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User Manual

About this document

Scope and purpose
This user manual describes the functionality of the superset device of the TLE987x Embedded Power IC family.
For the available functionality of a specific TLE987x product, please refer to the respective datasheet. For
simplicity, the products are referenced by the collective term TLE987x throughout this manual.

Intended audience
This user manual is intended for embedded hardware and software developers. It provides detailed
descriptions about the behavior of the TLE987x functional units and their interactions.

1 TLE987x products
This chapter lists the product variants to which this document applies.

1.1 TLE987x grade 1 derivatives
The following table lists the grade 1 derivatives.

Table 1 Grade 1 derivatives
Product name Max. operating frequency [MHz] Flash size [KB] RAM size [KB]
TLE9871QXA20 24 36 3

TLE9877QXA20 24 64 6

TLE9877QXA40 40 64 6

TLE9879QXA20 24 128 6

TLE9879QXA40 40 128 6

TLE9879-2QXA40 40 128 6

TLE9872QXA40 40 256 8

TLE9872-2QXA40 40 256 8
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1.2 TLE987x grade 0 derivatives
The following table lists the grade 0 derivatives.

Table 2 Grade 0 derivatives
Product name Max. operating frequency [MHz] Flash size [KB] RAM size [KB]
TLE9873QXW40 40 48 3

TLE9877QXW40 40 64 6

TLE9877QTW40 40 64 6

TLE9879QXW40 40 128 6

TLE9879QTW40 40 128 6

TLE9872QTW40 40 256 8
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2 Overview

Summary of Features
• 32-bit Arm®* Cortex®-M3 core

– Up to 40 MHz clock frequency
– One clock per machine cycle architecture

• On-chip memory
– Up to 256 KB flash including
– 4 KB EEPROM (emulated in flash)
– 512 byte 100-time programmable memory (100TP)
– Up to 8 KB RAM
– Boot ROM for startup firmware and flash routines

• On-chip OSC and PLL for clock generation
– PLL loss-of-lock detection

• MOSFET driver including charge pump
• 10 general-purpose I/O Ports (GPIO)
• 5 analog inputs, 10-bit A/D Converter (ADC1)
• 2 differential Sigma Delta 14-bit ADC (ADC3/4), product-dependent, see datasheet
• 16-bit timers - GPT12, Timer2, Timer21, and Timer3
• Capture/compare unit for PWM signal generation (CCU6)
• 2 full-duplex serial interfaces (UART) with LIN support (for UART1 only)
• 2 synchronous serial channels (SSC)
• On-chip debug support via 2-wire SWD 
• 1 LIN 2.2 transceiver, excluding TLE9871 products
• Bidirectional PWM interface, TLE9871 products
• 1 high-voltage monitoring input
• Single power supply from 5.5 V to 27 V
• Extended power supply voltage range from 3 V to 28 V
• Low-dropout voltage regulators (LDO)
• High-speed operational amplifier for motor current sensing via shunt
• 5 V voltage supply for external loads (e.g., Hall sensor)
• Core logic supply at 1.5 V
• Programmable window watchdog (WDT1) with independent on-chip clock source
• Power-saving modes

– MCU slow-down mode
– Sleep mode
– Stop mode
– Cyclic wake-up sleep mode

• Power-on and undervoltage/brownout reset generator

*   Arm and Cortex are registered trademarks of Arm Limited, UK
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• Overtemperature protection
• Short-circuit protection
• Loss of clock detection with fail-safe mode entry for low system power consumption
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2.1 Abbreviations
The following acronyms and terms are used within this document. List see in Table 3.

Table 3   Acronyms
Acronyms Name
AHB Advanced High-performance Bus

APB Advanced Peripheral Bus

CCU6 Capture compare unit 6

CGU Clock generation unit

CLKMU Clock management unit

CMU Cyclic management unit

CP Charge pump for MOSFET driver

CSA Current-sense amplifier

DPP Data post-processing

ECC Error correction code

EEPROM Electrically erasable programmable read only memory

EIM Exceptional interrupt measurement

FSM Finite state machine

GPIO General-purpose input/output

H-Bridge Half-bridge

ICU Interrupt control unit

IEN Interrupt enable

IIR Infinite impulse response

LDM Load instruction

LDO Low-dropout voltage regulator

LIN Local interconnect network

LSB Least significant bit

LTI Lead tip inspection

MCU Microcontroller unit

MF Measurement functions

MSB Most significant bit

MPU Memory protection unit

MRST Master receive, slave transmit

MTSR Master transmit, slave receive

MU Measurement unit

NMI Non-maskable interrupt

NVIC Nested vector interrupt controller

NVM Non-volatile memory

OTP One-time programmable

OSC Oscillator
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PBA Peripheral bridge

PC Program counter

PCU Power control unit

PD Pull-down

PGU Power supply generation unit

PLL Phase-locked loop

PMU Power management unit

PPB Private Peripheral Bus

PSW Program status word

PU Pull-up

PWM Pulse-width modulation

RAM Random-access memory

RCU Reset control unit

rfu Reserved for future use

RMU Reset management unit

ROM Read-only memory

SCU-DM System control unit – digital modules

SCU-PM System control unit – power modules

SFR Special function register

SOW Short open window (for WDT)

SPI Serial Peripheral Interface

SSC Synchronous serial channel

STM Store instruction

SWD Arm® Serial Wire Debug

TCCR Temperature compensation control register

TMS Test mode select

TSD Thermal shut-down

UART Universal asynchronous receiver-transmitter

VBG Voltage reference bandgap

VCO Voltage-controlled oscillator

VPRE Preregulator

WDT Watchdog timer in SCU-DM

WDT1 Watchdog timer in SCU-PM

WMU Wake-up management unit

100TP 100-time programmable

Table 3   Acronyms (cont’d)

Acronyms Name
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3 Modes of operation
The TLE987x highly integrated circuit contains analog and digital functional blocks. An embedded 32-bit
microcontroller is available for system and interface control. On-chip, low-dropout regulators are provided for
internal and external power supply. An internal oscillator provides a cost-effective clock that is particularly
well suited for LIN communications. A LIN transceiver is available as a communication interface. Driver stages
for a motor bridge or BLDC motor bridge with external MOSFET are integrated, featuring PWM capability,
protection features, and a charge pump for operation at low supply voltage. A 10-bit SAR ADC and two
differential 14-bit Sigma Delta ADCs1) are implemented for high-precision sensor measurement. An 8-bit ADC
is used for diagnostic measurements.
The Micro controller unit supervision and system protection (including a reset feature) is complemented 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 automotive applications connected to
terminal 30. A wake-up from power-save mode is possible via a LIN bus message, via the monitoring input, or
using a programmable time period (cyclic wake-up).
The TLE987x has several operation modes mainly to support low power consumption requirements.

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

Active mode
In Active mode, all modules are activated and the TLE987x is fully operational.

Stop mode
Stop mode is one of two major low-power modes. The transition to the low-power modes is performed by
setting the corresponding bits in the mode control register. In Stop mode, the embedded microcontroller is
still powered, allowing for shorter wake-up response times. Wake-up from this mode is possible through LIN
bus activity, by using the high-voltage monitoring pin, or through the corresponding 5 V GPIOs.
Stop mode with cyclic wake-up
The Cyclic Wake-Up mode is a special operating mode of the Stop mode. The transition to the Cyclic Wake-Up
mode is performed by first setting the corresponding bits in the mode control register, followed by the Stop
Mode command. In addition to the cyclic wake-up behavior (wake-up after a programmable time period),
asynchronous wake events via the activated sources (LIN and/or MON) are available, as in normal Stop mode.

Sleep mode
The Sleep mode is a low-power mode. The transition to the low-power mode is performed by setting the
corresponding bits in the MCU mode control register or in case of failure (see below). In Sleep mode the
embedded microcontroller power supply is deactivated, allowing for the lowest system power consumption.
A wake-up from this mode is possible by LIN bus activity, the High Voltage Monitor Input pin, or through cyclic
wake-up.

1) SDADC is not available in all products of the TLE987x family. See the datasheet for details.
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Sleep mode in case of failure
Sleep mode is activated after 5 consecutive watchdog failures or in case of supply failure (5 times). In this case,
MON is enabled as the wake source and cyclic wake-up is activated with 1 s of wait time.

Sleep mode with cyclic wake-up
The Cyclic Wake-Up mode is a special operating mode of the Sleep mode. The transition to Cyclic Wake-Up
mode is performed by first setting the corresponding bits in the mode control register followed by the Sleep
mode command. In addition to the cyclic wake-up behavior (wake-up after a programmable time period),
asynchronous wake events via the activated sources (LIN and/or MON) are available, as in normal Sleep mode.
When using Sleep mode with cyclic wake-up, the voltage regulator is switched off and started again with the
wake. A limited number of registers is buffered during sleep, and can be used by software, e.g., for counting
sleep/wake cycles.

MCU Slow Down mode
In MCU Slow Down mode the MCU frequency is reduced to save power during operation. LIN communication
is still possible. LS MOSFET can be activated.

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. This is to ensure that no wake-up event is lost.
As the default wake-up source, the MON input is activated after power-on reset only. Additionally, the device
is in Cyclic Wake-Up mode with the configurable dead time setting.
The following table shows the possible power mode configurations including the Stop mode. 

Table 4   Power mode configurations
Module/function Active mode Stop mode Sleep mode Comment
VDDEXT ON/OFF ON (no dynamic 

load)/OFF
OFF –

Bridge Driver ON/OFF OFF OFF

LIN TRx ON/OFF Wake-up only/OFF Wake-up only/OFF –

VS sense ON/OFF
Brownout detection

Brownout detection POR on VS Brownout detection 
performed in PCU

GPIO 5V (wake-up) n.a. Disabled/static OFF –

GPIO 5V (active) ON ON OFF –

WDT1 ON OFF OFF –

CYCLIC WAKE n.a. Cyclic wake-up/
cyclic sense/OFF

Cyclic wake-up/OFF –

Measurement ON1) OFF OFF –

MCU ON/slow-down/STOP STOP2) OFF –

CLOCK GEN (MC) ON OFF OFF –

LP_CLK (18 MHz) ON OFF OFF WDT1

LP_CLK2 (100 kHz) ON/OFF ON/OFF ON/OFF For cyclic wake-up
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Wake-up levels and transitions
The wake-up can be triggered by rising, falling, or both signal edges for the monitor input, GPIOs, by LIN, or by
cyclic wake-up.

1) May not be switched off due to safety reasons.
2) MC PLL clock disabled, MC supply reduced to VDDCOUT_Stop_Red.
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4 Device Register Types

The following register types are used within this device. List see in Table 5.
In the table below, set means writing the bit to ‘1’, clear means writing the bit to ‘0’.

Table 5   Register Types
Type can be modified by Description

Hardware Firmware Software
r yes no no read-only flag

rh yes no no read-only flag which is modified by hardware

rhc yes no yes read-only flag which status can be clear by a read 
operation

rw no no yes bit can be read or written

rwp yes yes no protected bit; read operation is always possible

rwp2 yes yes yes protected bit; read operation is always possible, 
protection can be removed by writing scu password.

rwh yes no yes bit can be written by hardware and software; hardware 
has priority, read operation is always possible

rwh1 yes no yes bit can be set by software and is cleared by hardware; 
hardware has priority, read operation is always possible

rwc yes no yes bit can be written by hardware and software; writing to 
register with any value clears the bit, read operation is 
always possible

rwd no no yes bit can be read/written by software. Write is delayed for 
synch. purpose. Read operation is always possible

rwhir yes no yes bit can be written by hardware and software; hardware 
has only priority to clear the bit, read operation is 
always possible

w yes yes yes bit can be written by hardware or software; this bit can 
only be set by software; it is cleared by hardware. Read 
reflects default value (see individual bit).

wh yes no yes bit can be written by hardware and software; hardware 
has priority. Read reflects default value (see individual 
bit).

wi yes yes yes bit can be written by hardware or software; this bit can 
only be set by software; it is cleared by hardware. Read 
reflects default value (see individual bit).
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5 Power management unit (PMU)

5.1 Features

• System mode control (startup, sleep, stop and active) 
• Power management (cyclic wake-up)
• Control of system voltage regulators with diagnosis (overload, short, overvoltage)
• Fail-safe mode detection and operation in case of system errors (watchdog fail)
• Wake-up sources configuration and management (LIN, MON, GPIOs)
• System error logging

5.2 Introduction
The power management unit is responsible for generating all required voltage supplies for the embedded
MCU (VDDC, VDDP) and the external supply (VDDEXT). The power management unit is designed to ensure fail-
safe behavior of the system IC by controlling all system modes, including the corresponding transitions.
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 functions, especially
the reset behavior of the embedded MCU. All these functions are controlled by a state machine. The system
master function of the PMU uses an independent logic supply and system clock. For this reason, the PMU has
an "Internal logic supply and system clock" module which works independently of the MCU clock.
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5.2.1 Block diagram
The following figure shows the structure of the power management unit. Table 6 describes the submodules in
more detail.

