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Overview

1 Overview

+ 32-bit Arm® Cortex®*-M0 Core

- up to 40 MHz clock frequency

- one clock per machine cycle architecture

- single cycle multiplier
+  On-chip memory

- upto 96 KB Flash (product variant dependent, including EEPROM)

- 4 KBEEPROM (emulated in Flash)

- 512 bytes 100 Time Programmable Memory (100TP)

- 4KBRAM

- Boot ROM for startup firmware and Flash routines
+ Math Co-Processor Unit with Divider Unit for signed and unsigned 32-bit division operations
+ On-chip OSC and PLL for clock generation

- PLL loss-of-lock detection
+ MOSFET Driver including charge pump for H-Bridge motor applications
« Current Sense Amplifier

+ High-Side Switch with cyclic sense option and PWM functionality, e.g. for supplying LEDs or switch panels
(min. 150 mA)

+ 4 High Voltage Monitor Input pins for wake-up and with cyclic sense with analog measurement option
+ 10 General-purpose I/0 Ports (GPIO)

+ 5Analoginput Ports

+ 10-Bit A/D Converter with 5 analog inputs + VBAT_SENSE + VS + 4 high voltage monitoring inputs

+ 8-Bit A/D Converter with 9 inputs for voltage and temperature supervision

+ Measurement unit with 12 channels together with the onboard 10-Bit A/D converter and data post
processing

o 16-Bittimers-GPT12, Timer 2 and Timer 21
« Capture/compare unit for PWM signal generation (CCU6)
o 2full duplex serial interfaces (UART1, UART2), UART1 with LIN support
« 2synchronous serial channels (SSC1, SSC2)
+ On-chip debug support via 2-wire SWD
« 1LIN2.2transceiver
+ Single power supply Vg=5.5Vt0 28V
+ Extended supply voltage range V;=3Vt0 28V
+ Low-dropout voltage regulators (LDO)
+ 5Vvoltage supply VDDEXT for external loads (e.g. Hall-sensor)
+ Corelogicsupplyatl.5V
+ Programmable window watchdog (WDT1) with independent on-chip clock source
« Power saving modes:
- Micro Controller Unit slow-down mode

- Sleep Mode with cyclic sense option
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- Cyclic wake-up during Sleep Mode
- Stop Mode with cyclic sense option
« Power-on and undervoltage/brownout reset generator
« Overtemperature protection incl. shutdown
+ Short circuit protection for all voltage regulators and actuators (High Side Switch)
+ Loss of clock detection with fail safe mode for power switches
+ Temperature Range T, =-40°C to +150°
+ Package VQFN-48-31 with LTI feature
+ Green package (RoHS compliant)
+ AEC Qualified
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General Device Information

3 General Device Information
3.1 Pin Configurations
o =
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Figure 2 Pin Configuration VQFN-48, TLE985xQX
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3.2 Pin Definitions and Functions

After reset, all pins are configured as input (except supply and LIN pins) with one of the following settings:
+ Pull-up enabled only (PU)

+ Pull-down enabled only (PD)

« Input with both pull-up and pull-down disabled (1)

+ Output with output stage deactivated = high impedance state (Hi-Z)

The functions and default states of the TLE985xQX external pins are provided in the following table.
Type: indicates the pin type.

« 1/O: Input or output

+ l:Inputonly

« O:Outputonly

« P:Powersupply

Not all alternate functions listed, see Chapter 15.

Table 1 Pin Definitions and Functions
Symbol Pin Type |Reset |Function
Number State
PO Port0
Port 0 is a 6-Bit bidirectional general purpose 1/0 port.
Alternate functions can be assigned and are listed in the Port
description. Main function is listed below.
P0.0 24 /O I/PU SWD_CLK Serial Wire Debug Clock
GPIO General Purpose |0
Alternate function mapping see Table 223
P0.1 22 I/0 I/PU GPIO General Purpose 10
Alternate function mapping see Table 223
P0.2 26 /O I/PD GPIO General Purpose |0
Alternate function mapping see Table 223
P0.3 27 /O I/PU GPIO General Purpose |0
Alternate function mapping see Table 223
P0.4 28 /O I/PU GPIO General Purpose |0
Alternate function mapping see Table 223
P0.5 29 I/0 I/PU GPIO General Purpose 10
Alternate function mapping see Table 223
P1 Port1
Port 1 is a 4-Bit bidirectional general purpose 1/0 port.
Alternate functions can be assigned and are listed in the Port
description. Main function is listed below.
P1.0 31 I/0 GPIO General Purpose |0
Alternate function mapping see Table 224
P1.1 32 I/0 GPIO General Purpose |0
Alternate function mapping see Table 224
P1.2 33 /O GPIO General Purpose |0
Alternate function mapping see Table 224
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Table 1 Pin Definitions and Functions (cont’d)
Symbol Pin Type |Reset |Function
Number State
P1.4 34 I/0 I GPIO General Purpose |0
Alternate function mapping see Table 224
P2 Port 2

Port 2 is a 5-Bit general purpose input-only port.
Alternate functions can be assigned and are listed in the Port
description. Main function is listed below.

P2.0 41 [ ANO ADC1 analog input channel 6
XTAL1Y External oscillator input
Alternate function mapping see Table 225
P2.1 39 [ I AN1 ADC1 analog input channel 7
Alternate function mapping see Table 225
P2.2 40 [ I AN2 ADC1 analog input channel 8
0 Hi-Z XTAL2Y External oscillator output
Alternate function mapping see Table 225
P2.3 38 I I AN3 ADC1 analog input channel 9
Alternate function mapping see Table 225
P2.7 37 [ I AN7 ADC1 analog input channel 12
Alternate function mapping see Table 225
Power Supply
VS 46 P - Battery supply input
VDDP 44 P - I/0 port supply (5.0 V). Do not connect external loads. For
buffer and bypass capacitors.
VDDC 42 P - Core supply (1.5 V during Active Mode,
0.9V during Stop Mode). Do not connect external loads. For
buffer/bypass capacitor.
VDDEXT 45 P - External voltage supply output (5.0 V, 40 mA)
GNDP 21,30 P - Core supply ground
GNDA 43 P - Analog supply ground
GNDLIN 1 P - LIN ground
Monitor Inputs
MON1 17 [ [ High Voltage Monitor Input 1
MON?2 18 [ [ High Voltage Monitor Input 2
MONS3 19 [ [ High Voltage Monitor Input 3
MON4 20 [ [ High Voltage Monitor Input 4
High Side Switch Outputs
HS 2 o Hi-Z High Side Switch output
LIN Interface
LIN 48 I/0 PU LIN bus interface input/output
Charge Pump
CP1H 14 P I - I Charge Pump Capacity 1 High, connect external C
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Table 1 Pin Definitions and Functions (cont’d)
Symbol Pin Type |Reset |Function
Number State

CP1L 13 P - Charge Pump Capacity 1 Low, connect external C

CP2H 11 P - Charge Pump Capacity 2 High, connect external C

CP2L 10 P - Charge Pump Capacity 2 Low, connect external C

VCP 12 P - Charge Pump Capacity

VSD 15 P - Battery supply input for Charge Pump

MOSFET Driver

VDH 16 P - Voltage Drain High Side MOSFET Driver

GH1 3 P - Gate High Side FET 1

GH2 9 P - Gate High Side FET 2

SH1 4 P - Source High Side FET 1

SH2 8 P - Source High Side FET 2

GL1 5 P - Gate Low Side FET 1

GL2 7 P - Gate Low Side FET 2

SL 6 P - Source Low Side FETs

Others

T™MS 23 I I/PD TMS test mode select input
DAP1

RESET 25 /O I/O/PU |Bidirectional reset input/output, not available during Sleep
Mode

VBAT_SENSE |47 I I Battery supply voltage sense input

OP1 35 I - Negative current sense amplifier input

OoP2 36 I - Positive current sense amplifier input

EP - - - Exposed Pad, connect to GND

1) configurable by user

User Manual 21 Rev. 1.0

2019-12-10



TLE985xQX iﬁﬂEOn |

Modes of Operations

4 Modes of Operations

This highly integrated circuit contains analog and digital functional blocks. For system and interface control
an embedded 32-Bit Arm® Cortex®-M0 microcontroller is included. For internal and external power supply
purposes, on-chip low drop-out regulators are existent. An internal oscillator (no external components
necessary) provides a cost effective and suitable clock in particular for LIN slave nodes. As communication
interface, a LIN transceiver and several High Voltage Monitor Inputs with adjustable threshold and filters are
available. Furthermore one High-Side Switch (e.g. for driving LEDs or powering of switches), a driver for 4 n-
channel MOSFETs including a two-stage charge pump and several general purpose input/outputs (GPI0) with
pulse-width modulation (PWM) capabilities are available.

