , when triggered by an edge of synchronization clock cycles . In the example of FIG . 5 , controller 50 of 
signal 100 ( e.g. , rising edge 130A ) , the counter may begin stylus 20 may divide the value of Clock - Cycle Count ( 873 ) 
to accumulate clock - cycle counts . The counter may incre by the value of Edge Count ( 32 ) to obtain the decimal 
ment by +1 for each stylus clock cycle . When triggered by number : 873 / 32 = 27.28125 . In particular embodiments , the 
another subsequent edge of synchronization signal 100 ( e.g. , 45 decimal number may be truncated or rounded . As an 
rising edge 130B ) , the counter may cease accumulating example and not by way of limitation , the decimal number 
clock - cycle counts , and the value of Clock - Cycle Count may 27.28125 may be truncated or rounded to 27.3 , 27.28 , or 
indicate a time interval corresponding to a time between two 27.281 . In the example of FIG . 5 , stylus 20 may determine 
particular edges of synchronization signal 100. In particular the decimal result of 873/32 to be 27.28 , where 27 represents 
embodiments , the Clock - Cycle Count parameter may be 50 the integer part and 0.28 represents the fractional part . The 
stored in a register or memory location of a processor for integer part , 27 , represents a positive integer multiple of 
later use in determining a synchronization parameter . clock cycles ( e.g. , 27 clock cycles of the stylus clock , or a 

In particular embodiments , stylus 20 may begin counting duration of time equal to 27xT , where T is the stylus clock 
edges after detecting an initial rising edge 130 , falling edge period ) . In particular embodiments , the fractional part , 
140 , or either an initial rising edge 130 or falling edge 140. 55 which corresponds to a fractional portion of the stylus clock 
In FIG . 5 , the initial rising edge 130A of synchronization period , may be represented by controller 50 as an integer . As 
signal 100 ( which may be referred to as an initial edge or a an example and not by way of limitation , the fractional part 
zeroth edge ) triggers the start of the edge counter and the 0.28 ( which represents 0.28 clock cycles , or a duration of 
clock - cycle counter , each of which has an initial value of time equal to 0.28xT ) , may be represented as the integer 28 . 
zero . After the zeroth edge 130A , when the first edge ( falling 60 In particular embodiments , the fractional portion of the 
edge 140A ) is detected , Edge Count becomes 1 and the clock period represents greater than or equal to zero clock 
Clock - Cycle Count becomes 27 , which indicates that 27 periods and less than one clock period ( e.g. , OsFractional 
stylus clock cycles have occurred between the zeroth edge Portion < 1 ) . 
and the first edge of synchronization signal 100. After the In particular embodiments , a synchronization parameter 
second edge is detected , Edge Count is 2 , and Clock - Cycle 65 may correspond to a duration of time related to synchroni 
Count is 54. After each subsequent edge is detected , Edge zation - signal period 110. As examples and not by way of 
Count is incremented by 1 , and Clock - Cycle Count is limitation , the synchronization parameter may correspond to 
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a duration of time approximately equal to synchronization In particular embodiments , stylus 20 may have one or 
signal period 110 or approximately equal to one half of more preprogrammed frequencies or ranges of frequencies 
synchronization - signal period 110 ( which is equivalent to of synchronization signal 100 which it may be configured to 
half - period 120 ) . In the example of FIG . 5 , the synchroni receive . As an example and not by way of limitation , stylus 
zation parameter corresponds to a duration of time approxi- 5 20 may be configured to receive synchronization signal 100 
mately equal to half - period 120. If a synchronization param with a frequency of 100-110 kHz , 150-160 kHz , 210-230 
eter includes positive integer I ( representing I clock periods ) kHz , 300-330 kHz , or 495-500 kHz , and stylus 20 may 
and fractional part F ( representing F clock periods , where determine whether the frequency of synchronization signal 
OsF < 1 ) , then for a stylus clock with a frequency f ( and a 100 is consistent with one of these preprogrammed frequen 
corresponding period 1 / f ) , the synchronization parameter cies . In other particular embodiments , stylus 20 may be 
corresponds to a duration of time of ( I + F ) / f . Based on the configured to receive any frequency over a broad range of 
examples discussed above , for a 12 - MHz clock frequency , frequencies . As an example and not by way of limitation , 
an example synchronization parameter corresponds to 27.28 stylus 20 may be configured to receive synchronization 
clock periods , or a duration of time of ( 27 + 0.28 ) / 12 15 signal 100 with any frequency in a range of 100-500 kHz or 
MHz = 2.273 us . This 2.273 us duration of time equals 100-1000 kHz . In particular embodiments , stylus 20 may 
half - period 120 of synchronization signal 100 , which has analyze a received synchronization signal 100 to determine 
frequency 220 kHz . whether it corresponds to a previously received synchroni 

In particular embodiments , stylus 20 may determine a zation signal 100. As an example and not by way of 
synchronization parameter a single time , or stylus 20 may 20 limitation , stylus 20 may have received a previous synchro 
determine one or more synchronization parameters multiple nization signal 100 with a 220 kHz frequency . Later , during 
times . As discussed above , in the example of FIG . 5 , stylus a subsequent synchronization routine , stylus 20 may receive 
20 may determine the integer part and the fractional part of another synchronization signal 100 , and stylus 20 may 
the synchronization parameter to be 27 and 0.28 , respec analyze the latest synchronization signal 100 to see if it has 
tively . In particular embodiments , stylus 20 may refine or 25 a 220 kHz frequency . If synchronization signal 100 has a 
update one or more values of a synchronization parameter 220 kHz frequency , stylus 20 may combine previously 
multiple times . As an example and not by way of limitation , determined Edge Count and Clock - Cycle Count values with 
a subsequent measurement of a synchronization signal 100 newly determined values of these parameters , as described 
may result in a clock - cycle count of 872 clock cycles for 32 above . Otherwise , the frequency of synchronization signal 
edges . Stylus 20 may combine the subsequent measurement 30 100 from device 52 may have drifted ( e.g. , due to a time - or 
with one or more previous measurements to determine temperature - related variation of a frequency of device 52 ) or 
updated values for the integer part or the fractional part . As the frequency may have changed ( e.g. , stylus 20 is being 
an example and not by way of limitation , combining the two synchronized a different device than it was previously 
measurements may result in 873 + 872 = 1745 clock cycles synchronized to ) , and stylus 20 may discard previously 
corresponding to a total of 64 edges , which ( based on 35 determined Edge Count and Clock - Cycle Count values and 
1745764 = 27.27 ) results in updated values for the integer part proceed to analyze the latest synchronization signal 100 
and the fractional part of 27 and 0.27 , respectively . without regard to previously determined parameters . 

