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PROTECTING YOUR INVENTION OUTSIDE THE UNITED STATES

Since the rights granted by a U.S. patent extend only throughout the territory of the United States and have no
effect in a foreign country, an inventor who wishes patent protection in another country must apply for a patent
in a specific country or in regional patent offices. Applicants may wish to consider the filing of an international

application under the Patent Cooperation Treaty (PCT). An international (PCT) application generally has the same
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effect as a regular national patent application in each PCT-member country. The PCT process simplifies the filing
of patent applications on the same invention in member countries, but does not result in a grant of "an international
patent” and does not eliminate the need of applicants to file additional documents and fees in countries where patent
protection is desired.

Almost every country has its own patent law, and a person desiring a patent in a particular country must make an
application for patent in that country in accordance with its particular laws. Since the laws of many countries differ
in various respects from the patent law of the United States, applicants are advised to seek guidance from specific
foreign countries to ensure that patent rights are not lost prematurely.

Applicants also are advised that in the case of inventions made in the United States, the Director of the USPTO must
issue a license before applicants can apply for a patent in a foreign country. The filing of a U.S. patent application
serves as a request for a foreign filing license. The application's filing receipt contains further information and
guidance as to the status of applicant's license for foreign filing.

Applicants may wish to consult the USPTO booklet, "General Information Concerning Patents” (specifically, the
section entitled "Treaties and Foreign Patents") for more information on timeframes and deadlines for filing foreign
patent applications. The guide is available either by contacting the USPTO Contact Center at 800-786-9199, or it
can be viewed on the USPTO website at http://www.uspto.gov/web/offices/pac/doc/general/index.html.

For information on preventing theft of your intellectual property (patents, trademarks and copyrights), you may wish
to consult the U.S. Government website, http://www.stopfakes.gov. Part of a Department of Commerce initiative,
this website includes self-help "toolkits" giving innovators guidance on how to protect intellectual property in specific
countries such as China, Korea and Mexico. For questions regarding patent enforcement issues, applicants may
call the U.S. Government hotline at 1-866-999-HALT (1-866-999-4158).

LICENSE FOR FOREIGN FILING UNDER
Title 35, United States Code, Section 184

Title 37, Code of Federal Regulations, 5.11 & 5.15
GRANTED

The applicant has been granted a license under 35 U.S.C. 184, if the phrase "IF REQUIRED, FOREIGN FILING
LICENSE GRANTED" followed by a date appears on this form. Such licenses are issued in all applications where
the conditions for issuance of a license have been met, regardless of whether or not a license may be required as
set forth in 37 CFR 5.15. The scope and limitations of this license are set forth in 37 CFR 5.15(a) unless an earlier
license has been issued under 37 CFR 5.15(b). The license is subject to revocation upon written notification. The
date indicated is the effective date of the license, unless an earlier license of similar scope has been granted under
37 CFR 5.13 or 5.14.

This license is to be retained by the licensee and may be used at any time on or after the effective date thereof unless
it is revoked. This license is automatically transferred to any related applications(s) filed under 37 CFR 1.53(d). This
license is not retroactive.

The grant of a license does not in any way lessen the responsibility of a licensee for the security of the subject matter

as imposed by any Government contract or the provisions of existing laws relating to espionage and the national

security or the export of technical data. Licensees should apprise themselves of current regulations especially with
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respect to certain countries, of other agencies, particularly the Office of Defense Trade Controls, Department of
State (with respect to Arms, Munitions and Implements of War (22 CFR 121-128)); the Bureau of Industry and
Security, Department of Commerce (15 CFR parts 730-774); the Office of Foreign AssetsControl, Department of
Treasury (31 CFR Parts 500+) and the Department of Energy.

NOT GRANTED

No license under 35 U.S.C. 184 has been granted at this time, if the phrase "IF REQUIRED, FOREIGN FILING
LICENSE GRANTED" DOES NOT appear on this form. Applicant may still petition for a license under 37 CFR 5.12,
if a license is desired before the expiration of 6 months from the filing date of the application. If 6 months has lapsed
from the filing date of this application and the licensee has not received any indication of a secrecy order under 35
U.S.C. 181, the licensee may foreign file the application pursuant to 37 CFR 5.15(b).
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Application Number
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bibliographic data arranged in a format specified by the United States Patent and Trademark Office as outlined in 37 CFR 1.76.

This document may be completed electronically and submitted to the Office in electronic format using the Electronic Filing System (EFS) or the
document may be printed and included in a paper filed application.