Figure 1   Power management unit block diagram 

Table 6   Description of PMU submodules
Module name Modules Functions
Power-down 
supply

Independent supply voltage 
generation for PMU.

This supply is dedicated to the PMU to ensure an 
operation independently of generated power 
supplies (VDDP, VDDC).

LP_CLK
(18 MHz)

• Clock source for all PMU 
submodules.

• Backup clock source for the 
system.

• Clock source for WDT1.

This ultra-low-power oscillator generates the clock 
for the PMU. 
This clock is also used as the backup clock for the 
system in case of PLL clock failures and as an 
independent clock source for WDT1.

LP_CLK2 
(100 kHz)

Clock source for PMU. This ultra-low-power oscillator generates the clock 
for the PMU in Stop mode and in the cyclic modes.

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-down supply

LP_CLK

LP_CLK2
Peripherals

Power supply generation unit
(PGU)

LDO for external supply
VDDEXT

PMU-WMU

P1.0...P1.4
P0.0...P0.4

LIN
MON

PMU-PCU PMU-SFR

PMU-RMU

PMU-CMU

e.g. for WDT1

e.g. for cyclic
wake and sense

VS

VDDP

VDDC

VDDEXT

Power management unit

PMU control

I
N
T
E
R
N
A
L
 

B
U
S
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Power supply 
generation 
unit (PGU)

Voltage regulators for VDDP and 
VDDC.

This block includes the voltage regulators for the pad 
supply (VDDP) and the core supply (VDDC).

VDDEXT Voltage regulator for VDDEXT to 
supply external modules (e.g., 
sensors).

This voltage regulator is a dedicated supply for 
external modules and can also be used for cyclic 
sense operations (e.g., with hall sensor).

PMU-SFR All extended special function registers 
that are relevant to the PMU.

This module contains all registers 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 diagnostics such as 
undervoltage and overvoltage detection as well as 
overcurrent and short-circuit diagnostics.

PMU-WMU Wake-up management unit of the 
PMU.

This block is responsible for controlling all actions 
related to wake-up within the PMU module.

PMU-CMU Cyclic management unit of the PMU. This block is responsible for controlling all actions in 
cyclic mode.

PMU-RMU Reset management unit of the PMU. This block generates resets triggered by the PMU, 
such as undervoltage or short-circuit reset, and 
passes all resets to the relevant modules and their 
registers. 

Table 6   Description of PMU submodules (cont’d)

Module name Modules Functions
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5.2.2 PMU modes overview

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

Figure 2   Power Management Unit System Modes, LIN1)

1) Product dependent. See the datasheet for details.
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Figure 3   Power Management Unit System Modes, PWM1)

Note: error_supp and error_wdt1 cannot be read by the user. error_supp and error_wdt1 are reset to ‘0’ 
after power-up (POR) or after a Sleep Mode exit.

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).

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 4 shows the Sleep Mode entry procedure.

1) Product dependent. See the datasheet for details.
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Figure 4   Sleep Mode Entry Timing

The arrows in the diagram above display a causal connection between the various steps and not necessarily a
voltage based connection.
The Sleep Mode is terminated by a LIN pulse or a corresponding (rising edge / falling edge) activity at the MON
input. The PMU processes the wake-up information in an independent State Machine FSM which starts the
PMU internal system clock to process the startup sequences in a synchronous way. A successful startup
sequence enters the startup Mode automatically. Figure 5 illustrates the wake via LIN.
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 (typically 100 kHz). 
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The wake-up procedure from Sleep Mode via MON pins (instead of LIN) follows the same sequence as shown
in Figure 5.

Figure 5   Sleep Mode LIN Wake-Up Timing

The arrows in the diagram above display a causal connection between the various steps and not necessarily a
voltage based connection.
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Stop Mode
The objective of the Stop Mode is to provide a Low Power Mode where the data retention feature for the
embedded MCU and the special function registers (SFRs). In the Stop Mode the core supply voltage VDDC
switches from VDDCOUT to VDDCOUT_Stop_Red with the objective to reduce leakage current. During the Stop Mode
the dynamic behavior (load jumps) of the PMU internally generated voltage supplies are limited. The
corresponding limitation is given by the external buffer capacitor at the VDDC/VDDP pin. The figure below
shows the Stop Mode entry sequence.

Figure 6   Stop Mode Entry Timing

The arrows in the diagram above display a causal connection between the various steps and not necessarily a
voltage based connection.
The asynchronous wake-up works using a LIN message or an event (rising edge/falling edge) at the MON input.
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 SFR. The configuration for the high-voltage input (MON) are used for Stop-
exit and Sleep-exit (same SFR). The Stop Mode terminates by using one of the synchronous wake-up features.
The synchronous wake-up features are 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 MON inputs
as well as the GPIOs can be evaluated and a transition will cause a termination of the Stop Mode. The sensing
period for MON inputs and GPIOs is generated with the same time base (typically 100 kHz). The sensing period
is set in the CNF_CYC_SENSE. 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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5.3 Power supply generation unit (PGU)

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

Submodules of PGU are:
• Power Down Supply: independent analog supply voltage generation for Power Control Unit logic, for 

VDDP Regulator and for VDDC Regulator.
• VPRE: analog supply 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.

Figure 7   Power supply generation block diagram
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5.3.1 Voltage regulator 5.0 V (VDDP)
This module represents the 5 V voltage regulator, which provides the pad supply for the parallel port pins and
other 5 V analog functions (e.g. LIN transceiver). 

Features
• 5 V low-drop voltage regulator
• Overcurrent monitoring and shutdown with MCU signaling (interrupt)
• Overvoltage monitoring with MCU signaling (interrupt)
• Undervoltage monitoring with MCU signaling (interrupt)
• Undervoltage monitoring with reset (undervoltage reset, VDDPUV)
• Preregulator for the VDDC regulator
• GPIO supply
• Pull-down current source at the output for Sleep mode only (typ. 5 mA)
The output capacitor CVDDP is mandatory to ensure proper regulator functionality.

Figure 8   Module block diagram of the VDDP voltage regulator
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5.3.2 Voltage regulator 1.5 V (VDDC)
This module represents the 1.5 V voltage regulator, which provides the supply for the microcontroller core, the
digital peripherals, and other internal analog 1.5 V functions (e.g., ADC2) of the chip. To further reduce the
current consumption of the MCU during Stop mode the output voltage can be lowered to VDDCOUT_Stop_Red.

Features
• 1.5 V low-drop voltage regulator
• Overcurrent monitoring and shutdown with MCU signaling (interrupt)
• Overvoltage monitoring with MCU signaling (interrupt)
• Undervoltage monitoring with MCU signaling (interrupt)
• Undervoltage monitoring with reset 
• Pull-down current source at the output for Sleep mode only (typ. 100 μA)
The output capacitor CVDDC is mandatory to ensure a proper regulator functionality.

Figure 9   Module block diagram of the VDDC voltage regulator
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5.3.3 External voltage regulator 5.0 V (VDDEXT) 
This module represents the 5 V voltage regulator, which serves as a supply for external circuits. It can be used,
e.g., to supply an external sensor, LEDs, or potentiometers. VDDEXT can be used as reference for SDADC
(ADC3/4).1)

Features
• Switchable +5 V, low-drop voltage regulator
• Switch-on overcurrent blanking time in order to drive small capacitive loads
• Overcurrent monitoring and shutdown with MCU signaling (interrupt)
• Overvoltage monitoring with MCU signaling (interrupt)
• Undervoltage monitoring with MCU signaling (interrupt) 
• Pull-down current source at the output for Sleep mode only (typ. 100 μA)
• Cyclic sense option together with GPIOs
The output capacitor CVDDEXT is mandatory to ensure a proper regulator functionality.

Figure 10   Module block diagram of the external voltage regulator

1) SDADC support is not available in all products of the TLE987x family. See the datasheet for details.
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VDDEXT provides three diagnostic features:
• VDDEXT Overvolt
• VDDEXT Overload
• VDDEXT Short
VDDEXT Overvolt detects a reverse supply of the VDDEXT above VVDDEXTOV (5.4V), refer to datasheet for exact
value. The flag VDDEXT_CTRL.OVERVOLT signals the presents of a overvoltage condition on VDDEXT.
VDDEXT Overload is signalled if the current pulled out of VDDEXT is exceeding IVDDEXTOC (50mA), refer to the
datasheet for the exact value. The flag VDDEXT_CTRL.OVERLOAD is set if the overload condition is present.
VDDEXT Short is detected by the undervoltage threshold. If the output voltage of the VDDEXT is dropping
below the undervoltage threshold of VVDDEXTUV (2.8V, exact value, please see the datasheet) due to too high
current pulled out of VDDEXT the flag VDDEXT_CTRL.SHORT is set. The VDDEXT will be switched off. In order
to turn it on again, the VDDEXT has to be enabled again by writing VDDEXT_CTRL.ENABLE to ‘1’.

Note: If the VS supply is below VS_AM the VDDEXT operates in low-drop-out mode, the output voltage of 
VDDEXT follows the VS with a drop of VS-VDDEXT (P_2.3.4, P2.3.14, see datasheet for exact value). If the 
undervoltage threshold of VDDEXT is reached a SHORT will be signalled, even though it is not 
caused by a short but by an undervoltage. But the physical evaluation behind both is the same.

All three diagnostic signals can issue an NMI. VDDEXT_CTRL.FAIL_EN has to be enabled in order to do so. The
shared NMICON.NMISUP flag enables the corresponding NMI to signal the VDDEXT diagnosis.
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5.3.4 Low-VS operation
The integrated VDDP regulator enters dropout operation as the VS pin voltage is dropping below the minimum
supply voltage. As a consequence the regulator will enter dropout and can no longer maintain its output
voltage within the regulation limits.
The MCU subsystem remains fully functional down to the minimum extended supply voltage range. 
Care should be taken while operating following peripherals under low-supply conditions:
• Bridge driver
• Charge pump
• GPIOs
• Transceiver interface
• VDDEXT regulator
The following figure illustrates the operation under low-supply conditions:

Figure 11   Low-VS operation1)

1) P_1.2.1, P_2.1.4, P_1.2.3, P_2.1.8, P_2.2.6: See the datasheet for details.
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5.3.5 PMU Register Overview

The registers are addressed wordwise.

5.3.6 Register Definition

The registers are addressed wordwise.

Table 7   Register Address Space for PMU Registers
Module Base Address End Address Note
PMU 50004000H 50004FFFH Power Management Unit 

Registers

Table 8   Register Overview
Register Short Name Register Long Name Offset Address Reset Value
Power Supply Generation Register
PMU_SUPPLY_STS Voltage Reg Status Register 004H 00xx 00xxB

VDDEXT Control Register
VDDEXT_CTRL VDDEXT Control Register 008H xxxx 0000B
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5.3.6.1 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. The register is partly reset by
RESET_TYPE_0 and partly reset by RESET_TYPE_3.

PMU_SUPPLY_STS
Voltage Reg Status Register (004H) Reset Value: 00xx 00xxB

7 6 5 4 3 2 1 0

RES PMU_5V_FAI
L_EN

PMU_5V_OVE
RLOAD

PMU_5V_OVE
RVOLT RES PMU_1V5_FA

IL_EN
PMU_1V5_OV

ERLOAD
PMU_1V5_OV

ERVOLT

r rw r r r rw r r

Field Bits Type Description
RES 7 r Reserved

Always read as 0

PMU_5V_FAIL_EN 6 rw Enabling of VDDP status information as interrupt 
source, RESET_TYPE_3
0B No interrupts are generated
1B Interrupts are generated

PMU_5V_OVERLOAD 5 r Overload at VDDP regulator, RESET_TYPE_0

Note: if this flag is set and an additional filter time 
of 290 us (typ.) is passed the system will be 
put to sleep mode

0B No overload
1B Overload

PMU_5V_OVERVOLT 4 r Overvoltage at VDDP regulator, RESET_TYPE_0
0B No overvoltage
1B Overvoltage

RES 3 r Reserved
Always read as 0

PMU_1V5_FAIL_EN 2 rw Enabling of VDDC status information as interrupt 
source, RESET_TYPE_3
0B No interrupts are generated
1B Interrupts are generated
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Figure 12   VDDP

PMU_1V5_OVERLOAD 1 r Overload at VDDC regulator, RESET_TYPE_0

Note: if this flag is set and an additional filter time 
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Figure 13   VDDC
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5.3.6.2 VDDEXT Control Register
The VDDEXT can be fully controlled by the following SFR Register, including all diagnosis functions. There are
two overvoltage-undervoltage ranges implemented which serve as a supply prewarning. Both cases are
indicated by the bits VDDEXT_STABLE and VDDEXT_OK.

