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Smart Multichannel Low Side Switch with Parallel TLES110EE
Control and SPI Interface
coreFLEX
A=\ RoHS
Qualified
1 Overview
Features

* Overvoltage, Overtemperature, ESD -Protection

» Direct Parallel PWM Control of all Channels

+  safeCOMMUNICATION (SPI and Parallel)

» Efficient Communication Mode: compactCONTROL

» Compatible with 3.3V- and 5V- Micro Controllers 1/0O ports
» clampSAFE for highly efficient parallel use of the channels
* Green Product (RoHS compliant)

+ AEC Qualified PG-DSO-36-41

Application
* Power Switch Automotive and Industrial Systems switching Solenoids, Relays and Resistive Loads

Description

10 - channel Low-Side Switch in Smart Power Technology [SPT] with Serial Peripheral Interface [SPI] and 10 open
drain DMOS output stages. The TLE8110EE is protected by embedded protection functions and designed for
automotive and industrial applications. The output stages are controlled via Parallel Input Pins for PWM use or SPI
Interface . The TLE8110EE is particularly suitable for Engine Management and Powertrain Systems.

Type Package Marking
TLE8110EE PG-DS0O-36-41 TLE8110EE

Data Sheet 4 Rev. 1.0, 2009-06-15
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Overview
Table 1 Product Summary
Parameter Symbol Value Unit
Analogue Supply voltage Vob 450 ...5.50 \%
Digital Supply Voltage Vee 3.00...5.50 Vv
clamping voltage (CH 1-10) Vosiaztye |95 \Y
On resistance Ronta 0.30 Q
typical at Tj=25°C and /pom Ronss 0.25 Q
Ron7-10 0.60 Q
On resistance Ronia 0.60 Q
maximum at Tj=150°C and I, Rons.s 0.50 Q
Ronz-10 1.20 Q
Nominal Output current (CH 1-4) Ionom 1.50 A
Nominal Output current (CH 5-6) Inom 1.70 A
Nominal Output current (CH 7-10) Innom 0.75 A
Output Current Shut-down Threshold (CH 1-4) min. Tospiiow) 2.60 A
Output Current Shut-down Threshold (CH 5-6) min. Ibspiiow) 3.70 A
Output Current Shut-down Threshold (CH 7-10) min. Tospiiow) 1.70 A

Voo = typ. 5V

VBaﬂ
Supply IC

Vee = typ. 3.3...5V

RST

L

T \
Micro |/0f
Controller
1/0] IN1
lle] IN10
SPI_SI SPI_SO
SPI_SO SPI_SI
SPI_CLK SPI_CLK
SPI_CS SPI_CS

EN TLES110EE

ouT1

4t06
Injectors

E 3 or Solenoids

General purpose

o Il ¢ Cramelsin

ouT10

parallel connection

General purpose
Channels for Relays

L

Appl_Diag_10ch_TLE8110 .vsd

Figure 1
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2 Block Diagram
RST VDD EN
T f T
o
IN1 >
IN2 r
IN3 = o ouT1
analogue oUT2
IN4 control, B temperature
IN5 1 Input Control diagnostic  [$ sensor OUT3
:ES (TTL or CMOS) an;j prct).tective — ouUT4
IN8 unctions » short CI.I'CUIt ouT5
detection &
IN9 : OuUT6
IN10 — 5|  gate e ouT?
Inpu ”| control S
5_CS register I ouT8
S_CLK >
SPI | diagnosis || Logic L open load ouUT9
SR (TTLor|| register ||control N detection OUT10
S_SO CMOS) unit |
control short to GND |H
veer b register detection |H
\ Y i
[
1
L
GND Block_diag_10ch_TLE8110.vsd

Figure 2 Block Diagram

2.1 Description

Communication

The TLE8110EE is a 10-channel low-side switch in PG-DSO-36-41 package providing embedded protective
functions. The 16 bit serial peripheral interface (SPI) can be utilized for control and diagnosis of the device and
the loads. The SPI interface provides daisy-chain capability in order to assemble multiple devices in one SPI chain
by using the same number of micro-controller pins.

The analogue and the digital part of the device is supplied by 5V. Logic Input and Output Signals are then
compatible to 5V logic level [TTL - level]. Optionally, the logic part can be supplied with lower voltages to achieve
signal compatibility with e.g. 3.3V logic level [CMOS - level].

The TLE8110EE is equipped with 10 parallel input pins that are routed to each output channel. This allows control
of the channels for loads driven by Pulse Width Modulation (PWM). The output channels can also be controlled
by SPI.

Reset

The device is equipped with one Reset Pin and one Enable. Reset [RST] serves the whole device, Enable [EN]
serves only the Output Control Unit and the Power Stages.

Diagnosis

The device provides diagnosis of the load, including open load, short to GND as well as short circuit to Vg
detection and over-load / over-temperature indication. The SPI diagnosis flags indicates if latched fault conditions
may have occurred.

Data Sheet 6 Rev. 1.0, 2009-06-15
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Block Diagram

Protection

Each output stage is protected against short circuit. In case of over load, the affected channel is switched off. The
switching off reaction time is dependent on two switching thresholds. Restart of the channel is done by clearing
the Diagnosis Register. This feature protects the device against uncontrolled repetitive short circuits. The reaction
to a short-circuit and over-temperature can alternatively changed to further modes, such as semi- or auto - restart
of the affected channel.

There is a temperature sensor available for each channel to protect the device in case of over temperature. In case

of over temperature the affected channel is switched off and the Over-Temperature Flag is set. Restart of the
channel is done by deleting the Flag. This feature protects the device against uncontrolled temperature toggling.

Parallel Connection of Channels

The device is featured with a central clamping structure, so-called CLAMPsafe. This feature ensures a balanced
clamping between the channels and allows in case of parallel connection of channels a high efficient usage of the
channel capabilities. This parallel mode is additionally featured by best possible parameter- and thermal matching
of the channels and by controlling the channels accordingly.

Data Sheet 7 Rev. 1.0, 2009-06-15
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Pin Configuration

3 Pin Configuration

3.1 Pin Assighment
10 36 1136
i s |22 35135
T3 34 T34
T4 33133
5 p——=—== 3213
6 | 311331
17 I | 30T=30
18 | 291429
c—j9o | | 28FT—28
——10 | | 27127
11 | | 26126
12 | | 251325
——13 | | 24024
C1T 14 le=—=e——a— 2371723
1|15 221122
116 211321
|17 2014320
—1 |18 191319

Figure 3 Pin Configuration

3.2 Pin Definitions and Functions

Pin Symbol Function

1 GND Ground

2 P_IN1 Parallel Input Pin 1. Default assignment to Output Channel 1.

3 P_IN2 Parallel Input Pin 2. Default assignment to Output Channel 2.

4 EN Enable Input Pin. If not needed, connect with Pull-up resistor to VCC.

5 RST Reset Input Pin. (low active). If not needed, connect with Pull-up resistor to VCC.

6 P_IN3 Parallel Input Pin 3. Default assignment to Output Channel 3.

7 P_IN4 Parallel Input Pin 4. Default assignment to Output Channel 4.

8 VDD Analogue Supply Voltage

9 P_IN5 Parallel Input Pin 5. Default assignment to Output Channel 5.

10 VCC Digital Supply Voltage

11 S SO Serial Peripheral Interface [SPI], Serial Output

12 S CLK Serial Peripheral Interface [SPI], Clock Input

13 S CS Serial Peripheral Interface [SPI], Chip Select (active Low)

14 S_Sli Serial Peripheral Interface [SPI], Serial Input

15 P_IN6 Parallel Input Pin 6. Default assignment to Output Channel 6.

16 P_IN7 Parallel Input Pin 7. Default assignment to Output Channel 7.

17 P_IN8 Parallel Input Pin 8. Default assignment to Output Channel 8.

18 GND Ground

Data Sheet 8 Rev. 1.0, 2009-06-15
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Pin Configuration

Pin Symbol Function

19 GND Ground

20 ouT9 Drain of Power Transistor Channel 9

21 ouT10 Drain of Power Transistor Channel 10

22 N.C. internally not connected, connect to Ground

23 GND Ground

24 ouT6 Drain of Power Transistor Channel 6

25 OouT4 Drain of Power Transistor Channel 4

26 OuUT3 Drain of Power Transistor Channel 3

27 P_IN9 Parallel Input Pin 9. Default assignment to Output Channel 9.
28 P_IN10 Parallel Input Pin 10. Default assignment to Output Channel 10.
29 ouT2 Drain of Power Transistor Channel 2

30 OouUT1 Drain of Power Transistor Channel 1

31 OuUT5 Drain of Power Transistor Channel 5

32 GND Ground

33 N.C. internally not connected, connect to Ground

34 ouTs Drain of Power Transistor Channel 8

35 OouT7 Drain of Power Transistor Channel 7

36 GND Ground

Cooling | GND Cooling Tab; internally connected to GND

Tab

Data Sheet 9 Rev. 1.0, 2009-06-15
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Pin Configuration

3.3 Terms
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Figure4 Terms

Data Sheet 10 Rev. 1.0, 2009-06-15



. FLEX
@l neon Smart Multi-Channel Switch

General Product Characteristics

4 General Product Characteristics

4.1 Absolute Maximum Ratings”

Absolute Maximum Ratings

T;=-40 °C to +130 °C; all voltages with respect to ground, positive current flowing into pin
(unless otherwise specified)

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

Supply Voltages

4.1.1 Digital Supply voltage Vee -0.3 5.5 \% permanent

4.1.2 Digital Supply voltage Vee -0.3 6.2 V t<10s

41.3 Analogue Supply voltage Vob -0.3 5.5 \Y permanent

414 Analogue Supply voltage Vob -0.3 6.2 V t<10s

Power Stages

41.5 Load Current (CH1t0 10) Ion - Ibsp(ow) A -

416 Reverse Current Output (CH 1-10) Ion “lospow) |- A -

41.7 Total Ground Current lenp -20 20 A -

41.8 Continous Drain Source Voltage Vosn -0.3 45 \ -
(Channel 1 to 10)

419 maximum Voltage for short circuit Vosn - 24 \ one eventonone
protection on Output single channel.

Single Clamping Energies" 2

4.1.10 Maximum Energy Dissipation per Enq - 28 mJ o =3.8A
Channel. Single Pulse. Tj=150°C
Channel 1-4.

4.1.11 Maximum Energy Dissipation per Enq - 43 mJ Ip =1.5A
Channel. Single Pulse. Tj=150°C
Channel 1-4.

4112 Maximum Energy Dissipation per Enq - 37 mJ lp =4.8A
Channel. Single Pulse. Tj=150°C
Channel 5-6.

4.1.13 Maximum Energy Dissipation per Eng - 54 mJ Ip=17A
Channel. Single Pulse. Tj=150°C
Channel 5-6.

4.1.14 Maximum Energy Dissipation per Exs - 10 mJ Ip =2.3A
Channel. Single Pulse. Tj=150°C
Channel 7-10.

4.1.15 Maximum Energy Dissipation per Exs - 32 mJ Ip = 0.75A
Channel. Single Pulse. Tj=150°C
Channel 7-10.

Logic Pins (SPI, INn, EN, RST)

4.1.16 ‘ Input Voltage at all Logic Pin V, -0.3 55 ‘V ‘ permanent

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

Data Sheet 11 Rev. 1.0, 2009-06-15



. FLEX
@l neon Smart Multi-Channel Switch

General Product Characteristics

Absolute Maximum Ratings (cont'd)

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

Pos. Parameter Symbol Limit Values Unit |Conditions
Min. Max.
4.1.17 Input Voltage at all Logic Pin V. -0.3 6.2 V t<10s
4.1.18 Input Voltage at Pin 27, 28 (IN9, 10, ) Vy -0.3 45 V permanent
Temperatures
4.1.19 Junction Temperature T; -40 150 °C -
4.1.20 Junction Temperature T -40 175 °C max. 100hrs
cumulative
4.1.21 Storage Temperature Tyq -55 150 °C -
ESD Robustness
4.1.22 Electro Static Discharge Voltage Vesp -4 4 kv All Pins
“Human Body Model - HBM” HBM®)
1.5KOhm, 100pF
4.1.23 Electro Static Discharge Voltage Veso -500 500 \Y All Pins
“Charged Device Model - CDM” CDM?¥
4.1.24 Electro Static Discharge Voltage Veso -750 750 \ Pin 1, 18, 19, 36
“Charged Device Model - CDM” (corner pins)
CDM*

1) Only one single channel at one time.

