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SPI Driver for Enhanced Relay Control
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I Q RoHS Package | PG-TSDSO-24
qualiied Marking | TLE75602ESD

1 Overview

Applications

+ Low-side and High-side switches for 12 Vin automotive or industrial
applications such as lighting, heating, motor driving, energy and power
distribution

+ Especially designed for driving relays, LEDs and motors.
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Figurel TLE75602-ESD Application Diagram
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Overview

Basic Features

+ 16-bit serial peripheral interface for control and diagnosis

« Daisy Chain capability SPI also compatible with 8-bit SPI devices

+ 2 CMOS compatible parallel input pins with Input Mapping functionality

+ Cranking capability down to V5 =3.0 V (supports LV124)

« Digital supply voltage range compatible with 3.3V and 5V microcontrollers
+ Very low quiescent current (with usage of IDLE pin)

+ Limp Home mode (with usage of IDLE and IN pins)

« Green Product (RoHS compliant)

+ AEC Qualified

Protection Features

+ Reverse battery protection on V without external components

« Short circuit to ground and battery protection

+ Stable behavior at under voltage conditions (“Lower Supply Voltage Range for Extended Operation”)
+ Over Current latch OFF

« Thermal shutdown latch OFF

+ Overvoltage protection

+ Loss of ground protection

+ Loss of battery protection

+ Electrostatic discharge (ESD) protection

Diagnostic Features

+ Latched diagnostic information via SPI register

+ Over Load detection at ON state

+ Open Load detection at OFF state using Output Status Monitor function
« Output Status Monitor

+ Input Status Monitor

Application Specific Features

« Fail-safe activation via Input pins in Limp-Home Mode
« SPI with Daisy Chain capability

+ Safe operation at low battery voltage (cranking)

Description

The TLE75602-ESD is an eight channel low-side and high-side power switch in PG-TSDSO-24 package
providing embedded protective functions. It is specially designed to control relays and LEDs in automotive
and industrial applications.

A serial peripheral interface (SPI) is utilized for control and diagnosis of the loads as well as of the device. For
direct control and PWM there are two input pins available connected to two outputs by default. Additional or
different outputs can be controlled by the same input pins (programmable via SPI).
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Table 1 Product Summary

Parameter Symbol Values

Analog supply voltage Vs 3.0V...28V

Digital supply voltage Voo 3.0V...55V

Minimum overvoltage protection Vsiaz) 42V (see Chapter 8.5 for details)
Maximum on-state resistance at T,=150 °C Rbs(on) 220

Nominal load current (T, =85 °C, all channels) I (nom) 330 mA

Maximum Energy dissipation - repetitive Exr 10 MJ @ /| gar) =220 MA
Minimum Drain to Source clamping voltage Vbsicu) 42V (when used as low-side switches)
Maximum Source to Ground clamping voltage | Voyr 5y -16V

Maximum overload switch OFF threshold I ovio) 23A

Maximum total quiescent currentat T;<85°C lsi kP 5 pA

Maximum SPI clock frequency fsck 5 MHz

Detailed Description

The TLE75602-ESD is an eight channel low-side and high-side switch providing embedded protective
functions. The output stages incorporate two low-side and six auto-configurable high-side or low side
switches (typical Rpg oy at T,=25°Cis 1 Q). The auto-configurable switches can be utilized in high-side or low-
side configuration just by connecting the load accordingly. Protection and diagnosis functions adjust
automatically to the hardware configuration.

The 16-bit serial peripheral interface (SPI) is utilized to control and diagnose the device and the loads. The SPI
interface provides daisy chain capability in order to assemble multiple devices (also devices with 8 bit SPI) in
one SPI chain by using the same number of microcontroller pins.

This device is designed for low supply voltage operation, therefore being able to keep its state at low battery
voltage (Vs = 3.0 V). The SPI functionality, including the possibility to program the device, is available only
when the digital power supply is present (see Chapter 6 for more details).

The TLE75602-ESD is equipped with two input pins that are connected to two configurable outputs, making
them controllable even when the digital supply voltage is not available. With the Input Mapping functionality
it is possible to connect the input pins to different outputs, or assign more outputs to the same input pin. In
this case more channels can be controlled with one signal applied to one input pin.

In Limp Home mode (Fail-Safe mode) the input pins are directly routed to channels 2 and 3. When IDLE pin is
“low”, it is possible to activate the two channels using the input pins independently from the presence of the
digital supply voltage.

The device provides diagnosis of the load via Open Load at OFF state (with DIAG_OSM.OUTn bits) and short
circuit detection. For Open Load at OFF state detection, a internal current source /,, can be activated via SPI.

Each output stage is protected against short circuit. In case of Overload, the affected channel switches OFF
when the Overload Detection Current /oy, is reached and can be reactivated via SPI. In Limp Home mode
operation, the channels connected to an input pin set to “high” restart automatically after Output Restart time
tretry(Ly) 1S €lapsed. Temperature sensors are available for each channel to protect the device against Over
Temperature.

The power transistors are built by N-channel power MOSFET with one central chargepump for auto-
configurable channels. The inputs are ground referenced TTL compatible. The device is monolithically
integrated in Smart Power Technology.
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2 Block Diagram and Terms

2.1 Block Diagram
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Figure2 Block Diagram of TLE75602-ESD
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2.2 Terms

Figure 3 shows all terms used in this data sheet, with associated convention for positive values.
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Figure3  Voltage and Current definition

In all tables of electrical characteristics the channel related symbols without channel numbers are valid for
each channel separately (e.g. Vjs specification is valid for Vjgy ... Vpgr)-

Furthermore, parameters relative to output current can be indicated without specifying whether the current
is going into the Drain pin or going out of the Source pin, unless otherwise specified. For instance, nominal
output current can be indicated in the following ways: I, wowm) /i _Lsivom) /_pom) t_sinom)

All SPI registers bits are marked as follows: ADDR . PARAMETER (e.g. HWCR . RST) with the exception of the
bits in the Diagnosis frames which are marked only with PARAMETER (e.g. UVRVS).
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3 Pin Configuration
3.1 Pin Assignment
(top view) 0O
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Figure 4
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3.2 Pin Definitions and Functions

Pin Symbol 1/0 Function

Power Supply Pins

20 VS - Analog supply V,
Positive supply voltage for power switches gate control (incl.
protections)

24 VDD - Digital supply V,,
Supply voltage for SPI with support function to Vg
5 GND - Ground
Ground connection (also for the low-side switches)
SPI Pins
1 CSN I Chip Select
“low” active, integrated pull-up to V;p
2 SCLK [ Serial Clock
“high” active, integrated pull-down to ground
3 Sl I Serial Input
“high” active, integrated pull-down to ground
4 SO 0 Serial Output

“Z” (tri-state) when CSN is “high”

Input and Stand-by Pins

21 IDLE [ Idle mode
power mode control, “high” activates Idle mode, integrated pull-down
to ground

23 INO I Input pin 0

connected to channel 2 by default and in Limp Home mode, “high”
active, integrated pull-down to ground

22 IN1 I Input pin 1
connected to channel 3 by default and in Limp Home mode, “high”
active, integrated pull-down to ground

Power Ouput Pins

6 OUTO_LS |O Drain of low-side power transistor (channel 0)

7 ouT2_D 0 Drain of auto configurable power transistor (channel 2)
8 ouT2_S 0 Source of auto configurable power transistor (channel 2)
9 ouUT4_D 0 Drain of auto configurable power transistor (channel 4)
10 OUT4_S 0 Source of auto configurable power transistor (channel 4)
11 ouUT6_S 0 Source of auto configurable power transistor (channel 6)
12 OuUT6_D 0 Drain of auto configurable power transistor (channel 6)
13 OUT7_D 0 Drain of auto configurable power transistor (channel 7)
14 OUT7_S 0 Source of auto configurable power transistor (channel 7)
15 OUT5_S 0 Source of auto configurable power transistor (channel 5)
16 OUT5_D 0 Drain of auto configurable power transistor (channel 5)
Datasheet 7 Rev. 1.10
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Pin Symbol 1/0 Function

17 OUT3_S 0 Source of auto configurable power transistor (channel 3)

18 OUT3_D 0 Drain of auto configurable power transistor (channel 3)

19 OUT1_LS |O Drain of low-side power transistor (channel 1)

Cooling Tab

25 GND - Exposed pad
It is recommended to connect it to PCB ground for cooling and EMC -
not usable as electrical GND pin. Electrical ground must be provided
by pin 5.

Datasheet 8 Rev. 1.10
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4 General Product Characteristics

4.1 Absolute Maximum Ratings

Table2  Absolute Maximum Ratings ¥
T,=-40°Cto +150 °C
all voltages with respect to ground, positive current flowing into pin (unless otherwise specified)

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

Supply Voltages
Analog Supply voltage Vs -0.3 - 28 Y - P_41.1
Digital Supply voltage Voo -0.3 - 5.5 v - P_4.12
Supply voltage for load dump | Vg - - & Vv 2 P_4.13
protection
Supply voltage for short circuit | Vs, 0 - 28 v - P_4.1.4
protection (single pulse)
Reverse polarity voltage Vsrev) - - 16 v 3 P_4.1.5

Typ=25°C

t <2min

See Chapter 11 for

general setup.

R ,=70Qonall

channels
Current through VS pin lys -10 - 10 mA |t <2min P_4.1.7
Current through VDD pin hop -50 - 10 mA |t <2min P_4.1.8
Power Stages
Load current 1] - - Lo |A single channel P_4.1.9
Voltage at power transistor Vs -0.3 - 42 \Y - P_4.1.10
Power transistor source voltage | Voyr s -16 - Vourp |V - P_4.1.11

+0.3

Power transistor drain voltage | Vyyr p Vour s- | = 42 % - P_4.1.12
(Vour s20V) 0.3
Power transistor drain voltage | Vo1 p -0.3 - 42 % - P_4.1.59
(Vour s<0V)
Maximum energy dissipation Exs - - 50 mJ 4 P_4.1.13
single pulse Ty =25°C

o= 2*/L(EAR)
Maximum energy dissipation Exs - - 25 mJ 4 P_4.1.14
single pulse Ty =150°C

I\ (o) = 400 MA
Datasheet 9 Rev. 1.10
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Table 2 Absolute Maximum Ratings (cont’d)"
T,=-40°Cto +150 °C
all voltages with respect to ground, positive current flowing into pin (unless otherwise specified)

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

Maximum energy dissipation Exr - - 10 mJ 4 P_4.1.15
repetitive pulses - /| gag) Ty =85°C

l0)= I (ear)

2*10° cycles
IDLE pin
Voltage at IDLE pin VioLe -0.3 5.5 % - P_4.1.23
Current through IDLE pin loLE -0.75 0.75 mA |- P_4.1.25
Current through IDLE pin loLe -10.0 2.0 mA  |[t<2min. P_4.1.26
Input Pins
Voltage at input pins Vin -0.3 5.5 % - P_4.1.28
Current through input pins Iin -0.75 0.75 mA |- P_4.1.30
Current through input pins In -10.0 2.0 mA  |t<2min. P_4.1.31
SPI Pins
Voltage at chip select pin Vesn -0.3 5.5 v - P_4.1.33
Current through chip select pin |/, -0.75 0.75 mA |- P_4.1.34
Current through chip select pin |/, -10.0 2.0 mA  |t<2min. P_4.1.35
Voltage at serial clock pin Vscik -0.3 5.5 % P_4.1.37
Current through serial clock pin | /s ¢ -0.75 0.75 mA |- P_4.1.38
Current through serial clock pin | /s ¢ -10.0 2.0 mA  |t<2min. P_4.1.39
Voltage at serial input pin Vs, -0.3 5.5 v P_4.1.41
Current through serial input pin | /g, -0.75 0.75 mA |- P_4.1.42
Current through serial input pin | /g, -10.0 2.0 mA  [t<2min. P_4.1.43
Voltage at serial output pin SO | Vg, -0.3 Vppt0.3 |V P_4.1.58
Current through serial output | /g -0.75 0.75 mA P_4.1.45
pin SO
Current through serial output | /g -2.0 10.0 mA  |t<2min. P_4.1.46
pin SO
Temperatures
Junction Temperature T, -40 - 150 °C - P_4.1.48
Storage Temperature st -55 - 150 °C - P_4.1.49
ESD Susceptibility
ESD Susceptibility HBM Veso -4 - |4 kv |9 P_4.1.50
OUT pins vs. Vg or GND HBM
ESD Susceptibility HBM Vesp -2 - 12 kv |° P_4.1.51
other pins HBM
Datasheet 10 Rev. 1.10
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Table 2 Absolute Maximum Ratings (cont’d)"
T,=-40°Cto +150 °C
all voltages with respect to ground, positive current flowing into pin (unless otherwise specified)

