U.S. Patent No. 9,369,081 (*’081 Patent™)

Accused Instrumentalities

Samsung products with linear vibration motor technology, including without limitation the products listed below (“Accused
Products”), infringe at least Claims 1, 2, 3, 4, 5, 6, 7, 8, and 17 of the 081 Patent. Each Accused Product infringes the claims in
substantially the same way, and the evidence shown in this chart is similarly applicable to each Accused Product. For example, each
Accused Product includes a linear vibration motor and supports substantially the same haptic feedback features. Each claim limitation
is literally infringed by each Accused Product. However, to the extent any claim limitation is not met literally, it is nonetheless met
under the doctrine of equivalents because the differences between the claim limitation and each Accused Product would be
insubstantial, and each Accused Product performs substantially the same function, in substantially the same way, to achieve the same
result as the claimed invention. Notably, Samsung has not yet articulated which, if any, particular claim limitations it believes are not
met by the Accused Products, listed below:

Galaxy S20+
Galaxy S20 Ultra
Galaxy S21+
Galaxy S21 Ultra
Galaxy S22
Galaxy S22+
Galaxy S22 Ultra
Galaxy S23
Galaxy S23+
Galaxy S23 Ultra
Galaxy Fold 1
Galaxy Z Fold 2
Galaxy Z Fold 3
Galaxy Z Fold 4
Galaxy Notel0+
Galaxy Note20 Ultra

Samsung et al. v. Resonant Sys.
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Claim 1

Claim 1

Accused Products

[1pre]. A linear vibration
module comprising:

To the extent the preamble is limiting, each Accused Product comprises a vibration module as
claimed. For example, even if this preamble were interpreted to require all of the components
recited in the body of claim 1 to be part of a single linear vibration module, each Accused Product
would still meet that requirement because it is a vibration module as claimed.

For example, Galaxy S22 Ultra includes a linear motor and associated controller(s), including the
haptic controller (e.g., Cirrus Logic CS40L26), application processor (e.g., Snapdragon 8 Gen 1
SoC), power supply circuits, and connected user-input features such as a touchscreen. These
components together form a vibration module as claimed, as described in connection with the
claim limitations below.

See, e.0.:
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Claim 1

Accused Products

Photograph of Samsung Galaxy S22 Ultra.
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Claim 1 Accused Products

Photograph of Samsung Galaxy S22 Ultra, annotated to identify location of linear motor/speaker
assembly.
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terminals

terminals motor

Photograph of Galaxy S22 Ultra linear motor/speaker assembly with components annotated.
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Claim 1 Accused Products

Fixed
driving
coil

Mass Magnets
Direction of motion ()

Photograph of Galaxy S22 Ultra linear motor with components annotated.

Exhibit 1022 - Page 6 of 139



Claim 1

Accused Products

[1a] a housing;

Each Accused Product comprises a housing. For example, the linear motor assembly in the Galaxy
S22 Ultra contains a metal box that is is soldered together to form a housing surrounding the
moving mass, magnets, and driving coil therein.

See, e.9.
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terminals

terminals motor

Photograph of Galaxy S22 Ultra linear motor/speaker assembly with components annotated.
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Claim 1 Accused Products

Fixed
driving
coil

Spring
Mass Magnets

Direction of motion ()

Photograph of Galaxy S22 Ultra linear motor with components annotated. In this image, the
housing has been split apart, with the top of the housing visible behind the fixed driving coil and
the rest of the housing enclosing the spring, moving component, and magnets.
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Claim 1

Accused Products

[1b] a moveable component;

Each Accused Product comprises a moveable component. For example, the linear motor assembly
includes a moving mass to produce a vibration effect.

See, e.q.:

Fixed
driving
coil

Mass Magnets
Direction of motion ()
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Claim 1

Accused Products

Photograph of Galaxy S22 Ultra linear motor with components annotated. The moveable
component includes both a mass and magnets, fixed together so that they can move as one
component linearly within the housing.

[1c] a power supply;

Each Accused Product comprises a power supply. For example, the linear motor driving coil
(described below) receives power from one or more voltage regulators within the Accused
Product, which supply power to the coil over wires.

See, e.0.:
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Claim 1 Accused Products

Fixed
driving
coil

Mass Magnets
Direction of motion ()
Photograph of Galaxy S22 Ultra linear motor with components annotated (wires supplying power
depicted at top right).

See also claim elements below.

12
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Claim 1 Accused Products

[1d] user-input features; Each Accused Product comprises user-input features. For example, the Samsung Galaxy S22 Ultra
comprises a touchscreen, a microphone, cameras, and other user-input features.

[1e] a driving component that | Each Accused Product includes a driving component that drives the moveable component to

drives the moveable oscillate within the housing. For example, the linear motor includes a driving coil that is fixed in
component to oscillate within | place and forms electromagnetic fields for driving a magnetic moving mass in an oscillating
the housing; and motion.
See, e.9.:
13
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Claim 1 Accused Products

Fixed
driving
coil

Mass Magnets
Direction of motion ()

Photograph of Galaxy S22 Ultra linear motor with components annotated.
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Claim 1

Accused Products

W 10.0ms/ Delay:-100ns
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Edge

B Ce
| | 5

Oscilloscope trace of voltage across coil driing pins, showing positive and negative voltages for
driving the mass in each of two opposite directions, resulting in an oscillating motion.

[1f] a control component that
controls supply of power from
the power supply to the driving
component to cause the
moveable component to
oscillate at a frequency and an
amplitude specified by user

Each Accused Product comprises a control component that controls supply of power from the
power supply to the driving component to cause the moveable component to oscillate at a
frequency and an amplitude specified by user input received from the user-input features.
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Claim 1 Accused Products
input received from the user- For example, the haptic controller (e.g., Cirrus Logic CS40L26) receives serial or other data from
input features. the application processor (e.g., Snapdragon 8 Gen 1 SoC) to control the intensity and pattern of

the desired oscillation. In one non-limiting example, the control component as claimed
corresponds to the combination of physical circuits within the haptic controller and the application
processor. In another non-limiting example, the control component as claimed corresponds to
physical circuits within the haptic controller. The haptic controller and/or application processor
may implement the claimed functionality in hardware circuits and/or with firmware. These control
signals are sent and received using a protocol for commanding haptic patterns. Software
executable on the application processor provided by Samsung (e.g., Android kernel, operating
system, and user-space software), including its own system software, allows the user to directly
and/or indirectly select frequencies and amplitudes. This application software configures the
vibrational behaviors and modes. In one non-limiting example, the application software forms part
of the control component as claimed. In another non-limiting example, the existence and use of
the application software is probative of the structure and configuration of the control component
as claimed but does not form a part of the control component. In one non-limiting example,
selecting different vibration patterns or creating a custom vibration pattern in the “Sounds and
vibration” settings menu causes the movable component to oscillate at a frequency and amplitude
dictated by the selected pattern.

See, e.q.:
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Claim 1

Accused Products

Samsung o
Galaxy S22 Ultra
Processor
Snclpdrdgon 8Genl

https://www.samsung.com/us/smartphones/galaxy-s22-ultra/compare/?device-1=samsung-galaxy-

s22-ultra&device-2=samsung-galaxy-s22%2B&device-3=samsung-galaxy-s22

Exhibit 1022 - Page 17 of 139
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https://www.samsung.com/us/smartphones/galaxy-s22-ultra/compare/?device-1=samsung-galaxy-s22-ultra&device-2=samsung-galaxy-s22%2B&device-3=samsung-galaxy-s22
https://www.samsung.com/us/smartphones/galaxy-s22-ultra/compare/?device-1=samsung-galaxy-s22-ultra&device-2=samsung-galaxy-s22%2B&device-3=samsung-galaxy-s22

Claim 1

Accused Products

Step 2

# Edit

® |C ldentification, pt. 2:

® Cirrus Logic CS40L26 Haptic Driver

Qualcomm PMR735A Power Management
Qualcomm PM3003 Power Management

Diodes Incorporated AP7340D-30FS4-7 150
mA/ 3.0V LDO Regulator

Diodes Incorporated AP7340D-33FS4-7 150
mA/ 3.3V LDO Regulator

Knowles MEMS Microphone

Qualcomm Clock Generator

L7 Addacomment

Screenshot of https://www.ifixit.com/Guide/Samsung+Galaxy+S22+Ultra+Chip+1D/148073

showing Cirrus Logic haptic driver IC.
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https://www.ifixit.com/Guide/Samsung+Galaxy+S22+Ultra+Chip+ID/148073

Claim 1

Accused Products

Smart Haptic Driver Enables
HD Haptics on Mobile Devices
for Enhanced Gaming, Videos
and Music

The CS40L26/CS40L26B is the industry’s leading self-contained haptic driver IC that integrates a DSP and
Class D digital boost converter to enable advanced closed-loop control of the actuator, HD enabled haptics and
audio generated haptics for use in smartphones, tablets and wearables. Advanced sensor-less velocity control
(SVC) provides real-time braking and consistent acceleration of the LRA, plus wider bandwidth and broader
frequency range — essential features for gaming UX.

Purchase

Help Technology Application Categories
Contact sales and

support Haptic Drivers Mobile Audio Devices, Wearables

Screenshot of Cirrus Logic haptic driver description, available at
https://www.cirrus.com/products/cs40126-26b/.
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https://www.cirrus.com/products/cs40l26-26b/

Claim 1 Accused Products

Sensor-Less Velocity Control (SVC) Delivers Dynamic Haptic Performance

Why SVC Matters — Closed-Loop Feedback Ensures Gaming Consistency

* Dynamically adapts to the LRA In real ime - a key * Widens the LRA bandwidth for consistent acceleration, as
perfarmance enhancement for gaming and streamed haptics well as crisp performance when in overdrive and braking
SVC Widens the LRA Bandwidth, Enabling HD Haptic Effects SVC Generates Consistent Acceleration
3 170 Hz Hot (50c)
70 Hz Bandwidth Extension = ™ ———y
' “— ; § r\( | =
- LOGXC
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I == o —
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W W W—— W— —  — — W ————
7 CS40L26 N
How SVC Works | H
| Closed-loop Control I
e SVC senses the
ioad condition and | Gt did ¥ Vin Driver }_l_)l LRA Lost I
adapts the signal Vin I I
to drive for the back- T el
emf 1o follow Veer | I I

Screenshot of haptic driver datasheet, available at
https://statics.cirrus.com/pubs/proBulletin/CS40L26 B Smart Haptics Driver Product Bulletin.

pdf.
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Claim 1

Accused Products

Real-time, Automated Audio-2-Haptics

Feel What You Hear with “On-the-Fly” Audio-2-Haptics
Audio Generated Haptics = Complex Signal * Generates haptic drive signals from the audio stream for

Processing Generates Textured HD Haptic ringtones, YouTube videos and games tunad for the LRA
Effects for Gaming, Videos and Music

Audia Input, LRA Qutput, Magnitude, Threshaold, Gain

Sales Suppan

J— Pborth Arnerics +1-B00-888-5016
— stir, C Ao Paciic + TE-0B01
___-=Clmus LOGIC . Uniter] States: Japan +81-(3 B8O CIMMUS.Com
el T+1-512-851-4000 Europe/UK +44-{0-131-272-7000 MOVEMEER 2021

Screenshot of haptic driver datasheet, available at
https://statics.cirrus.com/pubs/proBulletin/CS40L26 B Smart Haptics Driver Product Bulletin.

pdf.
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https://statics.cirrus.com/pubs/proBulletin/CS40L26_B_Smart_Haptics_Driver_Product_Bulletin.pdf
https://statics.cirrus.com/pubs/proBulletin/CS40L26_B_Smart_Haptics_Driver_Product_Bulletin.pdf

Claim 1 Accused Products

Android 12 simplified
integration

e Audio coupled haptics
with I°S support

e Open wave table and chirp
with scalability supports
haptics APIls, with on-the-
fly haptic generation

Screenshot of haptic driver datasheet, available at
https://statics.cirrus.com/pubs/proBulletin/CS40L26 B _Smart_Haptics_Driver_Product_Bulletin.
pdf, indicating support for Android 12 haptic APIs and audio coupled haptics.
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Claim 1 Accused Products

Samsung Galaxy $22 / Galaxy $22
Ultra - Vibrate Mode

1. From a Home screen, swipe up from the center of the display to access the apps screen.
- These instructions only apply to Standard mode and the default Home screen layout .

