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. TLE9879QXA40

Overview

» Overtemperature protection

» Short circuit protection

» Loss of clock detection with fail safe mode entry for low system power consumption
* Temperature Range 7} =-40 °C to +150 °C

+ Package VQFN-48 with LTI feature

» Green package (RoHS compliant)

» AEC qualified

Data Sheet 7 Rev. 1.0, 2017-02-02
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Infineon
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Figure 1 Block Diagram TLE9879QXA40
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Modes of Operation

1) May not be switched off due to safety reasons
2) MC PLL clock disabled, MC supply reduced to 1.1 V

Wake-Up Levels and Transitions

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

Data Sheet 17 Rev. 1.0, 2017-02-02
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7 System Control Unit - Power Modules (SCU-PM)

71 Features

7.2 Introduction

7.21 Block Diagram

System Control Unit - Power Modules (SCU-PM)

Clock Watchdog Unit (CWU): supervision of all clocks with NMI signaling relevant to power modules
Interrupt Control Unit (ICU): all interrupt flags and status flags with system relevance

Power Control Unit (PCU): takes over control when device enters and exits Sleep and Stop Mode
External Watchdog (WDT1): independent system watchdog for monitoring system activity

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

On signals to analog
peripherals;
status signals from
analog peripherals

¢—— LPCLK

AHB
|
N
\
PCU <‘,:|'> e <):{> WOT1
R
N
A
L
fsys [—»
B
M_CLK > cwu <‘,:|'> U <):{> icu
TFLT_CLK |—»> M

—p»>{ PREWARN_SUP_NMI
—{ PREWARN_SUP_INT

——m INT<n:0>

System Control Unit -Power Modules

Figure 11 Block diagram of System Control Unit - Power Modules

AHB (Advanced High-Performance Bus)

CWU (Clock Watchdog Unit)
Jsys System frequency: PLL output

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

Data Sheet
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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.

PUDSEL
4«—»  Pulkup/Pul-dowsn  |———Pp
| Select Register Pulkup / Pull-down
\ SDEN Control Logic
T |« Pulkup / Pull-down >
E Enable Register
R
N
A A 4
L )
Pull Device
B
U
S
Input
DATA In 7- Driver e
< ’ Data Register < L]
Schmitt
N / Trigger Pad
AltDataln |«
Analogin |«

Figure 18 General Structure of Input Port (P2)
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Capture/Compare Unit 6 (CCU6)

Note: The capture/compare module itself is referred to as CCUG6 (capture/compare unit 6). A capture/compare
channel inside this module is referred to as CC6x.

The timer T12 can work in capture and/or compare mode for its three channels. The modes can also be combined
(e.g. a channel works in compare mode, whereas another channel works in capture mode). The timer T13 can
work in compare mode only. The multi-channel control unit generates output patterns which can be modulated by
T12 and/or T13. The modulation sources can be selected and combined for the signal modulation.

18.2.1 Block Diagram
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Figure 21 CCUG6 Block Diagram
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/
UART1/UART2
19 UART1/UART2
19.1 Features

* Full-duplex asynchronous modes
— 8-bit or 9-bit data frames, LSB first
— fixed or variable baud rate
* Receive buffered
* Multiprocessor communication
* Interrupt generation on the completion of a data transmission or reception
+ Baud-rate generator with fractional divider for generating a wide range of baud rates
» Hardware logic for break and synch byte detection

19.2 Introduction

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

19.2.1 Block Diagram

UART disreq from SCU_DM
RI TXD
SCUD [* > ™o
M
Interrupt RXD > RXD_0
Control | L - IEE
SCU_DM RXD_1 (] o
UART Port Control
Module ] Fix
Clock fUARTZ Baud Rate 4—| l
Control A /BR Generator Fax
Address RXDO_2
Decoder o >
AHB Interface UART SCU_DM GPIOs

Figure 22 UART Block Diagram
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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, 2017-02-02
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10-Bit Analog Digital Converter (ADC1)

10-Bit Analog Digital Converter (ADC1)

