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Arm® Cortex®-M3 microcontroller with LIN and BLDC MOSFET
driver for automotive applications

A step

Extended operating temperature range (grade 0)

=
Kecd & a RoHS

Qualified

Features

+  32-bit Arm®* Cortex®-M3 core

+ 256 KB flash

+ 8KBRAM

+ On-chip OSC and PLL for clock generation

« MOSFET driver including charge pump

« 1LIN2.2transceiver

« Two differential 14-bit sigma-delta ADCs

+ High-speed operational amplifier for motor current sensing via shunt
+ Single power supply from 5.5V t0 28 V

+ Temperature range T;=-40°C to +175°C

Potential applications
«  Wiper

+ Auxiliary pumps

« Fans

«  Window lift

« Sunroof

+ Tailgate

Product validation
Qualified for automotive applications. Product validation according to AEC-Q100/101.

Description
Type Orderable part number (OPN) |Design step Package Marking
TLE9872-2QTWA40 TLE98722QTW40XUMAL A TQFP-48-10

* Arm and Cortex are registered trademarks of Arm Limited, UK
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Overview

1 Overview

Summary of Features
+ 32-bit Arm® Cortex®-M3 core
- Upto 40 MHz clock frequency
- Oneclock per machine cycle architecture
+  On-chip memory
- 256 KB flash including
- 4 KB EEPROM (emulated in flash)
- 512 byte 100-time programmable memory (100TP)
- 8 KBRAM
- 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/0 Ports (GPIO)
+ 5analoginputs, 10-bit A/D Converter (ADC1)
+ 2differential Sigma Delta 14-bit ADC (ADC3/4)
o 16-bittimers- 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
« 1LIN2.2transceiver
+ 1high-voltage monitoring input
+ Single power supply from 5.5V to 27V
+ Extended power supply voltage range from 3V to 28V
+ Low-dropout voltage regulators (LDO)
+ High-speed operational amplifier for motor current sensing via shunt
+ 5Vvoltage supply for external loads (e.g., Hall sensor)
+ Corelogicsupplyat1.5V
+ 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
« Overtemperature protection
« Short-circuit protection
+ Loss of clock detection with fail-safe mode entry for low system power consumption

Datasheet 6 Rev. 1.1
2023-10-23
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+ Temperature range T;=-40°C to +175°C
+ Package TQFP-48

+ Green package (RoHS compliant)

« AEC-qualified
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Overview

1.1 Abbreviations

The following acronyms and terms are used within this document. List see in Table 1.

Table1 Acronyms

Acronyms Name

AHB Advanced High-performance Bus
APB Advanced Peripheral Bus

CCuU6 Capture compare unit6

CGU Clock generation unit

CMU Cyclic management unit

CpP 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

[EN Interrupt enable

IR 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

MPU Memory protection unit

MRST Master receive, slave transmit
MSB Most significant bit

MTSR Master transmit, slave receive

MU Measurement unit

NMI Non-maskable interrupt

NVIC Nested vector interrupt controller
NVM Non-volatile memory

OPN Orderable part number

0SsC Oscillator

oTP One-time programmable
Datasheet 8 Rev. 1.1
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Table 1 Acronyms (cont’d)

Acronyms Name

PBA Peripheral bridge

PCU Power control unit

PD Pull-down

PGU Power supply generation unit

PLL Phase-locked loop

PPB Private Peripheral Bus

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

SOwW 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
T™MS 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

Datasheet 9 Rev. 1.1
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Block diagram

2 Block diagram
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Figure 1 Block diagram
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Device pinout and pin configuration

3 Device pinout and pin conflguratlon
3.1 Device pinout
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Figure 2 Device pinout
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Device pinout and pin configuration

3.2 Pin configuration

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

+ Pull-down device enabled only (PD)

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

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

The functions and default states of the TLE9872-2QTW40 external pins are provided in the following table.
Type: indicates the pin type.

« 1/O: Input or output

+ l:Inputonly

« O:Outputonly

« P:Powersupply

Not all alternate functions are listed.

Table 2 Pin definitions and functions
Symbol Pin Type |Reset |Function
number state?
PO Port0
Port 0 is a 5-bit bidirectional general-purpose 1/0 port.
Alternate functions can be assigned and are listed in the port
description. The main functions are listed below.
P0.0 21 /O I/PU SWD Serial wire debug clock
P0.1 23 /O I/PU GPIO General-purpose /O
Alternate function mapping see Table 7.
P0.2 25 /O I/PD GPIO General-purpose /O
Alternate function mapping see Table 7.
Note: For a functional SWD connection,
this GPIO must be tied to zero.
P0.3 24 /O I/PU GPIO General-purpose /O
Alternate function mapping see Table 7.
P0.4 18 /O I/PD GPIO General-purpose I/O
Alternate function mapping see Table 7.
P1 Port1
Port 1 is a 5-bit bidirectional general-purpose 1/0 port.
Alternate functions can be assigned and are listed in the port
description. The main functions are listed below.
P1.0 15 I/O GPIO General-purpose I/O
Alternate function mapping see Table 7.
P1.1 16 I/0 GPIO General-purpose I/O
Alternate function mapping see Table 8.
P1.2 17 I/0 GPIO General-purpose /O
Alternate function mapping see Table 8.
Datasheet 12 Rev.1.1
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Device pinout and pin configuration

Table 2 Pin definitions and functions (cont’d)
Symbol Pin Type |Reset |Function
number state?

P1.3 26 /O I GPIO General-purpose /0O, used for inrush transistor
Alternate function mapping see Table 8.

P1.4 27 I/0 GPIO General-purpose I/O
Alternate function mapping see Table 8.

P2 Port 2

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

P2.0/ADC3.P |29 1/l I ANO ADC analog input 0 (Sensor), ADC3+
Alternate function mapping see Table 9.
P2.2/ADC3.N |30 1/O I AN2 ADC analog input 2 (sensor), ADC3-
Alternate function mapping see Table 9.
P2.3 35 I [ AN3 ADC analog input 3 (sensor),
Alternate function mapping see Table 9.
P2.4/ADC4.P |32 I I AN4 ADC analog input 4 (sensor), ADC4+
Alternate function mapping see Table 9.
P2.5/ADC4.N |31 I I AN5 ADC analog input 5 (Sensor), ADC4-
Alternate function mapping see Table 9.
Power supply
VS 45 P - Battery supply input
VDDP 40 P - 21/0 port supply (5.0 V). Connect external buffer capacitor.
vVDDC 38 P - 3Core supply (1.5 V in Active mode).
Do not connect external loads, but connect an external buffer
capacitor.
VDDEXT 41 P - External voltage supply output (5.0 V, 20 mA)
GND 19 P - GND digital
GND 28 P - GND digital
GND 39 P - GND analog
Monitor input
MON 14 I I— I High voltage monitor input
LIN interface
LIN 43 I/0 - LIN bus interface input/output
GND_LIN 42 P - LIN ground
Charge pump
CP1H 48 P - Charge pump capacity 1 high, connect external C
CP1L 1 P - Charge pump capacity 1 low, connect external C
CP2H 3 P - Charge pump capacity 2 high, connect external C
CP2L 4 P - Charge pump capacity 2 low, connect external C
VCP 2 P - Charge pump capacity
Datasheet 13 Rev. 1.1
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Device pinout and pin configuration

Table 2 Pin definitions and functions (cont’d)
Symbol Pin Type |Reset |Function

number state?)
VSD 47 P - Battery supply input for charge pump
MOSFET driver
VDH 44 P - Voltage drain high-side MOSFET driver
SH3 46 P - Source high-side FET 3
SH2 6 P - Source high-side FET 2
GH2 P - Gate high-side FET 2
SH1 P - Source high-side FET 1
GH1 9 P - Gate high-side FET 1
SL 10 P - Source low-side FET
GL2 12 P - Gate low-side FET 2
GL1 13 P - Gate low-side FET 1
GH3 5 P - Gate high-side FET 3
GL3 11 P - Gate low-side FET 3
Others
GND_REF 33 P - GND for VAREF
VAREF 34 I/0 - 5V ADC1 reference voltage, optional buffer or input
OP1 37 I - Negative operational amplifier input
0oP2 36 I - Positive operational amplifier input
TMS 20 [ I/PD T™MS Test mode select input

I/O SWD Serial Wire Debug input/output

RESET 22 I/O PU Reset input, not available during Sleep mode
EP - - - Exposed pad, connect to GND
1) Only valid for digital I0.
2) Also named VDD5V.
3) Also named VDD1V5.
Datasheet 14 Rev.1.1
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Modes of operation

4 Modes of operation

The TLE9872-2QTW40 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 ADCs are implemented for high-precision sensor measurement. An 8-bit
ADC is used for diagnostic measurements.

