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1 Overview

Features

» Operating Conditions -40...150°C

* Over Temperature Warning

» ESD Capability 2/4KV HBM on-/off board Pins

» Short Circuit Protected for Vg, = 36V

» Active Zener Clamping at typically 55V

* Open Load, Short to Ground, Short Circuit Diagnosis (2 bit/OUT)

» Output control, diagnostics and initialisation via high speed
serial communication: Micro Second Channel [MSC]

» all Pins protected against <36V

» Over-Voltage and Under-Voltage Monitoring PG-DSO-36

+ Two Output Channels operating during low supply voltage possible

» Programmable Short circuit behavior: switch off or current limitation

* Green Product (RoHS compliant)

+ AEC Qualified

Application
» Automotive Engine Management Applications
» Driver IC for inductive and ohmic actuators, such as Injectors, Solenoids, Relays, Lambda Heater.

Table 1 Output Stage Overview and Product Summary

Output Maximum current RON_max at 7j = 150°C without clamping

OUT1, OUT3 8A 200mQ

OUT2, OUT4 3A 350mQ

OUTS5...0UT8 2.2A 720mQ

OUT9...0UT10 2.2A 470mQ

OUT11...0UT14 2.2A 720mQ

OuUT15, OUT16 0.6A 2400mQ

OuT17, OUT18 0.6A 2400mQ

Operating Voltage Vob_Res 2.5V (defined behavior of the device)
Voo _por 3...3.5V (OUT15,16 delayed switch-off)
Vob 4.5...5.5V (operating range)

Active Zener Voltage Vos (az) 50...60V

Type Package Marking

TLE8718SA PG-DSO-36 TLE8718SA

Data Sheet 4 Rev. 1.1, 2012-07-31
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11 Device Description
All stages are controlled by MSC interface. The MSC interface can be single ended or low voltage differential type.
Serial transmission of the error code (diagnostic) via MSC interface (upstream channel).

All power stages (PS) are protected against short circuit to battery voltage (SCB). All PS (OUT1...18) are equipped
with switch off mode and current control mode in case of SCB (configurable).

Diagnosis of open load (OL), short-circuit to ground (SCG), short-circuit to battery voltage (SCB) and over
temperature (DOT) individually for each PS.

The fault conditions SCB, SCG, OL and DOT are not stored until an integrated filtering time has expired. If, at one
output, several errors occur in a sequence, always the last detected error is stored (after filtering time). All fault
conditions are encoded in two bits per stage and stored in the corresponding MSC interface registers. Additionally
there is one common diagnostic bit for fault occurrence (FAILURE_FLAG) at any output and one common
diagnostic bit (COTW) for diagnosis over temperature (DOT). The diagnostic registers can be read via MSC
interface. During the start-bit of a read out cycle the corresponding diagnostic register is cleared, nevertheless the
status of the diagnostic register before the start-bit is send. Pull-down Diagnostic currents and Open Load OL can
be switched off by configuration for OUT11...18; (CONREG3 and OUT1516).

Each stage (OUT1...14, 17, 18) is controlled with a separate bit of the data frame (downstream channel). The
control bitis non inverting, i.e. if a control bit is ‘1’ the corresponding stage is off. Stages are disabled —i.e. switched
off and switching on disabled if V, is too low (Vpp undervoltage or power on reset) or Vpy too high (Vpp
overvoltage). The same applies when the MSC monitoring detects an error, micro controller reset is active (i.e.
external signal on pin RST = low or external signal on Pin ABE is logical low level).

All outputs are designed with internal zener diodes for applications with inductive loads.

OUT1 and OUT3 are designed for normal operation with 4A and extended current of 8A for maximum of 200
seconds each vehicle driving cycle.

OUT5...0UT10 are disabled by active low level on pins DIS5_10 (with short delay).

OUT9 and OUT10 are designed for actuators with higher clamping energy.

OUT15 and OUT16 can be forced OFF with the higher thresholds of DELAYIN (Vpg ayin Rests 16 L @nd
VpeLavin Rests 16 1) (See Figure 8). OUT15 and OUT16 can be configured to delayed reset behavior, in this case,

the switching-off algorithm is delayed by internal filtering time (exception: power on reset (POR), RES15_16 and
valid command frame to switch off stages is not delayed).

Parallel connection of stages (OUT1...14, 17, 18) is possible as the control bits that switch on and off these stages
are all transmitted in the same data frame. OUT15 and OUT16 are only allowed to be connected to each other
and not to other stages (see Chapter 5.10).

DELAYOUT is pulled active low to switch off external components by the lower thresholds of DELAYIN (Vpg ayin 1
and Vpgayin_n)> ABE or Vpp monitoring.

Data Sheet 5 Rev. 1.1, 2012-07-31
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Block Diagram

Block Diagram
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3 Pin Configuration
3.1 Pin Assignment

Pin Configuration

PGND
(Slug)

[ 36] |OUT2
[ 35] JOUTs
[ 34] JOUT10
[ 33] JOUT14
[ 32] JouT1s
31 JFoL
| 30] JFCLN
[ 29] |FCLP

27 |SIN
26]_|siP
[25] |ssy
[24] |sDO
(23] |RST
[22] |oUT16
[21] JouT12
[ 20] |ouTs
[19] |ouT4

/

Pin_Config.vsd

Figure 3 Pin Assignment
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Pin Configuration

3.2 Pin Definitions and Functions

Pin Symbol Function

1,2 ouT1Y Drain Connection of Power stage.

36 ouT?2 Short circuit proof

17.18 ouUT3? In.dividuallly protgcted against overtemperature

19 ouT4 dlagnost!c functions
control via MSC

3 ouTs Clamping of the output voltage by zener diodes

35 ouT6

16 ouT7

20 ouT8

4 ouT9

34 OouT10

15 OuUT11

21 ouT12

5 OuUT13

33 ouT14

14 OuUT15

22 OuT16

6 ouT17

32 OouT18

9 DIS5_10 Disable pin for OUT5...0UT10 (low level disables OUT5...0UT10 after filtering time
(*biss_10) has expired). The thresholds are defined in Chapter 7 (active low, internal
pull-up)

7 DELAYIN DELAYIN input (internal pull-down, active low): Disable pin for DELAYOUT after the
configurable filtering time (#pg, ayin) has expired and Reset pin for OUT15 and OUT16.
The thresholds are defined in Chapter 7.

8 DELAYOUT | Open drain output generating active low level if DELAYIN is low level (below
VpeLavin_1) @nd fpg yan has expired, input ABE disables stages or /'pp monitoring has
detected a supply voltage failure. See Chapter 7.

11 ABE Bidirectional pin (active low).
Indicates VDD overvoltage and undervoltage condition by pulling ABE-pin low.
If forced to low from externally all stages are turned off.

12 GNDABE Sense ground. Reference ground for V5 monitoring only. Connect this pin to ground.

13 VDD Supply voltage 5V

24 SDO MSC interface. Upstream data, open drain output

25 SSY MSC interface. Chip select and synchronization strobe.

26 SIP MSC interface. Downstream data positive for differential interface

27 SIN MSC interface. Downstream data negative for differential interface

28 Si MSC interface optional downstream data input for single ended interface

29 FCLP MSC interface. Clock positive for differential interface

30 FCLN MSC interface. Clock negative for differential interface

31 FCL MSC interface optional clock input for single ended interface

Data Sheet 9 Rev. 1.1, 2012-07-31
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Pin Symbol Function

23 RST Reset input (active low, internal pull-up). Shuts down all stages regardless of their
input signals. Clears the fault registers and resets the MSC interface registers
(partially).

10 SVBATT Sense Battery Voltage Monitoring Pin. Connect to Vg,7. Used to activate factory test
mode. See Chapter 6.4.

Slug PGND Power Ground. Internally used as PGND. Analogue circuits except VDD-monitoring
refer to PGND. Connect to Ground.

1) Pin1 and Pin2 have to be connected together without any parasitic resistor
2) Pin17 and Pin18 have to be connected together without any parasitic resistor in between.

3.3 Abbreviations

Table 2 Abbreviations

ABE “ABschaltung Endstufen” (switch off output stages)

C Command bit

CD Command data bit

DC Don't care bit

DOT Diagnosis overtemperature

LVDS Low voltage differential signal

MSC Micro Second Channel

NCB Number of bits of the active phase of a command frame

NDB Number of bits of the active phase of a data frame

OL Open Load (diagnostic stage information)

OTSD Over Temperature Shut Down (threshold to shut down stages for device self
protection)

OoTW Over Temperature Warning (diagnostic information)

POR Power On Reset, including filter time tpog

PS Power Stage(s)

RST ReSeT input pin

SCB Short Circuit to Battery (diagnostic stage information)

SCG Short Circuit to Ground (diagnostic stage information)

SSY Select / SYnc signal for MSC communication

SB Selection bit

TC Test coverage

ub Upstream data bit

Data Sheet 10 Rev. 1.1, 2012-07-31
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4 General Product Characteristics

4.1 Test coverage (TC) in series production

In the standard production flow not all parameters can be covered due to technical or economic reasons. Therefore
the following test coverage classes are defined:

A) Parameter test (parameter is measured in production test)
B) Go/NoGo test (parameter within specified range is guaranteed by Go/NoGo-test in production)
C) Specified by design (covered by lab tests, not considered within the standard production flow)

The given supply voltage range is only valid as long as the related function is active. (e.g. the power stages are
shut off if Vg1 > 28V. In that case, no function is available to be tested at Vg, = 40V).

4.2 Absolute Maximum Ratings

The integrated circuit will not be damaged if maximum ratings are reached. Every maximum rating is allowed to
be reached at the same time, as long as no other maximum rating is exceeded. But see ltem Note:

Unless otherwise indicated all voltages are referred to PGND (all PGND and GNDABE are externally connected
to each other) Positive current flows into the pin.

Table 3 Maximum Ratings

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

Pos. |Parameter Symbol Values Unit | TC | Conditions

min. max.

Supply and Power Pins

4.2.1 | Supply Voltage Range Voo Mr -0.3 36 \Y c |-
pin VDD, static

4.2.2 |Battery Voltage Veat mr -1 40 \ c |-
stages output pins via load

4.2.3 | Total current over the PGND Isanp MR -38 38 A |C |-

4.2.4 | Ground Voltage Offset dVsnp MR -0.3 0.3 \Y, c |-

maximum permissible offset
between GNDABE and the PGND

4.2.5 | Output Stages Voutn MR -0.3 50 \Y, C |OUTn OFF
static voltage OUTn (n=1...18) B
4.2.6 | Short Circuit to Vgar Vet sc 03 |3 |V |C |OUTn(n=1...18),
(single event) - Figure 4
Interface and Logic
4.2.7 | Logic Input Pins Vsie mr, VsiN MR, -0.3 36 \Y, Cc |-
SIP, SIN, SI, Vsi l\_/IR, VFCLP_MR,
FCLP, FCLN, FCL, Veen mr, VecL MR,
SSY, DIS5_10, RST Vssy MR Voiss 10 MR,
VRST_MR
4.2.8 |Bidirectional Pin ABE Vase MR -0.3 36 \ c |-
4.2.9 | Output Pins VbELAYOUT MR, -0.3 36 \Y c |-
DELAYOUT, SDO Vebomr

Data Sheet 11 Rev. 1.1, 2012-07-31
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Table 3 Maximum Ratings
T, = -40°C to +150°C, all voltages with respect to PGND, positive current flowing into pin, unless otherwise
specified
Pos. | Parameter Symbol Values Unit | TC | Conditions
min. max.
4.2.10| Input Pins VbELAYIN MR, -0.3 40 \Y Cc |-
DELAYIN, SVBATT VsveatT MR
4.2.11| Current into Pin Isip mr Isin mr Isi mr, |-10 10 mA |[C |V
SIP, SIN, S, ITecip ur {Fein R,
FCLP, FCLN, FCL, Teci MR Issy MR,
SSY, DIS5_10, RST, Ipiss 10 MR, IRsT MR,
DELAYIN, SVBATT, SDO IpeLavin MR,
Isveart mr, Ispo_mr
4.2.12| Current into Pin DELAYOUT, ABE | Ipg avout MR, Zase wr |10 15 mA |[C |V
Temperatures
4.2.13| Junction Temperature Tj -40 150 |[°C |C |-
4.2.14| Storage Temperature Tste -55 150 |°C |C |-

1) Other maximum ratings (like Item 4.2.7 to Item 4.2.10 or Iltem 4.2.13) are not allowed to be exceeded.

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 or repetitive operation.

0..50H Lear
M0 S Ry
Var

5uH

80mQ

RHamess LHamex

Recu

20mQ

OUTn

PGND

Short_Circuit_test_setup.vsd

Figure 4

Short Circuit test set-up
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General Product Characteristics

Thermal Resistance

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

Table 4 Thermal Resistance

T, = -40°C to +150°C, all voltages with respect to PGND, positive current flowing into pin, unless otherwise

specified

Pos. Parameter Symbol Values Unit | TC | Conditions
min. |typ. max.

4.3.1 Junction to Case Ry - - 2 Kw|C |

432  |Junction to Ambient Riua - 25 - K/IW |C |see Figure 5"

1) Power dissipation Pv=3W distributed statically and homogeneously over all power stages. Resistive Load.

Dimensions: 76.2 x 114.3 x 1.6 mm?3; Material: FR4

Thermal Vias: diameter= 0.3 mm; plating 25 ym; 56 pcs.
Metalization accodring : JEDEC 2s2p (JESD 51-7) + (JESD 51-5)

1.6 mm

==

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

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

:
-

Thermal_Setup .vsd

Figure 5

Data Sheet
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4.4 ESD

Of the various ESD models, the integrated circuit meets at least the “human body model” according to the
requirements of the EIA/JJESD22-A114-F. During manufacturing process, ESD pulses according to "charged
device model" (EIA/JESD22-C101-D) may be exposed to each pin. ESD Specification Details in the following
Table.

Table 5 ESD Susceptibility

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

Pos. Parameter Symbol Values Unit | TC | Conditions
min. ‘ typ. ‘ max.
Standard Requirements for all Pins
441 Electro Static Discharge Voltage | Vggp, -2 - 2 kv |C |AllPins
‘Human-Body-Model — HBM”
442 Electro Static Discharge Voltage | Vegp, -500 - 500 \ C |All Pins

“Charged-Device-Model — CDM”
Pins with Extended Requirements

443 Electro Static Discharge Voltage | Vggps -6 - 6 kv |C |OUT1...14
“‘Human-Body-Model — HBM” vs. PGND
444 Electro Static Discharge Voltage | Vegpa -4 - 4 kv |C |OUT15...18
‘Human-Body-Model — HBM” vs. PGND
4.5 Operating Range

Table 6 Operating Range

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

Pos. |Parameter Symbol Values Unit | TC |Conditions
min. ‘max.

Supply, Battery Voltage

4.5.1 | Supply Voltage Range Vob 4.5 ‘5.5 \Y c |-
4.5.2 |Battery Voltage Veatyp) 13.5 \Y c |-
4.5.3 |Nominal Total PGND Current Toanp(yp) -12 ‘0 A |Cc |D

1) Total PGND current influences e.g. the RON-measurement of the Power Stages or voltage thresholds of the input buffers
because of common PGND bond wires. As basis for definition of the RON or the voltage thresholds, the defined PGND
current is used.

Data Sheet 14 Rev. 1.1, 2012-07-31
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5 Power Stages

51 Functional Description

The following general description is valid for the channel groups OUT1,3, OUT2,4, OUT5...8, OUT9,10,
OUT11...14, OUT17,18. The specific function of the channel group OUT15,16 is described in Chapter 5.7.

The reset input of the OUTn-control flip-flop is active high and dominant, delivering a logic low level at the output
of the OUTn-control flip-flop.Only in failure-free condition, output can be switched on by MSC downstream.

Disabling inputs DIS5_10 and DELAYIN have different input characteristics and delay (¢pg avin >> piss_10)- FOr
details concerning DIS5_10, DELAYIN and DELAYOUT see Chapter 7 and Figure 1.

5.2 Power Stages OUT1 and OUT3
Table 7 Electrical Characteristics Power Stages OUT1 and OUT3

n =1 and 3, all channels ON or OFF, nominal load conditions, 4.5V < Vpp < 5.5V, 4.5V < Vg, < 40V, all voltages
with respect to PGND, positive current flowing into pin. 7; = -40°C to +150°C, unless otherwise specified

Pos. |Parameter Symbol Values Unit | TC | Conditions
min. ‘typ. ‘max.
Load Current
5.2.1 | Continuous Load Current Loyt - - |4 A C
5.2.2 |Extended Load Current Toun_ex - - 8 A C |max 800h
5.2.3 |Extended current time, 1ouTn_ec — - 60 h C | Vgars14V,
Accumulated operating time R, >0.88Q
5.2.4 |Maximum current, (short circuit limited Ioutn max |8 - 125 |A A
current / switch off threshold)
ON-Resistance without clamping "
5.2.5 |On Resistance 7j=-40°C Rona0 n - - 120 mQ |C |Ioyr,=4A
5.2.6 |On Resistance 7j=25°C Rons2s n - - 148 |mQ |C |Ioym,=4A
5.2.7 |On Resistance 7j=150°C Ronsison | = - 1200 |mQ |A |Ioym,=4A
5.2.8 |On Resistance Tj<150°C Ry - - 1210 [mQ |C |Igyr,<8A
ON-Resistance with clamping ?
5.2.9 |On Resistance 7j=-40°C Rona0 n - - 156 |mQ (C |[yym,=4A
5.2.10 | On Resistance 7j=25°C Ronias n - - 193 |mQ |C |Iyym,=4A
5.2.11| On Resistance 7j=150°C Ronetson | = - 260 |mQ |A | [oyma=4A
5.2.12 | On Resistance Tj<150°C Ry - - 1273 ImQ |C |Igyr,<8A
Delay times, Slew rates (see Figure 6)
5.2.13 | Switch on delay Lgon_n - - |15 s |C |R 0ag=5.9Q,
Vear=14V
5.2.14 | Switch off delay Laoff n - - 15 s  |C | R 0ag=5.9Q,
Vear=14V
5.2.15 | Difference of switch on and off delay Laif n -8 - 8 MS  |C | R 0ag=5.9Q,
Lait_n=Ldon_n~Ldoff n Vear=14V
5.2.16 | Switch on slew rates Son n 05 |1 25 |Vius|C |R|,.4=5.9Q,
Vear=14V

Data Sheet 15 Rev. 1.1, 2012-07-31
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Table 7 Electrical Characteristics Power Stages OUT1 and OUT3

n =1 and 3, all channels ON or OFF, nominal load conditions, 4.5V < Vp < 5.5V, 4.5V < Vg, < 40V, all voltages
with respect to PGND, positive current flowing into pin. 7; = -40°C to +150°C, unless otherwise specified

Pos. |Parameter Symbol Values Unit | TC | Conditions
min. |typ. | max.
5.2.17 | Switch off slew rates Soff n 05 |1 25 |Vius|C |R ,,4=5.9Q,
) Vear=14V
Leakage current
5.2.18 | Leakage current of the Output Stage 1 outn - - 5 MA | C | Voum=14V,
B V=0V, Tj=60°C
5.2.19 | Leakage current of the Output Stage 1 outn - - 10 MA | C | Vour=28V,
B V=0V, Tj=60°C
5.2.20 | Leakage current of the Output Stage 1 oumn - - 30 MA A | Voum<28V,
B Vop=0V,
Tj=150°C
Clamping voltage
5.2.21 | Clamping voltage Vel n 50 - |60 \ C |Ioym=3A
5.2.22 | Clamping voltage Vel n 50 - 60 \Y A | Ioym,=0.2A
Clamping energy ¥
5.2.23 | Standard operating range, max. 1000Mio |Eq oyra | — - 25 mJ |C | Tj=125°C,
cycles Toytn()<2-8A
5.2.24 | Jump Start, max. 0.01Mio cycles Ec outn |- - |27 mJ |C | Tj,)=85°C,
ToyTn(0)<5-6A
5.2.25 | Load Dump, max. 10 pulses Ecl outn |- - 90 mJ |C | Tj)=35°C,
TouTn()<8A
5.2.26 | Load Dump, max. 10 pulses Ecl outn |- - 26 mJ |C | Tj)=150°C,
Toytn0)<8A
Reverse current through OUTn
5.2.27 | In operation mode, static, no destruction |Ig 5 outn |-3 - - A C |7j=150°C,Vpp=5V
5.2.28 | Without supply voltage, possibly Leakage |Ig soi ouTn |-3 - - A C |Vpp<1V
Current out of neighbor channels. S
10ms after the reverse current disappears
leakage current criteria are kept.
5.2.29 | In operation mode, No unwanted I s outn |15 |- - A C |7Ij=150°C,
switching of channels; No unwanted - Vop=5V
Reset, No unwanted change of Voltage
Monitoring Thresholds; No unwanted
communication errors or register changes
beside diagnostic registers.
Possibly unwanted diagnostic entries.
Possibly Leakage Current out of neighbor
channels.