Parameter Symbol Values Unit |Noteor Number
Min. Typ. | Max. Test Condition
ESD Susceptibility CDM Vesp 750 |- |750 Vv 6) P_4.1.52
Pin 1,12, 13,24 (corner pins) CDM
ESD Susceptibility CDM Vesp -500 |- |500 Vv 6) P_4.1.54
CDM

1) Not subject to production test, specified by design.
2) Foraduration of t,, =400 ms; t,/t 4= 10%; limited to 100 pulses

3) Device is mounted on a FR4 2s2p board according to Jedec JESD51-2,-5,-7 at natural convection; the Product
(Chip+Package) was simulated ona 76.2 *114.3 *1.5 mm board with 2 inner copper layers (2 * 70 um Cu, 2 * 35 um Cu).
Where applicable a thermal via array under the exposed pad contacted the first inner copper layer.

4) Pulse shape represents inductive switch off: /(t) =1 (0) x (1 - t / t,se); 0 <t <t
5) ESD susceptibility, Human Body Model “HBM” according to AEC Q100-002
6) ESD susceptibility, Charged Device Mode “CDM” according to AECQ100-011 Rev D

pulse

Notes

1. Stresses above the ones listed here may cause permanent damage to the device. Exposure to absolute
maximum rating conditions for extended periods may affect device reliability.

2. Integrated protection functions are designed to prevent IC destruction under fault conditions described in the
data sheet. Fault conditions are considered as “outside” normal operating range. Protection functions are
not designed for continuous repetitive operation.

4.2 Functional Range

Table 3 Functional range

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

Supply Voltage Range for Vsinor) 7 - 18 % - P_4.2.1

Normal Operation

Upper Supply Voltage Range |Vgexryp) |18 - 28 % Parameter P_4.2.2

for Extended Operation deviation possible

Lower Supply Voltage Range |Vsexriow) |3 - 7 v Parameter P_4.2.3

for Extended Operation deviation possible

Junction Temperature T, -40 - 150 °C - P_4.2.4

Logic supply voltage Voo 3 - 5.5 v - P_4.2.5

Note: Within the functional or operating range, the IC operates as described in the circuit description. The
electrical characteristics are specified within the conditions given in the Electrical Characteristics
table.
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4.3 Thermal Resistance

Note: This thermal data was generated in accordance with JEDEC JESD51 standards. For more
information, go to www.jedec.org.

Table4 Thermal Resistance

Parameter Symbol Values Unit |Noteor Number
Min. |Typ. |Max. Test Condition
Junction to Soldering Point | Ry, sp - 3 5 K/w | P_43.4

measured to
exposed pad (pin 25)
Junction to Ambient Rin - 28 - K/w |12 P_4.3.5

1) not subject to production test, specified by design

2) Specified Ry, value is according to Jedec JESD51-2,-5,-7 at natural convection on FR4 2s2p board; the Product
(ChiptPackage) was simulated on a 76.2 * 114.3 * 1.5 mm board with 2 inner copper layers (2 * 70 um Cu, 2 * 35 pm
Cu). Where applicable a thermal via array under the exposed pad contacted the first inner copper layer.

4.3.1 PCB set up

70um

1.5mm

35um

0.3mm

Zth_PCB_2s2p.emf

Figure5 2s2p PCB Cross Section
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Figure6  PC Board for Thermal Simulation with 600 mm? Cooling Area

Figure7  PCBoard for Thermal Simulation with 2s2p Cooling Area
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4.3.2 Thermal Impedance

8 Channels
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Figure8 Typical Thermal Impedance. PCB setup according Chapter 4.3.1

8 Channels

100.00
=—150p - Tamb = 105°C

90.00

AN
\

70.00 \

60.00 \
50.00 \

N

Rth-JA [KIW]

\\

40.00

30.00
0 100 200 300 400 500 600 700
Area [mm?]

Figure9 Typical Thermal Resistance. PCB setup 1s0p
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5 Control Pins
The device has three pins (INO, IN1 and IDLE) to control directly the device without using SPI.

5.1 Input pins

TLE75602-ESD has two input pins available. Each input pin is connected by default to one channel (INO to
channel 2, IN1 to channel 3). Input Mapping Registers MAPINO and MAPIN1 can be programmed to connect
additional or different channels to each input pin, as shown in Figure 10. The signals driving the channels are
an OR combination between OUT register status, INO and IN1 (according to Input Mapping registers status).

INT T Limp Home mode
(default )
IIN1
" MAPINT & A
8
INO T A Limp Home mode T
(default) [[ A baneal?
Ino Chononal
OChannal
" MAPIND | & Channel 0
8
|_ -
— {5 -
ouT |
8 | —
InputMapping 8ch.emf

Figure 10 Input Mapping

The logic level of the input pins can be monitored via the Input Status Monitor Register (INST). The Input
Status Monitor is operative also when TLE75602-ESD is in Limp Home mode. If one of the Input pins is set to
“high” and the IDLE pin is set to “low”, the device switches into Limp Home mode and activates the channel
mapped by default to the input pins. See Chapter 6.1.5 for further details.

5.2 IDLE pin

The IDLE pin is used to bring the device into Sleep mode operation when is set to “low” and all input pins are
set to “low”.When IDLE pin is set to “low” while one of the input pins is set to “high” the device enters Limp
Home mode.

Toensure a proper mode transition, IDLE pin must be set for at least t,p, g,5 gep (P_6.3.54, transition from “high”
to “low”) or tg gepoipLe (P_6.3.53, transition from “low” to “high”).

Setting the IDLE pin to “low” has the following consequences:
+ Allregisters in the SPI are reset to default values

+ Vppand Vg Undervoltage detection circuits are disabled to decrease current consumption (if both inputs
are set to “low”)

Datasheet 15 Rev. 1.10
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+ No SPI communication is allowed (SO pin remains in high impedance state also when CSN pin is set to
“low”) if both input pins are set to “low”

Datasheet 16 Rev. 1.10
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5.3 Electrical Characteristics Control Pins

Table 5 Electrical Characteristics: Control Pins

Vop=3Vto5.5V,Vs=7Vto 18V, T,=-40 °C to +150 °C (unless otherwise specified)
Typical values: Vpp =5V, V=135V, T,=25°C

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

IDLE pin

L-input level VioLew 0 0.8 \Y - P_53.1

H-input level VibLeh) 2.0 5.5 v - P_5.3.2

L-input current hoLew) 5 12 20 HA Viple=0.8V P_5.3.3

H-input current loLem) 14 28 45 HA Viple=2.0V P_5.3.4

Input Pins

L-input level Vinw 0 0.8 v - P_5.3.5

H-input level Ving 2.0 5.5 v - P_5.3.6

L-input current In 5 12 20 HA Vy=0.8V P_5.3.7

H-input current Iingh) 14 28 45 HA Vy=2.0V P_5.3.8

Datasheet 17 Rev. 1.10
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6 Power Supply

The TLE75602-ESD is supplied by two supply voltages:

+ Vs (analog supply voltage used also for the logic)

+  Vpp (digital supply voltage)

The Vs supply line is connected to a battery feed and used, in combination with V,, supply, for the driving

circuitry of the power stages. In situations where Vg voltage drops below V,, voltage (for instance during
cranking events down to 3.0 V), an increased current consumption may be observed at VDD pin.

Vs and V;p supply voltages have an undervoltage detection circuit, which prevents the activation of the
associated function in case the measured voltage is below the undervoltage threshold. More in detail:

+ Anundervoltage on both Vs and V;, supply voltages prevents the activation of the power stages and any
SPI communication (the SPI registers are reset)

+ Anundervoltage on V,, supply prevents any SPI communication. SPI read/write registers are reset to
default values.

+ Anundervoltage on Vs supply forces the TLE75602-ESD to drain all needed current for the logic from V,
supply. All channels are disabled, and are enabled again as soon as Vs = Vg gp).

Figure 11 shows a basic concept drawing of the interaction between supply pins VS and VDD, the output stage
drivers and SO supply line.

CP 4&
o 1

;

lvs LS
VREG —X
VDD
X o —
%I | uwr
” e GND
.| Uuw 2
" vs
SO
SPI

SupplyConcept_6XS2LS.emf

Figure 11 TLE75602-ESD Internal Power Supply concept

When 3.0V s Vg < Vpp - Vopee TLET5602-ESD operates in “Cranking Operative Range” (COR). In this condition the
current consumption from VDD pin increases while it decreases from VS pin where the total current
consumption remains within the specified limits. Figure 12 shows the voltage levels at VS pin where the
device goes in and out of COR. During the transition to and from COR operative region, /s and /5, change
between values defined for normal operation and for COR operation. The sum of both current remains within
limits specified in “Overall current consumption” section (see Table 8).
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»
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t

Figure 12 “Cranking Operative Range”

Furthermore, when Vs, < Vs < Vg op) it may be not possible to switch ON a channel that was previously OFF.
All channels that are already ON keep their state unless they are switched OFF via SPI or via INn pins. An
overview of channel behavior according to different Vg and V,, supply voltages is shown in Table 6 (the table

is valid after a successful power-up, see Chapter 6.1.1 for more details).
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Table 6

Device capability as function of Vg and V,

Voo = Vopuy
(Voo = P_6.3.25)

Voo = VobLor)
(VDD(,_OP) =P_6.3.24)

Voo > VopiLor)

Vs=3.0V

3.0V = Vg,
(P_6.3.1)

,max

channels cannot be
controlled

channels cannot be
controlled

channels cannot be
controlled

SPI registers reset

SPI registers available

SPI registers available

SPl communication not
available (fsc x = 0 MHz)

SPI communication
possible (fsc x =1 MHz)
(P_10.4.34)

SPI communication
possible (fsc x =5 MHz)
(P_10.4.22)

Limp Home mode not
available

Limp Home mode available
(channels are OFF)

Limp Home mode available
(channels are OFF)

3.0V <Vg<Vop
(Vsiop) = P_6.3.2)

channels cannot be
controlled by SPI

channels can be switched
ON and OFF (SPI control)!
(Rps(on) deviations possible)

channels can be switched
ON and OFF (SPI control)?
(Rps(on) deviations possible)

SPI registers reset

SPI registers available

SPI registers available

SPl communication not
available (fsc x = 0 MHz)

SPI communication
possible (fgc x =1 MHz)
(P_10.4.34)

SPlI communication
possible (fs x =5 MHz)
(P_10.4.22)

Limp Home mode
available (Rys(on)
deviations possible)

Limp Home mode
available (Rys(on)
deviations possible)

Limp Home mode
available” (Rys(on)
deviations possible)

Vs = Vsop)

channels cannot be
controlled by SPI

channels can be switched
ON and OFF

(small Rps oy dev. possible
when Vs = Vgexr iow))

channels can be switched
ON and OFF

(small Rps oy dev. possible
when Vs = Vsexr ow)

SPI registers reset

SPI registers available

SPI registers available

SPl communication not
available (fsc x = 0 MHz)

SPI communication
possible (fsc x =5 MHz)
(P_10.4.22)

SPI communication
possible (fsc x =5 MHz)
(P_10.4.22)

Limp Home mode available
(small Ry oy dev. possible

when Vg = Vgexr Low)

Limp Home mode available
(small Rys oy dev. possible
when Vg = Vseyr Low)

Limp Home mode available
(small Rps oy dev. possible
when Vg = Vsexr Low)

1) undervoltage condition on Vi must be considered - see Chapter 6.2.1 for more details
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6.1 Operation Modes

TLE75602-ESD has the following operation modes:

+ Sleep mode

+ Idle mode

+ Active mode

« Limp Home mode

The transition between operation modes is determined according to following levels and states:
+ logiclevel at IDLE pin

+ logic level at INn pins

+ OUT.OUTn bits state

+  HWCR.ACT bit state

The state diagram including the possible transitions is shown in Figure 13. The behaviour of TLE75602-ESD as
well as some parameters may change in dependence from the operation mode of the device. Furthermore,
due to the undervoltage detection circuitry which monitors Vs and Vy, supply voltages, some changes within
the same operation mode can be seen accordingly.