2. Navigate: Settings &> Sounds and vibration.

3. Fromthe 'Sound mode' section, tap Vibrate.
- Selected when ablue dot is present.

4. Tap Vibration intensity.

5. Adjustintensity for any of the following:
- Drag the slider left or right to adjust the level.

= [ncoming call
= Notifications

= Touchinteraction

Screenshot of https://www.verizon.com/support/knowledge-base-300923/ describing vibration
settings.
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Claim 1

Accused Products

How to improve the vibration of your
Galaxy S22 device

Last Update date : May 26. 2022

Galaxy S22 series has added a new feature to provide a vibration sound from the speaker when the device receives an incoming call in
vibration mode.

Sounds and vibration

Sound mode

Ringtone

Screenshot of https://www.samsung.com/za/support/mobile-devices/how-to-improve-the-
vibration-of-your-galaxy-s22-device/ describing vibration settings.
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https://www.samsung.com/za/support/mobile-devices/how-to-improve-the-vibration-of-your-galaxy-s22-device/
https://www.samsung.com/za/support/mobile-devices/how-to-improve-the-vibration-of-your-galaxy-s22-device/

Claim 1 Accused Products

To enable the vibration sound for incoming calls, please follow the steps below:

PEPren 2208 w68 2208 w67

Settings Q < Sounds and vibration Q < Vibration intensity

z Sound mode Incoming call
@7 Sounds and vibration

Notifications Notifications

Display Touch interaction

Ringtone

=) Wallpaper and style

N?l:'xcallon sound Vibration sound for incoming calls

Themes
System sound
¢y Home screen
Volume
Lock screen
O Call vibration pattern
O Biometrics and security Notification vibration pattern
£ Privacy
Vibration intensity
Step 1. Tap Settings then select “Sounds and Step 2.Tap “Vibration intensity”. Step 3. Enable “Vibration sound forincoming
vibration”. calls”.

If you still do not have sufficient vibration on your device after enabling the vibration sound forincoming calls, you should consider the
following:

« If the mobile device is connected to other devices such as Watch/Buds/Headset/BT Speaker, Vibration sound mode will not work.

« Vibration sound mode works on the basic ‘Samsung Phone app’ but on alarms or 3rd party apps it will not work.

Screenshot of https://www.samsung.com/za/support/mobile-devices/how-to-improve-the-
vibration-of-your-galaxy-s22-device/ describing vibration settings.
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Claim 1

Accused Products

Settings

! Connections
B edeas

0 Sounds and vibration

sound mode + Ringt

Notifications

Display

Wallpaper and style

Wallpapers *+ Colour palette

(v) Themes

Themes *+ Wallpapers « lcons

Screenshot of video entitled “How to Enter Vibration Settings in SAMSUNG Galaxy S22 Ultra —
Find Vibration Options,” available at https://www.youtube.com/watch?v=BhIw8-yQhXM.
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https://www.youtube.com/watch?v=BhIw8-yQhXM

Claim 1

Accused Products

< Sounds and vibration Q

4

Ringtone

Over the Horizon

Notification sound

Galaxy / Spaceline

System sound
Galaxy

Volume

Call

hogpbadl

vibration pattern

Screenshot of video entitled “How to Enter Vibration Settings in SAMSUNG Galaxy S22 Ultra —
Find Vibration Options,” available at https://www.youtube.com/watch?v=Bhlw8-yQhXM.
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Claim 1 Accused Products

ySemow - )
< Call vibration pattern

® Silent
Galaxy

Short
Medium
Basic call
Heartbeat
Ticktock
Waltz
Zig-zig-zig
Off-beat

Spinning

P Pl ) 0417137

Screenshot of video entitled “How to Enter Vibration Settings in SAMSUNG Galaxy S22 Ultra —
Find Vibration Options,” available at https://www.youtube.com/watch?v=BhIw8-yQhXM.
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Claim 1 Accused Products

T o

< Sounds and vibration

Ringtone

Over the Horizon

Notification sound

Galaxy / Spaceline

System sound

Galaxy

Volume

Call vibration pattern

2\g-zig-zig

Notification vibration pattern
Silent

Vibration intensity

System sound/vibration

Screenshot of video entitled “How to Enter Vibration Settings in SAMSUNG Galaxy S22 Ultra —
Find Vibration Options,” available at https://www.youtube.com/watch?v=Bhlw8-yQhXM.
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Claim 1 Accused Products

y56 m 0w - [
< Vibration intensity

! Incoming call
]

Notifications
®

Touch interaction

Vibration sound for incd
calls

> Pl O o057/137

Screenshot of video entitled “How to Enter Vibration Settings in SAMSUNG Galaxy S22 Ultra —
Find Vibration Options,” available at https://www.youtube.com/watch?v=Bhlw8-yQhXM.
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Claim 1 Accused Products

T aow . )

< System sound/vibration...
Samsung Keyboard
@

Vibration

Touch interactions

Dialling keypad

Navigation gestures

Charging

| Samsung Keyboard

Play (k)

> Pl ) —e 117/137

Screenshot of video entitled “How to Enter Vibration Settings in SAMSUNG Galaxy S22 Ultra —
Find Vibration Options,” available at https://www.youtube.com/watch?v=Bhlw8-yQhXM.
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Claim 1 Accused Products

Usage of haptic primitives

Android includes several haptics primitives that vary in both amplitude and frequency.
You may use one primitive alone or multiple primitives in combination to achieve rich
haptic effects.
Screenshot from Android API documentation at
https://developer.android.com/develop/ui/views/haptics/custom-haptic-effects indicating one non

limiting example where the Android operating system is configurable to associate “both amplitude
and frequency” with user input.

32
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Claim 1

Accused Products

Constants

int

int

int

int

int

int

int

int

PRIMITIVE_CLICK

This effect should produce a sharp, crisp click sensation.

PRIMITIVE_LOW_TICK
This very short low frequency effect should produce a light

crisp sensation intended to be used repetitively for dynamic
feedback.

PRIMITIVE_QUICK_FALL

A haptic effect that simulates quick downwards movement
with gravity.

PRIMITIVE_QUICK_RISE

A haptic effect that simulates quick upward movement
against gravity.

PRIMITIVE_SLOW_RISE

A haptic effect that simulates slow upward movement against
gravity.

PRIMITIVE_SPIN

A haptic effect that simulates spinning mementum.

PRIMITIVE_THUD

A haptic effect that simulates downwards movement with
gravity.

PRIMITIVE_TICK

This very short effect should produce a light crisp sensation
intended to be used repetitively for dynamic feedback.

Screenshot from Android APl documentation at
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Claim 1 Accused Products

https://developer.android.com/reference/android/os/VibrationEffect. Composition showing
individual haptics primitives independently representing both amplitude and frequency

Claim 2

Claim 2 Accused Products

[2pre] The linear vibration Each Accused Product comprises the linear vibration motor of claim 1 wherein the control
module of claim 1 wherein the | component is as claimed in claim 2.

control component is one of: . . . . .
P See analysis and evidence for claim 1 and remainder of claim 2.

[2a] an variable oscillator This alternative portion of claim 2 is not asserted at this time. If any Accused Product(s) include a
circuit with additional control | variable oscillator circuit as claimed, information regarding that circuit would be within the sole
circuitry; and possession of Defendant and/or relevant third parties, and Revel reserves the right to assert this

alternative portion if fact discovery uncovers such a circuit.

[2b] a control component that | Each Accused Product comprises a control component that includes a microprocessor. For one
includes a microprocessor, example, in the Galaxy S22 Ultra, the control component includes a processor in the form of the
device’s application processor. For another example, the Cirrus Logic haptic driver IC in the
Galaxy S22 Ultra includes a microprocessor, including at least a digital signal processor (DSP).

See, e.q.:
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Claim 2

Accused Products

Samsung o
Galaxy S22 Ultra
Processor
Snclpdrdgon 8Genl

https://www.samsung.com/us/smartphones/galaxy-s22-ultra/compare/?device-1=samsung-galaxy-

s22-ultra&device-2=samsung-galaxy-s22%2B&device-3=samsung-galaxy-s22
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https://www.samsung.com/us/smartphones/galaxy-s22-ultra/compare/?device-1=samsung-galaxy-s22-ultra&device-2=samsung-galaxy-s22%2B&device-3=samsung-galaxy-s22

Claim 2

Accused Products

Step 2

# Edit

® |C ldentification, pt. 2:

® Cirrus Logic CS40L26 Haptic Driver

Qualcomm PMR735A Power Management
Qualcomm PM3003 Power Management

Diodes Incorporated AP7340D-30FS4-7 150
mA/ 3.0V LDO Regulator

Diodes Incorporated AP7340D-33FS4-7 150
mA/ 3.3V LDO Regulator

Knowles MEMS Microphone

Qualcomm Clock Generator

L7 Addacomment

Screenshot of https://www.ifixit.com/Guide/Samsung+Galaxy+S22+Ultra+Chip+1D/148073

showing Cirrus Logic haptic driver IC.
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Claim 2

Accused Products

Smart Haptic Driver Enables
HD Haptics on Mobile Devices
for Enhanced Gaming, Videos
and Music

The CS40L26/CS40L26B is the industry’s leading self-contained haptic driver IC that integrates a DSP and
Class D digital boost converter to enable advanced closed-loop control of the actuator, HD enabled haptics and
audio generated haptics for use in smartphones, tablets and wearables. Advanced sensor-less velocity control
(SVC) provides real-time braking and consistent acceleration of the LRA, plus wider bandwidth and broader
frequency range — essential features for gaming UX.

Purchase

Help Technology Application Categories
Contact sales and

support Haptic Drivers Mobile Audio Devices, Wearables

Screenshot of Cirrus Logic haptic driver description, available at
https://www.cirrus.com/products/cs40126-26b/.
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https://www.cirrus.com/products/cs40l26-26b/

Claim 2 Accused Products

Sensor-Less Velocity Control (SVC) Delivers Dynamic Haptic Performance

Why SVC Matters — Closed-Loop Feedback Ensures Gaming Consistency

* Dynamically adapts to the LRA In real ime - a key * Widens the LRA bandwidth for consistent acceleration, as
perfarmance enhancement for gaming and streamed haptics well as crisp performance when in overdrive and braking
SVC Widens the LRA Bandwidth, Enabling HD Haptic Effects SVC Generates Consistent Acceleration
3 170 Hz Hot (50c)
70 Hz Bandwidth Extension = ™ ———y
' “— ; § r\( | =
- LOGXC
! LT z
I == o —
6a8
: &Qom Loop : 2
1 1 2 AN
W W W—— W— —  — — W ————
7 CS40L26 N
How SVC Works | H
| Closed-loop Control I
e SVC senses the
ioad condition and | Gt did ¥ Vin Driver }_l_)l LRA Lost I
adapts the signal Vin I I
to drive for the back- T el
emf 1o follow Veer | I I

Screenshot of haptic driver datasheet, available at
https://statics.cirrus.com/pubs/proBulletin/CS40L26 B Smart Haptics Driver Product Bulletin.

pdf.
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Claim 2

Accused Products

Real-time, Automated Audio-2-Haptics

Feel What You Hear with “On-the-Fly” Audio-2-Haptics
Audio Generated Haptics = Complex Signal * Generates haptic drive signals from the audio stream for

Processing Generates Textured HD Haptic ringtones, YouTube videos and games tunad for the LRA
Effects for Gaming, Videos and Music

Audia Input, LRA Qutput, Magnitude, Threshaold, Gain

Sales Suppan

J— Pborth Arnerics +1-B00-888-5016
— stir, C Ao Paciic + TE-0B01
___-=Clmus LOGIC . Uniter] States: Japan +81-(3 B8O CIMMUS.Com
el T+1-512-851-4000 Europe/UK +44-{0-131-272-7000 MOVEMEER 2021

Screenshot of haptic driver datasheet, available at
https://statics.cirrus.com/pubs/proBulletin/CS40L26 B Smart Haptics Driver Product Bulletin.

pdf.
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Claim 2

Accused Products

CS40L26/CS40L268B SVC
Sensor-less
PMU Boost Amp Velocity Control
P or MCU
12C
|
DSP m Upgraded DSP

AV, v,

More Memory
More Algos
More Features

Touch/Force /0
Sensor

Memory SvC

A
Screenshot of haptic driver datasheet, available at

https://statics.cirrus.com/pubs/proBulletin/CS40L26 B Smart Haptics Driver Product Bulletin.
pdf.

