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UNIVERSAL STYLUS COMMUNICATION WITH A DIGITIZER

BACKGROUND

Signal emitting styluses, e.g. active styluses are known in the art for use with a

digitizer system. Position detection of the stylus provides input to a computing device

associated with the digitizer system and is interpreted as user commands. Often, the

digitizer system is integrated with a display screen, e.g. to form a touch screen. Position

of the stylus over the screen is correlated with virtual information portrayed on the

screen. The signal emitted by the stylus may include information such as pressure

applied on the writing tip and stylus identification. The signal is decoded by the

digitizer system to obtain the information.

Digitizer systems typically include a matrix of electrode junctions arranged in

rows and columns. Stylus location may be tracked by sampling output in both row and

column direction. Tracking is based on detecting a signal emitted by a tip of the stylus

and picked up by the digitizer sensor due to electrostatic coupling established between

the tip and a portion of the matrix of electrode junctions. Digitizer systems that track

signals emitted by the stylus also typically track input provided with a finger or

conductive object. A mutual capacitive sensor is one type of digitizer sensor for such

digitizer systems. Mutual capacitive detection allows multi-touch operation where

multiple fingers, palms or conductive objects are tracked at the same time.

SUMMARY

The disclosure in some embodiments relates to an active stylus that is

compatible with plurality of digitizer systems, each configured to receive input with a

different communication protocol or configuration. The stylus may be compatible with

different versions of a same touch enabled computing device, e.g. from a same

manufacturer and may also be compatible with touch enabled computing devices from

different manufacturers. Optionally, the stylus provides backwards compatibility so

that a user can use a new stylus to operate an older touch enabled computing device.

Styluses and touch enabled computing device may typically be sold separately.

Styluses tend to get lost and are more prone to breaking. Therefore, a user may

purchase a few different styluses prior to buying a new touch enabled computing



device. The stylus as described herein may allow a user to provide input to different

touch enabled devices without pre-configuring the stylus. In some exemplary

embodiments, the compatibilities provided are for specific computing devices or

manufacturers based on knowledge of their communication protocols.

Unless otherwise defined, all technical and/or scientific terms used herein have

the same meaning as commonly understood by one of ordinary skill in the art. Although

methods and materials similar or equivalent to those described herein can be used in the

practice or testing of embodiments of the disclosure, exemplary methods and/or

materials are described below. In case of conflict, the patent specification, including

definitions, will control. In addition, the materials, methods, and examples are

illustrative only and are not intended to be necessarily limiting.

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWINGS

Some embodiments of the disclosure are herein described, by way of example

only, with reference to the accompanying drawings. With specific reference now to the

drawings in detail, it is stressed that the particulars shown are by way of example and

for purposes of illustrative discussion of embodiments of the disclosure. In this regard,

the description taken with the drawings makes apparent to those skilled in the art how

embodiments of the disclosure may be practiced.

In the drawings:

FIG. 1 is a simplified block diagram of an exemplary touch enabled computing

device in accordance with some embodiments of the present disclosure;

FIG. 2 is a simplified time line of stylus transmission in accordance with some

embodiments of the present disclosure;

FIG. 3 is a simplified flow chart of an exemplary method for detecting pressure

based on transmissions from a stylus in accordance with some exemplary embodiments

of the present disclosure; and

FIG. 4 is a schematic drawing of a stylus including a plurality of electrodes via

which information is wirelessly transmitted in accordance with some exemplary

embodiments of the present disclosure.



DETAILED DESCRIPTION

In exemplary embodiments of the present disclosure, a stylus is configured to

transmit information in a plurality of different configurations (or communication

protocols). Typically, stylus is configured to transmit the same information a plurality

of different configurations. Optionally, the accuracy at which the information is

provided may be different for different configurations. In addition, the stylus may

transmit additional information in one or more of the configurations that is not

transmitted in another configuration. Typically, each configuration is defined based on

a known detection and processing method of a touch enabled computing device. In

addition, the information provided in each of the different configurations may be based

on the information that a touch enabled device is configured to receive. In some

exemplary embodiments, one configuration transmits the information based on analog

encoding and another configuration transmits the information based on digital encoding.

Exemplary information that may be transmitted by the stylus may include identification,

pressure, tilt, color, battery level, and authorization. Other handheld devices that

transmit information to a touch enabled computing device may also apply the methods

described herein.