The microcontroller 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 TLE9872-2QTWA40 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 TLE9872-2QTW40 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 5V 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.

Sleep mode in case of failure

Sleep mode is activated after 5 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.

Datasheet 15 Rev. 1.1
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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, asin 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 3 Power mode configurations
Module/function |Active mode Stop mode Sleep mode Comment
VDDEXT ON/OFF ON (no dynamic OFF -
load)/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 | POR on VS Brownoutdetection

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 wake-up/OFF |-

cyclic sense/OFF

Measurement ONY OFF OFF -

MCU ON/slow-down/STOP | STOP? 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

1) May not be switched off due to safety reasons.
2) MCPLL clock disabled, MC supply reduced to Vppcour stop_red-
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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.
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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 4 describes the submodulesin
more detail.

* VS
| _ [
Power-down supply ) — o VDDP
Power supply generation unit
(PGU)
VDDC
I
e.g. for WDT1 |« LP_CLK N y
Peripherals | K— E o LDO for exterral suool
. v or external supply
e.. for oyclic |, LP_CLK? R, VDDEXT —{J VODEXT
wake and sense N K==
A
L
PMU-PCU ) BK— PMU-SFR
u
S
1 y, S
MSL‘ — PMU-CMU
P0.0.P04 PMU-WMU —
P1.0..P14 — PMU-RMU
PMU control
Power management unit
Figure 3 Power management unit block diagram
Table 4 Description of PMU submodules
Module name | Modules Functions
Power-down |Independent supply voltage This supply is dedicated to the PMU to ensure an
supply generation for PMU. operation independently of generated power
supplies (VDDP, VDDC).
LP_CLK + Clock source for all PMU This ultra-low-power oscillator generates the clock
(18 MHz) submodules. for the PMU.
«  Backup clock source for the This clock is also used as the backup clock for the
system. system in case of PLL clock failures and as an
. Clock source for WDTL1. independent clock source for WDT1.
LP_CLK2 Clock source for PMU. This ultra-low-power oscillator generates the clock
(100 kHz) 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).
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Table 4

Description of PMU submodaules (cont’d)

Module name

Modules

Functions

Power supply

Voltage regulators for VDDP and

This block includes the voltage regulators for the pad

generation VDDC. supply (VDDP) and the core supply (VDDC).

unit (PGU)

VDDEXT Voltage regulator for VDDEXT to This voltage regulator is a dedicated supply for

supply external modules (e.g., external modules and can also be used for cyclic
Sensors). sense operations (e.g., with hall sensor).

PMU-SFR Allextended special function registers | This module contains all registers needed to control

that are relevant to the PMU. 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 This block is responsible for controlling all actions

PMU. 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.
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5.2.2 PMU modes overview

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

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

LIN-wake or
MON-wake or
cyclic-wake

VDDC = stable and
error_supp <5

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

error_supp=5

Sleep command (from MCU) or

WDT1_SEQ_FAIL=1 (> emor_wdt=5) or

VDDC / VDDP = overload or
system overtemperature

LIN-wake or PMU_PIN =1 or

MON-wake or PMU_SOFT =1 or
GPIO-wake or (PMU_Ext_WDT = 1 and
cyclic_wake or WDT1_SEQ_FAIL=0
PMU_PIN =1 or

- emor_wdt ++)
SUP_TMOUT =1

Stop
command
(from MCU)
cyclic-sense

Figure 4 Power management unit system modes
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5.3 Power supply generation unit (PGU)

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 5V analog functions (e.g. LIN transceiver).

Features

+ 5V 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, Vyppyy)

+ Preregulator for the VDDC regulator

«  GPIO supply

« Pull-down current source at the output for Sleep mode only (typ. 5 mA)

The output capacitor Cppp is mandatory to ensure proper regulator functionality.

VVDDP regulator
1
VS N
[ weee y (r) @i
I l \J h 4 c
. VDDP
v Lo (pin 39)
Y
5VLDO -
A
Y A
LDO supervision
Y A
'8 [m]
S g
@ &
C)I 8I
5 3
DI Dl
= =
o o
Figure 5 Module block diagram of the VDDP voltage regulator
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5.3.2 Voltage regulator 1.5V (VDDC)

This module represents the 1.5 Vvoltage regulator, which provides the supply for the microcontroller core, the
digital peripherals, and other internal analog 1.5V 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 Vppcour stop Red-

Features

+ 1.5V 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 pA)

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

VDDC regulator

VDDP (5 V) VDDC (15 V)

N
4

Fy
h 4
Fy

- N
—

f>

G

<

Cvonc I
GND (pin 39)

Cvoop —— —
Y

1.5VLDO

A

[y
|

y

LDO supervision

<

PMU_1V5_OVERVOLT

PMU_1V5_OVERLOAD |«

Figure 6 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 ADC3/4.

Features

+ Switchable +5V, 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 pA)

+ Cyclic sense option together with GPIOs

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

VDDEXT regulator
1A
VS N
O VPRE ’ ® [} VDoEXT
A4 I l Cvppext —-l—
v GND (pin 39)
A
5VLDO -t
A
A\ A\
LDO supervision

A 4 y A4

— (m]
I o 3
o => |
T f i
»n > >
7 o ©)
5 @ -
;' o 5
b b >3
= ) 8

= S

Figure 7 Module block diagram of the external voltage regulator
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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)
+ Enablinginterrupts 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 TLE9872-2QTWA40. The SCU is made up
of the following submodules:

+ Clock system and control

+ Reset control

+ Power management

+ Interrupt management

« General port control

+ Flexible peripheral management

« Module suspension control

+  Watchdog timer

« Error detection and correction in data memory
+ Miscellaneous control
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6.2.1 Block diagram
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System control unit - digital modules

Figure 8

AHB (Advanced High-Performance Bus)

PMCU (power module control unit)

WDT (watchdog timer in SCU-DM)

+ fys System clock
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CGU (clock generation unit)

+ fys System clock

» fock: Peripheral clock

*  fu_ck: Measurement interface clock

*  fraur ok Analog module filter clock

+ LP_CLKClock 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

o 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)

o RESET_TYPE_4 Peripheral reset (without SOFT and WDT reset)

Port control
+ PO_POCONy.PDMx Driver strength control
+ P1_POCONy.PDMx Driver strength control

Miscellaneous control

(infineon

+ MODPISELx mode selection registers for UART (source section) and timer (trigger or count selection)
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6.3 Clock generation unit

The clock generation unit (CGU) enables a flexible clock generation for the TLE9872-2QTW40. 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 TLE9872-2QTWA40 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 fqs is generated from one of the following selectable clocks:
+ PLLclock outputfy
+ Direct clock from oscillator OSC_HP

+ Low-precision clock f,, ¢ (hardware-enabled for startup after reset and during power-down wake-up
sequence)

CGU
0SC_CON PLL_CON
CMCON1 | | SYSCONO
A
Y
0SC_HP PLL L
0
fosc int |,
fsys
P clk
LP_CLK T » 2
f
LP_CLK
PMU >3

Figure 9 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 TLE9872-2QTW40 startup after reset and during
the power-down wake-up sequence. f, ¢ is not user-configurable.
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7 System control unit - power modules (SCU-PM)

7.1 Features

+ Clock watchdog unit (CWU): Supervises all clocks with NMI signaling relevant to power modules.
+ Interrupt control unit (ICU): All interrupt flags and status flags with system relevance.

