E 0)( l Infineon Technologies - CYS8CLED04G01-56LTXI Datasheet

Welcome to E-XFL.COM

Embedded - Microcontrollers - Application
Specific: Tailored Solutions for Precision and
Performance

Embedded - Microcontrollers - Application Specific
represents a category of microcontrollers designed with

unique features and capabilities tailored to specific
application needs. Unlike general-purpose
microcontrollers, application-specific microcontrollers are
optimized for particular tasks, offering enhanced
performance, efficiency, and functionality to meet the
demands of specialized applications.

What Are Embedded - Microcontrollers -
Application Specific?

Details

Product Status Obsolete

Applications Intelligent LED Driver

Core Processor M8C

Program Memory Type FLASH (16KB)

Controller Series CYS8CLED

RAM Size 1K x 8

Interface DALI, DMX512, I2C, IrDA, SPI, UART/USART
Number of I/O 14

Voltage - Supply 4.75V ~ 5.25V

Operating Temperature -40°C ~ 85°C

Mounting Type Surface Mount

Package / Case 56-VFQFN Exposed Pad

Supplier Device Package 56-QFN (8x8)

Purchase URL https://www.e-xfl.com/product-detail/infineon-technologies/cy8cled04g01-56Itxi

Email: info@E-XFL.COM Address: Room A, 16/F, Full Win Commercial Centre, 573 Nathan Road, Mongkok, Hong Kong



https://www.e-xfl.com/product/pdf/cy8cled04g01-56ltxi-4513205
https://www.e-xfl.com
https://www.e-xfl.com/product/filter/embedded-microcontrollers-application-specific
https://www.e-xfl.com/product/filter/embedded-microcontrollers-application-specific
https://www.e-xfl.com/product/filter/embedded-microcontrollers-application-specific
https://www.e-xfl.com/product/filter/embedded-microcontrollers-application-specific
https://www.e-xfl.com/product/filter/embedded-microcontrollers-application-specific

CY8CLED04D01/CY8CLED04D02/CY8CLED04G01

B CY8CLEDO03D01/CY8CLED03D02/CY8CLED03G01

CY8CLEDO02D01/CY8CLEDO01D01

Logic BIOCK Diagrams .......cccoocueeeeeiiiiiieae e 3
PowerPSoC Functional Overview ...........cccccvvvvvvveeennnn. 9

Power Peripherals ...
Hysteretic Controllers..........ccccveeivciieee e
Low Side N-Channel FETs
External Gate DrVErS.......c.ccccvvviiiieeisiie e
Dimming Modulation Schemes...........ccccccoveeeinnneen. 10
Current Sense Amplifier
Voltage Comparators .......
Reference DACS .......cccvvvvvieneennenn,

Built-in Switching Regulator ............ccccoecvveivieeenneen. 11
Analog MUItIPIEXET .......ccviiiiiiiieii e
Digital MUltipleXer ..o
Function Pins (FNO[0:3])

PSOC COl€.ciiiiiiiie e
Digital System
Analog System

Analog Multiplexer System.........cccoocoeeeeiiniiiiieeennns 14

Additional System ReSOUICES .........ccccvveeeviiiiiieeeennns 14
APPLICALIONS ... 15
PowerPSoC Device CharacteristiCS.......cccccvcvveeriineenne 17
Getting Started.......ccceeieviiiiee e

Application Notes

Development Kits

TrAINING e

CYPros Consultants ..........ccoocueeeeeiiiieeeeeiniieeeenens 18

Technical SUPPOIt ......cooouiiiiiiiiee e 18
Development TOOIS ....cueeviiiiiiii e 18

PSoC Designer Software Subsystems.................... 18

IN-Circuit EMUIator...........coevviiiiiiiiieeeeece e 19
Designing with User Modules .........ccccccoviiiieniinenn. 19
Pin INfOrmation ... 20

CY8CLEDO04DO0x 56-Pin Part Pinout (without OCD) 20
CY8CLEDO04G01 56-Pin Part Pinout (without OCD) 21
CYBCLED04DOCDL1 56-Pin Part Pinout (with OCD) 22
CY8CLEDO03DO0x 56-Pin Part Pinout (without OCD) 23
CY8CLEDO03G01 56-Pin Part Pinout (without OCD) 24
CY8CLEDO02DO01 56-Pin Part Pinout (without OCD) 25
CY8CLEDO01DO01 56-Pin Part Pinout (without OCD) 26

Register General Conventions

Abbreviations Used ..........cccccoeeiineenne
Register Naming Conventions...........cccocvveevveeiinneenn 27
Register Mapping Tables .........ccccooieiiiiiiiie. 27

Document Number: 001-46319 Rev. *R

Register Map Bank O Table ..........ccccooeiiieiiiinnenn. 28
Register Map Bank 1 Table: User Space................ 29
Electrical Specifications .........ccccevvveiiieeiiiec e 30
Absolute Maximum RatingsS...........ccceeeeeiiiiieeeeninnns 30
Operating Temperature ..........cccoocveeeeeriiiieeee i 31
Electrical CharacteristiCS.......cccocvvviveinieeeniieeeee e, 31
System Level.......ooo i 31
Chip LeVel ... 31
Power Peripheral Low Side N-Channel FET ........... 33
Power Peripheral External Power FET Driver......... 34
Power Peripheral Hysteretic Controller ................... 34
Power Peripheral Comparator...........cccccooveeinveenns 35
Power Peripheral Current Sense Amplifier.............. 37
Power Peripheral PWM/PrISM/DMM Specification
TabBIE o 38
Power Peripheral Reference DAC Specification ..... 39
Power Peripheral Built-in Switching Regulator........ 39
General Purpose 1/0 / Function Pin 1/O................... 42

PSoC Core Operational Amplifier Specifications .... 43
PSoC Core Low Power Comparator
PSoC Core Analog Output Buffer...........cccoccuveeenne
PSoC Core Analog Reference .........cccceeeevvvvieneen.
PSoC Core Analog Block.......................

PSoC Core POR and LVD ........ccccoievivieniieeiiiees
PSoC Core Programming Specifications ................ 48
PSoC Core Digital Block Specifications................... 49
PSoC Core 12C Specifications

Ordering Information........cccoooceiiiiie e,
Ordering Code Definitions

Packaging Information............
Packaging Dimensions.......
Thermal Impedance ..........coccvieiiiiiiiieiiecee s
Solder Reflow Peak Temperature ............cccceeuvneeen. 52

ACTONYMS o

Document Conventions
Units of Measure. ................

