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Microcontroller with LIN and H-Bridge MOSFET Driver TLE986xQX
for Automotive Applications

A=\ RoHS
Qualified

1 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 128 kByte Flash including
4 kByte EEPROM (emulated in Flash)
512 Byte 100 Time Programmable Memory (100TP) VQFN-48-31
up to 6 kByte 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)
* 16-bit timers - GPT12, Timer 2, Timer 21 and Timer 3
» Capture/compare unit for PWM signal generation (CCUG)
» 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 TLE9861 variants
» Bidirectional PWM interface, TLE9861 variants
* 1 high voltage monitoring input
» Single power supply from 5.5V 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
» 5V voltage supply for external loads (e.g. Hall sensor)
» Core logic supply at 1.5V
* 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

Type Package Marking
TLE986xQX VQFN-48-31
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. TLE986xQX

» 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

+ Temperature Range T,: -40 °C up to 150 °C
+ Package VQFN-48 with LTI feature

» Green package (RoHS compliant)

AEC qualified

1.1 TLE986xQX product variants

This chapter lists the product variants for which this document applies to.

111 TLE986xQX Grade 1 derivates

The following table lists the Grade 1 derivates.

Table 1 Grade 1 derivates

Product Name Max. operating Flash Size [KB] RAM Size [KB]
Frequency [MHz]

TLE9861QXA20 24 36 3

TLE9867QXA20 24 64 6

TLE9867QXA40 40 64 6

TLE9869QXA20 24 128 6

1.1.2 TLE986xQX Grade 0 derivates
The following table lists the Grade 0 derivates.

Table 2 Grade 0 derivates

Product Name Max. operating Flash Size [KB] RAM Size [KB]
Frequency [MHz]
TLE9861QXW20 24 36 3
TLE9863QXW20 24 48 3
TLE9867QXW20 24 64 6
TLE9869QXW20 24 128 6
User’s Manual 14 Rev. 1.3, 2017-06-27
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1.2 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 Memory Control 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

0OsC Oscillator

User’s Manual
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Table 3 Acronyms

Acronyms Name

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

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
TMS Test Mode Select

TSD Thermal Shut Down

UART Universal Asynchronous Receiver Transmitter
VBG Voltage reference Band Gap

VCO Voltage Controlled Oscillator

VPRE Pre Regulator

WDT Watchdog Timer in SCU-DM

WDT1 Watchdog Timer in SCU-PM

WMU Wake-up Management Unit

100TP 100 Time Programmable

User’s Manual
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Block Diagram
2 Block Diagram
™S P00
A A
Y Y
TEST / DEBUG
INTERFACE
ARM HDMA
CORTEX-M3 CONTROLLER FLASH SRAM | | ROM
ﬁsystembus ﬁslave ﬁslave ﬁslave ﬁslave
Multilayer AHB Matrix |
ﬁslave ﬁslave
PBAO PBA1
VAREF <> — pas SCU_DM
GND_REF <{— (—)
[ UARTT [ — <— XTAL1
MU-VAREF PLL |l XTAL2
P2.0, P22, P23, P24, P25 [ UART2 [ <l
> ADC 1 <!> P0.1-P0.4
ANO, AN2, AN3, AN4, AN5 (— K== GPT12 —— GPIO
ANC, ' ' ' ) [ DPP1 _ ssc1 k— «» P10-P1.4
o
= 7 — <> LIN
VDH —lo» = | 852 (=) N > GND_LIN
Gz <> (7}
Sri > K MF;\AAL\JDCZ
G2 | MOSFET (— k— ccus 21—k «|— VBAT_SENSE
GH1 <af»| Driver <.|| DPP2
SCU_DM P
SHI <> (—) H oPAMP |[ 2
Gl <> WDT [ OP2
SL = <l
: SCU_PM PMU- [*T™ VS
VCP <l p}feeeees H WDT1/ | f— Power [«» RESET
VSD <« CLKWDT K——) Control [«t{» VDDEXT
CP2H > — System a4 VDDP
CP2L <> d g - Funcions |41 vDDC
CPIH <l Controller
Dl ~ ¢—>[ MON ]a{— MON
CPIL <t — (— _MON_ |«
N

Figure 1 Block Diagram, for all TLE986x derivates except TLE9861
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Block Diagram
T™S P0.0
A A
A A
TEST / DEBUG
INTERFACE
ARM MICRO DMA
CORTEX-M3 CONTROLLER FLASH SRAM ROM
ﬁsystembus ﬁslave ﬁslave ﬁslave ﬁslave
| Multilayer AHB Matrix |
ﬁslave ﬁslave
PBAO PBA1
VAREF <> SCU_DM
GNDREF =1 R |l XTAL2
MU-VAREF <>
P2.0,P22,P23,P24,P25 | [ UART2 |k— <> P01- P04
(ANO, AN2, AN3, AN4, AN5) | | ADCT |l li—"GPT12 | GPlO S
r DPP1 SSC1 K— <> P10-P1.4
)
o <» PWM_IO
VDH —lon- z S e I » GND_PWM
o2 <= ° 7 — )
H2 > 3
K—> > |[MF/ADC2
G2 -a{»{ MOSFET (—) k== cCu6 121 z <|— VBAT_SENSE
GH1 -t Driver i DPP2
> < SCU_DM < op
ZI-S > . (— { OPAMP ([T opy
SLo= : SCU_PM PMU- 1™ VS
VCP <atpfieeeer WDT1/ | |— Power [<® RESET
VSD a{» CLKWDT N— gontirol -«{» VDDEXT
CP2H <> P |— ystem | VDDP
CP2L <f» WDMA |0 Functions |41 vDDC
CPIH <l Controller
i e {—{ MON — MON
@i > I
N
TLE9861 _block_diagram_bus_architecture.vsd

Figure 2 Block Diagram, for TLE9861 variants only
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Device Pinout and Pin Configuration

3 Device Pinout and Pin Configuration
3.1 Device Pinout
W 9 5
5 & 1
8NoEBEQxedS 0o
cRsSGRRARGEacr
© v g N N O O 0 I~ O U
M ™ M MO MO o N N N N
PIF || e e e[| 24P03
VDDC 38 I EP : 23 P0.1
GND 39 | I 22 RESET
VDDP 40 | | 21 P0.0
VDDEXT 41 : I |20 TMs
GND_LIN 42 I : 19 GND
LN 43 ([ ] TLE 986x | ||1epos
voHa4 || | |[7Pr2
VS 45 : | 16 P1.1
VBAT _SENSE 46 | : 15P1.0
VSD 47 (5 | 14 MON
~ N o < Yo © M~ O O O «~ «
| E‘) T =1 N N ~ «~ — —
- N N c I T T T -2 5 W
Note: = Low voltage pins 5 > % ?5 w o n o9 =g

Figure 3 Device Pinout, for TLE986x derivates except TLE9861
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Device Pinout and Pin Configuration

OP137

VDDC 38
GND 39
VDDP 40
VDDEXT 41
GND_PWM 42
PWM_IO 43
VDH 44

VS 45

VBAT _SENSE 46
VSD 47
CP1H 48

Note: = Low voltage pins

36 OP2
35 P2.3

29 P2.0/XTALA1

34 VAREF

33 GND_REF
31 P25

30 P2.2/XTAL2
28 GND

27 P14

26 P1.3

25 P0.2

32P24

B

[e——————————-

TLE 9861

CP2H 3
CP2L4
nu5
SH26
GH2 7
SH1 8
GH1 9
SL10
nu11

GL212

24 PO.3
23 P0.1
22 RESET
21 P0.0
20 TMS
19 GND
18 P0.4
17 P1.2
16 P1.1
15 P1.0
14 MON
13 GL1

Figure 4
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Device Pinout and Pin Configuration

3.2 Pin Configuration
After 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 (1)

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

The functions and default states of the TLE986xQX external pins are provided in the following table.
Type: indicates the pin type.

* 1/O: Input or output
* |: Input only

* O: Output only

* P: Power supply

Not all alternate functions listed.

Table 4 Pin Definitions and Functions
Symbol Pin Number | Type |Reset |Function
State”
PO Port 0
Port 0 is a 5-bit bidirectional general purpose I/O port. Alternate
functions can be assigned and are listed in the port description.
Main function is listed below.
PO.0 21 110 I/PU SWD Serial Wire Debug Clock
PO0.1 23 110 I/PU GPIO General Purpose 10
Alternate function mapping see Table 83
P0.2 25 110 I/PD GPIO General Purpose 10
Alternate function mapping see Table 83
Note: For a functional SWD connection this
GPIO must be tied to zero!
P0.3 24 I/O I/PU GPIO General Purpose |10
Alternate function mapping see Table 83
P0.4 18 I/O I/PD GPIO General Purpose |10
Alternate function mapping see Table 83
P1 Port 1
Port 1 is a 5-bit bidirectional general purpose I/O port. Alternate
functions can be assigned and are listed in the Port description.
The principal functions are listed below.
P1.0 15 I/O I GPIO General Purpose IO
Alternate function mapping see Table 86
P1.1 16 I/O I GPIO General Purpose IO
Alternate function mapping see Table 86
P1.2 17 I/O I GPIO General Purpose |10
Alternate function mapping see Table 86
P1.3 26 I/O I GPIO General Purpose |0, used for Inrush Transistor
Alternate function mapping see Table 86
P1.4 27 I/O I GPIO General Purpose |10
Alternate function mapping see Table 86
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Table 4 Pin Definitions and Functions (cont'd)
Symbol Pin Number | Type |Reset |Function
State”
P2 Port 2
Port 2 is a 5-bit general purpose input-only port.
Alternate functions can be assigned and are listed in the Port
description. Main function is listed below.
P2.0/XTAL1 29 I/l I ANO ADC analog input 0
Alternate function mapping see Table 89
P2.2/XTAL2 30 I/0 I AN2 ADC analog input 2
Alternate function mapping see Table 89
P2.3 35 I I AN3 ADC analog input 3
Alternate function mapping see Table 89
P2.4 32 I I AN4 ADC analog input 4
Alternate function mapping see Table 89
P2.5 31 I I AN5 ADC analog input 5
Alternate function mapping see Table 89
Power Supply
VS 45 P - Battery supply input
VDDP 40 P - 2)1/0 port supply (5.0 V). Connect external buffer capacitor.
VvDDC 38 P - 3)Core supply (1.5 V during Active Mode).
Do not connect external loads, connect 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 - | High Voltage Monitor Input

LIN Interface, excluding TLE9861 variants

LIN 43 I/O - LIN bus interface input/output

GND_LIN 42 P - LIN ground

PWM Interface, TLE9861 variants only

PWM_IO 43 I/O - PWM interface input/output

GND_PWM 42 P - PWM ground

Charge Pump

CP1H 48 P - Charge Pump Capacity 1 High, connect external C
CP1L 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

VSD 47 P - Battery supply input for Charge Pump

MOSFET Driver

User’s Manual
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Table 4 Pin Definitions and Functions (cont'd)
Symbol Pin Number | Type |Reset |Function
State”

VDH 44 P - Voltage Drain High Side MOSFET Driver
SH2 P - Source High Side FET 2
GH2 P - Gate High Side FET 2
SH1 P - Source High Side FET 1
GH1 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
Others
GND_REF 33 P - GND for VAREF
VAREF 34 I/O - 5V ADC1 reference voltage, optional buffer or input
OP1 37 I - Negative operational amplifier input
OP2 36 I - Positive operational amplifier input
TMS 20 I I/PD TMS Test Mode Select input

I/O SWD Serial Wire Debug input/output
RESET 22 I/0 - Reset input, not available during Sleep Mode
VBAT_SENSE |46 I - Battery supply voltage sense input
EP - - - Exposed Pad, connect to GND

1

3

User’s Manual
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) Also named VDD1V5.
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Modes of Operation

4 Modes of Operation

This 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 an H-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 is 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).

Featuring LTI, the integrated circuit is available in a VQFN-48-31 package with 0.5 mm pitch, and is designed to
withstand the severe conditions of automotive applications.

The TLE986xQX 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 TLE986xQX 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 faster wake-up response times. Wake-up from this mode is possible through LIN bus activity, by using
the high-voltage monitoring pin or 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 done 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 done 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 the lowest system power consumption. A wake-up from this mode is possible
by LIN bus activity, the High Voltage Monitor Input pin or Cyclic Wake-up.

Sleep Mode in Case of Failure
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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 1s of wake 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 and 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 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 SW e.g. for counting sleep/wake cycles.

MCU Slow Down Mode

In MCU Slow Down Mode the MCU frequency is reduced for saving 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 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 max. configurable dead time setting.

The following table shows the possible power mode configurations including the Stop Mode.

Table 5 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/ wake-up only/ -
OFF OFF
VS sense ON/OFF brownout detection |POR on VS brownout det. done in
brownout PCU
detection
VBAT_SENSE ON/OFF OFF OFF -
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/ |-
cyclic sense/OFF OFF
Measurement ON" OFF OFF -
MCU ON/slow- STOP? OFF -
down/STOP
CLOCK GEN (MC) ON OFF OFF -

User’s Manual 25 Rev. 1.3, 2017-06-27



@ineon
-

TLE986xQX

Modes of Operation

Table 5 Power Mode Configurations (cont’d)

Module/Function Active Mode | Stop Mode Sleep Mode Comment
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) MC PLL clock disabled, MC supply reduced to 0.9 V

Wake-Up Levels and Transitions

The wake-up can be triggered by rising, falling or both signal edges for the monitor input, by LIN or by cyclic wake-

up.
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Device Register Types

The following register types are used within this device. List see in Table 6.

Table 6 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; protection can be removed by writing scu
password.

rwh yes no yes bit can be written by hardware and software; hardware
has priority

rwh1 yes no yes bit can be set by software and is cleared by hardware;
hardware has priority.

rwc yes no yes bit can be written by hardware and software; writing to
register with any value clears the status.

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

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

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.

wh yes no yes bit can be written by hardware and software; hardware
has priority

wi no yes yes bit can be written by hardware or software; this bit can only

be set by software; it is cleared by hardware.
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6 Power Management Unit (PMU)

6.1 Features

System modes 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

6.2 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 functionalities especially the reset behavior of the
embedded MCU. All these functions are controlled by a state machine. The system master functionality of the
PMU make use of 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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6.2.1 Block Diagram
The following figure shows the structure of the Power Management Unit. Table 7 describes the submodules in
more detail.
| T VS
P Down Suppl K—)| K= VDDP
oWerbown suppy Power Supply Generation Unit
(PGU)
* VDDC
|
e.q for WDT1 |« LP_CLK ’# y
Peripherals | K—) E
eg. foreydic | o oK R DO Tor Exema Supply |1 VDDEXT
wake and sense | - N
A
L
PMU-PCU (—— BK—) PMU-SFR
U
MON [} S
N (—) PMU-CMU
PO.0. P04 PMU-WMU K
P1.0..P14 — PMU-RMU
PMU-Control
Power Management Unit
Power_Management 7x vsd
Figure 5 Power Management Unit Block Diagram
Table 7 Description of PMU Submodules
Mod. Modules Functions
Name

Power Down

Independent supply voltage

This supply is dedicated to the PMU to ensure an

Supply generation for PMU independent operation from generated power supplies
(vDDP, VDDC).
LP_CLK - Clock source for all PMU This ultra low power oscillator generates the clock for the
(= 18 MHz) submodules PMU.
- Backup clock source for System | This clock is also used as backup clock for the system in
- Clock source for WDT1 case of PLL Clock failure and as an independent clock
source for WDT1.
LP_CLK2 Clock source for PMU This ultra low power oscillator generates the clock for the
(= 100 kHz) 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 7 Description of PMU Submodules (cont'd)

Mod. Modules Functions

Name

Power Supply |Voltage regulators for VDDP and This block includes the voltage regulators for the pad

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

Unit (PGU)

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

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

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 wake-up related

PMU actions 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 register.

User’'s Manual

30 Rev. 1.3, 2017-06-27



@I neon TLE986xQX

Power Management Unit (PMU)

6.2.2 PMU Modes Overview

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

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

LIN-wake or
MON-wake
or
cyclic-wake

VDDC =stable and
error_supp<5

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

error_supp=5

Sleep command (from MCU) or
WDT1_SEQ_FAIL = 1 (= error wdt = 5)
or
VDDC / VDDP = overload

LIN-wake or PMU_PIN= 1or

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

SUP_TMOUT =1

Stop
command
(from MCU)

cyclic-sense

Figure 6 Power Management Unit System Modes

Active Mode

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

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 7 shows the Sleep Mode entry procedure.
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PMCONO XXH X 024
LP_CLK
|
A VDDPOUT switched off with
VDDP } AVDDPSTB PMCONO.SL = 1

VDDPOUT e <

VDDPOK [— —_F ——————————

VDDPUV f — = — = —— —— —— — — — ==

A

vDDC

VDDCOUT — VDDC switched off with VDDPOK

VODCW t — — ———— — — — — — _——

\ /
Supply Status stable t?fr?sp. X\ slee[/

RESET_PIN actived with
RESET Pin VDDPUV or VDDCUV

System State Active V Sleep

Timing_Diagram_Sleep_Mode_Entry_Customer1.vsd

Figure 7  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 8 illustrates the wake via LIN.
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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).

The wake-up procedure from Sleep Mode via MON pins (instead of LIN) follows the same sequence as shown in
Figure 8.

Wake Event

LP_CLK

VDDP A
VDDPOUT | o= ———————————————— ———

VDDPOK § —\= — — — — — — — —

vDDC 4
VDDCOUT : 1— _A\E)D_CS_TB_ ————————————

>
Supply Status fail stable

! RESET Pin released with
RESET Pin {U VDDPOK and VDDCSTB

PMU_RESET_STS1 XXH X 044

System State Sleep >< Start-up \X Active

Timing_Diagram_Sleep_mode_Exit_Customer1.vsd

/—\

Figure 8  Sleep Mode LIN Wake-Up Timing
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The arrows in the diagram above display a causal connection between the various steps and not necessarily a
voltage based connection.

Stop Mode (also named Power Down 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 goes from 1.5V
to 0.9 V with the objective to reduce leakage current as much as possible. During the Stop Mode the dynamic
behavior (load jumps) of the PMU internally generated voltage supplies are 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.

User’'s Manual 34 Rev. 1.3, 2017-06-27



. TLE986xQX
(infineon.

Power Management Unit (PMU)

PMCONO XXH % 04y

LP_CLK2 m m

-

LP_CLK tCYC_SENSE

VDDEXTA

VDDEXT \ |—| |—|
VDDP} >
VvDDC

VDDPOUT

\ \4 VDDC reduced with

R Wy PNICONO.PD = 1
voocouyr_ | N =
STOP_RED
N/ g
System State active X stop % stop
trans.

Timing_Diagram_Stop_Mode_Entry_Customer1.vsd

Figure 9  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
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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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6.3 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.

VS
?
I
VPRE
Power Down Supply —e V'gep VD?\EXT [*1 VDDEXTJ_
> Cuopext —-l—
GND (Pin 39)
Y VDDP
N o
Cuvoor
——l_GND (Pin 39)
VDDC py__ VDDC
PMU-PCU —e 15V @) ~ -4
- ——l_GND (Pin 39)
Power Supply Generation (PSG)
PMU

Figure 10 Power Supply Generation Block Diagram

6.3.1 Voltage Regulator 5.0V (VDDP)

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

Features

* 5V low-drop voltage regulator
» Overcurrent monitoring and shutdown with MCU signaling (interrupt)
» Overvoltage monitoring with MCU signaling (interrupt)
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Undervoltage monitoring with MCU signaling (interrupt)

Undervoltage monitoring with reset (Undervoltage Reset, Vpppyy)

* Pre-Regulator for VDDC Regulator

*  GPIO Supply

» Pull Down Current Source at the output for Sleep Mode only (typ. 5 mA)

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

VDDP Regulator
1
VS N
[]_ VPRE _ @ E] VDDP
| 1 l Cvoor —-l—
v GND (Pin 39)
A
5VLDO -
A
A A
LDO Supervision
A \
5 <
o @)
= =
> 4
oI OI
3 =
:)I DI
= =
o o

Figure 11 Module Block Diagram of VDDP Voltage Regulator
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6.3.2 Voltage Regulator 1.5V (VDDC)

This module represents the 1.5V voltage regulator, which provides the supply for the microcontroller core, 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 0.9 V.

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 yA)

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

VDDC Regulator

VDDP (5V) VDDC (15V)

Yy
V) A4

-
A

L J
> AN
|_..

A

Cvoop _I_ — . v

1.5V LDO

Cvooc ——=
L GND (Pin 39

A

-
Lt

LDO Supervision

-l
-

PMU_1V5_OVERVOLT

PMU_1V5_OVERLOAD |«

Figure 12 Module Block Diagram of VDDC Voltage Regulator

User’'s Manual 39 Rev. 1.3, 2017-06-27



@I neon TLE986xQX

Power Management Unit (PMU)

6.3.3 External Voltage Regulator 5.0V (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.

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 pA)
Cyclic sense option together with GPIOs

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

VDDEXT Regulator
A
VS N
O VPRE ’ ® [} VODEXT
l I l Cvppext —-l—
v GND (Pin 39)
\J
5VLDO -
A
Y Y
LDO Supervision
y \ 4
g [m]
'_
x > §
T & &
2 = >
2 o ©;
5 2 X
;' O 'Gl
o < &
g 2 -
= S

Figure 13 Module Block Diagram of External Voltage Regulator

VDDEXT provides three diagnostic features:

«  VDDEXT Overvolt
 VDDEXT Overload
« VDDEXT Short
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VDDEXT Overvolt detects a reverse supply of the VDDEXT above 5.4V, refere 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 50mA, refere 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 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 5V the VDDEXT operates in low-drop-out mode, the output voltage of VDDEXT
follows the VS with a drop of 300..400mV (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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6.3.4 PMU Register Overview

Table 8 Register Address Space for PMU Registers

Power Management Unit (PMU)

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

The registers are addressed wordwise.

6.3.5 Register Definition

Table 9 Register Overview

Register Short Name ‘ Register Long Name

‘ Offset Address ‘ Reset Value

Register Definition, Power Supply Generation Register

PMU_SUPPLY_STS |Voltage Reg Status Register 004, | 00xx 00xxg
Register Definition, VDDEXT Control Register
VDDEXT_CTRL ‘VDDEXT Control Register ‘ 008, ‘ xxxx 0000g

The registers are addressed wordwise.

6.3.5.1 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 reset by

RESET_TYPE_0.

PMU_SUPPLY_STS Offset Reset Value
Voltage Reg Status Register 004, 00xx 00xxg
7 6 5 4 3 2 1 0

PMU_5V_ | PMU_5V_ | PMU_5V_ PMU_1V5 | PMU_1V5 | PMU_1V5
Res FAIL_EN | OVERLOA | OVERVOL Res _FAIL_LE | _OVERLO | _OVERVO
D T N AD LT
r rw r r r rw r r
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Field

Bits

Type

Description

Res

Reserved
Always read as 0

PMU_5V_FAIL_EN

Enabling of VDDP status information as interrupt
source

Og No interrupts are generated

15 Interrupts are generated

PMU_5V_OVERLOAD

Overload at VDDP regulator

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

Og No overload
1g Overload

PMU_5V_OVERVOLT

Overvoltage at VDDP regulator
Og No overvoltage
1g Overvoltage

Res

Reserved
Always read as 0

PMU_1V5_FAIL_EN

Enabling of VDDC status information as interrupt
source

Og No interrupts are generated

18 Interrupts are generated

PMU_1V5_OVERLOAD

Overload at VDDC regulator

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

Og No overload
18 Overload

PMU_1V5_OVERVOLT

Overvoltage at VDDC regulator
Og No overvoltage
15 Overvoltage
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Figure 14 VDDP
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Figure 15 VDDC
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6.3.5.2 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 (range 1 is Vppexr £ 250 mV, range 2 is Vppexr £ 500 mV)
which serve as a supply prewarning. Both cases are indicated by the bits VDDEXT_STABLE and VDDEXT_OK.

VDDEXT Control

The register is reset by RESET_TYPE_3.

The status flag SHORT leads to a shutdown off VDDEXT. To re-enable VDDEXT the SHORT flag needs to be
cleared.

VDDEXT_CTRL Offset Reset Value
VDDEXT Control 008,, xxxx 00005
7 6 5 4 3 2 1 0
STABLE OK OVEELOA OVE$VOL 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

18 VDDEXT Voltage inside of specified range
Og VDDEXT Voltage outside of specified range

OK 6 r VDDEXT Supply works inside its specified range 2
15 VDDEXT in low drop mode
Og VDDEXT not in low drop mode

OVERLOAD 5 r VDDEXT Supply Overload

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

Og VDDEXT not in overload condition
15 VDDEXT in overload condition

OVERVOLT 4 r VDDEXT Supply Overvoltage

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

Og VDDEXT not in overvoltage condition
15 VDDEXT in overvoltage condition

SHORT 3 rwh VDDEXT Supply Shorted Output

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.

Og VDDEXT no short circuit
1 VDDEXT short circuit
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Field Bits Type Description

FAIL_EN 2 rw Enabling of VDDEXT Supply status information as
interrupt source

Og VDDEXT fail interrupts are disabled

15 VDDEXT fail Interrupts are enabled

CYC_EN 1 rw VDDEXT Supply for Cyclic Sense Enable

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

Og VDDEXT for cyclic sense disable
15 VDDEXT for cyclic sense enable

ENABLE 0 rw VDDEXT Supply Enable
Og VDDEXT Supply disabled
15 VDDEXT supply enabled

6.4 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.

6.4.1 Power Control Unit - Fail Safe Scenarios

The PMU handles several different failure scenarios, listed below and described in the following chapters:

» Fail safe mode (Sleep Mode) in case of power failure.

» Fail safe mode (Sleep Mode) in case of 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.

6.4.1.1 Power Supervision Function of PCU

The power supervision feature of the PCU is mainly responsible for monitoring the voltage regulators VDDP and
VDDC. In case of voltage regulator malfunction, the PCU 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_TMOUT flag in the SYS_FAIL_STS register.
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6.4.1.2 Watchdog (WDT1) Fail Safe

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

If the system can be successfully restarted, the cause of failure can be again checked by reading the
SYS_FAIL_STS register. The bit WDT1_SEQ_FAIL signals the described failure.
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6.4.1.3 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.

6.4.1.4 VDDEXT Failure

If VDDEXT is used in combination with the GPIOs as a supply e.g. for the switches, there are several error cases
possible, which are: 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.

6.4.1.5 Wake-Up from Stop Mode with Reset Fail Safe

One fail safe measure to wake-up the embedded system from the Stop-Mode can be executed by hardware reset.
If there is a reset request on the reset-pin then the PMU goes to Active Mode. Simultaneously, the embedded
system gets a reset which is shown by forcing the bidirectional reset-pin. The reset-pin goes high again if the PMU
releases the MCU reset. This event is shown in the reset status register as a hard-reset together with a wake-up
reset. In case of a fail condition at one of the voltage regulators the PMU also goes to Active Mode. After that the
PMU starts the supply fail-safe procedure which is described in the Active Mode section. The described sequence
can be seen in the picture below.
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Figure 16 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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6.4.2 Register Definition

Table 10  Register Overview

Power Management Unit (PMU)

Register Short Name ‘ Register Long Name

‘ Offset Address ‘ Reset Value

Register Definition, PMU System Fail Register

SYS_FAIL_STS | System Fail Status Register 070, 0000 0000,
Register Definition, PMU Wake Fail Register
WAKE_STS_FAIL | Wake Status Fail Register 080, 0000 00005

The registers are addressed wordwise.

6.4.2.1 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_O.

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

SYS_FAIL_STS Offset Reset Value
System Fail Status Register 070, 0000 0000,
7 6 5 4 3 2 1 0

WDT1_SE PMU_5V_ | PMU_1V5 | SUPP_TM | SUPP_SH
RES Q_FAIL | SYS_OT RES ovL _OVL ouT ORT
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
0  No Fail System working properly
1g  Sequential Watchdog Fail 5 consecutive watchdog fails
SYS_OT 5 rwh System Overtemperature Indication Flag
Indicates System Overtemperature Condition
O0g No Overtemperature System ok
1g  Overtemperature System Overtemperature
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Field

Bits

Type

Description

RES

Reserved
Always read as 0

PMU_5V_OVL

rwh

Og
1g

VDDP Overload Flag
Indicates Overload Condition at VDDP

No Overload VDDP ok
Overload VDDP Overload

PMU_1V5_OVL

rwh

Og
Ts

VDDC Overload Flag
Indicates Overload Condition at VDDC

No Overload VDDC ok
Overload Hall VDDC Overload

SUPP_TMOUT

rwh

Og
1s

Supply Time Out
Indicates the status of the Main Supply (VDDP & VDDC) after a
certain time of Power-on reset

Main Supply ok VDDP or VDDC are in expected range
Main Supply fail VDDP or VDDC do not have stable
operating point

SUPP_SHORT

rwh

Og
1s

Supply Short
Indicates the status of the Main Supply (VDDP & VDDC) after a
certain time of Power-on reset

Main Supply ok VDDP or VDDC are in expected range
Main Supply short VDDP or VDDC do not have stable
operating point

6.4.2.2 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_O.

WAKE_STS_FAIL Offset Reset Value
Wake Status Fail Register 080, 0000 00005
7 3 2 1 0

RES VI?_IDOEI%(_I'_I'S RES SUPE'FAI
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

Og No short circuit
18 Short circuit
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Field Bits Type Description

RES 1 r Reserved

Always read as 0

SUPPFAIL 0 rwh Stop-Exit due to overvoltage at the VDDEXT Supply

Og No overvoltage
18 Module suspend enabled

6.5 Wake-Up Management Unit (WMU)

6.5.1 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 with or without cyclic sense,
but also a wake-up from Sleep Mode with or without cyclic sense is possible.

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

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

Note:

1. 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.
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Figure 17 Block Diagram of Wake-Up Management Unit in Cyclic Sense Mode with VDDEXT.
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6.5.2 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.

Table 11 Register Overview

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

WAKE_CONF_GPIO0_ | Wake Configuration GPIO Port 0 Falling Edge 0DCy 0000 00004
FALL Register

WAKE_CONF_GPIO1_ | Wake Configuration GPIO Port 1 Falling Edge OES8 0000 00004
FALL Register

LIN_WAKE_EN LIN Wake Enable 0504, 0000 00004
CNF_WAKE_FILTER PMU Wake-Up Timing Register 0AC, 0000 00004
WAKE_CONF_GPIO0_ |Wake Configuration GPIO Port 0 Rising Edge 0D8,, 0000 00004
RISE Register

WAKE_CONF_GPIO0_ |Wake Port 0 Cycle Enabled Register 0EOQ, 0000 00004
cYc

WAKE_CONF_GPIO1_ |Wake Configuration GPIO Port 1 Rising Edge OE4, 0000 00004
RISE Register

WAKE_CONF_GPIO1_ |Wake Port 1 Cycle Enabled Register OECy, 0000 00004
cYyc

Register Definition, PMU Wake-Up Status Register

WAKE_STATUS Main Wake Status Register 0004, 00xx XXXXg
WAKE_STS_MON Wake Source MON Input Register 084, 0000 00004
WAKE_STS_GPIOO0 Wake Status GPIO 0 Register 088, 0000 00004
WAKE_STS_GPIO1 Wake Status GPIO 1 Register 08Cy 0000 00004

The registers are addressed wordwise.
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6.5.2.1 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 Offset Reset Value
Wake Configuration GPIO Port 0 Rising Edge D8, 0000 00004
Register
7 5 4 3 2 1 0
GPIO0O_R | GPIO0O_R | GPIOO_R | GPIOO_R | GPIOO_R
RES 1 4 13 12 1 10
r rw rw rw rw rw
Field Bits Type Description
RES 7:5 r Reserved
Always read as 0
GPIOO_RI 4 4 rw Port 0_4 Wake-Up on Rising Edge enable
1g ENABLE wake-up enabled
Oy DISABLE wake-up disabled
GPIOO0_RI_3 3 rw Port 0_3 Wake-Up on Rising Edge enable
1g ENABLE wake-up enabled
Oy DISABLE wake-up disabled
GPIOO0_RI_2 2 rw Port 0_2 Wake-Up on Rising Edge enable
1z ENABLE wake-up enabled
Oy DISABLE wake-up disabled
GPIO0_RI_1 1 rw Port 0_1 Wake-Up on Rising Edge enable
1z ENABLE wake-up enabled
Oy DISABLE wake-up disabled
GPIOO_RI O 0 rw Port 0_0 Wake-Up on Rising Edge enable
1z ENABLE wake-up enabled
Oy DISABLE wake-up disabled
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The register is reset by RESET_TYPE_3.
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WAKE_CONF_GPIOO0_FALL Offset Reset Value
Wake Configuration GPIO Port 0 Falling Edge DC, 0000 0000,
Register
7 4 3 2 1 0
GPIOO0_F GPIOO0_F GPIOO0_F GPIOO0_F GPIOO0_F
RES A4 A3 A2 A1 A0
r rw rw rw rw rw
Field Bits Type Description
RES 7:5 r Reserved
Always read as 0
GPIOO_FA 4 4 rw Port 0_4 Wake-Up on Falling Edge enable
1z ENABLE wake-up enabled
Oz  DISABLE wake-up disabled
GPIOO_FA 3 3 rw Port 0_3 Wake-Up on Falling Edge enable
1 ENABLE wake-up enabled
Oz  DISABLE wake-up disabled
GPIOO_FA 2 2 rw Port 0_2 Wake-Up on Falling Edge enable
1z ENABLE wake-up enabled
Oy DISABLE wake-up disabled
GPIOO_FA_1 1 rw Port 0_1 Wake-Up on Falling Edge enable
1 ENABLE wake-up enabled
Oz  DISABLE wake-up disabled
GPIOO_FA O 0 rw Port 0_0 Wake-Up on Falling Edge enable
1z ENABLE wake-up enabled
Oy DISABLE wake-up disabled
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The register is reset by RESET_TYPE_3.
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WAKE_CONF_GPIO0_CYC Offset Reset Value
Wake Port 0 Cycle Enabled Register EO, 0000 0000,
7 4 3 2 1 0
GPIO0_C GPIO0_C GPIO0_C GPIO0_C GPIO0_C
RES YC 4 YC 3 YC 2 YC 1 YC 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 GPIOO0_4 input for cycle sense enable

15 ENABLE input for cycle sense enabled

Oy DISABLE input for cycle sense disabled
GPIO0_CYC_3 3 rw GPIO0_3 input for cycle sense enable

15 ENABLE input for cycle sense enabled

O0g DISABLE input for cycle sense disabled
GPIO0_CYC 2 2 rw GPIOO0_2 input for cycle sense enable

1z ENABLE input for cycle sense enabled

O0g DISABLE input for cycle sense disabled
GPIO0_CYC 1 1 rw GPIOO0_1 input for cycle sense enable

15 ENABLE input for cycle sense enabled

Oz  DISABLE input for cycle sense disabled
GPIOO_CYC_O0 0 rw GPIO0_0 input for cycle sense enable

1s
Og

ENABLE input for cycle sense enabled
DISABLE input for cycle sense disabled
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Wake Configuration GPIO Port 1 Rising Edge Register
The register is reset by RESET_TYPE_3.

WAKE_CONF_GPIO1_RISE Offset Reset Value
Wake Configuration GPIO Port 1 Rising Edge E4, 0000 0000,
Register
7 5 4 3 2 1 0
GPIO1_R | GPIO1_R | GPIO1_R | GPIO1_R | GPIO1_R
RES |4 I3 I 2 11 10
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
1z ENABLE wake-up enabled
Oz  DISABLE wake-up disabled
GPIO1_RI_3 3 rw Port 1_3 Wake-Up on Rising Edge enable
1 ENABLE wake-up enabled
Oz  DISABLE wake-up disabled
GPIO1_RI_2 2 rw Port 1_2 Wake-Up on Rising Edge enable
1 ENABLE wake-up enabled
Oz  DISABLE wake-up disabled
GPIO1_RI_1 1 rw Port 1_1 Wake-Up on Rising Edge enable
1 ENABLE wake-up enabled
Oz  DISABLE wake-up disabled
GPIO1_RI_O 0 rw Port 1_0 Wake-Up on Rising Edge enable
1g ENABLE wake-up enabled
Oy DISABLE wake-up disabled
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The register is reset by RESET_TYPE_3.

Power Management Unit (PMU)

WAKE_CONF_GPIO1_FALL Offset Reset Value
Wake Configuration GPIO Port 1 Falling Edge E8, 0000 0000,
Register
7 4 3 2 1 0
GPIO1_F GPIO1_F GPIO1_F GPIO1_F GPIO1_F
RES A4 A3 A2 A1 A0
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
1z ENABLE wake-up enabled
Oz  DISABLE wake-up disabled
GPIO1_FA 3 3 rw Port 1_3 Wake-Up on Falling Edge enable
1 ENABLE wake-up enabled
Oz  DISABLE wake-up disabled
GPIO1_FA 2 2 rw Port 1_2 Wake-Up on Falling Edge enable
1 ENABLE wake-up enabled
Oz  DISABLE wake-up disabled
GPIO1_FA 1 1 rw Port 1_1 Wake-Up on Falling Edge enable
1 ENABLE wake-up enabled
Oz  DISABLE wake-up disabled
GPIO1_FA O 0 rw Port 1_0 Wake-Up on Falling Edge enable
1g ENABLE wake-up enabled
Oy DISABLE wake-up disabled
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The register is reset by RESET_TYPE_3.

Power Management Unit (PMU)

WAKE_CONF_GPIO1_CYC Offset Reset Value
Wake Port 1 Cycle Enabled Register EC, 0000 0000,
7 4 3 2 1 0

GPIO1_C GPIO1_C GPIO1_C GPIO1_C GPIO1_C
RES YC 4 YC 3 YC 2 YC_1 YC 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

15 ENABLE input for cycle sense enabled

Oy DISABLE input for cycle sense disabled
GPIO1_CYC_3 3 rw GPIO1_3 input for cycle sense enable

15 ENABLE input for cycle sense enabled

O0g DISABLE input for cycle sense disabled
GPIO1_CYC 2 2 rw GPIO1_2 input for cycle sense enable

1z ENABLE input for cycle sense enabled

O0g DISABLE input for cycle sense disabled
GPIO1_CYC_1 1 rw GPIO1_1 input for cycle sense enable

15 ENABLE input for cycle sense enabled

Oz  DISABLE input for cycle sense disabled
GPIO1_CYC_O0 0 rw GPIO1_0 input for cycle sense enable

15 ENABLE input for cycle sense enabled

0z DISABLE input for cycle sense disabled
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 Offset Reset Value
PMU Wake-Up Timing Register 0AC, 0000 0000,
7 4 3 2 1 0

T T
RES CNF_GPIO_FT CNFT:“-{-ION CNF|:—-|I-'IN
| |
r rw rw rw
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Field

Bits

Type

Description

RES

7:4

Reserved
Always read as 0.

CNF_GPIO_FT

3:2

Wake-Up Filter time for General Purpose 10
Selects the filter time for the Wake-Up

00z 10_us 10 ps filter time

01z 20_us 20 ps filter time

105 40_us 40 ps filter time

115 5_us 5 ps filter time

CNF_MON_FT

Wake-Up Filter time for Monitoring Inputs
Selects the filter time for the Wake-Up

0g  20_us 20 ps filter time

1g  40_us 40 ps filter time

CNF_LIN_FT

Wake-Up Filter time for LIN WAKE
Selects the filter time for the Wake-Up
O0g  30_us 30 ps filter time

1z 50_us 50 ps filter time

LIN Wake Enable

The register is reset by RESET_TYPE_2.

LIN_WAKE_EN Offset Reset Value
LIN Wake Enable 050,, 0000 00005
7 0

LIN_EN RES
rw r
Field Bits Type Description
LIN_EN 7 rw Lin Wake enable
0z Disable
1g Enable
RES 6:0 r Reserved
Always read as 0.
6.5.2.2 PMU Wake-Up Status Register

Main wake status register
The register is reset by RESET_TYPE_O.
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WAKE_STATUS
Main wake status register

Offset

Power Management Unit (PMU)

000,,

4

3 2 1

Reset Value

00xx XXXXg

0

RES

FAIL

CYC_WAK
E

MON_WAK

GPIO1 GPIOO E

LIN_WAK
E

rhc

r r r

rhc

Field

Bits

Type

Description

RES

7:6

Reserved
Always read as 0

FAIL

Wake-Up after VDDEXT Fail
Og No Wake-up occurred
18 Wake-up occurred

CYC_WAKE

rhc

Wake-Up caused by Cyclic Wake
Note: This flag is cleared by read operation.

Og No Wake-up occurred
15 Wake-up occurred

GPIO1

Wake-Up via GPIO1 which is a logical OR
combination of all Wake_STS_GPIO1 bits
Og No Wake-up occurred

18 Wake-up occurred

GPIOO

Wake-Up via GPIO0 which is a logical OR
combination of all Wake_STS_GPIOO0 bits
Og No Wake-up occurred

18 Wake-up occurred

MON_WAKE

Wake-Up via MON
Og No Wake-up occurred
18 Wake-up occurred

LIN_WAKE

rhc

Wake-Up via LIN- Message
Note: This flag is cleared by read operation.

Og No Wake-up occurred
18 Wake-up occurred
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Wake Source MON Input Register

The register is reset by RESET_TYPE_O.

Power Management Unit (PMU)

WAKE_STS_MON Offset Reset Value
Wake Source MON Input Register 084, 0000 0000,
7 5 4 1 0

RES RES WAKSE ST
|
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.

Oz  No wake-up detected
1z Wake-up detected
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Wake Status GPIO 0 Register
The register is reset by RESET_TYPE_O.

WAKE_STS_GPIOO0

Wake Status GPIO 0 Register

Power Management Unit (PMU)

Offset
088y,

4

3 2 1

Reset Value
0000 00004

RES

GPIO0_S
TS_4

GPIOO_S
TS 3

rhc

rhc rhc rhc

Field

Bits

Type

Description

RES

7:5

r

Reserved
Always read as 0

GPIO0_STS_4

rhc

Status of GPIO0_4

Note: This flag is cleared by read operation.

Og No wake-up detected
1z Wake-up detected

GPIO0_STS 3

rhc

Status of GP100_3

Note: This flag is cleared by read operation.

Oz  No wake-up detected
1g  Wake-up detected

GPIO0_STS_2

rhc

Status of GPIO0_2

Note: This flag is cleared by read operation.

O0g No wake-up detected
1g  Wake-up detected

GPIO0_STS_1

rhc

Status of GPIO0_1

Note: This flag is cleared by read operation.

Og No wake-up detected
1z Wake-up detected

GPIO0_STS 0

rhc

Status of GPIO0_0

Note: This flag is cleared by read operation.

Og No wake-up detected
1z Wake-up detected
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Wake Status GPIO 1 Register
The register is reset by RESET_TYPE_O.

WAKE_STS_GPIO1 Offset Reset Value
Wake Status GPIO 1 Register 08C, 0000 0000,
7 5 4 3 2 1 0

GPIO1_S GPIO1_S GPIO1_S GPIO1_S GPIO1_S
RES TS 4 TS 3 TS 2 TS_1 TS 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.

Og No wake-up detected
1z Wake-up detected

GPIO1_STS_3 3 rhc Wake GPIO1_3
Note: This flag is cleared by read operation.

Oz  No wake-up detected
1g  Wake-up detected

GPIO1_STS 2 2 rhc Wake GPIO1_2
Note: This flag is cleared by read operation.

O0g No wake-up detected
1g  Wake-up detected

GPIO1_STS_1 1 rhc Wake GPIO1_1
Note: This flag is cleared by read operation.

Og No wake-up detected
1z Wake-up detected

GPIO1_STS 0 0 rhc Wake GPIO1_0
Note: This flag is cleared by read operation.

Og No wake-up detected
1z Wake-up detected
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6.6 Cyclic Management Unit (CMU)

6.6.1 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.

6.6.2 Cyclic Sense Mode

To select a dedicated GPIO0.x / GPIO1.x pin for cyclic sense mode, the bit GRPIO0_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 15). The sensing
time where the enable signal is active, will be setin the CNF_CYC_SENSE and CNF_CYC_SAMPLE_DEL-SFR.
The bits inside CNF_CYC_SENSE register are used to configure the dead time (Tp..g). 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, definded 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 15 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 18 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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6.6.2.1  Configuration of Cyclic Sense Mode
The configuration of cyclic sense mode is shown in Figure 19.

Configure MON for Cyclic Sense
(setMONx_CTRL_STS)

Configure Cyclic Sense timer
(set CNF _CYC_SENSE==8"hxx)

Enable cyclic sense mode
(setPMU_WAKEUP_CTRL==8"h08)

Enable and turn on hs switch
(HS1_CTRL==8"h05)

Sleep Mode -

Wakeup has occurred ?

Execute Highside Cyclic Sense
Handover by enabling
High Side Driver
(HS1_CTRL==8'h05)

cyclic_sense_config.vsd

Figure 19 Configuration Flow of cyclic sense mode
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6.6.3 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.

6.6.4 Register Definition

Table 12  Register Overview

Register Short Name Register Long Name ‘ Offset Address |Reset Value
Register Definition, Cyclic Wake Configuration Registers (CYCMU)

CNF_PMU_SETTINGS PMU Settings Register 0204, 0000 01005
CNF_CYC_SENSE Dead Time in Cyclic Sense Register 028, 0000 00004
CNF_CYC_WAKE Dead Time in Cyclic Wake Register 02C, 0011 1111,
CNF_CYC_SAMPLE_DEL |Sample Delay in Cyclic Sense Register 0304 0000 00004

The registers are addressed wordwise.
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6.6.4.1  Cyclic Wake Configuration Registers (CYCMU)

PMU Settings Register
The register is reset by RESET_TYPE_2.

CNF_PMU_SETTINGS Offset
PMU Settings Register 020,,

7

3

2

Reset Value
0000 01004

EN_VDDE
XT_OC_*

RES

CYC_SEN
SE_EN

CYC_WAK
E_EN

EN_OV9_

WAKE_W_
RST

rw

rw

rw

Field

Bits

Type

Description

EN_VDDEXT OC_OFF N |7

Disabling VDDEXT Shutdown in Overload Condition
This bit enables the Hall Supply feature to be switched of
in case of overload condition.