In some exemplary embodiments, each computing device recognizes and locks

into input provided in its compatible configuration. Optionally, a computing device

may recognize and detect input provided in more than one configuration. Optionally,

detecting input provided in more than one configuration improves the accuracy and

SNR at which the information is detected. In some exemplary embodiments, a touch

enabled computing device may indicate to stylus, the selected configuration being used.

Optionally, in response, the stylus may discontinue transmission in other configurations

and only transmit in the configuration recognized by the touch enabled computing

device communicating with the stylus.

Reference is now made to FIG. 1 showing a simplified block diagram of an

exemplary touch enabled computing device in accordance with some embodiments of

the present disclosure. According to some embodiments of the present disclosure, a

computing device 100 includes a display 45 that is integrated with a digitizer sensor 50.

In some exemplary embodiments, digitizer sensor 50 is a grid based capacitive sensor

formed with row and column conductive strips 58 forming grid lines of the grid based



sensor. Typically, conductive strips 58 are electrically insulated from one another and

each of conductive strips is connected at least at on one end to digitizer circuitry 25.

Typically, conductive strips 58 are arranged to enhance capacitive coupling between

row and column conductive strips, e.g. around junctions 59 formed between rows and

columns. The capacitive coupling formed between the row and column conductive

strips is sensitive to presence of conductive and dielectric objects. Alternatively,

digitizer sensor formed with a matrix of electrode junctions that is not necessarily

constructed based on row and column conductive strips.

According to some embodiments of the present disclosure, conductive strips 58

are operative to detect touch of one or more fingertips 140 or hand 142 or other

conductive objects as well as input by stylus 120 transmitting an electromagnetic signal

typically via the writing tip of the stylus. Typically, output from both row and column

conductive strips 58, e.g. from two perpendicular axes are sampled to detect coordinates

of stylus 120. In some exemplary embodiments, digitizer circuitry 25 typically includes

a stylus detection engine 27 for synchronizing with stylus 120, for processing input

received by stylus 120 and/or for tracking coordinates of stylus 120.

Input received by stylus 120 may include information directly related to stylus

120, related to an environment around the stylus 120, to a user using stylus 120, to

privileges allotted to the stylus 120, capabilities of stylus 120, or information received

from a third party device. Information related to the stylus may include indications of a

pressed button(s) 35, pressure level on tip 20, tilt, identification, manufacturer, version,

media access control (MAC) address, and stored configurations such as color, tip type,

brush, and add-ons.

Typically, stylus 120 includes an ASIC 40 that controls generation of a signal

emitted by stylus 120. ASIC 40 typically encodes information generated, stored or

sensed by stylus 120 on the signal transmitted by stylus 120. Typically, stylus detection

engine 27 decodes information received from stylus 120. Optionally, other handheld

devices configured to interact with digitizer sensor 50 may be operated in a similar

manner and tracked by stylus detection engine 27.

Digitizer circuitry 25 may apply mutual capacitance detection or a self-

capacitance for sensing a touch signal from touch (or hover) of fingertip 140.

Typically, during mutual capacitance and self-capacitance detection, digitizer circuitry



25 sends a triggering signal, e.g. pulse to one or more conductive strips 58 of digitizer

sensor 50 and samples output from conductive strips 58 in response to the triggering

and/or interrogation. In some embodiments, some or all of conductive strips 58 along

one axis of the grid are triggered simultaneously or in a consecutive manner, and in

response to each triggering, outputs from conductive strips 58 on the other axis are

sampled. Typically, this procedure provides for detecting coordinates of multiple

fingertips 140 touching sensor 50 at the same time (multi-touch). Digitizer circuitry 25

typically includes finger detection engine 26 for managing the triggering signal, for

processing the touch signal and for tracking coordinates of one or more fingertips 140.

Typically, output from digitizer circuitry 25 is reported to host 22. Typically,

the output provided by digitizer circuitry 25 may include coordinates of one or more

fingertips 140, coordinates of writing tip 20 of stylus 120 and additional information

provided by stylus 120, e.g. pressure, tilt, and battery level. Typically, digitizer

circuitry 25 uses both analog and digital processing to process signals detected with

digitizer sensor 50. Optionally, some and/or all of the functionalities of engines 26 and

27 are integrated in one or more processing units adapted for controlling operation of

digitizer sensor 50. Optionally, some and/or all of the functionalities of digitizer

circuitry 25, engines 26 and 27 are integrated and/or included in host 22. Host 22 may

transmit the information to an application manager or a relevant application.