Document History Page

Sales, Solutions, and Legal Information .................... 56
Worldwide Sales and Design Support....
Products .......ccccevvieiiiiiiiiiece e
PSOC® SOIUIONS ..eeeeeiiiiiiieeeeiiiiee e 56
Cypress Developer Community.........cccceccvvveeeeenneen. 56
Technical SUPPOIt .........ooiiiiieie e 56

Page 2 of 55



PERFORM

CY8CLED04D01/CY8CLED04D02/CY8CLED04G01
CY8CLEDO03D01/CY8CLED03D02/CY8CLED03G01
CY8CLEDO02D01/CY8CLEDO01D01

Figure 3-2. CYBCLEDO04GO01 Logic Block Diagram
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Figure 3-4. CYB8CLEDO03GO01 Logic Block Diagram
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Figure 3-5. CY8B8CLEDO02DO01 Logic Block Diagram
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the routing is done. Table 5-1 illustrates example values of
Rsense for different currents.

The method to calculate the Rqgpse Value for a desired average
current is explained in the application note CY8CLEDOxxO0x:
Topology and Design Guide for Circuits using PowerPSoC -
AN52699

Table 5-1. Rgense Values for Different Currents

Max Load Current (mA) Typical Rggnge (M)
1000 100
750 130
500 200
350 300
Figure 5-3. High Side Current Measurement
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5.6 Voltage Comparators

There are six comparators that provide high speed comparator
operation for over voltage, over current, and various other
system event detections. For example, the comparators may be
used for zero crossing detection for an AC input line or
monitoring total DC bus current. Programmable internal analog
routing enables these comparators to monitor various analog
signals. These comparators include the following key features:

m High speed comparator operation: 100 ns response time
m Programmable interrupt generation

m Low input offset voltage and input bias currents

Six precision voltage comparators are available. The differential
positive and negative inputs of the comparators are routed from
the analog multiplexer and the output goes to the digital
multiplexer. A programmable inverter is used to select the output
polarity. User-selectable hysteresis can be enabled or disabled
to trade-off noise immunity versus comparator sensitivity.

5.7 Reference DACs

The reference DACs are used to generate set points for various
analog modules such as Hysteretic controllers and comparators.
The reference DACs include the following key features:

m 8-bit resolution

m Guaranteed monotonic operation

Document Number: 001-46319 Rev. *R

m Low gain errors

m 10 us settling time

These DACs are available to provide programmable references
for the various analog and comparator functions and are
controlled by memory mapped registers.

DACI0:7] are embedded in the hysteretic controllers and are
required to set the upper and lower thresholds for channel O to 3.

DAC [8:13] are connected to the Power Peripherals Analog
Multiplexer and provide programmable references to the
comparator bank. These are used to set trip points which enable
over voltage, over current, and other system event detection.

5.8 Built-in Switching Regulator

The switching regulator is used to power the low voltage (5 V
portion of the PowerPSoC) from the input line. This regulator is
based upon a peak current control loop which can support up to
250 mA of output current. The current not being consumed by
PowerPSoC is used to power additional system peripherals. The
key features of the built-in switching regulator include:

m Ability to self power device from input line
m Small filter component sizes

m Fast response to transients
Refer to Table 15-20 for component values.

The 'Ref signal that forms the reference to the Error Amplifier is
internally generated and there is no user control over it.

Figure 5-4. Built-in Switching Regulator
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Gate
Drive
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5.9 Analog Multiplexer

The PowerPSoC family’s analog MUX is designed to route
signals from the CSA output, function 1/O pins and the DACs to
comparator inputs and the current sense inputs of the hysteretic
controllers. Additionally, CSA outputs can be routed to the AINX
block using this MUX.

For a full matrix representation of all possible routing using this
MUX, refer to the PowerPSoC Technical Reference Manual.

The CPU configures the Power Peripherals Analog Multiplexer
connections using memory mapped registers. The analog
multiplexer includes the following key features:

m Signal integrity for minimum signal corruption
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5.10 Digital Multiplexer

The PowerPSoC family’s digital MUX is a configurable switching
matrix that connects the power peripheral digital resources.

For a full matrix representation of all possible routing using this
MUX, refer to the PowerPSoC Technical Reference Manual.

This power peripheral digital multiplexer is independent of the
main PSoC digital buses or global interconnect of the PSoC core.
The digital multiplexer includes the following key features:

m Connect signals to ensure needed flexibility

5.11 Function Pins (FNO[0:3])

The function I/O pins are a set of dedicated control pins used to
perform system level functions with the power peripheral blocks
of the PowerPSoC. These pins are dynamically configurable,
enabling them to perform a multitude of input and output
functions. These I/0s have direct access to the input and output
of the voltage comparators, input of the hysteretic controller, and
output of the digital PWM blocks for the device. The function I1/O
pins are register mapped. The microcontroller can control and
read the state of these pins and the interrupt function.

Some of the key system benefits of the function I/O are:

m Enabling an external higher voltage current-sense amplifier as
shown in Figure 5-5.

m Synchronizing dimming of multiple PowerPSoC controllers as
shown in Figure 5-6.

m Programmable fail-safe monitor and dedicated shutdown of
hysteretic controller as shown in Figure 5-7.

Along with the these functions, these 1/Os also provide interrupt
functionality, enabling intelligent system responses to power
control lighting system status.

Figure 5-5. External CSA and FET Application
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Figure 5-6. PowerPSoC in Master/Slave Configuration
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10.2 In-Circuit Emulator

A low cost, high functionality in-circuit emulator (ICE) is available
for development support. This hardware has the capability to
program single devices.

The emulator consists of a base unit that connects to the PC by
way of a USB port. The base unit is universal and operates with
all PowerPSoC devices.

11. Designing with User Modules

The development process for the PowerPSoC device differs
from that of a traditional fixed function microprocessor. The
configurable power, analog, and digital hardware blocks give the
PowerPSoC architecture a unique flexibility that pays dividends
in managing specification change during development and by
lowering inventory costs. These configurable resources, called
PowerPSoC Blocks, have the ability to implement a wide variety
of user-selectable functions. The PowerPSOC development
process can be summarized in the following four steps:

1. Select components

2. Configure components

3. Organize and connect

4. Generate, Verify and debug

Select Components. In the chip-level view the components are
called “user modules”. User modules make selecting and
implementing peripheral devices simple and come in power,
analog, digital, and mixed signal varieties. The standard user
module library contains over 50 common peripherals such as
current sense amplifiers, PriISM, PWM, DMM, Floating Buck,
Boost, ADCs, DACs, Timers, Counters, UARTSs, and other not so
common peripherals such as DTMF generators and Bi-Quad
analog filter sections.

