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1 Overview

Features

* 4 channel low side relay driver

« 8 bit SPI for diagnostics and control

+ SPI providing Daisy Chain Capability

* Limp Home functionality

* Very wide range for digital Supply Voltage

» Four input pins provide flexible and straightforward PWM operation

« Stable behavior at Under Voltage
* Green Product (RoHS compliant)
+ AEC Qualified

Table 1 Product Summary

TLE7233G

PG-SSOP-24-5

Digital supply voltage

VDD

30V..55V

Analog supply voltage

VD DA

45V .55V

ON State resistance at TJ- = 150°C for each channel

Rpsion)

22Q

Nominal load current

IL (nom,min)

390 mA

Overload switch off threshold

[D (OVL,max)

950 mA

Output leakage current per channel at 25 °C

]D (STB,max)

1 pA

Drain to Source clamping voltage

VDS(AZ)

41V

SPI clock frequency

fSCLK

5 MHz

Diagnostic Features

» Latched diagnostic information via SPI
» Over temperature monitoring

» Over load detection in ON state

* Open load detection in OFF state

Type Package

Marking

TLE7233G PG-SSOP-24-5

TLE7233G

Datasheet

Rev. 1.1, 2011-04-12
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Overview

Protection Functions

» Short circuit

* Overload

*  Over temperature

» Electrostatic discharge (ESD)

Application

» All types of resistive, inductive and capacitive loads
» Especially designed for driving relays in automotive applications

Description

The TLE7233G is a four channel low-side relay switch (1 Q per channel) in PG-SSOP-24-5 package providing
embedded protective functions. It is especially designed as a relay driver for automotive applications. The 8 bit
serial peripheral interface (SPI) is provided for control and diagnostics of the device and the loads. The SPI
interface provides daisy-chain capability.

The TLE7233G is equipped with four input pins that can be individually routed to the output control of their
corresponding channel and therefore offer complete flexibility in design and PCB layout. The input multiplexer is
controlled via SPI.

A limp home pin (LHI) provides a simple use of the input pins; this enables a direct connection between the input
pins and their corresponding outputs. The limp home function works under Vpp, in order to ensure functionality
even with a missing digital supply.

The device provides many diagnostics of the load enabling both open load and short circuit detection. The SPI
diagnostic bits indicate any eventual latched fault condition.

Each output stage is protected against short circuit. In case of over load, the affected channel switches off.
Temperature sensors are available for each channel in order to protect the device against over temperature.

The power transistors are made of N-channel vertical power MOSFETSs. The inputs CMOS compatible referenced
to Ground. The device is monolithically integrated in Smart Power Technology.

Datasheet 4 Rev. 1.1, 2011-04-12
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Block Diagram

2 Block Diagram
RST VDD VDDA
1 1 1
Ty
INO > OouT1
IN1 > P temperature ouT?2
IN2 > input logic h sensor OUT3
IN3 » P short circuit
control, - detection r
LHI » input register > diagnostic L I|—‘
. and gate S N
CS ' protective control —
SCLK > functions
= SPI P open load
Sl > h detection
SO [ 1«
diagnostic register [«
[ 1
L
GND
Overview_GS.emf
Figure 1 Block Diagram
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Block Diagram

2.1 Voltage and current naming definition
Following figure shows all the terms used in this datasheet, with associated convention for positive values.

—_——
4 VDDA v, |+
DDA
VDD
V [
RST
IN3
IN2
IN1
IDO
INO oUTO[ F——
I Vv
LHI OUTI[F—— pse
. Iy, vV
cs OUT2[F—— oSt
ID3 V
SCLK ouT3[}FH—"**
VDS3
S|
SO
GND
1
YV VVYYVVYVYVYW \ILIGND v v A\ 4 v A\ 4
Terms_GS.emf

Figure2 Terms

In all tables of electrical characteristics is valid: Channel related symbols without channel number are valid for each
channel separately (e.g. Vg specification is valid for Vpgq ... Vpg3)-

All SPI register bits are marked as follows: PARAMETER (e.g. INO). In SPI register description, the values in bold
letters (e.g. 0) are default values.