1) Item 5.2.5 to Iltem 5.2.8 has to be considered for applications with resistive load or inductive load with external
freewheeling.

2) Item 5.2.9 to ltem 5.2.12 has to be considered for applications where clamping occurs.
3) Clamping energy, Linear decreasing current, fcl<67Hz.
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5.3

Table 8

Power Stages OUT2 and OUT4

Electrical Characteristics Power Stages OUT2 and OUT4

Power Stages

n =2 and 4, all channels ON or OFF, nominal load conditions, 4.5V < V' < 5.5V, 4.5V < V5,1 <40V, all voltages
with respect to PGND, positive current flowing into pin., 7; = -40°C to +150°C, unless otherwise specified

Pos. |Parameter Symbol Values Unit | TC | Conditions
min. ‘typ. ‘max.
Load Current
5.3.1 | Continuous Load Current Iyt - - 3 A Cc
5.3.2 |Extended Current time 1ouTn_ec - - 100 |h C |Vgats14V,
Accumulated Operating time R.>1.98Q
5.3.3 | Maximum Current, (short circuit limited | Ioytn max |3 - 6 A A
current / switch off threshold)
ON-Resistance without clamping "
5.3.4 |On Resistance 7j=-40°C Ronao n - - 210 mQ |C |Iyyme=3A
5.3.5 |On Resistance 7j=25°C Ronias n - - 259 mQ |C |Iyyn=3A
5.3.6 | On Resistance 7j<150°C Ron n - - 350 |mQ |A |Ioyr,=3A
ON-Resistance with clamping ?
5.3.7 |On Resistance 7j=-40°C Ron-a0 n - - 273 mQ |C |Iyymn=3A
5.3.8 |On Resistance 7j=25°C Rons+25 n - - 337 mQ |C |Igyr,=3A
5.3.9 |On Resistance 7j<150°C Ron o - - 455 mQ |A |Ioym=3A
Delay times, Slew rates (see Figure 6)
5.3.10 | Switch on delay Ldon_n - - 15 Ms  |C | R 0ag=5.9Q,
Vear=14V
5.3.11 | Switch off delay Ldoff n - - 15 MS  |C | R 0ag=5.9Q,
Vear=14V
5.3.12 | Difference of switch on and off delay Laif n -5 - 5 MS |C | R 0ag=5.9Q,
Liit_n=Tdon_n"ldoff n Vear=14V
5.3.13 | Switch on slew rates Son_n 1.1 25 |58 |Vius|C |R ,.4=5.9Q,
Vear=14V
5.3.14 | Switch off slew rates Soff_n 1.1 25 |58 |Vius|C |R|,.4=5.9Q,
Vear=14V
Leakage current
5.3.15 | Leakage current of the Output Stage I outn - - 5 MA | C | Voum=14V,
Vop=0V, 7j=60°C
5.3.16 | Leakage current of the Output Stage I,_OUTn - - 10 MA |C | Vour=28V,
Vop=0V, Tj=60°C
5.3.17 | Leakage current of the Output Stage I outn - - 30 MA A | Voum<28V,
Vop=0V,
Tj=150°C
Clamping voltage
5.3.18 | Clamping voltage Vel n 50 - 60 \Y C |Ioyrn=3A
5.3.19 | Clamping voltage Vel n 50 - 60 \Y A |I5y1,=0.2A
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Table 8

Electrical Characteristics Power Stages OUT2 and OUT4

Power Stages

n =2 and 4, all channels ON or OFF, nominal load conditions, 4.5V < Vp < 5.5V, 4.5V < Vg, < 40V, all voltages
with respect to PGND, positive current flowing into pin., 7; = -40°C to +150°C, unless otherwise specified

Pos. |Parameter Symbol Values Unit | TC | Conditions
min. ‘typ. ‘max.
Clamping energy ¥
5.3.20 | Standard operating range, max. 1000Mio |Eq oyrn | — - 22 mJ |C | Tj=125°C,
cycles Toutn()<1-05A
5.3.21 | Jump Start, max. 0.01Mio cycles Ecl outn |- - 18 mJ |C | Tj=85°C,
loytn)<2-1A
5.3.22 | Load Dump, max. 10 pulses Ecl outn |- - 76 mJ |C | Tj)=35°C,
Toytn()<3A
5.3.23 | Load Dump, max. 10 pulses Ec outn  |— - 19 mJ |C | Tj)=150°C,
Loutno)<3A
Reverse current through OUTn
5.3.24 | In operation mode, static, no destruction |/g 5 oyn |-3 - - A C |Ij=150°C,Vpp=5V
5.3.25 | Without supply voltage, possibly Leakage | /g sqof outn |3 - - A C |Vpp<1V
Current out of neighbor channels.
10ms after the reverse current disappears
leakage current criteria are kept.
5.3.26 | In operation mode, No unwanted Ir s ourn |[-11 |- - A C |7Ij=150°C,
switching of channels; No unwanted Vop=5V

Reset, No unwanted change of Voltage
Monitoring Thresholds; No unwanted
communication errors or register changes
beside diagnostic registers.

Possibly unwanted diagnostic entries.
Possibly Leakage Current out of neighbor
channels.

1) Item 5.3.4 to Item 5.3.6 has to be considered for applications with resistive load or inductive load with external
freewheeling.
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Table 9

Power Stages OUT5...0UT8

Electrical Characteristics Power Stages OUT5...0UT8

Power Stages

n =5...8, all channels ON or OFF, nominal load conditions, 4.5V < Vpp < 5.5V, 4.5V < Vg, <40V, all voltages with
respect to PGND, positive current flowing into pin., 7; = -40°C to +150°C, unless otherwise specified

Pos. |Parameter Symbol Values Unit | TC | Conditions
min. ‘typ. ‘max.
Load Current
5.4.1 | Continuous Load Current Iyt - - 22 |A C |-
5.4.2 |Extended current time, 1ouTn_ec - - 100 |h C |Vgats14V,
Accumulated operating time R >2.78Q
5.4.3 |Maximum current, (short circuit limited Ioutn max |22 |- 4 A A |-
current / switch off threshold)
ON-Resistance
5.4.4 |On-resistance 7j=-40°C Ronao n - - 432 |mQ [C |Iyyr,=2.2A
5.4.5 |On-resistance 7j=25°C Ronias n - - 533 |mQ |C |Igym=2.2A
5.4.6 |On-resistance 7j<150°C Ron n - - 720 |mQ |A |Ioyr=2.2A
Delay times, Slew rates (see Figure 6)
5.4.7 |Switch on delay fdon n - - 10 MS |C | R ,ag=7.68Q,
Vear=14V
5.4.8 | Switch off delay Ldoff n - - 10 s | C | R ,5q=7-68Q,
Vear=14V
5.4.9 |Difference of switch on and off delay Ldif n -5 - 5 us |C |R aq=7.680,
Liit_n=Ldon_n"ldoff_n Vear=14V
5.4.10 | Switch on slew rates Son_n 1.5 |31 |75 |Vius|C |R|,,4=7.68Q,
Vear=14V
5.4.11 | Switch off slew rates Soft n 1.5 |31 |75 |Vius|C |R|,.4=7.68Q,
Vear=14V
Leakage current
5.4.12 | Leakage current of the Output Stage 1L outn - - 5 MA | C | Voum=14V,
Vop=0V, 7j=60°C
5.4.13 | Leakage current of the Output Stage I outn - - 10 MA | C | Voum=28V,
Vop=0V, 7j=60°C
5.4.14 | Leakage current of the Output Stage I outn - - 20 MA A | Voum<28V,
Vop=0V,
Tj=150°C
Clamping voltage
5.4.15 | Clamping voltage Vel n 50 - 60 \Y C |Ioym=2.2A
5.4.16 | Clamping voltage Vel n 50 - 60 \Y, A |I5y1,=0.2A
5.4.17 | Clamping voltage, difference between VoL gt n -3 - 3 \Y A | Ioyr,=0.2A
outputs. OUTn with identical inductive
loads
Clamping energy "
5.4.18 | Standard operating range, max. 18Mio  |Eq oyra | — - 75 'md |C |Tji=35°C,
cycles Toutn()<1-8A
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Table 9

Electrical Characteristics Power Stages OUT5...0UT8

n =5...8, all channels ON or OFF, nominal load conditions, 4.5V < V', < 5.5V, 4.5V < Vg, <40V, all voltages with
respect to PGND, positive current flowing into pin., 7; = -40°C to +150°C, unless otherwise specified

Power Stages

Pos. |Parameter Symbol Values Unit | TC | Conditions
min. |typ. | max.
5.4.19 | Standard operating range, max. 648Mio | Eq outn |~ - 4 mJ |C | Tj)=125°C,
cycles Toytn)<1-4A
5.4.20 | Standard operating range, max. 96Mio Ecl outn |- - 3 mJ |C | Tj=140°C,
cycles Toytn)<1A
5.4.21 | Standard operating range, max. 4Mio Ec outn |- - 3 mJ |C | Tj=150°C,
cycles Toutn)<1A
5.4.22 | Generator defect, max. 0.5Mio cycles, or |Eq oyrn | — - 9 mJ |C | Tjp=35°C,
ltem 5.4.23 Toutn0)<2A
5.4.23 | Generator defect, max. 0.5Mio cycles Ec outn |- - 5 mJ |C | Tj)=145°C,
Toytn()<1.5A
5.4.24 | Jump start, max. 0.021Mio cycles, or Ecl outn |- - 175 'mJ |C | Tj,=35°C,
Item 5.4.25 IouTn()<3A%
5.4.25 | Jump start, max. 0.021Mio cycles Ecl outn |- - 10 mJ |C | Tj)=85°C,
IouTn()<2-3A
5.4.26 | Load dump, max. 10 pulses, or Ecl outn |- - 35 mJ |C | Tj=85°C,
ltem 5.4.27 Toutn)<2-1A
5.4.27 | Load dump, max. 10 pulses Ecl outn |- - 20 mJ | C | Tj)=145°C,
Loyt <2.1A
5.4.28 | Load dump, max. 10 pulses, or Ec outn  |— - 21 mJ |C | Tj)=85°C,
Item 5.4.29 IOUTn(0)<3.3A2)
5.4.29 | Load dump, max. 10 pulses Ecl outn |- - 18 mJ |C | Tj)=145°C,
IouTn)<2.4A%
Reverse current through OUTn
5.4.30 | In operation mode, static, no destruction | /g 5 oyrn |-2.2 |- - A C |7j=150°C,Vpp=5V
5.4.31 | Without supply voltage, possibly Leakage |/ o outn |22 |— - A C |Vpp<1V
Current out of neighbor channels.
10ms after the reverse current disappears
leakage current criteria are kept.
5.4.32 | In operation mode, No unwanted Ir s outn |1 - - A C |7j=150°C,
switching of channels; No unwanted Vop=5V

Reset, No unwanted change of Voltage
Monitoring Thresholds; No unwanted
communication errors or register changes
beside diagnostic registers.

Possibly unwanted diagnostic entries.
Possibly Leakage Current out of neighbor
channels.

1) Clamping energy, Linear decreasing current, fcl<67Hz.
2) PS might switch off to limit the current before reaching the given /o7, due to reaching loyr, max-
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Table 10

Power Stages OUT9 and OUT10

Electrical Characteristics Power Stages OUT9 and OUT10

Power Stages

n =9 and 10, all channels ON or OFF, nominal load conditions, 4.5V < Vpp < 5.5V, 4.5V < Vg, <40V, all voltages
with respect to PGND, positive current flowing into pin., 7; = -40°C to +150°C, unless otherwise specified

Pos. |Parameter Symbol Values Unit | TC | Conditions
min. ‘typ. ‘max.
Load Current
5.5.1 |Continuous Load Current Iyt - - 22 |A C |-
5.5.2 |Extended current time, 1ouTn_ec - - 100 |h C |Vgats14V,
Accumulated operating time R >2.78Q
5.5.3 |Maximum current, (short circuit limited Ioutn max |22 |- 4 A A |-
current / switch off threshold)
ON-Resistance
5.5.4 |On-resistance 7j=-40°C Ronao n - - 282 mQ (C |Iyyme=2.2A
5.5.5 |On-resistance 7j=25°C Ronias n - - 348 |mQ |C |Ioym=2.2A
5.56.6 | On-resistance 7j<150°C Ron n - - |470 |mQ |A |[oyma=2.2A
Delay times, Slew rates (see Figure 6)
5.5.7 | Switch on delay fdon n - - 10 MS |C | R ,ag=7.68Q,
Vear=14V
5.5.8 | Switch off delay Ldoff n - - 10 s | C | R ,5q=7-68Q,
Vear=14V
5.5.9 |Difference of switch on and off delay Ldif n -5 - 5 us |C |R aq=7.680,
Liit_n=Ldon_n"ldoff_n Vear=14V
5.5.10 | Switch on slew rates Son_n 1.5 |31 |75 |Vius|C |R|,,4=7.68Q,
Vear=14V
5.5.11 | Switch off slew rates Soft n 1.5 |31 |75 |Vius|C |R|,.4=7.68Q,
Vear=14V
Leakage current
5.5.12 | Leakage current of the Output Stage 1L outn - - 5 MA | C | Voum=14V,
Vop=0V, 7j=60°C
5.5.13 | Leakage current of the Output Stage I outn - - 10 MA | C | Voum=28V,
Vop=0V, 7j=60°C
5.5.14 | Leakage current of the Output Stage I outn - - 20 MA A | Voum<28V,
Vop=0V,
Tj=150°C
Clamping voltage
5.5.15 | Clamping voltage Vel n 50 - 60 \Y C |Ioym=2.2A
5.5.16 | Clamping voltage Vel n 50 - 60 \Y, A |I5y1,=0.2A
5.5.17 | Clamping voltage, difference between VoL gt n -3 - 3 \Y A | Ioyr,=0.2A
outputs. OUTn with identical inductive
loads
Clamping energy "
5.5.18 | Standard operating range, max. 18Mio  |Eq oyra | — - 25 mJ |C | Tj=35°C,
cycles Toutn()<1-9A
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Table 10

Electrical Characteristics Power Stages OUT9 and OUT10

Power Stages

n =9 and 10, all channels ON or OFF, nominal load conditions, 4.5V < V5 < 5.5V, 4.5V < Vg, < 40V, all voltages
with respect to PGND, positive current flowing into pin., 7; = -40°C to +150°C, unless otherwise specified

Pos. |Parameter Symbol Values Unit | TC | Conditions
min. |typ. | max.
5.5.19 | Standard operating range, max. 648Mio | Eq outn |~ - 18 mJ |C | Tj)=125°C,
cycles Toytn)<1-2A
5.5.20 | Standard operating range, max. 96Mio | Eq outn |~ - 15 mJ |C | Tj=140°C,
cycles Toytn)<1A
5.5.21 | Standard operating range, max. 4Mio Ec outn |- - 15 mJ |C | Tj=150°C,
cycles Toutn)<1A
5.5.22 | Generator defect, max. 0.5Mio cycles; or |Eq oyrn | — - 28 mJ |C | Tjp=35°C,
Iltem 5.5.23 Toytn)<1-6A
5.5.23 | Generator defect, max. 0.5Mio cycles Ec outn |- - 16 mJ |C | Tj)=145°C,
Toytn)<1-1A
5.5.24 | Jump start, max. 0.021Mio cycles, or Ecl outn |- - 50 mJ |C | Tj)=35°C,
Iltem 5.5.25 Toytn()<2-2A
5.5.25 | Jump start, max. 0.021Mio cycles Ecl outn |- - 30 mJ |C | Tj)=85°C,
Ioytn)<1-8A
5.5.26 | Load dump, max. 10 pulses, or Ecl outn |- - 120 'mJ |C | Tjp=35°C,
Item 5.5.27 Ioutn()<2.4A%
5.5.27 | Load dump, max. 10 pulses Ecl outn |- - 55 mJ | C | Tj)=145°C,
Toytn)<1-8A
5.5.28 | Load dump, max. 10 pulses, or Ec outn  |— - 80 mJ |C | Tj)=35°C,
Iltem 5.5.29 IOUTn(0)<3.5A2)
5.5.29 | Load dump, max. 10 pulses Ecl outn |- - 51 mJ |C | Tj)=145°C,
TouTn)<2A
Reverse current through OUTn
5.5.30 | In operation mode, static, no destruction | /g 5 oyrn |-2.2 |- - A C |7j=150°C,Vpp=5V
5.5.31 | Without supply voltage, possibly Leakage |/ o outn |22 |— - A C |Vpp<1V
Current out of neighbor channels.
10ms after the reverse current disappears
leakage current criteria are kept.
5.5.32 | In operation mode, No unwanted Ir s outn |1 - - A C |7j=150°C,
switching of channels; No unwanted Vop=5V

Reset, No unwanted change of Voltage
Monitoring Thresholds; No unwanted
communication errors or register changes
beside diagnostic registers.

Possibly unwanted diagnostic entries.
Possibly Leakage Current out of neighbor
channels.