2) triangular test pulse

3) ESD susceptibility, HBM according to EIA/JJESD 22-A114-B

4) ESD susceptibility, Charged Device Model “CDM” EIA/JESD22-C101-C

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.

Supply Voltages

421 Analogue Supply Voltage Vob 4.5 5.5 Vv -

4.2.2 Digital Supply Voltage Vee 3 Voo \Y, -

4.2.3 Digital Supply Voltage Vee Vob 5.5 V leakage Currents
(Icc) mightincrease
if Vee > Vop-

Power Stages

4.2.4  |Ground Current Inp,_ typ 9 ‘A ‘ resistive loads”

Data Sheet 12 Rev. 1.0, 2009-06-15
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General Product Characteristics

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

Temperatures

4,25 Junction Temperature T, -40 150 °C -

4.2.6 |Junction Temperature T, -40 175 °C ") for 100hrs

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

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

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

4.3.1 | Junction to Soldering Point Ryysp 175 |3.60 |KIW |P,,=3W"2%

4.3.2 | Junction to Ambient Ria - 25.00 |- KIW [Py = 3WD23)

1) Not subject to production test, specified by design.
2) Homogenous power distrubution over all channels (All Power stages equally heated), dependent on cooling set-up

3)

refer to Figure 5

Data Sheet
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General Product Characteristics

Dimensions: 76.2 x 114.3 x 1.5 mm?, FR4
Metalization: JEDEC 2s2p (JESD 51-7) + (JESD 51-5)
Thermal Vias: Diameter 0.3 mm; plating 25 um; 24 pcs. for PG-DSO-36-41

<+— 70um modeled (traces)
<+— 35um, 90% metalization

1.5 mm

<+ 35um. 90% metalization
<+— 70um, 5% metalization

=0
——
—
—am HO
-—amm BB
—am BB
—mn BB
——
——

I

h
W

P _DSO 36 41 PCB.vsd

Figure 5 PG-DS0O-36-41 PCB set-up
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Power Supply

5 Power Supply

5.1 Description Power Supply

The TLE8110EE is supplied by analogue power supply line Vpy which is used for the analogue functions of the
device, such as the gate control of the power stages. The digital power supply line V. is used to supply the digital
part and offers the possibility to adapt the logic level of the serial output pins to lower logic levels.

RST VvCC VDD EN
VCC VDD
Under Under
Voltage Voltage
Monitor Monitor

v
input
register
Input o | @ 1OUTx
tt and ' . Logic analogue I
O Serial diagnosis control control, Fault
0 Inter- register unit diagnostic Detection
face and protective| | Gate Control
O functions
control
register
Py
O
GND

Block_diag_Supply_Resetvsd

Figure 6 Block Diagram Supply and Reset

Description Supply

The Supply Voltage Pins are monitored during the power-on phase and under normal operating conditions for
under voltage.

If during Power-on the increasing supply voltage exceeds the Supply Power-on Switching Threshold, the internal
Reset is released after an internal delay has expired.

In case of under voltage, a device internal reset is performed. The Switching Threshold for this case is the Power-
on Switching threshold minus the Switching Hysteresis.

In case of under voltage on the analogue supply line Vpp the outputs are turned off but the content of the registers
and the functionality of the logic part is kept alive. In case of under voltage on the digital supply V line, a complete
reset including the registers is performed.

After returning back to normal supply voltage and an internal delay, the related functional blocks are turned on
again. For more details, refer to the chapter “Reset”

The device internal under-voltage set will set the TOR bit and the related bits in SDS (Short Diagnosis and Device
Status) to allow the micro controller to detect this reset. For more information, refer to the chapter “Control of the
Device”.

Figure 7 removed
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Power Supply

5.2 Electrical Characteristics Power Supply

Electrical Characteristics: Power Supply

3V < Ve < 8.5V 4.5V < Vpp < 5.8V, Vi = 13.5V, T; = -40 °C to +150 °C, all voltages with respect to ground,
positive current flowing into pin
(unless otherwise specified)

Pos. Parameter Symbol Limit Values Unit | Conditions
Min. ‘Typ. ’ Max.
Digital Supply and Power-on Reset
5.21 Digital Supply Voltage Vee 3 - 5.5 Vv
522 Digital Supply Current during Reset | o - 15 20 pA fsck = OHz,
a) (Vee < Veepo ) S_CS = Ve,
Tj=85°C "
Vee = 2.0V
Voo> Vee
b) - 20 40 WA |fsek = OHz,
S_CS =V,
Tj=150°C
Vee=2.0V
Voo> Vee
5.2.3 Digital Supply Current during Reset | l-cq - 2 5 MA fsck = OHz,
a) (Vrst < Vrst) S_CS =V,
Tj=85°C"
Voo> Ve
- 5 15 MA fsck = OHz,
b) S_CS = Vg,
Tj=150°C
Voo> Ve
524 Digital Supply Operating Current I - 0.15 2 mA fsck = OHz,
a) Ve = 3.3V Tj=150°C.
all Channels ON
1)
- 0.5 5 mA fsck = SMHz,
b) Tj=150°C.
all Channels ON
1)2)
5.2.5 |Digital Supply Operating Current I - 0.25 2 mA fscik = OHz,
a) Vee = 5.5V Tj=150°C.
all Channels ON
b) - 0.8 10 mA fsck = SMHz,
Tj=150°C.
all Channels ON
1)2)
5.2.6  |Digital Supply Power-on Switching | Veep, | 1.9 2.8 3 \ V¢ increasing
Threshold
5.2.7 | Digital Supply Switching Hysteresis | Veey, | 100 300 500 mV R
5.2.8 removed

Data Sheet 16 Rev. 1.0, 2009-06-15



FLEX

Smart Multi-Channel Switch

Electrical Characteristics: Power Supply

3V < Voo < 8.5V, 4.5V < Vpp < 5.5V, Vi = 13.5V, T, = -40 °C to +150 °C, all voltages with respect to ground,
positive current flowing into pin
(unless otherwise specified)

Power Supply

Pos. Parameter Symbol Limit Values Unit |Conditions
Min. Typ. Max.
5.2.9 removed
Analogue Supply and Power-on Reset
5.2.10 |Analogue Supply Voltage Vob 4.5 - 5.5 V -
5.2.11 | Analogue Supply Current during Iopsts - 10 20 MA fsck = OHz,
a) Reset Tj=85°C "
(Vo< Voppo ) Voo =2V
b) - 15 40 MA fs.CLK = OHz,
Tj=150°C
Vop =2V
5.2.12 | Analogue Supply Current during Iopstb - 1 5 MA fsck = OHz,
a) Reset Tj=85°C "
b) (Ven< Ven) - 2 15 A |fsok = OHz,
Tj=150°C
5.2.13 | Analogue Supply Operating Current | Ipp - 8 25 mA  |fsok = 0...5MHz"Y
Tj=150°C
all Channels ON
5.2.14 |Analogue Supply Power-on Vobpo |3 4.2 4.5 \ Vpp increasing
Switching Threshold
5.2.15 |Analogue Supply Switching Voony | 100 200 400 mv |V
Hysteresis
5.2.16 |Analogue Supply Power-on Delay | fyppp, |- 100 200 us Voo increasing "
Time
5.2.17 |removed

1) Parameter not subject to production test. Specified by design.
2) C =50pF connected to S_SO

Data Sheet
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Reset and Enable Inputs

6 Reset and Enable Inputs

6.1 Description Reset and Enable Inputs
The TLE8110EE contains one Reset- and one Enable Input Pin as can be seen in Figure 6.

Description:
Reset Pin [RST] is the main reset and acts as the internal under voltage reset monitoring of the digital supply
voltage Vq: As soon as RST is pulled low, the whole device including the control registers is reset.

The Enable Pin [EN] resets only the Output channels and the control circuits. The content of the all registers is
kept. This functions offers the possibility of a “soft” reset turning off only the Output lines but keeping alive the SPI
communication and the contents of the control registers. This allows the read out of the diagnosis and setting up
the device during or directly after Reset.

6.2 Electrical Characteristics Reset Inputs

Electrical Characteristics: Reset Inputs

3V < Ve < 8.5V, 4.5V < Vpp < 3.5V, Vi = 13.5V, T; = -40 °C to +150 °C, all voltages with respect to ground,
positive current flowing into pin
(unless otherwise specified)

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

Reset Input Pin [RST]

6.2.1 Low Level of RST VrsTi -0.3 - Vee*0.2 |V -

6.2.2 |High Level of RST VrsTh Vec 04 |- Vee \ -

6.2.3 | RST Switching Hysteresis Vesthy |20 100 300 mv Y

6.2.4 Reset Pin pull-down Current Irstresn |20 40 85 MA Vzs7=5V
IRsTres) 24 - - pA Vgs7=0.6V"

6.2.5 removed

6.2.6 | Minimum Reset Duration time RST | frgtmin | 1 - - us "

Enable Input Pin [EN]

6.2.7 |Low Level of EN Ven -0.3 - Vee*0.2 |V -

6.2.8 |High Level of EN Venn Vee*0.4 |- Vee \ -

6.2.9 EN Switching Hysteresis VeNny 20 60 300 mV R

6.2.10 |Enable Pin pull-down Current Tenresh 5 35 85 pA Ven=5V
Tenres) 24 - - pA Vg=0.6V"

6.2.11 |Enable Reaction Time tener - 4 - us R

(reaction of OUTXx)
6.2.12 | Minimum Enable Duration time EN | gymin 1.2 - - us "

1) Parameter not subject of production test. Specified by design.

Data Sheet 18 Rev. 1.0, 2009-06-15
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Reset and Enable Inputs
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Figure 8 Timing
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Power Outputs

7 Power Outputs

71 Description Power Outputs

The TLE8110EE is a 10 channel low-side powertrain switch. The power stages are built by N-channel power
MOSFET transistors. The device is a universal multichannel switch but mostly suited for the use in Engine
Management Systems [EMS]. Within an EMS, the best fit of the channels to the typical loads is:

* Channel 1 to 4 for Injector valves or mid-sized solenoids with a nominal current requirement of 1.5A.
* Channel 5 to 6 for mid-sized solenoids or Injector valves with a nominal current requirement of 1.7A
* Channel 7 to 10 for small solenoids or relays with a nominal current requirement of 0.75A

Channel 1 to 10 provide enhanced clamping capabilities of typically 55V best suited for inductive loads such as
injector valves. It is recommended in case of an inductive load, to connect an external free wheeling- or clamping
diode, where-ever possible to reduce power dissipation.

All channels can be connected in parallel. Channels 1to 4, 5to 6 and 7 to 10 are prepared by matching for parallel
connection with the possibility to use a high portion of the capability of each single channel also in parallel mode
(refer to Chapter 7.4).

Channel 5 and 6 have a higher current shut down threshold to allow to connect in parallel mode a load with a high
inrush-current, such as a lambda sensor heater.

RST VCC VDD EN
1 1 1 1
II‘ L l_|: L
r T———— +—H JOoUT1
IN1 % — gate| = ]‘L— ouT2
) [ o
. control CH1| E L T OUT3
> - I
IN2 g <> - =Ingt [louT4
ﬁr T control CH2 > 'I‘ §
IN3
temperature [JouTs
R sensor __-' — ouUT6
INX > I
: short circuit >}« #x
N input detection I
~ Serial and register rouT?
Parallel Input diagnosis open load
> control . detection H L ijouTs
! register
» (for details , see ouTo
Chapter ,,Control . T
of the device* ) control short to GND = ouT10
register detection I L
: lq &}
I
1
| -
GND
Block _diag_10ch_TLE8x10_Outputsvsd

Figure 9  Block Diagram of Control and Power Outputs
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7.2 Description of the Clamping Structure

When switching off inductive loads, the potential at pin OUT rises to Vg, potential, because the inductance
intends to continue driving the current. The voltage clamping is necessary to prevent destruction of the device,
see Figure 10 for the principle clamping circuit. Nevertheless, the maximum allowed load inductance is limited.