Datasheet 6 Rev. 1.1, 2011-04-12
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Pin Configuration

3 Pin Configuration
3.1 Pin Assighment
(top view)
SUB [T ]|1@ 24 1] n.c.
SUB [T]|2 23 [ 1] SCLK
OUT3 [1]|3 22 1] SO
OuUT2 1|4 21 1] Sl
VDD [1]]|5 20 [T IN3
GND [T |6 19 [ 17 GND
VDDA [1]|7 18 [T IN2
LHI (178 17 [T IN1
OUT1 [1]|9 16 [ 11 INO
OUTO [T|10 15 [T1 CS
SUB [T|11 14 [ 1] RST
SUB [1]|12 13 [ n.c.
PG-SSOP-24 .emf
Figure 3 Pin Configuration
3.2 Pin Definitions and Functions
Pin ‘Symbol ‘IIO D ‘Function
Power Supply
5 Vob - Digital Supply Voltage; Connected to 5V Voltage with Reverse
protection Diode and Filter against EMC
7 Voba - Analog Supply Voltage;
6,19 GND - Ground; common ground for digital, analog and power
1,2,11, |SUB Substrate; shorted to die pad,can be left not connected or used for thermal
12 connection and shorted to ground
Power Stages
10 OouTo 0] Output Channel 0; Drain of power transistor channel 0
9 ouT1 @) Output Channel 1; Drain of power transistor channel 1
4 ouT2 @) Output Channel 2; Drain of power transistor channel 2
3 OuUT3 O Output Channel 3; Drain of power transistor channel 3
Inputs
16 INO I PD | Control Input; Digital input 3.3 V or 5V. In case of not used keep open.
17 IN1 I PD | Control Input; Digital input 3.3 V or 5V. In case of not used keep open.

Datasheet

Rev. 1.1, 2011-04-12
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Pin Configuration

Pin Symbol /0 YV |Function

18 IN2 I PD | Control Input; Digital input 3.3 V or 5V. In case of not used keep open.
20 IN3 I PD | Control Input; Digital input 3.3 V logic. In case of not used keep open.
8 LHI I PD | Limp Home; Digital input 3.3 V or 5V. In case of not used keep open.
14 RST | |PD |Reset input pin; Digital input 3.3 V or 5V. Low active

SPI

15 [ S | |PU|SPI chip select; Digital input 3.3 V or 5V.Low active

23 SCLK | | PD |serial clock; Digital input 3.3 V or 5V.

21 Sl I PD | serial data in; Digital input 3.3 V or 5V.

22 SO O serial data out; Digital input 3.3 V or 5V.

Others

13,24 |n.c. - ‘not connected; pin not used

1) O: Output, I: Input,
PD: pull-down resistor integrated,
PU pull-up resistor integrated

Datasheet

8 Rev. 1.1, 2011-04-12
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/
General Product Characteristics
4 General Product Characteristics
4.1 Absolute Maximum Ratings

Absolute Maximum Ratings "
T;=-40 °C to +130 °C; Vpp = 3.0 V to Vppp, Vppa = 4.5V t0 5.5V.
All voltages with respect to ground, positive current flowing into pin (unless otherwise specified)

Pos. Parameter Symbol Limit Values Unit | Conditions
Min. ‘ Max.
Power Supply
411 Digital supply voltage Vob -0.3 5.5 \Y, -
4.1.2 Analog supply voltage Vbpa -0.3 5.5 \Y -
Power Stages
41.3 Load current I -0.5 0.5 A -
41.4 Output voltage for short circuit protection | 7 - 36 \ -
(single pulse)
415 Voltage at power transistor Vos - 41 Vv active clamped
4.1.6 Maximum energy dissipation one channel | E,g mJ 2)
single pulse - 65 Ti0)=85°C
Iy =0.35A
single pulse - 30 Ty =150 °C
I = 0.25 A
Epr Ty0)= 190 °C
repetitive (1 - 10* cycles) - 18 Ipg)=0.25 A
repetitive (1 - 108 cycles) - 13 Ing =017 A
Logic Pins
41.7 Voltage at input pins ViNo.3 -0.3 5.5 \Y -
4.1.8 Voltage at LHI pin Vim -0.3 55 \% -
4.1.9 Voltage at reset pin Vast -0.3 Vop +0.3 |V 3
4.1.10 |Voltage at chip select pin Ves -0.3 Vop +0.3 |V 3
4.1.11 Voltage at serial clock pin Vscik -0.3 Vop +0.3 |V 3
4112 |Voltage at serial input pin Vsl -0.3 Vop +0.3 |V 3
4.1.13 | Voltage at serial output pin Vso -0.3 Vop + 0.3 |V 3
Temperatures
4.1.14 Junction Temperature during operation | 7; -40 150 °C -
4.1.15 Storage Temperature Tyq -55 150 °C -
ESD Susceptibility
4.1.16 ESD Resistivity Vesp kv HBM?Y
Output -4 4
Input / SPI -2 2

1) Not subject to production test, specified by design.
2) Pulse shape represents inductive switch off: Ip@) = I0) X (1 -1/ 1p5e); 0 <1 <4,
3) Vppt03V<55V

pulse

Datasheet 9 Rev. 1.1, 2011-04-12
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General Product Characteristics

4) ESD susceptibility, HBM according to EIA/JESD 22-A114B

Note: 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.