1) Clamping energy, Linear decreasing current, fcl<67Hz.
2) PS might switch off to limit the current before reaching the given /o7, due to reaching loyr, max-
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5.6

Table 11

Power Stages OUT11...0UT14

Electrical Characteristics Power Stages OUT11...0UT14

Power Stages

n = 11...14, all channels ON or OFF, nominal load conditions, 4.5V < V' < 5.5V, 4.5V < Vg,r < 40V, all voltages
with respect to PGND, positive current flowing into pin., 7; = -40°C to +150°C, unless otherwise specified

Pos. |Parameter Symbol Values Unit | TC | Conditions
min. ‘typ. ‘max.
Load Current
5.6.1 | Continuous Load Current Iyt - - 22 |A C |-
5.6.2 |Extended current time, 1ouTn_ec - - 100 |h C | Vgars14V,
Accumulated operating time R >2.78Q
5.6.3 |Maximum current, (short circuit limited Ioutn max |22 |- 4 A A |-
current / switch off threshold)
ON-Resistance
5.6.4 |On-resistance 7j=-40°C Ronao n - - 432 mQ |C |Ioye=2.2A
5.6.5 |On-resistance 7j=25°C Ronias n - - 533 |mQ [C |Ioym,=2.2A
5.6.6 | On-resistance 7j<150°C Ron n - - 720 |mQ (A |Ioyt=2.2A
Delay times, Slew rates (see Figure 6)
5.6.7 | Switch on delay fdon n - - 10 S  |C | R 0aq=7-68Q,
Vear=14V
5.6.8 | Switch off delay Ldoft n - - 10 MS [C |R ,ag=7.68Q,
Vear=14V
5.6.9 |Difference of switch on and off delay Laif n -5 - 5 S |C | R 0aq=7-68Q,
Liit_n=Tdon_n"ldoff n Vear=14V
5.6.10 | Switch on slew rates Son_n 1.5 |31 |75 |V/us|C |R ,5q=7.68Q,
Vear=14V
5.6.11 | Switch off slew rates Soff_n 1.5 3.1 (7.5 Vius |C | R ,.g=7-68Q,
Vear=14V
Leakage current
5.6.12 | Leakage current of the Output Stage I outn - - 5 MA | C | Voure=14Y,
Vop=0V, 7j=60°C
5.6.13 | Leakage current of the Output Stage I outn - - 20 MA [C | Vour=14V,
Vop=5V
(diagnosis current
off, CONREG3),
Tj=60°C
5.6.14 | Leakage current of the Output Stage I outn - - 10 MA | C | Voure=28VY,
Vop=0V, 7j=60°C
5.6.15 | Leakage current of the Output Stage I outn - - 25 MA [C | Voura=28V,
Vop=5V
(diagnosis current
off, CONREG3),
Tj=60°C
5.6.16 | Leakage current of the Output Stage I outn - - 20 MA A | Voure<28V,
Vop=0V,
Tj=150°C
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Table 11

Electrical Characteristics Power Stages OUT11...0UT14

Power Stages

n = 11...14, all channels ON or OFF, nominal load conditions, 4.5V < V5 < 5.5V, 4.5V < Vg, < 40V, all voltages
with respect to PGND, positive current flowing into pin., 7; = -40°C to +150°C, unless otherwise specified

Pos. |Parameter Symbol Values Unit | TC | Conditions
min. |typ. | max.
5.6.17 | Leakage current of the Output Stage I outn - - 35 MA (A | Voura<28V,
Vop=5V
(diagnosis current
off, CONREG3),
Tj=150°C
Clamping voltage
5.6.18 | Clamping voltage Vel n 50 - 60 \Y C |Ioym=2.2A
5.6.19 | Clamping voltage Vel n 50 - 60 \ A | I5ya=0.2A
Clamping energy "
5.6.20 | Standard operating range, max. 18Mio | Eq oyra | — - 18 md |C |Tj=35°C,
cycles IOUTn(0)<1 5A
5.6.21 | Standard operating range, max. 520Mio | Eq| oyrn | — — 9 md |C 7)'(0)=125°C,
cycles Toytn)<1.2A
5.6.22 | Standard operating range, max. 120Mio | Eq| oyra | — - 7 mJ |C |Tj,=140°C,
cycles Toytn)<1A
5.6.23 | Standard operating range, max. 13Mio | Eg outn |~ - 7 mJ |C | Tj=150°C,
cycles Loyt <1A
5.6.24 | Generator defect, max. 0.25Mio cycles or | Eq, oyrn |~ - 23 md |C |Tj=35°C,
Item 5.6.25 Toytn()<1-6A
5.6.25 | Generator defect, max. 0.25Mio cycles  |Eq oyrn | — - 11 md |C |Tj=145°C,
Toytn)<1-1A
5.6.26 | Jump start, max. 0.02Mio cycles, or Ecl outn |- - 35 mJ |C |Tjp=35°C,
Iltem 5.6.27 Toutn)<2-2A
5.6.27 | Jump start, max. 0.02Mio cycles Ec outn |- - 17 mJ |C |Tj,=85°C,
Toytn()<1-8A
5.6.28 | Load dump, max. 10 pulses, or Ecl outn |- - 50 mJ |C |Tj=35°C,
Item 5.6.29 Ioutn)<2.3?
5.6.29 | Load dump, max. 10 pulses Ecl outn |- - 30 md |C | Tj,=145°C,
Toytn)<1-3A
5.6.30 | Load dump, max. 10 pulses, or Ecl outn |- - 33 mJ |C |Tjp=35°C,
Item 5.6.31 IOUTn(O)<3'5A2)
5.6.31 | Load dump, max. 10 pulses Ec outn |- - 18 mJ |C |Tj,=145°C,
Toymn0)<2A
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Table 11

Electrical Characteristics Power Stages OUT11...0UT14

Power Stages

n = 11...14, all channels ON or OFF, nominal load conditions, 4.5V < V5 < 5.5V, 4.5V < Vg, < 40V, all voltages
with respect to PGND, positive current flowing into pin., 7; = -40°C to +150°C, unless otherwise specified

Pos. |Parameter Symbol Values Unit | TC | Conditions
min. ‘typ. ‘max.

Reverse current through OUTn
5.6.32 | In operation mode, static, no destruction |Ig 5 outn |22 |- - A C | 7j=150°C,Vp=5V
5.6.33 | Without supply voltage, possibly Leakage |/g soff outn |-22 |— |- A C |Vpp<1V

Current out of neighbor channels.

10ms after the reverse current disappears

leakage current criteria are kept.
5.6.34 | In operation mode, No unwanted Ir s outn |1 - - A C |7j=150°C,

switching of channels; No unwanted
Reset, No unwanted change of Voltage
Monitoring Thresholds; No unwanted
communication errors or register changes
beside diagnostic registers.

Possibly unwanted diagnostic entries.
Possibly Leakage Current out of neighbor
channels.

V=5V

1) Clamping energy, Linear decreasing current, fcl<50Hz
2) PS might switch off to limit the current before reaching the given /g7, due to reaching /oyr, max-
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5.7 Power Stages OUT15 and OUT16

Table 12  Electrical Characteristics Power Stages OUT15 and OUT16

n=15and 16, all channels ON or OFF, nominal load conditions, 4.5V < V5 < 5.5V, 4.5V < Vg, <40V, all voltages
with respect to PGND, positive current flowing into pin., 7; = -40°C to +150°C, unless otherwise specified

Pos. |Parameter Symbol Values Unit | TC | Conditions
min. ‘typ. ‘max.
Load Current
5.7.1 | Continuous Load Current Iyt - - 06 |A C |-
5.7.2 |Extended current time, Accumulated 1ouTn_ec - - 100 |h C |Vgats14V,
operating time. R.>6.93Q
5.7.3 | Maximum current (short circuit limited Ioutn max |06 |- 1.5 |A C |-
current / switch off threshold).
ON-Resistance
5.7.4 |On-resistance 7j=-40°C Ronao n — - 1440 'mQ |C |3.5V<Vpp<5.5V,
Ioy7,=0.6A
5.7.5 |On-resistance 7j=25°C Rons2s n - - 1780 |mQ |C |3.5V<)p<b.5V,
Ioy1,=0.6A
5.7.6 |On-resistance 7j<150°C Ron o - - 2400 |mQ |A |3.5V<Vp<5.5V,
I5y71n=0.6A
Delay times, Slew rates (see Figure 6)
5.7.7 | Switch on delay Ldon_n - - |15 s |C |R 0,¢=28.7Q),
Vear=14V
5.7.8 | Switch off delay Loff n - - 15 Ms |C | R ,aq=28.7Q,
Vear=14V
5.7.9 |Difference of switch on and off delay Laif n -5 - 5 Ms |C | R ,2q=28.7Q,
Lit_n=Ldon_n"ldoff n Vear=14V
5.7.10 | Switch on slew rates Son_n 1.5 |31 |75 |Vius|C |R ,,q=28.7Q,
Vear=14V
5.7.11 | Switch off slew rates Soff_n 1.5 |31 |75 |Vius|C |R ,.4=28.7Q,
Vear=14V
Leakage current
5.7.12 | Leakage current of the Output Stage I outn - - 5 MA | C | Voum=14V,
Vop=0V, 7j=60°C
5.7.13 | Leakage current of the Output Stage I outn - - 15 MA | C | Vour=28V,
Vop=0V, 7j=60°C
5.7.14 | Leakage current of the Output Stage 1L outn - - 35 MA A | Voum<28V,
Vop=5V
(diagnosis current
off, OUT1516),
7j=150°C
Clamping voltage
5.7.15 | Clamping voltage Vel n 50 - 60 \Y C |Ioyt=0.6A
5.7.16 | Clamping voltage Vel n 50 - 60 \Y, A |I5y1,=0.2A
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Table 12  Electrical Characteristics Power Stages OUT15 and OUT16

n=15and 16, all channels ON or OFF, nominal load conditions, 4.5V < V5 < 5.5V, 4.5V < V5,1 <40V, all voltages
with respect to PGND, positive current flowing into pin., 7; = -40°C to +150°C, unless otherwise specified

Pos. |Parameter Symbol Values Unit | TC | Conditions

min. ‘typ. ‘ max.

Clamping energy "

5.7.17 | Standard operating range, max. 1.1Mio | Eq| oyta  |— - 9 mJ |C | Tj=35°C,
cycles IouTn()<0-45A
5.7.18 | Standard operating range, max. 40Mio  |Eq oyta  |— - 6.5 |mJ |C |Tj,=125°C,
cycles Toutn()<0-3A
5.7.19 | Standard operating range, max. 9Mio Ecl outn |- - 6.5 |mJ |C |T7j,=140°C,
cycles Ioytn()<0-3A
5.7.20 | Standard operating range, max. 1Mio Ec outn  |— - 6.5 |mJ |C |Tj,=150°C,
cycles ToyTn()<0-3A
5.7.21 | Generator defect, max. 0.02Mio cycles, or | Eq| oyrn | — - 11 mJ |C | Tj=35°C,
Item 5.7.22 IoyTn(0)<0-5A
5.7.22 | Generator defect, max. 0.02Mio cycles  |Eq oyrn | — - 8 mJ |C | Tj=145°C,
IoyTn(0)<0-35A
5.7.23 | Jump start, max. 0.001Mio cycles, or Ecl outn |- - 25 mJ |C | Tjp=35°C,
Item 5.7.24 IouTn(0)<0.75A%
5.7.24 | Jump start, max. 0.001Mio cycles Ec outn |- - 17 mJ |C | Tj,)=85°C,
Toytn(0)<0-5A
5.7.25 | Load dump, max. 10 pulses, or Ecl outn |- - 50 mJ |C | Tj)=35°C,
Item 5.7.26 IouTn(0)<0.8A%
5.7.26 | Load dump, max. 10 pulses Ecl outn |- - 30 mJ |C | Tj)=145°C,
Ioytn(0)<0-4A
5.7.27 | Load dump, max. 10 pulses, or EcLoutn  |— - |34 |mJ |C |Tj,=35°C,
Iltem 5.7.28 IOUTn(0)<1A2)
5.7.28 | Load dump, max. 10 pulses Ec outn |- - 18 mJ |C | Tj)=145°C,

Toyn(0)<0-6A

Reverse current through OUTn

>
O

5.7.29 | In operation mode, static, no destruction |/g 5 oytn |06 |- - Tj=150°C,Vp=5V

5.7.30 | Without supply voltage, possibly Leakage |/Ig sox outn |-0.6 |- - A C | Vpp<1V
Current out of neighbor channels. -
10ms after the reverse current disappears
leakage current criteria are kept.

5.7.31 | In operation mode, No unwanted I s outn |02 |- - A C |7Ij=150°C,
switching of channels; No unwanted o Vop=5V
Reset, No unwanted change of Voltage
Monitoring Thresholds; No unwanted
communication errors or register changes
beside diagnostic registers.

Possibly unwanted diagnostic entries.
Possibly Leakage Current out of neighbor
channels.

1) Clamping energy, Linear decreasing current, fcl<50Hz
2) PS might switch off to limit the current before reaching the given /g7, due to reaching o7, max-
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5.8 Power Stages OUT17 and OUT18

Table 13  Electrical Characteristics Power Stages OUT17 and OUT18

n =17 and 18, all channels ON or OFF, nominal load conditions, 4.5V < V5 < 5.5V, 4.5V < Vg, <40V, all voltages
with respect to PGND, positive current flowing into pin., 7; = -40°C to +150°C, unless otherwise specified

Pos. |Parameter Symbol Values Unit | TC | Conditions
min. ‘typ. ‘max.
Load Current
5.8.1 |Continuous Load Current Iyt - - 06 |A C |-
5.8.2 |Extended current time, Accumulated 1ouTn_ec - - 100 |h C |Vgats14V,
operating time. R.>6.93Q
5.8.3 | Maximum current (short circuit limited Ioutn max |06 |- 1.5 |A C |-
current / switch off threshold).
ON-Resistance
5.8.4 |On-resistance 7j=-40°C Ronao n - - 780 |mQ |C |Iyyr,=0.6A
5.8.5 |On-resistance 7j=25°C Ronias n - - 962 |mQ |C |[5y1,=0.6A
5.8.6 |On-resistance 7j<150°C Ron n - - 1300 |mQ [A | I5y1,=0.6A
Delay times, Slew rates (see Figure 6)
5.8.7 | Switch on delay fdon n - - 10 Ms |C | R ,2q=28.7Q,
Vear=14V
5.8.8 | Switch off delay Ldoff n - - 10 s |C | R ,5q=28.7Q,
Vear=14V
5.8.9 |Difference of switch on and off delay Ldif n -5 - 5 us |C | R aq=28.7Q,
Liit_n=Ldon_n"ldoff_n Vear=14V
5.8.10 | Switch on slew rates Son_n 1.5 |31 |75 |Vius|C |R|,,4=28.7Q,
Vear=14V
5.8.11 | Switch off slew rates Soff n 1.5 |31 |75 |Vius|C |R ,,q=28.7Q,
Vear=14V
Leakage current
5.8.12 | Leakage current of the Output Stage 1L outn - - 5 MA | C | Voum=14V,
Vop=0V, Tj=60°C
5.8.13 | Leakage current of the Output Stage I outn - - 15 MA | C | Voum=28V,
Vop=0V, Tj=60°C
5.8.14 | Leakage current of the Output Stage I outn - - 35 MA A | Voum<28V,
Vop=5V
(diagnosis current
off, CONREGS3),
Tj=150°C
Clamping voltage
5.8.15 | Clamping voltage Vel n 50 - 60 \Y C |Ioyt,=0.6A
5.8.16 | Clamping voltage Vel n 50 - 60 \Y A |I5y1,=0.2A
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Table 13  Electrical Characteristics Power Stages OUT17 and OUT18

n =17 and 18, all channels ON or OFF, nominal load conditions, 4.5V < V5 < 5.5V, 4.5V < Vg, <40V, all voltages
with respect to PGND, positive current flowing into pin., 7; = -40°C to +150°C, unless otherwise specified

Pos. |Parameter Symbol Values Unit | TC | Conditions

min. ‘typ. ‘ max.

Clamping energy "

5.8.17 | Standard operating range, max. 1.1Mio | Eq oyra  |— - 9 mJ |C | Tj=35°C,
cycles IouTn()<0-45A
5.8.18 | Standard operating range, max. 40Mio  |Eq oyra | — - 6.5 |mJ |C |Tj,=125°C,
cycles Toutn()<0-3A
5.8.19 | Standard operating range, max. 9Mio Ecl outn |- - 6.5 |mJ |C |T7j,=140°C,
cycles Ioytn()<0-3A
5.8.20 | Standard operating range, max. 1Mio Ec outn  |— - 6.5 |mJ |C |Tj,=150°C,
cycles ToyTn()<0-3A
5.8.21 | Generator defect, max. 0.02Mio cycles, or |Eq| oyrn | — - 11 mJ |C | Tj=35°C,
Item 5.8.22 IoyTn(0)<0-5A
5.8.22 | Generator defect, max. 0.02Mio cycles  |Eq oyra | — - 8 mJ |C | Tj=145°C,
IoyTn(0)<0-35A
5.8.23 | Jump start, max. 0.001Mio cycles, or Ecl outn |- - 25 mJ |C | Tjp=35°C,
Item 5.8.24 IouTn(0)<0.75A%
5.8.24 | Jump start, max. 0.001Mio cycles Ec outn |- - 17 mJ |C | Tj,)=85°C,
Toytn(0)<0-5A
5.8.25 | Load dump, max. 10 pulses, or Ecl outn |- - 50 mJ |C | Tj)=35°C,
Item 5.8.26 IouTn(0)<0.8A%
5.8.26 | Load dump, max. 10 pulses Ecl outn |- - 30 mJ |C | Tj)=145°C,
Ioytn(0)<0-4A
5.8.27 | Load dump, max. 10 pulses, or EcLoutn  |— - |34 |mJ |C |Tj,=35°C,
Iltem 5.8.28 IOUTn(0)<1A2)
5.8.28 | Load dump, max. 10 pulses Ec outn |- - 18 mJ |C | Tj)=145°C,

Toyn(0)<0-6A

Reverse current through OUTn

>
O

5.8.29 | In operation mode, static, no destruction |/ 5 oytn |06 |- - Tj=150°C,Vp=5V

5.8.30 | Without supply voltage, possibly Leakage |/Ig sox outn |-0-6 |- - A C | Vpp<1V
Current out of neighbor channels. -
10ms after the reverse current disappears
leakage current criteria are kept.

5.8.31 | In operation mode, No unwanted I s outn |02 |- - A C |7Ij=150°C,
switching of channels; No unwanted o Vop=5V
Reset, No unwanted change of Voltage
Monitoring Thresholds; No unwanted
communication errors or register changes
beside diagnostic registers.

Possibly unwanted diagnostic entries.
Possibly Leakage Current out of neighbor
channels.

1) Clamping energy, Linear decreasing current, fcl<50Hz
2) PS might switch off to limit the current before reaching the given /g7, due to reaching o7, max-
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5.9 Timing Diagram MSC to OUTn

Command Frame
A OUTn ON OUTn OFF

[ f

Voutn A t

VBAT —
0. 8VB AT

Son Soff tair = tdon - taofr

0.2Vgar

< »ld—» & ».d—»
< Ll Sl >

Y
tdon tson tdoff tsoff

Drawing8_Timing_MSC_to_OUTn.vsd

Figure 6 Timing diagram MSC to OUTn (not tested, overview only)

The timing starts with the end of the data frame.

