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(57) ABSTRACT 

An active stylus is capacitively coupled to a capacitive touch 
panel for communication. The active stylus operates in a 
wait mode to receive initial communications from the panel. 
In response to Such receipt, the active stylus synchronizes to 
a repeating communications frame implementing time divi 
sion multiplexing. Communications from the active stylus to 
the panel include: information communications; synchroni 
Zation communications and communications specific for 
columns and/or rows of the panel. Communications from the 
panel to the active stylus may be addressed uniquely to the 
stylus or commonly to a group of Styluses. 

30 Claims, 7 Drawing Sheets 
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1. 

SYSTEMAND METHOD OF 
COMMUNICATION BETWEEN A 

CAPACTIVE TOUCH SCREEN AND AN 
ACTIVE STYLUS 

FIELD OF THE INVENTION 

The present disclosure generally relates to a system 
including a capacitive touchscreen panel and a stylus and, 
more particularly, to the communication of information 
between the capacitive touchscreen panel and stylus. 

BACKGROUND 

Touchscreen panels are typically incorporated in various 
electronic devices to detect a user input (i.e., user touch or 
hover) and to display content. The touchscreen panel 
includes an active portion capable of detecting the user 
touch/hover and displaying content. This active portion is 
typically formed from a display panel on top of which a 
capacitive sensing panel is provided which includes multiple 
layers of capacitive sensing circuitry arranged in a pattern. 

FIG. 1 illustrates a capacitive sensing panel 100 utilizing 
a diamond-shaped pattern. The capacitive sensing panel 100 
is of a type useful for a touchscreen panel for an electronic 
device such as a smartphone, GPS device, tablet computer, 
mobile media player, remote control device, or any other 
device capable of using a touchscreen panel. The sensing 
panel 100 includes an active portion 110 including a sensor 
pattern configured to assist in the detection of a user touch 
or hover (for example, through a finger or other body part as 
well as through a tool Such as a stylus). The touchscreen 
panel 100 is formed from multiple ITO layers, namely, first 
ITO layer 112 and second ITO layer 114, disposed within the 
perimeter of the active portion 110. The first and second ITO 
layers 112 and 114 are separated by a dielectric layer 116. 
The first ITO layer 112 is patterned to include columns 115 
of interconnected capacitive-sensing nodes 113, and a first 
layer of traces 115A coupled to each column of capacitive 
sensing nodes 113 in the first ITO layer 112. The intercon 
nected nodes 113 of any one column 115 are isolated from 
the interconnected nodes 113 of any adjacent column 115. 
The second ITO layer 114 is patterned to include rows 117 
of interconnected capacitive-sensing nodes 113, and a sec 
ond layer of traces 115B coupled to each row 117 of 
capacitive-sensing nodes 113 in the second ITO layer 114. 
The interconnected nodes 113 of any one row 117 are 
isolated from the interconnected nodes 113 of any adjacent 
row 117. 

In the illustrated implementation, the interconnected 
nodes 113 have a diamond shape formed by a square rotated 
by forty-five degrees which allows for an interleaving of the 
row and column patterns to occupy a large Surface area of 
the active portion 110. Thus, the space between four inter 
connected nodes 113 in two adjacent rows 117 is occupied 
by one node 113 of a given column. Conversely, the space 
between four interconnected nodes 113 in two adjacent 
columns 115 is occupied by one node 113 of a given row. 
The first and second layers of traces 115A and 115B 

couple each respective row or column of capacitive-sensing 
nodes 113 to control circuitry 120. The control circuitry 120 
may include drive and sense circuitry coupled to the traces 
115A and/or 115B. For example, drive circuitry may be used 
to apply a signal to a trace 115A for a certain column and 
sense circuitry may be used to sense a signal on a trace 115B 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

2 
for a certain row. The opposite application of applying and 
sensing signals may, of course, also be provided using the 
control circuitry 120. 