[2c] a control program, stored
in an electronic memory
within, or separate from, the
microprocessor, the control
program executed by the
microprocessor to control
supply of power from the
power supply to the driving
component to cause the
moveable component to
oscillate at a frequency and an
amplitude specified by user

Each Accused Product comprises a control program, stored in an electronic memory within, or
separate from, the microprocessor, the control program executed by the microprocessor to control
supply of power from the power supply to the driving component to cause the moveable
component to oscillate at a frequency and an amplitude specified by user input received from the
user-input features. For example, the application processor (e.g., Snapdragon 8 Gen 1 SoC)
transmits serial or other data using control programs stored within the Application Processor’s
cache or RAM and/or nonvolatile memory. For another example, on information and belief the
microprocessor within the haptic IC (e.g., Cirrus Logic CS40L26) stores and executes a control
program (e.g. firmware). In either case, the control program directly or indirectly causes the
driving component to cause the movable component to oscillate at a frequency and an amplitude
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Claim 2

Accused Products

input received from the user-
input features.

specified by user input received from the user-input features. See claim elements [1f] and [2a]
above.

See also, e.g.:

Programmable DSP, faster

processing — 130 MHz

* Easily design new haptics
effects for Ul/alerts/

button replacement with
state-of-the-art tools

* 18 Kb storage

Screenshot of haptic driver datasheet, available at
https://statics.cirrus.com/pubs/proBulletin/CS40L26 _B_Smart_Haptics_Driver_Product_Bulletin.
pdf.
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Claim 2

Accused Products

C540L26/C540L26B
PMU Boost Amp
P or MCU
1*C I
DSP )

AV, v,

Touch/Force /0 Memory SVC
Sensor

A
Screenshot of haptic driver datasheet, available at

https://statics.cirrus.com/pubs/proBulletin/CS40L26 B Smart Haptics

SVC
Sensor-less
Velocity Control

Upgraded DSP

More Memory
More Algos
More Features

Driver Product Bulletin.

pdf.
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Claim 3

Claim 3

Accused Products

3. The linear vibration module
of claim 1 wherein the control
component receives output
signals from sensors within the
linear vibration module during
operation of the linear
vibration module and adjusts
one or more operational
control outputs of the control
component according to the
received output signals from
the sensors.

Each Accused Product comprises the linear vibration module of claim 1 (see claim 1 above)
wherein the control component receives output signals from sensors within the linear vibration
module during operation of the linear vibration module and adjusts one or more operational
control outputs of the control component according to the received output signals from the
sensors. For example, in the case of the Galaxy S22 Ultra and its Cirrus Logic CS40L26 haptic
IC, the driver coil (e.g., the “LRA load” in the Cirrus data sheet) forms a sensor responsive to the
position, velocity, and other aspects of the vibration of the movable component (e.g. the “load
condition” described in the Cirrus data sheet). The haptic IC, using a closed-loop control program,
“[d]ynamically adjusts to the LRA in real time” and “adapts the signal Vin” using this sensor data.
The signal Vin, as described in the Cirrus data sheet, corresponds to one non-limiting example of
an operational control output as claimed.

See, e.q.:
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Claim 3

Accused Products

Step 2 # Edit
® |C Identification, pt. 2:
® Cirrus Logic CS40L26 Haptic Driver
® Qualcomm PMR735A Power Management
Qualcomm PM3003 Power Management

® Diodes Incorporated AP7340D-30FS4-7 150
mA/ 3.0V LDO Regulator

® Diodes Incorporated AP7340D-33F54-7 150
mA/ 3.3V LDO Regulator

® Knowles MEMS Microphone

® Qualcomm Clock Generator

] Addacomment

Screenshot of https://www.ifixit.com/Guide/Samsung+Galaxy+S22+Ultra+Chip+1D/148073
showing Cirrus Logic haptic driver IC.
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Claim 3

Accused Products

Smart Haptic Driver Enables
HD Haptics on Mobile Devices
for Enhanced Gaming, Videos
and Music

The CS40L26/CS40L26B is the industry’s leading self-contained haptic driver IC that integrates a DSP and
Class D digital boost converter to enable advanced closed-loop control of the actuator, HD enabled haptics and
audio generated haptics for use in smartphones, tablets and wearables. Advanced sensor-less velocity control
(SVC) provides real-time braking and consistent acceleration of the LRA, plus wider bandwidth and broader
frequency range — essential features for gaming UX.

Purchase

Help Technology Application Categories
Contact sales and

support Haptic Drivers Mobile Audio Devices, Wearables

Screenshot of Cirrus Logic haptic driver description, available at
https://www.cirrus.com/products/cs40126-26b/.
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Sensor-Less Velocity Control (SVC) Delivers Dynamic Haptic Performance

Why SVC Matters — Closed-Loop Feedback Ensures Gaming Consistency

* Dynamically adapts to the LRA in real time - a key * Widens the LRA bandwidth for consistent acceleration, as
performance enhancement for gaming and streamed haptics well as crisp performance when in overdrive and braking

SVC Widens the LRA Bandwidth, Enabling HD Haptic Effects SVC Generates Consistent Acceleration
-\:-,vx-r'nrsh_v’:cu )
§ 170 Hz Hot (50¢c)
70 Hz Bandwidth Extension g —r
SVe -
- E 0N —
| ‘/,_ W gl : ] Do "
i P = / \ T % | & et
X | ) 3ol 2 o SYC 0 esr) =
= ~ 1 H "
| g £ \ -
ok - L) 2 !
2 Frogercy N
How SVC Works
e SVC senses the
bad condition and
adapts the signal Vin
1o drive for the back-

emf 10 follow Vs

Screenshot of haptic driver datasheet, available at
https://statics.cirrus.com/pubs/proBulletin/CS40L26 B Smart Haptics Driver Product Bulletin.

pdf.
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Claim 4

Claim 4

Accused Products

4. The linear vibration module
of claim 1 wherein the control
component adjusts the one or
more operational control
outputs of the control
component according to the
received output signals from
the sensors in order that
subsequent operation of the
linear vibration module
produces desired outputs from
the one or more sensors
corresponding to one or more

operational control parameters.

Each Accused Product comprises the linear vibration module of claim 1 (see claim 1 above)
wherein the control component adjusts the one or more operational control outputs of the control
component according to the received output signals from the sensors in order that subsequent
operation of the linear vibration module produces desired outputs from the one or more sensors
corresponding to one or more operational control parameters. For example, in the case of the
Galaxy S22 Ultra and its Cirrus Logic CS40L26 haptic IC, the driver coil (e.g., the “LRA load” in
the Cirrus data sheet) forms a sensor responsive to the position, velocity, and other aspects of the
vibration of the movable component (e.g. the “load condition” described in the Cirrus data sheet).
The haptic IC, using a closed-loop control program, “[d]ynamically adjusts to the LRA in real
time” and “adapts the signal Vin” using this sensor data. Because it is a closed-loop control
program, it is designed to adjust and/or adapt its control outputs (e.g., “Vin” in the Cirrus Logic
datasheet and/or another signal corresponding to amplitude and/or frequency) so that the
subsequently received output signals correspond to the operational control parameter(s) specifying
a desired result (e.g. “Vrer” in the Cirrus Logic datasheet, a desired amplitude, and/or a desired
frequency). In another non-limiting example, the operation control parameter(s) may be specified
by software running on the application processor, e.g. through an Android API.

See, e.9.:
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Claim 4

Accused Products

Step 2 # Edit
® |C Identification, pt. 2:
® Cirrus Logic CS40L26 Haptic Driver
® Qualcomm PMR735A Power Management
Qualcomm PM3003 Power Management

® Diodes Incorporated AP7340D-30FS4-7 150
mA/ 3.0V LDO Regulator

® Diodes Incorporated AP7340D-33F54-7 150
mA/ 3.3V LDO Regulator

® Knowles MEMS Microphone

® Qualcomm Clock Generator

] Addacomment

Screenshot of https://www.ifixit.com/Guide/Samsung+Galaxy+S22+Ultra+Chip+1D/148073
showing Cirrus Logic haptic driver IC.
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Claim 4

Accused Products

Smart Haptic Driver Enables
HD Haptics on Mobile Devices
for Enhanced Gaming, Videos
and Music

The CS40L26/CS40L26B is the industry’s leading self-contained haptic driver IC that integrates a DSP and
Class D digital boost converter to enable advanced closed-loop control of the actuator, HD enabled haptics and
audio generated haptics for use in smartphones, tablets and wearables. Advanced sensor-less velocity control
(SVC) provides real-time braking and consistent acceleration of the LRA, plus wider bandwidth and broader
frequency range — essential features for gaming UX.

Purchase

Help Technology Application Categories
Contact sales and

support Haptic Drivers Mobile Audio Devices, Wearables

Screenshot of Cirrus Logic haptic driver description, available at
https://www.cirrus.com/products/cs40126-26b/.
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Sensor-Less Velocity Control (SVC) Delivers Dynamic Haptic Performance

Why SVC Matters — Closed-Loop Feedback Ensures Gaming Consistency

* Dynamically adapts to the LRA in real time - a key * Widens the LRA bandwidth for consistent acceleration, as
performance enhancement for gaming and streamed haptics well as crisp performance when in overdrive and braking

SVC Widens the LRA Bandwidth, Enabling HD Haptic Effects SVC Generates Consistent Acceleration
-\:-,vx-r'nrsh_v’:cu )
§ 170 Hz Hot (50¢c)
70 Hz Bandwidth Extension g —r
SVe -
- E 0N —
| ‘/,_ W gl : ] Do "
i P = / \ T % | & et
X | ) 3ol 2 o SYC 0 esr) =
= ~ 1 H "
| g £ \ -
ok - L) 2 !
2 Frogercy N
How SVC Works
e SVC senses the
bad condition and
adapts the signal Vin
1o drive for the back-

emf 10 follow Vs

Screenshot of haptic driver datasheet, available at
https://statics.cirrus.com/pubs/proBulletin/CS40L26 B Smart Haptics Driver Product Bulletin.

pdf.
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Claim 4 Accused Products
Usage of haptic primitives
Android includes several haptics primitives that vary in both amplitude and frequency.
You may use one primitive alone or multiple primitives in combination to achieve rich
haptic effects.
Screenshot from Android API documentation at
https://developer.android.com/develop/ui/views/haptics/custom-haptic-effects indicating one non
limiting example where the Android operating system can provide operational control parameters
representing strength of vibration and frequency.
Claim 5
Claim 5 Accused Products
[5a] The linear vibration Each Accused Product comprises the linear vibration module of claim 4 wherein the one or more
module of claim 4 operational control parameters is a strength of vibration produced by the linear oscillation of the
herein th moveable component. For example, in the case of the Galaxy S22 Ultra, the haptic IC
w eretl.n F Onet Orl more ¢ “dynamically adapts to the LRA in real time” and “senses the load condition and adapts the signal
operational control parameters | \ /i, o grive for the back-emf to follow Veer.”
is a strength of vibration
produced by the linear See, e.g.:
oscillation of the moveable
component; and
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Claim 5 Accused Products

Sensor-Less Velocity Control (SVC) Delivers Dynamic Haptic Performance

Why SVC Matters - Closed-Loop Feedback Ensures Gaming Consistency

o Dynamically adapts to the LRA in real time - a key * Widens the LRA bandwidth for consistent acceleration, as
performance enhancement for gaming and streamed haptics well as crisp performance when in overdrive and braking
SVC Widens the LRA Bandwidth, Enabling HD Haptic Effects SVC Generates Consistent Acceleration
< 170 Hz Hot (50c)
70 Hz Bandwidth Extension = VS e —,
'. &
& ® ‘ . -
| | g \ S
) ) c
I JEIR = \ ~=
: ~ Open Locp : ?
1 1 3 .
—— — — — — — — ——— — — — — — —
4 CS40L26 D
How SVC Works | 1
| Closed-loop Control |
e SVC senses the I
load condition and | BCRICESLE y Vin Oriver l—l-a{ LRA Losd l
adapts the signa Vin l L l
1o drive for the back-
\ T B W — W W— — W— — W— — W— W —— —— ,

Screenshot of haptic driver datasheet, available at
https://statics.cirrus.com/pubs/proBulletin/CS40L26 B _Smart_Haptics Driver Product Bulletin.
pdf, showing that the SVC system is designed to maximize the strength of vibration (measured as
“acceleration”), indicating that the operational control parameter(s) correspond to the strength of
vibration.
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Claim 5

Accused Products

(C540L26/CS40L26B SVC
Sensor-less
PMU Boost Amp Velocity Control
P or MCU
IC
|
. m Upgraded DSP
AV, v,
More Memory
Touch/Force /0 Memory SVC More Algos
Sensor More Features

A
Screenshot of haptic driver datasheet, available at

https://statics.cirrus.com/pubs/proBulletin/CS40L26 B Smart Haptics Driver Product Bulletin.
pdf.