FIG . 6 illustrates an example block diagram associated In particular embodiments , in addition to determining 
with determining a synchronization parameter of synchro values for Edge Count and Clock - Cycle Count , synchroni 
nization signal 100 and transmitting information using the 40 zation signal acquisition module 210 may also determine a 
determined synchronization parameter . In particular timing or a phase of synchronization signal 100. In particular 
embodiments , one or more of the modules illustrated in FIG . embodiments , the timing or phase of a signal may refer to 
6 may be implemented in hardware , software , firmware , or one or more times where one or more features ( e.g. , rising 
any suitable combination of hardware , software , or firmware edge 130 or falling edge 140 ) of a signal occur . In particular 
of stylus 20. In module 210 , stylus 20 may listen for and 45 embodiments , the timing of synchronization signal 100 may 
acquire synchronization signal 100 , and values for the Edge be determined by measuring one or more times where one or 
Count and Clock - Cycle Count may be determined . In par more edges of synchronization signal 100 occur . The timing 
ticular embodiments , stylus 20 may use one or more elec of synchronization signal 100 , along with synchronization 
trodes to receive a signal ( e.g. , synchronization signal 100 ) , signal period 100 , may be used to determine times when 
and stylus 20 may analyze , filter , or process the received 50 stylus 20 may transmit data to device 52. Although this 
signal to determine whether it corresponds to a valid syn disclosure describes and illustrates particular modules con 
chronization signal 100. As an example and not by way of figured to determine particular synchronization parameters , 
limitation , stylus 20 may use a phase - locked loop or a this disclosure contemplates any suitable modules config 
correlator to look for one or more rising or falling edges ured to determine any suitable synchronization parameters . 
having particular amplitudes , frequencies , or time intervals , 55 In the example of FIG . 6 , after values for the Edge Count 
and once a valid signal is identified , stylus 20 may analyze and Clock - Cycle Count are determined , these values are 
the signal to determine values for the Edge Count and passed to module 220 which calculates a synchronization 
Clock - Cycle Count , as described above . If a signal is lost or parameter that includes the parameters Integer Part and 
corrupted ( e.g. , by electrical noise ) before a particular num Fractional Part . As described above , module 220 may 
ber of edges are detected , stylus 20 may return to listening 60 divide Clock - Cycle Count by Edge Count to determine a 
for and identifying a possible valid synchronization signal decimal number with an integer part and a fractional part . 
100. In particular embodiments , stylus 20 may combine a The integer part of the decimal number , which represents a 
current measurement of Edge Count and Clock - Cycle Count positive integer multiple of clock cycles , may be assigned to 
with one or more previous measurements to produce an the Integer Part parameter , and the fractional part of the 
effective larger number of samples which may result in an 65 decimal number , which represents a fractional number of 
improved accuracy for a determined synchronization param clock cycles , may be assigned to the Fractional Part param 
eter . eter . 
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In the example of FIG . 6 , the values for Integer Part and by way of limitation , after transmitting a first data portion , 
Fractional Part are passed to module 230 which produces a stylus 20 may wait until the determined time interval ( in 
stylus signal for transmission to device 52. As an example terms of stylus clock cycles ) has elapsed , at which time 
and not by way of limitation , stylus 20 may wirelessly stylus 20 may then transmit a second data portion . In the 
transmit information to device 52 by performing charge 5 example of FIG . 7 , routine 2 receives Integer Part ( 1 ) and 
removal or charge addition to electrodes of touch sensor 10 Fractional Part ( F ) as inputs , where I and F represent the 
at times that are based at least in part on the Integer Part and synchronization parameter described above . As an example 
Fractional Part values . Additionally , the phase or timing with and not by way of limitation , I may be 27 and F may be 0.28 . 
which the information is transmitted may be based on a Initially , a first portion of data is transmitted by stylus 20 to 
determined phase or timing of synchronization signal 100. 10 device 52 , where the timing of this first portion may be based 
In particular embodiments , stylus 20 , which is configured to on a timing or phase of synchronization signal 100. After the 
transmit information based on an integer part and a frac first data portion is transmitted , successive data portions are 
tional portion of stylus clock cycles , may be referred to as transmitted with a particular time interval between each 
a stylus with fractional clock - cycle timing . FIG . 7 illustrates successive portion and the preceding portion , where the time 
a block diagram of example routine 240 for determining 15 interval may be determined based on routine 240. When 
time intervals for transmitting data . In particular embodi routine 240 first begins , Current Fractional Error has an 
ments , a time interval ( which may be referred to as a initial value of 0. As illustrated in FIG . 7 , a value for 
data - transmission time interval ) may be expressed in terms Updated Fractional Error may be determined , where 
of an integer number of stylus clock cycles . In particular Updated Fractional Error value equals Current Fractional 
embodiments , routine 240 illustrated in FIG . 7 may repre- 20 Error plus F ( the fractional portion of the clock period ) . If 
sent part of stylus signal transmission module 230 illustrated the value of Updated Fractional Error is less than one , then 
in FIG . 6. All or part of example routine 240 illustrated in Overflow is assigned a value of 0 , and the time interval is set FIG . 7 may be implemented in hardware , software , firm to be the positive integer multiple of the clock period ( e.g. , 
ware , or any suitable combination thereof . In particular time interval = I clock cycles ) . Otherwise , if Updated Frac 
embodiments , stylus 20 may be configured to wirelessly 25 tional Error is greater than or equal to one , then Overflow is 
transmit information for reception by a second computing assigned a value of 1 , and the time interval is set to be the 
device ( e.g. , device 52 ) . In particular embodiments , infor positive integer multiple of the clock period plus one clock 
mation transmitted by stylus 20 may include a series of data period ( e.g. , time interval = ( 1 + 1 ) clock cycles ) , and Updated 
portions , where each successive data portion in the series is Fractional Error is decremented by one . Then , Updated 
separated from a preceding data portion by a time interval . 30 Fractional Error becomes the Current Fractional Error value 
As an example and not by way of limitation , each data which is fed back into the routine for the next iteration . In 
portion may correspond to one bit , and each successive bit particular embodiments , the Current Fractional Error may be 
may be separated in time from a preceding bit by a particular referred to as a Cumulative Error . 
data - transmission time interval . As another example and not The following provides example pseudocode that imple 
by way of limitation , each data portion may correspond to a 35 ments routine 240 illustrated in FIG . 7 . 
pulse of electronic charge added to or removed from one or 
more electrodes of touch sensor 10 by stylus 20 . 