VDDEXT Control
The register is partly reset by RESET_TYPE_3 and partly reset by RESET_TYPE_0.
The status flag SHORT leads to a shutdown off VDDEXT. To re-enable VDDEXT the SHORT flag needs to be
cleared.

VDDEXT_CTRL
VDDEXT Control (008H) Reset Value: xxxx 0000B

7 6 5 4 3 2 1 0

STABLE OK OVERLOAD OVERVOLT SHORT FAIL_EN CYC_EN ENABLE

r r r r rwh rw rw rw

Field Bits Type Description
STABLE 7 r VDDEXT Supply works inside its specified range 1, 

RESET_TYPE_0
1B VDDEXT Voltage inside of specified range
0B VDDEXT Voltage outside of specified range

OK 6 r VDDEXT Supply works inside its specified range 2 
(see datasheet VVDDEXTOK), RESET_TYPE_0
1B VDDEXT in low drop mode
0B VDDEXT not in low drop mode

OVERLOAD 5 r VDDEXT Supply Overload, RESET_TYPE_0

Note:  This flag is automatically cleared, if error 
condition is removed.

0B VDDEXT not in overload condition
1B VDDEXT in overload condition

OVERVOLT 4 r VDDEXT Supply Overvoltage, RESET_TYPE_0

Note:  This flag is automatically cleared, if error 
condition is removed.

0B VDDEXT not in overvoltage condition
1B VDDEXT in overvoltage condition
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SHORT 3 rwh VDDEXT Supply Shorted Output, RESET_TYPE_3

Note: if this flag is set VDDEXT regulator is 
automatically switched off. To re-enable 
VDDEXT software must clear this flag. 
SHORT flag has RESET_TYPE_0.

0B VDDEXT no short circuit
1B VDDEXT short circuit

FAIL_EN 2 rw Enabling of VDDEXT Supply status information as 
interrupt source, RESET_TYPE_3
0B VDDEXT fail interrupts are disabled
1B VDDEXT fail Interrupts are enabled

CYC_EN 1 rw VDDEXT Supply for Cyclic Sense Enable, 
RESET_TYPE_3

Note: To use VDDEXT Supply for cyclic sense the 
bits CYC_EN AND ENABLE must be set.

0B VDDEXT for cyclic sense disable
1B VDDEXT for cyclic sense enable

ENABLE 0 rw VDDEXT Supply Enable, RESET_TYPE_3
0B VDDEXT Supply disabled
1B VDDEXT supply enabled

Field Bits Type Description



User’s Manual 44 Rev. 1.6
 2021-06-18

 

  
TLE987x
 

Power management unit (PMU)

5.4 Power Control Unit

The Power Control Unit is the controlling instance of the system Power supply Generation Unit (PGU). It offers
important fail safe features, which are described in the following subchapters.

5.4.1 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 watchdog service failure.
• 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, VDDEXT).
• 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.

5.4.1.1 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 restarts the voltage regulators (VDDP and VDDC).
Each time this happens the error counter “error_supp” is incremented. If the counter reaches the value 5, the
PCU supervision function will set the device into Sleep Mode. In this case the device can still be waked up by
LIN and MON input. 
After a wake-up, if the PMU can be successfully restarted and code execution will be possible, the user is able
to determine the occurred failure scenario by checking the corresponding SYS_FAIL_STS register. In this case
bit SUPP_TMOUT is set.
If there is a short circuit at the VDDC/VDDP voltage regulator during startup, the reset of the embedded MCU
is set and the system goes to startup mode. The error counter “error_supp” is increased by one. After this the
PCU itself tries to go to Active Mode again using the power-on sequence. If the short circuit still exists then the
procedure is repeated. This procedure will run, as already described above, only 5 times. After reaching the
value 5, the PCU sends the system into Sleep Mode.
If a successful startup after wake-up from Sleep Mode is possible, the user is able to verify the failure, by
reading the SUPP_SHORT flag in the SYS_FAIL_STS register.

5.4.1.2 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.
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If the system can be successfully restarted, the cause of failure can be again checked by reading the
SYS_FAIL_STS register. The bit WDT1_SEQ_FAIL signals the described failure.

5.4.1.3 Main Regulators Fail Safe

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 generated, then the system will startup and work
properly. Afterwards the corresponding failure flags PMU_1V5_OVL and PMU_5V_OVL can be checked.

5.4.1.4 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: Overvoltage, overload and short circuit to GND. 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 WAKE_STS_FAIL register.

5.4.1.5 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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Figure 14   Stop Mode Exit Timing

The arrows in the diagram above display a causal connection between the various steps and not necessarily a
voltage based connection.
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5.4.2 Register Definition

The registers are addressed wordwise.

5.4.2.1 PMU System Fail Register
This register is dedicated for the control of the PMU Peripherals

System Fail Status Register
The register is reset by RESET_TYPE_0.

Note: The register SYS_FAIL_STS is also cleared when PMU_RESET_STS1.SYS_FAIL is cleared.

Table 9   Register Overview
Register Short Name Register Long Name Offset Address Reset Value
PMU System Fail Register
SYS_FAIL_STS System Fail Status Register 070H 0000 0000H

PMU Wake Fail Register
WAKE_STS_FAIL Wake Status Fail Register 080H 0000 0000B

SYS_FAIL_STS
System Fail Status Register (070H) Reset Value: 0000 0000H

7 6 5 4 3 2 1 0

RES WDT1_SEQ_F
AIL SYS_OT RES PMU_5V_OVL PMU_1V5_OV

L
SUPP_TMOU

T SUPP_SHORT

r rwh rwh r rwh rwh rwh rwh

Field Bits Type Description
RES 7 r Reserved

Always read as 0

WDT1_SEQ_FAIL 6 rwh External Watchdog (WDT1) Sequential Fail
Indicates that Watchdog is not serviced 5 times
0B No Fail, System working properly
1B Sequential Watchdog Fail, 5 consecutive watchdog 

fails

SYS_OT 5 rwh System Overtemperature Indication Flag
Indicates System Overtemperature Condition
0B No Overtemperature, System ok
1B Overtemperature, System Overtemperature

RES 4 r Reserved
Always read as 0

PMU_5V_OVL 3 rwh VDDP Overload Flag
Indicates Overload Condition at VDDP
0B No Overload, VDDP ok
1B Overload, VDDP Overload



User’s Manual 48 Rev. 1.6
 2021-06-18

 

  
TLE987x
 

Power management unit (PMU)

PMU_1V5_OVL 2 rwh VDDC Overload Flag
Indicates Overload Condition at VDDC
0B No Overload, VDDC ok
1B Overload, Hall VDDC Overload

SUPP_TMOUT 1 rwh Supply Time Out
Indicates the status of the Main Supply (VDDP & VDDC) after a 
certain time of Power-on reset
0B Main Supply ok, VDDP or VDDC are in expected range
1B Main Supply fail, VDDP or VDDC do not have stable 

operating point

SUPP_SHORT 0 rwh Supply Short
Indicates the status of the Main Supply (VDDP & VDDC) after a 
certain time of Power-on reset
0B Main Supply ok, VDDP or VDDC are in expected range
1B Main Supply short, VDDP or VDDC do not have stable 

operating point

Field Bits Type Description
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5.4.2.2 PMU Wake Fail Register
This register is dedicated for the control of the PMU Peripherals

Wake Status Fail Register
The register is reset by RESET_TYPE_0.

WAKE_STS_FAIL
Wake Status Fail Register (080H) Reset Value: 0000 0000B

7 6 5 4 3 2 1 0

RES VDDEXTSHO
RT RES SUPPFAIL

r rwh r rwh

Field Bits Type Description
RES 7:3 r Reserved

Always read as 0

VDDEXTSHORT 2 rwh Stop-Exit due to short circuit at the VDDEXT Supply
0B No short circuit
1B Short circuit

RES 1 r Reserved
Always read as 0

SUPPFAIL 0 rwh Stop-Exit due to overvoltage at the VDDEXT Supply
0B No overvoltage
1B Module suspend enabled
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5.5 Wake-Up Management Unit (WMU)

5.5.1 Functional Description
The Wake-Up Management Unit (WMU) is mainly responsible for handling the wake-up events on LIN, HV-
Monitoring Inputs (MON), 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 GPIOs, VDDEXT as voltage 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 MON Pins: the MON 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, but also a wake-
up from Sleep Mode. 

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

Figure 15   Block Diagram of Wake-Up Management Unit in Cyclic Sense Mode with VDDEXT.

PMU_WMUP0.X,
P1.X  

TCyc
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5.5.2 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. 

The registers are addressed wordwise.

Table 10   Register Overview
Register Short Name Register Long Name Offset Address Reset Value
PMU Wake-Up Configuration Register
WAKE_CONF_GPIO0_RISE Wake Configuration GPIO Port 0 Rising Edge 

Register
0D8H 0000 0000B

WAKE_CONF_GPIO0_FALL Wake Configuration GPIO Port 0 Falling Edge 
Register

0DCH 0000 0000B

WAKE_CONF_GPIO0_CYC Wake Port 0 Cycle Enabled Register 0E0H 0000 0000B

WAKE_CONF_GPIO1_RISE Wake Configuration GPIO Port 1 Rising Edge 
Register

0E4H 0000 0000B

WAKE_CONF_GPIO1_FALL Wake Configuration GPIO Port 1 Falling Edge 
Register

0E8H 0000 0000B

WAKE_CONF_GPIO1_CYC Wake Port 1 Cycle Enabled Register 0ECH 0000 0000B

CNF_WAKE_FILTER PMU Wake-Up Timing Register 0ACH 0000 0000B

LIN_WAKE_EN LIN Wake Enable 050H 0000 0000B

PMU Wake-Up Status Register
WAKE_STATUS Main Wake Status Register 000H 00xx xxxxB

WAKE_STS_MON Wake Source MON Input Register 084H 0000 0000B

WAKE_STS_GPIO0 Wake Status GPIO 0 Register 088H 0000 0000B

WAKE_STS_GPIO1 Wake Status GPIO 1 Register 08CH 0000 0000B
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5.5.2.1 PMU Wake-Up Configuration Register
This register is dedicated for the control of the PMU Peripherals

Wake Configuration GPIO Port 0 Rising Edge Register
The register is reset by RESET_TYPE_3.

WAKE_CONF_GPIO0_RISE
Wake Configuration GPIO Port 0 Rising Edge Register (0D8H) Reset Value: 0000 0000B

7 6 5 4 3 2 1 0

RES GPIO0_RI_4 GPIO0_RI_3 GPIO0_RI_2 GPIO0_RI_1 GPIO0_RI_0

r rw rw rw rw rw

Field Bits Type Description
RES 7:5 r Reserved

Always read as 0

GPIO0_RI_4 4 rw Port 0_4 Wake-Up on Rising Edge enable
1B ENABLE, wake-up enabled
0B DISABLE, wake-up disabled

GPIO0_RI_3 3 rw Port 0_3 Wake-Up on Rising Edge enable
1B ENABLE, wake-up enabled
0B DISABLE, wake-up disabled

GPIO0_RI_2 2 rw Port 0_2 Wake-Up on Rising Edge enable
1B ENABLE, wake-up enabled
0B DISABLE, wake-up disabled

GPIO0_RI_1 1 rw Port 0_1 Wake-Up on Rising Edge enable
1B ENABLE, wake-up enabled
0B DISABLE, wake-up disabled

GPIO0_RI_0 0 rw Port 0_0 Wake-Up on Rising Edge enable
1B ENABLE, wake-up enabled
0B DISABLE, wake-up disabled



User’s Manual 53 Rev. 1.6
 2021-06-18

 

  
TLE987x
 

Power management unit (PMU)

Wake Configuration GPIO Port 0 Falling Edge Register
The register is reset by RESET_TYPE_3.

