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infineon

Microcontroller with LIN and H-Bridge MOSFET Driver TLE9867QXA40
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
64 kByte Flash including
4 kByte EEPROM (emulated in Flash)
512 Byte 100 Time Programmable Memory (100TP) VQFN-48-31
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
* 1LIN 2.2 transceiver
» 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
» Power-on and undervoltage/brownout reset generator

Type Package Marking
TLE9867QXA40 VQFN-48-31
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Power Management Unit (PMU)

5.3.2 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 1.1 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.
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Figure 6 Module Block Diagram of VDDC Voltage Regulator
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Power Management Unit (PMU)

5.3.3 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.
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Figure 7 Module Block Diagram of External Voltage Regulator
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DMA Controller

9 DMA Controller

Figure 13 shows the Top Level Block Diagram of the TLE9867QXA40.

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

9.1 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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9.2 Introduction

Please also refer to Chapter 9.3, Functional Description.

9.21 Block Diagram

DMA Controller

SSCH1 Timer3 ADC1
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Figure 13 DMA Controller Top Level Block Diagram
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Watchdog Timer (WDT1)

13 Watchdog Timer (WDT1)

13.1 Features

There are two watchdog timers in the system. The Watchdog Timer (WDT) within the System Control Unit - Digital
Modules (see SCU_DM) and the Watchdog Timer (WDT1) located within the System Control Unit - Power
Modules (see SCU_PM). The Watchdog Timer WDT1 is described in this section.

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

The WDT1 is always enabled in Active Mode. In Sleep Mode, Low Power Mode and SWD Mode the WDT1 is
automatically disabled.

Functional Features

*  Windowed Watchdog Timer with programmable timing in Active Mode
* Long open window (typ. 80ms) after power-up, reset, wake-up

» Short open window (typ. 30ms) to facilitate Flash programming

» Disabled during debugging

» Safety shutdown to Sleep Mode after 5 missed WDT1 services

Data Sheet 43 Rev. 1.0, 2017-03-03
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Infineon

GPIO Ports and Peripheral 1/0

Each pin can also be programmed to activate an internal weak pull-up or pull-down device. Register Px_PUDSEL
selects whether a pull-up or the pull-down device is activated while register Px_PUDEN enables or disables the
pull device.
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Figure 17 General Structure of Bidirectional Port (P0, P1)

Data Sheet 46 Rev. 1.0, 2017-03-03



@l neon TLE9867QXA40

GPIO Ports and Peripheral 1/0

14.2.2 Port 2

Figure 18 shows the structure of an input-only port pin. Each P2 pin can only function in input mode. Register
P2_DIR is provided to enable or disable the input driver. When the input driver is enabled, the actual voltage level
present at the port pin is translated into a logic 0 or 1 via a Schmitt trigger device and can be read via register
P2_DATA. Each pin can also be programmed to activate an internal weak pull-up or pull-down device. Register
P2_PUDSEL selects whether a pull-up or the pull-down device is activated while register P2_PUDEN enables or
disables the pull device. The analog input (Analogln) bypasses the digital circuitry and Schmitt trigger device for
direct feed-through to the ADC input channels.
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Figure 18 General Structure of Input Port (P2)
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set by the underflow rate on the dedicated baud-rate generator.
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UART Modes

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

UART1/UART2

The different modes are selected by setting bits SMO and SM1 to their corresponding values, as shown in

Table 13.