The operation mode of the TLE75602-ESD can be observed by:
« status of output channels

+ status of SPI registers

+ current consumption at VDD pin (/pp)

+ current consumption at VS pin (/s)

The default operation mode to switch ON the loads is Active mode. If the device is not in Active mode and a
request to switch ON one or more outputs comes (via SPI or via Input pins), it will switch into Active or Limp
Home mode, according to IDLE pin status. Due to the time needed for such transitions, output turn-on time
ton Will be extended due to the mode transition latency.

init

IDLE = ,high* 1 INn = low*

€
Sleep
IDLE = ,low* A INn = ,high*
& IDLE =, low*
INn = low*
& Voo < Vopuy) _ B 0
Idle < IDLE = ow" Limp Home
& INn = ,low
A A

HWCR.ACT =0

& ouT.ouTn =0

& INn = ow* IDLE = ,high*

. Active

HWCR .ACT =1 IDLE = ,,lo\_/v“ .

or OUT.OUTn = 1 & INn = ,high

or INn = ,high OpModes.en
Figure 13 Operation Mode state diagram
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Table 7 shows the correlation between device operation modes, Vg and Vy, supply voltages, and state of the
most important functions (channels operativity, SPI communication and SPI registers).

Table 7 Device function in relation to operation modes, Vg and V,, voltages

Operation |Function Undervoltage Undervoltage Vg notin Vs notin

Mode condition on V! | conditionon V; |undervoltage undervoltage

Voo = Vopuy) Vob > Vop(uy) Voo = Vopuv) Voo >Vbo(uy)

Sleep Channels not available not available not available not available
SPlcomm. not available not available not available not available
SPI registers reset reset reset reset

Idle Channels not available not available not available not available
SPlcomm. not available v not available v
SPI registers reset v reset v

Active Channels not available not available v (IN pins only) v
SPlcomm. not available v not available v
SPI registers reset v reset v

Limp Home |Channels not available not available v (IN pins only) v (IN pins only)
SPlI comm. not available v (read-only) not available v (read-only)
SPIregisters | reset v (read-only)? reset v (read-only)?

1) see Chapter 6.2.1 for more details
2) see Chapter 6.1.5 for a detailed overview

6.1.1

The Power-up condition is satisfied when one of the supply voltages (Vs or V) is applied to the device and the
INn or IDLE pins are set to “high”. If Vs is above the threshold Vs or if Vp, is above the threshold Vi op) the
internal power-on signal is set.

Power-up

6.1.2

When TLE75602-ESD is in Sleep mode, all outputs are OFF and the SPI registers are reset, independently from
the supply voltages. The current consumption is minimum. See parameters lyppsgep) @Nd lysisigep)y OF
parameter /g ¢ for the whole device.

Sleep mode

6.1.3 Idle mode

In Idle mode, the current consumption of the device can reach the limits given by parameters /yppp. and
IysupLg) OF by parameter /5 ¢ for the whole device. The internal voltage regulator is working. Diagnosis
functions are not available. The output channels are switched OFF, independently from the supply voltages.
When V; is available, the SPI registers are working and SPI communication is possible. In Idle mode the ERRn
bits are not cleared for functional safety reasons.

Rev. 1.10
2020-09-02

Datasheet 22



TLE75602-ESD iﬁneon |

SPIDER+ 12V

Power Supply

6.1.4 Active mode

Active mode is the normal operation mode of TLE75602-ESD when no Limp Home condition is set and it is
necessary to drive some or all loads. Voltage levels of V,; and Vs influence the behavior as described at the
beginning of Chapter 6. Device current consumption is specified with fyppacrive) @nd fysacrivey Uactive for the
whole device). The device enters Active mode when IDLE pin is set to “high” and one of the input pins is set to
“high” or one OUT.OUTn bit is set to “1”. If HWCR.ACT is set to “0”, the device returns to Idle mode as soon as
allinputs pins are set to “low” and OUT.OUTn bits are set to “0”. If HWCR.ACT is set to “1”, the device remains
in Active mode independently of the status of input pins and OUT.OUTn bits. An undervoltage condition on
Vpp supply brings the device into Idle mode, if all input pins are set to “low”. Even if the registers MAPINO and
MAPINL1 are both set to “00,” but one of the input pins INn is set to “high”, the device goes into Active mode.

6.1.5 Limp Home mode

TLE75602-ESD enters Limp Home mode when IDLE pin is “low” and one of the input pins is set to “high”,
switching ON the channel connected to it. SPI communication is possible but only in read-only mode (SPI
registers can be read but cannot be written). More in detail:

« UVRVS and LOPVDD are setto “1”
+ MODE bits are set to “015” (Limp Home mode)

+ TERbitissetto “1” on the first SPI command after entering Limp Home mode. Afterwards it works
normally

+ OLOFF bitsis set to “0”
« ERRn bits work normally
« DIAG_OSM.OUTn bits can be read and work normally

+ Allotherregisters are set to their default value and cannot be programmed as long as the device is in Limp
Home mode

See Table 6 for a detailed overview of supply voltage conditions required to switch ON channels 2 and 3 during
Limp Home. All other channels are OFF.

A transmission of SPI commands during transition from Active to Limp Home mode or Limp Home to Active
mode may result in undefined SPI responses.

6.1.6 Definition of Power Supply modes transition times

The channel turn-ON time is as defined by parameter t,, when TLE75602-ESD is in Active mode or in Limp
Home mode. In all other cases, it is necessary to add the transition time required to reach one of the two
aforementioned Power Supply modes (as shown in Figure 14).
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tSLEEPZIDLE ( tLHZSLEEP
5| Sleep
tIDLEZSLEEP A tSLEEPZLH
Y
f .
Idle facnveasieer| | Channel ON j&———Limp Home
A
tON
tACTIVEZIDLE tLH2ACTIVE
» Active
tIDLE2ACTIVE tACTIVE2LH
OpModesTimings.emf

Figure 14 Transition Time diagram

6.2 Reset condition

One of the following 3 conditions resets the SPI registers to the default value:
«  Vppisnot present or below the undervoltage threshold Vyp )
+ IDLE pinis set to “low”
« aresetcommand (HWCR.RST set to “1”) is executed
- ERRn bits are not cleared by a reset command (for functional safety)
- UVRVS and LOPVDD bits are cleared by a reset command

In particular, all channels are switched OFF (if there are no input pin set to “high”) and the Input Mapping
configuration is reset.

6.2.1 Undervoltage on V;

Between Vg, and Vs p) the undervoltage mechanism is triggered. If the device is operative and the supply
voltage drops below the undervoltage threshold Vs ), the logic set the bit UVRVS to “1”. As soon as the supply
voltage VS is above the minimum voltage operative threshold Vs qp), the bit UVRVS is set to “0” after the first
Standard Diagnosis readout. Undervoltage condition on VS influences the status of the channels, as described
in Table 6. Figure 15 sketches the undervoltage behavior (the “Vs - V" line refers to a channel which is
programmed to be ON).
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Vs(Hvs)
VS(UV) 4
't
A
VS - VDS
A t
UVRVS 5
t
Supply_UVRVS.emf

Figure 15 VUndervoltage Behavior

6.2.2 Low Operating Power on V,

When V;,, supply voltage is in the range indicated by Vpp op), the bit LOPVDD is set to “1”. As soon as V) >

Vop(Lop) the bit LOPVDD is set to “0” after the first Standard Diagnosis readout.

If Vpp supply voltage is not present, a voltage applied to pins CSN or SO can supply the internal logic (not

recommended in normal operation due to internal design limitations).
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6.3

Table 8

Electrical Characteristics Power Supply

Electrical Characteristics Power Supply

Vop=3Vto55V,V;=7Vto18V, T,=-40 °C to +150 °C, all voltages with respect to ground, positive currents
flowing as described in Figure 3 (unless otherwise specified)
Typical values: V,p =5V, Vg=13.5V,T,=25°C

Parameter Symbol Values Unit |Noteor Number
Min. ‘Typ. ‘ Max. Test Condition
VS pin
Analog supply undervoltage | Vs, 1.5 - 3.0 \% OUTn=0ON P_6.3.1
shutdown from V=<1V
to UVRVS =1,
R, =50Q
Analog supply minimum Vs(op) - - 4.0 v OUT.OUTn=14 P_6.3.2
operative voltage from UVRVS =1,
toVps=1V
R, =50Q
Undervoltage shutdown Vs (hys) - 1 - v 2 P_6.3.3
hysteresis
Analog supply current Iys(sLeep) - 0.1 3 HA 2 P_6.3.4
consumption in Sleep mode Vipie floating
with loads Vinn floating
Vesn = Voo
T,=85°C
Analog supply current lsisteer) |- 0.1 - uA Y P_6.3.63
consumption in Sleep mode VoL floating
with loads Vinn floating
Vesn = Voo
T,<85°C
VS=13.5V
Analog supply current Iys(sieep) - 0.1 20 HA VoL floating P_6.3.5
consumption in Sleep mode Vinn floating
with loads Vesn = Voo
T,=150°C
Analog supply current IysqoLe) - - 2.2 mA | IDLE =“high” P_6.3.6
consumption in Idle mode Vinn, floating
with loads fsck =0 MHz
HWCR.ACT =0,
OUT.OUTn =0,
DIAG_IOL.OUTn =
U
Vesn = Voo
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Table 8

Electrical Characteristics Power Supply (cont’d)

Vop=3Vto5.5V,V;=7Vto 18V, T,=-40 °C to +150 °C, all voltages with respect to ground, positive currents
flowing as described in Figure 3 (unless otherwise specified)
Typical values: Vpp =5V, V=135V, T,=25°C

Parameter

Symbol

Values

Min.

Typ.

Max.

