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(57) ABSTRACT 
A system and method for synchronizing a stylus to a capaci 
tive sense array. The system including a capacitive sense array 
which includes a plurality of electrodes. A synchronization 
signal is transmitted to the stylus using the plurality of elec 
trodes. The synchronization signal is transmitted to the stylus 
by capacitively coupling the stylus to the capacitive sense 
array. 
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STYLUS TO HOST SYNCHRONIZATION 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0001. This application claims the benefit of U.S. Provi 
sional Application No. 61/599,332, filed on Feb. 15, 2012, the 
contents of which are hereby incorporated by reference 
herein. 

TECHNICAL FIELD 

0002. This disclosure relates to the field of user interface 
devices and, in particular, to capacitive sensor devices. 

BACKGROUND 

0003. The use of a stylus with a touch screen interface is 
well established. Touch screen designs have incorporated 
many different technologies including resistive, capacitive, 
inductive, and radio frequency sensing arrays. Resistive touch 
screens, for example, are passive devices well Suited for use 
with a passive stylus. The original PalmPilots(R) devices from 
the mid-1990s were one of the first successful commercial 
devices to utilize a resistive touch screen designed for use 
with a stylus and helped to popularize that technology. 
Although resistive touch screens can sense the input from 
nearly any object, multi-touch is generally not Supported. An 
example of a multi-touch application may be applying two or 
more fingers to the touch screen. Another example may be 
inputting a signature, which may include simultaneous palm 
and stylus input signals. Due to these and other numerous 
disadvantages, capacitive touch screens are increasingly 
replacing resistive touch screens in the consumer market 
place. 
0004 Various tethered active stylus approaches have been 
implemented for use with touch screens and are found in 
many consumer applications such as point-of-sale terminals 
(e.g., the signature pad used for credit card transactions in 
retail stores) and other public uses. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0005. The present invention is illustrated by way of 
example, and not of limitation, in the figures of the accom 
panying drawings in which: 
0006 FIG. 1 is a block diagram illustrating one embodi 
ment of an electronic system having a processing device for 
detecting a presence of a touch object and a stylus. 
0007 FIG. 2 is a block diagram illustrating one embodi 
ment of a system including a capacitive sense array, a stylus, 
and a processing device that converts measured signals to 
touch coordinates. 
0008 FIG. 3 is a block diagram illustrating one embodi 
ment of a stylus configured to synchronize to a host. 
0009 FIG. 4 is a block diagram illustrating another 
embodiment of a stylus configured to synchronize to a host. 
0010 FIG. 5 is a flow chart of one embodiment of a 
method of synchronizing a stylus to a host. 
0.011 FIG. 6 is a flow chart of another embodiment of a 
method of synchronizing a stylus to a host. 
0012 FIG. 7 is a block diagram illustrating a further 
embodiment of a system including a capacitive sense array, a 
stylus, and a processing device that converts measured signals 
to touch coordinates. 
0013 FIG. 8 is a block diagram illustrating yet another 
embodiment of a stylus configured to synchronize to a host. 
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0014 FIG. 9 is a timing diagram illustrating an embodi 
ment of a synchronization between a stylus and a host. 
0015 FIG. 10 is a timing diagram illustrating another 
embodiment of a synchronization between a stylus and a host. 
0016 FIG. 11 is a flow chart of a further embodiment of a 
method of synchronizing a stylus to a host. 

DETAILED DESCRIPTION 

0017. In the following description, for purposes of expla 
nation, numerous specific details are set forth in order to 
provide a thorough understanding of the present invention. It 
will be evident, however, to one skilled in the art that the 
present invention may be practiced without these specific 
details. In other instances, well-known circuits, structures, 
and techniques are not shown in detail, but rather in a block 
diagram in order to avoid unnecessarily obscuring an under 
standing of this description. Thus, the specific details set forth 
are merely exemplary. Particular implementations may vary 
from these exemplary details and still be contemplated to be 
within the scope of the present invention. Reference in the 
description to “one embodiment’ or “an embodiment’ means 
that a particular feature, structure, or characteristic described 
in connection with the embodiment is included in at least one 
embodiment of the invention. The phrase “in one embodi 
ment' located in various places in this description does not 
necessarily refer to the same embodiment. 
0018 Apparatuses and methods of synchronizing a stylus 
to a capacitive sense array are described. In one embodiment, 
the capacitive sense array is configured to transmit a synchro 
nization signal to the stylus. A processing device provides a 
synchronization signal to synchronize the capacitive sense 
array and the stylus. One or more of the electrodes in the 
capacitive sense array may be used to capacitively couple the 
synchronization signal to the stylus. The one or more elec 
trodes in the capacitive sense array may also be used to 
transmit a host transmit (TX) signal. In one embodiment, the 
host TX signal and the synchronization signal may be trans 
mitted simultaneously (e.g., there is an overlap in the time 
period in which the host TX signal is transmitted and the time 
period in which the synchronization signal is transmitted). In 
another embodiment, the host TX signal and the synchroni 
Zation signal may have different frequencies (e.g., host TX 
signal may have higher or lower frequency than synchroni 
Zation signal or vice versa). In one embodiment, the stylus 
may detect, listen or scan for the host TX signal and may 
synchronize its operation to the time intervals (e.g., gaps) 
between the transmissions of the host TX signal. The stylus 
may transmit a stylus TX signal in the gaps between the 
transmission of the host TX signal. 
0019 FIG. 1 is a block diagram illustrating one embodi 
ment of an electronic system 100 having a processing device 
110 for detecting a presence of a touch object 140 and a stylus 
130. Electronic system 100 includes processing device 110. 
capacitive sense array 125, stylus 130, host processor 150, 
embedded controller 160, and non-capacitive sense elements 
170. In the depicted embodiment, the electronic system 100 
includes the capacitive sense array 125 coupled to the pro 
cessing device 110 via bus 122. The capacitive sense array 
125 may include a multi-dimension capacitive sense array. 
The multi-dimension sense array includes multiple sense ele 
ments, organized as rows and columns. In another embodi 
ment, the capacitive sense array 125 operates as an all-points 
addressable (APA) mutual capacitive sense array. In 
another embodiment, the capacitive sense array 125 operates 
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as a coupled-charge receiver. Alternatively, other configura 
tions of capacitive sense arrays may be used. In one embodi 
ment, the capacitive sense array 125 may be included in an 
ITO panel or a touch screen panel. 
0020. The operations and configurations of the processing 
device 110 and the capacitive sense array 125 for detecting 
and tracking the touch object 140 and stylus 130 are described 
herein. In short, the processing device 110 is configured to 
detect a presence of the active stylus 130 on the capacitive 
sense array 125, as well as a presence of the touch object 140. 
The processing device 110 may detect and track the active 
stylus 130 and the touch object 140 individually on the 
capacitive sense array 125. In one embodiment, the process 
ing device 110 can detect and track both the active stylus 130 
and touch object 140 concurrently on the capacitive sense 
array 125. In one embodiment, the processing device 110 is 
configured to operate as the timing “master, and the active 
stylus 130 adjusts its timing to match that of the processing 
device 110 when the active stylus 130 is in use. In one 
embodiment, the capacitive sense array 125 capacitively 
couples with the active stylus 130, as opposed to conventional 
inductive stylus applications. It should also be noted that the 
same assembly used for the capacitive sense array 125, which 
is configured to detect touch objects 140, is also used to detect 
and track the active stylus 130 without an additional PCB 
layer for inductively tracking the active stylus 130 as done 
conventionally. 
0021. In the depicted embodiment, the processing device 
110 includes analog and/or digital general purpose input/ 
output (“GPIO) ports 107. GPIO ports 107 may be program 
mable. GPIO ports 107 may be coupled to a Programmable 
Interconnect and Logic (“PIL), which acts as an interconnect 
between GPIO ports 107 and a digital block array of the 
processing device 110 (not shown). The digital block array 
may be configured to implement a variety of digital logic 
circuits (e.g., DACs, digital filters, or digital control systems) 
using, in one embodiment, configurable user modules 
(“UMs). The digital block array may be coupled to a system 
bus. Processing device 110 may also include memory, such as 
random access memory (“RAM) 105 and program flash 104. 
RAM 105 may be static RAM (“SRAM), and program flash 
104 may be a non-volatile storage, which may be used to store 
firmware (e.g., control algorithms executable by processing 
core 102 to implement operations described herein). Process 
ing device 110 may also include a memory controller unit 
(“MemcU) 103 coupled to memory and the processing core 
102. 