Og Shutdown enabled

1s Shutdown disabled

RES

6:5

Reserved
Always read as 0

RES

Reserved
Always read as 0

CYC_SENSE_EN

Enabling Cyclic Sense

This bit enables the cyclic sense feature for the power
save modes.

Og Cyclic Sense disabled

18 Cyclic Sense enabled

CYC_WAKE_EN

Enabling Cyclic Wake

This bit enables the cyclic wake feature for the power
save modes.

Og Cyclic Wake disabled

15 Cyclic Wake enabled

EN_OV9 N

Disables the reduction of the VDDC regulator output
to 0.9 V during Stop-Mode

Og Output voltage reduction enabled

1 Output voltage reduction disabled

WAKE_W_RST

Wake-Up with reset execution

Enables the Stop-Exit with reset execution
Og Stop-Exit without reset execution
18 Stop-Exit with reset execution
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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:

4EE) (MBM2MIMO+1)-2ms

E1EQ represents the register flags CYC_SENSE_EO1 and M3M2M1MO represents the register flags
CYC_SENSE_MO03.

CNF_CYC_SENSE Offset Reset Value
Dead Time in Cyclic Sense Register 028,, 0000 00004
7 6 5 4 3 0

T T
ro-in | RES E01 Mo3
| |
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 Timer 3

0 DISABLE Oscillator is disabled

1z ENABLE Oscillator is enabled

RES 6 r Reserved
Always read as 0

EO1 5:4 rw Exponent

005 Exponentvalueis 0
015  Exponent value is 1
10g  Exponent value is 2
11 Exponent value is 3

M03 3.0 rw Mantissa

Mantissa value is calculated as CYC_SENSE_MO03 +1
00005 Mantissa value is 1

11115 Mantissa value is 16
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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:

4EE) (MBMIMIMO+1)-2ms

E1EO represents the register flags CYC_WAKE_EO1 and M3M2M1MO represents the register flags
CYC_WAKE_MO03.

CNF_CYC_WAKE Offset Reset Value
Dead Time in Cyclic Wake Register 02C, 0011 01114
7 6 5 4 3 0

T T T

RES E01 MO03

| | |

r rw rw
Field Bits Type Description
RES 7:6 r Reserved

Always read as 0

EO1 5:4 rw Exponent

00z Exponent value is 0
015  Exponent value is 1
10g  Exponent value is 2
11z Exponent value is 3

MO3 3:0 rw Mantissa

Mantissa value is calculated as CYC_WAKE_MO03 +1
0000z Mantissa value is 1

11115 Mantissa value is 16
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Sample Delay in Cyclic Sense Register
This register is reset by RESET_TYPE_2.

(M3M2MIMO+1)-10us

M3M2M1MO represents the register flags MO3.

Power Management Unit (PMU)

CNF_CYC_SAMPLE_DEL Offset Reset Value
Sample Delay in Cyclic Sense Register 030, 0000 0000,
7 4 3 0
T T
RES MO03
L L
r rw

Field Bits Type Description
RES 74 r Reserved

Always read as 0
MO03 3.0 rw Mantissa

Mantissa value is calculated as: M03
0000z variable value MBM2M1MO is O
1111y variable value MSM3M1MO is 15
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6.7 Reset Management Unit (RMU)

6.7.1 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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VS A

N R

~5V F=—=

v

PMU_1V5DidPOR /

LP_CLK ‘

!
VODP , |
|

VDDPOUT |——————————— e — — — ]
IAVDDPSTB

VDDPOK 1=\ ————————

v

VDDC 4

\VDDCOUT : :A@DE SzI'Ez
AVDDCOK

v

Supply Status fail ﬂ stable
|

RESET pin released when
RESET Pin M /{U VDDPOK and VDDCSTB
\ X 80k

PMU_RESET_STS1 XXH

System State Down X Start-up Active

Timing_Diagram_Power_Up_Customer1.vsd

Figure 20 Power-On and Startup Behavior of Reset

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
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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:

VS A

B Lmmmmm—m——— o — VDDPOUT +VSVDDPOUT
B {mmmmm

A= mmmmmmmm g2

v

PMU_1V5DidPOR

LP_CLK |‘

VDDP 4

VDDPOUT =
VDDPOK

VDDPUV

* AVDDPSTB

e
D
<
o
jw )
(]
w
£
o
g
&
o
S
=
=
<
o
o
el
o
=
v

vDDC 4
\VDDCOUT
_I AVDDCOK
VDDCW === ————————
Supply Status stable reset
RESET_PIN actived with

RESET Pin VDDPUV or VDDCUV

System State Active X off

Timing_Diagram_Power_Down_Customer1.vsd

Figure 21 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.

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.
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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 15). 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 XSFR 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.

c
I8 2R
8 o o é 8 2 & &
RESET_TYPE_O X
RESET_TYPE_1 X X1 X
RESET_TYPE_2 X X X X[ X]X
RESET_TYPE_3 X1 X X X | X
RESET_TYPE_ 4 X1 XX | X X | X
XSFR _reset_types customer.vsd

Figure 22 Reset Types of SFRS provided by the RMU
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Out of these above listed resets mainly five reset types are derived:

+ RESET_TYPE_O0 contains:
— PMU_1V5DIidPOR: this reset is issued when the power down supply detects undervoltage
RESET_TYPE_1 is an OR of:
— PMU_1V5DidPOR
— PMU_FAIL: this reset is issued when the VDDC or VDDP supply have a failure
— WDT_FAIL: this reset is issued when the WDT1 is not triggered consecutively 5 times properly
RESET_TYPE_2 is an OR of:
— PMU_1V5DidPOR
— PMU_PIN: this reset is issued when the RESET-Pin is pulled down
— PMU_ExtWDT: this reset is a WDT1 related reset
— PMU_IntWDT: this reset is an internal WDT issued reset
— PMU_SOFT: this reset is a software related reset
— PMU_Wake: this reset is a stop wake-up related reset
- PMU_FAIL
— WDT_FAIL
RESET_TYPE_3 is an OR of:
— PMU_1V5DidPOR
— PMU_PIN
- PMU_ExtWDT
— PMU_IntWDT
— PMU_SOFT
— PMU_Wake
— PMU_SleepEXx: this reset is a sleep wake-up related reset
- PMU_FAIL
— WDT_FAIL
* RESET_TYPE_4is an OR of:
— PMU_1V5DidPOR
— PMU_PIN
- PMU_ExXtWDT
- PMU_Wake
— PMU_SleepEx: this reset is a sleep wake-up related reset
- PMU_FAIL
— WDT_FAIL

Every register has its own reset type listed. In the Power Management Unit SFRs following reset types are used:

- RESET_TYPE_O
- RESET_TYPE_1
- RESET_TYPE_2
- RESET_TYPE_3
- RESET_TYPE_4

6.7.2 Register Definition

Table 13  Register Overview

Register Short Name ‘ Register Long Name ‘ Offset Address ‘ Reset Value

Register Definition, Reset Management Unit Registers (RMU)
PMU_RESET_STS1 | Reset Status Hard Register 010, 0000 0000,
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Table 13  Register Overview (cont'd)

Power Management Unit (PMU)

Register Short Name |Register Long Name Offset Address |Reset Value
PMU_RESET_STS2 Reset Status Soft Register 014, 0000 0000,
CNF_RST_TFB Reset Blind Time Register 06Cy 0000 0003,

The registers are addressed wordwise.

6.7.2.1 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.

CNF_RST_TFB Offset Reset Value
Reset Blind Time Register 06C, 0000 0003,
7 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.
005 RST_TFB_0 0,5 ps typ.
015 RST_TFB_1 1 ps typ.
10g RST_TFB_2 5 ps typ.

11g

RST_TFB_3 31 ps 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_O.

PMU_RESET_STS1 Offset Reset Value
Reset Status Hard Register 010, 0000 0000,
7 6 5 4 3 2 1 0
PMU_1V5 PMU_Ext | PMU_CIk PMU_Sle | PMU_WAK | SYS_FAI
DidPOR PMU PIN WDT WDT PMU LPR epEX E L

rwh rwh rwh rwh rwh rwh rwh rwh
Field Bits Type Description
PMU_1V5DidPOR 7 rwh Power-On Reset Flag
Og No Power-On reset executed
1s Power-On reset executed
PMU_PIN 6 rwh PIN-Reset Flag
Og No PIN-Reset executed
15 PIN-Reset executed
PMU_ExtWDT 5 rwh External Watchdog (WDT1) Reset Flag
Og No External Watchdog reset executed
15 External Watchdog reset executed
PMU_CIKWDT 4 rwh Clock Watchdog (CLKWDT) Reset Flag
Og No Clock Watchdog reset executed
15 Clock Watchdog reset executed
PMU_LPR 3 rwh Low Priority Resets (see PMU_RESET_STS2)
Og Low Priority-Reset executed
1s Low Priority executed
PMU_SleepEX 2 rwh Flag which indicates a reset caused by Sleep-Exit
Og No reset caused by Sleep-Exit executed
18 Reset caused by Sleep-Exit executed
PMU_WAKE 1 rwh Flag which indicates a reset caused by Stop-Exit
Note: Stop-Exit with reset must be configured explicitly in
the PMU_WAKE-UP_CTRL register”
Og No reset caused by Stop-Exit executed
1s Reset caused by Stop-Exit executed
SYS_FAIL 0 rwh Flag which indicates a reset caused by a System Fail
reported in the corresponding Fail Register
Og No reset caused by System Fail executed
1 Reset caused by System Fail 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).
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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_O.

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

PMU_RESET_STS2 Offset Reset Value
Reset Status Soft Register 014,, 0000 0000,
7 3 2 1 0

PMU_SOF | PMU_Int
RES LOCKUP T WDT
r rwh rwh rwh
Field Bits Type Description
RES 7:3 r Reserved
Always read as 0
LOCKUP 2 rwh Lockup-Reset Flag

Og No Lockup-Reset executed
15 Lockup-Reset executed

PMU_SOFT 1 rwh Soft-Reset Flag
Og No Soft-Reset executed
1g Soft-Reset executed
PMU_IntWDT 0 rwh Internal Watchdog Reset Flag
Og No Internal Watchdog reset executed
18 Internal Watchdog reset executed
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6.8 PMU Data Storage Area

6.8.1 Functional Description

Power Management Unit (PMU)

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 6 x 8 Bit available.

6.8.2 Register Definition

Table 14  Register Overview

Register Short Name |Register Long Name

Offset Address |Reset Value

Register Definition, Data Storage Registers

GPUDATAO00 General Purpose User DATAO 0COy 0000 0000y
GPUDATAO01 General Purpose User DATA1 0C4, 0000 0000y
GPUDATAO02 General Purpose User DATAZ2 0C8y, 0000 0000,
GPUDATAO03 General Purpose User DATA3 0CCy 0000 00004
GPUDATA04 General Purpose User DATA4 0D0y 0000 0000,
GPUDATAO05 General Purpose User DATAS 0D4, 0000 0000y
SystemStartConfig System Startup Configuration 2D4, 0000 0000,

The registers are addressed wordwise.
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6.8.2.1 Data Storage Registers

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

Power Management Unit (PMU)

GPUDATAO00 Offset Reset Value
General Purpose User DATAO 0co, 0000 0000,
7 0
T
DATAO
rw

Field Bits Type Description

DATAO 7:0 rw DATAO Storage Byte
1st byte of storage area

General Purpose User DATA1 Storage Register

The register is reset by RESET_TYPE_1.

GPUDATAO01 Offset Reset Value
General Purpose User DATA1 0C4,, 0000 0000,
7 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.

Power Management Unit (PMU)

GPUDATAO02 Offset Reset Value
General Purpose User DATA2 0C8, 0000 0000,
7 0
T
DATA2
|
rw

Field Bits Type Description

DATA2 7:0 rw DATA2 Storage Byte
3rd byte of storage area

General Purpose User DATA3 Storage Register

The register is reset by RESET_TYPE_1.

GPUDATAO03 Offset Reset Value
General Purpose User DATA3 0CC, 0000 0000,
7 0
DATA3
1
rw

Field Bits Type Description
DATA3 7:0 rw DATAS3 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.

Power Management Unit (PMU)

GPUDATAO04 Offset Reset Value
General Purpose User DATA4 0D0, 0000 0000,
7 0
DATA4
|
rw

Field Bits Type Description

DATA4 7:0 rw DATAA4 Storage Byte
5th byte of storage area

General Purpose User DATAS Storage Register

The register is reset by RESET_TYPE_1.

GPUDATAO05 Offset Reset Value
General Purpose User DATA5 0D4, 0000 0000,
7 0
DATA5S
1
rw

Field Bits Type Description
DATAS 7:0 rw DATAS Storage Byte
6th byte of storage area
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System Startup Configuration Register
The register is reset by RESET_TYPE_1.

Power Management Unit (PMU)

SystemStartConfig Offset Reset Value
System Startup Configuration Register 2D4, 0000 0000,
7 1 0

RES MBIﬁT_E
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
Og No MBIST executed at Sleep Mode exit
15 MBIST executed at Sleep Mode exit
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7 System Control Unit - Digital Modules (SCU-DM)

71 Features

» Flexible clock configuration features

* Reset management of all system resets

» System modes control for all power modes (active, power down, sleep)
* Interrupt enabling for many system peripherals

» General purpose input output control

» Debug mode control of system peripherals

7.2 Introduction

The System Control Unit (SCU) supports all central control tasks in the TLE986xQX. The SCU is made up of the
following sub-modules:

» Clock System and Control (see Section 7.3 on Page 92)

* Reset Control (see Section 7.4 on Page 121)

+ Power Management (see Section 7.5 on Page 126)

* Interrupt Management (see Section 7.6 on Page 131)

* General Port Control (see Section 7.7 on Page 145)

» Flexible Peripheral Management (see Section 7.8 on Page 156)

* Module Suspend Control (see Section 7.9 on Page 159)

+ Watchdog Timer (see Section 7.10 on Page 162)

» Error Detection and Correction in Data Memory (see Section 7.11 on Page 166)
* Miscellaneous Control (see Section 7.12 on Page 170)

The mapping of all registers is detailed in Section 7.2.2 on Page 90
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7.21 Block Diagram

On signals to digital
peripherals;
status signals from
digital peripherals
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Figure 23 System Control Unit - Digital Modules Block Diagram

AHB (Advanced High-Performance Bus)
PMCU (Power Module Control Unit)

WDT (Watchdog Timer in SCU-DM)

*  fsvs System clock

CGU (Clock Generation Unit)

*  fsvs System clock
JfrcLk Peripheral clock
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*  /wi_cik Measurement interface clock
Jreir ok 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

+ PO_POCONy.PDMx driver strength control
*+ P1_POCONy.PDMx driver strength control

MISC Control

+ MODPISELx Mode selection registers for UART (source section) and Timer (trigger or count selection)

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

7.2.21 Register Map

There are two SCU kernels in the TLE986xQX, namely SCU1 and SCU2. SCU1 is dedicated for LIN transmission.
SCU2 is dedicated for external UART communication.

Table 16 lists the addresses of the SCU SFRs.
Table 15 shows the SCU module base addresses.

Table 15 Registers Address Space
Module Base Address End Address Note
SCU 5000 50004 5000 5FFF

Table 16  Registers Overview SCU Module

Register Short Name |Register Long Name Offset Address |Page Number
IRCONO Interrupt Request Register 0 004, 349
IRCON1 Interrupt Request Register 1 008, 350
IRCON2 Interrupt Request Register 2 00Cy, 351
IRCON3 Interrupt Request Register 3 010, 352
IRCON4 Interrupt Request Register 4 014, 354
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Table 16  Registers Overview SCU Module

Register Short Name |Register Long Name Offset Address |Page Number
NMISR NMI Status Register 018y, 361
IENO Interrupt Enable Register 0 01Cy, 345
NMICON NMI Control Register 024, 346
EXICONO External Interrupt Control Register 0 028, 348
IRCONOCLR Interrupt Control O Clear Register 02C, 350
MODIEN1 Peripheral Interrupt Enable Register 1 030y 134
MODIEN2 Peripheral Interrupt Enable Register 2 034, 135
MODIEN3 Peripheral Interrupt Enable Register 3 038, 136
MODIEN4 Peripheral Interrupt Enable Register 4 03Cy, 136
PMCONO Power Mode Control Register 0 040, 130
PLL_CON PLL Control Register 044, 107
CMCON1 Clock Control Register 1 048, 109
CMCON2 Clock Control Register 2 04C, 111
WDTCON Watchdog Timer Control Register 050y 165
APCLK_CTRL1 Analog Peripheral Clock Control 1 Register 054, 113
APCLK1 Analog Peripheral Clock Register 1 058, 116
APCLK2 Analog Peripheral Clock Register 2 05Cy 118
PMCON1 Peripheral Management Control Register 1 060y 157
PMCON2 Peripheral Management Control Register 2 064, 158
APCLK_CTRL2 Analog Peripheral Clock Control 2 Register 06C 115
SYSCONO System Control Register 0 070y 112
WDTREL Watchdog Timer Reload Register 078, 165
WDTWINB Watchdog Window-Boundary Count 07Cy, 166
WDTL Watchdog Timer, Low Byte 080, 166
WDTH Watchdog Timer, High Byte 084, 166
ID Identity Register 0A8, 175
PASSWD Password Register 0ACy 170
OSC_CON OSC Control Register 0BOy, 105
COCON Clock Output Control Register 0B4, 120
MODPISEL Peripheral Input Select Register 0B8, 145
MODPISEL1 Peripheral Input Select Register 1 0BCy 146
MODPISEL2 Peripheral Input Select Register 2 0CO0y 147
MODPISEL3 Peripheral Input Select Register 3 0C4, 148
MODSUSP1 Module Suspend Control Register 1 0C8, 160
MODSUSP2 Module Suspend Control Register 2 0CCy 161
GPT12PISEL GPT12 Peripheral Input Select Register 0DO0y 155
EDCCON Error Detection and Correction Control Register | 0D4,, 167
EDCSTAT Error Detection and Correction Status Register 0D8, 168
MEMSTAT Memory Status Register 0DCy 176
NVM_PROT_STS NVM Protection Status Register OEOy, 173
MEM_ACC_STS Memory Access Status Register OE4, 173
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Table 16  Registers Overview SCU Module

Register Short Name |Register Long Name Offset Address |Page Number
P0_POCONO Port Output Control Register OE8, 149
P0_POCON1 Port Output Control Register OECy 150
P0_POCON2 Port Output Control Register OFO0y 151
TCCR Temperature Compensation Control Register OF4, 154
P1_POCONO Port Output Control Register OF8, 152
P1_POCON1 Port Output Control Register OFCy 153
P1_POCON2 Port Output Control Register 100, 154
DMAIEN1 DMA Interrupt Enable Register 1 144, 139
DMAIEN2 DMA Interrupt Enable Register 2 148, 140
DMASRCSEL DMA Source Selection Register 14Cy 141
DMAIRC1 DMA Interrupt Control Register 1 154, 357
DMAIRC2 DMA Interrupt Control Register 2 158, 359
GPT12IEN GPT12 Interrupt Enable Register 15Cy 137
GPT12IRC Timer and Counter Control/Status Register 160y 355
IRCON1CLR Interrupt Request 1 Clear Register 178, 351
IRCON2CLR Interrupt Request 2 Clear Register 17Cy 352
DMASRCSEL2 DMA Source Selection Register 2 180y 142
DMAIRC1CLR DMA interrupt Control 1 Clear Register 184, 358
DMAIRC2CLR DMA Interrupt Control 2 Clear Register 188 359
IRCON3CLR Interrupt Request 3 Clear Register 190, 353
IRCON4CLR Interrupt Request 4 Clear Register 194, 354
DMASRCCLR DMA Source Selection Clear Register 198, 142
7.3 Clock Generation Unit

The Clock Generation Unit (CGU) enables a flexible clock generation for TLE986xQX. 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 TLE986xQX 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 f5ys is generated from of the following selectable clocks:
« PLL clock output f5, |

+ Direct clock from oscillator OSC_HP fusc
* Low precision clock f{p ¢ (HW-enabled for startup after reset and during power-down wake-up sequence)
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CGU
0SC_CON PLLCON
CMCON | | sYscoNo
A
o )
XTAL1 >
PLL
0SC_HP foLL,
xTaL2 [ e 0
fosc ],
Jsvs
filpclk .
LP_CLK T > 2
f
LP CLK .
PMU > /
CGU_block

Figure 24 Clock Generation Unit Block Diagram

The following sections describe the different parts of the CGU.

7.31 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 TLE986xQX startup after reset and during the power-
down wake-up sequence. f|p ¢ is not user configurable.

7.3.2 High Precision Oscillator Circuit (OSC_HP)

The high precision oscillator circuit, designed to work with both 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.

Figure 25 shows the recommended external circuitry for both operating modes, External Crystal Mode and
External Input Clock Mode.

7.3.21 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).

7.3.2.2 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 both pins, XTAL1 and XTAL2. It normally consists of the 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 point for the evaluation:
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Table 17  External CAP Capacitors

Fundamental Mode Crystal Frequency (approx., MHz) | Load Caps C,, C, (pF)
4 33

8 18

12 12

16 10

20 10

25 8

External Crystal Mode External Input Clock Mode

———— fosc

Voor Vooe
Fundamental Mode Crystal
External
? XTAL1 Clock ———— | XTAL1
Signal
4-25MHz OSC_HP > fosc 0SC_HP
T XTAL2 Oo———{ XTAL2
CG—— C
A T
Vss Vss

Vss =GND = PIN 39

ext_Osc.vsd

Figure 25 TLE986xQX External Circuitry for the OSC_HP

7.3.3 Phase-Locked Loop (PLL) Module
This section describes the TLE986xQX PLL module.
The clock fp, is generated in one of the following PLL configured modes:

* Prescaler Mode, also called VCO Bypass Mode
*  Normal Mode
* Freerunning Mode

7.3.3.1 Features

Following is an overview of the PLL features/functions:

* Programmable clock generation PLL

» Loop filter

* Input frequency: fogc = 4 to 16 MHz

« VCO frequency: fyco = 48 MHz to 160 MHz (selectable by range)
* VCO lock detection

» Oscillator run detection

«  Output frequency: fp | = 46.87 kHz to 80 MHz

* Provided: Fixed input divider P = 1
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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, 5 MHz

7.3.3.2 PLL Functional Description
The following figure shows the PLL block structure.

CGU
Oscillator
5 MHz
K1-
» f
e "1 Divider K
f
*—Pp M P- f fREF PLL
u L. VCO K2-
f » x Divider
os¢ ” fr Core Divider| f,,
\
0sC Lock- [€ fvco
WDG Detection ¢— _N'
f Divider
8 DIV < ®
2 0 8 F
wn Q o= o Q
(@] - o
= a1 s 2
- O
P
’ PLL_block

Figure 26 PLL Block Diagram
The reference frequency f can be selected to be taken either from the internal oscillator £, or from an external
clock source fogc-

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 fp | ):

» 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 18 shows the selectable clock source options.

Table 18  Clock Option Selection
VCOBYP OSCDISC Mode Selected
0 0 Normal Mode
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Table 18  Clock Option Selection (cont'd)

VCOBYP OSCDISC Mode Selected
1 X Prescaler Mode
0 1 Freerunning Mode

Normal Mode

In Normal Mode the reference frequency fx 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:

(1)
fe = % Jr

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 fo is selected as the clock source for system frequency fsys, the user should enable PLL in normal mode as
default.

Note: The result of f 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 fx is only divided down by a factor K1.
The output frequency is given by

(2)
- IR
fPLL - R‘T

The Prescaler Mode is selected by the following settings

*+ PLL_CON.VCOBYP =1
*+ PLL_CON.OSCDISC =X

The Prescaler Mode is active when

* PLL_CON.VCOBYP =1
+ PLL_CON.OSCDISC =X
+ OSC_CON.OSC2L = 0 if fogc is provided as fg (OSC_CON.OSCSS = 01p)

Freerunning Mode

In Freerunning Mode the base frequency output of the Voltage Controlled Oscillator (VCO) f,copase iS ONly divided
down by a factor K2.

The output frequency is given by

()
= fVCObase
fPL K2
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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 TLE986xQX, the P factor is fixed to 1. Table 19 gives the valid output frequency range for the P divider
dependent on f frequency range:

Table 19 P-Divider Factor = 1

P Jo for fr =
4 MHz 5 MHz 10 MHz 16 MHz 25 MHz
1 4 5 10 16 not allowed

Note: Of course the whole range in between two f5 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 f; 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 £, range is defined
by configuration of VCOSEL.

Table 20 VCO Range

VCOSEL Jvcomin Jvcomax Sucobase Unit
0 48 112 approx. max. 38 MHz
1 96 160 approx. max. 76 MHz

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

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

Table 21 N Loop Division Rates

N Jow for fyco =
48 72 96 112 136 160
8 6.00 9.00 12.00 14.00 not allowed"
9 5.33 8.00 10.66 12.44 15.11 not
allowed"
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
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Table 21 N Loop Division Rates (cont'd)
N Jow for fyco =

48 72 96 112 136 160
13 not allowed" | 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 allowed" 5.05 5.89 7.16 8.42
20...23
24 4.00 4.66 5.66 6.66
25 not allowed" 4.48 5.44 6.40
26 ...27
28 4.00 4.86 5.71

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

Note: The whole range in between two f,,o columns in the above table is allowed.

The N-divider output frequency fp,, is then compared with frce 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, fco.

Note: Due to this operation, the VCO clock of the PLL has a frequency which is a multiple of f5,,. 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, f,,¢q, is divided by K2 to provide the final desired output frequency f,, . Table 22
shows the output frequency range depending on the K2 divisor and the VCO frequency range:

Table 22 K2 Divisor Table

K2 Jo for fyco = 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 19.2 224 27.2 32.0 48.5-51.5

Notes

1. The whole range in between two f, ., 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 £, is used as
reference, f is used instead.

Table 23 K1 Divisor Table

K1 Jou for fr = Duty Cycle
5 8 16 [%]

1 5.0 8.0 16.0 40 - 60

2 2.5 4.0 8.0 50
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For different source oscillator, the selection of fp | = 24 MHz or 40 MHz is shown in Table 24.

Table 24  System Frequency
frLL Selected Oscillator Jfosc N P K Actual fgyg
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

For the TLE986xQX, the value of P is fixed to 1. In order to obtain the required fp, 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.

7.3.3.3 Oscillator Watchdog

The oscillator watchdog monitors the external incoming clock fosc. 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 fyr 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 fj\r.

7.3.34 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 £, of the VCO
as instable if the two inputs frer and fp,y 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 25 shows values below that the lock is not lost for different input values.

Table 25 Loss of VCO Lock Definition
Maximum Allow Changing

ngtlv for frer = (4)
4 MHz 10 MHz 16 MHz
<0.6 <37 <95

kHz/us kHz/us kHz/us
20 MHz 25 MHz 40 MHz

<14.9 <23.2 <595

kHz/ps kHz/us kHz/us

7.3.3.5 Internal Oscillator (OSC_PLL)

The PLL internal oscillator is used for two different purposes:
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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 7.3.3.3.

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.OsSCss.

OSC_PLL operates at a nominal frequency of 5 MHz.

7.3.3.6  Switching PLL Parameters

The following restriction applies when changing PLL parameters via the PLL_CON register:

» Prescaler Mode (VCO bypass) may be enabled at any time, however, it has to be ensured that the maximum
operating frequency of the device (see data sheet) will not be exceeded.

Before switching NDIV, the Prescaler Mode has to be selected.

VCOSEL and KDIV may be switched at any time, however, it has to be ensured that the maximum operating
frequency of the device will not be exceeded.

Only one parameter should be switched at one register write operation.

Before switching the input clock source via OSC_CON.OSCSS, the Prescaler Mode has to be selected. Due
to a following potential oscillator watchdog event, the PLL may switch to Freerunning Mode. The procedure to
set up the PLL in normal operation follows that as stated in Section 7.3.3.8.

Before deselecting the Prescaler Mode, the RESLD bit has to be set and then the LOCK flag has to be
checked. Only when the LOCK flag is set again, the Prescaler Mode may be deselected.

» Before changing VCOSEL, the Prescaler Mode must be selected.

7.3.3.7 Oscillator Watchdog Event or PLL Loss of Lock Detection

In case of detection of too low frequency of the external clock source fygc, the OSC-Too-Low flag
(OSC_CON.OSC2L) is set. If enabled by NMICON.NMIOWD, a trap request to the CPU is activated
correspondingly only in these two cases: 1) When PLL is in Prescaler Mode and OSCSS = 01 selecting fogc as
PLL input clock source and SYSCONO.SYSCLKSEL selects PLL clock output as the system frequency, or 2)
When SYSCONO.SYSCLKSEL selects fogc as the system frequency. With these 2 cases and the OSC2L
condition, the OWD NMI flag FNMIOWD in NMISR is set.

Note: Do not restart the oscillator watchdog detection by setting bit OSC_CON.OSCWDTRST while PLL is in
Prescaler Mode, as the detection status (OSC_CON.OSC2L) takes some time to be stable.

An oscillator watchdog event normally leads to a following PLL loss-of-lock detection.

If PLL is not the system clock source (SYSCONO.SYSCLKSEL deselects PLL or PLL is in Prescaler Mode) when
the loss-of-lock is detected, only the lock flag is reset (PLL_CON.LOCK = 0). No loss-of-lock NMI is generated and
no further action is taken. Otherwise if PLL is selected as clock source for system frequency and VCOBYP = 0,
the PLL loss-of-lock NMI flag FNMIPLL in NMISR is set. If enabled by NMICON.NMIPLL, an NMI trap request to
the CPU is activated. In addition, the lock flag is reset. Note that in the first place, the LOCK flag has to be set first
before a loss-of-lock NMI request is generated. This avoids a potential PLL loss-of-lock NMI request after device
power-on reset.

On an oscillator watchdog event (when PLL is in Prescaler Mode and external clock (OSC_HP) is selected as PLL
clock input) or on PLL loss-of-lock detection (when PLL is in Normal Mode), the PLL will be switched to run in the
Freerunning Mode on the VCO base frequency divided by K2, which is enforced by hardware until the Prescaler
Mode is (re-)selected.

Due to the above, the PLL shall only run in Prescaler Mode when changing the PLL configuration or switching
between PLL operation modes.
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7.3.3.8  Oscillator Watchdog Event or Loss of Lock Recovery

In case of oscillator watchdog NMI, user software can first check if the PLL remains locked. If not, the clock system
can be reconfigured again by executing the following sequence as the OWD NMI routine:

1. Restart the oscillator watchdog detection by setting bit OSC_CON.OSCWDTRST
2. Wait until OSC_CON.OSC2L is clear
3. When bit OSC_CON.OSC2L is cleared, then
a) Select the Prescaler Mode (PLL_CON.VCOBYP = 1)
b) Set the restart lock detection bit PLL_CON.RESLD = 1
¢) Wait until the PLL VCO part becomes locked (PLL_CON.LOCK = 1)
d) When the LOCK is set again, the Prescaler Mode can be deselected (PLL_CON.VCOBYP = 0) and normal
PLL operation is resumed.
4. Clear the OWD NMI flag FNMIOWD.

In the general case of PLL loss-of-lock or to re-configure the PLL settings, user software can try to configure the
clock system again by executing the following sequence:

1. If input clock source is from XTAL (fogc from OSC_HP), ensure the input frequency is above threshold by
checking OSC_CON.OSC2L.

The Prescaler Mode has to be selected (PLL_CON.VCOBYP = 1)

If desired, (re-)configure the PLL divider settings.

Set the restart lock detection bit PLL_CON.RESLD =1

Wait until the PLL VCO part becomes locked (PLL_CON.LOCK = 1)

When the LOCK is set again, the Prescaler Mode can be deselected (PLL_CON.VCOBYP = 0) and normal
PLL operation is resumed.

7. Clear the PLL loss-of-lock NMI flag FNMIPLL.

o0k wN

7.34 Clock Control Unit

The Clock Control Unit (CCU) receives the clock from the PLL f5,,, or the external input clock f5gc, or the low-
precision input clock fp ¢ k- The system frequency is derived from one of these clock sources.

CCU
SYSCLKSEL

PLL '
f
osc ) fsvs
f
LP_CLK '
CCU_block

Figure 27 Clock Inputs to Clock Control Unit

The CCU generates all necessary clock signals within the microcontroller from the system clock. It consists of:

» Clock slow down circuitry
« Centralized enable/disable circuit for clock control

In normal running mode, the main module frequencies (synchronous unless otherwise stated) are as follows:

« System frequency, fsys = up to 40 MHz (measurement interface clock MI_CLK is derived from this clock)
» CPU clock (CCLK, SCLK) = up to 40 MHz (divide-down of NVM access clock)
*  NVM access clock (NVMACCCLK) = up to 40 MHz
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» Peripheral clock (PCLK, PCLK2, NVMCLK) = up to 40 MHz (equals CPU clock; must be same or higher)

Some peripherals are clocked by PCLK, others clocked by PCLK2 and the NVM is clocked by both NVMCLK and
NVMACCCLK. During normal running mode, PCLK = PCLK2 = NVMCLK = CCLK. On wake-up from power-down
mode, PCLK2 is restored similarly like NVMCLK, whereas PCLK is restored only after PLL is locked.

For optimized NVM access (read/write) with reduced wait state(s) and with respect to system requirements on
CPU operational frequency, bit field NVMCLKFAC is provided for setting the frequency factor between the NVM
access clock NVMACCCLK and the CPU clock CCLK. For details, refer to the separate NVM documentation.

For the slow down mode, the operating frequency is reduced using the slow down circuitry with clock divider
setting at the bit field CLKREL. Bit field CLKREL is only effective when slow down mode is enabled via SFR bit
PMCONO0.SD bit. Note that the slow down setting of bit field CLKREL correspondingly reduces the NVMACCCLK
clock. Slow down setting does not influence the erase and write cycles for the NVM.
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Clock Control Unit Overview

TFILT _CL
VI_Cl

SCU DM PBAO PBA1 PBA1
- s ]
T3CLK_SEL {1,2,4,8}
P CLK . e BV ADC1 ADC2
[ WoduleSADCCIK ] - Module > M_CLK
SFR> PCLK
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CPCLK_DIV i Charge Pump [ ]
Filter > TFILT_CLK
[ Module > CP_CLK SFR > PCLK2
{1,2,3,...,32} SCU_DM TIMER3
APCLK2FAC
Module > T3 CIK
APCLK2FAC TFILT_CLK Bridge Driver SFR PCLK
1228 S
APCLKIFAC :I Module > M_CLK. WDT1/SCU_PM
Filter > TFILT_CLK
"7'“'7%” CCUB/ GPT12 SCU_ PM - CLKWDT AL
SFR PCIK
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SSC1/2
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Module> COLK
NVMCLK
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CLKOUT
>
d RAM/ROM
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Figure 28 Clock Tree

7.3.4.2

Startup Control for System Clock

Typically when the TLE986xQX starts up after reset, the LP_CLK is selected by hardware to provide the system
frequency fsys. CPU runs based on this system frequency during startup operation by boot firmware (unless
otherwise specified and configured by firmware). Meanwhile, the system clock input is switched to the PLL output.
With user boot configuration, the PLL is configured with internal oscillator (5 MHz) as input, by default. User code
can modify the default PLL configuration as required.

The exception to the above is with resets that do not reset the clock system, which are watchdog timer (WDT)
reset and soft reset. With these resets, the previous user configuration of PLL and clock system is retained across

the reset.

Note: In the event the PLL fails to lock during startup operation, the LP_CLK continues to provide the system clock
input. The system clock input source is indicated by the register bit field SYSCONO.SYSCLKSEL.
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7.3.5 External Clock Output

An external clock output is provided as CLKOUT. This output clock can be enabled/disabled via bit COCON.EN.
One of three clock sources (focik OF fovs/N OF fosc) can be selected for output, configured via bit fields
COCON.COUTS1 and COUTSO.

If COUTS1 = 0 (independent on COUTSO0), the output clock is frc k. Otherwise, if COUTSO0 = 0, the output clock
is from oscillator output frequency; if COUTSO0 = 1, the clock output frequency is chosen by the bit field COREL
which selects the n divider factor on fg5yg. Under this selection, the clock output frequency can further be divided
by 2 using a toggle latch (TLEN = 1), the resulting output frequency has 50% duty cycle.

7.3.6 CGU Registers

The registers of the clock generation unit for PLL and oscillator control are not affected by the watchdog timer
(WDT) reset and soft reset. Therefore the system clock configuration and frequency is maintained across these
types of reset.

Unless otherwise stated, the reset value as stated for the following registers apply only with Power-On reset,
Brown-Out reset, Hard reset, WDT1 reset or Wake-up reset.
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These registers control the setting and trimming of OSC_PLL, the Power Down of XTAL (OSC_HP) and the control

and status monitor of oscillator watchdog.

OSC_CON
OSC Control Register (0BO,,) Reset Value: 10,
7 6 5 4 3 2 1 0
OSCTRIM_8 Res Res XPD OSC2L OSCWDTRST OSCSS
rw r r rw rh rwh w
Field Bits Type Description
OSCTRIM_8 7 rw OSC_PLL Trim Configuration Bit [8]
This bit field enables the trimming for the OSC_PLL.
User should always set this bit with any write.
This bit is a protected bit. When the Protection Scheme is activated,
this bit cannot be written directly. For more information on Protection
Scheme, see Section 7.12.
Res 6 r Reserved
This bit field is always read as zero.
Res 5 r Reserved
This bit field is always read as zero.
XPD 4 rw XTAL (OSC_HP) Power Down Control
0g XTAL (OSC_HP) is not powered down.
1g  XTAL (OSC_HP) is powered down.
The XPD bit is a protected bit. When the Protection Scheme is
activated, this bit cannot be written directly. For more information on
Protection Scheme, see Section 7.12.
Note: When XPD is set, switch of clock source to internal oscillator
has to be done asynchronous.
OScC2L 3 rh OSC-Too-Low Condition Flag
The Oscillator Watchdog monitors the fogc
0 fosc is above threshold.
15 fosc is below threshold.
On OSC-too-low detection (OSC2L: 0 —1) and VCOBYP = 1 and
OSCSS = 01, PLL switches to freerunning mode.
On above condition, and when f4. is selected as the system clock
source, hardware switches the system clock source to PLL
(SYSCONO0.SYSCLKSEL is also updated).
Note: OWD NMI request is activated on OSC-too-low condition only
in two cases: 1) when VCOBYP = 1 and OSCSS = 01 and
SYSCLKSEL selects PLL clock as system clock source; 2)
when SYSCLKSEL selects fosc as system clock source.
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Field

Bits

Type

Description

OSCWDTRST

rwh

Oscillator Watchdog Reset

Setting this bit will reset the OSC2L status flag to 1 and restart the

oscillator detection. This bit will be automatically reset to 0 and thus

always be read back as 0.

0z  No effect.

1z Reset OSC2L flag and restart the oscillator watchdog of the
PLL.

0OSCSS

1:0

Oscillator Source Select

005 PLL internal oscillator OSC_PLL (fiy7) is selected
synchronously as fx.

01 XTAL (fosc from OSC_HP) is selected synchronously as fz.

105 PLL internal oscillator OSC_PLL (fjy7) is selected
asynchronously as f.

115 PLL internal oscillator OSC_PLL (f,y7) is selected
asynchronously as fx.

The OSCSS bit is a protected bit. When the Protection Scheme is

activated, this bit cannot be written directly. For more information on

Protection Scheme, see Section 7.12.

Note: Synchronous switching of clock source to internal oscillator is
not possible when XPD = 1 or no external clock is available
(check bit OSC2L).

Note: Use the 1X option only when the external clock is not available.

This register OSC_CON is reset by RESET_TYPE_4.
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7.3.6.2 PLL Registers
These registers control the PLL configuration or settings.

PLL_CON
PLL Control Register (044,) Reset Value: 64,,
7 6 5 4 3 2 1 0
NDIV VCOBYP OSCDISC RESLD LOCK
I W rwh rwh rwh r
Field Bits Type Description
NDIV 74 rw PLL N-Divider
0000g N=8
0001g N=9
0010g N=10
00115 N=12
01004 N=14

01014 N =15
0110g N =16
0111y N=18

10005 N=20
1001, N=21
1010, N=22

10115 N =24

11005 N =25

11015 N =26

1110g N =27

11115 N =28

The NDIV bit is a protected bit. When the Protection Scheme is
activated, this bit cannot be written directly. For more information on
Protection Scheme, see Section 7.12.

VCOBYP 3 rwh PLL VCO Bypass Mode Select

O0g  Normal (or freerunning) operation (default)

1z Prescaler Mode; VCO is bypassed (PLL output clock is derived
from input clock divided by K1-divider)

This bit is cleared by hardware when PLL switches to freerunning

mode.

When the bit value changes from 0 to 1, bit OSCDISC = 0.

OSCDISC 2 rwh Oscillator Disconnect

Og  Oscillator is connected to the PLL

1z Oscillator is disconnected to the PLL.

By default after power-on reset, PLL is running in Freerunning Mode
(oscillator is disconnected).

RESLD 1 rwh Restart Lock Detection

Setting this bit will reset the PLL lock status flag and restart the lock
detection. This bit will be automatically reset to 0 and thus always be
read back as 0.

0g  No effect.

15 Reset lock flag and restart lock detection.
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Field Bits Type |Description

LOCK 0 r PLL Lock Status Flag

0 The frequency difference of free and fy is greater than
allowed. The VCO part of the PLL can not lock on a target
frequency.

15 The frequency difference of fzer and fp,, is small enough to
enable a stable VCO operation.

Notes

1. In case of aloss of VCO lock the f\,-o goes to the upper boundary
of the selected VCO band if the reference clock input is greater
as expected.

2. Incase of aloss of VCO lock the £, goes to the lower boundary
of the selected VCO band if the reference clock input is lower as
expected.

3. On loss-of-lock detection (LOCK: 1 —0) and when VCOBYP = 0,
PLL switches to freerunning mode.

4. Loss-of-lock NMI request is activated only on loss-of-lock
detection when VCOBYP = 0 and SYSCONO.SYSCLKSEL
selects PLL clock as system frequency.

The register PLL_CON is reset by RESET_TYPE_4.
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Clock Control Register 1 (048, Reset Value: 00,
7 6 5 4 3 2 1 0
VCOSEL K1DIV K2DIV CLKREL
w w r\'/v I
Field Bits Type Description
VCOSEL 7 rw VCOSEL Setting
0y VCOSEL=0
15 VCOSEL =1
K1DIV 6 rw PLL K1-Divider
0 Ki1=2
15 Ki1=1
The K1DIV bit is a protected bit. When the Protection Scheme is
activated, this bit cannot be written directly. For more information on
Protection Scheme, see Section 7.12.
K2DIVv 5:4 rw PLL K2-Divider

005 K2=2

01z K2=3

10 K2=4

115 K2=5

The K2DIV bit is a protected bit. When the Protection Scheme is

activated, this bit cannot be written directly. For more information on

Protection Scheme, see Section 7.12.

Note: Depending on VCOSEL, the user has to set the K2-divider
factor large enough to ensure the PLL output frequency in
freerunning mode is never higher than that specified for the
device.
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Field Bits Type |Description
CLKREL 3:0 rw Slow Down Clock Divider for f.c x Generation
00005 fqys

00015 fqsf2
00105 fqsf3
00115 fs/4
01005  fs/8
0101 fqs/16
01105 fs/24
01115 f4s/32
10005 fsys/48
10015 fiys/64
10105 f;,s/96
10115 fsys/128
11005 fqys/192
11015 /fsys/256
11105 f,,s/384
M1 fys/512
This setting is effective only when the device is enabled in Slow
Down Mode.

Note:fsys is further divided by the NVMCLKFAC factor to generate
fCCLK'

The register CMCON1 is reset by RESET_TYPE_4.
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CMCON2
Clock Control Register 2 (04C,) Reset Value: 00,
7 6 5 4 3 2 1 0
PBAOCLKRE
Res
L
1 r 1 1 rW
Field Bits Type |Description
Res 71 r Reserved
This bit field is always read as zero.
PBAOCLKREL 0 rw PBAO Clock Divider

This Flag configures the PBAO clock divider.

Og divide by 1

1z  divide by 2

The PBAOCLKREL bit is a protected bit.When the Protection
Scheme is activated, this bit cannot be written directly. For more
information on Protection Scheme, see Section 7.12.

The register CMCON?2 is reset by RESET_TYPE_4.
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7.3.6.3 System Clock Control Registers
The clock source for the system is selected via register SYSCONO.

SYSCONO
System Control Register 0 (070,) Reset Value: CO,,
7 6 5 4 3 2 1 0
SYSCLKSEL NVMCLKFAC Res Res Res Res
I'\IN ‘r r r r r
Field Bits Type Description
SYSCLKSEL 7.6 rw System Clock Select

This bit field defines the clock source that is used as system clock for
the system operation.

00 The PLL clock output signal f5, is used

015 The direct clock input from fy4¢ is used

105 The direct low-precision clock input from fp ¢ « is used.

115 The direct low-precision clock input fromf,_P:C,_K is used.

Note: In normal application, it is expected that the system is running
on the PLL clock output.

NVMCLKFAC 5:4 r NVM Access Clock Factor

This bit field defines the factor by which the system clock is divided
down, with respect to the synchronous NVMACCCLK clock.

00g Divide by 1

01z Divide by 2

105 Divide by 3

115 Divide by 4

Note: Can only be changed via dedicated BROM routine.

Res 3,2,1, |r Reserved
0 Returns 0 if read; should be written with 0.

Table 26  Reset Value of Register SYSCONO

Reset Source Reset Value
Power-On Reset/Brown-out Reset/WDT1 Reset/Wake-up Co,
Reset/Hardware Reset
Watchdog Timer Reset/Soft Reset uo,

(U = unchanged)

This register SYSCONO is reset by RESET_TYPE_4.
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7.3.6.4 Analog Peripherals Clock Control Registers

The clock frequency for the analog modules is selected via register APCLK1 and APCLK2. The APCLK1 is used
as operating clock for all analog peripherals. For this reason it is important to always adapt the Analog Peripherals

Clock Control Register settings to the required frequency range, if the system clock is changed.