5.10 Parallel connection of PS

All stages are switched on and off simultaneously as all data of the downstream frame becomes valid at the same
time. The micro controller has to ensure that the stages which are connected in parallel have always the same
state (on or off) and same configuration regarding current limitation (OUTn_SCB). Exceptions are OUT15 and
OUT16 which are controlled by command. Therefor these two stages can only be connected in parallel with each
other.

The application has to take into account that all maximum ratings are observed (e.g. in case of short circuit the
ground current and the power dissipation has to be taken into account).

The Junction Temperature of the power stages which are switched in parallel has to be equal. No parasitic
resistors between the parallel connected output channels are considered in Table 14. If channels are connected
in parallel, they must be connected in parallel for the whole lifetime (no switching between “parallel connection”
and “non parallel connection” allowed during lifetime for a single device).

Maximum current:

The maximum value of the maximum current /or,4r max(Max) of the parallel connected stages is the sum of the
corresponding maximum current values Ioyn_max(mMax). The minimum value of maximum current Iy, max(Min) is
shown in Table 14.

ON-Resistance:

The maximum ON-Resistance at 150°C of a parallel connection R, ;o = 1/Z (1/R,, ) and the corresponding
condition Ioypar max(Min) can be seen in Table 14.

Clamping Energy:

Only equivalent operating points could be added. The conditions (7j o), Zoyrn()) for parallel connected stages are
the same as for a single stage. The clamping energy of parallel connected stages is

Ec par(max) = Clamping_energy_factor x X ECL_OUTn(max) and shown in Table 15.

The performance during parallel connection of channels is specified by design and not subject to the production
test. Only the combinations defined in Table 14 and Table 15 are supported for parallel connection.
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Table 14  Parallel connection, definition of Maximum Current and ON Resistance”
OUT |OUT |OUT |OUT |OUT |OUT |OUT ||OUT |[OUT |OUT |OUT |OUT |OUT |OUT
1,3 2,4 |5..8 (9,10 |11..14/15,16|17,18|/1,3 (2,4 |5...8 |9,10 [11..14 /15,16 17,18
Maximum current for 2 stages [A]? ON Resistance for 2 stages [mQ]
OuUT1, 3 13.6 |66 |6.7 |47 |6.7 - - 105% (131 [163 [145 |163 - -
ouT2, 4 6.6 |51 |41 |3.8 |41 - - 131 [175 |236 |201 |236 - -
OUT5...8 6.7 |41 |37 |31 |37 - - 163 [236 |360 |284 |360 - -
OuUT9,10 |5 3.8 |31 3.7 |31 - - 145 |201 |284 |235 |284 - -
OuUT11...14 |16.7 |41 |3.7 |31 |37 - - 163 [236 |360 |284 |360 - -
OUT15...16 |- - - - - 1 - - - - - - 1200 |-
OuUT17...18 |- - - - - - 1 - - - - - - 650
Maximum current for 3 stages [A]? ON Resistance for 3 stages [mQ]
OuUT5..8 |- - 52 |- - - - - - 240 |- - - -
OouUT11...14 |- - - - 5.2 - - - - - - 240 - -
Maximum current for 4 stages [A]? ON Resistance for 4 stages [mQ]
OuUT5..8 |- - 6.5 |- - - - - - 180 |- - - -
OouUT11...14 |- - - - 6.5 - - - - - - 180 - -

1)

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

2) The defined current could be forced, without running into overcurrent shutdown. Nevertheless the metal lines on the PCB
must be designed for Loyt max (Max).
3) The defined ON Resistance is valid for operation without clamping (resistive load or inductive load with external
freewheeling).
Table 15  Parallel connection, definition of Clamping_energy_factor”
ouT ouT ouT ouT ouT
5...8 9,10 11..14 |1516 |17,18
Clamping_energy_factor for 2 stages
OuUT5...8 0.6 2 2
ouT9, 10 |2 0.6 3)
OouUT11...14 |2 ¥ 0.6
OUT15...16 |- - - 0.6 -
OuUT17...18 |- - - - 0.6
Clamping_energy_factor for 3 stages
OuUT5...8 0.45 - - - -
OouUT11...14 |- - 0.45 - -
Clamping_energy_factor for 4 stages
OuUT5...8 0.4 - - - -
OouUT11...14 |- - 04 - -

1) The performance during parallel connection of the channels is specified by design and not subject to production test.
2) The clamping energy of parallel connected stages is the same as clamping energy of a single OUT5...8 stage.
3) The clamping energy of parallel connected stages is the same as clamping energy of a single OUT11...14 stage.
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6 Device Self Protection

6.1 Short Circuit Protection

All PS are short circuit protected - see Chapter 4.2.
In case of a short circuit to battery voltage the output current is limited by internal current control (OUT1...18).

After a delay time (/pac_scg) the output is turned off, if it's configured in MSC register CONREG1, 2, OUT1516 to
switch off (OUT1-18).

6.2 Over Temperature Shut Down

If critical overtemperature (overtemperature shut down threshold 77, o7sp) is detected in one stage the stage is
switched off to protect the circuit against damage, see logic diagram, state D (Chapter 8.3).

All self protection circuits (Short Circuit to Battery and Over Temperature Shut Down) are functional in
undervoltage and overvoltage condition from Vpp pog UP t0 Vpp pr-

Registration of short circuit to battery (SCB) and overtemperature (DOT) in the diagnostic registers during
undervoltage or overvoltage condition is not guaranteed. But the stage is switched off as defined in configuration
register.

6.3 Battery Voltage Monitoring

The Battery Voltage Monitoring allows the detection of Over Voltage Conditions. In case of Over Voltage
VsveatT ovsp, the monitoring shuts down the Power Stages after a delay time toyr ovsp. The Battery Voltage
Monitoring acts as an Enable of the Output Stages and does not clear the control bits.

This functions supports the reduction of clamping energy to be dissipated in the power stage in case of over
voltage conditions, such as Load Dumps.

ISVBATT

A

max LN

ISVBATT_PDh

min

max

I SVBATT_PD

R R e R I \

>
t
VSVBATT
A
V \ 4
SVBATT_OVSD ) I O T max _ _NJ___ _ VSVBATT_HYS
min min NG~ A

18V
3V \\ »t

»| tout ovson

OuUT1...18

A
A
A
A

»| tout ovsp

»ON* »OFF*

~Y

VBATT_Mon.svg

Figure 7 Battery Voltage Monitoring
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Table 16

Electrical Characteristics

Self Protections

Device Self Protection

4.5V < Vpp <5.5V, 4.5V < Vgt < 40V, all voltages with respect to PGND, positive current flowing into pin.,
T, = -40°C to +150°C, unless otherwise specified

Pos. |Parameter Symbol Values Unit | TC | Conditions
min. ‘typ. ‘ max.
Self Protection
6.4.1 | Self protection temperature threshold | 751, otsp | Toutn. |= | Toutn. |K  |C |=
Junction temperature of OUTn otwt0 otw+30
(n=1...18)"
6.4.2 | Self protection temperature Toumn_ - 10 |- K |C |-
hysteresis, OUTn (n=1...18) OTSDHYS
SVBATT Pin (Battery Voltage Monitoring Pin)
6.4.3 |SVBATT Pin Voltage, Battery Vsvearr |29 - 135 vV |B
Overvoltage Shut Down Threshold | 5ygp
6.4.4 |SVBATT Pin Voltage, Battery Vsvearr 025 |— |1 v |C
Overvoltage Shut Down Hysteresis | ys
6.4.5 |SVBATT Pin internal pull down Isygatr Po |1 - |20 MA |C | 3V<Vgygarr<18V
current
6.4.6 | SVBATT Pin internal pull down Isveart pon |20 - |80 uA |C |?
current
6.4.7 |SVBATT Pin internal pull down Isvgarr po |1 - 500 MA |C [ 18V<VgyparT<40V
current
6.4.8 |Filter time before Output Stages shut |toyr oysp |5 - 120 us |B |-
down in case of VSVBATT_OVSD is
exceeded
6.4.9 |Filter time before Output Stages tout ovson |60 - |135 us |B |-
switch on again
6.4.10 | Factory test mode activation VsvBaTT ™ | — - |2 v B |¥

1) See Chapter 8, Item 8.5.6 Diagnosis, Overtemperature warning diagnosis threshold.

2) Vsvearr=Vsveart ovsp during voltage increase, respectively Vsygarr=Vsveart ovsp-Vsveatt Hys during voltage
decrease. See Figure 7.

3)
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7 Supervisory (DIS5_10, DELAYIN, DELAYOUT)

Table 17  DIS5_10, DELAYIN, DELAYOUT

4.5V < Vpp <5.5V, 4.5V < Va7 < 40V, all voltages with respect to PGND, positive current flowing into pin.,
T, = -40°C to +150°C, unless otherwise specified

Pos. |Parameter Symbol Values Unit | TC | Conditions
min. ‘typ. ‘max.
Pin DIS5_10
7.0.1 | DIS5_10 input low level Voiss_ 101 -0.3 - 1 \Y, B |-
7.0.2 | DIS5_10 input high level Voiss 101 2 - 36 \ B |-
7.0.3 | DIS5_10 input hysteresis Voiss_ 10 1ys | 0-1 - 0.5 \Y, c |-
7.0.4 | DIS5_10 input current Ipiss_10 -100 - 5 MA |C |-0.2V<Vpig5 10< VoD
7.0.5 | DIS5_10 input current Ipiss 10 -400 - - MA |C [-0.3V<Vpiss5 10
7.0.6 | DIS5_10 Input current Ipiss 10 - - 100 MA | C | Vpp<Vpiss 10< 36V
7.0.7 | DIS5_10 pull-up current Iniss 10 -100 - -20 MA |A |OV<Vpis5 10< Vop —
1.5V
7.0.8 | Filtering time before switching | #ps5 10 60 - 135 us |C |-
OUTn, high- or low-pulses on
DIS5_10, n=5...10
Pin DELAYIN for DELAYOUT function (lower threshold)
7.0.9 | DELAYIN input low level for Voetayn L [-0-3 - 0.16"Vpp |V B |-
DELAYOUT
7.0.10 DELAYIN input high level for | Vpgiayin y | 0.24"Vpp |~ 36 \ B |-
DELAYOUT
7.0.11| DELAYIN input hysteresis for | Vpg ayin nys |0-02 - 0.1 \ C |-
DELAYOUT
7.0.12| DELAYIN input pull-down Roeiavin 168 - 312 kQ A [1V<Vpg ayin<40V
resistor
7.0.13| DELAYIN input current IoeLavin -400 - 20 MA |C |-0.3V<Vpgayin <1V
7.0.14 | Rising edge long filter time toeLaviN_ cLTc | 7+ - 24 ms |C |CONREG3.6='1’
before switching DELAYOUT or | ong
RES15_16
7.0.15 | Rising edge short filter time toeLaviN_cLiTc | 60 - 135 pus |C |CONREG3.6="0’
before switching DELAYOUT or | gort
RES15_16
DELAYIN - Filtering time before switching DELAYOUT low
7.0.16 | Long delay for tpg ayin_x, default | fog avin 800 - 1600 ms |C |CONREG4.0="1",
CONREG4.1="1
7.0.17 | Medium long delay for tpe avin x | foELavin v | 400 - 800 ms |C |CONREG4.0="1’,
CONREG4.1="0’
7.0.18 | Medium short delay for IoeLavin s | 200 - 400 ms |C |CONREG4.0="0’,
toELAYVIN x CONREG4.1="1
7.0.19| Short delay fortDE,_AY,N_x IDELAYIN S 100 - 200 ms |C |CONREG4.0="0,
CONREG4.1="0’
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Table 17

DIS5_10, DELAYIN, DELAYOUT

Supervisory (DIS5_10, DELAYIN, DELAYOUT)

4.5V < Vpp <5.5V, 4.5V < Vg7 < 40V, all voltages with respect to PGND, positive current flowing into pin.,
T; = -40°C to +130°C, unless otherwise specified

Pos. | Parameter Symbol Values Unit | TC | Conditions
min. ‘typ. ‘max.

Pin DELAYIN for RES15_16 function (higher threshold)
7.0.20 DELAYIN input low level for Voeravin res |-0-3 - 0.44*Vpp |V B |-

RES15_16 15.16.L
7.0.21 DELAYIN input high level for | Vpg avin res | 0-52"Vpp |- 36 \ B |-

RES15_16 15_16_H
7.0.22| DELAYIN input hysteresis for | Vpg ayin_res |0-02 - 0.1 \Y C |-

RES15 16 15_16_HYS
Pin DELAYOUT
7.0.23 DELAYOUT output low voltage | Vpg ayout o |~ - 0.7 \ A | Vp=2.5V,

uTL IpeLavour<ZmA
7.0.24| DELAYOUT output low voltage | Vpgavout o |~ - | Vo A | 2.5V<Vpp<36V,
uTL IpeLavour<6-5mA

7.0.25| Maximum current (short circuit | Ipgiayout ma | 19 - - mA |[C |-

limited current)" «
7.0.26 | DELAYOUT passive output Voetavout o | Voo - 1.5 |Vpp |- \Y A |no load

high voltage UTH
7.0.27 | DELAYOUT pull-up current IpeLavout i | =90 - -4 MA |A | OV<Vpgavour< Voo~

1.5V, 2

7.0.28| DELAYOUT input current I avout inw | =10 - 10 MA | C | Vpp<VpeLavouT< 36V

1)

Integrated protection functions are designed to prevent IC destruction under fault conditions. Fault conditions are

considered as “outside” normal operating range. Protection functions are not designed for continuous or repetitive
operation. Application must take care, that current into this pin does not exceed 15mA.

2)

DELAYOUT as Output is not active

0520 \/ D AYIN_RES15_16_H
o44voo V/DELAYIN RES15 16 L

024Voo VDELAYINiH
0.16Voo VDELAY\N_L

DELAYIN
\J

toeLavin_suiten x depending on CONREG3.Bit6

toeLavin_ xdepending on CONRE®4.Bit0 and Bit1

DELAYOUT

A

______________ e [N [N GEp—
|
! i
_______________ .:.________________.._________ [EUNEVEVEPNPEE [DEVEEPHPHVRVUpNERRy gy
fm—————————— tm——————————————— -: ———————————————————————————————— ———H
| | |
] I | >
] | T , g
1 | [ 1 1 I e
| | | | |
| H | : | 1< toELAYIN GLITCH x
| | ! H | |
| r - |
]
: i | ! i i
M 1 L} M »
. ! | : —— ; —
e | : . L | i '
RES15 16 toELAYIN GLITCH x : | toeLaYIN.x :<—>l : toELAYIN X
- | : toeLhvin G ITCHix* ]
n 1 '
|
OUT15...16 OFF : OUT15...16 controlable | : :
H via OUT1516 1 | 1 _
| ! ] | g
1 . 1 1] t

toELAYIN_GLITCH x

tDELAYIN_GLITCH x

*
tDELAYIN GLITCH x

tDELAYIN GLITCH x

Interlock_DELAYIN .vsd

* Filter for DELAYOUT is independend from RES 15_16. That's why they may not switch synchronously.

Figure 8

Timing DELAYIN
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8 Diagnosis

8.1 Diagnostic Functions
All PS have fault diagnostic functions:

» short circuit to battery: (SCB) can be detected if stages are turned on

» short circuit to ground: (SCG) can be detected if stages are turned off

» open load: (OL) can be detected if stages are turned off

» Diagnosis overtemperature: (DOT) is set if Overtemperature Warning OTW occurs in ON-state or
Overtemperature Shutdown OTSD occurs in any state

SCB is recognized if the output current reaches /51, max When the stage is switched on. If, after the filtering time
(toiac sce) has expired, the failure is still present, it is stored in the diagnostic register (DIAREG1...5). This may be
caused by a short circuit to battery voltage (Vgar Up to ¥gar sc) or by a load with too low impedance (e.g. load
switched on under cold conditions). B

In addition to this, there is the extended SCB behavior available, when CONREG3.EXT_SCB="1". In this case
Voutn is checked in addition to /51, and the diagnosis register SCB is only set, if [o7n max @Nd Vo, is reached for
longer than g scs. This feature is available for OUTS5...14 only and shown in Figure 9.

A SCB condition is stored in the diagnosis register. It turns off the output dependent on configuration register
(CONREG1, CONREG2, OUT1516). The output can be turned on again even if the SCB bit in the diagnosis
registers have not been cleared yet (e.g. by polling the registers). Turning on the outputs won't clear the SCB bit.

The output current /o1, may overshoot before the current limiter reacts and limits the output current to oy, max-
However, this overshoot (which depends on the external load) will not damage the device.
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CONREG3.EXT_SCB=0
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¢ \ Thermal toggling
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CONREG1/2/0UT1516.0UTn_SCB=1 CONREG1/2/0UT1516.0UTn_SCB=0
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\ ¢ \ Thermal toggling
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! — : )1.I'IJ'I.
Vou‘rn_OL————7- —————————— VOUTn_OL—___f________A‘

- _—
-

Here is the Here is the
loutn diagnositc entry set loutn dlagn03|tc entry set
¢ \ Thermal toggling
OSSIb|e
loutn_max—=|=——f— [ — — < loutn_max=|=—=——f—
tbiac_sce tDIAG _scB
l & _
A Filter is startet when t z
Voutn louta @and Vourn has Vourn 4 |
exeeded their limits
I )1.I'IJ'I.
VOUTnfOL____l'- ———————————— VOUTnfOL—___l'___-_______;'
L Lt

Diagnostic entry accures

loutn loutn because of OT

If OT is not reached, there is

\ no diagnostic entry \ ¢
)

IOUTnfma)(_ === IOUTnimaX_ ke uia \ﬂ " r
o o
0l

Voum A ! Vourn A |
S e I S UL
(
Tt Tt
current over-shoot and voltage behavior dependending on external load condition SCB_extended_Diagnostic.vsd

Figure 9  SCB Diagnosis function

Depending on the configuration of the stage (CONREG1, 2, OUT1516) the stage is switched off or remains

functional in current limited mode with fault entry in the diagnostic register.

The OTSD threshold (75,7, otsp) has a hysteresis and switches off the channel (see Chapter 6); The OTW
(Toutn otw) threshold has no hysteresis and is diagnosis only. The stage is not switched off by OTW. Only if
temperature rises above shutdown threshold (7o, orsp) the stage is disabled for device self protection. After this,
the stage won't be enabled again until temperature falls below Self protection temperature hysteresis

(Toutn otspHys) (see Chapter 6).
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Over Temperature Warning [Torw],
Over Temperature Shut Down [Torspl,
Over Temperature Shut Down Hysteresis [Torsp_nysl,
for OUT1...18
TJ ON“
T ” o & .
Ref. o : ] fow ]
! = DOT
Ref. mij B
2 Torw + 10K = Torsp OUTn ,OFE
Case 1: Torsp-nys> Torw Case 2: Torsp-vs< Torw
T
A A
Torsp Torso \
Totsp-Hys Torw
TOTW TOTSD-HYS
> >
t t
DOT AL I P DOT O |
Jset” ~set’
> >
OUTn OUTn
on A — on A _
> -
t TOTW_TOTSD_TOTSDHYST.vsd t

Figure 10 Temperature Thresholds (see also Chapter 6)

OL or SCG is recognized using two thresholds (Voyr, sce @nd Voyr o1) @nd a bias voltage source with current
limit for each output.