The Micro Controller Unit supervision and system protection including reset feature is controlled by a
programmable window watchdog. A cyclic wake-up circuit, supply voltage supervision and integrated
temperature sensors are available on-chip.

All relevant modules offer power saving modes in order to support terminal 30 connected automotive
applications. A wake-up from the power saving mode is possible via a LIN bus message, via the monitoring
inputs or repetitive with a programmable time period (cyclic wake-up).

The integrated circuitis available in a VQFN-48-31 package with 0.5 mm pitch and is designed to withstand the
challenging conditions of automotive applications.

The TLE985xQX has several operational modes mainly to support low power consumption requirements. The
low power modes and state transitions are depicted in Figure 3 below.

Power-up

~
—

Transition by software Transition by external event

WDT1 reset

(error_wdt++) VDDC stable &

VDDC fail ~ error_supp <5
(error_supp++)

Active Mode

SLEEP command

™~
N

Safety Fallback Transition by internal event

/—
/

Safety fallback

Cyclic wake error_supp =5

Stop Mode

LIN wake or
MON wake or
GPIO wake

Cyclic wake

LIN wake or
MON wake

Sleep Mode

[Cyclic-sense

STOP command

Safety fallback
error_wdt =5,
Overtemp

PMU_System_Modes.vsd

Figure 3 Power Control State Diagram
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Reset Mode

The Reset Mode is a transition mode e.g. during power-up of the device after a power-on reset. In this mode
the on-chip power supplies are enabled and all other modules are initialized. Once the core supply VDDC is
stable, the Active Mode is entered . In case the watchdog timer WDT1 fails for more than four times, a fail-safe
transition to the Sleep Mode is done.

Active Mode
In Active Mode all modules are activated and the TLE985xQX is fully operational.

Stop Mode

The Stop Mode is one out of two major low power modes. The transition to the low power modes is done by
setting the respective Bits in the mode control register. In Stop Mode the embedded microcontroller is still
powered allowing faster wake-up reaction times, but not clocked. A wake-up from this mode is possible by LIN
bus activity, the High Voltage Monitor Input pins or the respective 5V GPIOs.

Sleep Mode

The Sleep Mode is a major low-power mode. The transition to the low-power modes is done by setting the
respective Bits in the Micro Controller Unit mode control register. The sleep time is configurable. In Sleep
Mode the embedded microcontroller power supply is deactivated, allowing the lowest system power
consumption, but the wake-up time is longer compared to the Stop Mode. In this mode a 64 bit wide buffer for
data storage is available. A wake-up from this mode is possible by LIN bus activity or the High Voltage Monitor
Input pins and cyclic wake. A wake-up from Sleep Mode behaves similar to a power-on reset. While changing
into Sleep Mode, no incoming wake-requests are lost (i.e. no dead-time). It is possible to enter sleep-mode
even with LIN dominant.

Cyclic Wake-up Mode

The cyclic wake-up mode is a special operating mode of the Sleep Mode and the Stop Mode. The transition to
the cyclic wake-up mode is done by first setting the respective Bits in the mode control register followed by
the SLEEP or STOP command. Additional to the cyclic wake-up behavior (wake-up after a programmable time
period), the wake-up sources of the normal Stop Mode and Sleep Mode are available.

Cyclic Sense Mode

The cyclic sense mode is a special operating mode of the Sleep Mode and the Stop Mode. The transition to the
cyclic sense mode is done by first setting the respective Bits in the mode control register followed by the STOP
or SLEEP command. In cyclic sense mode the High Side Switch can be switched on periodically for biasing
some switches for example. The wake-up condition is configurable, when the sense result of defined monitor
inputs at a window of interest changed compared to the previous wake-up period or reached a defined state
respectively. In this case the Active Mode is entered immediately.

The following table shows the possible power mode configurations of each major module or function
respectively.

Table 2 Power Mode Configurations

Module/function Active Mode |Sleep Mode Stop Mode Comment

VPRE, VDDP, VDDC ON OFF ON -

VDDEXT ON/OFF OFF cyclic ON/OFF -

HS ON/OFF cyclic ON/OFF cyclic ON/OFF | cyclic sense
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Table 2 Power Mode Configurations (cont’d)
Module/function Active Mode |Sleep Mode Stop Mode Comment
Bridge Driver ON/OFF OFFY OFFY -
LIN TRx ON/OFF wake-up only / OFF |wake-uponly/ |-
OFF
MONXx (wake-up) n.a. disabled/static/ disabled/static/ |cyclic:combinedwith
cyclic cyclic HS=on
MONXx (measurement) ON/OFF OFF OFF available on all
channels
VS sense ON/OFF brownout detection |brownout brownout det. done
brownout detection in PCU
detection
VBAT_SENSE ON/OFF OFF OFF -
GPIO 5V ON OFF ON -
WDT1 ON OFF OFF -
CYCLIC WAKE n.a. cyclic wake-up/ cyclic wake-up/ |cyclic sense with HS;
cyclic sense/OFF cyclic sense/OFF | wake-up needs MC
for enter Sleep Mode
again
Measurement ON? OFF OFF -
Micro Controller Unit ON/slow- OFF OFF -
down/STOP
CLOCK GEN (MC) ON OFF OFF -
LP_CLK (fip_cix) ON OFF OFF WDT1
LP_CLK2 (fp cika) ON ON ON for cyclic wake-up

1) Bridge Driver “Hold Mode” is available in sleep mode and stop mode.
2) May not be switched off due to safety reasons

Wake-up Source Prioritization

All wake-up sources have the same priority. In order to handle the asynchronous nature of the wake-up
sources, the first wake-up signal will initiate the wake-up sequence. Nevertheless all wake-up sources are
latched in order to provide all wake-up events to the application software. The software can clear the wake-
up source flags. It is ensured, that no wake-up event is lost.

As default wake-up sources, MON inputs and cyclic wake are activated after power-on reset, LIN is disabled as

wake-up source by default.

Wake-up Levels and Transitions

The wake-up can be triggered by rising, falling or both signal edges for each monitor input individually.
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5 Device Register Types

The following register types are used within this device. List see in Table 3.