Unit

Note or
Test Condition

Number

Analog supply current
consumption in Idle mode
with loads (COR)

/VS(IDLE)

0.3

mA

IDLE = “high”

Vinn, floating

fsck =0 MHz
HWCR.ACT =0,
OUT.OUTn =0,
DIAG_IOL.OUTn =
U

Vesn = Voo
VesVpp-1V

P_6.3.7

Analog supply current
consumptioninActive mode
with loads - channels OFF

Iys(acTive)

1.7

mA

IDLE = “high”

Vinn floating

focik = 0 MHz
HWCR.ACT =1,
OUT.OUTn =0,
DIAG_IOL.OUTn =
0g

Vesn = Voo

P_6.3.9

Analog supply current
consumptioninActive mode
with loads - channels OFF
(COR)

Iys(acTive)

3.0

5.0

mA

IDLE = “high”

Vinn, floating

focuk = 0 MHz
HWCR.ACT =1,
OUT.OUTn =0,
DIAG_IOL.OUTn =
0g

Vesn = Voo
Ve<Vpp-1V

P_6.3.13

Analog supply current
consumptioninActive mode
with loads - channels ON

Iys(acTive)

1.7

mA

IDLE = “high”

Vinn floating

focik =0 MHz
HWCR.ACT =1,
OUT.OUTn=1,
DIAG_IOL.OUTn=
0g

Vesn = Voo

P_6.3.16
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Table 8 Electrical Characteristics Power Supply (cont’d)

Vop=3Vto5.5V,V;=7Vto 18V, T,=-40 °C to +150 °C, all voltages with respect to ground, positive currents
flowing as described in Figure 3 (unless otherwise specified)
Typical values: Vpp =5V, V=135V, T,=25°C

Parameter Symbol Values Unit |Noteor Number
Min. |Typ. |Max. Test Condition
Analog supply current IysacTive) - 2.3 5.0 mA | IDLE =“high” P_6.3.21
consumptioninActive mode Vinn, floating
with loads - channels ON fsck =0 MHz
(COR) HWCR.ACT=1,
OUT.OUTn=1,
DIAG_IOL.OUTn =
OB
Vesn = Voo
Vo<Vpp-1V
VDD pin
Logic Supply Operating Voo(or) 3.0 - 5.5 \Y fsck =5 MHz P_6.3.23
voltage
Logic Supply Lower Voo(op) 3.0 - 45 Vv - P_6.3.24
Operating Voltage
Undervoltage shutdown Voo(uy) 1 - 3.0 \Y Vg =0V P_6.3.25
Vsak=0V
Vesn=0V
SO from “low” to
high impedance
Logic supply currentin \opseer) |- 0.1 2.5 HA 2 P_6.3.26
Sleep mode VipLe floating
Vinn floating
Vesn = Voo
T,=85°C
Logic supply currentin \ppsieer) |~ - 10 HA VipLe floating P_6.3.27
Sleep mode Vinn floating
Vesn = Voo
T,=150°C
Logic supply currentinldle | /ppgpLg - - 0.3 mA | IDLE =“high” P_6.3.28
mode Vinn floating
foeLk = 0 MHz
HWCR.ACT =0,
OUT.OUTn =0,
Vesn = Voo
Logic supply currentin Idle |/ypppie) - - 2.2 mA | IDLE =“high” P_6.3.29
mode (COR) Vinn, floating
fsck =0 MHz
HWCR.ACT =0,
OUT.OUTn =04
Vesn = Voo
Vs<Vpp-1V
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Table 8

Electrical Characteristics Power Supply (cont’d)

Vop=3Vto5.5V,V;=7Vto 18V, T,=-40 °C to +150 °C, all voltages with respect to ground, positive currents
flowing as described in Figure 3 (unless otherwise specified)
Typical values: Vpp =5V, V=135V, T,=25°C

Parameter Symbol Values Unit |Noteor Number
Min. |Typ. |Max. Test Condition
Logic supply currentin hopactvey | = - 0.3 mA | IDLE =“high” P_6.3.30
Active mode - channels OFF Vinn, floating
fsck =0 MHz
HWCR.ACT=1,
OUT.OUTn =04
Vesn = Voo
Logic supply currentin lppactvey |~ - 2.7 mA | IDLE =“high” P_6.3.32
Active mode - channels OFF Vinn floating
(COR) focLk = 0 MHz
HWCR.ACT =1,
OUT.OUTn =0,
Vesn = Voo
Vo<Vpp-1V
Logic supply currentin lppactvey |~ - 0.3 mA | IDLE =“high” P_6.3.35
Active mode - channels ON Vinn floating
focLk = 0 MHz
HWCR.ACT =1,
OUT.OUTn=1
Vesn = Voo
Logic supply currentin hopactvey |~ - 35 mA | IDLE =“high” P_6.3.37
Active mode - channels ON Vinn floating
(COR) fsck =0 MHz
HWCR.ACT=1,
OUT.OUTn =1,
DIAG_IOL.OUTn =
0B
Vesn = Voo
Vo<Vpp-1V
Overall current consumption
Overall current s ep - - 5 A |V P_6.3.40
consumption in Sleep mode VioLe floating
Iys(sieep) t vop(steer) Viyn floating
Vesn = Voo
T,=85°C
Overall current s cep - - 5 A |V P_6.3.64
consumption in Sleep mode Vipie floating
Iys(steep) t lvop(steer) Viyn floating
Vesn = Voo
T,=85°C
Vs=13.5V
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Table 8 Electrical Characteristics Power Supply (cont’d)

Vop=3Vto5.5V,V;=7Vto 18V, T,=-40 °C to +150 °C, all voltages with respect to ground, positive currents
flowing as described in Figure 3 (unless otherwise specified)
Typical values: Vpp =5V, V=135V, T,=25°C

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

Overall current I eep - - 30 HA VoL floating P_6.3.41
consumption in Sleep mode Vinn, floating

IVS(SLEEP) + IVDD(SLEEP) Vesn = Vo

T,=150°C

Overall current loLe - - 2.5 mA | IDLE =“high” P_6.3.42
consumption in Idle mode Vinn, floating

IVS(IDLE) + IVDD(IDLE) fSCLK =0MHz

HWCR.ACT =0,
OUT.OUTn =0,
DIAG_IOL.OUTn =

OB
Vesn = Voo
Overall current Iactive - - 8 mA | IDLE =“high” P_6.3.44
consumptioninActive mode Vinn floating
- channels OFF fsck =0 MHz
Ivsacrive) * lvppacrive) HWCR.ACT =1,

OUT.OUTn =0,
DIAG_IOL.OUTn =

OB
Vesn = Voo
Overall current Incive - - 8 mA  |IDLE = “high” P_6.3.48
consumptioninActive mode Vinn floating
- channels ON fscik =0 MHz
Ivsiactive) * vopacTive) HWCR.ACT =1,

OUT.OUTn=1,
DIAG_IOL.OUTn =

OB
Vesn = Vop
Voltage difference between | Vgper - 200 - mV 1 P_6.3.52
Vs and Vpp supply lines
Timings
Sleep to Idle delay toleerople | - 200 400 |ps |V P_6.3.53
from IDLE pin to
TER + INST
register = 8680,
(see
Chapter 10.6.1 for
details)
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Table 8 Electrical Characteristics Power Supply (cont’d)

Vop=3Vto55V,V;=7Vto 18V, T,=-40 °C to +150 °C, all voltages with respect to ground, positive currents
flowing as described in Figure 3 (unless otherwise specified)
Typical values: Vpp =5V, V=135V, T,=25°C

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

dle to Sleep delay tolesieer | - 100|200 |ps |V P_6.3.54
from IDLE pin to
Standard
Diagnosis = 0000,
(see Chapter 10.5
for details)
external pull-down
SO to GND
required

Idle to Active delay tioLeaacTve | - 100 (200 |us |Y P_6.3.55
from INn or CSN
pins to MODE = 104

Active to Idle delay tacTvedDlE | - 100 |200 |ps |V P_6.3.56
from INn or CSN
pinsto MODE =114

Sleep to Limp Home delay |tq cepoin |- 300 600 |ps |V P_6.3.57
+ton +ton from INn pins
to Vps =10% Vg
Limp Home to Sleep delay |t ,,s1eep - 200 400 us 2 P_6.3.58
+tore | *tor from INn pins to
Standard
Diagnosis = 0000,
(see

Chapter 10.6.1 for
details). External
pull-down SO to
GND required

Limp Home to Active delay | ¢, oacTive - 50 100 us 2 P_6.3.59
from IDLE pin to
MODE = 10,
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Table 8 Electrical Characteristics Power Supply (cont’d)

Vop=3Vto5.5V,V;=7Vto 18V, T,=-40 °C to +150 °C, all voltages with respect to ground, positive currents
flowing as described in Figure 3 (unless otherwise specified)
Typical values: Vpp =5V, V=135V, T,=25°C

Parameter Symbol Values Unit |Noteor Number
Min. |Typ. |Max. Test Condition
Active to Limp Home delay | tycriveain - 50 100 us 2 P_6.3.60
from IDLE pin to
TER + INST

register = 8683,
(INO =IN1 =“high”)
or 8682,(IN1=
“high”, INO =
“low”) or 8681,
(IN1="“low”, INO =
“high”) (see
Chapter 10.5 for
details)

Active to Sleep delay tactvessieep | - 50 100 |ps Y P_6.3.61
from IDLE pin to
Standard
Diagnosis = 0000,
(see

Chapter 10.6.1for
details). External
pull-down SO to
GND required.

1) Not subject to production test - specified by design
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7 Power Stages
The TLE75602-ESD is an eight channels low-side and high-side relay switch. The power stages are built by N-
channel lateral power MOSFET transistors.

There are six auto-configurable channels which can be used either as low-side or as high-side switches. They
adjust the diagnostic and protective functions according their potential at drain and source automatically. For
these channels a charge pump is connected to the output MOSFET gate.

In high-side configuration, the load is connected between ground and source of the power transistor (pins
OUTn_S, n = 2...7). The drains of the power transistors (OUTn_D, with “n” equal to the configurable channel
number) can be connected to any potential between ground and V. When the drain is connected to Vs, the
channel behave like an high-side switch.

In low-side configuration, the source of the power transistors must be connected to GND pin potential (either
directly or through a reverse current blocking diode).

The configuration can be chosen for each of these channels individually, therefore it is feasible to connect one
or more channels in low-side configuration, while the remaining auto-configurable are used as high-side
switches.

7.1 Output ON-state resistance

The ON-state resistance Ry oy depends on the supply voltage as well as the junction temperature .

7.1.1 Switching Resistive Loads

When switching resistive loads the following switching times and slew rates can be considered.

INNn
OUT.OUTn

\4

ton torr 1

A tpELAY (ON) tDELAY (OFF)
Vbs

90% of Vs
70% of Vs 70%

dv/ dd v/
dion torF

30% of Vs 30%
10% of Vs

v

SwitchON .emf

Figure 16 Switching a Resistive Load

7.1.2 Inductive Output Clamp

When switching off inductive loads, the voltage across the power switch rises to V;q ) potential, because the
inductance intends to continue driving the current. The potential at Output pin is not allowed to go below
Vout sicyThe voltage clamping is necessary to prevent device destruction.
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Figure 17, Figure 18 show a concept drawing of the implementation. Nevertheless, the maximum allowed
load inductance is limited. The clamping structure protects the device in all operative modes (Sleep, Idle,
Active, Limp Home).

Vs .
Low -side
Channel ILi L,
R

out| Juo

r

L
Vbs

T |_‘ Vs
) &
—
L GND
v v
PowerStage LS.emf
Figure 17 Output Clamp concept
Vs
)|
Auto configurable Auto-configurable ! Ru
Channel (as high -side) i Channel (as low-side) ik Lo
OUTN DT | vpe OUTN DT | s
| |
' VbscL) : Vbs(cw)
i I< |«
T | |
] ]
% v IL,S %
(—= [
OUTn_S Voutn s OUTn_S
Vour sicy L, Vour scu)
I R
GND GND
v v
PowerStage XS.emf

Figure 18 Output Clamp concept
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7.1.3 Maximum Load Inductance

During demagnetization of inductive loads, energy has to be dissipated in the TLE75602-ESD. Equation (7.1)
shows how to calculate the energy for low-side switches, while Equation (7.2) can be used for high-side
switches (auto-configurable switches can use all equations, depending on the load position):

Vs - Vps(cr) Ry -Tp L
E = Vo[ o Sy ] L -
PS(EL) Ry Vs—=Vpscr) Ry
Vours(cr) Ry -Tp L
E = (Vg-V )[—-ln(l—————————)+l]— (7.2)
S TOUTS(cL) Ry VouTs(cr) t Ry

The maximum energy, which is converted into heat, is limited by the thermal design of the component. The
E,r value provided in Table 2 assumes that all channels can dissipate the same energy when the inductances
connected to the outputs are demagnetized at the same time.