For OUT11...0UT18 it is possible by configuration to switch off the internal diagnostic pull-down current source.
In this case diagnosis of OL is deactivated, no entry of OL into diagnostic register, even if Voyr, sce < Vourn <
Voutn_ov- Diagnosis of SCG remains functional.

See Chapter 8.3 for specified values of diagnostic currents and threshold voltages.

The fault conditions SCB, SCG, OL and DOT will not be stored until an integrated filtering time (¢5ac_scs, foiac_sco
foiac oL Ioiac_otw) has expired. If at one output, several errors occur in a sequence, the newest detected error is
stored to the diagnosis register (after filtering time).
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| Diagnostic pull-down current and Open Load OL on
A 1OUTn
CG , OL e O.K. |
loutn_DIA_Pmax)l-——————— S - ——— - —
600UA . |
| | |
: I
| | I
: : I
| I :
I N T I
loutn_DIA_P(min)f-——————— q9-—-——]-——— <-————" !
2200A | | :
i 3 I
| |
0 7 ! >
Voum Bias i Veat  Voumn
loutn_DIA_N(max) !
100uA |
|
loutn_DIA_N(min) i
%A Voum_sce Voum_oL
2loun Diagnostic pull-down current and Open Load OL off
! 0.K
I outnmaxf-——————-— B S ettt
20...350A :
1 r_
0 : >
i Voutn_Bias VeaT  Voumn

loutn_DIA_N(max)
-100:A Output stage is switched off for this measurement

Drawing6é_SCG_and_OL_Diagnosis_ Function.vsd

loutn_DIA_N(min)
300uA

Voum_sce

Figure 11 SCG and OL diagnosis function (not tested, overview only)

8.2 Encoding of Diagnostic Information

All fault conditions are encoded in two bits per stage and are stored in the corresponding registers (DIAREG1...5).
Additionally there is one central diagnostic overtemperature bit (COTW) (this bit is set to ‘0’ if DOT occurred at any
stage).

The common failure bit (DIAREGS, bit FAILURE_FLAG) is set to ‘0’ if SCB, SCG, OL or DOT is detected on any
output stage (OUT1...18). Only if all the stage diagnostic bits are ‘1, the FAILURE_FLAG bit is ‘1".

The diagnosis registers can be read via MSC.

When a valid MSC read command (RD_DATA) is detected, the selected diagnosis register information is moved
to a shift register for transmission (MSC upstream). At the same time the selected diagnosis register is cleared.

Table 18  Encoding of diagnosis information

Encoding of the diagnosis bits of the device

OUTn_DIA2 OUTn_DIA1 description

1 1 Power stage ok

1 0 Short circuit to battery (SBC) or diagnostic overtemperature
(DOT)

0 1 Open load (OL)

0 0 Short circuit to ground (SCG)
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State Diagram of the Device Diagnosis

Diagnosis

Fault entry
01(OL)

toiac_oL

Fault entry
10(DOT)

Fault entry
11 (no fault)
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Control=OFF

Control = Off SCG Fault entry

/ OUTn = Off 11 (no fault) 5
o

OTSD 4 A i
58

Control= On

Fault entry
10(DOT)

toutn otw

& below Toun_orsprysand Control=OFF

~OL
1

EXT_ SCh

SCB o
n=1.4, 15.18 O
and 5..14 if g n
EXT_SCB=0 =5
O~
SE
=2 Fault entr

55 10 (DOT)y
O
3
(&}

Fault entry
10 (SCB)

&y
SCG Q.
(‘%’ n
Fault entry
= 2 00 (SCG)
i
o Eé =5
—_| 2 ® < Er
s o
c|z2 8 «
8s: =
S 0
56
Configuration:
State C switch OFF on SCB
OFF forced
byshort circuit

Fault entry
11 (no fault)

State B
ON
current internally limited t
OUTn MAX

Control=0n
OUTn=0On

Fault entry

>

ol=ON

below Toum_otsphys
and Control

State D

Overtemperature
self protection OFF
Control = x
OUTn = Off

Drawing7_State _Diagram .vsd

Figure 12 State diagram of the device diagnosis (not tested, overview only)

Outputs are switched inactive if V5 is out of range or RST respectively ABE is externally pulled low. After a reset
the stages start in state A (OFF state). If a stage is getting overheated above the overtemperature shutdown
threshold (7Toyt, otsp, Item 6.4.1) it is entering state D (switched off for self protection) independent from its
current state. Leéving this state is only possible if temperature falls below Self Protection Temperature Hysteresis
(Toutn_oTspHyss Item 6.4.2).
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8.4 Reset of the Diagnostic Information

The diagnostic registers are set to its reset value individually at readout by their RD_DATA command, or all
together by WR_RST command, POR or RST.

At the same time, the filters /pxg scas fpiac_scas piac oL @re re-set. The filter 756 orw is not re-set.

In the case a stage is shut off because of SCB, by readout of the diagnostic information via RD_DATA instruction
the DIAREGx entry is cleared and output is activated again. Because SCB could only be detected when the stage
is switched on, the output is activated and shut off again after the shutoff delay, if SCB condition is still existent.

Some register bits are not cleared by read-out or reset, see tables in Chapter 12.2.

8.5 Electrical Characteristics

Table 19  Diagnosis

4.5V < Vpp <5.5V, 4.5V < Vgt < 40V, all voltages with respect to PGND, positive current flowing into pin.,
T; = -40°C to +150°C, unless otherwise specified

Pos. Parameter Symbol Values Unit | TC | Conditions
min. ’ typ. ‘ max.
Diagnosis filter time, delay time fault condition to switch off, OUTn (n=1...18)
8.5.1 Overtemperature Warning o otw |19 - 30 pus |C |-
8.5.2 Short to Battery Voltage 'biac sce |60 - 135 us |B |-
8.5.3 Short to Ground binc scc |60 - 135 us |B |-
8.5.4 Open Load Ibiac_oL 60 - 135 us |B |-
8.5.5 Diagnosis Fault entry delay, delay | 746 peray |0 - 5 us |C |-
time after diagnosis filter time has
expired until fault entry is stored in
corresponding diagnostic register
8.5.6 Overtemperature warning Toutn otw | 150 - 190 °C |C |-
diagnosis threshold
8.5.7 Short circuit to ground diagnosis | Voymn sce |0-6"Vpp |- 0.6"Vpp |V B |-
threshold -0.2 +0.2
8.5.8 Open load diagnosis threshold | Voyr, oo | Vpp-0-2 |- Vopt0.3 |V (B |7
stage disabled
8.5.9 Diagnostic bias voltage stage Voutn.sias |0-7*Vpp |- 0.7"Vpp |V |A |7
disabled -0.2 +0.2
Diagnostic current of OUTn
8.5.10 | Diagnostic pull down current Ioytn piap | 270 - 550 MA A | Voyure=14V
8.5.11 | Diagnostic pull down current Ioytn pia p 220 - 550 MA |C | Voumn o<
Vourn<Vear
8.5.12 | Diagnostic pull up current Toytn pia N |[-300 - -100 MA A | Vour=0V
8.5.13 | Diagnostic pull up current Ioytn pia N |-300 - -100 pA [C |OV<Vgum
<Voutn sce
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Table 19  Diagnosis

4.5V < Vpp <5.5V, 4.5V < Vgt < 40V, all voltages with respect to PGND, positive current flowing into pin.,
T; = -40°C to +130°C, unless otherwise specified

Pos. Parameter Symbol Values Unit | TC | Conditions
min. ‘ typ. ‘ max.
Reverse Current Detection OUTn (n=1...18)
8.5.14 | Reverse Current detection Vreveur -0.3 - -0.03 \ c |-
voltage
8.5.15 | Reverse Current filter time IREVCUR 26 - 60 pus |C |-

1) OUTn_DIAC="1’

8.6 Timing

OUTn = OFF > OUT-Voltage decreases slowly

oL | ]
SCG ttoiac o I - |
fToinc oo RD_DATAX RD—?ATAX
DIAG ) :
i1 OK 01 OL 00 SCG X 11 OR<__ 01 OL 11 OK
i
oG of

OUTn = OFF > OUT-Voltage decreases fast

OL | I
SCG Et DIAuIU - I
Et DIAG_SGG RD_I=DATAx RDJ?ATAX
DIAG : i
11 OK 00 SCG K110 01 OL 11 OK
le—pi
ttoiac of

OUTn = ON to OFF > OUT-Voltage increases fast

ON | OFF
OL I L
e
toiac_ oL
SCG 1
1 -
tpiaG_sce
DIAG
11 OK

OUTn = ON to OFF > OUT-Voltage increases slow

ON__| OFF
OL I Al
e e 3
“tpiac ol
SCG I_l H
——
tpiac sce
AG
DI 11 OK 01 OL

—t

Diagnosis_entry_timing.vsd

Figure 13 Timing and logic entry of diagnosis information to diagnosis register
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9 Supply, Vpp Monitoring, Reset and ABE

9.1 General functions of V,, Monitoring

Voo -Monitoring is measured with reference to GNDABE. Power On Reset (POR) is measured with reference to
PGND.

The state of V55 monitoring is stored in DIAREG7 and can be read out via MSC.

Voo monitoring detects supply voltage outside the specified range. It disables stages but does not reset registers
CONREGXx, DIAREGx

In case of V' failure, the stages must be switched off according CONREG4.ABE_IMPACT -setting, even if Pin
ABE is high level because of external short circuit to Vpp or Vgar (Up to Vgar sc)-

A
36V VDDﬁMRﬁmax—

52555V  \/pp THHH

4.2..44V" Vo D_THI—

3.35V VDDfPOR—

ma2sv  Vpp reg=|—

Change of AB
te power on rese caused by
o P Qvitched OFF 1 b S oroa { external even

ABE high
low

|
te_on tea_on tea_orr tew_on tewon ‘ABEJMPN‘I
->| > & P> > > <« > <

on
Outputs off
OUT16* on
ouT15*  off

OUT16, OUT16 are switched
OFF after tDELRES or by
MSC COMMAND

Outputs remain OFF if
bit MON_LATCH is'1'

t

Behavior up to
Vob_res undefied

*: configured to delayed reset behaviour
**: refered to GNDABE

Drawing20_VDD_monitoring_function .vsd

Figure 14 V,p monitoring function (not tested, overview only)

Figure 14 explanation: In the “shaded” area of “Outputs”, the output channels may be switches ON or OFF by
MSC DATA-Frame. In shaded area of “OUT15, OUT16” the output channels may be switched or remain ON or
OFF dependent on the register settings OUT1516.

OUT15 and OUT16 can't be switched on during over-, undervoltage, ABE, MSC_MON or RST. Switching off is
possible (see Figure 1).

POR (Vpp < Vpp_por) switches off all stages without delay.
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9.2 Voo Undervoltage

If the V'pp voltage is lower than the supply voltage supervisory lower threshold (Vpp 14y ), all output stages are shut
off after a filtering time (¢ og¢) and active low signal is generated at the bi-directional pin ABE.

The only exception is OUT15 and OUT16, if configured to delayed reset behavior. These outputs then remain
functional in undervoltage condition, until

+ filtering time (fpg res) has expired, or

» stage is switched off by MSC command or

*  Vpp falls below the power-on-reset threshold (¥pp pog) OF
RES15_16 gets active.

OUT15 or OUT16 cannot be switched on by MSC command in undervoltage condition.

At the transition from undervoltage to normal voltage the signal at Pin ABE goes high after a filtering time (75, on)
has expired. Output registers are cleared to “1” (output stages remain off until switched on again via MSC data
frame). During undervoltage condition no new fault conditions are written to diagnosis registers, the content is
frozen. However, data and configuration registers still can be accessed (read and write) using MSC commands.

If Vpp falls below the power-on-reset supply voltage (Vpp pog) all stages are shut off and ABE is switched active
low.

When Vpp is rising above the power-on-reset supply voltage threshold (Vpp por) @ power-on-reset is internally
generated (fpor), Setting all registers to its default state (all stages switched off, all registers cleared to default).

9.3 Vop Overvoltage

If the V'pp voltage is higher than the supply voltage supervisory upper threshold (Vpp 1), all output stages are
shut off after a filtering time (#¢,_or¢) and active low signal is generated at the bi-directional Pin ABE.

The only exception is OUT15 and OUT16, if configured to delayed reset behavior. These outputs then remain
functional in overvoltage condition, until

+ filtering time (#pg res) has expired or
» stage is switched off by MSC command or
+ RES15_16 gets active.

OUT15 or OUT16 cannot be switched on by MSC command in overvoltage condition.

The behavior of the ABE level and output stages on the return of VDD from overvoltage to the correct range is
configured in CONREG4, bit MON_LATCH).

— 1: ABE is latched and outputs remain off after overvoltage, fyg reg CONtinues to expire and switches off
OUT15 and OUT16. Return to normal operation is only possible with power-on reset or by changing this bit
via MSC command to “0”.

— 0: ABE is inactive after V5 returned to normal operating voltage and filtering time has expired.

At the transition from overvoltage to normal condition, output registers are cleared to “1” (output stages remain off
until switched on again via MSC). During overvoltage condition no new fault conditions are written to diagnosis
registers, the content is frozen. However, data and configuration registers still can be accessed (read and write)
using MSC commands.
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9.4 Thresholds
Device
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A) SWitChing OuT1... 14‘ 177 18 OFF after tFIL_OFF Drawing18_Supply _Range .vsd
B) Switching OUT15, 16 OFF after triL_orr or toecres if configured to delayed reset behavior via OUT 1516
* Refered to GNDABE

Figure 15 Operating Supply Range
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9.5 ABE Pin

ABE is functional as input and output.

During a low on pin ABE (pulled low by the internal open drain device or forced low by an external source), the
output registers are cleared to ‘1’ switching off outputs OUT1...0UT14, OUT17, OUT18. Behavior of OUT15 and
OUT16 depends on configuration register settings. Programmable filter times apply. See Figure 1 and Figure 16
for details.

9.6 Testing of V5 Monitoring
RST
Power On STATUS_OV
VDD Reset STATUS_UV
Under DIAREGS|ase_sTaTUS
voltage bit #3
=L A
trL_on
!
N‘ FiL_OFF taBE » ABE
o 0 voltage
=L T on Set dominant
te_orr _O_S aP & 1
] R o
o 1 Internal
/ reference ,H* = switches OFF
0 I — 8 tFIL_oFF DEL OUTn
CONREx4 Power On
GNDABE bit #7 Roset
(MON_LATCH)
>1
GNDABE 1 CONREGH4.
ABE_IMPACT
>1 J7]
A A Y Y v
CONREG 4 bit#6 #5| |DIt#7 #6 #5
Test overvoltage threshold 00 DIAREG7
Testundervoltage threshold 1 0 . .
. 1 Drawing19_VDD_monitoring.vsd
default, normal operation X

Figure 16 Block Diagram of V, Monitoring

The stages are switched off if under- or overvoltage is detected in any case OUT15,16 might be delayed,
dependent on register OUT1516.

9.7 Testing procedure of Vpp Monitoring in the application
Testing upper threshold in application (VDD is 5V):

By writing xxxxx00xb into CONREG4, the overvoltage threshold is reduced to Viggr 1y In DIAREGY bit 5 and 7
have to be LOW then. After writing xxxxx1x0b to CONREG4, bit 5 and 7 in DIAREG7 must be HIGH again.

Testing lower threshold in application (VDD is 5V):

By writing xxxxx01xb into CONREG4, the undervoltage threshold is increased to Vrggr 1. In DIAREG7 bit 6 and
7 have to be LOW then. After writing xxxxx1xxb to CONREG4, bit 6 and 7 in DIAREG7 must be HIGH again.
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Table 20

Electrical Characteristics

Supply, Vpp Monitoring, Reset and ABE

Power Supply, POR, V,, Monitoring, ABE and RST

4.5V < Vpp <5.5V, 4.5V < Vgt < 40V, all voltages with respect to PGND, positive current flowing into pin.,
T, = -40°C to +150°C, unless otherwise specified

Pos.

Parameter

Symbol

Values

min.

’ typ. ‘ max.

Unit

TC

Conditions

Power

Supply

9.8.1

Operational Supply Current

IVDD

18

25

mA

4.5V<Vpp<5.5V,
All channels ON or
OFF, nominal load
conditions

9.8.2

Overvoltage Supply Current

Lypp ov

50

mA

5.5V<TVp<36V,
no damage

Power

ON Reset

9.8.3

Reset Circuit Functional, Internal
reset active for

Vop res<Voo<Vbo_Por

All stages switched inactive and
internal registers are cleared.

VDD_RES

25

9.84

Power On Reset Threshold

Below this threshold the device is in
reset state, all registers are cleared.
Device starts operation (Vpp
monitoring forces stages off) after
tror, When Vpp is rising above this
threshold.

Voo_por

3.5

9.8.5

Power On Reset Extension Time

TporR

180

360

us

Vpp Monitoring

9.8.6

Undervoltage threshold, ABE turns
active low and stages are turned off
when Vo is below this threshold

VDD_THL

41

4.4

9.8.7

Overvoltage threshold, ABE turns
active low and stages are turned off
when ¥y is above this threshold

Voo_thH

5.25

5.5

9.8.8

Filtering time before switching off,
Vopis rising above Vpp 1y or falling
below Vpp Ty all outputs except
OUT15, OUT16 if configured to
delayed reset

IFIL_oFF

60

135

us

9.8.9

Filtering time with delay before
switching off if ABE is configured to
delayed switching of stages by
CONREG4, switching OFF
because of VDD Monitoring or
falling edge of ABE is de-bounced ?

IFIL_OFF_DEL

30

80

ms
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Table 20

Supply, Vpp Monitoring, Reset and ABE

Power Supply, POR, V,, Monitoring, ABE and RST

4.5V < Vpp <5.5V, 4.5V < Vg7 < 40V, all voltages with respect to PGND, positive current flowing into pin.,
T; = -40°C to +130°C, unless otherwise specified

Pos. |Parameter Symbol Values Unit | TC | Conditions
min. typ. | max.
9.8.10 | Delayed Reset for OUT15 and IDELRES 400 - 800 ms |C |-
OUT186, if configuration bits are set
to delayed reset
9.8.11 | Filtering time before switching on, |z oy 60 - 135 us |C |-
returning to Vpp 1 <Vop<Vop 1HH
9.8.12 | Test ¥, monitoring undervoltage, | Vriggr 1 |5.15 - |56 v B |V
VDD monitoring test active
9.8.13| Test V5, monitoring overvoltage, | Vrgst 1y |41 - |45 \Y; B |
VDD monitoring test active
ABE as Input
9.8.14 | ABE input low level Vage N -0.3 - 0.3*Vpp |V B |-
9.8.15| ABE input high level Vage v |07 Vpp | = 36 \Y B |-
9.8.16 | ABE input hysteresis Vage innvs |0-2 - 1 \Y Cc |-
9.8.17 | ABE input current Tnge inL -100 - -20 MA  |A [-0.2V<Vpge<Vpp—
1.5v3)
9.8.18 | ABE input current Inge -400 |- |- A |C |-0.3V<Vg¥
9.8.19| ABE input current Inge N -5 - 5 MA A | Vpp<Vage<36V
9.8.20 | ABE pulse width, ABE requires min. |#age 0.5 - 3.5 pus |C
low level pulse width
ABE as Output
9.8.21| ABE output low voltage Vage outt |~ - 1 \Y A | 2.5V<Vpp<Vpp tHLs
1\ge<6.5mA
9.8.22 | ABE output low voltage Vaee outL |~ - 1 \ A | Vop th<Vpp<36V,
Lpge<7TmA
9.8.23 | ABE output low voltage Vage outl |~ - |07 \ A | Vpp=2.5V,
Iyge<2mA
9.8.24 | Maximum current (short circuit IABE_maX 15 - - mA |C
limited current)®
9.8.25| ABE passive output high voltage Vage outt | Voo=15| Vop |~ \Y A |no load
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Table 20 Power Supply, POR, V,, Monitoring, ABE and RST

4.5V < Vpp <5.5V, 4.5V < Vg7 < 40V, all voltages with respect to PGND, positive current flowing into pin.,
T; = -40°C to +130°C, unless otherwise specified

Pos. |Parameter Symbol Values Unit | TC | Conditions
min. ‘typ. ‘max.