Secrecy Order 37 CFR 5.2

Partions or all of the application associated with this Application Data Sheet may fall under a Secrecy Order pursuant to
37 CFR 5.2 (Paper filers only. Applications that fall under Secrecy Order may not be filed electronically.)
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Application Number

Title of Invention Stylus with Force Sensing

Citizenship under 37 CFR 1.41(b) i UA
Mailing Address of Applicant:

Address 1 Chervona Kalyna Ave. 123/19

Address 2

City Lviv State/Province

Postal Code 79049 Countryi | UA

Applicant 4

Applicant Authority ®Inventor | (OLegal Representative under 35 U.S.C. 117 (OParty of Interest under 35 U.S.C. 118

Prefix| Given Name Middle Name Family Name Suffix
Andriy Ryshtun

Residence Information (Select One) (O US Residency (8 Non US Residency () Active US Military Service

City | Lviv Country Of Residencei UA

Citizenship under 37 CFR 1.41(b}) i UA
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Address 1 Yavorivska Street 9/8
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Application Information:

Title of the Invention Stylus with Force Sensing

Attorney Docket Number| CD10084P

Small Entity Status Claimed [ |

Application Type Provisional

Subject Matter Utility

Suggested Class (if any}

Sub Class (if any)

Suggested Technology Center (if any)

Total Number of Drawing Sheets (if any)

Suggested Figure for Publication (if any)

Publication Information:

[ ] Reguest Early Publication (Fee required at time of Request 37 CFR 1.219)
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Req uest Not to Publish. | hereby request that the attached application not be published under 35
U.S.C. 122(k) and certify that the invention disclosed in the attached application has not and will not be the
subject of an application filed in another country, or under a multilateral international agreement, that requires

Representative Information:

Representative information should be provided for all practitioners having a power of attorney in the application. Providing
this information in the Application Data Sheet does not constitute a power of attorney in the application (see 37 CFR 1.32).
Enter either Customer Number or complete the Representative Name section below. If both sections

are completed the Customer Number will be used for the Representative Information during processing.
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Domestic Benefit/National Stage Information:
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Prior Application Status
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Assignee Information:

Providing this information in the application data sheet does not substitute for compliance with any requirement of part 3 of Title 37
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Assignee 1
If the Assignee is an Organization check here.
Organization Name Cypress Semiconductor Corporation
Mailing Address Information:
Address 1 198 Champion Court
Address 2
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Phone Number 408-545-7194 Fax Number 408-545-6911
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Additional Assignee Data may be generated within this form by selecting the Add rvr
button.
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CFR 1.4(d) for the form of the signature.
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is to file (and by the USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This
collection is estimated to take 23 minutes to complete, including gathering, preparing, and submitting the completed application data
sheet form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you require to
complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and
Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR
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Privacy Act Statement

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your submission of the attached form related to
a patent application or patent. Accordingly, pursuant to the requirements of the Act, please be advised that: (1) the general authority for the collection
of this informaticn is 35 U.S.C. 2(b)(2); (2) furnishing of the information sclicited is voluntary; and (3) the principal purpcse for which the information is
used by the U.S. Patent and Trademark Office is to process and/or examine your submission related to a patent application or patent. If you do not
furnish the requested information, the U.S. Patent and Trademark Cffice may not be able to process and/or examine your submission, which may

result in termination of proceedings or abandonment of the application or expiration of the patent.

The information provided by you in this form will be subject to the following routine uses:

1.

The information on this form will be treated confidentially to the extent allowed under the Freedom of Infoermation Act (5 U.5.C. 552) and
the Privacy Act (5 U.5.C. 552a). Records from this system of records may be disclosed to the Department of Justice to determine whether

the Freedom of Information Act requires disclosure of these records.

A record from this system of records may be disclosed, as a routine use, in the course of presenting evidence to a court, magistrate, or
administrative tribunal, including disclosures to opposing counsel in the course of settlement negotiations.

A record in this system of records may be disclosed, as a routine use, to a Member of Congress submitting a request involving an
individual, to whom the record pertains, when the individual has requested assistance from the Member with respect to the subject matter of
the record.

A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency having need for the information in
order to perform a contract. Recipients of information shall be required to comply with the requirements of the Privacy Act of 1974, as

amended, pursuant to 5 U.5.C. 552a(m).

A record related to an International Application filed under the Patent Cooperation Treaty in this system of records may be disclosed, ag
a routine use, to the International Bureau of the World Intellectual Property Organization, pursuant to the Patent Cooperation Treaty.

A record in this system of records may be disclosed, as a routine use, to another federal agency for purposes of National Security
review (35 U.S.C. 181) and for review pursuant to the Atomic Energy Act (42 U_.S.C. 218(c)).

A record from this system of records may be disclosed, as a routine use, to the Administrator, General Services, or his/her designee,
during an inspection of records conducted by GSA as part of that agency's responsibility to recommend improvements in records
management practices and programs, under authority of 44 U.S5.C. 2904 and 2906. Such disclosure shall be made in accordance with the
GSA regulations governing inspection of records for this purpose, and any other relevant (i.e., GSA or Commerce) directive. Such

disclosure shall not be used to make determinations about individuals.

A record from this system of records may be disclosed, as a routine use, to the public after either publication of the application pursuant|
to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35 U.8.C. 1561. Further, a record may be disclosed, subject to the limitations of 37
CFR 1.14, as a routine use, to the public if the record was filed in an application which became abandoned or in which the proceedings were
terminated and which application is referenced by either a published application, an application open to public inspections or an issued

patent.