WAKE_CONF_GPIO0_FALL
Wake Configuration GPIO Port 0 Falling Edge Register (0DCH) Reset Value: 0000 0000B

7 6 5 4 3 2 1 0

RES GPIO0_FA_4 GPIO0_FA_3 GPIO0_FA_2 GPIO0_FA_1 GPIO0_FA_0

r rw rw rw rw rw

Field Bits Type Description
RES 7:5 r Reserved

Always read as 0

GPIO0_FA_4 4 rw Port 0_4 Wake-Up on Falling Edge enable
1B ENABLE, wake-up enabled
0B DISABLE, wake-up disabled

GPIO0_FA_3 3 rw Port 0_3 Wake-Up on Falling Edge enable
1B ENABLE, wake-up enabled
0B DISABLE, wake-up disabled

GPIO0_FA_2 2 rw Port 0_2 Wake-Up on Falling Edge enable
1B ENABLE, wake-up enabled
0B DISABLE, wake-up disabled

GPIO0_FA_1 1 rw Port 0_1 Wake-Up on Falling Edge enable
1B ENABLE, wake-up enabled
0B DISABLE, wake-up disabled

GPIO0_FA_0 0 rw Port 0_0 Wake-Up on Falling Edge enable
1B ENABLE, wake-up enabled
0B DISABLE, wake-up disabled
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Wake Port 0 Cycle Enabled Register
The register is reset by RESET_TYPE_3.

WAKE_CONF_GPIO0_CYC
Wake Port 0 Cycle Enabled Register (0E0H) Reset Value: 0000 0000B

7 6 5 4 3 2 1 0

RES GPIO0_CYC_4 GPIO0_CYC_3 GPIO0_CYC_2 GPIO0_CYC_1 GPIO0_CYC_0

r rw rw rw rw rw

Field Bits Type Description
RES 7:5 r Reserved

Always read as 0

GPIO0_CYC_4 4 rw GPIO0_4 input for cycle sense enable
1B ENABLE, input for cycle sense enabled
0B DISABLE, input for cycle sense disabled

GPIO0_CYC_3 3 rw GPIO0_3 input for cycle sense enable
1B ENABLE, input for cycle sense enabled
0B DISABLE, input for cycle sense disabled

GPIO0_CYC_2 2 rw GPIO0_2 input for cycle sense enable
1B ENABLE, input for cycle sense enabled
0B DISABLE, input for cycle sense disabled

GPIO0_CYC_1 1 rw GPIO0_1 input for cycle sense enable
1B ENABLE, input for cycle sense enabled
0B DISABLE, input for cycle sense disabled

GPIO0_CYC_0 0 rw GPIO0_0 input for cycle sense enable
1B ENABLE, input for cycle sense enabled
0B DISABLE, input for cycle sense disabled



User’s Manual 55 Rev. 1.6
 2021-06-18

 

  
TLE987x
 

Power management unit (PMU)

Wake Configuration GPIO Port 1 Rising Edge Register
The register is reset by RESET_TYPE_3.

WAKE_CONF_GPIO1_RISE
Wake Configuration GPIO Port 1 Rising Edge Register (0E4H) Reset Value: 0000 0000B

7 6 5 4 3 2 1 0

RES GPIO1_RI_4 GPIO1_RI_3 GPIO1_RI_2 GPIO1_RI_1 GPIO1_RI_0

r rw rw rw rw rw

Field Bits Type Description
RES 7:5 r Reserved

Always read as 0

GPIO1_RI_4 4 rw Port 1_4 Wake-Up on Rising Edge enable
1B ENABLE, wake-up enabled
0B DISABLE, wake-up disabled

GPIO1_RI_3 3 rw Port 1_3 Wake-Up on Rising Edge enable
1B ENABLE, wake-up enabled
0B DISABLE, wake-up disabled

GPIO1_RI_2 2 rw Port 1_2 Wake-Up on Rising Edge enable
1B ENABLE, wake-up enabled
0B DISABLE, wake-up disabled

GPIO1_RI_1 1 rw Port 1_1 Wake-Up on Rising Edge enable
1B ENABLE, wake-up enabled
0B DISABLE, wake-up disabled

GPIO1_RI_0 0 rw Port 1_0 Wake-Up on Rising Edge enable
1B ENABLE, wake-up enabled
0B DISABLE, wake-up disabled
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Wake Configuration GPIO Port 1 Falling Edge Register
The register is reset by RESET_TYPE_3.

WAKE_CONF_GPIO1_FALL
Wake Configuration GPIO Port 1 Falling Edge Register (0E8H) Reset Value: 0000 0000B

7 6 5 4 3 2 1 0

RES GPIO1_FA_4 GPIO1_FA_3 GPIO1_FA_2 GPIO1_FA_1 GPIO1_FA_0

r rw rw rw rw rw

Field Bits Type Description
RES 7:5 r Reserved

Always read as 0

GPIO1_FA_4 4 rw Port 1_4 Wake-Up on Falling Edge enable
1B ENABLE, wake-up enabled
0B DISABLE, wake-up disabled

GPIO1_FA_3 3 rw Port 1_3 Wake-Up on Falling Edge enable
1B ENABLE, wake-up enabled
0B DISABLE, wake-up disabled

GPIO1_FA_2 2 rw Port 1_2 Wake-Up on Falling Edge enable
1B ENABLE, wake-up enabled
0B DISABLE, wake-up disabled

GPIO1_FA_1 1 rw Port 1_1 Wake-Up on Falling Edge enable
1B ENABLE, wake-up enabled
0B DISABLE, wake-up disabled

GPIO1_FA_0 0 rw Port 1_0 Wake-Up on Falling Edge enable
1B ENABLE, wake-up enabled
0B DISABLE, wake-up disabled
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Wake Port 1 Cycle Enabled Register
The register is reset by RESET_TYPE_3.

WAKE_CONF_GPIO1_CYC
Wake Port 1 Cycle Enabled Register (0ECH) Reset Value: 0000 0000B

7 6 5 4 3 2 1 0

RES GPIO1_CYC_4 GPIO1_CYC_3 GPIO1_CYC_2 GPIO1_CYC_1 GPIO1_CYC_0

r rw rw rw rw rw

Field Bits Type Description
RES 7:5 r Reserved

Always read as 0

GPIO1_CYC_4 4 rw GPIO1_4 input for cycle sense enable
1B ENABLE, input for cycle sense enabled
0B DISABLE, input for cycle sense disabled

GPIO1_CYC_3 3 rw GPIO1_3 input for cycle sense enable
1B ENABLE, input for cycle sense enabled
0B DISABLE, input for cycle sense disabled

GPIO1_CYC_2 2 rw GPIO1_2 input for cycle sense enable
1B ENABLE, input for cycle sense enabled
0B DISABLE, input for cycle sense disabled

GPIO1_CYC_1 1 rw GPIO1_1 input for cycle sense enable
1B ENABLE, input for cycle sense enabled
0B DISABLE, input for cycle sense disabled

GPIO1_CYC_0 0 rw GPIO1_0 input for cycle sense enable
1B ENABLE, input for cycle sense enabled
0B DISABLE, input for cycle sense disabled
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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.
The register is reset by RESET_TYPE_2.

CNF_WAKE_FILTER
PMU Wake-Up Timing Register (0ACH) Reset Value: 0000 0000B

7 6 5 4 3 2 1 0

RES CNF_GPIO_FT CNF_MON_FT CNF_LIN_FT

r rw rw rw

Field Bits Type Description
RES 7:4 r Reserved

Always read as 0.

CNF_GPIO_FT 3:2 rw Wake-Up Filter time for General Purpose IO
Selects the filter time for the Wake-Up
00B 10_us, 10 µs filter time
01B 20_us, 20 µs filter time
10B 40_us, 40 µs filter time
11B 5_us, 5 µs filter time

CNF_MON_FT 1 rw Wake-Up Filter time for Monitoring Inputs
Selects the filter time for the Wake-Up 
0B 20_us, 20 µs filter time
1B 40_us, 40 µs filter time

CNF_LIN_FT 0 rw Wake-Up Filter time for LIN WAKE
Selects the filter time for the Wake-Up 
0B 30_us, 30 µs filter time
1B 50_us, 50 µs filter time
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LIN Wake Enable
The register is reset by RESET_TYPE_2.

LIN_WAKE_EN
LIN Wake Enable (050H) Reset Value: 0000 0000B

7 6 5 4 3 2 1 0

LIN_EN RES

rw r

Field Bits Type Description
LIN_EN 7 rw Lin Wake enable

0B Disable,  
1B Enable,  

RES 6:0 r Reserved
Always read as 0.
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5.5.2.2 PMU Wake-Up Status Register

Main wake status register
The register is reset by RESET_TYPE_0.

WAKE_STATUS
Main wake status register (000H) Reset Value: 00xx xxxxB

7 6 5 4 3 2 1 0

RES FAIL CYC_WAKE GPIO1 GPIO0 MON_WAKE LIN_WAKE

r r rhc r r r rhc

Field Bits Type Description
RES 7:6 r Reserved

Always read as 0

FAIL 5 r Wake-Up after VDDEXT Fail
0B No Wake-up occurred
1B Wake-up occurred

CYC_WAKE 4 rhc Wake-Up caused by Cyclic Wake

Note: This flag is cleared by read operation.

0B No Wake-up occurred
1B Wake-up occurred

GPIO1 3 r Wake-Up via GPIO1 which is a logical OR 
combination of all Wake_STS_GPIO1 bits
0B No Wake-up occurred
1B Wake-up occurred

GPIO0 2 r Wake-Up via GPIO0 which is a logical OR 
combination of all Wake_STS_GPIO0 bits
0B No Wake-up occurred
1B Wake-up occurred

MON_WAKE 1 r Wake-Up via MON
0B No Wake-up occurred
1B Wake-up occurred

LIN_WAKE 0 rhc Wake-Up via LIN- Message

Note: This flag is cleared by read operation.

0B No Wake-up occurred
1B Wake-up occurred
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Wake Source MON Input Register
The register is reset by RESET_TYPE_0.

WAKE_STS_MON
Wake Source MON Input Register (084H) Reset Value: 0000 0000B

7 6 5 4 3 2 1 0

RES RES WAKE_STS

r r rhc

Field Bits Type Description
RES 7:5 r Reserved

Always read as 0

RES 4:1 r Reserved
Always read as 0

WAKE_STS 0 rhc Status of MON

Note: This flag is cleared by read operation.

0B No wake-up detected,  
1B Wake-up detected,  
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Wake Status GPIO 0 Register
The register is reset by RESET_TYPE_0.

WAKE_STS_GPIO0
Wake Status GPIO 0 Register (088H) Reset Value: 0000 0000B

7 6 5 4 3 2 1 0

RES GPIO0_STS_4 GPIO0_STS_3 GPIO0_STS_2 GPIO0_STS_1 GPIO0_STS_0

r rhc rhc rhc rhc rhc

Field Bits Type Description
RES 7:5 r Reserved

Always read as 0

GPIO0_STS_4 4 rhc Status of GPIO0_4

Note: This flag is cleared by read operation.

0B No wake-up detected,  
1B Wake-up detected,  

GPIO0_STS_3 3 rhc Status of GPIO0_3

Note: This flag is cleared by read operation.

0B No wake-up detected,  
1B Wake-up detected,  

GPIO0_STS_2 2 rhc Status of GPIO0_2

Note: This flag is cleared by read operation.

0B No wake-up detected,  
1B Wake-up detected,  

GPIO0_STS_1 1 rhc Status of GPIO0_1

Note: This flag is cleared by read operation.

0B No wake-up detected,  
1B Wake-up detected,  

GPIO0_STS_0 0 rhc Status of GPIO0_0

Note: This flag is cleared by read operation.

0B No wake-up detected,  
1B Wake-up detected,  
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Wake Status GPIO 1 Register
The register is reset by RESET_TYPE_0.

WAKE_STS_GPIO1
Wake Status GPIO 1 Register (08CH) Reset Value: 0000 0000B

7 6 5 4 3 2 1 0

RES GPIO1_STS_4 GPIO1_STS_3 GPIO1_STS_2 GPIO1_STS_1 GPIO1_STS_0

r rhc rhc rhc rhc rhc

Field Bits Type Description
RES 7:5 r Reserved

Always read as 0

GPIO1_STS_4 4 rhc Wake GPIO1_4

Note: This flag is cleared by read operation.

0B No wake-up detected,  
1B Wake-up detected,  

GPIO1_STS_3 3 rhc Wake GPIO1_3

Note: This flag is cleared by read operation.