[5b] wherein the one or more
operational control outputs is a
frequency at which the control
component drives the
moveable component to
linearly oscillate, the control
component dynamically
adjusting the power supplied
to the driving component to
produce linear oscillation of
the movable component at a

Each Accused Product includes a linear vibration module wherein the one or more operational
control outputs is a frequency at which the control component drives the moveable component to
linearly oscillate, the control component dynamically adjusting the power supplied to the driving
component to produce linear oscillation of the movable component at a resonant frequency for the
linear vibration module. For example, in the case of the Galaxy S22 Ultra, the haptic IC performs
“dynamic tuning with advanced closed-loop automated characterization” in order to “handle[]
changes in actuator characteristics to eliminate the need to fine tune for long hours.” On
information and belief, this explicit discussion of “closed-loop” refers to using a closed-loop
control program in order to determine the resonant frequency for the linear vibration module, as
claimed. See, e.g., element [2c] and claim 4 above.
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Claim 5

Accused Products

resonant frequency for the
linear vibration module.

See, e.9.

Simplified tuning with
advanced closed-loop
automated characterization

e Algorithm dynamically
handles changes in actuator
characteristics to eliminate the
need to fine tune for long hours

Screenshot of haptic driver datasheet, available at
https://statics.cirrus.com/pubs/proBulletin/CS40L26 _B_Smart_Haptics_Driver_Product_Bulletin.

pdf.

Claim 6

Claim 6

Accused Products

[6a] The linear vibration
module of claim 4 wherein the
one or more operational
control parameters include
both a strength of vibration
produced by the linear
oscillation of the moveable

Each Accused Product comprises the linear vibration module of claim 4 wherein the one or more
operational control parameters include both a strength of vibration produced by the linear
oscillation of the moveable component and a current operational mode. For example, in the case
of the Galaxy S22 Ultra, the haptic IC “dynamically adapts to the LRA in real time” and “senses
the load condition and adapts the signal Vin to drive for the back-emf to follow Vgrer.” The
operational control parameters as claimed include, for example, Vrer, the waveform input to the
haptic controller, control parameters regarding the operation of the haptic controller (e.g., a
parameter enabling SVC) and/or control parameters provided by software running on the
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Claim 6

Accused Products

component and a current
operational mode; and

application processor (e.g. via the user selection of a particular vibration pattern, or via an Android
API selecting a particular haptic effect). See, e.g., element [1f].

See also, e.g.:

Sensor-Less Velocity Control (SVC) Delivers Dynamic Haptic Performance

Why SVC Matters - Closed-Loop Feedback Ensures Gaming Consistency

e Dynamically adapts to the LRA in real time - a key * Widens the LRA bandwidth for consistent acceleration, as

performance enhancement 1or gaming and streamed haptics well as crisp performance when in overdrive and braking

SVC Widens the LRA Bandwidth, Enabling HD Haptic Effects SVC Generates Consistent Acceleration

-t

]'t » = g

70 Hz Bandwidth Extension

______
g
8

% drop in acceleration

50
_—
|

|

How SVC Works

e SVC senses the
bad condition and
adapts the signa Vin
to drive for the back
emf 10 follow Vig;

Screenshot of haptic driver datasheet, available at
https://statics.cirrus.com/pubs/proBulletin/CS40L26 B_Smart_Haptics Driver Product Bulletin.

pdf.
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Claim 6

Accused Products

Added in API level 26

VibrationEffect - -

Kotlin  Java

public abstract class VibrationEffect
extends Object implements Parcelable

java.lang.Object
, android.os.VibrationEffect

A VibrationEffect describes a haptic effect to be performed by a Vibrator .

These effects may be any number of things, from single shot vibrations to complex
waveforms.

Screenshot of Android API documentation, available at
https://developer.android.com/reference/android/os/VibrationEffect, describing API for defining

haptic effect operational modes.

[6b] wherein the one or more
operational control outputs is a
control output that determines
a current supplied by the
power supply to the driving

Each Accused Product includes a vibration module wherein the one or more operational control
outputs is a control output that determines a current supplied by the power supply to the driving
component and a frequency at which the control component drives the moveable component to
linearly oscillate. For example, in the case of the Galaxy S22 Ultra, the haptic IC performs
“dynamic tuning with advanced closed-loop automated characterization” in order to “handle([]
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Claim 6

Accused Products

component and a frequency at
which the control component
drives the moveable
component to linearly
oscillate.

changes in actuator characteristics to eliminate the need to fine tune for long hours.” See claim 4
above. On information and belief, the control output determines, directly or indirectly, the current
supplied to the driving coil and the frequency at which the movable component is driven to
oscillate. For example, even if the non-limiting example control output labeled “Vin™ in the Cirrus
Logic data sheet is itself a voltage, that voltage directly or indirectly dictates the current supplied
by the “driver” to the magnetic coil due to the specific architecture of the closed-loop control
system described in the Cirrus Logic datasheet. Similarly, based on the specific architecture of the
closed-loop control system described in the Cirrus Logic datasheet, Vin must directly or indirectly
determine the driving frequency (e.g., through the frequency of Vin itself).

See also, e.g.:

Simplified tuning with
advanced closed-loop
automated characterization

¢ Algorithm dynamically
handles changes in actuator
characteristics to eliminate the
need to fine tune for long hours

Screenshot of haptic driver datasheet, available at
https://statics.cirrus.com/pubs/proBulletin/CS40L.26_B_Smart_Haptics_Driver_Product_Bulletin.

pdf.
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Claim 7

Claim 7

Accused Products

7. The linear vibration module
of claim 1 wherein the driving
component comprises one or
more electromagnetic coils
that generate magnetic fields
parallel to the directions in
which the moveable
component is driven by the
driving component.

Each Accused Product comprises the linear vibration module of claim 1 wherein the driving
component comprises one or more electromagnetic coils that generate magnetic fields parallel to
the directions in which the moveable component is driven by the driving component. For example,
in the case of the Galaxy S22 Ultra, the driving component comprises one electromagnetic coil
that generates a magnetic field parallel to the direction in which the moving mass moves.

See, e.q.:
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Claim 7 Accused Products

Fixed
driving
coil

Mass Magnets
Direction of motion ()

Photograph of Galaxy S22 Ultra linear motor with components annotated.
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Claim 8

Claim 8 Accused Products

[8pre] The linear vibration See analysis and evidence for claim 1 and remainder of claim 8.
module of claim 1

[8a] wherein the housing is a Each Accused Product comprises the linear vibration module of claim 1 wherein the housing is a
linear tube, capped at both linear tube, capped at both ends by movable-component-repelling components selected from one
ends by movable-component- | of mechanical springs and magnets. For example, the housing of the LVM in the Galaxy S22 Ultra
repelling components selected | is a linear tube, rectangular in cross-section, with mechanical springs capping each end.

from one of mechanical

springs and magnets; See, e.0.:
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Claim 8

Accused Products

Fixed
driving
coil

Mass Magnets
Direction of motion ()

Photograph of Galaxy S22 Ultra linear motor with components annotated.

[8b] wherein the movable
component is a magnet shaped

Each Accused Product comprises the linear vibration module of claim 1 wherein the movable
component is a magnet shaped to slide within the linear tube. For example, the movable
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Claim 8 Accused Products

to slide within the linear tube; | component of the LVM in the Galaxy S22 Ultra comprises magnets shaped to slide within the
and linear tube.

See, e.g.:
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Claim 8 Accused Products

Fixed
driving
coil

Mass Magnets
Direction of motion ()

Photograph of Galaxy S22 Ultra linear motor with components annotated.
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Claim 8 Accused Products
[8c] wherein the driving Each Accused Product comprises the linear vibration module of claim 1 wherein the driving
component is an component is an electromagnetic coil. For example, in the case of the Galaxy S22 Ultra, the
electromagnetic coil. driving component is an electromagnetic coil.
See, e.9.
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Claim 8 Accused Products

Fixed
driving
coil

Mass Magnets
Direction of motion ()

Photograph of Galaxy S22 Ultra linear motor with components annotated.
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Claim 17

Claim 17

Accused Products

17. The linear vibration
module of claim 1 wherein the
control component controls
supply of power from the
power supply to the driving
component to cause the
moveable component to
oscillate at a frequency and an
amplitude that are
independently specified by
user input received from the
user-input features.

Each Accused Product comprises the linear vibration module of claim 1 wherein the control
component controls supply of power from the power supply to the driving component to cause the
moveable component to oscillate at a frequency and an amplitude that are independently specified
by user input received from the user-input features. For example, in the case of the Galaxy S22
Ultra, the haptic IC controls the supply of power from a power management unit (PMU) through a
boost circuit and an amplifier to the drive coil, to cause the movable component to oscillate at a
frequency and an amplitude that are independently specified by user input received from the user-
input features. See element [1f] above.

See also, e.g.:

CS40L26/CS40L26B SVC
Sensor-less
PMU Boost Amp Velocity Control
uP or MCU
12C
|
DSP m Upgraded DSP

AV, v,

More Memory
More Algos
More Features

Touch/Force I/0
Sensor

Memory SvC

A
Screenshot of Galaxy S22 Ultra haptic driver datasheet, available at

https://statics.cirrus.com/pubs/proBulletin/CS40L.26 B Smart Haptics Driver Product Bulletin.
pdf.
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Claim 17 Accused Products

Usage of haptic primitives

Android includes several haptics primitives that vary in both amplitude and frequency.
You may use one primitive alone or multiple primitives in combination to achieve rich

haptic effects.

Screenshot from Android APl documentation at
https://developer.android.com/develop/ui/views/haptics/custom-haptic-effects indicating that

Android haptic primitives independently specify amplitude and frequency.
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Claim 17

Accused Products

Constants

int

int

int

int

int

int

int

int

PRIMITIVE_CLICK

This effect should produce a sharp, crisp click sensation.

PRIMITIVE_LOW_TICK
This very short low frequency effect should produce a light

crisp sensation intended to be used repetitively for dynamic
feedback.

PRIMITIVE_QUICK_FALL

A haptic effect that simulates quick downwards movement
with gravity.

PRIMITIVE_QUICK_RISE

A haptic effect that simulates quick upward movement
against gravity.

PRIMITIVE_SLOW_RISE

A haptic effect that simulates slow upward movement against
gravity.

PRIMITIVE_SPIN

A haptic effect that simulates spinning mementum.

PRIMITIVE_THUD

A haptic effect that simulates downwards movement with
gravity.

PRIMITIVE_TICK

This very short effect should produce a light crisp sensation
intended to be used repetitively for dynamic feedback.

Screenshot from Android APl documentation at
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Claim 17 Accused Products

https://developer.android.com/reference/android/os/VibrationEffect. Composition showing
individual haptics primitives independently representing both amplitude and frequency.

