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Low-power mode procedure in XMC7000 family

About this document

Scope and purpose

This application note describes the features of low-power modes in XMC7000 family MCUs from Infineon and
explains how to enter low-power modes and return to active mode.

Intended audience

This document is intended for anyone who uses the low-power mode features in XMC7000 MCUs.

Associated part family

XMC7000 family of XMC™ industrial microcontrollers.
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Introduction

1 Introduction

This application note describes low-power modes in Infineon’s XMC7000 family MCUs. The series includes Arm®
Cortex® CPUs, CAN FD, memory, and analog and digital peripheral functions in a single chip, and the series has
one or two Arm® Cortex®-M7-based CPUs (CM7) and CMO+.

XMC7000 family MCUs have several different power modes. These modes are intended to minimize the average
power consumption in an application.

This application note explains the features of power modes and how to set up the power mode transition.

To understand the described functionality and terminology used in this application note, see the “Device
Power Modes” chapter of the architecture reference manual for more details.

Application note 3 002-34021 Rev. *B
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Power modes of XMC7000 family

2 Power modes of XMC7000 family

XMC7000 family MCUs have the following power modes:

o Active mode: All peripherals are available.

e Sleep mode: All peripherals except the CPU are available.

o DeepSleep mode: Only low-frequency peripherals are available.
o Hibernate mode: Device and |/O states are frozen.

Figure 1 shows the relationship between power modes and the power supply current.

Power Supply
Current

A
Active
Mode
Several 10 mA
Sleep
Mode
Several mA
Several 10 ¢ A DeepSleep
Mode Hibernate
Several y A Mode
Figure 1 Power modes and power supply current
Note: Figure 1 is only an indication of the degree of power supply currents for each mode. Actual current

values depend on the clock configuration and peripheral setting in each mode. For more details on
power supply current characteristics, see the datasheet.

Power consumption is reduced in the order of Active, Sleep, DeepSleep, and Hibernate modes. Each power
mode optimizes power consumption for user applications.

Table 1 summarizes the states of each power mode and the entry and wakeup conditions. For more details on
power modes, see the architecture reference manual.

Table 1 XMC7000 power modes
Power mode Description Entry condition | Wakeup source | Wakeup action
Active Primary mode of operation; all Wake up from Not applicable | Notapplicable
peripherals are available Sleep/DeepSleep
(programmable). modes, Hibernate
reset, or any other
reset.
Application note 4 002-34021 Rev. *B
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Power mode Description Entry condition | Wakeup source | Wakeup action

Sleep CPU is in Sleep mode; all other Register write Any interruptto | Interrupt
peripherals are available. from active mode | CPU

or wakeup from
DeepSleep
through
debugger.

DeepSleep All high-frequency clocks and Register write GPIO interrupt, | Interruptor
peripherals are turned off. Low- | from Active Event debug
frequency clock (32 kHz) and modes or generators, SCB,
low-power analog and digital Debugger session | watchdog timer,
peripherals are available for ends. and RTC alarms
operation and as wakeup !and debugger
sources. SRAM can be retained
(configurable).

Hibernate GPIO states are frozen. Almost all | Register write WAKEUP pin Hibernate Reset
peripherals and clocks in the from Active mode. | and RTC alarms
device are turned OFF. The
device resets on wakeup.

XMC7000 family MCUs have the following features:

e Software can use power modes to optimize power consumption in an application

e Low-power DeepSleep mode with support for multiple wakeup sources and configurable amount of SRAM

retention

e Ultra-low-power (ULP) Hibernate mode with wakeup from I/O and RTC alarms

The power consumption in different power modes is controlled by using the following methods:

e Enabling and disabling clocks to peripherals

e Powering ON/OFF clock sources

e Powering ON/OFF peripherals and parts inside the MCUs

LRTC (along with WCO) is supplied with VDDD and is available irrespective of the device power mode. RTC alarms can wake up the
device from any power mode.

Application note
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Power modes transition

3 Power modes transition

This section describes how to use the low-power mode procedure using the Peripheral Driver Library (PDL).

3.1 Entering power modes

Figure 2 shows various states that the device can be in along with possible power mode transition paths. The
transitions are described in detail later in this application note.

—— Reset event
External —— Low power mode enter event

Reset —— Wakeup event
RESET 4—— XRES — Other event

\A A/

Internal Reset Sequence
Reset Completes

Active Mode
Interrupts A

CPU Instructions

Any Interrupts

Sleep Mode

. I Debugger Session
Debugger Session Ends

Starts

CPU Instructions

DeepSleep Mode b

CPU Instructions
Wakeup ] With Register Configuration
Hibernate Mode ¢

POR
OFF

Figure 2 Power mode transitions

3.1.1 RESET/OFF state

e OFF state:

- Represents the state with no power applied

- Go to RESET, when powered up above power-on reset level (POR event)
e RESET state:
Detected reset event: POR, External Reset (XRES), or Internal Reset

Go to Active mode after reset sequence completion
IMO is started
Device will enter RESET state upon assertion of XRES in any of the power modes

Application note 6 002-34021 Rev. *B
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Power modes transition

3.1.2 Entering low-power mode

Table 2 shows how to enter low-power mode and the actions in low-power modes.

Table 2 Low-power mode transitions
Initial state Final state Trigger Hardware actions
Active Sleep Firmware action 1. CPU clocks are
1. Clear the SLEEPDEEP bit [2] of the SCR gated OFF.
register for all CPUs (CPUs are CM7 and 2. CPU waits foran
CMO+). interrupt or event to
2. Optionally, set the SLEEPONEXIT bit [1] of wake it up.

the SCRregister, if the CPU runs only on
interrupts. When this bit is set, the CPU will
not return to application code after the
WFI/WFE instruction is executed. The CPU
will wake up on any enabled interrupt or
event and will enter Sleep/DeepSleep mode
as soon as it exits the interrupt or services
the event.

3. Optionally, set the SEVONPEND bit [4] of the
SCRregister if the application needs to wake
up the CPU from any pending interrupt. If
this bit is set, any interrupt that enters a
pending state will wake up the CPU.

4. Execute WFI/WFE instruction on all of CPUs.

Application note 7 002-34021 Rev. *B
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Initial state

Final state

Trigger

Hardware actions

Active

DeepSleep

Firmware action

Perform these steps to enter DeepSleep mode
(LPM_READY bit [5] of the PWR_CTL register
should read ‘1’ before performing these steps):

1. Setthe SLEEPDEEP bit [2] of the SCR register
for all CPUs (CPUs are CM7 and CMO+).

2. Optionally, set the SLEEPONEXIT bit [1] of
the SCRregister, if the CPU runs only on
interrupts. When this bit is set, the CPU will
not return to application code after the
WFI/WFE instruction is executed. The CPU
will wake up on any enabled interrupt or
event and will enter Sleep/DeepSleep mode
as soon as it exits the interrupt or services
the event.

3. Optionally, set the SEVONPEND bit [4] of the
SCRregister if the application needs to wake
up the CPU from any pending interrupt. If
this bit is set, any interrupt that enters a
pending state will wake up the CPU.

4. Execute WFI/WFE instruction on all of CPUs.

Note: Executing the above sequence
before the low-power mode is
ready (LPM_READY==1) will
transition first to Sleep mode. The
device state will automatically
move to DeepSleep state once the
LPM_READY bit is set.

Note: Make sure that any write transfer
made before executing the WFI
instruction is followed by the read|
access to the same memory
location. This ensures that the
write operation is successful.

1. CPU enters alow-
power mode.

2. High-frequency
clocks are shut
down.

3. 1/0cells will be

frozen
automatically.

4, Retentionis

enabled and non-
retention logic is
reset.

5. Active regulatoris

disabled and
DeepSleep
regulator takes
over.

Application note
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Initial state Final state Trigger Hardware actions
Active Hibernate Firmware action 1. CPU enters a low-

1. Set TOKEN bits [7:0] of the PWR_HIBERNATE power mode.
register (optional) and PWR_HIB_DATA 2. Both high-
register to some application-specific frequency and low-
branching data that can be used on a frequency clocks
wakeup event from Hibernate mode. are shut down.

2. Set UNLOCK bits [8:15] of the 3. Retentionis
PWR_HIBERNATE register to 0x3A for FREEZE enabled and non-
and HIBERNATE bits of the PWR_HIBERNATE retention logic is
register to operate. reset.

3. Configure wakeup pins polarity 4, Both Active and
(POLARITY_HIBPIN bits [23:20]), wakeup pins DeepSleep
mask (MASK_HIBPIN bits [27:24]) and regulators are
wakeup alarm mask (MASK_HIBALARM bit powered down. The
[18]) in the PWR_HIBERNATE register based peripherals that are
on the application requirement. active in the

4. Set FREEZE bit [17] of the PWR_HIBERNATE hibernate domain
register to freeze the I/0 pins. operate directly out

5. Set HIBERNATE bit [31] of the of VDDD.

5. 1/O cells are frozen

Note:

Note:

PWR_HIBERNATE register to enter Hibernate
mode.

Read the PWR_HIBERNATE register to make
sure that the write has taken effect.

Execute WFI instruction on all CPUs.

It is recommended to trigger
Hibernate mode atomically. That
means, when entering Hibernate
mode, disable all the interrupts
and do a write operation on the
PWR_Hibernate register.

Make sure that any write transfer
made before executing the WFI
instruction is followed by the read|
access to the same memory
location. This ensures that the
write operation is successful.

Application note
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Initial state

Final state

Trigger

Hardware actions

Sleep

DeepSleep

When the debugger is not connected and
DeepSleep mode is triggered, but
LPM_READY==0, the device internally enters
Sleep mode. The device will automatically
transit to DeepSleep when LPM_READY==1.

If the debugger is connected and DeepSleep
mode is triggered by the firmware, the device
will enter DeepSleep only when the following
conditions are met:

1. LPM_READY==1

2. Debuggeris disconnected

1. High-frequency
clocks are shut
down.

2. 1/0 cells will be
frozen
automatically.

3. Retentionis

enabled and non-
retention logic is
reset.

4, Active regulatoris

disabled and
DeepSleep
regulator takes
over.

Application note
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Power modes transition

Figure 3 shows the software and hardware operation for the transition from Active mode to DeepSleep mode.

Software Operation

Start (Active)* - Operation Clock setting
. *If any FLL/PLL is used as operation clock with the ECO .
l as its reference clock, change the clock to IMO Hardware Operation

> Following settings are necessary before entering Deep Sleep mode:

- Interrupt setting for wakeup
- Clear any interrupt flag
Read LPM READY bit of - 1/0 setting in DeepSleep mode
- PWR CfI'L Register - Optionally, Low-speed peripherals setting

LPM_READY =1?
Yes
All CPUs Write For more details of SCR.SLEEPDEEP, see the Generic User Guide for each CPUs of
SCR.SLEEPDEEP=1 Arm documentation.
. HF Clocks are
All CPUs Execute WFI Instruction —— SN

CPU Enters Low-power Mode 10 cells are Frozen

SRSS-CPUSS Handshake to L
: Logic is Isolated

Commit

v

Retention is Enabled
Non-retention Logic is Reset
Yes.

Interrupt Arrives before ‘

Handshake Completes Main Regulator is Disabled.
DeepSleep Regulator takes over.
Reference and BODs go into
DeepSleep Mode

Interrupt Arrived?

CPU takes Interrupt and Aborts
Handshake

< End (Active) ) < End (DeepSleep) )

Figure 3 Active mode to DeepSleep mode transition
Note: In Figure 3, the gray boxes indicate hardware operation. Therefore, processing with software is not
required.
11 002-34021 Rev. *B
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Power modes transition

Figure 4 shows the software and hardware operation for the transition from Active mode to Hibernate mode.

