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Features

«  32-bitArm” Cortex’-MO core: up to 40 MHz clock frequency
+  On-chip memory: 40 KB flash (including EEPROM),
4 KB EEPROM (emulated in flash), 768 bytes 100 time
programmable memory (100TP), 2 KB RAM, boot ROM for
start-up firmware and flash routines
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+  Power saving modes: Microcontroller unit slow-down
mode, Sleep mode with cyclic sense option, Cyclic wake-up
during sleep mode, Stop mode with cyclic sense option

+  Single power supply from 3.0 Vto 28V, integrated 5V

voltage supply VDDEXT for external loads, e.g. hall sensors ~ Product type Package Marking
+ Integrated LIN transceiver TLE9842-20X VQFN-48-31  TLE9842-2QX
«  On-chip OSC and PLL for clock generation VQFN-48-79
«  Measurement unit: 8-bit ADC with 7 channels for voltage UD step only
and temperature supervision, 10-bit ADC with 13 channels
(6 analog inputs, 5 HV MON inputs and battery sense),
on-chip temperature and battery voltage measurement
« 2 high-side switches, 2 low-side switches with PWM
capability
«  LIN bootstrap loader to program the flash via LIN (LIN BSL)
+  Temperature grade-1 device
Potential applications
«  Window lift
Product validation
Qualified for automotive applications.
Product validation according to AEC-Q100.
" Arm and Cortex are registered trademarks of Arm Limited, UK
Datasheet Please read the sections "Important notice" and "Warnings" at the end of this document Rev. 1.2

www.infineon.com 2024-01-15


https://www.infineon.com

o~ _.
MOTIX™ TLE9842-2QX Infineon
Microcontroller with LIN and power switches for automotive applications

_______________________________________ 1
' |
' |
LIN ¢ LIN |
|
| Cun j_ I
| I |
| Rwmonx |
GND ¢ GND MON 1 —L j_ ?
| RveaT_sEnsE
CmoNx CmMoNx |
I T:IT VBAT_SENSE I I |
| Rmonx |
I CVBAT_SENSEZI CVBAT_SENSEII MON 2 I
| L LT
| N Cmonx Cwmonx |
Vear O I/I ® L VS I I I
| ‘__L, Rmonx |
| Civs Cavs
T =T e T
| L Lo
: Cwmonx I Cwmonx I |
|
: Rmonx |
A
| MON 4 O
M+ I S— - Cwmonx % Cwmonx % :
|
| | [ I )
: LS1 |
| e jee :
M- Rahs l
| Sl I A
| LS2
| Cins Cahs :
| L 1
: ::I Rins ,JI\
I |~ PWM HS1
| 1L 1T y
| CiHs CaHs | N
| T T =T
' |
' VDDC |
: |
Speed Cvbpc I
[ Double Hall — CC60 I |
| Direction
sensor Ccel |
' e.g TLE 4966 s VDDEXT VDDP |
| 1 L |
I CvppExT Cvoop I
| T L |
' |
. _ e _______ 1
* only available in product variants with HS2
Figure 1 Typical application
Datasheet 2 Rev.1.2

2024-01-15



MOTIX™ TLE9842-2QX imn eon

Microcontroller with LIN and power switches for automotive applications

Table of contents

Table of contents

FeatUres . . ... e 1

Potential applications . ....... ... i e 1

Productvalidation........ ... .. i i e e 1

Tableof contents . ... ... . e e 3
1 Block diagram . ... .. 8
2 Device pinout and pinconfiguration......... ... ... .. ... 9
2.1 DVICE PINOUL . oottt e e e e 9
2.2 PN CONfigUIAtiON . oot e 10
3 Introduction . ... ... e 13
4 Modesof operation . ....... ... ... e 14
5 Power managementunit (PMU) ...... ... . .. . i e 16
5.1 FatUIES . o ot et 16
5.2 T oY ¥ Tt o o S 16
521 Block diagram . ..o e 17
5.2.2 PMU MOES OVEIVIEW . . v vttt ettt ettt et ettt ettt e e e et eeeeas 19
53 Power supply generation (PGU) .. ..ottt e e e 20
53.1 Voltage regulator 5.0 V (VDDP) . .. v ettt et e e e 20
5.3.2 Voltage regulator 1.5V (VDDC) . .. v vttt ettt et e e e e 21
5.3.3 External voltage regulator 5.0 V (VDDEXT) . .. evuttintt ettt e iie e eieeaas 22
53.4 LOW-Vg OPEratiON ¢ oottt e 23
6 System control unit - digital modules (SCU-DM) .............. ... ..ottt 24
6.1 FEatUIES . o oo e e e 24
6.2 A o 11Tt o o 24
6.2.1 BloCk diagram . ..o e 25
6.3 Clock generation UNit. .. ...t e et et 26
6.3.1 LOW Precision ClOCK . ... vt i ettt e e 26
6.3.2 High precision oscillator circuit (OSC_HP) ... ..ot i e 26
6.3.2.1 Externalinput clockmode. ... ..o e e e 26
6.3.2.2 External crystal mode . . ...t e 26
6.3.3 Clock control Unit. . ..o e e 28
7 System control unit - power modules (SCU-PM) ........... ... .. ittt 30
7.1 Description of the power modules system controlunit............. ... ... 30
7.2 1 oY 0Tt oY o PP 30
7.2.1 BloCK diagram ..o e 30
8 AFM COPtEX “MO COTE . . ... e oo ettt e e e 31
8.1 FatUNES . oot e et 31
Datasheet 3 Rev. 1.2