APCLK_CTRL1

Analog Peripheral Clock Control 1 Register (054, Reset Value: 30,
7 6 5 4 3 2 1 0
CPCLK_DIV | CPCLK_SEL | BGCLK_DIV | BGCLK_SEL | CLKWDT_IE | T3CLK_SEL | APCLK_SET | PLL_LOCK
rw rw rw rw rw rw rwh1 r

Field Bits Type |Description
CPCLK_DIV 7 rw Charge Pump Clock Divider

This Flag configures the charge pump clock divider.

Og divide by 2

1g  divide by 1

The CPCLK_DIV bit is a PASSWD protected bit.
CPCLK_SEL 6 rw Charge Pump Clock Selection

This Flag selects the charge pump clock.

0g LP_CLKis selected

15 fsys is selected

The CPCLK_SEL bit is a PASSWD protected bit.

Note: If SYSCLKSEL[1] = ‘1’ the default CPCLK_SEL = “0”

(LP_CLK) is taken
BGCLK_DIV 5 rw Bandgap Clock Divider

This Flag configures the bandgap clock divider.

Og divide by 2

1g  divide by 1

The BGCLK_DIV bit is a PASSWD protected bit.
BGCLK_SEL 4 rw Bandgap Clock Selection

This Flag selects the bandgap clock.

0y LP_CLKis selected

15 fsys is selected

The BGCLK_SEL bit is a PASSWD protected bit.

Note: If SYSCLKSEL[1] = 1’ the default BGCLK_SEL = “0”

(LP_CLK) is taken
CLKWDT_IE 3 rw Clock Watchdog Interrupt Enable

Og Interrupt disabled

1g  Interrupt enabled

The CLKWDT_IE bit is a PASSWD protected bit.
T3CLK_SEL 2 rw Timer 3 Clock Selection

This Flag selects the Timer 3 clock.

0g LP_CLKis selected

15 MI_CLK is selected

The T3CLK_SEL bit is a PASSWD protected bit.
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Field Bits

Type

Description

APCLK_SET 1

rwh1

Set and Overtake Flag for Clock Settings

This Flag makes the APCLK1, APCLK2, T3CLK_DIV Settings valid.
O0g Clock Settings are ignored (previous values are hold)

15 Clock Settings are overtaken

Note: APCLK_SET is cleared by hardware once the clock setting are
overtaken

PLL_LOCK 0

PLL Lock Indicator
Og locked
15 not locked

Table 27 Reset Value of Register APCLK_CTRL1

Reset Source (RESET_TYPE_4) Reset Value
Power-On Reset/Brown-out Reset/WDT1 Reset/Wake-up 504
Reset/Hardware Reset
Watchdog Timer Reset/Soft Reset uu,

(U = unchanged)

This register APCLK_CTRL1 is reset by RESET_TYPE_4.
The clock source for the analog modules is selected via register APCLK1 and APCLK2.
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Analog Peripheral Clock Control 2 Register (06C,) Reset Value: 01,
7 6 5 4 3 2 1 0
Res T3CLK_DIV Res
' r w r
Field Bits Type Description
Res 74 r Reserved
Returns 0 if read; should be written with 0.
T3CLK_DIV 3:2 rw Timer 3 Clock Divider
This Flag configures the Timer 3 clock divider.
00; divide by 1
01g divide by 2
105 divide by 4
115 divide by 8
The T3CLK_DIV bit is a PASSWD protected bit.
Res 1:0 r Reserved
Returns 1 if read; should be written with 0.

Table 28  Reset Value of Register APCLK_CTRL2

Reset Source (RESET_TYPE_4) Reset Value
Power-On Reset/Brown-out Reset/\WDT1 Reset/Wake-up 014
Reset/Hardware Reset
Watchdog Timer Reset/Soft Reset uu,

(U = unchanged)

This register APCLK_CTRL2 is reset by RESET_TYPE_4.
The clock source for the analog modules is selected via register APCLK1 and APCLK2.
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APCLK1
Analog Peripheral Clock Register 1 (058, Reset Value: 00,

7 6 5 4 3 2 1 0
APCLg3SCL APCLK3STS APCLK1STS Res APCL21SCL APCLK1FAC

w r r r w w
Field Bits Type Description
APCLK3SCLR 7 w Analog Peripherals Clock Status Clear

This bit field is used for APCLK3 Status Clear.

APCLK3STS 6 r fSYS Loss of Clock Status

This bit field indicate the loss of fSYS clock status.
Og Noloss of fSYS clock
1z Loss of fSYS clock occurred

APCLK1STS 5:4 r Analog Peripherals Clock Status

This bit field reflects the analog peripheral clock source status that is
used as system clock for the analog module operation.

00z The MI_CLK clock is in the required range

01z The MI_CLK clock exceeds the higher limit

105 The MI_CLK clock exceeds the lower limit

11 The MI_CLK clock is not inside the specified limit.

The implemented clock watchdog (see Chapter 8) is monitoring the
frequency of the analog subsystem. If the clock is not inside the
required range, a system reset will be issued.

Note: The functionality of the analog modules can only be
guaranteed, if their clock is in the required range.

Res 3 r Reserved
Always read as zero.
APCLK1SCLR 2 w Analog Peripherals Clock Status Clear
This bit field is used for APCLK1 Status Clear.
APCLK1FAC 1:0 rw Analog Module Clock Factor

This bit field defines the factor by which the system clock is divided
down, with respect to the synchronous MI_CLK clock.

00; Divide by 1

01z Divide by 2

10 Divide by 3

115 Divide by 4

The APCLKFAC bit is not a protected bit.

This setting is only effective when APCLK_SET = 1.

Note: If SYSCLKSEL[1] = ‘1’ (LP_CLK) the default APCLK1FAC =
“00” is taken (divide by 1)
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Table 29 Reset Value of Register APCLK1

Reset Source (RESET_TYPE_4) Reset Value
Power-On Reset/Brown-out Reset/WDT1 Reset/\Wake-up 00y
Reset/Hardware Reset
Watchdog Timer Reset/Soft Reset uuy,

(U = unchanged)

This register APCLK1 is reset by RESET_TYPE_4.
The clock source for the analog modules is selected via register APCLK1 and APCLK2.
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APCLK2
Analog Peripheral Clock Register 2 (05C,) Reset Value: 08,,
7 6 5 4 3 2 1 0
APCLQZSCL APCLK2STS APCLK2FAC
w r ' w ' '
Field Bits Type Description
APCLK2SCLR 7 w Analog Peripherals Clock Status Clear
This bit field is used for APCLK2 Status Clear.
APCLK2STS 6:5 r Analog Peripherals Clock Status

This bit field reflects the analog peripheral clock source status that is
used as system clock for the analog module operation.

00z The TFILT_CLK clock is in the required range

01z The TFILT_CLK clock exceeds the higher limit

105 The TFILT_CLK clock exceeds the lower limit

11 The TFILT_CLK clock is not inside the specified limit.

The implemented clock watchdog (see Chapter SCU_PM) is
monitoring the frequency of the analog subsystem. If the clock is not
inside the required range, a system reset will be issued.

Note: The functionality of the analog modules can only be
guaranteed, if their clock is in the required range.
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Field Bits Type |Description

APCLK2FAC 4.0 rw Slow Down Clock Divider for TFILT_CLK Generation

000005
00001,
000105
00011,
001005
00101,
001105
00111,
010005
01001,
010105
01011,

111105
11111,

Notes

fsys
Joys!2
Joys!3
Joys4
Joys!
Joys!6
Joys! T
Joys!8
Joys!9
Jeys/10
fsyS/ 11
fsyS/ 12

Joys!31
Joys!32

This setting is effective only when the APCLK_SET = 1.

1. If SYSCLKSEL[1]="1’"(LP_CLK) the default APCLK2FAC = 8 is
taken

2. fsys is further divided by the APCLK2FAC factor to generate
TFILT_CLK. The clock should be always at 2 MHz.

Table 30  Suggested Value for APCLK2

Clock Frequency APCLK2FAC
18 MHz (Ip_clk) 08,, (default)
20 MHz (PIi clk) 09,
24 MHz (PIl clk) 0B,
40 MHz (PII clk) 134
Table 31  Reset Value of Register APCLK2
Reset Source (RESET_TYPE_4) Reset Value
Power-On Reset/Brown-out Reset/\WDT1 Reset/Wake-up 0B,
Reset/Hardware Reset
Watchdog Timer Reset/Soft Reset uuy,

(U = unchanged)

This register APCLK2 is reset by RESET_TYPE_4.
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7.3.6.5 External Clock Control Register
This register controls the setting of external clock for CLKOUT.

COCON

Clock Output Control Register (0B4,)) Reset Value: 00,
7 6 5 4 3 2 1 0
EN COUTS1 TLEN COUTSO COREL
'w w 'w 'w J r\IN I

Field Bits Type Description

EN 7 rw CLKOUT Enable

Og  No external clock signal is provided
15 The configured external clock signal is provided

COUTS1 6 rw Clock Out Source Select Bit 1
0  focwk is selected.
15  Based on setting of COUTSO.

TLEN 5 rw Toggle Latch Enable

Enable this bit if 50% duty cycle is desired on CLKOUT.

This bit is only applicable when both COUTS1 and COUTSO are set

to 1.

Og Toggle Latch is disabled. Clock output frequency is chosen by
the bit field COREL.

15 Toggle Latch is enabled. Clock output frequency is half of the
frequency that is chosen by the bit field COREL. The resulting
output frequency has 50% duty cycle.

COUTSO 4 rw Clock Out Source Select Bit 0

This bit is effective only if COUTS1 is set to 1.

O0g Oscillator output frequency is selected.

15 Clock output frequency is chosen by the bit field COREL.

COREL 3.0 rw Clock Output Divider
00005 fqys
00015 fqsf2
00105 fqsf3
00115 fs/4
01005  f;s/6
01015 fqs/8
01105 fq,s/10
01115 f4s/12
10005 foys/14
10015 fiys/16
10105 f;,s/18
10115 feys/20
11005 foys/24
1M01g  feys/32
11105 f4ys/36
1M1 feys/40

This register COCON is reset by RESET_TYPE_4.
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7.4 Reset Control
This section describes the types of reset and the effects of each reset on the TLE986xQX.

7.41 Types of Reset
The following reset types are recognized by the TLE986xQX:

* Power-on reset

— Requested asynchronously and released by supply voltage V5 reaching the upper threshold. Indication is a
direct analysis of V5 undervoltage.

Brown-out reset

— Is not differentiated by system with power-on reset.

Wake-up reset

— Requested asynchronously by wake-up event during power save mode.

Hardware reset

— Requested asynchronously by event on external reset input (pin).

WDT1 reset

— Activated asynchronously by external WDT1 reset event.

SCU Watchdog Timer (WDT) reset

— Requested by WDT reset event.

Soft reset

— Requested synchronously by soft reset event.

7.4.2 Overview

When the TLE986xQX is first powered up or with brown-out condition triggered by supply voltage input(s) going
below the threshold, proper voltage thresholds must be reached before the MCU system starts operation with the
release of the MCU, CPU and NVM resets. With all resets (except soft and SCU watchdog timer resets), the boot
configuration is latched. The CPU starts to execute from the Boot ROM firmware with the release of MCU reset.

If the system is in power save mode, it is possible to wake-up with reset. Wake-up reset is basically equivalent to
power-on reset except that it is a ‘warm’ reset and certain settings or configuration of the system are maintained
across the reset. A wake-up via hard reset pin while in power save mode is effected as wake-up reset.

The hardware reset function via pin can be used anytime to restart the system.

The external watchdog timer (WDT1) can trigger a WDT1 reset on the system, if the timer is not refreshed before
it overflows.

Likewise, the SCU watchdog timer (WDT) can trigger a watchdog timer reset on the system if the timer is not
refreshed before it overflows.

Soft reset can be triggered by application software where applicable.

Note that the boot configuration is only latched with the power-on, brown-out, WDT1, wake-up and hardware
resets.

7.4.3 Module Reset Behavior

Table 32 gives an overview on how the various modules or functions of the TLE986xQX are affected with respect
to the reset type. A “n” means that the module/function is reset to its default state. Refer to Table 34 for effective

reset as priority.
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Table 32  Effect of Reset on Modules/Functions
Module/ Power-On/ Wake-up Hardware |WDT1 Reset" |WDT Reset |Soft Reset?
Function Brown-Out Reset" Reset"
Reset
CPU Core n n n n n n
SCU n n n n n n
except reset except except reset |exceptreset |exceptcertain |exceptcertain
indication bit indication bits |indication bit |indication bit |status bits® | status bits®
Peripherals n n n n n n
Debug System |n n n n n n
Port Control n n n n n n
FW Startup Executes all Sleep: Executes Executes Skips not Skips not
Execution INIT Executes all | most INIT most INIT required INIT |required INIT
INIT
On-Chip Static |Initializedto 0 | Sleep: Not affected |Not Not affected® | Not affected®
RAM Initialized to |4 affected®
0;
Stop: Not
affected?
Memory Affected Affected Affected Affected Affected Affected
Extension
Stack RAM
NVM n n n n n n
except except
MapRAM MapRAM
Clock System |n n n n Not affected® |Not affected®
incl. PLL

1) MCU sub-system: Hardware reset, WDT1 reset and wake-up reset (from Stop Mode or Sleep Mode) are generally HW-
equivalent to power-on/brown-out reset, any exceptions are mainly due to power-on reset being a ‘cold’ start.

2) Soft Reset can be set by CPU_AIRCR.SYSRESETREQ
3)These bits include the reset requestor indication bit, the last power-on/brown-out/WDT 1/wake-up reset latched
boot configuration, and NMI status flags e.g. NMISR.

4) Not affected = Reset has no direct effect on RAM contents.
5) If the reset happens during a write to SRAM, the byte in the targeted write address may be corrupted.
6) All configuration including trim settings.

User’s Manual

122

Rev. 1.3, 2017-06-27



@I neon TLE986xQX

System Control Unit - Digital Modules (SCU-DM)

744 Functional Description of Reset Types
This section describes the definition and controls depending on the reset source.

7.4.4.1 Power-On / Brown-out Reset

Power-on reset is the highest level reset whereby the whole system is powered up and reset. Brown-out reset
occurs when any required voltage drops below its minimum threshold.

In user mode, the system clock is switched to the PLL output at the defined frequency of the device.

7.44.2 Wake-up Reset

Wake-up reset occurs due to enabled event on defined functional input pins leading to reset of device while the
device was in power-save mode. Wake-up reset from sleep and power-down (stop) mode is differentiated by
respective indicator bits. In case of wake-up from Sleep Mode, reset is always effected.

Wake-up reset has the next highest priority after power-on/brown-out reset.
In user mode, the system clock is switched to the PLL output at the defined frequency of the device.

7.4.4.3 Hardware Reset

Hardware reset is requested asynchronously by event on external RESET (low active) input pin, and has the next
highest priority after wake-up reset.

In case of hardware reset is activated while the device is in power-save mode, this is effectively a wake-up reset.
Refer Figure 14.

In user mode, the system clock is switched to the PLL output at the defined frequency of the device.

For details of programming the filter time of the external RESET (low active) input pin see the corresponding reset
pin blind time register, CNF_RST_TFB.

7.4.4.4 WDT1 Reset

WDT1 reset occurs due to WDT1 timer overflow or when servicing in a closed window, and has the next highest
priority after hardware reset.

In user mode, the system clock is switched to the PLL output at the defined frequency of the device.

7.4.4.5 WDT / Soft Reset

WDT reset occurs due to WDT timer overflow; Soft reset occurs due to software set of the soft reset request bit.

These two resets are at the same priority level (same effect on system) and has the lowest priority level. With these
resets, the device continues running on the previous clock system configuration.
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7.4.5 Reset Register Description

RSTCON
Reset Control Register (068,) Reset Value: 00,
7 6 5 4 3 2 1 0
LOCKUP_EN Res LOCKUP
'w ;’ I w
Field Bits Type |Description
LOCKUP_EN 7 rw Lockup Reset Enable Flag
Og Lockup is disabled.
15  Lockup is enabled.
The LOCKUP_EN bit is a protected bit. When the Protection
Scheme is activated, this bit cannot be written directly. For more
information on Protection Scheme, see Section 7.12.
Res 6:1 r Reserved
Returns 0 if read; should be written with 0.
LOCKUP 0 rw Lockup Flag
Og Lockup Status not active.
15 Lockup Status active.
The LOCKUP bit is a protected bit. When the Protection Scheme is
activated, this bit cannot be written directly. For more information on
Protection Scheme, see Section 7.12.

This register RSTCON is reset by RESET_TYPE_3.

Note: The Lockup reset is a reset provided by the ARM Core. The effect of the Lockup reset is the same as
for a software reset.

The registers PMU_RESET_STSx are located in PMU mapped to SFR space, see PMU_RESET_STS1 and
PMU_RESET_STS2. The register should retain its value across all resets until power is not available. In case of
power-on reset, only PMU_1V5DidPOR bit is set.

Table 33  Reset Value of Register PMU_RESET_STSx (XSFR)

Reset Source Reset Value
Power-down Wake-up Reset 0000 00104
Power-down Wake-up via Hardware Reset 0100 00105
Sleep Wake-up Reset 0000 01004
Soft Reset 0000 10004
WDT Reset 0001 00005
WDT1 Reset 0010 0000g
Hardware Reset 0100 00004
Power-On Reset/Brown-out Reset 1000 00004
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Possible Combination of Reset Sources

Table 34 lists all possible combinations of reset status bits being set in the TLE986xQX. A “x” means that the
corresponding reset has occurred.

Table 34 Effective Reset with Combination of Reset Sources

Effective Reset POBORST |WKRS HDRST | WDT1RST | WDTRST | SWRST
WKSL WKST

Power-on X X X X X X X
Wake-up from sleep - X - X X X -
Wake-up from stop - - X X X X -
Hardware - - - X X X

WDT1 - - - - X X

WDT - - - - - X -
Software - - - - - -

WDT & Software - - - - - X

7.4.6 Booting Scheme

After any power-on reset, brown-out reset, hardware reset, WDT1 reset or wake-up reset, the pins TMS, PO0.0,
P0.2 together choose different modes. Table 35 shows the boot selection options available in the TLE986xQX.

Table 35 TLE986xQX Boot Options

TMS/SWD P0.0 P0.2 MODE
0 X X User Mode / BSL Mode
1 1 0 Debug Mode with Serial Wire (SW) port
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7.5 Power Management
This section describes the features and functionality provided for power management of the device.

7.5.1 Overview

The TLE986xQX power-management system allows software to configure the various processing units so that
they automatically adjust to draw the minimum necessary power for the application.

There are four power modes: Active Mode, Slow Down Mode, Stop Mode and Sleep Mode, as shown in Figure 29.
Sleep Mode is a special case which can only be exited with a system reset.

The operation of the system components in each of these states can be configured by software. The power modes
provide flexible reduction of power consumption through a combination of techniques, including:

» Stopping the CPU clock

» Stopping the clocks of other system components individually
» Clock-speed reduction of some peripheral components

+ Power-down of the entire system with fast restart capability
* Reducing or removing the power supply to power domains

ACTIVE

Wake-up event

Wake-up event
bit

set SD clear SD

SLEEP bit bit POWER-DOWN
(wake up with device reset )
set SL set PD Wake-up event
bit i & SD=1
Transition not
possible, because SLOW-DOWN

Sleep Exit is
always with reset

Figure 29 Transition between Various Modes of Operation (without reset)

In Slow Down Mode, the clock generation unit is instructed to reduce its clock frequency so that the clock to the
system, i.e. core and peripherals, will be divided by a programmable factor.

In Stop Mode, the clock is turned off. Hence, it cannot be awakened by an interrupt or the Watchdog Timer. It will
be awakened only when it receives an external wake-up signal or reset signal. The application must be prepared
that the TLE986xQX is served with one of these signals. A wake-up circuit is used to detect enabled wake-up
signal(s) and activate the Stop Mode wake-up. During Stop Mode, this circuit remains active.

In Sleep Mode, the power supply to the whole MCU subsystem is removed. On detection of wake-up event, a
system reset is generated, the MCU is reset to default configuration and then restart operation is initialized.
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The priority for entry to the power-save modes starting from the highest is Sleep Mode, Stop Mode, then Slow
Down Mode.

7.5.2 Functional Description

This section describes the power-save modes, their operations, and entry and exit. It also describes the respective
behavior of TLE986xQX system components.

7.5.21  Slow Down Mode
The Slow Down Mode is used to reduce the power consumption by decreasing the internal clock in the device.

The Slow Down Mode is activated by setting the bit SD in SFR PMCONO. The bit field CMCON1.CLKREL is used
to select different slow down frequencies. The CPU and peripherals are clocked at this lower frequency. The Slow
Down Mode is terminated by clearing bit SD.

7.5.2.2 Stop Mode

In the Stop Mode, the NVM is put into NVM shutdown mode (analog and digital parts except MapRAM shut down).
The 5V (VDDP) power supply to the analog modules ADC and PLL & internal oscillator is not removed. The MCU
digital parts and the NVM MapRAM are powered by the 1.5V (VDDC) regulator (supplying 0.9 V in this mode). All
functions of the microcontroller are stopped while the contents of the NVM, on-chip RAM and the SFRs are
maintained. As for the external ports, all digital pads are still powered .

In Stop Mode, the clock is turned off. Hence, the system cannot be awakened by an interrupt or the Watchdog
Timer. It will be awakened only when it receives an external wake-up signal (with or without a following system
reset) or with reset by asserting the hard reset pin.

Software requests Stop Mode by setting the bit PMCONO.PD to 1. In addition to this Flag the WFI or WFE
instruction has to be executed. As soon as the controller has finished its currently executed interrupt task it will
enter the Stop Mode. Figure 30 below shows the correct sequence to enter Stop Mode:
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Active Mode

Set Flag PMCONO.PD

A

Send Event
SEV

A

Execute WFE instruction to
clear Event Latch

A

Execute WFE instruction to
enter Stop Mode

Stop Mode

Figure 30 Stop Mode Entry Programming Sequence

Exiting Stop Mode
Stop Mode can be exited by active edge on the enabled wake-up pin(s), or by asserting the hard reset pin.

The wake-up circuitry will perform a sequence of predefined actions such as restoring all supply voltages, restoring
modules to operational mode including the oscillator and PLL. On PLL lock (stable PLL clock the user configuration
is restored), peripheral clock gating. CPU clock gating is removed and the CPU starts to run from the instruction
following the one that sets the PD bit. It is required by the user code to insert three NOP instructions following the
one that sets the PD bit.

Note: If user has selected the PLL output as system clock (typical use case), but lock status of the PLL
cannot be achieved, the PLL will enter freerunning mode and software execution will be continued
in PLL freerunning mode.
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Usage of ARM Core low power modes for stop mode

The ARM Core provides two low power modes, which are called Sleep and Deep sleep. For system stop mode
the Deep Sleep mode of the core is used. To enable the deep sleep mode the System Control Register at address
EOOOED10y has to be written. Another way of entering Deep Sleep mode is to execute two dedicated mode
change instructions:

+  WFI
+ WFE

When the controller enters stop mode via WFI instruction, it executes the lowest priority pending interrupt and after
that enters sleep mode. This feature is not recommended to be used for normal operation using stop mode,
because the controller would only operate interrupt triggered.

When the WFE instruction is used, the controller starts to operate triggered by an external event. If the CPU will
be woken up be this external event, it stays in thread mode and continues to execute the code before it entered
stop mode.

This is the recommended procedure to enter stop mode.

7.5.2.3 Sleep Mode

In the Sleep Mode, the supply to the whole MCU subsystem including the ADC, PLL and NVM is removed. The
wake-up detection circuitry remains supplied. Only contents of non-volatile memory are retained. As for the
external ports, only the wake-up pads are still powered. The supply to ADC pads is removed.

Sleep Mode is always exited with a system reset, which is triggered by active edge on the enabled wake-up pin(s).
It is not possible to exit Sleep Mode by asserting the hard reset pin as the digital 5 V pads will not be powered.

Software requests Sleep Mode by setting the bit PMCONO.SL to 1.

Exiting Sleep Mode

Sleep Mode can only be exited with a system reset, triggered by active edge on the enabled wake-up pin(s).
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7.5.3

PMCONO

Register Description

Power Mode Control Register 0

7

6
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(040,,) Reset Value: 00,
4 3 2 1 0

Res

Res

Res

Res SD PD SL XTAL_ON

r

r rw rwh1 rwh1 w

Field

Bits

Type

Description

Res

7:4

Reserved
Returns 0 if read; should be written with 0.

Slow Down Mode Enable. Active High.

Setting this bit will cause the chip to go into slow down mode. Reset
by user.

The SD bit is a protected bit. When the Protection Scheme is
activated, this bit cannot be written directly. For more information on
Protection Scheme, see Section 7.12.

rwh1

Power Down Mode Enable. Active High.

Setting this bit will cause the chip to go into a Power Down mode.
Reset by wake-up circuit.

The PD bit is a protected bit. When the Protection Scheme is
activated, this bit cannot be written directly. For more information on
Protection Scheme, see Section 7.12.

SL

rwh1

Sleep Mode Enable. Active High.

Setting this bit will cause the chip to go into Sleep Mode. Reset by
wake-up circuit.

The SL bit is a protected bit. When the Protection Scheme is
activated, this bit cannot be written directly. For more information on
Protection Scheme, see Section 7.12.

XTAL_ON

OSC_HP Operation in Power Down Mode

Oy OSC_HP (XTAL) will be put to Power Down Mode by hardware
in power save mode.

15 OSC_HP (XTAL) continues to operate in Power Down Mode,
if enabled by OSC_CON.XPD.

This provides user the option for reduced power consumption in the

Power Down Mode. It must be noted that the startup time of

OSC_HP can be in the range of some milliseconds.

Alternatively for fast wake-up from Power Down Mode while avoiding

this power consumption, the user can selectively enable internal

oscillator as clock source and disable OSC_HP before enabling

Power Down Mode.
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7.6 Interrupt Management
This section describes the management of interrupts by the system control unit.

7.6.1 Overview

The Interrupt Management sub-module in the SCU controls the non-core-generated interrupt requests to the core.
The core has one non-maskable interrupt (NMI) node and in total 16 maskable interrupt nodes. Figure 31 shows
the block diagram of the Interrupt Management sub-module.

Maskable Interrupt
Unit

Non-Maskable
Interrupt Unit

Interrupt Management

Figure 31 Interrupt Management Block Diagram

The non-maskable interrupt unit controls the NMI requests. An incoming NMI request is not maskable and in this
sense, differs from the regular interrupts. In addition, an NMI request always has the highest priority to be serviced.
In the TLE986xQX, eight different sources can generate an NMI: watchdog timer prewarning, PLL loss-of-lock,
oscillator watchdog event, NVM map error, Memory ECC error, NVM operation complete, Debug Mode user IRAM
event and supply prewarning. Some NMI sources can be triggered by one of several events. These NMI sources
are ORed to generate an NMI interrupt directly to the core. The triggering NMI sources/events are indicated in the
NMI Status Register (NMISR), and in some cases the event flags are located in the peripheral register. The NMI
node source control can be configured via the NMI Control Register (NMICON).

There are generally 3 types of maskable inputs into the core: internal, external and extended interrupts. The
maskable interrupt unit will generate the respective interrupt node request to the core and will maintain
corresponding SCU flags and control. In general, to support all types of peripheral interrupts, an interrupt node of
the core may be shared among several interrupt sources.

7.6.1.1 External Interrupts

The generation of an interrupt request from an external source by edge detection in the SCU is shown in
Figure 32. External interrupts can be positive, negative or double edge triggered. Register EXICONO specifies the
active edge for the external interrupt.
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Figure 32 Interrupt Request Generation of External Interrupts

7.6.1.2 Extended Interrupts

Extended interrupts are for non-core on-chip peripherals for core-external trigger of interrupt requests to the core.
There are nine such interrupts.

Interrupt signals from such on-chip peripherals are pulse triggered and active for two clock cycles. These interrupt
signals belonging to the same interrupt node will be latched as one direct interrupt request to the core. IRCONXx
(where x = 0-1, 3-4) or peripheral registers hold the interrupt event flags for these extended and external interrupt
events. Corresponding bits in the Interrupt Enable Registers (IEN) within the core may block or transfer these
interrupt requests to the core interrupt controller. An enabled interrupt request is acknowledged when the core
vectors to the interrupt routine. The software routine should clear the interrupt flags in the IRCONX registers.

As there are more peripheral interrupts than interrupt nodes supported by the core, some interrupts are
multiplexed to the same interrupt node. Where possible and necessary, critical peripheral interrupts (e.g. SSC)
have their own dedicated interrupt node.

7.6.2 Interrupt Node Assignment
Table 36 shows the interrupt node assignment for TLE986xQX.

Table 36  NMI

Interrupt Vector Address Assignment for TLE986xQX

Node

NMI 0000, Watchdog Timer, PLL, NVM Operation Complete, CLKWDT, Oscillator
Watchdog, NVM map error, ECC error, Pre-Warn SUPP, Pre-Warn
TEMP

Table 37 Interrupt Vector Table

Service Request Node ID Description

GPT1 0 GPT1 interrupt (T2-T4)

GPT2 1 GPT2 interrupt (T5-T6, CAPIN)

MU- ADC8/T3 2 Measurement Unit, VBG, Timer3

ADC1 3 ADCH1 interrupt / VREF5V Overload / VREF5V OV/UV, 10-bit ADC

CCuUo0 4 CCUG6 node 0 interrupt
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Service Request Node ID Description

CCu1 5 CCU®6 node 1 interrupt

CCuU2 6 CCU®6 node 2 interrupt

CCU3 7 CCU®6 node 3 interrupt

SSCH1 8 SSC1 interrupt (receive, transmit, error)

SSC2 9 SSC2 interrupt (receive, transmit, error)

UART1 10 UART1 (ASC-LIN) interrupt (receive, transmit), Timer2, linsync1, LIN
UART2 11 UART2 interrupt (receive, transmit), Timer21, External interrupt (EINT2)
EXINTO 12 External interrupt (EINTO), MON

EXINTA1 13 External interrupt (EINT1)

BDRV/CP 14 Bridge Driver / Charge Pump

DMA 15 DMA Controller
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7.6.3 Interrupt Related Registers
Several interrupt related registers are located in the SCU.

7.6.3.1 Interrupt Event Enable Control

The two interrupt events of UART and three interrupt events of SSC module are of interrupt structure 1 which is
described in Chapter 13.3.2. As there is no enable/disable bit(s) for these interrupt events within the module, bits
are defined in the SCU register MODIEN1 and MODIENZ2 for this purpose.

MODIEN1
Peripheral Interrupt Enable Register 1 (030,) Reset Value: C7,
7 6 5 4 3 2 1 0
TIEN1 RIEN1 Res Res Res RIREN1 TIREN1 EIREN1
'w w r r r 'w 'w w
Field Bits Type |Description
TIEN1 7 rw UART 1 Transmit Interrupt Enable

Og  Transmit interrupt is disabled
1z Transmit interrupt is enabled
RIEN1 6 rw UART 1 Receive Interrupt Enable
Og Receive interrupt is disabled
1z Receive interrupt is enabled

Res 5:3 r Reserved
Returns 0 if read; should be written with 0.
RIREN1 2 rw SSC 1 Receive Interrupt Enable

0z Receive interrupt is disabled
1z Receive interrupt is enabled

TIREN1 1 rw SSC 1 Transmit Interrupt Enable
Og  Transmit interrupt is disabled
1z Transmit interrupt is enabled
EIREN1 0 rw SSC 1 Error Interrupt Enable

Og  Errorinterrupt is disabled

1g  Error interrupt is enabled
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MODIEN2
Peripheral Interrupt Enable Register 2 (034, Reset Value: C7,
7 6 5 4 3 2 1 0
TIEN2 RIEN2 EXINT2_EN Res RIREN2 TIREN2 EIREN2
w w w ;’ 'w w w
Field Bits Type |Description
TIEN2 7 rw UART 2 Transmit Interrupt Enable

Og  Transmit interrupt is disabled
1g  Transmit interrupt is enabled
RIEN2 6 rw UART 2 Receive Interrupt Enable
Og  Receive interrupt is disabled
1z Receive interrupt is enabled
EXINT2_EN 5 rw External Interrupt 2 Enable

O0g  External interrupt is disabled
1z External interrupt is enabled

Res 4:3 r Reserved
Returns 0 if read; should be written with 0.
RIREN2 2 rw SSC 2 Receive Interrupt Enable

0z Receive interrupt is disabled
1z Receive interrupt is enabled

TIREN2 1 rw SSC 2 Transmit Interrupt Enable
Og  Transmit interrupt is disabled
1z Transmit interrupt is enabled
EIREN2 0 rw SSC 2 Error Interrupt Enable

Og  Errorinterrupt is disabled

1g  Error interrupt is enabled
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Peripheral Interrupt Enable Register 3 (038,) Reset Value: 00,
7 6 5 4 3 2 1 0
Res MONSTS MONIE Res IEO
II' r rw r I w
Field Bits Type |Description
Res 7:6 r Reserved
Returns 0 if read; should be written with 0.
MONSTS 5 r MON Input Status
Og  Status zero
1z  Status one
MONIE 4 rw MON Interrupt Enable
Og disabled
1z enabled
Res 3:1 r Reserved
Returns 0 if read; should be written with 0.
IEQ 0 rw External Interrupt Enable
0g disabled
1g enabled
MODIEN4
Peripheral Interrupt Enable Register 4 (03C,) Reset Value: 00,
7 6 5 4 3 2 1 0
Res ‘ IE1
1 r 1 1 rW
Field Bits Type |Description
Res 71 r Reserved
Returns 0 if read; should be written with 0.
IE1 0 rw External Interrupt Enable
Og disabled
1z enabled
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GPT12IEN
GPT12 Interrupt Enable Register (15C,) Reset Value: 3F,
7 6 5 4 3 2 1 0
Res CRIE T6IE TSIE T4IE T3IE T2IE
II' w w w 'w w w
Field Bits Type |Description
Res 7:6 r Reserved
Returns 0 if read; should be written with 0.
CRIE 5 rw General Purpose Timer 12 Capture and Reload Interrupt Enable
Og Interruptis disabled
1z Interruptis enabled
T6IE 4 rw General Purpose Timer 12 T6 Interrupt Enable
Og Interruptis disabled
1z Interruptis enabled
TSIE 3 rw General Purpose Timer 12 T5 Interrupt Enable
Og Interrupt is disabled
1z Interrupt is enabled
T4IE 2 rw General Purpose Timer 12 T4 Interrupt Enable
Og Interrupt is disabled
1z Interrupt is enabled
T3IE 1 rw General Purpose Timer 12 T3 Interrupt Enable
Og Interrupt is disabled
1z Interrupt is enabled
T2IE 0 rw General Purpose Timer 12 T2 Interrupt Enable

Og Interrupt is disabled
1g  Interruptis enabled

Other Interrupt Related Registers

The following interrupt related registers are located in the SCU:

+ NMICON
+ NMISR

+ |IRCONO, IRCON1,IRCONZ2, IRCON3, IRCON4

+ EXICONO

+ MODIEN1, MODIEN2
All registers, except MODIENYX, are described in the Interrupt System Chapter 13.5.

7.6.3.2 DMA Interrupt Event Enable and Select Control
The integrated DMA Controller has 14 dedicated interrupt sources. They are:

DMA Interrupt Sources

» 10-bit ADC Programmed Sequencer Sequence done
» 10-bit ADC Single Sequence done
» SSC Transmit Request
» SSC Receive Request

+ ADC1-CH1
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ADC1-CH2

ADC1-CH3

ADC1-CH4

ADC1-CH5

ADC1-CH6

ADC1-CH7, CCU T12_zZM

ADC1-CHS8, CCU T12_PM

+ Timer 3 cc6_int(single transfer), GPT12-T3

All DMA related interrupt enable registers are described below.
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DMAIEN1
DMA Interrupt Enable Register 1 (144,) Reset Value: 00,
7 6 5 4 3 2 1 0
CHBIE CHT7IE CH6IE CHS5IE CH4IE CHSIE CH2IE CH1IE
'w rw rw w rw 'w w 'w
Field Bits Type |Description
CHSIE 7 rw DMA Channel 11 Interrupt Enable (ADC1 Channel 7)
Og Interrupt is disabled
1g  Interruptis enabled
CHT7IE 6 rw DMA Channel 10 Interrupt Enable (ADC1 Channel 6)
Og Interrupt is disabled
1g  Interruptis enabled
CH6IE 5 rw DMA Channel 9 Interrupt Enable (ADC1 Channel 5)
Og Interrupt is disabled
1z Interruptis enabled
CHS5IE 4 rw DMA Channel 8 Interrupt Enable (ADC1 Channel 4)
Og Interrupt is disabled
1z Interrupt is enabled
CHJ4IE 3 rw DMA Channel 7 Interrupt Enable (ADC1 Channel 3)
Og Interrupt is disabled
1z Interruptis enabled
CH3IE 2 rw DMA Channel 6 Interrupt Enable (ADC1 Channel 2)
Og Interrupt is disabled
1z Interrupt is enabled
CH2IE 1 rw DMA Channel 5 Interrupt Enable (ADC1 Channel 1)
Og Interrupt is disabled
1z Interrupt is enabled
CH1IE 0 rw DMA Channel 4 Interrupt Enable (ADC1 Channel 0)
Og Interrupt is disabled
1z Interrupt is enabled
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DMAIEN2
DMA Interrupt Enable Register 2 (148,) Reset Value: 00,

7 6 5 4 3 2 1 0

Res Res GPT12IE SSCRXIE SSCTXIE TRSE%ZRDYI TRSE%‘ RDYI TRERRIE

r r rw rw w rw rw w
Field Bits Type |Description
Res 7:6 r Reserved

Returns 0 if read; should be written with 0.

GPT12IE 5 rw DMA Channel 12 Interrupt Enable (GPT12/Timer3)

O0g Interrupt is disabled

1g  Interruptis enabled

SSCRXIE 4 rw DMA Channel 3 Interrupt Enable (SSCx Receive)
Og Interrupt is disabled

1g  Interrupt is enabled

SSCTXIE 3 rw DMA Channel 2 Interrupt Enable (SSCx Transmit)
Og Interrupt is disabled

1g  Interruptis enabled

TRSEQ2RDYIE 2 rw DMA Channel 1 Interrupt Enable (ADC1 ESM)

Og Interrupt is disabled

1z Interruptis enabled

TRSEQ1RDYIE 1 rw DMA Channel 0 Interrupt Enable (ADC1 Sequence)
Og Interrupt is disabled

1z Interruptis enabled

TRERRIE 0 rw DMA Transfer Error Interrupt Enable

Og Interruptis disabled

1z Interruptis enabled
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DMASRCSEL
DMA Source Selection Register (14C,) Reset Value: 00,
7 6 5 4 3 2 1 0
GPT12 T3 SSCRX SSCTX Res T12PM_DMA |T12ZM_DMAE| SSCRXSRCS | SSCTXSRCS
- EN N EL EL
r r r r w rw rw rw
Field Bits Type |Description
GPT12_T3 7 r DMA Channel 12 Request (GPT12E, Timer3)
0g GPT12_T3 Transfer DMA Request not present
15 GPT12_T3 Transfer DMA Request present
SSCRX 6 r DMA Channel 3 Request (SSCx Receive)
0g SSC Receive DMA Request not present
15 SSC Receive DMA Request present
SSCTX 5 r DMA Channel 2 Request (SSCx Transmit)
0g  SSC Transmit DMA Request not present
1g  SSC Transmit DMA Request present
Res 4 r Reserved
Note: Should be written with zero
T12PM_DMAEN 3 rw CC6_T12_PM (Period Match) DMA muxer, DMA channel 11
0g ADC1 Channel 7 used as trigger for DMA Channel 11
1z CCU6 T12_PM used as trigger for DMA channel 11
T12ZM_DMAEN 2 rw CC6_T12_ZM (Zero Match) DMA muxer, DMA Channel 9
0g ADC1 Channel 5 used as trigger for DMA Channel 9
15 CCU6 T12_ZM used as trigger for DMA Channel 9
SSCRXSRCSEL 1 rw SSCx Receive Source Select
0g SSC1 Receive as DMA input is enabled
15 SSC2 Receive as DMA input is enabled
SSCTXSRCSEL 0 rw SSCx Transmit Source Select
Og SSC1 Transmit as DMA input is enabled
1 SSC2 Transmit as DMA input is enabled
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DMASRCCLR
DMA Source Selection Clear Register (198,) Reset Value: 00,
7 6 5 4 3 2 1 0
GPT12_T3C SSCRXC SSCTXC Res
w w w I r I I
Field Bits Type |Description
GPT12_T3C 7 w DMA Channel 12 Transmit Request Clear (GPT12E, Timer3)
0y GPT12_T3 Transfer DMA Request not cleared
1g  GPT12_T3 Transfer DMA Request cleared
SSCRXC 6 w DMA Channel 3 Request Clear (SSCx Receive)
0y SSC Receive DMA Request not cleared
1z SSC Receive DMA Request cleared
SSCTXC 5 w DMA Channel 2 Request Clear (SSCx Transmit)
Og SSC Transmit DMA Request not cleared
1 SSC Transmit DMA Request cleared
Res 4:0 r Reserved
Note: Should be written with zero
DMASRCSEL2
DMA Source Selection Register 2 (180,) Reset Value: 00,
7 6 5 4 3 2 1 0
Res GPT12_DMAEN
1 I\’ 1 r\IAI
Field Bits Type |Description
Res 7:2 r Reserved
Note: Should be written with zero
GPT12_DMAEN 1:0 rw DMA Channel 12 trigger mux select (GPT12E, Timer3)

Note: Do not change DMA Channel 12 muxer if DMA Channel 12 is
enabled in DMA Controller

00,
01,
105
115

Timer3 triggers DMA Channel 12

GPT12 T3 triggers DMA Channel 12

Timer3 or CCU6 T12_ZM triggers DMA Channel 12
GPT12 T3 or CCU6 T12_ZM triggers DMA Channel 12
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7.6.4 Implementation of DMA Request inside the SCU

The DMA requests of SSC Transmit, SSC Receive and GPT12 have to be implemented as shown in the figure
below on the example of the SSC transmit request. The Request Source of GPT12 is not multiplexed. The request
has to be set by the corresponding interrupt request signal and hold until the corresponding dma_active signal
goes to high. The reset of the corresponding request source flag is only done when the source is selected by the
corresponding select signal:

» ssc_tir_i

mi_clk:
reset type_3
SSC1TX - sfr bit — rwh
Prio1 : reset by Software

Prio2: reset by rising Lssc_tx_dma_sreq_o»
edge of dma_active if
ssc2 selected

| 5 2_tir_i

reset_type_3

SSC1TX — sfr bit —rwh
Prio1 : reset by Software
Prio2: reset by rising
edge of dma_active if

ssc2 selected SSCATXSRCSEL

Figure 33 Implementation of DMA Request Generation and Selection by SCU
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7.6.5 NMI Event Flags Handling

Each NMI event and status flag is retained across these resets: 1) WDT reset, 2) soft reset. Specifically, these
include all the flags of NMISR register: FNMIWDT, FNMIPLL, FNMINVM, FNMIOCDS, FNMIOWD, FNMIMAP and
indirectly, FNMIECC and FNMISUP. In the case of watchdog resets, the requestor can be identified via the reset
indicator bits WDT1RST and WDTRST. The ECC NMI is indicated by the respective event flags of SFR
EDCSTAT.IRDBE, XRDBE and NVMDBE. Likewise, the supply prewarning NMI and MI_CLK WDT NMI is
indicated by the respective event flags located in Chapter 8, SCU_PM.

These NMI event and status flags are otherwise reset to default value with all other resets i.e. power-on, brown-
out, hardware, WDT1 (except WDT1RST) and wakeup reset.
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7.7 General Port Control

The SCU contains control registers for the selection of:

+ alternate input functions of UART, Timers and External Interrupts (Section 7.7.1)
» port output driver strength and temperature compensation (Section 7.7.2)

For functional description of GPIO ports, refer to Chapter 15.

7.71 Input Pin Function Selection

MODPISELXx registers control the selection of the input pin functions. For UART, the selection of the RXD line also
enables the corresponding TXD line.

MODPISEL
Peripheral Input Select Register (0B8,)) Reset Value: 00,
7 6 5 4 3 2 1 0
U—TX—SCONDI URIOS1 EXINT2IS EXINT1IS EXINTOIS
w w w w w
Field Bits Type Description
U_TX_CONDIS 7 rw UART1 TxD Connection Disable

O0g UART1-TxD1 Output routed to LIN Transmitter.
15 UART1-TxD1 Output is disconnected from LIN Transmitter.
Transceiver TxD Input is routed to P0.1.

Note: To select TXD_1 as the UART1 output on PO0.1, the Port
ALTSELX registers need to be configured additionally.

URIOS1 6 rw UART1 Input/Output Select
0g UART1 Receiver Input RxD1 is routed to LIN Receiver.
1z UART1 Receiver Input RxD1 is routed to P1.4.

Note: To select RxD output of the Transmitter on P1.4, the Port
ALTSELXx registers need to be configured additionally.

EXINT2IS 5:4 rw External Interrupt 2 Input Select

00z n.u.

015z External Interrupt Input EXINT2_1 is selected (P1.4).
105 External Interrupt Input EXINT2_2 is selected (P0.4).
115 External Interrupt Input EXINT2_3 is selected (P0.0).

EXINT1IS 3:2 rw External Interrupt 1 Input Select

005 External Interrupt Input EXINT1_0 is selected (P1.1).
015z External Interrupt Input EXINT1_1 is selected (P1.3).
105 External Interrupt Input EXINT1_2 is selected (P1.0).
115 External Interrupt Input EXINT1_3 is selected (P2.4).

EXINTOIS 1.0 rw External Interrupt 0 Input Select

00; External Interrupt Input EXINTO_O is selected (P2.0).