See also analysis and evidence for claim 1.
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U.S. Patent No. 9,941,830 (*°830 Patent™)

Accused Instrumentalities

Samsung products with linear vibration motor technology, including without limitation the products listed below (“Accused
Products”), infringe at least Claims 1, 2, 3,4, 5, 6, 7, 8, and 17 of the 830 Patent. Each Accused Product infringes the claims in
substantially the same way, and the evidence shown in this chart is similarly applicable to each Accused Product. For example, each
Accused Product includes a linear vibration motor and supports substantially the same haptic feedback features. Each claim limitation
is literally infringed by each Accused Product. However, to the extent any claim limitation is not met literally, it is nonetheless met
under the doctrine of equivalents because the differences between the claim limitation and each Accused Product would be
insubstantial, and each Accused Product performs substantially the same function, in substantially the same way, to achieve the same
result as the claimed invention. Notably, Samsung has not yet articulated which, if any, particular claim limitations it believes are not
met by the Accused Products, listed below:

Galaxy S20+
Galaxy S20 Ultra
Galaxy S21+
Galaxy S21 Ultra
Galaxy S22
Galaxy S22+
Galaxy S22 Ultra
Galaxy S23
Galaxy S23+
Galaxy S23 Ultra
Galaxy Fold 1
Galaxy Z Fold 2
Galaxy Z Fold 3
Galaxy Z Fold 4
Galaxy Notel0+
Galaxy Note20 Ultra
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Claim 1

Claim 1

Accused Products

comprising:

[1pre]. A vibration module

To the extent the preamble is limiting, each Accused Product comprises a vibration module as
claimed. For example, even if this preamble were interpreted to require all of the components
recited in the body of claim 1 to be part of a single vibration module, each Accused Product would
still meet that requirement because it is a vibration module as claimed.

For example, Galaxy S22 Ultra includes a linear motor and associated controller(s), including the
haptic controller (e.g., Cirrus Logic CS40L26), application processor (e.g., Snapdragon 8 Gen 1
SoC), power supply circuits, and connected user-input features such as a touchscreen. These
components together form a vibration module as claimed, as described in connection with the
claim limitations below.

See, e.0.:
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Claim 1

Accused Products

Photograph of Samsung Galaxy S22 Ultra.
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Claim 1 Accused Products

Photograph of Samsung Galaxy S22 Ultra, annotated to identify location of linear motor/speaker
assembly.
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terminals

terminals motor

Photograph of linear motor/speaker assembly with components annotated.
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Claim 1

Accused Products

Fixed
driving
coil

Moving
Mass Magnets

Direction of motion ()

Photograph of linear motor with components annotated.
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Claim 1

Accused Products

[1a] a housing;

Each Accused Product comprises a housing. For example, the linear motor assembly in the Galaxy
S22 Ultra contains a metal box that is soldered together to form a housing surrounding the moving
mass, magnets, and driving coil therein.

See, e.9.
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terminals

terminals motor

Photograph of linear motor/speaker assembly with components annotated.
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Claim 1 Accused Products

Fixed
driving
coil

Spring
Mass Magnets

Direction of motion ()

Photograph of linear motor with components annotated. In this image, the housing has been split
apart, with the top of the housing visible behind the fixed driving coil and the rest of the housing
enclosing the spring, moving component, and magnets.
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Claim 1

Accused Products

[1b] a moveable component;

Each Accused Product comprises a moveable component. For example, the linear motor assembly
includes a moving mass to produce a vibration effect.

See, e.q.:

Fixed
driving
coil

Mass Magnets
Direction of motion ()
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Claim 1 Accused Products

Photograph of linear motor with components annotated. The moveable component includes both a
mass and magnets, fixed together so that they can move as one component linearly within the
housing.

[1c] a power supply; Each Accused Product comprises a power supply. For example, the linear motor driving coil
(described below) receives power from one or more voltage regulators within the Accused
Product, which supply power to the coil over wires.

See, e.0.:
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Claim 1

Accused Products

Fixed
driving
coil

Mass Magnets

Direction of motion ()

Photograph of linear motor with components annotated (wires supplying power depicted at top

right).

See also claim elements below.
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Claim 1 Accused Products

[1d] user-input features; Each Accused Product comprises user-input features. For example, the Samsung Galaxy S22 Ultra
comprises a touchscreen, a microphone, cameras, and other user-input features.

[1e] a driving component that | Each Accused Product includes a driving component that drives the moveable component to

drives the moveable oscillate within the housing. For example, the linear motor includes a driving coil that is fixed in
component to oscillate within | place and forms electromagnetic fields for driving a magnetic moving mass in an oscillating
the housing; and motion.
See, e.9.:
13
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Claim 1 Accused Products

Fixed
driving
coil

Mass Magnets
Direction of motion ()

Photograph of linear motor with components annotated.
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Claim 1

Accused Products

W 10.0ms/ Delay:-100ns
v

O w wr wr wr w W wr wr wr e e w e e e e e e we e e e

Edge

B Ce
| | 5

Oscilloscope trace of voltage across coil driing pins, showing positive and negative voltages for
driving the mass in each of two opposite directions, resulting in an oscillating motion.

[1f] a control component that
controls supply of power from
the power supply to the driving
component to cause the
moveable component to
oscillate at a frequency and an
amplitude specified by one or
more stored values.

Each Accused Product comprises a control component that controls supply of power from the
power supply to the driving component to cause the moveable component to oscillate at a
frequency and an amplitude specified by one or more stored values.
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Claim 1

Accused Products

For example, the haptic controller (e.g., Cirrus Logic CS40L26) receives serial or other data from
the application processor (e.g., Snapdragon 8 Gen 1 SoC) to control the intensity and pattern of
the desired oscillation. In one non-limiting example, the control component as claimed
corresponds to the combination of physical circuits within the haptic controller and the application
processor. In another non-limiting example, the control component as claimed corresponds to
physical circuits within the haptic controller. The haptic controller and/or application processor
may implement the claimed functionality in hardware circuits and/or with firmware. These control
signals are sent and received using a protocol for commanding haptic patterns. Software
executable on the application processor provided by Samsung (e.g., Android kernel, operating
system, and user-space software), including its own system software, specifies stored frequencies
and amplitudes. This application software configures the vibrational behaviors and modes. In one
non-limiting example, the application software forms part of the control component as claimed. In
another non-limiting example, the existence and use of the application software is probative of the
structure and configuration of the control component as claimed but does not form a part of the
control component. In one non-limiting example, selecting different vibration patterns or creating
a custom vibration pattern in the “Sounds and vibration” settings menu causes the movable
component to oscillate at a frequency and amplitude dictated by stored values of the selected
pattern.

In one non-limiting example, the “stored values” as claimed are values stored on the application
processor or associated volatile or non-volatile memory representing intended frequency and/or
amplitude values. In another non-limiting example, the “stored values” as claimed are design,
configuration, or tuning values stored in the haptic controller.

See, e.9.:
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Claim 1

Accused Products

Step 2

# Edit

® |C ldentification, pt. 2:

® Cirrus Logic CS40L26 Haptic Driver

Qualcomm PMR735A Power Management
Qualcomm PM3003 Power Management

Diodes Incorporated AP7340D-30FS4-7 150
mA/ 3.0V LDO Regulator

Diodes Incorporated AP7340D-33FS4-7 150
mA/ 3.3V LDO Regulator

Knowles MEMS Microphone

Qualcomm Clock Generator

L7 Addacomment

Screenshot of https://www.ifixit.com/Guide/Samsung+Galaxy+S22+Ultra+Chip+1D/148073

showing Cirrus Logic haptic driver IC.
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Claim 1

Accused Products

Smart Haptic Driver Enables
HD Haptics on Mobile Devices
for Enhanced Gaming, Videos
and Music

The CS40L26/CS40L26B is the industry’s leading self-contained haptic driver IC that integrates a DSP and
Class D digital boost converter to enable advanced closed-loop control of the actuator, HD enabled haptics and
audio generated haptics for use in smartphones, tablets and wearables. Advanced sensor-less velocity control
(SVC) provides real-time braking and consistent acceleration of the LRA, plus wider bandwidth and broader
frequency range — essential features for gaming UX.

Purchase

Help Technology Application Categories
Contact sales and

support Haptic Drivers Mobile Audio Devices, Wearables

Screenshot of Cirrus Logic haptic driver description, available at
https://www.cirrus.com/products/cs40126-26b/.
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https://www.cirrus.com/products/cs40l26-26b/

Claim 1 Accused Products

Sensor-Less Velocity Control (SVC) Delivers Dynamic Haptic Performance

Why SVC Matters — Closed-Loop Feedback Ensures Gaming Consistency

* Dynamically adapts to the LRA In real ime - a key * Widens the LRA bandwidth for consistent acceleration, as
perfarmance enhancement for gaming and streamed haptics well as crisp performance when in overdrive and braking
SVC Widens the LRA Bandwidth, Enabling HD Haptic Effects SVC Generates Consistent Acceleration
3 170 Hz Hot (50c)
70 Hz Bandwidth Extension = ™ ———y
' “— ; § r\( | =
- LOGXC
! LT z
I == o —
6a8
: &Qom Loop : 2
1 1 2 AN
W W W—— W— —  — — W ————
7 CS40L26 N
How SVC Works | H
| Closed-loop Control I
e SVC senses the
ioad condition and | Gt did ¥ Vin Driver }_l_)l LRA Lost I
adapts the signal Vin I I
to drive for the back- T el
emf 1o follow Veer | I I

Screenshot of haptic driver datasheet, available at
https://statics.cirrus.com/pubs/proBulletin/CS40L26 B Smart Haptics Driver Product Bulletin.

pdf.

19

Exhibit 1022 - Page 88 of 139


https://statics.cirrus.com/pubs/proBulletin/CS40L26_B_Smart_Haptics_Driver_Product_Bulletin.pdf
https://statics.cirrus.com/pubs/proBulletin/CS40L26_B_Smart_Haptics_Driver_Product_Bulletin.pdf

Claim 1

Accused Products

Real-time, Automated Audio-2-Haptics

Feel What You Hear with “On-the-Fly” Audio-2-Haptics
Audio Generated Haptics = Complex Signal * Generates haptic drive signals from the audio stream for

Processing Generates Textured HD Haptic ringtones, YouTube videos and games tunad for the LRA
Effects for Gaming, Videos and Music

Audia Input, LRA Qutput, Magnitude, Threshaold, Gain

Sales Suppan

J— Pborth Arnerics +1-B00-888-5016
— stir, C Ao Paciic + TE-0B01
___-=Clmus LOGIC . Uniter] States: Japan +81-(3 B8O CIMMUS.Com
el T+1-512-851-4000 Europe/UK +44-{0-131-272-7000 MOVEMEER 2021

Screenshot of haptic driver datasheet, available at
https://statics.cirrus.com/pubs/proBulletin/CS40L26 B Smart Haptics Driver Product Bulletin.

pdf.
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https://statics.cirrus.com/pubs/proBulletin/CS40L26_B_Smart_Haptics_Driver_Product_Bulletin.pdf

Claim 1 Accused Products

Android 12 simplified
integration

e Audio coupled haptics
with I°S support

e Open wave table and chirp
with scalability supports
haptics APIls, with on-the-
fly haptic generation

Screenshot of haptic driver datasheet, available at
https://statics.cirrus.com/pubs/proBulletin/CS40L26 B _Smart_Haptics_Driver_Product_Bulletin.
pdf, indicating support for Android 12 haptic APIs and audio coupled haptics.
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Claim 1 Accused Products

Samsung Galaxy $22 / Galaxy $22
Ultra - Vibrate Mode

1. From a Home screen, swipe up from the center of the display to access the apps screen.
- These instructions only apply to Standard mode and the default Home screen layout .

2. Navigate: Settings &> Sounds and vibration.

3. Fromthe 'Sound mode' section, tap Vibrate.
- Selected when ablue dot is present.

4. Tap Vibration intensity.

5. Adjustintensity for any of the following:
- Drag the slider left or right to adjust the level.

= [ncoming call
= Notifications

= Touchinteraction

Screenshot of https://www.verizon.com/support/knowledge-base-300923/ describing vibration
settings.
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Claim 1

Accused Products

How to improve the vibration of your
Galaxy S22 device

Last Update date : May 26. 2022

Galaxy S22 series has added a new feature to provide a vibration sound from the speaker when the device receives an incoming call in
vibration mode.