« Power control unit (PCU): Takes over control when device enters and exits Sleep and Stop mode.
« External watchdog (WDT1): Independent system watchdog for monitoring system activity.

7.2 Introduction

7.2.1 Block diagram

The system control unit of the power modules consists of the submodules in the figure shown below:

"On" signals to analog

peripherals;
status signals from
analog peripherals
AHB
I
N
T
PCU K 1 EK ) WDT1 4¢—— LP_CLK
R
N
A
L
fsvys [—— —( PREWARN_SUP_NMI
B
MI_CLK —» cwu <;:> U <;:> ICU —{ PREWARN_SUP_INT
TFILT_CLK |——®» i —— INT<n:0>

System control unit— power modules

Figure 10  Block diagram of system control unit - power modules

AHB (Advanced High-performance Bus)

CWU (clock watchdog unit)

fyys: System frequency

+ MI_CLK: Measurement interface clock (analog clock), derived from f ¢ using division factors 1/2/3/4

« TFILT_CLK: Clock used for digital filters, derived from £, . using configurable division factors
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WDT1 (system watchdog)
+ LP_CLK Clock source for all PMU submodules and WDT1

ICU (interrupt control unit)

+  PREWARN_SUP_NMI Supply prewarning NMI request

+  PREWARN_SUP_INT Supply prewarning interrupt

+ Grouping of peripheral interrupts for external interupt nodes:
- Grouping single peripheral interrupts for interrupt node INT<2> (measurement unit (MU))
- Grouping single peripheral interrupts for interrupt node INT<3> (ADC1-VAREF)
- Grouping single peripheral interrupts for interrupt node INT<10> (UART1-LIN transceiver)
- Grouping single peripheral interrupts for interrupt node INT<14> (bridge driver)
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8 Arm® Cortex®-M3 core

8.1 Features

The key features of the Arm® Cortex®-M3 implemented are listed below.

Processor core: a low-gate-count core, with low-latency interrupt processing

« Asubset of the Thumb™-2 instruction set

« Banked stack pointer (SP) only

« 32-bit hardware divide instructions, SDIV and UDIV (Thumb-2 instructions)

« Handler and thread modes

« Thumb and debug states

+ Interruptible-continued instructions LDM/STM, push/pop for low interrupt latency

« Automatic processor state saving and restoration for low-latency interrupt service routine (ISR) entry and
exit

« Arm®architecture v7-M Style BE8/LE support

+ Arm®v6 unaligned accesses

Nested vectored interrupt controller (NVIC) closely integrated with the processor core to achieve low
latency interrupt processing

+ Interrupts, configurable from 1 to 16
+ Bits of priority (4)
« Dynamic reprioritization of interrupts

+ Priority grouping. This enables selection of preemptive interrupt levels and non-preemptive interrupt
levels.

+ Support for tail-chaining and late arrival of interrupts. This enables back-to-back interrupt processing
without the overhead of state-saving and restoration between interrupts.

+ Processor state automatically saved on interrupt entry, and restored on interrupt exit, with no instruction
overhead.

Bus interfaces

+ Advanced High-performance Bus-Lite (AHB-Lite) interfaces: ICode, DCode, and system bus interface
« Memory access alignment

+ Write buffer for buffering of write data
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8.2 Introduction

The Arm® Cortex®-M3 processor is a leading 32-bit processor and provides a high-performance and cost-
optimized platform for a broad range of applications including microcontrollers, automotive body systems
and industrial control systems. Like the other Arm® Cortex® family processors, the Arm® Cortex®-M3 processor
implements the Thumb’-2 instruction set architecture. With the optimized feature set the Arm® Cortex®-M3
delivers 32-bit performance in an application space that is usually associated with 8- and 16-bit
microcontrollers.

8.2.1 Block diagram

Figure 11 shows the functional blocks of the Arm® Cortex®-M3.

Arm® Cortex®-M3 processor
Interrupt and Nesitﬁ?e\r/rict? o Am® Cortex®-M3
P B P ——> processor
power control controller core
(NVIC)
A
Y
Serid-wire AHB
(SW-DP) e access pot  [e——> Bus matrix
(AHB-AP)
A A A A
v l L v
. ICode DCode System bus
Se”";"m‘g"r;: Cd:b“g AHB-Lite AHB-Lite ICode
instruction data PBAO
interface interface PBA1
Figure1l Arm® Cortex®-M3 block diagram
Datasheet 32 Rev.1.1

2023-10-23



MOTIX™ TLE9872-2QTW40 ( iﬁl’lﬂOﬂ |

DMA controller

9 DMA controller

Figure 12 shows the top level block diagram of the TLE9872-2QTW40.

The bus matrix allows the uDMA to access the PBAO, PBA1, and RAM.

9.1 Features

The principal features of the DMA Controller are:

+ Itis compatible with AHB-Lite for DMA transfers.

+ Itis compatible with APB for register programming.

+ It hasasingle AHB-Lite master for transferring data using a 32-bit address bus and a 32-bit data bus.
+ Itsupports 13 DMA channels.

+ Each DMA channel has dedicated handshake signals.

+ Each DMA channel has a programmable priority level.

+ Each priority level arbitrates using a fixed priority thatis determined by the DMA channel number. The DMA
also supports multiple transfer types:
- Memory-to-memory
- Memory-to-peripheral
- Peripheral-to-memory

« Itsupports multiple DMA cycle types.

+ It supports multiple DMA transfer data widths.

« Each DMA channel can access a primary and an alternate channel control data structure.
+ Allthe channel control data is stored in system memory (RAM) in little-endian format.

« It performs all DMA transfers using the single AHB-Lite burst type. The destination data width is equal to
the source data width.

+ The number of transfers in a single DMA cycle can be programmed from 1 to 1024.
+ Thetransfer address increment can be greater than the data width.
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9.2 Introduction

Please also refer to Chapter 9.3, Functional description.
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9.2.1 Block diagram
SSC1 Timer3 ADC1
DMArequests DMA requests DMA requests
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DMA controller Bus matrix
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Figure 12
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9.3 Functional description
9.3.1 DMA mode overview

The DMA controller implements the following 14 hardware DMA requests:

« ADC1completesequence 1done: DMAtransferis requested on completion of the ADC1 channel conversion
sequence.

« ADCl exceptional sequence 2 (ESM) done: DMA transferis requested on completion of the ADC1 conversion
sequence triggered by an exceptional measurement request.

o SSC1/2 transmit byte: DMA transfer is requested upon the completion of data transmission via SSC1/2.
« SSC1/2:receive byte: DMA transfer is requested upon the completion of data reception via SSC1/2.

« ADC1 channel 0 conversion done: DMA transfer is requested on completion of the ADC1 channel 0
conversion.

« ADC1 channel 1 conversion done: DMA transfer is requested on completion of the ADC1 channel 1
conversion.

« ADC1 channel 2 conversion done: DMA transfer is requested on completion of the ADC1 channel 2
conversion.

« ADC1 channel 3 conversion done: DMA transfer is requested on completion of the ADC1 channel 3
conversion.

+ ADC1 channel 4 conversion done: DMA transfer is requested on completion of the ADC1 channel 4
conversion.

+ ADC1 channel 5 conversion done: DMA transfer is requested on completion of the ADC1 channel 5
conversion.

