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Objective

This code example demonstrates how to implement a low-power CapSense button with an average current consumption of
6UA per button.

Overview

This code example implements a CapSense button. Using the low power modes available in the PSoC device, an average
current of 6 UA is achieved for a button sensor when no touch is present. The example supports CapSense tuner to read the
CapSense debug data such as raw count, baseline and difference count.

Requirements

Tool: PSoC Creator™ 3.3 SP2.4 and later versions
Programming Language: C (ARM® GCC 4.9.3, ARM MDK)
Associated Parts: All PSoC 4, PSoC 4 M-Series, PSoC 4 L-Series, PSoC 4 S-Series, PSoC 4 BLE and PRoC BLE devices

Related Hardware: CY8CKIT-041-40XX, CY8CKIT-041-41XX, CY8CKIT-042, CY8CKIT-044, CY8CKIT-046, and CY8CKIT-
042-BLE.

Design

The project demonstrates the core functionality of the CapSense component. This code example uses CapSense, EZI2C
Slave and Global Signal Reference components. Figure 1 shows the component schematics of this project.

The CapSense component is configured with a one-button widget. The project uses the CapSense Sigma Delta (CSD) manual
tuning mode with IDAC auto-calibration enabled. The EZI2C component sends the sensor data and button touch position
information to the external host/tuner via 1°C.

To reduce the power consumed by the PSoC device and provide optimum touch response, this code example implements two
modes: Fast Scan Mode and Slow Scan Mode. When the user is interacting with the buttons, the PSoC device is in Fast Scan
Mode and when the user is not interacting with the buttons for a specific duration, the Slow Scan Mode is used.

In the Fast Scan Mode, the button sensor is scanned at a refresh rate of 33 Hz (or scan interval of 30 ms) and the RGB LED is
driven based on the button status. The PSoC device is put to Deep Sleep after the CapSense data is processed. The The
Global Signal Reference component which is configured as a Watchdog timer (WDT) timer is used to periodically wake up the
device from Sleep mode. This mode provides optimum touch response, but consumes higher average current (< 30uA) when
compared to Slow Scan Mode.

The Slow Scan Mode is similar to the Fast Scan Mode except that the refresh rate is 5 Hz (or scan interval is 200 ms). The
Slow Scan Mode consumes a lower average current of 5 uA per button, but with a slower touch response. Once touch is
detected in Slow Scan Mode, the PSoC device switches to Fast Scan Mode to provide optimum touch response at the
expense of higher current consumption.

The firmware flowchart is shown in Figure 2.
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Figure 1. Component Schematics

CE210291 PSoC4 CapSense Low Power One Button

This code example demonstrates how to implement a low-power CapSense button with an average current

consumption of 6UA per button.

CapSense Key Configuration:
1. CSD scanning mode

3. One button
4. Low-power mode implementation
5. Fast and Slow scan refresh rate

One Button Interface 12C Interface
CapSense
CapSense EZI2C
EZI2C
On Board To PC
USB-I12C Bridge
Slave

2. Manual tuning with enabled IDAC auto-calibration

EzI2C configuration:
- 12C bus speed: 400 kHz
- Number of addresses: 1
- Slave address: 0x08
- Sub-address size: 16 bit

Watchdog Timer

WDT
Gilobal Signal

WDTInt}—{+]WDT_lInterrupt

WDT is used as a wakeup source
from low power modes.
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Figure 2. Firmware Flowchart
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Design Considerations
The code example is designed for the PSoC 4000S and the associated CY8CKIT-041-40XX kit. The design is easily portable

to other PSoC 4 devices and kits, typically by just changing the device and pin assignments.

To switch from the CYBCKIT-041-40XX to other PSoC 4 pioneer kits, follow the steps below:
Select the appropriate device with a Device Selector called from the project’s context menu (Figure 3). Table 1 lists

1.
the device number for each pioneer Kkit.