0022. The processing device 110 may also include an ana 
log block array (not shown). The analog block array is also 
coupled to the system bus. Analog block array also may be 
configured to implement a variety of analog circuits (e.g., 
ADCs or analog filters) using, in one embodiment, config 
urable UMs. The analog block array may also be coupled to 
the GPIO 107. 

0023. As illustrated, capacitance sensor 101 may be inte 
grated into processing device 110. Capacitance sensor 101 
may include analog I/O for coupling to an external compo 
nent, such as capacitive sense array 125, touch-sensor slider 
(not shown), touch-sensor buttons (not shown), and/or other 
devices. The capacitance sensor 101 may be configured to 
measure capacitance using mutual capacitance sensing tech 
niques, self capacitance sensing technique, charge coupling 
techniques or the like. In one embodiment, capacitance sen 
Sor 101 operates using a charge accumulation circuit, a 
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capacitance modulation circuit, or other capacitance sensing 
methods known by those skilled in the art. In an embodiment, 
the capacitance sensor 101 is of the Cypress TMA-3XX family 
of touch screen controllers. Alternatively, other capacitance 
sensors may be used. The mutual capacitive sense arrays, or 
touch screens, as described herein, may include a transparent, 
conductive sense array disposed on, in, or under either a 
visual display itself (e.g. LCD monitor), or a transparent 
substrate in front of the display. In one embodiment, the 
transmit (TX) and received (RX) electrodes are configured in 
rows and columns, respectively. It should be noted that the 
rows and columns of electrodes can be configured as TX or 
RX electrodes by the capacitance sensor 101 in any chosen 
combination. In one embodiment, the TX and RX electrodes 
of the sense array 125 are configured to operate as a TX and 
RX electrodes of a mutual capacitive sense array in a first 
mode to detect touch objects, and to operate as electrodes of 
a coupled-charge receiver in a second mode to detect a stylus 
on the same electrodes of the sense array. The stylus, which 
generates a stylus TX signal when activated, is used to couple 
charge to the capacitive sense array, instead of measuring a 
mutual capacitance at an intersection of a RX electrode and a 
TX electrode (a sense element) as done during mutual capaci 
tance sensing. The capacitance sensor 101 does not use 
mutual capacitance or self-capacitance sensing to measure 
capacitances of the sense elements when performing a stylus 
Scan. Rather, the capacitance sensor 101 measures a charge 
that is capacitively coupled between the sense array 125 and 
the stylus 130 as described herein. The capacitance associated 
with the intersection between a TX electrode and an RX 
electrode can be sensed by selecting every available combi 
nation of TX electrode and RX electrode. When a touch 
object, such as a finger or stylus, approaches the capacitive 
sense array 125, the object causes a decrease in capacitance 
affecting some of the electrodes. Thus, the location of the 
finger on the capacitive sense array 125 can be determined by 
identifying both the RX electrode having a decreased cou 
pling capacitance between the RX electrode and the TX elec 
trode to which the TX signal was applied at the time the 
decreased capacitance was measured on the RX electrode. 
Therefore, by sequentially determining the capacitances 
associated with the intersection of electrodes, the locations of 
one or more inputs can be determined. It should be noted that 
the process can calibrate the sense elements (intersections of 
RX and TX electrodes) by determining baselines for the sense 
elements. It should also be noted that interpolation may be 
used to detect finger position at better resolutions than the 
row/column pitch as would be appreciated by one of ordinary 
skill in the art having the benefit of this disclosure. In addi 
tion, various types of algorithms (e.g., approximation algo 
rithms, interpolation algorithms, centroidalgorithms) may be 
used to detect the center of the touch as would be appreciated 
by one of ordinary skill in the art having the benefit of this 
disclosure. 