It is known in the art to operate the sensing panel in a 
number of distinct modes. 
A first mode, referred to herein as a self-capacitance 

mode, configures the control circuitry 120 to sense the 
capacitance between any given column or row of intercon 
nected nodes 113 and a Surrounding panel reference (for 
example, ground). By sensing a change in self-capacitance 
for a given column or row of interconnected nodes 113, the 
control circuitry 120 may detect a user touch or hover at or 
near that given column or row of interconnected nodes 113. 
A second mode, referred to herein as the mutual-capaci 

tance mode, configures the control circuitry 120 to sense the 
capacitance at an intersection point between one column of 
interconnected nodes 113 and one row of interconnected 
nodes 113. By sensing a change in mutual-capacitance at a 
given intersection point between a column and row of 
interconnected nodes 113, the control circuitry 120 may 
detect a user touch or hover at or near that given intersection 
point. 

It is further known in the art to provide a stylus 130 for 
use with the capacitive sensing panel 100. In a passive 
operating mode, the stylus 130 functions in a manner 
analogous to a user finger with respect to interacting with the 
capacitive sensing panel 100. In this regard, a change in 
capacitance (either self- or mutual-) is detected in response 
to the touch or hover of the stylus 130. In an active operating 
mode, however, the stylus 130 is configured to generate a 
signal 132 which can modify the charge on the nodes 113 of 
the capacitive sensing panel by means of capacitive cou 
pling. If the stylus signal 132 is modulated by information 
(data), then the charge of the nodes 113 will likewise be 
modulated in accordance with that information and the 
modulated change in charge at the nodes can be detected 
(sensed) by the control circuitry 120 to recover the infor 
mation sent by the stylus 130 in the signal 132. 
The control circuitry 120 can be configured to drive a 

signal on the interconnected nodes 113 of the columns 115 
and/or rows 117 of the capacitive sensing panel to place a 
charge on the nodes 113 which is capacitively coupled to the 
stylus. If the control circuitry signal is modulated by infor 
mation (data), then the charge of the nodes 113 will likewise 
be modulated in accordance with that information and the 
modulated change in charge at the nodes can be detected 
(sensed) by the active stylus 130 to recover the information 
sent by the control circuitry 120. 

It is thus possible for the control circuitry 120 and active 
stylus 130 to engage in a bidirectional communication. 
Establishing a protocol governing Such a bidirectional com 
munication is critical to Supporting a cooperative relation 
ship between the control circuitry and the active stylus 130. 
It is also important that the protocol Support operation of the 
capacitive sensing panel 100 in non-stylus operations. Such 
as detecting a user finger or hover, in a manner that is 
perhaps simultaneous with active stylus communication. It 
is further important that the protocol support operation of the 
capacitive sensing panel 100 with respect to communicating 
with a plurality of active styluses. 

SUMMARY 

In an embodiment, a method comprises: sending through 
a capacitive touch panel of a first signal during a first period 
of a repeating frame; receiving by an active stylus capaci 
tively coupled to the capacitive touch panel of the first 
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signal; sending by the active stylus of a second signal during 
a second period of said repeating frame; and receiving 
through the capacitive touch panel of the second signal. 

In an embodiment, a method comprises: receiving by an 
active stylus capacitively coupled to a capacitive touch panel 5 
of a first signal transmitted through the capacitive touch 
panel during a first period of a repeating frame; and sending 
by the active stylus of a second signal during a second period 
of said repeating frame for communication through the 
capacitive touch panel. 10 

In an embodiment, a method comprises: sending using a 
capacitive touch panel of a first signal during a first period 
of a repeating frame to an active stylus capacitively coupled 
to the capacitive touch panel; and receiving from the active 
stylus through the capacitive touch panel of a second signal 15 
during a second period of said repeating frame. 
The foregoing and other features and advantages of the 

present disclosure will become further apparent from the 
following detailed description of the embodiments, read in 
conjunction with the accompanying drawings. The detailed 20 
description and drawings are merely illustrative of the 
disclosure, rather than limiting the scope of the invention as 
defined by the appended claims and equivalents thereof. 