Configure Components. Each of the components selected
establishes the basic register settings that implement the
selected function. They also provide parameters allowing
precise configuration to your particular application. For example,
a PWM User Module configures one or more digital PSoC
blocks, one for each 8 bits of resolution. Configure the
parameters and properties to correspond to your chosen
application. Enter values directly or by selecting values from
drop-down menus.

Document Number: 001-46319 Rev. *R

The chip-level user modules are documented in datasheets that
are viewed directly in PSoC Designer. These datasheets explain
the internal operation of the component and provide
performance specifications. Each datasheet describes the use
of each user module parameter and other information needed to
successfully implement your design.

Organize and Connect. Signal chains can be built at the chip
level by interconnecting user modules to each other and the 1/0
pins. In the chip-level view, perform the selection, configuration,
and routing so that you have complete control over the use of all
on-chip resources.

Generate, Verify, and Debug. When ready to test the hardware
configuration or move on to developing code for the project,
perform the “Generate Application” step. This causes PSoC
Designer to generate source code that automatically configures
the device to your specification and provides the high level user
module API functions.

The chip-level designs generate software based on your design.
The chip-level view provides application programming interfaces
(APIs) with high level functions to control and respond to
hardware events at run-time and interrupt service routines that
you can adapt as needed.

A complete code development environment allows development
and customization of your applications in C, assembly language,
or both.

The last step in the development process takes place inside the
PSoC Designer’s Debugger subsystem. The Debugger
downloads the HEX image to the ICE where it runs at full speed.
Debugger capabilities rival those of systems costing many times
more. In addition to traditional single step, run-to-breakpoint and
watch-variable features, the Debugger provides a large trace
buffer and allows you to define complex breakpoint events that
include monitoring address and data bus values, memory
locations, and external signals.
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12. Pin Information

12.1 CYBCLEDO04DO0x 56-Pin Part Pinout (without OCD)

The CY8CLEDO04D01 and CY8CLED04D02 PowerPSoC devices are available with the following pinout information. Every port pin
(labeled with a “P” and “FNO”) is capable of Digital I/O.

Table 12-1. CY8CLEDO04DO0x 56-Pin Part Pinout (QFN)

Pin Type - Figure 12-1. CY8CLEDO04DO0Ox 56-Pin PowerPSoC Device
No. | Digital | Analog Power Name Description
Rows | Columns | Peripherals
1 110 | P1[0] GPIO/I’C SDA (Secondary)/ i
ISSP SDATA QFN Top View
2 110 | P2[2] GPIO/Direct Switch Cap connection
3 lfe} 110 PO[3] GPIO/Analog Input (Column 0)/
Analog Output (Column 0)
4 110 110 PO[5] GPIO/Analog Input (Column 0)/ o n
Analog Output (Column 1)/ ThoaF 2o oo 8IS0 Q
Capsense Ref Cap S88ca6nns222388
a>>aoo0oo00O0QuLuLuwuw 0o
5 lfe} | PO[7] GPIO/Analog Input (Column 0)/
Capsense Ref Cap .
6 110 [ P1[1] GPIO/I’C SCL (Secondary)/ISSP : PGNDO
SCLK 2 GDO
7_| o | P1[5] GPIO/’C SDA (Primary) : PonD1
8 110 | P1[7] GPIO/I?C SCL (Primary) 5 GD1
9 Vss Digital Ground ‘; swi
sw2
10 NC No Connect s ons
11 NC No Connect 9 PGND2
12 NC No Connect Sw3
13 NC No Connect Gps
PGND3
14 | XRES External Reset GDVSS
15 Vpp Digital Power Supply GDVDD
16 Vsg Digital Ground
17 AVgs Analog Ground QoYY QamZa Z
AONNAZLALZSLOHO S
18 AVpp Analog Power Supply >>2z88883288% §§
19 | CSN2 Current Sense Negative Input - 2 G & & EY
CSA2 %
20 CSP2 Current Sense Positive Input and Connect Exposed Pad to PGNDx
Power Supply - CSA2
21 CSP3 Current Sense Positive Input and
Power Supply - CSA3
22 | CSN3 Current Sense Negative Input 3
23 SREGCOMP | Voltage Regulator Error Amp Comp
24 | SREGFB Regulator Voltage Mode Feedback
Node
25 | SREGCSN | Current Mode Feedback Negative
26 | SREGCSP | Current Mode Feedback Positive
27 (0] SREGSW Switch Mode Regulator OUT
28 SREGHVIN | Switch Mode Regulator IN
29 GDVpp Gate Driver Power Supply Pin Type -
30 GDVgg Gate Driver Ground No. |Digital | Analog Power Name Description
Rows | Columns | Peripherals
31 PGND3™M  [Power FET Ground 3 44 GDVpp |Gate Driver Power Supply
32 (e} GD3 External Low Side Gate Driver 3 45 110 FNO[O] [Function I/O
33 SW3 Power Switch 3 46 110 FNO[1] [Function I/O
34 PGND2I  [Power FET Ground 2 47 110 FNO[2] |Function I/O
35 o GD2 External Low Side Gate Driver 2 48 110 FNO[3] [Function I/O
36 SW2 Power Switch 2 49 | CSNO |Current Sense Negative Input 0
37 Swi Power Switch 1 50 CSPO |Current Sense Positive Input and
Power Supply - CSAO
38 (0] GD1 External Low Side Gate Driver 1 51 CSP1 |Current Sense Positive Input and
Power Supply - CSA1
39 PGND1M  [Power FET Ground 1 52 | CSN1 [Current Sense Negative Input 1
40 SWo Power Switch 0 53 110 | PO[4] GPIO/Analog Input (Column 1) /
Bandgap Output
41 (0] GDO External Low Side Gate Driver 0 54 Vpp Digital Power Supply
42 PGNDOM [Power FETGround 0 55 Vss Digital Ground
43 GDVgg Gate Driver Ground 56 110 | P1[4] GPIO / External Clock Input
Note

1. Al PGNDx pins must be connected to the ground plane on the PCB irrespective of whether the corresponding PowerPSoC channel is used or not.
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12.2 CY8CLEDO04G0156-Pin Part Pinout (without OCD)

The CY8CLED04G01 PowerPSoC device is available with the following pinout information. Every port pin (labeled with a “P” and
“FNO”) is capable of Digital I/O.