< > Software operation
Start (Active)
* Hardware operation
Set PWR_HIBERNATE:FREEZE=1

Disable Overrides

* CPU enters the Hibernate mode by performing three identical writes to the
Write PWR_HIBERNATE: PWR_HIBERNATE register. Each of these writes should have the
Unlocks HIB Mode UNLOCK code, set FREEZE, set HIBERNATE, and load the other fields
(TOKEN, POLARITY_HIBPIN, MASK_HIBPIN, MASK_HIBALARM)
* as desired. The first write unlocks HIBERNATE, the second freezes the
1/0s, and the third enters Hibernate mode.
Write PWR_HIBERNATE: —
Freeze all /O All three writes to PWR_HIBERNATE register use the same value:
- UNLOCK=0x3A
- FREEZE=1
- HBERNATE=1
Write PWR_HIBERNATE:
Initiates Transition Other bits of PWR_HIBERNATE register should be set the value as
* required.
Read PWR HIBERNATE: Read the PWR_HIBERNATE register to make sure that the write has taken
- effect.

v

WFI
(Wait for Transition)

BERNATE=1 *

Clamp all LV—HV
Crossings except Reference and
Regulators.

v

Block Brownout Detector

v

Turn OFF all Regulators and
Brownout Detectors;
Assert LV Isolation and LV Resets

< End (Hibernate) >

H

Figure 4 Active mode to Hibernate mode transition

Note: The gray boxes indicate hardware operation in Figure 4. Therefore, processing with software is not
required.

Application note 12 002-34021 Rev. *B
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Power modes transition

3.1.3 Wakeup from low-power modes

Table 3 shows the hardware triggers for wakeup and the actions after wakeup.

Table 3 Wakeup action

Initial state Final state Trigger source Hardware action

Sleep Active Any enabled interrupt | CPU exits Sleep mode and execute the
in Sleep mode interrupt

DeepSleep Active Any enabled Interrupt | The device returns to the configuration it had
in DeepSleep mode while entering DeepSleep mode.
(IMO/clocks enabled, retention disabled, non-
retained resets, freeze release; CPU exits low-
power mode and takes interrupt)

DeepSleep Sleep Debug wakeup Retention disabled and non-retained reset
Freeze release

HF and LF are ON

CPU remains in a Sleep state

Hibernate Active Wakeup pins, RTC Hibernate wakeup is implemented as a

alarms, WDT transition to Active mode through reset:

1. Low-voltage (internal Active and DeepSleep
mode) regulators and references are ramped
up

2. All low-voltage logic (operating from internal
regulators) is reset

3. IMOclock is started

4. Core starts execution

Application note 13 002-34021 Rev. *B
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Figure 5 shows the software and hardware operation for the transition from DeepSleep mode to Active mode.

< > Software operation
Start (DeepSleep)

Interrupt * Hardware operation

Turn ON Active Reference and
Core Regulator (if used).

Turn ON Main Logic Domain
Switches.

Enable IMO.

Wait until Regulator ¢

Indicates Supply is Good

Short Remaining LV
Supplies Together

v

Retention Disabled
Non-retention Resets
De-assert

v

Isolation Disabled

\

10 cells frozen are Released

v

HF Clock are
Turned ON

v

CPU SS-SRSS
Handshake Clears Low-power
Mode Status

\

CPU Exits Low-power
Mode and Takes

After wakeup, the device returns to the configuration it

Inte rrupt had while entering Deep Sleep Mode.
If any FLL/PLL is used as operation clock with the ECO
as its reference clock, this clock configuration can be
restored after the ECO is stable.
< End (Active) > CPU exits Low-power mode and takes interrupt.
Figure 5 DeepSleep mode to Active mode transition
Note: The gray boxes indicate hardware operation in Figure 5. Therefore, processing with software is not
required.
Application note 14 002-34021 Rev. *B
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3.2 WDT setting during low-power modes

The watchdog timer (WDT) in XMC7000 automatically resets the device in the event of an unexpected software
execution path. In addition, the WDT can be used as an interrupt source or a wakeup source in Low-power
modes. The software can select the resets or interrupts.

This section describes WDT setting and operation in low-power modes. For more details on the WDT, see the
architecture reference manual.

3.2.1 Features

XMC7000 supports two types of WDT: Basic WDT and Multi-counter WDT (MCWDT). Table 4 shows the supported
WDT settings during low-power modes.

Table4 List of PCLK (example of the TCPWM timer) settings parameters
Power mode | Basic WDT MCWDT Remarks
Subcounter 0 | Subcounter 1 | Subcounter 2
Active Reset 2 and Reset ?, Interrupt 3, and Interrupt?® In Active mode, the WDT can
Interrupt? FAULT* send the interrupt to the CPU.
Sleep Reset ? and Reset %, Interrupt 3, and Interrupt® In Sleep mode, the CPU
Interrupt? FAULT* subsystem is powered down.

Therefore, the interrupt
request from the WDT is
directly sent to the wakeup
interrupt controller (WIC),
which will then wake up the

CPU.
DeepSleep Reset?and Reset ?, Interrupt 3, and Interrupt® In DeepSleep mode, the CPU
Interrupt? FAULT* subsystem is powered down.

Therefore, the interrupt
request from the WDT is
directly sent to the WIC, which
will then wake up the CPU.

Pauses/runs the counter is
selectable during DeepSleep

mode.
Hibernate Reset 2 and Not supported e Can pause orrun the
Interrupt? counter; this option is
selectable during Hibernate
mode.

¢ InHibernate mode, any
interrupt to wake up the
device results in reset.

2 Reset occurs when the counter value reaches UPPER_LIMIT or when the counter is cleared before LOWER_LIMIT.
3 Interrupt occurs when the counter value reaches WARN_LIMIT.

4 The fault manager converts this to a high-priority interrupt (such as Non-Maskable Interrupt (NMI)) that gives the processor an
opportunity to return to a safe state, such as halting memory writes and releasing peripherals.

5 Interrupt occurs when the BIT specified by MCWDT2_CTR2_CONFIG [20:16] toggles.

Application note 15 002-34021 Rev. *B
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Power modes transition

3.2.2 Example of WDT wakeup operation

Figure 6 shows an example of the operation with Subcounter 0/1 of MCWDT. In this example, Subcounter0 of
MCWDT is used as a supervisor of an unexpected software execution path, and Subcounterl of MCWDT is used
as a periodic wakeup interrupt generator during Low-power mode. For more details on the WDT, see the

architecture reference manual.

Setting of MCWDT

Subcounter0...Used for supervisor of software
LOWER_ACTION: FAULT_THEN_RESET
UPPER_ACTION: FAULT_THEN_RESET
WARN_ACTION: Do nothing
AUTO_SERVICE: Don't care
SLEEPDEEP_PAUSE: Pause

@

Subcounterl...Used for wakeup cause from low- power mode
LOWER_ACTION: Do nothing
UPPER_ACTION: Do nothing
WARN_ACTION: Interrupt
AUTO_SERVICE: Use
SLEEPDEEP_PAUSE: RUN

Subcounter 0

Counter value

OXFFFFFFFF | — — — — — — — — — — — — — — — — — — — — - —

UPPER LIMIT = —mm e e e e e e e e e — — — — — — — — — - —

Pause Pause
LOWER_LIMIT |- bl bl i o —f————— — — — — = — - - — = — — ] — Jy/AR Ny A + _______
» Time

-

(c) \
SERVICE by SERVICE by
Software Software

Subcounter 1

Counter value

A
OXFFFFFFFF | — — — — — — — — — — — —— — — — — — — — — — i i i
Interrupf
WARN_LIMIT | ———— —— — — — — — — e e
» Time
SERVICE by Wakeup and SERVICE by
Software AUTO_SERVICE Software
Device state Active Low Power Acetiv Low Power Active
(b) (d () (d)
Figure 6 Example of WDT operation (wakeup cause is interrupt of WARN_LIMIT of Subcounter 1)

Subcounter 0 is paused during low-power mode. If the MCU wakes up from low-power mode, Subcounter 0
resumes counting upwards.

002-34021 Rev. *B
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Subcounter 1 continues counting upwards during Low-power mode. If the counter value reaches the setting
value of “WARN_LIMIT”, MCU wakes up from Low-power mode. If the AUTO_SERVICE setting is used, the
hardware resets the counter value.

. .
3.2.2.1 Configuration and example code
Resource Name(s) Personality | | ¥ Overview
v Anslog (%) Configuration Help Open MCWDOT Documentation
> Programmable Analog ~ Counterd
> Communication (2) €0 Lower Limit 0
> Digital (2) €0 Upper Limit OxFFFF
¥ System (2) COWarn Limit 32768
() EVTGEN 0 svtgen 0 -
- (2) COLower Action None v
B Multi-Counter Watchdeg Timer (MCWDT) 0| MCWDT_0 Multi-count =
= - () CO Upper Action Nene v
[T Multi-Counter Watchdeg Timer (MCWDT) 1srss 0 ) 0 Warn A |
— Q) ti ite t v
() Multi-Counter Watchdog Timer (MCWDT) 2 °rn fctien ; =
@
[ Real Time Clasck (RTC) sres 2 COAuto ServiceEnable
(2) C0Deep Sleep Pause Enable )
(2) C0Debug Run Enable a
~ Counterl
() €1 Lower Limit 0
(7) C1 Upper Limit OxFFFF
(7) C1 Warn Limit 32768
(2) C1 Lower Action None ~
(Z) C1 Upper Action Mone -
(2) C1 Warn Action Interrupt v
(2) C1 Auto Service Enable a
(7) C1 Deep Sleep Pause Enable [
(Z) C1Debug Run Enable a
~ Counter2
(7) C2 Toggle Bit [1s
(2) C2 Action None v
(2) C2 Deep Sleep Pause Enable [
(Z) C2 Debug Run Enable O
~ Common
(2) MCWDT Core Select CM7_0 v
~ Advanced
(2) Store Config in Flash a
. . A o o .
Figure 7 MCWDT configuration in Device Configurator

Table 5 lists the configuration parameters and Table 6 lists the PDL configuration functions for WDT settings
during low-power modes.

Table 5 List of WDT settings during low-power modes configuration parameters
Parameters Description Value
-cOLowerLimit Select the CPU to be used for Oul
SleepDeepPause
.cOUpperLimit Select the CPU to be used for OxFFFFul
SleepDeepPause
.cOWarnLimit Sets the Subcounter 0 to warn limit | MCWDT TICKS PER SECOND

(unsigned integer 32-bit)
.cO0LowerAction Sets Subcounter 0 lower action to CY_MCWDT_ACTION_NONE

“no action”, “fault”, or “fault then
reset”
. cOUpperAction Sets Subcounter O upper action to CYiMCWDTiACTIONiNONE
“no action”, “fault”, or “fault then
reset”
.cOWarnAction Sets Subcounter O warn action to CYiMCWDTiYNARNiACTIONiNONE

“no action”, or “interrupt”
-cOAutoService | Configures to automatically clear | CY_MCWDT_ENABLE

MCWDT when Subcounter 0 value
reaches WARN_LIMIT
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Parameters Description Value

-cO0SleepDeepPau | Enables to pause Subcounter 0 CY MCWDT DISABLE

€ when the corresponding CPU is in
DeepSleep

.cODebugRun Sets the debugger configuration. It | €Y _MCWDT ENABLE
needs when using debugger

-clLowerLimit Sets Subcounter 1 lower limit Oul
(unsigned integer 32-bit)

-clUpperLimit Sets Subcounter 1 upper limit OxFFFFul
(unsigned integer 32-bit)

.clWarnLimit Sets Subcounter 1 warn limit MCWDT TICKS PER_SECOND
(unsigned integer 32-bit)

.clLowerAction Sets Subcounter 1 lower actionto |CY MCWDT ACTION NONE
“no action”, “fault”, or “fault then
reset”

.clUpperAction Sets Subcounter 1 upper action to CY MCWDT ACTION_ NONE
“no action”, “fault”, or “fault then
reset”

.clWarnAction Sets Subcounter 1 warn action to CY MCWDT WARN ACTION INT
“no action”, or “interrupt”

-clAutoService | Configures to automatically clear | CY_MCWDT_ENABLE
MCWDT when Subcounter 1 value
reaches WARN_LIMIT

.clSleepDeepPau | Enablesto pause Subcounter 1 CY MCWDT DISABLE

se when the corresponding CPU is in
DeepSleep

. c1DebugRun Sets the debugger configuration CY_MCWDT_ENABLE
(required when using debugger)

.c2ToggleBit Select the bit to observe for a 15ul
toggle

.C2Action Sets Subcounter 2 action to “no CY MCWDT CNTZ2 ACTION NONE
action” or “interrupt”

.c2SleepDeepPau | Enablesto pause Subcounter 2 CY MCWDT DISABLE

s€ when the corresponding CPU is in
DeepSleep

. c2DebugRun Sets the debugger configuration CY_MCWDT_DISABLE
(required when using debugger)

.coreSelect Select the CPU to be used for CY MCWDT PAUSED BY DPSLP CM7 O
SleepDeepPause

Table 6 List of WDT settings during low-power modes configuration functions

Functions Description

Cy MCWDT DelInit ()

default state.