2024-01-15



MOTIX™ TLE9842-2QX imn eon

Microcontroller with LIN and power switches for automotive applications

Table of contents

8.2 T oY 0Tt o o AP 32
8.2.1 BloCK diagram ..ot e 32
9 Address spaceorganization............ ... ... .. i 33
10 Memory control Unit . ... ... ... . 35
10.1 FatUIES . o .t e e e e e 35
10.2 1 oY ¥ Tt o o S 35
10.2.1 Block diagram . ..o e 35
11 NVM module (flashmemory) ... . i e 37
11.1 D NI ONS . . oot e 38
11.1.1 General definitions . . ... e 38
12 INterrUPt SY S eM . . .. e e e e e 40
12.1 FatUIES . o .t e e et 40
12.2 T oY 0Tt o o S 40
12.2.1 L0 YT V= A 40
13 Watchdog timer (WD T L) .. ... ..ottt et e e e et e ei e eneans 42
13.1 FatUIES . o . e 42
13.2 ] oY 8Tt o o AP 43
14 GPIO portsand peripheral /O . ... ... . 44
14.1 FatUIES . o . e 44
14.2 1] oY 0Tt o o P 45
14.2.1 o0 0 o T I o To Y 45
14.2.2 POt 2 o e e e 46
14.3 Portimplementationdetails. ...t e e e s 47
143.1 o o O 47
143.1.1 POt O fUNCHIONS . ..ot t  a 47
14.3.2 POt L o et 50
14.3.2.1 POrt L fUNCHIONS . .ot e e 50
14.3.3 o o P 52
1433.1 POt 2 fUNCHIONS . .t e 52
15 Generalpurpose timer units (GPTL2) . ... ... ...ttt i 54
15.1 FatUNES . oot e e e e 54
15.1.1 Features DloCK GPT L. . ittt e e e e ettt 54
15.1.2 Features bloCk GPT 2 .. . e et e et e 54
15.2 0 oY ¥ Tt o o 1S 54
15.2.1 Block diagram GPT L . ...ttt e e e 55
15.2.2 Block diagram GPT 2 . ..ot e 56
16 Timer2 and Timer 2L . ... ... e 57
16.1 FatUIES . o . et 57
16.2 T oY 8Tt o o 1SR 57
16.2.1 Timer2 and Timer21 Modes OVEIVIEW . . ... vttt ettt e e et eeie e 57
Datasheet 4 Rev. 1.2

2024-01-15



MOTIX™ TLE9842-2QX imn eon

Microcontroller with LIN and power switches for automotive applications

Table of contents

17 Capture/compare unit 6 (CCUGB) . ...ttt et 59
17.1 FEatUIre SEt OVEIVIEW . . oot i it e ettt et e e i 59
17.2 ML oAU ON .« et e 60
17.2.1 Block diagram . ..o e 60
18 UART L UART 2 . .. oottt et e e e e e 61
18.1 T R <A 61
18.2 ML OdUCHION L .t e e e 61
18.2.1 BloCK diagram ..ot 62
18.3 UART MOES . oottt ettt ettt e e 63
19 LIN transceiver (TRX) . ..o et e e e 64
19.1 FatUINES . oot e 64
19.1.1 Generalfunctionalfeatures . ... et e e e 64
19.1.2 Mode Of OperatioN . ... e e 64
19.1.3 SPECIAl fEAtUNES . . ettt e 64
19.14 SlopPE MOAE fEAtUNES . . .ttt e e e e 64
19.1.5 WaKe-UP fEAtUNES . . vttt e e e e e e 64
19.2 ML oAU ON L . et e 65
19.2.1 Block diagram . ..o e 66
20 High-speed synchronous serialinterface SSC1/SSC2.......................ciiiiiinn... 67
20.1 T A < 67
20.2 ML oAU ON .« .ot e 67
20.2.1 Block diagram . ..o e 68
21 Measurement UNit . ... ... e 69
21.1 T A < 69
21.2 INErOdUCH ON L .ottt e 69
21.2.1 BloCK diagram ..ot e e 70
22 Measurement core module (incl. ADC2) . ... i e 71
22.1 FOatUIES . o ittt i e e e e e e e e e e e e e e 71
22.2 1] oY 0Tt o o P 71
22.2.1 BloCK diagram ..o e e 71
23 10-bit analog digital converter (ADC1)......... ..ottt i, 72
231 FatUINES . oot e e 72
23.2 A o 11 Tt o o 73
23.2.1 BloCKk diagram . ..o e 73
24 High-voltage monitorinput....... ... ... .. . i i 74
241 FatUIES . o ot e 74
24.2 ML OAUCH ON .« ettt e e 74
24.2.1 Block diagram . ..o e e 74
25 High-side sWitCh . ... ... ... i e e 75
Datasheet 5 Rev. 1.2

2024-01-15



MOTIX™ TLE9842-2QX imn eon

Microcontroller with LIN and power switches for automotive applications

Table of contents

25.1 FEatUIES . oo e e e 75
25.2 INtrOdUCTION . . .ottt e e e 76
25.2.1 Block diagram . ..o e e 76
25.2.2 (1T VT - | A PP 76
26 Low-side sSWitCh ... ... ... e 77
26.1 FatUNES . oo e e 7
26.2 N OdUCHION et e e e e 78
26.2.1 Block diagram . ..o e 78
26.2.2 (1= 3= ] PP 78
27 Applicationinformation . ............. . .. . . e 79
27.1 Relay window lift application diagram ...t e 79
27.2 ConNeCtion Of NG, PiNS .ottt et ettt e ettt et e 80
27.3 Connection Of UNUSEd PiNS . ... vu et ittt e e it eeens 81
27.4 Connection of P0.2 for SWD debugmode . ..o e 81
27.5 CoNNECtioN Of TMS . . Lot et e e e e 81
27.6 ESD immunity according to ISOL10605 . .. ...ttt e et 82
28 Electrical characteristics . ......... ... i 83
28.1 General CharaCteristiCs . . ..o vttt e e e 83
28.1.1 Absolute Maximum ratings . . ..ottt e 83
28.1.2 FUNCHIONAL raNge . . . ettt e e e e e e e e 85
28.1.3 CUITENt CONSUMIPEION . o ittt ettt ettt et ettt iaaaeeeeas 86
28.1.4 Thermal resistanCe . . ...ttt e e 90
28.1.5 TimMiNg CharaCteristiCs . .. oot e e e 90
28.2 Power management unit (PMU) .. ...ttt e e e 91
28.2.1 PMU INpUt VO VS . o oot e e et e 91
28.2.2 PMU 1/O supply parameters VDD P ... . et e 91
28.2.3 PMU core supply parameters VDDC . ...ttt e et et 93
28.2.4 VDDEXT voltage regulator 5.0V . ... e 94
28.2.5 VPRE voltage regulator (PMU subblock) parameters...........ccoviiiiiiiiinieninennn.. 96
28.2.5.1 Load sharing of VPRE regulator. . ..ottt e 96
28.2.6 Power down voltage regulator (PMU subblock) parameters.............ccoviiiiiienna... 97
28.3 SYStEM ClOCKS . . ..ottt e 98
28.3.1 Electrical characteristics oscillatorsand PLL . . ... ..o e 98
28.3.2 External clock parameters XTALL, XTAL2 . ... vvveiiiit ettt eeeenanns 99
28.4 Flash parameters . . ... i e e e e e 101
28.4.1 Flash charaCteristics . ... ..o e e 101
28.5 Parallel ports (GPIO) . ...ttt e e e 102
28.5.1 Description of keep and forcecurrent. ... ... e 102
28.5.2 DC parameters port 0, port I, TMS, reset . . ..ot e e een 103
28.5.3 Dl parameters POt 2 ..ottt e e e e e 105
28.5.4 Operating coNditioNS . . ...t e e 106
Datasheet 6 Rev. 1.2