015z External Interrupt Input EXINTO_1 is selected (P1.2).
)
)

105 External Interrupt Input EXINTO_2 is selected (P0.1).
115 External Interrupt Input EXINTO_3 is selected (P2.3).
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MODPISELA1
Peripheral Input Select Register 1 (0BC,) Reset Value: 00,
7 6 5 4 3 2 1 0
T21EXCON | T2EXCON RES RES CPTIZCAPIN
'w w IL r I w
Field Bits Type Description
T21EXCON 7 rw Timer 21 External Input Control
Og  Timer 21 Input T21EX is selected by bit field
MODPISEL2.T2EXIS.
15 Timer 21 Input T21EX is connected to signal from analog
subsystem.
T2EXCON 6 rw Timer 2 External Input Control
O0g Timer 2 Input T2EX is selected by bit field
MODPISEL2.T2EXIS.
15 Timer 2 Input T2EX is connected to signal from analog
subsystem.
RES 5:4 r Reserved
Returns 0 if read; should be written with 0.
RES 3:1 r Reserved
Returns 0 if read; should be written with 0.
GPT12CAPINB 0 rw GPT12 CAPINB Input Control
set GPT12E->PISEL.ISCAPIN =1
0g GPT12 CAPINB Input is connected to P0.3.
1g  not used
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Reset Value: 00,
3 2 1 0

T21EXIS

T2EXIS

T2I1S

rw

rw

Field

Bits

Type

Description

T21EXIS

7:6

rw Timer 21 External Input Select

Timer 21 Input T21EX_0 is selected.
Timer 21 Input T21EX_1 is selected.
Timer 21 Input T21EX_2 is selected.
Timer 21 Input T21EX_3 is selected.

005
014
105
11,

Note: This selection takes effect only when

MODPISEL1.T21EXCON = 0.

T2EXIS

54

rw Timer 2 External Input Select
Timer 2 Input T2EX_O (int. LIN Trx.) is selected.

00,

015 Timer 2 Input T2EX_1 is selected.
Others: Reserved

Note: This selection takes effect only when

MODPISEL1.T2EXCON = 0.

T21IS

3:2

rw Timer 21 Input Select

Timer 21 Input T21_0 is selected.
Timer 21 Input T21_1 is selected.
Timer 21 Input T21_2 is selected.

005
014
105
11,

Reserved.

T2IS

1.0

rw Timer 2 Input Select
Timer 2 Input T2_0 is selected.

005

01g Timer 2 Input T2_1 is selected.
Others: Reserved
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MODPISEL3
Peripheral Input Select Register 3 (0C4,) Reset Value: 00,
7 6 5 4 3 2 1 0
Res URIOS2 Res
r rW 1 r\. 1 1
Field Bits Type |Description
Res 7 r Reserved
Returns 0 if read; should be written with 0.
URIOS2 6 rw UART2 Input/Output Select
0g UART2 Receiver Input RXD2_0 and Transmitter Output
TXD2_0 is selected.
1z UARTZ2 Receiver Input RXD2_1 and Transmitter Output
TXD2_1 is selected.
Note: To select TXD2 _1 as the Transmitter output, the Port
ALTSELXx registers need to be configured additionally.
Res 5:0 r Reserved

Returns 0 if read; should be written with 0.
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Px_POCONYy registers control the output driver strength for each of the bidirectional port pins through the bit field
PDMn, where x denotes the port number and n denotes the pin number.

P0_POCONO
Port Output Control Register

7 6 5

(OE8,) Reset Value: 44,,

Res PDM1

Res PDMO

Field Bits Type

Description

Res 7 r

Reserved
Returns 0 if read; should be written with O.

PDM1 6:4 rw

P0.1 Port Driver Mode

Code Driver Strength" and Edge Shape?
0005 Not used

0015 Not used

0105 Not Used

0115 Weak driver

1005 Medium driver

1015 Medium driver

1105 Medium driver

1115 Weak driver

Res 3 r

Reserved
Returns 0 if read; should be written with O.

PDMO 2:0 rw

P0.0 Port Driver Mode

Code Driver Strength" and Edge Shape?
000z Strong driver and sharp edge mode
0015 Strong driver and medium edge mode
010 Strong driver and soft edge mode
0115 Weak driver

1005 Medium driver

1015 Medium driver

1105 Medium driver

1115 Weak driver

1) Defines the current the respective driver can deliver to the external circuitry.

2) Defines the switching characteristics to the respective new output driver. This also influences the peak currents through
the driver when producing an edge, i.e. when changing the output level.
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Port Output Control Register

7 6
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(0EC,)

Reset Value: 44,,
0

Res

PDM3

Res PDM2

Field

Bits

Type

Description

Res

Reserved
Returns 0 if read; should be written with O.

PDM3

6:4

P0.3 Port Driver Mode

Code Driver Strength" and Edge Shape?
0005 Not used

0015 Not used

0105 Not Used

0115 Weak driver

1005 Medium driver

1015 Medium driver

1105 Medium driver

1115 Weak driver

Res

Reserved
Returns 0 if read; should be written with O.

PDM2

2:0

P0.2 Port Driver Mode

Code Driver Strength" and Edge Shape?
000z Strong driver and sharp edge mode
0015 Strong driver and medium edge mode
0105 Strong driver and soft edge mode
0115 Weak driver

1005 Medium driver

1015 Medium driver

1105 Medium driver

1115 Weak driver

1) Defines the current the respective driver can deliver to the external circuitry.

2) Defines the switching characteristics to the respective new output driver. This also influences the peak currents through
the driver when producing an edge, i.e. when changing the output level.
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P0_POCON2
Port Output Control Register (0F0,,) Reset Value: 44,,
7 6 5 4 3 2 1 0
Res Res Res PDM4
r r r I rw I
Field Bits Type |Description
Res 7 r Reserved
Returns 0 if read; should be written with 0.
Res 6:4 r Reserved
Returns “100” if read; should be written with “100”.
Res 3 r Reserved
Returns 0 if read; should be written with 0.
PDM4 2:0 rw P0.4 Port Driver Mode

Code Driver Strength" and Edge Shape?
0005 Not used

0015 Not used

0105 Not Used

0115 Weak driver

1005 Medium driver

1015 Medium driver

1105 Medium driver

1115 Weak driver

1) Defines the current the respective driver can deliver to the external circuitry.

2) Defines the switching characteristics to the respective new output driver. This also influences the peak currents through
the driver when producing an edge, i.e. when changing the output level.
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Port Output Control Register

7 6
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(OF8y,)

Reset Value: 44,,
0

Res

PDM1

Res PDMO

Field

Bits

Type

Description

Res

Reserved
Returns 0 if read; should be written with O.

PDM1

6:4

P1.1 Port Driver Mode

Code Driver Strength" and Edge Shape?
0005 Not used

0015 Not used

0105 Not Used

0115 Weak driver

1005 Medium driver

1015 Medium driver

1105 Medium driver

1115 Weak driver

Res

Reserved
Returns 0 if read; should be written with O.

PDMO

2:0

P1.0 Port Driver Mode

Code Driver Strength" and Edge Shape?
0005 Not used

0015 Not used

0105 Not Used

0115 Weak driver

1005 Medium driver

1015 Medium driver

1105 Medium driver

1115 Weak driver

1) Defines the current the respective driver can deliver to the external circuitry.

2) Defines the switching characteristics to the respective new output driver. This also influences the peak currents through
the driver when producing an edge, i.e. when changing the output level.
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Port Output Control Register

7 6
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(OFC,)

Reset Value: 44,,
0

Res

PDM3

Res PDM2

Field

Bits

Type

Description

Res

Reserved
Returns 0 if read; should be written with O.

PDM3

6:4

P1.3 Port Driver Mode

Code Driver Strength" and Edge Shape?
000z Strong driver and sharp edge mode
001z Strong driver and medium edge mode
0105 Strong driver and soft edge mode
0115 Weak driver

1005 Medium driver

1015 Medium driver

1105 Medium driver

1115 Weak driver

Res

Reserved
Returns 0 if read; should be written with O.

PDM2

2:0

P1.2 Port Driver Mode

Code Driver Strength" and Edge Shape?
0005 Not used

0015 Not used

0105 Not Used

0115 Weak driver

1005 Medium driver

1015 Medium driver

1105 Medium driver

1115 Weak driver

1) Defines the current the respective driver can deliver to the external circuitry.

2) Defines the switching characteristics to the respective new output driver. This also influences the peak currents through
the driver when producing an edge, i.e. when changing the output level.
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P1_POCON2
Port Output Control Register (100,) Reset Value: 04,
7 6 5 4 3 2 1 0
Res PDM4
1 r 1 1 rw 1
Field Bits Type Description
Res 7:3 r Reserved
Returns 0 if read; should be written with 0.
PDM4 2:0 w P1.4 Port Driver Mode

Code Driver Strength" and Edge Shape?
0005 Strong driver and sharp edge mode
0015 Strong driver and medium edge mode
010g Strong driver and soft edge mode
0115 Weak driver

1005 Medium driver

1015 Medium driver

1105 Medium driver

1115 Weak driver

1) Defines the current the respective driver can deliver to the external circuitry.

2) Defines the switching characteristics to the respective new output driver. This also influences the peak currents through
the driver when producing an edge, i.e. when changing the output level.

The TCCR register controls the temperature compensation of all the output port pins with strong drivers, i.e. on a
device level. The TCCR register has no effect on output port pins that operate in the weak and medium driver
modes.

TCCR
Temperature Compensation Control Register (0F4,) Reset Value: 03,
7 6 5 4 3 2 1 0
Res TCC
1 r\' 1 r\l,v
Field Bits Type Description
Res 7:2 r Reserved
Returns 0 if read; should be written with 0.
TCC 1:0 rw Temperature Compensation Control

The slew rate of the output driver is kept stable over the selected
temperature range:

00g 7,:-40°Cto0°C

01z 7,:0°Cto40°C

105 7,:40°Cto80°C

11 T7,:80°Cto 150 °C

7.7.3 GPT12 T3IN/T4IN Input Pin Function Selection
GPT12PISEL registers control the selection of the input pin functions of T3INB and T4IND in GPT12.
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GPT12 Peripheral Input Select Register (0DO,)) Reset Value: 00,
7 6 5 4 3 2 1 0
RES T3—GEPE 128 | 1riG_CONF GPT12
r w w w '
Field Bits Type |Description
Res 7:6 r Reserved
Returns 0 if read; should be written with 0.
T3_GPT12_SEL 5 rw CCUG6_INT_SEL.
Og CCUG_INT is triggered by Timer 3
15 CCUG6_INT is triggered by GPT12PISEL.GPT12.
TRIG_CONF 4 rw CCUG6 Trigger Configuration.
O0g  Trigger is just for one measurement (default)
15  Trigger is present until next input edge (selected by GPT12) -
continuos measurement.
GPT12 3.0 rw GPT12 TIN3B / TIN4D Input Select

00005CC60
00015CC61
00105CC62
00115T12 ZM.
01005T12 PM.
01015T12 CMO.
01105T12 CM1.
01115712 CM2.
10005T13 PM.
10015T13 ZM.
10105T13 CM.
1011gany positive or negative edge on CC60/61/62.
11005RES.
1101gRES.
11105RES.
1111gRES.
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7.8 Flexible Peripheral Management

The Flexible Peripheral Management sub-module provides the system designer greater control on the operational
status of each individual digital peripheral. Peripherals which are not required for a particular functionality can be
disabled by programming the assigned register bits which would gate off the clock inputs. This would further
reduce overall power consumption of the microcontroller.

Each register bit controls one peripheral. When this bit is set, the request signal to gate the peripheral clock is
activated. The peripheral will then synchronize the gating off of the clock to the peripheral.
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7.8.1 Peripheral Management Registers
PMCON1
Peripheral Management Control Register 1 (060,,) Reset Value: 00,
7 6 5 4 3 2 1 0
Res Res GPT12_DIS T2_DIS CCU6_DIS SSC1_DIS ADC1_DIS
II' r w w 'w 'w w
Field Bits Type Description
Res 7:6 r Reserved
Returns 0 if read; should be written with 0.
Res 5 r Reserved
Returns 0 if read; should be written with 0.
GPT12_DIS 4 rw General Purpose Timer 12 Disable Request. Active high.
0g GPT12is in normal operation. (default)
15 Request to disable the GPT12.
T2_DIS 3 rw T2 Disable Request. Active high.
Og TZ2isin normal operation. (default)
1z Request to disable the T2.
CCU6_DIS 2 rw CCUG Disable Request. Active high.
0g CCUG6 is in normal operation. (default)
1z Request to disable the CCUG.
SSC1_DIS 1 rw SSC1 Disable Request. Active high.
0g SSCH1is in normal operation. (default)
1z Request to disable the SSC1.
ADC1_DIS 0 rw ADC1 Disable Request. Active high.
Og ADC1 is in normal operation. (default)
15 Request to disable the ADC1.
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PMCON2
Peripheral Management Control Register 2 (064, Reset Value: 00,
7 6 5 4 3 2 1 0
Res T3_DIS Res T21_DIS Res SSC2_DIS Res
r rw r rw r w r
Field Bits Type |Description
Res 7:6 r Reserved
Returns 0 if read; should be written with 0.
T3_DIS 5 rw T3 Disable Request. Active high.
Og T3is in normal operation. (default)
1z Request to disable the T3.
Res 4 r Reserved
Returns 0 if read; should be written with 0.
T21_DIS 3 rw T21 Disable Request. Active high.
O0g T21isin normal operation. (default)
1z Request to disable the T21.
Res 2 r Reserved
Returns 0 if read; should be written with 0.
SSC2_DIS 1 rw SSC2 Disable Request. Active high.
Oy SSC2is in normal operation. (default)
15 Request to disable the SSC2.
Res 0 r Reserved
Returns 0 if read; should be written with 0.
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7.9 Module Suspend Control

When the On-Chip Debug Support (Debug Mode) is in Monitor Mode (halted_o from ARM debug), timers in certain
modules in TLE986xQX can be suspended based on the settings of their corresponding module suspend bits in
register MODSUSP. When suspended, only the timer stops counting as the counter input clock is gated off. The
module is still clocked so that module registers are accessible.
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7

6
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(0C8,)
4 3 2 1 0

Reset Value: 81,

Res

T21_SUSP

Res

GPT12_SUSP

T2_SUSP T13SUSP T12SUSP WDTSUSP

rw

w rw 'w w w

Field

Bits

Type

Description

Res

Reserved
Returns 0 if read; should be written with 0.

T21_SUSP

Timer21 Debug Suspend Bit
Og  Timer21 will not be suspended.
1 Timer21 will be suspended.

Res

Reserved
Returns 0 if read; should be written with 0.

GPT12_SUSP

GPT12 Debug Suspend Bit
0g GPT12 will not be suspended.
15 GPT12 will be suspended.

T2_SUSP

Timer2 Debug Suspend Bit
Oz  Timer2 will not be suspended.
15  Timer2 will be suspended.

T13SUSP

Timer 13 Debug Suspend Bit

Og  Timer 13 in Capture/Compare Unit will not be suspended.

15 Timer 13 in Capture/Compare Unit will be suspended.

When suspended, additionally the T13 PWM output is set to inactive
level.

T12SUSP

Timer 12 Debug Suspend Bit

O0g Timer 12 in Capture/Compare Unit will not be suspended.
15 Timer 12 in Capture/Compare Unit will be suspended.
When suspended, additionally the T12 PWM outputs are set to
inactive level and capture inputs are disabled.

WDTSUSP

SCU Watchdog Timer Debug Suspend Bit
0g  WDT will not be suspended.
15 WDT will be suspended.
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MODSUSP2
Module Suspend Control Register 2 (0cc,) Reset Value: 00,
7 6 5 4 3 2 1 0
Res ADC1_SUSP | MU_SUSP | T3 SUSP
I r I w 'w w
Field Bits Type |Description
Res 7:3 r Reserved
Returns 0 if read; should be written with 0.
ADC1_SUSP 2 rw ADC1 Unit Debug Suspend Bit
0g  ADCH1 will not be suspended.
15 ADC1 will be suspended.
MU_SUSP 1 rw Measurement Unit Debug Suspend Bit

Og MU will not be suspended.
15 MU will be suspended.

T3_SUSP 0 rw Timer 3 Debug Suspend Bit
Og  Timer 3 will not be suspended.
1z Timer 3 will be suspended.
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710 Watchdog Timer

There are two watchdog timers in the system: SCU Watchdog Timer (WDT) within TLE986xQX, and external
watchdog timer (WDT1). The description in this section refers to the SCU WDT.

The Watchdog Timer is a sub-module in the System Control Unit (SCU). The Watchdog Timer (WDT) provides a
highly reliable and secure way to detect and recover from software or hardware failures. The WDT helps to abort
an accidental malfunction of the TLE986xQX in a user-specified time period. When enabled, the WDT will cause
the TLE986xQX system to be reset if the WDT is not serviced within a user-programmable time period. The CPU
must service the WDT within this time interval to prevent the WDT from causing a TLE986xQX system reset.
Hence, routine service of the WDT confirms that the system is functioning properly.

The WDT is by default disabled.
In debug mode, the WDT is default suspended and stops counting (its debug suspend bit is default set i.e.,

MODSUSP1.WDTSUSP = 1. Therefore during debugging, there is no need to refresh the WDT.Refer to
Section 7.9

Features

» 16-bit Watchdog Timer

* Programmable reload value for upper 8 bits of timer
* Programmable window boundary

« Selectable input frequency of foc «/2 or fpe /128
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7101 Functional Description

The Watchdog Timer is a 16-bit timer, which is incremented by a count rate of fpc «/2 or foc «/128. This 16-bit timer
is realized as two concatenated 8-bit timers. The upper 8 bits of the Watchdog Timer can be preset to a user-
programmable value via a watchdog service access in order to vary the watchdog expire time. The lower 8 bits
are reset on each service access. Figure 34 shows the block diagram of the watchdog timer unit.

WwDT WDTREL
Control
>
» 1:2 # vCIear \ 4
- MUX »| WDT Low Byte B! WDT High Byte
fPC'-K! / | » 1:128 > A A
| I
Overflow/Time-out Control & WDTTO
T Window-boundary control —>
WDTIN ——» WDTRST
ENWDT A
Logic
ENWDTP | WINBCNT

Figure 34 WDT Block Diagram

If the Watchdog Timer is enabled by setting bit WDTEN to 1, the timer is set to a user-defined start value and
begins counting up. It must be serviced before the counter overflows. Servicing is performed through refresh. This
reloads the timer with the start value, and normal operation continues.

If the WDT is not serviced before the timer overflows, a system malfunction is assumed and normal mode is
terminated. A Watchdog Timer NMI request (WDTTO) is asserted and Prewarning is entered. The Prewarning
lasts for 30, counts. During the Prewarning period, refreshing of the Watchdog Timer is ignored and the Watchdog
Timer cannot be disabled. A reset (WDTRST) of the TLE986xQX is imminent and can no longer be stopped. If
refresh happens at the same time an overflow occurs, Watchdog Timer will not go into Prewarning period.

The Watchdog Timer must be serviced periodically so that its count value will not overflow. Servicing the
Watchdog Timer clears the low byte and reloads the high byte with the preset value in bit field WDTREL. Servicing
the Watchdog Timer also clears the bit WDTRS.

The Watchdog Timer has a ‘programmable window boundary’, it disallows refresh during the Watchdog Timer’s
count-up. A Refresh during this window-boundary will cause the Watchdog Timer to activate WDTRST. The
window boundary is from 0000, to (WDTWINB,00H). This feature can be enabled by WINBEN.

After being serviced, the Watchdog Timer continues counting up from the value (SWDTREL> * 28). The time period
for an overflow of the Watchdog Timer is programmable in two ways:

+ the input frequency to the Watchdog Timer can be selected via bit WDTIN in register WDTCON to be either

Jrekl2 of foek/128.
» the reload value WDTREL for the high byte of WDT can be programmed in register WDTREL.

The period PWDT between servicing the Watchdog Timer and the next overflow can be determined by the
following formula:

®)
P _ 2(1+WDT|NX6)X(216*WDTRELX28)
WDT ~

fPCLK
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If the Window-Boundary Refresh feature of the Watchdog Timer is enabled, the period P,,nr between servicing
the Watchdog Timer and the next overflow is shortened if WDTWINB is greater than WDTREL. See also
Figure 35. This period can be calculated by the same formula by replacing WDTREL with WDTWINB. In order for
this feature to be useful, WDTWINB cannot be smaller than WDTREL.

Count
A

FFFF,,

WDTWINB

WDTREL

|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
: >  time

No refresh Refresh allowed
allowed

Figure 35 Watchdog Timer Timing Diagram

Table 9 lists the possible ranges for the watchdog time which can be achieved using a certain module clock. Some
numbers are rounded to 3 significant digits.

Table 38 Watchdog Time Ranges

Reload Value in Prescaler for fpc «
WDTREL 2 (WDTIN = 0) 128 (WDTIN = 1)

40 MHz 20 MHz 13.3 MHz 40 MHz 20 MHz 13.3 MHz
FFy 12.8 ps 25.6 us 384 us 0.82 ms 1.64 ms 2.46 ms
TFy 1.65 ms 3.30 ms 4.95 ms 106 ms 211 ms 317 ms
004 3.28 ms 6.55 ms 9.83 ms 210 ms 419 ms 629 ms
Notes

1. For safety reasons, the user is advised to rewrite WDTCON each time before the Watchdog Timer is serviced.

2. The Watchdog Timer can be suspended when Debug Mode enters Monitor Mode and has the Debug-Suspend
signal activated, provided the respective suspend bit, WDTSUSP in SFR SCU_MODSUSRP, is set. See
Section 7.9.

7.10.2 Register Description

The current count value of the Watchdog Timer is contained in the Watchdog Timer Register WDT, which is a non-
bit-addressable read-only register. The operation of the Watchdog Timer is controlled by its bit-addressable
Watchdog Timer Control Register WDTCON. WDTREL register specifies the reload value for the high byte of the
timer. WDTWINB specifies Watchdog Window-Boundary count value.
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Watchdog Timer Reload Register (078,) Reset Value: 00,
7 6 5 4 3 2 1 0
WDTREL
1 r\I’V 1 1

Field Bits Type Description
WDTREL 7.0 rw Watchdog Timer Reload Value
(for the high byte of WDT)
WDTCON
Watchdog Timer Control Register (050,,) Reset Value: 00,
7 6 5 4 3 2 1 0
Res WINBEN WDTPR Res WDTEN WDTRS WDTIN
r rw rh r rw rwh rw
Field Bits Type Description
Res 7:6 r Reserved
Returns 0 if read; should be written with 0.
WINBEN 5 rw Watchdog Window-Boundary Enable
0g Watchdog Window-Boundary feature is disabled. (default)
15 Watchdog Window-Boundary feature is enabled.
WDTPR 4 rh Watchdog Prewarning Mode Flag
0g Normal mode (default after reset)
1z The Watchdog is operating in Prewarning Mode
This bitis setto 1 when a Watchdog error is detected. The Watchdog
Timer has issued an NMI trap and is in Prewarning Mode. A reset of
the chip occurs after the prewarning period has expired.
Res 3 r Reserved
Returns 0 if read; should be written with 0.
WDTEN 2 rw WDT Enable
0g WDT is disabled
1g  WDT is enabled
WDTEN is a protected bit. If the Protection Scheme is activated then
this bit cannot be written directly. For more information on Protection
Scheme, see Section 7.12.
Note: Clearing WDTEN bit to 0 during Prewarning Mode
(WDTPR = 1) has no effect.
WDTRS 1 rwh WDT Refresh Start
Active high. Set to start refresh operation on the watchdog timer.
Cleared automatically by hardware after it is set by software.
WDTIN 0 rw Watchdog Timer Input Frequency Selection
0z Input frequency is fpc «/2
15 Input frequency is fpc /128
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WDTL
Watchdog Timer, Low Byte (080,) Reset Value: 00,
7 6 5 4 3 2 1 0
WDT
1 rlh 1 1
Field Bits Type Description
WDT 7:0 rh Watchdog Timer Current Value
WDTH
Watchdog Timer, High Byte (084, Reset Value: 00,
7 6 5 4 3 2 1 0
WDT
1 rh 1 1
Field Bits Type Description
WDT 7:0 rh Watchdog Timer Current Value
WDTWINB
Watchdog Window-Boundary Count (07C,) Reset Value: 00,
7 6 5 4 3 2 1 0
WDTWINB
1 r.\I/v 1 1
Field Bits Type Description
WDTWINB 7.0 rw Watchdog Window-Boundary Count Value
This value is programmable. Within this Window-Boundary range
from 0000, to (WDTWINB, 00,), the WDT cannot do a Refresh, else
it will cause a WDTRST to be asserted.
WDTWINB is matched to WDTH.
7.1 Error Detection and Correction Control for Memories

This section defines the registers used for error detection and correction control of memories — namely RAM and
NVM, which support this function.

7111 Error Detection and Correction Control Register

The EDCCON register determines the generation of an NMI due to double bit ECC error when reading these
memories.
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Error Detection and Correction Control Register (0D4,)

7 6

5

4 3

Reset Value: 00,
0

Res

Res

NVMIE

Res

RIE

Field Bits

Type

Description

Res 7:4

Reserved

Returns 0 if read; should be written with 0.

Res 3

Reserved

Returns 0 if read; should be written with 0.

NVMIE 2

NVM Double Bit ECC Error Interrupt Enable
Oz No NMl is generated when a double bit ECC error occurs

reading NVM.

15 An NMl is generated when a double bit ECC error occurs

reading NVM.

Res 1

Reserved

Returns 0 if read; should be written with 0.

RIE 0

RAM Double Bit ECC Error Interrupt Enable
Oz  No NMl is generated when a double bit ECC error occurs

reading RAM.

15 An NMl is generated when a double bit ECC error occurs

reading RAM.
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7.11.2 Error Detection and Correction Status Register

The EDCSTAT register contains the status flags of ECC errors when reading these memories.

This register EDCSTAT is reset by RESET_TYPE_4.

EDCSTAT

Error Detection and Correction Status Register,(0D8,,)Reset Value: 00,

7

6

5

4 3 2 1 0

Res

Res

Res

RSBE Res NVMDBE Res RDBE

r r r r r

Field

Bits

Type

Description

Res

Reserved
Returns 0 if read; should be written with 0.

Res

Reserved
Returns 0 if read; should be written with 0.

Res

Reserved
Returns 0 if read; should be written with 0.

RSBE

RAM Single Bit Error

This bit is set by hardware and can be cleared only by software.
Og  No single bit error on RAM has occurred.

1z Asingle bit error on RAM has occurred.

Res

Reserved
Returns 0 if read; should be written with 0.

NVMDBE

NVM Double Bit Error

This bit is set by hardware and can be cleared only by software.
Og  No double bit error on NVM has occurred.

1z A double bit error on NVM has occurred.

Res

Reserved
Returns 0 if read; should be written with 0.

RDBE

RAM Double Bit Error

This bit is set by hardware and can be cleared only by software.
Og  No double bit error on RAM has occurred.

1z A double bit error on RAM has occurred.
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Error Detection and Correction Status Clear Register(10C,,)Reset Value: 00,

7

6

5

4 3 2 1 0

Res

Res

Res

RSBEC Res NVMDBEC Res RDBEC

w r w r w

Field

Bits

Type

Description

Res

Reserved
Returns 0 if read; should be written with 0.

Res

Reserved
Returns 0 if read; should be written with 0.

Res

Reserved
Returns 0 if read; should be written with 0.

RSBEC

RAM Single Bit Error Clear

This bit is set by software and can be cleared only by hardware.
0g  Asingle bit error on RAM is not cleared.

1z Asingle bit error on RAM is cleared.

Res

Reserved
Returns 0 if read; should be written with 0.

NVMDBEC

NVM Double Bit Error Clear

This bit is set by software and can be cleared only by hardware.
Og A double bit error on NVM is not cleared.

15 Adouble bit error on NVM is cleared.

Res

Reserved
Returns 0 if read; should be written with 0.

RDBEC

RAM Double Bit Error Clear

This bit is set by software and can be cleared only by hardware.
Og A double bit error on RAM is not cleared.

15 Adouble bit error on RAM is cleared.
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712 Miscellaneous Control
This module consists of the Bit-Protection Scheme and general system control SFRs.

7121 Bit Protection Register

The Bit-Protection Scheme disallows direct software writing of selected bits (i.e. Protected bits) by the SFR
PASSWD. When the bit field MODE is 11g, writing 100115 to the bit field PASS opens access to writing of all
protected bits and writing 101015 to the bit field PASS closes access to writing of all protected bits. Note that
access is opened for maximum 32 CCLKs if the “close access” password is not written. If “open access” password
is written again before the end of 32 CCLK cycles, there will be a recount of 32 CCLK cycles.

Note: Due to the fact that the write access to a register unlocked by the access to PASSWD is granded only for 32
clock cycles, it is recommended to disable interrupts before and reenable them afterwards again. In case an
interrupt is issued right after the register write access has been opened the 32 clock cycles will be past if the
interrupt returns and the write access to the desired register is blocked again. For those registers which do
only hold PASSWD protected bits a write access to a locked register will cause a Hard Fault exception.

PASSWD
Password Register (0AC,) Reset Value: 07,
7 6 5 4 3 2 1 0
PASS PROTECT_S MODE
' wh ' th w
Field Bits Type Description
PASS 7:3 wh Password Bits

The Bit-Protection Scheme only recognizes three patterns.
110005 Enables writing of the bit field MODE.

100115  Opens access to writing of all protected bits.
101015 Closes access to writing of all protected bits.

PROTECT_S 2 rh Bit-Protection Signal Status Bit

This bit shows the status of the protection.

O0g Software is able to write to all protected bits.

15  Software is unable to write to any protected bits.

MODE 1:0 rw Bit-Protection Scheme Control Bit

00z Scheme Disabled

115 Scheme Enabled (default)

Others: Scheme Enabled

These two bits cannot be written directly. To change the value
between 115 and 00g, the bit field PASS must be written with 11000,
only then the MODE[1:0] will be registered.

The PASSWD register and the registers which contain protected bits are located in page 2 of the SCU SFR
address map. The list of protected bits is shown in Table 39.

Table 39 List of Protected Bits

Register Bit Field
SYSCONO NVMCLKFAC
SYSCLKSEL
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Table 39 List of Protected Bits (cont'd)
Register Bit Field
OSC_CON OSCSS
XPD
OSC_CON OSCTRIMS8
PLL_CON NDIV
CMCON1 K1DIV
K2DIV
CMCON2 PBAOCLKREL
PMCONO SL
PD
SD
WDTCON WDTEN
APCLK_CTRL1 CPCLK_DIV
CPCLK_SEL
BGCLK_DIV
BGCLK_SEL
T3CLK_SEL
TRIM_DRVx all bits
7.12.2 System Control and Status Registers

The system startup status register provides information to the user about the system initialization with the user
programmable 100 TP Page at startup. This register is written by firmware. The user application needs to check
the SYS_STRTUP_SYS.MRAMINITSTS in order to check the consistency of the Data Flash mapping. Only if no
failure is signaled then data flash write/erase operations can be safely performed. In case of failure a reset can be
issued in order to start the Service Algorithm to try to fix the integrity issue inside the data flash, if the MRAMINISTS
is still flagged afterwards the data flash sector has to be reinitialized by performing a SECTOR_ERASE.

Furthermore the user shall check the MEMSTAT register as a result feedback from the Service Algorithm.

SYS_STRTUP_STS

System Startup Status Register (074,) Reset Value: 40,
7 6 5 4 3 2 1 0
Res Res Res Res Res PG+—§:KS—E MRAMSINITST INIT_FAIL
r r r r r rwp rwp rwp
Field Bits Type Description
Res 7:3 r Reserved
This bit field is always read as zero.
PG100TP_CHKS_ERR |2 rwp 100 TP Page Checksum Error
Initialization of trimming parameters from NVM failed, default values
out of Boot-ROM are used because of checksum error.
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Field Bits Type |Description

MRAMINITSTS 1 rwp Map RAM Initialization Status
This bit reflects the status of Map RAM initialization.
0: no fail = Map RAM initialization was successful.
1: fail = Map RAM initialization was not successful.

INIT_FAIL 0 rwp Initialization at startup failed

This bit is a logical OR between PLL_LOCK failure, Map RAM
initialization failure and trimming values checksum error.

0: no error= no initialization error at startup.

1: error= initialization error at startup.
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SYS_STRTUP_STS contains the main system control and status bits.

This register is reset by RESET_TYPE_4. It reflects the NVM Protection Status. It is written by firmware. In order
to modify this register the PASSWD open pass phrase has to be written before.

NVM_PROT_STS

NVM Protection Status Register (0E0,) Reset Value: 00,
7 6 5 4 3 2 1 0
Res Res Res Res NVMPROTSTS
r rV\IIp I
Field Bits Type Description
Res 74 r Reserved
This bit field is always read as zero.
NVMPROTSTSL_3 3 rwp NVM Protection Status Register Low Flags
Og The data in sectors of the linearly mapped area can not be
read
1z The data in sectors of the linearly mapped area can be read
NVMPROTSTSL_2 2 rwp NVM Protection Status Register Low Flags
0g Thedatain sectors of the non-linearly mapped area can not be
read
1z The data in sectors of the non-linearly mapped area can be
read
NVMPROTSTSL_1 1 rwp NVM Protection Status Register Low Flags
O0g The data in sectors of the linearly mapped area can not be
changed
1z The data in sectors of the linearly mapped area can be
changed
NVMPROTSTSL_0 0 rwp NVM Protection Status Register Low Flags
O0g Thedatain sectors of the non-linearly mapped area can not be
changed
1z The data in sectors of the non-linearly mapped area can be
changed

MEM_ACC_STS

Memory Access Status Register (0E4,) Reset Value: 00,
7 6 5 4 3 2 1 0
Res RAM_PROT_|ROM_ADDR_|ROM_PROT_|NVM_SFR_A | NVM_SFR_P |[NVM_ADDR_| NVM_PROT_
ERR ERR ERR DDR_ERR ROT_ERR ERR ERR
r rh
Field Bits Type Description
Res 7 r Reserved

This bit field is always read as zero.
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Field Bits Type Description
RAM_PROT_ERR 6 rh RAM Access Protection

Og  No Protection error

1z  Protection error
ROM_ADDR_ERR 5 rh ROM Address Protection

Og  No Protection error

1z  Protection error
ROM_PROT_ERR 4 rh ROM Access Protection

Og  No Protection error

1z  Protection error
NVM_SFR_ADDR_ER |3 rh NVM SFR Address Protection
R Og  No Protection error

1z  Protection error
NVM_SFR_PROT_ER |2 rh NVM SFR Access Protection
R O0g  No Protection error

1z  Protection error
NVM_ADDR_ERR 1 rh NVM Address Protection

O0g  No Protection error

1z  Protection error
NVM_PROT_ERR 0 rh NVM Access Protection

O0g  No Protection error
1g  Protection error

This register MEM_ACC_STS is reset by RESET_TYPE_3. It reflects the Memory Access Status of all System
Memories. Software can only clear this register.

User’s Manual

174

Rev. 1.3, 2017-06-27



. TLE986xQX
(infineon.

System Control Unit - Digital Modules (SCU-DM)

The Identity Register identifies the product and versioning.

ID
Identity Register (0A8,) Reset Value: 8,
7 6 5 4 3 2 1 0
PRODID VERID
1 1 r L 1 1 r 1
Field Bits Type |Description
PRODID 7:3 r Product ID
10000g
VERID 2:0 r Version ID
Defines the stepping code of the device.
0015
0105
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The Memory Status Register can be used in two ways. Upon the completion of the Boot ROM startup following a
reset, the register stores the NVM initialization status. Subsequently, the register can be used by the user code to
store the status of the NVM program and emergency program operation status.

For Boot ROM to indicate NVM initialization status upon completion of startup:

The MEMSTAT register provides the return value of the Service Algorithm, which might get executed during start-
up, to the user application. Due to the double-function of the MEMSTAT register it is recommended to clear the
MEMSTAT register after evaluation and before any NVM firmware function is called. If the MEMSTAT register
holds the value 0x00 then the Service Algorithm was not executed at all. Otherwise the bitfield SASTATUS informs
the user application about the result of the corrective actions performed by the Service Algorithm.

In case the Service Algorithm was executed successfully (SASTATUS=0b01) then the user must expect that the
Service Algorithm did fix some data flash integrity issue by erasing an erreorneous data flash page. Therfore the
user shall check the availbility of the expected data flash pages. If an expected page was erased by the Service
Algorithm due to some failure in the data flash page control information a reading of this page would trigger a
NMIMAP. The user can use this information to reconstruate the content of the missing data flash page.

MEMSTAT
Memory Status Register RESET_TYPE_3 (0DCy) Reset Value: 00,
7 6 5 4 3 2 1 0
SASTATUS SECTORINFO
r\IA/ 1 r\\lv 1 1
Field Bits Type Description
SASTATUS 7:6 rw Service Algorithm Status

00z Depending on SECTORINFO, there are two possible
outcomes: For SECTORINFO = 00y, NVM initialization is
successful and no SA is executed. For SECTORINFO = values
other than 00, SA execution is successful and up to one map
error is fixed.

015 SA execution is successful. One mapping error is fixed.

10z SA execution is not successful. Map error exists in one sector.

115 SA execution is not successful. At least one sector failed (this
includes also the case where a sector is repaired but another
sector is still failing).

SECTORINFO 5:0 rw Sector Information

014 to 10, which represent the different sector addresses.

For values not within this range, the data will be considered invalid.
Once the SA has been executed, regardless of the execution status,
the last accessed sector information will be stored here.

00, Service Algorithm was not executed, mapping consistent
09, 36KB flash derivate

0C, 48KB flash derivate

10, 64KB flash derivate

20,, 128KB flash derivate

Note: If the MEMSTAT[7] is ‘1’ then the Service Algorithm was not able to resolve an existing data integrity issue
inside the data flash. It is recommended to perform a reset of the device in order to give the Service Algorithm
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another try. If also that one fails, MEMSTAT[7] = ‘1°, then a reinitialization of the data flash by performing a
SECTOR_ERASE is recommended.
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For user code to indicate the NVM program and emergency program operation status:

MEMSTAT
Memory Status Register (0DCy) Reset Value: 00,
7 6 5 4 3 2 1 0
Res EMPROP NVMPROP
1 1 r\l/v 1 1 rW rW
Field Bits Type |Description
Res 7:2 rw Reserved Bits
Should be written with 0.
EMPROP 1 rw Emergency Program Operation Status Bit
This bit is used to store the status of the emergency program
operation.

0  No emergency program operation is requested.

1z An emergency program operation is requested.

NVMPROP 0 rw NVM Program Operation Status Bit

This bit is used to store the status of the NVM program operation.
Og  No NVM program operation is started.

15 An NVM program operation is started.
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8 System Control Unit - Power Modules (SCU-PM)

8.1 Features

Clock Watchdog Unit (CWU): supervision of 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

8.2 Introduction

8.21 Block Diagram
The System Control Unit of the power modules consists of the sub-modules in the figure shown below:

On signals to analog
peripherals;
status signals from
analog peripherals
AHB
|
N
T
PCU <‘,::> £ <):(> WDT1 «—| LP.CIK
R
N
A
L
fsys |—m ——p»{ PREWARN_SUP_NMI
B
M_CLK —» Wy <‘,::> U <):(> Icu L PREWARN_SUP_INT
TFLT_CLK ——®» i —— INT<n:0>

System Control Unit -Power Modules

Figure 36 Block diagram of System Control Unit - Power Modules

AHB (Advanced High-Performance Bus)

CWU (Clock Watchdog Unit)

Jsys System frequency: PLL output
+ MI_CLK measurement interface clock (analog clock): derived from fsys using division factors 1/2/3/4
* TFILT_CLK clock used for digital filters: derived from fsys 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)

8.3 Clock Watchdog Unit (CWU)

There are two clock watchdogs available. One main purpose of them, is to monitor the derived switched capacitor
clocks, which are used for analog module operation. If the clocks are not in the required range, a proper
functionality of those modules is not given.

The following chapter describes the functionality and the configuration possibilities of these clock watchdogs.

8.3.1 Fail Safe Functionality of Clock Generation Unit (Clock Watchdog)

The Clock Generation Unit provides also fail safe functionalities, which are related to the input clock, the generated
clocks and the clock settings. Those are:

*  MI_CLK and TFILT_CLK are out of Range: MI Clock settings for /., MI_CLK and TFILT_CLK Clock settings
are out of required range and as a result the analog functionalities cannot be guaranteed. This failure triggers
the clock watchdog NMI. The current status can be seen in the corresponding registers APCLK1 (in SCU) for
the MI_CLK and APCLK2 (in SCU) for the TFILT_CLK.

» Loss of clock: When there is a loss of clock in the system, there is no possibility for the software to react upon
this situation, like to enter a fail safe mode or switch to another backup clock source. For this purpose there is
a clock watchdog implemented in the system which monitors the f; ; and in case of this emergency situation,
disables all critical system functions, which are:

— Bridge Driver and Charge Pump
— LIN

As shown in Figure 37 all analog clocks are derived from MI_CLK. This clock structure requires to place a monitor
on this clock, because f; s and therefore MI_CLK are adjustable in a wide range (see also Chapter System
Control Unit - CGU). As an important clock, also the TFILT_CLK is monitored by a clock watchdog. This clock
watchdogs have an adjustable lower and upper limits including hysteresis. The placement of the clock watchdogs
in the clock structure is sketched below:
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f
- B APCLK2FAC FILTCLK |,
SCU.APCLK2[4:0] Y
CLKWDT2
APCLK2STS
SCU.APCLK2(6:5]
A J
CLKWDT3
APCLK3STS »| APCLKIFAC MLCLK
SCUAPCLKI1[6] SCUAPCLK1[1:0] Y
CLKWDT1
APCLK1STS
SCUAPCLK1[54]
CCU (SCU_PM)

CLK_GEN_AMCLK _1.vsd

Figure 37 Block diagram of CGU including Clock Watchdogs

8.3.1.1 Functional Description of Clock Watchdog Module

The clock watchdog module consists of a counter. This counter monitors the number of system clocks within a
defined time window. The duration of the time window is defined by a clock (LP_CLK), which is independent from
the monitored system clock (MI_CLK). If the required number of clock cycles is not reached within this time
window an clock watchdog NMI will be issued.

In case the clock watchdog NMI will be issued, indicating that the clock is not within the required frequency range,
then the user has different options to overcome this situation:

+ stay on mi_clk but reconfigure PLL to re-gain the required clock frequency. This would be the most time
consuming measure to avoid emergency shutdown of the above listed modules.

» switch to divider factors 2, 3 and 4 to try to come back to specified frequency range.

+ switch to LP_CLK, which also can be divided by factor 2, 3 and 4. This is the fastest option which allows the
user to operate with a well defined backup clock rate. After this has been done the user can start investigating
the rootcause of the issued clock watchdog NMI, while operating on LP_CLK.

The register chapter below includes all necessary flags for setting up the analog module clock and monitoring its
status during operation.
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8.3.2 Clock Generation Unit Register
The analog module clock generation unit is fully controllable by the register described in this chapter.
Table 40 shows the module base addresses.

Table 40 Register Address Space
Module Base Address End Address Note
SCUPM 50006000, 50006FFF SCU_PM

Table 41  Register Overview

Register Short Name | Register Long Name Offset Address |Reset Value

Clock Generation Unit Register

AMCLK_FREQ_STS Analog Module Clock Frequency Status Register |00y 00xX XXXX
00XX XXXXg

AMCLK_CTRL Analog Module Clock Control Register 04, 0000 0001,

AMCLK_TH_HYS Analog Module Clock Limit Register 0Cq D4E1 94B3,

STCALIB System Tick Calibration Register 6Cy 0000 0000y

The registers are addressed wordwise.

Analog Clock Frequency Status Register
The register is reset by RESET_TYPE_4.

AMCLK_FREQ_STS Offset Reset Value
Analog Module Clock Frequency Status 00, 00xx xxxx 00XX XXXXg
Register
31 16
T
Res
L
r
15 14 13 8 7 6 5 0
T T T T T T T T T
Res AMCLK2_FREQ Res AMCLK1_FREQ
L L L L L L L L
r r r r
Field Bits Type Description
Res 31:16 r Reserved
Always read as 0
Res 15:14 r Reserved
Always read as 0
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Field Bits Type

Description

AMCLK2_FREQ 13:8 r

Current frequency of Analog Module Clock 2
(TFILT_CLK)
0.09375 Mhz * AMCLK2_FREQ

Res 7:6 r

Reserved
Always read as 0

AMCLK1_FREQ 5:0 r

Current frequency of Analog Module Clock System
Clock (MI_CLK)
0.75 Mhz * AMCLK1_FREQ

Analog Clock Frequency Control Register
The register is reset by RESET_TYPE_4.

AMCLK_CTRL Offset Reset Value
Analog Module Clock Control Register 04, 0000 0001,
31 16
T
Res
|
r
15 1 0

CLKW
Res DT_*
r rw
Field Bits Type Description
Res 31:1 r Reserved
Always read as 0
CLKWDT_PD_N 0 rw Clock Watchdog Powerdown
Og DISABLE Clock Watchdog disabled
15 ENABLE Clock Watchdog enabled

Analog Module Clock Limit Register
The register is reset by RESET_TYPE_4.

AMCLK_TH_HYS
Analog Module Clock Limit Register
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31 30 29 24 23 22 21 16
T T T T T T T T T
fcl\)llv(aLﬁég AMCLK2_LOW_TH AUIV;CII:&ZS_ AMCLK2_UP_TH
| | | | | | | |
rw rw rw rw
15 14 13 8 7 6 5 0
T T T T T T T T T
fgnvsl'|§¢§ AMCLK1_LOW_TH AJI;CH@% AMCLK1_UP_TH
| | | | | | | |
rw rw rw rw
Field Bits Type Description
AMCLK2_LOW_HYS 31:30 rw Analog Module Clock 2 (TFILT_CLK) Lower Hysteresis
AMCLK2_LOW_TH 29:24 rw Analog Module Clock 2 (TFILT_CLK) Lower Limit
Threshold
0.09375 Mhz * AMCLK2_LOW_TH
AMCLK2_UP_HYS 23:22 rw Analog Module Clock 2 (TFILT_CLK) Upper Hysteresis
AMCLK2_UP_TH 21:16 rw Analog Module Clock 2 (TFILT_CLK) Upper Limit
Threshold
0.09375 Mhz * AMCLK2_UP_TH
AMCLK1_LOW_HYS 15:14 rw Analog Module Clock 1 (MI_CLK) Lower Hysteresis
AMCLK1_LOW_TH 13:8 rw Analog Module Clock 1 (MI_CLK) Lower Limit Threshold
0.75 Mhz * AMCLK1_LOW _TH
AMCLK1_UP_HYS 7:6 rw Analog Module Clock 1 (MI_CLK) Upper Hysteresis
AMCLK1_UP_TH 5.0 rw Analog Module Clock 1 (MI_CLK) Upper Limit Threshold
0.75 Mhz * AMCLK1_UP_TH

System Tick Calibration Register

The register is reset by RESET_TYPE_4.