DS
v DScl

— GND

v v

OutputClamp.vsd

Figure 10 Principle Clamping Structure

Maximum Load Inductance

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

Viatt =V, R -1
E = Vpsey { battR DScl In{'] - L VL } +IL} ) RA (1)
L batt — " DScl L

Following equation simplifies under the assumption of R, = 0:

|14
E - 1LIL2 . DScl (2)

2 Vbsel = Vaatt

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

The Repetitive Clamping Energies E,g as defined in the following Chapter 7.3, Item 7.3.4 (and following items)
are representing cummulated operating scenarios for one channel group with:
» normal operating condition with a typical battery voltage of Vg, = 16V and an ambient temperature of
typically T, = 125°C.
+ cold operation with a typical battery voltage of typically Vg, = 13.5V and an ambient temperature of
typically T, = -40°C.
+ generator defect with a typical battery voltage of Vg, = 18V and an ambient temperature of typically T, =135°C.
The Power Dissipation P, is typically considered with P, = 3W during normal operation. This power dissipation
changes during the other operating conditions according the thermal behaviour of Ryg,, and the load Resistance

R, The interaction of both, together with an assumed typical Ry, = 7.5K/W, the given average junction
temperature T; is considered as the start temperature for the clamping process.

Due to the fact, that the maximum possible Repetitive Clamping Energy E,g varies with the Load Current I,
partially optional operating points are specified within the scenarios. Those optional operating points are not
considered as cummulative clamping pulses to the scenario.
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Electrical Characteristics: Diagnostics

3V < Ve < 8.5V 4.5V < Vpp < 5.5V, Vi = 13.5V, T} = -40 °C to +150 °C, all voltages with respect to ground,
positive current flowing into pin
(unless otherwise specified)

Power Outputs

Pos. Parameter Symbol Limit Values Unit |Conditions
Min. |Typ. |Max.
Output Channel Resistance
7.31 On State Resistance CH1 to 4 Rpson - 0.3 - Ohm | Ippom=1,5A;
Tj=25°C"
- 0.45 0.6 Ohm | Ippom=1,5A;
Tj=150°C
7.3.2 On State Resistance CH 5to 6 Rpson 0.25 - Oohm | Ippom=1.7A;
Tj=25°C"
- 0.35 0.5 Oohm | Ippom=1.7TA;
Tj=150°C
7.3.3 On State Resistance CH7 to 10 Rpson - 0.6 - Ohm | I5om=0.75A;
Tj=25°C"
- 0.85 1.2 Ohm | Ippom=0.75A;
Tj=150°C

Clamping Energy

Channel 1-4

7.3.4 Maximum Energy Dissipation per | Eg - - 15 mJ Ip = 1.25A
Channel. Repetitive Pulses. Tj=145°C
Operating Mode R
600Mio. pulses over life time.

Orltem 7.3.5

7.3.5 Maximum Energy Dissipation per | E\g - - 21 mJ Ip =0.87A
Channel. Repetitive Pulses. Tj=145°C
Operating Mode R
600Mio. pulses over life time.

7.3.6 Maximum Energy Dissipation per | Exg - - 25 mJ Ip =1.73A
Channel. Repetitive Pulses. Tj=-20°C
Cold Operation: R
0.5Mio. pulses over life time
cumulated. Or ltem 7.3.7

7.3.7 Maximum Energy Dissipation per | E\g - - 20 mJ Ip =0.87A
Channel. Repetitive Pulses. Tj=-20°C
Cold Operation Q)
3Mio. pulses over life time
cumulated.

7.3.8 Maximum Energy Dissipation per | Eg - - 18 mJ Ip =1.45A
Channel. Repetitive Pulses. Tj=150°C
Generator Defect R
300k pulses over life time
cumulated. Or Item 7.3.9
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Electrical Characteristics: Diagnostics (cont'd)

3V < Voo < 8.5V 4.5V < Vpp < 5.5V, Vi = 13.5V, T, = -40 °C to +150 °C, all voltages with respect to ground,
positive current flowing into pin
(unless otherwise specified)

Power Outputs

Pos.

Parameter

Symbol

Limit Values

Min.

Typ.

Max.

Unit

Conditions

7.3.9

Maximum Energy Dissipation per
Channel. Repetitive Pulses.
Generator Defect

300k pulses over life time
cumulated.

EAR

- 27

mJ

I = 0.98A
Tj=150°C
1)

7.3.10

Maximum Energy Dissipation per
Channel. Repetitive Pulses.

Jump Start

20k pulses over life time
cumulated, max 1 min per cycle. Or
Item 7.3.11

EAR

mJ

Ip = 1.82A
Tj=95°C
1)

7.3.11

Maximum Energy Dissipation per
Channel. Repetitive Pulses.
Jump Start

20k pulses over life time
cumulated, max 1 min per cycle.

EAR

mJ

Ip = 1.23A
Tj=95°C
1)

Channel 5-6

7.3.12

Maximum Energy Dissipation per
Channel. Repetitive Pulses.
Operating Mode

600Mio. pulses over life time.

mJ

Ip=1.7A
Tj=145°C
1)

7.3.13

Maximum Energy Dissipation per
Channel. Repetitive Pulses.
Cold Operation

3Mio. pulses over life time
cumulated.

mJ

Ip = 1.72A
Tj= -20°C
1)

7.3.14

Maximum Energy Dissipation per
Channel. Repetitive Pulses.
Generator Defect

300k pulses over life time
cumulated.

mJ

IDS = 1.92A
Tj=150°C
1)

7.3.15

Maximum Energy Dissipation per
Channel. Repetitive Pulses.
Jump Start

20k pulses over life time
cumulated, max 1 min per cycle.

mJ

Ip = 2.43A
Tj=95°C
1)
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Electrical Characteristics: Diagnostics (cont'd)

3V < Voo < 8.5V, 4.5V < Vpp < 5.5V, Vi = 13.5V, T, = -40 °C to +150 °C, all voltages with respect to ground,

positive current flowing into pin
(unless otherwise specified)

Power Outputs

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

Channel 7-10

7.3.16 | Maximum Energy Dissipation per |E,g - - 13 mJ Ip = 0.49A
Channel. Repetitive Pulses. Tj=145°C
Operating Mode R
600Mio. pulses over life time.

7.3.17 | Maximum Energy Dissipation per |E,g - - 15 mJ Ip = 0,54A
Channel. Repetitive Pulses. Tj=-20°C
Cold Operation Q)
0.5Mio pulses over life time
cumulated. Or Item 7.3.18

7.3.18 | Maximum Energy Dissipation per |E;g - - 12 mJ Ip =0.49A
Channel. Repetitive Pulses. Tj=-20°C
Cold Operation 1
3Mio. pulses over life time
cumulated.

7.3.19 | Maximum Energy Dissipation per | E,g - - 17 mJ Ip = 0.55A
Channel. Repetitive Pulses. Tj=150°C
Generator Defect R
300k pulses over life time
cumulated.

7.3.20 |Maximum Energy Dissipation per |E,g - - 31 Ip = 0.69A
Channel. Repetitive Pulses. Tj=95°C
Jump Start R
20k pulses over life time
cumulated, max 1 min per cycle.

Leakage Current

7.3.21 | Output Leakage Current in standby | /pyy - - 3 HA Vps=13.5V;
mode, Channel 1 to 4 Vop=5V,

Tj=85°C"

- - 8 MA Vpg=13.5V;
Vpp=5V,
Tj=150°C

7.3.22 | Output Leakage Current in standby | /pyy - - 6 HA Vps=13.5V;

mode, Channel 5 to 6 Vop=5V,
Tj=85°C"
- - 12 MA Vps=13.5V;
Vpp=5V,
Tj=150°C
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Electrical Characteristics: Diagnostics (cont'd)

3V < Voo < 8.5V 4.5V < Vpp < 5.5V, Vi = 13.5V, T, = -40 °C to +150 °C, all voltages with respect to ground,
positive current flowing into pin
(unless otherwise specified)

Power Outputs

Pos. Parameter Symbol Limit Values Unit |Conditions
Min. Typ. Max.
7.3.23 | Output Leakage Current in standby | /pes - - 2 HA Vps=13.5V;
mode, Channel 7 to 10 Vpp=3V,
Tj=85°C"
- - 5 MA Vpg=13.5V;
Tj=150°C
Clamping Voltage
7.3.24 | Output Clamping Voltage, Channel | Vpgq 45 55 60 \
1t0 10
Timing
7.3.25 | Output Switching Frequency JouTx - - 20 kHz R
resistive load
duty cyle > 25%.
7.3.26 | Turn-on Time L40N - 5 10 us Vps=20% of Vi
Viait = 13.5V,
Ips1 t0 lpse = 1A,
resistive load
7.3.27 | Turn-off Time L4oFF - 5 10 ys Vps=80% of Vi
Via = 13.5V,
Ips1 to lpse = 1A,
resistive load
1) Parameter is not subject to production test, specified by design.
RDS_ON / RON_vs_Tj_CH1-4,6.vsd
?ém Rps on VS- T;: CH 1-4 (V ,=5V)
0,5
0,4 -~
///
//
0,3 -
///
]
0,2
40 -20 0O 20 40 60 80 100 120 140 Tj/°C

Figure 11
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RDS_ON / RON_vs_Tj_CH5-6.vsd

(ODhSm RDS_ON VS. Tj: CH 5-6 (VDD=5v)

0,4

0,3

L

0,1
-40 -20 0 20 40 60 80 100 120 140 Tj/°C

Figure 12 CH 5-6: typical behaviour of RDS_ON versus the junction temperaure Tj

RDS_ON / RON_vs_Tj_CH7-10.vsd

(13th Rps on VS- Tj: CH 710 (V,,=5V)

1.0

0.6 ]
1

_
=

—
0.4

40 -20 O 20 40 60 80 100 120 140 Tj/°C
Figure 13 CH7-10: typical behaviour of RDS_ON versus the junction temperaure Tj
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VCL_vs_Tj_all_CH.vsd
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Figure 14 All Channels: typical behaviour of the clamping voltage versus the junction temperature
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Figure 15 Timing of Output Channel switching (resistive load)

7.4 Parallel Connection of the Power Stages

The TLE8110EE is equipped with a structure which improves the capability of parallel-connected channels. The
device can be “informed” via the PMx.PMXx - bits (see chapter control of the device) which of the channels are
connected in parallel. The input channels can be mapped to the parallel connected output channels in order to
apply the PWM signals. This feature allows a flexible adaptation to different load situations within the same
hardware setup.

In case of overload the ground current and the power dissipation is increasing. The application has to take into
account that all maximum ratings are observed (e.g. operating temperature 7, and total ground current I5yp, See
Maximum Ratings). In case of parallel connection of channels with or w/o PM-bit set, the maximum clamping
energy defined by the derating factor must not be exceeded.

All stages are switched on and off simultaneously. The uC has to ensure that the stages which are connected in
parallel have always the same state (on or off). The PM-bit should be set according to the parallel connected power
stages in order to achieve the best possible de-rating factors.
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The performance during parallel connection of channels is specified by design and not subject to the production
test. The given factors are maximum values.

All channels at the same junction temperature level.

I_FACTOR

The maximum operating current lpgp outxy(sum) IS the minimum “Current Shut-down Threshold Low” Ipgpow) n(min)-
Ipsp,ouTxysum) = |_FACTOR * SUM[lpspiow) n(min)] With I_FACTOR = 1.

The typical maximum operating current Ipgp ourxysum) is the “Current Shut-down Threshold Typ” Ipsptyp) n(min)-

* Ipoutxysum = I_FACTOR * SUM[lpyp) n]

E_FACTOR
The Maximum Clamping Energy E g,y sum) Of parallel connected channels is defined as follows:
Earxysum) = E_FACTOR * SUM[Esg,,] at Tj = 150°C and Ip = lppom

ON-Resistance

The typical ON-Resistance Rpgqn «ysum) Of parallel connected channels is sum of the typical RDSon Rpggn ntyp)
defined as follows

RDSon,xy(sum) = 1/[1/RDSon,n(typ)+ 1/RDSon,n+1(typ)]

Derating Factors” ? in case of Parallel Connection of Channels: related PM-Bit set

Channel Group Parameter 2 CH parallel 3 CH parallel 4 CH parallel

741 |CH1-4 typical shut down | FACTOR=0.95 || _FACTOR = |_FACTOR =
current before 0.90 0.85
reaching lpsptyp)n
ID,OUTxy(sum)

7.4.2 Maximum Clamping |E_FACTOR =0.8 E_FACTOR=0.7|E_FACTOR =0.6
Energy
EAny(sum)

7.4.3 typical ON- RDSon,xy(sum) RDSon,xy(sum) RDSon,xy(sum)
Resistance

RDSon,xy(sum)
744 |CH5-6 typical shut down |_ FACTOR =0.95
current before

reaching lpsptyp)n

ID,OUTxy(sum)
7.4.5 Maximum Clamping |E_FACTOR =0.8
Energy

EAny(sum)
7.4.6 typical ON- Rpson xy(sum) - -
Resistance

RDSon,xy(sum)
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Derating Factors" 2 in case of Parallel Connection of Channels: related PM-Bit set
Channel Group Parameter 2 CH parallel 3 CH parallel 4 CH parallel
747 |CHT7-10 typical shut down I_ FACTOR=0.95 || _FACTOR= |_FACTOR =
current before 0.90 0.85
reaching lpsptyp)n
ID,OUTxy(sum)
7.4.8 Maximum Clamping |E_FACTOR =0.8 E_FACTOR 0.7 |E_FACTORO0.6
Energy
EAny(sum)
7.4.9 typical ON- RDSon,xy(sum) RDSon,xy(sum) RDSon,xy(sum)
Resistance
RDSon,xy(sum)

1) The performance during parallel connection of channels is specified by design and not subject to the
production test.