2024-01-15



MOTIX™ TLE9842-2QX imn eon

Microcontroller with LIN and power switches for automotive applications

Table of contents
28.6 LIN EransCeiver (TRX) . oottt ettt e et e 108
28.6.1 Transceiver general charaCteristiCs . . ... vttt e e 108
28.6.1.1 Transmitterinterface . ... e e 109
28.6.1.2 ReCEIVEr Nt aCE . ..ttt 109
28.6.2 LIN AN S IV o o vttt ettt e e e et e e e e 110
28.6.2.1 ReCeIVEr INtEI aCe . .. it e e 110
28.6.2.2 Transmitterinterface . ... e e 111
28.6.2.3 LIN waveform diagrams . . ... o.ue e e e 113
28.6.3 Parameter teSt CirCUIT . . ..ottt et e e et e s 114
28.7 High-speed synchronous serialinterface ... 115
28.7.1 S Mg e o e ettt e e 115
28.8 MEaSUIEM Nt UNit . oot ettt e et e e e 116
28.8.1 Electrical charaCteristics . ... et e e e 116
28.8.2 Central temperature sensor module . ... e 119
28.8.2.1 Electrical characteristics . ..o ittt e e e e 119
28.9 ADCT (10-D0t) oo 120
28.9.1 ADClL referenCe VOltage . . .o vttt e e 120
28.9.2 Electrical characteristics ADC1 (10-bit) . ...t e 120
28.10 High-voltage monitoring input . . ...t e e 122
28.10.1 Electrical charaCteristics . ... et e e e 122
28.11 High side switches .. ... . e e 123
28.11.1 Electrical characteristics . . ..ottt e e e e 123
28.12 LOW-SIde SWItCNES . . o oot e e e 126
28.12.1 Electrical characteristics . ... et e e e 126
29 Packageinformation......... ... ... . . 128
30 AbbBreviations . ... e e 130
ReVISION NMiStOrY .. ... . i e e e 132
DisClaimer . ... e e 134
Datasheet 7 Rev. 1.2

2024-01-15



MOTIX™ TLE9842-2QX imn eon

Microcontroller with LIN and power switches for automotive applications

1 Block diagram

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

P2.1 37 |
N.C. 38 H
P2.0 39 |
N.C. 40 |l -t
N.C. 41 1
VDDC 42 |
GNDA 43 |
VDDP 44 |
VDDEXT 45 |
N.C. 46 I

VS 47 |
VBAT_SENSE 48 |

GNDLIN 2
HS1 3
HS2 4

24 P0.4

23 P0.3

22 P0O.2

21 RESET

20 P0.0/SWD_CLK
19 GNDP

18 TMS /SWD_IO
17 PO.1

16 P1.2

15 P1.1

14 P1.0

13 GNDLS

Figure 3 Device pinout, TLE9842-2QX
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2 Device pinout and pin configuration

2.2 Pin configuration

After reset, all pins are configured as input (except the power supply pins and the LIN pin). The table below
shows the device pin types, functions and reset states. Not all alternate functions are listed, for more details see
Chapter 14.

Table1 Pin definitions and functions
Symbol Pin number | Type |Reset |Function
state
PO Port 0 is a 6-bit bidirectional general purpose I/O port.

Alternate functions can be assigned and are listed in the port
description section. Only main functions are listed below.

P0.0 20 I/O I/PU SWD_CLK Serial wire debug clock
GPIO General purpose 10
Alternate function mapping see Table 7
PO0.1 17 I/O I/PU GPIO General purpose 10
Alternate function mapping see Table 7
Po0.2 22 /O |/PD GPIO General purpose |10
Alternate function mapping see Table 7
P0.3 23 I/0 I/PU GPIO General purpose 10
Alternate function mapping see Table 7
P0.4 24 I/O I/PU GPIO General purpose 10
Alternate function mapping see Table 7
P0.5 25 /O I/PU GPIO General purpose 10
Alternate function mapping see Table 7

P1 Port 1 is a 4-bit bidirectional general purpose I/O port.
Alternate functions can be assigned and are listed in the port
description section. Only main functions are listed below.

P1.0 14 I/O GPIO General purpose I/0

Alternate function mapping see Table 8
P1.1 15 I/0 GPIO General purpose I/0

Alternate function mapping see Table 8
P1.2 16 I/O GPIO General purpose I/0

Alternate function mapping see Table 8

P1.4 26 I/O GPIO General purpose I/0
Alternate function mapping see Table 8

P2 Port 2 is a 8-bit general purpose 1/0 port. Alternate functions
can be assigned and are listed in the port description section.
Only the main functions are listed below.

I ANO ADC1 analog input channel 12
Alternate function mapping see Table 9

P2.0 39

(table continues...)

Datasheet 10 Rev. 1.2
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2 Device pinout and pin configuration

Table1 (continued) Pin definitions and functions
Symbol Pin number | Type |Reset |Function
state
P2.1 37 [ I AN1 ADC1 analoginput channel 7
Alternate function mapping see Table 9
p2.2 33 I AN2 ADC1 analog input channel 8
Alternate function mapping see Table 9
P2.3 36 I AN3 ADC1 analog input channel 9
Alternate function mapping see Table 9
P2.4 32 I XTAL1 External oscillator input
Alternate function mapping see Table 9
pP2.5 31 I/0 XTAL2 External oscillator output
Alternate function mapping see Table 9
P2.6 34 I ANG ADC1 analog input channel 10
Alternate function mapping see Table 9
pP2.7 35 [ AN7 ADC1 analoginput channel 11
Alternate function mapping see Table 9
Power supply
Vs 47 P - Battery supply input
VDDP 44 P - I/O port supply (5.0 V). Do not connect external loads. For
buffer and bypass capacitors
VDDC 42 P - Core supply (1.5 V during active mode, reduced voltage
during stop mode). Do not connect external loads. For buffer/
bypass capacitor
VDDEXT 45 P - External voltage supply output (5.0 V, 20 mA)
GNDLS 13 P - Low-side ground LS1, LS2
GNDP 19,30 P - Core supply ground
GNDA 43 P - Analog supply ground
GNDLIN 2 P - LIN ground
Monitor inputs
MON1 5 I I High voltage monitor input 1
MON2 6 I I High voltage monitor input 2
MON3 7 [ I High voltage monitor input 3
MON4 8 [ I High voltage monitor input 4
MONS5 9 [ I High voltage monitor input 5
High-side switch/low-side switch outputs
LS1 11 0 Hi-Z Low-side switch output 1
LS2 12 0 Hi-Z Low-side switch output 2

(table continues...)