Optionally, circuit 25 and host 22 may transfer the raw information to an application.

The raw information may be analyzed or used as needed by the application. At least

one of stylus 120, circuit 25 and host 22 may pass on the raw information without

analysis or being aware of the information.

According to some exemplary embodiments, stylus 120 additionally includes a

wireless communication unit 30, e.g. an auxiliary channel with Bluetooth

communication, near field communication (NFC), radio frequency (RF) communication

using module 23 of host 22. In some exemplary embodiments, host 22 or circuit 25

instructs stylus 120 to update or configure its transmission protocol based on analysis

and reports from circuit 25 and host 22.

Reference is now made to FIG. 2 showing an exemplary time line for

transmitting information with a stylus in accordance with some exemplary embodiments

of the present disclosure. A frame is typically the basic unit in which a stylus transmits



information and the frame is typically transmitted at a defined repeat rate, e.g. every 5-

20 msec. Each frame may include a synchronization signal (or beacon) and a train of

data defining a plurality of parameters, e.g. pressure, hover or tip, button status,

identification and error protection scheme. In some exemplary embodiments, the

computing device synchronizes with the stylus frame based on detection of the

synchronization signal. Typically, the computing device also used the synchronization

signal for position detection.

In some exemplary embodiments, a stylus transmits data using two different

codes, e.g. Code 1 and Code 2 . Typically, Code 1 and Code 2 transmit the same

information using different modulation, frequency or both. Optionally, Code 1 uses

analog based encoding and Code 2 uses digital based encoding. Analog encoding may

include for example using frequency modulation (FM) or a specific frequency for

different pressure levels or for identification. Digital encoding may include frequency

shift keying (FSK), phase shift keying (PSK), or amplitude shift keying (ASK).

Optionally, each frame includes more than one analog code and/or more than one digital

code. Typically, Code 1 can be deciphered by one touch enabled computing device and

Code 2 can be deciphered by another touch enabled computing device.

Optionally, the data transmitted by the stylus is divided into sub-frames and each

sub-frame or slot includes data using both Code 1 and Code 2 . For example, two

different synchronization signals may be transmitted during Sub-Frame 1, two different

pressure signals may be transmitted during Sub-Frame 2 and two different stylus ID

signals may be transmitted during Sub-Frame 2 . This series may be repeated for each

frame. Optionally, more than two types of codes are included in each sub-frame.

Optionally, more (or less) sub-frames are included in each frame. The Codes may be

transmitted consecutively or simultaneously. For simultaneous transmission, different

frequencies may be used for the carrier signal.

In some exemplary embodiments, the stylus transmits at least a portion of the

information a piecemeal manner over a plurality of frames. For example, a stylus

identity may include a plurality of symbols transmitted over a plurality of frames.

Optionally, important information may be repeated. In one exemplary embodiments,

the most significant bits of a pressure reading may be repeated over a plurality frames or

over a plurality of sub-frames or slots of a signal frame.



Optionally, some of the frames may be universal, e.g. transmitted using one

code and other frames may be dedicated, e.g. transmitted using a plurality of codes that

provides the same information in different configurations.

Reference is now made to FIG. 3 showing a simplified flow chart of an

exemplary method for detecting pressure based on transmissions from a stylus in

accordance with some exemplary embodiments of the present disclosure. In some

exemplary embodiments, a touch enabled computing device may be able to decipher

data from two different communication protocols transmitted by the stylus. In one

exemplary embodiment, pressure measurements are transmitted by a stylus and using

both frequency modulation and digital based modulations. In some exemplary

embodiments, a touch enabled computing device detects pressure data transmitted by a

stylus based on frequency modulation (block 310) and also based on digital modulation

(block 320). Typically, the pressure information transmitted using frequency

modulation has lower resolution than the pressure information transmitted using digital

modulation. According to some exemplary embodiments, the most significant bits for

the pressure data can be determined from both the frequency modulated signal and the

digitally encoded signal (block 330) and the additional bits are determined only based

on Digital Modulation (block 340).