Table 13  UART Modes

SMO SM1 Operating Mode Baud Rate
0 0 Mode 0: 8-bit shift register TrcLkl2

0 1 Mode 1: 8-bit shift UART Variable

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

1 1 Mode 3: 9-bit shift UART Variable

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

Data Sheet
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/
LIN Transceiver
20 LIN Transceiver
201 Features

General Functional Features

» Compliant to LIN2.2 standard, backward compatible to LIN1.3, LIN2.0 and LIN 2.1
» Compliant to SAE J2602 (slew rate, receiver hysteresis)

Special Features

* Measurement of LIN master baudrate via Timer 2
* LIN can be used as input/output with SFR bits.
+ TxD timeout feature (optional, on by default)

Operation Mode Features

* LIN Sleep Mode (LSLM)

* LIN Receive-Only Mode (LROM)

* LIN Normal Mode (LNM)

» High Voltage Input / Output Mode (LHVIO)

Supported Baud Rates

* Mode for a transmission up to 10.4 kBaud
* Mode for a transmission up to 20 kBaud

* Mode for a transmission up to 40 kBaud

* Mode for a transmission up to 115.2 kBaud

Slope Mode Features

* Normal Slope Mode (20 kbit/s)
* Low Slope Mode (10.4 kbit/s)
» Flash Mode (115.2 kbit/s)

Wake-Up Features
* LIN bus wake-up

Data Sheet 63 Rev. 1.0, 2017-03-03
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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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Current Sense Amplifier

27 Current Sense Amplifier

271 Features

Main Features

Programmable gain settings: G = 10, 20, 40, 60
Differential input voltage: + 1.5V / G

Wide common mode input range £ 2 V

Low setting time < 1.4 us

27.2 Introduction

The current sense amplifier in Figure 30 can be used to measure near ground differential voltages via the 10-bit
ADC. Its gain is digitally programmable through internal control registers.

Linear calibration has to be applied to achieve high gain accuracy, e.g. end-of-line calibration including the shunt
resistor.

Figure 30 shows how the current sense amplifier can be used as a low-side current sense amplifier where the
motor current is converted to a voltage by means of a shunt resistor Rg,. A differential amplifier input is used in
order to eliminate measurement errors due to voltage drop across the stray resistance Rg,, and differences
between the external and internal ground. If the voltage at one or both inputs is out of the operating range, the
input circuit is overloaded and requires a certain specified recovery time.

In general, the external low pass filter should provide suppression of EMI.

27.2.1 Block Diagram
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Figure 30 Simplified Application Diagram
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Electrical Characteristics

29.2 Power Management Unit (PMU)
This chapter includes all electrical characteristics of the Power Management Unit

29.2.1 PMU 1/O Supply (VDDP) Parameters

This chapter describes all electrical parameters which are observable on SoC level. For this purpose only the pad-
supply VDDP and the transition times between the system modes are specified here.

Table 22 Electrical Characteristics

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 / Test Condition |Number
Min. |Typ. |Max.
Specified output current Lyppp 0 - 50 |mA |V P_2.1.1
Specified output current Lyppp 0 - 30 mA | P_2.1.22
Required decoupling Cypppq 047 |- 22 |uF  |®YESR<1Q;the P_212
capacitance specified capacitor value
is a typical value.
Required buffer capacitance for | Cypppy | 1 - 22 |uF | ¥Y The specified P_2.1.20
stability (load jumps) capacitor value is a
typical value.
Output voltage including line Voopour |49 |50 |51 \Y, ¥ [ 1oaq < 90MA; Vg >55V |P_2.1.3
and load regulation @ Active
Mode
Output voltage including line | Vpppour |49 |50 |51 |V 29) [ oaq < TOMA; Vg > P_2.1.23
and load regulation @ Active 5.5V
Mode
Output voltage including line Voorouts |45 |50 |55 |V % J,aq is only internal; P_21.21
and load regulation @ Stop ToP Vs> 5.5V
Mode
Output drop @ Active Mode Vsvoppout | — 50 400 |mV |Iyppp = 30MA®; P_21.4
3.5V < Vg<5.0V
Load regulation @ Active Mode | V\pppor |-90 |- 50 mV  |2...90mA; C=570nF P_2.15
Line regulation @ Active Mode | Vypppr |-90 |- 50 mV | V5=5.5..28V P_2.1.6
Overvoltage detection Voopoy 1514 |- 54 |V Vs > 5.5V; Overvoltage |P_2.1.7
leads to SUPPLY_NMI
Overvoltage detection filter time | g 1 yppp |— 735 |- us |30 P_2.1.24
ov
Voltage OK detection Voorok | — 3 - \Y 3 P_2.1.25
Voltage stable detection range® | AVpppsts |- 220 |- +220 (mv ¥ P_2.1.26
Undervoltage reset Vobpuv 25 26 27 |V - P_2.1.8
Overcurrent diagnostic Lypppoc |91 - 220 mA |- P_2.1.9
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Electrical Characteristics