0024. In an embodiment, the electronic system 100 may 
also include non-capacitive sense elements 170 coupled to the 
processing device 110 via bus 171 and GPIO port 107. The 
non-capacitive sense elements 170 may include buttons, light 
emitting diodes (“LEDs), and other user interface devices, 
Such as a mouse, a keyboard, or other functional keys that do 
not use capacitance sensing. In one embodiment, buses 122, 
and 171 are embodied in a single bus. Alternatively, these 
buses may be configured into any combination of one or more 
separate buses. 
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0025 Processing device 110 may include internal oscilla 
tor/clocks 106 and communication block (“COM) 108. In 
another embodiment, the processing device 110 includes a 
spread spectrum clock (not shown). The oscillator/clocks 
block 106 provides clock signals to one or more of the com 
ponents of processing device 110. Communication block 108 
may be used to communicate with an external component, 
such as a host processor 150, via host interface (“I/F) line 
151. Alternatively, processing device 110 may also be 
coupled to embedded controller 160 to communicate with the 
external components, such as host processor 150. In one 
embodiment, the processing device 110 is configured to com 
municate with the embedded controller 160 or the host pro 
cessor 150 to send and/or receive data. 
0026. Processing device 110 may reside on a common 
carrier Substrate Such as, for example, an integrated circuit 
(“IC) die substrate, a multi-chip module substrate, or the 
like. Alternatively, the components of processing device 110 
may be one or more separate integrated circuits and/or dis 
crete components. In one exemplary embodiment, processing 
device 110 is the Programmable System on a Chip (PSOCR) 
processing device, developed by Cypress Semiconductor 
Corporation, San Jose, Calif. Alternatively, processing device 
110 may be one or more other processing devices known by 
those of ordinary skill in the art, Such as a microprocessor or 
central processing unit, a controller, special-purpose proces 
Sor, digital signal processor (DSP), an application specific 
integrated circuit (ASIC), a field programmable gate array 
(“FPGA), or the like. 
0027. It should also be noted that the embodiments 
described herein are not limited to having a configuration of a 
processing device coupled to a host, but may include a system 
that measures the capacitance on the sensing device and sends 
the raw data to a host computer where it is analyzed by an 
application. In effect, the processing that is done by process 
ing device 110 may also be done in the host. 
0028 Capacitance sensor 101 may be integrated into the 
IC of the processing device 110, or alternatively, in a separate 
IC. Alternatively, descriptions of capacitance sensor 101 may 
be generated and compiled for incorporation into other inte 
grated circuits. For example, behavioral level code describing 
the capacitance sensor 101, or portions thereof, may be gen 
erated using a hardware descriptive language. Such as VHDL 
or Verilog, and stored to a machine-accessible medium (e.g., 
CD-ROM, hard disk, floppy disk, etc.). Furthermore, the 
behavioral level code can be compiled into register transfer 
level (“RTL) code, a netlist, or even a circuit layout and 
stored to a machine-accessible medium. The behavioral level 
code, the RTL code, the netlist, and the circuit layout may 
represent various levels of abstraction to describe capacitance 
sensor 101. 

0029. It should be noted that the components of electronic 
system 100 may include all the components described above. 
Alternatively, electronic system 100 may include some of the 
components described above. 
0030. In one embodiment, the electronic system 100 is 
used in a tablet computer. Alternatively, the electronic device 
may be used in other applications, such as a notebook com 
puter, a mobile handset, a personal data assistant (PDA), a 
keyboard, a television, a remote control, a monitor, a hand 
held multi-media device, a handheld media (audio and/or 
Video) player, a handheld gaming device, a signature input 
device for point of sale transactions, an eBook reader, a Smart 
phone, a global position system (“GPS) device, or a control 
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panel. The embodiments described herein are not limited to 
touch screens or touch-sensor pads for notebook implemen 
tations, but can be used in other capacitive sensing implemen 
tations, for example, the sensing device may be a touch 
sensor slider (not shown) or touch-sensor buttons (e.g., 
capacitance sensing buttons). In one embodiment, these sens 
ing devices include one or more capacitive sensors. The 
operations described herein are not limited to notebook 
pointer operations, but can include other operations. Such as 
lighting control (dimmer), Volume control, graphic equalizer 
control, speed control, or other control operations requiring 
gradual or discrete adjustments. It should also be noted that 
these embodiments of capacitive sensing implementations 
may be used in conjunction with non-capacitive sensing ele 
ments, including but not limited to pick buttons, sliders (ex. 
display brightness and contrast), Scroll-wheels, multi-media 
control (ex. Volume, track advance, etc) handwriting recog 
nition, and numeric keypad operation. 
0031 FIG. 2 is a block diagram illustrating one embodi 
ment of a system 200 including a capacitive sense array 201, 
a stylus 130, and a processing device 110 that converts mea 
Sured signals to touch coordinates. The processing device 110 
includes a processing core 210, a TX driver circuit 212, a RX 
sense circuit 214, a multiplexer 218, and a modulator 219. In 
one embodiment, the processing core 210 is similar to the 
capacitance sensor 101 described above. The sense array 201 
includes multiple electrodes that can be configured as TX 
electrodes or RX electrodes. For example, in one mode, the 
TX drive circuit 212 drives a TX signal on a first set of TX 
electrodes (e.g., the horizontal electrodes), and the RX sense 
circuit 214 measures signals on a second set of RX electrodes 
(e.g., the vertical electrodes). In another mode, the TX elec 
trodes are RX electrodes and the RX sense circuit 214 is 
configured to measure signals on two sets of RX electrodes 
(e.g., on both the vertical and horizontal electrodes). These 
sets of RX electrodes can be considered as separate receive 
channels for stylus signal sensing. It should be noted that TX 
and RX electrodes are also referred to as TX and RX lines. 
The multiplexer 218 can be used to connect the TX electrodes 
or the RX electrodes to the TX drive circuit 212 or the RX 
sense circuit 214 based on whether the electrodes are being 
used as RX electrodes or TX electrodes. Although the multi 
plexer 218 is shown as part of the processing device 110, in 
other embodiments, the processing device 110 may not 
include the multiplexer 218. In one embodiment, the system 
200 may include multiple sensor arrays. The system may also 
include individual TX driver circuits and RX sense circuits 
for each of the multiple sense arrays. 
0032. In one embodiment, during normal finger Scanning, 
a passive object (e.g., a finger or other conductive object) 
touches the sense array 201 at contact point (not illustrated in 
FIG. 2). The TX drive circuit 212 drives the TX electrodes 
with a TX signal. The RX sense circuit 214 measures the RX 
signals on RX electrodes. In an embodiment, the processing 
core 210 determines the location of contact point based on the 
mapping techniques as would be appreciated by one of ordi 
nary skill in the art having the benefit of this disclosure. 
Alternatively, other techniques may be used to determine the 
contact point. The TX electrodes and RX electrodes are mul 
tiplexed by multiplexor 218. The processing core 210 pro 
vides the TX signal on the TX electrodes (rows) and measures 
the capacitance coupling on the RX electrodes (columns). In 
an embodiment, the TX and RX electrodes are orthogonal and 
may be used interchangeably (e.g., transmitting on columns 
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and receiving on rows). In an embodiment, the TX drive 
circuit 212 transmits the TX signal through a high impedance 
ITO panel (TX electrodes), thus limiting the upper frequency 
limit and speed of the system. The total scan time may also 
dependent upon the number of TX electrodes and RX elec 
trodes in the sense array 201. For example, the TX drive 
circuit 212 provides a TX signal on a single TX electrode and 
simultaneously reads the capacitively coupled RX signal on a 
RX electrode, according to one embodiment. In another 
embodiment, the RX electrodes 640 are multiplexed in two or 
more scans. In another embodiment, the TX signal may be 
applied to more than one electrode at the same time. 
0033. In one embodiment, during stylus scanning, the sty 
lus TX drive circuit 222 of stylus 130 provides a TX signal 
227 directly to contact point 228 on sense array 201, thus 
eliminating the need to dedicate the second set of RX elec 
trodes (previously TX in finger Scanning) to transmitting a 
TX signal from the TX drive circuit 212. In one embodiment, 
the active stylus 130 may not directly contact the electrodes in 
the sense array 201. The active stylus 130 may contact a 
substrate above the sense array 201 or may contact a substrate 
on which the sensor array 201 is deposited. The substrate may 
be a dielectric material. As such, the RX sense circuit 214 
measures the RX signal on both the first set of RX electrodes 
(rows) and a second set of RX electrodes (columns) of sense 
array 201. This may result in faster position tracking because 
the TX signal no longer passes through two high impedance 
ITO electrodes (e.g., passes from a TX electrode to an RX 
electrode) but instead passes through one high impedance 
ITO electrode, thus reducing the scan time to the total RX 
measurement. In one embodiment, during touch object detec 
tion (e.g., when detecting a touch object Such as a finger), the 
TX signal passes through a first high impedance ITO elec 
trode (e.g., a TX electrode) and then passes through a second 
high impedance ITO electrode (e.g., an RX electrode). 
0034. The active stylus 130 includes the TX drive circuit 
222, a microcontroller (MCU) 224, and a receiver 226. In one 
embodiment, the processing core 210 performs a normal scan 
of the sense array 201 during RX sensing of TX signal from 
the TX drive circuit 212 (described above), and a stylus scan 
of the sense array 201 during RX sensing of the stylus TX 
signal 227 (illustrated in FIG. 2). For the stylus scan, the 
processing core 210 measures a charge being capacitively 
coupled to the row and column electrodes of the sense array 
from the stylus. To further illustrate, a mutual capacitance 
scan uses both a TX and RX signal to track an object. As 
described above, this is typically done by scanning the RX 
electrodes for the driven TX electrode in a successive fashion 
by the processing core 210. In an array of N rows (TX signal) 
and M columns (RX signal), a complete scan would perform 
NxM total scans if one RX electrode is sensed at a time. For 
example, transmitting a TX signal (“TXing) on row 1, and 
receiving a receive signal (“RXing') on columns 1-M, fol 
lowed by TXing on row 2 and RXing on columns 1-M, and 
so on in sequential fashion. Alternatively, more RX electrodes 
can be sensed at a time. In one embodiment, 4 or 8 RX 
electrodes are sensed at a time, but in other embodiments, all 
RX electrodes may be sensed simultaneously or sequentially. 
With multiple RX channels to sense more than one RX elec 
trode at the same time, the complete scan would be (NM)/(# 
RX channels). In contrast, a stylus scan may not use a TX 
signal by the TX drive circuit 212 and a complete scan would 
perform a single RX signal measurement on each row and 
column, or N+M Scans, thus resulting in a significantly 
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reduced stylus scanning time for the entire sense array as 
compared with mutual capacitance scanning time for the 
entire sense array. Like above, multiple RX channels can be 
used to sense multiple RX electrodes at the same time. In this 
case, the complete scan would be (N+M)/(ii RX channels). 
0035. In one embodiment, the operation of the stylus 130 