BRIEF DESCRIPTION OF DRAWINGS 25 

Embodiments are illustrated by way of example in the 
accompanying figures not necessarily drawn to Scale, in 
which like numbers indicate similar parts, and in which: 

FIG. 1 illustrates a capacitive sensing panel of a touch- 30 
screen along with an active stylus: 

FIG. 2 illustrates an embodiment of an operating protocol 
for the capacitive sensing panel of FIG. 1; 

FIG. 3 illustrates an embodiment of an operating protocol 
for the bidirectional communication mode; 35 

FIG. 4 illustrates a flow diagram for an implementation of 
the communication protocol useful for bidirectional com 
munication mode; 

FIG. 5 illustrates a timing diagram for the protocol of FIG. 
4. 40 

FIG. 6 illustrates another embodiment of an operating 
protocol for the bidirectional communication mode; 

FIG. 7 illustrates a flow diagram for an implementation of 
the communication protocol useful for bidirectional com 
munication mode; 45 

FIG. 8 illustrates a timing diagram for the protocol of FIG. 
7. 

FIG. 9 illustrates a flow diagram for an initialization 
procedure for the communication protocol; and 

FIG. 10 illustrates a timing diagram for the protocol of 50 
FIG. 7 where multiple styluses are present. 

DETAILED DESCRIPTION OF THE DRAWINGS 

Reference is now made to FIG. 2 which illustrates an 55 
embodiment of an operating protocol for the capacitive 
sensing panel 100 of FIG. 1. The operating protocol takes 
advantage of the fact that the same configuration of inter 
connected capacitive-sensing nodes 113 Supports operation 
of the capacitive sensing panel 100 in both the mutual- 60 
capacitance mode and the self-capacitance mode. A time 
division multiplexed operation is provided in accordance 
with a repeating Super-frame 140, wherein each Super-frame 
140 is divided into one or more mutual-capacitance Scan 
periods 142 and one or more self-capacitance scan periods 65 
144. The control circuitry 120 includes a first circuit 122 
(see, FIG. 1) which configures the columns 115 and rows 

4 
117 of interconnected capacitive-sensing nodes 113 to pro 
vide for mutual-capacitance sensing (as well known in the 
art) during the mutual-capacitance scan period 142 and a 
second circuit 124 (see, FIG. 1) which configures the 
columns 115 and rows 117 of interconnected capacitive 
sensing nodes 113 to provide for self-capacitance sensing (as 
well known in the art) during the self-capacitance scan 
period 144. The periods 142 and 144 need not be of equal 
length. Indeed, in a preferred embodiment, the control 
circuit 120 sets the self-capacitance scan period 144 to last 
longer than the mutual-capacitance scan period 142. It is 
also possible for the control circuitry 120 to dynamically 
adjust the relative lengths of the mutual-capacitance scan 
period 142 and self-capacitance scan period 144 (based, for 
example, on whether an active stylus 130 is detected in 
proximity to the capacitive sensing panel 100). It is further 
possible for the control circuit 120 to respond to user 
programming or configuration for setting the relative lengths 
of the mutual-capacitance scan period 142 and self-capaci 
tance scan period 144 in the control circuitry 120 (based, for 
example, on user preference). 

During the mutual-capacitance scan period 140, the con 
trol circuitry 120 may operate to configure the rows 117 (for 
example) as force lines (referred to in the art as Y-force) and 
configure the columns 115 (for example) as sense lines 
(referred to in the art as X-sense). A force signal is sequen 
tially applied by the control circuitry 120 to each row 117 of 
interconnected capacitive-sensing nodes 113 and the control 
circuitry 120 scans (for each forced row) sequentially across 
the columns 115 of interconnected capacitive-sensing nodes 
113 to make capacitive sense measurements. After all rows 
and columns are scanned, the sensed mutual-capacitance 
measurements are then evaluated by the control circuitry 
120 to make user presence (hover and/or touch) detections 
as well as determine the coordinates (location) of the pres 
ence detections. Within each mutual-capacitance scan period 
142, the application of the force signals and the detection of 
the sense signals may be repeated any number of desired 
times. 