0B No wake-up detected,  
1B Wake-up detected,  

GPIO1_STS_2 2 rhc Wake GPIO1_2

Note: This flag is cleared by read operation.

0B No wake-up detected,  
1B Wake-up detected,  

GPIO1_STS_1 1 rhc Wake GPIO1_1

Note: This flag is cleared by read operation.

0B No wake-up detected,  
1B Wake-up detected,  

GPIO1_STS_0 0 rhc Wake GPIO1_0

Note: This flag is cleared by read operation.

0B No wake-up detected,  
1B Wake-up detected,  
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5.6 Cyclic Management Unit (CMU)

5.6.1 Functional Description
The cyclic management unit is responsible for controlling the timing sequence in cyclic sense or cyclic wake
operation. The unit operates with the LP_CLK2 clock. 

5.6.2 Cyclic Sense Mode
To select a dedicated GPIO0.x / GPIO1.x pin for cyclic sense mode, the bit GPIO0_CYC_x / GPIO1_CYC_x need
be set in the corresponding WAKE_CONF_GPIO0_CYC / WAKE_CONF_GPIO1_CYC register. 
In this configuration the wake-up information of this GPIO0.x / GPIO1.x pin is only accepted during the sensing
time where the VDDEXT supply (internal VDDEXT_CYC_ON gating signal) is on (see Figure 16). The sensing
time where the enable signal is active, will be set in the CNF_CYC_SENSE and CNF_CYC_SAMPLE_DEL-SFR.
The bits inside CNF_CYC_SENSE register are used to configure the dead time (TDead). The
CNF_CYC_SAMPLE_DEL register is used to program the sample delay. Once the sample delay has elapsed the
selected wake source is evaluated by the Wake-up Management Unit. If the status of the wake-up source has
not changed since the last sampling, the PMU enters the power down period again, defined by the dead time.
If the status of the wake-up source, sampled during the sensing time, has changed from the previous cycle, the
device will wake up.
After a valid wake-up event the start-up sequence is similar to the asynchronous wake-up and the system
enters the Start-up Mode automatically too. If the PMU detects a wake-up during Cyclic Sense then the enable
signal of the voltage source (VDDEXT) stays active as long the application software doesn’t disable this signal. 
Figure 16 illustrates the principle of the cyclic sense mode. Here the VDDEXT supply is used as voltage source
together with a GPIO pin as a wake-up source. This can be applied to all GPIOs from Port 0 and Port 1.
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Figure 16   Timing Diagram for Cyclic Sense

The arrows in the diagram above display a causal connection between the various steps and not necessarily a
voltage based connection.
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5.6.2.1 Configuration of Cyclic Sense Mode 
The configuration of cyclic sense mode is shown in Figure 17.

Figure 17   Configuration Flow of cyclic sense mode
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5.6.3 Cyclic Wake Mode
Cyclic Wake Mode provides a synchronous wake-up after a predefined time interval in Sleep Mode or Stop
Mode. Once the time interval is elapsed the PMU enters the Startup Mode and proceeds to Active Mode where
the software takes over the system control. The cyclic wake interval is set in the CNF_CYC_WAKE-SFR.

5.6.4 Register Definition

The registers are addressed wordwise.

5.6.4.1 Cyclic Wake Configuration Registers (CYCMU)

PMU Settings Register
The register is reset by RESET_TYPE_2.

Table 11   Register Overview
Register Short Name Register Long Name Offset Address Reset Value
Cyclic Wake Configuration Registers (CYCMU)
CNF_PMU_SETTINGS PMU Settings Register 020H 0000 0100B

CNF_CYC_SENSE Dead Time in Cyclic Sense Register 028H 0000 0000B

CNF_CYC_WAKE Dead Time in Cyclic Wake Register 02CH 0011 0111B

CNF_CYC_SAMPLE_DEL Sample Delay in Cyclic Sense Register 030H 0000 0000B

CNF_PMU_SETTINGS
PMU Settings Register (020H) Reset Value: 0000 0100B

7 6 5 4 3 2 1 0

EN_VDDEXT_
OC_OFF_N RES RES CYC_SENSE_

EN
CYC_WAKE_E

N EN_0V9_N WAKE_W_RS
T

rw r r rw rw rw rw

Field Bits Type Description
EN_VDDEXT_OC_OFF_N 7 rw Disabling VDDEXT Shutdown in Overload Condition

This bit enables the Hall Supply feature to be switched 
off in case of overload condition.
0B Shutdown enabled
1B Shutdown disabled

RES 6:5 r Reserved
Always read as 0

RES 4 r Reserved
Always read as 0

CYC_SENSE_EN 3 rw Enabling Cyclic Sense
This bit enables the cyclic sense feature for the power 
save modes.
0B Cyclic Sense disabled
1B Cyclic Sense enabled
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CYC_WAKE_EN 2 rw Enabling Cyclic Wake
This bit enables the cyclic wake feature for the power 
save modes.
0B Cyclic Wake disabled
1B Cyclic Wake enabled

EN_0V9_N 1 rw Disables the reduction of the VDDC regulator output 
to VDDCOUT_Stop_Red during Stop-Mode
0B Output voltage reduction enabled
1B Output voltage reduction disabled

WAKE_W_RST 0 rw Wake-Up with reset execution
Enables the Stop-Exit with reset execution
0B Stop-Exit without reset execution
1B Stop-Exit with reset execution

Field Bits Type Description
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Dead Time in Cyclic Sense Register
The register is reset by RESET_TYPE2.
The dead time of Cyclic Sense will be configured in the CNF_CYC_SENSE register.
The following formula shows how the dead time for Cyclic Sense mode will be calculated:

E1E0 represents the register flags CYC_SENSE_E01 and M3M2M1M0 represents the register flags
CYC_SENSE_M03.

CNF_CYC_SENSE
Dead Time in Cyclic Sense Register  (028H) Reset Value: 0000 0000B

7 6 5 4 3 2 1 0

OSC_100kHz
_EN RES E01 M03

rw r rw rw

Field Bits Type Description
OSC_100kHz_EN 7 rw 100 kHz Oscillator Enable

Enables the 100 kHz Oscillator output from the PMU to 
be provided to Timer3
0B DISABLE, Oscillator is disabled
1B ENABLE, Oscillator is enabled 

RES 6 r Reserved
Always read as 0

E01 5:4 rw Exponent
00B Exponent value is 0
01B Exponent value is 1
10B Exponent value is 2
11B Exponent value is 3

M03 3:0 rw Mantissa
Mantissa value is calculated as CYC_SENSE_M03 +1
0000BMantissa value is 1
1111BMantissa value is 16

( ) ( ) msMMMMEE 2101234 01 ⋅+⋅
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Dead Time in Cyclic Wake Register
The register is reset by RESET_TYPE2.
The dead time of Cyclic Wake will be configured in the CNF_CYC_WAKE register.
The following formula shows how the dead time for Cyclic Wake mode will be calculated:

E1E0 represents the register flags CYC_WAKE_E01 and M3M2M1M0 represents the register flags
CYC_WAKE_M03.

CNF_CYC_WAKE
Dead Time in Cyclic Wake Register (02CH) Reset Value: 0011 0111B

7 6 5 4 3 2 1 0

RES E01 M03

r rw rw

Field Bits Type Description
RES 7:6 r Reserved

Always read as 0

E01 5:4 rw Exponent
00B Exponent value is 0
01B Exponent value is 1
10B Exponent value is 2
11B Exponent value is 3

M03 3:0 rw Mantissa
Mantissa value is calculated as CYC_WAKE_M03 +1
0000BMantissa value is 1
1111BMantissa value is 16

( ) ( ) msMMMMEE 2101234 01 ⋅+⋅
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Sample Delay in Cyclic Sense Register
This register is reset by RESET_TYPE_2.

M3M2M1M0 represents the register flags M03.

CNF_CYC_SAMPLE_DEL
Sample Delay in Cyclic Sense Register (030H) Reset Value: 0000 0000B

7 6 5 4 3 2 1 0

RES M03

r rw

Field Bits Type Description
RES 7:4 r Reserved

Always read as 0

M03 3:0 rw Mantissa
Mantissa value is calculated as: M03
0000Bvariable value M3M2M1M0 is 0
1111Bvariable value M3M3M1M0 is 15

( ) sMMMM μ1010123 ⋅+
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5.7 Reset Management Unit (RMU)

5.7.1 Functional Description
The Reset Management Unit (RMU) controls the reset behavior of the entire device. The master reset of the
device is the power-on reset of the PMU itself. This reset is generated by the Power Down Supply and it is
released when the battery voltage (Vs) reaches the minimum supply voltage for Active Mode. Then the PMU
starts the sequence to power up the supply generation module which ends with the release of the MCU reset.
If this status is reached then the embedded system will work in Active Mode. This scenario is signalled by the
PMU_1V5DidPOR flag in the PMU_RESET_STS1. The figure below shows the power-on reset behavior. 
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Figure 18   Power-On and Startup Behavior of Reset

VS

~1,5V

PMU_1V5DidPOR

VDDPOUT
VDDP

VDDPOK

System State ActiveDown

LP_CLK

VDDCOUT
VDDC

80HxxHPMU_RESET_STS1

RESET Pin

Start-up

fail stableSupply Status ok

~4,0V

ΔVDDCOK

ΔVDDCSTB

ΔVDDPSTB

RESET pin released when 
VDDPOK and VDDCSTB



User’s Manual 74 Rev. 1.6
 2021-06-18

 

  
TLE987x
 

Power management unit (PMU)

The arrows in the diagram above display a causal connection between the various steps and not necessarily a
voltage based connection.
In case of a Sleep Mode exit a similar sequence like for battery ramp-up starts is used. If this sequence ends
successfully then the PMU also releases the reset of the MCU. From the MCU point of view there is no difference
to the battery ramp-up. Only inside of the RMU the identification bit PMU_SleepEx is set instead of the power-
on identification bit. The power down sequence looks as follows:

Figure 19   Power-Down and Power Loss Sequence

The arrows in the diagram above display a causal connection between the various steps and not necessarily a
voltage based connection.
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In the default configuration the wake-up from Stop Mode works without reset. To wake-up with reset the
corresponding SFR bit WAKE_W_RST inside the CNF_PMU_SETTINGS register need be configured. With this
configuration the wake-up signal sets the dedicated identification bit PMU_WAKE which can be checked by
the application software. 
The third hardware related reset source is the pin-reset. The pin itself is supplied by the VDDP domain which
is available in Active Mode and Stop Mode. Therefore the reset-pin can be used in Active Mode and Stop Mode
only. Due to the bidirectional use of the pin itself the pin-reset request is gated during the execution of another
reset request (e.g. soft-reset). For this purpose the pin-reset request must be stable for more than 500 ns (see
Figure 16). In case of a pin-reset request during Stop Mode the PMU goes to Active Mode and sends the wake-
up signal to the MCU. At this time the reset status register also gets an update by setting bit PMU_PIN, which
signals the described reset source. All other reset sources can only have an impact on the system behavior in
Active Mode.
The reset request caused by a not served or wrongly served system watchdog, is also processed as a hardware
related reset although this reset request is implicitly controlled by user software. The system watchdog only
works in Active Mode. In this case it expects a periodic trigger (window watchdog) from the user software. If
the trigger is missing then the PMU gets the signal that the watchdog was not serviced which sets the
identification bit PMU_ExtWDT from WDT1. After some clock cycles of the PMU internal oscillator LP_CLK the
PMU resets the MCU. 
The software-reset and the reset request caused by the MCU internal watchdog are controlled explicitly by
user software and can be used only in Active Mode. From the system point of view both of these reset sources
have the lowest priority. The software related reset is executed within two MCU clock cycles. The system clock
of the PMU works independently of the MCU clock. Due to these system conditions the PMU processes the
software related resets asynchronously to its internal system clock. The software-reset is flagged by the
PMU_SOFT bit. The MCU internal watchdog is signalled by the PMU_IntWDT bit. Both flags are located in the
PMU_RESET_STS2 register.
Another reset source is the PGU module. In case the main voltage regulators (VDDP and VDDC) will fail, the
system will execute a system reset and enter Sleep Mode afterwards. This case is flagged by setting the
indication bit SYS_FAIL.