is synchronized with the operation of the sense array 201. For 
example, the stylus 130 may not transmit a TX signal when 
the sense array 201 is performing touch object detection (e.g., 
transmitting a TX signal on a first set of electrodes and receiv 
ing the TX signal on a second set of electrodes). In another 
example, the sense array 201 may not perform touch object 
detection and may “listen' or “scan on all of the electrodes 
for a TX signal from the stylus 130 when the stylus 130 
transmits the TX signal. Synchronizing the operation of the 
stylus and the sense array 201 may reduce the amount of 
interference when the sense array 201 detects the TX signal 
from the stylus 130 and may also reduce the power consump 
tion of the stylus 130 because the stylus 130 may transmit the 
TX signal at a lower power. Synchronizing the operation of 
the stylus 130 and the sense array 201 may also provide more 
flexibility in the management of the stylus and touch object 
scanning (e.g., allow for different reporting rates for stylus 
and touch objects under different conditions). 
0036. In the depicted embodiment, the TX driver circuit 
222 generates a stylus TX signal 227 from the tip of the active 
stylus 130 into the touch screen. In one embodiment, the 
MCU may be implemented using a combination of process 
ing logic, state machines, and other circuitry. The processing 
core 210 senses this signal and resolves this to be the point of 
the active stylus 130. Synchronization between the process 
ing core 210 sensing and the TX signal 227 generated by the 
active stylus 130 is used to obtain correct operation. In one 
embodiment, this synchronization may be performed using 
one or more of the electrodes of the sense array 201 to trans 
mit a synchronization signal 230 to the active stylus 130. The 
active stylus 130 may detect (e.g., sense) and demodulate the 
synchronization signal 230 using receiver 226. The MCU 224 
may process the synchronization signal 230 to synchronize 
the timing of the sensing performed by the processing core 
210 and the transmission of the TX signal 227 by the active 
stylus 130. 
0037. In one embodiment, the modulator 219 may be used 
to generate the synchronization signal 230 which is transmit 
ted by the one or more electrodes of the sense array 201. 
0038. In one embodiment, the synchronization signal 230 
may be transmitted from the one or more electrodes of the 
sense array 201 to the active stylus 130 by capcitively cou 
pling the one or more electrodes of the sense array 201 to the 
active stylus 130. In another embodiment, the synchroniza 
tion signal 230 may have a higher frequency than the TX 
signal which is also transmitted by the one or more electrodes 
of the sense array 210. In a further embodiment, the synchro 
nization signal 230 may be a high frequency signal (e.g., a 
13.56 megahertz (Mhz) on-off keying (00K) or amplitude 
shift-keying (ASK) signal). In one embodiment, the fre 
quency range of the synchronization signal 230 may be from 
400 KHZ to 15 MHz, based on the RC constant of the ITO 
panel. In one embodiment, the frequency of the synchroniza 
tion signal 230 may be a frequency which is easily detected by 
low-cost or low-power circuits. In one embodiment, the fre 
quency of the synchronization signal 230 may be a multiple of 
the frequency of the TX signal which is also transmitted by 
the one or more electrodes of the sense array 210. In another 
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embodiment, the frequency of the TX signal transmitted by 
the one or more electrodes of the sense array 210 may be a 
multiple of the frequency of the synchronization signal 230. 
This may reduce the interference experienced by the active 
stylus 230 when the active stylus 230 receives the TX signal 
and the synchronization signal 230 transmitted by the one or 
more electrodes of the sense array 210 (e.g., may improve or 
increase the signal to noise ration (SNR) of the TX signal and 
the synchronization signal 230). 
0039. In some embodiments, synchronization signal 230 
may be transmitted by the one or more electrodes of the sense 
array 210 in a variety of methods. For example, every other 
vertical electrode or every other horizontal electrode in the 
sense array 210 may transmit the synchronization signal 230. 
In another example, the vertical electrodes may transmit the 
synchronization signal 230 for a period of time, followed by 
the horizontal electrodes. In a further example, the synchro 
nization signal may transmitted by the sequentially using the 
electrodes of the sense array (e.g., the first vertical electrode 
may transmit the synchronization signal, followed by the 
second vertical electrode, followed by the third vertical elec 
trode, etc.). 
0040. In one embodiment, the operation of the stylus and 
the host may be synchronized on a cycle by cycle basis. For 
example, the rising and falling edges of the TX signals trans 
mitted by the host and the Stylus may be synchronized (e.g., 
may be in phase). In another embodiment, the operation of the 
stylus and the host may be synchronized based on bursts or 
gaps in the TX signals transmitted by the host and the stylus. 
For example, the stylus may transmit the stylus TX signal 
only in the gaps (e.g., time intervals) between the host TX 
signals. 
0041 As described above, a passive stylus may be used as 
a touch object to interface with the various touch screens 
described above. In contrast to passive styluses, an active 
stylus 130 provides the transmit signal 227 (TX signal). This 
signal 227 may be provided to the active stylus 130 by the 
processing core 210 as part of the synchronization. The active 
stylus 130 capacitively couples the stylus TX signal 227 to the 
sense array 201. In an embodiment, the stylus signal ampli 
tude, frequency, phase, etc., may be the same or similar to that 
which is utilized for finger sensing by the processing core 
210. Alternatively, the stylus TX signal may be different than 
the TX signal from the TX drive circuit 212, in one or more of 
amplitude, frequency, and phase. In another embodiment, the 
stylus TX signal may have a different code for code modula 
tion than a code used in the TX signal from the TX drive 
circuit 212. In an exemplary embodiment, the stylus TX sig 
nal 227 has greater amplitude than the finger sensing TX 
signal from the TX drive circuit 212. For example, in one 
exemplary embodiment, the stylus TX signal 227 ranges from 
approximately 20-50V, as compared with the approximately 
5-10V typically provided by the processing core 210. Alter 
natively, other Voltages may be used as would be appreciated 
by one of ordinary skill in the art. The higher stylus TX 
Voltage couples more charge to the sense array 201 more 
quickly, thus reducing the amount of time used to sense each 
row and column of the sense array 201. Other embodiments 
