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Datasheet

Automotive rear door device with CAN FD and LIN

Features

. AEC-Q100 qualified ﬁ

. 1 half bridge for 7.5 A load (Ron = 100 mQ)

LQFP64L exposed pad down . 1 half bridge for 6 A load (Ron = 150 mQ)
(10x10x1.4 mm) 1 half bridge for 3 A load (Ron = 300 mQ)
. 1 configurable high-side driver for up to 1.5 A (Ron = 300 mQ) or 0.35 A
(Ron = 1600 mQ) load
. 2 high-side drivers for 0.5 A (Ron = 1.4 Q)
. 6 high-side drivers for 0.15 A (Ron =7 Q)

. CAN FD transceiver supporting communication up to 5 Mbit/s

L99DZ320 (ISO 11898-2/2016 and SAE J2284 compliant) with local failure and bus failure
diagnosis
. LIN transceiver ISO 17987-4/2016 compliant

. Advanced lock & fold closing by means of PWM control on HB6 and HB4-HB5
. Advanced short-circuit detection on all the half bridges

All HS drivers with constant current mode at startup to drive capacitive loads
Package LQFP-64
. Internal 10-bit PWM timer for each standalone high-side driver

. Buffered supply for voltage regulators and 2 high-side drivers (HS15&HS0/both
P-channel) to supply, for example, external contacts

. Programmable overcurrent recovery function, to drive loads with higher inrush
currents as current limitation value (for HB4-HB6, HS7-HS9)

. Flexible HS drivers (HS7-HS15 and HSO0), suitable to drive external LED
modules with high input capacitance value

. Programmable periodic system wake-up feature

. Complete 2-channel contact monitoring interface, with programmable cyclic
sense functionality, one of them also with DIR functionality

. Dedicated debug input pin

Packing Tape and reel

. Configurable window watchdog

. STMicroelectronics standard serial peripheral interface (32-bit/ST-SPI 4.0)
. Programmable reset generator for power-on and undervoltage

. Ultra low-quiescent current in standby modes

. No electrolytic capacitor required on regulator outputs

. Two 5 V voltage regulators for microcontroller and peripheral supply

. Central two-stage charge pumps

. Motor bridge driver for 4 external MOSFETSs, in H-bridge configuration with
short-circuit protection/diagnosis and openload diagnosis

. Diagnostic functions

. Current monitor output for all internal high-side drivers

. Digital thermal clusters

. The device contains temperature warning and protection
. Open-load diagnosis for all the outputs

. Overcurrent protection for all the outputs
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For further information contact your local STMicroelectronics sales office.
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Description

The L99DZ320 is a door zone system IC providing electronic control modules with enhanced power management
power supply functionality, including various standby modes, as well as LIN and CAN FD physical communication
layers. The device has two low drop voltage regulators to supply the system microcontroller and external
peripheral loads such as sensors and provide enhanced system standby functionality with programmable local
and remote wake-up capability. Moreover, the 9 high-side drivers (8 to supply LEDs and 1 to supply bulbs)
increase the system integration level; all the high-side drivers support the constant current mode for LED module
with high input capacitance. Up to 3 DC motors and 4 external MOS transistors in H-bridge configuration can be
driven in PWM mode up to 25 kHz. All the outputs are SC protected and implement an open-load diagnosis. The
ST standard SPI interface (4.0) allows control and diagnosis of the device and enables generic software
development.
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Block diagram and pin description

1 Block diagram and pin description

Figure 1. Block diagram
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Block diagram and pin description
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Figure 2. Pin connection (top view)

1 SH2
1 GH2
1 GH1
1 sH1
1 GL1
[ 15v.2
] LIN

] CAN_L

] CAN_SUP

] Debug
] N.C.
1 CAN_H

] 5V_1
I N.C.