WWW.Cypress.com Document N0.002-10291 Rev. **


http://www.cypress.com/

Embedded in Tomorrow
CE210291 - PS0oC4 CapSense® Low Power One Button
Figure 3. Select Device Selector from Project’'s Context Menu
Eile Edit View | Project | Build Debug Tools Window Help
B & 5 [ Bl New Hem...
TE
Workspace Explorer (] :2:]  Existing Item...
a3 ]
@ “Workspace 'Cap! Update Components (CapSense_P4_OneButtonlowPower)...
E}'-EI Project "Cap!
é‘r‘ TopDesig Remove From CapSense_P4_OneButtonLowPower
>jg CapSense |
20D Header Fil
f (1) cyspic| New Folder
EJ_)SourceFll 1 Show Al Files
Le|e] main.c
N G
Dependencies...
Build Order...
| Device Selector...
Archive Workspace/Project..
3] Export to IDE (CapSense_P4_OneButtonLowPower)...
_\P CapSense_P4_OneButtonLowPower Resources
Build Settings...
‘== Properties...
Table 1. Pin Assignment for the PSoC4 CapSense Low Power One Button Project
Development kits
Pin name RN CY8CKIT-041- | CYBCKIT-042 | CYBCKIT-042-BLE |  CYSBCKIT-044 | CYBCKIT-046
CY8CA146A7I- | (CYBCA245AXI | (CY8C4247LQI- (CY8C4247AZI- | (CY8C4248B
(cvsfg:gnga ¢ S433) -483) BL483) M4s85) Z1-L489)
\Capsense: Cmod\ P4[1] P4[1] P4[2] P4[0] P4[2] P4[2]
\CapSense: Sns[O]\ PO[1] PO[1] P1[1] P2[1] PA4[4] PO[6]
(Button0_Sns0)
\EZI2C: scl\ P3[0] P3[0] P3[0] P3[5] P4[0] P4[0]
\EZI2C: sda\ P3[1] P3[1] P3[1] P3[4] P4[1] P4[1]

2. When you select the device, pins are assigned automatically in the design wide resource file according to the device

selected.

Note: If the assigned pins are not as shown in Table 1 or you want to overwrite the existing pin assignments, double
click the project’s design wide resource file (Figure 4) in the workspace explorer window and assign the pins. Refer
device datasheet to use other pins.
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Figure 4. Pin Assignments in Project’s Design Wide Resource File

Eile Edit View Project Build Debug Tools Window Help

: = A 2y [ u E - E = i -

BN SEH@ S kX9 & i @ Q M o Debug )

- 2R G E

Workspace Explorer (1 project) -1 StartPage | main.c /" CE210291_...utton.cydwr | 4k x

)

= - Name S Port Pin 14| 2

Workspace 'CE210291" (1 Projects) S

&[] Project "CE210291_CapSense_P4_One_Button’ [CYBCAO: []| \CapSense:Czody (Czmod) Pa[1] |~ |23 -] 1z
+-. ' TopDesign.cysch g
. \CapSense:5na\ (Buttond_35ns0) | PO[1] |29 - =
&89 Header Files | \ezz2c: 5017 P3[0] |+ |12 -
i ] cyapicallbacks.h . \EZT2C:sdal B3[l] |7 |13 -

E}@ Source Files
L.c] main.c
w1 CE210291 pdf

s3nsay ,{s:aaqse:ea/{s]uauaduogj{aunas

P

"
< m | r = (ﬁ Pins }\'\f\ Analog }\(B Clocks Interrupts }\lﬁ System }\g Directives }@ Flash Security ] 4Bk

o

3. Select 3.3V as supply by using switch SW5. For other kits refer to the kit user guide.
4. Build the project and ensure that there are no errors or warnings.

Note: For PSoC 4 device, before building the project, the modulator clock frequency should to be set to 12 MHz
instead of 24 MHz because the maximum frequency supported is 12 MHz.

PSoC Creator Components

Table 2 lists the PSoC Creator components used in this example, as well as the hardware resources used by each
component.

Table 2. List of PSoC Creator Components

CapSense CapSense v3.0 CSD, and 2 GPIO pins
EZI2C Save .
(SCB mode) EZI2C v3.20 SCB, 2 GPIO pins

Interrupt WDT_Interrupt V1.70 Interrupt

Parameter Settings
CapSense

Figure 5, Figure 6 and Figure 7 show the settings for CapSense component. See the CapSense component datasheet for
additional information.
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Figure 5. CapSense component’s Basic tab

8 e

Configure 'CapSense_P4'

|5 Load configuration g Save configuration
Mame: CapSense
| Basic| Advanced | Builtn | 4 b
4 Moveup 4 Movedown I Delete CSD tuning mode: [Mmuiihnlg -
Type | Name Sensing mode Sensing element(s) Finger capacitance
2 | ButtonD C5D (Seffcap) 1 Buttonis) NAA
+