2) All channels at the same junction temperature level.

Derating Factors"? in case of Parallel Connection of Channels: related PM-Bit not set

Channel Group

Parameter

2 CH parallel

3 CH parallel

4 CH parallel

7.4.10

7.4.11

7.4.12

CH1-4

typical shut down
current before
reaching Ipspyp)n

ID,OUTxy(sum)

|_FACTOR = 0.95

|_FACTOR =
0.90

| FACTOR =
0.85

Maximum Clamping
Energy

EAny(sum)

E_FACTOR=10.5

E_FACTOR =
0.33

E_FACTOR =
0.25

typical ON-
Resistance

RDSon,xy(sum)

RDSon,xy(sum)

RDSon,xy(sum)

RDSon,xy(sum)

7.4.13

7.4.14

7.4.15

CH 5-6

typical shut down
current before
reaching lpspyp)n

ID,OUTxy(sum)

|_FACTOR =0.95

Maximum Clamping
Energy

EAny(sum)

E_FACTOR=0.5

typical ON-
Resistance

RDSon,xy(sum)

RDSon,xy(sum)
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Derating Factors'? in case of Parallel Connection of Channels: related PM-Bit not set

Channel Group Parameter 2 CH parallel 3 CH parallel 4 CH parallel

7.4.16 |CH7-10 typical shut down | FACTOR=0.95 | | FACTOR = |_FACTOR =
current before 0.90 0.85
reaching lpspyp)n
ID,OUTxy(sum)

7.4.17 Maximum Clamping |E_FACTOR =0.5 |E_FACTOR = E_FACTOR =
Energy 0.33 0.25
EAny(sum)

7.4.18 typical ON- Rpson xy(sum) Rbson xy(sum) Rpson xy(sum)
Resistance

RDSon,xy(sum)

1) The performance during parallel connection of channels is specified by design and not subject to the
production test.

2) All channels at the same junction temperature level.
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8 Diagnosis

8.1 Description Diagnosis

The TLE8110EE provides diagnosis information about the device and about the load. Following diagnosis flags
have been implemented for each channel:

+ The diagnosis information of the protective functions, such as “over current” and“over temperature”
* The open load diagnosis
* The short to ground information.

Updating the Diagnosis is based on a filter-dependent standard delay time of typ. 150us. This value is set as a
default.

Refer to Figure 16 for details.

Application Hint:

In specific application cases - such as driving Uni-Polar Stepper Motor - it might be possible, that reverse currents
flow for a short time, which possibly can disturb the diagnosis circuit at neighboring channels and cause wrong
diagnosis results of those channels. To reduce the possibility, that this effect appears in a certain timing range,
the filter time of Channels 7 to 10 can be extended to typ. 2.5ms or typ. 5ms by setting the “Diagnosis Blind Time”
- Bits (DBTx). If Channels 7 to 10 are used for driving loads causing reverse currents, they influence each other
and additionally might affect Channels 5 and 6 . It is recommended to use the channels 7 + 8 and 9 + 10 as pairs
for anti-parallel control signals, such as for the stepper motors. For logic setting details, see chapter “Control of
the Device”

VDDH]

. . IDSS
Diagnosis MUX S - % 9 — JOUTn
Latch

Register - +

1

|
e #
»—i|€

1

Temp.
Sensor

n protectlvefunctlonsgj

)
GND
Diagnosis-serial vsd

Figure 16 Block Diagram of Diagnosis
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8.2 Electrical Characteristics Diagnosis

Electrical Characteristics: OFF State Diagnosis

3V < Ve < 8.5V 4.5V < Vpp < 5.5V, Vi = 13.5V, T} = -40 °C to +150 °C, all voltages with respect to ground,
positive current flowing into pin
(unless otherwise specified)

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

Open Load Diagnosis

8.21 Open load detection threshold Vbsol 2.00 2.60 3.20 \ -
voltage

8.2.2 | Output pull-down diagnosis current | Ip,q 50 90 150 pA Vs =135V
per channel (low level)

8.2.3 Open Load Diagnosis Delay Time |1, 100 - 220 Vi DEVS.DBT1=0
(all channels) DEVS.DBT2=1

or0

8.24 Channel 7-10: ty 1.65 25 3.45 ms DEVS.DBT1=1

a) Open Load Diagnosis Delay Time DEVS.DBT2=0

b) “Diagnosis Blind Time” see chapter 3.3 5 7.3 ms DEVS.DBT1=1
“Control of the device” DEVS.DBT2=1
Figure 17, Figure 18

Short to GND Diagnosis

8.2.5 Short to ground detection threshold | Vpgq 1.00 1.50 2.00 \ -
voltage

8.2.6 Output diagnosis current for short | Ipg, -150 -100 -50 pA Vs = 0V
to ground per channel (low level)

8.2.7 Short to GND Diagnosis Delay ty 100 - 220 uS DEVS.DBT1=0
Time DEVS.DBT2=1

or0

8.2.8 Channel 7-10: ty 1.65 25 3.45 ms DEVS.DBT1=1

a) Short to GND Diagnosis Delay DEVS.DBT2=0

b) Time. “Diagnosis Blind Time” see 3.3 5 7.3 ms DEVS.DBT1=1
chapter “Control of the device”, DEVS.DBT2=1
Figure 17, Figure 18
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Diagnosis Blind Time [DBT] activation
DBT is triggered by Open Load [OL] or Short-to-Ground [SG] -detection during OF F-condition of CH7-10.
DBT is activated by DEVS.DBT1, DEVS.DBT2 (see ,Control of the device").

INx Signal Channel 7- 10
ON OFF
OL, SG -Diagnosis active
Output L
VOItaqe Incident - e.g.
temporal ,short to GND*
- [SG]

Diagnosis Blind Time
[DBT]
triggered by

Diagnosis Blind Time

Diagnostic Incident [DBT]
| | 1 i
) < _1,/ A(7 active
DBT I |
,Blind“ window finishes as /terr< ten'< terr > /

soon as the error
disappears within the DBT toet toet tosr

KN KN KN [0]0]

Diagnostic Register Entry,
because Failure present
after ending DBT

Diagnosis Register:
11: No Error

10: Over Load

01: Open Load

00: Short to Ground

DBT.vsd

Figure 17 Diagnosis Blind Time

YES
A 4
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Error
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l
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Counter
SETO0 =tpst
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Decrement
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Reset Counter
No—»  (finish DBT-
frame)

A

Counter
t > tosT

Yes
v

Failure detected
=> Register Entry
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Figure 18 Diagnosis Blind Time - Logic Flow
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9.1

There are 10 input pins available are on TLE8110EE to control the output stages.

FLEX

Smart Multi-Channel Switch

Parallel Inputs

Description Parallel Inputs

Parallel Inputs

Each input signal controls the output stages of its assigned channel. For example, IN1 controls OUT1, IN2 controls
OuUT2, etc.

A “Low”-Signal at INx switches the related Output Channel off. The zener diode protects the input circuit against
ESD pulses.

For details about the Boolean operation, refer to the chapter “Control of the device”, for details about timing refer
to Figure 11.

9.2

Electrical Characteristics: Diagnostics

Electrical Characteristics Parallel Inputs

3V < Ve < 8.5V, 4.5V < Vpp < 3.5V, Vigy = 13.5V, T; = -40 °C to +150 °C, all voltages with respect to ground,
positive current flowing into pin
(unless otherwise specified)

Pos. Parameter Symbol Limit Values Unit | Conditions
Min. ‘ Typ. ‘ Max.
Parallel Inputs
9.2.1 Low Level of parallel Input pin Ving -0.3 - Vec* \% -
0.2
922 High Level of Parallel Input pin ViNxh Voo |- Vee \Y -
0.4
9.2.3 |Parallel Input Pin Switching ViNxhy 15 60 300 mv |7
Hysteresis
9.2.4 a) | Input Pin pull-down Current L 20 40 85 MA Vin=dV
--------- b) T 2.4 - - WA Vine=0.6V"

1) Parameter not subject to production test. Specified by design.
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10 Protection Functions

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

There is an over load and over temperature protection implemented in the TLE8110EE.

If a protection function becomes active during the write cycle of Diagnosis Information into the Diagnosis Register,
the information is latched and stored into the diagnosis register after the write process.

In order to achieve a maximum protection, the affected channel with over current or over temperature is switched
off. The device can be configured via serial communication interface in three ways in order to react on this fault
condition:

« after switching off, turning on again after a delay time: In case of over temperature, when the temperature has
decreased below the temperature shut down threshold. In case of over-current, the affected channel is turning
on after a delay time until the over temperature protection is activated.

after switching off, turning on again the affected channel with the next parallel or serial control command.
Default Setting: after switching off latching the condition and remain off until the Diagnosis Register is cleared
via serial control. In this case, the internal Diagnosis Bits for Over Temperature and Over Current are cleared
with the rising edge of S_CS

For the failure condition of Reverse Currents, the device contains a “Reverse Current Protection Comparator”
[RCP]. This RCP can optionally be activated by setting the DEVS.RCP Bit.

In case the comparator is activated, it detects a reverse current and switches ON the related output channel. The
channel is kept ON up to a reverse current channel dependent threshold Izcp . This threshold is defined by
regulators target value to keep the output voltage at >/~-0.3V. If the current exceeds a defined value, the
comparator switches OFF and other protection functions are protecting the circuit against reverse current. That
means that at higher currents / or in case RCP is de-activated / not activated, the reverse current is flowing through
the body diode of the DMOS. In that case, the voltage drops to typically -0.6V according the voltage of the body
diode. In case the comparator threshold has been exceeded and the RCP has been switched OFF, the functions
remains OFF until the reverse current arrives back to zero reverse current. Only then, the comparator can be
activated again after a delay time /rcp on_delay-

This function reduces the un-wanted influence of a reverse current to the analogue part of the circuit (such as the
diagnosis). For more details about the functionality, see Figure 21 and Figure 22 and concerning the settings and
the related registers, refer to Chapter “Control of the Device”.