241 Features
The principal features of the ADC1 are:

Up to 8 analog input channels (channel 7 reserved for future use)

Flexible results handling

- 8-bit and 10-bit resolution

Flexible source selection due to sequencer

- insert one exceptional sequence (ESM)

- insert one interrupt measurement into the current sequence (EIM), single or up to 128 times

- software mode

Conversion sample time (separate for each channel) adjustable to adapt to sensors and reference
Standard external reference (VAREF) to support ratiometric measurements and different signal scales
DMA support, transfer ADC conversion results via DMA into RAM

Support of suspend and power saving modes

Result data protection for slow CPU access (wait-for-read mode)

Programmable clock divider

Integrated sample and hold circuitry

24.2 Introduction

The TLE9879QXA40 includes a high-performance 10-bit Analog-to-Digital Converter (ADC1) with eight
multiplexed analog input channels. The ADC1 uses a successive approximation technique to convert the analog
voltage levels from up to eight different sources. The analog input channels of the ADC1 are available at ANO,
AN2 - AN5.
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High-Voltage Monitor Input

25 High-Voltage Monitor Input

251 Features

High-voltage input with V'g/2 threshold voltage

Integrated selectable pull-up and pull-down current sources

Wake capability for power saving modes

Level change sensitivity configurable for transitions from low to high, high to low or both directions

25.2 Introduction

This module is dedicated to monitor external voltage levels above or below a specified threshold or it can be used
to detect a wake-up event at the high-voltage MON pin in low-power mode. The input is sensitive to a input level
monitoring, this is available when the module is switched to active mode with the SFR bit EN.

To use the Wake function during low power mode of the IC, the monitoring pin is switched to Sleep Mode via the
SFR bit EN.

25.2.1 Block Diagram
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MONX_Input_Circuit ext.vsd

Figure 29 Monitoring Input Block Diagram
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Application Information

28 Application Information

28.1 BLDC Driver

Figure 32 shows the TLE9879QXA40 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

29.1.2 Functional Range

Table 18  Functional Range

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

Supply voltage in Active Mode Vs am 5.5 - 28 \Y, - P_1.2.1
Extended supply voltage in Active Vs AM_exte |28 - 40 \Y ) Functional with |P_1.2.16
Mode nd parameter

deviation
Supply voltage in Active Mode for Vsp_am 5.4 - 28 \Y, P_1.2.18
MOSFET Driver Supply
Extended supply voltage in Active Vsp_am ext | 28 - 32 v Y3¥Functional P_1.2.17
Mode for MOSFET Driver Supply end with parameter

deviation
Specified supply voltage for LIN Vs amun |55 - 18 \Y, Parameter P_122
Transceiver Specification
Extended supply voltage for LIN Vs amun |48 - 28 \Y Functional with |P_1.2.14
Transceiver parameter

deviation
Supply voltage in Active Mode with Vs avmin | 3-0 - 55 v 2 P_1.23
reduced functionality (Microcontroller /
Flash with full operation)
Supply voltage in Sleep Mode Vs sleep |30 - 28 \ - P_124
Supply voltage transients slew rate dVg/dt -1 - 1 Vips |¥ P 125
Output sum current for all GPIO pins | Igpiosum | -50 - 50 mA |3 P_1.27
Operating frequency foys 5 - 40 MHz |4 P 1.2.15
Junction temperature T, -40 - 150 °C - P_1.29

1) This operation voltage range is only allowed for a short duration: ¢, < 400 ms (continuous operation at this voltage is not
allowed), f;,s = 24 MHz, Ippp = 10 MA, Lyppexr = 5 MA. In addition, the power dissipation caused by the Charge Pump +
MOSFET driver have to be considered.

2) Reduced functionality (e.g. cranking pulse) - Parameter deviation possible.
3) Not subject to production test, specified by design.
4) Function not specified when limits are exceeded.
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Table 19  Electrical Characteristics (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

Current consumption in
Sleep Mode with cyclic
wake

ICycIic

110

MA

T, =-40°C to 85°C;
Vs=5.5 Vto18V;
Icyclic ON = 4ms;
Loyaiic_orr = 2048 ms;?)