Pin RST
9.8.26 | RST input low level VesT L -0.3 - 1 \Y B
9.8.27 | RST input high level VRsT H 2 - 36 \Y B
9.8.28 | RST input hysteresis Vest nvs | 0.1 - 0.5 \ C
9.8.29 | RST input current Irst -120 - 20 MA |C [-0.2V<Vrst<Vpp
9.8.30| RST input current Irst -10 - 1000 MA |C | Vpp<Vrer<36V
9.8.31| RST input current Irst -400 - |- MA |C |-0.3V<TVrgr
9.8.32| RST pull-up current Irst -50 - -10 MA A |OV<VRrgr<Vpp—1.5V
9.8.33 | Reset pulse width, RST requires frsT 0.5 3.5 us |C

min. low level pulse width

1) Referred to GNDABE

2) In case of undervoltage of Vpp, specification is not fulfilled: e.g. proper operation of protection functions is not guaranteed
(OUT=1...14,17,18).

3) ABE as Output is not active

4) Integrated protection functions are designed to prevent IC destruction under fault conditions. Fault conditions are
considered as “outside” normal operating range. Protection functions are not designed for continuous or repetitive
operation. Application must take care, that current into this pin does not exceed 15mA.
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10 Device Logic Behavior

Table 21 Device Logic Behavior

Registers Output Stages Others
5 — — -—
E o S =) >
o 2 18 |2 . SE |E,. |& © |%
w i o © Yoo © 2C =g © s |°
o z = ~ <2 - F& Q% |w Ja O
< o} 2 2 arG %) 23 |23 |m s o
[a] O O O ~ | ~— O o =0 < 0o |»n
MSC Communication
Dataframe - - data |- ON/OFF - - restart |— - -
entry depending on
OUTREG
RD_CONFIG - read |- - - - - - - - send
out data
RD_DATA read |- D R R D - - - - send
out & data
reset
WR_RST reset |— R R R R - - - - -
2)
WR_CONREGXx - data |- - - - - - - - -
entry
WR_OUT1516 - - - data |- ON/OFF restart |— - - -
entry dependingon |¥
OouUT1516 %
MON_TEST X data |x X X X - - X X -
entry
Input pins
DIS5_10 data |- - - - disable |— - - - - -
entry
lower thresholds of data |- - - - - - - - pulled | —
DELAYIN* entry low
higher thresholds of data |- - reset |— reset - - - - -
DELAYIN® entry
RST reset |reset |reset |reset |disable " disable © - restart |pulled | pulled | disable
6) low |low |®
ABE_STATUS data |- reset |reset |disable ) disable ® - - - - -
entry 6)
Internally detected error cases
STATUS_UV, data |- reset |reset |disable " disable © - - pulled | pulled |-
STATUS_OV entry 6) low |low
STATUS_SVBATT | data disable disable - - - - -
entry
POR reset |reset |reset |reset |disable restart |restart |pulled | pulled | disable
9 low |low |®
SCB data |- - - disable (defined in CONREGx |- - - - -
entry and OUT1516)
oL data |- - - - - - - - - -
entry
SCG data |- - - - - - - - - -
entry
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Table 21 Device Logic Behavior

Device Logic Behavior

Registers Output Stages Others

oTW data |- - - - - - - - - -
entry

OTSD R - - disable disable - - - - -

REVCUR_FLAG |data |- - - - - - - - - -
entry

Timeout counter expired

MSC timeout data |- reset |reset |disable” disable © - expired | — - -

counter entry 6)

OUT1516 delay |- - - reset |— disable 'V | expired |- - - -

timer "

1) Outputs which have been switched off by SCB are switched on until SCB is detected again

2) Only DIAREG1...5 are reset, DIAREG6 and DIAREG7 remain unchanged

3) Switching on respectively restarting delay timer only in failure free condition

4) Thresholds Vpg ayiv . @nd Vg avin H

5) Thresholds Vpg ayin_rests 16 L @8Nd VpeLaviN RES15_16_H

6) OUT1516 reset and stages are disabled after delay time (OUT15, OUT16 may be configured to long delay)

7) OUTREG reset and stages are disabled because control register is reset

)

0o

communication stopped

9) before tysc mon @ data frame must be received, otherwise DIAREG6 must be read out to clear MSC_MON failure bit.
10) OTW still active in OTSD, no new diagnostic entry when changing from OTW to OTSD
11) Only if this timer has expired and failure occurs

Description:

—: no influence
x : influence possible, refer to corresponding chapter in this specification
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11 Micro Second Channel MSC

Bidirectional micro second channel (MSC) is used for communication with micro controller.

Via MSC, the micro controller controls the outputs and logic of the stage device including the diagnosis and
monitoring module. Diagnosis data is requested by micro controller via downstream and returned by the device
via MSC upstream channel.

The MSC is a serial interface which is especially optimized to connect peripheral devices via serial link to micro
controller. The serial communication link is built up by a fast synchronous downstream channel from micro
controller to the stage device and an asynchronous upstream channel (referenced to downstream clock). The
downstream interface can be “low voltage differential” (FCLN, FCLP, SIN, SIP) or “single ended” (FCL, SlI, SSY).
Multiple “power devices” with MSC on downstream are possible. Downstream device is selected by SSY.

The MSC logic is supplied with V55 and referenced to PGND.

If supply voltage of the device is below Vpp 11, downstream communication is possible with reduced FCL clock
frequency only. Power on reset (Vpp<Vpp por) disables the MSC interface.

TLE8718SA
Micro controller
. SSY _
MSC interface »  Select / sync input
Shift register FCL Single
32 Bit colp | Lended  [&Q | Clock
g input
FCLN Differential
L
Downstream
Sl Single *
-
S|P | _ended __‘!\_ Downstream
- data
SIN Differential
1T ]
Asynchronous/ SDO Serial data
synchronous -¢ output
receive buffer
Drawing9_MSC_lInterface .vsd

Figure 17 MSC Interface (not tested, overview only)
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11 Downstream Communication
Downstream frames are synchronous serial frames with clock and data line.

The physical interface for downstream communication can be “low voltage differential” or “single ended” type. Both
interface types are using individual pins (FCL and Sl or FCLN, FCLP, SIN and SIP) and common pins (SSY and
SO). To select the interface, FLCN has to be connected either to PGND (for single ended type) or to a voltage
within the defined input voltage range (for low voltage differential type) (see Item 11.5.7). The unused pins are
connected to PGND (FCLN, FCLP, FCL, SIP, SIN) or to VDD (SI).

Differential inputs for downstream data are SIP and SIN; the differential input signal SIP — SIN is the same logical
signal as Sl. The clock pins are FCLP and FCLN, the differential clock FCLP — FCLN is the same logical signal as
FCL.

There is one input for select/sync at SSY, and one output for upstream data at SDO. The stage device is always
the slave in this communication link.

The SSY signal enables receiver circuits automatically during a downstream frame transmission.
Two types of downstream frames are defined:

+ Command frames (selection bit =41”")
» Data frames (selection bit =“0")

The device MSC uses non inverting polarity for SI and FCL: SI changes its state with the rising edge of FCL and
is sampled with the falling edge; a logic ‘1’ is a ‘high level’ on Sl, and a logic ‘0’ is a ‘low level’ on S|. Data at Sl is
latched by device on the falling edge of FCL.

The SSY input is active low during the active phases of command or data frames. An active enable signal validates
the Sl input signal. Outside the active phase (SSY line is at high level) data at Sl is ignored.

By this way it is possible to drive multiple “power devices” with shared FCL and Sl lines and individual SSY signal.

Command frames and data frames may be sent in any sequence (with a passive phase of at least 2 FCL-cycles
after each frame).

Table 22 Execution of commands

Event on MSC downstream upstream busy upstream idle
valid read command frame ignored executed

valid write command frame executed executed

valid data frame accepted accepted
invalid command frame ignored ignored

invalid data frame ignored ignored

The serial clock FCL is active (toggling) continuously (“FCL continuous mode”) even when no command frame or
data frame is transmitted. It is used to generate the upstream clock.

The clock period of FCL is defined as #-;,, maximum downstream clock rate is frc max-

The active phase of a downstream frame starts with the falling edge of the signal on SSY and ends with the rising
edge. SSY changes its state with the rising edge of clock FCL.

After a power-on-reset or RST returns to logical high level for device normal operation, the MSC interface is fully
functional after a maximum of 8 clock pulses on FCL respectively FCLP and FCLN.
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111 Voltage Level Diagrams of low voltage differential pins

This figure shows SIP and SIN function but is also valid for FCLP and FCLN
AVsn Vse V]
? Not defined
Vsgagy Voo | ___
A
A Y
Vsi jonmin) | Vsix ow(max) ‘szx,mgmm'n) Vi righ(mex)
J Y Y
SIN{
Vsigminy Vsip(min) ¢ Not defined
Logic function 1l
A
1 0 T sl
“szy Vsp[V]
VsiNmax), Vsip(max) --------------------------}-_-\- --------
Vi offax) === ========== jc\_— ————————————————————
SINE—» _/_\_
Vi ofmin) :/T\: ————————————————————————— -—/—_—\—-— -
VS\N(mm)x VS\F’qmn)
Logic function {6l
101 101 101 101 XXX XXX t[s]
Drawing10_Voltage _level_diagram.vsd

Figure 18 Voltage level diagram

11.1.2 Downstream Supervisory Functions

A command- or data frame is interpreted as valid, if it has the correct number of clock pulses (a frame has a length
of 17 clock pulses). Clock pulses are counted at the falling edge of the signal.

There is no parity check.

If device receives no valid data frame for t > fy,5c mon, the device will switch off the output stages (exception: OUT15
or OUT16 if configured to delayed reset behavior and set the bit MSC_MON in DIAREGS6 to ‘0.

11.1.3 Command Frame

A command frame always starts with a high level bit (command selection bit). The number of bits of the active
phase of a command frame NCB is fixed to 17. A command is executed only if the number of the command bits
is equal to NCB = 17.

The length of the command frame’s passive phase #-pp must be a minimum of 2 * 7, (2 clock pulses).

Alternatively the passive phase can consist in 7opp = fr¢, (1 clock pulse) followed by a frame of wrong length (4...8
bits, with or without SSY active low) and a second #-pp = ¢, (1 clock pulse).
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Command frame

. passive
active phase
< > phase

shix sample trcL

| [T

(U

command bits command data bits \ don't ( invalid
CO ... C4 CDO ...CD7 care [\

selection bit (1=command)

SsY active =tCPP=
Drawing11_MSC_command_frame.vsd
Figure 19 MSC command frame
Content of a command frame (LSB transmitted first)
Table 23 Command frame
Bit # Description
0 (first bit) = ‘1’: command selection bit
1..5 Command [CO0...C4]
6...13 Data for the command [CDO...CD7]
14..16 don’t care 3 bits

The least significant (LSB) bit of a command is transmitted first.

11.1.4 Data Frame

A data frame always starts with a low level bit (data selection bit). The number of the bits of the active phase of a
data frame NDB is fixed to 17 bit.

A data frame is accepted if the actual length is the expected length NDB.

MSC Monitoring fysc_mon IS re-triggered by any data frame with correct length (no other error detection mechanism
is implemented).

The length of the data frame’s passive phase 7ppp must be a minimum of 2 * 7 (2 clock pulses).

Alternatively the passive phase can consist in fppp = #r¢, (1 clock pulse) followed by a frame of wrong length (4...8
bits, with or without SSY active low) and a second #ypp = ¢, (1 clock pulse).
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B data frame R
. passive
- active phase »| phase
shift sample o
i
Sl invalid )\(R( OUTREG data bits 1 ... 16 X inpvalid
— i selection bit (O=data)
|
SSY ! active ooPe
|
Drawing12_MSC_data_frame.vsd

Figure 20 MSC data frame

There is no parity bit in the data frame.
Table 24  Data frame

OUTREG Bit Description

0 (first bit) =‘0’: data selection bit (R-A 1.5.3)
1 OUT1 stage data"
2 OUTS3 stage data"
3 OUTS5 stage data?
4 OUT7 stage data®
5 OUT9 stage data"
6 OUT11 stage data?
7 OUT13 stage data"
8 OUT17 stage data®
9 OUT?2 stage data"
10 OUT4 stage data"
11 OUT6 stage data®
12 OUTS stage data"
13 OUT10 stage data®
14 OUT12 stage data"
15 OUT14 stage data"
16 OUT18 stage data"

1) The control bit is non inverting, i.e. if a control bit is ‘1’ the corresponding stage is off.
The stages OUT15 and OUT16 are accessed by command frame (WR_OUT1516) due to their optional special

functions (delayed reset behavior on ABE, RST, ...).
The data is stored in register OUTREG.
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11.2 Upstream Communication
The serial data output [SDO] is the synchronous serial data signal of the upstream channel.

The polarity for [SDO] is ‘non inverting polarity’— i.e. a low level bit at [SDO] is stored in the micro controller as a
logic ‘0°, and a high level bit at [SDO] is stored in the micro controller as a logic ‘1°.

Micro controller TLE8718SA
SO S|

Downstream '
Channel FCL FC
Divider Divider

Upstream Sl SDO Shift
Channel Control
Drawing13_MSC upstream communication .vsd

Figure 21 MSC upstream communication (not tested, overview only, Single Ended)

The serial data output (SDO) is single-ended.
The frequency for SDO is derived from FCL (or FCLN/FCLP) by an internal divider and can be configured via MSC.

Read request for 1 register Read request for 2 registers
l read requests are ignored during a running upstream
write requests and data frames are executed

ssY 1 0

) . During tMSC_RSP all requested registers are copied into a shadow register from where
i 8 bit data field they are upstreamed via SDO.
tusc_rsp T ad > tusc_RsP Requested diagnostic registers are deleted after they are copied to the shadow register.
+4—+ fspo
SO ) oquo jucejuosfuoduoshuoel > arwviséip:sé‘l’l”:sé‘l’lp P> %uotunzuosjunduoguos Ug;l?‘ariq b"i b"i P oquo fuouosunduosuceg o] arir)lséip:ﬁéip?;ip
¢—— 13 bit upstream data frame —4 t4—— 13 bit upstream data frame ——»4—— 13 bit upstream data frame —»~

Drawing14_MSC upstream frame .vsd

Figure 22 MSC upstream frame

Table 25  Upstream frame

Bit description

0 start bit, always ‘0’

1-8 upstream data bits UDQ...7

9 parity bit (The parity bit is set in order to achieve an even number of ‘1’ in Bits
UDO...7+Parity)

10, 11,12 stop bits, always ‘1’

Transmission of the registers via upstream starts within #,5c rgp after read command has been received. If a read
command is received the device will ignore further read commands until the upstream data transfer is finished. A
new read command is accepted if the rising edge SSY arrives after the last stop bit has been sent. Write
commands or data frames are executed independently of ongoing read requests. If the write command is changing
the register which is in transmission, the old register content will be sent (see Figure 22).
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11.3 Timing Characteristics

P 1/MfrcL N|
| ! !

FCL , AN m
| | /

] t'setup | thoId ! tswitch :

[ ! l '

sl — > )
! | : fs | <= tssysetup

SYhold, |

SSY : /|/ ! L

| eer
SDO ! .

Drawing16_MSC_timing.vsd

Figure 23 MSC timing
The downstream clock within the device is always running; each upstream data frame (i.e. each answer to a READ
command) is synchronized with this clock.

The upstream response time fysc rsp describes the time between end of read command (rising edge of SSY) to
beginning of up-stream communication (falling edge of start bit).

1.4 Internal Clock Signal

The MSC interface is synchronously clocked by the external MSC clock signal (FCL or FCLN/FCLP). If this clock
signal is missing the communication is halted.

All other functions of the circuit are available independently of an external MSC clock signal FCL or FCLN/FCLP.
The internal clock source is used for:

» Diagnosis filtering

» Self protection

* Reset extension

* MSC data stream supervisory

» Delayed reset behavior of OUT15 and OUT16

» Delayed disabling inputs (DIS5_10, DELAYIN)

The internal clock signal is generated independently from MSC clock (FCL or FCLN/FCLP).