Although the digitally encoded signal may typically provide data with higher

resolution and accuracy in a no noise environment, noise may introduce large error in

each bit of data. An error in reading one of the more significant bits may lead to a

larger error in the pressure measurements. On the other hand, frequency modulated

signal is typically more robust, e.g. less prone to large errors in detection. An error due

to noise may typically result in relatively a small deviation from the actual pressure. By

considering both analog and digital modulation, accuracy of the digital information may

be verified for at least the most significant bits. The digital data may contain all

pressure bits or parts of the bits (LSB - least significant bits), the FM and the digital bits

may be with or without overlap. In some exemplary embodiments, when there is a large

discrepancy between the analog and digital based pressure reading, the analog reading is

used. However, when the discrepancy is small, the digital reading may provide more

accurate pressure.



Reference is now made to FIG. 4 showing a schematic drawing of a stylus

including a plurality of electrodes configured via which information is wirelessly

transmitted in accordance with some exemplary embodiments of the present disclosure.

A stylus 120 may including a conductive electrode at tip and may also include one or

more electrodes 25 distanced from tip 20. Optionally, electrode 25 is a ring electrode or

an array of electrodes 25 forms a ring around housing of stylus 120. Alternatively or

additionally, one or more electrodes 25 are embedded in housing of stylus 120. In some

exemplary embodiments, data is transmitted via tip 20 and also via electrodes 25.

Optionally, tip 20 and electrodes 25 simultaneously transmit signals with information.

The information transmitted simultaneously via tip 20 and electrode 25 may be

transmitted using different frequencies or modulations so that the signals do not collide.

In some exemplary embodiments, tip 20 is configured to transmit signals compatible

with one type of touch enabled computing device and one or more of electrodes 25 are

configured transmit signals compatible with another type of touch enabled computing

device. Each of tip 20 and electrodes 25 may additionally transmit a beacon signal.

Optionally a same beacon is transmitted on tip 20 and electrodes 25.

According to some exemplary embodiments, there is provided a method

comprising: generating a first signal type and a second signal type in a handheld

device, wherein the first signal type and the second signal type are different in at least

one of frequency or modulation and wherein the first signal type and the second signal

type are defined to include a same information related to the handheld device; and

transmitting both the first signal type and the second signal type in a transmission cycle

of the handheld device.

Optionally, the first signal type is selected to be compatible with a first detection

method of a first touch enabled computing device and the second signal type is selected

to be compatible with a second detection method of a second touch enabled computing

device.

Optionally, the information is included in the first signal type based on

frequency modulation.

Optionally, encoding the information in at least one of the first signal type and

the second signal type is based on digital encoding.



Optionally, the digital encoding includes at least one of frequency shift keying

(FSK), phase shift keying (PSK), and amplitude shift keying (ASK).

Optionally, the method comprises transmitting a plurality of first signal types

and a plurality of second signal types in the transmission cycle, wherein each first type

and second signal type of the plurality includes different information.

Optionally, the information is selected from a group including: indication of

pressed buttons, pressure level on tip, hover or tip status, tilt and identification.

Optionally, the first signal and the second signal type are transmitted

simultaneously.

Optionally, the first signal type includes the information with less resolution

than the second signal type.

Optionally, the second signal type includes more information than the first

signal type.

Optionally, the first signal type and the second signal type also include different

information.

Optionally, both the first signal type and the second signal type are transmitted

via a tip of the handheld device.

Optionally, the first signal type is transmitted via a first electrode of the

handheld device and the second signal type is transmitted via a second electrode of the

handheld device.

Optionally, one of the first or second electrodes is a tip of the handheld device.

According to some exemplary embodiments, there is provided a method

comprising: detecting a first signal and a second signal from a handheld device with a

touch enabled computing device, wherein the first signal and the second signal include a

same information related to the handheld device and wherein the first signal includes

the information based on frequency modulation and the second signal includes the

information based on digital encoding and wherein the information in the second signal

is provided with higher resolution as compared to the information in the first signal;

decoding the information in both the first signal and the second signal; verifying a most

significant bit in the second signal based on the first signal; and reporting the

information as verified to a host of the touch enabled computing device.



Optionally, the information is output from a sensor embedded in the handheld

device.

Optionally, the information is pressure applied on a tip of the handheld device,

wherein the tip is configured to interact with the touch enabled device by touch.

Optionally, the first signal and the second signal are transmitted over a same

transmission cycle of the handheld device.

Optionally, the second signal is transmitted over a plurality of transmission

cycles of the handheld device.

