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. TLE9879QXA20

11 Abbreviations

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

Table 1 Acronyms

Acronyms Name

AHB Advanced High-Performance Bus
APB Advanced Peripheral Bus

CCU6 Capture Compare Unit 6

CGU Clock Generation 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

OSC Oscillator

PBA Peripheral Bridge
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ARM Cortex-M3 Core

8.2 Introduction

The ARM Cortex-M3 processor is a leading 32-bit processor and provides a high-performance and cost-optimized
platform for a broad range of applications including microcontrollers, automotive body systems and industrial
control systems. Like the other 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.

8.21 Block Diagram

Figure 12 shows the functional blocks of the Cortex-M3.
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Figure 12 Cortex-M3 Block Diagram
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Table 7 NMI Interrupt Table

Interrupt System

Service Request Node Description

Oscillator Watchdog NMI Oscillator Watchdog / Ml_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

Data Sheet
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GPIO Ports and Peripheral 1/0

14.3 TLE9879QXA20 Port Module
14.3.1 Port 0
14.3.1.1 Port 0 Functions
Table 8 Port 0 Input/Output Functions
Port Pin Input/Output Select Connected Signal(s) From/to Module
P0.0 Input GPI PO_DATA.PO
INP1 SWCLK/TCK_O SW
INP2 T12HR_O CCU6
INP3 T4INA GPT12T4
INP4 T2_0 Timer 2
INP5 - -
INP6 EXINT2_3 SCU
Output GPO PO_DATA.PO
ALT1 T30UT GPT12T3
ALT2 EXF21_0 Timer 21
ALT3 RXDO_2 UART2
P0.1 Input GPI PO_DATA.P1
INP2 T13HR_0 CCU6
INP3 TxD1 LIN_TxD
INP4 CAPINA GPT12CAP
INP5 T21_0 Timer 21
INP6 T4INC GPT12T4
INP7 MRST_1_2 SSC1
INP8 EXINTO_2 SCU
Output GPO PO_DATA.P1
ALT1 TxD1 UART1 /LIN_TxD
ALT2 - -
ALT3 T6OUT GPT12T6
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14.3.3 Port 2
14.3.3.1 Port 2 Functions
Table 10  Port 2 Input Functions
Port Pin Input/Output Select Connected Signal(s) From/to Module
P2.0 Input GPI P2_DATA.PO
INP1 CCPOS0_3 CCUG6
INP2 - -
INP3 T12HR_2 CCU®6
INP4 EXINTO_O SCU
INP5 CC61_2 CCuUs6
ANALOG ANO ADC
XTAL (in) XTAL
P2.2 Input GPI P2_DATA.P2
INP1 CCPOS2_3 CCUG6
INP2 T13HR_2 CCuUs6
INP3 -
INP4 CCe62_2 CCuUs6
ANALOG AN2 ADC
ouT XTAL (out) XTAL
P2.3 Input GPI P2_DATA.P3
INP1 CCPOS1_0 CCUG6
INP2 CTRAP#_1 CCuUs6
INP3 T21EX 2 Timer 21
INP4 CC60_1 CCUG6
INP5 EXINTO_3 SCcuU
ANALOG AN3 ADC
P2.4 Input GPI P2_DATA.P4
INP1 CTRAP# 0 CCU6
INP2 T2EUDB GPT12T2
INP3 MRST_1_1 SSCH1
INP4 EXINT1_3 SCU
ANALOG AN4 ADC
P2.5 Input GPI P2_DATA.P5
INP1 RXD2_1 UART2
INP2 T3EUDB GPT12T3
INP3 MRST_2_1 SSC2
INP4 T2 1 Timer 2
ANALOG AN5 ADC
Data Sheet 52 Rev. 1.0, 2017-03-03
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16 Timer2 and Timer21

16.1 Features

» 16-bit auto-reload mode
— selectable up or down counting
* One channel 16-bit capture mode

16.2 Introduction

Timer2 and Timer21

The timer modules are general-purpose 16-bit timers. Timer 2/21 can function as a timer or counter in each of its
modes. As a timer, it counts with an input clock of fo. /12 (if prescaler is disabled). As a counter, Timer 2 counts
1-to-0 transitions on pin T2. In the counter mode, the maximum resolution for the count is foc «/24 (if prescaler is

disabled).

16.2.1 Timer2 and Timer21 Modes Overview

Table 11 Timer2 and Timer21 Modes

Mode Description

Auto-reload Up/Down Count Disabled

Count up only

Start counting from 16-bit reload value, overflow at FFFF,

Reload event configurable for trigger by overflow condition only, or by
negative/positive edge at input pin T2EX as well

Programmable reload value in register RC2

Interrupt is generated with reload events.