Table 3 Register Types

Type can be modified by Description Error response
Hard Firmware |Soft on write access
ware ware

r yes | no no read-only flag err

rc yes |no yes |setwhen HW =1, clearonread, with |err

handshake

rh yes |no no read-only flag which is modified by |err

hardware

rw no no yes | bit can be read or written ok

rwh yes |no yes | bit can be written by hardware and | ok

software; hardware has priority

rwh1l yes |no yes | bit can be written by hardware and |ok
software; hardware has priority.

rwhir yes |no yes | bit can be written by hardware and |ok
software; hardware has only priority
to clear the bit.

rwhrs yes |no yes |resetwhen HWr=1;set/reset by FW, |ok
set when HWs =1

rwhxr yes |no yes |set by HW, set by FW; clear by ok
external reg

rwhxre |yes |no yes |set by HW (edge-triggered), set by | ok
FW; clear by external reg

rwpt no yes no protected bit; read operation is err
always possible

rwpw no yes no password protected ok

rwt no no yes | read/write toggle ok

rwv no no yes |virtual rw ok

w no no yes | clearonwrite'l', no action on write |ok

'0"; read always '0'; (no FF)
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6 Power Management Unit (PMU)

6.1 Features

« System modes control (startup, sleep, stop and active)

+ Power management (cyclic wake, cyclic sense)

+ Control of system voltage regulators with diagnosis (overload, short, overvoltage)
+ Fail safe mode detection and operation in case of system errors

+ Wake-up sources configuration and management (LIN, MON, GPIOs)

+ System error logging

6.2 Introduction

The purpose of the power management unit is to ensure the fail safe behavior of the system IC. Therefore the
power management unit controls all system modes including the corresponding transitions. The power
management unit is responsible for generating all needed voltage supplies for the embedded MCU (VDDC,
VDDP) and the external supply (VDDEXT). Additionally, the PMU provides well defined sequences for the
system mode transitions and generates hierarchical reset priorities. The reset priorities control the reset
behavior of all system functionalities especially the reset behavior of the embedded MCU. All these functions
are controlled by finite state machines. The system master functionality of the PMU requires the generation of
an independent logic supply and system clock. Therefore the PMU has a module internal logic supply and
system clock which works independently of the MCU clock.
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6.2.1 Block Diagram

The following figure shows the structure of the Power Management Unit. Table 4 describes the submodules

more detailed.

| ! v
Power Down Suppl K— K VDDP
" i SEPPY Power Supply Generation Unit
(PGU)
* vDDC
I
e.g forWDT1 |« LP_CLK ’# A
Peripherals —)|E LDO for External Su
. pply
eg.foroydic | o LP CLK2 R VDDEXT — ] VDDEXT
wake and sense N
A
L
PMU-PCU K— ) BK—) PMU-SFR
U
MON1..4 [ S
N — PMU-CMU
P0.0..P04 PMU-WMU —
P1.0..P14 —) PMU-RMU {7 RESET
PMU-Control
Power Management Unit
Power_Management 985x vsd

Figure4 Power Management Unit Block Diagram

Table4 Description of PMU Submodules

Mod. Modules Functions
Name
Power Down |Independent Supply Voltage This supply is dedicated to the PMU to ensure an
Supply Generation for PMU independent operation from generated power supplies
(VDDP, VDDC).
LP_CLK - Clock Source for all PMU This ultra low power oscillator generates the clock for
(=fp ck) submodules the PMU.
- Backup Clock Source for System | This clock is also used as backup clock for the system in
(can be selected as fsys clock case of PLL Clock failure and as independent clock
source through source for WDT1.
SCU_APCLK.SYSCLKSEL)
- Clock Source for WDT1
LP_CLK2 Clock Source for PMU This ultra low power oscillator generates the clock for
(=fip_cika) the PMU in Stop Mode and in the cyclic modes.
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Table 4 Description of PMU Submodules (cont’d)
Mod. Modules Functions
Name
Peripherals Peripheral Blocks of PMU These blocks include the analog peripherals to ensure a
stable and fail safe PMU startup and operation
(bandgap, bias).
Power Supply | Voltage regulators for VDDP and | This block includes the voltage regulators for the pad
Generation vDDC supply (VDDP) and the core supply (VDDC).
Unit (PGU)
VDDEXT Voltage regulator for VDDEXT to This voltage regulator is a dedicated supply for external
supply external modules (e.g. modules.
Sensors)

PMU-SFR All PMU relevant Extended Special | This module contains all PMU relevant registers, which
Function Registers are needed to control and monitor the PMU.

PMU-PCU Power Control Unit of the PMU This block is responsible for controlling all power
related actions within the PGU Module.It also contains
all regulator related diagnosis like under- and
overvoltage detection, overcurrent and short circuit
diagnoses.

PMU-WMU Wake-up Management Unit of the |This block is responsible for controlling all Wake-up

PMU related actions within the PMU Module.
PMU-CMU Cyclic Management Unit of the This block is responsible for controlling all actions
PMU within cyclic mode.

PMU-RMU Reset Management Unit of the PMU | This block generates resets triggered by the PMU like
undervoltage or short circuit reset, and passes all resets
to the relevant modules and their register. A reset status
register with every reset source is available.
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6.2.2 PMU Modes Overview

The following state diagram shows the available modes of the device.

Vis>4V and Vs ramp up
or
Vs <3V and Vs ramp down

LIN-wake or
MON-wake or
cyclic-wake

VDDC =stable and
error_supp<5

VDDC / VDDP = fail
(short circuit )
-> error_supp ++

error_supp = 5

Sleep command (from MCU ) or
WDT1_SEQ_FAIL = 1 (-> error_wdt = 5) or
VDDC / VDDP =overload

LIN-wake or PMU_PIN =1or
_ MON-wake or PMU_SOFT=1or
cyclic sense GPIO-wake or (PMU_Ext_ WDT = 1 and

cyclic_wake or
PMU_PIN = 1o0r
SUP_TMOUT = 1

WDT1_SEQ_FAIL=0
-> error_wdt ++)

Stop
command
(from MCU)

cyclic sense

Figure5 Power Management Unit System Modes

Active Mode

In Active Mode the Power Management Unit releases the reset of the embedded MCU and the application
software takes control of the system. Now the PMU is responsible for supplying and supervising the embedded
system. The supervision functionality of the PMU monitors the output voltage/current of the generated
supplies and the status information of the system watchdog (WDT1).

Under normal operating conditions (exceptions see Chapter Power Control Unit - Fail Safe Scenarios) the
power save modes are set by the user software only. The PMU gets the respective command and after a certain
delay the corresponding ready signal will follow. The user software has to write the command to the power
mode control register (PMCONO) of the SCU. As a consequence the SCU sends the MCU in data retention mode
and accepts this with the respective ready signal.
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Sleep Mode

The Sleep Mode is the power saving mode where the lowest power consumption is achieved. In this mode the
PMU resets all system functionalities and switches off all voltage supplies (VDDP, VDDC, VDDEXT) which are
generated in the PMU. The only submodules of the PMU which stay active are the ones responsible for
controlling the wake-up procedure of the system. Figure 6 shows the Sleep Mode entry procedure.
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PMCONO XXH >< 024
LP_CLK2 (100 kHz)
LP_CLK (20 MHz)
vDDC A
1.5V
AN
oV >
VDDP A
5V
oV >
. /
SYSTEM_STATE Active Sleep
Timing_Diagram_Sleep_Mode_Entry_Customer.vsd

Figure6  Sleep Mode Entry Timing

The Sleep Mode is terminated by a LIN dominant pulse or a corresponding (rising edge / falling edge) activity
at the MON input. These events are triggered outside of the PMU. The PMU itself processes the wake-up
information in an independent FSM which starts the PMU internal system clock to process the following
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startup sequences in a synchronous way. A successful startup sequence enters the startup Mode
automatically. The wake-up procedure described is the default setup of the PMU.