STCALIB Offset Reset Value
System Tick Calibration Register 6C, 0000 0000,
31 26 25 16

T T T T T
Res STCALIB
| | | |
r rw
15 0
STCALIB
| |
rw
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Field Bits Type Description

Res 31:26 r Reserved
Always read as 0

STCALIB 25:0 rw System Tick Calibration

[25]: Noref

[24] Skew

[23:0] Reload value to use for 10ms (100 Hz) timing
STCALIB[23:0] = HCLK (in Hz) / 100 Hz - 1, e.g. OX7A11F

8.4 Interrupt Control Unit (ICU)

The Subblock Interrupt Control Unit (ICU) of the System Control Unit - Power Modules (SCU_PM) is responsible
for controlling and generating all analog peripheral relevant interrupts. Those analog interrupts are presented to
the NVIC nodes 13-24 and NMI. Those are:

+  PREWARN_SUP_NMI: combines all supply relevant interrupts to NMI.
* Analog Module Interrupts: combines all analog modules related interrupts.

The following two chapters describe the structure of the interrupt nodes.

8.41 Structure of PREWARN_SUP_NMI

This interrupt groups all system supply relevant interrupts. They can be divided into two groups:

» voltages monitored by the Measurement Unit. The supply voltages VS, VBAT_SENSE, VDDP and VDDC
are monitored by the Measurement Unit. The Measurement Unit can be seen as an independent monitoring
instance of the PMU, with independent reference voltage and supply voltage.

+ voltages monitored by measurement functions of the PMU: The PMU itself is checking its output voltages.
Here failures due to undervoltage (overload), overvoltage and overcurrent can be detected.

The following figure shows the structure of the PREWARN_SUP:
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MI-Voltage-Monitoring

PMU-Voltage-Monitoring

.
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>=1

VS UV IS o

VS OVS 0

>=1

m—\VDD5V_ UV IS— 2
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v
[l
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B—VDDEXT_OVERVOLT o
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B——VDDEXT_SHORT: 0

>=1

prewarn_sup_nmi———p»

Figure 38 Structure of PREWARN_SUP

All PREWARN_SUP related flags are grouped in register SYS_SUPPLY_IRQ_STS. All measurement interface
related flags are edge triggered. Therefore each IRQ_STS register has also an STS register where the current
supply status can be monitored.
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8.4.2 Interrupt Control Unit Status Register
All analog modules interrupt functionality is described in this chapter.

Table 42  Register Overview

Register Short Name |Register Long Name Offset Address |Reset Value
Interrupt Control Unit Status Register, Interrupt Control Unit Status Overview Register

SYS_ISCLR System Interrupt Status Clear 14, 0000 0000y
SYS_IS System Interrupt Status 18, 0000 0000,
SYS_SUPPLY_IRQ_ST |System Supply Interrupt Status 1Cy 0000 0000y
S

SYS_SUPPLY_IRQ_CL | System Supply Interrupt Status Clear 24, 0000 0000y
R

BDRV_ISCLR Bridge Driver Interrupt Status Clear 54, 0000 0000y
BDRV_IS Bridge Driver Interrupt Status 58, 0000 0000y
Interrupt Control Unit Status Register, Interrupt Control Unit - Interrupt Enable Register
SYS_SUPPLY_IRQ_CT | System Supply Interrupt Control 20, 0000 OOFF,,
RL

SYS_IRQ_CTRL System Interrupt Control 28, 0000 0000y
BDRV_IRQ_CTRL Bridge Driver Interrupt Control 5Cy 0000 0000y

The registers are addressed wordwise.

8.4.2.1 Interrupt Control Unit Status Overview Register

Due to the large variety of diagnosis possibilities of TLE986xQX, the system offers several overview registers, to
help the user finding the right source of interrupt. Those registers are described in this sub-chapter.

Overview Register, Switches Interrupt Status Register and System Supply Interrupt Status Register

+ SYS_SUPPLY_IRQ_STS: Flags for Under- and Overvoltage detection for all system relevant supplies. These

Interrupts are edge triggered Interrupts.
+ SYS_IS: Interrupts for Analog Modules.
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SYS_IS Offset Reset Value
System Interrupt Status 18, 0000 0000,
31 30 29 24 23 22 21 16

T T T T T
Res Res Res Res
| | | |
r r r r
15 14 13 12 11 10 9 8 7 6 5 2 1 0
ADC2|VREF |VREF |VREF |REFB|REFB|SYS_|SYS_|PMU_|PMU_ LIN_ | LIN_ | LIN_
_ES* |5V _*|8V_* | 5V_* |G_U* G_L*| OT_* OTW* OT_* OTW* Res TMO*| OT_* |OC_*
r r r r r r r r r r r r r r
Field Bits Type Description
Res 31:30 r Reserved
Always read as 0
Res 29:24 r Reserved
Always read as 0
Res 23:22 r Reserved
Always read as 0
Res 21:16 r Reserved
Always read as 0
ADC2_ESM_IS 15 r ADC2 Exceptional Sequence Measurement Interrupt Status
Oz INACTIVE no interrupt status set
1z ACTIVE at least one interrupt status set
VREF5V_OVL_IS 14 r VREF5V Overload Interrupt Status
Og INACTIVE no interrupt status set
1z ACTIVE at least one interrupt status set
VREF5V_UPTH_IS 13 r VREF5V ADC1 Reference Overvoltage (ADC2, Channel 6)
Interrupt Status
O0g INACTIVE no interrupt status set
15 ACTIVE at least one interrupt status set
VREF5V_LOWTH_IS |12 r VREF5V ADC1 Reference Undervoltage (ADC2, Channel 6)
Interrupt Status
Oz INACTIVE no interrupt status set
15 ACTIVE at least one interrupt status set
REFBG_UPTHWARN |11 r 8-Bit ADC2 Reference Overvoltage (ADC2, Channel 7)
_IS interrupt status
0z INACTIVE no interrupt status set
1z ACTIVE at least one interrupt status set
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Field

Bits

Type

Description

REFBG_LOTHWARN
_Is

10

8-Bit ADC2 Reference Undervoltage (ADC2, Channel 7)
interrupt status

Oz INACTIVE no interrupt status set

15 ACTIVE at least one interrupt status set

SYS_OT_IS

System Overtemperature Shutdown (ADC2, Channel 9)
interrupt status

Oz INACTIVE no interrupt status set

1z ACTIVE at least one interrupt status set

SYS_OTWARN_IS

System Overtemperature Prewarning (ADC2, Channel 9)
interrupt status

O0g INACTIVE no interrupt status set

15 ACTIVE at least one interrupt status set

PMU_OT_IS

PMU Regulator Overtemperature Shutdown (ADC2, Channel
9) interrupt status

O0g INACTIVE no interrupt status set

15 ACTIVE at least one interrupt status set

PMU_OTWARN_IS

PMU Regulator Overtemperature Prewarning (ADC2,
Channel 9) interrupt status

Oz INACTIVE no interrupt status set

15 ACTIVE at least one interrupt status set

Res

5:3

Reserved
Always read as 0

LIN_TMOUT_IS

LIN TXD timeout
Oz INACTIVE no interrupt status set
1z ACTIVE LIN TXD timeout occurred

LIN_OT_IS

LIN Overtemperature interrupt status
Oz INACTIVE no interrupt status set
15 ACTIVE LIN Overtemperature occurred

LIN_OC_IS

LIN Overcurrent interrupt status
Oz INACTIVE no interrupt status set
15 ACTIVE at least one interrupt status set
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SYS_ISCLR Offset Reset Value
System Interrupt Status Clear 14, 0000 0000,
31 30 29 24 23 22 21 16

T T T T T
Res Res Res Res
| | | |
r r r r
15 14 13 12 11 10 9 8 7 6 5 2 1 0
ADC2 | VREF |VREF |VREF REFB REFB|SYS_|SYS_|PMU_|PMU_ LIN_ | LIN_ | LIN_
_ES* | 5vV_*|5V_* | 5V_*|G_U*| G_L*| OT_* |OTW* OT_* |OTW* Res TMO* OT_*|OC_*
w w w w w w w w w w r w w w
Field Bits Type Description
Res 31:30 r Reserved
Always read as 0
Res 29:24 r Reserved
Always read as 0
Res 23:22 r Reserved
Always read as 0
Res 21:16 r Reserved
Always read as 0
ADC2_ESM_ICLR 15 w ADC2 Exceptional Sequence Measurement Interrupt Status
Og no operation
15 clear status flag
VREF5V_OVL_ICLR |14 w VREF5V Overload Interrupt Status
Og no operation
15 clear status flag
VREF5V_UPTH_ICLR |13 w VREF5V ADC1 Reference Overvoltage (ADC2, Channel 6)
Interrupt Status
Og no operation
15 clear status flag
VREF5V_LOWTH_ICL |12 w VREF5V ADC1 Reference Undervoltage (ADC2, Channel 6)
R Interrupt Status
Og no operation
15 clear status flag
REFBG_UPTHWARN |11 w 8-Bit ADC2 Reference Overvoltage (ADC2, Channel 7)
_ICLR interrupt status
Og no operation
15 clear status flag

User’'s Manual

190 Rev. 1.3, 2017-06-27



TLE986xQX

System Control Unit - Power Modules (SCU-PM)

Field

Bits

Type

Description

REFBG_LOTHWARN
_ICLR

10

8-Bit ADC2 Reference Undervoltage (ADC2, Channel 7)
interrupt status

Og no operation

15 clear status flag

SYS_OT_ICLR

System Overtemperature Shutdown (ADC2, Channel 9)
interrupt status

Og no operation

15 clear status flag

SYS_OTWARN_ICLR

8

System Overtemperature Prewarning (ADC2, Channel 9)
interrupt status

Og no operation

15 clear status flag

PMU_OT_ICLR

PMU Regulator Overtemperature Shutdown (ADC2, Channel
9) interrupt status

Og no operation

15 clear status flag

PMU_OTWARN_ICLR

6

PMU Regulator Overtemperature Prewarning (ADC2,
Channel 9) interrupt status

Og no operation

15 clear status flag

Res

5:3

Reserved
Always read as 0

LIN_TMOUT_ICLR

LIN TXD timeout
Og no operation
15 clear status flag

LIN_OT_ICLR

LIN Overtemperature interrupt status
Og no operation
15 clear status flag

LIN_OC_ICLR

LIN Overcurrent interrupt status
Og no operation
15 clear status flag
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The register is reset by RESET_TYPE_4.
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BDRV_IS Offset Reset Value
Bridge Driver Interrupt Status 58, 0000 0030,
31 29 28 27 26 24 23 21 20 19 18 17 16

T T T T
VSD_|VSD_|VCP_|VCP_|VCP_ VSD_|VSD_|VCP_|VCP_|VCP_
Res UPT* |LOWF®| UPT* | LOW* LOW* Res UPT* |LOW*| UPT* |LOWF|LOWF
L L L L
r r r r r r r r r r r
15 14 13 12 11 10 6 5 4 3 2 1 0
HS2_|HS1_|LS2_|LS1_ HS2_|HS1_|LS2_|LS1_
Res OC_* OC_* OC_* OC_* Res Res DS_* DS_* DS_* DS_*
r r r r r r r r r r r
Field Bits Type Description
Res 31:29 r Reserved
Always read as 0
VSD_UPTH_STS 28 r Warning for VSD Upper Threshold Measurement (ADC2

channel 2) Status
O INACTIVE no overvoltage status set
15 ACTIVE overvoltage status set

VSD_LOWTH_STS |27

Warning for VSD Lower Threshold Measurement (ADC2
channel 2) Status

Oz INACTIVE no undervoltage status set

15 ACTIVE undervoltage status set

VCP_UPTH_STS 26

Warning for VCP Upper Threshold Measurement (ADC2
channel 3) Status

0z INACTIVE no overvoltage status set

15 ACTIVE overvoltage status set

VCP_LOWTH1_STS |25

Warning for VCP Lower Threshold 1 Measurement (ADC2
channel 3) Status

O0g INACTIVE no undervoltage status set

15 ACTIVE undervoltage status set

VCP_LOWTH2_STS |24

Warning for VCP Lower Threshold 2 Measurement
(VCP_LOW Signal from CP) Status

O0g INACTIVE no undervoltage status set

15 ACTIVE undervoltage status set

Res 23:21 r Reserved
Always read as 0
VSD_UPTH_IS 20 r Warning for VSD Upper Threshold Measurement (ADC2

channel 2) Interrupt Status
Oz INACTIVE no interrupt status set
15 ACTIVE interrupt status set
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Field

Bits

Type

Description

VSD_LOWTH_IS

19

Warning for VSD Lower Threshold Measurement (ADC2
channel 2) Interrupt Status

Oz INACTIVE no interrupt status set

15 ACTIVE interrupt status set

VCP_UPTH_IS

Warning for VCP Upper Threshold Measurement (ADC2
channel 3) Interrupt Status

Oz INACTIVE no interrupt status set

15 ACTIVE interrupt status set

VCP_LOWTH1_IS

Warning for VCP Lower Threshold 1 Measurement (ADC2
channel 3) Interrupt Status

Og INACTIVE no interrupt status set

15 ACTIVE interrupt status set

VCP_LOWTH2_IS

Warning for VCP Lower Threshold 2 Measurement
(VCP_LOW Signal from CP) Interrupt Status

O0g INACTIVE no interrupt status set

15 ACTIVE interrupt status set

Res

15:14

Reserved
Always read as 0

HS2_OC_IS

13

External High Side 2 FET Over-current Status
Og INACTIVE no interrupt status set.
15 ACTIVE at least one interrupt status set.

HS1_OC_IS

12

External High 1 FET Over-current Status
Og INACTIVE no interrupt status set.
15 ACTIVE at least one interrupt status set.

LS2_OC_IS

11

External Low Side 2 FET Over-current Status
Oz INACTIVE no interrupt status set.
15 ACTIVE at least one interrupt status set.

LS1_OC_IS

10

External Low Side 1 FET Over-current Status
Oz INACTIVE no interrupt status set.
15 ACTIVE at least one interrupt status set.

Res

9:6

Reserved
Always read as 0

Res

54

Reserved
Always read as Ob11

HS2_DS_IS

Bridge Driver High Side 2 Pre-Driver short Interrupt Status
Oz INACTIVE no interrupt status set
15 ACTIVE interrupt status set

HS1_DS_IS

Bridge Driver High Side 1 Pre-Driver short Interrupt Status
Oz INACTIVE no interrupt status set
15 ACTIVE interrupt status set

LS2_DS_IS

Bridge Driver Low Side 2 Pre-Driver short Interrupt Status
Oz INACTIVE no interrupt status set
15 ACTIVE interrupt status set

LS1 DS_IS

Bridge Driver Low Side 1 Pre-Driver short Interrupt Status
Oz INACTIVE no interrupt status set
15 ACTIVE interrupt status set
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Bridge Driver Interrupt Status Clear
The register is reset by RESET_TYPE_3.

BDRV_ISCLR Offset Reset Value
Bridge Driver Interrupt Status Clear 54, 0000 0000,
31 29 28 27 26 25 24 23 21 20 19 18 17 16

T T
VSD_|VSD_|VCP_|VCP_|VCP_ VSD_|VSD_|VCP_|VCP_|VCP_
Res UPT* |LOW* UPT* | LOW?* LOWF Res UPT* |LOW?| UPT* | LOW?|LOWF
| |
r w w w w w r w w w w w
15 14 13 12 11 10 9 6 5 4 3 2 1 0
HS2_ |HS1_|LS2_ | LS1_ HS2_|HS1_|LS2_|LS1_
Res OC_* OC_* OC_* OC_* Res Res DS_* DS_* DS_* DS_*
r w w w w r r w w w w
Field Bits Type Description
Res 31:29 r Reserved
Always read as 0
VSD_UPTH_SCLR 28 w Warning for VSD Upper Threshold Measurement (ADC2
channel 2) Status
Og no operation
15 clear status flag
VSD_LOWTH_SCLR |27 w Warning for VSD Lower Threshold Measurement (ADC2
channel 2) Status
Og no operation
15 clear status flag
VCP_UPTH_SCLR 26 w Warning for VCP Upper Threshold Measurement (ADC2
channel 3) Status
Og no operation
15 clear status flag
VCP_LOWTH1_SCLR |25 w Warning for VCP Lower Threshold 1 Measurement (ADC2
channel 3) Status
Og no operation
15 clear status flag
VCP_LOWTH2_SCLR |24 w Warning for VCP Lower Threshold 2 Measurement
(VCP_LOW Signal from CP) Status
Og no operation
15 clear status flag
Res 23:21 r Reserved
Always read as 0
VSD_UPTH_ICLR 20 w Warning for VSD Upper Threshold Measurement (ADC2
channel 2) Interrupt Status
Og no operation
15 clear status flag
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Field

Bits

Type

Description

VSD_LOWTH_ICLR

19

Warning for VSD Lower Threshold Measurement (ADC2
channel 2) Interrupt Status

Og no operation

15 clear status flag

VCP_UPTH_ICLR

18

Warning for VCP Upper Threshold Measurement (ADC2
channel 3) Interrupt Status

Og no operation

15 clear status flag

VCP_LOWTH1_ICLR

17

Warning for VCP Lower Threshold 1 Measurement (ADC2
channel 3) Interrupt Status

Og no operation

15 clear status flag

VCP_LOWTH2_ICLR

16

Warning for VCP Lower Threshold 2 Measurement
(VCP_LOW Signal from CP) Interrupt Status

Og no operation

15 clear status flag

Res

15:14

Reserved
Always read as 0

HS2_OC_ICLR

13

External High Side 2 FET Over-current Status
Og no operation
15 clear status flag

HS1_OC_ICLR

12

External High 1 FET Over-current Status
Og no operation
15 clear status flag

LS2_OC_ICLR

11

External Low Side 2 FET Over-current Status
Og no operation
15 clear status flag

LS1_OC_ICLR

10

External Low Side 1 FET Over-current Status
Og no operation
15 clear status flag

Res

9:6

Reserved
Always read as 0

Res

54

Reserved
Always read as 0

HS2_DS_ICLR

Bridge Driver High Side 2 Pre-Driver short Interrupt Status
Og no operation
15 clear status flag

HS1_DS_ICLR

Bridge Driver High Side 1 Pre-Driver short Interrupt Status
Og no operation
15 clear status flag

LS2_DS_ICLR

Bridge Driver Low Side 2 Pre-Driver short Interrupt Status
Og no operation
15 clear status flag

LS1_DS_ICLR

Bridge Driver Low Side 1 Pre-Driver short Interrupt Status
Og no operation
15 clear status flag
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The register is reset by RESET_TYPE_4.

SYS_SUPPLY_IRQ_STS

System Supply Interrupt Status

31

Offset
1Cy, 0000 0000,

24

System Control Unit - Power Modules (SCU-PM)

Reset Value

23 22 21 20 19 18 17 16

Res

VDD1|VDD5|VS_O|VBAT|VDD1|VDD5|VS_U |VBAT
V5 _* |V_O*|V_S§*|_OV*| V5 _*|V_U*|V_S*| _UV*

r r r r r r r

.
7 6 5 4 3 2 1 0
VDD1|VDD5|VS_O|VBAT|VDD1|VDD5|VS_U |VBAT
V5 * |V_O*| VIS |_OV*| V5 *|V_U*| V_IS | _UV*

Field

Bits

Type

Description

Res

31:24

Reserved
Always read as 0

VDD1V5_OV_STS

23

VDDC Overvoltage (ADC2 channel 8) Status
O0g No Overvoltage occurred
1 Overvoltage occurred

VDD5V_OV_STS

22

VDDP Overvoltage (ADC2 channel 5) Status
Og No Overvoltage occurred
1 Overvoltage occurred

VS_OV_STS

21

VS Overvoltage (ADC2 channel 1) Status
0g No Overvoltage occurred
1  Overvoltage occurred

VBAT_OV_STS

20

VBAT Overvoltage (ADC2 channel 0) Status
Og No Overvoltage occurred
15 Overvoltage occurred

VDD1V5_UV_STS

19

VDDC Undervoltage (ADC2 channel 8) Status
Oz No Undervoltage occurred
1z Undervoltage occurred

VDD5V_UV_STS

18

VDDP Undervoltage (ADC2 channel 5) Status
Oz No Undervoltage occurred
1z Undervoltage occurred

VS_UV_STS

17

VS Undervoltage (ADC2 channel 1) Status
Oz No Undervoltage occurred
1z Undervoltage occurred

VBAT_UV_STS

16

VBAT Undervoltage (ADC2 channel 0) Status
Oz  No Undervoltage occurred
1z Undervoltage occurred

Res

15:8

Reserved
Always read as 0
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Field

Bits

Type

Description

VDD1V5_OV_IS

VDDC Overvoltage (ADC2 channel 8) Interrupt
Status

Oz No Overvoltage Interrupt occurred

1z Overvoltage Interrupt occurred

VDD5V_OV_IS

VDDP Overvoltage (ADC2 channel 5) Interrupt
Status

0z  No Overvoltage Interrupt occurred

1z Overvoltage Interrupt occurred

VS_OV_IS

VS Overvoltage (ADC2 channel 1) Interrupt Status
Og No Overvoltage Interrupt occurred
1z Overvoltage Interrupt occurred

VBAT OV_IS

VBAT Overvoltage (ADC2 channel 0) Interrupt
Status

Og No Overvoltage Interrupt occurred

15 Overvoltage Interrupt occurred

VDD1V5_UV_IS

VDDC Undervoltage (ADC2 channel 8) Interrupt
Status

Oz No Undervoltage Interrupt occurred

15 Undervoltage Interrupt occurred

VDD5V_UV_IS

VDDP Undervoltage (ADC2 channel 5) Interrupt
Status

0z  No Undervoltage Interrupt occurred

1z Undervoltage Interrupt occurred

VS_UV_IS

VS Undervoltage (ADC2 channel 1) Interrupt Status
Oz  No Undervoltage Interrupt occurred
1z Undervoltage Interrupt occurred

VBAT UV_IS

VBAT Undervoltage (ADC2 channel 0) Interrupt
Status

Og No Undervoltage Interrupt occurred

1z Undervoltage Interrupt occurred
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System Supply Interrupt Status Clear
The register is reset by RESET_TYPE_4.

SYS_SUPPLY_IRQ_CLR Offset Reset Value
System Supply Interrupt Status Clear 24, 0000 0000,
31 24 23 22 21 20 19 18 17 16

T T
vDD1|VDD5|VS_O|VBAT|VDD1|vDD5|VS_U|VBAT
Res V5 * |V _O*|V_S*| OV*|V5 * |V _U*|V S*| UV*
L
r w w w w w w w w
15 8 7 6 5 4 3 2 1 0

VvDD1|VDD5|VS_O|VBAT|VDD1|VDD5 | VS_U VBAT

Res V5 *[V_O*| VI* | _ OV*| V5 *|V_U*| V. I* | _UV*
r w w w w w w w w
Field Bits Type Description
Res 31:24 r Reserved
Always read as 0
VDD1V5_0OV_SCLR 23 w VDDC Overvoltage (ADC2 channel 8) Status Clear

Og no operation
15 clear status flag

VDD5V_OV_SCLR 22 w VDDP Overvoltage (ADC2 channel 5) Status Clear
Og no operation
15 clear status flag

VS _OV_SCLR 21 w VS Overvoltage (ADC2 channel 1) Status Clear
Og no operation
15 clear status flag

VBAT_OV_SCLR 20 w VBAT Overvoltage (ADC2 channel 0) Status Clear
Og no operation
15 clear status flag

VDD1V5_UV_SCLR 19 w VDDC Undervoltage (ADC2 channel 8) Status Clear
Og no operation
15 clear status flag

VDD5V_UV_SCLR 18 w VDDP Undervoltage (ADC2 channel 5) Status Clear
Og no operation
15 clear status flag

VS_UV_SCLR 17 w VS Undervoltage (ADC2 channel 1) Status Clear
Og no operation
15 clear status flag

VBAT_UV_SCLR 16 w VBAT Undervoltage (ADC2 channel 0) Status Clear
Og no operation

15 clear status flag

Res 15:8 r Reserved

Always read as 0
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Field

Bits

Type

Description

VDD1V5_OV_ICLR

VDDC Overvoltage (ADC2 channel 8) Interrupt
Status Clear

Og no operation

15 clear status flag

VDD5V_OV_ICLR

VDDP Overvoltage (ADC2 channel 5) Interrupt
Status Clear

Og no operation

15 clear status flag

VS_OV_ICLR

VS Overvoltage (ADC2 channel 1) Interrupt Status
Clear

Og no operation

15 clear status flag

VBAT_OV_ICLR

VBAT Overvoltage (ADC2 channel 0) Interrupt
Status Clear

Og no operation

15 clear status flag

VDD1V5_UV_ICLR

VDDC Undervoltage (ADC2 channel 8) Interrupt
Status Clear

Og no operation

15 clear status flag

VDD5V_UV_ICLR

VDDP Undervoltage (ADC2 channel 5) Interrupt
Status Clear

Og no operation

15 clear status flag

VS_UV_ICLR

VS Undervoltage (ADC2 channel 1) Interrupt Status
Clear

Og no operation

15 clear status flag

VBAT_UV_ICLR

VBAT Undervoltage (ADC2 channel 0) Interrupt
Status Clear

Og no operation

15 clear status flag
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8.4.2.2 Interrupt Control Unit - Interrupt Enable Register

The Analog Module Interrupts can be enabled and disabled by there corresponding enable bits which are located
in Registers:

+ SYS_SUPPLY_IRQ_CTRL: Enable of Interrupts for Under- and Overvoltage detection for all system relevant
supplies. These interrupts are edge triggered interrupts to reduce interrupt load of the uC.
* SYS_IRQ_CTRL: Enable of interrupts for Analog Modules.

System Interrupt Control
The register is reset by RESET_TYPE_3.

SYS_IRQ_CTRL Offset Reset Value
System Interrupt Control 28, 0000 0000,
31 24 23 22 21 16

Res Res Res
r r r
15 14 13 12 11 10 9 8 7 6 5 3 2 1 0
T
ADC2 |VREF |VREF |VREF REFB REFB|SYS_|SYS_|PMU_|PMU_ LIN_ | LIN_ | LIN_
_ES*|5V_*|5V_* | 5V_* |G_U* G_L*| OT_* OTW* OT_* OTW* Res TMO*| OT_* |OC_*
rw rw rw rw rw rw rw rw rw rw r rw rw rw
Field Bits Type Description
Res 31:24 r Reserved
Always read as 0
Res 23:22 r Reserved
Always read as 0
Res 21:16 r Reserved
Always read as 0
ADC2_ESM_IE 15 rw ADC2 Exceptional Sequence Measurement Interrupt Enable
Og Interrupt is disabled
18 Interrupt is enabled
VREF5V_OVL_IE 14 rw VREF5V Overload Interrupt Enable
Og Interrupt is disabled
18 Interrupt is enabled
VREF5V_UPTH_IE 13 rw VREF5V ADC1 Reference Overvoltage (ADC2, Channel 6)
Interrupt Enable
Og Interrupt is disabled
1g Interrupt is enabled
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Field

Bits

Type

Description

VREF5V_LOWTH_IE

VREF5V ADC1 Reference Undervoltage (ADC2, Channel 6)
Interrupt Enable

Og Interrupt is disabled

15 Interrupt is enabled

REFBG_UPTHWARN
IE

Reference Voltage Overvoltage (ADC2 channel 7) Interrupt
Enable

Og Interrupt is disabled

18 Interrupt is enabled

REFBG_LOTHWARN
IE

Reference Voltage Undervoltage (ADC2 channel 7) Interrupt
Enable

Og Interrupt is disabled

1s Interrupt is enabled

SYS OT_IE

System Overtemperature Shutdown (ADC2 channel 9)
Interrupt Enable (leads to shutdown of System)

Og Interrupt is disabled

15 Interrupt is enabled

SYS_OTWARN_IE

System Overtemperature Warning (ADC2 channel 9)
Interrupt Enable

Og Interrupt is disabled

15 Interrupt is enabled

PMU_OT _IE

PMU Regulator Overtemperature Shutdown (ADC2 channel
9) Interrupt Enable (leads to shutdown of System)

Og Interrupt is disabled

18 Interrupt is enabled

PMU_OTWARN_IE

PMU Regulator Overtemperature Warning (ADC2 channel 9)
Interrupt Enable

Og Interrupt is disabled

1g Interrupt is enabled

Res

5:3

Reserved
Always read as 0

LIN_TMOUT _IE

LIN TXD timeout Interrupt Enable
Og Interrupt is disabled
1g Interrupt is enabled

LIN_OT_IE

LIN Overtemperature Interrupt Enable
Og Interrupt is disabled
15 Interrupt is enabled

LIN_OC_IE

LIN Overcurrent Interrupt Enable
Og Interrupt is disabled
15 Interrupt is enabled
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The register is reset by RESET_TYPE_3.

BDRV_IRQ_CTRL

Bridge Driver Interrupt Control

System Control Unit - Power Modules (SCU-PM)

Offset Reset Value
5Cy 0000 0000,

31 21 20 19 18 17 16
T
VSD_|VSD_|VCP_|VCP_|VCP_
Res UPT* |LOW?| UPT* | LOW?|LOWF
|
r rw rw rw rw rw
15 14 13 12 11 10 6 5 4 3 2 1 0
HS2_ |HS1_|LS2_ | LS1_ HS2_|HS1_|LS2_|LS1_
Res OC_* OC_* OC_* OC_* Res Res DS_* DS_* DS_* DS_*
r rw rw rw rw r r rw rw rw rw
Field Bits Type Description
Res 31:21 r Reserved
Always read as 0
VSD_UPTH_IE 20 rw VSD Measurement Upper Threshold (ADC2 channel 2)
Interrupt Enable
Og Interrupt is disabled
15 Interrupt is enabled
VSD_LOWTH_IE 19 rw VSD Measurement Lower Threshold (ADC2 channel 2)
Interrupt Enable
Og Interrupt is disabled
15 Interrupt is enabled
VCP_UPTH_IE 18 rw VCP Measurement Upper Threshold (ADC2 channel 2)
Interrupt Enable
Og Interrupt is disabled
18 Interrupt is enabled
VCP_LOWTH1_IE 17 rw VCP Measurement Lower Threshold 1 (ADC2 channel 3)
Interrupt Enable
Og Interrupt is disabled
1s Interrupt is enabled
VCP_LOWTHZ2_IE 16 rw VCP Measurement Lower Threshold 2 Interrupt Enable
Og Interrupt is disabled
1g Interrupt is enabled
Res 15:14 r Reserved
Always read as 0
HS2 OC_IE 13 rw External High Side 2 FET Over-current Interrupt Enable
Og Interrupt is disabled
1g Interrupt is enabled
HS1 OC_IE 12 rw External High Side 1 FET Over-current Interrupt Enable
Og Interrupt is disabled
15 Interrupt is enabled
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Field Bits Type Description

LS2 OC _IE 11 rw External Low Side 2 FET Over-current Interrupt Enable
Og Interrupt is disabled
15 Interrupt is enabled

LS1 OC_IE 10 rw External Low Side 1 FET Over-current Interrupt Enable
Og Interrupt is disabled
15 Interrupt is enabled

Res 9:6 r Reserved

Res 5:4 r Reserved

HS2 DS IE 3 rw Bridge Driver High Side 2 Pre-Driver Short Interrupt Enable
Og Interrupt is disabled
1s Interrupt is enabled

HS1 DS IE 2 rw Bridge Driver High Side 1 Pre-Driver Short Interrupt Enable
Og Interrupt is disabled
1g Interrupt is enabled

LS2 DS IE 1 rw Bridge Driver Low Side 2 Pre-Driver Short Interrupt Enable
Og Interrupt is disabled
15 Interrupt is enabled

LS1 DS IE 0 rw Bridge Driver Low Side 1 Pre-Driver Short Interrupt Enable
Og Interrupt is disabled
15 Interrupt is enabled

User's Manual 203 Rev. 1.3, 2017-06-27



TLE986xQX

System Supply Interrupt Control

The register is reset by RESET_TYPE_4.

SYS_SUPPLY_IRQ_CTRL

System Supply Interrupt Control

31

Offset
20, 0000 00FF

System Control Unit - Power Modules (SCU-PM)

Reset Value

16

7 6 5 4 3 2 1 0

Res

VDD1|VDD5|VS_O|VBAT|VDD1|VDD5|VS_U |VBAT
V5 _* |V_O*| V_IE |_OV*| V5 _*|V_U*| V_IE | _UV*

Field

Bits

Type

Description

Res

31:8

Reserved
Always read as 0

VDD1V5_OV_IE

VDD1V5 Overvoltage (ADC2 channel 8) Interrupt
Enable

Og Interrupt is disabled

15 Interrupt is enabled

VDD5V_OV_IE

VDD5V Overvoltage (ADC2 channel 5) Interrupt
Enable

Og Interrupt is disabled

15 Interrupt is enabled

VS_OV_IE

VS Overvoltage (ADC2 channel 1) Interrupt Enable
Og Interrupt is disabled
15 Interrupt is enabled

VBAT OV_IE

VBAT Overvoltage (ADC2 channel 0) Interrupt
Enable

Og Interrupt is disabled

1 Interrupt is enabled

VDD1V5_UV_IE

VDD1V5 Undervoltage (ADC2 channel 8) Interrupt
Enable

Og Interrupt is disabled

1 Interrupt is enabled

VDD5V_UV_IE

VDDS5V Undervoltage (ADC2 channel 5) Interrupt
Enable

Og Interrupt is disabled

15 Interrupt is enabled

VS_UV_IE

VS Undervoltage (ADC2 channel 1) Interrupt Enable
Og Interrupt is disabled
15 Interrupt is enabled
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Field Bits Type Description

VBAT_UV_IE 0 rw VBAT Undervoltage (ADC2 channel 0) Interrupt
Enable
Og Interrupt is disabled
15 Interrupt is enabled

8.5 Power Control Unit for Power Modules (PCU_PM)

The chapter describes the implementation of the power modules state machine. This state machine is responsible
for powering up and powering down the on-board power modules. It takes care about the interaction between the
Measurement Unit and the modules which are evaluated by the Unit. The following modules are controlled by this
statemachine:

Analog Modules controlled by Power Control Unit:

» Central Reference Voltage Generation
» Central Bias Current Generation

+ 8-Bit ADC Core

» Supply Voltage Attenuators
Monitoring Inputs Voltage Attenuators
LIN Transceiver

MOSFET Drivers

PCU
PD_N ON
= L
&
to analog<I o
module o m PD N
to analog 5 &
module T . = ON
Analog Peripheral Control SFR

Working Principle of PCU

Figure 39 Function of AP_SUB_CTRL
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If the device will power up the analog modules statemachine will startup all analog modules. First of all, the
reference voltage will be enabled. After that the biasing module will be enabled. If this step is completed the analog
modules will be enabled step by step. After this is done the measurement interface will start-up.

When leaving Stop Mode, this sequence restores the SFR register contents with the values written before entering
Stop Mode.

The Sleep and Stop Mode entry is as well controlled by this state machine. This ensures a smooth shutdown of
the modules avoiding disturbances (like load jumps) on the supplies.

The power control unit also handles system failures indicated by the analog measurement interface. They are:

System failures handled by SCU_PM:

+ automatic shutdown of power modules in case of VS Overvoltage

» automatic shutdown of power modules in case of System Overtemperature
» automatic shutdown of power modules in case of loss of clock

» automatic shutdown of system in case of System Overtemperature

» automatic shutdown of system in case of internal supply fail

» automatic shutdown of LIN module in case of VS Undervoltage

How to configure this actions on the above described system failures will be described in the following chapters.

8.5.1 VSD-Overvoltage System Shutdown

The PCU provides the possibility of an system shutdown in case of VSD Overvoltage. This feature can be used to
reduce power dissipation in case of an increased supply voltage VSD. This feature can be enabled by bit
SYS_VSD_OV_SLM_DIS. This bit is low active!l. When there is an overvoltage, the system will be set in System
Shutdown and all Power Modules as:

 LIN

» Bridge Driver

» Charge Pump

» Supply Voltage Attenuators

are switched off automatically. The Power Modules will be switched on when the VSD-Overvoltage condition is
left again. The figure below shows the principle of the enable bit:
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[ | sys_vsd_ov_sts_i

vsd_ov_sd_ow|

0= a
——mi_clk

a Q
RESET_TYPE 4 |

sys_vsd_ov_sd_dis — xsfr bit

Figure 40 Implementation of Module Shutdown because of VSD Overvoltage

8.5.2 Overtemperature System Shutdown

In case of overtemperature (7;> 150 °C) the system will be set to Sleep Mode. This functionality is used to protect
the system from thermal overstress. One possibility of avoiding this thermal shutdown is to stick to an emergency
procedure, which helps to minimize the power dissipation in the system. This routine would require to shutdown
all modules which have big contribution to power dissipation (e.g. Bridge Driver). This procedure has to be
implemented in user software. Another possibility is to use the implemented hardware shutdown procedure. This
procedure can be activated by the flag SYS_OT_PS_DIS. This flag is low active! When this flag is set all power
dissipation contributors will be automatically shutdown.

* Main power dissipation contributors are:
— Charge Pump
— Bridge Driver
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8.5.3 Power Control Unit Register
The PCU is fully controllable by the below listed SFR Registers.

Table 43  Register Overview

Register Short Name ‘ Register Long Name

‘ Offset Address ‘ Reset Value

Power Control Unit Register

PCU_CTRL_STS

‘ Power Control Unit Control Status Register ‘30,_| ‘06E3 TEF3,

The registers are addressed wordwise.

Power Control Unit Register
The register is reset by RESET_TYPE_4.

PCU_CTRL_STS Offset Reset Value
Power Control Unit Control Status Register 304 06E3 7EF3,,
31 26 25 24 23 16

T T
CLKW|CLKL |SYS_
DT_R|OSS_|OT_P
Res ES_* | SD_* | S_D* Res
|
r rw rw rw r
15 14 13 9 8 7 6 2 1 0
T
SYS_ LIN_ | FAIL CLKW
VSD VS_U|_PS DT_S
Res ov_* Res V.5 DIS Res D_D* Res
r rw rw rw r rw r
Field Bits Type Description
Res 31:27 r Reserved
Always read as 0
CLKWDT_RES_SD_D |26 rw Clock Watchdog Reset Disable
IS O Enable Clock Watchdog Reset Enable
1z Disable Clock Watchdog Reset Disable
CLKLOSS_SD_DIS 25 rw Power Switches Loss of Clock Shutdown Disable (APCLK3)
O Enable Automatic Shutdown Signal for Power Switches in
case of loss of clock
15  Disable Automatic Shutdown Signal for Power Switches
in case of loss of clock
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Field

Bits

Type

Description

SYS_OT_PS_DIS

24

System Overtemperature Power Switches Shutdown

Disable

O Enable Automatic Shutdown Signal for Power Switches in
case of system overtemperature preenable

1z  Disable Automatic Shutdown Signal for Power Switches
in case of system overtemperature enable

Res

23:15

Reserved
Always read as 0

SYS_VSD_OV_SLM_
DIS

VSD Overvoltage Shutdown for Peripherals Disable

O0g Enable Automatic Shutdown for Power modules in case of
VSD Overvoltage enabled

15 Disable Automatic Shutdown for Power modules in case
of VSD Overvoltage disabled

Res

13:9

Reserved
Always read as 0

LIN_VS_UV_SD DIS

8

LIN Module VS Undervoltage Transmitter Shutdown

Oy Enable Automatic Shutdown for Power modules in case of
VS Undervoltage enabled

1z Disable Automatic Shutdown for Power modules in case
of VS Undervoltage disabled

FAIL_PS_DIS

Disable LIN, BDRV and CP because of Overtemperature

O0g Switch off Enabled LIN, BDRV and CP will be turned off
when Overtemperature occurs

1z Switch off Disabled LIN, BDRV and CP will be kept on
when Overtemperature occurs

Res

6:2

Reserved
Always read as 0

CLKWDT_SD_DIS

Power Modules Clock Watchdog Shutdown Disable

Og Shutdown Enable Power Devices will be switched off
when Clock Watchdog occurs

1z Shutdown Disable Power Devices will not be shutdown
when Clock Watchdog occurs

Res

Reserved
Always read as 0

8.6 MISC Control

8.6.1 Bus Faults

Due to the pipeline structure of the ARM Cortex M3 core, it is difficult to determine the fault address of a non-
existing or protected memory region. For this reason, the following register allows the user to determine the
address of the memory access that caused the fault. The registers model the processor's instruction pipeline.
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8.6.1.1 Bus Fault Control Register
For the determining the address of a bus fault exception the following registers should be used.

Table 44  Register Overview

Register Short Name

Register Long Name

Offset Address |Reset Value

Bus Fault Control Register

BFSTS Bus Fault Status Register 80, 0000 0000y
DBFA Data Bus Fault Address Register 84, XXXX XXXXpy
SBFA System Bus Fault Address Register 88, XXXX XXXXy
BFSTS_CLR Bus Fault Status Clear Register 8Cy 0000 0000y

The registers are addressed wordwise.
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BUS_FAULT_STATUS

The register is reset by RESET_TYPE_3.

System Control Unit - Power Modules (SCU-PM)

BFSTS Offset Reset Value
Bus Fault Status Register 80, 0000 0000,
31 16
T
Res
|
r
15 2 1 0

SBFS|DBFS
Res TS | TS
r r
Field Bits Type Description
Res 31:2 r Reserved
Always read as 0
SBFSTS 1 r System Bus Fault Status Valid Flag
Address of System Bus Fault is valid and can be red out of
SBFA Register
1g  Valid Address is valid
Og not valid Address is not valid
DBFSTS 0 r Data Bus Fault Status Valid Flag

Address of Data Bus Fault is valid and can be red out of DBFA
Register

1g  Valid Address is valid

Og not valid Address is not valid
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BUS_FAULT_STATUS_CLEAR
The register is reset by RESET_TYPE_3.

BFSTS_CLR Offset Reset Value
Bus Fault Status Clear Register 8Cy 0000 0000,
31 16
T
Res
|
r
15 2 1 0

SBFS DBFS
Res TSC* | TSC*
r w w
Field Bits Type Description
Res 31:2 r Reserved
Always read as 0
SBFSTSCLR 1 w System Bus Fault Status Clear Flag

System Bus Fault valid flag is cleared.
15 Cleared Valid Address is cleared
Og not cleared Valid Address is not cleared

DBFSTSCLR 0 w Data Bus Fault Status Clear Flag

Data Bus Fault valid flag is cleared.

1z Cleared Address is cleared

Oz  not cleared Address is not cleared

User’'s Manual 212 Rev. 1.3, 2017-06-27



@ineon
-

TLE986xQX

DATA_BUS_FAULT_ADDRESS

The register is reset by RESET_TYPE_3.

System Control Unit - Power Modules (SCU-PM)

DBFA Offset Reset Value
Data Bus Fault Address Register 84, XXXX XXXXp
31 16
T
DBFA
|
r
15 0
DBFA
r

Field Bits Type Description
DBFA 31:0 r Reserved
Always read as 0
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SYSTEM_BUS_FAULT_ADDRESS
The register is reset by RESET_TYPE_3.

SBFA Offset Reset Value
System Bus Fault Address Register 88, XXXX XXXXp
31 16
T
SBFA
|
r
15 0
SBFA
r

Field Bits Type Description
SBFA 31:0 r Reserved
Always read as 0
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Features

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

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

A subset 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

ARMvV6 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

User’'s Manual 215 Rev. 1.3, 2017-06-27



@I neon TLE986xQX

ARM Cortex-M3 Core

9.2 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 Cortex family processors, the Cortex-M3 processor implements the Thumb®-2
instruction set architecture. With the optimized feature set the Cortex-M3 delivers 32-bit performance in an
application space that is usually associated with 8- and 16-bit microcontrollers.

9.21 Block Diagram

Figure 41 shows the functional blocks of the Cortex-M3.

Cortex-M3 Processor
Nested Vectored
Interruptand . Interrupt g?‘)rt;xs-sl\g?
Power Control . Controller - - Core
(NVIC)
A
Y
o AHB
S(‘g\'/?/'_'[v)\{:')r)e <«—»|  AcessPort  [e— Bus Matrix
(AHB-AP)
\ A A A

I ! I

W ICode DCode System Bus
Se”‘"‘l'n\g'rrf: Ozeb”g AHB-Lite AHBLite ICode
Instruction Data PBAO
Interface Interface PBA1

Cortex_M3_Block_diagram .vsd

Figure 41 Cortex-M3 Block Diagram

9.3 Functional Description
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9.3.1 Registers

The processor has the following 32-bit registers:

» 13 general-purpose registers, R0-R12

» Stack pointer (SP), R13 alias of banked registers, SP_process and SP_main
* Link register (LR), R14

* Program counter (PC), R15

» Special-purpose program status registers (xPSR)

RO

R3
R4
R5
RE
R7
RB
RS
high registers - F10

low registers -+

R12
R13 (SP) SP_process ] | SP_main
Rid (LR
R15 (PC)
Frogram Status Register *PSR

Figure 42 Processor Register Set

9.3.1.1  General-Purpose Registers

The general-purpose registers R0-R12 have no special architecturally-defined uses. Most instructions that can
specify a general-purpose register can specify R0-R12.

Low Registers
Registers R0-R7 are accessible by all instructions that specify a general-purpose register.

High Registers

Registers R8-R12 are accessible by all 32-bit instructions that specify a general-purpose register.
Registers R8-R12 are not accessible by all 16-bit instructions.

Registers R13, R14, and R15 have the following special functions:

Stack Pointer
Register R13 is used as Stack Pointer (SP).

Link Register
Register R14 is the subroutine Link Register (LR).