A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law enforcement agency, if the
USPTO becomes aware of a violation or potential violation of law or regulation.
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CYPRESS SEMICONDUCTOR INVENTION DISCLOSURE FORM

GENERAL PURPOSE OF INVENTION

The use of stylus with touchscreens is well established, but all existing technologiss have
disadvantages of cost, performance andfor refiability.

Resistive touchscraens are well suited {o the use of a passive stylus. The original Palm Pilots from the
mid-1390s were one of the first devices with a resistive touchscreen designed for use with a stylus, and
helped to popularize that technology. However, resistive touchscreens have many disadvantages, and
are increasingly being replaced by capacitative touchscreens.

Capacitative {ouchscreens can support the use of a passive stylus, but the minimum stylus tip size
(~Srrim) that can be supported by current sensing technology is much larger than the pen-like tip {eg
tmm) desired in many applications.

Various tethered active stylus approaches have been deployed for use with capacitative touchscresans,
and these are in use in applicalions such as point-of-sale terminals {eg the signature pad used for
credit card transactions in larger retail stores) and other “public” uses. However, the need for cable is a
significant drawback for “private” applications such as {ablet PCs, Smariphones and “Slates” (such as
the Pad}. The technology used in tethered applications falls broadly into 2 categories:

= Inductive. In this case, the stylus sensing is implemented largely independently of the finger-
sensing capability of the touchscreen. Typically, an AC signal is generated and fed to the tip of
the stylus, and sensors behind or around the display receive the signal; the relative magnitude
of the received signal at each of the sensors is then used o interpolate the position of the stylus

tip.

+ Electrostatic. An electrostatic field is generated at the tip of the stylus which is detectable by a
self-capacitance touchscreen, as if the stylus tip were larger that it actually is. In effect, the
electrostatic field is used {0 magnify the effective size of the stylus tip as detected by the self-
capacitance sensing touchscreen system.

In order to meet the performance requirements demanded by the latest applications, touchscreens are
rapidly migrating {o mutual capacitance sensing — or a combination of self and mulual capacitance
sensing (on which Cypress has paient applications pending).

Document No., 27-00030 Rev. *E Page 1 of 3
Petitioner Shenzhen Qianfenyi Intelligent Technology Co., Ltd.
Exhibit 1016 Page 9



CYPRESS SEMICONDUCTOR INVENTION DISCLOSURE FORM

PREVIOUS SOLUTIONS

There are two known compeiitor solutions from Wacom and N-Trig. The Wacom host confroller block
diagram is shown on Figure 1. The Wacom stylus block diagram is shown on Figure 2.

Figure 1 Wacom Host Block Diagram
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§ Matching Host B AN PC
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inductors
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The Wacom stylus uses magnetic field for stylus powering and touch position detection. The {ouch
position is calculated based on inductors signals relations. The stylus presence close 1o some inductors
changes Hs currents. The maximum changes indicate touch position. The induciors are placed behind
the screen on the PCB. These inductors are connected to amplifier output and provide the energy for

stylus operation. The high frequency carrier are received and on stylus side and is usead for self-
powering and data transmitting.

Figure 2 Wacom Stylus Block Diagram

Butions

- fnductor r Fo.me
Tip 3 Tip

o Rectifier i Power o MCU e

» ™ Reguiator » *
Eraser Eraser

&
Diriver

Document No, 27-00030 Rev, “E Page 2 of 24

Petitioner Shenzhen Qianfenyi Intelligent Technology Co., Ltd.
Exhibit 1016 Page 10



CYPRESS SEMICONDUCTOR INVENTION DISCLOSURE FORM

Energy from the inductors comes to rectifier and power regulator. The reguiator oudput voltage is 3.3V,
These voltage feeds to microcontrolier and invertors. The microcontrolier measures force sensors and
buttons states and send if back trough inductor. There are capacitors and jumpers on the board and the
inductors are manually tuned to resonance on factory. The two inductors on different stylus edges
provide enough power in both drawing and erase modes,

The Wacom solution has serious disadvantages as high power consumption, high EM! radiation, and
axpensive construction.
The N-Trig host block diagram is shown on Figure 3. The N-Trig stylus block diagram is shown on
Figure 4.

Figure 3 N-Trig Host Block Diagram
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The ITO sensors are connected to the selective receiver. The ITO line with maximum received signal is
stylus position. The stylus generates carrier frequency that amplified and supplied to ITO panel via
stylus tip. The signal maximum is touch position. The force data are transmitied by carrier frequency
modulation. The received signal is decoded on host side and transmits {o PC. The stylus is powered
from hattery.