29.24 VPRE Voltage Regulator (PMU Subblock) Parameters
The PMU VPRE Regulator acts as a supply of VDDP and VDDEXT voltage regulators.

Table 25 Functional Range

Parameter

Symbol

Values

Unit

Min.

Typ.

Max.

Note / Test Condition | Number

Specified output current

]VPRE

110 mA

" P 2.4.1

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

29.2.41 Load Sharing Scenarios of VPRE Regulator
The figure below shows the possible load sharing scenarios of VPRE regulator.
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Figure 32 Load Sharing Scenarios of VPRE Regulator
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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
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— >
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PD Device <> “‘jff:nﬂ
?Vss
Pull-Up-Down.vsd
Figure 33 Pull-Up/Down Device
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Vit = Voo e e e el e e . 2.33 kOhm (equivalen)
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|
-lpLE -lpk

Current_Diag.vsd

Figure 34 Pull-Up Keep and Forced Current
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Table 32

DC Characteristics Port 2 (cont'd)

Electrical Characteristics

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
Pull level force current Inr -750 - +750 WA |3 Vo<V, (up) |P_526
Ven 2 Vi (dn)
Pin capacitance Co - - 10 pF |? P 527

(digital inputs/outputs)

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

3) Keep current: Limit the current through this pin to the indicated value so that the enabled pull device can keep the default
pin level: Vi 2 V) for a pull-up; Vg < V) for a pull-down.
Force current: Drive the indicated minimum current through this pin to change the default pin level driven by the enabled
pull device: Vg, < ¥, for a pull-up; V2 V) for a pull-down.

Data Sheet
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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.

High level output voltage | 8 - |- Y Vep =6.4VY, Clag=10 |P_12.1.6
GLx vs. GND nF,
Ip=2.5 mA?

High level output voltage Vs 7 - - \ Vsp =54V, Cloaq=10nF, |P_12.1.7
GLx vs. GND Ip=2.5 mA?

Rise time Lise3 3nf - 200 |- ns |"ClLoad = 3.3 nF, P_12.1.8
B Vep 28V,

25-75% of V1, Icharee =
Ipische = 31(max)

Fall time a3 3nf - 200 |- ns VC\4ag = 3.3 NF, P_12.1.9
B Vep 28V,

75-25% 0f Vixx, Icharce =
Ipische = 31(max)

Rise time t 100 |250 450 |ns |Ciaq=10nF, P_12.1.57
Vep2 8V,
25-75% of Viyxrs Lorarce =

Ipiscre = 31(max)

risemax

Fall time . 100 |250 (450 |ns | Cleq=10nF, P 12.1.58
Vep 28V,

75-25% of Vi1, Icharee =
Ipiscrg = 31(max)

isemin 125 |25 |5 us | VC o =10 nF, P_12.1.14
Vep 28V,
25'75% Of VGXX1’

Icharee = Ibiscre = 3(min)

Rise time t

Loatimin 125 |25 |5 us | "Cloag = 10 NF, P_12.1.15
Vep 28V,
75-25% of Ve,

Icnarce = Ipiscre = 3(min)

Fall time

Absolute rise - fall time L f(diff)LSx - - 100 [ns | Clgaq = 10 nF, P_12.1.35
difference for all LSx Vep2 8V,

25-75% of Vauets Ionaree =
Ipiscrg = 31(max)

Absolute rise - fall time b f(diffjHSx - - 100 [ns | Clgaq = 10 nF, P_12.1.36
difference for all HSx Vsp 28V,

25-75% of Ve Icnaree =
Ipische = 31(max)

Resistor between GHx/GLx | Rggnp 30 |40 |50 |kQ |- P_12.1.11
and GND
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Table 42

Electrical Characteristics MOSFET Driver (cont'd)

Electrical Characteristics

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

Min.