may incorporate higher Voltages on the sense array TX elec 
trodes to obtain similar time efficiency improvements for 
finger sensing. 
0042. In an embodiment, the active stylus 130 applies a 
higher frequency on the stylus TX signal 227 than the TX 
signal frequency from TX drive circuit 212 to achieve a 
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reduced sensing time. Charge may be capacitively coupled 
from the active stylus 130 to the sense array 201 during the 
rising and falling edges of the stylus TX signal 227. Thus, a 
higher TX frequency provides a greater number of rising and 
falling edges over a given period of time, resulting in greater 
charge coupling. The practical upper limit of the TX fre 
quency in finger sensing mode (e.g., TX signal on sense array 
201 for finger sensing) is dependent upon the resistor-capaci 
tor (“RC) time constant of the panels individual sense ele 
ments and interconnect (not shown). This is typically due to 
high impedance materials (e.g. ITO) used in the fabrication of 
the sense array 201. A high-impedance sense array (e.g., 
sense array 201) may result in a high time constant and 
resulting signal attenuation of the rows (TX electrodes) and 
columns (RX electrodes) of sense elements, which may limit 
the maximum sensing frequency. When using an active stylus 
to transmit the stylus TX signal 227 directly to a contact point 
228 on sense array 201, the stylus TX signal 227 does not pass 
through part of the high impedance path, and therefore the 
maximum operating frequency for the stylus TX signal 227 
can be increased. For example, the time constant of the RX 
traces (both rows and columns) may be used to determine an 
upper frequency limit, but this will typically be is at least 
double the upper frequency limit used in finger sensing. Typi 
cally the impedance is half to the impedance when perform 
ing mutual capacitance scanning, since the rows impedance 
is eliminated and the columns impedance remains (or vice 
Versa). In one embodiment, the frequencies used for finger 
sensing and stylus sensing may be similar, and the upper 
range for the frequencies may be determined by one or more 
of the panel RC time constant, driving waveforms, require 
ments for the panels resistance to signal interference, and 
receiver implementation details. 
0043 Although the electrodes (e.g., lines) appear as lines 
in FIG. 2, these electrodes may represent bars or elongated 
rectangles or other tessellated shapes such as diamonds, 
rhomboids, and chevrons. Alternatively, other useable shapes 
may be used as would be appreciated by one of ordinary skill 
in the art having the benefit of this disclosure. 
0044 FIG. 3 is a block diagram illustrating one embodi 
ment of a stylus 350 configured to synchronize to a host 305. 
0045. The host 305 includes an oscillator (OSC) 310, a 
clock divider 315, an amplitude shift-keying modulator (ASK 
Mod)320, a receiver 325, an amplifier 330, a matching circuit 
335, and an ITO panel 340. In one embodiment, the OSC 310 
may be used to generate a signal with a given frequency, 
which may be fed to the clock divider 315 to generate a clock 
signal. The clock signal generated by the OSC 310 and the 
clock divider 315 may be used to determining the timing of a 
synchronization signal transmitted by the ITO panel 340 to 
the stylus 350. 
0046. In one embodiment, the ASK Mod 320 may use the 
clock signal generated by the clock divider 315 to perform an 
ASK modulation on the signal generated by the OSC 310, in 
order to generate the synchronization signal which is trans 
mitted by the ITO panel 340 to the stylus 350. Although 
amplitude shift-keying (ASK) is described herein, other 
types of modulation schemes may be used (e.g., frequency 
shift keying (“FSK), phase-shift keying (“PSK), binary 
phase shift keying (“BPSK)) and would be known by one of 
ordinary skill in the art. The synchronization signal is pro 
vided to the amplifier 330 which amplifies the synchroniza 
tion signal. The amplified synchronization signal is provided 
to the matching circuit 335 which provides impedance match 
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synchronization signal is transmitted to a stylus using the 
plurality of electrodes. Any combination or sequence of the 
plurality of electrodes may be used to transmit the synchro 
nization signal, as discussed above in conjunction with FIG. 
2. In one embodiment, the frequency of the synchronization 
signal may be different from the frequency of a host TX 
signal, which may also be transmitted using the plurality of 
electrodes. In another embodiment, the frequency of the Syn 
chronization signal may be higher than the frequency of the 
host TX signal. In a further embodiment, the frequency of the 
synchronization signal may be lower than the frequency of 
the host TX signal. 
0057 FIG. 6 is a flow chart of another embodiment of a 
method of synchronizing a stylus to a host. The method 600 
may be performed by a host that comprises hardware (e.g., 
circuitry, electrodes, Switches, dedicated logic, program 
mable logic, microcode), software (e.g., instructions run on a 
processing device to perform hardware simulation), or a com 
bination thereof. In one embodiment, method 600 may be 
performed by processing device 110 as shown in FIG. 1. 
0058. The method 600 begins with the host device provid 
ing a plurality of electrodes in a capacitive sense array (block 
605). In one embodiment, the plurality of electrodes may be 
part of an ITO panel or a touch screen. At block 610, the 
frequency of the synchronization signal is converted (e.g., 
increased, decreased, multiplied and/or divided) to generate a 
TX signal. In one embodiment, the frequency of the synchro 
nization signal is a multiple of the frequency of TX signal. In 
another embodiment, the frequency of TX signal is a multiple 
of the frequency of the synchronization signal. The synchro 
nization signal is transmitted to a stylus using the plurality of 
electrodes at block 615. Any combination or sequence of the 
plurality of electrodes may be used to transmit the synchro 
nization signal, as discussed above in conjunction with FIG. 
2. At block 620, a TX signal is transmitted using the plurality 
of electrodes. 
0059 FIG. 7 is a block diagram illustrating a further 
embodiment of a system 700 including a capacitive sense 
array 701, a stylus 730, and a processing device 702 that 
converts measured signals to touch coordinates. The process 
ing device 702 includes a processing core 710, a TX driver 
circuit 712 a RX sense circuit 714, and a multiplexer 718. In 
one embodiment, the TX driver circuit 712, the RX sense 
circuit 714 and the multiplexer 718 may perform functions 
similar to the TX driver circuit 212, the RX sense circuit 214 
and the multiplexer 218 of the processing device 110 in FIG. 
2 