In particular embodiments , each data - transmission time Integer Part 
interval may be based at least in part on a synchronization Fractional Portion 

parameter determined from synchronization signal 100. As 40 / * N is the number of data portions to transmit * / described above , a synchronization parameter may include Repeat N times : 
integer part I and fractional part F. In particular embodi Fractional Error = Fractional Error + F 
ments , a time interval between successive data portions may If ( Fractional Error < 1 ) : Overflow 
equal either a positive integer multiple of the clock period or Overflow a positive integer multiple of the clock period plus one clock 45 Fractional Error Fractional Error 
period . As an example and not by way of limitation , if I 
represents the positive integer multiplier determined from Transmit next data portion using Time Interval 
synchronization signal 100 and At represents the stylus clock 
period , then the time interval ( AT ) between each successive 
data portion is either AT = IxAt or AT = ( 1 + 1 ) xAt . For the 50 Although this disclosure describes and illustrates particular 
example discussed above where I is 27 , the time interval routines for determining particular data - transmission time 
between successive data portions is either 27 stylus clock intervals in particular manners , this disclosure contemplates 
cycles or 28 stylus clock cycles . Continuing with this any suitable routines for determining any suitable data 
example , if the stylus clock frequency is 12 MHz ( corre transmission time intervals in any suitable manner . 
sponding to a clock period of 83.3 ns ) and the synchroni- 55 FIG . 8 illustrates a table with example values related to 
zation - signal frequency is 220 kHz , then the time interval determining time intervals for transmitting data . In the 
between successive data portions is either approximately example of FIG . 8 , Integer Part ( I ) is 27 and Fractional 
2.25 us 27x83.3 ns ) or 2.33 us 28x83.3 ns ) , each of which Portion ( F ) is 0.28 , and the values for Number of Clock 
is within one clock cycle ( 83.3 ns ) of the 2.27 us half - period Cycles , Overflow , Fractional Error , and Cumulative Error 
120 of synchronization signal 100. Although this disclosure 60 ( also referred to as Current Fractional Error ) are determined 
describes and illustrates particular time intervals between based on routine 240 described above and illustrated in FIG . 
particular data portions , this disclosure contemplates any 7. The Iteration value represents the number of times the 
suitable time intervals between any suitable data portions . routine has been performed . For the initial , or zeroth , 

In particular embodiments , prior to transmitting each iteration , stylus 20 may transmit a first portion of data , and 
successive data portion , stylus 20 may determine a time 65 the timing of when this first portion of data is transmitted 
interval by which the successive data portion may be sepa may be based at least in part on a timing or phase of 
rated from a preceding data portion . As an example and not synchronization signal 100. After the first data portion is 

I 
F 
Fractional Error = 0 

0 
Else : 

= 1 
1 

Time Interval I + Overflow 

Return 
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transmitted , each subsequent data portion is transmitted at a window during which device 52 may integrate charge 
particular time interval after the previous data portion , where received by touch sensor 10 ) . In particular embodiments , 
the time interval is determined from the values of Overflow each data portion transmitted by stylus 20 may have a timing 
and Fractional Error . As illustrated in FIG . 8 , the second offset or jitter with respect to a corresponding timing or 
portion of data ( represented by Iteration 1 ) is transmitted 27 5 data - receive window of device 52 , and Cumulative Error is 
clock cycles after the first data portion is transmitted . a parameter that tracks the accumulated error over time . The 
Similarly , the data portions for Iterations 2 and 3 are also first three values for Cumulative Error in FIG . 10 are 0.28 , 
transmitted 27 clock cycles after the corresponding previous 0.56 , and 0.84 clock cycles , which are consistent with the 
data portion . For Iterations 1 , 2 , and 3 , Overflow is 0 , and the values for Iterations 1-3 listed in the Cumulative Error 
values for both Fractional Error and Cumulative Error are 10 column in FIG . 8. For the fourth iteration , the value for 
0.28 , 0.56 , and 0.84 , respectively . For Iteration 4 , Fractional Number of Clock Cycles in FIG . 9 is 28 , and the corre 
Error is 1.12 . In this case , since Fractional Errorsi , Over sponding value for Cumulative Error in FIG . 10 drops down 
flow is set to 1 , and the time interval is set to 27 + 1 = 28 clock 0 0.12 clock cycles . In particular embodiments , a routine for 
cycles . Also , Fractional Error is decremented by 1 , so that determining a time interval for transmitting a portion of data 
Fractional Error has an updated value of 0.12 , which is then 15 may be configured to provide a Cumulative Error value that 
assigned to Cumulative Error for the next iteration . For varies by less than or equal to one stylus clock cycle where 
Iteration 5 , with an initial Cumulative Error of 0.12 , the the Cumulative Error value has any suitable range of varia 
value of Fractional Error becomes 0.12 + 0.28 = 0.40 . The tion . As illustrated in FIG . 10 , the cumulative timing offset 
iterations continue with a time interval of either 27 or 28 of data transmitted by stylus 20 to device 52 , as represented 
stylus clock cycles being determined for each transmitted 20 by the Cumulative Error value , may be maintained within a 
data portion . range of less than one clock cycle and greater than or equal 