Force Signal

Figure 4 N-Trig Stylus Block Diagram
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The N-Trig solution has advaniages as simplicity and potentially robust operation. The disadvantages
are special narrow band receiver and RF noise immunity.
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CYPRESS SEMICONDUCTOR INVENTION DISCLOSURE FORM

INDICATE THE DISADVANTAGES OF THE OLD TECHNOLOGY

The disadvantages of Wacom technology are:
- High Power Consumption
- Expensive Construction
- High EMI radiation
The disadvantages of N-trig technology are:
- Narrow band receiver reguired

- Potential RF noise problem

INVENTION DESCRIFTION

The synchronization channel was causad using Indium as receiver for the stylus signals. Indium mulli-
channel receiver is based on the synchronous detector technique, which requires presence of the
reference demodulation signal. This means the demodulator and input signals should be frequency and
phase alighted. Indium does not contain the quadrature receiver and does not allow implementing
narrow-band receiver in other ways.

If stylus + palm rejection is required for iTO design then stylus should be active. It means that TX signal
should be supplied to stylus tip, not 1o 1TO panel. The Cypress chip Indium that is used for {TO panel
scanning ulifizes complicated TX signal shape. The tetherad siylus is old-fashion solution therefore the
TX signal should be transmitied to stylus using wireless technology.

There are several ways of TX signal transmitling. it is Radio link or inductive link, optical or ultrasound
link. The transmifter modulates high frequency carrier (433MHz, 800MHz, 2.40GHz) by TX signal. The
radio receiver on stylus side recovers the TX signal and supply to stylus tip after some amplification.
The radio link is simple, robust and well knows method with one serious disadvantage only. The
receiver consumes a lot of power that limits build-in battery life.

The Inductive coupling between host and stylus allows building low power receiver due {o higher then in
radio input signal value, The main difference between radio and inductive technology is antenna
construction and operation frequency. The inductive coupled stylus typically used lower RFID
fraquencies that don't require licensing.

The synchronized stylus block diagram is shown on Figure 5. The sensing device listening entire {TQ
panel and generates one TX signal. This signal goes {o transmifter that can be radio, inductive way,
opticat or any other known communication channel. The received TX signal goes to high voltage tip
driver. The one or two cells alkaline batteries voltage is too low for tip driver. Low fip voltage can't
provide hover touch. The booster increase voliage up to 10V.. 20V that provides high shdus fouch
signal.

Document No., 27-00030 Rev. *E Page 4 of 34
Petitioner Shenzhen Qianfenyi Intelligent Technology Co., Ltd.
Exhibit 1016 Page 12



CYPRESS SEMICONDUCTOR INVENTION DISCLOSURE FORM

Figure 5 Synchronized Stylus Block Diagram
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The palm influence is described in Figure 6. The human body is connscted to ground via some
capacitance Caoume- It means that palm is not really grounded and always has some TX potential too.
This potential causes small signal changes when hand is on the panel, Figure 5. The capacifance Cpapw
changes when palim is on the panel or in the air. The palm influence in hover mode {in the ain) is zero. If
paim touch the panel then palm influence depends on Cuues 10 Coum relation. Physically the paim is
much bigger then the stylus so the capacitances relation will be close to zero. it means that the malp
influence is close to zero 100,
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The Inductive recejver block diagram is shown on Figure 7

Figure 7 Inductive Receiver Block Diagram

TX Signal to
Aréi?]na »i input Filter i Amplifier - De?;\gim et Araiplifier mn*Siytus
[y
Auta Gain
Controt

The magnetic antenna receives very weak AM modulated signal. This signal is filtered from noise and
amplified to level that is enough for amplitude detector. The detected signal is amplified to logical levels
and goes to receiver output. Also the detected signal is used for auto gain control loop that provides
constant output signal amplitude for wide input signal voltage range.

The transmitter Block Diagram is shown on Figure 8.

Figure 8 Transmitter Block Diagram

Carrier o Aw o Amoiifier _ g‘éﬁ‘;{f’d | Antenna
Generator T Modulator =oAme it Tadibind o Coil
% Filter

i
TX Signal

The oscillator generates carrier frequency much higher than modulated TX signal frequency. The
modulated signal is ampilified and filtered for unnecessary harmonics removing. And after filtering the
Carrier + TX signal going {o transmitter coil.

There are different possible Transmitter coil antennas constructions for inductive shylus. First antenna
i5 small inductor the same as on the stylus, Figure 8. It is worsted case. The maximum distance o
transmitter is 10cm {(477) ondy. But this is very compact antenna that doesn't require panel reworking.

Figure 8 Use Small Coil as Transmilter Antenna

e Runsiver

f e Blcdrie Andeona
Magnetic Antenng 7 .
- .~ Magnetic Antenna

Teansmitbsy

tlagnetic Only

The second antenna is coil around the soreen, Figure 10. In this case the stylus to fransmifter distance
can be up o 20om {87) that is enough for 187 screens. But antenna signal can affect o BX lines and
increase noisa. Also, Antenna increases screen border that is disadvaniage too.
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Figurs 10 Use a Coil around the Panel as Antenna

.- Recehst

.~ Elachic Antenna
Magnalic Asteang

\ . Magnetic Anlenna

Transmittar

Magnetic Around The Sorean

The third antenna is small inductor on the board plus 10cm long wire close {o the screen border, Figure
11. The operation distance is the same as in previous case. The electric antenna can be implemented
on PCEB that doesn't require display construction changes.