The Sleep Mode can be terminated by synchronous wake-up events too. If this is desired, the PMU must be
configured by setting the corresponding SFRs. A synchronous wake-up can be configured using the Cyclic
Sense. If these synchronous wake-up events are configured then the power consumption of the PMU increases
in Sleep Mode. The increased current consumption is caused by an oscillator which generates the needed time
base (typ. 100 kHz). Figure 7 illustrates the wake via LIN

LIN_WAKE u
LP_CLK
VDDP +
5V /
3V
>
vDDC *
1.5V 7
>
SUPPLY_STATUS fail X ok X stable
RESET_PIN
PMU_RST_STS XXH X 04y
SYSTEM_STATE Sleep >< Start-up X Active
Timing_Diagram_Sleep_Mode_Exit_Customer .vsd

Figure7  Sleep Mode LIN Wake-up Timing
The wake-up procedure from Sleep Mode via MONXx pins (instead of LIN) follows the same sequence as shown

in the figure above.
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Stop Mode

The objective of the Stop Mode is to provide a data retention feature for the embedded MCU and the special
function registers (XSFRs). In the Stop Mode the core supply voltage VDDC goes from 1.5V to 0.9 V with the
objective to reduce leakage current as much as possible. During the Stop Mode the dynamic behavior (load
jumps) of the PMU internally generated voltage supplies are very limited. The corresponding limitation is
given by the external buffer capacitor at the VDDC/VDDP pin. In case of a 330 nF buffer capacitor at VDDC the
allowable load jump is 300pA/ms. The figure below shows the Stop Mode entry sequence.

PMCONO XX X\ 04y
- —

N

LP_CLK? \

\ \
LP_CLK ‘ | ‘|' I \
| Il \‘
\\

VODC A ‘\

\4

SWITCHABLE SUPPLY &

15V

[~
v

SYSTEM_STATE Active X/ Stop

Timing_Diagram_Stop_Mode _Entry_Customer .vsd

Figure8  Stop Mode Entry Timing

The wake-up features to terminate the Stop Mode are equivalent to those which are used for Sleep-exit. The
asynchronous wake-up works using a LIN message or an event (rising edge/falling edge) at one of the MON
inputs. In addition to the asynchronous wake-up over high-voltage inputs (MONs) the Stop Mode terminates
by an event at one of the GPIO pins. The wake-up configuration of every MON and GPIO input is stored in the
corresponding XSFR. The configuration for the high-voltage inputs (MONSs) are used for Stop-exit and Sleep-
exit (same XSFR). Generally the synchronous wake-up features are equivalent to the Sleep Mode exit. The Stop
Mode terminates by using one of the synchronous wake-up features. The synchronous wake-up features are
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separated in Cyclic Sense and wake-up after time-out (Cyclic Wake). Both of these wake-up procedures work
similarly to the Sleep-exit. In Cyclic Sense mode, both the MONx inputs as well as the GPIOs can be evaluated
and a transition will cause a termination of the Stop Mode. The sensing period for MONx inputs and GPIOs is
generated with the same time base (typ. 100 kHz). The sensing period is set in the PMU_SLEEP. To bias the
external load of the GPIOs, the supply voltage VDDEXT may switch on for the sensing time. Only during this
sensing time the PMU evaluates the corresponding GPIO. In case of a valid wake-up signal the PMU goes to
Active Mode and the application software takes control over the system. If no valid wake-up information is
available, then the external supply VDDEXT switches off until the configured sensing period starts again.
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6.3 Power Supply Generation (PGU)

As shown in the diagram below the Power Supply Generation consists of the following modules:

Submodules of PSG are:

+ Power Down Supply: independent analog supply voltage generation for Power Control Unit logic, for
VDDP Regulator and for VDDC Regulator.

+ VPRE:analogsupply voltage pre-regulator. Purpose of this regulator is the power dissipation reduction for
the following regulator stages.

+ VDDP: 5V digital voltage regulator used for internal modules and all GPIOs.
« VDDC: 1.5V digital voltage regulator used for internal microcontroller modules and core logic.
+ PCU: Power Control Unit responsible for supervising and controlling 5V regulator and 1.5V regulator.

VS
Fy

0

VPRE

Power Down Supply 2 \VDDP
5V

N VVDDP
4

3

Y

CVDDP —

L

y GND (Pin 39)

§ VDDC
4

® VDDC
.- 15V

PMU-PCU

3

A

Cvooc —

Power Supply Generation (PSG)

GND (Pin 39)

Power Supply Generation

PSG_Block _Customer.vsd

Figure9 Power Supply Generation Block Diagram

6.3.1 Voltage Regulator 5.0V (VDDP)

This module represents the 5 V voltage regulator, which provides the pad supply for the parallel port pins and
other 5V analog functions (e.g. LIN Transceiver).

User Manual 35 Rev. 1.0
2019-12-10



TLE985xQX iﬁﬂEOn |

Power Management Unit (PMU)

Features

+ 5Vlow-drop voltage regulator

« Overcurrent Monitoring and Shutdown with MCU signalling (Interrupt)
« Overvoltage monitoring with MCU signalling (Interrupt)

« Undervoltage monitoring with MCU signalling (Interrupt)

+ Undervoltage monitoring with Reset (UnderVoltage Reset, Vpppyy)

+ Overtemperature Shutdown with MCU signalling (Interrupt)

+ Pre-Regulator for VDDC Regulator

+ GPIO Supply

« Pull Down Current Source at the output for Sleep Mode only

The output capacitor C,ppp is mandatory to ensure a proper regulator functionality.

VDDP Regulator
N
ve O VPRE @ (] VERE
i Cvoop __|_
Vv GND
Y
5V LDO -t I
A
Y Y
LDO Supervision
Y Y \ 4
=) —
< =l
Sz S e
g2 & e
N % §| ;'
B >
{9} Lo
:)l 9 DI a
= =
o o
LDO_block_external .vsd

Figure 10 Module Block Diagram of VDDP Voltage Regulator
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6.3.2 Voltage Regulator 1.5V (VDDC)

This module represents the 1.5V voltage regulator, which provides the supply for the microcontroller core,
digital peripherals and other chip internal analog 1.5 V functions (e.g. ADC).

Features

+ 1.5V low-drop voltage regulator

+ Overcurrent monitoring and Shutdown with MCU signalling (Interrupt)

+ Overvoltage monitoring with MCU signalling (Interrupt)

+ Undervoltage monitoring with MCU signalling (interrupt)

+ Undervoltage monitoring with reset

+ Overtemperature Shutdown with MCU signalling (Interrupt)

« Pull Down Current Source at the output for Sleep Mode only

The output capacitor C,ppc is mandatory to ensure a proper regulator functionality.

VDDC Regulator

VDDP (5V) VDDC (1.5V)

N
W

-
|\

h 4
Fy

K]
A)
L 1f71 1
L L

1.5V LDO -«

I .

LDO Supervision

PMU_1V5_OVERLOAD |—

PMU_1V5_OVERVOLT [e——

1.5VLD Oblockexternal.vsd

Figure11 Module Block Diagram of VDDC Voltage Regulator
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6.3.3 External Voltage Regulator 5.0V (VDDEXT)

This module represents the 5V voltage regulator, which serves as a supply for external circuits. It can be used
e.g. to supply an external sensor, LEDs or potentiometers.

Features

+ Switchable (by software) 5V low-drop voltage regulator

« Switch-on undervoltage blanking time in order to drive small capacitive loads
+ Intrinsic current limitation

+ Undervoltage monitoring and shutdown with MCU signalling (Interrupt)

+ Overtemperature Shutdown with MCU signalling (Interrupt)

+ Resistive discharge path at the output if the regulator is off

+ Cyclic sense option together with GPIOs

« Low current mode available to ensure reduced stop mode current consumption. In this mode current
capability is reduced to fppexr 1 cu

The output capacitor Cpper is mandatory to ensure a proper regulator functionality.