0060. The processing core 710 may also perform func 
tions similar to the processing core 210 of the processing 
device 110 in FIG. 2. In one embodiment, the processing core 
710 may control the timing of a host TX signal which is 
transmitted using electrodes (e.g., electrodes) in capacitive 
sense array 701. The processing core 710 may cause one or 
more electrodes of the capacitive sense array 701 to transmit 
(e.g., the processing core 710 may generate) a host TX signal 
at certain time intervals (e.g., may transmit a synchronization 
burst 729). In one embodiment, the frequency of the synchro 
nization burst 729 may be identical to the frequency of the 
host TX signal to one or more electrodes in the capacitive 
sense array 701 may normally transmit. In another embodi 
ment, the frequency of the synchronization burst 729 may be 
different from the frequency of the host TX signal to one or 
more electrodes in the capacitive sense array 701 may nor 
mally transmit. In one embodiment, the synchronization burst 
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729 may also carry or include other data (which may be 
transmitted to the stylus 730 via the synchronization burst 
729) including but not limited to configuration data, power 
management commands, user feedback commands (e.g., a 
command to blink a light emitting diode (LED)), data pack 
ets, or other additional functionality encoded by the host onto 
the synchronization burst 729. 
0061. The stylus 730 includes a receiver 726, an MCU 
724, and a TX driver circuit 722. The receiver 726 may detect 
the synchronization burst 729 and may provide the synchro 
nization burst 729 to the MCU 724. The MCU 724 may 
process the synchronization burst 729 to synchronize the 
operation of the stylus with the host 705. In one embodiment, 
the synchronization burst 729 may be a synchronization sig 
nal. Based on the synchronization burst 729, the MCU 724 
may generate a TX signal and provide the TX signal to the TX 
drive circuit 722 after the synchronization burst 729 ends (as 
shown in FIG. 7). The TX drive circuit 722 may provide the 
TX signal to the tip of the stylus which provides a TX signal 
727 directly to contact point 728 on sense array 701 (e.g., by 
capacitively coupling the host 705 and the stylus 730). In one 
embodiment, the synchronization burst 729 may be used to 
determine one or more of the timing of the TX signal 227, the 
frequency of the TX signal 727, the phase of the TX signal 
727. In one embodiment, such information may be encoded 
into the synchronization burst 729 such that the stylus 730 
transmits a TX signal 727 of substantially the same phase and 
frequency as that of the synchronization burst 729, at a time 
from either the start or the end of the synchronization burst 
729. In another embodiment, the any combination of the 
frequency, timing, and phase of the TX signal 727 may be 
calculated from data encoded in the synchronization burst 
T29. 