« ADC1 channel 6 conversion done: DMA transfer is requested on completion of the ADC1 channel 6
conversion.

« ADC1 channel 7 conversion done: DMA transfer is requested on completion of the ADC1 channel 7
conversion.

« Timer3 ccu6_int: DMA transfer is requested following a timer trigger.
« SDADC, conversion done: DMA transfer is requested on completion of the SDADC (ADC3/4) conversion.
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10 Address space organization

The TLE9872-2QTW40 manipulates operands in the following memory spaces:
+ 256 KB (incl. 4 KByte emulated EEPROM) of flash memory in code space
+ 32 KB Boot ROM memory in code space (used for boot code and IP storage)

+ 8 KBRAM memory in code space and data space (RAM can be read/written as program memory or external
data memory)

+ Special function registers (SFRs) in peripheral space
The figure below shows the detailed address alignment of the TLE9872-2QTW40:

00000000 Reserved (boot ROM)
00007FFFy
000080004 Reserved
10FFFFFFy
110000004
Flash, 256 KB
1103FFFFy
110400004
Reserved
17FFFFFFy
180000004 SRAM. 8 KB
’ 18001FFFy
180020004 R g
eserve
3FFFFFFFy
400000004 PBA
4TFFFFFFy
48000000y
PBA1
5FFFFFFFy
600000004 R g
eserve
DFFFFFFFy
E0000000
H Private Peripheral Bus
EOOFFFFFy
E01000004 R g
eserve
FFFFFFFFy
Figure13 Memory map
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11

Memory control unit

11.1 Features

Handles all system memory types and their interaction with the CPU
Memory protection for D-flash and P-flash system memory

Address management with access violation detection including reporting
Linear address range for all memory types (no paging)

11.2 Introduction

11.2.1 Block diagram

The memory control unit is divided into the following submodules:

.

NVM memory module (embedded flash memory)
RAM memory module

BootROM memory module

Memory protection unit (MPU) module
Peripheral bridge PBAO
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NVM RAM BROM PBAO
S0 S1 S2 S3
T A A A A A A
Memory protection ;
unit -
S
=3 = § = §
=3 23 23
8 8 8
Sx: Bus slave
Mx: Bus master
\ Y \ \
MO M1 M2 M3
Bus matrix

Figure 14 Block diagram of the memory control unit
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11.3 NVM module (flash memory)

The flash memory provides embedded user-programmable non-volatile memory, allowing fast and reliable
storage of user code and data.

Features
+ In-system programming via LIN (flash mode) and SWD.

+ Error correction code (ECC) for detection of single-bit and double-bit errors and dynamic correction of
single-bit errors.

+ Interrupts and signals double-bit errors by the NMI.

+ Program width of 128 byte (page).

+ Minimum erase width of 128 bytes (page).

+ Integrated hardware support for EEPROM emulation.

« 8-byteread access.

« Physical read access time: 75 ns.

+ Code-read access acceleration integrated; read buffer and automatic pre-fetch.
» Page-program time: t,;.

+ Page-erase (128 bytes) and sector-erase (4 KB) time: t.g.

« Erased bit (cell) is read as ‘1’, for code flash and 100TP.

« Erased bit (cell) is read as ‘0’ plus NMIMAP request, for data flash.

Note: The user has to ensure that no flash operations which change the content of the flash get interrupted
atany time.

The clock for the NVM is supplied with the system frequency f, .. Integrated firmware routines for erasing NVM,
EEPROM emulation, and other operations are provided.
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12 Interrupt system
12.1 Features

+ Upto 16 interrupt nodes for on-chip peripherals
+ Upto 8 NMI nodes for critical system events
« Maximum flexibility for all 16 interrupt nodes

12.2 Introduction

Before enabling an interrupt, all corresponding interrupt status flags must be cleared.

12.2.1 Overview

The TLE9872-2QTW40 supports 16 interrupt vectors with 16 priority levels. Fifteen of these interrupt vectors
are assigned to the on-chip peripherals: GPT12, SSC, CCU6, DMA, bridge driver and A/D converter are each
assigned to one dedicated interrupt vector; while UART1 and Timer2, as well as UART2, external interrupt 2
and Timer21 share interrupt vectors. Two vectors are dedicated for external interrupt 0 and 1.

Table 5 Interrupt vector table

Servicerequest |NodelID |Description

GPT12 0/1 GPT interrupt (T2-T6, CAPIN)

MU-ADC2/T3 2 Measurement unit, VBG, SDADC, Timer3, BEMF

ADC1 3 ADC1 interrupt / VREF5V overload / VREF5V OV/UV

Cccuo 4 CCU6 node 0 interrupt

Ccul 5 CCU6 node 1 interrupt

CCcu2 6 CCU6 node 2 interrupt

CCu3 7 CCU6 node 3interrupt

SSC1 8 SSC1 interrupt (receive, transmit, error)

SSC2 9 SSC2 interrupt (receive, transmit, error)

UART1 10 UART1 (ASC-LIN) interrupt (receive, transmit), Timer2, linsyncl, LIN
UART2 11 UART2 interrupt (receive, transmit), Timer21, external interrupt (EINT2)
EXINTO 12 External interrupt (EINT0), MON

EXINT1 13 External interrupt (EINT1)

BDRV/CP 14 Bridge driver / charge pump

DMA 15 DMA controller
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Table6 NMIl interrupt table

Service request Node Description

Watchdog timer NMI NMI Watchdog timer overflow

PLL NMI NMI PLL loss-of-lock

NVM operation complete NMI NMI NVM operation complete

Overtemperature NMI NMI System overtemperature

Oscillator watchdog NMI NMI Oscillator watchdog / MI_CLK watchdog timer overflow

NVM map error NMI NMI NVM map error

ECC error NMI NMI RAM/NVM uncorrectable ECC error

Supply prewarning NMI NMI Supply prewarning
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13 Watchdog timer (WDT1)

13.1 Features

There are two watchdog timers in the system. The watchdog timer (WDT) within the system control unit -
digital modules (see SCU_DM) and the Watchdog Timer (WDT1) located within the system control unit - power
modules (see SCU_PM). The watchdog timer WDT1 is described in this section.

In Active mode, the WDT1 acts as a windowed watchdog timer, which provides a highly reliable and safe way
to recover from software or hardware failures.

The WDT1 is always enabled in Active mode. In Sleep mode, Stop Mode and SWD mode (Debug mode), the
WDT1 is automatically disabled.

Functional Features

+  Windowed watchdog timer with programmable timing in Active mode.
« Long-open window (typ. 80 ms) after power-up, reset, wake-up.

+ Short-open window (typ. 30 ms) to facilitate flash programming.

+ Disabled during debugging.

« Safety shutdown to Sleep mode after 5 missed WDT1 services.
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13.2 Introduction

The behavior of the watchdog timer in Active mode is illustrated in Figure 15.

N\

Power-up

Reset

Timeout Always

Trigger SOW

Timeout

Maximum number
of count_SOW
Timeout
or
trigger in closed window

Reset

Trigger and
count_ SOW =0

Trigger SOW and

Normal count_SOW-++ Short
"windowed" open window
operation and SOW

Trigger and
count_SOW =0

Trigger and Trigger SOW and
count_ SOW =0 count_SOW++
Figure15 Watchdog timer behavior
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14 GPIO ports and peripheral 1/O

The TLE9872-2QTW40 has 15 port pins organized into three parallel ports: Port 0 (P0), port 1 (P1) and port 2
(P2). Each port pin has a pair of internal pull-up and pull-down devices that can be individually enabled or
disabled. PO and P1 are bidirectional and can be used as general-purpose input/output (GPIO) or to perform
alternate input/output functions for the on-chip peripherals. For ports configured as an output, the open drain
mode can be selected. On port 2 (P2), analog inputs are shared with general-purpose inputs.