Sensor resources
C5D electrodes: 1 CS¥ electrodes: 0 Pins required: 2 Pins available: 36
| [ oo oK ooy | | Caoe
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Figure 6. CapSense Component Customizer Advanced Tab (CSD Settings)

i ™
Configure 'CapSense_P4' m
[ Load configuration g Save configuration

MName: CapSense
Basid Advanced| | Built-n | 4 b
| General | C50 Seffings | €5 Settings | Widget Details | Scan Order |
Scan settings [] Enable shield electrode
Modulator clock frequency (cHz): 24000 -
i eiiernlole =Ll Enable shield electrode for reliable operation in
Senze clock source: [Fu.rtu v] the presence of water droplets
[] Enable common sense clock
Sense clock frequency (kHz): | Set per widget
Inactive sensor connection: [Gmund v]
|IDALC sensing corfiguration: [ |DAL sourcing - ]
Enable IDAC auto-calibration
Enable compensation IDAC
Datasheet | ok || mey || Ccance
b
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Figure 7. CapSense Component Widget Details Settings

il N
Configure 'CapSense_P4' m

[ Load configuration g Save configuration

MName: CapSense

Basic)lr.ﬁ.d'va nced | Built-n ] 4k
| General | CSD Settings | CSX Settings | idget Details 1 Scan Order |
Widget/Sensor list: Widget/Sensor parameters:
EIO ButtonD ({CS0) 4 Widget Hardware Parameters
s Button(_Sns0 Sense clock frequency {cHz) 1500
Actual sense clock frequency (kH: 1500
Scan resolution 9 bits
Madulator [DAC Auto-calibrated
4 Widget Threshold Parameters
Finger threshold 16
Moise threshold 8
Megative noise threshald 8
Low baszeline reset 30
Hysteresis 2
OM debounce 3
Sense clock frequency (kHz)
Sets the sense clock frequency forthe CS0 widget.
For C5D matrix buttons and Touchpad widgets, represents sense clock frequen...
Datasheet oK | | Aoply | | Cancel

b

EZI2C Slave Component

Figure 8 shows the settings for EZI2C Slave Component. See the SCB component datasheet for additional information.
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Figure 8. EZI2C Component’s Basic Tab

F ] :E'] E; ™

Configure 'SCE_P4'

MName: EZI2C

Configuration ~ EZI2C Basic | EZI2C Advanced | Built-n | 4 b

Data rate (kbps): 400 Actual data rate (kbps): 400

[7] Clock from teminal
Clock stretching

[ Byte mode

Mumber of addresses:
Primary slave address (/-bits): (08
Secondary slave address (7-bits (09
Sub-address size (bits): 15 -

Enable wakeup from Deep Sleep Mode

Design-Wide
Figure 9 and Figure 10 show the non-default cydwr settings for the project.

b
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Figure 9. CYWDR Pins Tab Settings

Start Page | *TopDesign.cysch | main.c / CE210291_...utton.cydwr | v db X
2 3 Mame / Port Pin Lock
¥ T T ew EEEEE
* EEFFEEEREELE .|\Cap5|:n:re:Cllﬂl:l\ {Cmod) |P-l[1] Flzs |T|
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' EREERERR
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"ﬁ Pins l\m Analog }\9 Clocks }\}f Interrupts }\@ System }\% Directives }\ Flash Security

1k

Figure 10. CYDWR System Tab Settings

StartPage | *TopDesign.cysch | main.c / CE210291_...utton.cydwr | 4 b X
= Reset | g Expand | 715 Collapse
Option Value il
=8 Configuration
- Dewvice Configuration Mode Compressed N
- Unused Bonded IO Allow but warn w7
- Heap Size (bytes) OxB0
- Stack Size (bytes) 0x0400
- Include CMSIS Core Peripheral Library Files L
EF PregrammingDebugging B
- Chip Protection Open s
- Debug Select GPIO e
El Operating Conditions
- Viariable VDDA
- VDDA (V) 33 |
- VDDD (V) 33 -
&'ﬁ Pins }\N\. Analog J\_@ Clocks ]\}f Intenupts@ System ]L% Directives }\_@ Flash Security I 4 b

Operation
Follow the steps below to test the project on CY8CKIT-041:

1. Plug the CY8CKIT-041-40XX board into your computer's USB port and program the project into the kit. Refer to the

kit user guide for details on steps for programming.

2. Connect an ammeter between test points P4.VDD and VDD on the CY8CKIT-041-40XX board. Refer to the kit user
guide “Current Measurement Switch” section for complete details on power measurement steps.