Auto-reload Up/Down Count Enabled

Count up or down, direction determined by level at input pin T2EX
No interrupt is generated

Count up

— Start counting from 16-bit reload value, overflow at FFFF,

— Reload event triggered by overflow condition

— Programmable reload value in register RC2

Count down

— Start counting from FFFF, underflow at value defined in register RC2

— Reload event triggered by underflow condition
— Reload value fixed at FFFF

Channel capture .

Count up only

Start counting from 0000,,, overflow at FFFF

Reload event triggered by overflow condition

Reload value fixed at 0000,

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

Interrupt is generated by reload or capture events

Data Sheet
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Timer3

17 Timer3

17.1 Features

16-bit incremental timer/counter (counting up)
Counting frequency up to fqs

Selectable clock prescaler

6 modes of operation

Interrupt up on overflow

Interrupt on compare

17.2 Introduction

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

Timer3 can function as timer or counter. When functioning as a timer, Timer3 is incremented in periods based on
the MI_CLK or LP_CLK clock. When functioning as a counter, Timer3 is incremented in response to a 1-to-0
transition (falling edge) at its respective input. Timer3 can be configured in four different operating modes to use
in a variety of applications, see Table 12.

Several operating modes can be used for different tasks such as the following:

+ simple time measurement between two events
+ triggering of the measuring unit upon PWM/CCUG unit
» measurement of the 100kHz LP_CLK2

17.3 Functional Description

Six modes of operation are provided to fulfill various tasks using this timer. In every mode the clocking source can
be selected between MI_CLK and LP_CLK. A prescaler provides in addition capability to divide the selected clock
source by 2, 4 or 8. The timer counts upwards, starting with the value in the timer count registers, until the
maximum count value which depends on the selected mode of operation. Timer 3 provides two individual
interrupts upon counter overflow, one for the low-byte and one for the high-byte counter register.

17.3.1 Timer3 Modes Overview

The following table provides an overview of the timer modes together with the reasonable configuration options in
Table 12.

Table 12 Timer3 Modes

Mode Sub- Operation

Mode
0 No Sub- |13-bit Timer

Mode The timer is essentially an 8-bit counter with a divide-by-32 prescaler.
1 a 16-bit Timer

The timer registers, TL3 and TH3, are concatenated to form a 16-bit counter.

1 b 16-bit Timer triggered by an event

The timer registers, TL3 and TH3, are concatenated to form a 16-bit counter, which is
triggered by an event to enable a single shot measurement on a preset channel with the
measurement unit.
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Timer3
Table 12  Timer3 Modes (cont'd)
Mode Sub- Operation
Mode
2 No Sub- |8-bit Timer with auto-reload
Mode The timer register TL3 is reloaded with a user-defined 8-bit value in TH3 upon overflow.
3 a Timer3 operates as two 8-bit timers

The timer registers TL3 and TH3, operate as two separate 8-bit counters.

3 b Timer3 operates as Two 8-bit timers for clock measurement

The timer registers, TL3 and TH3 operate as two separate 8-bit counters. In this mode the
LP_CLK2 Low Power Clock can be measured. TL3 acts as an edge counter for the clock
edges and TH3 as a counter which counts the time between the edges.
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LIN Transceiver

20.2 Introduction

The LIN Module is a transceiver for the Local Interconnect Network (LIN) compliant to the LIN2.2 standard,
backward compatible to LIN1.3, LIN2.0 and LIN2.1. It operates as a bus driver between the protocol controller and
the physical network. The LIN bus is a single wire, bi-directional bus typically used for in-vehicle networks, using
baud rates between 2.4 kBaud and 20 kBaud. Additionally baud rates up to 115.2 kBaud are implemented.

The LIN Module offers several different operation modes, including a LIN Sleep Mode and the LIN Normal Mode.
The integrated slope control allows to use several data transmission rates with optimized EMC performance. For
data transfer at the end of line, a Flash Mode up to 115.2 kBaud is implemented. This Flash Mode can be used
for data transfer under special conditions for up to 250 kbit/s (in production environment, point-to-point
communication with reduced wire length and limited supply voltage).