Note: 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
Pos. Parameter Symbol Limit Values Unit | Conditions
Min. Max.
421 Digital supply voltage Vob 3.0 5.5 Vv -
4.2.2 | Analog supply voltage Vopa 4.5 5.5 \Y -
423 Digital supply current all channels | Ippony - 0.5 mA -
ON
424 Analog supply current all channels |Ippaon)y |~ 5 mA -
ON
4.2.5 |Analog supply turn-ON time tooaon) |19 - V& Vbpa = OV to 5V
(linear)

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.

4.3 Thermal Resistance

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

Pos. Parameter Symbol Limit Values Unit |Conditions
Min. Typ. Max.

4.3.6 | Junction to Soldering Point Rinysp - - 29 K/W  |pin26, 11, 19"

4.3.7 | Junction to Ambient Ria - 47 - Kw | D2

1) Specified Ry, sp Value is simulated at natural convection on a cold plate setup (all pins are fixed to ambient temperature).
T, =25°C. LSO to LS3 are dissipating 1 W power (0.25 W each).

2) Specified Ry, 5 value is according to Jedec JESD51-2,-7 at natural convection on FR4 2s2p board; The product
(Chip+Package PG-SSOP-24) was simulated on a 76.2 x 114.3 x 1.5 mm board with 2 inner copper layers (2 x 70 um Cu,
2 x35um Cu). T, = 25 °C, LS1 to LS3 are dissipating 1 W power (0.25 W each).

Datasheet 10 Rev. 1.1, 2011-04-12
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Power Supply

5 Power Supply

The TLE7233G is supplied by two power supply lines V55 and Vp,. The digital power supply line V5 is designed
to be functional at a very wide voltage range. The analog power supply Vppa supports 5 V supply.
Power-on reset functions have been implemented for both supply lines. After start-up of the power supply, all SPI

registers are reset to their default values and the device remains in idle mode. Capacitors at pins V- GND and
Vooa - GND are recommended.

A reset pin is available. At low logic level at this pin, all registers are set to their default values and the quiescent
supply currents are minimized.

The Vpp supply line is used for the 1/O buffer circuits of the SPI pins, therefore the voltage on the SO pin is always
related to this supply voltage. A capacitor between pins V5 and GND is recommended (especially in case of EMI).
To enable the Daisy chain functionality it is necessary to have Vyy and Vpp, in the specified functional range.

The device provides a sleep mode to minimize current consumption, which also resets the register banks. It is
controlled by a low active reset pin (RST) which disables the device and minimize the current consumption. The
table below gives an overview of the different power modes.

Table 2 Power modes"
Power mode | State Description RESET Vop Vopa |SCLK |LHI
(low active)

SLEEP Device at minimum current consumption low X X 0 Hz low

IDLE Device operational, all channels OFF no high ON ON 0 Hz low
diagnosis activated

LIMP HOME |Device in Limp home mode X X ON X high

ON Device operational with enabled channels and | high ON ON 5MHz |low
diagnostic currents active (max)

1) low: pin input is digital low,
high: pin input is digital high,
X: pin state don’t care,
ON: voltage on this analog supply pin is in the specified functional range

Datasheet 11 Rev. 1.1, 2011-04-12
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Power Supply

5.1 Limp Home Mode

The TLE7233G offers the capability of driving dedicated channels during eventual fail-safe operation of the
system. This limp home mode is activated by a high signal at pin LHI. In this mode, the SPI registers are reset and
the input pins are directly routed to their corresponding channels, see Table 3 for details.

Furthermore, the SPI is ignored and all input pin are referred to V'pp, in order to ensure a defined operation mode
if the digital supply or the microcontroller fail.

A high signal on LHI overrides a Reset signal on RST. In case of a limp home during sleep the device will therefore
wake up and enter the limp home mode.

During Limp home mode any SPI transmission will receive a TER flag.

After limp home operation all registers are reset and the device enters in sleep mode following low logic RST state,
or returns to ON state (all channels OFF with diagnostic currents active). Next SPI transmission will receive a TER
Flag.

Input controlled
Output

INO OouTo

IN1 OouUT1

IN2 OouT2

IN3 OuUT3

Table 3 Routing during limp home mode

Datasheet 12 Rev. 1.1, 2011-04-12
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6

Power Stages

Power Stages

The TLE7233G is a four channel low-side relay switch.

The power stages are made of N-channel vertical power MOSFET transistors.

6.1

Input Circuit

The TLE7233G has four input pins, that can be configured to be used for control of the output stages. The INn
parameter of the SPI provide the following operation modes:

channel is in off mode without diagnosis

(if all channels are programmed to this mode, the device goes into idle mode)
channel is switched according to signal level at input pin INx

channel is switched on

channel is switched off with active diagnosis

Figure 5 shows the input circuit of TLE7233G.