Program counter
Register R15 is the Program Counter (PC).
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9.3.1.2 Special-Purpose Program Status Registers (xPSR)
Processor status at the system level breaks down into three categories:

* Application PSR
* Interrupt PSR
» Execution PSR

They can be accessed as individual registers, a combination of any two from three, or a combination of all three
using the Move to Register from Status (MRS) and MSR instructions.
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9.4 Summary of Processor Registers
The processor has the following 32-bit registers that control functionality:

ARM Cortex-M3 Core

Table 45 Register Address Space for Processor Registers

Module

Base Address End Address

Note

CPU

EOOOEO000y EOOOEFFFy,

ARM Cortex-M3 Core SCS
(System Control Space), Systick,
NVICProcessor Registers

Table 46  Register Overview

Register Short Name |Register Long Name Offset Address |Reset Value
Summary of Processor Registers
ICT Interrupt Controller Type Register 004, 0000 0000,
SYSTICK_CS SysTick Control and Status Register 0104 0000 0000y
SYSTICK_RL SysTick Reload Value Register 014, 00XX XXXXy
SYSTICK_CUR SysTick Current Value Register 0184 00XX XXXXy
SYSTICK_CAL SysTick Calibration Value Register 01Cy XX00 0000
XXXX XXXX
XXXX XXXX
XXXX XXXXg
NVIC_ISERO Interrupt Set-Enable 1004 0000 0000y
NVIC_IPRO Interrupt Priority 400 0000 0000,
NVIC_IPR1 Interrupt Priority 404, 0000 0000,
NVIC_IPR2 Interrupt Priority 408, 0000 0000y
NVIC_IPR3 Interrupt Priority 40Cy 0000 0000y
NVIC_ICERO Interrupt Clear-Enable 180y 0000 0000
NVIC_ISPRO Interrupt Set-Pending 200, 0000 0000,
SHPR2 System Handler Priority Register 2 21Cy 0000 0000y
NVIC_ICPRO Interrupt Clear-Pending 280y 0000 0000y
NVIC_IABRO Active Bit Register 300y 0000 0000,
CPUID CPU ID Base Register D00y, 412F C231,
ICSR Interrupt Control State Register D04, 0000 0000y
VTOR Vector Table Offset Register D08, 0000 0000y
AIRCR Application Interrupt/Reset Control Register DOCy 0000 0000,
SCR System Control Register D10, 0000 0000,
CCR Configuration Control Register D14, 0000 02004
SHPR1 System Handler Priority Register 1 D18, 0000 0000y
SHPR3 System Handler Priority Register 3 D20, 0000 0000,
SHCSR System Handler Control and State Register D24, 0000 0000,
CFSR Configurable Fault Status Register D28, 0000 0000y
HFSR Hard Fault Status Register D2C, 0000 0000y
DFSR Debug Fault Status Register D30y, 0000 0000,
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Table 46  Register Overview (cont'd)
Register Short Name |Register Long Name Offset Address |Reset Value
MMFAR MemManage Fault Status Register D34, XXXX XXXXy
BFAR Bus Fault Status Register D38, XXXX XXXX
AFSR Auxiliary Fault Status Register D3Cy, 0000 0000,
The registers are addressed wordwise.
Interrupt Controller Type Register
ICT Offset Reset Value
Interrupt Controller Type 004,, 0000 0000,

31 16

RES
|
r
15 4 0
T
RES INTLINESNUM
r

Field Bits Type Description
RES 31:5 r Reserved
INTLINESNU |4:0 r Interrupt Lines

M

000005 O to 32"
00001 33 to 64
000105 65 to 95
000115 97 to 128
001005 129 to 160
001015 161 to 192
001105 193 to 224
001115 225 to 256"

Total number of interrupt lines in groups of 32:

1) The processor only supports between 1 and 240 interrupts.
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SysTick Control and Status Register

SYSTICK_CS Offset Reset Value
SysTick Control and Status 010, 0000 0000,
31 17 16

COUN
RE TFLA
S G
r rw
15 3 2 1 0
T
CLKS| TICK [ENAB
RES OURC| INT | LE
E
r rw rw rw
Field Bits Type Description
RES 31:17 r Reserved
COUNTFLAG |16 rw Count Flag

Returns 1 if timer counted to 0 since last time this was read.Clears on
read by application of any part of the SysTick Control and Status
Register.

If read by the debugger using the SWD, this bit is cleared on read-only if
the MasterType bit in the AHB-AP Control Register is set to 0. Otherwise,
the COUNTFLAG bit is not changed by the debugger read.

RES 15:3 r Reserved

CLKSOURCE |2 rw CLK Source

If no reference clock is provided, it is held at 1 and gives the same time
as the core clock. The core clock must be at least 2.5 times faster than
the reference clock. If it is not, the count values are unpredictable.

Og external reference clock (STCLK: 4:1 from f, )

1 core clock (HCLK)

TICKINT 1 rw TICKINT

Og counting down to 0 does not pend the SysTick handler. Software
can use the COUNTFLAG to determine if ever counted to 0.

18 counting down to 0 pends the SysTick handler.

ENABLE 0 rw Enable

Og counter disabled.

15 counter operates in a multi-shot way. That is, counter loads with
the Reload value and then begins counting down. On reaching 0, it
sets the COUNTFLAG to 1 and optionally pends the SysTick
handler, based on TICKINT. It then loads the Reload value again,
and begins counting.
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SYSTICK_RL Offset Reset Value
SysTick Reload Value 014,, 00XX XXXX4,
31 24 23 16
T T

RES RELOAD
| |
r rw
15 0
T
RELOAD
|
rw

Field Bits Type Description
RES 31:24 r Reserved
RELOAD 23:0 rw Reload

Value to load into the SysTick Current Value Register when the counter
reaches 0.
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SYSTICK_CUR Offset Reset Value
SysTick Current Value 018, 00XX XXXX4,
31 24 23 16
T T

RES CURRENT
L L
r rwc
15 0
T
CURRENT
L
rwc

Field Bits Type Description
RES 31:24 r Reserved
CURRENT 23:.0 rwc Current

Current value at the time the register is accessed. No read-modify-write
protection is provided, so change with care.

This register is write-clear. Writing to it with any value clears the register
to 0. Clearing this register also clears the COUNTFLAG bit of the SysTick
Control and Status Register.
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SYSTICK_CAL Offset Reset Value
SysTick Calibration Value 01C, XX00 0000 XXXX XXXX XXXX XXXX XXXX
XXXXg
31 30 29 24 23 16
T T T
NORE
F ISKew RES TENMS
| |
r r r r
15 0
T
TENMS
|
r
Field Bits Type Description
NOREF 31 r No Reference Clock
Og n.u.
15 the reference clock is not provided
SKEW 30 r Skew

Og n.u.

15 the calibration value is not exactly 10 ms because of clock
frequency. This could affect its suitability as a software real time
clock.

RES 29:24 r Reserved
TENMS 23:.0 r Tenms

This value is the Reload value to use for 10ms timing. Depending on the

value of SKEW, this might be exactly 10ms or might be the closest value.

If this reads as 0, then the calibration value is not known. This is probably

because the reference clock is an unknown input from the system or

scalable dynamically.

Interrupt Set-Enable Registers

NVIC_ISERO
Interrupt Set-Enable
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31 16
RES
|
r
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Int_ | Int_ | Int_ | Int_ | Int_ | Int_ | Int_ | Int_ | Int_ | Int_ | Int_ | Int_ | Int_ | Int_ | Int_ | Int_
DMA BDRV| EXIN | EXIN lUART |UART|SSC2|SSC1|CCU6/CCU6/CCU6|CCU6 ADC1 ADC2 GPT2|GPT1
T T0 2 1 SR3 | SR2 | SR1 | SRO
rw rw rw rw rw rw rw rw rw rw rw rw rw rw rw rw
Field Bits Type Description
RES 31:16 r Reserved
Int. DMA 15 rw Interrupt Set for DMA
Oy DISABLED no effect on write
1 ENABLE enables the associated interrupt
Int BDRV 14 rw Interrupt Set for Bridge Driver
Oy DISABLED no effect on write
1 ENABLE enables the associated interrupt
Int_EXINT1 13 rw Interrupt Set for External Int 1
Oy DISABLED no effect on write
1 ENABLE enables the associated interrupt
Int_EXINTO 12 rw Interrupt Set for External Int 0
Oz  DISABLED no effect on write
1 ENABLE enables the associated interrupt
Int_ UART2 11 rw Interrupt Set for UART2
Oz  DISABLED no effect on write
1z ENABLE enables the associated interrupt
Int. UART1 10 rw Interrupt Set for UART1
Oy DISABLED no effect on write
1z ENABLE enables the associated interrupt
Int._ SSC2 9 rw Interrupt Set for SSC2
Oy  DISABLED no effect on write
1z ENABLE enables the associated interrupt
Int_ SSCH1 8 rw Interrupt Set for SSC1
Oy  DISABLED no effect on write
1z ENABLE enables the associated interrupt
Int CCUBSR3 |7 rw Interrupt Set for CCU6 SR3
Oy DISABLED no effect on write
1z ENABLE enables the associated interrupt
Int CCUGSR2 |6 rw Interrupt Set for CCU6 SR2
Oy  DISABLED no effect on write
1z ENABLE enables the associated interrupt
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Field Bits Type Description
Int CCUBSR1 |5 rw Interrupt Set for CCU6 SR1

Oy DISABLED no effect on write

1 ENABLE enables the associated interrupt
Int CCUBSRO |4 rw Interrupt Set for CCU6 SR0

Oy DISABLED no effect on write

1 ENABLE enables the associated interrupt
Int_ADCA1 3 rw Interrupt Set for ADC1

Oy DISABLED no effect on write

1 ENABLE enables the associated interrupt
Int_ ADC2 2 rw Interrupt Set for MU, ADC2

Oz  DISABLED no effect on write

1 ENABLE enables the associated interrupt
Int_GPT2 1 rw Interrupt Set for GPT2

Oz  DISABLED no effect on write

1z ENABLE enables the associated interrupt
Int_GPT1 0 rw Interrupt Set for GPT1

Oz  DISABLED no effect on write

1z ENABLE enables the associated interrupt

Interrupt Clear-Enable Registers

NVIC_ICERO Offset Reset Value
Interrupt Clear-Enable 180, 0000 0000,
31 16
RES
|
r
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Int_ | Int_ | Int_ | Int_ | Int_ | Int_ | Int_ | Int_ | Int_ | Int_ | Int_ | Int_ | Int_ | Int_ | Int_ | Int_
DMA BDRV| EXIN | EXIN [UART|UART|SSC2|SSC1|/CCU6|CCU6/CCU6/CCU6 ADC1 ADC2 GPT2 GPT1

™ TO 2 1 SR3 | SR2 | SR1 | SR0O
rw rw rw rw rw rw rw rw rw rw rw rw rw rw rw rw
Field Bits Type Description
RES 31:16 r Reserved
Int._ DMA 15 rw Interrupt Clear for DMA

Oz  DISABLE on reads the associated interrupt is disabled, no effect on

write

1z ENABLE on reads the associated interrupt is enabled, on writes the

associated interrupt is disabled
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Field Bits Type Description
Int BDRV 14 rw Interrupt Clear for Bridge Driver
0z  DISABLE on reads the associated interrupt is disabled, no effect on
write
1 ENABLE on reads the associated interrupt is enabled, on writes the
associated interrupt is disabled
Int_EXINT1 13 rw Interrupt Clear for External Int 1
Oz  DISABLE on reads the associated interrupt is disabled, no effect on
write
1z ENABLE on reads the associated interrupt is enabled, on writes the
associated interrupt is disabled
Int_ EXINTO 12 rw Interrupt Clear for External Int 0
0 DISABLE on reads the associated interrupt is disabled, no effect on
write
1 ENABLE on reads the associated interrupt is enabled, on writes the
associated interrupt is disabled
Int_ UART2 11 rw Interrupt Clear for UART2
Oz  DISABLE on reads the associated interrupt is disabled, no effect on
write
1z ENABLE on reads the associated interrupt is enabled, on writes the
associated interrupt is disabled
Int. UART1 10 rw Interrupt Clear for UART1
0 DISABLE on reads the associated interrupt is disabled, no effect on
write
1 ENABLE on reads the associated interrupt is enabled, on writes the
associated interrupt is disabled
Int_SSC2 9 rw Interrupt Clear for SSC2
Oz  DISABLE on reads the associated interrupt is disabled, no effect on
write
1z ENABLE on reads the associated interrupt is enabled, on writes the
associated interrupt is disabled
Int_ SSCH1 8 rw Interrupt Clear for SSC1
0 DISABLE on reads the associated interrupt is disabled, no effect on
write
1z ENABLE on reads the associated interrupt is enabled, on writes the
associated interrupt is disabled
Int CCUBSR3 |7 rw Interrupt Clear for CCU6 SR3
0z  DISABLE on reads the associated interrupt is disabled, no effect on
write
1 ENABLE on reads the associated interrupt is enabled, on writes the
associated interrupt is disabled
Int CCU6SR2 |6 rw Interrupt Clear for CCU6 SR2

Oz  DISABLE on reads the associated interrupt is disabled, no effect on
write

1z ENABLE on reads the associated interrupt is enabled, on writes the
associated interrupt is disabled
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Field Bits Type Description
Int CCUBSR1 |5 rw Interrupt Clear for CCU6 SR1
0z  DISABLE on reads the associated interrupt is disabled, no effect on
write
1 ENABLE on reads the associated interrupt is enabled, on writes the
associated interrupt is disabled
Int_CCUGSRO |4 rw Interrupt Clear for CCU6 SR0O
Oz  DISABLE on reads the associated interrupt is disabled, no effect on
write
1z ENABLE on reads the associated interrupt is enabled, on writes the
associated interrupt is disabled
Int_ ADCA1 3 rw Interrupt Clear for ADC1
0 DISABLE on reads the associated interrupt is disabled, no effect on
write
1 ENABLE on reads the associated interrupt is enabled, on writes the
associated interrupt is disabled
Int_ ADC2 2 rw Interrupt Clear for MU, ADC2
Oz  DISABLE on reads the associated interrupt is disabled, no effect on
write
1z ENABLE on reads the associated interrupt is enabled, on writes the
associated interrupt is disabled
Int. GPT2 1 rw Interrupt Clear for GPT2
0 DISABLE on reads the associated interrupt is disabled, no effect on
write
1 ENABLE on reads the associated interrupt is enabled, on writes the
associated interrupt is disabled
Int_GPT1 0 rw Interrupt Clear for GPT1

Oz  DISABLE on reads the associated interrupt is disabled, no effect on
write

1z ENABLE on reads the associated interrupt is enabled, on writes the
associated interrupt is disabled

Interrupt Set-Pending Registers

NVIC_ISPRO

Interrupt Set-Pending
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31 16
RES
|
r
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Int_ | Int_ | Int_ | Int_ | Int_ | Int_ | Int_ | Int_ | Int_ | Int_ | Int_ | Int_ | Int_ | Int_ | Int_ | Int_
DMA BDRV| EXIN | EXIN [UART|UART|SSC2|SSC1|/CCU6|CCU6/CCU6/CCU6 ADC1 ADC2 GPT2 GPT1
T TO 2 SR3 | SR2 | SR1 | SR0O
rw rw rw rw rw rw rw rw rw rw rw rw rw rw rw rw
Field Bits Type Description
RES 31:16 r Reserved
Int_DMA 15 rw Interrupt Set Pending for DMA
Og Not Pending on reads the associated interrupt is not pending, no
effect on writes
1z Pending the associated interrupt is pending
Int_ BDRV 14 rw Interrupt Set Pending for Bridge Driver
0z Not Pending on reads the associated interrupt is not pending, no
effect on writes
1z Pending the associated interrupt is pending
Int_EXINT1 13 rw Interrupt Set Pending for External Int 1
Og Not Pending on reads the associated interrupt is not pending, no
effect on writes
1z Pending the associated interrupt is pending
Int_ EXINTO 12 rw Interrupt Set Pending for External Int 0
Og Not Pending on reads the associated interrupt is not pending, no
effect on writes
1z Pending the associated interrupt is pending
Int UART2 11 rw Interrupt Set Pending for UART2
0g Not Pending on reads the associated interrupt is not pending, no
effect on writes
1z Pending the associated interrupt is pending
Int_ UART1 10 rw Interrupt Set Pending for UART1
0g Not Pending on reads the associated interrupt is not pending, no
effect on writes
1z Pending the associated interrupt is pending
Int_SSC2 9 rw Interrupt Set Pending for SSC2
Og Not Pending on reads the associated interrupt is not pending, no
effect on writes
1z Pending the associated interrupt is pending
Int_SSCH1 8 rw Interrupt Set Pending for SSC1
Og Not Pending on reads the associated interrupt is not pending, no
effect on writes
1z Pending the associated interrupt is pending

User’'s Manual

229 Rev. 1.3, 2017-06-27



TLE986xQX

ARM Cortex-M3 Core

Field Bits Type Description
Int CCUBSR3 |7 rw Interrupt Set Pending for CCU6 SR3
Og Not Pending on reads the associated interrupt is not pending, no
effect on writes
1z Pending the associated interrupt is pending
Int. CCUBSR2 |6 rw Interrupt Set Pending for CCU6 SR2
0z Not Pending on reads the associated interrupt is not pending, no
effect on writes
1z Pending the associated interrupt is pending
Int. CCUBSR1 |5 rw Interrupt Set Pending for CCU6 SR1
Og Not Pending on reads the associated interrupt is not pending, no
effect on writes
1z Pending the associated interrupt is pending
Int. CCUGSRO |4 rw Interrupt Set Pending for CCU6 SR0O
Og Not Pending on reads the associated interrupt is not pending, no
effect on writes
1z Pending the associated interrupt is pending
Int._ ADCA1 3 rw Interrupt Set Pending for ADC1
0y Not Pending on reads the associated interrupt is not pending, no
effect on writes
1z Pending the associated interrupt is pending
Int_ ADC2 2 rw Interrupt Set Pending for MU, ADC2
0g Not Pending on reads the associated interrupt is not pending, no
effect on writes
1z Pending the associated interrupt is pending
Int_GPT2 1 rw Interrupt Set Pending for GPT2
Og Not Pending on reads the associated interrupt is not pending, no
effect on writes
1z Pending the associated interrupt is pending
Int. GPT1 0 rw Interrupt Set Pending for GPT1

Og Not Pending on reads the associated interrupt is not pending, no
effect on writes
1z Pending the associated interrupt is pending

Interrupt Clear-Pending Registers

NVIC_ICPRO

Interrupt Clear-Pending
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31 16
RES
|
r
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Int_ | Int_ | Int_ | Int_ | Int_ | Int_ | Int_ | Int_ | Int_ | Int_ | Int_ | Int_ | Int_ | Int_ | Int_ | Int_
DMA BDRV| EXIN | EXIN [UART|UART|SSC2|SSC1|/CCU6|CCU6/CCU6/CCU6 ADC1 ADC2 GPT2 GPT1
T TO 2 SR3 | SR2 | SR1 | SR0O
rw rw rw rw rw rw rw rw rw rw rw rw rw rw rw rw
Field Bits Type Description
RES 31:16 r Reserved
Int. DMA 15 rw Interrupt Clear Pending for DMA
Og Not Pending on reads the associated interrupt is not pending, no
effect on writes
1z Pending on reads the associated interrupt is pending, on writes the
status of the associated interrupt is changed to not pending
Int_BDRV 14 rw Interrupt Clear Pending for Bridge Driver
0g Not Pending on reads the associated interrupt is not pending, no
effect on writes
1z Pending on reads the associated interrupt is pending, on writes the
status of the associated interrupt is changed to not pending
Int_ EXINT1 13 rw Interrupt Clear Pending for External Int 1
O Not Pending on reads the associated interrupt is not pending, no
effect on writes
1z Pending on reads the associated interrupt is pending, on writes the
status of the associated interrupt is changed to not pending
Int_EXINTO 12 rw Interrupt Clear Pending for External Int 0
0g Not Pending on reads the associated interrupt is not pending, no
effect on writes
1z Pending on reads the associated interrupt is pending, on writes the
status of the associated interrupt is changed to not pending
Int UART2 11 rw Interrupt Clear Pending for UART2
Og Not Pending on reads the associated interrupt is not pending, no
effect on writes
1z Pending on reads the associated interrupt is pending, on writes the
status of the associated interrupt is changed to not pending
Int_ UART1 10 rw Interrupt Clear Pending for UART1
0 Not Pending on reads the associated interrupt is not pending, no
effect on writes
1z Pending on reads the associated interrupt is pending, on writes the
status of the associated interrupt is changed to not pending
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Field Bits Type Description
Int._ SSC2 9 rw Interrupt Clear Pending for SSC2
Og Not Pending on reads the associated interrupt is not pending, no
effect on writes
1z Pending on reads the associated interrupt is pending, on writes the
status of the associated interrupt is changed to not pending
Int_SSCH1 8 rw Interrupt Clear Pending for SSC1
0g Not Pending on reads the associated interrupt is not pending, no
effect on writes
1z Pending on reads the associated interrupt is pending, on writes the
status of the associated interrupt is changed to not pending
Int_CCUGSR3 |7 rw Interrupt Clear Pending for CCU6 SR3
Og Not Pending on reads the associated interrupt is not pending, no
effect on writes
1z Pending on reads the associated interrupt is pending, on writes the
status of the associated interrupt is changed to not pending
Int. CCUBSR2 |6 rw Interrupt Clear Pending for CCU6 SR2
0z Not Pending on reads the associated interrupt is not pending, no
effect on writes
1z Pending on reads the associated interrupt is pending, on writes the
status of the associated interrupt is changed to not pending
Int_CCUGSR1 |5 rw Interrupt Clear Pending for CCU6 SR1
Og Not Pending on reads the associated interrupt is not pending, no
effect on writes
1z Pending on reads the associated interrupt is pending, on writes the
status of the associated interrupt is changed to not pending
Int. CCUBSRO |4 rw Interrupt Clear Pending for CCU6 SR0
0g Not Pending on reads the associated interrupt is not pending, no
effect on writes
1z Pending on reads the associated interrupt is pending, on writes the
status of the associated interrupt is changed to not pending
Int_ADC1 3 rw Interrupt Clear Pending for ADC1
Og Not Pending on reads the associated interrupt is not pending, no
effect on writes
1z Pending on reads the associated interrupt is pending, on writes the
status of the associated interrupt is changed to not pending
Int_ADC2 2 rw Interrupt Clear Pending for MU, ADC2
Og Not Pending on reads the associated interrupt is not pending, no
effect on writes
1z Pending on reads the associated interrupt is pending, on writes the
status of the associated interrupt is changed to not pending
Int_GPT2 1 rw Interrupt Clear Pending for GPT2

0g Not Pending on reads the associated interrupt is not pending, no
effect on writes

1z Pending on reads the associated interrupt is pending, on writes the
status of the associated interrupt is changed to not pending
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Field Bits Type Description
Int. GPT1 0 rw Interrupt Clear Pending for GPT1

Og Not Pending on reads the associated interrupt is not pending, no
effect on writes
1z Pending on reads the associated interrupt is pending, on writes the

status of the associated interrupt is changed to not pending

Active Bit Register

NVIC_IABRO Offset Reset Value
Active Bit Register Interrupt Active Flags 300, 0000 0000,
31 16
RES
|
r
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Int_ | Int_ | Int_ | Int_ | Int_ | Int_ | Int_ | Int_ | Int_ | Int_ | Int_ | Int_ | Int_ | Int_ | Int_ | Int_
DMA BDRV| EXIN | EXIN [UART|UART|SSC2|SSC1|/CCU6|CCU6/CCU6/CCU6 ADC1 ADC2 GPT2 GPT1

T TO 2 1 SR3 | SR2 | SR1 | SR0O
r r r r r r r r r r r r r r r r
Field Bits Type Description
RES 31:16 r Reserved
Int_ DMA 15 r Interrupt Active for DMA
Oy DISABLE disables interrupt for read operation, no effect for write
operation
1z ENABLE enables interrupt for read and write operation
Int_BDRV 14 r Interrupt Active for Bridge Driver
Oy DISABLE disables interrupt for read operation, no effect for write
operation
1z ENABLE enables interrupt for read and write operation
Int_EXINTA1 13 r Interrupt Active for External Int 1
Oz DISABLE disables interrupt for read operation, no effect for write
operation
1 ENABLE enables interrupt for read and write operation
Int_EXINTO 12 r Interrupt Active for External Int 0
Oy DISABLE disables interrupt for read operation, no effect for write
operation
1z ENABLE enables interrupt for read and write operation
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Field Bits Type Description
Int_UART2 11 r Interrupt Active for UART2
Oy DISABLE disables interrupt for read operation, no effect for write
operation
1z ENABLE enables interrupt for read and write operation
Int_ UART1 10 r Interrupt Active for UART1
Oy DISABLE disables interrupt for read operation, no effect for write
operation
1z ENABLE enables interrupt for read and write operation
Int_SSC2 9 r Interrupt Active for SSC2
Oy DISABLE disables interrupt for read operation, no effect for write
operation
1z ENABLE enables interrupt for read and write operation
Int_SSC1 8 r Interrupt Active for SSC1
Oy DISABLE disables interrupt for read operation, no effect for write
operation
1 ENABLE enables interrupt for read and write operation
Int CCUBSR3 |7 r Interrupt Active for CCU6 SR3
Oy DISABLE disables interrupt for read operation, no effect for write
operation
1z ENABLE enables interrupt for read and write operation
Int. CCU6SR2 |6 r Interrupt Active for CCU6 SR2
Oy DISABLE disables interrupt for read operation, no effect for write
operation
1z ENABLE enables interrupt for read and write operation
Int CCU6SR1 |5 r Interrupt Active for CCU6 SR1
O  DISABLE disables interrupt for read operation, no effect for write
operation
1z ENABLE enables interrupt for read and write operation
Int CCUGSRO |4 r Interrupt Active for CCU6 SR0O
Oy DISABLE disables interrupt for read operation, no effect for write
operation
1 ENABLE enables interrupt for read and write operation
Int._ ADCA1 3 r Interrupt Active for ADC1
Oy DISABLE disables interrupt for read operation, no effect for write
operation
1z ENABLE enables interrupt for read and write operation
Int_ ADC2 2 r Interrupt Active for MU, ADC2
Oy DISABLE disables interrupt for read operation, no effect for write
operation
1z ENABLE enables interrupt for read and write operation
Int_GPT2 1 r Interrupt Active for GPT2
O DISABLE disables interrupt for read operation, no effect for write
operation

1z ENABLE enables interrupt for read and write operation
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Field Bits Type Description
Int. GPT1 0 r Interrupt Active for GPT1
Oy DISABLE disables interrupt for read operation, no effect for write
operation

1z ENABLE enables interrupt for read and write operation

Interrupt Priority Registers

For the Interrupt Priority Registers, only the upper nibble of each priority bytes is significant.

NVIC_IPRO Offset Reset Value
Interrupt Priority 400, 0000 0000,
31 24 23 16
T T
PRI_ADC1 PRI_ADC2

L
rw
15 8 7 0
T
PRI_GPT2 PRI_GPT1
L
rw
Field Bits Type Description
PRI_ADCA1 31:24 rw Priority for ADC1
PRI_ADC2 23:16 rw Priority for MU, ADC2
PRI_GPT2 15:8 rw Priority for GPT2
PRI_GPT1 7:0 rw Priority for GPT1

Interrupt Priority Registers

For the Interrupt Priority Registers, only the upper nibble of each priority bytes is significant.

NVIC_IPR1

Interrupt Priority
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31 24 23 16
T T
PRI_CCU6SR3 PRI_CCU6SR2
|
rw
15 8 7 0
T
PRI_CCUBSR1 PRI_CCUG6SRO
|
rw
Field Bits Type Description
PRI_CCUGSR3 31:24 rw Priority for CCU6 SR3
PRI_CCUBSR2 23:16 rw Priority for CCU6 SR2
PRI_CCUGSR1 15:8 rw Priority for CCU6 SR1
PRI_CCUGBSRO 7:0 rw Priority for CCU6 SR0O

Interrupt Priority Registers

For the Interrupt Priority Registers, only the upper nibble of each priority bytes is significant.

NVIC_IPR2 Offset Reset Value
Interrupt Priority 408, 0000 0000,
31 24 23 16
T T
PRI_UART2 PRI_UART1

|
rw
15 8 7 0
T
PRI_SSC2
|
rw
Field Bits Type Description
PRI_UART2 |31:24 rw Priority for UART2
PRI_UART1 23:16 rw Priority for UART1
PRI_SSC2 15:8 rw Priority for SSC2
PRI_SSC1 7.0 rw Priority for SSC1
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For the Interrupt Priority Registers, only the upper nibble of each priority bytes is significant.

NVIC_IPR3 Offset Reset Value
Interrupt Priority 40C, 0000 0000,
31 24 23 16
T T
PRI_DMA PRI_BDRV
L L
rw rw
15 8 7 0

T
PRI_EXINT1 PRI_EXINTO
L L
rw rw
Field Bits Type Description
PRI_DMA 31:24 rw Priority for DMA
PRI_BDRV 23:16 rw Priority for Bridge Driver
PRI_EXINT1 |15:8 rw Priority for Ext. Int 1
PRI_EXINTO |7:0 rw Priority for Ext. Int 0
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CPUID Offset Reset Value
CPU ID Base Register D00, 412F C231,
31 24 23 20 19 16
T T T
IMPLEMENTER VARIANT ARCHITECTURE
L L L
r r r
15 4 3 0
T
PARTNO REVISION
L L
r r
Field Bits Type Description
IMPLEMENTER 31:24 r Implementer Code
Assigned by ARM. Read as 41, for a processor implemented
by ARM.
VARIANT 23:20 r Variant Number
Implementation defined.
ARCHITECTURE 19:16 r Architecture
Read as F,.
PARTNO 154 r Part Number
Implementation defined.
REVISION 3.0 r Revision Number
Implementation defined.
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ICSR Offset Reset Value
Interrupt Control State Register D04, 0000 0000,
31 30 29 28 27 26 25 24 23 22 21 20 16

T
NMIP PEND|PEND PEND PEND ISRP | ISRP
ENDS SVSE|SVCL |STSE |STCL REEM| ENDI
ET RES T R T R RES PT | NG RES VECTPENDING
|
rw r rw w rw w r r r r r
15 12 11 10 9 8 0
T T T
RETT
VECTPENDING O%AS RES VECTACTIVE
| |
r r r r
Field Bits Type Description
NMIPENDSET | 31 rw NMI PendSet
On writes, makes the NMI exception active. On reads, indicates the state
of the exception.
Note: Because NMI is higher priority than other exceptions, if the
processor is not already executing the NMI handler, it enters the
NMI exception handler as soon as it recognizes the write to this bit.
Og on writes, has no effect. On reads, NMl is active.
15 on writes, make the NMI exception active. On reads, NMl is active.
RES 30:29 r Reserved
PENDSVSET |28 rw PENDSVSET
On writes, sets the PendSV exception as pending. On reads, indicates
the current state of the exception.
Note: Normally, software writes 1 to this bit to request a context switch.
Og on writes, has no effect. On reads, PendSV is not pending.
1 on writes, make PendSV exception pending. On reads, PendSV is
pending.
PENDSVCLR |27 w PENDSVCLR
Removes the pending status of the PendSV exception
Og no effect
1s remove pending status
PENDSTSET |26 rw PENDSTSET
On writes, sets the SysTick exception as pending. On reads, indicates the
current state of the exception.
Og on writes, has no effect. On reads, SysTick is not pending.
18 on writes, make SysTick exception pending. On reads, SysTick is
pending.
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Field Bits Type Description
PENDSTCLR |25 w PENDSTCLR
Removes the pending status of the SysTick exception.
Og no effect
18 remove pending status
RES 24 r Reserved
ISRPREEMPT |23 r ISRPREEMPT
Indicates whether a pending exception will be serviced on exit from
debug halt state.
Og will not service
15 will service a pending exception
ISRPENDING |22 r ISRPENDING
Indicates whether an external interrupt, generated by the NVIC, is
pending.
Og no external interrupt is pending
1s external interrupt is pending
RES 21 r Reserved
VECTPENDIN |20:12 r VECTPENDING
G The exception number for the highest priority pending exception. A value
of 0 indicates that there is no pending exception.
Og no pending exceptions
RETTOBASE |11 r RETTOBASE
In Handler Mode, indicates whether there is an active exception other
than the exception indicated by the current value of the ISPR.
Note: In Thread Mode the value of this bit is unknown.
Og There is an active exception other than the exception shown by
IPSR.
1 There is no active exception other than any exception shown by
IPSR.
RES 10:9 r Reserved
VECTACTIVE |8:0 r VECTACTIVE

The exception number of the current executing exception. A value of 0
indicates that the processor is in Thread Mode.
Og Thread Mode
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VTOR Offset Reset Value
Vector Table Offset Register D08y, 0000 0000,
31 16
TBLOFF
L
rw
15 7 6 0

T
TBLOFF RES
L L
rw r

Field Bits Type Description

TBLOFF 317 rw Vector Table Offset

Bits[31:7] of the vector table address.
RES 6:0 r Reserved
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Application Interrupt/Reset Control Register

AIRCR Offset Reset Value
Application Interrupt/Reset Control Register DOC, 0000 0000,
31 16
VECTKEY
|
rw
15 14 11 10 8 7 3 2 1 0

T T
ENDI SYSR|VECT |VECT
ANNE ESET|CLRA RESE
SS RES PRIGROUP RES REQ | CTI | T
r r rw r rw w w
Field Bits Type Description
VECTKEY 31:16 rw Vector Key
Register writes must write 05FA, to this field, otherwise the write is
ignored.
On reads, returns FA05,,.
ENDIANNESS |15 r Memory System Endianness
This bit is static or configured by hardware input on reset.
Og little endian
1 big endian
RES 14:11 r Reserved
PRIGROUP 10:8 rw Priority Grouping
Indicates the binary point position.
This bit resets to 0005
RES 7:3 r Reserved
SYSRESETR |2 rw System Reset Request
EQ Writing 1 to this bit asserts a signal to the external system to request a
Local reset.
A Local or Power-on reset clears this bit to 0.
Og do not request a reset
1s request a reset
VECTCLRACT |1 w VECTCLRACTIVE
IVE Writing 1 to this bit clears all active state information for fixed and

configurable exceptions. This includes clearing the IPSR to zero.

Note: The effect of writing a 1 to this bit, if the processor is not halted in
Debug state, is unpredictable.
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Field

Bits

Type

Description

VECTRESET

0

VECTRESET

Writing 1 to this bit causes a local system reset. This bit self-clears.

Note: The effect of writing a 1 to this bit, if the processor is not halted in
Debug state, is unpredictable.
When the processor is halted in Debug state, if a write to the
register writes a 1 to both VECTRESET and SYSRESETREQ, the
behavior is unpredictable.
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SCR Offset Reset Value
System Control Register D10, 0000 0000,
31 16
RES
|
r
15 5 4 3 2 1 0

T
SEVO SLEE |SLEE
NPEN PDEE |PONE
RES D RES P XIT RES
rw r rw rw r
Field Bits Type Description
RES 31:5 r Reserved
SEVONPEND |4 rw SEVONPEND
Determines whether an interrupt transition from inactive state to pending
state is a wake-up event.
Og transitions from inactive to pending are not wake-up events
18 transitions from inactive to pending are wake-up events
RES 3 r Reserved
SLEEPDEEP |2 rw Sleep Deep
Provides a qualifying hint that waking from sleep might take longer. An
implementation can use this bit to select between two alternative sleep
states.
Note: Details of the implemented sleep states, if any, and details of the
use of this bit, are implementation defined.
If the processor does not implement a deep sleep state then this bit
can be RAZ/WI.
Og selected sleep state is not deep sleep
1s selected sleep state is deep sleep
SLEEPONEXI |1 rw Sleep on Exit
T Determines whether, on an exit from an ISR that returns to the base level
of execution priority, the processor enters a sleep state.
Og do not enter sleep state
18 enter sleep state
RES 0 r Reserved
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CCR Offset Reset Value
Configuration Control Register D14, 0000 0200,
31 16
RES
|
r
15 10 9 8 7 5 4 3 2 1 0

T T
STKA |BFHF DIV_ [UNAL USER|NONB
LIGN |MIGN 0_TR|IGN SETM| ASET
RES RES P | TRP RES PEND|HRD*
|
r rw rw r rw rw r rw rw
Field Bits Type Description
RES 31:10 r Reserved
STKALIGN 9 rw STKALIGN
Determines whether the exception entry sequence guarantees 8-byte
stack frame alignment, adjusting the SP if necessary before saving state
Og guaranteed SP alignment is 4-byte, no SP adjustment is
performed.
18 8-byte alignment guaranteed, SP adjusted if necessary.
BFHFMIGN 8 rw BFHFMIGN
Determines the effect of precise data access faults on handlers running
at priority -1 or priority -2.
Og precise data access fault causes a lockup
18 handler ignores the fault
RES 7:5 r Reserved
DIV_O_TRP 4 rw DIV_0_TRP
Controls the trap on divide by 0.
Og trapping disabled
1g trapping enabled
UNALIGN_TR |3 rw UNALIGN_TRP
P Controls the trapping of unaligned word or halfword accesses.
Note: Unaligned load-store multiples and word or halfword exclusive
accesses always fault.
Og trapping disabled
15 trapping enabled
RES 2 r Reserved
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Field Bits Type Description
USERSETMP |1 rw USERSETMPEND
END Controls whether unprivileged software can access the STIR.
Og unprivileged software cannot access the STIR.
18 unprivileged software can access the STIR.
NONBASETH |0 rw NONBASETHRDENA
RDENA Controls whether the processor can enter Thread Mode at an execution

priority level other than base level.

Og any attempt to enter Thread Mode at an execution priority level of
other than base level faults.

1s the processor can enter Thread Mode at any execution priority
level because of a controlled return value.

System Handler Priority Register 1

SHPR1 Offset Reset Value
System Handler Priority Register 1 D18, 0000 0000,
31 24 23 16
PRI_7 PRI_6
| |
rw rw
15 8 7 0
PRI_5 PRI_4
| |
rw rw

Field Bits Type Description

PRI_7 31:24 rw Reserved for Priority of System Handler 7
PRI_6 23:16 rw Priority of System Handler 6, UsageFault
PRI_5 15:8 rw Priority of System Handler 5, BusFault
PRI_4 7:0 rw Priority of System Handler 4, MemManage
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SHPR2 Offset Reset Value
System Handler Priority Register 2 21Cy, 0000 0000,
31 24 23 16
T T
PRI_11 PRI_10
| |
rw rw
15 8 7 0

T
PRI_9 PRI_8
| |

rw rw
Field Bits Type Description
PRI_11 31:24 rw Priority of System Handler 11, SVCall
PRI_10 23:16 rw Reserved for Priority of System Handler 10
PRI_9 15:8 rw Reserved for Priority of System Handler 9
PRI_8 7:0 rw Reserved for Priority of System Handler 8
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System Handler Priority Register 3

SHPR3 Offset Reset Value
System Handler Priority Register 3 D20, 0000 0000,
31 24 23 16
T T
PRI_15 PRI_14
| |
rw rw
15 8 7 0

T
PRI_13 PRI_12
| |
rw rw

Field Bits Type Description
PRI_15 31:24 rw Priority of System Handler 15, SysTick
PRI_14 23:16 rw Priority of System Handler 14, PendSV
PRI_13 15:8 rw Reserved for Priority of System Handler 13
PRI_12 7:0 rw Priority of System Handler 12, DebugMonitor
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System Handler Control and State Register

SHCSR Offset Reset Value
System Handler Control and State Register D24, 0000 0000,
31 19 18 17 16

USGF BUSF MEMF
RES AULT |AULT|AULT
ENA | ENA | ENA
r rw rw rw
15 14 13 12 11 10 9 8 7 6 4 3 2 1 0
SVCA BUSF MEMF|USGF|SYST|PEND MONI |SVCA USGF BUSF MEMF
LLPE |/AULT AULT| AULT|ICKA SVAC| rgs |[TORA|LLAC RES AULT| Rgs |AULT AULT
NDED| PEN* | PEN*|PEN*| CT T CT T ACT ACT | ACT
rw rw rw rw rw rw r rw rw r rw r rw rw
Field Bits Type Description
RES 31:19 r Reserved
USGFAULTE |18 rw USGFAULTENA
NA Og Disable UsageFault
1 Enable UsageFault
BUSFAULTEN |17 rw BUSFAULTENA
A Og Disable BusFault
18 Enable BusFault
MEMFAULTE |16 rw MEMFAULTENA
NA Og Disable MemManage fault
18 Enable MemManage fault
SVCALLPEND |15 rw SVCALLPENDED"
ED Og SVCall is not pending
18 SVCall is pending
BUSFAULTPE |14 rw BUSFAULTPENDED"
NDED Og BusFault is not pending
18 BusFault is pending
MEMFAULTP |13 rw MEMFAULTPENDED"
ENDED Og MemManage is not pending
15 MemManage is pending
USGFAULTPE |12 rw USGFAULTPENDED"
NDED Og UsageFault is not pending
1 UsageFault is pending
SYSTICKACT |11 rw SYSTICKACT?
Og SysTick is not active
1s SysTick is active
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Field Bits Type Description

PENDSVACT |10 rw PENDSVACT?
Og PendSV is not active
18 PendSV is active

RES r Reserved

MONITORAC |8 rw MONITORACT?

T Og Monitor is not active
18 Monitor is active

SVCALLACT |7 rw SVCALLACT?
Og SVCall is not active
18 SVCall is active

RES 6:4 r Reserved

USGFAULTA |3 w USGFAULTACT?

CT Og UsageFault is not active
1s UsageFault is active

RES 2 r Reserved

BUSFAULTAC |1 rw BUSFAULTACT?

T Og BusFault is not active
15 BusFault is active

MEMFAULTA |0 w MEMFAULTACT?

CT Og MemManage is not active

1s MemManage is active

1) Pending state bits are set to 1 when an exception occurs, and are cleared to 0 when the exception becomes active.
2) Active state bits are set to 1 if the associated exception is the current exception or an exception that is nested because of

preemption
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CFSR Offset Reset Value
Configurable Fault Status Register D28,, 0000 0000,
31 26 25 24 23 20 19 18 17 16

T
DIVB [UNAL INVP | INVS [UNDE
YZER|IGNE C |TATE|FINS
RES o D RES NOCP TR
|
r rw rw rw rw rw rw
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
BFAR LSPE |[STKE |UNST|IMPR PREC| IBUS MMAR MLSP MSTE MUNS DACC|IACC
VALI| Res | RR | RR |KERR|ECIS | ISER | ERR | VALI | Rgs | ERR | RR |TKER| Rgs | VIOL | VIOL
D ERR| R D R
rw r rw rw rw rw rw rw rw r rw rw rw r rw rw
Field Bits Type Description
RES 31:26 r Reserved
DIVBYZERO |25 rw Divide by Zero
Note: When SDIV or UDIV instruction is used with a divisor of 0, this fault
occurs if DIV_0_TRP is enabled in the CCR.
Og No Divide by zero error has occurred.
15 A divide by zero error has occurred.
UNALIGNED |24 rw Unaligned
Note: Multi-word accesses always fault if not word aligned. Software can
configure unaligned word and halfword accesses to fault.
Og No unaligned access error has occurred.
15 A unaligned access error has occurred.
RES 23:20 r Reserved
NOCP 19 rw No CP
Og No coprocessor access error has occurred.
15 A coprocessor access error has occurred.
INVPC 18 rw INVPC
Og No integrity check error has occurred.
15 A integrity check error has occurred.
INVSTATE 17 rw INVSTATE
Og EPSR.T bit and EPSR.IT bits are valid for instruction execution.
1g Instruction executed with invalid EPSR.T or EPSRL.IT field.
UNDEFINSTR |16 rw Undefined Instruction
Og No Undefined Instruction Usage fault has occurred.
1s The processor hat attempted to execute an undefined instruction.
This might be an undefined instruction associated with an enabled
COprocessor.
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Field Bits Type Description
BFARVALID |15 rw BFAR Valid
Og BFAR does not have valid contents.
18 BFAR has valid contents.
RES 14 r Reserved
LSPERR 13 rw LSPERR
Og No bus fault occurred during FP lazy state preservation
1 A bus fault occurred during FP lazy state preservation
STKERR 12 rw STKERR
Og No derived bus fault occurred
18 A derived bus fault occurred on exception entry
UNSTKERR |11 rw UNSTKERR
Og No derived bus fault occurred
18 A derived bus fault occurred on exception return
IMPRECISER |10 rw IMPRECISERR
R Og No precise data access error has occurred
18 An imprecise data access error has occurred.
PRECISERR |9 rw PRECISERR
Og No precise data access error has occurred
18 An imprecise data access error has occurred, and the processor
has written the faulting address to the BFAR.
IBUSERR 8 rw IBUSERR
Og No bus fault on an instruction prefetch has occurred.
1s A bus fault on an instruction prefetch has occurred. The fault is
signalled only if the instruction is issued.
MMARVALID |7 rw MMARVALID
Og MMAR does not have valid contents.
15 MMAR has valid contents.
RES r Reserved
MLSPERR 5 rw MLSPERR
Og No MemManage fault occurred during FP lazy state preservation
15 A MemManage fault occurred during FP lazy state preservation
MSTERR 4 rw MSTERR
Og No derived MemManage fault occurred
15 A derived MemManage fault occurred on exception entry
MUNSTKERR |3 rw MUNSTKERR
Og No derived MemManage fault occurred
1s A derived MemManage fault occurred on exception return
RES 2 r Reserved
DACCVIOL 1 rw DACCVIOL

Og No data access violation has occurred.
15 Data access violation. The MMAR shows the data address that the
load or store tried to access.
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Field Bits Type Description

IACCVIOL 0 rw IACCVIOL

Og No MPU or Execute Never (XN) default memory map access
violation has occurred.

18 MPU or Execute Never (XN) default memory map access violation
on an instruction fetch has occurred. The fault is signalled only if the
instruction is issued.