Figure 19 gives an overview about the protective functions.
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Figure 19 Block Diagram Protection Functions

Data Sheet 35 Rev. 1.0, 2009-06-15



. FLEX
@l neon Smart Multi-Channel Switch

Protection Functions

10.1 Electrical Characteristics Overload Protection Function

Electrical Characteristics: Overload Protection Function

3V < Ve < 8.5V 4.5V < Vpp < 5.5V, Vi = 13.5V, T} = -40 °C to +150 °C, all voltages with respect to ground,
positive current flowing into pin
(unless otherwise specified)

Pos. Parameter Symbol Limit Values Unit |Conditions
Min. |Typ. |Max.
Over Current Protection
10.1.1 | Output Current Shut-down Iospiowy | 2-6 3.8 5 A -
Threshold Low (Channel 1 to 4)
10.1.2 | Output Current Shut-down Ipspgowy |3-70 4.85 6.00 A -
Threshold Low (Channel 5 to 6)
10.1.3 | Output Current Shut-down Ipspiowy | 1-7 23 29 A -
Threshold Low (Channel 7 to 10)
10.1.4 | Output Current Shut-down Iosoign) |- 15* |- A R
Threshold High (Channel 1 to 4) Ipsp
(low)
10.1.5 | Output Current Shut-down Iosoign) |- 15* |- A R
Threshold High (Channel 5 to 6) Ipsp
(low)
10.1.6 | Output Current Shut-down Iosoign) |- 1.5* |- A "
Threshold High (Channel 7 to 10) Ipsp
(low)
10.1.7 | Short Overload shutdown Delay loFFen | ® 21 40 us valid for “Output
Time (all Channels) Current Threshold
High”
10.1.8 |Long Overload shutdown Delay {oFFal | 10 40 70 us valid for “Output
Time (all Channels) Current Threshold
Low”
10.1.9 |Automatic Restart Delay Time? in | ,ong 70 - 200 us R
case of over current
Over Temperature Protection
10.1.10 | Thermal Shut Down Temperature TJ-SD 175 190 205 °C R
10.1.11 | Thermal Shut Down Hysteresis Tison 10 - 20 K R
10.1.12 | Automatic Restart Delay Time? in | t,ong 70 - 200 us R
case of over temperature
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Electrical Characteristics: Overload Protection Function (cont'd)

3V < Voo < 8.5V 4.5V < Vpp < 5.5V, Vi = 13.5V, T, = -40 °C to +150 °C, all voltages with respect to ground,
positive current flowing into pin
(unless otherwise specified)

Protection Functions

Pos. Parameter Symbol Limit Values Unit |Conditions
Min. |Typ. |Max.
Reverse Current Protection
10.1.13 |Reverse Current Comparator Igcp ot |- -0.9 - A DEVS.RCP = 1"
Switch-off Current level CH 1 - 4 Tj=25°C
10.1.14 | Reverse Current Comparator Incp ot |- -0.6 - A DEVS.RCP = 1"
Switch-off Current level CH 5 - 6 Tj=25°C
10.1.15 | Reverse Current Comparator Incp o |- 045 |- A DEVS.RCP =1"
Switch-off Current level CH 7 - 10 Tj=25°C
10.1.16 | Reverse Current Comparator 1RGP on. 24 - us DEVS.RCP =1"
switch on delay time delay Tj=25°C

1) Parameter not subject to production test. Specified by design.
2) Only active when LOTCx[1:0] = 10 and as long as no overload or overtemperature condition present. In case
the channel is switched off the delay time is cleared. The application must avoid to exceed the Ipgp- and

maximum ratings specification. Otherwise a damage or reduction of the lifetime can be expected.
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Figure 20 Timing (CLn: Over Current Latch; OT: Over Temperature Flag; x_CS: Chip-Select)
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Figure 22 Reverse Current Protection Comparator (typical behaviour vs junction temperature)
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11 16 bit SPI Interface

1.1 Description 16 bit SPI Interface

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

The SPl is a full duplex synchronous serial slave interface, which uses four lines: S_SO, S_SI,S_CLKand S_CS.
Data is transferred by the lines S_SI and S_SO at the data rate given by S_CLK. The falling edge of S_CS
indicates the beginning of a data access. Data is sampled in on line S_SI at the falling edge of S_CLK and shifted
out on line SO at the rising edge of SCLK. Each access must be terminated by a rising edge of S_CS. A modulo
8 counter ensures that data is taken only, when a multiple of 8 bit has been transferred. If in one transfer cycle not
a multiple of 8 bits have been counted, the data frame is ignored. The interface provides daisy chain capability.

SR o ) G2 D 8 0 0 D A 0 0 S0 (2 0 6 G =
S_SI mMsBY 14 X 13 Y12 X 11 X 10 X 9 X 8 X 7 X 6 X 5 X 4 X 3 X 2 X 1 XLSB
S_CS
S_CLK

time >

SPl.vsd

Figure 23 16 bit SPI Interface

The SPI protocol is described in Chapter “Control of the device”. Concerning Reset of the SPI, please refer to the
chapter “Reset”

11.2 Timing Diagrams

testead ! estag t s
t scikp
0.7V
S_Cs 2V
o U2 Yg
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—
0.7V,
S_CLK \L / 02V
— N p— dd
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k>
N V4 V4 0_7\/
s_si ) X .
/ N 7N\ 0.2Vq
5o fso tsou@
\ \__/ \__/ 0.7
S_SO » ,X‘ ,X‘ 0.2y
-<Ydd

Figure 24 Data Transfer in Daisy Chain Configuration
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11.3

Electrical Characteristics 16 bit SPI Interface

Electrical Characteristics: Diagnostics

3V < Ve < 8.5V 4.5V < Vpp < 5.5V, Vi = 13.5V, T} = -40 °C to +150 °C, all voltages with respect to ground,
positive current flowing into pin
(unless otherwise specified)

16 bit SPI Interface

Pos. Parameter Symbol Limit Values Unit |Conditions
Min. |Typ. |Max.
Input Characteristics (CS, SCLK, Sl)
11.3.1 L level of pin -0.3 - Ve \Y -
S_CS VS_CSI 0.2
S_CLK Vs_cu<|
s_sl Vs si
11.3.2 | Hlevel of pin Veo* - Vee \Y -
S_CS|y, 0.4
- S_CSh .
S_CLK VSfCLKh
S_sl Vs_sm
11.3.3 | Hysteresis Input Pins Vs csny 20 100 300 mV -
S_CLKhy
VS_SIhy
11.3.4 | Input Pin pull-down Current Is ciun 20 40 85 MA V=5V
a) Is sin
b) S_CLK|Is ¢ 2.4 - - uA Vy=0.6V"
S Sl s
11.3.5 |Input Pin pull-up Current Is csp -4 - - pA Vscs=2V,
a) Ve=3.3V
b) S_CS IS_CSI -20 -40 -85 HA VS_CS =0V,
Output Characteristics (SO)
11.3.6 | L level output voltage Vs soi 0 - 04 |V Is g0 =-2mA
11.3.7 | H level output voltage Vs son Ve - - Ve Iy o=1.5mA
04V -
11.3.8 | Output tristate leakage current Is soo -10 - 10 pA Vs s0= Ve
Timings
11.3.9 | Serial clock frequency Js cix 0 - 5 MHz |-C_=50pF"
11.3.10 | Serial clock period Is cikpP) 200 - - ns R
11.3.11 | Serial clock high time tscikH) 50 - - ns R
11.3.12 | Serial clock low time Isck) 50 - - ns R
11.3.13 | Enable lead time (falling CS to rising | fcsean) 250 - - ns R
SCLK)
11.3.14 | Enable lag time (falling SCLK to rising | Zcs(ag) 250 - - ns R
CS)
11.3.15 | Transfer delay time (rising CSto falling | Zcgq) 250 - - ns R
CS)
11.3.16 | Data setup time (required time Slto | #gqy) 20 - - ns R
falling SCLK)
11.3.17 | Data hold time (falling SCLK to SI) tsih) 20 - - ns "
11.3.18 | Output enable time (falling CS to SO | f5p(en) - - 200 |ns C =50pF"
valid)
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Electrical Characteristics: Diagnostics (cont'd)

3V < Voo < 8.5V 4.5V < Vpp < 5.5V, Vi = 13.5V, T, = -40 °C to +150 °C, all voltages with respect to ground,
positive current flowing into pin
(unless otherwise specified)

16 bit SPI Interface

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

11.3.19 | Output disable time (rising CS to SO tri- | f5o(qi) - - 200 |ns C =50pF"

state)
11.3.20 | Output data valid time with capacitive | fsq, - - 100 |ns C =50pF"

load
1) Not subject to production test, specified by design.
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12 Control of the device

This chapter describes the SPI-Interface signals, the protocol, registers and commands. Reading this chapter
allows the Software Engineer to control the device. The chapter contains also some information about
communication safety features of the protocol.

12.1 Internal Clock

The device contains an internal clock oscillator.

Electrical Characteristics: Diagnostics

3V < Ve < 8.5V, 4.5V < Vpp < 3.5V, Vi = 13.5V, T; = -40 °C to +150 °C, all voltages with respect to ground,
positive current flowing into pin

(unless otherwise specified)

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

Parallel Inputs
12.1.1  |internal clock oscillator frequency | £ osc - 500 - kHz |

1) Parameter not subject to production test. Specified by design.

12.2 SPI Interface. Signals and Protocol

12.2.1 Description 16 bit SPI Interface Signals

S_CS - Chip Select:

The system micro controller selects the TLES110EE by means of the S_CS pin. Whenever the pin is in low state,
data transfer can take place. When S_CS is in high state, any signals at the S_CLK and S_SI pins are ignored
and S_SO is forced into a high impedance state.

S_CS High to Low transition: ——

+ The information to be transferred loaded into the shift register (16-bit Protocol).

+ S_SO0 changes from high impedance state to high or low state depending on the logic OR combination
between the transmission or error flag [TOR] (see Chapter 12.2.4.3) and the signal level at pin S_SI. As a
result, even in daisy chain configuration, a high signal indicates a faulty transmission or an existing error on
one of the Output Channels. The transmission error flag is set after RST, so a reset between two SPI
commands is indicated.

S_CS Low to High transition: ——

+ Command decoding is only done, when after the falling edge of CS exactly a multiple (1, 2, 3, ...) of eight
S_CLK signals have been detected. (See Modulo-8 Counter: Chapter 12.2.4.2)
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S_CLK - Serial Clock:

This input pin clocks the internal shift register. The serial input (S_SI) transfers data is shifted into the register on
the falling edge of S_CLK while the serial output (S_SO) shifts the information out on the rising edge of the serial
clock. It is essential that the S_CLK pin is in low state whenever chip select CS makes any transition.

S_SI - Serial Input:

Serial input data bits are shifted in at this pin, the most significant bit first. The bit at the S_SI Pin is read on the
falling edge of S_CLK.

S_SO Serial Output:

Data is shifted out serially at this pin, the most significant bit first. S_SO is in high impedance state until the S_CS
pin goes to low state.The next bits will appear at the S_SO pin following the rising edge of S_CLK.

12.2.2 Daisy Chain Capability

The SPIl-Interface of TLE8110EE provides daisy chain capability. In this configuration several devices are
activated by the same S_CS signal. The S_SI line of one device is connected with the S_SO line of another device
(see Figure 25), which builds a chain. The ends of the chain are connected with the output and input of the master
device, S_SO and S_SI respectively. The master device provides the master clock CLK, which is connected to the
S_CLK line of each device in the chain. By each clock edge on S_CLK, one bit is shifted into the S_SI. The bit
shifted out can be seen at SO. After 16 S_CLK cycles, the data transfer for one device has been finished. In single
chip configuration, the S_CS line must go 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. Example: When using three devices
in daisy chain, three times 16 bits have to be shifted through the devices. After that, the S_CS line must go high
(see Figure 25).

Sl [s0 device 3 [SO device 2 [SO device 1 -
SO —{sl device 3 [sI device 2 [l device 1 -
cs | B

Crenipi i i ipiipigiipigiaipigipipige
time >

SPI_DasyChain2.emf

Figure 25 Principle example for Data Transfer in Daisy Chain Configuration

Note: Due to the integrated modulo 8 counter, 8 bit and 16 bit devices can be used in one daisy chain.

12.2.3 SPI Protocol

The device contains two protocol styles which are applied dependent of the used commands. There is the
standard 16-bit protocol and the 2x8-bit protocol. Both protocols can appear also be mixed.

12.2.3.1 16-bit protocol

Each Cycle where a serial data or command frame is sent to the S_SI of the SPI interface, a data frame is returned
at the same time by the S_SO The content of the S_SO frame is dependent on the previous command which has
been sentto S_SI. Read Command (R/W = R) returns one cycle later the content of the addresses register. (see
Figure 26 ).
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Figure 26 16-bit protocol
S_SI
Serial Input Reset Value: N.A.
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
WIR ADDR DATA / CMD
Field Bits Description
W/R 15 WIR - Write / Read
0 Write register: The register content of the addressed register will be updated after
CS low —> high transition. After sending a WRITE command, the device returns
data according the addressed register
1 Read register: The register content of the addressed register will be sent in the
next frame.
ADDR 14:12 ADDR - Address
Pointer to register for read and write command
DATA/CMD 11:0 DATA_CMD - Data/ Command
Data written to or read from register selected by address ADDR
S_SO
Serial Output Reset Value: xxxx xxxx Xxxx xxxxg"
Cs 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
TOR | PAR ADDR DATA

1) after reset is send a Short Diagnosis and Device Status CMD_CSDS, see Chapter 12.3.1.2.