Table 12-2. CY8CLEDO04GO01 56-Pin Part Pinout (QFN)

Pin Type o Figure 12-2. CY8CLEDO04GO01 56-Pin PowerPSoC Device
No. | Digital | Analog | Power Name Description
Rows | Columns | Peripherals
1 110 | P1[0] GPIO/I°C SDA (Secondary)/
ISSP SDATA
2 lfe} | P2[2] GPIO/Direct Switch Cap connection QFN Top View
3 /10 /0 PO[3] GPIO/Analog Input (Column 0)/
Analog Output (Column 0) o
2 [ o | o POG] GPIO/Analog Input (Column 0)/ Soox2ig s ZEEESE
Analog Output (Column 1)/ TLOF88882222838
Capsense Ref Cap
5 110 | PO[7] GPIO/Analog Input (Column 0)/
Capsense Ref Cap 1 PGNDO
6 o) I P1[1] GPIO/I2C SCL (Secondary)/ 2 GDo
ISSP SCLK : Egﬁm
7 1/10 | P1[5] GPIO/I’C SDA (Primary) 5 &bl
8 lfe} | P1[7] GPIO/I’C SCL (Primary) 6 DNC
9 Vss Digital Ground v DNC
10 NC No Connect 8 Gp2
PGND2
11 NC No Connect DNC
12 NC No Connect GD3
13 NC No Connect PGND3
GDVSS
14 | XRES External Reset GDVDD
15 Vop Digital Power Supply
16 Vsg Digital Ground OV VONN®®a mz o
2z
17 AVss Analog Ground 99295%%%35888 2
X000 0 QWO ORE
18 AVpp Analog Power Supply [ Guouy & u
19 | CSN2 Current Sense Negative Input 2 g 097 aq
20 CSP2 Current Sense Positive Input and
Power Supply - CSA2
21 CSP3 Current Sense Positive Input and * Connect Exposed Pad to PGNDx
Power Supply - CSA3
22 | CSN3 Current Sense Negative Input 3
23 SREGCOMP | Voltage Regulator Error Amp Comp
24 | SREGFB Regulator Voltage Mode Feedback
Node
25 | SREGCSN |Current Mode Feedback Negative
26 | SREGCSP |Current Mode Feedback Positive
27 (0] SREGSW Switch Mode Regulator OUT
28 SREGHVIN |Switch Mode Regulator IN
29 GDVpp Gate Driver Power Supply Pin Type -
30 GDVgg Gate Driver Ground No. | Digital | Analog | Power Name Description
Rows [Columns | Peripherals
31 PGND3ET  [Power FET Ground 3 44 GDVpp |Gate Driver Power Supply
32 (0] GD3 External Low Side Gate Driver 3 45 110 FNO[O] |Function I/O
33 DNCH Do Not Connect 46 110 FNO[1] [Function /O
34 PGND2FT  [Power FET Ground 2 47 110 FNO[2] [Function /O
35 (0] GD2 External Low Side Gate Driver 2 48 110 FNO[3] |Function I/O
36 DNCH Do Not Connect 49 | CSNO | Current Sense Negative Input 0
37 DNC] Do Not Connect 50 CSPO [ Current Sense Positive Input and
Power Supply - CSAO
38 o GD1 External Low Side Gate Driver 1 51 CSP1 |Current Sense Positive Input and
Power Supply - CSA1
39 PGND1FT  [Power FET Ground 1 52 | CSN1 [Current Sense Negative Input 1
40 DNCH Do Not Connect 53 [ 110 | PO[4] |GPIO/Analog Input (Column 1)/
Bandgap Output
41 (0] GDO External Low Side Gate Driver 0 54 Vpp Digital Power Supply
42 PGNDOPT [ Power FET Ground 0 55 Vss Digital Ground
43 GDVgg Gate Driver Ground 56 110 | P1[4] GPIO / External Clock Input
Notes

2. Do Not Connect (DNC) pins must be left unconnected, or floating. Connecting these pins to power or ground may cause improper operation or failure of the device.
3. All PGNDx pins must be connected to the ground plane on the PCB irrespective of whether the corresponding PowerPSoC channel is used or not.
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13.4 Register Map Bank 0 Table