De-initializes the MCWDT block, returns register values to their

Cy MCWDT Init ()

Initializes the MCWDT block.
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Functions

Description

Cy MCWDT Unlock ()

Unlocks the MCWDT configuration registers.

Cy MCWDT SetInterruptMask ()

Writes MCWDT interrupt mask register.

Cy MCWDT Enable ()

Enables all specified counters.

Cy MCWDT_ Lock ()

Locks out configuration changes to all MCWDT registers.

Cy MCWDT ClearWatchdog ()

Clears the MC watchdog counter, to prevent a XRES device reset or
fault.

Cy SysPm DeepSleep ()

Sets a CPU core to the DeepSleep mode

Code Listing 1 demonstrates an example program to WDT wakeup operation in a power mode transition. See
the architecture reference manual and application note for GPIO and WDT.

Code Listing 1 Example to WDT wakeup operation in power mode transition

#define MCWDT CPU IRQ INDEX
/* 1 sec when clk 1f 32.768 kHz */
#define MCWDT TICKS PER SECOND (32768u)

NvicMux2 IRQn

/* MCWDT configuration */
const cy stc mcwdt config t mcwdtConfig

4_______________/
{ 1 Configure MCWDT parameter ]

.cOLowerLimit = 0U,

.cOUpperLimit = OxFFFFU,

.cOWarnLimit = 327680,

.cOLowerAction = CY MCWDT_ACTION_NONE,
.cOUpperAction = CY MCWDT_ACTION_NONE,

.cOWarnAction = CY MCWDT WARN ACTION INT,
.cOAutoService = CY MCWDT_ENABLE,
.cO0SleepDeepPause = CY MCWDT_DISABLE,
.cODebugRun = CY_MCWDT_ENABLE,

.clLowerLimit = 00U,

.clUpperLimit = OxFFFFU,

.clWarnLimit = 327680,

.clLowerAction = CY_MCWDT_ACTION_NONE,
.clUpperAction = CY_MCWDT_ACTION_NONE,
.clWarnAction = CY MCWDT WARN ACTION INT,
.clAutoService = CY MCWDT ENABLE,
.clSleepDeepPause = CY MCWDT DISABLE,
.clDebugRun = CY MCWDT ENABLE,

.c2ToggleBit
.c2Action = CY MCWDT CNT2_ ACTION NONE,
.c2SleepDeepPause CY MCWDT_ DISABLE,
.c2DebugRun CY MCWDT_ DISABLE,

.coreSelect CY MCWDT_ PAUSED BY DPSLP_CM7 O,

}i

150,

/* MCWDT interrupt configuration */
const cy stc_sysint t mcwdtIrgConfig
{

.intrSrc (MCWDT CPU_IRQ INDEX << 16)
.intrPriority 3UL

| srss_interrupt_mcwdt_l_IRQn,

}i

uint8_t tFlag

Ou;

/* MCWDT interrupt handler */

void irgMCWDT1Handler (void) g MCWDT intel’l’upt handler
{

uint32_t masked;
masked Cy_MCWDT_GetInterruptStatusMasked (MCWDT1) ;

if (MCWDT INTR MASKED CTRO INT Msk & masked)
{ Cy GPIO Inv(USER LEDl PORT, USER LED1 PIN);
if(MCWDTiINTRiMASKED7CTR171NT7MSk & masked)

{ Cy GPIO Inv(USER LED2 PORT, USER LED2 PIN);
if(MCWDTiINTRiMASKED7CTR27INTiMsk & masked)

{ Cy GPIO Inv(USER LED3 PORT, USER LED3 PIN);
}

Cy MCWDT ClearInterrupt (MCWDT1, masked);
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Code Listing 1

Example to WDT wakeup operation in power mode transition

tFlag = lu;
}

int main(void)

{

/* Setup the MCWDT interrupt */
Cy SysInt Init(&mcwdtIrgConfig, &irgMCWDT1Handler)
NVIC EnableIRQ(NvicMux2 IRQn);

Cy_MCWDT_DeInit(MCWDTl);

Cy_MCWDT_Init (MCWDT1, &mcwdtConfig);
Cy_MCWDT_Unlock (MCWDT1) ;

Cy MCWDT SetInterruptMask (MCWDT1, CY MCWDT CTR Msk
// enable all counter

Cy MCWDT Enable (MCWDT1, CY MCWDT CTR Msk,
Cy MCWDT Lock (MCWDT1) ;

Ou) ;

/* Put the system to DeepSleep */
Cy_SysPm_DeepSleep (CY SYSPM WAIT FOR INTERRUPT) ;

for (;7)

{
/* Clear Watchdog counter 0 */
Cy MCWDT_ ClearWatchdog (MCWDT1,

while( tFlag == Ou );
tFlag = Ou;

CY MCWDT COUNTERO) ;

Cy_SysPm_DeepSleep (CY_SYSPM WAIT FOR_INTERRUPT) ; i
i See (b) of Figure 6. ]

;ﬁ Assign MCWDT interrupt ]

>} ﬁ MCWDT configuration See (a) of Figure 6. ]
t{ See (b) of Figure 6. ]

Clears the MCWD counter See (d) of
Figure 6.
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3.3 Cyclic wakeup operation

Cyclic Wakeup Operation is an intermittent MCU operation. For example, when the Electronic Control Unit
(ECU) is in Sleep mode, the MCU cyclically enters DeepSleep mode and wakes up. This operation is intended to
minimize the average power consumption in an application. This section describes an implementation
example of Cyclic Wakeup Operation by using XMC7000 family MCUs.

3.3.1 Usage example of cyclic wakeup

Figure 8 shows an example of a user system. MCU controls the GPIO and ADC for monitoring external devices,
sensors, and so on.

Sensor
GPIO Output External Wakeup -
> Device > Sensors
XMC7000 T
Family MCU
L J
Analog input
/ |
\L - /
Block Diagram of XMC7000
Wak
— Interrupt/
Interrupt WIC
CPU b t
Output _
| control | Digital Output GPIO
- | Driver output

Setting/ A

Count V\C/:akeuf Setting Interrupt

Start A (Comp1) \

Event X ADC 3 Analog Analog
Generator | AD Trigger ) Switch Input
(Comp0) Range
Comparison
Figure 8 Block diagram of an example user system

The external device is connected to the MCU via GPIO. The external device wakes up the sensor by the control
signal from the MCU. The sensor outputs are connected to the ADC of the MCU.

However, the sensor generally requires a stabilization wait time to correctly output after wakeup.

Therefore, the MCU outputs the sensor wakeup signal to the external device and activates ADC after a certain
time to convert the sensor signal. For generating these two different timings, two timer interrupts (Comp 0 and
Comp 1) of the Event Generator are used. In this case, Comp 0 is used as a trigger for ADC activation, and
Compl is used for CPU wakeup.
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3.3.2 Cyclic wakeup operation

Figure 9 shows the concept of the cyclic wakeup operation. XMC7000 device cyclically wakes up to check the

external sensor information when the ECU enters Sleep mode.

current

GPIO for Sensor
Wakeup Trigger

ECU

Power supply

S

Lowpower
Active

Active
Mode

mode
DeepSleep

Lowpower
Active
mode

DeepSleep Time

CPU Reset 3(0) Active a 2 DeepSleep Active ® DeepSleep Active

Stan\ Wakeup /(3) \Re—s'an Wakeup /(3)
Event Generator 7 i 7
( 0 1) — Counter Operate i | Counter Operate |
compO, comp { | |

AD Ingger\ © 6 AD mgger\ © ®

AD

Converter { ] | |

RONEN0)

@)

| ouput |

| ouput |

Reset Run

[®  Ra

Figure 9

Cyclic wakeup operation

(0) After a reset, XMC7000 enters Active mode and operates the user software.

(1) The CPU core configures and runs the Event Generator with the 32.768 kHz low-frequency oscillator.

(The source clock of the Event Generator can be selected from ILOO, ILO1, and WCO.)

(2) XMC7000 enters DeepSleep mode; the CPU core goes to DeepSleep state.

(3) If the counter value of the Event Generator matches Comp1, the Comp1 trigger wakes up the CPU core.

(4) The CPU (software) controls the GPIO to output a wakeup trigger activation for external devices.

(5) CompO trigger starts an ADC range comparison.

(6) The CPU (software) observes ADC results.

(7) The CPU (software) controls the GPIO.

[If ADC results of range detection are in range, the ECU continues to run Cyclic Wakeup Operation.]

(8) The CPU (software) restarts the Event Generator. The CPU goes back to DeepSleep mode. [Go to (2)]

[If ADC results of range detection are out of range, the ECU exits from Cyclic Wakeup Operation.]

(9) CPU (software) restarts the operation of the ECU system.

For more details on Event generator, ADC, GPIO, and Clock, see the architecture reference manual.
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3.3.3 Flowchart of cyclic wakeup operation
< Start > ‘ Software operation ‘
* ‘ Hardware operation ‘

ADC configuration

- Group configuration

- Trigger selection (EVTGEN)

- Sampling time per channel

- Range detect mode per channel

EVTGEN(32kHz) configuration
- Wakeup time (COMP1) (a)
- ADC trigger timing (COMPO)

- * ADC Triggered
GPIO Configuration by EVTGEN = COMPO
- Pxx,x: High/Low Output for Sensor Activation
- Pyy,y: Input for Wakeup Interrupt *

Wakeup Interrupt configuration Interrupt by EVTGEN Interrupt by ADC
- EVTGEN, Externalinterrupt (Pyy.y),
RTC, LVD, WDT Warning, MCWDT Warning

% (c) \/ (d)

Start EVTGEN Clear interrupt for EVTGEN Get ADC result

v

Enter DeepSleep mode (b)

v

DeepSleep mode

ADC completed?
N

Yes

Y

Clear interrupt for ADC

Figure 10 Flowchart of cyclic wakeup operation
Note: The gray boxes indicate hardware operation in Figure 10. Therefore, processing with software is
not required.

1. Initial setting for using resources
- Initialized ADC, event generator, GPIO, and wakeup interrupt configuration
2. Event generator start
- Comp0 for ADC activation and Comp1 for CPU wakeup start to count.
- Compl is determined by the period time for cyclic wakeup.
3. Enter DeepSleep mode
4. Cyclic wakeup
- When a wakeup trigger occurs, the CPU will check whether an interrupt is a cyclic wakeup.
- Ifitis not cyclic wakeup, the CPU returns to Active mode as the abnormal interrupt occurrence.
5. Checking the sensor outputs

- CPU outputs control signal to the external device to deactivate the sensor after ADC conversion
completion.

- CPU checks the flags of all conversion channels.
- Ifflags are set, the CPU transfers to ACTIVE mode.
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- Ifflags are not set, the CPU transfers to DeepSleep mode again after restarting timers of Comp0 and

Compl.