InputStage.emf

Figure 4 Input signal conditioning circuit on all input and limp home pins

Datasheet 13 Rev. 1.1, 2011-04-12
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Power Stages

OFF Channel 0
INO[}
IN1[]
IN2[}
T
’ |N1X2 ‘ ’LHI‘
OFF) IN3
IN3[ ] I B
O,N___j
OFF
INX3 LHI
Il
InputLogic_GSemf

Figure 5 Input Multiplexer

The current sink to ground ensures that the channels switch off in case of open input pin. The zener diode protects
the input circuit against ESD pulses. After power-on reset, the device enters idle mode.

6.2 Inductive Output Clamp

When switching off inductive loads, the potential at pin OUT rises to Vpg(c) potential, because the inductance
intends to continue driving the current. The voltage clamping is necessary to prevent destruction of the device,
see Figure 6 for details. Nevertheless, the maximum allowed load inductance is limited.

Datasheet 14 Rev. 1.1, 2011-04-12
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Power Stages

Vbat
L,
OUT‘L I'p R
<D
J
VDS

Vbs(aL)

125

L. GND

v v

QutputClamp .emf

Figure 6 Output Clamp Implementation

Maximum Load Inductance

During demagnetization of inductive loads, energy has to be dissipated in the TLE7233G.
This energy can be calculated with following equation:

Voat = VpscL R -1 L
L bat = ¥ Ds(CL) L
Following equation simplifies under the assumption of R, = 0:

v
E= %L[LZ (1 _$j
Voat = Vos(cu)

The maximum energy, which is converted into heat, is limited by the thermal design of the component.

6.3 Timing Diagrams

The power transistors are switched on and off with a dedicated slope via the IN bits of the serial peripheral
interface SPI. The switching times /oy and /o are designed equally.

Csh SPI:oN |spiore

t
A to b
v N FF.

\

v

209

v

SwitchOn.emf

Figure 7  Switching a Resistive Load

In input mode, a high signal at the input pin is equivalent to a SPI ON command and a low signal to SPI OFF
command respectively. Please refer to Section 9.3 for details on operation modes.

The listed switching times are not valid, when switching to or from stand-by mode.

Datasheet 15 Rev. 1.1, 2011-04-12
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Power Stages

6.4 Electrical Characteristics Power Stages

Vop = 3.0 Vto Vppa, Vppa =4.5V 10 5.5V, T; = -40 °C to +150 °C
All voltages with respect to ground, positive current flowing into pin (unless otherwise specified)
typical values: Vpp = 5.0V, Vppy =5.0V, 7;=25°C

Pos. Parameter Symbol Limit Values Unit |Conditions
Min. |Typ. |Max.
Power Supply
6.4.1 Digital supply voltage Vob 3.0 - 55 \% -
6.4.2 Digital supply current all channels ]DD(ON) - - 0.5 mA Voo = Vopa =5V
ON Vrst = Ves = Vop
Vsak =0V
Vn=0V
6.4.3 Digital supply idle current Iopaey |~ - uA Jfscik =0 Hz
Vrst = Vcs = high
20 T,=25°C"
20 T,=85°C"
40 T;=130°C
6.4.4 Digital supply sleep current Iop(sieep) |~ - LA Vast=0V
5 T,=25°C"
5 T,=85°C"
20 T;=150 °C
6.4.5 Digital power-on reset threshold Voopo) |— - 3.0 \Y, -
voltage
6.4.6 | Analog supply voltage Vooa 4.5 - 5.5 \ -
6.4.7 Analog supply current all channels |Ippaony |— - 5 mA -
ON
6.4.8 | Analog supply idle current Topagde) |~ - LA Ves = Vop
Vsck =0V
25 T,=25°C"
I;=85°C "
T;=150°C
6.4.9 Analog supply sleep current Lygsieep) |~ - pA Ves = Vop
VesT=0V
5 T,=25°C"
5 T,=85°C"
20 T;=130°C
6.4.10 |Analog power-on reset threshold | Vppapo) |~ - 4.5 \ -
voltage
Output Characteristics
6.4.11 | On-State resistance per channel | Rpsony |~ Q I, =250 mA
1.0 T;=25°C"
2.0 22 7,=150 °C
6.4.12 |Nominal load current Inomy | 390 415 - mA |2

Datasheet 16 Rev. 1.1, 2011-04-12
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Voo = 3.0 V to Vopa, Vopa = 4.5V to 5.5V, T, = -40 °C to +150 °C