14.1 Features

Features of bidirectional ports (PO, P1)

+ Configurable pin direction

+ Configurable pull-up/pull-down devices

+ Configurable open-drain mode

+ Configurable drive strength

« Transfer of data through digital inputs and outputs (general-purpose 1/0)

« Alternate input/output for on-chip peripherals

Features of the analog port (P2)

+ Configurable pull-up/pull-down devices
« Transfer of data through digital inputs

« Alternate inputs for on-chip peripherals

14.2 Introduction

14.2.1 Port 0 and port 1

Figure 16 shows the block diagram of a TLE9872-2QTW40 bidirectional port pin. Each port pin is equipped
with a number of control and data bits, thus enabling very flexible usage of the pin. By defining the contents
of the control register, each individual pin can be configured as an input or an output. The user can also
configure each pin as an open-drain pin with or without an internal pull-up/pull-down.

Each bidirectional port pin can be configured for input or output operation. Switching between input and
output mode is accomplished through the register Px_DIR (x =0 or 1), which enables or disables the output
and input drivers. A port pin can only be configured as either input or output at any one time.

In input mode (default after reset), the output driver is switched off (high-impedance). The voltage level
present at the port pin is translated into a logical 0 or 1 via a Schmitt trigger device and can be read via the
register Px_DATA.

In output mode, the output driver is activated and drives the value supplied through the multiplexer to the
port pin. In the output driver, each port line can be switched to open-drain mode or normal mode (push-pull
mode) via the register Px_OD.

The output multiplexer in front of the output driver enables the port output function to be used for different
purposes. If the pin is used for general-purpose output, the multiplexer is switched by software to the data
register Px_DATA. Software can set or clear the bitin Px_DATA and therefore directly influence the state of the
port pin. If an on-chip peripheral uses the pin for output signals, alternate output lines (AltDataOut) can be
switched via the multiplexer to the output driver circuitry. Selection of the alternate output function is defined
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in registers Px_ALTSELO and Px_ALTSEL1. When a port pin is used in an alternate function, its direction must
be set accordingly in the register Px_DIR.

Each pin can also be programmed to activate an internal weak pull-up or pull-down device. Register
Px_PUDSEL selects whether a pull-up or pull-down device is activated, while register Px_PUDEN enables or
disables the pull device.

PUDSEL

—Pp Pull-up / pull-down ~ f———W
select register

Pull-up / pull-down
control logic

PUDEN
P Pullup / pull-down ~ |———P
enable register

TCCR
<—P Temperature compensation
control register

Px_POCONy
P Port output
driver confrol registers

oD
—Pp Open-drain
control register

DIR
Direction register

—rr>»Z20o$m-d=Z—

ALTSELO
Alternate select
register 0

wCw

4
ALTSEL1 Pull device

—P Alternate select
register 1 l

AltDataOut 3 > 11

AltDataOut 2 » 10

V\V v Output
y driver

‘ L

\ 4

A
Y
ry
nd

AltDataCut 1 (01
Out

Px_DATA
Data register

A
A

Input

_17_ driver
; ; Schmitt trigger Pad

Figure 16  General structure of a bidirectional port (PO, P1)

A
‘_

AltDataln <
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14.2.2 Port 2

Figure 17 shows the structure of an input-only port pin. Each P2 pin can only function in input mode. Register
P2_DIR is provided to enable or disable the input driver. When the input driver is enabled, the actual voltage
level present at the port pin is translated into a logic 0 or 1 via a Schmitt trigger device and can be read via
register P2_DATA. Each pin can also be programmed to activate an internal weak pull-up or pull-down device.
Register P2_PUDSEL selects whether a pull-up or the pull-down device is activated, while register P2_PUDEN
enables or disables the pull device. The analog input (Analogln) bypasses the digital circuitry and Schmitt
trigger device for direct feed-through to the ADC input channels.

PUDSEL
—p Pull-up / pull-down —P
I select register Pulkup / pul-down
N PUDEN contml logic
T [¢—P Pullup/pull-down ~ f———»
E enable register
R
N
< > DIR
A Direction register 4
L Pull device
B
U
S
Input
P DATA . n driver r
Data register L ]
Schmitt
_\ / trigger Pad
AltDataln [«
Analogin [«
Figure17  General structure of input port (P2)
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14.3 TLE9872-2QTW40 port module

14.3.1 Port 0

14.3.1.1 Port 0 functions

Table7 Port 0 input/output functions

Port pin Input/output Select Connected signals From/to module
P0.0 Input GPI PO_DATA.PO -
INP1 SWCLK/TCK_0 SW
INP2 T12HR_O CCuUe
INP3 T4INA GPT12T4
INP4 T2_0 Timer2
INP5 - -
INP6 EXINT2_3 SCU
Output GPO PO_DATA.PO -
ALT1 T30UT GPT12T3
ALT2 EXF21_0 Timer2l
ALT3 RXDO_2 UART2
P0.1 Input GPI PO_DATA.P1 -
INP1 T13HR_O CCU6
INP2 TxD1 LIN_TxD
INP3 CAPINA GPT12CAP
INP4 T21_0 Timer21
INP5 T4INC GPT12T4
INP6 MRST_1_2 SSC1
INP7 EXINTO_2 SCU
Output GPO PO_DATA.P1 -
ALT1 TxD1 UART1/LIN_TxD
ALT2 - -
ALT3 T6OUT GPT12T6
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Table 7 Port 0 input/output functions (cont’d)

Port pin Input/output Select Connected signals From/to module
P0.2 Input GPI PO_DATA.P2 -
INP1 CCPOS2_1 CCUs6
INP2 T2EUDA GPT12T2
INP3 MTSR_1 SSC1
INP4 T21EX_O Timer21
INP5 T6INA GPT12T6
Output GPO PO_DATA.P2 -
ALT1 COUT60_0 CCUs6
ALT2 MTSR_1 SSC1
ALT3 EXF2_0 Timer2
P0.3 Input GPI PO_DATA.P3 -
INP1 SCK_1 SSC1
INP2 CAPINB GPT12
INP3 T5INA GPT12T5
INP4 T4EUDA GPT12T4
INP5 CCPOSO_1 CCu6
Output GPO PO_DATA.P3 -
ALT1 SCK_1 SSC1
ALT2 EXF21_2 Timer21
ALT3 T60OUT GPT12T6
P0.4 Input GPI PO_DATA.P4 -
INP1 MRST_1_0 SSC1
INP2 CC60_0 CCU6
INP3 T21_2 Timer2l
INP4 EXINT2_2 SCU
INP5 T3EUDA GPT12T3
INP6 CCPOS1_1 CCU6
Output GPO PO_DATA.P4 -
ALT1 MRST_1_0 SSC1
ALT2 CC60_0 CCuUe
ALT3 CLKOUT_O SCU
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14.3.2 Port1

14.3.2.1 Port 1 functions

Table 8 Port 1 input/output functions

Port pin Input/output Select Connected signals From/to module
P1.0 Input GPI P1_DATA.PO -
INP1 T3INC GPT12T3
INP2 TAEUDB GPT12T4
INP3 CC61_0 CCUs6
INP4 SCK_2 SSC2
INP5 EXINT1_2 SCU
Output GPO P1_DATA.PO -
ALT1 SCK_2 SSC2
ALT2 CC61_0 CCU6
ALT3 EXF21_3 Timer21
P1.1 Input GPI P1_DATA.P1 -
INP1 - -
INP2 T6EUDA GPT12T6
INP3 - -
INP4 MTSR_2 SSC2
INP5 T21_1 Timer21
INP6 EXINT1_0 SCU
Output GPO P1_DATA.P1 -
ALT1 MTSR_2 SSC2
ALT2 COUT61_0 CCU6
ALT3 TXD2_0 UART2
P1.2 Input GPI P1_DATA.P2 -
INP1 T2INA GPT12T2
INP2 T2EX_1 Timer2
INP3 T21EX_3 Timer21
INP4 MRST_2_0 SSC2
INP5 RXD2_0 UART2
INP6 CCPOS2_2 CCuse
INP7 EXINTO_1 SCU
Output GPO P1_DATA.P2 -
ALT1 MRST_2_0 SSC2
ALT2 COUT63_0 CCU6
ALT3 T30UT GPT12T3
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Table 8 Port 1 input/output functions (cont’d)