FIG . 9 illustrates an example graph of Number of Clock to zero clock cycles . As another example and not by way of 
Cycles versus Iteration . The graph of FIG . 9 represents a limitation , a routine for determining a time interval may be 
time interval ( in terms of number of stylus clock cycles ) configured to provide a Cumulative Error value that has a 
between consecutive data portions for each iteration of 25 range of variation of less than +0.5 clock cycles and greater 
routine 240. In particular embodiments , a time interval than or equal to -0.5 clock cycles or a range of variation of 
between two consecutive data portions may refer to a less than or equal to O clock cycles and greater than -1.0 
duration of time between one or more features ( e.g. , a rising clock cycles . Although this disclosure describes and illus 
edge , a falling edge , an initial part of a data portion , an end trates particular cumulative error values having particular 
part of a data portion , a maximum , or any other suitable 30 ranges of variation , this disclosure contemplates any suitable 
feature ) of the two data portions . In the example of FIG . 9 , cumulative error values having any suitable ranges of varia 
Integer Part ( I ) is 27 and Fractional Part ( F ) is 0.28 , and the tion . 
time interval determined for each transmitted data portion is FIG . 11 illustrates an example timing diagram with 
either 27 or 28 stylus clock cycles . As an example and not example touch controller signals 100 , 300 , and 310 and 
by way of limitation , the first four values for Number of 35 example stylus signals 320 and 330. In particular embodi 
Clock Cycles in FIG . 9 are 27 , 27 , 27 , and 28 , which are ments , during a synchronization phase , stylus 20 may 
consistent with the values for Iterations 1-4 listed in the receive synchronization signal 100 from touch controller 12 
Number of Clock Cycles column in FIG . 8. In FIG . 9 , the or touch sensor 10 of a device ( e.g. , device 52 ) , and during 
time interval varies between 27 and 28 clock cycles , with a data phase , stylus 20 may transmit information signal 330 
two to three consecutive iterations having a time interval of 40 to device 52. As illustrated in FIG . 11 , during the synchro 
27 clock cycles followed by a single iteration having 28 nization phase , touch controller 12 may produce synchro 
clock cycles . For the 30 iterations illustrated in the example nization signal 100 by supplying touch controller drive 
of FIG . 9 , 22 iterations have a time interval of 27 clock pulses ( e.g. , voltage or current pulses ) to one or more 
cycles , and 8 iterations have 28 clock cycles . This gives an electrodes of touch sensor 10. In particular embodiments , 
average number of clock cycles per iteration of ( 22x27 + 8x 45 touch controller 12 may send a synchronization signal 100 
28 ) /30=27.27 , which is within 0.04 % of the corresponding with a particular number of edges or cycles ( e.g. , 2 , 4 , 8 , 16 , 
synchronization parameter 27.28 described above . In par 32 , 64 , or any suitable number of edges or cycles ) . Addi 
ticular embodiments , by transmitting data at time intervals tionally , during the synchronization phase , touch controller 
that vary between particular integer numbers of stylus clock integration windows 300 may be off or idle ( e.g. , touch 
cycles as described herein , stylus 20 may maintain synchro- 50 sensor 10 may not listen for any data input from stylus 20 ) . 
nization with device 52 even though device 52 may not As illustrated in FIG . 11 , during the synchronization phase , 
broadcast a synchronization signal while stylus 20 is trans stylus receive circuitry status 320 may be active ( e.g. , stylus 
mitting data . As an example and not by way of limitation , electrodes may be configured to wirelessly receive synchro 
stylus 20 may determine a synchronization parameter based nization signal 100 and controller 50 may analyze any 
on a series of 16 edges of synchronization signal 100 55 received signals to look for a valid synchronization signal 
received from device 52 , and stylus 20 may then be able to 100 ) , and stylus transmit circuitry may be off or idle ( e.g. , 
synchronously transmit approximately 20-40 bits of data to stylus 20 is not transmitting information ) . Although this 
device 52 without receiving additional synchronization sig disclosure describes and illustrates particular devices having 
nals . Although this disclosure describes and illustrates par particular signals during a synchronization phase , this dis 
ticular time intervals for transmitting particular data por- 60 closure contemplates any suitable devices having any suit 
tions , this disclosure contemplates any suitable time able signals during a synchronization phase . 
intervals for transmitting any suitable data portions . In particular embodiments , after transmitting synchroni 

FIG . 10 illustrates an example graph of Cumulative Error zation signal 100 , device 52 may enter a data phase where 
versus Iteration . In particular embodiments , Cumulative no drive signal is applied to touch sensor 10 ( e.g. , touch 
Error may represent an amount of accumulated timing error 65 controller drive pulses are off or idle ) and touch controller 12 
( in terms of stylus clock cycles ) of data transmitted by stylus or touch sensor 10 are configured to listen for data trans 
20 with respect to a timing window of device 52 ( e.g. , a mitted by stylus 20. If , after a particular amount of time , 
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device 52 does not detect a valid signal from stylus 20 , sensor 10 may configure one integration period to have a 
device 52 may return to a synchronization phase and trans positive measurement polarity and the next integration 
mit another synchronization signal 100. In particular period to have a negative measurement polarity . The two 
embodiments , prior to returning to the synchronization integrated signals may then be combined , and based on the 
phase , device 52 may pause or enter an idle state for a period 5 value or magnitude of the combined signals , the received 
of time . In particular embodiments , device 52 may continue data may be interpreted as a bit with value 1 or 0. In 
to periodically broadcast synchronization signal 100 and particular embodiments , a pulse of stylus transmit signal 330 
then listen for a response ( e.g. , induced current signal 310 ) that results in a positive and negative induced signal 310 at 
until a valid response is detected . In particular embodiments , stylus may be interpreted as a bit value 1. A bit value of 0 
after a particular amount of time elapses without receiving 10 may result from no pulse being applied in stylus transmit 
any response , device 52 may enter an idle or sleep mode . signal 330. In the example of FIG . 11 , stylus transmit signal 