Field

Bits

Description

TOR

Cs

Transmission or Output Error (see Chapter 12.2.4.2)

0 Previous transmission was successful, no error, no reset.

1 Previous transmission failed, Error on one of the Output Channels, under voltage
reset* or first transmission after reset.
* OR operated diagnosis information of all Output Channels. (To read out details
perform CMD_RSDS, see Chapter 12.3.1.2)
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Field Bits Description
PAR 15 PAR - Parity Bit
1: odd number of '1' in data and address field
0: even number of '1' in data and address field
ADDR 14:12 Address
Address which has bin addressed
DATA 11:0 Data
Content of Address or feedback Data

Note: Reading a register needs two SPI frames. In the first frame the RD command is sent. In the second frame the output at
SPI signal SO will contain the requested information. A new command can be executed in the second frame.

12.2.3.2 2x8-bit protocol

Each Cycle where a serial data or command frame is sent to the S_SI of the SPI interface, a data frame is returned
at the same time by the S_SO. The content of the S_SO frame is dependent of the previous command which has
been sent to S_SI and the content of the actual content of S_SI: The first Upper Byte send to S_SI controls the
content of the Lower Byte actual returned by S_SO. The Lower Byte send to S_SI controls the Lower Byte in S_SO
of the next frame. (see Figure 27 ).

A

]

[ ] [ ] I

A

Upper
Byte

Lower Upper Lower Upper Lower
Byte Byte Byte Byte Byte [/

TO

Py

Upper
Byte

X DO )_l Upper Lower )_| Upper Lower)
TOR|\ Byte Byte TORN\ Byte Byte [

SPI_Protocol_2x8bit.vsd

Figure 27 2x8-bit protocol
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S_SI
Serial Input Reset Value: N.A.
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Upper Byte Lower Byte
Field Bits Description
Upper Byte 15:8 Upper Byte
contains the command, which is performed after sending 8 bit to S_SI. The action out of
this command is affecting the Lower Byte of S_SO of the actual communication
frame.
Lower Byte 7:0 Lower Byte
contains the command and data, which is performed at the end of the actual
communication frame. The action out of this command is affection the Upper Byte
of S_SO of next communication frame.
S_SO
Serial Output Reset Value: xxxx XXxX XXxX xxxxg"

Cs 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

TOR Upper Byte Lower Byte

1) after reset is send a Short Diagnosis and Device Status CMD_CSDS, see Chapter 12.3.1.2.

Field Bits Description
TOR CS Transmission or Output Error (see Chapter 12.2.4.2)
0 Previous transmission was successful, no error, no reset.
1 Previous transmission failed, Error on one of the Output Channels, under voltage

reset” or first transmission after reset.
* OR operated diagnosis information of all Output Channels. (To read out details
perform CMD_SDS, see Chapter 12.3.1)

Upper Byte 15:8 Upper Byte
contains the data according the command and data in the Lower Byte of the previous
communication Frame.

Lower Byte 7:0 Lower Byte
contains the data according the command in the Upper Byte of the actual communication
frame

Note: Reading a register needs two SPI frames. In the first frame the RD command is sent. In the second frame the output at
SPI signal SO will contain the requested information. A new command can be executed in the second frame.

12.2.3.3 16- and 2x8-bit protocol mixed.

The 16-bit and 2x8-bit protocols are mixed according the used commands (see Chapter 12.3.1). Specially care
should be taken, changing from the 16-bit protocol to the 2x8-bit protocol. In this case, it is important to send a
NOP command to S_SI. Otherwise, by sending instead a Command, a collision between the S_SO data in the
following frame and the Lower Byte of the 2x8-bit protocol will happen (see Chapter 12.2.3.2).
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Protocol Change from 2x8-bit to 16-bit
S_CSA

S sl A - -
| pper ower
Byte Byte CMD CMD

S SOk KU_/T/\UK/\
pper ower pper
TOR( Byte Byte > TOR( Byte X 0 > TOR< Data >

-

Protocol Change from 16-bit to 2x8-bit
S_CSA

S Sl A
| Upper Lower Upper Lower

Byte Byte Byte Byte

S SOA \\/—\\k_/—lk/\K/l
Data Lower Upper Lower
TOR Byte TOR|\ Byte Byte /.

Critical Protocol Change from 16-bit to 2x8-bit
S_CSA

2x8-bit protocol is

S_SI A dominant
| CMD Upper Lower Upper Lower
Byte Byte Byte Byte

S SO \\/\5/1\\_/\&/1

Lower Upper Y Lower
TOR< Data >_TOR( Data... X 'ov >_ TOR( Byte /\ Byte ) .

collission

SPI_Protocol_16_2x8bit_mixed.vsd

Figure 28 16-bit protocol

12.2.4 safeCOMMUNICATION

The devise contains some safety features, which are improving the protecting of the application against mal-
function in case of disturbance of the communication between the Micro Controller and the Device:

12.2.4.1 Encoding of the commands

The Commands are encoded. In case other bit-patterns, then the defined once are received, the commands are
ignored and the communication error is indicated in the TOR-Bit (see Chapter 12.2.4.3) and can be read out in
detail with the command CMD_RSDS (seeChapter 12.3.1.2).

12.2.4.2 Modulo-8 Counter

The modulo is the integral remainder in integral division. In data communications, a modulo based approach is
used to ensure that user information in SPI protocols is in the correct order. The device has a receiver-side
counter, and a defined counter size. The modulo counter specifies the number of subsequent numbers available.
In case of TLE8110EE Modulo 8 counter specifies 8 serial numbers. The modulo 8 counter ensures that data is
taken only, when a multiple of 8 bit has been transferred. If in one transfer cycle not a multiple of 8 bits have been
counted, the data frame is ignored and a Communication Error is indicated in the TOR-Bit (see Chapter 12.2.4.3)
and in the CMD_RSDS - Feedback (seeChapter 12.3.1.2).
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12.2.4.3 TOR - Transmission or Diagnosis Error Bit

As described in Chapter 12.2.3.1 and Chapter 12.2.3.2 the Transmission or Diagnosis Error bit [TOR] appears
on S_SO, as soon as CS makes a High-to-LOW transition until the first rising edge of the clock signal. The TOR
contains ONLY error information which has appeared in and since last frame. TOR does not contain any latched
information.

» Command Ignored and Modulo 8: In the next frame after the error, the TOR bit will be set once.

+ Under voltage: After digital- or analogue under voltage, the TOR of the first transmission contains the error
information. In the following transmissions, the information is not shown anymore. But the under voltage
information is latched in the CMD_CSDS bit until it is cleared (see Chapter 12.3.1).

OR operated Diagnosis or protection error information: If one of those errors has appeared since the last frame,
the information change is shown in the TOR bit. (The error is latched in the related Diagnosis and Error register
and remains there until it is cleared). But the TOR bit will show the information-change only once. In the next
frame, the TOR bit is cleared again

The information about the data transmission, TOR contains, is always from the previous transmission. The
Diagnosis information, the Bit contains is the status of the diagnosis until the CS high-to-low transition. Changes
in the diagnosis during the transmission are latched and stored until the next read-out cycle. By read-out of the
TOR-bit, no stored information is cleared. The Error information can be read out in detail, by sending the command
CMD_SDS and can be cleared (NOT Diagnosis Error) by the command CMD_CSDS (see Chapter 12.3.1)

In order to reduce the Micro Controller work load, it is possible to read out the TOR bit also without constructively
data transfer. That means, by just toggling CS, the status can be read out.

To allow using the TOR Bit also in SPI-Daisy-Chain configuration, the TOR-Bit is OR operated with S_SI which
contains the TOR information of the previous device in the Daisy-Chain.

12.3 Register and Command - Overview

This Chapter describes the Registers and Commands. The commands allow to carry through some actions, such
as reading out or clearing the diagnosis or reading out the Input Pins.

Specially highlighted here should be the encoded CMD_DMSx/OPSx commands - compactCONTROL -, a highly
efficient command-set to set a part of the output pins and read out the diagnosis at the same time. Included in this
command set is the possibility to check, if the communication works well as also the possibility to read-out some
of the parallel Input Pins INx. Using this compact command set can reduce the workload of the micro-controller
during run-time significantly.

CMD_RSD is preformed and short diagnostics [SD] is returned after each Write Cycle to any of the writable
registers.

After start-up of the device, the registers are loaded with the default settings as described below in the register
descriptions. The Registers are cleared and set back to the default values, when a low signal is applied to the pin
RST or an under-voltage condition appears at the supply pin Vc what causes an under-voltage reset. If a low
signal at pin EN is applied or an under-voltage condition appears at pin Vp, the Registers are not cleared.
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Table 1
Name |Type |Addr |Short Description see:
cvb (WY |000; |Commands Chapter 12.3.1
plele; WY 1001, |Diagnosis Registers and Compact Control Chapter 12.3.2
OUTx |W/R |0105 |Output Control Register CHx. Chapter 12.3.3
DEVS |W/R |0115 Device Settings Chapter 12.3.6
MSCS | W/R | 1004 reserved
ISAX WI/R | 1015 Input or Serial Mode Register CHx Bank A Chapter 12.3.4
ISBx WI/R | 1105 Input or Serial Mode Register CHx Bank B Chapter 12.3.4
PMx WI/R | 1115 Parallel Mode Control of CHx with CHy Chapter 12.3.5

1) if aread command is send, the command is ignored and S_SO returns a frame with ’0’.

Table 2

Register Overview

Name Addr | 11 [ 10 | 9 | 8 | 7 | 6 | 5 | 4| 3 | 2 [ 1] 0 |def?
CMD w2 000g 0 1 1 1 Command
DCC Wa 0015 Command
OUTXx W/R |010; 1 1 OUT | OUT9 | OUT8 | OUT7 | OUT6 | OUT5 | OUT4 | OUT3 | OUT2 | OUT1
10
CO00h

DEVS W/R |011; | RCP | DBT2 | DBT1 | LOTC | LOTC | LOTC | LOTC | 0 0 DCC |DCCY | DCC |07

70[1] | 70[0] | 16[1] | 16[0] 10 18
MSCS W/R 1 OOB reserved 000h
ISAX W/R 101, IS6 IS5 1S4 1S3 1S2 1S1 AAAR
ISBx W/R [110g 0 0 0 0 1IS10 1S9 IS8 IS7 OAAR
PMx W/R |11, 0 0 0 0 | PM91 | PM89 | PM78 | PM56 | 0 | PM34 | PM23 | PM12 |,

0

1) Default Values after Reset
2) if aread command is send, the command is ignored and S_SO returns a frame with '0’.
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Figure 29 Logic Output Control Block Diagram TLE8110EE
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12.3.1 CMD - Commands

By using the Address Range CMD[14:12]="000" commands can be send to the device. The Feedback of the
commands is provided in the next SPI SO Frame.Details about the Feedback on each command is described in
the Chapter 12.3.1.1ff.

Itis possible to perform per each Communication Frame ONE Command out of Group-A (see following description
of the Commands) and ONE Command out of Group-B at the same time. Performing more then one Command of
one Group is not possible. For the case, this happens, the commands are ignored.

CMD
Command Register Reset Value: N.A.

Overview Commands

S_SI
SPI_Serial Input
CMD 11 10 9 8 7 6 5 4 3 2 1 0
RSD 0 1 1 1 0 0 0 0 0 0 0 1
RSDS 0 1 1 1 0 0 0 0 0 0 1 0
RPC 0 1 1 1 0 0 0 0 0 1 0 0
RINX 0 1 1 1 0 0 0 0 1 0 0 0
CSDS 0 1 1 1 0 0 0 1 0 0 0 0
NOP 0 1 1 1 0 0 0 0 0 0 0 0
Field Command ‘ Type ‘ Description
Command Bits Group-B (Bits [7:4])
All other bit combinations are not valid. Command will be ignored then.
NOP 0000 w NOP - no operation.
A frame with '0000h’ will be returned
CMD_CSDS |0001 w CMD_CSDS - Command: Clear Short Diagnosis and Device
Status

Clear the Device Status information.