Port pin Input/output Select Connected signals From/to module
P1.3 Input GPI P1_DATA.P3 -
INP1 T6INB GPT12T6
INP2 - -
INP3 CC62_0 CCuU6
INP4 T6EUDB GPT12T6
INP5 - -
INP6 CCPOSO0_2 CCUs6
INP7 EXINT1_1 Scu
Output GPO P1_DATA.P3 -
ALT1 EXF21_1 Timer2l
ALT2 CC62_0 CCU6
ALT3 TXD2_1 UART2
P1.4 Input GPI P1_DATA.P4 -
INP1 EXINT2_1 SCU
INP2 T21EX_1 Timer21
INP3 T5EUDA GPT12T5
INP4 RxD1 UART1
INP5 T2INB GPT12T2
INP6 CCPOS1_2 CCuUs6
INP7 MRST_1_3 SSC1
Output GPO P1_DATA.P4 -
ALT1 CLKOUT_1 SCuU
ALT2 CouT62_0 CCU6
ALT3 RxD1 UART1/LIN_RxD
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14.3.3

Port 2

14.3.3.1 Port 2 functions

Table 9 Port 2 input functions
Port pin Input/output Select Connected signals From/to module
P2.0 Input GPI P2_DATA.PO -
INP1 CCP0OS0_3 CCU6
INP2 - -
INP3 T12HR_2 CCUb
INP4 EXINTO_O SCuU
INP5 CC61_2 CCU6
ANALOG ANO ADC1
P2.2 Input GPI P2_DATA.P2 -
INP1 CCPOS2_3 CCU6
INP2 T13HR_2 CCu6
INP3 - -
INP4 CC62_2 CCuU6
ANALOG AN2 ADC1
P2.3 Input GPI P2_DATA.P3 -
INP1 CCPOS1_0 CCU6
INP2 CTRAP#_1 CCus
INP3 T21EX_2 Timer21
INP4 CC60_1 CCU6
INP5 EXINTO_3 SCU
ANALOG AN3 ADC1
P2.4 Input GPI P2_DATA.P4 -
INP1 CTRAP#_0 CCU6
INP2 T2EUDB GPT12T2
INP3 MRST_1_1 SSC1
INP4 EXINT1_3 SCuU
ANALOG AN4 ADC1
P2.5 Input GPI P2_DATA.P5 -
INP1 RXD2_1 UART2
INP2 T3EUDB GPT12T3
INP3 MRST_2_1 SSC2
INP4 T2_1 Timer2
ANALOG AN5 ADC1
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15 General-purpose timer units (GPT12)

15.1 Features

15.1.1 Features of block GPT1

The following list summarizes the supported features:
+ feprisderived from PCLK
+ fgpr/4 maximum resolution
« 3independent timers/counters
« Timers/counters can be concatenated
+ 4 Operating modes:
- Timer mode
- Gated Timer mode
- Counter mode
- Incremental Interface mode
+ Reload and capture functionality
« Shared interrupt: node 0

15.1.2  Features of block GPT2
The following list summarizes the supported features:
 fgprisderived from PCLK
+  fepr/2 maximum resolution
« 2independent timers/counters
« Timers/counters can be concatenated
+ 3 Operating modes:
- Timer mode
- Gated Timer mode
- Counter mode
+ Extended capture/reload functions via 16-bit capture/reload register CAPREL
« Shared interrupt: node 1
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15.2 Introduction

The general-purpose timer unit blocks GPT1 and GPT2 have very flexible multifunctional timer structures
which may be used for timing, event counting, pulse-width measurement, pulse generation, frequency
multiplication, and other purposes.

They incorporate five 16-bit timers that are grouped into the two timer blocks GPT1 and GPT2. Each timer in
each block may operate independently in a number of different modes such as Gated Timer or Counter mode,
or may be concatenated with another timer of the same block.

Each block has alternate input/output functions and specific interrupts associated with it. Input signals can
be selected from several sources through the PISEL register.

The GPT module is clocked with clock f.pr. fopr is @ clock derived from PCLK.
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15.2.1 Block diagram of GPT1

The GPT1 block contains three timers/counters: The core timer T3 and the two auxiliary timers T2 and T4. The
maximum resolution is f;1/4. The auxiliary timers of GPT1 may optionally be configured as reload or capture
registers for the core timer.

T3CON.BPS1
y
foer > 2":1 Basic clock
. d - Interrupt request
uD Aux. timer T2 (T2|RQp) q
T2N [ > V)
mode
T2EWD [} p| contol Capture
Reload ; A
Toggle Latch
T3 >
TN (] > mode uD Core timer T3 T30TL  —»[] T30UT
control >
T3EUD L4 d Interrupt request
(T3IRQ)
Capture
> Reload V A
T4IN T4
mode
T4EUD control
> ' Interrupt request
» uD Aux. imer T4 (T4IR£) ;
Figure18 GPT1 block diagram (n=2...5)
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15.2.2 Block diagram of GPT2

The GPT2 block contains two timers/counters: The core timer T6 and the auxiliary timer T5. The maximum
resolution is f;pr/2. An additional capture/reload register (CAPREL) supports capture and reload operation
with extended functionality.

T6CON.BPS2
y
forr > 2":1 Basic clock
Toggle FF
y
12 uD Interrupt request
5N [ mode » GPT2 timer T5 M T5RG)
contol ( )
Clear
TSEUD [} JL
Capture v
L
CAPIN CAPREL A4
TN/ mode GPT2 CAPREL
control
T3EUD M4 Intermupt request
(CRIRQ)
\Z
Reload P o| Interrupt request
; (T6IRQ)
Clear ~
T6 » GPT2 timer T6 » T6OTL —[ ] T60UT
T6IN mode uD
control >
T6EUD »  T6OUF

Figure19 GPT2block diagram (n=1... 4)
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16 Timer2 and Timer21

16.1 Features

+ 16-bit auto-reload mode
- Selectable up- or down-counting
« One-channel 16-bit capture mode

16.2 Introduction

The timer modules are general-purpose 16-bit timers. Timer2 and Timer21 can function as timers or counters
in each of their modes. As timers, they count with an input clock of f, /12 (if the prescaler is disabled). As a
counter, Timer2 counts 1-to-0 transitions on pin T2. In the counter mode, the maximum resolution for

counting is foc /24 (if the prescaler is disabled).

16.2.1 Timer2 and Timer21 mode overview

Table 10 Timer2 and Timer21 modes

Mode Description

Auto-reload Up/down-count-disabled

« Counting up only.

+ Counting starts from the 16-bit reload value, overflow at FFFF,,.

+ Thereload event can be configured to be triggered only by the overflow condition
or by a negative or positive edge at the input pin T2EX as well.

+ Programmable reload value in register RC2.
+ Interruptis generated with reload events.
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Table 10 Timer2 and Timer21 modes (cont’d)

Mode Description

Auto-reload Up/down-count-enabled
+ Counting up or down, direction determined by level at input pin T2EX.
« Nointerrupt is generated.
« Countingup
- Counting starts from the 16-bit reload value, overflow at FFFF,,.
- Reload event triggered by overflow condition.
- Programmable reload value in register RC2.
+ Counting down
- Counting starts from FFFF,, underflow at value defined in register RC2.
- Reload event triggered by underflow condition.
- Reload value fixed at FFFF,,.
Channel capture + Counting up only.
+ Counting starts from 0000,,, overflow at FFFF,,.