In particular embodiments , once stylus 20 detects a valid 330 may represent the digital signal 1 0 1 1. Each 1 value 
synchronization signal 100 , stylus may determine one or induces a positive and negative pulse in signal 310 , while the 
more synchronization parameters associated with synchro O value induces little or no pulse in signal 310 . 
nization signal 100. In particular embodiments and as 15 In particular embodiments , stylus transmit signal 330 may 
described above , a synchronization parameter may include transmit information using any suitable modulation scheme , 
integer part I ( representing I stylus clock periods ) and such as for example on - off keying ( OOK ) , amplitude - shift 
fractional part F ( representing F stylus clock periods , where keying ( ASK ) , phase - shift keying ( PSK ) , differential PSK 
OsF < 1 ) . In particular embodiments , a synchronization ( DPSK ) , or frequency - shift keying ( FSK ) . In particular 
parameter may include a phase of synchronization signal 20 embodiments , information transmitted by stylus 20 for 
100 , where the phase is related to a timing corresponding to reception by device 52 may include button status informa 
a rising or fall edge of synchronization signal 100. In tion ( e.g. , button 30 is pressed or not pressed ) ; force or 
particular embodiments , after detecting a valid synchroni pressure information ( e.g. , amount of force or pressure 
zation signal 100 , stylus enters the data phase where stylus applied to tip 26 ) ; status of stylus battery ( e.g. , stylus battery 
20 may apply stylus transmit signal 330 ( e.g. , a voltage or 25 needs to be recharged ) ; eraser information ( e.g. , configure a 
current signal ) to one or more stylus electrodes . Stylus part of stylus 20 to act as an eraser ) ; color information ( e.g. , 
transmit signal 330 includes a series of data portions that configure tip 26 of stylus 20 to act as a pen with a particular 
may be wirelessly transmitted to device 52. In particular color ) ; or any other suitable information . Although this 
embodiments , a first data portion of the series of data disclosure describes and illustrates particular stylus signals 
portions may be transmitted at time interval 340 based on a 30 having particular modulation schemes and configured to 
determined phase of synchronization signal 100. Subsequent transmit particular information , this disclosure contemplates 
data portions may be transmitted at time intervals ( e.g. , tj , t2 , any suitable stylus signals having any suitable modulation 
tz , etc. ) based on integer part I and fractional part F , as schemes and configured transmit any suitable informa 
described above . As an example and not by way of limita tion . 
tion , each time interval may equal I stylus clock cycles ( e.g. , 35 In particular embodiments , stylus 20 and device 52 may 
27 clock cycles ) or ( I + 1 ) clock cycles ( e.g. , 28 clock cycles ) . be separated by a particular distance ( e.g. , less than 10 mm , 

In particular embodiments , each data portion of stylus 25 mm , 50 mm , 100 mm , 200 mm , or less than any suitable 
transmit signal 330 may correspond to one bit or to a portion separation distance ) , and synchronization signal 100 or 
of one bit . As an example and not by way of limitation , one stylus information signal 330 may be configured to propa 
data portion may correspond to one bit of data . As another 40 gate over the separation distance . As an example and not by 
example and not by way of limitation , one data portion may way of limitation , stylus 20 and device 52 may be separated 
correspond to one - half of a bit so that two data portions by approximately 80 mm , and synchronization signal 100 
together may represent a single bit of data . This disclosure and stylus information signal 330 may each have sufficient 
contemplates any suitable number of data portions being amplitude , energy , or power to be transmitted over the 
used to represent one or more bits of data . Although this 45 80 - mm separation distance from one device to the other . In 
disclosure describes and illustrates particular devices having particular embodiments , synchronization signal 100 or sty 
particular signals during a data phase , this disclosure con lus information signal 330 may be configured to propagate 
templates any suitable devices having any suitable signals over no more than a separation distance between stylus 20 
during a data phase . and device 52. Although this disclosure describes and illus 

In the example of FIG . 11 , the rising edges and the falling 50 trates particular devices transmitting or receiving particular 
edges of stylus transmit signal 330 each represent one data signals over particular separation distances , this disclosure 
portion , and one rising edge and one falling edge together contemplates any suitable devices transmitting or receiving 
represent a single bit of data . Signal 330 represents an any suitable signals over any suitable separation distances . 
electrical current or voltage applied to one or more stylus In particular embodiments , during a data phase when 
electrodes , and signal 310 represents a resulting signal 55 stylus 20 may be transmitting stylus transmit signal 330 , 
induced by signal 330 at one or more electrodes of touch device 52 may determine that stylus transmit signal 330 is 
sensor 10 of device 52. A rising edge of stylus transmit not being received as a valid signal . As an example and not 
signal 330 induces a positive current or charge pulse at touch by way of limitation , stylus 20 and device 52 may have 
sensor 10 , as indicated by the corresponding positive pulse drifted out of phase with respect to one another so that stylus 
in signal 330. Similarly , a falling edge of stylus transmit 60 transmit signal 330 is not aligned with touch controller 
signal 330 induces a negative current or charge pulse at integration windows 300. As another example and not by 
touch sensor 10. Touch sensor 10 receives and integrates the way of limitation , stylus 20 and device 52 may have moved 
induced charge or current , and the timing of the integration apart physically , and the separation distance between stylus 
is based on touch controller integration window signal 300 . 20 and device 52 may have exceeded a transmission distance 
In particular embodiments , touch sensor 10 may reverse the 65 of stylus transmit signal 330. In particular embodiments , if 
measurement polarity of successive current or charge sig device 52 determines that it is not receiving a valid signal , 
nals . As an example and not by way of limitation , touch device 52 may switch to the synchronization phase and 
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broadcast synchronization signal 100. In particular embodi of the synchronization parameter , and an updated fractional 
ments , device 52 may determine that received signal 310 has error value , where the updated fractional error value equals 
an excessive amount of noise . As an example and not by way a current fractional error value plus the fractional part of the 
of limitation there may be other sources of electromagnetic synchronization parameter . Particular embodiments may 
radiation nearby that are interfering with stylus transmit 5 repeat one or more steps of method 1200 of FIG . 12 , where 
signal 330. In particular embodiments , if device 52 deter appropriate . Moreover , although this disclosure describes 
mines that there is excess electrical noise present on and illustrates particular steps of the method of FIG . 12 as 
received signal 310 , device 52 may switch to the synchro occurring in a particular order , this disclosure contemplates 
nization phase and broadcast synchronization signal 100. In any suitable steps of the method of FIG . 12 occurring in any 
particular embodiments , device 52 may change the fre- 10 suitable order . Moreover , although this disclosure describes 
quency of synchronization signal 100 to avoid the electrical and illustrates an example method for transmitting informa 
noise that was detected at the previous frequency . tion , this disclosure contemplates any suitable method for 