Power Stages

All voltages with respect to ground, positive current flowing into pin (unless otherwise specified)

typical values: Vpp = 5.0V, Vppy =5.0V, T;=25°C

Pos. Parameter Symbol Limit Values Unit |Conditions
Min. Typ. Max.
6.4.13 | Output leakage current Iporr) - - uA Vps=135V
(per channel) 1 T,=25°C"
2 T,=85°C"
5 T;=150 °C
6.4.14 | Output clamping voltage Vosccy |41 - 52 \Y 3
Input Pin Characteristics
6.4.15 |L level of pin Vinw 0 - 0.9 \ -
IN & LHI
6.4.16 |H level of pin VingH) 2.2 - 5.5 \% -
IN & LHI
6.4.17 |L-input pull-down current through |7,y 3 12 80 uA Vop=5V7"
pin Vin=0.6V
6.4.18 | H-input pull-down current through | Zjy4y) 10 40 80 HA Vop=5V
pin Vn=5V
6.4.19 |L level of pin RST VrsT(L) 0 - 0.2 -
VDD
6.4.20 |H level of pin RST Vestwy | 0-47 - Vob -
Voo
6.4.21 | L-input pull-down current through | Igsr, 3 12 80 uA Vop=5V 7"
pin RST Vest = 0.6 V
6.4.22 | H-input pull-down current through | Igst(y) 10 40 80 HA Vop =5V
pin RST Vest=5V
Timings
6.4.23 | Sleep wake-up time bwu(sleep) |~ - 200 us -
6.4.24 |Reset duration IrsT(L) 1 - — us -
6.4.25 |Turn-on time fon - - 60 us Vep =135V
Vos = 20% Vput Ips =250 mA,
resistive load
6.4.26 | Turn-off time torF - - 60 us Vep =135V
Vos = 80% Vyy Ips =250 mA,
resistive load

1) Not subject to production test, specified by design

2) calculated value based on following parameters:
all channels on with equal load current, Rpg(on) = Rps(on, 150°c) » 1a = 85 °C, T} max

3) maximum value is increasing in sleep mode

Datasheet 17
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Protection Functions

7 Protection Functions

Note: The device provides embedded protective functions. Integrated protection functions are designed to prevent
IC destruction under fault conditions described in this datasheet. Fault conditions are considered as
“outside” normal operating range. Protection functions are not designed for continuous repetitive operation.

71 Over Load Protection

The TLE7233G is protected against over load or short circuit of the load. After time /ooy, the over loaded
channel n switches off and therefore the corresponding diagnostics flag Dn is set. The channel can be switched
on after clearing the diagnostics flag. Please refer to Figure 8 for details.

|’\¢
>
A tOFF(OVL)
Il])
IDO(OVL
| .
INO = 01, INO = 00, I'INO = 01, t
DO = 0, DO =1, |DO = 0,
OverlLoad .emf
Figure 8  Shut Down at Over Load
7.2 Over Temperature Protection

A temperature sensor for each channel causes an overheated channel n to switch off to prevent destruction. Then
the according diagnostics flag Dn is set. The channel can be switched on after clearing the diagnosis flag. Please
refer to Section 8 for information on diagnostics features.

7.3 Reverse Polarity Protection

In case of reverse polarity, the intrinsic body diode of the power transistor causes increased power dissipation. The reverse
current through the intrinsic body diode of the power transistor has to be limited by the connected load. The Vg and Vppa
supply pins must be externally protected against reverse polarity. The over temperature and over load protection are not active
during reverse polarity.

Datasheet 18 Rev. 1.1, 2011-04-12
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7.4 Electrical Characteristics Protection

All voltages with respect to ground, positive current flowing into pin (unless otherwise specified)

Protection Functions

typical values: Vpp =5.0V, Vppa =5.0V, 7;=25°C

Pos. Parameter Symbol Limit Values Unit | Conditions
Min. |Typ. |Max.

Over Load Protection

7.4.1 Over load detection current Ipow) 0.5 - 0.95 A -

7.4.2 Over load shut-down delay time loFFovy) | - 60 us -

Over Temperature Protection

7.4.3 | Thermal shut down temperature | Tisc, 150 170" |- °C -

7.4.4 | Thermal hysteresis AT, - 10 - K R

1) Not subject to production test, specified by design

Datasheet 19 Rev. 1.1, 2011-04-12
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Diagnostic Features

8 Diagnostic Features

The SPI of TLE7233G provides diagnosis information about the device and about the load. The diagnosis
information of the protective functions of channel n is latched in the diagnosis flag Dn. The open load diagnosis of
channel n is latched in the diagnosis flag OLn. Both flags are cleared by INn = 00 and the diagnosis current Ippp),
which is a small pull down current, is disabled.

Following table shows possible failure modes and the according protective and diagnostic action.

i

Failure Mode

Comment

Open Load
or short circuit to GND

Diagnosis, when channel n is switched on:
INn = 01g: if input pin is high: none
INn = 10g: none

Diagnosis, when channel n is switched off:

INn = 00g: none, diagnosis flags are cleared and the diagnosis current is switched off
INn = 01g: if input pin is low, according to voltage at the output pin, the flag OLn is set
after time 740,

INn = 11g: according to voltage level at the output pin, flags OLn are set after time 74

Over temperature

When over temperature occurs, the affected channel n is switched off. The according
diagnosis flag Dn is set.