Sounds and vibration

Sound mode

Ringtone

Screenshot of https://www.samsung.com/za/support/mobile-devices/how-to-improve-the-
vibration-of-your-galaxy-s22-device/ describing vibration settings.
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https://www.samsung.com/za/support/mobile-devices/how-to-improve-the-vibration-of-your-galaxy-s22-device/

Claim 1 Accused Products

To enable the vibration sound for incoming calls, please follow the steps below:

PEPren 2208 w68 2208 w67

Settings Q < Sounds and vibration Q < Vibration intensity

z Sound mode Incoming call
@7 Sounds and vibration

Notifications Notifications

Display Touch interaction

Ringtone

=) Wallpaper and style

N?l:'xcallon sound Vibration sound for incoming calls

Themes
System sound
¢y Home screen
Volume
Lock screen
O Call vibration pattern
O Biometrics and security Notification vibration pattern
£ Privacy
Vibration intensity
Step 1. Tap Settings then select “Sounds and Step 2.Tap “Vibration intensity”. Step 3. Enable “Vibration sound forincoming
vibration”. calls”.

If you still do not have sufficient vibration on your device after enabling the vibration sound forincoming calls, you should consider the
following:

« If the mobile device is connected to other devices such as Watch/Buds/Headset/BT Speaker, Vibration sound mode will not work.

« Vibration sound mode works on the basic ‘Samsung Phone app’ but on alarms or 3rd party apps it will not work.

Screenshot of https://www.samsung.com/za/support/mobile-devices/how-to-improve-the-
vibration-of-your-galaxy-s22-device/ describing vibration settings.
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Claim 1

Accused Products

0 Sounds and vibration

sound mode + Ringt

Notifications

Display

Wallpaper and style

Wallpapers *+ Colour palette

(v) Themes

Themes *+ Wallpapers « lcons

Screenshot of video entitled “How to Enter Vibration Settings in SAMSUNG Galaxy S22 Ultra —
Find Vibration Options,” available at https://www.youtube.com/watch?v=Bhlw8-yQhXM.
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Claim 1

Accused Products

< Sounds and vibration Q

Sound mode

d & o

Ringtone

Over the Horizon

Notification sound

Galaxy / Spaceline

System sound
Galaxy

Volume

Call

hogpbadl

vibration pattern

Screenshot of video entitled “How to Enter Vibration Settings in SAMSUNG Galaxy S22 Ultra —
Find Vibration Options,” available at https://www.youtube.com/watch?v=Bhlw8-yQhXM.
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Claim 1 Accused Products

ySemow - )
< Call vibration pattern

® Silent
Galaxy

Short
Medium
Basic call
Heartbeat
Ticktock
Waltz
Zig-zig-zig
Off-beat

Spinning

P Pl ) 0417137

Screenshot of video entitled “How to Enter Vibration Settings in SAMSUNG Galaxy S22 Ultra —
Find Vibration Options,” available at https://www.youtube.com/watch?v=Bhlw8-yQhXM.
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Claim 1 Accused Products

T o

< Sounds and vibration

Ringtone

Over the Horizon

Notification sound

Galaxy / Spaceline

System sound

Galaxy

Volume

Call vibration pattern

2\g-zig-zig

Notification vibration pattern
Silent

Vibration intensity

System sound/vibration

Screenshot of video entitled “How to Enter Vibration Settings in SAMSUNG Galaxy S22 Ultra —
Find Vibration Options,” available at https://www.youtube.com/watch?v=Bhlw8-yQhXM.
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Claim 1 Accused Products

y56 m 0w - [
< Vibration intensity

! Incoming call
]

Notifications
®

Touch interaction

Vibration sound for incd
calls

> Pl O o057/137

Screenshot of video entitled “How to Enter Vibration Settings in SAMSUNG Galaxy S22 Ultra —
Find Vibration Options,” available at https://www.youtube.com/watch?v=Bhlw8-yQhXM.
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Claim 1 Accused Products

T aow . )

< System sound/vibration...
Samsung Keyboard
@

Vibration

Touch interactions

Dialling keypad

Navigation gestures

Charging

| Samsung Keyboard

Play (k)

> Pl ) —e 117/137

Screenshot of video entitled “How to Enter Vibration Settings in SAMSUNG Galaxy S22 Ultra —
Find Vibration Options,” available at https://www.youtube.com/watch?v=Bhlw8-yQhXM.
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Claim 1 Accused Products

Usage of haptic primitives

Android includes several haptics primitives that vary in both amplitude and frequency.
You may use one primitive alone or multiple primitives in combination to achieve rich

haptic effects.

Screenshot from Android API documentation at
https://developer.android.com/develop/ui/views/haptics/custom-haptic-effects indicating one non
limiting example where the Android operating system includes stored values representing “both

amplitude and frequency”
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Claim 1

Accused Products

Constants

int

int

int

int

int

int

int

int

PRIMITIVE_CLICK

This effect should produce a sharp, crisp click sensation.

PRIMITIVE_LOW_TICK
This very short low frequency effect should produce a light

crisp sensation intended to be used repetitively for dynamic
feedback.

PRIMITIVE_QUICK_FALL

A haptic effect that simulates quick downwards movement
with gravity.

PRIMITIVE_QUICK_RISE

A haptic effect that simulates quick upward movement
against gravity.

PRIMITIVE_SLOW_RISE

A haptic effect that simulates slow upward movement against
gravity.

PRIMITIVE_SPIN

A haptic effect that simulates spinning mementum.

PRIMITIVE_THUD

A haptic effect that simulates downwards movement with
gravity.

PRIMITIVE_TICK

This very short effect should produce a light crisp sensation
intended to be used repetitively for dynamic feedback.

Screenshot from Android APl documentation at
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Claim 1

Accused Products

https://developer.android.com/reference/android/os/VibrationEffect. Composition showing

individual haptics primitives independently representing both amplitude and frequency

Programmable DSP, faster

processing — 130 MHz

¢ Easily design new haptics
effects for Ul/alerts/

button replacement with
state-of-the-art tools

* 18 Kb storage

Screenshot of haptic driver datasheet, available at
https://statics.cirrus.com/pubs/proBulletin/CS40L26 _B_Smart_Haptics_Driver_Product_Bulletin.

pdf, showing “storage” for stored values.

Exhibit 1022 - Page 102 of 139

33



https://developer.android.com/reference/android/os/VibrationEffect.Composition#PRIMITIVE_THUD
https://statics.cirrus.com/pubs/proBulletin/CS40L26_B_Smart_Haptics_Driver_Product_Bulletin.pdf
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Claim 1 Accused Products

Visual Block Diagram

C540L26/C540L26B SVC
Sensor-less
PMU Boost Amp Velocity Control

wP or MCU
- oep L Upgraded DSP
v v,
More Memory
Touch/Force /0 Memary S\C More Algos
Sensor More Features

4+
Screenshot of haptic driver datasheet, available at
https://statics.cirrus.com/pubs/proBulletin/CS40L26_B_Smart_Haptics_Driver_Product_Bulletin.

pdf, showing “memory” for stored values.
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Claim 1

Accused Products

Simplified tuning with
advanced closed-loop
automated characterization

¢ Algorithm dynamically
handles changes in actuator
characteristics to eliminate the
need to fine tune for long hours

Screenshot of haptic driver datasheet, available at
https://statics.cirrus.com/pubs/proBulletin/CS40L26 B Smart Haptics Driver Product Bulletin.
pdf, showing tuning process that can generate stored values.

Claim 2

Claim 2

Accused Products

[2pre] The vibration module of
claim 1 wherein the control
component is one of:

Each Accused Product comprises the linear vibration motor of claim 1 wherein the control
component is as claimed in claim 2.

See analysis and evidence for claim 1 and remainder of claim 2.

[2a] an variable oscillator
circuit with additional control
circuitry; and

This alternative portion of claim 2 is not asserted at this time. If any Accused Product(s) include a
variable oscillator circuit as claimed, information regarding that circuit would be within the sole
possession of Defendant and/or relevant third parties, and Revel reserves the right to assert this
alternative portion if fact discovery uncovers such a circuit.
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Claim 2 Accused Products

[2b] a control component that | Each Accused Product comprises a control component that includes a microprocessor. For one
includes a microprocessor, example, in the Galaxy S22 Ultra, the control component includes a processor in the form of the
device’s application processor. For another example, the Cirrus Logic haptic driver IC in the
Galaxy S22 Ultra includes a microprocessor, including at least a digital signal processor (DSP).

See, e.q.:

Samsung
Galaxy S22 Ultra

Processor

Snapdragon 8 Gen 1

https://www.samsung.com/us/smartphones/galaxy-s22-ultra/compare/?device-1=samsung-galaxy-
s22-ultra&device-2=samsung-galaxy-s22%2B&device-3=samsung-galaxy-s22
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Claim 2

Accused Products

Step 2

# Edit

® |C ldentification, pt. 2:

® Cirrus Logic CS40L26 Haptic Driver

Qualcomm PMR735A Power Management
Qualcomm PM3003 Power Management

Diodes Incorporated AP7340D-30FS4-7 150
mA/ 3.0V LDO Regulator

Diodes Incorporated AP7340D-33FS4-7 150
mA/ 3.3V LDO Regulator

Knowles MEMS Microphone

Qualcomm Clock Generator

L7 Addacomment

Screenshot of https://www.ifixit.com/Guide/Samsung+Galaxy+S22+Ultra+Chip+1D/148073

showing Cirrus Logic haptic driver IC.
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Claim 2

Accused Products

Smart Haptic Driver Enables
HD Haptics on Mobile Devices
for Enhanced Gaming, Videos
and Music

The CS40L26/CS40L26B is the industry’s leading self-contained haptic driver IC that integrates a DSP and
Class D digital boost converter to enable advanced closed-loop control of the actuator, HD enabled haptics and
audio generated haptics for use in smartphones, tablets and wearables. Advanced sensor-less velocity control
(SVC) provides real-time braking and consistent acceleration of the LRA, plus wider bandwidth and broader
frequency range — essential features for gaming UX.

Purchase

Help Technology Application Categories
Contact sales and

support Haptic Drivers Mobile Audio Devices, Wearables

Screenshot of Cirrus Logic haptic driver description, available at
https://www.cirrus.com/products/cs40126-26b/.
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Claim 2 Accused Products
Sensor-Less Velocity Control (SVC) Delivers Dynamic Haptic Performance
Why SVC Matters — Closed-Loop Feedback Ensures Gaming Consistency
* Dynamically adapts to the LRA In real ime - a key * Widens the LRA bandwidth for consistent acceleration, as
perfarmance enhancement for gaming and streamed haptics well as crisp performance when in overdrive and braking
SVC Widens the LRA Bandwidth, Enabling HD Haptic Effects SVC Generates Consistent Acceleration
g 170 Hz Hot (50c)
70 Hz Bandwidth Extension == = .\-'\_wmw
| il | Bl = =
: : k7] e
! e 17 2
I I 2 '
7 CS40L26 N
How SVC Works | H
_— | Closed-loop Control |
. senses the
cadcondionang | [ rolsme]  w o o [ ]
adapts the signal Vin I I
to drive for the back- T il l
emf 1o follow Veer l I I
\—-_————_—————_———,.
Screenshot of haptic driver datasheet, available at
https://statics.cirrus.com/pubs/proBulletin/CS40L26 B_Smart_Haptics_Driver_Product_Bulletin.
pdf.
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Claim 2

Accused Products

Real-time, Automated Audio-2-Haptics

Feel What You Hear with “On-the-Fly” Audio-2-Haptics
Audio Generated Haptics = Complex Signal * Generates haptic drive signals from the audio stream for

Processing Generates Textured HD Haptic ringtones, YouTube videos and games tunad for the LRA
Effects for Gaming, Videos and Music

Audia Input, LRA Qutput, Magnitude, Threshaold, Gain

Sales Suppan

J— Pborth Arnerics +1-B00-888-5016
— stir, C Ao Paciic + TE-0B01
___-=Clmus LOGIC . Uniter] States: Japan +81-(3 B8O CIMMUS.Com
el T+1-512-851-4000 Europe/UK +44-{0-131-272-7000 MOVEMEER 2021

Screenshot of haptic driver datasheet, available at
https://statics.cirrus.com/pubs/proBulletin/CS40L26 B Smart Haptics Driver Product Bulletin.

pdf.
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Claim 2

Accused Products

(C540L26/CS40L26B SVC
Sensor-less
PMU Boost Amp Velocity Control
P or MCU
IC
|
. m Upgraded DSP
AV, v,
More Memory
Touch/Force /0 Memory SVC More Algos
Sensor More Features

A
Screenshot of haptic driver datasheet, available at

https://statics.cirrus.com/pubs/proBulletin/CS40L26 B Smart Haptics Driver Product Bulletin.
pdf.