Notes

1. USAGEFAULT contains bits 31:16 of CFSR and provides information on UsageFault exceptions
2. BUSFAULT contains bits 15:8 of CFSR and provides information on BusFault exceptions
3. MemManage contains bits 7:0 of CFSR and provides information on MemManage exceptions
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HFSR Offset Reset Value
Hard Fault Status Register D2C, 0000 0000,
31 30 29 16

T
DEBUFORC
GEVT| ED RES
|
rw rw r
15 2 1 0
T
VECT
RES TBL | RES
|
r rw r
Field Bits Type Description
DEBUGEVT |31 rw Debug Event
Indicates when a Debug event has occurred.
Note: The processor sets this bit to 1 only when halting debug is disabled
and a Debug event occurs.
Og No Debug event has occurred
1 Debug event has occurred. The Debug Fault Status Register has
been updated.
FORCED 30 rw Forced
Indicates that a fault with configurable priority has been escalated to a
HardFault exception, because it could not be made active, because of
priority or because it was disabled.
Og No priority escalation has occurred
18 Processor has escalated a configurable priority exception to
HardFault
RES 29:2 r Reserved
VECTTBL 1 rw VECTTBL

Indicates when a fault has occurred because of a vector table read error
on exception processing.

Og No vector table read fault has occurred

18 Vector table read fault has occurred

RES 0

Reserved
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DFSR Offset Reset Value
Debug Fault Status Register D30, 0000 0000,
31 16
RES
|
r
15 5 4 3 2 1 0

T
EXTE|VCAT DWTT HALT
RES RNAL| CH | RAP |gkpT| ED
rw rw rw rw rw
Field Bits Type Description
RES 31:5 r Reserved
EXTERNAL 4 rw External
Indicates a debug event generated because of the assertion of
EDBGRAQ.
Og No EDBGRQ debug event
15 EDBGRQ debug event
VCATCH 3 rw Vector Catch
Indicates triggering of a vector catch. The corresponding FSR shows the
primary cause of exception.
Og No vector catch triggered
15 Vector catch triggered
DWTTRAP 2 rw DWTTRAP
Indicates a debug event generated by the DWT.
Og No current debug event generated by the DWT
18 At least one current debug event generated by the DWT
BKPT 1 rw BKPT
Indicates a debug event generated by BKPT instruction execution or a
breakpoint match in FPB.
Og No current breakpoint debug event
15 At least one current breakpoint debug event
HALTED 0 rw HALTED

Indicates a debug event generated by either

a C_HALT or C_STEP request, triggered by a write to the DHCSR,
or a step request triggered by setting DEMCR.MON_STEP to 1.
Og No active halt request debug event

18 Halt request debug event active
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MMFAR Offset Reset Value
MemManage Fault Status Register D34, XXXX XXXXy
31 16
ADDRESS
L
rw
15 0

T
ADDRESS
L
rw
Field Bits Type Description
ADDRESS 31:0 rw Data Address for an MPU Fault

This is the location addressed by an attempted load or store access that
was faulted. The MemManage Status Register shows the cause of the
fault, and whether MMFAR.ADDRESS is valid. When an unaligned
access faults, the address is the actual address that faulted. Because an
access might be split into multiple parts, each aligned, this address can
be any offset in the range of the requested size.
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BFAR Offset Reset Value
Bus Fault Status Register D38, XXXX XXXXy
31 16
ADDRESS
L
rw
15 0

T
ADDRESS
L
rw
Field Bits Type Description
ADDRESS 31:.0 rw Data Address for a precise BusFault

This is the location addressed by an attempted data access that was
faulted. The BFSR shows the reason for the fault, and whether
BFAR.ADDRESS is valid. For unaligned access faults, the address
returned is the address requested by the instruction. This might not be the
address that faulted.
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AFSR Offset Reset Value
Auxiliary Fault Status Register D3Cy, 0000 0000,
31 24 23 20 19 16

T T T T T
RES RES RES
L L
r r
15 2 1 0
T
RES CPO
L L
r rw
Field Bits Type Description
RES 31:24 r Reserved, UNK/SBZP
CPn (n=0- 2*n+1:2*n |rw Access Privileges for Coprocessor n (n=0-7, 10, 11)
7,10,11) Fields CP10 and CP11 together control access to the Floating-point
coprocessor, if implemented.
00z Access denied. Any attempted access generates a NOCP
UsageFault
01z Privileged access only. An unprivileged access generates a NOCP
UsageFault
10 Reserved
11g  Full access
RES 19:16 r Reserved, UNK/SBZP
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9.5 Instruction Set Summary

This chapter provides the Instruction set. Table 47 shows the instructions and their cycle counts. The cycle counts
are based on a system with zero wait states.

Within the assembler syntax, depending on the operation, the <op2> field can be replaced with one of the following

options:

* asimple register

* an immediate shifted register
» aregister shifted register
» an immediate value

For brevity, not all load and store addressing modes are shown.

Table 47 uses the following abbreviations in the cycles column:

» P for the number of cycles required for a pipeline refill.
» B for the number of cycles required to perform the barrier operation.
» N for the number of registers in the register list to be loaded or stored, including PC or LR.
» W for the number of cycles spent waiting for an appropriate event.

ARM Cortex-M3 Core

Table 47  Instruction Set Summary
Operation Description Mnemonic Cycles (without
wait states)
Move Register MOV Rd, <op2> 1
16-bit immediate MOVW Rd, #<imm> 1
Immediate into top MOVT Rd, #<imm> 1
ToPC MOV PC, Rm 1+P
Add Add ADD Rd, Rn, <op2> 1
Add to PC Add PC, PC, Rm 1+P
Add with carry ADC Rd, Rn, <op2> 1
Form address ADR Rd, <label> 1
Subtract Subtract SUB Rd, Rn, <op2> 1
Subtract with borrow SBC Rd, Rn, <op2> 1
Reverse RSB Rd, Rn, <op2> 1
Multiply Multiply MUL Rd, Rn, Rm 1
Multiply accumulate MLA Rd, Rn, Rm 2
Multiply subtract MLS Rd, Rn, Rm 2
Long signed SMULL RdLo, RDHi, Rn, Rm |3 to 5"
Long unsigned UMULL RdLo, RdHi, Rn, Rm |3 to 5"
Long singed accumulate SMLAL RdLo, RdHi, Rn,Rm |4 to 7"
Long unsigned accumulate UMLAL RdLo, RdHi, Rn, Rm |4 to 7"
Divide Signed SDIV Rd, Rn, Rm 2to0 122
Unsigned UDIV Rd, Rn, Rm 2to0 122
Saturate Signed SSAT Rd, #i<imm>, <op2> 1
Unsigned USAT Rd, #<imm>, <op2> 1
Compare Compare CMP Rn, <op2> 1
Negative CMN Rn, <op2> 1
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Table 47  Instruction Set Summary (cont'd)
Operation Description Mnemonic Cycles (without
wait states)

Logical AND AND Rd, Rn, <op2> 1
Exclusive OR EOR Rd, Rn, <op2> 1
OR ORR Rd, Rn, <op2> 1
OR NOT ORN Rd, Rn, <op2> 1
Bit clear BIC Rd, Rn, <op2> 1
Move NOT MVN Rd, <op2> 1
AND test TST Rn, <op2> 1
Exclusive OR test TEQ Rn, <op1>

Shift Logical shift left LSL Rd, Rn, #<imm> 1
Logical shift left LSL Rd, Rn, Rs 1
Logical shift right LSR Rd, Rn, #<imm> 1
Logical shift right LSR Rd, Rn, Rs 1
Arithmetic shift right ASR Rd, Rn, #<imm> 1
Arithmetic shift right ASR Rd, Rn, Rs 1

Rotate Rotate right ROR Rd, Rn, #<imm> 1
Rotate right ROR Rd, Rn, Rs 1
With extension RRX Rd, Rn 1

Count Leading zeroes CLZ Rd, Rn 1

Load Word LDR Rd, [Rn, <op2>] 2%
To PC LDR PC, [Rn, <op2>] 29+ P
Halfword LDRH Rd, [Rn, <op2>] 2%
Byte LDRB Rd, [Rn, <op2>] 2%
Signed halfword LDRSH Rd, [Rn, <op2>] 2%
Signed byte LDRSB Rd, [Rn, <op2>] 2%
User word LDRT Rd, [Rn, #<imm>] 2%
User halfword LDRHT Rd, [Rn, #<imm>] 2%
User byte LDRBT Rd, [Rn, #<imm>] 2%
User signed halfword LDRSHT Rd, [Rn, #<imm>] 2%
User signed byte LDRSBT Rd, [Rn, #<imm>] 2%
PC relative LDR Rd, [PC, #<imm>] 2%
Doubleword LDRD Rd, Rd, [Rn, #<imm>] 1+N
Multiple LDM Rn, {<reglist>} 1+N
Multiple including PC LDM Rn, {<reglist>, PC} 1+N+P
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Table 47  Instruction Set Summary (cont'd)
Operation Description Mnemonic Cycles (without
wait states)
Store Word STR Rd, [Rn, <op2>] 2%
Halfword STRH Rd, [Rn, <op2>] 2%
Byte STRB Rd, [Rn, <op2>] 2%
Signed halfword STRSH Rd, [Rn, <op2>] 2%
Signed byte STRSB Rd, [Rn, <op2>] 2%
User word STRT Rd, [Rn, #<imm>] 2%
User halfword STRHT Rd, [Rn, #<imm>] 2%
User byte STRBT Rd, [Rn, #<imm>] 2%
User signed halfword STRSHT Rd, [Rn, #<imm>] 2%
User signed byte STRSBT Rd, [Rn, #<imm>] 2%
Doubleword STRD RD, Rd, [Rn, #<imm>] |1+ N
Multiple STM Rn, {<reglist>} 1+N
Push Push PUSH {<reglist>} 1+N
Push with link register PUSH {<reglist>, LR} 1+N
Pop Pop POP {<reglist>} 1+N
Pop and return POP {<reglist>, PC} 1T+N+P
Semaphore Load exclusive LDREX Rd, [Rn, #imm>] 2
Load exclusive half LDREXH Rd, [Rn] 2
Load exclusive byte LDREXB Rd, [Rn] 2
Store exclusive STREX R4, Rt, [Rn, #<imm>] |2
Store exclusive half STREXH Rd, Rt, [Rn] 2
Store exclusive byte STREXB Rd, Rt, [Rn] 2
Clear exclusive monitor CLREX 1
Branch Conditional B <cc> <label> 1or1+PY
Unconditional B <label> 1+P
With link BL <label> 1+P
With exchange BX Rm 1+P
With link and exchange BLX Rm 1+P
Branch if zero CBZ Rn, <label> 1or1+P%
Branch if non-zero CBZN Rn, <label> 1or1+PY
Byte table branch TBB [Rn, Rm] 2+P
Halfword table branch TBH [Rn, Rm, LSL#1] 2+P
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Table 47  Instruction Set Summary (cont'd)

ARM Cortex-M3 Core

Operation Description Mnemonic Cycles (without
wait states)

State change Supervisor call SVC #<imm> -
If-then-else IT... <cond> 15
Disable interrupts CPSID <flags> 1or2
Enable interrupts CPSIE <flags> 1or2
Read special register MRS Rd, <specreg> 1or2
Write special register MSR <specreg>, Rn Tor2
Breakpoint BKPT #<imm> -

Extend Signed halfword to word SXTH Rd, <op2> 1
Signed byte to word SXTB Rd, <op2> 1
Unsigned halfword UXTH Rd, <op2> 1
Unsigned byte UXTB Rd, <op2> 1

Bit field Extract unsigned UBFX Rd, Rn, #<imm>, 1

#<imm>
Extract signed SBFX Rd, Rn, #<imm>, 1
#<imm>

Clear BFC Rd, Rn, #<imm>, #<imm> |1
Insert BFI Rd, Rn, #<imm>, #<imm> |1

Reverse Bytes in word REV Rd, Rm 1
Bytes in both halfwords REV16 Rd, Rm 1
Signed bottom halfword REVSH Rd, Rm 1
Bits in word RBIT Rd, Rm 1

Hint Send event SEV 1
Wait for event WFE 1+W
Wait for interrupt WFI 1+W
No operation NOP 1

Barriers Instruction synchronization ISB 1+B
Data memory DMB 1+B
Data synchronization DSB <flags> 1+B

1) UMULL, SMULL, UMLAL, and SMLAL instructions use early termination depending on the size of the source values. These
are interruptible, that is abandoned and restarted, with worst case latency of one cycle.

2) Division operations use early termination to minimize the number of cycles required based on the number of leading ones
and zeros in the input operands.

3) Neighboring load and store single instructions can pipeline their address and data phases. This enables these instructions
to complete in a single execution cycle.

4) Conditional branch completes in a single cycle if the branch is not taken.
5) An IT instruction can be folded onto a preceding 16-bit Thumb instruction, enabling execution in zero cycles.

User’'s Manual

262

Rev. 1.3, 2017-06-27



@I neon TLE986xQX

DMA Controller

10 DMA Controller

Figure 43 shows the Top Level Block Diagram of the TLE986xQX.

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

10.1 Features
The principal features of the DMA Controller are that:

» itis compatible with AHB-Lite for the DMA transfers

» it is compatible with APB for programming the registers

+ it has a single AHB-Lite master for transferring data using a 32-bit address bus and 32-bit data bus

» it supports 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 that is determined by the DMA channel number. The DMA

also supports multiple transfer types:

- memory-to-memory

- memory-to-peripheral

- peripheral-to-memory

» it supports multiple DMA cycle types

» it supports multiple DMA transfer data widths

+ each DMA channel can access a primary, and alternate, channel control data structure

» all the 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

» the transfer address increment can be greater than the data width
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10.2 Introduction

Please also refer to Chapter 10.3, Functional Description.

DMA Controller

10.2.1 Block Diagram
SSC1 Timer3 ADC1
DMA requests DMA requests DMA requests
DMA Controller Bus Matrix
T PBAT AHB2APB
M AHB lite s AHB lite S
APB Interface
interrupts PBAO
AHB lite S
SCU_DM
RAM
AHB lite S
ARM Core
interrupts———»{ M AHB lite s
M AHB lite S
M AHB lite S
Figure 43 DMA Controller Top Level Block Diagram
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10.3 Functional Description

10.3.1 DMA Mode Overview

The DMA controller implements the following 13 hardware DMA requests:

» ADC1 complete sequence 1 done: DMA transfer is requested on completion of the ADC1 channel conversion

sequence.

ADC1 exceptional sequence 2 (ESM) done: DMA transfer is requested on completion of the ADC1 conversion

sequence triggered by an exceptional measurement request.

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.

Note: Channel 0 has the highest priority, when the priority setting for all channels is the same.

Burst transfers via signal transfer

Single transfers:

The DMA Controller should be programmed for single transfers, see Table 60 “channel_cfg bit assignments”
on Page 282,

where R = 0, n = number of single transfer +1, transfer_type = 1 (basic).

For every dma_req, one transfer is done; if the number of transfers reaches n, dma_done (interrupt) is generated
and the DMA channel is deactivated.

Burst transfers:

The DMA Controller should be programmed for burst transfers like this
n = number of transfers, transfer_type = 2 (auto)
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Then for one dma_req, n +1 transfers are done, dma_done (interrupt) is generated and the DMA channel is
deactivated.

Timing Diagram — uDMA it takes 6 clock cycles
Normal DMA would take 2 cycles

TO T1 T2 T3 T4 T5 T6 T/ T8 T9 T10 T11 T42 T13 T14 T15 T16 T17 T18

ek L YU YUy oy
ama_reatc | T} M RYAY
dma_active[C] f i ]
AHB-Lite address bus IDLE; i rc [rspjrdpRD{WDwe | rc jrspjrdpjRDjWDy we | IDLE
|DLE
AHB-Lite data bus IDLE (rc jrspirdp{RDIWDiwc ] 3§ rc {rspirdp{RDIWDY weiIDLE
e T e L e e

Figure 44 DMA Controller Timing Diagram

10.3.2 DMA Arbitration Rate

You can configure when the controller arbitrates during a DMA transfer. This enables you to reduce the latency to
service a higher priority channel.

The controller provides four bits that configure how many AHB bus transfers occur before it rearbitrates. These
bits are known as the R_power bits because the value you enter, R, is raised to the power of two and this
determines the arbitration rate. For example, if R = 4 then the arbitration rate is 2%, that is, the controller arbitrates
every 16 DMA transfers.

Table 48 lists the arbitration rates.

Table 48 AHB-Bus Transfer Arbitration Interval

R_power Arbitrate after x DMA Transfers
0000g x=1
0001g X=2
0010g X=4
00114 x=8
01004 x=16
0101g x =232
0110g X =64
01115 x =128
10005 x = 256
10015 x =512
1010-11114 x =1024

Note: Take care not to assign a low-priority channel with a large R_power because this prevents the controller from
servicing high-priority requests, until it rearbitrates.

When N > 2R and is not an integer multiple of 2R then the controller always performs sequences of 2R transfers
until N < 2R remain to be transferred. The controller performs the remaining N transfers at the end of the DMA
cycle.

User’'s Manual 266 Rev. 1.3, 2017-06-27



. TLE986xQX
(infineon.

DMA Controller

You store the value of the R_power bits in the channel control data structure. See Control Data Configuration
on Page 281 for more information about the location of the R_power bits in the data structure.

Priority
When the controller arbitrates, it determines the next channel to service by using the following information:

» The channel number
» The priority level, default or high, that is assigned to the channel.

You can configure each channel to use either the default priority level or a high priority level by setting the
chnl_priority_set Register. See Channel Priority set on page 3-23.

Channel number zero has the highest priority and as the channel number increases, the priority of a channel
decreases. Table 49 lists the DMA channel priority levels in descending order of priority.

Table 49 DMA Channel Priority

Channel Number |Priority Level Setting Descending Order of Channel Priority
0 High Highest-priority DMA channel
1 High -

2 High -

- High -

- High -

- High -

12 High -

13 High -

0 Default -

1 Default -

2 Default -

- Default -

- Default -

- Default -

12 Default -

13 Default Lowest-priority DMA channel

After a DMA transfer completes, the controller polls all the DMA channels that are available. Figure 45 “Polling
Flowchart” on Page 268 shows the process it uses to determine which DMA transfer to perform next.
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C Start polling )
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a channel
request ?

Are any channel
requests using a high
priority-level ?

No

No

Select channel that has the
lowest channel number and is
set to high priority-level

|

Select channel that has the
lowest channel number

|

y

C Start DMA transfer )

DMA_polling_flowchart.vsd

Figure 45 Polling Flowchart

DMA Cycle Types

The cycle_ctrl bits control how the controller performs a DMA cycle. You can set the cycle_ctrl bits as Table 50
lists.

Table 50 DMA Cycle Types

cycle_ctrl Description

0004 Channel control data structure is invalid

0015 Basic DMA transfer

010z Auto-request

0115 Ping-pong

1004 Memory scatter-gather using the primary data structure
1015 Memory scatter-gather using the alternate data structure
110 Peripheral scatter-gather using the primary data structure
111 Peripheral scatter-gather using the alternate data structure
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Note: The cycle_ctrl bits are located in the channel _cfg memory location that Control Data Configuration on
Page 281 describes.

For all cycle types, the controller arbitrates after 2% DMA transfers. If you set a low-priority channel with a large 2R
value then it prevents all other channels from performing a DMA transfer, until the low-priority DMA transfer
completes. Therefore, you must take care when setting the R_power, that you do not significantly increase the
latency for high-priority channels.

The following sections describe the cycle types:

* Invalid

* Basic

+ Auto-Request on Page 269

* Ping-Pong on Page 269

» Memory Scatter-Gather on Page 271

» Peripheral Scatter-Gather on Page 274

Invalid

After the controller completes a DMA cycle it sets the cycle type to invalid, to prevent it from repeating the same
DMA cycle.

Basic

In this mode, you configure the controller to use either the primary, or alternate, data structure. After you enable
the channel, and the controller receives a request then the flow for this DMA cycle is:

+ The controller performs 2R transfers. If the number of transfers remaining is zero the flow continues at step 3.
» The controller arbitrates:
— If a higher-priority channel is requesting service then the controller services that channel.
— If the peripheral or software signals a request to the controller then it continues at step 1.
» The controller sets dma_done[C] HIGH for one hclk cycle. This indicates to the host processor that the DMA
cycle is complete.

Auto-Request

When the controller operates in this mode, it is only necessary for it to receive a single request to enable it to

complete the entire DMA cycle. This enables a large data transfer to occur, without significantly increasing the

latency for servicing higher priority requests, or requiring multiple requests from the processor or peripheral.

You can configure the controller to use the primary, or alternate, data structure. After you enable the channel, and

the controller receives a request for this channel, then the flow for this DMA cycle is:

+ The controller performs 2R transfers for channel C. If the number of transfers remaining is zero the flow
continues at step 3.

» The controller arbitrates. When channel C has the highest priority then the DMA cycle continues at step 1.

» The controller sets dma_done[C] HIGH for one hclk cycle. This indicates to the host processor that the DMA
cycle is complete.

Ping-Pong

In ping-pong mode, the controller performs a DMA cycle using one of the data structures and it then performs a
DMA cycle using the other data structure. The controller continues to switch from primary to alternate to primary...
until it reads a data structure that is invalid, or until the host processor disables the channel.

Figure 46 “Ping-Pong Example” on Page 270 shows an example of a ping-pong DMA transaction.
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Task A: Primary, cycle_ctrl=0115, 28 =4, N=6

Request - TaskA
Request ——pfeccceerecceeianennen,
- dma_done[C]
Task B: Alternate, cycle _ctrl =011, 2R =4, N =12 \
Request | TaskB
Request ———feccceccccccccccnennans
Request ————Pterecceccccccssniannane
- dma_done[C]
Task C: Primary, cycle_ctrl = 011g, 2R=2 N=2 /
Request - TaskC
> dma_done[C]
Task D: Alternate, cycle_ctrl = 011g, R=4N=5 \\
Request - Task D
Request ————Pfecetceecenccnncansanss
a > dma_done[C]
Task E: Primary, cycle _ctrl =011, M=4 N=7 /
Task E
Request | as
Request ——fececceccecccaieiennes
- dma_done[C]
End: Alternate, cycle_ctrl = 000s \
Invalid

dma_ping_pong.vsd

Figure 46 Ping-Pong Example
In Figure 46 “Ping-Pong Example” on Page 270:

Task A

» The host processor configures the primary data structure for task A.

» The host processor configures the alternate data structure for task B. This enables the controller to
immediately switch to task B after task A completes, provided that a higher priority channel does not require
servicing.

» The controller receives a request and performs four DMA transfers.

» The controller arbitrates. After the controller receives a request for this channel, the flow continues if the
channel has the highest priority.

» The controller performs the remaining two DMA transfers.

» The controller sets dma_done[C] HIGH for one hclk cycle and enters the arbitration process.
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After task A completes, the host processor can configure the primary data structure for task C. This enables the
controller to immediately switch to task C after task B completes, provided that a higher priority channel does not
require servicing.

After the controller receives a new request for the channel and it has the highest priority then task B commences:

Task B

» The controller performs four DMA transfers.

» The controller arbitrates. After the controller receives a request for this channel, the flow continues if the
channel has the highest priority.

The controller performs four DMA transfers.

The controller arbitrates. After the controller receives a request for this channel, the flow continues if the
channel has the highest priority.

» The controller performs the remaining four DMA transfers.

» The controller sets dma_done[C] HIGH for one hclk cycle and enters the arbitration process.

After task B completes, the host processor can configure the alternate data structure for task D.
After the controller receives a new request for the channel and it has the highest priority then task C commences:

Task C

» The controller performs two DMA transfers.
» The controller sets dma_done[C] HIGH for one hclk cycle and enters the arbitration process.

After task C completes, the host processor can configure the primary data structure for task E.After the controller
receives a new request for the channel and it has the highest priority then task D commences:

Task D

» The controller performs four DMA transfers.

» The controller arbitrates. After the controller receives a request for this channel, the flow continues if the
channel has the highest priority.

» The controller performs the remaining DMA transfer.

+ The controller sets dma_done[C] HIGH for one hclk cycle and enters the arbitration process.

After the controller receives a new request for the channel and it has the highest priority then task E commences:

Task E

» The controller performs four DMA transfers.

» The controller arbitrates. After the controller receives a request for this channel, the flow continues if the
channel has the highest priority.

» The controller performs the remaining three DMA transfers.

» The controller sets dma_done[C] HIGH for one hclk cycle and enters the arbitration process.

If the controller receives a new request for the channel and it has the highest priority then it attempts to start the
next task. However, because the host processor has not configured the alternate data structure, and on
completion of task D the controller set the cycle_ctrl bits to 000z, then the ping-pong DMA transaction completes.

Note: You can also terminate the ping-pong DMA cycle in Figure 46 “Ping-Pong Example” on Page 270, if you
configure task E to be a basic DMA cycle by setting the cycle_ctrl field to 3°001g.

Memory Scatter-Gather

In memory scatter-gather mode the controller receives an initial request and then performs four DMA transfers
using the primary data structure. After this transfer completes, it starts a DMA cycle using the alternate data
structure. After this cycle completes, the controller performs another four DMA transfers using the primary data
structure. The controller continues to switch from primary to alternate to primary... until either:
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» The host processor configures the alternate data structure for a basic cycle.
* Itreads an invalid data structure.

Note: After the controller completes the N primary transfers it invalidates the primary data structure by setting the
cycle_ctrl field to 000g.
The controller only asserts dma_done[C] when the scatter-gather transaction completes using a basic cycle.

In scatter-gather mode, the controller uses the primary data structure to program the alternate data structure.
Table 51 lists the fields of the channel_cfg memory location for the primary data structure, that you must program
with constant values and those that can be user defined.

Table 51  channel_cfg for a Primary Data Structure, in Memory Scatter-Gather Mode

Bit ‘ Field Value Description

Constant-Value Fields:

[31:30] dst_inc 10g Configures the controller to use word increments for the address

[29:28] dst_size 10g Configures the controller to use word transfers

[27:26] src_inc 10g Configures the controller to use word increments for the address

[25:24] src_size 10g Configures the controller to use word transfers

[17:14] R_power 0010g Configures the controller to perform four DMA transfers

[3] next_useburst | Og For a memory scatter-gather DMA cycle, this bit must be set to
zero

[2:0] cycle_ctrl 1004 Configures the controller to perform a memory scatter-gather
DMA cycle

User Defined Values:

[23:21] dst prot _ctrl |- Configures the state of HPROT when the controller writes the
destination data

[20:18] src_prot_ctrl |- Configures the state of HPROT when the controller reads the
source data

[13:4] n_minus_1 N" Configures the controller to perform N DMA transfers, where N is
a multiple of four

1) Because the R_power field is set to four, you must set N to be a multiple of four. The value given by N/4 is the number of
times that you must configure the alternate data structure.

See Control Data Configuration on Page 281 for more information.
Figure 47 “Memory Scatter-Gather Example” on Page 273 shows a memory scatter-gather example.

Initialization

«  Configure primary to enable the copy A, B, C and D operations: cycle_ctrl = 1005, 2% =4, N = 16
* Write the primary source data to memory, using the structure shown in the following table.

Table 52

src_data_end_ptr |dst_data_end_ptr |channel_cfg Unused
Data for Task A | 00A000000, 00AE00000, cycle_ctrl = 1015, 28 =4,N=3 OXXXXXXX Xy
Data for Task B | 00B000000,, 00BE00000, cycle_ctrl =1015,2%=2,N=8 OXXXXXXXX
Data for Task C |00C000000,, 00CEO00000y cycle_ctrl =1015,2%=8,N=5 OXXXXXXXX
Data for Task D | 00D000000, 0ODE00000y cycle_ctrl = 0015, 2R =4,N=4 OXXXXXXX Xy
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Figure 47 Memory Scatter-Gather Example
In Figure 47 “Memory Scatter-Gather Example” on Page 273:

Initialization

» The host processor configures the primary data structure to operate in memory scatter-gather mode by setting
cycle_ctrl to 1005. Because a data structure for a single channel consists of four words then you must set 2R
to 4. In this example, there are four tasks and therefore N is set to 16.

» The host processor writes the data structure for tasks A, B, C, and D to the memory locations that the primary
src_data_end_ptr specifies.

* The host processor enables the channel.

The memory scatter-gather transaction commences when the controller receives a request on dma_req|[] or a
manual request from the host processor. The transaction continues as follows:

Primary, copy A

» After receiving a request, the controller performs four DMA transfers. These transfers write the alternate data
structure for task A.
» The controller generates an auto-request for the channel and then arbitrates.
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Task A

+ The controller performs task A. After it completes the task, it generates an auto-request for the channel and
then arbitrates.

Primary, copy B

» The controller performs four DMA transfers. These transfers write the alternate data structure for task B.
» The controller generates an auto-request for the channel and then arbitrates.

Task B

» The controller performs task B. After it completes the task, it generates an auto-request for the channel and
then arbitrates.

Primary, copy C

» The controller performs four DMA transfers. These transfers write the alternate data structure for task C.
» The controller generates an auto-request for the channel and then arbitrates.

Task C

» The controller performs task C. After it completes the task, it generates an auto-request for the channel and
then arbitrates.

Primary, copy D

» The controller performs four DMA transfers. These transfers write the alternate data structure for task D.

» The controller sets the cycle_ctrl bits of the primary data structure to 000g, to indicate that this data structure
is now invalid.

» The controller generates an auto-request for the channel and then arbitrates.

Task D

» The controller performs task D using a basic cycle.
* The controller sets dma_done[C] HIGH for one hclk cycle and enters the arbitration process.

Peripheral Scatter-Gather

In peripheral scatter-gather mode the controller receives an initial request from a peripheral and then it performs
four DMA transfers using the primary data structure. It then immediately starts a DMA cycle using the alternate
data structure, without rearbitrating or dma_active[C] going LOW.

Note: These are the only circumstances, where the controller does not enter the arbitration process after
completing a transfer using the primary data structure.

After this cycle completes, the controller rearbitrates and if the controller receives a request from the peripheral
that has the highest priority then it performs another four DMA transfers using the primary data structure. It then
immediately starts a DMA cycle using the alternate data structure, without re-arbitrating or dma_active[C] going
LOW. The controller continues to switch from primary to alternate to primary... until either:

» The host processor configures the alternate data structure for a basic cycle.
* Itreads an invalid data structure.

Note: After the controller completes the N primary transfers it invalidates the primary data structure by setting the
cycle_ctrl field to 000g.

The controller asserts dma_done[C] when the scatter-gather transaction completes using a basic cycle.
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In scatter-gather mode, the controller uses the primary data structure to program the alternate data structure.
Table 53 lists the fields of the channel_cfg memory location for the primary data structure, that you must program
with constant values and those that can be user defined.

Table 53  channel_cfg for a Primary Data Structure, in Peripheral Scatter-Gather Mode

Bit Field Value Description

Constant-Value Fields:

[31:30] dst_inc 105 Configures the controller to use word increments for the address

[29:28] dst_size 10g Configures the controller to use word transfers

[27:26] src_inc 10g Configures the controller to use word increments for the address

[25:24] src_size 10g Configures the controller to use word transfers

[17:14] R_power 0010g Configures the controller to perform four DMA transfers

[2:0] cycle_ctrl 1105 Configures the controller to perform a peripheral scatter-gather
DMA cycle

User Defined Values:

[23:21] dst_prot_ctrl |- Configures the state of HPROT when the controller writes the
destination data

[20:18] src_prot_ctrl |- Configures the state of HPROT when the controller reads the
source data

[13:4] n_minus_1 N Configures the controller to perform N DMA transfers, where N is a
multiple of four

[3] next_useburst |- When set to 1, the controller sets the chnl_useburst_set [C] bit to 1
after the alternate transfer completes

1) Because the R_power field is set to four, you must set N to be a multiple of four. The value given by N/4 is the number of
times that you must configure the alternate data structure.

See Control Data Configuration on Page 281 for more information.
Figure 48 “Peripheral Scatter-Gather Example” on Page 276 shows a peripheral scatter-gather example.

Initialization

+  Configure primary to enable the copy A, B, C and D operations: cycle_ctrl = 1105, 28 =4, N = 16.
*  Write the primary source data to memory, using the structure shown in the following table.

Table 54

src_data_end_ptr |dst_data_end_ptr |channel_cfg Unused
Data for Task A | 00A000000, 00AE00000, cycle_ctrl = 1115, 2R =4,N=3 OXXXXXXX Xy
Data for Task B | 00B000000,, 00BE00000, cycle_ctrl = 1115, 28 =2,N=8 OXXXXXXXX
Data for Task C | 00C000000,, 00CE00000y, cycle_ctrl=1115,2R=8,N=5 OXXXXXXXX
Data for Task D | 00D000000, 0ODE00000y cycle_ctrl = 0015, 2R =4,N=4 OXXXXXXX Xy

Peripheral scatter-gather transaction:
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Figure 48 Peripheral Scatter-Gather Example
In Figure 48 “Peripheral Scatter-Gather Example” on Page 276:

Initialization

» The host processor configures the primary data structure to operate in peripheral scatter-gather mode by
setting cycle_ctrl to 1105. Because a data structure for a single channel consists of four words then you must
set 2R to 4. In this example, there are four tasks and therefore N is set to 16.

» The host processor writes the data structure for tasks A, B, C, and D to the memory locations that the primary

src_data_end_ptr specifies.
* The host processor enables the channel.

The peripheral scatter-gather transaction commences when the controller receives a request on dma_req[]. The

transaction continues as follows:

Primary, copy A

» After receiving a request, the controller performs four DMA transfers. These transfers write the alternate data

structure for task A.
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Task A

* The controller performs task A.
» After the controller completes the task it enters the arbitration process.

After the peripheral issues a new request and it has the highest priority then the process continues with:

Primary, copy B

» The controller performs four DMA transfers. These transfers write the alternate data structure for task B.

Task B

» The controller performs task B. To enable the controller to complete the task, the peripheral must issue a
further three requests.
» After the controller completes the task it enters the arbitration process.

After the peripheral issues a new request and it has the highest priority then the process continues with:

Primary, copy C
» The controller performs four DMA transfers. These transfers write the alternate data structure for task C.

Task C

» The controller performs task C.
» After the controller completes the task it enters the arbitration process.

After the peripheral issues a new request and it has the highest priority then the process continues with:

Primary, copy D

» The controller performs four DMA transfers. These transfers write the alternate data structure for task D.
+ The controller sets the cycle_ctrl bits of the primary data structure to 000g, to indicate that this data structure
is now invalid.

Task D

» The controller performs task D using a basic cycle.
» The controller sets dma_done[C] HIGH for one hclk cycle and enters the arbitration process.

Error Signaling
If the controller detects an ERROR response on the AHB-Lite master interface, it:

+ Disables the channel that corresponds to the ERROR.
+ Sets dma_err HIGH.

After the host processor detects that dma_err is HIGH, it must check which channel was active when the ERROR
occurred. It can do this by:

* Reading the chnl_enable_set Register to create a list of disabled channels.

When a channel asserts dma_done[] then the controller disables the channel. The program running on the host
processor must always keep a record of which channels have recently asserted their dma_done[] outputs.

+ It must compare the disabled channels list from step 1, with the record of the channels that have recently set
their dma_done[] outputs. The channel with no record of dma_done[C] being set is the channel that the
ERROR occurred on.
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10.3.3 Channel Control Data Structure

You must provide an area of system memory to contain the channel control data structure. This system memory
must:

* Provide a contiguous area of system memory that the controller and host processor can access.
* Have a base address that is an integer multiple of the total size of the channel control data structure.

Figure 49 shows the memory that the controller requires for the channel control data structure, when it uses all
14 channels and the optional alternate data structure.

Alternate data structure Primary data structure
Alternate_Ch_13 Ox1EO Primary Ch_13 0x0E0
0x1D0 - 0x0DO
Alternate_Ch_12 Primary_Ch_12
0x1CO - 0x0CO0
Alternate_Ch_11 Primary_Ch_11
0x1B0 - 0x0BO
Alternate_Ch_10 0x1A0 Primary_Ch_10 0x0A0
Alternate_Ch_9 0x190 Primary_Ch_9 0x090
Alternate_Ch_8 0x180 Primary_Ch_8 0x080
Alternate_Ch_7 0x170 Primary_Ch_7 0x070
Alternate_Ch_6 Primary_Ch_6
— 0x160 - — 0x060
Alternate_Ch_5 Primary_Ch_5
— 0x150 - — 0x050
Alternate_Ch_4 Primary_Ch_4
— 0x140 - — 0x040
Alternate_Ch_3 Primary_Ch_3 Unused
0x130 - 0x030 0x00C
Alternate_Ch_2 0x120 Primary_Ch_2 0x020 Control 0x008
Alternate_Ch_ 1 0x110 Primary_Ch_ 1 0x010 Destination End Pointer 0x004
Alternate_Ch_0 0x100 Primary_Ch_0 0x000 Source End Pointer 0x000
dma_memory_map_32_channels .vsd

Figure 49 Memory Map for 32 Channels, Including the Alternate Data Structure

The example structure in Figure 49 uses 1KB of system memory. In this example, the controller uses the lower
10 address bits to enable it to access all of the elements in the structure and therefore the base address must be
at OXXXXX000y, OXXXXX400,, 0OXXXXX800,, or OXXXXXCO00,. You can configure the base address for the
primary data structure by writing the appropriate value in the ctrl_base_ ptr Register. See Channel control data
base pointer on page 3-8.

The amount of system memory you require depends on:

» The number of DMA channels you configure the controller to use.
» If you configure a DMA channel to use the alternate data structure. See Channel primary-alternate set.

Table 55 lists the address bits that the controller uses when it accesses the elements of the channel control data
structure, depending on the number of channels that the controller contains.

Table 55 Address Bit Settings for the Channel Control Data Structure
Address Bits

Number of DMA [9] [8] [7] [6] [5] [4] [3:0]

Channels Implemented

0-13 A C[3] Cl2] C[1] C[0] 00,04, 0r
08,

Where:
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Table 56
A Selects one of the channel control data structures:
A=0 Selects the primary data structure.
A=1 Selects the alternate data structure.
C[x:0] Selects the DMA channel.

Address[3:0]

Selects one of the control elements:

004 Selects the source data end pointer.

04, Selects the destination data end pointer.

08, Selects the control data configuration.

0Cy The controller does not access this address location. If required, you

can enable the host processor to use this memory location as
system memory.

Note: It is not necessary for you to calculate the base address of the alternate data structure because the
alt_ctrl_base_ptr Register provides this information. See Channel alternate control data base pointer.

Figure 49 shows an example implementation where the controller uses three DMA channels and the alternate

data structure.
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Functional Overview

Unused 0x07C
Unused 0x078
Unused 0x074
Unused 0x070
Unused 0x06C
trol
Alternate for channel2 < __control__ 0x068
Destination End Pointer 0x064
End Point

Source End Pointer 0x060 » Alternate data structure

Unused 0x05C
trol
Alternate for channel 1 < _ _Con = . 0x058
Destination End Pointer 0x054
Source End Pointer 0x050
Unused 0x04C
Alternate for channel 0 < __control__ 0x048
Destination End Pointer 0x044
Source End Pointer 0x040
Unused 0x03C
Unused 0x038
Unused 0x034
Unused 0x030
Unused 0x02C
Primary for channel 2 < . F:ontrol . 0x028
Destination End Pointer 0x024
Source End Pointer 0x020 | Primary data structure

Unused 0x01C
_ Control 0x018
Primary for channel 1 4 Destination End Pointer 0x014
Source End Pointer 0x010
Unused 0x00C
Primary for channel 0 < __control__ 0x008
Destination End Pointer 0x004
Source End Pointer 0x000

DMA _memory_map_3_channels.vsd

Figure 50 Memory Map for Three DMA Channels, Including the Alternate Data Structure

The example structure in Figure 49 uses 128 bytes of system memory. In this example, the controller uses the
lower six address bits to enable it to access all of the elements in the structure and therefore the base address
must be at OXXXXXX00, or OXXXXXX80y.

Table 57 lists the permitted base address values that you can assign for the primary data structure, depending on
the number of channels that the controller contains.
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Table 57 Permitted Base Addresses

Number of Permitted Base Addresses" for the Primary Data Structure

DMA Channels

0-13 OXXXXX000,,, OXXXXX200y,, OXXXXX400,, OXXXXX600,, 0XXXXX800, OXXXXXA00,,,
OXXXXXCO00,,, OXXXXXEO00,

1) Where X is a hexadecimal.

The controller uses the system memory to enable it to access two pointers and the control information that it
requires for each channel. The following subsections describe these 32-bit memory locations and how the
controller calculates the DMA transfer address:

» Source Data End Pointer

» Destination Data End Pointer
+ Control Data Configuration

* Address Calculation

Source Data End Pointer

The src_data_end_ptr memory location contains a pointer to the end address of the source data. Table 58 lists
the bit assignments for this memory location.

Table 58  src_data_end_ptr bit assignments

Bit Name Description

[31:0] src_data_end_ptr Pointer to the end address of the source data

Before the controller can perform a DMA transfer, you must program this memory location with the end address
of the source data. The controller reads this memory location when it starts a 2% DMA transfer.

Note: The controller does not write to this memory location.

Destination Data End Pointer

The dst_data_end_ptr memory location contains a pointer to the end address of the destination data. Table 59
lists the bit assignments for this memory location.

Table 59  dst_data_end_ptr bit assignments

Bit Name Description

[31:0] dst_data_end_ptr Pointer to the end address of the destination data

Before the controller can perform a DMA transfer, you must program this memory location with the end address
of the destination data. The controller reads this memory location when it starts a 2% DMA transfer.

Note: The controller does not write to this memory location.

Control Data Configuration

For each DMA transfer, the channel_cfg memory location provides the control information for the controller.
Figure 51 shows the bit assignments for this memory location.

User’'s Manual 281 Rev. 1.3, 2017-06-27



TLE986xQX

DMA Controller

3130 2928 (2726 2524]23 2120| 1817 | 1413 | | | 413 2 0
R_power n_minus_1
dst_inc src_inc dst_prot_ctrl cycle_ctrl
dst_size Src_size src_prot_ctrl next_useburst

DMA_channel_cfg.vsd

Figure 51 channel_cfg bit assignments

Table 60 lists the bit assignments for this memory location.

Table 60 channel_cfg bit assignments

Bit

Name

Description

[31:30]

dst_inc

Destination address increment.
The address increment depends on the source data width as follows:

Source data width = byte
00g = byte.
01z = halfword.
10g = word.
115 = no increment. Address remains set to the value that the
dst_data_end_ptr memory location contains.

Source data width = halfword

00g = reserved.

01z = halfword.

105 = word.

115 = no increment. Address remains set to the value that the
dst_data_end_ptr memory location contains.

Source data width = word

00g = reserved.

015 = reserved.

105 = word.

115 = no increment. Address remains set to the value that the
dst_data_end_ptr memory location contains.

[29:28]

dst_size

Destination data size.
Note: You must set dst_size to contain the same value that src_size contains.
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Table 60 channel_cfg bit assignments (cont'd)

Bit Name Description

[27:26] src_inc Set the bits to control the source address increment. The address increment
depends on the source data width as follows:

Source data width = byte

00z = byte.
01g = halfword.
105 = word.

115 = no increment. Address remains set to the value that the
src_data_end_ptr memory location contains.

Source data width = halfword

00g = reserved.

01g = halfword.

105 = word.

115 = no increment. Address remains set to the value that the
src_data_end_ptr memory location contains.

Source data width = word

00g = reserved.

01g = reserved.

10g = word.

115 = no increment. Address remains set to the value that the
src_data_end_ptr memory location contains.

[25:24] src_size Set the bits to match the size of the source data:
00g = byte
01z = halfword
10g = word
115 = reserved.
[23:21] dst_prot_ctrl | Set the bits to control the state of HPROT[3:1] when the controller writes the
destination data.
Bit [23] Controls the state of HPROT[3] as follows:

0g = HPROT[3] is LOW and the access is non-cacheable.
15 = HPROTI3] is HIGH and the access is cacheable.

Bit [22] Controls the state of HPROT[2] as follows:
0g = HPROT[2] is LOW and the access is non-bufferable.
15 = HPROTI[2] is HIGH and the access is bufferable.

Bit [21] Controls the state of HPROT[1] as follows:
0g = HPROT[1] is LOW and the access is non-privileged.
15 = HPROT[1] is HIGH and the access is privileged.
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Table 60 channel_cfg bit assignments (cont'd)

Bit Name Description

[20:18] src_prot_ctrl | Set the bits to control the state of HPROT[3:1] when the controller reads the source
data.

Bit [20] Controls the state of HPROT[3] as follows:
0g = HPROT[3] is LOW and the access is non-cacheable.
1g = HPROT]I3] is HIGH and the access is cacheable.

Bit [19] Controls the state of HPROT[2] as follows:0 = HPROT[2] is LOW and
the access is non-bufferable.1 = HPROT[2] is HIGH and the access
is bufferable.

Bit [18] Controls the state of HPROT[1] as follows:
0g = HPROT[1] is LOW and the access is non-privileged.

15 = HPROTI[1] is HIGH and the access is privileged.
[17:14] R_power Set these bits to control how many DMA transfers can occur before the controller
rearbitrates. The possible arbitration rate settings are:

00004 Arbitrates after each DMA transfer.

0001 Arbitrates after 2 DMA transfers.

0010 Arbitrates after 4 DMA transfers.

0011 Arbitrates after 8 DMA transfers.

01004 Arbitrates after 16 DMA transfers.

0101 Arbitrates after 32 DMA transfers.

0110 Arbitrates after 64 DMA transfers.

0111 Arbitrates after 128 DMA transfers.

1000 Arbitrates after 256 DMA transfers.

1001 Arbitrates after 512 DMA transfers.

10105-11115 Arbitrates after 1024 DMA transfers. This means that no arbitration
occurs during the DMA transfer because the maximum transfer size
is 1024.

[13:4] n_minus_1 |Prior to the DMA cycle commencing, these bits represent the total number of DMA

transfers that the DMA cycle contains. You must set these bits according to the size
of DMA cycle that you require.The 10-bit value indicates the number of DMA
transfers, minus one. The possible values are:

0000000005 = 1 DMA transfer

0000000015 = 2 DMA transfers

0000000105z = 3 DMA transfers

0000000115 = 4 DMA transfers

0000001005 = 5 DMA transfers..

1111111115 = 1024 DMA transfers.The controller updates this field immediately
prior to it entering the arbitration process. This enables the controller to store the
number of outstanding DMA transfers that are necessary to complete the DMA cycle.
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channel_cfg bit assignments (cont'd)

Bit

Name

Description

(3]

next_usebur
st

Controls if the chnl_useburst_set [C] bit is set to a 1, when the controller is
performing a peripheral scatter-gather and is completing a DMA cycle that uses the
alternate data structure.