During the self-capacitance scan period 144, two distinct 
operating modes are Supported by the control circuitry 120. 
A first mode is a conventional self-capacitance measurement 
mode for making user presence (hover and/or touch) detec 
tions. In the self-capacitance measurement mode, the control 
circuitry 120 operates to scan the columns and rows and 
sense the self-capacitance of each column 115 and row 117 
of interconnected capacitive-sensing nodes 113. The self 
capacitance measurements are then evaluated by the control 
circuitry 120 to detect the presence and coordinates (loca 
tion) of the user hover and/or touch. 
A second mode available during the self-capacitance scan 

period 144 is a communication mode used to communicate 
to and/or from the active stylus 130. Reference is now made 
to FIG. 3 which illustrates an embodiment of an operating 
protocol for the communication mode. As a general descrip 
tion, the communication mode comprises a time division 
multiplexed operation in accordance with a repeating com 
munications frame 150, wherein each frame 150 includes at 
least one panel transmit period 152 and at least one stylus 
transmit period 154. During the panel transmit period 152, 
the control circuitry 120 drives a signal possibly modulated 
by information (data) on the interconnected nodes 113 of the 
columns 115 and/or rows 117 of the capacitive sensing 
panel. The active stylus 130 is capacitively coupled to the 
panel and operable to sense the panel transmit signal and 
recover any information contained in that signal. Con 
versely, during the stylus transmit period 154, the stylus 130 
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generates a signal possibly modulated by information (data) 
and capacitively coupled to the rows and columns of the 
panel. The control circuitry 120 of the panel functions to 
sense the capacitive change on nodes 113 and recover any 
information sent by the stylus 130. It will be understood that 5 
the illustration of two panel transmit periods 152 interleaved 
with two stylus transmit periods 154 in one frame 150 is 
exemplary only of a basic communications protocol. 
The details of various implementations of the communi 

cation protocol of FIG. 3 used during the communication 10 
mode will now be described. 

Reference is now made to FIG. 4 which illustrates a flow 
diagram for an implementation of the communication pro 
tocol useful for the communication mode. A corresponding 
timing diagram is illustrated in FIG. 5. In step 160, the 15 
control circuitry 120 causes a periodic signal to be applied 
to each column 115 and row 117 of interconnected capaci 
tive-sensing nodes 113 in accordance with the panel transmit 
periods 152. This signal transmission may, for example, 
comprise a wake-up or polling message, with the active 20 
stylus functioning in a sleep mode waiting for receipt of the 
message. In step 162, the stylus 130 (through its capacitive 
coupling to the panel) operates in a listen mode (including 
for example a low power or sleep mode) and senses change 
in capacitance at the nodes 113 due to the periodic signal 25 
applied by the panel control circuitry 120. From sensing the 
panel transmitted periodic signal during the periods 152, the 
stylus 130 is activated and functions to synchronize itself in 
step 164 to the communications frame 150 and thus know 
the timing location of the stylus transmit periods 154. In step 30 
166, the stylus 130 generates an information signal for 
communication to the panel (through its capacitive cou 
pling) during the stylus transmit period 154 of the time 
division multiplexed frame. The panel operates in a listen 
mode during the stylus transmit period 154 in step 168 and 35 
recovers the transmitted information. In step 170, the panel 
generates an information signal for communication to the 
stylus 130 during the panel transmit period 152. The stylus 
130 (through its capacitive coupling to the panel) operates in 
a listen mode during the panel transmit period 152 in step 40 
172 and recovers the transmitted information. The steps 
166-172 are repeated in accordance with the self-scan frame 
150 to Support communication from the panel, communica 
tion from the stylus or bidirectional communication of 
information between the panel and stylus. 45 

In an embodiment, the periodic signal may comprise a 
dedicated frequency (carrier) signal that is injected into each 
column 115 and row 117 of interconnected capacitive 
sensing nodes 113 by the control circuitry 120. The periodic 
signal may, if desired, be modulated with information to be 50 
communicated to the stylus from the panel. In an embodi 
ment, the periodic signal comprises a pulsed signal having 
a fixed pulse rate and duty cycle. 

In an embodiment, the panel and stylus may each generate 
their respective information signals use phase shift key 55 
(PSK) modulation of a carrier signal so as to communicate 
information. 