0062 FIG. 8 is a block diagram 800 illustrating yet 
another embodiment of a stylus 850 configured to synchro 
nize to a host 805. The host 805 includes an ITO panel 810 and 
a receiver 815. In one embodiment, the ITO panel 810 may 
transmit a synchronization burst using one or more electrodes 
(e.g., electrodes) of the ITO panel 810. As discussed above, 
the synchronization burst may include other data. The ITO 
panel 810 may also receive a TX signal from the stylus 850 
(via capacitive coupling with the stylus 850) and may provide 
this TX signal to the receiver 815. The receiver 815 may filter, 
amplify, or otherwise process the TX signal and may provide 
the processed TX signal to a processing device in order to 
determine a location of contact point between the stylus 850 
and the ITO panel 810. 
0063. The stylus 850 includes a stylus tip 851, a TX filter 
855, an amplifier/AGC circuit 860, a TX clock qualifier865, 
a phase-locked loop (PLL) circuit 870, a carrier detector 875, 
and a TX driver 880. In one embodiment, the functions of 
some of the circuits shown in FIG.8 may be performed by an 
MCU, rather than a dedicated circuit or component. The 
stylus tip 851 may receive signals (including a synchroniza 
tion burst) transmitted by one or more electrodes of the ITO 
panel 810. The synchronization burst may be provided to the 
TX filter 855 which may initially filter the signal received by 
the stylus 850. The filtered signal is provided to the amplifier/ 
AC circuit 860 which amplifies the filtered signal and pro 
vides an automatic gain control loop to maintain a constant 
synchronization signal amplitude over a wide-input-signal 
Voltage range. The amplified signal is provided to the carrier 
detector 875 which may process the signal to determine if the 
amplified signal includes additional data (e.g., force data, 
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button data, etc.). The additional data may be provided to the 
TX driver 880 which may use the additional data when pro 
viding the stylus TX signal to the stylus tip 851. 
0064. The amplified signal is also provided to the TX 
clock qualifier865. The TX clock qualifier865 will filter out 
the synchronization burst from the amplified signal and pro 
vides the synchronization burst to the PLL circuit 870. The 
PLL circuit 870 may be used to synchronize the operation of 
the stylus 850 to the timing of the synchronization burst. As 
discussed above, the PLL circuit 870 may synchronize the 
operation of the stylus 850 to the host 805 on a cycle by cycle 
basis. The PLL 870 generates a stylus TX signal (which is 
synchronized to the synchronization burst) to the TX driver 
880 which provides (e.g., drives) the stylus TX signal to the 
stylus tip 851. In one embodiment, the PLL 870 may be a 
digital PLL implemented at least partially in firmware on an 
MCU. 
0065 FIG. 9 is a timing diagram 900 illustrating an 
embodiment of a synchronization between a stylus and a host. 
The timing diagram 900 includes a host TX signal and a stylus 
TX signal. As shown in FIG. 9, the host TX signal is trans 
mitted during time intervals 905,915,925, and 935 (e.g., the 
host TX signal is transmitted in bursts). The gaps between the 
time intervals 905, 915, 925, and 935 are shown as time 
intervals 910, 920, 930, and 940. The stylus TX signal is 
transmitted during the time intervals 910,920,930, and 940 
(e.g., in between the gaps of the host TX signal). 
0066. As discussed above, a processing device may be 
used to detect the presence of a touch object and a stylus on a 
capacitive sense array (e.g., on an ITO panel). When detecting 
the presence of a touch object (e.g., of a finger), the capacitive 
sense array may transmit the host TX signal on one set of 
electrodes (e.g., vertical electrodes) and may receive the host 
TX signal on a different set of electrodes (e.g., horizontal 
electrodes). When detecting a stylus, the capacitive sense 
array may use all of the electrodes in the capacitive sense 
array as RX sensors to detect the stylus TX signal. Synchro 
nizing the transmissions of the host TX signal (used to detect 
a touch object) and the stylus TX signal (used to detect the 
stylus) allows both touch object and the stylus to be used 
simultaneously on the capacitive sense array. 
0067. In one embodiment, the stylus may listen or detect 
the host TX signal to determine the time intervals 905,915, 
925, and 935 of the host TX signal. After determining the time 
intervals 905,915, 925, and 935 of the host TX signal, the 
stylus may synchronize its operation to the time intervals 905, 
915, 925, and 935 of the host TX signal, such that the stylus 
transmits the stylus TX signal only within the gaps between 
time intervals 905, 915, 925, and 935 of the host TX signal 
(e.g., only within time intervals 910, 920,930, and 940). In 
one embodiment, the stylus transmits a stylus TX signal 
matching the phase and/or frequency of the host TX signal for 
a pre-determined time after the end of the host TX signal burst 
is detected. 
0068 FIG. 10 is a timing diagram 1000 illustrating 
another embodiment of a synchronization between a stylus 
and a host. The timing diagram 100 includes a host TX time 
line, a stylus TX timeline, and a host RX timeline. 
0069. As shown in FIG. 10, the host transmits a synchro 
nization burst at time interval 1005. The stylus may detect the 
synchronization burst transmitted at time interval 1005 and 
synchronize the operation of the stylus to the host using the 
synchronization burst (e.g., using the PLL described above to 
synchronize with the Synchronization burst). The stylus may 
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also transmit a stylus TX signal after the synchronization 
burst ends at time interval 1020. The host may listen (e.g., 
detect) the stylus TX signal at time interval 1010, to confirm 
that a stylus is present on the capacitive sense array. After 
confirming that the stylus is present on the capacitive sense 
array, the host will listen (e.g., detect) on one or more of the 
rows and columns of electrodes in the capacitive sense array 
for the stylus TX signal at time interval 1015. 
0070. In one embodiment, the host may transmit a host TX 
signal on a first set of electrodes at time interval 1025 and may 
receive or detect the host TX signal on a second set of elec 
trodes at time interval 1030 (e.g., may perform touch object 
detection). At time interval 1035, the host TX timeline, a 
stylus TX timeline, and a host RX timeline may restart such 
the host again transmits a synchronization burst at time inter 
val 1035 and the host again listens (e.g., scans the RX elec 
trodes) for a stylus TX signal at time interval 1040. 
(0071 FIG. 11 is a flow chart of a further embodiment of a 
method 1100 of synchronizing a stylus to a host. The method 
1100 may be performed by a host that comprises hardware 
(e.g., circuitry, electrodes, Switches, dedicated logic, pro 
grammable logic, microcode), Software (e.g., instructions run 
on a processing device to perform hardware simulation), or a 
combination thereof. In one embodiment, method 1100 may 
be performed by processing device 702 as shown in FIG. 7. 
(0072. The method 1100 begins with the host device pro 
viding a plurality of electrodes in a capacitive sense array 
(block 1105). In one embodiment, the plurality of electrodes 
may be part of an ITO panel or a touch screen. At block 1110, 
a synchronization burst is transmitted to a stylus at a first time 
interval, using the plurality of electrodes. Any combination or 
sequence of the plurality of electrodes may be used to trans 
mit the synchronization signal, as discussed above in con 
junction with FIG.2. In one embodiment, the frequency of the 
synchronization burst may the same as the frequency of a TX 
signal which may be transmitted by the host device. The host 
device listens (e.g., scans or detects) for a stylus TX signal at 
a second time interval using the plurality of electrodes at 
block 1115 (e.g., touch object detection). At block1120, the 
host device transmits a host TX signal using the rows of 
electrodes and detects the host TX signal using the columns of 
electrodes at a third time interval. In one embodiment, the 
host device may transmit the host TX signal using the col 
umns of electrodes and may detect the host TX signal using 
the rows of electrodes. 