VDDEXT Regulator
VS |<} VDDEXT (5V)
FY . . FY
A 4 A 4
i \%
Cvs _I_ Cvopext —_—
T V T

VDDEXT LDO

Supervision

VDDEXT_OVERTEMP |a——

VDDEXT_UNDERVOLT |——

HALL_LD Oblockexternal.vsd

Figure12 Module Block Diagram
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6.3.4 Power-on Reset Concept

VsA

ca. 4V

15V
N

Power Down RESET_N /
—_—

LP_Ck

VDDP sv A‘

ca. 3.5V

3V

-
v

VDDC A
1.5V

v

SUPPLY_STATUS fail X ok ‘X stable

RESET_PIN

PMU_RESET _STS xxh { % 80h

SYSTEM_STATE DownX Start-up \X Active

Figure 13 Power-on Reset Concept
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6.3.5 PMU Register Overview

The PMU registers must be accessed wordwise. Otherwise a hardfault is triggered.

Table 5 Register Address Space for PMU Registers

Module Base Address End Address Note
PMU 50004000 50004FFF Power Management Unit
Registers

The registers are addressed wordwise.

6.3.6 Register Definition

Table 6 Register Overview

Register Short Name |Register Long Name Offset Address | Reset Value
Register Definition, Power Supply Generation Register

PMU_SUPPLY_STS Voltage Reg Status Register 008, 0000 0000,
Register Definition, VDDEXT Control Register

PMU_VDDEXT_CTRL VDDEXT Control 00C, 0000 0000,

The registers are addressed wordwise.

6.3.6.1 Power Supply Generation Register

The following register is dedicated to control the voltage regulators VDDP, VDDC. It provides an overview
about the status of the two voltage supplies.

Voltage Reg Status Register

The PMU_SUPPLY_STS register shows the overvoltage and overload condition of VDDP and VDDC. To use this
information as interrupt sources it must be selected explicitly in this register.

PMU_SUPPLY_STS Offset Reset Value
Voltage Reg Status Register 008, see Table7
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31 16

RES

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

T
PMU_|PMU_|PMU_ PMU_|PMU_ PMU_|PMU_|PMU_|PMU_|PMU_PMU_PMU_
RES |5V _0O|5V_O|OVER| rgs |1V5_|1V5_| rRes |5V_F|5V_O|5V_O OVER| 1V5_| 1V5_| 1V5_
VER* | VER* | TEM* OVE* | OVE* AIL* |VER* | VER*  TEMP| FAI* | OVE* | OVE*
|
r w w W r w w r rw r r r rw r r
Field Bits Type |Description
RES 31:14 r Reserved
Always read as 0
PMU_5V_OVERLOAD_SC 13 w Overload at VDDP regulator Status clear

0; No Clear, Overload status not cleared
1l Clear, Overload status cleared

PMU_5V_OVERVOLT_SC 12 w Overvoltage at VDDP regulator Status clear

0; NoClear, Overvoltage status not cleared
1  Clear, Overvoltage status cleared

PMU_OVERTEMP_SC 11 w Overtemperature Status clear
0g  No Clear, Overtemperature status not cleared
1l Clear, Overtemperature status cleared

RES 10 r Reserved
Always read as 0
PMU_1V5_OVERLOAD_SC 9 w Overload at VDDC regulator Status clear

0; No Clear, Overload status not cleared
1l Clear, Overload status cleared

PMU_1V5_OVERVOLT_SC 8 w Overvoltage at VDDC regulator Status clear
0; NoClear, Overvoltage status not cleared
1y Clear, Overvoltage status cleared

RES 7 r Reserved
Always read as 0

PMU_5V_FAIL_EN 6 rw Enabling of VDDP status information as interrupt
source

0 Disable, No interrupts are generated
1z Enable, Interrupts are generated

PMU_5V_OVERLOAD 5 r Overload at VDDP regulator

This bit is set by hardware and can only be cleared by
software.

0 Nooverload,

1z Overload,
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Field

Bits

Type

Description

PMU_5V_OVERVOLT

4

Overvoltage at VDDP regulator

This bit is set by hardware and can only be cleared by
software.

0 Noovervoltage,

1z Overvoltage,

PMU_OVERTEMP

PMU Overtemperature

This bit is set by hardware and can only be cleared by
software.

Oy Noovertemperature,

1, Overtemperature,

PMU_1V5_FAIL_EN

r'w

Enabling of VDDC status information as interrupt
source

0g Disable, No interrupts are generated

1z Enable, Interrupts are generated

PMU_1V5_OVERLOAD

Overload at VDDC regulator

This bit is set by hardware and can only be cleared by
software.

0y Nooverload,

1; Overload,

PMU_1V5_OVERVOLT

Overvoltage at VDDC regulator

This bit is set by hardware and can only be cleared by
software.

0; Noovervoltage,

1z Overvoltage,

Table 7

RESET of PMU_SUPPLY_STS

Register Reset Type

Reset Values

Reset Short Name

Reset Mode Note

RESET_TYPE_3

00000000,

RESET_TYPE_3

User Manual

42 Rev. 1.0
2019-12-10



TLE985xQX iﬁﬂEOn |

Power Management Unit (PMU)

VDDP [V] A

o ' i B e e
OV_PREWARN = e g i

UV_PREWARN =
UV (=Reset Threshold ) ==

t[100ms]

VDDP_OV_PREWARN

VPPD_OV

v

VDDP_UV_PREWARN

VDDP_UV

v

Figure14 VDDP

User Manual 43 Rev. 1.0
2019-12-10



TLE985xQX < iﬂfiﬂEOn |

Power Management Unit (PMU)

VDDC [V] A

ov
OV_PREWARN

UV_PREWARN
UV (=Reset Threshold )

VDDC_UV_PREWARN

v

|
. I -
I I ~
| I t[100ms]
1 |
| |
| |
i |
VDDC_OV_PREWARN [ :
| | .
l Ll
A | I
|
|
VPPC_OV :
} |
|
A |
1
|
|
|
}
|
|
|

VDDC_UV

v

Figure15 VDDC

6.3.6.2 VDDEXT Control Register
The VDDEXT can be fully controlled by the following SFR Register, including all diagnosis functions. .
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VDDEXT Control
PMU_VDDEXT_CTRL Offset Reset Value
VDDEXT Control 00C,, see Table 8
31 16
RES
r
15 14 13 12 11 10 8 7 6 5 4 3 2 1 0
T T
VDDE|VDDE|VDDE VDDE|VDDE|VDDE VDDE VDDE |VDDE|VDDE|VDDE
RES | xT_* | XT_*| XT_* RES XT_* | XT_* | XT_* | XT_* | XT_* | XT_* | XT_* | XT_*
r w w w r r r r r r woowrw
Field Bits Type |Description
RES 31:14 r Reserved
Always read as 0
VDDEXT_OT_SC 13 w VDDEXT Supply Overtemperature Status clear
1;  No Clear, VDDEXT Overtemperature status not
cleared
0  Clear, VDDEXT Overtemperature status cleared
VDDEXT_UV_ISC 12 w VDDEXT Supply Undervoltage Interrupt Status clear
1z NoClear, VDDEXT Undervoltage not cleared
0y  Clear, VDDEXT Undervoltage cleared
VDDEXT_OT_ISC 11 w VDDEXT Supply Overtemperature Interrupt Status
clear
1z NoClear, VDDEXT OverTemperature not cleared
0g  Clear, VDDEXT OverTemperature cleared
RES 10:8 r Reserved
Always read as 0
VDDEXT_STABLE 7 r VDDEXT Supply Stable
Note: This bitis RESET_TYPE_3
0y VDDEXT not in stable condition,
1l VDDEXT in stable condition,
VDDEXT_OT 6 r VDDEXT Supply Overtemperature
Note: This bitis RESET_TYPE_3
0; VDDEXT not in overtemperature condition,
1y VDDEXT in overtemperature condition,
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Field