+ Reload event triggered by overflow condition.

+ Reload value fixed at 0000,,.

« Capture event triggered by falling/rising edge at pin T2EX.
+ Captured timer value stored in register RC2.

« Reload or capture events generate interrupts.
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17 Timer3
17.1 Features

+ 16-bit incremental timer/counter (counting up)
+ Counting frequency up to £
» Selectable clock prescaler

+ Sixoperating modes

« Interrupt on overflow

« Interrupt on compare

17.2 Introduction

The possible applications for this timer include measuring the time interval between events, counting events,
and generating a signal at regular intervals.

Timer3 can function as a timer or a counter. When functioning as a timer, Timer3 is incremented in periods
based on the MI_CLK or LP_CLK clocks. When functioning as a counter, Timer3 is incremented in response to
a 1-to-0 transition (falling edge) at its configured input. Timer3 can be configured in four different operating
modes for a variety of applications (see Table 11).

The different operating modes allow the timer to be used for tasks such as:
« Simple measurements of the times between two events.

+ Triggering the measuring unit upon PWM/CCUG6 unit

+ Measurement of the 100 kHz LP_CLK2

17.3 Functional description

Six modes of operation are provided to enable using this timer for various tasks. In every mode, the clocking
source can be selected from MI_CLK and LP_CLK. In addition, a prescaler provides the capability to divide the
selected clock source by 2, 4, or 8. The timer counts upwards, starting with the value in the timer count
registers, up to the maximum countvalue, which depends on the selected mode of operation. Timer3 provides
two individual interrupts on counter overflow, one for the low-byte and one for the high-byte counter register.

17.3.1 Timer3 modes overview

The following table provides an overview of the timer modes together with the reasonable configuration
optionsin Table 11.

Table 11 Timer3 modes

Mode | Submode |Operation
0 No 13-bit timer
submode | The timer essentially operates an 8-bit counter with a divide-by-32 prescaler.

1 a 16-bit timer
The timer registers, TL3 and TH3, are concatenated to form a 16-bit counter.
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Table 11 Timer3 modes (cont’d)

Mode | Submode |Operation

1 b 16-bit timer triggered by an event

The timer registers, TL3 and TH3, are concatenated to form a 16-bit counter, which is
triggered by an event to enable a single-shot measurement on a preset channel with the
measurement unit.

2 No 8-bit timer with auto-reload
submode |The timer register TL3 is reloaded with a user-defined 8-bit value in TH3 on overflow.

3 a Timer3 operating as two 8-bit timers
The timer registers TL3 and TH3, operate as two separate 8-bit counters.

3 b Timer3 operating as two 8-bit timers for clock measurement

Thetimer registers, TL3 and TH3, operate as two separate 8-bit counters. In this mode, the
LP_CLK2 low power clock can be measured. TL3 acts as an edge counter for the clock
edges and TH3 measures the interval between the edges.
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18 Capture/compare unit 6 (CCU6)

18.1 Feature set overview

This section gives an overview over the different building blocks and their main features.

Timer12 block features

+ Three capture/compare channels. Each channel can be used either as capture or as compare channel.
+ Supports three-phase PWM (six outputs with separate signals for high-side and low-side switches).
« 16-bit resolution, maximum count frequency = peripheral clock.

+ Dead-time control for each channel to avoid short-circuits in the power stage.

+ Concurrent update of the T12 registers.

+ Center-aligned and edge-aligned PWM can be generated.

+ Single-shot mode is supported.

« Start can be controlled by external events.

+ External events can be counted.

« Multiple interrupt request sources.

« Hysteresis-like control mode.

Timer13 block features

+ Oneindependent compare channel with one output.

« 16-bit resolution, maximum count frequency = peripheral clock.
« Concurrent update of T13 registers.

« Canbesynchronized to T12.

+ Interrupt generation at period-match and compare-match.

+ Single-shot mode is supported.

« Start can be controlled by external events.

« Capability of counting external events.

Additional specific functions

+ Block commutation for brushless DC-drives implemented.

+ Position detection via hall-sensor pattern.

+ Noise filter for position input signals supported.

« Automatic rotational speed measurement and commutation control for block commutation.
+ Integrated error handling.

+ Fastemergency stop without CPU load via external signal (CTRAP).

« Control modes for multi-channel AC drives.

+ Output levels can be selected and adapted to the power stage.
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18.2 Introduction

The CCU6 unitis made up of the T12 timer block with three capture/compare channels and the T13 timer block
with one compare channel. The T12 channels can independently generate PWM signals or accept capture
triggers, or they can jointly generate control signal patterns to drive DC motors or inverters.

A rich set of status bits, synchronized updating of parameter values via shadow registers, and flexible
generation of interrupt request signals provide efficient software control.

Note: The capture/compare module itself is referred to as CCU6 (capture/compare unit 6). A
capture/compare channel inside this module is referred to as CCéx.

The timer T12 can work in capture and/or compare mode for its three channels. The modes can also be
combined (e.g., a channel works in compare mode, whereas another channel works in capture mode). The
timer T13 can work only in compare mode. The multi-channel control unit generates output patterns which
can be modulated by T12 and/or T13. The modulation sources can be selected and combined for modulating
signals.
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18.2.1 Block diagram
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Figure20 CCU6 block diagram
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19 UART1/UART2

The description in this chapter applies to both UART1 and UART2.

19.1 Features

+ Full-duplex asynchronous modes
- 8-bit or 9-bit data frames, LSB first.

- Fixed or variable baud rate.

« Receive-b

uffered.

« Multiprocessor communication.

+ Interrupt are generated when data transmission or receptions are complete.

+ Baud-rate generator with fractional divider for generating a wide range of baud rates.

« Hardware logic for break and synch byte detection.

19.2 |

ntroduction

The UART provides a full-duplex asynchronous receiver/transmitter, i.e., it can transmit and receive
simultaneously. It is also receive-buffered, i.e., it can commence reception of a second byte before a
previously received byte has been read from the receive register. However, if the first byte still has not been
read by the time when the reception of the second byte is complete, one of the bytes will be lost. The serial
port receive and transmit registers are both accessed through the special function register (SFR) SBUF. Writing
to SBUF loads the transmit register, and reading SBUF accesses a physically separate receive register.

19.2.1 Block diagram

UART disreq from SCU_DM

RI TXD
scu_om [* > XD >
Interrupt > RXD_0
control |y Tl - RXD | URIOS i;
N RXD_1
SCU_DM -
- —’l I P0O.x
UART Port control
module 4_>D P1.x
Clock fuarr2 . Baud rate ¢ D P2
control " - Jox generator *
Address RXDO_2
decoder "
AHB interface UART SCU_DM GPIOs
Figure21  UART block diagram
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19.3 UART modes

The UART can be used in four different modes. In mode 0, it operates as an 8-bit shift register. In mode 1, it
operates as an 8-bit serial port. In modes 2 and 3, it operates as a 9-bit serial port. The only difference between
mode 2 and mode 3 is the baud rate, which is fixed in mode 2 but variable in mode 3. The variable baud rate is
set by the underflow rate on the dedicated baud-rate generator.

The different modes are selected by setting bits SMO and SM1 to the appropriate values, as shown in Table 12.