3.3.3.1

Configuration and example code

XMC7200D-E272K8384

EVTGEM 0 (EVTGEN) - Parameters [}
Peripherals ~ Pins  System  Peripheral-Clocks ~ DMA |EntE| filter text... u,_| g B E
Enter filter text... ,_,_‘\f = & [ B Mame Value
Resource Mame(z) pel | ¥ OVE“_"EW
> Analog ‘/'?\ Configuration Help Open EVIGEM Decurnentation
» Communication hd Coun_ter
v Digital (7) Reference Clock % CLK_HF3
» Timer, Counter, and PWM (TCPWM) 0 Low Frequency Clock (%) CLK_LF (32.768 kHz + 0.015%)
> Timer, Counter, and PWM [TCPWM) 1 (7) Counter Tick |1DDDDDD
v yien Ratio C | Mod Hardh C |
@ EVTGEN O £y atfo ontrol Mode ardware Control b
O Multi-Counter Watchdog Timer (MCWDT) 0 |=r . Eaticlialie & 3051757813
(7)) Ratio Dn ic Mod RatioD icMode_0
71 Multi-Counter Watchdoa Timer (MCWDT 1 rs< 0 mewd: | -/ TetD Tynamie Wore - =
Figure 11 EVTGEN counter configuration in Device Configurator
~ Comparatorl2
/'?\ Enable ]
Trigger Output &P . 12-bit SAR ADC 0 tr_sar_gen_in[0] (ADC) [USED]
Work Mode Deep Sleep
Trigger Mode Edge Sensitive
Active Comparator Value 1500000
Deep Sleep Comparator Value | 1000000
Period Active Event =y 1.50000000
Period Deep Sleep Event %) 1.00000000
Figure 12
Figure 13 EVTGEN comparator configuration in Device Configurator
XMCT200D-E272K8384 12-bit SAR ADC 0 (ADC) - Parameters f X
Peripherals ~ Pins  System  Peripheral-Clocks ~ DMA Enter filter text... i | g =

Enter filter text... ;_g_|“f = L L=

MName Value

Rezource Mame(z) Personality
v Analog
~ Programmable Analog
@ 12-bit SAR ADC O
() 12-bit SAR ADC 1
(] 12-bit SAR ADC 2

¥ Owerview
‘/7\ Configuration Help  Open 5AR2 Documentation
~ General
) Enable SARBlock @
) Enable The SAR MUX B
) Enable The 54R ADC B

[ epassaref ! ! Precondition Time |0
» Communication ) Power Up Time 0
> Digital ) Power Down If Idle @
» System ) MSB Cycles Use 1 cleck cycles per conversion ~
(2) Half LSB O
‘/'? Number Of Channe\s|1
> Connections
> Channel 0
> Advanced
Figure 14 SAR block configuration in Device Configurator
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~ Channel 0

‘? Channel Name
‘> Enabled

(7) HW Trigger
'3‘ Trigger Input

1.2 Trigger Qutput

)

(7)) Trigger Chanel Input

|channel_0

Generic 0

& @ EVTGEN D tr_out[12] (EVTGEN) [USED]

<unassigned>

<unassigned=

'? Violtage Range Trigger Output | <unassigned>

') Channel Done Trigger Output ~ <unassigned=

Debug Freeze Input

7
(@) Priority o

(7) Preemption Type

(7) Group End /]

‘> Output Trigger Type Pulse

(7) Input & @ PE[6] analog (CYBSP_POT) [USED]
7)) Enable External Analog Mux ]

'? Precondition Mode

) Overlap Diagnostic Mode

<unassigned=

Mo Preconditioning

Mo Overlap or SARMUX Diagnostics

Complete ongoing acquisition (including averaging), up on return Resul

1.7 Sample Time (Aperture) |6[J

Selection Of Calibration Values Regular

(7) Result Data Alignment
(%) Sign Extension

7
7
7
7
(2) Post Processing Mode
7
7
7
7

The data is right aligned in Result[11:0]
Unsigned

Mo Post Processing

Averaging Count 1
() Shift Right |[)

Positive Reload &0
Negative Reload 0

7) Range Detection Mode
‘?\ Range Detect Low Threshold |0

Inside Range (Low <= Result < High)

(2) Range Detect High Threshold |0xOFFF

Figure 15

SAR channel configuration in Device Configurator

Table 7 lists the parameters and Table 8 lists the functions of the configuration part for cyclic wakeup

operation.

Table 7 List of cyclic wakeup operation configuration parameters

Parameters Description Value

.frequencyRef clk_ref 8000000

.frequencyLf clk_If 32000

.frequencyTick Event generator clock 1000000 (Setting 1,000,000

(clk_ref_div)

Hz)

.ratioControlMode

Event generator ratio control
mode

CY EVTGEN RATIO CONTROL HW

.ratioValueDynamicMode

Event generator dynamic mode

CY EVTGEN RATIO DYNAMIC MODE
0

.functionalitySelection

Event generator select
functionality

CY EVTGEN DEEPSLEEP FUNCTION
ALITY

.triggerOutEdge

Event generator trigger

CY EVTGEN_EDGE SENSITIVE

.valueDeepSleepComparator

Wakes up the CPU after time

1000000 (1 sec)

.valueActiveComparator

Triggers ADC after time

1500000 (1.5 sec)
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Table 8 List of cyclic wakeup operation configuration functions

Functions

Description

Remarks

adc_int handler ()

Interrupt handler for ADC

See Code Listing 2

evtgen isr()

Interrupt handler for event generator

See Code Listing 2

evtgen deepsleep isr()

Interrupt handler for event generator in deep
sleep

See Code Listing 2

Cy EvtGen ClearStructInterrupt
DeepSleep ()

Clears the DeepSleep interrupt factor of the
corresponding structure

Cy EvtGen DeinitStruct ()

Deinitializes the event generator structure

Cy EvtGen DelInit ()

Deinitializes the event generator

Cy EvtGen Init()

Initializes the event generator

Cy EvtGen InitStruct ()

Initializes the comparator structure

Cy SysInt SetSystemIrgVector ()

Changes the user ISR vector for the system
interrupt

Cy SysPm DeepSleep ()

Sets a CPU core to the DeepSleep mode

Code Listing 2 demonstrates an example program to cyclic wakeup operation. See the architecture reference
manual and application note for GPIO and ADC.

Code Listing 2 Example of cyclic wakeup operation

cy stc_evtgen config t EVTGEN config =
{

.frequencyRef = 8000000,

.frequencyLf = 32768,

.frequencyTick = 1000000,

}i

{

.valueActiveComparator = 1500000,
.valueDeepSleepComparator = 1000000,
}i

{

.channelHwEnable = true,
.channelPriority = 00U,

.doneLevel = CY SAR2 DONE LEVEL PULSE,
.1sGroupEnd true,

.pinAddress SARMUXO0 CHO_ PIN ADDR,
.portAddress = SARMUXO CHO_PORT ADDR,
.extMuxEnable = false,

.extMuxSelect = 0U,

.sampleTime = 60U,

.averageCount = 10,
.rightshift = 0U,
.positiveReload = 0U,
.negativeReload = 0U,

.rangeDetectionLoThreshoid
.rangeDetectionHiThreshold
}i

const cy stc_sar2 config t ADC config =
{

.preconditionTime = 0U,

.powerupTime = 0U,

ou,
0x0FFFU,

.ratioControlMode = CY EVTGEN RATIO CONTROL_ HW,
.ratioValueDynamicMode = CY EVTGEN_RATIO DYNAMIC MODEO,

cy_stc_evtgen_struct_config t EVTGEN_compl2 config =

.functionalitySelection = CY_EVTGEN_DEEPSLEEP_FUNCTIONALITY,
.triggerOutEdge = CY_EVTGEN_EDGE_SENSITIVE,

const cy stc_sar2_ channel config t ADC_channel 0_config =

.triggerSelection = CY_SAR2_ TRIGGER_GENERICO,

.preenptionType = CY SAR2 PREEMPTION FINISH RESUME,

.preconditionMode = CY SAR2 PRECONDITION MODE OFF,
.overlapDiagMode = CY SAR2_OVERLAP DIAG MODE_OFF,

.calibrationValueSelect = CY SAR2 CALIBRATION VALUE REGULAR,
.postProcessingMode = CY_ SAR2 POST_PROCESSING_ MODE_NONE,
.resultAlignment = CY SAR2 RESULT_ ALIGNMENT_ RIGHT,
.signExtention = CY_SAR2 SIGN_EXTENTION_ UNSIGNED,

.rangeDetectionMode = CY_ SAR2 RANGE_ DETECTION MODE_INSIDE_RANGE,
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Code Listing 2 Example of cyclic wakeup operation

.enableIdlePowerDown = true,

.msbStretchMode = CY_SAR2 MSB_STRETCH MODE_1CYCLE,

.enableHalfLsbConv = false,

.sarMuxEnable = true,

.adcEnable = true,

.sarIpEnable = true,

.channelConfig = {(cy_stc_sar2 channel config t *)&ADC channel 0 config,

NULL, NULL, NULL, NULL, NULL, NULL, NULL, NULL, NULL, NULL, NULL, NULL, NULL, NULL, NULL, NULL, NULL, NULL, NULL,
NULL, NULL, NULL, NULL, NULL, NULL, NULL, NULL, NULL, NULL, NULL, NULL},

}i

void adc_int_handler (void)
{
uint32_t adc_status = 0;

/* Get interrupt status */
uint32_t intrSource = Cy_SAR2 Channel GetInterruptStatusMasked(ADC_HW, ADC_LOGICAL_CHANNEL) ;
if (CY SAR2 INT GRP DONE == (intrSource & CY SAR2 INT GRP DONE))
{
/* Get the ADC conversion result and status */
adc_result = Cy_SAR2_Channel_GetResult(ADC_HW, ADC_LOGICAL_CHANNEL, &adc_status);
if (CY _SAR2 STATUS VALID == (adc_status & CY SAR2 STATUS VALID)
{
adc_done flag = 1;
}
/* Clear interrupt source */
Cy SAR2 Channel ClearInterrupt (ADC_HW, ADC_LOGICAL CHANNEL, CY SAR2 INT GRP _DONE);

}

void evtgen isr (void)
{
/* Clear active interrupt */
Cy SysLib Delay(10);
Cy_Ethen_ClearStructInterrupt(EVTGEN_HW, EVTGEN_COMP_STRUCT_NUM);
}
void evtgen deepsleep isr (void)
{
/* Clear interrupt */
Cy_SysLib_Delay(10);
Cy_EvtGen_ClearStructInterruptDeepSleep (EVIGEN_HW, EVTGEN_COMP_ STRUCT_NUM) ;
}

int main (void)
{
cy _rslt t result;

/* Initialize the device and board peripherals */
result = cybsp init() ;
if (result != CY RSLT SUCCESS)
{
CY ASSERT (0) ;
}

/* Enable global interrupts */
__enable irqg();

/* Initialize retarget-io to use the debug UART port */
result = cy retarget io init (CYBSP DEBUG UART TX, CYBSP DEBUG UART RX, CY RETARGET IO BAUDRATE) ;
if (result != CY RSLT SUCCESS)
{
CY_ASSERT (0) ;
}

/* \x1b[2J\x1b[;H - ANSI ESC sequence for clear screen */
printf ("\x1b[2J\x1b[;H");

PILIVE E (11K ok ok ko o K KK K KR K KR K KR K KK K KRR K KKKk K KR KR K KRRk K xR Rk xRk \ p\n ) ;
7

(
printf ("XMC7000 MCU: Event generator trigger ADC conversion in low power mode\r\n");
printf (ll**‘k*‘k*‘k*‘k*‘k*‘k*‘k*‘k*‘k*‘k***‘k*‘k*‘k*‘k*‘k*‘k*‘k*‘k*‘k***‘k*‘k*‘k*‘k*‘k*‘k*‘k*‘k*‘k*******************\r\n") ;

/* Initialize ADC */

Cy SAR2 Init (ADC_HW, &ADC config);

/* Set ADC group done interrupt */

Cy SAR2 Channel SetInterruptMask (ADC_HW, ADC_LOGICAL CHANNEL, CY SAR2 INT_ GRP_DONE) ;