[2c] a control program, stored
in an electronic memory
within, or separate from, the
microprocessor, the control
program executed by the
microprocessor to control
supply of power from the
power supply to the driving
component to cause the
moveable component to
oscillate at a frequency and an

Each Accused Product comprises a control program, stored in an electronic memory within, or
separate from, the microprocessor, the control program executed by the microprocessor to control
supply of power from the power supply to the driving component to cause the moveable
component to oscillate at a frequency and an amplitude specified by the one or more stored values.
For example, the application processor (e.g., Snapdragon 8 Gen 1 SoC) transmits serial or other
data using control programs stored within the Application Processor’s cache or RAM and/or
nonvolatile memory. For another example, on information and belief the microprocessor within
the haptic IC (e.g., Cirrus Logic CS40L26) stores and executes a control program (e.g. firmware).
In either case, the control program directly or indirectly causes the driving component to cause the
movable component to oscillate at a frequency and an amplitude specified by the one or more
stored values. See claim elements [1f] and [2a] above.
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Claim 2

Accused Products

amplitude specified by the one
or more stored values.

See also, e.g.:

Programmable DSP, faster

processing — 130 MHz

= Easily design new haptics
effects for Ul/alerts/

button replacement with
state-of-the-art tools

Screenshot of haptic driver datasheet, available at
https://statics.cirrus.com/pubs/proBulletin/CS40L26_B_Smart_Haptics_Driver_Product_Bulletin.

pdf.
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Claim 2

Accused Products

C540L26/C540L26B
PMU Boost Amp
P or MCU
1*C I
DSP )

AV, v,

Touch/Force /0 Memory SVC
Sensor

A
Screenshot of haptic driver datasheet, available at

https://statics.cirrus.com/pubs/proBulletin/CS40L26 B Smart Haptics

SVC
Sensor-less
Velocity Control

Upgraded DSP

More Memory
More Algos
More Features

Driver Product Bulletin.

pdf.
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Claim 3

Claim 3

Accused Products

3. The vibration module of
claim 1 wherein the control
component receives output
signals from sensors within the
vibration module during
operation of the vibration
module and adjusts one or
more operational control
outputs of the control
component according to the
received output signals from
the sensors.

Each Accused Product comprises the vibration module of claim 1 (see claim 1 above) wherein the
control component receives output signals from sensors within the vibration module during
operation of the vibration module and adjusts one or more operational control outputs of the
control component according to the received output signals from the sensors. For example, in the
case of the Galaxy S22 Ultra and its Cirrus Logic CS40L26 haptic IC, the driver coil (e.g., the
“LRA load” in the Cirrus data sheet) forms a sensor responsive to the position, velocity, and other
aspects of the vibration of the movable component (e.g. the “load condition” described in the
Cirrus data sheet). The haptic IC, using a closed-loop control program, “[d]ynamically adjusts to
the LRA in real time” and “adapts the signal Vin” using this sensor data. The signal Vin, as
described in the Cirrus data sheet, corresponds to one non-limiting example of an operational
control output as claimed.

See, e.q.:
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Claim 3

Accused Products

Step 2 # Edit
® |C Identification, pt. 2:
® Cirrus Logic CS40L26 Haptic Driver
® Qualcomm PMR735A Power Management
Qualcomm PM3003 Power Management

® Diodes Incorporated AP7340D-30FS4-7 150
mA/ 3.0V LDO Regulator

® Diodes Incorporated AP7340D-33F54-7 150
mA/ 3.3V LDO Regulator

® Knowles MEMS Microphone

® Qualcomm Clock Generator

] Addacomment

Screenshot of https://www.ifixit.com/Guide/Samsung+Galaxy+S22+Ultra+Chip+1D/148073
showing Cirrus Logic haptic driver IC.
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Claim 3

Accused Products

Smart Haptic Driver Enables
HD Haptics on Mobile Devices
for Enhanced Gaming, Videos
and Music

The CS40L26/CS40L26B is the industry’s leading self-contained haptic driver IC that integrates a DSP and
Class D digital boost converter to enable advanced closed-loop control of the actuator, HD enabled haptics and
audio generated haptics for use in smartphones, tablets and wearables. Advanced sensor-less velocity control
(SVC) provides real-time braking and consistent acceleration of the LRA, plus wider bandwidth and broader
frequency range — essential features for gaming UX.

Purchase

Help Technology Application Categories
Contact sales and

support Haptic Drivers Mobile Audio Devices, Wearables

Screenshot of Cirrus Logic haptic driver description, available at
https://www.cirrus.com/products/cs40126-26b/.
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Sensor-Less Velocity Control (SVC) Delivers Dynamic Haptic Performance

Why SVC Matters — Closed-Loop Feedback Ensures Gaming Consistency

* Dynamically adapts to the LRA in real time - a key * Widens the LRA bandwidth for consistent acceleration, as
performance enhancement for gaming and streamed haptics well as crisp performance when in overdrive and braking

SVC Widens the LRA Bandwidth, Enabling HD Haptic Effects SVC Generates Consistent Acceleration
-\:-,vx-r'nrsh_v’:cu )
§ 170 Hz Hot (50¢c)
70 Hz Bandwidth Extension g —r
SVe -
- E 0N —
| ‘/,_ W gl : ] Do "
i P = / \ T % | & et
X | ) 3ol 2 o SYC 0 esr) =
= ~ 1 H "
| g £ \ -
ok - L) 2 !
2 Frogercy N
How SVC Works
e SVC senses the
bad condition and
adapts the signal Vin
1o drive for the back-

emf 10 follow Vs

Screenshot of haptic driver datasheet, available at
https://statics.cirrus.com/pubs/proBulletin/CS40L26 B Smart Haptics Driver Product Bulletin.

pdf.
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Claim 4

Claim 4

Accused Products

4. The vibration module of
claim 1 wherein the control
component adjusts the one or
more operational control
outputs of the control
component according to the
received output signals from
the sensors in order that
subsequent operation of the
vibration module produces
desired outputs from the one or
more sensors corresponding to
one or more operational
control parameters.

Each Accused Product comprises the vibration module of claim 1 (see claim 1 above) wherein the
control component adjusts the one or more operational control outputs of the control component
according to the received output signals from the sensors in order that subsequent operation of the
vibration module produces desired outputs from the one or more sensors corresponding to one or
more operational control parameters. For example, in the case of the Galaxy S22 Ultra and its
Cirrus Logic CS40L26 haptic IC, the driver coil (e.g., the “LRA load” in the Cirrus data sheet)
forms a sensor responsive to the position, velocity, and other aspects of the vibration of the
movable component (e.g. the “load condition” described in the Cirrus data sheet). The haptic IC,
using a closed-loop control program, “[d]ynamically adjusts to the LRA in real time” and “adapts
the signal Vin” using this sensor data. Because it is a closed-loop control program, it is designed
to adjust and/or adapt its control outputs (e.g., “Vin” in the Cirrus Logic datasheet and/or another
signal corresponding to amplitude and/or frequency) so that the subsequently received output
signals correspond to the operational control parameter(s) specifying a desired result (e.g. “Vrer”
in the Cirrus Logic datasheet, a desired amplitude, and/or a desired frequency). In another non-
limiting example, the operation control parameter(s) may be specified by software running on the
application processor, e.g. through an Android API.

See, e.9.:
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Claim 4

Accused Products

Step 2 # Edit
® |C Identification, pt. 2:
® Cirrus Logic CS40L26 Haptic Driver
® Qualcomm PMR735A Power Management
Qualcomm PM3003 Power Management

® Diodes Incorporated AP7340D-30FS4-7 150
mA/ 3.0V LDO Regulator

® Diodes Incorporated AP7340D-33F54-7 150
mA/ 3.3V LDO Regulator

® Knowles MEMS Microphone

® Qualcomm Clock Generator

] Addacomment

Screenshot of https://www.ifixit.com/Guide/Samsung+Galaxy+S22+Ultra+Chip+1D/148073
showing Cirrus Logic haptic driver IC.
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Claim 4

Accused Products

Smart Haptic Driver Enables
HD Haptics on Mobile Devices
for Enhanced Gaming, Videos
and Music

The CS40L26/CS40L26B is the industry’s leading self-contained haptic driver IC that integrates a DSP and
Class D digital boost converter to enable advanced closed-loop control of the actuator, HD enabled haptics and
audio generated haptics for use in smartphones, tablets and wearables. Advanced sensor-less velocity control
(SVC) provides real-time braking and consistent acceleration of the LRA, plus wider bandwidth and broader
frequency range — essential features for gaming UX.

Purchase

Help Technology Application Categories
Contact sales and

support Haptic Drivers Mobile Audio Devices, Wearables

Screenshot of Cirrus Logic haptic driver description, available at
https://www.cirrus.com/products/cs40126-26b/.

Exhibit 1022 - Page 119 of 139

50



https://www.cirrus.com/products/cs40l26-26b/

Sensor-Less Velocity Control (SVC) Delivers Dynamic Haptic Performance

Why SVC Matters — Closed-Loop Feedback Ensures Gaming Consistency

* Dynamically adapts to the LRA in real time - a key * Widens the LRA bandwidth for consistent acceleration, as
performance enhancement for gaming and streamed haptics well as crisp performance when in overdrive and braking

SVC Widens the LRA Bandwidth, Enabling HD Haptic Effects SVC Generates Consistent Acceleration
-\:-,vx-r'nrsh_v’:cu )
§ 170 Hz Hot (50¢c)
70 Hz Bandwidth Extension g —r
SVe -
- E 0N —
| ‘/,_ W gl : ] Do "
i P = / \ T % | & et
X | ) 3ol 2 o SYC 0 esr) =
= ~ 1 H "
| g £ \ -
ok - L) 2 !
2 Frogercy N
How SVC Works
e SVC senses the
bad condition and
adapts the signal Vin
1o drive for the back-

emf 10 follow Vs

Screenshot of haptic driver datasheet, available at
https://statics.cirrus.com/pubs/proBulletin/CS40L26 B Smart Haptics Driver Product Bulletin.

pdf.
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Claim 4 Accused Products
Usage of haptic primitives
Android includes several haptics primitives that vary in both amplitude and frequency.
You may use one primitive alone or multiple primitives in combination to achieve rich
haptic effects.
Screenshot from Android API documentation at
https://developer.android.com/develop/ui/views/haptics/custom-haptic-effects indicating one non
limiting example where the Android operating system can provide operational control parameters
representing strength of vibration and frequency.
Claim 5
Claim 5 Accused Products
[5a] The vibration module of Each Accused Product comprises the vibration module of claim 4 wherein the one or more
claim 4 wherein the one or operational control parameters is a strength of vibration produced by the oscillation of the
more operational control moveable component. For example, in the case of the Galaxy S22 Ultra, the haptic IC
parameters is a strength of “dynamically adapts to the LRA in real time” and “senses the load condition and adapts the signal
vibration produced by the Vin to drive for the back-emf to follow Vger.”
oscillation of the moveable S _
component; and €€, €.9.:
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Claim 5 Accused Products

Sensor-Less Velocity Control (SVC) Delivers Dynamic Haptic Performance

Why SVC Matters - Closed-Loop Feedback Ensures Gaming Consistency

o Dynamically adapts to the LRA in real time - a key * Widens the LRA bandwidth for consistent acceleration, as
performance enhancement for gaming and streamed haptics well as crisp performance when in overdrive and braking
SVC Widens the LRA Bandwidth, Enabling HD Haptic Effects SVC Generates Consistent Acceleration
< 170 Hz Hot (50c)
70 Hz Bandwidth Extension = VS e —,
'. &
& ® ‘ . -
| | g \ S
) ) c
I JEIR = \ ~=
: ~ Open Locp : ?
1 1 3 .
—— — — — — — — ——— — — — — — —
4 CS40L26 D
How SVC Works | 1
| Closed-loop Control |
e SVC senses the I
load condition and | BCRICESLE y Vin Oriver l—l-a{ LRA Losd l
adapts the signa Vin l L l
1o drive for the back-
\ T B W — W W— — W— — W— — W— W —— —— ,

Screenshot of haptic driver datasheet, available at
https://statics.cirrus.com/pubs/proBulletin/CS40L26 B _Smart Haptics Driver Product Bulletin.
pdf, showing that the SVC system is designed to maximize the strength of vibration (measured as
“acceleration”), indicating that the operational control parameter(s) correspond to the strength of
vibration.
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Claim 5

Accused Products

[5b] wherein the one or more
operational control outputs is a
frequency at which the control
component drives the
moveable component to
oscillate, the control
component dynamically
adjusting the power supplied
to the driving component to
produce oscillation of the
movable component at a
resonant frequency for the
vibration module.