In particular embodiments , stylus transmit signal 330 may ransmitting information , including any suitable steps , which 
include 2 , 4 , 8 , 16 , 32 , 64 , or any suitable number of bits . In may include all , some , or none of the steps of the method of 
particular embodiments , after transmitting signal 330 , stylus 15 FIG . 12 , where appropriate . Furthermore , although this 
20 may return to the synchronization phase and listen for disclosure describes and illustrates particular components , 
synchronization signal 100. As an example and not by way devices , or systems carrying out particular steps of the 
of limitation , device 52 may not have successfully received method of FIG . 12 , this disclosure contemplates any suitable 
the previously sent signal 330 , and device 52 may return to combination of any suitable components , devices , or sys 
the synchronization phase . If stylus 20 detects a synchroni- 20 tems carrying out any suitable steps of the method of FIG . 
zation signal 100 within a certain period of time , stylus 20 12 . 
may perform the synchronization routine to determine a Herein , reference to a computer - readable non - transitory 
synchronization parameter , and then stylus 20 may re - send storage medium or media may include one or more semi 
the previously sent signal 330. In particular embodiments , conductor - based or other integrated circuits ( ICs ) ( such , as 
stylus 20 may include a previously determined synchroni- 25 for example , a field - programmable gate array ( FPGA ) or an 
zation parameter in its determination of a new or updated application - specific IC ( ASIC ) ) , hard disk drives ( HDDs ) , 
synchronization parameter . After transmitting signal 330 , if hybrid hard drives ( HHDs ) , optical discs , optical disc drives 
stylus 20 does not detect a synchronization signal 100 within ( ODDs ) , magneto - optical discs , magneto - optical drives , 
a certain period of time , stylus 20 may enter an idle or sleep floppy diskettes , floppy disk drives ( FDDs ) , magnetic tapes , 
state . 30 solid - state drives ( SSDs ) , RAM - drives , SECURE DIGITAL 

FIG . 12 illustrates example method 1200 for transmitting cards , SECURE DIGITAL drives , any other suitable com 
information . In particular embodiments , method 1200 illus puter - readable non - transitory storage medium or media , or 
trated in FIG . 12 may be performed by stylus 20 , where any suitable combination of two or more of se , where 
stylus 20 includes a clock having a clock period . In particu appropriate . A computer - readable non - transitory storage 
lar embodiments , method 1200 may be performed by stylus 35 medium or media may be volatile , non - volatile , or a com 
20 to receive synchronization signal 100 from device 52 and bination of volatile and non - volatile , where appropriate . 
to transmit information to device 52. The method may start Herein , “ or ” is inclusive and not exclusive , unless 
at step 1210 where a synchronization signal may be expressly indicated otherwise or indicated otherwise by 
received . In particular embodiments , stylus 20 may receive context . Therefore , herein , “ A or B ” means “ A , B , or both , " 
synchronization signal 100 from a touch controller of a 40 unless expressly indicated otherwise or indicated otherwise 
second device ( e.g. , device 52 ) . In particular embodiments , by context . Moreover , “ and ” is both joint and several , unless 
synchronization signal 100 may be wirelessly received by expressly indicated otherwise or indicated otherwise by 
stylus 20 from device 52 , where synchronization signal 100 context . Therefore , herein , “ A and B ” means “ A and B , 
is transmitted by touch sensor 10 of device 52. At step 1220 , jointly or severally , ” unless expressly indicated otherwise or 
a synchronization parameter may be determined . In particu- 45 indicated otherwise by context . 
lar embodiments , based on the received synchronization The scope of this disclosure encompasses all changes , 
signal 100 , stylus 20 may determine a synchronization substitutions , variations , alterations , and modifications to the 
parameter that includes an integer part and a fractional part . example embodiments described or illustrated herein that a 
In particular embodiments , the synchronization parameter person having ordinary skill in the art would comprehend . 
may reflect a relationship between synchronization - signal 50 The scope of this disclosure is not limited to the example 
period 110 and the stylus clock period . In particular embodi embodiments described or illustrated herein . Moreover , 
ments , the integer part may represent a positive integer although this disclosure describes and illustrates respective 
multiple of stylus clock periods , and the fractional part may embodiments herein as including particular components , 
represent a fractional portion of stylus clock periods . At step elements , functions , operations , or steps , any of these 
1230 , information may be transmitted . In particular embodi- 55 embodiments may include any combination or permutation 
ments , the information may be transmitted for reception by of any of the components , elements , functions , operations , 
a touch controller of a second computing device ( e.g. , device or steps described or illustrated anywhere herein that a 
52 ) . In particular embodiments , the transmitted information person having ordinary skill in the art would comprehend . 
may include a series of data portions , each successive data Furthermore , reference in the appended claims to an appa 
portion in the series being separated from a preceding data 60 ratus or system or a component of an apparatus or system 
portion by a time interval , the time interval based on the being adapted to , arranged to , capable of , configured to , 
synchronization parameter . In particular embodiments , the enabled to , operable to , or operative to perform a particular 
time interval may be based at least in part on the stylus clock function encompasses that apparatus , system , component , 
period , the integer part of the synchronization parameter , whether or not it or that particular function is activated , 
and the fractional part of the synchronization parameter . In 65 turned on , or unlocked , as long as that apparatus , system , or 
particular embodiments , the time interval may be based at component is so adapted , arranged , capable , configured , 
least in part on the active - stylus clock period , the integer part enabled , operable , or operative . 
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What is claimed is : dividing the number of counted active - stylus clock cycles 
1. A method performed by an active stylus , the method by the particular quantity of edges to determine a 

comprising : decimal number , the decimal number comprising an 
wirelessly receiving a synchronization signal from a touch integer part and a fractional part ; and 

controller ; assigning the integer part of the decimal number to the 
determining a synchronization parameter of the synchro integer part of the synchronization parameter and the 

nization signal , the synchronization parameter com fractional part of the decimal number to the fractional 
prising an integer part and a fractional part , the integer part of the synchronization parameter . 