20.2.1 Block Diagram
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Figure 23 LIN Transceiver Block Diagram
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High-Speed Synchronous Serial Interface (SSC1/SSC2)

21 High-Speed Synchronous Serial Interface (SSC1/SSC2)

211 Features

Master and Slave Mode operation

— Full-duplex or half-duplex operation

Transmit and receive buffered

Flexible data format

Programmable number of data bits: 2 to 16 bits

Programmable shift direction: Least Significant Bit (LSB) or Most Significant Bit (MSB) shift first
Programmable clock polarity: idle low or high state for the shift clock

Programmable clock/data phase: data shift with leading or trailing edge of the shift clock
Variable baud rate

Compatible with Serial Peripheral Interface (SPI)

Interrupt generation

— On a transmitter empty condition

— On a “receiver full” condition

— On an error condition (receive, phase, baud rate, transmission error)
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Application Information

28 Application Information

28.1 BLDC Driver

Figure 32 shows the TLE9879QXA20 in an electric drive application setup controlling a BLDC motor.

Note: The following information is given as a hint for the implementation of the device only and shall not be
regarded as a description or warranty of a certain functionality, condition or quality of the device.
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Figure 32 Simplified Application Diagram Example

Note: This is a very simplified example of an application circuit and bill of materials. The function must be verified
in the actual application.
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Application Information

28.2 ESD Immunity According to IEC61000-4-2

Note: Tests for ESD immunity according to IEC61000-4-2 “Gun test” (150pF, 330Q) has been performed. The
results and test condition will be available in a test report.

Table 16 ESD “Gun Test”

Performed Test Result Unit Remarks

ESD at pin LIN, versus >6 kV Ypositive pulse
GND"

ESD at pin LIN, versus <-6 kV 2negative pulse
GND"

1) ESD test “ESD GUN” is specified with external components; see application diagram:
Cuon = 100 nF, Ryon = 1kQ, C\ = 220 pF, Cyg =>20 pF ELCO + 100 nF ESR <1 Q, Cygp =1 uF, Rygp =2 Q.

2) ESD susceptibility “ESD GUN” according to LIN EMC Test Specification, Section 4.3 (IEC 61000-4-2). To be tested by
external test house (IBEE Zwickau)
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Electrical Characteristics

29.2.5 Power Down Voltage Regulator (PMU Subblock) Parameters
The PMU Power Down voltage regulator consists of two subblocks:

» Power Down Pre regulator: VDD5VPD
+ Power Down Core regulator: VDD1V5_PD (Supply used for GPUDATAXYy registers)

Both regulators are used as purely internal supplies. The following table contains all relevant parameters:

Table 26  Functional Range

Parameter Symbol Values Unit | Note/ Test Condition | Number

Min. ‘Typ. ‘Max.

VDD1V5_PD
Power-On Reset Threshold Voows.po |12 |- 15 |V R P_25.1

RSTTH
1) Not subject to production test, specified by design
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Electrical Characteristics

1) The typical oscillator frequency is 5 MHz
Vooc =15V, T;=25°C
Not subject to production test, specified by design.

This parameter is valid for PLL operation with an external clock source and thus reflects the real PLL performance.

N

3

)
)
)
4)

29.3.2 External Clock Parameters XTAL1, XTAL2

Table 28  Functional Range

Vs=5.5Vto28V, T;=-40 °C to +150 °C, all voltages with respect to ground, positive current flowing into pin
(unless otherwise specified)"

Parameter Symbol Values Unit | Note / Number
Min. Typ. |Max. Test Condition

Input voltage range limits | Vx4 g 1.7 + Vope |- 1.7 v |2 P_3.2.1

for signal on XTAL1

Inputvoltage (amplitude)on | Vaxq sr 0.3x Vppe |- - \Y % Peak-to-peak |P_3.2.2

XTALA1 voltage

XTAL1 input current n - - 120 MA OV <Vy<Vpo |P_3.23

Oscillator frequency Jfosc 4 - 24 MHz | Clock signal P 324

Oscillator frequency Sfosc 4 - 16 MHz | Crystal or P _3.25

Resonator

High time 1 6 - - ns |- P_3.26

Low time 1, 6 - - ns |— P_3.2.7

Rise time 13 - 8 8 ns |— P_3.2.8

Fall time ty - 8 8 ns |— P_3.2.9

1) This parameter table is not subject to production test, specified by design.
2) Overload conditions must not occur on pin XTAL1.