/* Register ADC interrupt handler and enable interrupt */
Cy SysInt Init(&irg cfg sar, &adc_int handler);

NVIC ClearPendingIRQ(ADC_IRQ NUM) ;

NVIC EnableIRQ((IRQn_Type)ADC IRQ NUM) ;

/* Register event generator interrupt handler and enable interrupt */
Cy SysInt Init(&irg cfg evtgen, &evtgen isr);
Cy_SysInt_Init(&irqg cfg dpslp_evtgen, &evtgen deepsleep_isr);

NVIC ClearPendingIRQ (EVTGEN IRQ NUM) ;
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Code Listing 2 Example of cyclic wakeup operation

NVIC EnableIRQ((IRQn_ Type)EVTGEN_IRQ NUM) ;

/* Initialize event generator */
Cy EvtGen_Init (EVTGEN HW, &EVTGEN config);
/* Start event generator */
Cy_EvtGen_Enable (EVTGEN_HW) ;
/* Delay a bit and wait for the counter completed initialization */
Cy_SysLib DelayUs (625) ;
/* Check if the ratio status is valid during hardware control ratio */
if ((CY_EVTGEN_RATIO CONTROL_HW == EVTGEN_config.ratioControlMode) && (!Cy EvtGen GetRatioStatus (EVTGEN_HW))
{
CY_ASSERT (0) ;
}
/* Check if the event generator counter status is valid */
if (CY_EVTGEN_COUNTER_STATUS VALID != Cy EvtGen_GetCounterStatus (EVTGEN_HW) )
{
CY_ASSERT (0) ;
}
/* Initialize the event generator comparator structure */
Cy_Ethen_InitStruct(EVTGEN_HW, EVTGEN_COMP_STRUCT_NUM, &EVTGEN_comp12_config);

/* Delay a bit and wait for UART output finish */
Cy SysLib Delay(20);

/* Put the system to DeepSleep */
Cy SysPm DeepSleep (CY SYSPM WAIT FOR INTERRUPT);

for (;7)
{
/* Check ADC conversion done flag */
if (adc_done flag != 0)
{
adc_done flag = 0;
/* Print out the ADC conversion result by UART */
printf ("ADC conversion complete, result: %d\r\n", adc_result);

/* Re-initialize the event generator comparator structure */
Cy EvtGen DeinitStruct (EVTGEN HW, EVTGEN COMP_STRUCT NUM);
Cy_Ethen_InitStruct(EVTGEN_HW, EVTGEN_COMP_STRUCT_NUM, &EVTGEN_comp12_config);

/* Delay a bit and wait for UART output finish */
Cy_SysLib_Delay (10);

/* Put the system to DeepSleep */
Cy_SysPm_DeepSleep (CY_SYSPM WATT FOR_INTERRUPT) ;

3.34 Usage of Smart 1/0 in cyclic wakeup
This section describes the role of Smart /O in reducing the LPACTIVE period in Cyclic Wakeup Operation.

As described at the beginning of the Cyclic Wakeup Operation section, Cyclic Wakeup is intended to minimize
the average power consumption in an application. This average consumption current is affected by the
following:

e DeepSleep current
e LPACTIVE current
e Percentage of LPACTIVE time in one period.

DeepSleep current and LPACTIVE current mostly depend on electrical specifications of HW, while the
percentage of the LPACTIVE time in one period depends on the optimization of SW. Because the current
consumption during LPACTIVE (several mA) is relatively much higher than in DeepSleep (several 10 pA), from
the SW point of view, reducing the LPACTIVE time plays an important factor in achieving a low average
consumption current. To shorten the LPACTIVE period, the use of Smart 1/0 is suggested.

In the flow of the cyclic wakeup operation proposed in Figure 9, the MCU needs to wakeup and configure 1/0
ports to turn sensors on and wait for the sensor’s stabilization before triggering ADC conversion. If a long sensor
stabilization time is required, the MCU can optionally be put in Sleep/DeepSleep again to reduce the current
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consumption, but this approach may make the program more complex. Additionally, you should consider the
transition time between different power modes.

Figure 16 shows the system configuration of this use case. GPIO is activated by Smart I/O, instead of CPU as
demonstrated in Figure 8.

Output
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Driver
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Start \ P \
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CH

GPIO
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Analog
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Figure 16

3.3.4.1

System configuration of cyclic wakeup with Smart 1/0

Advantage of Smart I/0O implementation in cyclic wakeup

Smart 1/0 can be used to manipulate I/0 during DeepSleep mode. This can eliminate the unnecessary LPACTIVE
time CPU spends to activate 1/0 especially when the CPU must wait for a long time for the sensor to stabilize.

The internal logic of Smart 1/0 includes a three-input lookup table (LUTs) and Data Unit (DU) among other
components. DU acts as a counter with a count up/down and reload function. By setting Data Unit and LUTs
properly, we can create a circuit that delays GPIO from outputting high with desired latency.

As shown in Figure 17, because Smart 1/0O can operate in DeepSleep, you can use it to activate GPIO while the
CPU isin DeepSleep mode.
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Figure 17 Smart 1/0 based cyclic wakeup operation

3.3.4.2 Smart I/0 configuration in cyclic wakeup

The Data Unit (DU) can be used as a counter to delay “H” output. However, the DU is only an 8-bit counter.
During DeepSleep, because the source clock of Smart 1/0 is ILO with a frequency of 32 kHz, the DU can count for
maximum interval as follows:

28

mx 103 =8 [ms]

Equation 1

Therefore, for applications that require Cyclic Wakeup period larger than 8 ms, you need extra bits for the
counter.

Thus, for this example, an 11-bit timer equivalent circuitry by Smart 1/0 called “Sensor Activation Circuitry” is
implemented. An 11-bit counter equivalent circuitry can generate a delay up to 32 ms. Figure 18 shows the
operation of the circuitry. Here, ‘DAT’ is the upper limit of the DU. DAT is configured by the
SMARTIO_PRTx_DATA register. A single clock pulse is an output at the Data Unit tr_out when the count value is
equal to DAT.
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Figure 18 Operation of sensor activation circuitry

In this use case, the circuitry receives one signal from HSIOM named the “sensor_io_clr” signal, with active
HIGH, which is used to clear the output of LUT[3], i.e., the sensor activation output. The following I/O port and
HSIOM signal are used:

e smartio_data[3] =sensor_io (to /O port, i.e., external sensor activation port)
e chip_data[3] =sensor_io_clr (from HSIOM, manipulated by the CPU to clear ‘sensor_io’)

Figure 19 shows the connection and functional logic of each LUT and DU in this circuitry.

Smart I/O

DATAO  DATA1

match DATA1

“1” const
1 ConsR, |

sensor_io

1/0 Port

“sensor_io_clr”
(chip_data(3])
32 kHz (ILO)

Figure 19 Logical example of a sensor activation circuitry

The Data Unit operates in INCR_WRAP mode. This mode increments the data by 1 from an initial value (DATA 0)
until it reaches a final value (DATA 1). When the count value matches the final value, it wraps around to DATA 0.

In this circuitry, the Data Unit carries the lower 8 bits of the 11-bit counter, LUT[0], LUT[1], LUT[3] stands for the
9th, 10", and 11th bit of the 11-bit counter. The output of LUT[3], i.e., the 11th bit of the counter, is connected
to the GPIO port to activate the external sensor. Figure 20 shows the signal path in this use case.
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Figure 20 Signal path of sensor activation circuitry

Table 9, Table 10, Table 11, and Table 12 show the truth table of each LUT. The highlights in the following table

indicate an invalid pattern.

Table 9 Look up table LUT [0]
Tr0_in Trl_in Tr2_in Tr_out
DU tr_out LUT[O] out LUT[0] out
0 0 0 0
0 0 1 1
0 1 0 0
0 1 1 0
1 0 0 0
1 0 1 0
1 1 0 1
1 1 1 0
Table 10 Look up table LUT [1]
Tr0_in Trl_in Tr2_in Tr_out
DU tr_out LUT[O] out LUT[1] out
0 0 0
0 0 1
0 1 0
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Tr0_in Trl_in Tr2_in Tr_out
DU tr_out LUT[O] out LUT[1] out

0 1 1 1

1 0 0 1

1 0 1 1

1 1 0 1

1 1 1 0
Table11 Look up table LUT [2]
Tr0_in Trl_in Tr2_in Tr_out
DU tr_out LUT[O] out LUT[1] out
0 0 0 0
0 0 1 0
0 1 0 0
0 1 1 0
1 0 0 0
1 0 1 0
1 1 0 0
1 1 1 1
Table 12 Look up table LUT [3]
Tr0_in Trl_in Tr2_in Tr_out
CHIP_DATA[3] LUT[3] out LUT[2] out

0 0 0 0

0 0 1 0

0 1 0 1

0 1 1 0

1 0 0 1

1 0 1 0

1 1 0 1

1 1 1 0

The H output delayed by the Sensor Activation Circuitry can be calculated as follows:

DAT1-DATO0 _ DAT1-DATO

delay = 4 X - 5 [ms]

Equation 2

Therefore, you can configure DAT1 and DATO (usually set to ‘0’) to satisfy the sensor stabilization waiting time
as in the rough estimation as follows:

002-34021 Rev. *B
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delay = TCyclic Wakeup period — Tsensor stabilization wait

Equation 3

~ DAT1 =8 X (TCyclic Wakeup period — Tsensor stabilization wait)

Equation 4

For example, if T¢yciic wakeup perioa = 32 [Ms], you can configure DATO = 0, DAT1 = OxFD to make

Tsensor stabilization wait = 300[us].

3.3.43 Sensor activation circuitry in cyclic wakeup operation

Using the sensor activation circuitry constructed in the previous section, the operation of cyclic wakeup can be
enhanced as shown in Figure 21.

Power supply
current o Cyclic Wakeup duration
Cyclic Wakeup period
LPACTIVE
DeepSleep time time
Active
Mode
Lowpower Lowpowe|
Active Active
mode — mode .
DeepSleep ZZ DeepSleep Time
: ADC conversiot result out of range.
Start Cyclic Wakeup Return to normal operation
Sensor F Q
Activation
GPIO
CP U Active Sleep Active R ‘ Sleep Active
(N J
Flow of SW operation (Sensor Activation Circuitry)
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ADC conversion result out of range?
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\A
( End >
Figure 21 Cyclic wakeup operation with Smart 1/O usage
Note: The gray box in the flowchart indicates a hardware operation. Therefore, processing with software
is not required.

The GPIO is activated by Smart I/O while the CPU is still in DeepSleep mode and the sensor’s stabilization time
can be satisfied just by adjusting DATO and DAT1 properly. The behavior of the GPIO is now isolated from the
operation of the CPU; this makes the software flow less complex.

For example, the CPU does not need to go to Sleep mode after activating the GPIO to cut back the current
consumption if a long sensor waiting time is required.
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SAR block configuration in Device Configurator
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Table 13 lists the parameters and Table 14 lists the functions of the configuration part for Smart /0 in cyclic
wakeup.