8. The method of claim 7 , wherein the edges are rising part representing a positive integer multiple of an active - stylus clock period and the fractional part rep- 10 edges , falling edges , or rising and falling edges . 
9. The method of claim 7 , wherein : resenting a fractional portion of the active - stylus clock the particular quantity of edges equals 2 " , wherein n is a period ; and positive integer ; and wirelessly transmitting information for reception by the the dividing the number of counted clock cycles by the touch controller , wherein the information comprises a particular quantity of edges comprises applying a right series of data portions , a successive data portion in the shift by n digits to bits representing the number of 

series being separated from a preceding data portion by counted clock cycles . 
a time interval , wherein the time interval is based at 10. The method of claim 1 , wherein the time interval 
least in part on the active - stylus clock period , the equals the positive integer multiple of the active - stylus clock 
integer part of the synchronization parameter , and an 20 period or the positive integer multiple of the active - stylus 
updated fractional error value , wherein the updated clock period plus one active - stylus clock period . 
fractional error value equals a current fractional error 11. The method of claim 1 , wherein transmitting infor 
value plus the fractional part of the synchronization mation for reception by the [ second computing device ] 
parameter . touch controller comprises : 

2. The method of claim 1 , wherein : prior to transmitting each successive data portion , deter 
the touch controller is part of a personal computing mining the time interval by which the successive data 

device , the personal computing device comprising a portion is separated from the preceding data portion , 
touch sensor ; and wherein determining the time interval comprises : 

the active stylus comprises one or more electrodes for determining the updated fractional error value ; and 
wirelessly transmitting signals to or receiving signals 30 if the updated fractional error value is less than one , 
from the personal computing device through the touch then setting the time interval to be the positive 
sensor . integer multiple of the active - stylus clock period , 

3. The method of claim 1 , wherein : else : 
the synchronization signal is a two - level digital signal setting the time interval to be the positive integer 

having a duty cycle of approximately 50 % and com- 35 multiple of the active - stylus clock period plus one 
prising rising and falling edges ; and active - stylus clock period ; and a synchronization - signal period of the synchronization decrementing the updated fractional error value by 
signal is approximately equal to a duration of one cycle 
of the synchronization signal , wherein the duration of 12. The method of claim 1 , further comprising determin 
one cycle of the synchronization signal equals a time 40 ing a phase of the synchronization signal , wherein a first data 
between consecutive rising edges or consecutive falling portion of the series of data portions is transmitted at a time 
edges . based on the determined phase . 

4. The method of claim 3 , wherein the synchronization 13. The method of claim 1 , further comprising : 
parameter corresponds to a duration of time approximately separating the active stylus and the touch controller by a 
equal to one - half of the synchronization - signal period . distance of 100 millimeters or less ; and 

5. The method of claim 1 , wherein : wirelessly propagating the synchronization signal and the 
the synchronization signal has a synchronization - signal information over the distance between the active stylus 

period between 1 and 10 microseconds ; and the touch controller . 
the synchronization signal has a frequency between 100 14. An active stylus comprising : one or more processors ; 
kHz and 1 MHz ; 50 and a memory coupled to the processors comprising instruc 

the active - stylus clock period corresponds to a period of tions executable by the processors , the processors operable 
an active - stylus clock and is between 40 and 340 when executing the instructions to : 
nanoseconds ; and wirelessly receive a synchronization signal from a touch 

the active - stylus clock has a clock frequency between 3 controller ; 
and 25 MHz . determine a synchronization parameter of the synchroni 

6. The method of claim 1 , wherein : zation signal , the synchronization parameter compris 
the active - stylus clock period is approximately equal to a ing an integer part and a fractional part , the integer part 

duration of one cycle of a clock of the active stylus ; and representing a positive integer multiple of an active 
the fractional portion of the active - stylus clock period stylus clock period and the fractional part representing 

represents a duration of time greater than or equal to 60 a fractional portion of the active - stylus clock period ; 
zero active - stylus clock periods and less than one and 
active - stylus clock period . wirelessly transmit information for reception by the touch 

7. The method of claim 1 , wherein determining the controller , wherein the information comprises a series 
synchronization parameter comprises : of data portions , a successive data portion in the series 

counting a number of active - stylus clock cycles until a 65 being separated from a preceding data portion by a time 
particular quantity of edges of the synchronization interval , wherein the time interval is based at least in 
signal is accumulated ; part on the active - stylus clock period , the integer part 
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of the synchronization parameter , and an updated frac determining a synchronization parameter for communi 
tional error value , wherein the updated fractional error cation with a touch controller , the synchronization 
value equals a current fractional error value plus the parameter indicative of a decimal number correspond 
fractional part of the synchronization parameter . ing to an active - stylus clock count divided by a defined 

15. The active stylus of claim 14 , wherein : value and comprising an integer part and a fractional 
the touch controller is part of a personal computing part , the integer part representing a positive integer 

device , the personal computing device comprising a multiple of an active - stylus clock period and the frac 
touch sensor ; and tional part representing a fractional portion of the 

the active stylus further comprises one or more electrodes active - stylus clock period ; and 
for wirelessly transmitting signals to or receiving sig- 10 wirelessly transmitting information for reception by the 
nals from the personal computing device through the touch controller , wherein the information comprises a 
touch sensor . series of data portions , a successive data portion in the 