Bits

Type

Description

VDDEXT_OT_STS

5

VDDEXT Supply Overtemperature Status
Note: This bit is RESET_TYPE_3

0y  VDDEXT not in overtemperature condition,
1z VDDEXT in overtemperature condition,

VDDEXT_UV_IS

VDDEXT Supply Undervoltage Interrupt Status
Note: This bitis RESET_TYPE_4

0  VDDEXT not in undervoltage condition,
1y VDDEXT in undervoltage condition,

VDDEXT_OT_IS

VDDEXT Supply OverTemperature Interrupt Status
Note: This bit is RESET_TYPE_4

0y VDDEXT no overtemperature condition,
1y VDDEXT overtemperature condition,

VDDEXT_FAIL_EN

rw

Enabling of VDDEXT Supply status information as
interrupt source

Note:

This bitis RESET_TYPE_3

0, Disable, VDDEXT fail interrupts are disable
1z Enable, VDDEXT fail Interrupts are enable

VDDEXT_CYC_EN

Note:

rw VDDEXT Supply for Cyclic Sense Enable

To use VDDEXT Supply for cyclic sense the
bits VDDEXT_CYC_EN AND VDDEXT_ENABLE

must be set.

This bitis RESET_TYPE_3

0, Disable, VDDEXT for cyclic sense disable
1z Enable, VDDEXT for cyclic sense enable

VDDEXT_ENABLE

Note:

rw VDDEXT Supply Enable

This bitis RESET_TYPE_3

0, Disable, VDDEXT Supply disable
1y  Enable, VDDEXT supply enable

Table 8 RESET of PMU_VDDEXT_CTRL

Register Reset Type |Reset Values Reset Short Name Reset Mode Note
RESET_TYPE_3 00000000, RESET_TYPE_3

RESET_TYPE_4 00000000, RESET_TYPE_4
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6.4 Power Control Unit

The Power Control Unit is the controlling instance of the system power supply generation (PSG). It offers
important fail safe features, which are described in the next chapter.

6.4.1 Power Control Unit - Fail Safe Scenarios

The PMU handles several different failure scenarios, listed below and described in the following chapters:
« Fail safe mode (Sleep Mode) in case of power failure .

+ Fail safe mode (Sleep Mode) in case of 5 consecutive watchdog service failures.

+ Fail safe mode (Sleep Mode) in case of overcurrent on voltage regulators VDDP or VDDC.

+ 2 level monitoring (prewarning and reset) of voltage regulators output voltages (VDDP, VDDC).

+  Wake-up from Stop Mode with cyclic sense in case of VDDEXT regulator failures.

« Wake-up from Stop Mode in case of hardware reset on RESET pin .

6.4.1.1 Power Supervision Function of PCU

The power supervision feature of the PCU is mainly responsible for monitoring the voltage regulators VDDP
and VDDC. In case of voltage regulator malfunction the PCU tries first to recover to normal operation. If this is
not possible the fail safe mode (sleep mode) is entered and the device is wakeable by the MONXx inputs.

After a wake-up, if the PMU can be successfully restarted and code execution will be possible, the user is able
to determine the occured failure scenario by checking the corresponding bits in the PMU_WFS register:

+ SUPP_TMOUT is setif atimeout occured while waking up from stop mode and waiting for VDDP and VDDC
to be stable.

+ SUPP_SHORT is set if a short circuit at VDDP or VDDC is detected without being in VS undervoltage
condition. Note: in active mode the PMU tries 5 times to restart the voltage regulators before entering sleep
mode.

6.4.1.2 Watchdog (WDT1) Fail Safe

The PCU supervises the failure information of the system watchdog (WDT1). In case the watchdog is not
serviced or serviced in a wrong way (in the following denominated as “not serviced Watchdog”) the MCU is
reset and the error counter “error_wdt” is increased by one. The PMU itself stays in the Active Mode and after
the reset the application software takes over the system control. If the software doesn’t service the system
watchdog then the described procedure starts again. After the watchdog is not serviced five times during one
Active Mode period the PMU sends the embedded system to Sleep Mode. The PMU detects the transition to
the Sleep Mode as safety fallback and the Sleep Mode can be terminated by two ways: first by a LIN-wake or
by a rising/falling edge at a MON pin, second cyclic wake is issued after a sleep time of 1 s. The error counter is
reset when the system is sent to Sleep Mode or Stop Mode by a corresponding software command.

If the system can be successfully restarted, the cause of failure can be again checked by reading the PMU_WFS
register. The bit WDT1_SEQ_FAIL signals the described failure.

6.4.1.3 Main Regulators Fail Safe
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If one of the voltage regulators needs to deliver too much current, a stable operation of the supply voltage is
not given. In this case the overcurrent detection of VDDP and VDDC will ensure that the system will enter Sleep
Mode.

If the overcurrent condition is gone, a wake-up can be invoked, then the system will startup and work
properly. Afterwards the corresponding failure flags PMU_1V5_OVL and PMU_5V_OVL can be checked.

6.4.1.4 VDDEXT Failure

If VDDEXT is used in combination with the GPIOs as a supply e.g. for the switches, there are several error cases
possible, which are: Overtemperature, undervoltage. Those error cases may lead to the generation of false
wake-up events or to missed wake-up events. To avoid these scenarios, errors on the VDDEXT voltage
regulator would automatically revive the system from Stop Mode. The errors are signalled in the
PMU_WAKE_STATUS register.

6.4.1.5 Wake-Up from Stop Mode with Reset Fail Safe

One fail safe measure to wake-up the embedded system from the Stop-Mode can be executed by hardware
reset. If there is a reset request on the reset-pin then the PMU goes to Active Mode. Simultaneously, the
embedded system gets a reset which is shown by forcing the bidirectional reset-pin. The reset-pin goes high
again if the PMU releases the MCU reset. This event is shown in the reset status register as a hard-reset
together with a wake-up reset. In case of a fail condition at one of the voltage regulators the PMU also goes to
Active Mode. After that the PMU starts the supply fail-safe procedure which is described in the Active Mode
section. The described sequence can be seen in the picture below.
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6.4.1.6 Register Definition
Table 9 Register Overview
Register Short Name |Register Long Name Offset Address | Reset Value
Register Definition, PMU System Fail Register
PMU_HIGHSIDE_CTRL |High-Side Control Register 05C, 0000 0000,
PMU_WFS WEFS System Fail Register 070, 0000 0000,
PMU_OT_CTRL Overtemperature Control Register 054, 0000 000F,
The registers are addressed wordwise.
6.4.1.6.1 PMU System Fail Register
This register is dedicated for the control of the PMU Peripherals
WFS System Fail Register
Note: The register PMU_WFS is also cleared when PMU_RESET_STS.SYS_FAIL is cleared
PMU_WFS Offset Reset Value
WFS System Fail Register 070, see Table 10
31 16
T
RES
|
,
15 9 8 7 6 5 4 3 2 1 0
T T T
PMU_|LP_C WDT1|SYS_|SYS_|PMU_|PMU_|SUPP|SUPP
RES OT_*|LKWD| _SE*| OT |CLK* 5V_*|1V5%| TM*| SH*
| |
r rh r rh rh rh rh rh rh rh
Field Bits Type Description
RES 31:9 r Reserved
Always read as 0
PMU_OT_FAIL 8 rh PMU Overtemperature Indication Flag
Indicates PMU Overtemperature Condition
0; No Overtemperature, PMU ok
1; Overtemperature, PMU Overtemperature
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Field Bits Type Description
LP_CLKWD 7 r LP_CLKWD
Low power clock
05 ok,
1, fail,
WDT1_SEQ_FAIL 6 rh External Watchdog (WDT1) Sequential Fail

Indicates that Watchdog is not serviced 5 times

0  No Fail, System working properly

1y Sequential Watchdog Fail, 5 consecutive watchdog
fails

SYS_OT 5 rh System Overtemperature Indication Flag
Indicates System Overtemperature Condition

0; No Overtemperature, System ok

1; Overtemperature, System Overtemperature

SYS_CLK_WDT 4 rh System Clock (f,,)Watchdog Fail
Indicates a system clock watchdog fail
0;  No System Clock Fail, f, ; ok

1l System Clock Fail, f, . failed
PMU_5V_OVL 3 rh VDDP Overload Flag

Indicates Overload Condition at VDDP
0 NoOverload, VDDP ok

1z Overload, VDDP Overload

PMU_1V5_OVL 2 rh VDDC Overload Flag

Indicates Overload Condition at VDDC
0; No Overload, VDDC ok

1z Overload, Hall VDDC Overload

SUPP_TMOUT 1 rh Supply Time Out

Indicates that a timeout occured while waking up from stop

mode and waiting for VDDP and VDDC to be stable.