The diagnosis flags are latched until they have been cleared by 1Nn = 00g. The over
temperature detection is active in ON-state as well as OFF-state.

Over Load When over load is detected at channel n, the affected channel is switched off after time
(Short Circuit) torr(ovr) @nd the dedicated diagnosis flag Dn is set.

The diagnosis flags are latched until they have been cleared by INn = 00g.
8.1 Open Load Diagnosis timing

The TLE7233G offers a open load diagnosis for each channel in OFF mode.

The time t4,,) is applied to filter short time events.

N e —

Open Load occures here

Open Load occures here

z
v

VDS VDS
VDS(OL) v (OLy /
td(laull) e td(fault) t ”
oL, = L, oL = 1,
OpenLoademf
Figure 9  Open Load timing
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8.2 Electrical Characteristics Diagnostic

All voltages with respect to ground, positive current flowing into pin (unless otherwise specified)
typical values: Vpp =5.0V, Vppa =5.0V, 7;=25°C

Pos. Parameter Symbol Limit Values Unit | Conditions
Min. |Typ. |Max.

OFF State Diagnosis

8.2.1 Open load detection threshold Vbs(ou) 1.0 - 2.5 \Y -
voltage

8.2.2 Output pull-down diagnosis current | Ippp, - - 100 HA Vps =13.5V
per channel

8.2.3 Open load diagnosis delay time ta0L) 30 - 200 us -

ON State Diagnosis

8.2.4 Over load detection current Inow) 0.5 - 0.95 A -

8.2.5 Over load detection delay time loFFovL) | - 60 us -
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Serial Peripheral Interface (SPI)

9 Serial Peripheral Interface (SPI)

The diagnosis and control interface is based on a serial peripheral interface (SPI).

The SPI is a full duplex synchronous serial slave interface, which uses four lines: SO, SI, SCLK and CS. Data is
transferred by the lines Sl and SO at the data rate given by SCLK. The falling edge of CS indicates the beginning
of a data 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 CS. A modulo 8 counter ensures that data is
taken only, when a multiple of 8 bit has been transferred. The interface provides daisy chain capability.

SO%CSXMSBX6X5X4X3X2X1XLSB)—
Sl MSBY 6 X 5 K 4 X 3 X 2 X 1 XLsB
cs
SCLK

time
SPl.emf

Figure 10 Serial Peripheral Interface

The SPI protocol is described in Section 9.3. It is reset to the default values after power-on reset.

9.1 SPI Signal Description

CS - Chip Select:

The system micro controller selects the TLE7233G by means of the cs pin. Whenever the pin is in low state, data
transfer can take place. When CS is in high state, any signals at the SCLK and Sl pins are ignored and SO is
forced into a high impedance state.

cs High to Low transition: ——

+ The diagnosis 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. As a result, even in daisy chain configuration,
a high signal indicates a faulty transmission. The transmission error flag is set after any kind of reset, so a reset
between two SPI commands is indicated. For details, please refer to Figure 11. This information stays
available to the first rising edge of SCLK.

Datasheet 22 Rev. 1.1, 2011-04-12



° SPI Driver for Enhanced Relay Control
@l neon SPIDER - TLE7233G

Serial Peripheral Interface (SPI)

TER
S| SO
C R ;/._>>_>[:|

si SPI sgﬂ

CsS I
SCLK

S_1

TER.emf

Figure 11 Transmission Error Flag on SO Line

CS Low to High transition: ——

Data from shift register is transferred into the input matrix register only, when after the falling edge of CS exactly
a multiple (1, 2, 3, ...) of eight SCLK signals have been detected.

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 CS makes any transition.

Sl - Serial Input:

Serial input data bits are shifted in at this pin, the most significant bit first. Sl information is read on the falling edge
of SCLK. Please refer to Section 9.3 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 CcS pin
goes to low state. New data will appear at the SO pin following the rising edge of SCLK. Please refer to Section 9.3
for further information.

9.2 Daisy Chain Capability

The SPI of TLE7233G provides daisy chain capability. In this configuration several devices are activated by the
same CS signal MCS. The Sl line of one device is connected with the SO line of another device (see Figure 12),
which builds a chain. The ends of the chain are connected with the output and input of the master device, MO and
MI respectively. The master device provides the master clock MCLK, which is connected to the SCLK line of each
device in the chain.
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Serial Peripheral Interface (SPI)

device 1 device 2 device 3
Sl SO SlI SO SlI SO
MO —[1—» SPI —>[}——T}—» SPI —>[1—T1—» SPI —>[1}—
U) L _lE U) f ‘([) L _lf
e °1 138 %113
M| <
MCS >
MCLK » .
SPI_DasyChain.emf

Figure 12 Daisy Chain Configuration

In the SPI block of each device, there is one shift register where one bit from Sl line is shifted in each SCLK. The
bit shifted out can be seen at SO. After 8 SCLK cycles, the data transfer for one device has been finished. In single
chip configuration, the CS line must transit from low to high to make the device accept 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, three times 8 bits have to be shifted through the devices. After that, the MCS line must
transit from low to high (see Figure 13).