Table 13 List of Smart 1/0 in cyclic wakeup configuration parameters
Parameters Description Value
.intrSrc Interrupt setting for event (NvicMux2 IRQn << 16) |
generator evtgen 0 interrupt dpslp IROn
.intrPriority 3ul
.frequencyRef clk_ref 8000000ul
.frequencyLf clk_If 32000ul
.frequencyTick Event generator clock 32000ul
(clk_ref_div)
.ratioControlMode Event generator ratio control | CY_EVTGEN_RATIO_CONTROL_SW
mode
.ratioValueDynamicMode Event generator dynamic CY EVTGEN RATIO DYNAMIC MODEO
mode
.functionalitySelection Event generator select CY EVTGEN DEEPSLEEP FUNCTIONALITY
functionality
.triggerOutEdge Event generator trigger CY EVTGEN_EDGE SENSITIVE
.valueDeepSleepComparator | |nitializes comparator DPSLP COMP_ VAL
structure
.valueActiveComparator Initializes comparator ACTIVE COMP_ VAL
structure
lutCfgLut0.opcode Configures LUT[0] operation |CY_SMARTIO LUTOPC_GATED OUT
mode setting
lutCfgLutO.lutMap Configures LUT[0] output 0x42ul
pattern setting
lutCfgLut0.tr0 Configures LUT[0] tr0 input | CY_SMARTIO_LUTTR_DU_OUT
lutCfgLutl.trl Configures LUT[O0] trl input CY SMARTIO LUTTR LUTO OUT
lutCfgLutl.tr2 Configures LUT[0] tr2 input CY SMARTIO LUTTR LUTO OUT
lutCfgLutl.opcode Configures LUT[1] operation CY SMARTIO LUTOPC GATED OUT
mode setting
lutCfgLutl.lutMap Configures LUT[1] output 0x78ul
pattern setting
lutCfgLutl.tr0 Configures LUT[1] tr0 input | CY_SMARTIO_LUTTR_DU_OUT
lutCfgLutl.trl Configures LUT[1] trl input | CY_SMARTIO_LUTTR_LUTO_OUT
lutCfgLutl.tr2 Configures LUT[1] tr2 input | CY_SMARTIO_LUTTR_LUT1_OUT
lutCfgLut2.opcode Configures LUT[2] operation | CY_SMARTIO_LUTOPC_COMB
mode setting
lutCfgLut2.lutMap Configures LUT[2] output 0x80ul
pattern setting
lutCfgLut2.tr0 Configures LUT[2] tr0 input CY SMARTIO LUTTR DU OUT
lutCfgLut2.trl Configures LUT[2] trl input | CY_SMARTIO_LUTTR_LUTO_OUT
lutCfgLut2.tr2 Configures LUT[2] tr2 input | CY_SMARTIO_LUTTR_LUT1_OUT
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Parameters Description Value
lutCfgLut3.opcode Configures LUT[3] operation | CY_SMARTIO LUTOPC_GATED OUT
mode setting
lutCfgLut3.lutMap Configures LUT[3] output 0x54ul
pattern setting
lutCfgLut3.tr0 Configures LUT[3] tr0 input | CY_SMARTIO LUTTR CHIP3
lutCfgLut3.trl Configures LUT[3] trlinput | CY_SMARTIO LUTTR LUT3_OUT
lutCfgLut3.tr2 Configures LUT[3] tr2 input | CY_SMARTIO LUTTR LUT2_OUT

lutCfgDu.tr0

Configures DU input trigger 0
source selection

CY SMARTIO DUTR LUT3 OUT

lutCfgDu.trl ConﬁguresDUinputtﬁggerl CY SMARTIO DUTR ONE
source selection

lutCfgDu.data0 DU input DATAO source CY SMARTIO DUDATA ZERO
selection

luthgDu.datal DUinputDATAlsource CY_SMARTIO_DUDATA_DATAREG
selection

lutCfgDu.opcode DU opcode CY SMARTIO DUOPC_INCR_WRAP

lutCfgDu.size DU width size is 8 CY SMARTIO DUSIZE 8

lutCfgDu.dataReg DU DATA register value OxFCul

Table 14 List of Smart 1/0 in cyclic wakeup configuration functions

Functions Description Remarks

CyclicWakeUp Operation ()

Cyclic wakeup function

See Code Listing 4

Init SmartIO()

Smart /0 module initialization

See Code Listing 5

Cy SmartIO Enable ()

Enables Smart 1/0

Cy SmartIO Deinit ()

values

Resets the Smart I/O to default -

Code Listing 3 demonstrates an example program to Smart 1/0 in cyclic wakeup operation. See the architecture
reference manual and application note for GPIO, ADC, and Smart I/0.

Code Listing 3

Example of usage of Smart 1/0 in cyclic wakeup operation

{

.ratioValueDynamicMode

}i
{

.functionalitySelection
.triggerOutEdge

/**< 32,000 / 1,000,000
.valueDeepSleepComparator =

/**< 40,000 / 1,000,000
.valueActiveComparator =

}i

int main (void)

{

cY_

/**< In active functionality,

/**< In active functionality,
(clk_ref div) =

const cy stc_evtgen config t evtgenConfig =

.frequencyRef = 8000000ul, /**< clk_ref = clk hfl = CLK PATH2 (IMO)
.frequencyLf = 32000ul, /**< clk 1f = 32,000 for silicon */

.frequencyTick = 32000ul, /**< Setting 1,000,000 Hz for event generator clock
.ratioControlMode = CY_EVTGEN_RATIO_CONTROL_SW,

EVTGEN_RATIO_DYNAMIC_MODEO,

const cy stc_evtgen struct config t evtgenStructureConfig =

CY_EVTGEN_DEEPSLEEP_FUNCTIONALITY,
CY_EVTGEN_EDGE_SENSITIVE,

32[ms] */
DPSLP_COMP_VAL,

4 [ms]
ACTIVE_COMP_VAL,

*/

A Event generator Configuration ]

this value is used for making period of interrupts/triggers */
(clk_ref div) =

this value is used for making period of interrupts/triggers */

-> 8,000,000 for silicon */

(clk ref div) */
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Code Listing 3 Example of usage of Smart 1/0 in cyclic wakeup operation

/* Initialize and start Event generator */

Cy EvtGen_ DeinitCompStruct (EVTGENO, EVTGEN_COMP_STRUCT NO) ;
Cy_EvtGen_ Delnit (EVTGENO) ;

Cy EvtGen_Init (EVTGENO, &éevtgenConfig);

/* Initialize comparator structure */

Cy EvtGen_ InitCompStruct (EVIGENO, EVTGEN_COMP_STRUCT NO, &evtgenStructureConfig);

Init_Smartlo(); | Smart I/O module initialization. See Code Listing 5. ]

Cy_SmartIO_Enable (SMART_IO PORT) ;
i Enable Smart I/0. ]

while (g_flagContinueCWK)

{
Cy GPIO Inv(DPSLP IDC PRT, DPSW . .
CycliciakeUp Operation () ; ~ Cyclic wakeup function. See (a)
: L of Figure 21. See Code Listing 4.

for(;;)

{

Cy GPIO Inv(DPSLP_IDC PRT, DPSLP_IDC PIN);
Cy SysLib Delay (500) ;

Code Listing 4 CyclicWakeUp_Operation() function

void CyclicWakeUp Operation(void)
‘ | <[ Cyclic wakeup function ]
/* confirm that output of LUT3 has been cleared */
while (Cy GPIO Read(LUT3 OUT LED PORT, LUT3 OUT LED PIN);
/* clear chip data out[3] before entering deepsleep*/ H
Cy_GPIO Clr (LUT3_OUT LED_PORT, LUT3_OUT_LED PIN); See (C) of Flgu re21.

/* Put the system to DeepSleep */

Cy_SysPm_DeepSleep (CY_SYSPM_WAIT_FOR_INTERRUPT) ; % See (a) of Figure 21. Set to the DeepSleep mode. ]

/* Start ADC by software trigger*/
Cy Sar2 Channel SoftwareTrigger (PASSO_SAR(O, ADC_GROUP_FIRST LOGICAL CHANNEL);

/* Clear evtgen deepsleep interrupt */
Cy EvtGen ClearStructInterruptDeepSleep (EVIGENO, EVTGEN_ COMP STRUCT NO) ;
NVIC ClearPendingIRQ (NvicMux2 IRQn);

/* Reconfigure the event generator for the next wake-up */ <[ See (b) Of Figure 21 ]
{

g_EvtgenCompareValue = (uint32_t) (g_EvtgenCompareValue + DPSLP_COMP_VAL) ;

/* Setting deep sleep comparator value */
Cy_EvtGen_UpdateDeepSleepCompValue (EVENTO, EVTGEN_COMP_ STRUCT_NO, g_EvtgenCompareValue);
}

/* wait for ADC completion */
cy_stc_sar2_interrupt_source_t intrSource = { false };
do {
Cy _Sar2 Channel GetlInterruptStatus(PASSO_SARO, ADC GROUP_LAST LOGICAL CHANNEL, &intrSource);
} while(!intrSource.grpDone) ;

/* set chip data out[3] to clear lut3 trout */
Cy GPIO Set (LUT3 OUT LED PORT, LUT3 OUT LED PIN);

/* In this sample software, only check range comparison result for first ADC channel */
Cy Sar2 Channel GetlInterruptStatus(PASSO SARO, ADC GROUP_FIRST LOGICAL CHANNEL, é&intrSource);
if (intrSource.chRange) {
g_flagContinueCWK = false;
}

intrSource = { true };
for (uint8 t ch = ADC_GROUP_FIRST LOGICAL CHANNEL; ch < (ADC_GROUP FIRST LOGICAL CHANNEL +
ADC_GROUP_NUMBER OF CHANNELS); ch++)
{
/* Clear interrupt source */
Cy_Sar2 Channel ClearInterruptStatus (PASSO_SARO, ch, &intrSource);

Application note 40 002-34021 Rev. *B
2024-07-04



Low-power mode procedure in XMC7000 family

infineon

Power modes transition

Code Listing 5 Init_SmartlO() function

void Init_SmartIO(void) L
{ ‘ ‘ \l Smart I/O module initialization ]
/* Configure smart io to output H in deepsleep

* Using data unit and LUTO,1,2,3 to create a 1llbit counter
* Data uint acts as lower 8 bit, count up from 0 to value written in
* LUTO acts as 9th bit,
* output of LUT3 is smart io output,
*/
cy_stc_smartio ducfg t lutCfgbDu;
cy stc_smartio_lutcfg t lutCfgLutO;
cy stc_smartio_lutcfg t lutCfgLutl;
cy stc_smartio_lutcfg t lutCfgLut2;
cy stc_smartio_lutcfg t lutCfgLut3;

i.e. P13.3

cy stc_smartio_config t smart_io_cfg;
cy_en_smartio status_t retStatus (cy_en_smartio_status_t)0xFF;

Cy_SmartIO Deinit (SMART_IO_PORT) ;

/* initialize the Smart IO structure */
memset (&§lutCfgDu, 0, sizeof (cy stc_smartio ducfg t));
memset (&1lutCfgLut0, 0, sizeof(cy stc smartio lutcfg t));
memset (&lutCfgLutl, 0, sizeof(cy stc smartio lutcfg t));
memset (&lutCfglut2, 0, sizeof (cy_stc_smartio_lutcfg_t))
( ))
(

7

o o oo

memset (&lutCfgLut3, 0, sizeof(cy stc smartio lutcfg t));
memset (&smart io cfg, 0, sizeof(cy stc smartio config t));

/* Active clock source is selected */
smart_io_cfg.clkSrc = (cy_en_smartio_clksrc_t)CY_ SMARTIO CLK LFCLK;

/* Bypass channel mask */
smart io cfg.bypassMask

SMARTIO BYPASS CH MASK;

smart_io_cfg.hldOvr = true;

KKK KKK KA KKK AKX K F AKX KK LUTO CONELG K *FHF KA KA KA AKX K A A K KKK AL XK/

lutCfgLut0.opcode CY SMARTIO LUTOPC_GATED OUT;

lutCfgLutO.lutMap = 0x42ul;

lutCfgLut0.tr0 = (cy en_smartio luttr t)CY SMARTIO LUTTR DU_OUT;
lutCfgLutO.trl = (cy_en_smartio_luttr_t)CY_SMARTIO_LUTTR_LUTO_OUT;
lutCfgLutO0.tr2 = (cy_en_smartio_luttr_t)CY_SMARTIO_LUTTR_LUTO_OUT;

smart_io_cfg.lutCfg[0] &lutCfgLutO;