According to some exemplary embodiments there is provided a device

comprising: an electrode; a circuit in communication with the electrode; , the circuit

comprising a signal generator; wherein the signal generator is configured to generate a

first signal type and a second signal type, wherein the first signal type and the second

signal type are different in at least one of frequency or modulation and wherein the first

signal type and the second signal type are defined to include a same information related

to the handheld device; and wherein the circuit is configured to transmit both the first

signal type and the second signal type in a same transmission cycle of the handheld

device.

Optionally, the information is included in the first signal type based on

frequency modulation.

Optionally, encoding the information in at least one of the first signal type and

the second signal type is based on digital encoding.

According to some exemplary embodiments there is provided a device

comprising: a first electrode at a tip of the device; a second electrode; a circuit

comprising a signal generator; wherein the signal generator is configured to generate a

first signal and a second signal, wherein the first signal and the second signal are

different in at least one of frequency or modulation; and wherein the circuit is

configured to transmit the first signal via the first electrode and the second signal via the

second electrode.

Optionally, the circuit is configured to transmit the first signal and the second

signal simultaneously.

Optionally, the first signal and the second signal include different information.



Certain features of the examples described herein, which are, for clarity,

described in the context of separate embodiments, may also be provided in combination

in a single embodiment. Conversely, various features of the examples described herein,

which are, for brevity, described in the context of a single embodiment, may also be

provided separately or in any suitable sub-combination or as suitable in any other

described embodiment of the disclosure. Certain features described in the context of

various embodiments are not to be considered essential features of those embodiments,

unless the embodiment is inoperative without those elements.



WHAT IS CLAIMED IS:

1. A method comprising:

generating a first signal type and a second signal type in a handheld device,

wherein the first signal type and the second signal type are different in at least one of

frequency or modulation and wherein the first signal type and the second signal type are

defined to include a same information related to the handheld device; and

transmitting both the first signal type and the second signal type in a

transmission cycle of the handheld device.

2 . The method of claim 1, wherein the first signal type is selected to be compatible

with a first detection method of a first touch enabled computing device and the second

signal type is selected to be compatible with a second detection method of a second

touch enabled computing device.

3 . The method of claim 1 or claim 2, wherein the information is included in the

first signal type based on frequency modulation.

4 . The method of any one of claims 1-3, wherein encoding the information in at

least one of the first signal type and the second signal type is based on digital encoding.

5 . The method of any one of claims 1-4, comprising transmitting a plurality of first

signal types and a plurality of second signal types in the transmission cycle, wherein

each first type and second signal type of the plurality includes different information.

6 . The method of any one of claims 1-5, wherein the information is selected from a

group including: indication of pressed buttons, pressure level on tip, hover or tip status,

tilt and identification.

7 . The method of any one of claims 1-6, wherein the first signal and the second

signal type are transmitted simultaneously.



8. The method of any one of claims 1-7, wherein the first signal type includes the

information with less resolution than the second signal type.

9 . The method of any one of claims 1-8, wherein both the first signal type and the

second signal type are transmitted via a tip of the handheld device.

10. The method of any one of claims 1-9, wherein the first signal type is transmitted

via a first electrode of the handheld device and the second signal type is transmitted via

a second electrode of the handheld device.

11. A method comprising:

detecting a first signal and a second signal from a handheld device with a touch

enabled computing device, wherein the first signal and the second signal include a same

information related to the handheld device and wherein the first signal includes the

information based on frequency modulation and the second signal includes the

information based on digital encoding and wherein the information in the second signal

is provided with higher resolution as compared to the information in the first signal;

decoding the information in both the first signal and the second signal;

verifying a most significant bit in the second signal based on the first signal; and

reporting the information as verified to a host of the touch enabled computing

device.

12. The method of claim 11, wherein the information is output from a sensor

embedded in the handheld device.

13. A device comprising:

an electrode;

a circuit in communication with the electrode, the circuit comprising a signal

generator;

wherein the signal generator is configured to generate a first signal type and a

second signal type, wherein the first signal type and the second signal type are different



in at least one of frequency or modulation and wherein the first signal type and the

second signal type are defined to include a same information related to the device; and

wherein the circuit is configured to transmit both the first signal type and the

second signal type in a same transmission cycle of the device.

14. The device of claim 13, wherein the information is included in the first signal

type based on frequency modulation.

15. The device of claim 13 or claim 14, wherein encoding the information in at least

one of the first signal type and the second signal type is based on digital encoding.
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