MI-{ [SO device 3 [SO device 2 [SO device 1 —

MO —{SI device 3 [SI device 2 [Sl device 1 —
‘MCsS | B
Mek [Ty

time >

SPI_DasyChain2.emf

Figure 13 Data Transfer in Daisy Chain Configuration

9.3 SPI Protocol

The SPI protocol of the TLE7233G provides two registers. The input register and the diagnosis register. The
diagnosis register contains four pairs of diagnosis flags, the input register contains the input multiplexer
configuration. After power-on reset, all register bits are cleared to 0.

Si

IN3 IN2 IN1 INO

Datasheet 24 Rev. 1.1, 2011-04-12



SPI Driver for Enhanced Relay Control
SPIDER - TLE7233G

Serial Peripheral Interface (SPI)

Field Bits Type | Description

INNn 7:6, w Input Register Channel n

(n=3-0) |54, 00; Stand-by Mode:
3:2, Fast channel switched off.
1:0 Diagnosis flags are cleared.

Diagnosis current is disabled.
015 Input Direct drive mode:
Channel is switched according to signal at corresponding input pin.
Diagnosis current is enabled in OFF-state. See Figure 5 for details.
10g ON Mode:
Channel is switched on.
Diagnosis current is enabled.
11z OFF Mode:
Channel is switched off.
Diagnosis current is enabled.

Datasheet
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Serial Peripheral Interface (SPI)

SO Reset Value: 100,
cs? 7 6 5 4 3 2 1 0
TER oL3 D3 oL2 D2 oL1 D1 oLo DO

1) This bit is valid between CS hi -> lo and first SCLK lo -> hi transition.

Field Bits Type | Description
TER CS R Transmission Error
0 Previous transmission was successful (modulo 8 clocks received).
1 Previous transmission failed or first transmission after reset.
OLn 7,53, IR Open Load Flag of channel n
(n=3-0) |1 0 Normal operation.
1 Open load has occurred in OFF state.
Dn 6,4,2, IR Diagnosis Flag of channel n
(n=3-0) |0 0 Normal operation.
1 Over load or over temperature switch off has occurred in ON state.
9.4 Timing Diagrams
tCS(Iead) tCS(Iag) tCS(td)
cs tSCLK(P) 0.7Vi
o 02V,
tSCLK(H) tSCLK(L)
N\ 0.7V,
SCLK \ / 02V
) — p— dd
tSI(su) tSI(h)
S! ) \ ,X‘ 0.2V,
tSO(en) tSO(v) tSO(dis)
SO v 4 IX\ IX\ O'2Vaa
SPI Timing.emf
Figure 14 Timing Diagram
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9.5 Electrical Characteristics SPI

All voltages with respect to ground, positive current flowing into pin (unless otherwise specified)
typical values: Vpp =5.0V, Vppa =5.0V, 7;=25°C

Pos. Parameter Symbol Limit Values Unit | Conditions
Min. [Typ. |Max.
Input Characteristics (CS, SCLK, Sl)
9.5.1 L level of pin 0 - 0.2* -
Cs Veswy Voo
SCLK Vscik
SI Vsiv
9.5.2 H level of pin 0.5 Vp |— Vob -
CS Vesihy
SCLK Vscikm
Sl _ Vsit)
9.5.3 L-input pull-up current through CS | /¢, 5 17 40 uA Ves =0V
9.5.4 | H-input pull-up current through CS | Iog, 3 15 40 HA R
Veg=2V
9.5.,5 |L-input pull-down current through 3 12 80 uA R
pin
SCLK Tscikq) Vsok = 0.6 V
SI Igy, Vg =06V
9.5.6 H-input pull-down current through 10 40 80 PA
pin
SCLK ISCLK(H) Veak =9V
SI Ign) Vg=5V
Output Characteristics (SO)
9.5.7 |L level output voltage Vsow 0 - 0.4 \% Iso=-2 MA
9.5.8 H level output voltage Vsom Voo~ - Vob Igo = 1.5mA
0.5V
9.5.9 Output tristate leakage current Isoorry |-10 - 10 LA Ves = Vop
Timings
9.5.10 |Serial clock frequency JsoLk 0 - 5 MHz |-
9.5.11 | Serial clock period lscikpy | 200 - - ns -
9.5.12 | Serial clock high time lscikpyy |90 - - ns -
9.5.13 | Serial clock low time fscikyy |90 - - ns -
9.5.14 |Enable lead time (falling CS to loseady | 250 - - ns -
rising SCLK)
9.5.15 |Enable lag time (falling SCLK to fcs(iag) 250 - - ns -
rising CS)
9.5.16 | Transfer delay time (rising CSto fesd) 250 - - ns -
falling CS)
9.5.17 | Data setup time (required time Sl to | 75, 20 - - ns -
falling SCLK)
9.5.18 | Data hold time (falling SCLK to Sl) | g, 20 - - ns —
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Vop = 3.0V to Vppa, Vppa =4.5V to 5.5V, T; = -40 °C to +150 °C
All voltages with respect to ground, positive current flowing into pin (unless otherwise specified)
typical values: Vpp =5.0V, Vpppa =5.0V, 7;=25°C