7.2 Inverse Current Behavior

During inverse current (Vour, s> Vourn o) in high-side configuration the affected channels stays in ON- or in
OFF- state. Furthermore, duri_ng applie_d inverse currents the ERRn bit can be set if the channel is in ON-state
and the over temperature threshold is reached.

The general functionality (switch ON and OFF, protection, diagnostic) of unaffected channels is not influenced
by inverse currents applied to other channels. Parameter deviations are possible especially for the following
ones (Over Temperature protection is not influenced):

« Protection: IL(OVLO), IL(OVLl)
« Diagnostic: Vosioys Yout s(ou)
Reliability in Limp Home condition for the unaffected channels is unchanged.

Note: No protection mechanism like temperature protection or over load protection is active during
applied inverse currents. Inverse currents cause power losses inside the DMQOS, which increase the
overall device temperature. This could lead to a switch OFF of unaffected channels due to Over
Temperature

7.3 Switching Channels in parallel

In case of appearance of a short circuit with channels in parallel, it may happen that the two channels switch
OFF asynchronously, therefore bringing an additional thermal stress to the channel that switches OFF last. In
order to avoid this condition, it is possible to parametrize in the SPI registers the parallel operation of two
neighbour channels (bits HWCR.PAR). When operating in this mode, the fastest channel to react to an Over
Load or Over Temperature condition will deactivate also the other. The inductive energy that two channels
can handle once set in parallel is lower than twice the single channel energy (see P_7.6.11). It is possible to
synchronize the following couples of channels:

« channel 0 and channel 2 > HWCR.PAR (0) set to “1”
« channel 1 and channel 3> HWCR.PAR (1) set to “1”
+ channel 4 and channel 6 > HWCR.PAR (2) set to “1”
« channel 5 and channel 7> HWCR.PAR (3) set to “1”
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The synchronization bits influence only how the channels react to Over Load or Over Temperature conditions.
Synchronized channels have to be switched ON and OFF individually by the micro-controller.
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7.4 Electrical Characteristics Power Stages

Table 9 Electrical Characteristics: Power Stage

Vop=3Vto5.5V,Vs=7Vto 18V, T,=-40 °C to +150 °C (unless otherwise specified)
Typical values: Vpp =5V, V=135V, T,=25°C

Parameter Symbol Values Unit |Noteor Number
Min. |Typ. |Max. Test Condition
Output Characteristics
On-State Resistance Rosion) - 1.0 - 0 2 P_7.6.1
T,=25°C
On-State Resistance Rosion) - 1.8 2.2 Q T,=150°C P_7.6.2
I = I gary = 220 MA
Nominal load current L ivom) - 330 5002 \mA |V P_7.6.3
(all channels active) T,=85°C
T,=150°C
Nominal load current ILovom) - 260  |500%® |mA |V P_7.6.4
(all channels active) T,=105°C
T,=150°C
Nominal load current ILovom) - 470  |500%% |mA |V P_7.6.5
(half of channels active) T,=85°C
T,=150°C
Load current for maximum |/ gag - 220 - mA |V P_7.6.8
energy dissipation - T7,=85°C
repetitive T,=150°C
(all channels active)
Inverse current capability |-/ - - leary |MA 2 P_7.6.9
per channel (in High-Side No influences on
operation) switching
functionality of
unaffected
channels -
parameter
deviations
possible
Maximum energy [ - - 15 mJ |V P_7.6.11
dissipation repetitive pulses Ty =85°C
ALY l0)= 2"\ (ear)
(two channels in parallel) 2*10° cycles
HWCR.PAR =“1”
for affected
channels
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Table 9 Electrical Characteristics: Power Stage (cont’d)

Vop=3Vto5.5V,Vs=7TVto 18V, T,=-40 °C to +150 °C (unless otherwise specified)
Typical values: Vpp =5V, V=135V, T,=25°C

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

Power stage voltage drop at | Vpg(op) - - 1 Y R =50Q P_7.6.13

low battery connected to Vs or

Auto-configurable channels ground

Vs = Vs(0p) max
VDn = VS(OP),max
refer to Figure 18

Power stage voltage drop at | Vpsop) - - 1 v R, =50 Qsupplied |P_7.6.14
low battery by V=4V
Low-side channels Vs = Vs(0p) max
refer to Figure 17
Drain to Source Output Vos(ct) 42 46 55 \Y I, =20 mA P_7.6.16
clamping voltage for High-Side
Configuration Vg =
Vour_pn=36V
Source to Ground Output | Voyr sy |25 - -16 v [,.=20mA P_7.6.17
clamping voltage Vs=Vour pn=TV

Auto-configurable channels

Output leakage current I (orp) - 0.01 0.5 HA 2 P_7.6.19
(each channel) Vin =0V orfloating
T,<85°C Vps =28V
(Low-Side channels) OUT.OUTn=0

T,=85°C
Output leakage current I (off) - 0.01 |05 wA - [Y P_7.6.47
(each channel) Viy=0V or floating
T,<85°C Vps =28V
(Auto-configurable Vour s = 1.5V
channels) OUT.OUTn=0

T,=85°C
Output leakage current I (orp) - 0.1 5 HA 2 P_7.6.20
(each channel) Vin =0V orfloating
T,=150°C Vps =28V
(Low-Side channels) OUT.OUTn =0

T,=150°C
Output leakage current I (ofp) - 0.1 5 uA - [Y P_7.6.49
(each channel) Vin =0V orfloating
T,=150°C Vps =28V
(Auto-configurable Vour s = 1.5V
channels) OUT.OUTn=0

T,=150°C
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Table 9

Electrical Characteristics: Power Stage (cont’d)

Vop=3Vto5.5V,Vs=7TVto 18V, T,=-40 °C to +150 °C (unless otherwise specified)
Typical values: Vpp =5V, V=135V, T,=25°C

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

Timings

Turn-ON delay toELAY(ON) 1 4 8 Hs R =50Q P_7.6.28

(from INn pin or bitto Vg ;= Vs=13.5V

90% V) Active mode or

(Low-Side channels and Limp Home mode

auto-configurable channels

used as Low-Side switches)

Turn-OFF delay toeaviorr) |1 6 12 us R =50Q P_7.6.29

(from INn pin or bitto Vg ;= Vs=13.5V

10% V%) Active mode or

(Low-Side channels and Limp Home mode

auto-configurable channels

used as Low-Side switches)

Turn-ON time ton 6 15 35 Us R =500 P_7.6.30

(from INn pin or bitto Vg ;= Vs=13.5V

10% V%) Active mode or

(Low-Side channels and Limp Home mode

auto-configurable channel

used as Low-Side switches)

Turn-OFF time torr 6 15 35 us R =500 P_7.6.31

(from INn pin or bitto V= Vs=13.5V

90% V) Active mode or

(Low-Side channels and Limp Home mode

auto-configurable channel

used as Low-Side switches)

Turn-ON/OFF matching ton - torr -10 0 10 us R =50Q P_7.6.32

(Low-Side channels and Vs=13.5V

auto-configurable channel Active mode or

used as Low-Side switches) Limp Home mode

Turn-ON slew rate dV/dt,y 0.7 13 1.9 V/pus |R =50Q P_7.6.33

Vps = 70% to 30% Vs Vs=13.5V

(Low-Side channels and Active mode or

auto-configurable channel Limp Home mode

used as Low-Side switches)

Turn-OFF slew rate -dV/dtoee 0.7 13 1.9 V/us |R =50Q P_7.6.34

Vps =30% to 70% Vg Vs=13.5V

(Low-Side channels and Active mode or

auto-configurable channels Limp Home mode

used as Low-Side switches)
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Table 9

Electrical Characteristics: Power Stage (cont’d)

Vop=3Vto5.5V,Vs=7TVto 18V, T,=-40 °C to +150 °C (unless otherwise specified)
Typical values: Vpp =5V, V=135V, T,=25°C

Parameter Symbol Values Unit |Noteor Number

Min. Typ. Max. Test Condition
Turn-ON delay toELAv(ON) 1 4 8 us R =50Q P_7.6.35
(from INn pin or bitto Vg ;= Vs=13.5V
10% V) Active mode or
(Auto-configurablechannels Limp Home mode
used as High-Side switches)
Turn-OFF delay toeaviorr |1 6 12 us R =50Q P_7.6.36
(from INn pin or bitto Vg ;= Vs=13.5V
90% V) Active mode or
(Auto-configurablechannels Limp Home mode
used as High-Side switches)
Turn-ON time ton 6 15 35 us R =500 P_7.6.37
(from INn pin or bitto V= Vs=13.5V
90% V) Active mode or
(Auto-configurablechannels Limp Home mode
used as High-Side switches)
Turn-OFF time toer 6 15 35 us R =500 P_7.6.38
(from INn pin or bitto Vg ;= Vs=13.5V
10% Vs) Active mode or
(Auto-configurablechannels Limp Home mode
used as High-Side switches)
Turn-ON/OFF matching ton - tore -10 0 10 us R =500 P_7.6.39
(Auto-configurable used as Vs=13.5V
High-Side switches) Active mode or

Limp Home mode

Turn-ON slew rate dV/dtoy 0.7 13 1.9 V/us |R =50Q P_7.6.40
Vs =30% to 70% V; V,=13.5V
(Auto-configurable used as Active mode or
High-Side switches) Limp Home mode
Turn-OFF slew rate -dV/dtoee  |0.7 13 1.9 V/us |R =50Q P_7.6.41
Vs = 70% to 30% Vq V,=13.5V
(Auto-configurable used as Active mode or
High-Side switches) Limp Home mode
Internal reference frequency |ty c - 5 10 us 2 P_7.6.45

synchronization time

1) Not subject to production test - specified by design

2) If one channel has / (you) max 2PPlied, the remaining channels must be underloaded accordingly so that 7, < 150°C

3) i inomymax €@N reach I oy 1) min
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8 Protection Functions

8.1 Over Load Protection

The TLE75602-ESD is protected in case of over load or short circuit of the load. There are two over load current
thresholds (see Figure 19):

I ovL0) between channel switch ON and ¢,y
© lyowy after toy iy

Every time the channel is switched OFF for a time longer than 2 * t.,, the over load current threshold is set
back to / oy1q)-

INn
OUT.OUTn

A
Iiow, I.cowo)

Iow 1)

tOVLIN

OverlLoadStep.emf

Figure 19 Over Load current thresholds

In case the load current is higher than /oy, ) O I (ou11)> after time tope oy, the over loaded channel is switched
OFF and the according diagnosis bit ERRn is set. The channel can be switched ON after clearing the protection
latch by setting the corresponding HWCR_OCL.OUTn bit to “1”. This bit is set back to “0” internally after de-
latching the channel. Please refer to Figure 20 for details.

v

I — [ ]
OUT.OUTn
A

an

I (ovLn)
torriow)

ERRn 0 1

v

A
SPI command to set
HWCR_OCL.OUTn = 1, |_”

A
HWCR_OCL.OUTn 0 1

tr

OverLoad.emf

Figure 20 Latch OFF at Over Load

8.2 Over Temperature Protection

A temperature sensor is integrated for each channel, causing an overheated channel to switch OFF to prevent
destruction. The according diagnosis bit ERRn is set (combined with Over Load protection). The channel can
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be switched ON after clearing the protection latch by setting the corresponding HWCR_OCL.OUTn bit to “1”.
This bit is set back to “0” internally after de-latching the channel.