Reset types are combinations of the above described resets. The reset of an SFR register is depending on the
corresponding reset type. Other registers (all SFRs except NMI status flags) are always reset independent of
the reset type. The figure below shows this combination of resets.
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Figure 20   Reset Types of SFRs provided by the RMU
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– SoC power-on: PMU_1V5DidPOR, this reset is issued when the power down supply detects 
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– WDT (int.) timeout: PMU_IntWDT, this reset is issued by a wrong service of WDT (int.)
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– SOFT Reset: PMU_SOFT, this reset is a software related reset, core reset
– Stop Mode Exit w/ reset: PMU_Wake, this reset is issued upon Stop Mode wake-up with reset
– Sleep Mode Exit: PMU_SleepEx, this reset is issued upon Sleep Mode wake-up
– PMU_FAIL: this reset is issued when the VDDC or VDDP supply have a consecutively failure the 5th time
– WDT1_FAIL: this reset is issued when the WDT1 is not triggered consecutively 5 times properly 

• RESET_TYPE_4 is an OR of:
– SoC power-on: PMU_1V5DidPOR, this reset is issued when the power down supply detects 

undervoltage
– Pin Reset: PMU_PIN, this reset is issued when the RESET-Pin is pulled down
– WDT1 wrong service: PMU_ExtWDT, this reset is issued if the WDT1 was serviced wrongly
– Stop Mode Exit w/ reset: PMU_Wake, this reset is issued upon Stop Mode wake-up with reset
– Sleep Mode Exit: PMU_SleepEx, this reset is issued upon Sleep Mode wake-up
– PMU_FAIL: this reset is issued when the VDDC or VDDP supply have a consecutively failure the 5th time
– WDT1_FAIL: this reset is issued when the WDT1 is not triggered consecutively 5 times properly 

Every register has its own reset type listed. In the Power Management Unit SFRs following reset types are used:
• RESET_TYPE_0
• RESET_TYPE_1
• RESET_TYPE_2
• RESET_TYPE_3
• RESET_TYPE_4
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5.7.2 Register Definition

The registers are addressed wordwise.

5.7.2.1 Reset Management Unit Registers (RMU)

Reset Blind Time Register 
The Reset Pin is a bidirectional signal. Every reset will be signaled on that pin for a few 100 ns. In order to avoid
any reset deadlock situation there is a programmable reset blind time, where no hardware pin reset will be
recognized. The reset blind time envelopes the phase, where the reset pin acts as an active reset output. The
register is reset by RESET_TYPE_2.

Table 12   Register Overview
Register Short Name Register Long Name Offset Address Reset Value
Reset Management Unit Registers (RMU)
CNF_RST_TFB Reset Blind Time Register 06CH 0000 0003H

PMU_RESET_STS1 Reset Status Hard Register 010H 0000 0000H

PMU_RESET_STS2 Reset Status Soft Register 014H 0000 0000H

CNF_RST_TFB
Reset Blind Time Register (06CH) Reset Value: 0000 0003H

7 6 5 4 3 2 1 0

RES RST_TFB

r rw

Field Bits Type Description
RES 7:2 r Reserved

Always read as 0

RST_TFB 1:0 rw Reset Pin Blind Time Selection Bits
These bits select the blind time for the reset input 
sampling.
00B RST_TFB_0, 0,5 µs typ.
01B RST_TFB_1, 1 µs typ.
10B RST_TFB_2, 5 µs typ.
11B RST_TFB_3, 31 µs typ.
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Reset Status Hard Register
The PMU_RESET_STS1 register shows every executed reset request. The PMU writes the corresponding
register bit of an executed reset. To clear the information of the PMU_RESET_STS1 register the user must
overwrite the corresponding bit with a logic zero. The register is reset by RESET_TYPE_0.

PMU_RESET_STS1
Reset Status Hard Register (010H) Reset Value: 0000 0000H

7 6 5 4 3 2 1 0

PMU_1V5Did
POR PMU_PIN PMU_ExtWDT PMU_ClkWDT PMU_LPR PMU_SleepE

X PMU_WAKE SYS_FAIL

rwh rwh rwh rwh rwh rwh rwh rwh

Field Bits Type Description
PMU_1V5DidPOR 7 rwh Power-On Reset Flag

0B No Power-On reset executed
1B Power-On reset executed

PMU_PIN 6 rwh PIN-Reset Flag
0B No PIN-Reset executed
1B PIN-Reset executed

PMU_ExtWDT 5 rwh External Watchdog (WDT1) Reset Flag
0B No External Watchdog reset executed
1B External Watchdog reset executed

PMU_ClkWDT 4 rwh Clock Watchdog (CLKWDT) Reset Flag
0B No Clock Watchdog reset executed
1B Clock Watchdog reset executed

PMU_LPR 3 rwh Low Priority Resets (see PMU_RESET_STS2)
0B Low Priority-Reset executed
1B Low Priority executed

PMU_SleepEX 2 rwh Flag which indicates a reset caused by Sleep-Exit
0B No reset caused by Sleep-Exit executed
1B Reset caused by Sleep-Exit executed

PMU_WAKE 1 rwh Flag which indicates a reset caused by Stop-Exit1)

Note: Stop-Exit with reset must be configured 
explicitly in the bit 
CNF_PMU_SETTINGS.WAKE_W_RST

0B No reset caused by Stop-Exit executed
1B Reset caused by Stop-Exit executed

1) Otherwise this flag is not set. The flag is always set in case of pin reset in Stop Mode (in combination with the flag 
PMU_PIN).

SYS_FAIL 0 rwh Flag which indicates a reset caused by a System Fail 
reported in the corresponding Fail Register
0B No reset caused by System Fail executed
1B Reset caused by System Fail executed
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Reset Status Soft Register
The PMU_RESET_STS register shows every executed reset request. The PMU writes the corresponding register
bit using settings of the asynchronously set input of the flip-flop. To clear the information of the
PMU_RESET_STS register the user must overwrite the corresponding bit with a logic zero. The register is reset
by RESET_TYPE_0.

Note: The register PMU_RESET_STS2 is also cleared when PMU_RESET_STS1.PMU_LPR is cleared.

PMU_RESET_STS2
Reset Status Soft Register (014H) Reset Value: 0000 0000H

7 6 5 4 3 2 1 0

RES LOCKUP PMU_SOFT PMU_IntWDT

r rwh rwh rwh

Field Bits Type Description
RES 7:3 r Reserved

Always read as 0

LOCKUP 2 rwh Lockup-Reset Flag
0B No Lockup-Reset executed
1B Lockup-Reset executed

PMU_SOFT 1 rwh Soft-Reset Flag
0B No Soft-Reset executed
1B Soft-Reset executed

PMU_IntWDT 0 rwh Internal Watchdog Reset Flag
0B No Internal Watchdog reset executed
1B Internal Watchdog reset executed
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5.8 PMU Data Storage Area

5.8.1 Functional Description
The PMU provides the possibility for the system to store data in registers which will retain their values, when
the device is set to sleep mode. In sum there are 6x 8 Bit for devices with StopMode available.

5.8.2 Register Definition

The registers are addressed wordwise.

Table 13   Register Overview
Register Short Name Register Long Name Offset Address Reset Value
Data Storage Registers
GPUDATA00 General Purpose User DATA0 0C0H 00H

GPUDATA01 General Purpose User DATA1 0C4H 00H

GPUDATA02 General Purpose User DATA2 0C8H 00H

GPUDATA03 General Purpose User DATA3 0CCH 00H

GPUDATA04 General Purpose User DATA4 0D0H 00H

GPUDATA05 General Purpose User DATA5 0D4H 00H

SystemStartConfig System Startup Configuration 2D4H 00H
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5.8.2.1 Data Storage Registers

General Purpose User DATA0 Storage Register
The register is reset by RESET_TYPE_1.

General Purpose User DATA1 Storage Register
The register is reset by RESET_TYPE_1.

GPUDATA00
General Purpose User DATA0 (0C0H) Reset Value: 0000 0000H

7 6 5 4 3 2 1 0

DATA0

rw

Field Bits Type Description
DATA0 7:0 rw DATA0 Storage Byte

1st byte of storage area

GPUDATA01
General Purpose User DATA1 (0C4H) Reset Value: 0000 0000H

7 6 5 4 3 2 1 0

DATA1

rw

Field Bits Type Description
DATA1 7:0 rw DATA1 Storage Byte

2nd byte of storage area
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General Purpose User DATA2 Storage Register
The register is reset by RESET_TYPE_1.

General Purpose User DATA3 Storage Register
The register is reset by RESET_TYPE_1.

GPUDATA02
General Purpose User DATA2 (0C8H) Reset Value: 0000 0000H

7 6 5 4 3 2 1 0

DATA2

rw

Field Bits Type Description
DATA2 7:0 rw DATA2 Storage Byte

3rd byte of storage area

GPUDATA03
General Purpose User DATA3 (0CCH) Reset Value: 0000 0000H

7 6 5 4 3 2 1 0

DATA3

rw

Field Bits Type Description
DATA3 7:0 rw DATA3 Storage Byte

4th byte of storage area
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General Purpose User DATA4 Storage Register
The register is reset by RESET_TYPE_1.

General Purpose User DATA5 Storage Register
The register is reset by RESET_TYPE_1.

GPUDATA04
General Purpose User DATA4 (0D0H) Reset Value: 0000 0000H

7 6 5 4 3 2 1 0

DATA4

rw

Field Bits Type Description
DATA4 7:0 rw DATA4 Storage Byte

5th byte of storage area

GPUDATA05
General Purpose User DATA5 (0D4H) Reset Value: 0000 0000H

7 6 5 4 3 2 1 0

DATA5

rw

Field Bits Type Description
DATA5 7:0 rw DATA5 Storage Byte

6th byte of storage area
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System Startup Configuration Register
The register is reset by RESET_TYPE_1.

5.9 Register Access Hints
Some registers in the PMU module are clocked with the MI_CLK. Write operations will be delayed by one
MI_CLK cycle.
For handling the clearing if interrupt status flags special care might be necessary. Under certain coding
constellations an extra write access to the interrupt clear flag will be necessary to add the extra MI_CLK cycle.
In case of interrupt status clear, two use cases in the software can be considered:
1. the writing to the interrupt clear flag and the reading of the corresponding interrupt status flag are having 

some other code in between
2. the writing to the interrupt clear flag and the reading of the corresponding interrupt status flag are placed 

in code right behind each other, with no code in between

Use Case 1 - Example, no extra write attempt to the interrupt clear register required
/* clearing of VDDEXT Short Error interrupt status flag */
PMU->VDDEXT_CTRL.bit.SHORT = 1;
/* some other code is placed here */
...
/* reading of VDDEXT Short Error interrupt status flag */
if ( PMU->VDDEXT_CTRL.bit.SHORT == 1 )
{
 /* some user code here */
}

In this example, between the interrupt clear register write and the corresponding status register read,
sufficient time is ensured, as some C code (at least one C instruction) is placed in between.

Use Case 2- Example, one extra write attempt to the interrupt clear register required
/* clearing of VDDEXT Short Error interrupt status flag */
PMU->VDDEXT_CTRL.bit.SHORT = 1;
/* place another interrupt status flag clear attempt to add an extra MI_CLK cycle*/
PMU->VDDEXT_CTRL.bit.SHORT = 0;

SystemStartConfig
System Startup Configuration Register (2D4H) Reset Value: 0000 0000H

7 6 5 4 3 2 1 0

RES MBIST_EN

rw rw

Field Bits Type Description
RES 7:1 rw Free for use

Always read back what was written in before

MBIST_EN 0 rw System Startup Configuration Bit for RAM MBIST at 
Sleep Mode exit
0B No MBIST executed at Sleep Mode exit
1B MBIST executed at Sleep Mode exit
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/* reading of VDDEXT Short Error interrupt status flag */
if ( PMU->VDDEXT_CTRL.bit.SHORT == 1 )
{
 /* some user code here */
}

In this example, between the interrupt clear register write and the corresponding status register read, another
interrupt clear register write is placed. In order to add another MI_CLK cycle and ensure that the first interrupt
status flag write attempt has reach the interrupt status register before it will be read again in the if clause right
after it. Without this extra clear attempt the following interrupt status flag read might still reflect the interrupt
status set.
An extra instruction gives the first clear attempt at least one MI_CLK cycle of time. Any other C instruction
might be sufficient as well. Using the same interrupt clear write again is proposed. This access cannot be
eliminated by the compiler by optimization.
Executing the second interrupt clear write with a ‘0’ is recommended, as so, no functional effect to the register
takes place.