Datasheet 11 Rev. 1.2
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Table1 (continued) Pin definitions and functions
Symbol Pin number | Type |Reset |Function
state
HS1 3 0 Hi-Z High-side switch output 1
HS2 4 0 Hi-Z High-side switch output 2
LIN interface
LIN 1 I/O PU LIN bus interface input/output
Others
TMS 18 I I/PD TMS Test mode select input
SWD_IO Serial wire debug input/output
RESET 21 /O I/O/PU | Reset input/output, not available during sleep mode
VBAT_SENSE 48 I I Battery supply voltage sense input
N.C. 27,28,29, |- - No internal connection, should be connected to GND
38,40,41
10, 46 - - No internal connection, should be connected to GND or left
open
EP - - - Exposed pad, connect to GND

Type and default state abbreviations used in the table above:
« 1/O: Input/output

« l:Inputonly

«  O:Outputonly

«  P:Powersupply

«  PU:Pull-up enabled

+  PD: Pull-down enabled
+  Hi-Z: High-impedance

Datasheet

12 Rev. 1.2
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3 Introduction

3 Introduction

This highly integrated circuit contains analog and digital functional blocks. For system and interface control an
embedded 32-bit Arm’ Cortex’-M0 microcontroller is included. For internal and external power supply
purposes, on-chip low drop-out regulators are existent. An internal oscillator (no external components
necessary) provides a cost effective and suitable clock in particular for LIN responder nodes. As communication
interface, a LIN transceiver and several high-voltage monitor inputs with adjustable threshold and filters are
available. Furthermore, two high-side switches (e.g. for driving LEDs or powering switches), two low-side
switches (e.g. for relays) and several general purpose input/outputs (GP10) with pulse-width modulation (PWM)
capabilities are available.

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

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

The integrated circuit is available in a package with 0.5 mm pitch and is designed to withstand the challenging
conditions of automotive applications.

Datasheet 13 Rev. 1.2
2024-01-15



o~ _.
MOTIX™ TLE9842-2QX Infineon
Microcontroller with LIN and power switches for automotive applications

4 Modes of operation

4 Modes of operation

The TLE9842-2QX has several operational modes mainly to support low power consumption requirements.

Active mode

In Active mode all modules are activated and the TLE9842-2QX is fully operational.

Stop mode

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

Sleep mode

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

Cyclic wake-up

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

Cyclic sense

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

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

Table 2 Power mode configurations
Module/function Active mode |Sleep mode Stop mode Comment
VPRE, VDDP, VDDC ON OFF ON -
VDDEXT ON/OFF OFF Cyclic/ON/OFF -
HSx ON/OFF Cyclic Cyclic Cyclic sense
LSx ON/OFF OFF OFF -
LIN ON/OFF Wake-up only/OFF Wake-up -
only/OFF
(table continues...)
Datasheet 14 Rev.1.2
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4 Modes of operation

Table 2 (continued) Power mode configurations
Module/function Active mode |Sleep mode Stop mode Comment
MONXx (wake-up) n.a. Disabled/static/cyclic | Disabled/static/ |Cyclic: combined with
cyclic HS=on
MONx (measurement) ON/OFF OFF OFF Available on all
channels
VS sense ON/OFF Brownout detection | Brownout Brownout detection
brownout detection donein PCU
detection
VBAT_SENSE ON/OFF OFF OFF -
GPIO 5V ON OFF ON -
WDT1 ON OFF OFF -
CYCLIC WAKE n.a. Cyclic wake-up/cyclic | Cyclic wake-up/ | Cyclic sense with HS;
sense/OFF cyclic sense/OFF | wake-up needs MC
for enter sleep mode
again
Measurement ONY OFF OFF -
Microcontroller unit ON/slow- OFF OFF -
down/STOP
CLOCK GEN (MC) ON OFF OFF -
LP_CLK (fip c1K) ON OFF OFF WDT1
LP_CLK2 (fip_cLk2) ON ON ON For cyclic wake-up

1) May not be switched off due to safety reasons.

Wake-up source prioritization

All wake-up sources have the same priority. In order to handle the asynchronous nature of the wake-up
sources, the first wake-up signal will initiate the wake-up sequence. Nevertheless all wake-up sources are
latched in order to provide all wake-up events to the application software. Only the software can clear the
wake-up source flags. It is ensured, that no wake-up event is lost since the wake-up events are captured at
anytime (Active mode, transitions, Sleep mode, Stop mode).

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

wake-up source by default.

Wake-up levels and transitions

The wake-up can be triggered by rising, falling or both signal edges for each monitor input and GPI0s

individually.

Datasheet
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5 Power management unit (PMU)

5 Power management unit (PMU)

5.1 Features

«  System modes control (start-up, sleep, stop and active)

+  Power management (cyclic wake)

+  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)

«  Systemerror logging

5.2 Introduction

The power management unit is responsible for generating all needed voltage supplies for the embedded MCU
(VDDC, VDDP) and the external supply (VDDEXT). Additionally, the PMU provides well defined sequences for the
system mode transitions and generates hierarchical reset priorities. The reset priorities control the reset
behavior of all system functionalities especially the reset behavior of the embedded MCU. Another purpose of
the power management unit is to ensure the fail safe behavior of the system IC.

Therefore the power management unit controls all system modes including the corresponding transitions. To

ensure this system-commander role of the PMU, an independent logic supply and system clock are internally
implemented and they work independently from the MCU clock.
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2024-01-15



o~ _.
MOTIX™ TLE9842-2QX Infineon
Microcontroller with LIN and power switches for automotive applications

5 Power management unit (PMU)

5.2.1 Block diagram

The following figure shows the structure of the power management unit. The table below describes the
submodules more detailed.