KKK KK KKK KKK KKK A K S KA A KX F K LUTL CONEFLG KA K KKK A KA AKX KA KX KK AL XK [

lutCfgLutl.opcode CY SMARTIO LUTOPC_GATED OUT;

lutCfgLutl.lutMap = 0x78ul;

lutCfgLutl.tr0 = (cy _en smartio luttr t)CY SMARTIO LUTTR DU OUT;
lutCfgLutl.trl = (cy _en smartio luttr t)CY SMARTIO LUTTR LUTO_OUT;
lutCfgLutl.tr2 = (cy _en smartio luttr t)CY SMARTIO LUTTR LUT1 OUT;

smart_io cfg.lutCfg[l] = &lutCfgLutl;

JRFARKK KKK KKK KKK KK AKX * K UL CONFLG FXX KKK KKKk XA KKk kXX KKKk X XK [

lutCfgLut2.opcode CY SMARTIO LUTOPC COMB;

lutCfgLut2.lutMap = 0x80ul;

lutCfgLut2.tr0 = (cy_en_smartio_luttr_t)CY_SMARTIO_LUTTR_DU_OUT;
lutCfglLut2.trl = (cy_en_smartio_luttr_t)CY_SMARTIO_LUTTR_LUTO_OUT;
lutCfglLut2.tr2 = (cy_en_smartio_luttr_t)CY_SMARTIO_LUTTR_LUTl_OUT;

smart_io cfg.lutCfg[2] &lutCfgLut2;

JEXKXKKKKKKKKKKKKKKKKKKKAKAKX LUT3 config FAXAXAXAXAX KKK KKK KKK KKK K KKK [

lutCfgLut3.opcode CY_SMARTIO_LUTOPC_GATED OUT;

lutCfgLut3.lutMap 0x54ul;

lutCfgLut3.tr0 (cyienismartioiluttrit)CYisMARTloiLUTTR7CHIP3;
lutCfgLut3.trl (cy_en smartio luttr t)CY SMARTIO LUTTR _LUT3 OUT;
lutCfgLut3.tr2 (cy _en smartio luttr t)CY SMARTIO LUTTR_LUT2 OUT;

smart _io cfg.lutCfg[3] &lutCfgLut3;

/* Data Unit (DU) configuration structure */

LUT1 acts as 10th bit and LUT 3 act as 1llth bit

lutCfgDu.tr0 = CY SMARTIO DUTR LUT3 OUT, /*CY SMARTIO DUTR DU OUT;*/ /**< DU input trigger 0 source selection */
lutCfgDu.trl = CY SMARTIO_DUTR_ONE; /**< DU input trigger 1 source selection */

lutCfgbDu.data0 = CY SMARTIO DUDATA ZERO; /**< DU input DATAQ source selection */

lutCfgbDu.datal = CY SMARTIO DUDATA DATAREG; /**< DU input DATAl source selection */ C()nfig[jre
lutCfgDu.opcode = CY_ SMARTIO DUOPC_ INCR WRAP; /**< DU op-code */

lutCfgDu.size = CY SMARTIO DUSIZE_ 8; /**< DU operation bit size */ DU
lutCfgDu.dataReg = OxFCul; /**< DU DATA register value */

smart_io cfg.duCfg = &lutCfgDu;

DATA, reset to 0 at overflow

— I configureLutio] |

— 4 Configure LUT [1] ]

._4 Configure LUT [2] ]

- 4 Configure LUT [3] ]

—
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3.4 CAN wakeup operation

As long as there is any communication on the CAN bus, the ECU is awake. If CAN communication occurs while
the ECU is in low-power mode, the ECU must wake up from low-power mode. This section describes an
implementation example of the CAN Wakeup operation by using XMC7000 family MCUs.

XMC7000 family MCUs have the following pins for wakeup:
e Upto 2 pins to wake up from Hibernate mode
See the datasheet for the supported number of pins that can wake up the device from Hibernate mode.
e GPIO pins to wake up from DeepSleep mode
See the datasheet for the supported number of GPIO that can wake up the device from DeepSleep mode.

The CAN block cannot detect a wakeup condition when the MCU is DeepSleep or Hibernate mode. To support
CAN Wakeup, the MCU should use the function of GPIO interrupt or WAKEUP pin.

Figure 25 shows the example of CAN wakeup from DeepSleep.

CAN_RX Bus Idle \ SOF < \ SOF
MCU Power ) e .
Active DeepSleep : Active
mode — : : ,
v ! i v :
(@) =CAN not operational (d) ~Wakeup by GPIO interrupt
v oo v ,
(b) -Setup GPIO (e) -software enables CAN RX fuvnctionality
v v
(c) =Enter DeepSleep mode by software (f) =CAN communication start

Figure 25 CAN wakeup from DeepSleep mode

The software sets the 1/0 port and GPIO interrupt before the MCU enters low power mode. The CAN receive
functionality is disabled. After that, when the MCU detects a wakeup signal while in low-power mode, the MCU
wakes up from low-power mode. After that, the software enables the CAN to receive functionality, and CAN
communication starts. For more details on CAN and GPIO, see the architecture reference manual.
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34.1

Configuration and example code

infineon

Resource Name(s)
> Analog
v Communication

Vv Controller Area Network FD (CAN FD) 0

() Channel 0

canfd_0_chan_0

& Channel 1

(O Channel 2

() Channel 3

() Channel 4

> Controller Area Network FD (CAN FD) 1

() Inter-IC Sound Bus (125) 0

[ Inter-IC Sound Bus (125) 1

[ Inter-IC Sound Bus (125) 2

(0) Quad Serial Memory Interface (QSPI) 0 s

(0 SD Host Controller (SDHC) 0

() Serial Communication Block (SCB) 0

() Serial Communication Block (SCB) 1

() Serial Communication Block (SCB) 2

() Serial Communication Block (SCB) 3

() Serial Communication Block (SCB) 4

() Serial Communication Block (SCB) 5

() Serial Communication Block (SCB) 6

() Serial Communication Block (SCB) 7

() Serial Communication Block (SCB) 8

() Serial Communication Block (SCB) 9

() Serial Communication Block (SCB) 10

> Digital
> System

v Overview

(2) Configuration Help
v Callback Functions
(2) ™Callback Function
RxCallback Function
ErrorCallback Function

V. Mod;

(2) CAN FD Mode
v Connections
) Clock Signal
Clock Frequency
CAN Rx Pin

(2) CAN T Pin

(2) DMA Rx FIFO 0 Trigger Output

(2) DMA Rx FIFO 1 Trigger Output
v~ Message RAM

Global Filter Setting
(2) Accept Non-matching Frames Standard
(2) Accept Non-matching Frames Extended

(2) Reject Remote Frames Standard
(2) Reject Remote Frames Extended
v Rx Buffers and FIFO Setting
(@) Rx Buffer Data Field Size
(2) RxFIFO 0 Data Field Size
(2) Rx FIFO 1 Data Field Size
(2) Number of Rx Buffers
v Rx FIFO 0 Configuration

(2) FIFO 0 Operation Mode
Watermark
Rx FIFO 0 Size
(2) FIFO 0 Top Pointer Logic Enabled

v Rx FIFO 1 Configuration
> (2) FIFO 1 Operation Mode
) Watermark
) Rx FIFO 1 Size
(2) FIFQ 1 Top Pointer Logic Enabled

.V T« Buffers Setting

(2) T Buffer Data Field Size

(2) Number of T« Buffers
v Tx Buffer 20
@ xm
(2) Identifier

n CAN F m tion

NULL

canfd_x_callback.

NULL

& @ 16 bit Divider 0 clk [USED]

%) 40 MHz

& @ PO[3] digital_in (CYBSP_CAN_RX) [US
& @ Po[2] digital_out (CYBSP_CAN_TX) [

<unassigned>

<unassigned>

(2) Message RAM Address Offset [o
7) Message RAM Size [8192
(2) Consumed Message RAM (%) 380 bytes
v Bitrate Setting
(2) Nominal Prescaler 10
(2) Nominal Time Segment 1 5
(2) Nominal Time Segment 2 2
(2) Nominal Synchronization Jump Width 2
(2) Nominal Bit Rate (%) 500 kbps
(2) Nominal Sampling Point & 75%
v Fast Bitrate Setting
(2) Data Prescaler 5
) Data Time Segment 1 5
Data Time Segment 2 2
Data Synchronization Jump Width 2
7) Data Bit Rate (%) 1000 kbps
Data Samolina Point N 75%
v Transceiver Delay Compensation Offset Configuration
(2) Transceiver Delay Compensation Enabled O
~ Standard ID Filter Setting
(2) Number of SID Filters [
v Standard ID Filter Element#0
(2) Standard Filter Element Configuration Disable the Filter Element
(2) standard Filter Type Range Filter from SFID1 to SFID2
?) SFID1 [ox10
@ sFiD2 [ox20
v Extended ID Filter Setting
(2) Number of XID Filters [
(2) Extended ID AND Mask XIDAM 536870911
v Extended ID Filter Element#0
©) Filter Element C Disable the Filter Element
Extended Filter Type Range Filter from EFID1 to EFID2
EFID1 [o
@ EFID2 lo
v

Accept in Rx FIFO 0
Accept in Rx FIFO 0

(=]

(@]

8 Byte Data Field
8 Byte Data Field
8 Byte Data Field

0

FIFO Blocking Mode

B8

FIFO Blocking Mode
[o
E
5)

8 Byte Data Field
[

11-bit Standard Identifier
[ox22

Data Frame

ESI bit depends only on Error Passive Flag

[
CAN FD Format

a

o

0

0x04030201

0x08070605

®

Figure 26
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Table 15 lists the functions of the configuration part for CAN wakeup operation. In this example, the GPIO and
CAN RX pins are common.

Table 15 List of CAN wakeup operation configuration functions

Functions Description

GpioIntHandler () Handler for GPIO interrupts

Cy_GPIO_Pin_Init() This PDL function initialize all pin configuration setting for the pin
Cy_SysPm_DeepSleep () This PDL function puts the system to DeepSleep

Code Listing 6 demonstrates an example program to CAN wakeup operation. See the architecture reference
manual and application note for CAN.

Code Listing 6 Example to CAN wakeup operation

KK K kK ok ok K ok K kK ok ok K ok K kK ok ok K ok K ok ok K ok K ok ok K ok K ok K ok ok ok ok ok K ok K ok ok K ok K ok kK ok ok ok Kk ok K ok K ok ok ok ok K ok

* Macros
*******************************************************************************/

/* CAN node definition */

#define CAN_NODE_1 1

#define CAN_NODE_2 2

/* Set the example CAN node */

#define USE_CAN_NODE CAN NODE 1

/* CAN mode definition */

#define CAN CLASSIC_MODE 0

#define CAN_FD MODE 1

/* Set the example CAN mode */

#define USE_CAN MODE CAN_FD_MODE

/* CAN channel number */

#define CAN_HW_CHANNEL 1
#define CAN_BUFFER_INDEX 0
/* CAN data length code, frame has 8 data bytes in this example */
#define CAN_DLC 8

[ KK kK ok K ok ok K kK ok ok ok ok K ok K ok ok K ok ok K ok K ok ok K ok K ok ok K ok K ok K ok ok ok ok ok K ok K ok ok K ok K ok ok K ok ok ok Kk ok K ok ok K ok Kk ok K ok

* Function Prototypes
*******************************************************************************/
/* canfd interrupt handler */

void isr canfd (void);

/* canfd frame receive callback */
void canfd rx callback(bool rxFIFOMsg, uint8 t msgBufOrRxFIFONum, cy stc canfd rx buffer t* basemsqg);

/* button press interrupt handler */
void isr_button (void);

/* gpio interrupt handler */
void GpioIntHandler (void) ;

/% kK ok ok ok ok ok ok ok ok K ok ko ok K ok ok K ok ok K ok ok K ok K ok ok ok ok ok K ok ok ok ok ok ok ok K ok ok ok ok ok K ok ok ok ok ok ok ok K ok ok K ok ok o ok K ok ok ok ok ok K ok ok ok ok K ok

* Global Variables

**4(~k4(~k4(~k4(~k4(~k4(~k4(~k4(~k4(~k4(~k4(~k4(~k4(~k4(~k4(~k4(~k4(~k4(~k4(***********4(~k4(~k4(~k***********************/