5.9.1 Register List
This chapter lists the registers in the PMU for which the described proposals apply to:
• VDDEXT_CTRL
• SYS_FAIL_STS
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6 System control unit – digital modules (SCU-DM)

6.1 Features

• Flexible clock configuration features
• Reset management of all system resets
• System modes control for all power modes (Active mode, Stop mode, Sleep mode)
• Enabling interrupts for many system peripherals
• General-purpose input/output control
• Debug mode control of system peripherals

6.2 Introduction
The system control unit (SCU) supports all central control tasks in the TLE987x. The SCU is made up of the
following sub-modules:
• Clock system and control (see Section 6.3 on Page 92)
• Reset control (see Section 6.4 on Page 122)
• Power management (see Section 6.5 on Page 127)
• Interrupt management (see Section 6.6 on Page 132)
• General port control (see Section 6.7 on Page 145)
• Flexible peripheral management (see Section 6.8 on Page 157)
• Module suspension control (see Section 6.9 on Page 159)
• Watchdog timer (see Section 6.10 on Page 161)
• Error detection and correction in data memory (see Section 6.11 on Page 167)
• Miscellaneous control (see Section 6.12 on Page 170)
The mapping of all registers is detailed in Section 6.2.2 on Page 89
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6.2.1 Block diagram

Figure 21   System control unit – digital modules block diagram
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CGU (clock generation unit)
• fSYS: System clock
• fPCLK: Peripheral clock
• fMI_CLK: Measurement interface clock
• fTFILT_CLK: Analog module filter clock
• LP_CLK Clock source for all PMU submodules and WDT1

ICU (interrupt control unit)
• NMI (non-maskable interrupt)
• INTISR<15,13:4,1,0> External interrupt signals

RCU (reset control unit)
• PMU_1V5DidPOR Undervoltage reset of power-down supply
• PMU_PIN Reset generated by reset pin
• PMU_ExtWDT WDT1 reset 
• PMU_IntWDT WDT (SCU) reset
• PMU_SOFT Software reset
• PMU_Wake Sleep mode/Stop mode exit with reset
• RESET_TYPE_3 Peripheral reset (contains all resets)
• RESET_TYPE_4 Peripheral reset (without SOFT and WDT reset)

Port control
• P0_POCONy.PDMx Driver strength control
• P1_POCONy.PDMx Driver strength control

Miscellaneous control
• MODPISELx mode selection registers for UART (source section) and timer (trigger or count selection)

6.2.2 SCU Register Overview
This chapter contains an overview of all SCU Registers.

6.2.2.1 Register Map
Table 15 lists the addresses of the SCU SFRs. 
Table 14 shows the SCU module base addresses.

Table 14   Register Address Space
Module Base Address End Address Note
SCU 50005000H 50005FFFH
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Table 15   Register Overview SCU Module
Register Short Name Register Long Name Offset Address Page Number
IRCON0 Interrupt Request Register 0 004H 365
IRCON1 Interrupt Request Register 1 008H 367
IRCON2 Interrupt Request Register 2 00CH 369
IRCON3 Interrupt Request Register 3 010H 371
IRCON4 Interrupt Request Register 4 014H 372
NMISR NMI Status Register 018H 379
IEN0 Interrupt Enable Register 0 01CH 362
NMICON NMI Control Register 024H 363
EXICON0 External Interrupt Control Register 0 028H 364
IRCON0CLR Interrupt Control 0 Clear Register 02CH 366
MODIEN1 Peripheral Interrupt Enable Register 1 030H 135
MODIEN2 Peripheral Interrupt Enable Register 2 034H 136
MODIEN3 Peripheral Interrupt Enable Register 3 038H 137
MODIEN4 Peripheral Interrupt Enable Register 4 03CH 137
PMCON0 Power Mode Control Register 0 040H 131
PLL_CON PLL Control Register 044H 108
CMCON1 Clock Control Register 1 048H 110
CMCON2 Clock Control Register 2 04CH 112
WDTCON Watchdog Timer Control Register 050H 164
APCLK_CTRL1 Analog Peripheral Clock Control 1 Register 054H 114
APCLK1 Analog Peripheral Clock Register 1 058H 117
APCLK2 Analog Peripheral Clock Register 2 05CH 118
PMCON1 Peripheral Management Control Register 1 060H 157
PMCON2 Peripheral Management Control Register 2 064H 158
RSTCON Reset Control Register 068H 125
APCLK_CTRL2 Analog Peripheral Clock Control 2 Register 06CH 116
SYSCON0 System Control Register 0 070H 113
WDTREL Watchdog Timer Reload Register 078H 164
WDTWINB Watchdog Window-Boundary Count 07CH 166
WDTL Watchdog Timer, Low Byte 080H 165
WDTH Watchdog Timer, High Byte 084H 165
ID Identity Register 0A8H 175
PASSWD Password Register 0ACH 170
OSC_CON OSC Control Register 0B0H 106
COCON Clock Output Control Register 0B4H 120
MODPISEL Peripheral Input Select Register 0B8H 145
MODPISEL1 Peripheral Input Select Register 1 0BCH 146
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MODPISEL2 Peripheral Input Select Register 2 0C0H 147
MODPISEL3 Peripheral Input Select Register 3 0C4H 148
MODSUSP1 Module Suspend Control Register 1 0C8H 159
MODSUSP2 Module Suspend Control Register 2 0CCH 160
GPT12PISEL GPT12 Peripheral Input Select Register 0D0H 156
EDCCON Error Detection and Correction Control Register 0D4H 167
EDCSTAT Error Detection and Correction Status Register 0D8H 168
MEMSTAT Memory Status Register 0DCH 176
MEMSTAT Memory Status Register 0DCH 178
NVM_PROT_STS NVM Protection Status Register 0E0H 173
MEM_ACC_STS Memory Access Status Register 0E4H 174
P0_POCON0 Port Output Control Register 0E8H 149
P0_POCON1 Port Output Control Register 0ECH 150
P0_POCON2 Port Output Control Register 0F0H 151
TCCR Temperature Compensation Control Register 0F4H 155
P1_POCON0 Port Output Control Register 0F8H 152
P1_POCON1 Port Output Control Register 0FCH 153
P1_POCON2 Port Output Control Register 100H 154
DMAIEN1 DMA Interrupt Enable Register 1 144H 140
DMAIEN2 DMA Interrupt Enable Register 2 148H 141
DMASRCSEL DMA Source Selection Register 14CH 142
DMAIRC1 DMA Interrupt Control Register 1 154H 375
DMAIRC2 DMA Interrupt Control Register 2 158H 377
GPT12IEN GPT12 Interrupt Enable Register 15CH 138
GPT12IRC Timer and Counter Control/Status Register 160H 373
IRCON1CLR Interrupt Request 1 Clear Register 178H 368
IRCON2CLR Interrupt Request 2 Clear Register 17CH 370
DMASRCSEL2 DMA Source Selection Register 2 180H 143
DMAIRC1CLR DMA interrupt Control 1 Clear Register 184H 376
DMAIRC2CLR DMA Interrupt Control 2 Clear Register 188H 378
IRCON3CLR Interrupt Request 3 Clear Register 190H 371
IRCON4CLR Interrupt Request 4 Clear Register 194H 372
DMASRCCLR DMA Source Selection Clear Register 198H 143

Table 15   Register Overview SCU Module
Register Short Name Register Long Name Offset Address Page Number
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6.3 Clock generation unit
The clock generation unit (CGU) enables a flexible clock generation for the TLE987x. During user program
execution, the frequency can be modified to optimize the performance/power consumption ratio, allowing
power consumption to be adapted to the actual application state.
The CGU in the TLE987x consists of one oscillator circuit (OSC_HP), a phase-locked loop (PLL) module with an
internal oscillator (OSC_PLL), and a clock control unit (CCU). The CGU can convert a low-frequency
input/external clock signal to a high-frequency internal clock.
The system clock fSYS is generated from one of the following selectable clocks:
• PLL clock output fPLL

• Direct clock from oscillator OSC_HP fOSC

• Low-precision clock fLP_CLK (hardware-enabled for startup after reset and during power-down wake-up 
sequence)

Figure 22   Clock generation unit block diagram

The following sections describe the different parts of the CGU.

6.3.1 Low-precision clock
The clock source LP_CLK is a low-precision RC oscillator (LP-OSC) with a nominal frequency of 18 MHz that is
enabled by hardware as an independent clock source for the TLE987x startup after reset and during the
power-down wake-up sequence. fLP_CLK is not user-configurable.

6.3.2 High-precision oscillator circuit (OSC_HP)

Note: XTAL support is not available in all products of the TLE987x family. See the datasheet for details.

The high-precision oscillator circuit, designed to work with either an external crystal oscillator or an external
stable clock source, consists of an inverting amplifier with XTAL1 as the input and XTAL2 as the output.

HPOSCCON

OSC_HP

CGU

PLL

CMCON1
PLL_CON

fPLL

SYSCON0
OSC_CON

LP_CLK
fLP_CLK

fSYS

fOSC_int

PMU
LP_CLK

XTAL11)

XTAL21) 0

1

2

3
fLP_CLK

1) Not available in all products. See the datasheet for details.
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Figure 23 shows the recommended external circuitry for both operating modes, External Crystal Mode and
External Input Clock Mode.

6.3.2.1 External input clock mode
When supplying the clock signal directly, not using an external crystal and bypassing the oscillator, the input
frequency needs to be equal or greater than 4 MHz if the PLL VCO part is used.
When using an external clock signal, it must be connected to XTAL1. XTAL2 is left open (unconnected).

6.3.2.2 External crystal mode
When using an external crystal, its frequency can be within the range of 4 MHz to 25 MHz. An external oscillator
load circuitry must be used, connected to the XTAL1 and XTAL2 pins. It normally consists of two load
capacitances C1 and C2. A series damping resistor could be required for some crystals. The exact values and
the corresponding operating ranges depend on the crystal and have to be determined and optimized in
cooperation with the crystal vendor using the negative-resistance method. The following load cap values can
be used as starting points for the evaluation:

Figure 23   TLE987x External Circuitry for the OSC_HP, XTAL not available for all products

Table 16   External CAP capacitors
Fundamental mode crystal frequency (approx., MHz) Load caps C1, C2 (pF)
4 33

8 18

12 12

16 10

20 10

25 8

OSC_HPfOSC

C2

OSC_HP

XTAL1

XTAL2

External
Clock
Signal

Fundamental Mode Crystal

External Crystal Mode External Input Clock Mode

VSS = GND = PIN 39

VSS

fOSC_int

VDDP

fOSC_int

XTAL1

XTAL2

VSS

VDDP

C1
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6.3.3 Phase-Locked Loop (PLL) Module
This section describes the TLE987x PLL module.
The clock fPLL is generated in one of the following PLL configured modes:
• Prescaler Mode, also called VCO Bypass Mode
• Normal Mode
• Freerunning Mode

6.3.3.1 Features
Following is an overview of the PLL features/functions:
• Programmable clock generation PLL
• Loop filter
• Input frequency: fOSC (see data sheet for values)
• VCO frequency: fVCO = fVCO-0, or fVCO-1 (selectable by range CMCON1.VCOSEL, see data sheet for values)
• VCO lock detection
• Oscillator run detection
• Output frequency: fPLL (see data sheet for values)
• Provided: Fixed input divider P = 1
• Provided: 4-bit feedback divider N
• Provided: 2-bit output divider K2 and 1-bit output divider K1
• Oscillator Watchdog
• Prescaler Mode
• Freerunning Mode
• Normal Mode
• Sleep Mode, also automatically activated during device power-save mode
• Glitchless switching between both K-Dividers
• Glitchless switching between Normal Mode and Prescaler Mode
• Internal Oscillator for oscillator watchdog
• Internal Oscillator as clock source - CGU Oscillator, typical 5 MHz
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6.3.3.2 PLL Functional Description
The following figure shows the PLL block structure.

Figure 24   PLL Block Diagram, for products with XTAL support

Figure 25   PLL Block Diagram, for products without XTAL support

The reference frequency fR can be selected to be taken either from the internal oscillator fINT or from an
external clock source fOSC_int.
The PLL uses up to three dividers to manipulate the reference frequency in a configurable way. Each of the
three dividers can be bypassed corresponding to the PLL operating mode (based on fPLL):
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• Bypassing P, N and K2 dividers; this defines the Prescaler Mode
• Bypassing K1 divider; this defines the Normal Mode
• Bypassing K1 divider and ignoring the P divider; this defines the Freerunning Mode
Table 17 shows the selectable clock source options.