3. Touch the left button on the kit and confirm that the current displayed on the ammeter in Fast Scan Mode is ~30 UA.
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4. Release the finger from the button and wait for 3 seconds. Note that the current displayed on the ammeter in Slow
Scan Mode is ~6 UA.
5. By default, the parameters updated in tuner is not written to the firmware. To enable this, set the macro
TUNER_UPDATE_ENABLE to ‘1’ in the main.c file. Then build the project and program the device. Note that
additional current will be consumed if the conditional code is enabled.

6. To launch the Tuner GUI, right click the CapSense component, as shown in Figure 11. Then select Launch Tuner in
the menu.

7. Navigate to Tools/Protocol Settings in the Tuner GUI menu to set up the 12C communication (Figure 12).

o

o

Figure 11. Launch Tuner GUI

One Button Interface

_ CapSense
CapSense

*| cut Gttt
g Copy awc

CapSense Key Configuration: X Do o
1. CSD scanning mode e 1N s
2. Manual tuning with enabled IDAC auto
3. One button

4. Low-power mode implementation Contge
5. Fast and Slow scan refresh rate =

Zoom

Shape
Select

Find Cade Example ..

Launch Tuner
Generste Macro

Show in analog editer

Select the 12C port of the kit in the Ports menu.

Choose the 12C address, sub-address size, and speed as shown in Figure 12.

Figure 12. Setting up 12C Communication

P

Tuner Communication Setup

Forts: Port Configuration
KitProg/0E11102A011A3400 - 12C [2C address: | 8
Communications Port (COM1) - UART Sub-address: [2_3“85 -
COM3 - UART 12C Speed
KitProg USB-UART (COME) - UART 1 MHz
@ 400kHz
Port Information © 100Ktz

KitProg version Expecting 2.15, but found 2.12. O B0kHz

Flease use PSoC Programmer GUI to upgrade
firmware.

e ]|

Cancel

S

8. Inthe tuner GUI, click the Connect button followed by Start button (Figure 13).
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Figure 13. Starting Communication
QCapSense Tun - -
File  Communicaticn Tools  Help
B | #F Connect b Start |[§] To Device [& To Project
Widget Explorer ~ 1 Widget View ]/Graph View ]/-SNF'. Measurement
| O Buttond
=g Button (CSD)
i..[¥f] Button_Sn=0 _/ Button0_Sns0
9. After establishing the 12C communication between the device and Tuner GUI, you can observe the sensor data and

the button touch status.
10. Figure 14 and Figure 15 show sensor debug data such as difference count, raw count and baseline.

12
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Figure 14. Tuner: Widget View

F Y
= CapSense Tuner lilﬂlg
File Communication Tools Help
[®] Disconnect @ Stop 4#| To Device (]| To Project
Widget Explorer -~ 1 Widget View }/Graph View }/SNR Measurement ]
MO QO Button0
[E8Fd Button0 (CSD) Touch Signal Graph
-[Vf] Button0_Sns0 Buttorn Sns0 20
_/ 45 -
40 -
Widget/Sensor Parameters - = i
Selected widget: Button( ]
4 Widget Hardware Parameters Bl
Sense clock frequency (kH 1500 25
Scan resclution 9 bits
Modulator IDAC 33 20 -
4 Widget Threshold Parameters is
Finger threshold 16 ]
Noise threshold 8 10
Megative noise thresheld & z
Low baseline reset 30 ]
Hysteresis 2 [u} .
ON debounce 3 =
@
Sense clock frequency (kHz) o
g
3
@
Graph Setup ~ 0
Mumber of samples: 500 = Thresholds: MNone -
Display Touch Signal graph
Show legend
[ Show marks
Reading Refresh rate: Spkts/s Bridge status: Connected Slave address: (08 I2C clock: .

WWW.Cypress.com Document No.002-10291 Rev. ** 13


http://www.cypress.com/

-

-
e

,== CYPRESS

Embedded in Tomorrow”