In an embodiment, the control circuitry 120 may utilize 
the received signal in panel listen mode (step 168) to make 
a stylus coordinate location determination. For example, 60 
during step 168, the control circuit 120 may operate to 
sequentially scan each column 115 and row 117 of inter 
connected capacitive-sensing nodes 113 to receive the stylus 
transmitted information signal. Signal strength measure 
ments may be made by the control circuitry 120 with respect 65 
to each column and row (for example, by measuring the 
carrier strength after removal of the information modula 

6 
tion), and then the measured signal strengths are processed 
to determine coordinates of the stylus. This operation is 
analogous to the signal processing performed during con 
ventional self-capacitance measurement to determine hover/ 
touch location. 

It will accordingly be recognized that the disclosed sys 
tem supports touch sensing by means of mutual-capacitance 
(during the mutual scan period 142 of the Super-frame 140), 
hover sensing by means of self-capacitance (during the 
self-scan period 142 of the super frame 140), and panel 
stylus information communication and location sensing by 
means for self-capacitance (during the self-scan period 142 
of the super frame 140 with communications frame 150). 

Reference is now made to FIG. 6 which illustrates another 
embodiment of an operating protocol for the communication 
mode. As a general description, the communication mode 
comprises a time division multiplexed operation in accor 
dance with a repeating communications frame 250, wherein 
each frame 250 includes a panel transmit period 252 and a 
plurality of stylus transmit periods 254. During the panel 
transmit period 252, the control circuitry 120 drives a signal 
possibly modulated by information (data) on the intercon 
nected nodes 113 of the columns 115 and/or rows 117 of the 
capacitive sensing panel. The active stylus 130 is capaci 
tively coupled to the panel and operable to sense the panel 
transmit signal and recover any information contained in 
that signal. Conversely, during the stylus transmit periods 
254(1)-254(3), the stylus 130 generates a number of differ 
ent signals each possibly modulated by information (data) 
and capacitively coupled to the rows and columns of the 
panel. The control circuitry 120 of the panel functions to 
sense the capacitive change on nodes 113 and recover any 
information sent by the stylus 130 in each of the signals. 

Reference is now made to FIG. 7 which illustrates a flow 
diagram for an implementation of the communication pro 
tocol useful for bidirectional communication mode. A cor 
responding timing diagram is illustrated in FIG. 8. In step 
260, the control circuitry 120 causes a wake-up signal to be 
applied by panel to each column 115 and row 117 of 
interconnected capacitive-sensing nodes 113 in accordance 
with the panel transmit periods 252. The wake-up signal 
may take the form of the periodic signal discussed above. 
The wake-up signal may be modulated to carry information 
if desired. In step 262, the stylus 130 (through its capacitive 
coupling to the panel) operates in a listen mode and senses 
change capacitance at the nodes 113 due to the wake-up 
signal applied by the panel control circuitry 120. From 
sensing the panel transmitted wake-up signal during the 
periods 252, the stylus 130 is able to synchronize itself in 
step 264 to the communications frame 250 and thus know 
the timing location of the stylus transmit periods 254(1)- 
254(3). In step 266, the stylus 130 generates a sync signal for 
communication to the panel (through its capacitive cou 
pling) during the stylus sync transmit period 254(1) con 
firming synchronization to the panel and advising the panel 
to anticipate Subsequent communication from the stylus. 
The sync signal may take the form of the periodic signal 
discussed above. The sync signal may be modulated to carry 
information if desired. The panel uses the received sync 
signal confirm Stylus synchronization to the communica 
tions frame 250. In step 268, the stylus 130 generates a 
column information signal for communication to the panel 
(through its capacitive coupling) during the stylus Y transmit 
period 254(2). The column information signal may be modu 
lated to include button and pressure information. The panel 
operates in a listen mode scanning columns 115 of the panel 
during the stylus Y transmit period 254(2) in step 270 and 
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recovers the transmitted information which can be processed 
to make a stylus coordinate determination along the y-axis 
of the panel. In step 272, the stylus 130 generates a row 
information signal for communication to the panel (through 
its capacitive coupling) during the stylus X transmit period 
254(3). The row information signal may be modulated to 
include button and pressure information. The panel operates 
in a listen mode scanning rows 117 of the panel during the 
stylus X transmit period 254(3) in step 274 and recovers the 
transmitted information which can be processed to make a 
stylus coordinate determination along the X-axis of the 
panel. The process of FIG. 7 is then repeated (step 276) in 
accordance with the frame. 