0;  Main Supply ok, VDDP or VDDC are in expected range

1z Main Supply fail, VDDP or VDDC do not have stable
operating point

SUPP_SHORT 0 rh Supply Short

Indicates that a short circuit at VDDP or VDDC was detected

without being in VS undervoltage condition.

0g  Main Supply ok, VDDP or VDDC are in expected range

1z Main Supply short, VDDP or VDDC are in short circuit

condition
Table10 RESET of PMU_WFS
Register Reset Type |ResetValues Reset Short Name Reset Mode Note
RESET_TYPE_O 00000000, RESET_TYPE_O
Overtemperature Control Register
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PMU_OT_CTRL Offset Reset Value
Overtemperature Control Register 054, see Table 11
31‘ | | ‘876543“‘0
PMPMPMRE| PMU_OT_
RES U*|U*|U*|'S | TH_CNF
| | w rw rw r | r\‘/v |

Field Bits Type Description
RES 31:8 r Reserved

Always read as 0
PMU_OT_EN 7 rw PMU Overtemperature Detection Enable

0, Disable, Overtemperature detection disabled

1z Enable, Overtemperature detection enabled
PMU_OT_WAKE_EN |6 rw PMU Wake On Overtemperature Enable

0, Disable, no Wake-Up on OT condition

1y  Enable, Wake-Up on OT condition
PMU_OT_INT_EN 5 rw PMU Overtemperature Interrupt Enable

0  NoInterrupt, Interrupt on OT disabled

1 Interrupt, Interrupt on OT enabled
RES 4 r Reserved

Always read as 0
PMU_OT_TH_CNF 3:0 rw PMU Overtemperature threshold

00000, 131°C
000141, 136°C
001042, 141°C
0011,3, 146°C
010044, 152°C
01015, 157°C
011046, 163°C
0111,7, 169°C
1000,8, 175°C
1001,9, 181°C
1010410, 187°C
1011411, 193°C
1100412, 200°C
1101413, 206°C
1110414, 214°C
1111415, 221°C

Table1l RESET of PMU_OT_CTRL

Register Reset Type |Reset Values Reset Short Name Reset Mode Note
RESET_TYPE_2 0000000F,, RESET_TYPE_2

RESET_TYPE_3 00000000, RESET_TYPE_3
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High-Side Control Register

PMU_HIGHSIDE_CTRL Offset Reset Value
Highside Control Register 05C,, see Table 12
31 3210
RES ﬂ? RES
r w o r
Field Bits Type Description
RES 31:3 r Reserved
Always read as 0
HS1_CYC_EN 2 rw High-Side 1 switch enable for cyclic sense
0 Disable,
1z Enable,
RES 1.0 r Reserved
Always read as 0

Table12 RESET of PMU_HIGHSIDE_CTRL

Register Reset Type |Reset Values Reset Short Name Reset Mode Note
RESET_TYPE_2 00000000, RESET_TYPE_2
6.5 Wake-up Management Unit (WMU)

The Wake-up Management Unit (WMU) is mainly responsible for handling the wake-up events on LIN, HV-
Monitoring Inputs (MON1 - MON4), Hardware reset and all GPIOs belonging to Port 0 and Port 1. Following
wake scenarios are possible:

+ Wake-up over Port 0 and Port 1 pins: they can be configured for rising edge triggered and falling edge
triggered wake-up events. This configuration can be used to wake-up the device from normal Stop Mode
and Stop Mode with cyclic sense option. To bias the GPI0s, VDDEXT as current source can be used. The
wake-up feature from Sleep Mode in combination with GPIOs is not possible.

+ Wake-up over Hardware reset pin: It can be used to wake-up the device from Stop Mode. The wake-up
feature from Sleep Mode is not possible.

+ Wake-up over MON1 - MON4 Pins: the MONX Pins can be configured for rising edge triggered and falling
edge triggered wake-up events. This setup can be used to wake-up the device from Stop Mode with or
without cyclic sense, but also a wake-up from Sleep Mode with or without cyclic sense is possible.

+ LIN:is a normal wake-up source and has no configuration possibilities.

« Wake-up on VDDEXT fail from Stop Mode: will be performed in case of VDDEXT failures described in
Chapter Power Control Unit - Fail Safe Scenarios.

Note:

1. Port2 pins cannot invoke any wake-up.
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2. None of the GPIOs is supplied during Sleep Mode, therefore wake-up is not possible through them.

P0.X, P1.X

PMU-WMU

N
/HL

Figure 17 Block Diagram of Wake-up Management Unit in Cyclic Sense Mode with VDDEXT.

User Manual 54 Rev. 1.0
2019-12-10



TLE985xQX < infineon |

Power Management Unit (PMU)

6.5.1 Register Definition

These registers are for wake-up control of all wake-up capable general purpose inputs outputs
The WMU is fully controllable by the below listed SFR Registers.

Table 13  Register Overview

Register Short Name |Register Long Name Offset Address |Reset Value
Register Definition, PMU Wake Up Configuration Register

PMU_LIN_WAKE_EN LIN Wake Enable 050, 0000 0000,
PMU_CNF_WAKE_FILT |PMU Wake-up Timing Register 0AC, 0000 0000,
ER

PMU_WAKE_CNF_GPI |Wake Configuration GPIO Port 0 Register 0BC, 0000 0000,
00

PMU_WAKE_CNF_GPI |Wake Configuration GPIO Port 1 Register 0CC, 0000 0000,
o1

Register Definition, PMU Wake Up Status Register

PMU_WAKE_STATUS Main wake status register 000, 0000 0000,
Register Definition, GPIO Port Wake Up Status Register

PMU_GPIO_WAKE_STA | GPIO Port wake status register 004, 0000 0000,
TUS

The registers are addressed wordwise.
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6.5.1.1 PMU Wake Up Configuration Register
This register is dedicated for the control of the PMU Peripherals

Wake Configuration GPIO Port 0 Register

PMU_WAKE_CNF_GPIOO Offset Reset Value
Wake Configuration GPIO Port 0 Register 0BC, see Table 14
31 22 21 20 19 18 17 16

CYC_|CYC_|CYC_|CYC_|CYC_|CYC_
RES 5 | 4 | 3 210
r w w w w w w

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

RES |FA 5|(FA 4|FA 3/FA 2/FA 1 FAO0@ RES RIL5 R4 RL.3 RL_2 RL_1|/RLO

r rw rw rw rw rw rw r rw rw rw rw rw rw
Field Bits Type |Description
RES 31:22 r Reserved
Always read as 0
CYC_5 21 rw GPI00_5 input for cycle sense enable