8.3 Over Temperature and Over Load Protection in Limp Home mode

When TLE75602-ESD isin Limp Home mode, channels 2 and 3 can be switched ON using the input pins. In case
of Over Load, Short Circuit or Over Temperature the channels switch OFF. If the input pins remain “high”, the
channels restart with the following timings:

o 10 ms (first 8 retries)

+ 20 ms (following 8 retries)

+ 40 ms (following 8 retries)

« 80 ms (as long as the input pin remains “high” and the error is still present)

If at any time the input pin is set to “low” for longer than 2*t.,,, the restart timer is reset. At the next channel
activation while in Limp Home mode the timer starts from 10 ms again. See Figure 21 for details. Over Load
current thresholds behave as described in Chapter 8.1.

ot | | | >

1 8

B

tRETRYO(LH) IRETRY 10LH) tRETRY2(LH) IRETRYALH) fRETRYO(LH) t

30
——
4

10 ms 20 ms 40 ms 80 ms 10 ms

LHrestartemf

Figure 21 Restart timer in Limp Home mode

8.4 Reverse Polarity Protection

In Reverse Polarity (also known as Reverse Battery) condition, power dissipation is caused by the intrinsic
body diode of each DMOS channel (for Low-Side channels and for auto-configurable channels used as Low-
Side switches), while auto-configurable channels used as High-Side switches have Reversave™ functionality.
Each ESD diode of the logic and supply pins contributes to total power dissipation. Channels with Reversave™
functionality are switched ON almost with the same Ry oy, (See parameter Rygrey). The reverse current
through the channels has to be limited by the connected loads. The current through digital power supply V;p
and input pins has to be limited as well (please refer to the Absolute Maximum Ratings listed on Chapter 4.1).

Note: No protection mechanism like temperature protection or current limitation is active during reverse
polarity.
8.5 Over Voltage Protection

In the case of supply voltages between Vs, and Vs, the output transistors are still operational and follow
the input pins or the OUT register.

In addition to the output clamp forinductive loads as described in Chapter 7.1.2, there is a clamp mechanism
available for over voltage protection for the logic and all channels, monitoring the voltage between VS and
GND pins (Vsaz)-
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8.6

Table 10

Electrical Characteristics Protection

Electrical Characteristics Protection

Vop=3Vto5.5V,Vs=7Vto 18V, T,=-40 °C to +150 °C (unless otherwise specified)
Typical values: Vpp =5V, V=135V, T,=25°C

infineon

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

Over Load

Over Load detection current |/ oy, 1.3 1.7 2.3 A T,=-40°C P_8.8.19

Over Load detection current |/, oy 1.25 1.55 2.3 A 2 P_8.8.20
T,=25°C

Over Load detection current |/, oy, 1 1.45 2 A T,=150°C P_8.8.21

Over Load detection current |/, 1) 0.7 0.95 1.3 A T,=-40°C P_8.8.22

Over Load detection current |/, 1) 0.65 0.85 13 A 2 P_8.8.23
T,=25°C

Over Load detection current |/, oy 1) 0.5 0.8 125  |A T,=150°C P_8.8.24

Over Load threshold switch |ty n 110 170 260 us 2 P_8.8.5

delay time

Over Load shut-down delay | toe¢(ov) 4 7 11 us 2 P_8.8.26

time

Over Temperature and Over Voltage

Thermal shut-down Tyso) 150 1758 220" |°C P_8.8.7

temperature

Over voltage protection Vsiaz) 42 50 60 \Y lys =10 mA P_8.8.8
Sleep mode

Reverse Polarity

Drain Source diode during | Vpgrey) - 800 - my |V P_8.8.9

reverse polarity [, =-10mA

(Low-Side channels and T,=25°C

auto-configurable channels Sleep mode

used as Low-Side switches)

Drain Source diode during | Vpg ey - 650 - mV |/ =-10mA P_8.8.10

reverse polarity T,=150°C

(Low-Side channels and Sleep mode

auto-configurable channels

used as Low-Side switches)

On-State Resistance during | Rpsrey) - 1.0 - Q 2 P_8.8.11

Reverse Polarity Vs = -Vsrey)

(auto-configurablechannels I =1 (eap)

used as High-Side switches) T,=25°C

On-State Resistance during | Rpgrey) - 1.8 - Q 2 P_8.8.12

Reverse Polarity Vs =-Vsrey)

(auto-configurablechannels I =1 (eap)

used as High-Side switches) T,=150°C
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Table 10 Electrical Characteristics Protection (cont’d)

Vop=3Vto5.5V,Vs=7Vto 18V, T,=-40 °C to +150 °C (unless otherwise specified)
Typical values: Vpp =5V, V=135V, T,=25°C

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

Timings

Restart time in Limp Home | tpervon) | 7 10 13 ms |Y P_8.8.13
mode

Restart time in Limp Home | tgerpyim) 14 20 26 ms 2 P_8.8.14
mode

Restarttimein Limp Home | tperpypy) |28 40 52 ms 2 P_8.8.15
mode

Restarttimein Limp Home | tperpysy |56 80 104 ms 2 P_8.8.16
mode

1) Not subject to production test - specified by design
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9 Diagnosis

The SPI of TLE75602-ESD provides diagnosis information about the device and the load status. Each channel
diagnosis information is independent from other channels. An error condition on one channel has no
influence on the diagnostic of other channels in the device (unless configured to work in parallel, see
Chapter 7.3 for more details).

9.1 Over Load and Over Temperature

When either an Over Load or an Over Temperature occurs on one channel, the diagnosis bit ERRn is set
accordingly. As described in Chapter 8.1 and Chapter 8.2, the channel latches OFF and must be reactivated
setting corresponding HWCR_OCL.OUTn bit to “1”.

9.2 Output Status Monitor

The device compares each channel Vs with Vg o)) (Low-Side channels and auto-configurable channels used
as Low-Side switches), V7 s With Vi1 50 (auto-configurable channels used as High-Side)and sets the
corresponding DIAG_OSM.OUTn bits accordingly. The bits are updated every time DIAG_OSM register is read.

+  Vps<Vpsio) > DIAG_OSM.OUTn = “1” (Low-Side channels and auto-configurable channels as Low-Side)
* Vour s> Vour s > DIAG_OSM.OUTn = “1” (auto-configurable channels as High-Side)

A diagnosis current /o, in parallel to the power switch can be enabled by programming the DIAG_IOL.OUTn
bit, which can be used for Open Load at OFF detection. Each channel has its dedicated diagnosis current
source. If the diagnosis current I, is enabled or if the channel changes state (ON > OFF or OFF > ON) it is
necessary to wait a time t,s, for a reliable diagnosis. Enabling /,, current sources increases the current
consumption of the device. Even if an Open Load is detected, the channel is not latched OFF.

See Figure 22 for a timing overview (the values of DIAG_IOL.OUTn refer to a channel in normal operation
properly connected to the load).

INnT
OUT.OUTn

A

v

Output voltage
comparator

A 4

fon + fosm torr + toswm
v N Z AN

/
A
P,
A

SPIlreadout of 2
DIAG_OSM.OUTn

\ 4

DIAG_OSM.OUTn X 1 X 0 0

»
>

t
OutStatMon_timings.emf

Figure 22 Output Status Monitor timing

Output Status Monitor diagnostic is available when Vg = Vgyor and Vpp = Vi)
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Due to the fact that Output Status Monitor checks the voltage level at the outputs in real time, for Open Load
in OFF diagnostic it is necessary to synchronize the reading of DIAG_OSM register with the OFF state of the
channels.

Figure 23, Figure 24 and Figure 25 shows how Output Status Monitor is implemented at concept level.

VS
Low-side R
Channel Vs < VDS(OL) - DIAG_OSM.OUTn =,1 . i Rov
OL
DIAG_OSM.OUTn ouT
. 1
J
Vbs
— |_‘ il
= Vs |<_ oL
|
L GND
\4 v
OutStatMon LS.emf

Figure 23 Output Status Monitor - concept (Low-Side channels)

Vs

Auto-configurable
Channel (as high -side) |vOULS > Vout sor) > DIAG_OSM.OUTn =,1" |

=

L
OUT DN [ |vps

‘{I—'
DIAG_OSM.OUTn H—} i’OL
S

T r

OUT Sn

Vourt so)
;LGND ! OL“:]ROL

L

QOutStatMon_XS emf

Figure 24 Output Status Monitor - concept (auto-configurable channel as High-Side)
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Vs

)
Auto-configurable o Rou
Channel (as low-side) |VDS < Vbsio) > DIAG_0SM.OUTn =,1" |

i
OUT Dn T |vye

o

l VoscoL) ouT sn T

LJ

DIAG_OSM.OUTn

=
|

GND

OutStatMon_XS_LS emf

Figure 25 Output Status Monitor - concept (Auto-configurable channel as Low-Side)

In Standard Diagnosis the bit OLOFF represents the OR combination of all DIAG_OSM.OUTn bits for all
channels in OFF state which have the corresponding current source I, activated.
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9.3 Electrical Characteristics Diagnosis

Table11 Electrical Characteristics Diagnosis

Vop=3Vto5.5V,Vs=7Vto 18V, T,=-40 °C to +150 °C (unless otherwise specified)
Typical values: Vpp =5V, V=135V, T,=25°C

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

Output Status Monitor

Output Status Monitor tosm - - 20 us Y P_9.5.1

comparator settling time

Output Status Monitor Vbsiow) 3 33 3.6 \ P_9.5.2

threshold voltage
(Low-Side channels and
auto-configurable channels
used as Low-Side switches)

Output Status Monitor Vour soy |3 3.3 3.6 Vv 2 P_9.5.4
threshold voltage

(auto-configurablechannels
used as High-Side switches)

-~

Output diagnosis current oL 70 85 100 HA Vps=3.3V P_9.5.5
(Low-Side
channels and auto-
configurable
channels used as
Low-Side
switches)

Vour s=3-3V
(auto-configurable
channels used as

High-Side
switches)
Open Load equivalent Ro. 30 - 300 (ka |V P_9.5.6
resistance
1) Not subject to production test - specified by design
2) Output status detection voltages are referenced to ground (GND pin)
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10 Serial Peripheral Interface (SPI)

The serial peripheral interface (SPI) is a full duplex synchronous serial slave interface, which uses four lines:
SO, SI, SCLK and CSN. Data is transferred by the lines Sl and SO at the rate given by SCLK. The falling edge of
CSN indicates the beginning of an access. Data is sampled in on line Sl at the falling edge of SCLK and shifted
out on line SO at the rising edge of SCLK. Each access must be terminated by a rising edge of CSN. A modulo
8/16 counter ensures that data is taken only when a multiple of 8 bit has been transferred after the first 16 bits.
Otherwise a TER bit is asserted. In this way the interface provides daisy chain capability with 16 bit as well as
with 8 bit SPI devices.

SO :XMiSBX14X13X12X11X1OX9X8X7X6X5X4X3X2X1XiLSB:)—
Sl mMsBX 14 X 13 X 12 X 11X 10X 9 X8 X7 X6 X5 X4 X3 X2 X1 XLsB
CSN
SCLK
time >
SPI_16bit.emf

Figure 26 Serial Peripheral Interface

10.1 SPI Signal Description

CSN - Chip Select

The system microcontroller selects the TLE75602-ESD by means of the CSN pin. Whenever the pin isin “low”
state, data transfer can take place. When CSNisin "high" state, any signals at the SCLK and Sl pins are ignored
and SO is forced into a high impedance state.