. Vs
- [
Power down supply ) K= ) ) VDDP
Power supply generation unit
(PGU)
’ VDDC
[
N v
eg forwdTl | 44 LP_CLK T
Peripherals | K——)I E LDO for external supply
e.g. forcyclicwake | 44 LP_CLK2 E VDDEXT (] VoDEXT
A
L
PMU-PCU () g PMU-SFR
U
GPIO port P1.x = S k= PMU-CMU
MONx i PMU-WMU (—)
LIN [ — PMU-RMU
PMU control
Power management unit
Figure 4 Power management unit block diagram
Table 3 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
(=fip cik) submodules the 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 independent clock
source for WDT1
LP_CLK2 Clock source for PMU This ultra low power oscillator generates the clock for
(= fLp_cLka) the PMU in stop mode and in the cyclic modes
Peripherals Peripheral blocks of PMU These blocks include the analog peripherals to ensure
a stable and fail safe PMU start-up and operation
(bandgap, bias)
Power supply |Voltage regulators for VDDP and This block includes the voltage regulators for the pad
generation VDDC supply (VDDP) and the core supply (VDDC)
unit (PGU)

(table continues...)
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Table 3 (continued) Description of PMU submodules
Mod. Modules Functions
name
VDDEXT Voltage regulator for VDDEXT to This voltage regulator is a dedicated supply for external
supply external modules (e.g. modules
sensors)
PMU-SFR All PMU relevant extended special | This module contains all PMU relevant registers, which
function registers are needed to control and monitor the PMU
PMU-PCU Power control unit of the PMU This block is responsible for controlling all power related
actions within the PGU module. It also contains all
regulator related diagnosis like under- and overvoltage
detection, overcurrent and short circuit diagnoses
PMU-WMU Wake-up management unit of the | This block is responsible for controlling all wake-up
PMU related actions within the PMU module
PMU-CMU Cyclic management unit of the PMU | This block is responsible for controlling all actions within
cyclic mode
PMU-RMU Reset management unit of the PMU | This block generates resets triggered by the PMU like
undervoltage or short circuit reset, and passes all resets
to the relevant modules and their register. A reset status
register with every reset source is available
Datasheet 18 Rev.1.2
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5.2.2 PMU modes overview

The PMU offers a set of four operating modes:

+ Active mode: The embedded system supplies, VDDP and VDDC, are operational and VDDEXT can be
enabled by the user software

«  Sleep mode: All embedded system supplies, VDDC, VDDP and VDDEXT, are turned off
«  Fail Sleep mode: Same as for Sleep mode

«  Stop mode: VDDP, VDDEXT and VDDC are operational. VDDEXT can be kept off by the user or be used for
cyclic sense

Active mode is the PMU state that allows full operation of the embedded system, so is the one that allows for
the user software and application to run.

In order to decrease power consumption during idle application instances, the user can set the system and the
power supply generation in Stop mode or Sleep mode. In case of predefined fail safe scenarios the PMU will be
able to lead the system in Fail Sleep mode, which also allows for low power consumption.
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5.3 Power supply generation (PGU)

5.3.1 Voltage regulator 5.0 V (VDDP)

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

Features

« 5Vlow-drop voltage regulator

«  Overcurrent monitoring and shutdown with MCU signaling (interrupt)

«  Overvoltage monitoring with MCU signaling (interrupt)

« Undervoltage monitoring with MCU signaling (interrupt)

« Undervoltage monitoring with reset (undervoltage reset, Vpppuy)

«  Overtemperature shutdown with MCU signaling (interrupt)

+  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 a proper regulator functionality.

VDDP regulator

S
N VDDP
VDDP
‘L oo

N

LDO supervision

-
%
-
%
-
B

Q ]

< |

9% 2 e

x o o

w w

=3 > z

N i SI o

>

Inl 8 ml %

o ) %}

= =

o o
Figure 5 Module block diagram of VDDP voltage regulator
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5.3.2 Voltage regulator 1.5V (VDDC)

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

Features

+ 1.5Vlow-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

+  Overtemperature shutdown with MCU signaling (interrupt)

+  Pull-down current source at the output for sleep mode only (typ. 100 nA)

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

VDDC regulator
VDDP (5V) VDDC (1.5V)
V) |\
e v v Cvone —
VDDP VDDC
L ! L
15VLDO |«
/\
\J Y Y
Supervision
y Y y
[a) 4 =
< o —
9 o S
o [a4 o
= L =
O| O| O|
n n n
3 e S
DI DI o]
= = =
o o o
Figure 6 Module block diagram of VDDC voltage regulator
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5.3.3 External voltage regulator 5.0 V (VDDEXT)

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

Features

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

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

+  Undervoltage monitoring and shutdown with MCU signaling (interrupt)

+  Overtemperature shutdown with MCU signaling (interrupt)

«  Pull-down current source at the output for Sleep mode only (typ. 100 uA)

+  Cyclic sense option together with GPIOs (Stop mode only)

« Low current mode available to ensure reduced stop mode current consumption. In this mode current
capability is reduced to lyppext_Lcm

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

VDDEXT regulator
S VDDEXT (5V)
[ Y
h d
— ¢ v c —
VS VDDEXT
L ! L
'
VDDEXT LDO
A
Y Y
Supervision

Y Y

[
S )
= &
& 2
) z
— I
& =
2 o)
> =

Figure 7 Module block diagram
Datasheet 22 Rev. 1.2

2024-01-15



o~ _.
MOTIX™ TLE9842-2QX Infineon
Microcontroller with LIN and power switches for automotive applications

5 Power management unit (PMU)

5.3.4 Low-Vg operation

The integrated VDDP regulator will enter dropout operation as the VS pin voltage is dropping below the min.
supply voltage. As a consequence the regulator will enter dropout and can no longer maintain its output
voltage within the regulation limits.

The MCU subsystem remains fully functional down to the minimum extended supply voltage range.
Care should be taken while operating following peripherals under low-supply conditions:

+  Low-side, high-side switches

+ GPIOs

«  Transceiver interface

«  VDDEXT regulator

The following figure illustrates the operation under low-supply conditions:

A Supply rail

VS

P_1.2.1 (Min.) - Supply voltage in active mode

VDDP
---------- P_2.1.10 - VDDP undervoltage reset
vbbe P_2.2.7-VDDC undervoltage reset
-
Time
VDD5V_UV_STS |
VDD1V5_UV_STS |_|
Figure 8 Low-Vs operation”
1 P_*: See chapter "Electrical characteristics" for details.
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6 System control unit - digital modules (SCU-DM)

6.1 Features

+  Flexible clock configuration features

+  Reset management of all system resets

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

«  General purpose input output control

+  Debug mode control of system peripherals

6.2 Introduction

The system control unit (SCU) supports all central control tasks in the TLE9842-2QX. The SCU is made up of the
following submodules:

«  Clock system and control (CGU)

+  Reset control (RCU)

+  Power management (PCU)

+ Interrupt management (ICU)