16. The active stylus of claim 14 , wherein : series being separated from a preceding data portion 
the synchronization signal is a two - level digital signal by a time interval , wherein the time interval is based at 
having a duty cycle of approximately 50 % and com- 15 least in part on the active - stylus clock period , the 
prising rising and falling edges , and integer part of the synchronization parameter , and an 

a synchronization - signal period of the synchronization updated fractional error value , wherein the updated 
signal is approximately equal to a duration of one cycle fractional error value equals a current fractional error 
of the synchronization signal , wherein the duration of value plus the fractional part of the synchronization 
one cycle of the synchronization signal equals a time 20 parameter . 
between consecutive rising edges or consecutive falling 22. The method of claim 21 , wherein : 
edges . the touch controller is part of a personal computing 

17. The active stylus of claim 16 , wherein the synchro device , the personal computing device comprising a 
nization parameter corresponds to a duration of time touch sensor ; and 
approximately equal to one - half of the synchronization- 25 the active stylus comprises one or more electrodes for 
signal period . wirelessly transmitting signals to or receiving signals 

18. The active stylus of claim 14 , wherein : from the personal computing device through the touch 
the synchronization signal has a synchronization - signal 

period between 1 and 10 microseconds ; 23. The method of claim 21 , wherein : 
the synchronization signal has a frequency between 100 30 the active - stylus clock period is approximately equal to a 
kHz and 1 MHz ; duration of one cycle of a clock of the active stylus ; and 

the active - stylus clock period corresponds to a period of the fractional portion of the active - stylus clock period 
an active - stylus clock and is between 40 and 340 represents a duration of time greater than or equal to 
nanoseconds ; and zero active - stylus clock periods and less than one 

the active - stylus clock has a clock frequency between 3 35 active - stylus clock period . 
and 25 MHz . 24. The method of claim 21 , wherein the defined value 

19. The active stylus of claim 14 , wherein : corresponds to a defined number of edges of a signal used 
the active - stylus clock period is approximately equal to a by the active stylus . 

duration of one cycle of a clock of the active stylus ; and 25. The method of claim 21 , wherein the time interval 
the fractional portion of the active - stylus clock period 40 equals the positive integer multiple of the active - stylus clock 

represents a duration of time greater than or equal to period or the positive integer multiple of the active - stylus 
zero active - stylus clock periods and less than one clock period plus one active - stylus clock period . 
active - stylus clock period . 26. The method of claim 21 , wherein transmitting infor 

20. One or more computer - readable non - transitory stor mation for reception by the touch controller comprises : 
age medium embodying software that is operable when 45 prior to transmitting each successive data portion , deter 
executed to : mining the time interval by which the successive data 
wirelessly receive a synchronization signal from a touch portion is separated from the preceding data portion , 

controller ; wherein determining the time interval comprises : 
determine a synchronization parameter of the synchroni determining the updated fractional error value ; and 

zation signal , the synchronization parameter compris- 50 if the updated fractional error value is less than one , 
ing an integer part and a fractional part , the integer part then setting the time interval to be the positive 
representing a positive integer multiple of an active integer multiple of the active - stylus clock period , 
stylus clock period and the fractional part representing else : 
a fractional portion of the active - stylus clock period ; setting the time interval to be the positive integer 
and multiple of the active - stylus clock period plus one 

wirelessly transmit information for reception by the touch active - stylus clock period ; and 
controller , wherein the information comprises a series decrementing the updated fractional error value by 
of data portions , a successive data portion in the series 
being separated from a preceding data portion by a time 27. An active stylus comprising : one or more processors ; 
interval , wherein the time interval is based at least in 60 and a memory coupled to the processors comprising instruc 
part on the active - stylus clock period , the integer part tions executable by the processors , the processors operable 
of the synchronization parameter , and an updated frac when executing the instructions to : 
tional error value , wherein the updated fractional error determine a synchronization parameter for communica 
value equals a current fractional error value plus the tion with a touch controller , the synchronization 
fractional part of the synchronization parameter . parameter indicative of a decimal number correspond 

21. A method performed by an active stylus , the method ing to an active - stylus clock count divided by a defined 
comprising : value and comprising an integer part and a fractional 
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part , the integer part representing a positive integer the fractional portion of the active - stylus clock period 
multiple of an active - stylus clock period and the frac represents a duration of time greater than or equal to 
tional part representing a fractional portion of the zero active - stylus clock periods and less than one 
active - stylus clock period ; and active - stylus clock period . 

wirelessly transmit information for reception by the touch 5 30. One or more computer - readable non - transitory stor 
controller , wherein the information comprises a series age medium embodying software that is operable when 

executed to : of data portions , a successive data portion in the series 
being separated from a preceding data portion by a determine a synchronization parameter for communica 

tion with a touch controller , the synchronization time interval , wherein the time interval is based at least parameter indicative of a decimal number correspond in part on the active - stylus clock period , the integer 10 ing to an active - stylus clock count divided by a defined part of the synchronization parameter , and an updated value and comprising an integer part and a fractional 
fractional error value , wherein the updated fractional part , the integer part representing a positive integer 
error value equals a current fractional error value plus multiple of an active - stylus clock period and the frac 
the fractional part of the synchronization parameter . tional part representing a fractional portion of the 

28. The active stylus of claim 27 , wherein : active - stylus clock period ; and 
the touch controller is part of a personal computing wirelessly transmit information for reception by the touch 

device , the personal computing device comprising a controller , wherein the information comprises a series 
of data portions , a successive data portion in the series touch sensor ; and being separated from a preceding data portion by a 

the active stylus further comprises one or more electrodes 20 time interval , wherein the time interval is based at least 
for wirelessly transmitting signals to or receiving sig in part on the active - stylus clock period , the integer 
nals from the personal computing device through the part of the synchronization parameter , and an updated 
touch sensor . fractional error value , wherein the updated fractional 

29. The active stylus of claim 27 , wherein : error value equals a current fractional error value plus 
the active - stylus clock period is approximately equal to a the fractional part of the synchronization parameter . 

duration of one cycle of a clock of the active stylus ; and 
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