Name (é'\’ﬂg;) Access Name (&Elg;) Access Name (()A’gg;) Access Name (&Elg;) Access
PRTODR 00 RW DPWMOPCF 40 RW ASC10CRO 80 RW VDACO_CR Cco RW
PRTOIE 01 RW DPWMOPDH 41 RW ASC10CR1 81 RW VDACO_DRO Cc1 RW
PRTOGS 02 RW DPWMOPDL 42 RW ASC10CR2 82 RW VDACO_DR1 c2 RW
PRTODM2 03 RW DPWMOPWH 43 RW ASC10CR3 83 RW Cc3
PRT1DR 04 RW DPWMOPWL 44 RW ASD11CRO 84 RW VDAC1_CR c4 RW
PRT1IE 05 RW DPWMOPCH 45 RW ASD11CR1 85 RW VDAC1_DRO C5 RW
PRT1GS 06 RW DPWMOPCL 46 RW ASD11CR2 86 RW VDAC1_DR1 C6 RW
PRT1DM2 07 RW DPWMOGCFG 47 RW ASD11CR3 87 RW c7
PRT2DR 08 RW DPWM1PCF 48 RW 88 VDAC2_CR c8 RW
PRT2IE 09 RW DPWM1PDH 49 RW 89 VDAC2_DRO Cc9 RW
PRT2GS 0A RW DPWM1PDL 4A RW 8A VDAC2_DR1 CA RW
PRT2DM2 0B RW DPWM1PWH 4B RW 8B CB
FNODR ocC RW DPWM1PWL 4C RW 8C VDAC3_CR cc RW
FNOIE oD RW DPWM1PCH 4D RW 8D VDAC3_DRO CD RW
FNOGS OE RW DPWM1PCL 4E RW 8E VDAC3_DR1 CE RW
FNODM2 OF RW DPWM1GCFG 4F RW 8F CF
10 DPWM2PCF 50 RW ASD20CRO 90 RW CUR_PP DO RW
1 DPWM2PDH 51 RW ASD20CR1 91 RW STK_PP D1 RW
12 DPWM2PDL 52 RW ASD20CR2 92 RW D2
13 DPWM2PWH 53 RW ASD20CR3 93 RW IDX_PP D3 RW
14 DPWM2PWL 54 RW ASC21CRO 94 RW MVR_PP D4 RW
15 DPWM2PCH 55 RW ASC21CR1 95 RW MVW_PP D5 RW
16 DPWM2PCL 56 RW ASC21CR2 96 RW 12C_CFG D6 RW
17 DPWM2GCFG 57 RW ASC21CR3 97 RW 12C_SCR D7 #
PDMUX_S1 18 RW DPWM3PCF 58 RW 98 12C_DR D8 RW
PDMUX_S2 19 RW DPWM3PDH 59 RW 99 12C_MSCR D9 #
PDMUX_S3 1A RW DPWM3PDL 5A RW 9A INT_CLRO DA RW
PDMUX_S4 1B RW DPWM3PWH 5B RW 9B INT_CLR1 DB RW
PDMUX_S5 1c RW DPWM3PWL 5C RW VDAC6_CR 9C RW INT_CLR2 DC RW
PDMUX_S6 1D RW DPWM3PCH 5D RW VDAC6_DRO 9D RW INT_CLR3 DD RW
1E DPWM3PCL 5E RW VDAC6_DR1 9E RW INT_MSK3 DE RW
CHBOND_CR 1F RW DPWM3GCFG 5F RW 9F INT_MSK2 DF RW
DBBOODRO 20 # AMX_IN 60 RW VDAC4_CR A0 RW INT_MSKO EO RW
DBBOODR1 21 w AMUX_CFG 61 RW VDAC4_DRO Al RW INT_MSK1 E1 RW
DBBOODR2 22 RW 62 VDAC4_DR1 A2 RW INT_VC E2 RC
DBBOOCRO 23 # ARF_CR 63 RW A3 RES_WDT E3 W
DBBO1DRO 24 # CMP_CRO 64 # VDAC5_CR A4 RW DEC_DH E4 RC
DBBO1DR1 25 w ASY_CR 65 # VDAC5_DRO A5 RW DEC_DL E5 RC
DBBO1DR2 26 RW CMP_CR1 66 RW VDAC5_DR1 A6 RW DEC_CRO E6 RW
DBBO1CRO 27 # PAMUX_S1 67 RW A7 DEC_CR1 E7 RW
DCB02DR0O 28 # PAMUX_S2 68 RW MUL1_X A8 W MULO_X E8 W
DCB02DR1 29 w PAMUX_S3 69 RW MUL1_Y A9 W MULO_Y E9 W
DCB02DR2 2A RW PAMUX_S4 6A RW MUL1_DH AA R MULO_DH EA R
DCB02CRO 2B # 6B MUL1_DL AB R MULO_DL EB R
DCBO03DRO 2C # TMP_DRO 6C RW ACC1_DR1 AC RW ACCO_DR1 EC RW
DCBO03DR1 2D w TMP_DR1 6D RW ACC1_DRO AD RW ACCO_DRO ED RW
DCBO03DR2 2E RW TMP_DR2 6E RW ACC1_DR3 AE RW ACCO_DR3 EE RW
DCBO3CRO 2F # TMP_DR3 6F RW ACC1_DR2 AF RW ACCO_DR2 EF RW
DBB10DRO 30 # ACBOOCR3 70 RW RDIORI BO RW FO
DBB10DR1 31 w ACBOOCRO 71 RW RDIOSYN B1 RW F1
DBB10DR2 32 RW ACBOOCR1 72 RW RDIOIS B2 RW F2
DBB10CRO 33 # ACBOOCR2 73 RW RDIOLTO B3 RW F3
DBB11DRO 34 # ACBO1CR3 74 RW RDIOLT1 B4 RW F4
DBB11DR1 35 w ACBO1CRO 75 RW RDIOROO B5 RW F5
DBB11DR2 36 RW ACBO1CR1 76 RW RDIORO1 B6 RW F6
DBB11CRO 37 # ACBO1CR2 77 RW B7 CPU_F F7 RL
DCB12DR0O 38 # DPWMOPCFG 78 RW RDI1RI B8 RW F8
DCB12DR1 39 w DPWM1PCFG 79 RW RDI1SYN B9 RW F9
DCB12DR2 3A RW DPWM2PCFG 7A RW RDI1IS BA RW FA
DCB12CRO 3B # DPWM3PCFG 7B RW RDILLTO BB RW FB
DCB13DR0O 3C # DPWMINTFLG 7C RW RDI1LT1 BC RW FC
DCB13DR1 3D w DPWMINTMSK 7D RW RDI1RO0 BD RW DAC_D FD RW
DCB13DR2 3E RW DPWMSYNC 7E RW RDI1RO1 BE RW CPU_SCR1 FE #
DCB13CRO 3F # 7F BF CPU_SCRO FF #
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Table 15-2. Chip Level DC Specifications (continued)

Symbol Description Min Typ Max | Units Notes
lepVop Supply current per channel (GDVpp pins) - - 25 mA | Internal Power FET at 2 MHz
- - 100 mA | External Gate Driver at 1 MHz,
CL:4nFatVDD:5V
Isg Sleep (mode) current with POR, LVD, - 18 25 pA | Ty =25 °C, Built-in Switching
sleep timer, and WDT. Regulator disabled,
DPWMxPCF = 0, Power Peripherals

disabled, analog power = off

- 30 550 pA | T3 =115 °C (Industrial rated) and
Tj=125 °C (Extended Temperature
rated), Built-in Switching Regulator
disabled, DPWMxPCF = 0, Power
Peripherals disabled,

analog power = OFF

Table 15-3. Chip Level AC Specifications

Symbol Description Min Typ Max Units Notes
fivozal™™ Internal main oscillator frequency for 23.04 | 24 24.96 | MHz -
24 MHz

feput CPU frequency 0.093 | 24 2496 | MHz -

faLk Digital PSoC Block frequency 0 48 | 49.92141 | MHz | Refer to “PSoC Core Digital Block
Specifications” on page 48.

faok1 Internal low-speed oscillator frequency 15 32 64 kHz

faok U Internal low-speed oscillator (ILO) 5 - - kHz | After a reset and before the M8C

B untrimmed frequency starts to run, the ILO is not trimmed.

See the System Resets section of
the PowerPSoC Technical
Reference Manual for details on
timing this.