Performing this Clear Command clears the Information in the Reset

and Communication Error Information as long as the incident is not

present anymore. If the incident is still present, the related Bits remain

setted. Performing this command does NOT clear the Diagnosis

Registers. The Diagnosis Information is cleared by the Clear

Diagnosis Commands. (see Chapter 12.3.2)

SO returns a Frame with '0000h’ after performing CMD_CSDS or in case
this command is carried out together with a command out of
Group-A, the feedback is according the Group-A command

Command Bits Group-A (Bits [3:0])
All other bit combinations are not valid. Command will be ignored then.
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Field Command |Type Description

CMD_NOP | 0000 w NOP - no operation.
A frame with ’0000h’ will be returned

CMD_RINx 1000 w CMD_RINx - Command: Return Input Pin INx -Status
(Chapter 12.3.1.4)

CMD_RPC |0100 w CMD_RPC - Command: Return Pattern Check
(Chapter 12.3.1.3)

CMD_RSDS | 0010 w CMD_RSDS - Command: Return Short Diagnosis and Device

Status

(Chapter 12.3.1.2)

CMD_RSD |0001 w CMD_RSD - Command: Return Short Diagnosis

(Chapter 12.3.1.1)

12.3.1.1 CMD_RSD - Command: Return Short Diagnosis

The Command CMD_RSD offers the possibility to read out the OR-operated “short’-Diagnosis within one SO
Feedback Frame. The data to be send is latched at the end of the command frame .

CMD_RSD

W K CMD_RSD R/W XXXX R/W XXXX

\ //\ /\
_I dept. of K >_| K >
TOR TOR D TOR
© K previous R/W. o S ° oo -

SPI_Protocol_CMD_RSD.vsd

Figure 30 SPI Feedback on CMD_RSD

S_SO
SPI_Serial Output
(O] 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

TOR | PAR 0 0 0 0 0 |SD10| SD9 | SD8 | SD7 | SD6 | SD5 | SD4 | SD3 | SD2 | SD1
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Field Bits Type Description

- - - SD1-10 Short Diagnosis

0 Normal Operation

1 Each SD-Bit contains the NAND-operated Diagnosis Error of each
related Channel. Details can be read in diagnosis registers

SD is returned after each Write Cycle to any of the writable registers.

12.3.1.2 CMD_RSDS - Command: Return Short Diagnosis and Device Status

The Command CMD_RSD offers the possibility to read out the OR-operated “short’-Diagnosis and the device
Status - such as Reset-Information and Communication Error - within one SO Feedback Frame. The data to be
send is latched at the end of the command frame .

CMD_RSDS

s _cs

S Sl 4

w (CMD_RSDS>_ R/W ( XXXX >_ RNV( XXXX >

s_sok /—\} \>
dept. of >_T R D >—T R >

IORK previous R/W o \ SDS o \ YOO -

SPI_Protocol_CMD_RSDS.vsd

Figure 31 SPI Feedback on CMD_RSDS
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CSs 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
TOR | PAR 0 0 0 0 0 0 0 |SDS8|SDS7|SDS6|SDS5|SDS4|SDS3|SDS2|SDS1
Field Bits Type Description
- 70 - SDS - Short Diagnosis and Device Status
- 0 - SDS1 - Diagnosis Error in Channel 1 to 6
0 normal operation
1 diagnosis failure
- 1 - SDS2 - Diagnosis Error in Channel 7 to 10
0 normal operation
1 diagnosis failure
- 2 - SDS3 - Under Voltage on VCC (Digital Supply Voltage)
see Figure 32
- 3 - SDS4 - Under Voltage on VDD (Analogue Supply Voltage)
see Figure 32
- 4 - SDSS5 - Modulo Counter Error
0 normal operation
1 Previous Modulo Counter Error
- 5 - SDS6 - Previous Communication Error - Encoded Command Ignored
0 normal operation
1 Previous Communication Error - Encoded Command Ignored
- 6 - SDS7 - not used =0’
always '0’
- 7 - SDS8 - not used =0’
always '0’
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Figure 32 Behaviour of SDS3, 4
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12.3.1.3 CMD_RPC - Command: Return Pattern Check

The Command CMD_RPC offers the possibility to get returned the previous Command to check if the
communication works well. The data to be send is latched at the end of the command frame .

CMD_RPC

\
w <CMD_RPC >7‘RNV< 000 R/\N( XXXX >
i //\ \
TOR< dept. of TOR( CMD_RPC >—TOR/ XXXX >
previous R/W \

SPI_Protocol_CMD_RPC.vsd

Figure 33 SPI Feedback on CMD_RPC

S_SO
SPI_Serial Output
CS 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

TOR PA0R= 0 0 0 0 1 1 1 0 0 0 0 0 1 0 0

Field Bits Type Description
- - - CMD_RPC is returned

12.3.1.4 CMD_RINx - Command: Return Input Pin (INx) -Status

The Command CMD_RINx offers the possibility to read out the actual status of the Input Pins. This command
allows to check the correct communication on the INx Pins. The data to be send is latched at the end of the
command frame .
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w (CMD_RINX >7 R/W ( XXXX >7 RNV( XXXX >
A /\‘ /_\>
dept. of ( >_ >
TOR| TOR] IN TOR
< previous R/W. X \ XXXX

o
!

SPI_Protocol_CMD_RINx.vsd

Figure 34 SPI Feedback on CMD_RINXx

S_SO
SPI_Serial Output
CS 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

TOR | PAR 0 0 0 0 0 INTO | INO | IN8 | IN7 | ING6 | INS | IN4 | IN3 | IN2 | IN1

Field Bits Type Description

- - - INx Input Pin Status

The Status of the INx Pins is read out at the moment of CS High-to-Low
transition. Details see Figure 35.

0 INx = Low corresponding OFF

1 INx = High corresponding ON
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OuT1
IN1 D Control Logic 4‘>—‘

ouT2
N2 [ ] —D—‘

OUTn
o

i

‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ Transfer on CS to

Temporal INx Register
latched by CMD_PINx and

CS High-to-Low transition

Latch on CS

SPI-SO-Register
cs | B! [
s
SO [ RN~ ] INX_readout.vsd

Figure 35 Read-out of INx Pins

12.3.2 DCC - Diagnosis Registers and compactCONTROL

The DCC - Diagnosis and Compact Control Set allows to read out and clear the Diagnosis Registers. Additionally
this Command set offers the possibility to proceed with a compactCONTROL Mode using DMS - Diagnosis Mode
Set and OPS - Output Pin Set Commands. This compactCONTROL Mode offers the possibility to Control the
device with lowest work load on the micro controller side.

If any other pattern then the defined commands is received on S_SI, the command is ignored and rated as a
Communication Error. In this case, this incident is reported in SDS (Chapter12.3.1.2) and TOR
(Chapter 12.2.4.3).

If an Error in the Output Channels is detected by the diagnosis circuit, the result is latched in the diagnosis registers
related to each channel.

The Diagnosis Register is not deleted, when it is just read out. The Diagnosis Register byte can only be cleared
by using the appropriated command. In this case, the complete Register Bank is cleared. The separation in two
diagnosis register banks allows together with the Device Control Bits “Latch on Over Current or Over Temperature”
[LOTC] a separated handling of the channel groups. The groups of Channel 1 to 6 and 7 to 10 can be treated
separately in this case. For details, see also chapter Chapter 12.3.6.

DCC
Diagnosis Registers and Compact Control Reset Value: N.A.
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S_SI
SPI_Serial Input
DCC 11 10 9 8 7 6 5 4 3 2 1 0
DRA 0 1 0 1 0 0 0 0 0 0 0 0
DRB 0 1 1 0 0 0 0 0 0 0 0 0
DRACL 0 0 0 1 0 0 0 0 0 0 0 0
DRBCL 0 0 1 0 0 0 0 0 0 0 0 0
DMSCL/OPSx 1 0 0 0 OPSx
DMS1/OPSx 1 0 1 1 OPSx
DMS2/OPSx 1 1 0 1 OPSx
DMS3/OPSx 1 1 1 0 OPSx
DMSx/OPS1 1 DMSx 0 0 0 0 0 0 0 1
DMSx/OPS2 1 DMSx 0 0 0 0 0 0 1 0
DMSx/OPS3 1 DMSx 0 0 0 0 0 1 0 0
DMSx/OPS4 1 DMSx 0 0 0 0 1 0 0 0
DMSx/OPS5 1 DMSx 0 0 0 1 0 0 0 0
DMSx/OPS6 1 DMSx 0 0 1 0 0 0 0 0
DMSx/OPS7 1 DMSx 0 1 0 0 0 0 0 0
DMSx/OPS8 1 DMSx 1 0 0 0 0 0 0 0
Field Bits Type Description
11:0 w DRA - Diagnosis Register A (see Chapter 12.3.2.1)
DCC_DRA Read out Diagnosis Register A. Return the contents in the next SPI
Frame. (see Chapter 12.3.2.2)
11:0 w DRB - Diagnosis Register B (see Chapter 12.3.2.1)
DCC_DRB Read out Diagnosis Register B. Return the contents in the next SPI
Frame. (see Chapter 12.3.2.2)
11:0 w DRACL - Diagnosis Register A Clear
DCC_ Clear the contents of the Diagnosis Register A. Return the cleared
DRACL contents in the next SPI Frame. If the Diagnosis Error Remains,
the Information remains.(see Chapter 12.3.2.2)
DCC_ 11:0 w DRBCL - Diagnosis Register B Clear
DRBCL Clear the contents of the Diagnosis Register B. Return the cleared
contents in the next SPI Frame. If the Diagnosis Error Remains,
the Information remains. (see Chapter 12.3.2.2)
DCC_ 11:8 w DMSCL/OPSx - Diagnosis Mode Set, Clear / Output Pins Set
DMSCL On sending this command, the diagnosis registers DRA, DRB as well
as the “virtual” Diagnosis Output Registers DO[7:0] (see
Chapter 12.3.2.3) are cleared. Output Pin Settings are done
according the content of OPSx.
Returns the contents of cleared DR2 on SO in the 2nd byte of the
actual communication frame and the Output Pin Feedback in
the 1st Byte of the next frame. (see Chapter 12.3.2.3)
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Field Bits Type Description
DCC_ 11:8 w DMS1/OPSx - Diagnosis Mode Set, Register1 / Output Pins Set
DMS1 On sending this command, the diagnosis registers DR1 is selected.

Output Pin Settings are done according the content of OPSx.

Returns the contents of DR1 on SO in the 2nd byte of the actual
communication frame and the Output Pin Feedback in the 1st
Byte of the next frame. (see Chapter 12.3.2.3)

DCC_ 11:8 w DMS2/OPSx - Diagnosis Mode Set, Register2 / Output Pins Set

DMS2 On sending this command, the diagnosis registers DR2 is selected.
Output Pin Settings are done according the content of OPSx.

Returns the contents of DR2 on SO in the 2nd byte of the actual
communication frame and the Output Pin Feedback in the 1st
Byte of the next frame. (see Chapter 12.3.2.3)

DCC_ 11:8 w DMS3/0OPSx - Diagnosis Mode Set, Register3 / Output Pins Set

DMS3 On sending this command, the diagnosis registers DR3 is selected.
Output Pin Settings are done according the content of OPSx.

Returns the contents of DR3 on SO in the 2nd byte of the actual
communication frame and the Output Pin Feedback in the 1st
Byte of the next frame. (see Chapter 12.3.2.3)

DCC_ 7:0 w DMSx/OPS1 - Diagnosis Mode Set x/ Output Pin Set Command 1

DMSx/OPSx On sending this command, the diagnosis register is selected
according DMSx. The Output Pins of Channel 7-10 are set
according the following definitions. The OPSx are commands,
no register. The commands are controlling the contents of ISA,
ISB and OUTx.

OPS§[7:0] - Output Pin Set

0000 0001: CHY input select, 1: parallel* /0 : Serial

0000 0010: CH8 input select, 1: parallel* /0 : Serial

0000 0100: CH9 input select, 1: parallel* / 0 : Serial

0000 1000: CH10 input select, 1: parallel* / 0 : Serial

0001 0000: CH7 output set, 1: ON / 0:OFF

0010 0000: CH8 output set, 1: ON / 0:OFF

0100 0000: CH9 output set, 1: ON / 0:OFF

1000 0000: CH10 output set, 1: ON / 0:OFF

(*parallel controlled by INx)

Sending OR operated combinations of above listed options (only
OPSx) are possible in order to control more then one channel at
the same time.

If parallel mode Mode is selected (in “input select”), the serial settings
(in “output select”) are ignored.

In parallel Mode, the selected Channels are controlled via INx Pins.