Note: Immediately prior to completion of the DMA cycle that the alternate data
structure specifies, the controller sets the chnl_useburst_set [C] bit to 0 if the
number of remaining transfers is less than 2R. The setting of the next_useburst
bit controls if the controller performs an additional modification of the
chnl_useburst_set [C] bit.

In peripheral scatter-gather DMA cycle then after the DMA cycle that uses the
alternate data structure completes, either:0 = The controller does not change the
value of the chnl_useburst_set [C] bit. If the chnl_useburst_set [C] bit is 0 then for all
the remaining DMA cycles in the peripheral scatter-gather transaction, the controller
responds to requests on dma_req[] and dma_sreq[], when it performs a DMA cycle
that uses an alternate data structure.1 = The controller sets the chnl_useburst_set
[C] bit to a 1. Therefore, for the remaining DMA cycles in the peripheral scatter-
gather transaction, the controller only responds to requests on dma_req[], when it
performs a DMA cycle that uses an alternate data structure.

[2:0]

cycle_ctrl

The operating mode of the DMA cycle. The modes are:
0005 Stop. Indicates that the data structure is invalid.

0015 Basic. The controller must receive a new request, prior to it entering
the arbitration process, to enable the DMA cycle to complete.

0105 Auto-request. The controller automatically inserts a request for the
appropriate channel during the arbitration process. This means that
the initial request is sufficient to enable the DMA cycle to complete.

0115 Ping-pong. The controller performs a DMA cycle using one of the data
structures. After the DMA cycle completes, it performs a DMA cycle
using the other data structure. After the DMA cycle completes and
provided that the host processor has updated the original data
structure, it performs a DMA cycle using the original data structure.
The controller continues to perform DMA cycles until it either reads an
invalid data structure or the host processor changes the cycle_ctrl bits
to 0015 or 0105. See Ping-Pong on Page 269.

1005 Memory scatter/gather. See Memory Scatter-Gather on
Page 271.When the controller operates in memory scatter-gather
mode, you must only use this value in the primary data structure.

101g Memory scatter/gather. See Memory Scatter-Gather on
Page 271.When the controller operates in memory scatter-gather
mode, you must only use this value in the alternate data structure.

1105 Peripheral scatter/gather. See Peripheral Scatter-Gather on
Page 274. When the controller operates in peripheral scatter-gather
mode, you must only use this value in the primary data structure.

1115 Peripheral scatter/gather. See Peripheral Scatter-Gather on
Page 274. When the controller operates in peripheral scatter-gather
mode, you must only use this value in the alternate data structure.
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At the start of a DMA cycle, or 2R DMA transfer, the controller fetches the channel_cfg from system memory. After
it performs 2R, or N, transfers it stores the updated channel_cfg in system memory.

The controller does not support a dst_size value that is different to the src_size value. If it detects a mismatch in
these values, it uses the src_size value for source and destination and when it next updates the n_minus_1 field,
it also sets the dst_size field to the same as the src_size field.

After the controller completes the N transfers it sets the cycle_ctrl field to 000, to indicate that the channel_cfg
data is invalid. This prevents it from repeating the same DMA transfer.

Address Calculation

To calculate the source address of a DMA transfer, the controller performs a left shift operation on the n_minus_1
value by a shift amount that src_inc specifies, and then subtracts the resulting value from the source data end
pointer. Similarly, to calculate the destination address of a DMA transfer, it performs a left shift operation on the
n_minus_1 value by a shift amount that dst_inc specifies, and then subtracts the resulting value from the
destination end pointer.

Depending on the value of src_inc and dst_inc, the source address and destination address can be calculated
using the equations:

src_inc = 00g and dst_inc = 004

» source address = src_data_end_ptr - n_minus_1
» destination address = dst_data_end_ptr - n_minus_1

src_inc = 01 and dst_inc = 014

» source address = src_data_end_ptr - (n_minus_1 << 1)
» destination address = dst_data_end_ptr - (n_minus_1 << 1)

src_inc =10z and dst_inc = 104

» source address = src_data_end_ptr - (n_minus_1 << 2)
» destination address = dst_data_end_ptr - (n_minus_1 << 2)

src_inc = 11g and dst_inc = 115

* source address = src_data_end_ptr
» destination address = dst_data_end_ptr

Table 62 lists the destination addresses for a DMA cycle of six words.

Table 61 DMA Cycle of Six Words Using a Word Increment
Initial values of channel_cfg, prior to the DMA cycle

src_size = 10g, dst_inc = 10g, n_minus_1 = 101, cycle_ctrl = 15

DMA Transfers End Pointer Count Difference” Address
02AC,, 5 014, 0298,
02AC,, 4 010, 029C,,
02AC, 3 0Cy 02A0,,
02AC,, 2 08,, 02A4,
02AC,, 1 04y, 02A8,
02AC,, 0 00, 02AC,,
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DMA Cycle of Six Words Using a Word Increment (cont'd)

DMA Controller

Initial values of channel_cfg, prior to the DMA cycle

Final values of channel_cfg, after the DMA cycle

src_size = 10g, dst_inc = 10g, n_minus_1 = Og, cycle_ctrl = 0g

1) This value is the result of count being shifted left by the value of dst_inc.

Table 62 lists the destination addresses for a DMA transfer of 12 bytes using a halfword increment.

Table 62

DMA Cycle of 12 Bytes Using a Halfword Increment

Initial values of channel_cfg, prior to the DMA cycle

src_size = 00g, dst_inc = 015, n_minus_1 = 10115, cycle_ctrl = 15, R_power = 113

DMA Transfers End Pointer Count Difference” Address
05E7,, 11 0164, 05D1,,
05E7, 10 014, 05D3,,
05E7, 9 012, 05D5,
05E7,, 8 010, 05D7,,
05E7,, 7 0, 05D9,,
05E7, 6 0C,, 05DB,,
05E7, 5 0A, 05DD,,
05E7,, 4 08, 05DF,,

Values of channel_cfg after 2R DMA transfers

src_size = 00g, dst_inc = 015, n_minus_1 = 0115, cycle_ctrl = 15, R_power = 114

DMA Transfers End Pointer Count Difference? Address
05E7,, 3 06,, 05E1,
05E7,, 2 04,, 05E3,,
05E7, 1 02, 05E5,,
05E7, 0 00y, 05E7,

Final values of channel_cfg, after the DMA cycle.

src_size = 00g, dst_inc = 015, n_minus_1 = Og, cycle_ctrl = 0g, R_power = 114

1) This value is the result of count being shifted left by the value of dst_inc.
2) After the controller completes the DMA cycle it invalidates the channel_cfg memory location by clearing the cycle_ctrl field.
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10.4 Register Definition
Please refer to [1], Chapter 3, Programmer’s Model and chapter 4, Register Description
Table 63 shows the <Module> module base address (for the configuration register).

Table 63 Register Address Space
Module Base Address End Address Note
DMA 50014000, 50017FFF,

Table 64 Register Overview

Register Short Name |Register Long Name Offset Address |Reset Value
Register Definition,

STATUS DMA Status 004 000D 00004
CFG DMA Configuration 04, 0000 0000
CTRL_BASE_PTR Channel Control Data Base Pointer 08, 0000 00004
ALT_CTRL_BASE_PT |Channel Alternate Control Data Base Pointer 0Cq 0000 01004
R

WAITONREQ_STATUS | Channel Wait on Request Status 104 0000 0000,
CHNL_SW_REQUEST |Channel Software Request 14, 0000 0000y
CHNL_USEBURST_SE |Channel Useburst Set 18, 0000 0000
T

CHNL_USEBURST_CL |Channel Useburst Clear 1Cy 0000 00004
R

CHNL_REQ_MASK_SE | Channel Request Mask Set 20, 0000 00004
T

CHNL_REQ_MASK_CL | Channel Request Mask Clear 24, 0000 0000,
R

CHNL_ENABLE_SET |Channel Enable Set 28, 0000 0000,
CHNL_ENABLE_CLR |Channel Enable Clear 2C, 0000 0000,
CHNL_PRI_ALT_SET |Channel Primary-Alternate Set 30, 0000 0000,
CHNL_PRI_ALT_CLR |Channel Primary-Alternate Clear 34y 0000 00004
CHNL_PRIORITY_SET |Channel Priority Set 38, 0000 0000,
CHNL_PRIORITY_CLR |Channel Priority Clear 3Cy 0000 0000y
ERR_CLR Bus Error Clear 4C, 0000 0000,

The registers are addressed wordwise.

DMA Status Registers

The read-only DMA_STATUS Register returns the status of the controller. You cannot read this register when the
controller is in the reset state.
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STATUS Offset Reset Value
DMA Status 00, 000D 0000,
31 28 27 21 20 16

RES RES CHNLS_MINUS1
|
r r r
15 8 7 4 3 1 0
T
MAST
ER_E
RES STATE RES NAB*
| |
r r r r
Field Bits Type Description
RES 31:28 r Reserved
Read as 0.
RES 27:21 r Reserved
Read as 0.
CHNLS_MINU |20:16 r Available Channels minus 1
S1 Number of available DMA channels minus one
1101g controller configured to use 14 DMA channels
RES 15:8 r Reserved
STATE 74 r Current State of the Control State Machine
State can be one of the following bit combinations (other bit combinations
are undefined):
00005 idle
0001y reading channel controller date
0010z reading source data end pointer
00115 reading destination data end pointer
0100z reading source data
0101 writing destination data
01105 waiting for DMA request to clear
01115 writing channel controller data
10005 stalled
10015 done
10105 peripheral scatter-gather transition
RES 3:1 r Reserved
MASTER_EN |0 r Enable Status of the Controller
ABLE Oy DISABLED controller is disabled
1z ENABLED controller is enabled

DMA Configuration Register

The read-only dma_status Register returns the status of the controller. You cannot read this register when the

controller is in the reset state.
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CFG Offset Reset Value
DMA Configuration 04, 0000 0000,
31 16
RES
L
w
15 8 7 5 4 1 0

T T T
CHN1_PROT_ MAST
CTRL ER_E
L L
w w w w
Field Bits Type Description
RES 31:8 w Reserved
Write as zero.
CHN1_PROT_ |7:5 w CHN1_PROT_CTRL
CTRL Sets the AHB-Lite protection by controlling the HPROT[3:1] signal levels
as follows: bit 7 controls HPROT[3] to indicate if a cacheable access is
occurring.
bit 6 controls HPROTI[2] to indicate if a bufferable access is occurring.
bit 5 controls HPROT(1] to indicate if a privileged access is occurring.
Note: When bit[n]=1, then the corresponding HPROT is HIGH.
When bit[n]=0, then the corresponding HPROT is LOW.
4. The CHN1_PROT _CTRL bits must not be changed when the
MASTER:ENABLE bit is set because this may cause a protocol error
on the AHB master interface. As the DMA_CFG register is write-only
the user must read the status of the master enable bit from the
DMA_STATUS register.
RES 4:1 w Reserved
Write as zero.
MASTER_EN |0 w Enable for the Controller
ABLE Oy DISABLE disables the controller
1 ENABLE enables the controller

Channel Control Data Base Pointer Register

The CTRL_BASE_PTR register is a read/write register. You must configure this register to that base pointer points

to a location in your system memory.

Note: The controller provides no internal memory for storing the channel control data.

The amount of system memory that you must assign to the controller depends on the number of DMA channels
and whether you configure it to use the alternate data structure. Therefore, the base pointer address requires a
variable number of bits that depend on the system implementation.
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You cannot read this register when the controller is in the reset state. Figure 52 shows the possible bit
assignments for this register, depending on the number of DMA channels that you configure the controller to

contain

Controller
Contains:

0-13
channels

31

| | | 98] | 0

{

ctrl_base_ptr Undefined

DMA_ctrl_base_ptr_register.vsd

Figure 52 CTRL_BASE_PTR Register Bit Assignments

CTRL_BASE_PTR Offset Reset Value
Channel Control Data Base Pointer 08, 0000 0000,
31 16
CTRL_BASE_PTR
L
rw
15 9 8 0

T
CTRL_BASE_PTR RES
L L
rw r
Field Bits Type Description
CTRL_BASE_ |31:9 rw CTRL_BASE_PTR
PTR Pointer to the base address of the primary data structure.
See Chapter 10.2 for information about the data structure.
RES 8:0 r Reserved
read as zero.

BITS Definition

The bitrange is 31 to PL230_DMA_CHNL_BITS-5 for the field CTRL_BASE_PTR and PL230_DMA_CHNL_BITS-
4 to 0 for the field res.

PL230_DMA _CHNL_BITSis defined as the minimum number of bits required to represent the number of DMA
channels, minus one. The values that PL230_DMA_CHNL_BITS can be assigned are

* 0, when the controller contains 1 DMA channel.

* 1, when the controller contains 2 DMA channels.

* 2, when the controller contains 3 or 4 DMA channels.

* 3, when the controller contains 5 to 8 DMA channels.

* 4, when the controller contains 9 to 16 DMA channels.
* 5, when the controller contains 17 to 32 DMA channels.
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Channel Alternate Control Data Base Pointer Registers

The read-only ALT_CTRL_BASE_PTR Register returns the base address of the alternate data structure. You
cannot read this register when the controller is in the reset state.

ALT_CTRL_BASE_PTR Offset Reset Value
Channel Alternate Control Data Base Pointer 0C, 0000 0100,
31 16

ALT_CTRL_BASE_PTR

|
r

ALT_CTRL_BASE_PTR

|
r

Field Bits Type Description
ALT _CTRL_B [31:0 r Base Address of the Alternate Data Structure
ASE_PTR

Channel Wait on Request Status Register

The read-only DMA_WAITONREQ_STATUS Register returns the status of dma_waitonreq[].You cannot read this
register when the controller is in the reset state.

WAITONREQ_STATUS Offset Reset Value
Channel Wait on Request Status 10, 0000 0000,,
31 16
RES
|
r
15 14 13 0

T T
RES WAITONREQ_STATUS
| |
r r
Field Bits Type Description
RES 31:14 r Reserved
Always read as 0
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Field Bits Type Description
WAITONREQ |13:0 r Channel Wait on Request Status
_STATUS Read as for each bit C (C =13 to 0):

0y LOW dma_waitonreq[C] is LOW.
1z HIGH dma_waitonreq[C] is HIGH.

Channel Software Request Register
The write-only CHNL_SW_REQUEST Register enables you to generate a software DMA request.

CHNL_SW_REQUEST Offset Reset Value
Channel Software Request 14, 0000 0000,
31 16
RES
L
r
15 14 13 0

T T

RES CHNL_SW_REQUEST

L L

r w
Field Bits Type Description
RES 31:14 r Reserved

Always read as 0

CHNL_SW_R |13:0 w CHNL_SW_REQUEST
EQUEST Set the appropriate bit to generate a software DMA request on the

corresponding DMA channel.
Write as for each bit C (C =13 to 0):

Note: Writing to this bit where a DMA channel is not implemented does
not create a DMA request for that channel.

Og does not create a DMA request for channel C.
1s creates a DMA request for channel C.

Channel Useburst Set Register

The read/write CHNL_USEBURST_SET Register disables the single request dma_sreq|[] input from generating
requests, and therefore only the request, dma_req[], generates requests. Reading the register returns the
useburst status.

CHNL_USEBURST_SET Offset Reset Value
Channel Useburst Set 18, 0000 0000,
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31 14 13 0
T T T T T T T T T T T T T T T T
RES CHNL_USEBURST_SET
L L L L L L L L L L L L
r rw
Field Bits Type Description
RES 31:14 r Reserved
Always read as 0
CHNL_USEBURST_SET ([13:0 rw CHNL_USEBURST_SET

Returns the useburst status, or disables dma_sreq[C] from
generating DMA requests.
For each bitC (C=13t00)

Note: Writing to a bit where a DMA channel is not
implemented has no effect.

0g on read: DMA channel n responds to requests that it
receives on dma_req[C] or dma_sreq[C]. The
controller performs 2R, or single, bus transfers.

1 on read: DMA channel n does not respond to requests
that it receives on dma_req[C] or dma_sreq[C]. The
controller only responds to dma_req[C] requests and
performs 2R transfers.

Oz on write: No effect. Use the CHNL_USEBURST_CLR
Register to set bit [C] to 0.

1 on write: Disables dma_sreq[C] from generating DMA
requests. The controller performs 2R transfers.

After the penultimate 2R transfer completes, if the number of remaining transfers, N, is less than 2R then the
controller resets the CHNL_USEBURST_SET bit to 0. This enables you to complete the remaining transfers using
dma_req[] or DMA_SREQ][ ].

Note: If you program CHANNEL_CFG with a value of N less than 2% then you must not set the corresponding
CHNL_USEBURST _SET bit, if the peripheral does not assert dma_req[ ].

In peripheral scatter-gather mode, if the next_useburst bit is set in CHANNEL_CFG then the controller sets the
CHNL_USEBURST_SET [n] bit to a 1, when it completes the DMA cycle that uses the alternate data structure.

Channel Useburst Clear Register

The write-only CHNL_USEBURST_CLR Register enables dma_sreq[] to generate requests.

CHNL_USEBURST_CLR Offset Reset Value
Channel Useburst Clear 1Cy, 0000 0000,
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31 16
RES
L
r
15 14 13 0
T T
RES CHNL_USEBURST_CLR
L L
r w
Field Bits Type Description
RES 31:14 r Reserved
Always read as 0
CHNL_USEB |13:0 w CHNL_USEBURST_CLR
URST _CLR Set the appropriate bit to enable dma_sreq[] to generate requests.

Write as for each bit C (C = 13 to 0):
Note: Writing to a bit where a DMA channel is not implemented has no
effect.

Og No effect. Use the CHNL_USEBURST_SET Register to disable
dma_sreq[] from generating requests.
15 Enables dma_sreq[C] to generate DMA requests.

Channel Request Mask Set Register

The read/write CHNL_REQ_MASK_SET Register disables a HIGH on dma_req[], or dma_sreq[], from generating
a request. Reading the register returns the request mask status for dma_req[] and dma_sreq[].

CHNL_REQ_MASK_SET Offset Reset Value
Channel Request Mask Set 20, 0000 0000,
31 16
RES
|
r
15 14 13 0
RES CHNL_REQ_MASK_SET

| |
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Field Bits Type Description
RES 31:14 r Reserved
Always read as 0
CHNL_REQ_ |13:0 rw CHNL_REQ_MASK_SET
MASK_SET Returns the request mask status of dma_req[] and dma_sreq[], or

disables the corresponding channel from generating DMA requests.
For each bit C (C = 13 to 0):

Note: Writing to a bit where a DMA channel is not implemented has no
effect.

Og on read: External requests are enabled for channel C.

1s on read: External requests are disabled for channel C.

Og on write: No effect. Use the CHNL_REQ_MASK_CLR Register to
enable DMA requests.

18 on write: Disables dma_req[C] and dma_sreq[C] from generating
DMA requests.

Channel Request Mask Clear Register
The write-only CHNL_REQ_MASK_CLR Register enables a HIGH on dma_req[], or dma_sreq[], to generate a

request.

CHNL_REQ_MASK_CLR Offset Reset Value
Channel Request Mask Clear 24, 0000 0000,
31 16
RES
|
r
15 14 13 0

RES CHNL_REQ_MASK_CLR
| |
r w
Field Bits Type Description
RES 31:14 r Reserved
Always read as 0
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Field Bits Type Description
CHNL_REQ_ |13:0 w CHNL_REQ_MASK_CLR
MASK_CLR Set the appropriate bit to enable DMA requests for the channel

corresponding to dma_req[] and dma_sreq([].
Write as for each bit C (C =13 to 0):

Note: Writing to a bit where a DMA channel is not implemented has no
effect.

Og No effect. Use the CHNL_REQ_MASK_SET Register to disable
dma_req[] and dma_sreq[] from generating requests.
15 Enables dma_req[C] or dma_sreq[C] to generate DMA request.

Channel Enable Set Register

The read/write CHNL_ENABLE_SET Register enables you to enable a DMA channel. Reading the register returns
the enable status of the channels.

CHNL_ENABLE_SET Offset Reset Value
Channel Enable Set 28, 0000 0000,
31 16
RES
r
15 14 13 0

T T

RES CHNL_ENABLE_SET

| |

r rw
Field Bits Type Description
RES 31:14 r Reserved

Always read as 0

CHNL_ENABL |13:0 rw CHNL_ENABLE_SET
E_SET Returns the enable status of the channels, or enables the corresponding

channels.
For each bit C (C = 13 to 0):

Note: Writing to a bit where a DMA channel is not implemented has no
effect.

Og on read: Channel C is disabled.

18 on read: Channel C is enabled.

Og on write: No effect. Use the CHNL_ENABLE_CLR Register to
disable a channel.

15 on write: Enables channel C.
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Channel Enable Clear Register
The write-only CHNL_ENABLE_CLR Register enables you to disable a DMA channel.

CHNL_ENABLE_CLR Offset Reset Value
Channel Enable Clear 2C, 0000 0000,
31 16
RES
L
r
15 14 13 0

T T

RES CHNL_ENABLE_CLR

L L

r w
Field Bits Type Description
RES 31:14 r Reserved

Always read as 0

CHNL_ENABL |13:0 w CHNL_ENABLE_CLR
E CLR Set the appropriate bit to disable the corresponding DMA channel.

Write as for each bit C (C = 13 to 0):
Note: Writing to a bit where a DMA channel is not implemented has no
effect.

Og No effect. Use the CHNL_ENABLE_SET Register to enable DMA
channels.
18 Disables channel C.

Note: The controller disables a channel, by setting the appropriate bit, when either:

» it completes the DMA cycle
» it reads a channel_cfg memory location which has cycle_ctrl = 0004
» an ERROR occurs on the AHB-Lite bus

Channel Primary-Alternate Set Register

The read/write CHNL_PRI_ALT_SET Register enables you to configure a DMA channel to use the alternate data
structure. Reading the register returns the status of which data structure is in use for the corresponding DMA
channel.

CHNL_PRI_ALT_SET Offset Reset Value
Channel Primary-Alternate Set 304 0000 0000,

User’'s Manual 298 Rev. 1.3, 2017-06-27



TLE986xQX

DMA Controller

31 16
RES
|
r
15 14 13 0
T T
RES CHNL_PRI_ALT_SET
| |
r rw
Field Bits Type Description
RES 31:14 r Reserved
Always read as 0
CHNL_PRI_A {13:0 rw CHNL_PRI_ALT_SET
LT _SET Returns the channel control data structure status, or selects the alternate

data structure for the corresponding DMA channel.
For each bit C (C =13 to 0):

Note: Writing to a bit where a DMA channel is not implemented has no
effect.

Og on read: DMA channel C is using the primary data structure.

1 on read: DMA channel C is using the alternate data structure.

Og on write: No effect. Use the CHNL_PRI_ALT_CLR Register to set
bit [C] to O.

18 on write: Selects the alternate data structure for channel C.

Note: The controller toggles the value of the CHNL_PRI_ALT_SET [C] bit after it completes:

» the four transfers that the primary data structure specifies for a memory scatter-gather, or peripheral scatter-
gather, DMA cycle

+ all the transfers that the primary data structure specifies for a ping-pong DMA cycle

» all the transfers that the alternate data structure specifies for the following DMA cycle types:

— ping-pong
— memory scatter-gather

— peripheral scatter-gather

Channel Primary-Alternate Clear Register

The write-only CHNL_PRI_ALT_CLR Register enables you to configure a DMA channel to use the primary data

structure.

CHNL_PRI_ALT_CLR

Channel Primary-Alternate Clear
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31 16
RES
|
r
15 14 13 0
T T
RES CHNL_PRI_ALT_CLR
| |
r w
Field Bits Type Description
RES 31:14 r Reserved
Always read as 0
CHNL_PRI_A |13:0 w CHNL_PRI_ALT_CLR
LT _CLR Set the appropriate bit to select the primary data structure for the

corresponding DMA channel.

Write as for each bit C (C =13 to 0):

Note: Writing to a bit where a DMA channel is not implemented has no
effect.

Og No effect. Use the CHNL_PRI_ALT_SET Register to select the
alternate data structure.
1g Selects the primary data structure for channel C.

Note: The controller toggles the value of the chnl_pri_alt_clir [C] bit after it completes:

» the four transfers that the primary data structure specifies for a memory scatter-gather, or peripheral scatter-
gather, DMA cycle
+ all the transfers that the primary data structure specifies for a ping-pong DMA cycle
» all the transfers that the alternate data structure specifies for the following DMA cycle types:
— ping-pong
— memory scatter-gather
— peripheral scatter-gather

Channel Priority Set Register

The read/write CHNL_PRIORITY_SET Register enables you to configure a DMA channel to use the high priority
level. Reading the register returns the status of the channel priority mask.

CHNL_PRIORITY_SET Offset Reset Value
Channel Priority Set 38, 0000 0000,
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31 16
RES
|
r
15 14 13 0
T T
RES CHNL_PRIORITY_SET
| |
r rw
Field Bits Type Description
RES 31:14 r Reserved
Always read as 0
CHNL_PRIOR |13:0 rw CHNL_PRIORITY_SET

ITY_SET

Returns the channel priority mask status, or sets the channel priority to

high.

For each bit C (C =13 to 0):

Note: Writing to a bit where a DMA channel is not implemented has no
effect.

Og on read: DMA channel C is using the default priority level.

1 on read: DMA channel C is using a high priority level.

Og on write: No effect. Use the CHNL_ENABLE_CLR Register to set
channel C to the default priority level.

18 on write: Channel C uses the high priority level.

Channel Priority Clear Register

The write-only CHNL_ENABLE_CLR Register enables you to configure a DMA channel to use the default priority

level.

CHNL_PRIORITY_CLR Offset Reset Value
Channel Priority Clear 3Cy 0000 0000,
31 16
RES
|
r
15 14 13 0

T T
RES CHNL_PRIORITY_CLR
| |
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Field Bits Type Description
RES 31:14 r Reserved
Always read as 0
CHNL_PRIOR |13:0 w CHNL_PRIORITY_CLR
ITY CLR Set the appropriate bit to select the default priority level for the specified

DMA channel.
Write as for each bit C (C = 13 to 0):

Note: Writing to a bit where a DMA channel is not implemented has no
effect.

Og No effect. Use the CHNL_ENABLE_SET Register to set channel
C to the high priority level.
18 Channel C uses the default priority level.

Bus Error Clear Register

The read/write ERR_CLR Register returns the status of dma_err, and enables you to set dma_err LOW.

ERR_CLR Offset Reset Value
Bus Error Clear 4C, 0000 0000,
31 16
RES
L
r
15 1 0

T
ERR_
RES CLR
r rw
Field Bits Type Description
RES 31:1 r Reserved
Write as zero.
ERR_CLR 0 rw ERR_CLR

Returns the status of dma_err, or sets the signal LOW.
Note: For test purposes, use the err_set register to set dma_err HIGH.

Og on read: dma_err is LOW.

18 on read: dma_err is HIGH.

Og on write: No effect, status of dma_err is unchanged.
1 on write: Sets dma_err LOW.
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Note: If you deassert dma_err at the same time as an ERROR occurs on the AHB-Lite bus, then the ERROR
condition takes precedence and dma_err remains asserted.
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11 Address Space Organization

The TLE986xQX manipulates operands in the following memory spaces:

* up to 128 KByte of Flash memory in code space

+ 32 KByte Boot ROM memory in code space (used for boot code and IP storage)

» up to 6 KByte RAM 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 TLE986xQX:

Address Space Organization

000000004
Reserved (BootROM)
10FFFFFFy
110000004
Flash, up to 128K
(variant dependent)
1101FFFFy
110200004
Reserved
17FFFFFFy
180000004 SRAM, up to 6K
(variant dependent) 180017FF4
180018004
Reserved
3FFFFFFFy
400000004
PBAO
4TFFFFFFy
48000000y
PBA1
5FFFFFFFy
600000004
Reserved
DFFFFFFFy
E00000004
Private Peripheral Bus
EOOFFFFFy
E01000004
Reserved
FFFFFFFFy
Figure 53 TLE986xQX Memory Map
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Each module provides, beside the physical memory implementation, standard AHB-Lite interfaceand Error
Correction Code (ECC) logic if needed.
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Table 65 Memory Map
Start (hex) End (hex) Size (hex) |Space Name Usage
0000_0000 0000_7FFF 8000 Code/Data BROM
0000_8000 10FF_FFFF Reserved Reserved
1100_0000 1101_FFFF 20000 Code/Data NVM, up to 128 KBytes
1102_0000 17FF_FFFF Reserved Reserved
1800_0000 1800_17FF 1800 Code/Data RAM, up o 6 KBytes
1800_1800 3FFF_FFFF Reserved
4000_0000 47FF_FFFF 08000000 |Peripheral 0 Peripheral 0 (PBAO)
4800_0000 5FFF_FFFF 08000000 | Peripheral 1 Peripheral 1 (PBA1)
6000_0000 DFFF_FFFF Reserved reserved
E000_0000 EOOF_FFFF 00100000 |PPB, Private CPU

Peripheral Bus
E010_0000 EFFF_FFFF Vendor specific 1 reserved
FO00_0000 FFFF_FFFF Vendor specific 2 reserved
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Table 66  Peripheral Memory Map

Address Space Organization

Bus Structure Modules Start Address End Address

Peripherals 0 Reserved 40000000 40003FFF
ADC1 40004000y 40007FFF
Reserved 40008000y 4000BFFF
CCU6 4000C000, 4000FFFF
GPT12 40010000y 40013FFF,
Reserved 40014000 40017FFFy
Reserved 40018000, 4001BFFF
Reserved 4001C000, 4001FFFFy
Reserved 40020000 40023FFF
Reserved 40024000 40027FFF
Reserved 40028000, 4002BFFF
Reserved 4002C000, 4002FFFF
Reserved 40030000y 40033FFF,
DRV 40034000, 40037FFF
Reserved 40038000y 4003BFFF
Reserved 4003C000, 4003FFFF
Reserved 40044000 40047FFF,
Reserved 40048000 47FFFFFFy,

Peripherals 1 Reserved 48000000y 48003FFF
TIMER2 48004000 48004FFF
TIMER21 48005000 48005FFF
TIMER3 48006000, 48007FFF
Reserved 48008000y 4800BFFF
Reserved 4800C000, 4800FFFF
Reserved 48010000y 48013FFF,
Reserved 48014000 48017FFF
MF 48018000y 4801BFFF
ADC2 4801C000, 4801DFFF
LIN 4801E000y, 4801FFFFy
UART1 48020000, 48021FFF
UART2 48022000 48023FFF
SSC1 48024000, 48025FFF
SSC2 48026000 48027FFF,
PPORTS 48028000, 48029FFF
Reserved 4802A0004 4802BFFF
Reserved 4802C000, 4802DFFF
Reserved 4802E000,, 4802FFFF
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Table 66  Peripheral Memory Map (cont'd)

Address Space Organization

Bus Structure Modules Start Address End Address
Reserved 48030000, 4FFFFFFF,
Reserved 48004000, 4801FFFF
Reserved 50000000, 50003FFF
PMU 50004000, 50004FFF
Scu 50005000, 50005FFF,
SCUPM 50006000, 50006FFF,
Reserved 50007000, 50007FFF
Reserved 50008000, 50009FFF
Reserved 5000A000, 5000BFFF
Reserved 5000C000, 5000FFFF
Reserved 50010000, 50013FFF
DMA 50014000, 50017FFF,
Reserved 50018000, 5001BFFF,
Reserved 5001C000, 5001FFFF
Reserved 50020000, 50023FFF
Reserved 50024000, 50027FFFy
Reserved 50028000, 5002BFFF
Reserved 5002C000, 57FFFFFF
Reserved 58000000, 58003FFF
Reserved 58004000, 58007FFF
Reserved 58008000, 5800BFFF
Reserved 5800C000, 5800FFFF
Reserved 58010000, 58013FFF
Reserved 58014000, 58017FFFy
Reserved 58018000, 5FFFFFFF,
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12 Memory Control Unit

12.1 Features

» Handles all system memories and their interaction with the CPU

» Memory protection functions for all system memories (D-Flash, P-Flash, RAM)
+ Address management with access violation detection including reporting

* Linear address range for all memories (no paging)

12.2 Introduction

12.2.1 Block Diagram
The Memory Control Unit (MCU) is divided in the following sub-modules:

*  NVM memory module (embedded Flash Memory)
*  RAM memory module

*  BootROM memory module

* Memory Protection Unit (MPU) module

* Peripheral Bridge PBAO

* LMB (Local Memory Bus) interface logic.

A block diagram view of the MCU, together with the main interface signals, is shown in the Figure 54.
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NVM RAM BROM PBAO
S0 S1 s2 s3
f A A A AA A
Memory Protection :
Unit <
= = -
[} =0 =0
=3 23 S3
S 8 S
Sx: Bus Slave
Mx: Bus Master
Y Y Y Y
MO M1 M2 M3
Bus Matrix

MCU_Block_Diagram_overview.vsd

Figure 54 MCU Block View

As shown in the Figure 54, the MCU interface communicates with the external world, mainly the core, via 4 AHB-
Lite interfaces, Data/Code access to the NVM, BootROM and RAM plus an access to the NVM internal registers.
The AMBA bus matrix block decodes the access requests coming from the masters and forwards them to the
target module interface together with the required sideband signals. The AMBA bus matrix block provides all the
needed interface functions between the masters and the memory peripheral. It will generate proper HSEL signals,
and multiplex the response coming from the modules. In addition, the AMBA bus matrix block takes care of
forwarding the transfer according the a fixed priority policy described in the AMBA chapter.

Besides the AHB-Lite and sideband signals, the MCU has access to further Core specific signals, relevant for
memory protection .
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12.3 NVM Module (Flash Memory)

The Flash Memory provides an 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 error by NMI

Program width of 128 byte (page)

Minimum erase width of 128 bytes (page)

Integrated hardware support for EEPROM emulation

8 byte read access

Physical read access time: 75 ns

Code read access acceleration integrated; read buffer and automatic pre-fetch
Page program time: 3 ms

Page erase (128 bytes) and sector erase (4K bytes) time: 4ms

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

The clock for the NVM is supplied with the system frequency fsys. Integrated firmware routines are provided to
erase NVM, and other operations including EEPROM emulation are provided as well.

The TLE986xQX NVM module provides physical implementation of the memory module as well as needed
complementary features and interface towards the core.

The TLE986xQX NVM module consists of the memory cell array and all the control circuits and registers needed
to access the array itself. The up to 128 Kbyte data module is mapped in the M3 code address range 11000000H
- 1101FFFFH while the dedicated SFRs are mapped in the M3 system address range 58004000H - 58007FFFH.

Access of NVM module is granted through the AMBA matrix block that forwards to the memory modules AHB-Lite
interfaces the requests generated by the masters according to the defined priority policy.

12.3.1 Definitions

This section defines the nomenclature and some abbreviations. The used flash memory is a non-volatile memory
(“NVM”) based on a floating gate one-transistor cell. It is called “non-volatile” because the memory content is kept
when the memory power supply is shut off.

12.3.1.1 General Definitions

Logical and Physical states
Erasing

The erased state of a cell is "1°. Forcing an NVM cell to this state is called erasing. Erasing is possible with a
granularity of a page (see below).

Writing

The written state of a cell is "0". Forcing an NVM cell to this state is called writing. Each bit can be individually
written.

Programming
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The combination of erasing and writing is called ‘programming’. Programming often means also writing a
previously erased page.

The wording ‘write’ or ‘writing’ are also used for accessing special function registers and the assembly buffer. The
meaning depends therefore on the context.

The above listed processes have certain limitations:

Retention: This is the time during which the data of a flash cell can be read reliably. The retention time is a
statistical figure that depends on the operating conditions of the flash array (temperature profile) and the accesses
to the flash array. With an increasing number of program/erase cycles (see endurance) the retention is lowered.
Drain and gate disturbs decrease data retention as well.

Endurance: As described above, the data retention is reduced with an increasing number of program/erase cycles.
A flash cell incurs one cycle whenever its page or sector is erased. This number is called “endurance”. As said for
the retention, it is a statistical figure that depend on operating conditions and the use of the flash cells and on the
required quality level.

Drain Disturb: Because of using a so called “one-transistor” flash cell each program access disturbs all pages of
the same sector slightly. Over long these “drain disturbs” make 0 and 1 values indistinguishable and thus provoke
read errors. This effect is again interrelated with the retention. A cell that incurred a high number of drain disturbs
will have a lower retention. The physical sectors of the flash array are isolated from each other. So pages of a
different sector do not incur a drain disturb. this effect must be therefore considered when the page erase feature
is used or when re-programming an ready programmed page (implicitly causing an erase of the page before
writing the new data).

Data Portions
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Array(n-1)*4 kB
sector n-1

NVM

sector 1

sector 0

Map block Data block 0

Data block 1

Spare page

Pae 31

Page 30

Page 1

Page 0

1 page = 16 user data block + 1 mapping information block

1 block = 8 bytes

+ Data block 14 ' Data block 15

byte 0

byte 1

byte 2

byte 3

byte 4

byte 5

byte 6

byte 7

NVM Logical Structure

Figure 55 Logical structure of the NVM core

Doubleword

A doubleword consists of 64 bits. A doubleword represents the data size that is read from or written to the NVM
core module within one access cycle.

Block

A block consists of one doubleword and its associated ECC data (64 bit data and 8 bit ECC). A block represents
the smallest data portion that can be changed in the assembly buffer. Since the ECC protects 64 bits, when a byte
is written to the assembly buffer automatically an NVM internal read of the complete block is triggered, the byte
and the ECC are updated and the complete block is written back to the assembly buffer.

Mapblock

A map block consists of a module specific number of ECC -protected bits that hold the necessary information to
map a physical page to a logical page.

Page

A page consists of 16 blocks and one map block.

Spare page
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A spare page is an additional page in a sector used in each programming routine to allow tearing-safe
programming.

Sector
A sector consists of 32 logical and 33 physical page.

12.3.2 Functional Description

The main tasks of the NVM module are reading form the memory array, writing to the assembly buffer, enabling
(tearing safe) programming of a single page, provide basic in-module functionality for code protection and prefetch
feature for optimized system performance. The main features are listed following:

* 128 KB memory size

* 4 KB configuration sector

+ 3 ms write time per page

* 4 ms erase time per page

» Error correction and Error Detection code (ECC and EDC)
* In module memory protection logic

» Prefetch logic for optimized module performance

12.3.2.1 Basic Block Functions

Figure 56 shows a schematic block diagram of the NVM module
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Figure 56 Schematic view of the NVM core module

12.3.2.2 Memory Cell Array
The non-volatile memory cells are organized in sectors, which consists of pages, which are structured in blocks
and map block.

Page

Each page consists of 16 data blocks of 64 bits each and one map block. The map block stores the mapping
information of the page in the sector. All blocks of a page are ECC-protected.

A page is the smallest granularity of data that can be changed (erased or written) within the cell array. One data
block is the minimum granularity of data that can be read from the NVM module within memory read access.
Employing the integrated EEPROM emulation using the map RAM, the minimum granularity of data that can be
changed in the NVM is one byte, while all other bytes in the page do not change.
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Assembly Buffer
The assembly buffer is a RAM that can hold the content of one page including the mapblocK.

Sector

A sector consists of 33 physical pages. 32 pages can be logically addressed during a memory access. One page
is internally used as a spare page.

Map RAM

The map RAM is a static RAM that holds the mapping of a logical page addresses to physical page addresses for
each sector. Is is completely handled by the NVM programming related BootROM routines. The map-RAM
currently is sized to support a max of 16 map-RAM mapped sectors.

FSM and SFR Block

This block contains the special function registers (SFRs) of the NVM module.Beside memory reads and writes to
the assembly all interactions of the BootROM software with the module take places through register accesses.
The finite state machine (FSM) controls the actions (e.g. read, erase and write) of the NVM module.

Analog Components

The module contains analog components to provide all the voltages necessary for erasing, writing and reading the
non-volatile memory cells.

12.3.2.3 SFR Accesses

All SFRs can only be accessed through the NVM related BootROM routines, that is, the customer software cannot
access the SFRs directly but has to use BootROM routines.

12.3.2.4 Memory Read

The NVM memory internally can be read with a minimum granularity of one block (64 data bits).

If the block is not within the memory address range of the NVM module, the module does not react at all and a
different memory module may handle the access.

Memory read accesses are only possible while no FSM procedures (program, init, sleep or copy) is in progress.
A memory read access while the FSM is busy is stalled as long as the FSM is busy and the access is carried out
when the FSM is in idle mode again.

Since a read to the memory field takes a fixed time mostly independent of the system frequency, an optimized
number of waitstates (3, 1 or, 0) is generated for different system frequencies.

Furthermore, a module internal read buffer holds the block read last. An access to an address within this block
does not trigger a new reading from the memory field but is directly served from the read buffer.

To reduce system performance penalties due to the waitstates, a special local in-module prefetch unit is
implemented.

12.3.2.5 Memory Write

Data is not written to the memory array directly, but to the assembly buffer and then copied into the cell array by
the write sequence.
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Memory writes are handled through the BootROM software, which at first copies the existing content of a page to
the assembly buffer, allows the user to modify the content of the assembly buffer and afterwards executes the
programming of the data to the memory field followed by a verification step.

12.3.2.6 Timing
The target timing of the hardware sequences excluding the software overhead is shown below:

+ Erase: 4.0 ms per page

*  Write: 3.0 ms per page

» Program (= Erase+ Write): 7.0 ms per page

The disturb handling routine when enabled with a probability of a approximately 0.1% adds additional 7.0 ms to a
page write or program operation.

12.3.2.7 Verify

The data programmed by the BootROM function is verified by the BootROM routine itself. The programmed data
in the cell array is compared with the data still available in the assembly buffer. This is done using suitable hard-
read levels. These hard-read levels provide a margin compared to the normal read level to ensure that the data is
actually programmed with suitably distinct levels for written and erased bits.

12.3.2.8 Tearing-Safe programming

The mapping mechanism of the NVM module is used like a log-structured file system: When a page is
programmed in the sector the old values are not physically overwritten, but a different physical page (spare page)
is programmed in the same sector in fact. If the programming fails (e.g. because of power loss during the erase
or write procedure), the old values are still present in the sector. The BootROM routines therefore can program a
single page in a tearing-safe way.

When an erase or write procedure to the memory field was interrupted by a power-down, this is identified during
the reconstruction of the map-RAM content after the next reset. In this case, a special routine in the BootROM
(called Service Algorithm) is automatically started, identifies this tearing case of respective logical page and
repairs the NVM state, ensuring that either the old or the new data (or both) are fully valid.

12.3.2.9 Disturb handling

Due to the implementation of the cell array, while writing a page into the cell array all other pages within the same
sector are slightly written (disturbed) too. If some pages of a sector are changed often and other pages of the same
sector only rarely, these rarely programmed pages may be disturbed too often and loose their data.

If the disturbs for a page exceed a specific value (this happens only when a different page in the same sector is
programmed), the page has to be reprogrammed (refreshed). A dedicate option of the programming routines
provided with the BootROM make sure that the pages are refreshed in time.

As mentioned, the refreshing of a page - when actually triggered - will double the overall programming time.

12.3.2.10 ECC and EDC

The NVM module provides all needed logic for proper error correction and detection logic. Since the block is the
smallest data portion used for accessing the array in read and write, the ECC and EDC are performed at block
level. Requirement is to provide a single bit ECC and 2 bits EDC per block, that is 1 bit correction over 64 data bits.

Since the ECC protects 64bits, when a byte is written to the assembly buffer automatically an NVM internal read
of the complete block is triggered, the byte and the ECC are updated and the complete block is written back to the
assembly buffer.
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12.3.2.11 Resume from disturbed Program/Erase operation

If a NVM operation like Program or Erase was interrupted by any means, then a data integrity check of the data
flash is required. The data integrity check can be done by performing a cold reset, power-up reset, pin reset, WDT1
reset or exit from SleepMode. All these resets are running through the MapRAM Initialization of the BootROM,
which executes the Service Algorithm in case a data integrity issue inside the data flash was detected. The Service
Algorithm tries to resolve a data integrity issue by erasing erroneous data flash pages in order to maintain an
proper data flash mapping. The return value of the Service Algorithm is provided inside the register MEMSTAT to
the user application. The user application has to evaluate the MEMSTAT register in order to perform appropriate
corrective actions if needed. Furthermore the register SYS_STRTUP_STS provides status information about the
MapRAM Initialization function executed during start-up. It allows the user directly to jugde the data integrity of the
data flash. In case the SYS_STRTUP_STS register reports a MapRAM Initialization fail it is not recommended to
perform any further write operation to the data flash, as this migh result in unrecoverable loss of data integrity
inside the data flash. A reinitialization of the data flash by performing a SECTOR_ERASE will then be the only
solution. Instead a reset of the device might be triggered in order to execute the Service Algorithm. If even the
Service Algorithm fails to resolve the data integrity issue then the data flash sector has to be reinitialized. In order
to provide full reliability of the data flash module and to avoid any loss of data integrity inside the data flash the
user has to ensure that no NVM operation which changes the content of the data flash module, program or erase,
get interrupted at any time. Appropriate actions to support this could be:

» the capacitor at the VS input has to be dimensioned large enough to provide enough charge to the device to

keep the VS supply in the specified range until the NVM operation ended normally

check the supply voltage to be high enough and stable before a NVM operation gets started in order to end

the NVM operation normally without interruption

» disable interrupts in the system before a NVM operation gets started, reenable the interrupts upon return

+ avoid nested NVM operations

» trigger the WDT1 in short-open-window mode for any NVM operation

» evaluate the return values of the NVM operations and perform corrective actions accordingly

» check the data integrity of the data flash by executing the USER_MAPRAM_INIT function and perform
corrective actions accordingly

Note: The above mentioned recommendation do also apply to NVM write/erase operations to the code flash and
as well as to the 100TP pages.

12.3.2.12 Code and Data Access through the AHB-Lite Interface

The system provides access to the data stored in the NVM cell array through an AHB Lite interface. Whenever the
core needs to fetch instructions or read data form or write data into the NVM module, a proper AHB Lite compliant
access request is forwarded by the bus matrix block into the module.

12.3.2.13 Prefetch Unit

At typical sys