Table 12 UART modes

SMO SM1 | Operating mode Baud rate
0 0 Mode 0: 8-bit shift register focik/2

0 1 Mode 1: 8-bit shift UART Variable

1 0 Mode 2: 9-bit shift UART focik/64

1 1 Mode 3: 9-bit shift UART Variable

UART1 is connected to the integrated LIN transceiver, and to GPIO for test purposes. UART2 is connected to
GPIO only.
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20 LIN transceiver

20.1 Features

General functional features

(infineon

« Compliant with the LIN2.2 standard, backward-compatible with LIN1.3, LIN2.0, and LIN 2.1

« Compliant with SAE J2602 (slew rate, receiver hysteresis)

Special features

+ Measurement of the LIN master baudrate via Timer2
« LIN can be used as input/output with SFR bits

« TxD timeout feature (optional, on by default)

Operation mode features

+ LIN Sleep mode (LSLM)

« LIN Receive-Only mode (LROM)

« LIN Normal mode (LNM)

+ High voltage input/output mode (LHVIO)

Supported baud rates

+ Mode for transmission with up to 10.4 kilobaud
« Mode for transmission with up to 20 kilobaud

« Mode for transmission with up to 40 kilobaud

+ Mode for transmission with up to 115.2 kilobaud

Slope mode features

« Normal Slope mode (20 kbit/s)
+ Low Slope mode (10.4 kbit/s)

« Flash mode (115.2 kbit/s)

Wake-up features

« LIN bus wake-up
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20.2 Introduction

The LIN module is a transceiver for the Local Interconnect Network (LIN), compliant with the LIN2.2 standard
and backward-compatible with LIN1.3, LIN2.0 and LIN2.1. It operates as a bus driver between the protocol
controller and the physical network. The LIN bus is a single-wire, bidirectional bus typically used for in-vehicle
networks, using baud rates between 2.4 kilobaud and 20 kilobaud. Additionally, baud rates up to

115.2 kilobaud are implemented.

The LIN module offers several different operation modes, including a LIN Sleep mode and the LIN Normal
mode. The integrated slope control allows using several data transmission rates with optimized EMC
performance. For data transfer at the end of line, a Flash mode up to 115.2 kilobaud is implemented. In
specific conditions, this Flash mode supports data rates of up to 250 kbit/s. (In production environments, in
point-to-point communications with reduced wire lengths and limited supply voltages.).

20.2.1 Block diagram
VS
@)
LIN transceiver
Reus LIN.CTRL_STS
LN [ I
CTRL
| Driver, current LIN-FSM - TXIlDJ_A1RT
< | limiter, and TSD STATUS om
GND_LIN [}
[22]
Transmitter P e
= &
— RxD_1to UART
1 ! and TIMER2,
» pinT2EX
_ . (T2EXCON=0,
T2EXIS=0)
Filter Receiver
J]_ i » LIN_Wake
Sleep comparator
GND_LIN
Figure22  LIN transceiver block diagram
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21 High-speed synchronous serial interface (SSC1/SSC2)

21.1 Features

+ Master and Slave mode operation
- Full-duplex or half-duplex operation
« Transmit- and receive-buffered
+ Flexible data format
- Programmable number of data bits: 2 to 16 bits
- Programmable shift direction: least significant bit (LSB) or most significant bit (MSB) shift first
- Programmable clock polarity: idle low or high state for the shift clock
- Programmable clock/data phase: data shift with leading or trailing edge of the shift clock
+ Variable baud rate
« Compatible with Serial Peripheral Interface (SPI)
+ Interrupt generation
- Ona “transmitter empty” condition
- Ona “receiver full” condition
- Onanerror condition (receive, phase, baud rate, or transmission error)
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21.2 Introduction

The high-speed synchronous serial interface (SSC) supports both full-duplex and half-duplex serial
synchronous communication. The serial clock signal can be generated by the SSC internally (Master mode),
using its own 16-bit baud rate generator, or can be received from an external master (Slave mode). Data width,
shift direction, clock polarity, and phase are programmable. This allows communication with SPI-compatible
devices as well as devices using other synchronous serial interfaces.

Data is transmitted or received on the TXD and RXD lines, which are normally connected to the MTSR (Master
Transmit, Slave Receive) and MRST (Master Receive, Slave Transmit) pins. The clock signal is output via the
MS_CLK (Master Serial Shift Clock) line or input via the SS_CLK (Slave Serial Shift Clock) line. Both lines are
normally connected to the SCLK pin. Transmission and reception of data are double-buffered.

21.2.1 Block diagram

Figure 23 shows all functionally relevant interfaces associated with the SSC kernel.
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Figure23  SSCinterface diagram
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22 Measurement unit

22.1 Features

+ 1x8-bit ADC with 10 inputs. Attenuators allow measuring high-voltage input signals.

« Supply voltage attenuators for attenuating VS, VDDP and VDDC.

« VBG monitoring of the 8-bit ADC to guarantee functional safety requirements.

+ Bridge driver diagnosis measurement (VDH, VCP).

+ Temperature sensor for monitoring the chip temperature and PMU regulator temperature.
+ BEMF comparators for triggering commutation in BLDC applications.

+ Supplement block with reference voltage generation, bias current generation, voltage buffer for NVM
reference voltage, voltage buffer for analog module reference voltage, and a test interface.

22.2 Introduction

The measurement unit is a functional unit that comprises the following submodules:

Table 13 Measurement functions and associated modules

Module name Module Functions
Central function |Bandgap reference circuit The bandgap reference submodule provides two
unit reference voltages:

1. Atrimmable reference voltage for the 8-bit ADC. A
local dedicated bandgap circuit ensures that the
reference voltage does not drop, e.g., because of
crosstalk or ground voltage shift.

2. The reference voltage for the NVM module.

8-bit ADC (ADC2) |8-bit ADC module with 10 + 5high-voltage inputs supporting the full supply
multiplexed inputs and including range (2.5V...30.7 V(FS))

high-voltage input attenuators « 2 medium-voltage inputs (0..5 V/7 VFS).
+ 3low-voltage inputs (0..1.2V/1.6 VFS)
(See the following figure for the allocation of the

inputs).

10-bit ADC (ADC1) | 10-bit ADC module with 8 Five (5V) analog inputs from port 2.x.

multiplexed inputs
14 Bit ADCs 14 Bit Sigma Delta ADC module Two differential analog inputs from Port 2.x
(ADC3, ADC4)
VDH input VDH input voltage attenuator Scales down V(VDH) to the input voltage range of
voltage ADC1.CHS6.
attenuator
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Table 13 Measurement functions and associated modules (cont’d)

Module name Module Functions
Temperature Temperature sensor with two Generates an output voltage that is a linear function
sensor multiplexed sensing elements: of the local chip (junction) temperature.
+ Sensor located on the PMU
+ Sensor located on the central
chip
BEMF Back electromotive force Comparators are used to detect the back
comparators comparators electromotive force (zero-crossing event), which can
be used as a commutation trigger for BLDC
applications.
Core Digital signal processing and ADC2 | 1. Generates the control signal for the 8-bit ADC2
measurement control unit and the synchronous clock for the switched
module capacitor circuits.
2. Performs digital signal processing functions and
provides status outputs for interrupt generation.
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22.2.1 Blockdiagram
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22.2.1.1 BEMF comparator block diagram
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23 Measurement core module (incl. ADC2)

23.1 Features

+ 10individually programmable channels, split into two groups of user-configurable and non-configurable
channels, respectively.

+ Individually programmable channel prioritization scheme for the measurement unit.

+ Two independent filter stages with programmable low-pass and time filter characteristics for each
channel.

+ Two channel configurations:
- Programmable upper- and lower trigger thresholds comprising a fully programmable hysteresis.
- Two individually programmable trigger thresholds with limit hysteresis settings.

+ Individually programmable interrupts and statuses for all channel thresholds.

23.2 Introduction

The basic function of this block is the digital postprocessing of several digitized analog measurement signals
by filtering, level comparison, and interrupt generation. The measurement postprocessing block consists of
ten identical channel units attached to the outputs of the 10-channel 8-bit ADC (ADC2). It processes ten
channels, where the channel sequence and prioritization is programmable within a wide range.

23.2.1 Block diagram
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