«  General port control

+  Flexible peripheral management

«  Module suspend control

«  Error detection and correction in data memory
«  Miscellaneous control

+  Register mapping
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6.2.1 Block diagram

on signals to digital
peripherals;

status signals from

digital peripherals

AMBA AHB

NMI
_>
N — INTISR<9:0>
T
E
R
N
Baud-rate - fpclk
f [— S N / L \|
Sys CGU \J_l/ ﬁ \I_l/ generator /
LP_CLK —®» LIN frame detection

——{ fBR

c @

PMU_1V5DidPOR [—»]
PMU_PIN [—»] S
PMU_ExtWDT [—»
PMU_SOFT [—p RCU /l_,\\, /‘_,\\, MISC control —m» MODPISELx
PMU_Wake —m»|
Reset_Type_3 [«——
Reset_Type_4 [«@—

PO_POCONy.PDMx |-~ /]_I\

Port control

P1_POCONy.PDMx |«d—~— \ |/

System control unit - digital modules

Figure 9 System control unit - digital modules block diagram

10 description of SCU_DM

- CGU:
foys: system clock
- LP_CLK: low-power backup clock
« RCU:
- 1V5DidPOR: undervoltage reset of power down supply
- PMU_PIN: reset generated by reset pin
- PMU_ExtWDT: WDT1 reset
- PMU_SOFT: software reset
- PMU_Wake: stop mode exit with reset
- Reset_Type_3: peripheral reset (contains all resets)
- Reset_Type_4: peripheral reset (without SOFT)
+  Baud-rate generator:
- fgg: baud-rate clock for UART
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«  Portcontrol:
- PO_POCONy.PDMx: driver strength control
- P1_POCONy.PDMx: driver strength control
« MISC:
- MODPISELx: mode selection registers for UART (source selection) and Timer (trigger or count selection)

6.3 Clock generation unit

The clock generation unit (CGU) provides a flexible clock generation for TLE9842-2QX. During user program
execution the frequency can be programmed for an optimal ratio between performance and power
consumption. Therefore the power consumption can be adapted to the actual application state.

The CGU in the TLE9842-2QX consists of one oscillator circuit (OSC_HP), a phase-locked loop (PLL) module
including an internal oscillator (OSC_PLL) and a clock control unit (CCU). The CGU can convert a low-frequency
input/external clock signal to a high-frequency internal clock.

The system clock fsys is generated out of the following selectable clocks:

«  PLLclock output fp .

+  Direct clock from oscillator OSC_HP fug¢

«  Direct output of internal oscillator fiytosc

«  Low precision clock fip ¢k (HW-enabled for startup after reset and during power-down wake-up sequence)
The following sections describe the different parts of the CGU.

6.3.1 Low precision clock

The clock source LP_CLK is a low-precision RC oscillator (LP-OSC, see f p ¢ k) thatis enabled by hardware as an
independent clock source for the TLE9842-2QX startup after reset and during the power-down wake-up
sequence. There is no user configuration possible on fip ¢ k.

6.3.2 High precision oscillator circuit (0OSC_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 input, and XTAL2 as output.

Figure 10 shows the recommended external circuitries for both operating modes, external crystal mode and
external input clock mode.

6.3.2.1 External input clock mode

When supplying the clock signal directly, not using an external crystal and bypassing the oscillator, the input
frequency needs to be within the allowed range of P_3.1.6 (see electrical characteristics) if the PLL VCO part is
used.

When using an external clock signal it must be connected to XTAL1. XTAL2 is left open (unconnected).

6.3.2.2 External crystal mode

When using an external crystal, its frequency can be within the allowed range of P_3.1.23 (see electrical
charcteristics). An external oscillator load circuitry must be used, connected to both pins, XTAL1 and XTAL2. It
consists normally of the two load capacitances C1 and C2, for some crystals a series damping resistor might be
necessary. The exact values and related operating range are dependent on the crystal and have to be
determined and optimized together with the crystal vendor using the negative resistance method. As starting
point for the evaluation, the following load cap values may be used:
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Table 4 External CAP capacitors
Fundamental mode crystal frequency (approx., MHz) |Load caps C;, C, (pF)
4 33
5 22
6 18
Vpop Vbpp
External clock
l XTALL —fosc w XTAL1 —fosC
4-6
MHz ITI OSC_HP OSC_HP
J_ XTAL2 o——XTAL2
T
Fundamental
mode crystal Vss Vss
External crystal mode External input clock mode
Vss=GND
Figure 10 OSC_HP external circuitry
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6.3.3 Clock control unit

The clock control unit (CCU) receives the clock from the PLL fp |, the external input clock fosc, the internal input
clock fiytosc, or the low-precision input clock fip ¢ k. The system frequency is derived from one of these clock
sources.

CCU

| SCU_SYSCONO.SYSCLKSEL |

feir g

fosc M f
U —» 'sys
fintosc »|
fip_cik »
Figure 11 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, fgys = 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

+  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 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
PMCONO.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.

Peripherals UART1, UART2, T2 and T21 are not influenced by CLKREL and either not by NVMCLKFAC, to allow
functional LIN communication in slow down mode.
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Figure 12 Clock generation from f, ; CLKOUT generation
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7 System control unit - power modules (SCU-PM)

7.1 Description of the power modules system control unit

The system control unit of the power modules consists of the following submodules:

+  Clock watchdog unit (CWU): Supervision of all power modules relevant clocks with NMI signaling
« Interrupt control unit (ICU): All system relevant interrupt flags and status flags

«  Power control unit (PCU): Takes over control when device enters and exits sleep and stop mode

«  External watchdog (WDT1): Independent system watchdog to monitor system activity

7.2 Introduction
7.2.1 Block diagram
The system control unit of the power modules consists of the submodules in the figure shown below:
on signals to analog
peripherals;
status signals from
analog peripherals
AMBA AHB
[
N
TA—N
PCU N WDT1 «— LP_CLK
VRNV
N
A
L
fsys ——m»] | — | PREWARN_SUP_NMI
1 NEIV N
MI_CLK |——»| cwu Icu |— = PREWARN_CLK_INT
U NV
TFILT_CLK |—»] M | INT<n:0>
System control unit - power modules

Figure 13 Block diagram of system control unit - power modules

10 description of SCU_PM

+  CWU (clock watchdog unit)
- checkof fss = system frequency: output of PLL

- check of MI_CLK = measurement interface clock (analog clock): derived out of £ by division factors
1/2/3/4

- check of TFILT_CLK = clock used for digital filters: derived out of fss by configurable division factors
« ICU (interrupt control unit)

- PREWARN_SUP_NMI = generation of pre-warn supply NMI

- PREWARN_CLK_INT = generation of pre-warn clock watchdog NMI

- INT = generation of MISC interrupts
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8 Arm°’ Cortex’-MO core

8.1 Features

The key features of the Arm’ Cortex’-M0 implemented are listed below.