CSN “high” to “low” Transition
+ Therequested information is transferred into the shift register.

+ SO changes from high impedance state to "high" or “low” state depending on the logic OR combination
between the transmission error flag (TER) and the signal level at pin SI. This allows to detect a faulty
transmission even in daisy chain configuration.

+ Ifthe deviceisin Sleep mode, SO pin remains in high impedance state and no SPI transmission occurs.

L1

i oR 1 [ SO
0

s SPI S‘S’jj

CSNT]
SCLK Lyt
S_[1
SPI_TER.emf
Figure 27 Combinatorial Logic for TER bit
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CSN “low” to "high" Transition

+ Command decoding is only done, when after the falling edge of CSN exactly a multiple (1, 2, 3, ...) of eight
SCLK signals have been detected after the first 16 SCLK pulses. In case of faulty transmission, the
transmission error bit (TER) is set and the command is ignored.

« Data from shift register is transferred into the addressed register.

SCLK - Serial Clock

This input pin clocks the internal shift register. The serial input (SI) transfers data into the shift register on the
falling edge of SCLK while the serial output (SO) shifts diagnostic information out on the rising edge of the
serial clock. It is essential that the SCLK pin is in “low” state whenever chip select CSN makes any transition,
otherwise the command may be not accepted.

Sl - Serial Input

Serial input data bits are shift-in at this pin, the most significant bit first. Sl information is read on the falling
edge of SCLK. The input data consists of two parts, control bits followed by data bits. Please refer to
Chapter 10.5 for further information.

SO Serial Output

Data is shifted out serially at this pin, the most significant bit first. SO is in high impedance state until the CSN
pin goes to “low” state. New data appears at the SO pin following the rising edge of SCLK.

Please refer to Chapter 10.5 for further information.

10.2 Daisy Chain Capability

The SPI of TLE75602-ESD provides daisy chain capability. In this configuration several devices are activated by
the same CSN signal MCSN. The SI line of one device is connected with the SO line of another device (see
Figure 28), in order to build a chain. The end of the chain is connected to the output and input of the master
device, MO and Ml respectively. The master device provides the master clock MCLK which is connected to the
SCLK line of each device in the chain.

device 1 device 2 device 3

Sl SO sSli SO Sli SO
MO ——>[}—» SPI —[}—T{1+—» SPI ——>[}+—T{1+—» SPI —>»[}——

SCLK
SCLK
SCLK

Ml <
MCSN
MCLK

»
>
»
>

SPI_DaisyChain 1.emf

Figure 28 Daisy Chain Configuration

In the SPI block of each device, there is one shift register where each bit from SI line is shifted in each SCLK.
The bit shifted out occurs at the SO pin. After sixteen SCLK cycles, the data transfer for one device is finished.

Datasheet 50 Rev. 1.10
2020-09-02



TLE75602-ESD iﬁneon |

SPIDER+ 12V

Serial Peripheral Interface (SPI)

In single chip configuration, the CSN line must turn “high” to make the device acknowledge the transferred
data. In daisy chain configuration, the data shifted out at device 1 has been shifted in to device 2. When using
three devices in daisy chain, several multiples of 8 bits have to be shifted through the devices (depending on
how many devices with 8 bit SPl and how many with 16 bit SPI). After that, the MCSN line must turn “high” (see
Figure 29).

MI-{ [SO device 3 [SO device 2 [SO device 1 -
MO —{sI device 3 [Sldevice 2 [Sl device 1 —
MCSN | B

MCLK

SPI_DaisyChain_2.emf

Figure 29 Data Transfer in Daisy Chain Configuration

10.3 Timing Diagrams
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Figure30 Timing Diagram SPI Access
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10.4 Electrical Characteristics

Vop=3Vto5.5V,Vs=7Vto 18V, T,=-40 °C to +150 °C (unless otherwise specified)
Typical values: V,p =5V, Vg=13.5V,T,=25°C

Table12 Electrical Characteristics Serial Peripheral Interface (SPI)

Parameter Symbol Values Unit | Note or Number
Min. Typ. |Max. Test Condition
Input Characteristics (CSN, SCLK, SlI) - “low” level of pin
CSN Vesnwy |0 - 0.8 voo|- P_10.4.1
SCLK Vsaky |0 - 0.8 Voo P_10.4.2
S| Vo 0 - 0.8 voo- P_10.4.3
Input Characteristics (CSN, SCLK, SI) - “high” level of pin
CSN Vesney |2 - Voo voo|- P_10.4.4
SCLK Voeey |2 - Voo voo|- P_10.4.5
S| Ve 2 - Voo voo|- P_10.4.6
Input Pull-Up Current at Pin CSN
L-input pull-up current at CSN pin | -/cgy() 30 60 90 MA  [Vpp=5V P_10.4.7
Vesy=0.8V
H-input pull-up current at CSN pin | -lcgy ) 20 40 65 MA | Vpp=5V P_10.4.8
Vesn=2V
L-Input Pull-Down Current at Pin
SCLK lscky |5 12 20 WA | Vi =0.8V P_10.4.9
S| Isiy 5 12 20 WA |V =0.8V P_10.4.10
H-Input Pull-Down Current at Pin
SCLK Iscky |14 28 45 WA | Ve =2V P_10.4.11
S| Isis 14 28 45 LA V=2V P_10.4.12
Output Characteristics (SO)
L level output voltage Vsow 0 - 0.4 \% lso=-1.5mA P_10.4.13
H level output voltage Vo) Vop-0.4 |- Voo % lso=1.5mA P_10.4.14
Output tristate leakage current | Iso o) -1 - 1 HA | Vesy =Vop P_10.4.15
Voo =0V
Output tristate leakage current | 5o (o) -1 - 1 HA [ Veon =Vop P_10.4.16
Vso = Vpp
Timings
Enable lead time (falling CSNto | tesy(eaq) | 200 - - ns |V P_10.4.17
rising SCLK) Vpp=4.5Vor Vs
>7TV
Enable lag time (falling SCLKt0  |teoyag | 200 - - ns |V P_10.4.18
rising CSN) Vpp=4.5Vor Vg
>7V
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Table12 Electrical Characteristics Serial Peripheral Interface (SPI) (cont’d)
Parameter Symbol Values Unit | Note or Number
Min. Typ. |Max. Test Condition
Transfer delay time (rising CSN to | tcqytq) 250 - - ns |V P_10.4.19
falling CSN) Vop=4.5Vor Vg
>7V
Outputenabletime (falling CSNto | g e - - 200 ns 2 P_10.4.20
SO valid) Vpp=4.5Vor Vg
>7V
C,=20pFatSO
pin
Outputdisable time (rising CSNto |t i) - - 200 ns 2 P_10.4.21
SO tristate) Vop=4.5Vor Vg
>TV
C,=20pFatSO
pin
Serial clock frequency focLk - - 5 MHz |V P_10.4.22
Vop=4.5Vorls
>7V
Serial clock period tseke) | 200 - - ns |V P_10.4.23
Vop=4.5Vorls
>7V
Serial clock “high” time tsckpy |75 - - ns |Y P_10.4.24
Vop=4.5Vorls
>7V
Serial clock “low” time tsoky |75 - - ns |V P_10.4.25
Vpp=4.5VorVg
>TV
Data setup time (required time Sl |t 20 - - ns |V P_10.4.26
to falling SCLK) Vop=4.5Vor Vg
>7V
Data hold time (falling SCLK to S) |t 20 - - ns |V P_10.4.27
Vop=4.5Vorls
>7V
Output data valid time with tsow) - - 100 ns |V P_10.4.28
capacitive load Vop=4.5Vor Vg
>7V
C,=20pFatSO
pin
Enable lead time (falling CSNto | teoygeaq) |1 - - us |V P_10.4.29
rising SCLK) Vop=Vs=3.0V
Enable lag time (falling SCLKto | tesyag |1 - - us |V P_10.4.30
rising CSN) Vop=Vs=3.0V
Transfer delay time (rising CSN to | tcqyta) 1.25 - - us |V P_10.4.31
falling CSN) Vop=Vs=3.0V
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Table12 Electrical Characteristics Serial Peripheral Interface (SPI) (cont’d)
Parameter Symbol Values Unit | Note or Number
Min. |Typ. |Max. Test Condition

Outputenabletime (falling CSNto | tso e - - 1 us | Y P_10.4.32

SO valid) Voo =Vs=3.0V
C,=20pFatSO
pin

Outputdisable time (rising CSNto | tso(qie) |- - 1 us | Y P_10.4.33

SO tristate) Vop=Vs=3.0V
C,=20pFatSO
pin

Serial clock frequency fscwx - - 1 MHz |V P_10.4.34
Vpp=Vs=3.0V

Serial clock period tsokpy |1 - - us |V P_10.4.35

Serial clock “high” time tseey | 375 - - ns |Y P_10.4.36
Vpp=Vs=3.0V

Serial clock “low” time tseky | 375 - - ns |V P_10.4.37
Vo =Vs=3.0V

Data setup time (required time SI |t 100 - - ns |V P_10.4.38

to falling SCLK) Vop=Vs=3.0V

Data hold time (falling SCLK to S) |t 100 - - ns |V P_10.4.39
Vpp=Vs=3.0V

Output data valid time with tsow) - - 500 ns |V P_10.4.40

capacitive load Vop=Vs=3.0V
C,=20pFatSO
pin

1) Not subject to production test, specified by design
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10.5 SPI Protocol

The relationship between S| and SO content during SPI communication is shown in Figure 31. S| line
represents the frame sent from the uC and SO line is the answer provided by TLE75602-ESD.

Sl —( frame A )—( frame B )—( frame C )-
(previous response to response to

SO
response) frame A frame B

SPI_SI250.emf

Figure 31 Relationship between Sl and SO during SPI communication

The SPI protocol provides the answer to a command frame only with the next transmission triggered by the
uC. Although the biggest majority of commands and frames implemented in TLE75602-ESD can be decoded
without the knowledge of what happened before, it is advisable to consider what the pC sent in the previous
transmission to decode TLE75602-ESD response frame completely.

More in detail, the sequence of commands to “read” and “write” the content of a register looks as follows:

Sl —( write register A )—( read register A )—( (new command))—
S0 (previous Standard register A
response) diagnostic content

SPI_RWseq.emf

Figure 32 Register content sent back to uC

There are 3 special situations where the frame sent back to the uC is not related directly to the previous
received frame:

+ incase an errorin transmission happened during the previous frame (for instance, the clock pulses were
not multiple of 8 with a minimum of 16 bits), shown in Figure 33

« when TLE75602-ESD logic supply comes out of Power-On reset condition or after a Software Reset, as
shown in Figure 34

« in case of command syntax errors
- “write” command starting with “11” instead of “10”
- “read” command starting with “00” instead of “01”
“read” or “write” commands on registers which are “reserved” or “not used”
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S| frame A
(error in transmission ) (new command)
SO—< (previous response ) >—< Standard diagnostic + TER>—

SPI_SO_TER.emf

Figure 33 TLE75602-ESD response after a error in transmission

Voo > Vbp(ro) I

Si —( frame A )-( frame B
SO —( (SO =,29 )—(

Figure 34 TLE75602-ESD response after coming out of Power-On reset at

Sl frame A (new command)
(syntax or addressing error )
SO—( (previous response ) >—< Standard diagnostic >—

SPI_SO_SyntaxError.emf

frame C )-
response to frame B )—

SPI_SO_POR.emf

INST register + TER
(8680h)

II

Figure 35 TLE75602-ESD response after acommand syntax error

A summary of all possible SPI commands is presented in Table 13, including the answer that TLE75602-ESD
sends back at the next transmission.
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Table13 SPICommand summary?