There is a technical advantage to separating the stylus X 
and Y transmissions: the same circuitry (in the control 
circuitry 120) can be used to scan X and Y in time 
multiplexed scanning, and thus less circuitry is needed at a 
cost savings. Additionally, the X and Y Scanning is compat 
ible to mutual and self-scan operations. If there are a total of 
12-bits of data to be sent from the stylus, this data can be 
divided into two blocks and sent separately on the X and Y 
channels. 

In an embodiment, the wake-up signal applied by panel to 
each column 115 and row 117 of interconnected capacitive 
sensing nodes 113 in accordance with the panel transmit 
periods 152 and step 260 may be modulated to include stylus 
identification information (i.e., the identification of the sty 
lus with whom the panel wishes to communicate). The stylus 
identification information may comprise an identification 
that is unique to a particular stylus or instead is more generic 
and applicable to a class or group of styluses. Any stylus 
proximate enough to the panel will receive the wake-up 
signal in step 262. The receiving stylus 130 functions to 
compare its stylus identification value to the stylus identi 
fication information included in the wake-up signal. If there 
is a match or correlation regarding identification, the stylus 
130 will synchronize itself in step 264 to the communica 
tions frame 250 and generate the responsive sync signal for 
communication back to the panel confirming synchroniza 
tion to the panel and advising the panel to anticipate Sub 
sequent communication from that stylus. Conversely, where 
there is no match or correlation regarding identification, the 
stylus ignores the wake-up signal. 
The foregoing process facilitates the association of mul 

tiple styluses to a single panel. Such a feature is beneficial 
when the panel is provided with a system Supporting appli 
cations and uses which would benefit from the use of 
different styluses. One example of this would be an art 
application where multiple styluses are provided, each stylus 
presenting a different artistic function Such as, for example, 
different colors, different line widths, different shadings, 
different brush techniques, different media and the like. 
Another example of this would be a game application where 
multiple styluses are provided, each stylus being associated 
with a different game piece or token (such as with different 
chess pieces). 

To facilitate a multiple stylus association, the control 
circuitry 120 must be able to identify each associated stylus. 
To accomplish this goal, an initialization or configuration (as 
with a pairing) operation as shown in FIG. 9 is executed 
where the stylus identification information in the wake-up 
signal sent in step 360 is shared in common by a class or 
group of Styluses. Any stylus proximate enough to the panel 
will receive the wake-up signal in step 362. The receiving 
stylus 130 functions to compare its stylus identification 
value to the common identification information included in 
the wake-up signal (step 364). If there is a match or 
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8 
correlation regarding identification, the stylus 130 will syn 
chronize itself in step 366 to the communications frame 250 
and generate the responsive sync signal for communication 
back to the panel confirming synchronization to the panel in 
step 368. The responsive signal is modulated with informa 
tion providing the unique identification of the responding 
stylus. The panel listens in step 370 and the control circuitry 
120 is provided with the unique identification from the 
responding styluses. The unique identification of each 
responding stylus is stored (in step 372) so as to allow the 
control circuitry 120 to maintain a record of associated 
styluses and their identification values. 

After the initialization or configuration operation of FIG. 
9 is completed, the process of FIG.7 may be executed with 
the wake-up signals sent in step 260 modulated to include 
the unique identification information of particular styluses 
and thus control the conversation between the panel and 
each stylus. This operation is illustrated in the timing 
diagram of FIG. 10. The process of step 262 for having the 
stylus listen for the wake-up signal would further include, 
like that shown in step 364 of FIG. 9, an operation per 
formed by the stylus to compare its stylus identification 
value to the unique identification information contained in 
the wake-up signal. The remaining steps of FIG. 7 would be 
performed by that stylus only if there was an identification 
match. In the absence of a match, in either FIG. 7 or FIG. 9, 
the stylus would ignore (step 374) the wake-up signal. 
The transmission of the wake-up signal in step 360 of 