DCj o Internal low speed oscillator duty cycle 20 50 80 % -

Jittergok 32 kHz period jitter - 100 - ns -

Jitteroama 24 MHz period jitter (IMO) peak-to-peak - 600 - ps -

tPOWERUP Time from end of POR to CPU executing - 30 100 ms | Power up from 0 V. See the System

code Resets section of the PowerPSoC
Technical Reference Manual.
Figure 15-1. 24 MHz Period Jitter (IMO) Timing Diagram
Jitter 24M1
f'”°m
Notes

14. See the individual user module datasheets for information on maximum frequencies for user modules.
15. The accuracy of the internal 24/48 MHz clocks is + 5% over temperature variation and a voltage range of 5.0 V + 0.25 V. No external components are required to

achieve this level of accuracy. Refer to the Internal Main Oscillator (IMO) section in the PowerPSoC Technical Reference Manual.
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15.3 Power Peripheral Low Side N-Channel FET

The following table lists guaranteed maximum and minimum specifications for the voltage and temperature ranges: 4.75V to 5.25 V,
T; <115 °C for Industrial rated devices and 4.75 V t0 5.25 V, T3 < 125 °C for Extended Temperature rated devices. Typical parameters
apply to 5V at 25 °C. These are for design guidance only.

Table 15-4. Low Side N-Channel FET DC Specifications

Symbol Description Min Typ | Max | Units Notes
Vps Operating drain to source voltage - - 32 \%
Vps,INST Instantaneous drain source voltage - - 36 \
Ip Average drain current - - 1 A CY8CLEDO04/3/2/1D01 devices
- - 0.5 A CY8CLEDO04/3D02 devices
IomAX Maximum instantaneous repetitive pulsed - - 3 A Less than 33% duty cycle for an
current average current of 1 A,
fgw = 0.1 MHz.
- - 15 A CYB8CLEDO04/3/2/1D01 devices
Less than 33% duty cycle for an
average current of 0.5 A,
fsw = 0.1 MHz. CY8CLEDO04/3D02
devices
Rps(on) Drain to source ON resistance - - 0.5 Ib=1A,GDVpp=5V,T;=25°C
CY8CLEDO04/3/2/1D01 devices
- - 1 Ip=05A,GDVpp =5V, T;=25°C
CYB8CLEDO04/3D02 devices
Ipss Switching node to PGND leakage - - 10 pA  |T;=25°C
- - 250 pA | T3 =115 °C (Industrial rated) and T}
=125 °C (Extended Temperature
rated)
IspeT Supply current per channel - FET (internal gate - - 6.25 mA  |fsyw =2 MHz
driver)
Table 15-5. Low Side N-Channel FET AC Specifications
Symbol Description Min Typ | Max | Units Notes
R Rise time - - 20 ns |Ip=1A Rp=32Q
te Fall time - - 20 ns |Ip=1A Rp=32Q

Figure 15-2. Low Side N-Channel FET Test Circuit for Ipss tr and tr

Rc

Vg

T

Rp
— AW
T
+
ViNeuT
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15.4 Power Peripheral External Power FET Driver

The following table lists guaranteed maximum and minimum specifications for the voltage and temperature ranges: 4.75V to 5.25 V,
T; <115 °C for Industrial rated devices and 4.75 V t0 5.25 V, T3 < 125 °C for Extended Temperature rated devices. Typical parameters

apply to 5V at 25 °C. These are for design guidance only.

Table 15-6. Power FET Driver DC Specifications

Symbol Description Min Typ Max | Units Notes
VouN N-channel FET driver output voltage -drive |Vpp —0.45 - - V  |loy =100 mA
high Vpp—0.10| - - VvV |loy =10 mA
VoLn N-channel FET driver output voltage -drive - - 0.45 VvV |loL =100 mA
low - - 0.1 V  |loL =10 mA
IseeTprY | Supply current per channel - external FET - - 25 mA |C_=4nF
driver Fsw=1MHz

Table 15-7. Power FET Driver AC Specifications

Symbol Description Min Typ Max Units Notes
tr Rise time - 45 55 ns
1= Fall time - 45 55 ns CL=4nF
tp(LH) Propagation delay (low-to-high) - - 10 ns
tp(HL) Propagation delay (high-to-low)) - - 10 ns

15.5 Power Peripheral Hysteretic Controller

The following table lists guaranteed maximum and minimum specifications for the voltage and temperature ranges: 4.75V t0 5.25 V,
T3 <115 °C for Industrial rated devices and 4.75 V t0 5.25 V, T < 125 °C for Extended Temperature rated devices. Typical parameters

apply to 5V at 25 °C. These are for design guidance only.

Table 15-8. Hysteretic Controller DC Specifications

Symbol Description Min Typ Max Units Notes
Vio Comparator input offset voltage - - 7.5 mV |1V <V,cq<3V (industrial rated)
- - 10 mV |1V < Vi, <3V (extended
temperature rated)
- - 15 mV |0V<Vicm<Vpp
Vicm Input common mode voltage range 0 - Vbp \Y,
Vhys Hysteresis voltage 4.5 - 11 mV |15V Vo £2.5V (industrial
rated)
4.5 - 13 mV |15V <V, cy<25V (extended
temperature rated)
IsHYsT Supply current - hysteretic controller - 2 - mA | Includes two power peripheral
comparators and one reference
DAC, fgyw = 2 MHz
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Table 15-9. Hysteretic Controller AC Specifications

Symbol Description Min Typ Max | Units Notes
ton / tope | Minimum ON/OFF timer

MONOSHOT<1:0> = 00 10 - 30 ns

MONOSHOT<1:0> =01 20 - 60 ns

MONOSHOT<1:0> = 10 40 - 110 ns

MONOSHOT<1:0> =11 - - - ns | Timers disabled

15.6 Power Peripheral Comparator

The following table lists guaranteed maximum and minimum specifications for the voltage and temperature ranges: 4.75V to 5.25 V,
T3 <115 °C for Industrial rated devices and 4.75 V10 5.25 V, T; < 125 °C for Extended Temperature rated devices. Typical parameters

apply to 5V at 25 °C. These are for design guidance only.

Table 15-10. Comparator DC Specifications

Symbol Description Min Typ Max Units Notes
VIN Input voltage range 0 - Vpp \% -
Vio Comparator input offset voltage - - 7.5 mV |1V <V,cu<3V (Industrial rated)
- - 10 mV | 1V<V,cu<3V (Extended Temper-
ature rated)
- - 15 mV |0V <Vicm<Vpp
Vhys Hysteresis voltage 25 - 30 mV |0V <V,cm<Vpp
4.5 - 11 mV |15V <V|cm £2.5V (Industrial
rated)
4.5 - 13 mV |15V <V <25V (Extended
Temperature rated)
VovDRY Overdrive voltage 5 - - mvV -
Iscomp Supply current - comparator - - 650 HA -
Viem.comp | Comparator input common mode voltage 0 - Vb \ -
range
Table 15-11. Comparator AC Specifications
Symbol Description Min Typ Max | Units Notes
tp Comparator delay time (FNO[X] pin to - 150 - ns | Voypry=5mV, C =10 pF at
FNO[X] pin) Vpp=5V

Figure 15-3. Comparator Timing Diagram

INp-INn
(Comparator Inputs applied
through FMOx pins)

QUT (Comparator Output obsenved
through FMOx pins)
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15.7 Power Peripheral Current Sense Amplifier

The following table lists guaranteed maximum and minimum specifications for the voltage and temperature ranges: 4.75V to 5.25 V,
T; <115 °C for Industrial rated devices and 4.75 V t0 5.25 V, T3 < 125 °C for Extended Temperature rated devices. Typical parameters
apply to Vpp of 5 V and HVpp of 32 V at 25 °C. These are for design guidance only.