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

«  Thumb’+ Thumb-2’ instruction set

«  Banked stack pointer (SP) only

+ 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 v6-M style

«  Arm'v6 unaligned accesses

«  Systick (typical 1 ms)

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

«  Externalinterrupts, configurable from 1 to 24

«  Tinterrupt priority registers for levels from 0 up to 192 in steps of 64

+  Dynamic re-prioritization of interrupts

«  Priority grouping. This enables selection of preempting interrupt levels and non preempting 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
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8.2 Introduction

The Arm’ Cortex’-MO processor is a leading 32-bit processor and provides a high-performance and cost-
optimized platform for a broad range of applications including microcontrollers, automotive body systems and
industrial control systems. Like the other Arm” Cortex’-family processors, the Arm’ Cortex’-MO processor
implements the Thumb -2 instruction set architecture. With the optimized feature set the Arm’ Cortex"-M0
delivers 32-bit performance in an application space that is usually associated with 8-bit and 16-bit
microcontrollers.

8.2.1 Block diagram

The following figure shows the functional blocks of the Arm” Cortex’-M0.

Arm® Cortex®-MO processor

Nested vectored Breakpoint
Interruptand _ - interrupt P - Arm® Cortex®-M0 P and
power control g controller i processor 7] watchpoint
(NVIC) core unit

A A

A Y

Serial-wire
Bus matrix -t » Debugger interface [ »| debug access port
(SW-DP)
4 A
\j \
AHB-Lite Serial-wire debug
interface interface
Figure 14 Arm’ Cortex’-MO block diagram
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9 Address space organization
® ® . . .
The embedded Arm Cortex -M0 MCU offers the following address space organization:
0XE0100000 OV hie OXFFFFFFFF
OxEQOFF000 External PPB System
0XE0042000 e yste
0XE0041000 I 0XE0100000
0xE0040000 Private peripheral bus - External
0XE0040000
0xE0040000 Private peripheral bus - Internal
OXE000F000 Reserved 0xE0000000
OXEOOOE000 Ressfrie 3
0xE0003000 FPB External device 1.0 GB
0XE0002000 SWT
0XE0001000 o
0XE0000000 0xA0000000

External RAM 1.0 GB

0x60000000

Peripheral  0.5GB
0x40000000

SRAM 0.5GB
0x20000000

Code 0.5GB
0x00000000

Figure 15 Original Arm’ Cortex’-M0 memory map

The TLE9842-2QX manipulates operands in the following memory spaces:
« 40 KB of flash memory in code space
+ 24 KB boot ROM memory in code space (used for boot code and IP storage)

+ 2 KBRAM memory in code space and data space (RAM can be read/written as program memory or external
data memory)

+  Special function registers (SFRs) in peripheral linear address space, up to 0.5 GB
The figure below shows the detailed address alignment of TLE9842-2QX.
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The on-chip memory modules available in the TLE9842-2QX are:

d FFFF.FFFF
reserve E010.0000H
EOOF.FFFFu
Private peripheral bus
E000.0000+
reserved DFFF.FFFFu
6000.0000x
SFFF.FFFFu
PBAl
4800.0000H
4TFF.FFFFu
PBAO
4000.00004
reserved 3FFF.FFFFu
1800.10001
1800.0FFFH
SRAM
up to 4KB *)
1800.0000k
reserved 17FF.FFFFH
1101.0000+
1100.FFFFH
Flash
up to 64KB *)
1100.0000+
reserved 10FF.FFFFy
eserve 0000.60004
0000.5FFFu
Boot ROM
24KB
0000.0000
*) product variant dependent
Figure 16 TLE9842-2QX memory map
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10 Memory control unit

10.1 Features

+  Provides memory access to ROM, RAM, NVM, config sector through AHB-Lite interface
«  MBIST for RAM

«  MBIST for ROM

+  NVM configuration with special function registers through AHB-Lite interface

+  Hardware memory protection logic

10.2 Introduction

10.2.1 Block diagram

The memory control unit is divided in the following submodules:
«  NVM memory module (embedded flash memory)

«  RAM memory module

+  BootROM memory module

«  Memory protection unit (MPU) module

NVM RAM ROM PBAO
S0 s1 S2 S3
f A A A WY A
Memory protection |
unit <
=8 s 8 =8
23 £3 23
8 8 ]
Sx: Bus responder
Mx: Bus commander
\ J \ \ J \ J
MO M1 M2 M3
Bus matrix
Figure 17 Memory control unit block view
Functional features for RAM
+ 2 Kbytes RAM
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«  Error correction code (ECC) for detection of single bit and double bit errors and dynamic correction of
single bit errors

+  Single byte access
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11 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 on data block (double words, 64 bit).

+ Interrupt and signaling of double bit error by NMI, address of double bit error readable by FW API user
routine.

+  Possibility of checking single bit error occurrence by ROM routines
«  Program width of 128 Byte (page)

+  Minimum erase width of 128 Byte (page)

+ Integrated hardware support for EEPROM emulation

+  8Byteread access

«  Physical read access time: typical 75 ns

+  Code read access acceleration integrated; read buffer

+  Page program time: typical 3 ms

+  Programming time for 64 Kbyte via debug interface: < 1800 ms (typical)
« Page erase (128 Byte) and sector erase (4 Kbyte) time: typical 4 ms
+ 3 separate keys for data area, program area and BSL area

+  Password protection for three configurable program flash areas, three separate keys for data, program and
BSL

+  Option to protect read out via debug interface in application run mode. NVM protection mode available,
which can be enabled/disabled with password

+  Write/erase access to 100TP (e.g. option Bytes) is possible via the debug interface

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

The clock for the NVM is supplied with the system frequency fss. Integrated firmware routines are provided to
ease NVM, and other operations including EEPROM emulation.

The TLE9842-2QX NVM module provides physical implementation of the memory module as well as needed
complementary features and interface towards the core.

The module provides proper access to the memory through 2 AHB-Lite interfaces: a 8-bit data interface for NVM
internal register access and a 32-bit data interface for code/data access both multiplexed on Arm’ Cortex’-M0
system bus.

The TLE9842-2QX NVM module consists of the memory cell array and all the control circuits and registers
needed to access the array itself. The 64 Kbyte data module is mapped in the Arm’ Cortex’-M0 code address
range 11000000} - 1100FFFF, while the dedicated SFRs are mapped in the Arm’ Cortex’-M0 system address
range 58004000y - 58007FFF.