/* This structure initializes the CANFD interrupt for the NVIC */

cy_stc_sysint_t canfd irqg cfg =

{
.intrSrc = (NvicMux2 IRQn << 16) | CANFD IRQ 0, /* Source of interrupt signal */
.intrPriority = 1U, /* Interrupt priority */

}i

/* This structure initializes the button interrupt for the NVIC */
cy stc_sysint t button intr config =
{
.intrSrc = (NvicMux2 IRQn << 16) | CYBSP_USER BTN _IRQ,
.intrPriority = 00U,
}i

/* CAN Rx pin as GPIO interrupt configuration */

const cy stc _sysint t gpio_irqg cfg =

{
.intrSrc = (NvicMux2 IRQn << 16) | ioss_interrupts gpio_ 0 IRQn,
.intrPriority = 3UL

}i

const cy stc_gpio pin config t CYBSP CAN RX GPIO config =
{
.outval = 1,

.driveMode CY GPIO DM PULLUP,
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Code Listing 6 Example to CAN wakeup operation
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.hsiom = HSIOM SEL GPIO,
.intEdge = CY GPIO INTR FALLING,
.intMask = 1UL,
.vtrip = CY_GPIO_VTRIP_CMOS,
.slewRate = CY GPIO SLEW_FAST,
.driveSel = CY GPIO DRIVE 1 2,
.vregkEn = 0UL,
.ibufMode = 0UL,
.vtripSel = 0OUL,
.vrefSel = 0UL,
.vohSel = 0UL,

}i

/* This is a shared context structure, unique for each canfd channel */
cy_stc_canfd context t canfd_context;

/* Variable which holds the button pressed status */
bool ButtonIntrFlag = false;

/* Array to store the data bytes of the CANFD frame */
uint32_t canfd dataBuffer[] =
{

[CANFD DATA 0] 0x04030201U,

[CANFD DATA 1] = 0x08070605U,

}i

int main(void)
{
cy _rslt t result;
cy _en_canfd status_t status;

/* Initialize the device and board peripherals */
result = cybsp init() ;
if (result != CY RSLT SUCCESS)
{
CY_ASSERT (0) ;
}

/* Initialize retarget-io for uart logging */
result = cy retarget io init (CYBSP DEBUG UART TX, CYBSP DEBUG UART RX,
CY_RETARGET_IO BAUDRATE) ;
if (result != CY RSLT SUCCESS)
{
CY_ASSERT (0) ;
}

/* \x1b[2J\x1b[;H - ANSI ESC sequence for clear screen */
printf ("\x1b[2J\x1b[;H");

printf ("

printf ("XMC7000 MCU: CANFD example\r\n");

printf ("

printf ("
#if USE CAN MODE == CAN CLASSIC MODE

printf ("Classic CAN Node-%d\r\n", USE CAN NODE) ;
#elif USE CAN MODE == CAN_FD MODE

printf ("CAN FD Node-%d\r\n", USE CAN NODE) ;
#endif

printf ("

/* Hook the interrupt service routine and enable the interrupt */
(void) Cy_ SysInt_Init (&canfd irq cfg, &isr canfd);
Cy_SysInt_Init(&button_intr config, isr_button);
Cy_SysInt_Init(s&gpio_irg cfg, &GpioIntHandler);
NVIC_EnableIRQ(NvicMux2 IRQn);

/* Enable global interrupts */
__enable_irqg();

/* Initialize CANFD Channel */

#if USE_CAN_MODE == CAN_CLASSIC_MODE
CANFD_config.canFDMode = false;
#endif

status = Cy CANFD_Init (CANFD HW, CAN_HW CHANNEL, &CANFD config,
&canfd_context) ;
if (status != CY CANFD SUCCESS)
{
CY ASSERT (0) ;
}

/* Setting CAN node identifier */
CANFD TORegisterBuffer 0.id = USE_CAN NODE;

/* Assign the user defined data buffer to CANFD data area */
CANFD txBuffer 0O.data area f = canfd dataBuffer;

\r\n") ;

\r\n\n") ;

\r\n") ;

\r\n\n") ;
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Code Listing 6 Example to CAN wakeup operation
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for(;;)
{
/* Stop CAN */
/* CAN Clock stop request */
if(CY CANFD SUCCESS != Cy CANFD Disable (CANFD HW, CAN HW CHANNEL)
{
CY ASSERT(0) ;
}

/* Change CAN Rx Port to GPIO */

Cy GPIO Pin Init(CYBSP CAN RX PORT, CYBSP CAN RX PIN, &CYBSP CAN RX GPIO config);
Cy_SysLib_Delay (1) ;

/* Put the system to DeepSleep */

Cy SysPm DeepSleep (CY SYSPM WAIT FOR INTERRUPT) ;

/* Change GPIO to CAN Rx Port */
Cy GPIO Pin Init (CYBSP CAN RX PORT, CYBSP_CAN RX PIN, &CYBSP CAN RX config);
Cy_SysLib_Delay(1);
/* CAN Clock start request */
status = Cy CANFD Init (CANFD HW, CAN_HW CHANNEL, &CANFD config, &canfd context);
if (status != CY CANFD SUCCESS)

{
printf ("CAN Init failed\r\n\r\n");

CY ASSERT (0) ;
}

if (ButtonIntrFlag == true)
{
ButtonIntrFlag = false;
/* Sending CANFD frame to other node */
status = Cy CANFD UpdateAndTransmitMsgBuffer (CANFD HW,
CAN_HW_CHANNEL,
&CANFD_txBuffer 0,
CAN_BUFFER INDEX,
&canfd_context);

#if USE_CAN_MODE == CAN_CLASSIC_MODE

printf ("CAN standard frame sent from Node-%d\r\n\r\n", USE_CAN NODE) ;
#elif USE_CAN_MODE == CAN_FD_MODE

printf ("CANFD frame sent from Node-%d\r\n\r\n", USE CAN_ NODE) ;
#endif

Cy_SysLib_Delay (10);

Code Listing 7 GpiolntHandler() function

void GpioIntHandler (void)

{
uint32_t intStatus;

/* 1f falling edge detected */
intStatus = Cy_GPIO_GetInterruptStatusMasked (CY_CANFDO_RX PORT, CY_ CANFDO_RX_PIN);
if (intStatus != 0Oul)
{
Cy GPIO ClearInterrupt (CY CANFDO RX PORT, CY CANFDO RX PIN);
}

Code Listing 8 Canfd_rx_callback() function

void isr_canfd(void)

{
/* Just call the IRQ handler with the current channel number and context */
Cy_CANFD_IrgHandler (CANFD_ HW, CAN_HW_CHANNEL, &canfd_context);

}

void canfd_rx callback (bool rxFIFOMsg,
uint8_t msgBufOrRxFIFONum,
cy stc_canfd rx buffer t* basemsq)

/* Array to hold the data bytes of the CANFD frame */

uint8 t canfd data buffer[CAN DLC];

/* Variable to hold the data length code of the CANFD frame */
int canfd dlc;

/* Variable to hold the Identifier of the CANFD frame */

int canfd id;
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Code Listing 8 Canfd_rx_callback() function

infineon

/* Message was received in Rx FIFO */
if (rxFIFOMsg == true)
{
/* Checking whether the frame received is a data frame */
if (CY _CANFD RTR DATA FRAME == basemsg->r0_f->rtr)
{
/* Toggle the user LED */
Cy GPIO_Inv(CYBSP_USER_LED PORT, CYBSP USER LED PIN);
/* Get the CAN DLC and ID from received message */
canfd_dlc = basemsg->rl_ f->dlc;
canfd_id = basemsg->r0_f->id;
/* Print the received message by UART */
printf ("%d bytes received from Node-%d with identifier %d\r\n\r\n",
canfd_dlc,
canfd_id,
canfd_id);
memcpy (canfd_data_buffer, basemsg->data_area_f, canfd dlc);
printf ("Rx Data : ");
for (uint8_t msg_idx = 0; msg_idx < canfd dlc ; msg_idx++)
{
printf (" %d ", canfd data buffer[msg idx]);
}
printf ("\r\n\r\n");
}
}
/* These parameters are not used in this snippet */
(void) msgBufOrRxFIFONum;
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Table 16 Glossary

Terms Description

ADC Analog-to-digital converter. See the “SAR ADC” chapter of the architecture reference
manual for details.

Basic WDT Basic Watchdog Timer. See the “Watchdog Timer” chapter of the architecture
reference manual for details.

BOD Brown-out detection. See the “Power Supply and Monitoring” chapter of the
architecture reference manual for details.

CPUSS CPU subsystem. See the “CPU Subsystem” section of the architecture reference
manual for details.

ECO External Crystal Oscillator. See the “Clocking System” chapter of the architecture
reference manual for details.

EVTGEN Event Generator. See the “Event Generator” chapter of the architecture reference
manual for details.

FLL Frequency Locked Loop. See the “Clocking System” chapter of the architecture
reference manual for details.

GPIO General-Purpose Input/Output. See the “I/O System” chapter of the architecture
reference manual for details.

HF High Frequency Clock. See the “Clocking System” chapter of the architecture reference
manual for details.

ILO Internal Low-speed Oscillators. See the “Clocking System” chapter of the architecture
reference manual for details.

IMO Internal Main Oscillator. See the “Clocking System” chapter of the architecture
reference manual for details.

LF Low Frequency Clock. See the “Clocking System” chapter of the architecture reference
manual for details.

LPACTIVE Low Power Active. See the “Device Power Modes” chapter of the architecture reference
manual for details.

LV supplies Low-Voltage supplies.

LVD Low-Voltage Detection. See the “Power Supply and Monitoring” chapter of the
architecture reference manual for details.

MCWDT Multi-counter Watchdog Timer. See the “Watchdog Timer” chapter of the architecture

reference manual for details.

Pending interrupt

Interrupt of pending state. See the “Interrupts” chapter of the architecture reference
manual for details.

PLL Phase Locked Loop. See the “Clocking System” chapter of the architecture reference
manual for details.

POR Power On Reset. See the “Rest System” chapter of the architecture reference manual
for details.

RTC Real-Time Clock. See the “Real-Time Clock” chapter of the architecture reference

manual for details.
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SCB Serial Communications Block. See the “Serial Communications Block (SCB)” chapter of
the architecture reference manual for details.

SRSS System Resources Subsystem. See the “System Resources Subsystem” section of the
architecture reference manual for details.

VvDDD Digital power supply.

WCO Watch Crystal Oscillator. See the “Clocking System” chapter of the architecture
reference manual for details.

WDT Watchdog Timer reset. See the “Watchdog Timer” chapter of the architecture reference
manual for details.

WFE Wait for Event instruction

WFI Wait for Interrupt instruction

WIC Wakeup interrupt controller. See the “Interrupts” chapter of the architecture reference
manual for details.

XRES External reset I/O pin. See the “Reset System” chapter of the architecture reference
manual for details.
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Important notice

The information contained in this application note
is given as a hint for the implementation of the
product only and shalliin no event be regarded as a
description or warranty of a certain functionality,
condition or quality of the product. Before
implementation of the product, the recipient of this
application note must verify any function and other
technical information given herein in the real
application.  Infineon  Technologies hereby
disclaims any and all warranties and liabilities of
any kind (including without limitation warranties of
non-infringement of intellectual property rights of
any third party) with respect to any and all
information given in this application note.

The data contained in this document is exclusively
intended for technically trained staff. It is the
responsibility of customer’s technical departments
to evaluate the suitability of the product for the
intended application and the completeness of the
product information given in this document with
respect to such application.

Warnings

Due to technical requirements products may contain
dangerous substances. For information on the types
in question please contact your nearest Infineon
Technologies office.

Except as otherwise explicitly approved by Infineon
Technologies in a written document signed by
authorized representatives of Infineon Technologies,
Infineon Technologies’ products may not be used in
any applications where a failure of the product or any
consequences of the use thereof can reasonably be
expected to result in personal injury.
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