wu

CE210291 - PSoC4 CapSense® Low Power One Button

Figure 15. Tuner: Graph View

-
= CapSense Tuner

= | B [ |

File  Communication Tools Help
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= . b AL b
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...[¥|Butten0_Sns0 GE e l —— Button0_5ns0 Baseline
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w = Ll e s Ui T L
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Selected widget: Button( =
4 Widget Hardware Paramelers = 50 —— Button0_Sns0 DiffCounts
Sense clock frequency (kH 1500 _5. 40
Scan resolution 9 bits UL? 30 P )
Modulator IDAC 33 5 20 | I
4 Widget Threshold Parameters g 10 f 1
Finger threshold 16 © o : '
Noise threshold 8 50 100 150 200 250 300 350 400 450 500
MNegative noise threshold 8 =
Low baseline reset 30 G Button0_Sns0 Status
Hysteresis 2 0.8 4
ON debounce 3 ERR
£ 0.4 -
Sense clock frequency (kHz) 0.2 4
0=
[+ 50 100 150 200 250 300 350 400 450 500
Graph Setup ~ 1
MNumber of samples: |SDD E” [ Clear ] Thresholds: None -
Display Touch Signal graph
Show legend
Show marks
[ Sync'd read
Refresh rate: Opkts/s Bridge status: Connected Slave address: 0x08 RCclock: .
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Related Documents

Table 3 lists relevant application notes, code examples, device datasheets, and PSoC Creator Component datasheets.

Table 3. Related Documents

Application Notes

AN85951 Guide

ANB85951 - PSoC® 4 CapSense® Design Design Guide shows how to design capacitive touch sensing applications with

the PSoC 4

AN79953 Getting Started with PSoC 4

Describes the PSoC 4, and how to build a first PSoC Creator project

Code Examples

CE210290 | PSoC 4 CapSense Low-Power Ganged Sensor

PSoC Creator Component Datasheets

CapSense Supports capacitive touch sensing

EZI2C Slave Supports 12C slave operation

Global Signal Reference Supports Watchdog timer

Device Documentation

PSoC 4 Datasheets PSoC 4 Technical Reference Manuals

Development Kit (DVK) Documentation

CYBCKIT-041-40xx PSoC 4 S-Series Pioneer Kit

CYBCKIT-041-41XX PSoC 4 S-Series Pioneer Kit

CY8CKIT-042 PSoC® 4 Pioneer Kit

CY8CKIT-042-BLE Bluetooth® Low Energy (BLE) Pioneer Kit

CYB8CKIT-044 PSoC® 4 M-Series Pioneer Kit

CYB8CKIT-046 PSoC® 4 L-Series Pioneer Kit
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PSoC Resources

Cypress provides a wealth of data at www.cypress.com to help you select the right PSoC device, and quickly and effectively
integrate the device into your design. For a comprehensive list of resources, see KBA86521, How to Design with PSoC 3,
PSoC 4, and PSoC 5LP. The following is an abbreviated list for PSoC 4:

Overview: PSoC Portfolio, PSoC Roadmap

PSoC 1, PSoC 3, PSoC4, or
PSoC Creator includes a

Product Selectors:
PSoC 5LP. In addition,
device selection tool.

Datasheets: Describe and provide electrical
specifications for the PSoC 4000, PSoC 4000S, PSoC
4100S, PSoC 4100, and PSoC 4200, PSoC 4xx7 BLE,
PSoC 4200-M and PSoC Analog Coprocessor device
families

CapSense® Design Guide: Learn how to design
capacitive touch-sensing applications with the PSoC 4
family of devices.

Application Notes and Code Examples: Cover a
broad range of topics, from basic to advanced level.
Many of the application notes include code examples.
PSoC Creator provides additional code examples.

Technical Reference Manuals (TRM): Provide
detailed descriptions of the architecture and registers
in each PSoC 4 device family.

PSoC Training Videos: These videos provide step-by-
step instructions on getting started building complex
designs with PSoC.

Development Kits:

u]

CY8CKIT-040, CY8CKIT-041-40xx, CY8CKIT-041-
41xx, CY8CKIT-042, CY8CKIT-042-BLE, CY8CKIT-
044 and CY8CKIT-048 PSoC Pioneer Kits are easy-
to-use and inexpensive development platforms.
These kits include connectors for Arduino™
compatible shields and Digilent® Pmod™ daughter
cards.

CYB8CKIT-049 is a very low-cost prototyping platform
for sampling PSoC 4 devices.

CYB8CKIT-001 is a common development platform for
all PSoC family devices.

®  The MiniProg3 device provides an interface for flash

programming and debug.
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PSoC Creator

PSoC Creator is a free Windows-based Integrated Design Environment (IDE). It enables concurrent hardware and firmware
design of systems based on PSoC 3, PSoC 4, and PSoC 5LP. See Figure 16— with PSoC Creator, you can:

=

N

Drag and drop Components to build your hardware
system design in the main design workspace

Codesign your application firmware with the PSoC

3. Configure Components using configuration tools

4. Explore the library of 100+ Components

5. Review Component datasheets

hardware
Figure 16. PSoC Creator Features
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Worldwide Sales and Design Support

Cypress maintains a worldwide network of offices, solution centers, manufacturer’s representatives, and distributors. To find
the office closest to you, visit us at Cypress Locations.