The internal oscillator is functional in undervoltage Vpp 1y @above Vpp por- By this way it is guaranteed that in

undervoltage condition or during micro controller reset the diagnostic filters (e.g. stage shut off on SCB) and the
delayed reset of OUT15 and OUT16 are functional.
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11.5 Electrical Characteristics

Table 26 Micro Second Channel

4.5V < Vpp <5.5V, 4.5V < Vgt < 40V, all voltages with respect to PGND, positive current flowing into pin.,
T, = -40°C to +150°C, unless otherwise specified

Pos. |Parameter Symbol Values Unit | TC | Conditions
min. ‘typ. ‘max.
Internal Clock
11.5.1 | Frequency of internal clock ‘leT ‘0.7 ‘— ‘1.1 ‘MHZ‘C -
Pin SSY
11.5.2 |Input comparator low level Vssy ow |-0.3 - 0.8 \Y B |-
11.5.3 | Input comparator high level Vssy nign | 1.6 - |36 \ B |-
11.5.4 |Input comparator hysteresis Vssy nys |01 - |05 \Y c |-
11.5.5 |Input capacitance Cssy - - |10 pF |[C |-
11.5.6 |Input current Isgy -100 - |-10 MA A | 0V<Vggy<2V
Internal pull up current source to Vpp
Pins FCLP, FCLN
11.5.7 |Input voltage range VecLps 0.8 - 1.6 \Y Cc |-
Veen
11.5.8 | Differential input high detection level, VFCLX_high 25 - 125 mV |C |-
Vecix nigh=Vectp=Vrcin
11.5.9 | Differential input low detection level, Vecix ow  |-125 - |-25 mVv |C |-
VFCLx_Iow: Vecte=Vecin
11.5.10| Input voltage offset, Vecix o | 1.05 - 1.4 \ Cc |-
Vecix o=0-5* (Vectpt Veoin)
11.5.11 | Differential capacitance between; FCLP | Crq - - |8 pF |C |-
and FCLN
11.5.12 | FCLP Input pull up current; FCLP: Iecip -25 - -3 MA  |A | OV<Vqp<2V
internal pull up current source;
11.5.13| FCLN Input pull down current; FCLN: | Irq 6 - |50 MA |A | IV<Veen<Vp
internal pull down current source
Single ended/Differential selection
11.5.14 | FCLN low level for MSC “single ended | Veg N se |-0.3 - |04 \% B |-
selection” ow
11.5.15 | FCLN high level for MSC “low voltage VFCLN_‘%,_h 0.8 - 36 \Y B |-
differential selection” igh
Pin FCL
11.5.16 | FCL input low voltage Vecl jow |03 - 108 \% B |-
11.5.17 | FCL input high voltage Vecl nigh |16 - |36 \Y B |-
11.5.18 | FCL input hysteresis VecL nys |01 - |05 \Y Cc |-
11.5.19 | FCL Input current. Internal pull down Ieq, 10 - 100 MA |A | IV<Vee <Vpp
current source to PGND;
Clock Frequency
11.5.20 | FCLP, FCLN frequency Jfrelx 4 - |23 MHz |B | Vpp por<Vpp<
5.5V
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Table 26 Micro Second Channel

4.5V < Vpp <5.5V, 4.5V < Vgt < 40V, all voltages with respect to PGND, positive current flowing into pin.,
T; = -40°C to +130°C, unless otherwise specified

Pos. |Parameter Symbol Values Unit | TC | Conditions
min. typ. | max.
11.5.21 | FCL frequency JfreL 4 - 12.5 MHz |B | Vpp por<Vpp<
5.5V
Pins SIP, SIN
11.5.22 | Input voltage range Vsips Voin 0.8 - |16 \ Cc |-
11.5.23 | Differential input high detection level, Vsix_nigh |29 - 125 mvV |[C |-
VSIx_high=VSIP_VNSI
11.5.24 | Differential input low detection level, Vsix_ow -125 - |-25 mv |C |-
VSIx_Iow: Vsir—=Vsin
11.5.25| Input voltage offset, Vsix_off 1.05 - |14 \ Cc |-
Vsix 0=0.5*(Vsip*Vsin)
11.5.26 | Differential capacitance between SIP Caiy - - |8 pF |C |-
and SIN
11.5.27 | Input pull up current; SIP: internal pull up | Igp -25 - -3 MA |A | OV<Tgp<2V
current source
11.5.28 | Input pull down current; SIN: internal pull | Ig 6 - |50 MA A [ IV<Vgn<VDD
down current source to PGND
Pin SI
11.5.29 | Sl input low voltage Vsi jow -0.3 - |08 \ B |-
11.5.30 | Sl input high voltage Vsi_nigh 1.6 - |36 \Y B |-
11.5.31| Sl input hysteresis Vsi hys 0.1 - |05 \ Cc |-
11.5.32| Sl Input current; Internal pull up current | I, -100 - |-10 MA A | 0V<Vg<2V
source to Vpp
Pin SDO
11.5.33| SDO output low level Vspo iow: |~ - |08 \ C |Igpo<4mA;
Vspo_iow |- - |04 VoA [ Igpo<TmA
11.5.34 | SDO passive output high voltage Vsoo nign | Voo— | Voo |— \Y C |noload
1.5
11.5.35 | Maximum current (short circuit limited | Ispg max |15 S mA |[C |-
current)”
11.5.36 | SDO pull-up current source Ispo nign |50 - |-10 MA |A | 0V<Vgpo<2V,
2)
11.5.37| SDO (high level = inactive) pin capacity | Cgpo - - 10 pF |C |measured with
bias voltage of
%
11.5.38 | SDO frequency; maximum upstream | fspo 550 - |- kHz |C |1kQand
frequency with external pull-up C,=50pF
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Table 26 Micro Second Channel

4.5V < Vpp <5.5V, 4.5V < Vg7 < 40V, all voltages with respect to PGND, positive current flowing into pin.,
T; = -40°C to +130°C, unless otherwise specified

Pos. |Parameter Symbol Values Unit | TC | Conditions

min. ‘typ. ‘max.

Timing Characteristics ¥

11.5.39 | Data hold time thold 10 - |- ns |C |-

11.5.40 | Data Setup time Lsetup 10 - |- ns |[C |-

11.5.41 | Switching time fowitch - - |3 ns |C |-

11.5.42 | FCL low time frcLiow 13 - |- ns |C |-

11.5.43 | FCL high time fECLhigh 13 - |- ns |C |-

11.5.44 | SSY setup time lssysetup | O - |- ns |[C |-

11.5.45| SSY hold time Ssvhold 17 - |- ns |[C |-

11.5.46 | MSC data timeout monitoring 'msc_mon |60 - 135 us |B |-

11.5.47 | MSC upstream response time; up- Iusc RsP |~ - 100 us |[C |freL OF
stream divider independent Jfrex=4MHz
(CONREG4_FCL_CONFx)

11.5.48 | Required idle time after command tepp 2fec. |- |- s CcC |-

(2 clock
pulses)
11.5.49 | Required idle time after data frame 'opp 2fec. |- |- ] Cc |-
(2 clock
pulses)

1) Integrated protection functions are designed to prevent IC destruction under fault conditions. Fault conditions are
considered as “outside” normal operating range. Protection functions are not designed for continuous or repetitive
operation. Application must take care, that current into this pin does not exceed 15mA.

2) SDO as Output is not active
3) See Figure 19, Figure 20 and Figure 23.
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12 Control of the device

12.1 Commands

Table 27 Command Overview

Command SB [C0...4 |CDO...7 DC |Description

- 1 00000 | xxxx xxxx |xxx |Invalid command

WR_CONREG1 1 ]10000|CDQ...7 xxx | Configuration of switch off or current control by SCB for
OuUT1...8

WR_CONREG2 1 101000 |CDO...7 xxx | Configuration of switch off or current control by SCB for
OuUT9...14, 17,18

- 1 11000 | xxxx xxxx [xxx |Invalid command

WR_CONREG3 |1 |00100CDO...7 xxx | Configuration of diagnostic pull-down current and Open

Load OL of OUT11...14, 17, 18, DELAYIN_FIL and
EXT_SCB

- 1 10100 | xxxx xxxx |xxx |Invalid command

- 1 101100 | xxxx xxxx |[xxx |Invalid command
WR_0OUT1516 1 |11100|CDOQ...7 xxx | Configuration of OUT 15, 16, switch off or current control by

SCB for OUT15, 16, configuration of diagnostic pull-down
current and Open Load OL. Special behavior (time delay)

WR_RST 1 100010 | xxxx xxxx |xxx |Soft reset via MSC (clear diagnostic registers)

- 1 10010 | xxxx xxxx |xxx |Invalid command

- 1 101010 | xxxx xxxx |xxx |Invalid command

WR_START 1 [11010 | xxxx xxxx |xxx |Enable OUT1...14, OUT17 and OUT18

- 1 100110 | xxxx xxxx |xxx |Invalid command

WR_CONREG4 1 [10110|CDO...7 xxx | Configuration of DELAYIN delay, upstream frequency

divider and Vpp monitoring
WR_TESTREG 1 ]01110|CDO...7 xxx | For factory tests only. Do not use this command.
- 1 11110 | xxxx xxxx |xxx |Invalid command

RD_CONFIG 1 ]00001|CDQ...7 xxx | Request content of configuration registers CONREG1...4,
OUT1516, TESTREG

- 1 10001 | xxxx xxxx |xxx |Invalid command

- 1 01001 | xxxx xxxx |xxx |Invalid command

RD_DATA 1 [11001|CDO...7 xxx | Request content of diagnostic registers DIAREG1...7 and
IDENTREG

00101 | xxxx xxxx |xxx |Invalid command

10101 | xxxx xxxx |xxx |Invalid command

01101 | xxxx xxxx |xxx |Invalid command

11101 | xxxx xxxx |xxx |Invalid command

00011 | xxxx xxxx |xxx |Invalid command

10011 | xxxx xxxx |xxx |Invalid command

WR_FUSE_SC

|
AlAa A Al aAala

01011 |CDO...7 xxx | Active during factory test mode only. For factory tests only.
Do not use this command.

- 1 11011 | xxxx xxxx |xxx |Invalid command
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Table 27 Command Overview
Command SB [C0...4 |CDO...7 DC |Description
WR_SEL _THRES |1 |00111|CDO...7 xxx | Active during factory test mode only. For factory tests only.
Do not use this command.
- 1 10111 | xxxx xxxx |xxx |Invalid command
- 1 01111 | xxxx xxxx |xxx |Invalid command
- 1 11111 | xxxx xxxx |xxx |Invalid command
12.1.1 WR_OUT1516
Table 28 Command WR_OUT1516
SB |[C CDO CD1 CD2 CD3 CD4 CD5 CD6 CD7 DC
1 11100 |OUT15_C|OUT15_ |OUT15_ |OUT15_ |OUT16 _C|OUT16_ |OUT16_ |OUT16_ |xxx
ONTROL |DELAY |DIAC SCB ONTROL |DELAY |DIAC SCB
COMMAND- or DATA  DATA DATA CMD*  DATA CMD* DATA CMD*  DATA DATA
DATA Frame
(correct length)
POR CMD does not
- re-trigger
tmsc_mon
tusc_mon timer is
not re-triggered
tmsc_moN 'M% >7/L> *
tusc _mon timer lis re-triggered
mime POR, RST or
read DIAREG 6 re-sets
D|AREGS DIAREG6.MSC_MON
: —>
MSC_MON
* CMD WR_OUT1516 oMD
* CMD WR_OUT1516 .CDO or.CD4 =ON K
C not vali ause WR_OUT1516
CD0orCh4 = O DIAREESG.ll\jgeCQ MON | -CDO or.CD4 = ON
OUT15 or 16 OFF — on not set valid
(standard switch-off)
tbELRES
S
OUT15 or 16 oFF on
(delayed switch-off)
WR_0OUT1516 _after_POR .vsd

Figure 24 OUT1516 after Power ON (POR) and in dependency of tysc won
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The MSC timeout counter is started from its initial state when POR and RST are released. The diagnosis flag
DIAREG6.MSC_MON is initially set to ‘1°. Every valid data frame resets and restarts the MSC timeout counter as
long as it has not expired. Hence data frames should be sent in intervals shorter than tysc mon-

If no valid data frame is received within tysc mon, the MSC timeout counter will expire, clear the
DIAREG6.MSC_MON flag and switch off the output stages. An exception may be OUT15/16 which are switched
off after tyg res if they are configured to delayed reset behavior. All other functions are not influenced by the MSC
timeout, e.g. MSC upstream data transfer is not halted.

Once the MSC timeout counter has expired a data frame will neither restart the timeout counter nor set the
diagnosis flag nor turn on any output. In order to enable the output stages again after an MSC timeout the following
steps are necessary:

1) DIAREG6 must be read to set the DIAREG6.MSC_MON bit and restart the MSC timeout counter.

2) Subsequent data frames or WR_OUT1516 commands are needed to switch on the outputs again.

Command frames other than RD_DATA for DIAREG6 will neither influence the MSC timeout counter nor the
DIAREG6.MSC_MON flag.

The WR_OUT1516 output is a ‘high’-strobe after the command has been received. (See Figure 1)

The fpg res time-out counter generates a ‘low’ pulse of #5g geg after the ‘Restart’ input has been activated by ‘high’
pulse. A ‘high’ pulse on input ‘Discard’ makes the timer expire without waiting for 7o, res, the output then is ‘high’-
level (failure will reset OUTn control register).

The inputs of the OUTn-control flip-flop are active high and ‘R’ is dominant, output is non inverting.

OUT15 and OUT16 can be configured individually to delayed reset, only one timer (#yg res) iS Needed as both
outputs are accessed in the same command frame and no independent restart is possible.

The functions are:
» switch OFF
» switch ON, no delay

» switch ON, restart timeout counter for delayed reset behavior
* keep state, restart timeout counter for delayed reset behavior

121.2 WR_RST
Table 29 Command WR_RST

SB Co0..4 CDoO...7 DC
1 00010 XXXX XXXX XXX

The command triggers a soft reset via MSC. Diagnostic registers are cleared.

If WR_RST command arrives during an up-stream burst, then all diagnostic registers are cleared. The incoming
frame is sent with the uncleared content of the DIAREG and the rest of the frames are send with the cleared

content.

12.1.3 WR_START
Table 30 Command WR_START

SB Co0..4 CDO0...7 DC

1 11010 XXXX XXXX XXX
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The command clears the bit OUTPUT_STBY = '0’. With OUTPUT_STBY =’1’ the output registers OUTREG of
OUT1...14, 17, 18 are reset. Control of OUT15 and 16 is still possible by register OUT1516. The OUTPUT_STBY
bit is set by power-on-reset or by active low signal on pin RST.

OUTPUT STBY activated

COMMAND- or DATA® CMD™  DATA  DATA  DATA DATA DATA CMD* DATA  DATA
DATA Frame
(correct length)
POR or RST I-
- CMD doe_s not
r;—tngger tMS;: Jth i mefeLS
SC_MON not re-trigger
—
tmsc_mon #%:! —_w

tusc _mdn timer is re-triggered
in-timg

POR or RST re sets

DIAREGSG. DIAREG6.MSC_MON

MSC_MON

- * CMD WR_STA-RIT

re-sets DIAREG6.

OUTPUT_STBY
DIAREGS6.
OUTPUT_STBY

* DATA does not influence
OUTn until
WR_START has been send pr—
ON or OFF
dependent on
OUT1...14,17, 18 OFF oot of DATA OFF
OUTPUT STBY de-activated
COMMAND- or DATA*  CMD** DATA DATA DATA DATA CMD*** DATA CMD** DATA

DATA Frame
(correct length)
POR or RST

= CMD does not

r:jrigger tusc_mon timer is
SC_voN not re-triggered

tmsc_MoN # W - >

tusc _mon timer is re-triggered
in-time

= CMD
Read DIAREG 6 re-sets
DIAREGS6. DIAREG6. MSC_MOL
MSC_MON
** CMD WR_STA;T
re-sets DIAREG6.
OUTPUT_STBY
DIAREGS6.

OUTPUT_STBY

. **CMD WR_START
* DATA does not influence b

has no influence
OUTn until —(‘
WR_START has been send

ON or OFF

OuUT1...14, 17,18 OFF dependent on oFF

content of DATA

WR_START_OUTPUT_DTB.vsd

Figure 25 Impact of WR_START to OUTPUT_STBY
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121.4 RD_CONFIG
Table 31 Command RD_CONFIG

Register SB |C0...4 CDo...7 DC
CONREG1 1 00001 XXXX XXX 1 XXX
CONREG2 XXXX XX1X
CONREG3 XXXX XXX
CONREG4 XXXX 1XXX
OouT1516 XXXT XXXX
not implemented XXX XXXX
OUTREG_EVEN XTXX XXXX
OUTREG_ODD TXXX XXXX

The RD_CONFIG command requests the device to transmit configuration register content via MSC upstream.
With the command data bit CD(0...7), it is masked which registers are to be transmitted.

If more than one register is requested the transmission is made from CD7 down to CDO (upstream transmission
of CONREGH1 first, CONREG2 second and so on). The request for a not implemented register is ignored.
121.5 RD_DATA

Table 32 Command RD_DATA

Register SB |CO0...4 CDO...7 DC
DIAREG1 1 11001 XXXX XXX 1 XXX
DIAREG2 XXXX XX1X
DIAREG3 XXXX XXX
DIAREG4 XXXX 1XXX
DIAREG5 XXXT XXXX
DIAREG6 XXTX XXXX
DIAREG7 XTXX XXXX
IDENTREG TXXX XXXX

The RD_DATA command requests the device to transmit diagnostic register content via MSC upstream. With the
command data bit CD(0...7), it is masked which registers are to be transmitted.

If more than one register is requested the transmission is made from CD7 down to CDO (upstream transmission
of DIAREGH1 first, IDENTREG last).

The Register which is sent on RD_DATA is deleted at the beginning of the transmission.

Data Sheet 66 Rev. 1.1, 2012-07-31



@neon TLE 8718 SA

/

Control of the device

12.2 Registers

12.2.1 CONREG1

Table 33 CONREG1

Reset sources: RST, power-on-reset

Controller read access: RD_CONFIG =1 00001xxxx xxx1 xxx’

Controller write access: WR_CONREG1 =1 10000 CDO0...CD7 xxx’

UD/CD |Name Description Reset value
OUT1_SCB ‘1 OUTn is switched off in case of SCB
OUT2_SCB ‘0": OUTn current limited mode in case of SCB
OUT3_SCB
OUT4_SCB
OUT5_SCB
OUT6_SCB
OUT7_SCB
OuUT8_SCB

N O b wWN O
Alalalalalalala

12.2.2 CONREG2

Table 34 CONREG2

Reset sources: RST, power-on-reset

Controller read access: RD_CONFIG =1 00001 xxxx xx1x xxx’

Controller write access: WR_CONREG2 =1 01000 CDO0...CD7 xxx’

UD/CD |Name Description Reset value
OUT9_SCB ‘1 OUTn is switched off in case of SCB
OUT10_SCB ‘0': OUTn current limited mode in case of SCB
OUT11_SCB
OUT12_SCB
OUT13_SCB
OUT14_SCB
OUT17_SCB
OUT18_SCB

N oOo|lgalb~h WOIN~|O
Alalalalalalala
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Table 35

CONREG3

CONREG3

Control of the device

Reset sources: RST, power-on-reset

Controller read access: RD_CONFIG =1 00001 xxxx x1xx xxx’

Controller write access: WR_CONREG3 =1 00100 CDO0...CD7 xxx’

UD/CD |Name Description Reset value
0 OUT11_DIAC |'1%: OUTn diagnostic pull-down current and Open Load OL on 0
1 OUT12_DIAC ‘0": OUTn diagnostic pull-down current and Open Load OL off 0
2 OUT13_DIAC 0
3 OUT14_DIAC 0
4 OUT17_DIAC 0
5 OUT18_DIAC 0
6 DELAYIN_FIL 1% Long filter time for /g avin_cLiTcH_1ong SElECtEd 1
‘0% Short filter time for fpe avin_aLiTcH_snort SElECtEd
7 EXT_SCB “1': Extended SCB behavior of OUT5...0UT14 active (loy7, and Voyr, |0
are taken into account)
‘0‘: Default SCB behavior (only Ig 1, is taken into account)
12.2.4 CONREG4
Table 36  CONREG4
Reset sources: RST, power-on-reset
Controller read access: RD_CONFIG =1 00001 xxxx 1xxx xXxx’
Controller write access: WR_CONREG4 ='1 10110 CDO0...CD7 xxx’
UD/CD |Name Description Reset value
0 DELAYIN_CONFO See table below: configuration of DELAYIN delay 1
1 DELAYIN_CONF1 See table below: configuration of DELAYIN delay 1
2 FCL_CONFO See table below: divider settings for upstream frequency 1
3 FCL_CONF1 See table below: divider settings for upstream frequency 0
4 ABE_IMPACT" 1: ABE and VDD monitoring disables all Outputs with short delay | 1
0: ABE and VDD monitoring disables all Outputs with long delay
5 MON_TEST ‘1": VDD monitoring test inactive 1
‘0*: VDD monitoring test active
6 MON_THRES “1: Test undervoltage threshold 1
‘0": Test overvoltage threshold
7 MON_LATCH ‘1": Overvoltage failure will be latched. Normal operation after 1

reset, POR or by setting this bit to ‘0’
‘0%: Device returns to normal operation after overvoltage

1)In case of undervoltage of Vpp, specification is not fulfilled: e.g. protection functions might not work. (OUT=1...14,17,18)
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Table 37 CONREG4, DELAYIN configuration
Configuration of tpg ayy  delay

DELAYIN_CONF1 DELAYIN_CONFO | Description

1 1 Long delay #pg ayin 1> S€€ Item 7.0.16

0 1 Medium long delay /pg ayin_mLs S€€ Item 7.0.17
1 0 Medium short delay /pg avin_ms, S€€ Item 7.0.18
0 0 Short delay #pg avin_s: S€€ Item 7.0.19

Table 38 CONREG4, Upstream divider configuration”
Configuration of upstream clock divider

FCL_CONF1 FCL_CONFO0 Description

1 0 Upstream clock is fr /128
0 1 Upstream clock is frq /64
0 0 Upstream clock is frc /32
1 1 Upstream clock is fr¢ /16

1) Take care that Item 11.5.38 f5p is not exceeded.