Typ.

Max.

Unit

Note / Test Condition

Number

Turn ON Time

Ton vep

10

24

40

us

8V < Vygp < 28,
Ip=2.5mA,

(25%) of V™,
Cep1» Cepp=220 nF,
fep=250kHz

P _12.1.59

Rise time

liise_VCP

20

60

88

us

8V < Vygp < 28,
Iop=2.5mA,
(25-75%) of Vep!®),
Cop1y Cepy=220 nF,
fip=250kHz

P 12.1.60

1) Not subject to production test.

2) The condition I, =2,5 mA emulates anH-Bridge Driver with 4 MOSFET switching at 20 KHz with a C| ,,=3.3nF. Test
condition: /g, = - 100 pA, ICHARGE = IDISCHARGE = 31(max), IDISCHARGEDIV2_N = 1 and ICHARGEDIV2_N = 1.

3) This resistance is connected through a diode between SHx and GHx to ground.

4) This time applies when Bit DRV_CP_CTRL_STS.bit.CP_EN is set

5) This time applies when Bit DRV_CP_CLK_CTRL.bit. CPCLK_EN is set
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Electrical Characteristics

29.13 Operational Amplifier

29.13.1 Electrical Characteristics

Table 43  Electrical Characteristics Operational Amplifier

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.

Differential gain G Gain settings GAIN<1:0>: |P_13.1.6
(uncalibrated) 9.5 10 10.5 00

19 20 21 01

38 40 42 10

57 60 63 11
Differential input operating | Vx -15/G |- 15/G |V G is the Gain specified P_13.1.1
voltage range OP2 - OP1 below
Operating. common mode | Vg, -2.0 - 2.0 Vv Input common mode has |P_13.1.2
input voltage range (referred to be checked in
to GND (OP2 - GND) or evaluation if it fits the
(OP1 - GND) required range
Max. input voltage range Vix max |70 - 7.0 \Y, Max. rating of operational |P_13.1.3
(referred to GND (OP_2 - amplifier inputs, where
GND) or (OP1 - GND) measurement is not done
Single ended output voltage | Voyr Voero |- Voero |V 12 typ. output offset P_13.1.4
range (linear range) -1.5 +1.5 voltage 2V + 1.5V
Linearity error Epwm -15 - 15 mV | Maximum deviation from |P_13.1.5

best fit straight line
divided by max. value of
differential output voltage
range (0.5V - 3.5V); this
parameter is determined
at G =10.

Linearity error Eopm o |-1.0 - 1.0 % Maximum deviation from |P_13.1.24
- best fit straight line
divided by max. value of
differential output voltage
range (0.5V - 3.5V); this
parameter is determined

at G = 10.
Gain drift -1 - 1 % Gain drift after calibration |P_13.1.7
at G = 10.
Adjusted output offset Voos -40 10 40 mV | Vap=Van=0Vand P_13.1.17
voltage G = 40.
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. TLE9867QXA40

Electrical Characteristics

Table 43  Electrical Characteristics Operational Amplifier (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.

DC input voltage common |DC- 58 80 - dB CMRR (in dB)=-20*log P_13.1.8
mode rejection ratio CMRR (differential mode gain/

common mode gain)

Vemi= -2V... 2V,

Vap-Van=0V
Settling time to 98% Tser - 800 1400 ns Derived from80-20% |P_13.1.9

rise fall times for £ 2V
overload condition (3 Tau
value of settling time

constant)?
Current Sense Amplifier R, op1 |1 125 |15 kQ |2- P_13.1.25
Input Resistance @ OP1, | gps
OP2
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