FIG. 9 is essentially a point to multi-point broadcast com 
munication. It is possible that multiple styluses will receive 
the wake-up signal, satisfy the matching test of step 364, and 
want to generate the sync response signal in step 368. This 
raises a concern that multiple styluses will simultaneously 
communicate during a single stylus sync period 266. If Such 
simultaneous communications occur from multiple styluses, 
there is a possibility of the signals stepping on each other 
and the control circuitry 120 may not receive stylus sync 
confirmations and stylus identification information. To avoid 
this, when the control circuitry 120 detects a first stylus, for 
example through analyzing the location of the stylus relative 
to the panel, the control circuitry will lock onto the stylus by 
scanning only the columns and rows of that location. When 
two styluses are close to each other to a degree prohibiting 
separation by the control circuitry, the control circuitry will 
ignore the styluses and generate wake up signals again as in 
step 360 of FIG. 9. 
The general configuration of an active stylus 130 of the 

type used herein and well as the general configuration of a 
capacitive touch panel 100 is well known to those skilled in 
the art. Prior art styluses and panels are taught, for example, 
by U.S. Pat. No. 8,481,872; and United States Patent Appli 
cation Publication Nos. 2012/0327040, 2012/0327041, 
2012/0331546, 2013/0106725 and 2013/0154956, the dis 
closures of which are hereby incorporated by reference. 
The foregoing description has provided by way of exem 

plary and non-limiting examples a full and informative 
description of one or more exemplary embodiments of this 
invention. However, various modifications and adaptations 
may become apparent to those skilled in the relevant arts in 
view of the foregoing description, when read in conjunction 
with the accompanying drawings and the appended claims. 
However, all such and similar modifications of the teachings 
of this invention will still fall within the scope of this 
invention as defined in the appended claims. 
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What is claimed is: 
1. A method, comprising: 
sending, through a capacitive touch panel, a first signal 

during a first period of a repeating frame; 
receiving, by an active stylus capacitively coupled to the 

capacitive touch panel, the first signal; 
sending, by the active stylus, a second signal during a 

second period of said repeating frame, wherein the 
second signal comprises a stylus column signal com 
municating a first data set to be received only by 
columns of the capacitive touch panel and a stylus row 
signal communicating a second data set to be received 
only by rows of the capacitive touch panel; and 

receiving, through the capacitive touch panel, the second 
signal. 

2. The method of claim 1, further comprising configuring 
the capacitive touch panel in a self-capacitance mode of 
operation, wherein the steps of sending and receiving are 
performed while the capacitive touch panel operates in the 
self-capacitance mode. 

3. The method of claim 2, further comprising switching 
the capacitive touch panel between the self-capacitance 
mode and a mutual capacitance mode. 

4. The method of claim 3, further comprising making by 
the capacitive touch panel of touch detections and touch 
location determinations during the mutual capacitance 
mode. 

5. The method of claim 2, further comprising making by 
the capacitive touch panel of touch detections and touch 
location determinations during the self-capacitance mode by 
processing signal strength measurements made on the 
received second signal. 

6. The method of claim 1, wherein the first signal is a 
wake-up signal and the second signal is a synchronization 
signal. 

7. The method of claim 6, wherein the wake-up signal 
includes identification information common to a plurality of 
styluses and wherein the synchronization signal includes 
unique identification information for the responding active 
stylus. 

8. The method of claim 7, further comprising comparing 
by the active stylus of the common identification informa 
tion to a unique identification of the active stylus and 
wherein sending by the active stylus of the second signal 
comprises sending the second signal only if the common 
identification information corresponds to the unique identi 
fication. 

9. The method of claim 6, wherein the wake-up signal 
includes identification information specific to a certain sty 
lus, the method further comprising comparing by the active 
stylus of the specific identification information to a unique 
identification of the active stylus and wherein sending by the 
active stylus of the second signal comprises sending the 
second signal only if the specific identification information 
matches the unique identification. 

10. The method of claim 1, wherein the first signal is a 
wake-up signal. 

11. The method of claim 1, further comprising: 
operating the capacitive touch panel to Scan panel col 
umns during stylus transmission of the stylus column 
signal; and 

operating the capacitive touch panel to Scan panel row 
during stylus transmission of the stylus row signal. 