3) The amplitude voltage V,y, refers to the offset voltage Ver. This offset voltage must be stable during the operation and
the resulting voltage peaks must remain within the limits defined by Vy,.
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Electrical Characteristics

29.5 Parallel Ports (GPIO)

29.5.1 Description of Keep and Force Current

A Vboe
PU Device <> ¢‘;ﬁffjnrt
PUDSEL
P1.x
— >
PO.x
\PUDSEL
PD Device <> “‘jff:nﬂ
?Vss
Pull-Up-Down.vsd
Figure 34 Pull-Up/Down Device
Uacrio
Logical "1"
7.5 kOhm (equivalenf)
ViH- Voppm = = e e —_———
IH= ¥oop o - ®  (1.5V/200uA)
naetine
Vit = Voo e e e el e e . 2.33 kOhm (equivalen)
- Tpoe (3.5V /1.5mA)
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|
-lpLE -lpk

Current_Diag.vsd

Figure 35 Pull-Up Keep and Forced Current
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Electrical Characteristics

Table 31 DC Characteristics Port0, Port1 (cont'd)

Vs=55V1to28V, T,=-40 °C to +150 °C, all voltages with respect to ground, positive current flowing into pin
(unless otherwise specified)

Parameter Symbol Values Unit | Note / Number
Min. Typ. Max. Test Condition
Input low voltage Vi -0.3 - 0.3x Vppp |V |245V<Vppps |P_513
5.5V
Input low voltage Vi extend |-0-3 042x |- V. |"6V<sVpps |P 5117
Voop 4.5V
Input high voltage Vi 0.7 % Vopp |- Vepp +0.3 |V |45V Vo< |P 514
5.5V
Input high voltage Vi extend |~ 0.52x |Vppp+0.3 |V |P26V<Vppps |P_5.1.18
Output low voltage VoL - - 1.0 V. 39 < Iopmex  |P_5.1.6
Output low voltage VoL - - 0.4 V. 19905 < Iotom  |P_5.1.7
Output high voltage Von Vopp-1.0 |- - Vo 39 5,2 Iopmex  |P_5.1.8
Output high voltage Vou Vopp-04 |- - Vo 1997542 Ioprom |P_5.1.9
Input leakage current Ioz extenar | -500 - +500 nA |-40°C =T, P_5.1.20
< 25°C,
045V < V)
< Voop
Input leakage current Ioz -5 - +5 WA |9 25°C < P_5.1.10
T, < 85°C,
045V < V
< Voop
Input leakage current Ioz extendz | =19 - +15 MA [85°C < T, P_5.1.11
<150°C,
0.45V < V)
< Voop
Pull level keep current Ink -200 - +200 WA | D Vo2V (up) |P_5.1.12
Ve = 7y (dn)
Pull level force current Io e -1.5 - +1.5 mA |7 Von <V, (up) |P_5.1.13
Vein 2 Vi (dn)
Pin capacitance Co - - 10 pF | " P 5.1.14
Reset Pin Timing
Reset Pin Input Filter Time |ty reser |~ 5 - ps |V P_5.1.19

1) Not subject to production test, specified by design.
2) Tested at Vpp = 5V, specified for 4.5V < Ve < 5.5V.

3) The maximum deliverable output current of a port driver depends on the selected output driver mode. The limit for pin
groups must be respected.

4) Tested at 4.9V < Vppp < 5.1V, Iy =4mA, I, = -4mA, specified for 4.5V < Vppp < 5.5V.

5) As arule, with decreasing output current the output levels approach the respective supply level (Vo —GND, Voy— Vppe)-
Tested at 4.9V < Vppp < 5.1V, I = 1MA, I, = -1mA.
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Electrical Characteristics

Table 35  Supply Voltage Signal Conditioning (cont'd)

Vs=55V1to28V, T,=-40 °C to +150 °C, all voltages with respect to ground, positive current flowing into pin
(unless otherwise specified)

Parameter Symbol Values Unit | Note / Test Condition Number

Min. |Typ. |Max.

Charge Pump Voltage Measurement Vp

Input to output voltage ATTcp - 0.023 |- - P_8.1.56
attenuation:

Vep

Nominal operating input | Vcp range 25 |- 52 |v |V P_8.1.7
voltage range Vp

Accuracy of Vp sense AVep -747 |- 747 |mV |Vg=5.5V to 18V P_8.1.62

after calibration

Monitoring Input Voltage Measurement Vy,on

Input to output voltage ATT\mon - 0.039 |- - P_8.1.49
attenuation:

Vo

Nominal operating input | ¥yion range 25 |- 31 (v |V P_8.1.8
voltage range V) on

Accuracy of Vy oy sense | AVyon -440 |- 440 |mV |Vg=5.5Vto 18V P_8.1.68

after calibration

Pad Supply Voltage Measurement Vyppp

Input-to-output voltage ATT\ppp - 0.164 |- - P_8.1.33
attenuation:

VDDP

Nominal operating input Voop range 0 - 7.50 |V R P_8.1.50
voltage range Vppp

Accuracy of Vppp sense  |AVppp sense | <105 | — 105 |mV |?Vg=551t0 18V P_8.1.5

after calibration

10-Bit ADC Reference Voltage Measurement Vgee

Input to output voltage ATT\prer - 0.219 |- - P_8.1.22
attenuation:

VAREF

Nominal operating input | ¥aer range 0 - 562 |V |V P_8.1.51
voltage range Vager

Accuracy of Vger sense | AVager -719 |- 79 |mV |Vg=5.5Vto18V P_8.1.48

after calibration

8-Bit ADC Reference Voltage Measurement Vg

Input-to-output voltage ATT\gq - 0.75 |- - P_8.1.57
attenuation:

Ve

Nominal operating input | Vg range 08 |- 164 |V | P_8.1.52

voltage range Vg
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Electrical Characteristics

29.9 ADC1 Reference Voltage - VAREF

29.9.1 Electrical Characteristics VAREF

Table 39 Electrical Characteristics VAREF

Vs=5.5V1to28V, T, =-40 °C to +150 °C, all voltages with respect to ground, positive current flowing into pin
(unless otherwise specified)

Parameter Symbol Values Unit |Note / Test Condition Number
Min. |Typ. |Max.
Required buffer Cyarer 0.1 - 1 uF ESR <1Q P_9.1.1
capacitance
Reference output voltage | Vager 495 |5 505 |V Vs> 5.5V P_9.1.2
DC supply voltage DCpsryarer |30 - - aB |- P_9.1.3
rejection
Supply voltage ripple ACpsryarer |26 - - dB |V Vg=13.5V;f=0..1KHz; |[P_9.1.4
rejection V,=2Vpp
Turn ON time leo - - 200 |us Y C,, = 100nF P_9.1.5
PD_N to 99.9% of final value
Inputresistance at VAREF | R\ yarer |~ 100 |- kQ | Vinputimpedance in case of |P_9.1.20
Pin VAREF is applied from
external

1) Not subject to production test, specified by design.
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Electrical Characteristics

Table 42  Electrical Characteristics MOSFET Driver (cont'd)

Vs=55V1to28V, T,=-40 °C to +150 °C, all voltages with respect to ground, positive current flowing into pin
(unless otherwise specified)

Parameter Symbol Values Unit | Note / Test Condition Number
Min. |Typ. | Max.

Resistor between SHx and | Rgyyan 30 |40 |50 |kQ |3 This resistance isthe |P_12.1.10

GND resistance between GHx

and GND connected
through a diode to SHx. As
a consequence, the
voltage at SHx can rise up
to 0,6V typ. before it is
discharged through the

resistor.
Low RDSON mode Roneep - 9 12 Q Vysp =13.5V, P_12.1.50
(boosted discharge mode) Vyep = Vygp + 14.0V;

Tenaree = Ipischc =
31(max); 50mA forced into

Gx, Sx grounded

Resistance between VDH Igsn - 4 - kQ |V P_12.1.24
and VSD
Input propagation time (LS | Zp_nymin - 15 |3 pus | VCloaq =10 nF, P_12.1.37
On) ICharge =3(min)!

25% of Vg
Input propagation time (LS | Zprymin - 15 |3 ps | VCloaq =10 nF, P_12.1.38
Off) IDischarge =3(min),

75% of Vi
Input propagation time (HS | Zpinymin - 15 |3 us | VCloaq = 10 nF, P_12.1.39
On) ICharge =3(min)

25% of Vi
Input propagation time (HS | Zpeymin - 15 |3 us | VC o =10 nF, P_12.1.40
Off) IDisharge =3(min),

75% of Viggu
Input propagation time (LS | Zp(nymax - 200 |350 |ns | Cioaq=10nF, P_12.1.26
On) ICharge =31 (max),

25% of Vit
Input propagation time (LS | o F)max - 200 |300 |ns | Cioaq=10nF, P_12.1.27
Off) IDischarge =31 (max),

75% of Vigu
Input propagation time (HS | fp(4nymax - 200 |350 |ns | Cioaq=10nF, P_12.1.28
on) ICharge =31 (max),

25% of Vs
Input propagation time (HS | fp(14F)max - 200 |300 |ns | Cioaq=10nF, P_12.1.29
Off) IDischarge =31 (max),

75% of Ve,
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1) Vertical burr 0.03 max., all sides

2) These four metal areas have exposed diepad potential
PG-VQFN-48-29, -31-PO V05

Figure 38 Package outline VQFN-48-31 (with LTI)

Notes

1. You can find all of our packages, sorts of packing and others in our Infineon Internet Page “Products”:
http://www.infineon.com/products.
2. Dimensions in mm.
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