Normal Mode
In Normal Mode the reference frequency fR is divided down by a factor P, multiplied by a factor N and then
divided down by a factor K2.
The output frequency is given by:

(6.1)

The Normal Mode is selected by the following settings
• PLL_CON.VCOBYP = 0
• PLL_CON.OSCDISC = 0
The Normal Mode is active when
• PLL_CON.VCOBYP = 0
• PLL_CON.OSCDISC = 0
• PLL_CON.LOCK = 1
If fPLL is selected as the clock source for system frequency fSYS, the user should enable PLL in normal mode as
default.

Note: The result of  fR times N-factor must be within the VCO Range, the VCO Range selection has to be 
adjusted accordingly.

Prescaler Mode (VCO Bypass Mode)
In Prescaler Mode the reference frequency fR is only divided down by a factor K1.
The output frequency is given by

(6.2)

The Prescaler Mode is selected by the following settings
• PLL_CON.VCOBYP = 1
• PLL_CON.OSCDISC = 0
The Prescaler Mode is active when

Table 17   Clock Option Selection
VCOBYP OSCDISC Mode Selected
0 0 Normal Mode

1 0 Prescaler Mode

0 1 Freerunning Mode

1 1 Freerunning Mode (OSCDISC has higher priority, VCOBYP will be set back 
to ‘0’ by hardware)

fPLL
N

P K2⋅
---------------- fR⋅=

fPLL
fR

K1
------=
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• PLL_CON.VCOBYP = 1
• PLL_CON.OSCDISC = 0
• OSC_CON.OSC2L = 0 if fOSC_int is provided as fR (OSC_CON.OSCSS = 01B)

Freerunning Mode
In Freerunning Mode the base frequency output of the Voltage Controlled Oscillator (VCO) fVCObase is only
divided down by a factor K2.
The output frequency is given by

(6.3)

The Freerunning Mode is enabled by the following settings/conditions
• PLL_CON.VCOBYP = 0 and PLL_CON.LOCK = 0
or
• PLL_CON.VCOBYP = 1 and OSC_CON.OSCSS = 1 and OSC_CON.OSC2L = 1
or
• PLL_CON.VCOBYP = 0 and PLL_CON.OSCDISC = 1
The Freerunning Mode is active when
• PLL_CON.VCOBYP = 0
• PLL_CON.OSCDISC = 1
• PLL_CON.LOCK = 0

General Configuration Overview
The divider values and all necessary other values can be configured via the PLL configuration registers.
In TLE987x, the P factor is fixed to 1. Table 18 gives the valid output frequency range for the P divider
dependent on fR frequency range:

Note: Of course the whole range in between two fR columns in the above table is allowed. E.g. for a range 
fR = 10 to 16, fP = 10 to 16 MHz.

The P-divider output frequency fP is fed to the Voltage Controlled Oscillator (VCO).The VCO is a part of PLL with
a feedback path. A divider in the feedback path (N divider) divides the VCO frequency. The fVCO range is defined
by configuration of VCOSEL.

Table 18   P-Divider Factor = 1
P fP for fR =

4 MHz 5 MHz 10 MHz 16 MHz 25 MHz
1 4 5 10 16 not allowed

Table 19   VCO Range
VCOSEL fVCOmin fVCOmax fVCObase

1)

1) fVCObase is the free running operation frequency of the PLLVCO, when no input reference clock is available.

Unit
0 48 112 approx. max. 38 MHz

1 96 160 approx. max. 76 MHz

fPLL
fVCObase

K2
---------------------=
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The following table shows the possible N loop division rates and gives the valid output frequency range for fREF
depending on N and the VCO frequency range:

Note: The whole range in between two fVCO columns in the above table is allowed.

The N-divider output frequency fDIV is then compared with fREF in the phase detector logic, within the VCO logic.
The phase detector determines the difference between the two clock signals and accordingly controls the
output frequency of the VCO, fVCO.

Note: Due to this operation, the VCO clock of the PLL has a frequency which is a multiple of fDIV. The factor 
for this is controlled through the value applied to the N-divider in the feedback path. For this reason 
this factor is often called a multiplier, although it actually controls division.

The output frequency of the VCO, fVCO, is divided by K2 to provide the final desired output frequency fPLL.
Table 21 shows the output frequency range depending on the K2 divisor and the VCO frequency range:

Table 20   N Loop Division Rates
N fDIV for fVCO =

48 72 96 112 136 160
8 6.00 9.00 12.00 14.00 not allowed1)

1) Values in this range are only allowed in Freerunning Mode, but have no impact there.

9 5.33 8.00 10.66 12.44 15.11 not 
allowed1)

10 4.80 7.20 9.60 11.20 13.60 16.00

11 4.36 6.54 8.72 10.18 12.36 14.54

12 4.00 6.00 8.00 9.33 11.33 13.33

13 not 
allowed1)

5.54 7.38 8.62 10.46 12.31

14 …17 … … … … …

18 4.00 5.33 6.22 7.55 8.88

19 not allowed1) 5.05 5.89 7.16 8.42

20 …23 … … … …

24 4.00 4.66 5.66 6.66

25 not allowed1) 4.48 5.44 6.40

26 …27 … … …

28 4.00 4.86 5.71

Table 21   K2 Divisor Table
K2 fPLL for fVCO = Duty Cycle

[%]48 72 96 112 136 160
2 24.0 36.0 48.0 56.0 68.0 80.0 50

3 16.0 24.0 32.0 37.3 45.3 53.3 46 - 54

4 12.0 18.0 24.0 28.0 34.0 40.0 50

5 9.6 14.4 19.2 22.4 27.2 32.0 48.5 - 51.5
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Notes
1. The whole range in between two fvco columns in the above table is allowed.
2. For divider factors that cause duty cycles far off of 50%, not only the cycle time has to be checked, but also the 

minimum clock pulse width.
For the K1-divider the same table is valid as for the K2-divider. The only difference is that not fVCO is used as
reference, fR is used instead.

For different source oscillator, the selection of fPLL = 24 MHz or 40 MHz is shown in Table 23.

For the TLE987x, the value of P is fixed to 1. In order to obtain the required fPLL, the values of VCOSEL, N and K
can be chosen respectively by the bits VCOSEL, NDIV and KDIV (either K2DIV or K1DIV) for different oscillator
input frequency.

6.3.3.3 Oscillator Watchdog
The oscillator watchdog monitors the external incoming clock fOSC_int. Only incoming frequencies that are too
low (below 300 kHz) to enable a stable operation of the VCO circuit are detected.
As reference clock the internal oscillator (OSC_PLL) frequency fINT is used and therefore the internal oscillator
must be put into operation.
By setting bit OSC_CON.OSCWDTRST the detection can be restarted without a reset of the complete PLL. The
detection status output is only valid after some cycles of fINT.

6.3.3.4 PLL VCO Lock Detection
The PLL has a lock detection that supervises the VCO part of the PLL in order to differentiate between stable
and instable VCO circuit behavior. The lock detector marks the VCO circuit and therefore the output fVCO of the
VCO as instable if the two inputs fREF and fDIV differ too much. Changes in one or both input frequencies below
a level are not marked by a loss of lock because the VCO can handle such small changes without any problem
for the system. Table 24 shows values below that the lock is not lost for different input values.

Table 22   K1 Divisor Table
K1 fPLL for fR = Duty Cycle

[%]5 8 16
1 5.0 8.0 16.0 40 - 60

2 2.5 4.0 8.0 50

Table 23   System Frequency
fPLL Selected Oscillator fOSC N P K Actual fSYS

40 MHz On-chip 5 MHz 16 1 2 40 MHz 

External 10 MHz 8 1 2 40 MHz

8 MHz 10 1 2 40 MHz

24 MHz On-chip 5 MHz 24 1 5 24 MHz

External 12 MHz 8 1 4 24 MHz

8 MHz 12 1 4 24 MHz

6 MHz 12 1 3 24 MHz
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6.3.3.5 Internal Oscillator (OSC_PLL)
The PLL internal oscillator is used for two different purposes:

Operating the Oscillator Watchdog
The input frequency for the PLL direct from OSC_HP (XTAL), is supervised using the OSC_PLL as reference
frequency. For more information see Section 6.3.3.3.

Providing a Input Clock to the PLL
The OSC_PLL can be used as input clock for all PLL modes. This is controlled and configured via
OSC_CON.OSCSS.
OSC_PLL operates at a nominal frequency of typ. 5 MHz.

6.3.3.6 Switching PLL Parameters
The following restriction applies when changing PLL parameters via the PLL_CON register:
1. Disable PLL loss-of lock NMI, because during PLL configuration the PLL unlocks
2. Set CMCON1.K1DIV = 1 (div 1) to set fPLL to 5MHz if Prescaler Mode is enabled in step 3
3. Switch to Prescaler Mode by setting PLL_CON.VCOBYP = 11)

4. Set oscillator trimming flag, OSC_CON.OSCTRIM_8 = 1
5. Set reserved bit5 in OSC_CON.Bit5 = 1
6. Set the PLL_CON.NDIV to the desired value
7. Set the CMCON1.VCOSEL to the appropriate range, see Table 19. Table 20 lists the fVCO values for the 

various NDIV values. Set CMCON1.K2DIV to the desired values. These two operations can be done together.
8. Restart PLL lock detection by writing PLL_CON.RESLD = 1
9. Wait until PLL locks, the PLL is locked if PLL_CON.LOCK = 1
10. Switch to Normal Mode by writing PLL_CON.VCOBYP = 0
11. Enable PLL loss-of-lock NMI if desired

Table 24   Loss of VCO Lock Definition
Maximum Allow Changing

 for fREF = (6.4)

4 MHz 10 MHz 16 MHz
≤ 0.6
kHz/µs

≤ 3.7
kHz/µs

≤ 9.5
kHz/µs

20 MHz 25 MHz 40 MHz
≤ 14.9
kHz/µs

≤ 23.2
kHz/µs

≤ 59.5
kHz/µs

1) This operation sets PLL_CON.OSCDISC to ‘0’ by hardware.

dfDIV

dt
-------------
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PMU Sleep Mode Entry Timing figure updated

PMU Sleep Mode LIN Wake-Up Timing figure updated

PMU Stop Mode Entry Timing figure updated

PMU VDDP figure updated

PMU VDDC figure updated

PMU Stop Mode Exit Timing figured updated

PMU Timing Diagram for Cyclic Sense figure updated

SCU PLL Block Diagram updated

SCU Clock Tree, DMA added

SCUPM Block diagram of CGU including Clock Watchdogs updated

Information about Re-enabling of VAREF updated

ADC1 Trigger Selection GPT12.T6 selection corrected

GPT12E Table 97 for Capture Mode added

P1_OD register population updated

Alternate Function Map for GPIOs added

DMA Registers, descriptions updated: DMAIEN1, DMAIEN2, DMASRCCLR, 
DMASRCSEL2, DMAIRC1, DMAIRC1CLR, DMAIRC2, DMAIRC2CLR

1.2 2016-10-05 ADC2 IIR-Filter updated

BEMF Comparator Interrupt Structure added

ADC2.Ch4 (MON) interrupts routing to NMI supply interrupt
SYS_SUPPLY_IRQ_CTRL.MON_OV_IE added
SYS_SUPPLY_IRQ_CTRL.MON_UV_IE added
SYS_SUPPLY_IRQ_STS.MON_OV_IS added
SYS_SUPPLY_IRQ_STS.MON_UV_IS added
SYS_SUPPLY_IRQ_STS.MON_OV_STS added
SYS_SUPPLY_IRQ_STS.MON_OV_STS added

Structure of PREWARN_SUP MON connection updated

External Voltage Regulator 5.0V (VDDEXT) editorial changes

Simplified Application Diagram Example reverse polarity simplified

Timer 2 Module I/O Interface updated, P2.5 direction corrected

ADC1 Trigger Selection CCU6.T13 and GPT12.T6 selection added

UART1 Module I/O Interface updated, P1.4 stated to be input and output

UART2 Module I/O Interface updated, P1.2/TXD2 replaced by P1.1/TXD2

Information about Re-enabling of VAREF added

Bridge Driver Diagnosis editorial changes, IDISCHARGE_TRIM value corrected 
to 1

CSA ADC Code Calculation formulars corrected

Driver Module Block Diagram (incl. system connections) updated

LIN Baud Rate Detection chapter reworked

LINSCLR moved into UART chapter
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In chapter Hardware Reset the register link corrected
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Clock Tree figure updated

MODPISEL1.GPT12CAPINB updated

EXICON0.MON renamed to MON_Trig_Sel

External Interrupt Control Registers editorial changes

DMAIRC2.SSC1 renamed to SSC1RDY
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GPT12E.PISEL.ISCAPIN editorial changes
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