12.2.5 OuUT1516

Table 39 OUT1516

Reset sources: RST, power-on-reset, ABE, over-/undervoltage, OUT1516 timeout , MSC_MON, RES15_16
Controller read access: RD_CONFIG =1 00001 xxx1 xxxx xxx’

Controller write access: WR_OUT1516 =’1 11100 CDO...CD7 xxx’

UD/CD |Name Description Reset value

0 OUT15_CONTROL |See table “Output stage switching” below 12)

1 OUT15_DELAY See table “Output stage switching” below 12)

2 OUT15_DIAC ‘1:0UT15 diagnostic pull-down current and Open Load OLon |0
‘0:0UT15 diagnostic pull-down current and Open Load OL off

3 OUT15_SCB ‘1. OUT15 is switched off in case of SCB 1
‘0": OUT15 current limited mode in case of SCB

4 OUT16_CONTROL |See table “Output stage switching” below 12)

5 OUT16_DELAY See table “Output stage switching” below 12)

6 OuUT16_DIAC ‘1":0UT16 diagnostic pull-down current and Open Load OLon |0
‘0":0UT16 diagnostic pull-down current and Open Load OL off

7 OUT16_SCB ‘1. OUT16 is switched off in case of SCB 1
‘0": OUT16 current limited mode in case of SCB

1) Timeout ty,.s Only resets the register if another failure (RST, ABE, over-/undervoltage, MSC-timeout) is still present. POR
and the filtered RES15_16 resets the register immediately.

2) After POR has occurred or RES15_16 is released OUT15, OUT16 starts in OFF- state. OUTn_DELAY, OUTn_CONTROL
reset Values remain ='1’
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Table 40 OUT1516, Delay configuration
Output stage switching

OUTn_DELAY OUTn_CONTROL |Description

1 1 keep state, restart timeout counter for delayed reset behavior
0 1 switch OFF

1 0 switch ON, restart timeout counter for delayed reset behavior
0 0 switch ON, no delay

12.2.6 OUTREG_EVEN

Table 41 OUTREG_EVEN

Reset sources: RST, power-on-reset, ABE, over-/undervoltage, MSC_MON, OUTPUT_STBY

Controller read access: RD_CONFIG =1 00001 x1xX XXXX XXX’

Controller write access: Data Frame =’0 x UDO x UD1 x UD2 x UD3 x UD4 x UD5 x UD6 x UD7’

UD |Name Description Reset value
0 |0OuUT2 ‘1 OUTREG of OUTn is set to “ON”""
1 OUT4 ‘0 OUTREG of OUTn is set to “OFF”
2 |OUT6
3 |0OUT8
4 |0OUT10
5

6

7

1

ouT12
ouT14
ouT18
) OUTREG_EVEN contains the inverted status of what is programmed via a data frame into OUTREG.

OO0l O0OlO0O|lO|O|O

12.2.7 OUTREG_ODD

Table 42 OUTREG_ODD

Reset sources: RST, power-on-reset, ABE, over-/undervoltage, MSC_MON, OUTPUT_STBY
Controller read access: RD_CONFIG =1 00001 1xxX XXXX XXX’

Controller write access: Data Frame =’0 UDO x UD1 x UD2 x UD3 x UD4 x UD5 x UD6 x UD7 x’

UD |Name Description Reset value
0 |OUT1 ‘1. OUTREG of OUTn is set to “ON"V'0": OUTREG of OUTn is set |0
1 |OUT3 to "OFF” 0
2 |OUTh5 0
3 |OUT7 0
4 |OUT9 0
5 0
6 0
7 0
1

OouT11
OouUT13
ouT17
) OUTREG_ODD contains the inverted status of what is programmed via a data frame into OUTREG.

Data Sheet 70 Rev. 1.1, 2012-07-31



@neon TLE 8718 SA

/

Control of the device

12.2.8 DIAREG1

Table 43 DIAREG1
Reset sources: RST, power-on-reset, WR_RST, RD_DATA ="1 11001 xxxx Xxx1 Xxx’
Controller read access: RD_DATA ="1 11001 xxxx xxx1 xxx’

Controller write access: -

c
O

Name Description Reset value
OUT1_DIA1 See Table 44

OUT1_DIA2
OUT2_DIA1

OUT2_DIA2
OUT3_DIA1

OUT3_DIA2
OUT4_DIA1
OUT4_DIA2

N Ol WINI—~|O
Alalalajlalalala

Table 44 Encoding of diagnosis information

Encoding of the diagnosis bits of the device

OUTn_DIA2 OUTn_DIA1 description

1 1 Power stage ok

1 0 Short circuit to battery (SCB) or diagnostic overtemperature (DOT)
0 1 Open load (OL)"

0 0 Short circuit to ground (SCG)

1) OL only available when OUTn_DIAC="1’

12.2.9 DIAREG2

Table 45 DIAREG2

Reset sources: RST, power-on-reset, WR_RST, RD_DATA =1 11001 xxxx xX1x xxx’
Controller read access: RD_DATA =1 11001 xxxx xx1x xxx’

Controller write access: -

UD |Name Description Reset value
OUT5_DIA1 See Table 44
OUT5_DIA2
OuUT6_DIA1
OUT6_DIA2
OUT7_DIA1
OUT7_DIA2
OUT8_DIA1
OUT8_DIA2

NIoOOga|h~WIN —~|O
Alalalajlalalala
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12.2.10 DIAREG3

Table 46 DIAREG3
Reset sources: RST, power-on-reset, WR_RST, RD_DATA =1 11001 xxxX X1xX XXX’
Controller read access: RD_DATA ="1 11001 xxxx X1xx xxx’

Controller write access: -

c
O

Name Description Reset value
OUT9_DIA1 See Table 44

OUT9_DIA2

OUT10_ DIA1

OUT10_ DIA2

OUT11_ DIA1

OUT11_DIA2

OuUT12_ DIA1

N Ol WINI—~|O
Alalalajlalalala

OuUT12_ DIA2

12.2.11 DIAREG4

Table 47 DIAREG4
Reset sources: RST, power-on-reset, WR_RST, RD_DATA =’1 11001 xxxx 1xxx XXx’
Controller read access: RD_DATA =1 11001 xxxx 1xxx xxx’

Controller write access: -
UD |Name Description Reset value
OUT13_DIA1 See Table 44
OUT13_DIA2

OUT14_DIA1
OUT14_DIA2
OUT15_DIA1

OUT15_DIA2
OUT16_DIA1

N OO~ WIN —~|O
Alalalajlalalala

OUT16_DIA2
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12.2.12 DIAREG5

Table 48 DIAREGS

Reset sources: RST, power-on-reset, WR_RST, RD_DATA =1 11001 xxx1 XXXX XXX’
Controller read access: RD_DATA ="1 11001 xxx1 xxxx xxx’

Controller write access: -

UD |[Name Description Reset value
0 |OUT17_DIA1 See Table 44 1
1 OUT17_DIA2 1
2 |OUT18_DIA1 1
3 |OUT18_DIA2 1
4 REVCUR_FLAG ‘1:Common Reverse Current Flag OUT1...18, no reverse current |1

‘0:Common Reverse Current Flag OUT1...18, Reverse current any
stage for longer than tgeycur

5 |OUT15_STATUS ‘0: OUT15is ON" 0?
‘1: OUT15 is OFF

6 |OUT16_STATUS ‘0: OUT16 is ON" 0?
‘1. OUT16 is OFF

7 |RES15_16_STATUS | ‘0 DELAYIN > Vg5 16 4 for longer than foe; avin eLicH x 12)

‘1" DELAYIN < Vgesis 16 1
1) ’1’=0OFF: Channel is currently either in OFF-state (State A, C or D, see Figure 12), during falling edge or in clamping

‘0'=ON: Channel is currently either in ON-state (State B, see Figure 12), during rising edge or in current limitation.
2) Register data is asynchronously written and not latched by the device (status).
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DIAREG6

DIAREG6

Control of the device

Reset sources: RST, power-on-reset

Controller read access: RD_DATA ="1 11001 xx1x xxxx Xxx’

Controller write access: -

UD |[Name Description Reset value
0 OUTPUT_STBY ‘1": Outputs (1...14, 17, 18) disabled until command WR_START. |1
‘0% Output stages active, following MSC register data
Bit can be set = ‘0’ by command WR_START only
(see Chapter 12.1.3, Figure 25)
1 MSC_MON ‘1" No MSC monitoring timeout detected 1
‘0% Timeout: MSC monitoring has detected a transmission failure
and power stages are switched off (see Chapter 5.1, Table 21,
Chapter 11.1.2, ltem 11.5.46)
By activating the MSC communication this bit is not reset, only
readout of DIAREG6 or power-on-reset (POR) or RST will enable
output stages after MSC_MON has detected a failure.
2 POR_FLAG ‘1": Power-on-reset (POR) has happened. Bit is set by power-on- |RST and
reset only RD_DATA =
‘0": No POR since last readout. Bit is reset after RST or readout ‘0%;
POR ='1’
3 |ABE_STATUS ‘1": ABE inactive o
‘0": ABE active low disabling output stages
4 FAILURE_FLAG “1*; Common failure flag OUT1...18, no failure 1"
‘0": Common failure flag OUT1...18, any stage
5 |COTW ‘1": Overtemperature flag OUT1...18, no DOT 1
‘0%: Overtemperature flag OUT1...18, DOT any stage
This bit is latched, remaining 0’ after DOT disappears until register
is reset by RST, POR or RD_DATA.
6 |DIS5_10_STATUS |‘1:DIS5_10 > Vps5 10 1 for longer than 7p,g5 1 ov
‘0': DIS5_10 < Vp,s5 10  for longer than 75,55 10
7 |DELAYIN_STATUS |“1": DELAYIN > Vpg avin 1 for longer than g avin cLiTeH « oY
‘0" DELAYIN < Vg aviy o fOr longer than fogiayin x
1) Register data is asynchronously written and not latched by the device (status).
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12.2.14 DIAREG7

Table 50 DIAREG?

Control of the device

Reset sources: -

Controller read access: RD_DATA ="1 11001 x1xx Xxxx Xxx’

Controller write access: -

UD |[Name Description Reset value
0 not implemented 1
1 1
2 | 1
STATUS_SVBATT |“1": No overvoltage detected by SVBATT monitoring 1"
‘0": Overvoltage detected by SVBATT monitoring
4 |TEST_ACTIVE Device is currently 1
‘1’: in normal operation
‘0’: factory test mode is active
5 |STATUS OV ‘1 No overvoltage detected by VDD monitoring 112)
QV detection may be configured to be latched.
‘0: Overvoltage detected by VDD monitoring
6 |STATUS UV “1*: No under voltage detected by VDD monitoring o"
‘0%: Under voltage detected by VDD monitoring
7 |MON_TEST ‘1 VDD monitoring test inactive 13
‘0": VDD monitoring test active

1) Register data is asynchronously written and not latched by the device (status).
2) Dependent on CONREGH4, bit 7 setting, see Figure 16.

3) Same as CONREG4, bit 5
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12.2.15 IDENTREG

Table 51 IDENTREG

Reset sources: -

Controller read access: RD_DATA =" 1 11001 1xxx XXXX XXX’
Controller write access: -

UD [Name Description
Software revision

0 |[SW_REVO SW_REV1 SW_REV0

SW_REV1 A-step: 0 0

B-step: 0 1
C-step: 1 0
D-step: 1 1
Chip Revision

2 |CHIP_REVO CHIP_REV2 CHIP_REV1 CHIP_REVO

3 |CHIP_REV1 A-step: 0 0 0

4 |CHIP_REV2 B-step: 0 0 1
C-step: 0 1 0
D-step 0 1 1
E-step: 1 0 0
Chip identifier

5 |IDENTO IDENT2 IDENT1 IDENTO

6 |IDENT1 TLE8718SA: 1 0 0

7 |IDENT2

CHIP_REV is increased for “major’ design changes. SW_REV is increased for “minor” changes within each
CHIP_REYV separately.
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12.2.16 TESTREG

For factory tests only. Do not use this command.

Table 52 TESTREG

Control of the device

Reset Sources: RST, power-on-reset

Controller read access: -

Controller write access: WR_TESTREG =1 01110 CDO0...CD7 xxx’

CD |Name

Description

Reset value

TEST1
TEST2
TEST3
TEST4
TESTS
TEST6
TEST7
TEST8

N O b~ wWOWIN O

reserved for factory test mode

AR A A Al A

To enter in the test mode, a negative voltage on SVBATT (see Item 6.4.10) has to be applied together with a

WR_TESTREG. To leave the test mode, a RST or POR has to be performed.

12.2.17 SEL_THRES

Table 53  SEL_THRES

Reset Sources: RST, power-on-reset

Controller read access: -

Controller write access: WR_SEL_THRESH =1 00111 CDO...CD7 xxx’

CD |Name

Description

Reset value

SEL_TRESHO
SEL_TRESH1
SEL_TRESH2
SEL_TRESH3
SEL_TRESH4
SEL_TRESH5
SEL_TRESHG6
SEL_TRESH7

N oo~ WIN~|O

active only during factory test mode

R [ O (S U (N U (S U [ O G e N
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12.2.18 FUSE_SC

Table 54 FUSE_SC

Control of the device

Reset Sources: RST, power-on-reset

Controller read access: -

Controller write access: WR_FUSE_SC =’1 01011 CDO0...CD7 xxx’

CD |Name

Description

Reset value

FUSE_SCO

FUSE_SC1

FUSE_SC2

FUSE_SC3

FUSE_SC4

FUSE_SC5

FUSE_SC6

N oOo|lgalb~h WIN~|O

FUSE_SC7

active only during factory test mode

OO0/l O0OlO|O|O|O
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13 Application Information

Application Information

BAT
Reverse
| Polarity
L(i—‘_‘Protection
N Suppl °
[ pply

*2 — connected together without parasitic resistor inbetween
*3 - capacitor located close to the connector

] 5V l l l Vear
47uF  [1000F 47nF
PC'B- T ' T " Isn
Connector Liom
il ~ VDD
IM”F Logic Power
3 T frommicro controller SIP B TLow
1 100Q - 2UT1 :
BAS5V
100nF frommicro controller 2 4{ i
L SVT s ouT 47F 3
| | SABEV 11— - i i.
1 3 !
| c 47F 3 *
wo0uF | sonmeocons _—FCLP g QUT3 [3} o
< E3
1 100Q o > I
FCLN 2 4.70F *3
|
frommicro controller 8 / OUT4 37
® SAGEV
EFCL 2 o »%Q _i
| | g _ UT5 1 ,i{m: 3
|
ammicro contoler SSY ouTe AT0F g3
< 2.2A/55V - |
ouT7 4.7nF 3
2.2A55V 37‘ »_{nj' I?
SDO oUTS .
A micro contoler _ U T 1 >4_.7{n|= 3 :
ouUT9 4.T0F g3
frommicro controller O 1S5 10 Enable \ [2.2A56V 37,_{ T DI
OuUT10 [ |47y
o micro controller 2.2AI55V q
Q™1 " 1
- ELAYIN OUT11 4T0F 3
:’7{ '5 2.2A/55V 37 ’—{n
9 OUT12 !
> 37 4.70F 33—
= 2.2A155V ? Lo
E F ouUT13 B I
4.70F g3
'-'OJ T >_{nf ?
DELAYOUT oUTH4 .
micro controller jij‘llﬁlﬁ
2.2A/55V ._{ i
OuUT15 4TnF g3
¥ommicro conollr n ST Reset 0.6A/55V ji}_{mf :I
QUT16 [} 47oFgs
o micro controller Batte ry 0.6A/55V }_{ .i
10kE2 71 SVBATT Voltage ouT17 4.70F g3
Monitoring 0-6AISSY 37»—{ i
OouUT18 4TF g3
0.6A/55V [1— T Lo
ABE VDD. 1
o mro contole? Monitoring 4I0F '3 I
|
L PCB-
[
GNDABE PGND omneetor
L SIugIT|
B T I P P ——
Very good GND - - Max. + 0.3V -
connection ; no bouncing parasitic R parasitic R
. . eramic 4, N y
1-allracelengthatpin typ SOmm . - Coramic 470F - TOK. Typ G1005 XTR1C473K

*5 - capacitor located close to the IC ApplDiagr .vsd GND

Ceramic 100 nF : TDK, Typ C1608 X7R1H104K
Electrolytic 220uF : Nippon Chemi -Con, Typ MVH50VC220 MTPK14
Or similar types to achieve the needed ESD  -performance

Figure 26 Application Diagram (LVDS configuratic;n)

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

Note: The information is given as a hint for the implementation of the device only and shall not be regarded as a
description or warranty of a certain functionality, condition or quality of the device.
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Package Outlines

14 Package Outlines
1
T _11s015 ) B
11201 = é = 28 §§’/
-'b @y © | (L{[)'// o\
H \ Iy o/ M\
A == . J i) N
1874501 | L* ﬁ ﬁ @ 63 /J */]i
065 | (Heatslug) £[0.11C) 36x * T\ Heatslug
0.95 .13 _ _(?_95 £0.15
=i [3]0.25MWABIC] L 12303 | e
7% 0.65/= 11.05 Bottom View
36 19 19 36 S| s
MO0ARAARCANARAAN NOA0AMARATARAARDE o~ o
. Rid
Index Marking ] [ ] [
1 i A
\@) al T
AR g0 HHHARARE I ARRREY Heatslug
1x45 | 18 18 1374,
15.9:0.1"
~>—A]

1) Does not include plastic or metal protrusion of 0.15 max. per side
2) Stand off GPS09181

Figure 27 PG-DSO-36

Green Product (RoHS compliant)

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

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

15 Revision History

Revision Date Changes "
V1.0 2011-04-21 |Datasheet created. n
V1.1 2012-07-31 |IDENTREG in Table 51 changed from “101x xxxx* to “100x xxxx“.

Temperature Profile Table removed from Chapter 4.5

1) Functional Change
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Warnings
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