0073. The embodiments described herein describe various 
aspects of Stylus to host synchronization methods. In one 
embodiment, a synchronization signal may be transmitted to 
a stylus using one or more electrodes in a capacitive sense 
array. The one or more electrodes are also used to transmit a 
host TX signal. In another embodiment, the one or more 
electrodes may transmit a synchronization burst (e.g., trans 
mit a signal for a period of time) and the Stylus may synchro 
nize its operation to the host by listening or detecting the 
synchronization burst. Some of the embodiments described 
herein allow a stylus to synchronize its operation to the host 
without using an antennae (e.g., without using a radio fre 
quency (RF) antennae or a magnetic antennae). 
0074. In one embodiment, the synchronization signal is 
capacitively coupled to a stylus from the sense array of a host 
device, rather than transmitted using a wireless signal, such as 
an RF signal. In another embodiment, the host device may be 
classified as an unintentional radiator (e.g., a device which 
does not intentionally transmit RF). Because the host device 



US 2013/0207926 A1 

may be classified as an unintentional radio, the host device 
may be subject to fewer certification requirements (as com 
pared to devices which intentionally radiate or transmit RF) 
which may decrease the development costs and development 
times of the host device. 

0075 Embodiments of the present invention, described 
herein, include various operations. These operations may be 
performed by hardware components, Software, firmware, or a 
combination thereof. Any of the signals provided over various 
buses described herein may be time multiplexed with other 
signals and provided over one or more common buses. Addi 
tionally, the interconnection between circuit components or 
blocks may be shown as buses or as single signal lines. Each 
of the buses may alternatively be one or more single signal 
lines and each of the single signal lines may alternatively be 
buses. 

0076 Certain embodiments may be implemented as a 
computer program product that may include instructions 
stored on a computer-readable medium. These instructions 
may be used to program a general-purpose or special-purpose 
processor to perform the described operations. A computer 
readable medium includes any mechanism for storing or 
transmitting information in a form (e.g., Software, processing 
application) readable by a machine (e.g., a computer). The 
computer-readable storage medium may include, but is not 
limited to, magnetic storage medium (e.g., floppy diskette); 
optical storage medium (e.g., CD-ROM); magneto-optical 
storage medium; read-only memory (ROM); random-access 
memory (RAM); erasable programmable memory (e.g., 
EPROM and EEPROM); flash memory, or another type of 
medium suitable for storing electronic instructions. The com 
puter-readable transmission medium includes, but is not lim 
ited to, electrical, optical, acoustical, or other types of medi 

S. 

0077. Additionally, some embodiments may be practiced 
in distributed computing environments where the computer 
readable medium is stored on and/or executed by more than 
one computer system. In addition, the information transferred 
between computer systems may either be pulled or pushed 
across the transmission medium connecting the computer 
systems. 

0078. Although the operations of the method(s) herein are 
shown and described in a particular order, the order of the 
operations of each method may be altered so that certain 
operations may be performed in an inverse order or so that 
certain operation may be performed, at least in part, concur 
rently with other operations. In another embodiment, instruc 
tions or sub-operations of distinct operations may be in an 
intermittent and/or alternating manner. 
0079. In the foregoing specification, the invention has 
been described with reference to specific exemplary embodi 
ments thereof. It will, however, be evident that various modi 
fications and changes may be made thereto without departing 
from the broader spirit and scope of the invention as set forth 
in the appended claims. The specification and drawings are, 
accordingly, to be regarded in an illustrative sense rather than 
a restrictive sense. 
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What is claimed is: 
1. A method comprising: 
providing a plurality of electrodes in a capacitive sense 

array; and 
transmitting a synchronization signal to a stylus using the 

plurality of electrodes. 
2. The method of claim 1, further comprising: 
transmitting a transmit signal using the plurality of elec 

trodes. 
3. The method of claim 2, wherein the synchronization 

signal and the transmit signal are transmitted simultaneously. 
4. The method of claim 2, wherein the synchronization 

signal and the transmit signal are different frequencies. 
5. The method of claim 1, further comprising: 
receiving a stylus transmit signal from the stylus using the 

plurality of electrodes. 
6. The method of claim 2, wherein the synchronization 

signal has a first frequency and the transmit signal has a 
second frequency, and wherein the first frequency is a mul 
tiple of the second frequency or the second frequency is a 
multiple of the first frequency. 

7. The method of claim 1, wherein the synchronization 
signal is transmitted to the stylus by capacitively coupling the 
stylus to the plurality of electrodes. 

8. The method of claim 1, wherein the stylus is synchro 
nized based on a frequency of the synchronization signal. 

9. The method of claim 1, wherein the stylus is synchro 
nized based on a phase of the synchronization signal. 

10. The method of claim 1, wherein the synchronization 
signal comprises a signal burst and wherein the stylus is 
synchronized based on a timing of the signal burst. 

11. An apparatus comprising: 
a capacitive sense array comprising a plurality of elec 

trodes, wherein the plurality of electrodes is configured 
to transmit a synchronization signal to a stylus. 

12. The apparatus of claim 11, wherein the plurality of 
electrodes is further configured to transmit a transmit signal. 

13. The apparatus of claim 12, wherein the plurality of 
electrodes is configured to transmit the synchronization sig 
nal and the transmit signal simultaneously. 

14. The apparatus of claim 12, wherein the synchronization 
signal and the transmit signal are different frequencies. 

15. The apparatus of claim 11, wherein the plurality of 
electrodes is further configured to receive a stylus transmit 
signal from the stylus. 

16. The apparatus of claim 11, wherein the synchronization 
signal is transmitted to the stylus by capacitively coupling the 
stylus to the plurality of electrodes. 

17. The apparatus of claim 11, wherein the stylus is syn 
chronized based on a frequency of the synchronization signal. 

18. The apparatus of claim 11, wherein the stylus is syn 
chronized based on a phase of the synchronization signal. 

19. The apparatus of claim 11, wherein the synchronization 
signal comprises a signal burst and wherein the stylus is 
synchronized based on a timing of the signal burst. 

20. An apparatus comprising: 
a controller configured to generate a synchronization sig 

nal; and 
means for transmitting the synchronization signal to a sty 

lus without using an antenna. 
k k k k k 