Each Accused Product includes a vibration module wherein the one or more operational control
outputs is a frequency at which the control component drives the moveable component to
oscillate, the control component dynamically adjusting the power supplied to the driving
component to produce oscillation of the movable component at a resonant frequency for the
vibration module. For example, in the case of the Galaxy S22 Ultra, the haptic IC performs
“dynamic tuning with advanced closed-loop automated characterization” in order to “handle[]
changes in actuator characteristics to eliminate the need to fine tune for long hours.” On
information and belief, this explicit discussion of “closed-loop” refers to using a closed-loop
control program in order to determine the resonant frequency for the vibration module, as claimed.
See, e.g., element [2c] and claim 4 above.

See also, e.g.:

Simplified tuning with
advanced closed-loop
automated characterization

¢ Algorithm dynamically
handles changes in actuator
characteristics to eliminate the
need to fine tune for long hours

Screenshot of haptic driver datasheet, available at
https://statics.cirrus.com/pubs/proBulletin/CS40L26 B Smart Haptics Driver Product Bulletin.

pdf.
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Claim 6

Claim 6

Accused Products

[6a] The vibration module of
claim 4 wherein the one or
more operational control
parameters include both a
strength of vibration produced
by the oscillation of the
moveable component and a
current operational mode; and

Each Accused Product comprises the vibration module of claim 4 wherein the one or more
operational control parameters include both a strength of vibration produced by the oscillation of
the moveable component and a current operational mode. For example, in the case of the Galaxy
S22 Ultra, the haptic IC “dynamically adapts to the LRA in real time” and “senses the load
condition and adapts the signal Vin to drive for the back-emf to follow Vrer.” The operational
control parameters as claimed include, for example, Vrer, the waveform input to the haptic
controller, control parameters regarding the operation of the haptic controller (e.g., a parameter
enabling SVC) and/or control parameters provided by software running on the application
processor (e.g. via the user selection of a particular vibration pattern, or via an Android API
selecting a particular haptic effect). See, e.g., element [1f].

See also, e.g.:
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Sensor-Less Velocity Control (SVC) Delivers Dynamic Haptic Performance

Why SVC Matters - Closed-Loop Feedback Ensures Gaming Consistency

* Dynamically adapts to the LRA in real time - a key * Widens the LRA bandwidth for consistent acceleration, as
performance enhancement for gaming and streamed haptics well as crisp performance when in overdrive and braking

SVC Widens the LRA Bandwidth, Enabling HD Haptic Effects SVC Generates Consistent Acceleration
Acrsier ior: 'vr:):«_":cu
g 170 Hz Hot (50c)
70 Hz Bandwidth Extension g VNS
sve ®
B > - : WL —
: | ‘/,_ I gl3 ] E J "
i /’,{" / — '\“:w.” § S 04 Cunert
g b B e O M) —
B> ; oo g e
| S [0 2V o
i . i 2 .
F LY CY
How SVC Works
e SVC senses the
bad condition and
adapts the signal Vin
1o drive for the back-

emf 1o follow Vies

Screenshot of haptic driver datasheet, available at
https://statics.cirrus.com/pubs/proBulletin/CS40L26 B Smart Haptics Driver Product Bulletin.

pdf.
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Claim 6

Accused Products

Added in API level 26

VibrationEffect - -

Kotlin  Java

public abstract class VibrationEffect
extends Object implements Parcelable

java.lang.Object
, android.os.VibrationEffect

A VibrationEffect describes a haptic effect to be performed by a Vibrator .

These effects may be any number of things, from single shot vibrations to complex
waveforms.

Screenshot of Android API documentation, available at
https://developer.android.com/reference/android/os/VibrationEffect, describing API for defining
haptic effect operational modes.

[6b] wherein the one or more
operational control outputs is a
control output that determines
a current supplied by the
power supply to the driving

Each Accused Product includes a vibration module wherein the one or more operational control
outputs is a control output that determines a current supplied by the power supply to the driving
component and a frequency at which the control component drives the moveable component to
oscillate. For example, in the case of the Galaxy S22 Ultra, the haptic IC performs “dynamic

tuning with advanced closed-loop automated characterization” in order to “handle[] changes in
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Claim 6

Accused Products

component and a frequency at
which the control component
drives the moveable
component to oscillate.

actuator characteristics to eliminate the need to fine tune for long hours.” See claim 4 above. On
information and belief, the control output determines, directly or indirectly, the current supplied to
the driving coil and the frequency at which the movable component is driven to oscillate. For
example, even if the non-limiting example control output labeled “Vin” in the Cirrus Logic data
sheet is itself a voltage, that voltage directly or indirectly dictates the current supplied by the
“driver” to the magnetic coil due to the specific architecture of the closed-loop control system
described in the Cirrus Logic datasheet. Similarly, based on the specific architecture of the closed-
loop control system described in the Cirrus Logic datasheet, Vin must directly or indirectly
determine the driving frequency (e.g. through the frequency of Vin itself).

See also, e.g.:

Simplified tuning with
advanced closed-loop
automated characterization

¢ Algorithm dynamically
handles changes in actuator
characteristics to eliminate the
need to fine tune for long hours

Screenshot of haptic driver datasheet, available at
https://statics.cirrus.com/pubs/proBulletin/CS40L26 _B_Smart_Haptics_Driver_Product_Bulletin.

pdf.
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Claim 7

Claim 7 Accused Products
7. The vibration module of Each Accused Product comprises the vibration module of claim 1 wherein the driving component
claim 1 wherein the driving comprises one or more electromagnetic coils that generate magnetic fields parallel to the
component comprises one or directions in which the moveable component is driven by the driving component. For example, in
more electromagnetic coils the case of the Galaxy S22 Ultra, the driving component comprises one electromagnetic coil that

that generate magnetic fields generates a magnetic field parallel to the direction in which the moving mass moves.
parallel to the directions in
which the moveable
component is driven by the
driving component.

See, e.q.:
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Claim 7 Accused Products

Fixed
driving
coil

Mass Magnets
Direction of motion ()

Photograph of Galaxy S22 Ultra vibration motor with components annotated.
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Claim 8

Claim 8 Accused Products

[8pre] The vibration module of | See analysis and evidence for claim 1 and remainder of claim 8.
claim 1

[8a] wherein the housing is a Each Accused Product comprises the vibration module of claim 1 wherein the housing is a tube,
tube, capped at both ends by capped at both ends by movable-component-repelling components selected from one of
movable-component-repelling | mechanical springs and magnets. For example, the housing of the LVM in the Galaxy S22 Ultra is
components selected from one | a tube, rectangular in cross-section, with mechanical springs capping each end.

of mechanical springs and

magnets; See, e.g.:
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Claim 8 Accused Products

Fixed
driving
coil

Mass Magnets
Direction of motion ()

Photograph of Galaxy S22 Ultra vibration motor with components annotated.
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Claim 8 Accused Products

Each Accused Product comprises the vibration module of claim 1 wherein the movable
component is a magnet shaped to slide within the tube. For example, the movable component of

the LVM in the Galaxy S22 Ultra comprises magnets shaped to slide within the tube.

[8b] wherein the movable
component is a magnet shaped
to slide within the tube; and

See, e.9.
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Claim 8 Accused Products

Fixed
driving
coil

Mass Magnets
Direction of motion ()

Photograph of Galaxy S22 Ultra vibration motor with components annotated.
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Claim 8

Accused Products

[8c] wherein the driving
component is an
electromagnetic coil.

Each Accused Product comprises the vibration module of claim 1 wherein the driving component
is an electromagnetic coil. For example, in the case of the Galaxy S22 Ultra, the driving
component is an electromagnetic coil.

See, e.9.
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Claim 8 Accused Products

Fixed
driving
coil

Mass Magnets
Direction of motion ()

Photograph of Galaxy S22 Ultra vibration motor with components annotated.
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Claim 17

Claim 17

Accused Products

17. The vibration module of
claim 1 wherein the control
component controls supply of
power from the power supply
to the driving component to
cause the moveable component
to oscillate at a frequency and
an amplitude that are
independently specified by
user input received from the
user-input features.

Each Accused Product comprises the vibration module of claim 1 wherein the control component
controls supply of power from the power supply to the driving component to cause the moveable
component to oscillate at a frequency and an amplitude that are independently specified by user
input received from the user-input features. For example, in the case of the Galaxy S22 Ultra, the
haptic 1C controls the supply of power from a power management unit (PMU) through a boost
circuit and an amplifier to the drive coil, to cause the movable component to oscillate at a
frequency and an amplitude that are independently specified by user input received from the user-
input features. See element [1f] above.

See also, e.g.:

CS40L26/CS540L268B SVC

Sensor-less

PMU Boost Amp Velocity Control
uP or MCU
1*C
|
DSP m Upgraded DSP
AV, v,

More Memory

Touch/Force /0 Memory SVC More Algos
sensor More Features

A
Screenshot of Galaxy S22 Ultra haptic driver datasheet, available at

https://statics.cirrus.com/pubs/proBulletin/CS40L.26 B Smart Haptics Driver Product Bulletin.
pdf.
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Claim 17 Accused Products

Usage of haptic primitives

Android includes several haptics primitives that vary in both amplitude and frequency.
You may use one primitive alone or multiple primitives in combination to achieve rich

haptic effects.

Screenshot from Android APl documentation at
https://developer.android.com/develop/ui/views/haptics/custom-haptic-effects indicating that

Android haptic primitives independently specify amplitude and frequency.
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https://developer.android.com/develop/ui/views/haptics/custom-haptic-effects

Claim 17

Accused Products

Constants

int

int

int

int

int

int

int

int

PRIMITIVE_CLICK

This effect should produce a sharp, crisp click sensation.

PRIMITIVE_LOW_TICK
This very short low frequency effect should produce a light

crisp sensation intended to be used repetitively for dynamic
feedback.

PRIMITIVE_QUICK_FALL

A haptic effect that simulates quick downwards movement
with gravity.

PRIMITIVE_QUICK_RISE

A haptic effect that simulates quick upward movement
against gravity.

PRIMITIVE_SLOW_RISE

A haptic effect that simulates slow upward movement against
gravity.

PRIMITIVE_SPIN

A haptic effect that simulates spinning mementum.

PRIMITIVE_THUD

A haptic effect that simulates downwards movement with
gravity.

PRIMITIVE_TICK

This very short effect should produce a light crisp sensation
intended to be used repetitively for dynamic feedback.

Screenshot from Android APl documentation at
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Claim 17 Accused Products

https://developer.android.com/reference/android/os/VibrationEffect. Composition showing
individual haptics primitives independently representing both amplitude and frequency.

See also analysis and evidence for claim 1.
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