Serial Peripheral Interface (SPI)

Pos. Parameter Symbol Limit Values Unit | Conditions
Min. Typ. Max.
9.5.19 | Output enable time (falling CS to | t5p(en) - - 200 ns C =50pF"
SO valid)
9.5.20 |Output disable time (rising CSto | fsoas) |- - 200 ns C, =50pF"
SO tri-state)
9.5.21 |Output data valid time with Isow) - - 100 ns C =50pF"
capacitive load
1) Not subject to production test, specified by design.
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Application Information

10 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.

Figure 15 shows a simplified application circuit. V'ppa and Vpp need to be reverse protected. Also the Resistors in
the digital pins are for reverse polarity protection.

[f
/] )
Vbb ——
. VDDA
= o R
Vddal Vddl VDD [
c2 I \/  lLoads
RST \ |
R10 C35 — | - - - -
: — IN3
Discrete Sa—
Limp RO
IN2
home ‘W‘
or PWM — 4
signal ‘W‘ IN1 9
circuit ~
INO B ouTo
R6 =
Watch —
LHI OouT1
@ R5 o
CS ouT2
R4
SCLK ouT3
SPIuC R3
S|
R2
SO
T
R1 G’N‘D
[f T
’ 1

Application_GS.emf

Figure 15 Application Diagram
Note: This is a very simplified example of an application circuit. The function must be verified in the real application.

C1,C2,C3 are recommended to be 4.7nF and all Resistors can be 1kOhm.

For further information you may contact http://www.infineon.com/
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/
Package Outlines
11 Package Outlines
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Index Marking

1) Does not include plastic or metal protrusion of 0.15 max. per side
2) Does not include dambar protrusion of 0.13 max. PG-SSOP-24-5, -6

Figure 16 PG-SSOP-24-5 (Plastic Green Shrink Small Outline Package)

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).

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

12 Revision History

Version Date Changes

Rev. 1.1 2011-04-12 |new parameter 4.2.5 on page 10 “Analog supply turn-ON time” added
Rev. 1.0 2008-02-28 |initial released Datasheet
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CraHpapT
INeKTpPOoH
ﬂ CBAA3b

Mbl MOf04aA M aKTUBHO Pa3BMBAIOLLAACA KOMMAHWA B 061acTM  MOCTaBOK
3NEKTPOHHbIX KOMMOHEHTOB. Mbl NOCTAaBASEM  3/IEKTPOHHbIE  KOMMOHEHTbI
OTEYEeCTBEHHOIrO U MMMOPTHOIO NMPOWU3BOACTBA HAMPAMYIO OT NPOU3BOAMUTENEN U C
KpYMHEMLWKNX CKNaZ0B MUpa.

Enaro,a,apﬂ coTpygHn4ecTtesy C MMpPOBbIMU NOCTaBWMKaMWN Mbl OCYLLECTBIAEM
KOMMNNEKCHbIE N NN1aHOBblE MNMOCTABKU LumpoqaﬁLuero CNEeKTpa 3/1EKTPOHHbIX
KOMMOHEHTOB.

CobcTtBeHHan 3¢p@eKTUBHAA NOrMCTUKA M CKNag B obecneunBaeT HageKHYHo
MOCTaBKy MNPOAYKLMM B TOYHO YKa3aHHble CPOKM Mo Bcel Poccum.

Mbl ocyuiecTBisem TEXHUYECKYI0 MNOALEPKKY HAWWM  K/IMEHTaMm U
npeanpoaaxkHyto NPOBEPKY KayecTsa NpoayKumu. Ha Bce noctaBnsiemble NpoAyKTbl
Mbl MPEAOCTaBASEM TFAPaAHTUIO .
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MeHeXMeHTa KayecTBa KomnaHum cooTBeTcTByeT TpeboBaHuam FOCT ISO 9001.
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