Products PSoC® Solutions

ARM® Cortex® Microcontrollers  cypress.com/arm cypress.com/psoc

Automotive cypress.com/automotive PSoC 1| PSoC 3| PSoC 4 | PSoC 5LP

Clocks & Buffers cypress.com/clocks Cypress Developer Communlty

Interface cypress.com/interface ) ) .
Community | Forums | Blogs | Video | Training

Lighting & Power Control cypress.com/powerpsoc .
Technical Support

Memory cypress.com/memory

PSoC cypress.com/psoc cypress.com/support

Touch Sensing cypress.com/touch

USB Controllers cypress.com/ush

Wireless/RF cypress.com/wireless

PSoC is a registered trademark and PSoC Creator is a trademark of Cypress Semiconductor Corp. All other trademarks or registered trademarks
referenced herein are the property of their respective owners.

Cypress Semiconductor Phone : +1-408-943-2600
198 Champion Court Fax : +1-408-943-6848

AYVDD i
CYPRESS SanJose, CA 95134-1709  Website
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© Cypress Semiconductor Corporation, 2016. This document is the property of Cypress Semiconductor Corporation and its subsidiaries, including
Spansion LLC (“Cypress”). This document, including any software or firmware included or referenced in this document (“Software”), is owned by
Cypress under the intellectual property laws and treaties of the United States and other countries worldwide. Cypress reserves all rights under such
laws and treaties and does not, except as specifically stated in this paragraph, grant any license under its patents, copyrights, trademarks, or other
intellectual property rights. If the Software is not accompanied by a license agreement and you do not otherwise have a written agreement with
Cypress governing the use of the Software, then Cypress hereby grants you under its copyright rights in the Software, a personal, non-exclusive,
nontransferable license (without the right to sublicense) (a) for Software provided in source code form, to modify and reproduce the Software solely for
use with Cypress hardware products, only internally within your organization, and (b) to distribute the Software in binary code form externally to end
users (either directly or indirectly through resellers and distributors), solely for use on Cypress hardware product units. Cypress also grants you a
personal, non-exclusive, nontransferable, license (without the right to sublicense) under those claims of Cypress’s patents that are infringed by the
Software (as provided by Cypress, unmodified) to make, use, distribute, and import the Software solely to the minimum extent that is necessary for you
to exercise your rights under the copyright license granted in the previous sentence. Any other use, reproduction, modification, translation, or
compilation of the Software is prohibited.

CYPRESS MAKES NO WARRANTY OF ANY KIND, EXPRESS OR IMPLIED, WITH REGARD TO THIS DOCUMENT OR ANY SOFTWARE,
INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE.
Cypress reserves the right to make changes to this document without further notice. Cypress does not assume any liability arising out of the application
or use of any product or circuit described in this document. Any information provided in this document, including any sample design information or
programming code, is provided only for reference purposes. It is the responsibility of the user of this document to properly design, program, and test
the functionality and safety of any application made of this information and any resulting product. Cypress products are not designed, intended, or
authorized for use as critical components in systems designed or intended for the operation of weapons, weapons systems, nuclear installations, life-
support devices or systems, other medical devices or systems (including resuscitation equipment and surgical implants), pollution control or hazardous
substances management, or other uses where the failure of the device or system could cause personal injury, death, or property damage (“Unintended
Uses”). A critical component is any component of a device or system whose failure to perform can be reasonably expected to cause the failure of the
device or system, or to affect its safety or effectiveness. Cypress is not liable, in whole or in part, and Company shall and hereby does release Cypress
from any claim, damage, or other liability arising from or related to all Unintended Uses of Cypress products. Company shall indemnify and hold
Cypress harmless from and against all claims, costs, damages, and other liabilities, including claims for personal injury or death, arising from or related
to any Unintended Uses of Cypress products.

Cypress, the Cypress logo, Spansion, the Spansion logo, and combinations thereof, PSoC, CapSense, EZ-USB, F-RAM, and Traveo are trademarks or
registered trademarks of Cypress in the United States and other countries. For a more complete list of Cypress trademarks, visit cypress.com. Other
names and brands may be claimed as property of their respective owners.
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