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 commanders according to the defined priority policy.
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11 NVM modaule (flash memory)

11.1 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.

11.1.1 General definitions

Logical and physical states

Erasing

The erased state of a cellis "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 cellis "0". Forcing an NVM cell to this state is called writing. Each bit can be
individually written.

Programming

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. Aflash 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 a ready programmed page (implicitly causing an erase of
the page before writing the new data).
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11 NVM modaule (flash memory)

Data portions

Array(n-1)*4 kB
sector n-1 Spare page
. Page 31
. Page 30
= .
> . .
= . .
sector 1 Page 1
sector 0 Page 0

1 page = 16 user data block + 1 mapping information block

Map block ' Datablock0 ' Datablockl ¢ « o e e o e e s e o s oo eoe. .. sDatablock14 Datablock15

1 block = 8 bytes

byte 0 byte 1 byte 2 byte 3 byte 4 byte 5 byte 6 byte 7

NVM logical structure

Figure 18 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

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 pages.
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12 Interrupt system

12.1 Features

« Upto24interrupt nodes for on-chip peripherals
« Upto 8 NMI nodes for critical system events
«  Maximum flexibility for all 24 interrupt nodes

12.2 Introduction

12.2.1 Overview

infineon

The TLE9842-2QX supports 24 interrupt vectors with 4 priority levels. 22 of these interrupt vectors are assigned
to the on-chip peripherals: GPT12, SSC1, SSC2, CCU6, low-side switch, high-side switch and A/D converter are
each assigned to one dedicated interrupt vector; while UART1 and Timer2 or UART2, external interrupt 2 and

Timer21 share interrupt vectors. Two vectors are dedicated for external interrupt 0 and 1.

Table 5 Interrupt vector table

Service request Node ID Description

GPT1 0 GPT1 interrupt

GPT2 1 GPT2 interrupt

MU 2 MU interrupt / ADC2, VBG interrupt

ADC1 3 ADCL1 interrupt

Cccuo 4 CCU6 node O interrupt

CCu1 5 CCU6 node 1 interrupt

CCu2 6 CCU6 node 2 interrupt

CCu3 7 CCU6 node 3 interrupt

SSC1 8 SSC1 interrupt (receive, transmit, error)

SSC2 9 SSC2 interrupt (receive, transmit, error)

UART1 10 UARTL (ASC-LIN) interrupt (receive, transmit), t2, linsyncl, LIN
UART2 11 UART2 interrupt (receive, transmit), t21, external interrupt (EINT2)
EXINTO 12 External interrupt (EINTO)

EXINT1 13 External interrupt (EINT1)

WAKEUP 14 Wake-up interrupt (generated by a wake-up event)

rfu 15 Reserved for future use

rfu 16 Reserved for future use

LS1 17 Low-side 1 interrupt

LS2 18 Low-side 2 interrupt

HS1 19 High-side 1 interrupt

HS2 20 High-side 2 interrupt

(table continues...)
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Table 5 (continued) Interrupt vector table

Service request Node ID Description

rfu 21 Reserved for future use

MONXx 22 MONXx interrupt

Port 2.x 23 Port 2.x - DPP1

Table 6 NMI interrupt table

Service request Node Description

PLL NMI NMI PLL loss-of-lock

NVM operation NMI NVM operation complete

complete NMI

Overtemperature NMI NMI System overtemperature

Oscillator watchdog NMI Oscillator watchdog and MI_CLK watchdog timer overflow
NMI

NVM Map error NMI NMI NVM map error

ECC error NMI NMI RAM/NVM uncorrectable ECC error

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

13 Watchdog timer (WDT1)

13.1 Features

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

The WDTL1 is always enabled in Active mode. In Sleep mode, Stop mode and Debug mode the WDT1 is disabled.

Functional features

«  Watchdog timer is operating with a from the system clock (fsys) independent clock source (fip ¢ k)

+  Windowed watchdog timer with programmable timing (16, 32, 48, ..., 1008 ms period) in Active mode
+ Longopen window (200 ms) after power-up, reset, wake-up

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

«  System safety shutdown to sleep mode after 5 missed WDT1 services

+  Watchdogis disabled in Debug mode

+  Watchdog cannot be deactivated in Normal mode

+  Watchdog reset is stored in reset status register
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13 Watchdog timer (WDT1)

13.2 Introduction

The behavior of the watchdog timer in Active mode is depicted in Figure 19.
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Figure 19 Watchdog timer behavior
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14 GPIO ports and peripheral 1/O

The TLE9842-2QX has 18 port pins organized into three parallel ports: port 0 (P0), port 1 (P1) and port 2 (P2).
Each port pin has a pair of internal pull-up and pull-down devices that can be individually enabled or disabled.
PO and P1 are bidirectional and can be used as general purpose input/output (GPIO) or to perform alternate
input/output functions for the on-chip peripherals. When configured as an output, the open drain mode can be
selected. On port 2 (P2) analog inputs are shared with general purpose input.

14.1 Features

+ 10GPIOs (P0.x & P1.x), 6 analog inputs (P2.x) and two additional analog inputs shared with an XTAL feature
(P2.4, P2.5).

«  Strong pull-up at reset pin and Hall inputs (except P2.x)

Bidirectional port features (P0, P1)

«  Configurable pin direction

«  Configurable pull-up/pull-down devices

«  Configurable open drain mode

«  Configurable drive strength

«  Transfer of data through digital inputs and outputs (general purpose I/0)
« Alternate input/output for on-chip peripherals

Analog port features (P2)

«  Configurable pull-up/pull-down devices
«  Transfer of data through digital inputs
« Alternate inputs for on-chip peripherals
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14.2

14.2.1

number of control and data bits, thus enabling very flexible usage of the pin.

Introduction

Port 0 and port 1
Figure 20 shows the block diagram of an TLE9842-2QX bidirectional port pin. Each port pin is equipped with a

infineon
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14.2.2 Port 2

Figure 21 shows the structure of an input-only port pin. Each P2 pin can only function in input mode. Register
P2_DIR is provided to enable or disable the input driver. When the input driver is enabled, the actual voltage
level present at the port pin is translated into a logic 0 or 1 via a Schmitt-Trigger device and can be read via the
register P2_DATA. Each pin can also be programmed to activate an internal weak pull-up or pull-down device.
Register P2_PUDSEL selects whether a pull-up or the pull-down device is activated while register P2_PUDEN
enables or disables the pull device. The analog input (Analogln) bypasses the digital circuitry and Schmitt-
Trigger device for direct feed-through to the ADC input channel.
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Figure 21 General struc