Figure 11 Use Electric and Magnetic Antennas
. Receiver

Elecitic Anfenna F . Elactric Anlenna

- Magnetic Artenna

Transmitier

Magnetic + Electric

THE ITO PANEL USAGE FOR THE SYNCHRONIZATION SIGNAL CAPACITIVE TRANSMISSION

The typical operation frequencies for the ITO panel are 160, .800kMHz. The ITO panel could be used for
the higher frequency signals transmission between stylus and host device using capacitive coupling
between stylus and panel, no additional magnetic antenna is needed.

The following options could be identified:

» Use iTO panel elecirodes for the capacitive high-frequency meodulated carrier signal
fransmission from host to stylus.

= Use [TO panel elecirodes for the capacitive coupling the high-frequency modulated carrier
signal from stylus o host.

In the first option the ASK or FSK modulated high-frequency carier signal {eg. 13.56MHz) is supplied
to ITO panel electrodes and is sensed by the stylus, see Figure 12. The {TO panel attenuates the high-
frequency signal, but this attenuation is compensated by high signal amplification at stylus side.

The 13.56MHz carrier signal is useful via several reasons:
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* This is standard RFID signal, no licensing is required worldwide.

»  The TX panel operation frequency could be obtained by division this signal, providing complets
carrier noise suppression of the Indium receiver channel.

»  The stylus tip and metal stylus case are working as electric field antenna.

Figure 12. Transferring the Synchronization Signal from Host to Stylus with High-Freguency Carrier
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Cgroes
: e
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‘ Matching o1 13,5 MKz i Amplifier
Network 71 Filter 1 & AGC
Stylus Tip i
¥
. A
TX Driver & Damod,

in the second option stylus acts as master and sends the high-frequency carrier signal to host, sse
Figure 13 together with TX signal. This is reverse synchronization channel implementation of the
previous option. The {TO panel operation frequency could be formed by division the high-frequency
carriar signal to provide full suppression of the carrier signal by the Indium receiver channel. in this
case the carier frequency noise is suppressed completely and has no influence on the receiver

operation.

The ITO panel aftenuates the high-frequency signal from siylus, byl this altenuation should be
compensated by using the gain at the carrier recelver side.
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Figure 13. Transferring the Synchronization Signal from Stylus to Host with High-Frequency Carrier
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It is interesting to investigate the ITO panel practical possibilities to handle the high-frequency signals.
Taking info account we should not satisfy full panel recharge condition fonger, much higher frequency
signals could be supplied to the ITO Panel. Figure 14 shows the panel-to-stylus gain-frequency
characteristics. The simulation results were oblained by driving whole row and column electrodes at
same time and sensing the sivius current in the middie of panel. This reflects the worse case
attenuation condition. The {TO panel was considered with double routing. The stylus current has been
sensed using 1 pF capacitor.
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Figure 14, Panel Voltage {Pink) and Stylus Current {Yellow) when Whole Paned is Driven At Same Thne
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As visible from Figure 14, the peak stylus current happens around 10MHz and values are easy o be
detected by using the low-cost receiver circuits.

it is interesting o investigate ITO panel properties to conduct the high frequency signat from stylus to
host. For this configuration evaluation the 1V carrier signal is supplied in the panel center via 1pF
capacitor and carrier current is sensed from the different panel electrodes, Figure 15 As visible from
Figure 15, the stylus signal is much more altenuated {values below 1uA), 50 this method requires more
amplification than in the previous case. So, the method of the carrier signal transmission from host to
stylus is preferred. it's another advantage is absence the high-frequency oscillator circuits at the stylus,
resulting the longer baltery life.

Figure 15. Panel Current when Stylus Injects the 1V Carrier Signal vs, Carrier Fraquency

£.80uA
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SCANNING AND STYLUS DETECTION ALGORITHMS

When stylus signal is physically measured then host CPU needs fo processed data. Also, regular finger
needs {0 be processed too and FW should swilch belween finger and siylus. The possible data
processing algorithms are bellow.

Proposed system solution provides ARPA touchscreen controllers with detection of signal from active
stylus processing of which allows reliable and accurate computation of stylus position on the surface of
touchscreen.