P 134

Current consumption in
Stop Mode

I, Stop

110

160

MA

System in Stop Mode,
microcontroller not clocked, Wake
capable via LIN and MON; MON
connected to VS or GND;

GPIOs open (no loads) or
connected to GND; 7, = -

40°C to 85°C;

Vs=5.5 Vto 18V

P_1.3.10

Current consumption in
Stop Mode-Extended
temperature range 1

I, Stop_extend

600

1800

MA

System in Stop Mode,
microcontroller not clocked, Wake
capable via LIN and MON; MON
connected to VS or GND;

GPIOs open (no loads) or
connected to GND;

T,=-40°C to 150 °C;
Vs=55Vto18V

P_1.3.20

1) Current on Vg, ADC1/2 active, timer running, LIN active (recessive).

2) Incl. leakage currents form VDH, VSD and MON

Note: Within the functional range, the IC operates as described in the circuit description. The electrical

characteristics are specified within the conditions given in the related electrical characteristics table.
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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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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.
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29.6 LIN Transceiver
29.6.1 Electrical Characteristics
Table 33

Electrical Characteristics LIN Transceiver

Electrical Characteristics

Vs=5.5V 10 18V, 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.
Bus Receiver Interface
Receiver threshold voltage, | Vi, gom |0.4 xVs |0.45 xV5|0.53x Vg |V SAE J2602 P_6.1.1
recessive to dominant edge
Receiver dominant state Vausdom |-27 - 04 xVg |V LIN Spec 2.2 (Par. 17) |P_6.1.2
Receiver threshold voltage, | Vy, oc |0.47 x |0.55 xV5|0.6 xVg |V SAE J2602 P_6.1.3
dominant to recessive edge Vs
Receiver recessive state Vausree |06 xVg |- 1.15xVg |V |VLIN Spec 2.2 (Par. 18)|P_6.1.4
Receiver center voltage Veus cn |0475 0.5 xVg |0.525 V|2 LINSpec2.2 (Par. 19)|P_6.1.5
T x Vs x Vs
Receiver hysteresis Vivs 0.07 V4|0.12 xVg|0.175 V|3 LIN Spec2.2 (Par. 20) |P_6.1.6
X VS
Wake-up threshold voltage | Vs [0.4 xVs 0.5 xVs 0.6 xVg |V - P_6.1.7
Dominant time for bus wake- | fyyxpys |3 - 15 ps | The overall dominant P_6.1.8
up (internal analog filter time for bus wake-up is
delay) a sum of Ay pus +
adjustable digital filter
time. The digital filter
time can be adjusted by
PMU.CNF_WAKE_FIL
TER.CNF_LIN_FT;
Bus Transmitter Interface
Bus recessive output Vausro [0.8%Vg |- Vs \ V1o = high Level P_6.1.9
voltage
Bus dominant output voltage | Vs 4o |— - 0.22 xVg |V Driver Dominant P_6.1.78
Voltage
R, =500 Ohm
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Electrical Characteristics

29.8.2 Central Temperature Sensor Parameters

Table 36  Electrical Characteristics Temperature Sensor Module

Vs=3.0Vto28V, 7T;=-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.

Output voltage Vigyp at a - 0.666 |- \Y R P_8.2.2
T,=273 K (0°C) T,=273 K (0°C)

Temperature sensitivity b | b - 231 |- mV/K |V P 824
Accuracy 1 Acc_1 -10 - 10 °C 2" _40°C < Tj< 85°C P 825
Accuracy_2 Acc_2 -10 - 10 °C 21 125°C < Tj<150°C |P_8.2.6
Accuracy_3 Acc_3 -5 - 5 °C 2 85°C<Tj<125°C |P_8.2.7

1) Not subject to production test, specified by design
2) Accuracy with reference to on-chip temperature calibration measurement, valid for Mode1
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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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