Table 15-12. Current Sense Amplifier DC Specifications

Symbol Description Min Typ Max | Units Notes
Viem Input common mode voltage operating 7 - 32 \Y, Either terminal of the amplifier must
range not exceed this range for functionality

Vicm(Tolerant) |NonN functional operating range 0 - 32 Absolute maximum rating for Vsense
should never be exceeded. See
Absolute Maximum Ratings on page
30

Vsense Input differential voltage range 0 - 150 mV

Is csa Supply current - CSA - - 1 mA |Enabling CSA causes an incremental
draw of 1 mA on the AVpp rail.

IglaSP Input bias current (+) - - 600 pA

SN Input bias current (-) - - 1 pA

PSRuy Power supply rejection (CSP pin) - - -25 dB |fgyw <2 MHz

K Gain 19.7 20 20.3 VIV |Vgense =50 mV to 130 mV (Industrial

rated)
19.4 20 20.6 VIV |Vsense=50mV to 130 mV (Extended
Temperature rated)

Vios Input offset - 2 4 mV  |Vgense = 50 mV to 130 mV
Cin_csp CSP input capacitance _ _ 5 oF
Cin_csN CSN input capacitance _ _ 2 oF

Table 15-13. Current Sense Amplifier AC Specifications

Symbol Description Min Typ Max | Units Notes
tSETTLE Output settling time to 1% of final value - - 5 us
tpowerup |Power up time to 1% of final value - - 5 us

Figure 15-4. Current Sense Amplifier Timing Diagram

Vineur T — Vesp
V,
CsN
Vinpur-50 M- — f- —
Vinpur-150 MV— —f—+ — -
tserne ACTIVATE
toeLay
<> [
Vesp Vesn

\‘\ toowerup o 5 K*100 m\

______ T \k2smv
Not Vali 7 K o

ov
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15.8 Power Peripheral PWM/Pr ISM/DMM Specification Table

The following table lists guaranteed maximum and minimum specifications for the voltage and temperature ranges: 4.75V to 5.25 V,
T; d115 °C for Industrial rated devices and 4.75 V t0 5.25 V, T3 d125 °C for Extended Temperature rated devices. Typical parameters
apply to 5V at 25 °C. These are for design guidance only. See the PowerPSoC Technical Reference Manual for more information on

PWM/PrISM/DMM.

Table 15-14. PWM/PrISM/DMM DC Specifications

Symbol Description Min Typ

Is Modulation Supply current - PWM, PriSM, - -
or DMM

Table 15-15. PWM/PrISM/DMM AC Specifications

Symbol Description Min Typ

PWM Mode

frRANGE16 PWM output frequency range  24,000,000/(256*2'%) -
16-bit period

fraNGES PWM output frequency range  24,000,000/(256*2%) -
8-bit period

PriISM Mode

frANGE PrISM output frequency range 24,000,000/(256*(2M-1) -

DMM Mode

fRANGE,Dimming  PMM dimming frequency range 24,000,000/ -

(256*Max DMM Period)

france Dither ~ DMM dither frequency range (2/16)*(Min -
fRANGE, Dimming)

Document Number: 001-46319 Rev. *R

Max

Max

48,000,000/216

48,000,000/28

48,000,000/2

48,000,000/(Mi
n DMM Period)

(15/16)*(Max
fRANGE, Dimming)

Units

mA

Units

Hz

Hz

Hz

Hz

Hz

Notes

Notes

Period value = 216 -1,
Min: N = 255, Max: N =0

Period value = 28 -1, Min:
N =255, Max: N=0

Min: N = 255, Magx: N =
0,M=2to 16

Min DMM Period:

2 (Right Aligned),

3 (Center Aligned),
4(Left Aligned)

Max DMM Period:

212 (Right Aligned),
8190 (Center Aligned),
212 (Left Aligned)
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Figure 15-5. Built-in Switching Regulator Timing Diagram

VRrecin
VREG|N
t V
5 SU/REROUT /
—>

Powerdown
MODE

Figure 15-6. Built-in Switching Regulator

Vss
)
Error Osc =
AmP"f'ef I SREGHVIN VREGIN

II|_”O_

Logic and
Gate IN
Drive
Comparator
SREGSW_ L Veecour= 5V
Rsense
Current P1 rc——
Sense L R
- bl ESR
il m SREGCSP

p-SREGCSN
fi 1
SREGCOMP_| _:E -

Ceomp Ry
SREGEB ™ Reomp = =

Document Number: 001-46319 Rev. *R Page 40 of 55



CY8CLED04D01/CY8CLED04D02/CY8CLED04G01

. CY8CLEDO03D01/CY8CLED03D02/CY8CLED03G01
=2 CYPRESS CYSCLED02D01/CY8CLED01DO01
PERFORM

15.17 PSoC Core POR and LVD

The following table lists guaranteed maximum and minimum specifications for the voltage and temperature ranges: 4.75V to 5.25 V,
T; <115 °C for Industrial rated devices and 4.75 V t0 5.25 V, T3 < 125 °C for Extended Temperature rated devices. Typical parameters
apply to 5V at 25 °C. These are for design guidance only.

Note The bits PORLEV and VM in the following table refer to bits in the VLT_CR register. See the PowerPSoC Technical Reference
Manual for more information on the VLT_CR register.

Table 15-31. POR and LVD DC Specifications

Symbol Description Min Typ Max Units Notes
Vpp Value for PPOR Trip -
VppoRr2 PORLEVI[1:0] = 10b - 4.55 4.70 \Y,
Vpp Value for LVD Trip -
VivDe VM[2:0] = 110b 4.62 4.73 4.83 \
V\ vD7 VM[2:0] = 111b 471 4.81 4.95 \Y,

15.18 PSoC Core Programming Specifications

The following table lists guaranteed maximum and minimum specifications for the voltage and temperature ranges: 4.75V t0 5.25 V,
T3 <115 °C for Industrial rated devices and 4.75 V t0 5.25 V, T3 < 125 °C for Extended Temperature rated devices. Typical parameters
apply to 5V at 25 °C. These are for design guidance only.