Figure 16 ONE POSSIBLE IMPLEMENTATION OF TOUCHSTREEN SCANNING WITH APA AND STYLUS
SUPPORT
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Given solution automatically swifches between regular APA scanning mode and stylus scanning mode
to provide user interface with more flexibility. Fig
capacitive touchscreen scanning that supports finger
position computation of coresponding touch/hover.
PROCESSING” block given in Figure 18.

ure 16 shows one possible implementation of
touch and stylus touch/hover detection as well as
Figure 17 expands “STYLUS SCAN &

Figure 17. STYLUS PROCESSING WITH STYLUS-HOVER IDENTIFICATION

{ STYLUS PROCESSING START |

¥

STYLUS:
SCANR

¥

STYLUS:
FILTERING:
HEASEUINE UPDOATE or
DIFF CALCULATION

z"i

s
e

s

Yeg . -
proseenenennssl 3F ALL STYLUS DIEF s 0 Soieeeeessy
} e -
s ~. o
Y el ¥
STYLUS TOUCH DETECTED v FALSE STYLUS:
STYLUS, HOVER DETECTED = FALSE FIND LOCAL MAX
e \""\.\
L e,
YEB F SOIRE AROUND MAX . NO
o & HOVER_THRESHOLD "
- o BTYLUS
~— e
NO HOVER paagy ¥
HOVER DIFF SIGNAL STYLUS, TOUCH DETECTED v TRUE
BOVER SHAPE DETECTOR STYLUS HOVER DETVECTED i« FALSE
.a""f'b T :

Pl ey
YES _JF DIFF SIGNAL SBHAPE IS,

TYPICAL FOR HOVER -7

\‘\\ /’(

ay

’/} \"
T
-

ND

< ;
~ STYRUS_SCAN_CNT <8
e

NO‘?

BYYLUS YORDN DETECTED = FALSE
STYLUS, _NOVER DETECTED »> TRUE

i

4

Y

STYLUE TOUCH DETECTED 1= FALSE
ETVLUS HOVER OETECTED = FALRE

B ol
r+

SYYLIG:
CALCULATE CENTRONY;
FOSTRROCESBING

y

f

~

Document No, 27-00030 Rev, *E

\ STYLUS PROCESSING ERD ‘

Page 12 of 34

Petitioner Shenzhen Qianfenyi Intelligent Technology Co., Ltd.

Exhibit 1016 Page 20



CYPRESS SEMICONDUCTOR INVENTION DISCLOSURE FORM

ft shows the logic sequence of [STYLUS] - [HOVER] - [NO_STULUS] - [NO_HOVER] states
identification and transition among them. Figure 18 gives one possible implementation of "STYLUS
SCAN" block based on CYPRESS controflers (INDIUM and PSoC3). APA mode scanning and
processing algorithm is shown on Figure 18. APA particular sensing method is not considered in this
application and these operations are given in general form.

Figure 18. ONE EXAMPLE OF 8TYLUS SCANNING
SEQUENCE USING CYPRESS TOUCHSCREEN

Figure 18 TOUCHSCREEN SCANNING AND DATA
PROCESSING IN APA MODE
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According to Figure 17 touchscreen controlier makes a decision what

HEABLE STYLLS Ryes:
DISABLE 5TYLES T
DISABLE TX TRARSMITTER

APA_TOUCH DETECTED >
TRUE

APA_TOUCH DETECTED =
FALSE

¥

STYLUS SCAN END

FIND LODAL MAX]
CALCULATE CENTROID; UPDATE BASELINES

PERFONM POSTPROCESSING

o
-

L
AN

END

APA FROCESSING h

the current state is {ISTYLUS] -

[HOVER] - [NO_STULUS] - [NO_HOVER]) based on two parameters: {A) the sum of DIFF signals
ground the peak of DIFF sighals distribulion over the panel and {B) DIFF signals spatial shape {signal
gradient), When the sum of DIFF signals arcund DIFF peak s lager then predefined
HOVER _THRESHOLD value controller resolves system state as [STYLUS AND NO_HOVER] and
starts with post-processing including postion calculation. in case when the sum of DIFF signals around
DIFF peak is lower than HOVER _THRESHOLD value special quantitative parameter is calculated to
make decision what system siate is [HOVER AND NO_STYLUS] or INC_STYLUS AND NO_HOVER]
In some applications so-called HOVER FACTOR parameter is used, see SHP {ROS 001-57691. And if
DIFF signal shape is typical for HOVER controller resolves system state as [HOVER AND
NO_STYLUS] otherwise [NO_STYLUS AND NO_HOVER]. Depending on this decision further post-
processing s performed.

According to touchscreen scanning algornthm given on Figure 18 stylus aperation mode has higher
priority than APA mode. Let’'s consider touchscreen controller operation in following conditions:
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Neaither finger nor stylus touch panel.

Finger only touches panel.

[A] Stylus only touches panel. [B} Stylus only touches panel and then put finger. {C] Stylus and
finger touch panel and then remove finger.

Stylus only touches panel and then remove stylus.

Stylus and finger touch panel and then remove stylus.

Finger only fouches panel and then put stylus.

Finger only touches panel and then remove finger.

Wk -

~N oo

Touchscreen controlier operations for all these cases are depicted on time diagrams of Figure 20

In case (1) touchscreen controller periodically performs Stylys-then-APA scanning this provides fastest
first response fime when finger or stylus is introduced.