The default setting of ISB corresponds the command OPSJ[7:0] = xxxx
1111b. (parallel mode, status of the Outputs according signal on
INX)

Returns the contents the selected DRx register on SO in the 2nd byte
of the actual communication frame and the Output Pin
Feedback [OPF] in the 1st Byte of the next frame. (see
Chapter 12.3.2.3)
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DRx - Diagnosis Registers Contents

DRA[1:0]x / DRB[1:0]x

Diagnosis Register CHx Bank A and Bank B

Reset Value: 0000 0000 0000 = 000,,

11 10 9 8 7 6 5 4 3 2 1 0
DRA[1]6 DRA[0]6 | DRA[1]5 | DRA[0]5 | DRA[1]4 | DRA[0]4 | DRA[1]3 | DRA[0]3 | DRA[1]2 | DRA[0]2 | DRA[1]1 | DRA[0]1
11 10 9 8 7 6 5 4 3 2 1 0
0 0 DRB[1]10 | DRB[0]10 | DRB[1]9 | DRB[0]9 | DRB[1]8 | DRB[0]8 | DRB[1]7 | DRB[0]7
Field Bits Type Description
DRA[1:0]x/ |1:0 R DRA[1:0]x / DRB[1:0]x
DRBJ[1:0]x DRN[1]x/DRn[0]x = 11 no Error
DRnN[1]x/DRnN[0]x = 10 Over Load, Shorted Load, Over temperature in
ON-Mode
DRN[1]x/DRn[0]x = 01 Open Load in OFF-Mode
DRN[1]x/DRn[0]x = 00 Short to GND in OFF-Mode
default DRx[1:0] = 115
A new error on the same channel will overwrite older information.
The diagnosis information which is returned by SO is latched when
CS makes a High-to-Low transistion of the frame which sends
out the register.
12.3.2.2 DRXx - Return on DRx Commands
x_DRx
] M n |
A
| w x_DRx R/W XXXX R/W XXXX
A N
'_|TORK Dre‘\’/%zt-s"’?flw TORK DRx >—|TORK XXX >
Figure 36 SPI Feedback on x_DRx commands
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S_SO
SPI_Serial Output
(O] 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

DRx | DRx | DRx | DRx | DRx | DRx | DRx | DRx | DRx | DRx | DRx | DRx

TOR | PAR | 0 0 Tolnx L ox | fx | ox | x| O | M | ox | fx | o | (x| [0l

Field Bits Type Description

- - - DRx Contents
0 no Diagnosis Error
1 Diagnosis Error

12.3.2.3 DMSx/OPSx - Diagnosis Mode Set / Output Pin Set Commands
Protocol

Each Cycle where a serial data or command frame is sent to the Serial Input [SI] of the SPI interface, a data frame
is returned immediately by the Serial Output [SO]. The content of the SO frame is dependent of the previous
command which has been sent to Sl and the content of the actual content of SI: The first Byte send by S_SI
controls the content of the second byte actual returned by S_SO. The second Byte send by S_SI controls the first
byte in S_SO of the next frame. (see Figure 37)

A

L1 [ 1 [1] |

Iy

Upper Lower Upper Lower
DMSx OPSx Byte Byte Byte Byte .

. g/*/—\&/#/—\&/d
| Upper Lower )_' Upper Lower )
|TOR Byte x bo > |TORK OPF Byte TOR\ Byte Byte /_

SPI_Protocol_Short_Mode.vsd

Figure 37 Data Transfer in Diagnosis and Compact Control

S_SI
SPI_Serial Input
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Diagnosis Mode Set DMS[4:0] Output Pin Set OPS[7:0] |
- serial mode selected parallel or serial mode

0 0 0 1 - - - - CH10:|CH9: |CH8: |[CH7: |CH10:|CH9: |[CHS8: [CHT:
1:ON [1:ON |1:ON |1:ON |0 = = = =
0:OFF|0:OFF|0:OFF|0:OFF|serial |serial [serial [serial
1= = = =

par. |par. |par. |par.
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SPI_Serial Output

15 14 13 12 11 10 9 8 7 6 5 4 2 1
Output Pin Set Feedback OPF[7:0] Diagnosis Output DOJ[7:0]
Diagnosis Register
Diagnosis Output Registers DOJ[7:0]
7 6 5 4 3 2 1 0

Diag Register-1 DR4[1] DRA4[0] DR3[1] DR3[0] DR2[1] DR2[0] DR1[1] DR1[0]
Diag Register-2 DR1NA |DR3NA |1 1 DR6[1] DR6I[0] DR5[1] DR5[0]
Diag Register-3 DR10[1] |DR10[0] |DR9[1] DRO9[0] DR8[1] DR8[0] DR7[1] DR7[0]
Field Bits Type Description
DO[7:0] 7.0 R DO[7:0] - Diagnosis Output

Contents according settings of DMS[4:0]

Returned within the same frame as the pointer is send.

DRXx[1:0] definitions: see Chapter 12.3.2.1
DO[7:6] 7:6 R DO1NA: NAND-operated diagnosis of Diag Register-1
Diag DO3NA: NAND-operated diagnosis of Diag Register-3
Register-2 1: at least one diagnosis error is stored in the related Diag Register

0: no diagnosis error is stored in the related Diag Register.

Output Pin Feedback
Output Pin Feedback OPF[7:0]

15 14 13 12 11 10 9 8
(OPF[7] (OPF[6] (OPF[5] (OPF[4] (OPF[3] (OPF[2] (OPF[1] (OPF[0]
Field Bits Type Description
OPF[7:0] 15:8 R OPF[7:0] - Output Pin Feedback

Principally, OPF can return the previously send OPS word and the IN
10:7 -pin settings, dependent serial/parallel-setting of OPS:

- If Serial Mode is selected by one or more OPS[3:0]-bits, the related
OPF[7:4]-bits are returning the settings of OPS[7:4], send at the
previous frame.

- if parallel Mode is selected by one or more OPS[3:0]-bits, the related
OPF[7:4]-bits are returning the condition available at the related
IN 1:7 Pins at the moment of S_CS high-to-low transition.

A mix of both modes is possible and depends on the channel related
settings.
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12.3.3 OUTXx - Output Control Register CHx

The Output Control Register OUTx consists of 10 Bits to control the Output Channel. Each Bit switches ON/OFF
the related Channel.

OUTx becomes only active when 1Sx[1:0] = 0x. For details refer to Chapter 12.3.4.

OUTXx DATA
Output Control Register
Reset Value: 1100 0000 0000 = C00,,

11 10 9 8 7 6 5 4 3 2 1 0
1 1 OuT10 ouT9 OouT8 ouT7 ouT6 OouT5 ouT4 OUT3] ouT2 OouT1
Field Bits Type Description
OUTx[9:0] 9:0 R/W Data - OUTx[9:0]

OUTx = 0 According Channel is switched OFF
OUTx = 1 According Channel is switched ON
default (all channels OFF) OUT[9:0] = 00 0000 0000 = 000;,

OuUT[11:10] [11:10 R/W Data - OUTx[11:10]
bits are set to OUT[11:10] = 1.

12.3.4 ISx - INPUT or Serial Mode Control Register, Bank A and Bank B

The INPUT or Serial Control Register [ ISx[1:0] ] allows to define the way of controlling the Output Channels. There
are 4 setting options possible:

» Standard Serial Control: The related Output Channel is set according the content of the OUTx Register.
(Chapter 12.3.3)

» A further possibility is the control by the Input Pins

* The settings of the Parallel Mode Register PMx[0]. (Chapter 12.3.5)

+ Additionally possible is the AND operation between the setting of the OUTx register and the PWM signal at the
INPUT Pin.

COMMAND
ISAx Reset Value: 1010 1010 10105 = AAA,
INPUT or Serial Mode Control Register Bank A
11 10 9 8 7 6 5 4 3 2 1 0
IS6 IS5 IS4 1S3 IS2 IS1
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COMMAND
Reset Value: 0000 1010 10105 = 0AA,,

ISBx
INPUT or Serial Mode Control Register Bank B

11 10 9 8 7 6 5 4 3 2 1 0
0 0 0 0 IS10 1S9 IS8 IS7
Field Bits Type Description
ISx[1:0] 11:0 ISAX R/W Command - IS[1:0]
7:0 ISBx ISx[1:0]=

Ox: Serial Mode - The Channel is set ON/OFF by OUTx.
10: INPUT Mode - CHx ON/OFF according INx
11: AND operate Mode INx with OUTx
-> CHx ON if OUTx & INx =1
default all Channels ISx[1:0] = 105

12.3.5 PMx - Parallel Mode Register CHx

The Parallel Mode Register PMx[1] allows to “inform” the device about externally parallel connected output
channels. If a PMx bit is set, the “lower” related Input Channel controls the indicated Output Channels to achieve
best possible matching and according to that highest efficiency of both channels. Additionally to that, the

CLAMPsafe feature allows high matching during clamping.

PMx COMMAND
Parallel Mode Register CHx Reset Value: 0000 0000 0000 = 000,,
11 10 9 7 6 5 4 3 2 1 0

0 0 0 PM910 | PM89 PM78 PM56 0 PM34 PM23 PM12
Field Bits Type Description
PMx 11:8 R/W 0
PMx 7.0 R/W PMx - Parallel Mode Bit

0 Direct Mode

1 Parallel Mode of Channel 1 with x+1

default PMx[0] = 0

Controlling Parallel Mode is possible between Channel 1 to 4, 5 to 6,
7 to 10. In between the groups, no parallel mode is supported
but possible.

In case Parallel Mode is chosen and a diagnosis error at only one of
the channels is detected, the according diagnosis bit is set. This
information mismatch can be caused by tolerance related in-
balance of the channels connected together in parallel mode.
The diagnosis bits should be or-operated by the Micro Controller
side.

12.3.6 DEVS - Device Settings

This Register allows additional Device settings. For details refer also to the Chapter “Electrical Characteristics”.

The Diagnosis Current Control register allow to select between different Diagnosis Modes. The Diagnosis
Currents can be switched off to avoid glowing of any connected LEDs.
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The Register Latch on Over Current or Over Temperature LOTC[1:0] defines the reaction of the protection
functions on exceeding the operating ranges.

DEVS
Device Settings

COMMAND
Reset Value: 0000 0000 01115 = 007,

11 10 9 8 7 6 5 4 3 2 1 0
RCP DBT2 DBT1 | LOTC70 | LOTC70 | LOTC16 | LOTC16 0 0 DCC10 | DCC9 | DCC18
[1 [0] [1] [0]
Field Bits Type Description
RCP 11 R/W RCP - Reverse Current Protection
1: reverse current comp is enabled (valid for all Channels)
0: disabled
default: RCP =0
DBT2 10 R/W DBT2,1 - Diagnosis Blind Time Channel 7 to 10
DBT1 9 0,0 standard Filter Time of typ. 150us
1,0 standard Filter Time of typ. 150us
0,1 OFF-state diagnosis Blind Time of typ. 2.5ms
1,1 OFF-state diagnosis Blind Time of typ. 5ms
LOTC16[1:0] |6:5 R/W LOTCx[1:0] - Latch on Over Temperature or Over Current
LOTC70[1:0] |8:7 LOTC16[1:0] - Settings for Ch 1 to 6
LOTC70[1:0] - Settings for Ch 7 to 10
00 Default: shut down and latch when over current or over
temperature was detected. The related channel can only be
turned on again, when the Diagnosis Byte is deleted by a clear
command.
Changing to other modes might cause severe damage to
the device over longer operating periods.
01  shut down and restart with next turn-on command /or DATA of
the channel. No clearance of the Diagnosis Register required.
10 shut down and restart automatically after delay time
11 not used, is a command with =11 is received, frame is ignored.
default LOTCxx[1:0] = 00.
DEVS[4:3] 4:3 R/W not used. set to '0’
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Field Bits Type Description

DCCx 2:0 R/W DCCx - Diagnosis Current Control

DCC18 switching ON/OFF diagnosis current of CH1-8

DCC9 switching ON/OFF diagnosis current of CH9

DCC10 switching ON/OFF diagnosis current of CH10

0 OFF-State Diagnosis (Detection of open load and short to GND)
of CHx is switched OFF. ON state diagnosis (over current and
over temperature detection) is still active.

Diagnosis Current is switched OFF.

1 OFF-State (Detection of open load and short to GND) and ON-
State (over current and over temperature detection) Diagnosis
of CHx switched ON,

Diagnosis Current is switched ON

default DCC = 1
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Figure 38 PG-DS0O-36-41 Exposed Pad

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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