12. The method of claim 1, further comprising: 
modulating the first signal with information to be com 

municated from the capacitive touch panel to the active 
stylus; and 
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10 
modulating the second signal with information to be 

communicated from the active stylus to the capacitive 
touch panel. 

13. A method, comprising: 
receiving, by an active stylus capacitively coupled to a 

capacitive touch panel, a first signal transmitted 
through the capacitive touch panel during a first period 
of a repeating frame; and 

sending, by the active stylus, a second signal during a 
second period of said repeating frame for communica 
tion through the capacitive touch panel, wherein the 
second signal comprises a stylus column signal com 
municating a first data set to be received only by 
columns of the capacitive touch panel and a stylus row 
signal communicating a second data set to be received 
only by rows of the capacitive touch panel. 

14. The method of claim 13, wherein the first signal is a 
wake-up signal and the second signal is a synchronization 
signal. 

15. The method of claim 14, wherein the wake-up signal 
includes identification information common to a plurality of 
styluses and wherein the synchronization signal includes 
unique identification information for the active stylus. 

16. The method of claim 15, further comprising compar 
ing by the active stylus of the common identification infor 
mation to a unique identification of the active stylus and 
wherein sending by the active stylus of the second signal 
comprises sending the second signal only if the common 
identification information corresponds to the unique identi 
fication. 

17. The method of claim 15, wherein the wake-up signal 
includes identification information specific to a certain sty 
lus, the method further comprising comparing by the active 
stylus of the specific identification information to a unique 
identification of the active stylus and wherein sending by the 
active stylus of the second signal comprises sending the 
second signal only if the specific identification information 
matches the unique identification. 

18. The method of claim 13, wherein the first signal is a 
wake-up signal. 

19. The method of claim 13, further comprising modu 
lating the second signal with information to be communi 
cated from the active stylus to the capacitive touch panel. 

20. A method, comprising: 
sending, using a capacitive touch panel, a first signal 

during a first period of a repeating frame to an active 
stylus capacitively coupled to the capacitive touch 
panel; and 

receiving, from the active stylus through the capacitive 
touch panel, a second signal during a second period of 
said repeating frame, wherein the second signal com 
prises a stylus column signal communicating a first data 
set to be received only by columns of the capacitive 
touch panel and a stylus row signal communicating a 
second data set to be received only by rows of the 
capacitive touch panel. 

21. The method of claim 20, further comprising config 
uring the capacitive touch panel in a self-capacitance mode 
of operation, wherein the steps of sending and receiving are 
performed while the capacitive touch panel operates in the 
self-capacitance mode. 

22. The method of claim 21, further comprising switching 
the capacitive touch panel between the self-capacitance 
mode and a mutual capacitance mode. 
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23. The method of claim 22, further comprising making 
by the capacitive touch panel of touch detections and touch 
location determinations during the mutual capacitance 
mode. 

24. The method of claim 21, further comprising making 
by the capacitive touch panel of touch detections and touch 
location determinations during the self-capacitance mode by 
processing signal strength measurements made on received 
Second signal. 

25. The method of claim 20, wherein the first signal is a 
wake-up signal and the second signal is a synchronization 
signal. 

26. The method of claim 25, wherein the wake-up signal 
includes identification information common to a plurality of 
styluses and wherein the synchronization signal is received 
from the active stylus having a unique identification corre 
sponding to the common identification information, the 
second signal including the unique identification of the 
active stylus. 
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27. The method of claim 25, wherein the wake-up signal 

includes identification information specific to a certain sty 
lus and wherein the synchronization signal is received from 
the active stylus having a unique identification matching the 
specific identification information. 

28. The method of claim 20, wherein the first signal is a 
wake-up signal. 

29. The method of claim 20, further comprising: 
operating the capacitive touch panel to scan panel col 
umns during stylus transmission of the stylus column 
signal; and 

operating the capacitive touch panel to scan panel row 
during stylus transmission of the stylus row signal. 

30. The method of claim 20, further comprising modu 
lating the first signal with information to be communicated 
from the capacitive touch panel to the active stylus. 

k k k k k 
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