In case (2) controller periodically performs APA scan only. in other words systemn locks on finger. But
since stylus has higher priority than APA, controller should perform stylus scan as well. in given
algorithm once per N APA scans stylus scan is performed. N value determines the relation between
APA repart rate and first stylus response time,

In case (3) only stylus is scanned. Stylus scanning should not be interrupted by infroduced aor removed
finger.

In case (4} after stylus removing stylus scan is stil performed during M following scans. This is caused
by nature of hand text entry. During stylus writing stylus tip is placed on panet then {ifted over the panel
and then placed again. So when stylus is lifted stylus scan is still performed and lock on stylus happens
immediately if stylus tip is placed on panel again. Note stylus->hover transition is blocked because
hover has worse accuracy then stvius. If during M cycles siylus is not placed controller perform
sequence from case (1).

Case {5} is very close to (4} with one difference that after stylus removing system locks on finger and
cantroller perform operations according 1o case (2}

In case (6) afler stylus is placed on the panel N APA mode cycles is performed and then system locks
an stylus. Operations continue according {o case (3).

Case (7) shows transition from case (2} o case (1).
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Figure 20 TIMING DIAGRAMS OF DIFFERENT QPERATING MODES
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SYNCHRONIZED CAPACITIVE STYLUS WITH DATA TRANSMITTING

The previously described stylus provides touch posétion recognition only and doesn't provide reverse
channel from stylus o host. Many customers asking for a stylus with force sending. it means that CPU
on stvlus should measure it and send dala 1o host. The way of reverse channel realization is described

beflow. The stylus with force sensing is shown on Figure 21

Figure 21 Stylus with Force Sansing Block Diagram
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The stylus design have force sensor, low batlery indicator and butlons scanning featuwres. Data is
transmitted trough ITO panel and received and decoded on Host side. The receiver and transmilter is
the same as at previously described stylus. Now we have modudator that changes the tip signal
parameters according {o data that needs to be transmitted. The Modulator defailed block diagram is

shown on Figure 25,
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The demodulation process is based on scanning device (Indium} synchronous rectifier nature, Figure
23. The TX signal from Stylus causes Iy current pulses. These pulses goes trough current conveyor
CCH to synchronous rectifier that is realized using two capacifors Cyer and two swilches. These
switches operate synchronously with TX driver at PHit and PHIZ2 polarities and convert current pulses
to constant voltage Vourx. This voltage measures by ADC and is our stylus signal.

Figure 22 Scanning Device internals

THRXE CHANKNEL

The demodulating process {8 jllustrated on Figure 23, The TX puises afler modulalor are inveried or
non-inverted depends on data bifs, These pulses goes trough the ITO panel and created current
canveyor input current spikes. The synchronous detector output consist on rectifier spikes that are
positive or negative. So, the integrator capacitor Ty voltage is positive or negative too that represents
data bits.

Figure 23 Demodulation Process, Indium Inside
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The FW analyzes Capacitor voltage change direction and decode data bits. It is simple procedure that
compares voltage with predefined thresholds and set or clear bits according to this.

The TX signal phase modulation is used to transmit data from stylus o host. it is based on TX signal
inversion/non-inversion on stylus side called BPSK. If not inverted signal is applied to the stylus tip then
raw data goes up. if inverted signal is applied 1o stylus tip then raw data goes down. In both cases the
signal has the same value but different polarity, Figure 24. The polarity changes ¢an indicates is bution

pressed ov nat, or consist force data bits.
Figure 24 Modulated Raw Counts
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The received TX pulses go to Amplitude Detector Figure 25 and to stylus tip driver via switch. This
switch is used to select inverted or non-inverted TX signal. The switch is driven by shift register putput.
Shift register consist on Data that should be transmitied. It can be force, battery voltage or any other
Data. The special synchronization and clock generation algorithm in FW generates clocks pulses

synchronously with TX signal.

Figure 25 Modulator Detailed Block Diagram
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Also # is possible to transmit more than one bit at a ime. The quadralure-amplifude moduiation can be
easily realized as additional phase shift on TX/4 time, Figure 26. The two bits Bit1 and Bit2 are
fransmitted in the same time. If additional Tx/4 delay are applied to TX signal then resulting signal
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amplitude on demodulator output will we two times lower compare o TX signal without delay, Figure
27, Checking the received signal amplitudes relations we can easily decode the data.

Figure 28 Quiadrature Modulator Block Diagram
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Figure 27 Modulated Raw Counts by Quadrature modutator
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The data can be transmitler separated in time from the TX signal or simultaneously with TX, Figure 28.
The first way is easy for realization and provides fast data transmitting rate. The end of stylus position
scanning can be used for synchronization that provides robust data transfer with low bil rate. Bul
separated data {ransfer have serivus disadvantage as Scan time penally. The separated data pack
required some fime that increase {otal scanning time,
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Figure 28 Data Transfer Time Diagrams
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The second method uses the posifion scan sequence for data transmitling. In this case one bit is
transmitted during one scan instead sight or sixteen bits at separated shart scans in previous case. s
disadvantage. The advantage is data transmitting without total scan time increasing that can be ussful
for slow data. The modulation and demodulation process is the same as in Separated data transfer.
The difference is in TX pulses that are used for it.