1z ENABLE, input for cycle sense enabled
0g  DISABLE, input for cycle sense disabled

CYC_4 20 rw GPI00_4 input for cycle sense enable
1z ENABLE, input for cycle sense enabled
0  DISABLE, input for cycle sense disabled

CYC_3 19 rw GPI100_3 input for cycle sense enable
1z ENABLE, input for cycle sense enabled
0g  DISABLE, input for cycle sense disabled

CYC_2 18 rw GPI00_2 input for cycle sense enable
1z ENABLE, input for cycle sense enabled
0g  DISABLE, input for cycle sense disabled

CcYc_1 17 rw GPI0OO0_1 input for cycle sense enable
1z ENABLE, input for cycle sense enabled
0g  DISABLE, input for cycle sense disabled

CYC_0 16 rw GPI00_0 input for cycle sense enable
1y ENABLE, input for cycle sense enabled
0g  DISABLE, input for cycle sense disabled

RES 15:14 r Reserved
Always read as 0
FA_5 13 rw Port 0_5 Wake-up on Falling Edge enable

1y ENABLE, wake-up enabled
0  DISABLE, wake-up disabled
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Field Bits Type |Description

FA_4 12 rw Port 0_4 Wake-up on Falling Edge enable
1z ENABLE, wake-up enabled
0  DISABLE, wake-up disabled

FA_3 11 rw Port 0_3 Wake-up on Falling Edge enable
1y ENABLE, wake-up enabled
Og  DISABLE, wake-up disabled

FA_2 10 rw Port 0_2 Wake-up on Falling Edge enable
1y  ENABLE, wake-up enabled
0  DISABLE, wake-up disabled

FA_1 9 rw Port 0_1 Wake-up on Falling Edge enable
1z ENABLE, wake-up enabled
0  DISABLE, wake-up disabled

FA_O 8 rw Port 0_0 Wake-up on Falling Edge enable
1y ENABLE, wake-up enabled
0  DISABLE, wake-up disabled

RES 7:6 r Reserved
Always read as 0

RI_5 5 rw Port 0_5 Wake-up on Rising Edge enable
1y ENABLE, wake-up enabled
0  DISABLE, wake-up disabled

RI_4 4 rw Port 0_4 Wake-up on Rising Edge enable
1y ENABLE, wake-up enabled
O  DISABLE, wake-up disabled

RI_3 3 rw Port 0_3 Wake-up on Rising Edge enable
1y ENABLE, wake-up enabled
0  DISABLE, wake-up disabled

RI_2 2 rw Port 0_2 Wake-up on Rising Edge enable
1z ENABLE, wake-up enabled
0;  DISABLE, wake-up disabled

RI_1 1 rw Port 0_1 Wake-up on Rising Edge enable
1y ENABLE, wake-up enabled
Og  DISABLE, wake-up disabled

RI_O 0 rw Port 0_0 Wake-up on Rising Edge enable
1y  ENABLE, wake-up enabled
0  DISABLE, wake-up disabled

Table14 RESET of PMU_WAKE_CNF_GPIOO

Register Reset Type |Reset Values Reset Short Name Reset Mode Note

RESET_TYPE_3 00000000}, RESET_TYPE_3
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Wake Configuration GPIO Port 1 Register

PMU_WAKE_CNF_GPIO1 Offset Reset Value
Wake Configuration GPIO Port 1 Register 0CC, see Table 15
31 21 20 19 18 17 16

RES cnc_ RES cvzc_ CY1C_ CYOC_
r rw r rw rw rw
15 13 12 11 10 9 8 7 5 4 3 2 1 0
T T T T
RES FA 4| RES |FA 2 |FA_1/FA_0 RES R4 | RES |RI.2 RL1|RILO
r rw r rw rw rw r rw r rw rw rw
Field Bits Type |Description
RES 31:21 r Reserved
Always read as 0
CYC_4 20 rw GPIO1_4 input for cycle sense enable

1y ENABLE, input for cycle sense enabled
0g  DISABLE, input for cycle sense disabled

RES 19 r Reserved
Always read as 0

CYC_2 18 rw GPI01_2 input for cycle sense enable
1z ENABLE, input for cycle sense enabled
0g  DISABLE, input for cycle sense disabled

CcYc_1 17 rw GPIO1_1 input for cycle sense enable
1z ENABLE, input for cycle sense enabled
0  DISABLE, input for cycle sense disabled

CYC_0 16 rw GPI01_0 input for cycle sense enable
1z ENABLE, input for cycle sense enabled
0g  DISABLE, input for cycle sense disabled

RES 15:13 r Reserved
Always read as 0
FA_4 12 rw Port 1_4 Wake-up on Falling Edge enable

1y ENABLE, wake-up enabled
0  DISABLE, wake-up disabled

RES 11 r Reserved
Always read as 0
FA_2 10 rw Port 1_2 Wake-up on Falling Edge enable

1y ENABLE, wake-up enabled
0  DISABLE, wake-up disabled

FA_1 9 rw Port 1_1 Wake-up on Falling Edge enable
1z ENABLE, wake-up enabled
0y  DISABLE, wake-up disabled
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Field Bits Type |Description
FA_O 8 rw Port 1_0 Wake-up on Falling Edge enable

1z ENABLE, wake-up enabled
0  DISABLE, wake-up disabled

RES 7:5 r Reserved
Always read as 0
RI_4 4 rw Port 1_4 Wake-up on Rising Edge enable

1y ENABLE, wake-up enabled
0;  DISABLE, wake-up disabled

RES 3 r Reserved
Always read as 0

RI_2 2 rw Port 1_2 Wake-up on Rising Edge enable
1z ENABLE, wake-up enabled
O  DISABLE, wake-up disabled

RI_1 1 rw Port 1_1 Wake-up on Rising Edge enable
1y ENABLE, wake-up enabled
0  DISABLE, wake-up disabled

RI_O 0 rw Port 1_0 Wake-up on Rising Edge enable
1z ENABLE, wake-up enabled
0y  DISABLE, wake-up disabled

Table15 RESET of PMU_WAKE_CNF_GPIO1
Register Reset Type |Reset Values Reset Short Name Reset Mode Note
RESET_TYPE_3 00000000 RESET_TYPE_3
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PMU Wake-up Timing Register

These registers are for wake-up control of all wake-up capable general purpose inputs outputs

PMU_CNF_WAKE_FILTER Offset Reset Value
PMU Wake-up Timing Register 0AC,, see Table 16
31 16
RES
r
15 4 3 2 1 0

T T T
CNF_GPI |CNF_|CNF_
RES O FT  |MON?| LIN*
r rw w w
Field Bits Type Description
RES 31:4 r Reserved
Always read as 0.

CNF_GPIO_FT 3:2 rw Wake-up Filter time for General Purpose 10

Selects the filter time for the Wake-up
005 10_us, 10 ps filter time

01; 20_us, 20 ps filter time

105 40_us, 40 ps filter time

115 5_us, 5 psfilter time
CNF_MON_FT 1 rw Wake-up Filter time for Monitoring Inputs
Selects the filter time for the Wake-up
0  20_us, 20 ps filter time

1l 40_us, 40 psfilter time
CNF_LIN_FT 0 rw Wake-up Filter time for LIN WAKE
Selects the filter time for the Wake-up
0 50_us, 50 ps filter time

1l 30_us, 30 psfilter time

Table16 RESET of PMU_CNF_WAKE_FILTER
Register Reset Type |ResetValues Reset Short Name Reset Mode Note
RESET_TYPE_2 00000000, RESET_TYPE_2

LIN Wake Enable

PMU_LIN_WAKE_EN Offset Reset Value
LIN Wake Enable 050, see Table 17
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31 8 7 6 5 0
T T T T