Requested Operation Frame sent to SPIDER+ (Sl pin) Frame received from SPIDER+ (SO
pin) with the next command
Read Standard Diagnosis OxxxXRXXXXXXxX01g 0dddddddddddddddg
(“xxxxxxxxxxxx%g” =don "t care) (Standard Diagnosis)
Write 8 bit register 1l0aaaabbcccccccecy 0dddddddddddddddg
where: (Standard Diagnosis)

“aaaag” = register address ADDRO
“bbg” = register address ADDR1
“ccccecccg” = new register content

Read 8 bit registers O0laaaabbxxxxxx10g 10aaaabbccccccecy
where: where:
“aaaag” = register address ADDRO “aaaag” = register address ADDRO
“bbg” = register address ADDR1 “bbg” = register address ADDR1
“xxxxxxg” =dontcare “ccccccccy” =register content

1) “a”=address bits for ADDRO field, “b” = address bit for ADDR1 field, “c” = register content, “d” = diagnostic bit
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10.6 SPI Registers Overview

10.6.1 Standard Diagnosis

Table14 Standard Diagnosis
15 |14 13 12 1110 9| 8 |7 |6 | 5|4 |3] 2|1 0]befault|

0 UVR |LOP |MODE TER |0 OL |ERR 7800,
VS |VvDD OFF

Field Bits Type |Description

UVRVS 14 r VsUndervoltage Monitor

0  Noundervoltage condition on V detected (see Chapter 6.2.1
for more details)

1y (default) There was at least one Vs Undervoltage condition
since last Standard Diagnosis readout

LOPVDD 13 r V,p Lower Operating Range Monitor

0g  Vppisabove Vi op)

1z (default) There was at least one “Vy, = Vjyp op)” cOndition since
last Standard Diagnosis readout

MODE 12:11 r Operative Mode Monitor
005 (reserved)

0l; Limp Home Mode
10, Active Mode

11; (default) Idle Mode

TER 10 r Transmission Error
0g  Previous transmission was successful

(modulo 16 + n*8 clocks received, wheren=0, 1, 2...)
1;  (default) Previous transmission failed
The first frame after a reset is TER set to “high” and the INST
register. The second frame is the Standard Diagnosis with TER set to
“low?” (if there was no fail in the previous transmission).
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Field Bits Type |Description
OLOFF 8 r Open Load in OFF Diagnosis

0 (default) All channels in OFF state (which have
DIAG_IOL.OUTn bit set to “1”) have Vjs> Vpg g, (LOW-Side
channels and Auto-configurable used as Low-Side switches) or
Vout_s < Vour_s(ou) (Auto-configurable used as High-Side
switches)

1, Atleastonechannelin OFF state (with DIAG_IOL.OUTn bit set
to “1”) has Vs < Vg oy (Low-Side channels and Auto-
configurable used as Low-Side switches) or Vo1 s> Voyr son)
(Auto-configurable used as High-Side switches)

Channels in ON state are not considered

ERRn n:0 r Over Load [ Over Temperature Diagnosis of channel n
n=7to0 0 (default) No failure detected
1, Over Temperature or Over Load
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10.6.2  Register structure

The register banks the digital part have following structure:

Table 15 Register structure - all registers
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 | Default

r=0 |r=1 |ADDRO ADDR1 DATA XXXXy

Table 16 summarizes the available registers with their addresing space and size

Table 16 Register addressing space

Register name |ADDRO |ADDR1 [Size |Type |Purpose

OouT 0000, |00g n r/w | Power output control register
n=7to0 bits OUT . OUTn

0g (default) Outputis OFF

1;  Outputis ON

MAPINO 0001 |00g n r/w Input Mapping (Input Pin 0)
n=7to0 bits MAPINO . OUTn
0g (default) The outputis not connected to the input
pin

1, Theoutputis connected to the input pin
Note: Channel 2 has the corresponding bit set to “1” by

default
MAPIN1 0001 |01, n r/w Input Mapping (Input Pin 1)
n=7to0 bits MAPIN1 .0OUTn
0g (default) The outputis not connected to the input
pin

1,  Theoutputis connected to the input pin
Note: Channel 3 has the corresponding bit set to “1” by
default

INST 0001 |10g 8 r Input Status Monitor
bit TER
0  Previous transmission was successful
(modulo 16 + n*8 clocks received, wheren=0,1, 2...)
15 (default) Previous transmission failed
bits INST .RES (6:2) - reserved
bits INST. INn (1:0)
0g (default) The input pin is set to “low”
1, Theinputpinissetto “high”
First register transmitted after a reset of the logic
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Table 16 Register addressing space (cont’d)

Register name |ADDRO |ADDR1 |Size |Type |Purpose

DIAG_IOL 00105 |00g n r/w | Open Load diagnostic current control
n=7to0 bits DIAG_IOL.OUTn

0 (default) Diagnosis current not enabled
1z Diagnosis current enabled

DIAG_OSM 00105 |01, n r Output Status Monitor

n=7to0 bits DIAG_OSM. OUTn

0  (default) Vs> V(o) (Low-Side channels and Auto-
configurable used as Low-Side switches) or Vq ;1 5 <
Vout_s(or) (Auto-configurable used as High-Side
switches)

g Vps<Vpon (Low-Side channels and Auto-
configurable used as Low-Side switches) or Vi1 >
Vour s(or) (Auto-configurable used as High-Side
switches)

HWCR 0011y |00g 8 r/w | Hardware Configuration Register

bit HWCR . ACT (7) (Active Mode)

0g (default) Normal operation or device leaves Active
Mode

1y Device enters Active Mode

(see Chapter 6.1 for a description of the possible

operative mode transitions)

bit HWCR . RST (6) (Reset)

0g (default) Normal operation

1,  Execute Reset command (self clearing)

bits HWCR . PAR (3:0) (channels operating in parallel)

0g (default) Normal operation

1, two neighbour channels have Over Load and Over
Temperature synchronized (see Chapter 7.3 for
more details)

bits 5:4 - reserved (default: 0p)

HWCR_OCL 0011; |01y n w Output Clear Latch

n=7to0 bits HNCR_OCL . OUTn

0g (default) Normal operation

1, Clearthe error latch for the selected output

10.6.3  Register summary

All registers with addresses not mentioned in Table 17 have to be considered as “reserved”. “Read”
operations performed on those registers return the Standard Diagnosis. The column “Default” indicates the
content of the register (8 bits) after a reset.
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Table17 Addressable registers
15 14 | 13-10 9 8 7 6 5 3 2 1 0 Default
r=0 |r=1 10000 00 OUT.OUTn 00,
w=1|w=0
r=0 |r=1 0001 00 MAPINO.OUTn 04,
w=1|w=0
r=0 |r=1 0001 01 MAPIN1.OUTn 08,
w=1|w=0
0 1 0001 |10 TER |(reserved) INST.INn 00,
r=0 [r=1 {0010 |00 DIAG_IOL.OUTn 00,
w=1|w=0
0 1 0010 01 DIAG_OSM.OUTn 00,
r=0 |r=1 /0011 |00 HWC |HWC |(reserved) HWCR.PAR 00,
w=1|w=0 R.ACT | R.RST
r=0 |r=1 |0011 01 HWCR_OCL.OUTn 00,
=1|w=0
10.6.4 SPI command quick list

A summary of the most used SPI commands (read and write operations on all registers) is shown in Table 18

Table18 SPIcommand quick list

Register “read” command” “write” command content written
ouT 4002, 80XXy XX}y = XXXXXXXXg
MAPINO 4402, 84XXy XXpy = XXXXXXXXg
MAPIN1 4502, 85XXy XXpy = XXXXXXXXg
INST 4602, n.a. (read-only) -

DIAG_IOL 4802, 88XX, XXy = XXXXXXXXg
DIAG_OSM 4902, n.a. (read-only) -

HWCR 4C02, 8CXX, XXy = XXXXXXXXg
HWCR_OCL 4D02, 8DXXy XXjy = XXXXXXXXg
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11 Application Information

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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SCLK OUT7_S|
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so OUT1_LS| 3
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N
¥
5 5 s 5
3 3 3

77
Application_6XS2LS.emf
Figure36 TLE75602-ESD Application Diagram
Note: This is a very simplified example of an application circuit. The function must be verified in the real
application.

Table19 Suggested Component values
Reference Value Purpose
Rin 4.7kQ Protection of the micro-controller during Over Voltage and Reverse Polarity

Guarantee TLE75602-ESD channels OFF during Loss of Ground
RioLe 4.7kQ Protection of the micro-controller during Over Voltage and Reverse Polarity

Guarantee TLE75602-ESD channels OFF during Loss of Ground
Resn 500 Q Protection of the micro-controller during Over Voltage and Reverse Polarity
Rscik 500 Q Protection of the micro-controller during Over Voltage and Reverse Polarity
R 500 Q Protection of the micro-controller during Over Voltage and Reverse Polarity
Rso 500 Q Protection of the micro-controller during Over Voltage and Reverse Polarity
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Table19 Suggested Component values (cont’d)

Reference Value Purpose

Ruop 100 Q Logic supply voltage spikes filtering

Cyop 100 nF Logic supply voltage spikes filtering

Cys 68 nF Analog supply voltage spikes filtering

Zys P6SMB30 | Protection of device during Over Voltage. Zener diode
Cour 10 nF Protection of TLE75602-ESD against ESD and BClI
11.1 Further Application Information

+ Please contact us for information regarding the Pin FMEA

« For further information you may contact http://www.infineon.com/
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12 Package Outlines
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Figure 37 PG-TSDSO-24 Package drawing
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Figure 38 TLE75602-ESD Package pads and stencil
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Green Product (RoHS compliant)

To meet the world-wide customer requirements for environmentally friendly products and to be compliant
with government regulations the device is available as a green product. Green products are RoHS-Compliant
(i.e Pb-free finish on leads and suitable for Pb-free soldering according to IPC/JEDEC J-STD-020).

For further information on alternative packages, please visit our website:
http://www.infineon.com/packages. Dimensions in mm

Datasheet 66 Rev. 1.10
2020-09-02



o~ _.
TLE75602-ESD Infineon
SPIDER+ 12V |

Revision History

13 Revision History

Page or Item Changes since previous revision

Rev. 1.10,2020-09-02

All Package name updated

Table 2 Updated ESD susceptibility footnotes for HBM and CDM
Updated backcover

Rev.1.00,2017-11-23

All Datasheet released
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IMPORTANT NOTICE

The information given in this document shall in no
event be regarded as a guarantee of conditions or
characteristics ("Beschaffenheitsgarantie").

With respect to any examples, hints or any typical
values stated herein and/or any information regarding
the application of the product, Infineon Technologies
hereby disclaims any and all warranties and liabilities
of any kind, including without limitation warranties of
non-infringement of intellectual property rights of any
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In addition, any information given in this document is
subject to customer's compliance with its obligations
stated in this document and any applicable legal
requirements, norms and standards concerning
customer's products and any use of the product of
Infineon Technologies in customer's applications.
The data contained in this document is exclusively
intended for technically trained staff. It is the
responsibility of customer's technical departments to
evaluate the suitability of the product for the intended
application and the completeness of the product
information given in this document with respect to
such application.

For further information on technology, delivery terms
and conditions and prices, please contact the nearest
Infineon Technologies Office (www.infineon.com).

WARNINGS

Due to technical requirements products may contain
dangerous substances. For information on the types
in question please contact your nearest Infineon
Technologies office.

Except as otherwise explicitly approved by Infineon
Technologies in a written document signed by
authorized representatives of Infineon Technologies,
Infineon Technologies’ products may not be used in
any applications where a failure of the product or any
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