The special short TX pulses are used for data fransmitting in Separate mode. These pulses provides
enough touch signatl for robust bits detection from one side and are doesn't spend much time from
other side. The short pulses allows us have a short conversion. Each conversion is one data bit. One
tong conversion instead a lot of short is used for position detection. it is needed for getting high position
resolution and low noise. Therefore one or two bits only can be fransferred during this.

The pause detecior on Figure 25 is used fo gel TX signal envelope. The synchronization circuil uses
this envelope for clack pulses generation. The pause detector is simple amplitude detector circuit that is

shown on Figure 29

Figure 29 Amplitude Detector and its Connection to Circuit
Amplitude Detector
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CYPRESS SEMICONDUCTOR INVENTION DISCLOSURE FORM

The pause detector operation waveforms are shown on Figure 30,

Figure 30 Pause Detector Operation Waveform
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The resistor and capacitor creates LPF that removes TX signal camier and left pulse envelope. This
envelope is suitable to use with GPIO for synchronization. When no TX scans sequence then receiver
output s high and diode is in non-conductive state. The capacitor is discharged and pause delector
output is high. The TX puises periodically charge the capacitor via diode to ground and moves the
output potential close to state.

The circuit operation for separated data transfer is illustrated on Figure 31,
Figure 31 Circuit Operation Waveforms

I,

The point “A° yellow s TX signal after receiver. The point “B" green is envelope after pause detecior.
The point “C" purple showed TX signal after modulation. L3B is first. The modulated data is
000000011011100b or OxDC. The pink is strobe pulses generated in FW that indicates each bit. The 17
short TX pulses are used for data fransfer. One pulse is for synchronization and sixteen for data
transfer. Based on amplitude detector signal FW finds each data pulse and setls swilch state according
o bits that needs to be transferred in this time. All other free time FW spends on normal stylus position
calculation and data processing, Figure 32. The total data transmitting ime is 2mS.
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CYPRESS SEMICONDUCTOR INVENTION DISCLOSURE FORM

Figure 32 One Full Scan Cycle
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UNSYNCHRONIZED STYLUS

The simplest oscillator circuit can be used for unsynchronized stylus and data ransmitting realization,
Figure 33.

Figure 33 Unsynchronized Stylus with Free-Running Carrier
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CYPRESS SEMICONDUCTOR INVENTION DISCLOSURE FORM

The oscillator generates the carrier that is amplified and supplied to stylus tip. This carrier is received
on host side and is used for touch position detection. The force sensor provides the carrier frequency
modulation, for example, implementing BPSK, ASK, FSK or using analog modulation, e.g. the oulput
frequency shift is directly proportional to the signal from the force sensor. The same carrier can be
modulated for other data transmifting. The method advantages are simultaneous touch position
detection and force data fransmitting if different operation frequencies are used far the panel scanning
and stylus handling. in this case the receiver, which is able handling couple frequencies simulianeously
should be used. This implementation requires spedial recalver development and is not compatible with
existing fouch sensing chips.

INDICATE ANY ALTERNATE COMPONENT{S) AND/OR METHOD(S) OF CONSTRUCTION.
The alternative implementation oplions were discussed over document
IF A JOINT INVENTION, INDICATE WHAT CONTRIBUTION WAS MADE BY EACH INVENTOR.

Each inventor has made equal contribution.
DESCRIBE THE FEATURES THAT ARE BELIEVED TO BE NEW.

*  The capacitive stylus, which gliows utilizing the sxisting devices, originally designed for the all-
points addressable scanning for the stylus signal sensing

» Method of the transmission the synchronization signal between styus and host using the
magnetic or electrostatic antennas

»  RMesthod of the transmission the synchronization signal between stylus and host using the ITQ
panel without usage additional antennas.
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CYPRESS SEMICONDUCTOR
Document History Page

Docurmnent Title: CYPRESS SEMICONDUCTOR INVENTION DISCLOSURE FORM
Document Number: 27-00030

STATE OPINION OF RELATIVE VALUE OF INVENTION

This invention allowed win multi-million commercial design.

The proposed invention allows provide new class of the multitouch user interface devices, open possibiiities to
win the new commercial designs.

Claim:

A stylus 1nput device comprising:

- a recetver curenit configured o receive synchromzation signals from a transmitter, the syachronizabion signal
for pairing the stvlus input device with a stylus input receiving device;

- a force sensor;

- a force sensing circuit for measuring force from the force sensor;

- a tip driver configured to generate a signal at the tip of the stylos input device in response to the
synchronization signal; and

~ a nmicrocontrotler configured 1o process force and synchronization signals.
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CAPACITIVE STYLUS WITH FORCE SENSING

(VICK, OPIR_UKR, RYAN_UKR, DTV)

Brief Summary of Invention
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