Table 15-32. Programming DC Specifications

Symbol Description Min Typ Max Units Notes

Ibpp Supply current during programming or verify - 15 30 mA -

ViLp Input low voltage during programming or verify - - 0.8 \% -

Vinp Input high voltage during programming or 2.1 - - \% -
verify

liLp Input current when applying V p to P1[0] or - - 0.2 mA | Driving internal pull down
P1[1] during programming or verify resistor.

liup Input current when applying Vyp to P1[0] or - - 15 mA | Driving internal pull down
P1[1] during programming or verify resistor.

VoLv Output low voltage during programming or - - Vgg +0.75 \% -
verify

Vonv Output high voltage during programming or | Vpp—1.0 - Vbp \ -
verify

Flashgnpg | Flash endurance (per block) 50,000 - - - Erase/write cycles per

block.

Flashgyt | Flash endurance (total)[1”] 1,800,000 - - - Erase/write cycles.

Flashpg | Flash data retention[®] 10 - - Years -

Notes

17. A maximum of 36 x 50,000 block endurance cycles is allowed. This may be balanced between operations on 36 x 1 blocks of 50,000 maximum cycles each, 36 x 2
blocks of 25,000 maximum cycles each, or 36 x 4 blocks of 12,500 maximum cycles each (to limit the total number of cycles to 36 x 50,000 and that no single block
ever sees more than 50,000 cycles)

18. Guaranteed for —40 °C < T, < 85 °C for Industrial rated devices and —40 °C < T, < 105 °C for Extended Temperature rated devices.
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16. Ordering Information
Table 16-1. Device Key Features and Ordering Information

Gate Drivers

. Internal for External

PowerPSoC Part Number No. of Pins Package Channels Voltage FETs Low Side

N-FETs

CYBCLED04D01-56LTXI 56 QFN 8 mm x 8 mm 4 32V 4x1.0A 4
CYBCLED04D02-56LTXI 56 QFN 8 mm x 8 mm 4 32V 4x05A 4
CYBCLED04G01-56LTXI 56 QFN 8 mm x 8 mm 4 32V 0 4
CYB8CLED04DOCD1-56LTXI 56 QFN 8 mm x 8 mm 4 32V 4x1.0A 4
CYB8CLEDO3DO01-56LTXI 56 QFN 8 mm x 8 mm 3 32V 3x1.0A 3
CYBCLEDO3D02-56LTXI 56 QFN 8 mm x 8 mm 3 32V 3x05A 3
CYBCLEDO03G01-56LTXI 56 QFN 8 mm x 8 mm 3 32V 0 3
CYBCLED02D01-56LTXI 56 QFN 8 mm x 8 mm 2 32V 2x1.0A 2
CYB8CLEDO01DO01-56LTXI 56 QFN 8 mm x 8 mm 1 32V 1x10A 1
CYBCLEDO01D01-56LTXQ 56 QFN 8 mm x 8 mm 1 32V 1x10A 1
Thermal Rating:
| = Industrial
Q = Extended Temperature

Package Type:
LTX=QFN Pb-free

16.1 Ordering Code Definitions
CY 8 C LEDOX XXX (XXXX) - XX XXXX

Pin Count
OCD1 = On Chip Debugger

Part Number: DO1 = Internal 1.0 A FETs, D02 = Internal 0.5 A FETs,
Family Code: 4 = 4 Channel, 3 = 3 Channel, 2 =2 Channel, 1 = 1 Channel

GO01 = No Internal FETs

Technology Code: C = CMOS
Marketing Code: 8 = Cypress PSoC

Company ID: CY = Cypress
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21. Sales, Solutions, and Legal Information

21.1 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

Automotive cypress.com/go/automotive psoc.cypress.com/solutions

Clocks & Buffers cypress.com/go/clocks PSoC 1| PSoC 3| PSoC 4 | PSoC 5LP
Ir?terf.ace cypress.com/go/interface Cypress Developer Community
Lighting & Power Control cypress.com/go/powerpsoc Community | Forums | Blogs | Video | Training

cypress.com/go/plc
Technical Support

Memory cypress.com/go/memory

PSoC cypress.com/go/psoc cypress.com/go/support
Touch Sensing cypress.com/go/touch

USB Controllers cypress.com/go/USB

Wireless/RF cypress.com/go/wireless

© Cypress Semiconductor Corporation, 2008-2015. The information contained herein is subject to change without notice. Cypress Semiconductor Corporation assumes no responsibility for the use of
any circuitry other than circuitry embodied in a Cypress product. Nor does it convey or imply any license under patent or other rights. Cypress products are not warranted nor intended to be used for
medical, life support, life saving, critical control or safety applications, unless pursuant to an express written agreement with Cypress. Furthermore, Cypress does not authorize its products for use as
critical components in life-support systems where a malfunction or failure may reasonably be expected to result in significant injury to the user. The inclusion of Cypress products in life-support systems
application implies that the manufacturer assumes all risk of such use and in doing so indemnifies Cypress against all charges.

Any Source Code (software and/or firmware) is owned by Cypress Semiconductor Corporation (Cypress) and is protected by and subject to worldwide patent protection (United States and foreign),
United States copyright laws and international treaty provisions. Cypress hereby grants to licensee a personal, non-exclusive, non-transferable license to copy, use, modify, create derivative works of,
and compile the Cypress Source Code and derivative works for the sole purpose of creating custom software and or firmware in support of licensee product to be used only in conjunction with a Cypress
integrated circuit as specified in the applicable agreement. Any reproduction, modification, translation, compilation, or representation of this Source Code except as specified above is prohibited without

the express written permission of Cypress.
Disclaimer: CYPRESS MAKES NO WARRANTY OF ANY KIND, EXPRESS OR IMPLIED, WITH REGARD TO THIS MATERIAL, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES
OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE. Cypress reserves the right to make changes without further notice to the materials described herein. Cypress does not

assume any liability arising out of the application or use of any product or circuit described herein. Cypress does not authorize its products for use as critical components in life-support systems where
a malfunction or failure may reasonably be expected to result in significant injury to the user. The inclusion of Cypress’ product in a life-support systems application implies that the manufacturer

assumes all risk of such use and in doing so indemnifies Cypress against all charges.

Use may be limited by and subject to the applicable Cypress software license agreement.
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