LQFP-64 |

[ 1NRESET
1 DIRH
1 PWMH
[ JRxD_C
—1TxD_C

1 RxD_L/NINT
— 1TxD_L
1 CSN
—1DI
——1DO
1 CLK
[ IN.C.
——1cm
[ 1SGND
[ IN.C.
[ 1HS8

VSREG |

Table 1. Pin function

HSO [

HB4 ]
HB4 [
N.c. ]
vs [
HS15 ]
PGND [—]

External interrupt 1: input pin for static or cyclic monitoring of external contacts

® N o o N

EN
PWM4-5

PWM6/DIR2

CP2M
CP2P
CP
CP1P
CP1M

PWM input: this input signal can be used to control the HB4 or HB5

PWMB6 input -> this input signal can be used to control the HB6;

DIR2 -> direct HS drive 2

Charge pump pin for capacitor 2, negative side

Charge pump pin for capacitor 2, positive side

Charge pump output

Charge pump pin for capacitor 1, positive side

Charge pump pin for capacitor 1, positive side
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I

9 NC Not connected

10 NC Not connected

11 HS14 High-side driver output to drive LEDs

12 HS13 High-side driver output to drive LEDs

13 HS12 High-side driver output to drive LEDs

14 HS9 High-side driver output to drive LEDs. The channel is protected by overcurrent recovery feature
15 NC Not connected

16 HS11 High-side driver output to drive LEDs

Power supply voltage for power stage outputs (external reverse battery protection required), for this input a
17 Vs ceramic capacitor as close as possible to GND is recommended. Important: for the capability of driving, the full
current at the outputs all pins of VS must be connected externally

18 Vg; 2" pin | Current capability (pin description see above)

High-side driver output to drive LEDs or a 10 W bulb (programmable Rgson). The channel is protected by

19 HS7
overcurrent recovery feature

Half-bridge outputs: the output is built by a high-side and a low-side switch which are internally connected. The
output stage of both switches is a power DMOS transistor. Each driver has an internal parasitic reverse diode

20 HB6 (bulk-drain diode: high-side driver from output to VS, low-side driver from GND to output). The channel is
protected by overcurrent recovery feature
21 NC Not connected
22 NC Not connected
Half-bridge outputs: the output is built by a high-side and a low-side switch which are internally connected. The
23 HB5 output stage of both switches is a power DMOS transistor. Each driver has an internal parasitic reverse diode

(bulk-drain diode: high-side driver from output to Vs, low-side driver from GND to output). The channel is protected
by overcurrent recovery feature

24 HBS5; 2nd pin | Current capability (pin description see above)

Power supply voltage to supply the internal voltage regulators and the HSO (external reverse battery protection
25 VSREG required / diode) for this input a ceramic capacitor as close as possible to GND and an electrolytic back up
capacitor is recommended

26 HSO High-side driver output to drive LEDs or to supply contacts

Half-bridge outputs: the output is built by a high-side and a low-side switch which are internally connected. The
output stage of both switches is a power DMOS transistor. Each driver has an internal parasitic reverse diode

27 HB4 (bulk-drain diode: high-side driver from output to Vs, low-side driver from GND to output). The channel is protected
by overcurrent recovery feature

28 HB4; 2nd pin | Current capability (pin description see above)

29 NC Not connected

30 Vs 3 pin | Current capability (pin description see above)

31 HS15 High-side driver output to drive LEDs

32 PGND Power GND

33 HS8 High-side driver output to drive LEDs. The channel is protected by overcurrent recovery feature

34 NC Not connected

35 SGND Signal ground

36 cM Qurrent moniFor output: depending on the selected multiplexer bits pf the 'contrcl)l regist.er this output sources an
image of the instant current through the corresponding high-side driver with a fixed ratio

37 NC Not connected

38 CLK SPI: serial clock input

39 DO SPI: serial data output (push pull output stage)

40 DI SPI: serial data input
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Block diagram and pin description

I

41 CSN SPI: chip select not input
42 TXDL LIN transmit data input
43 RXDL/NINT | RXDL -> LIN receive data output; NINT -> indicates local/remote wake-up events
44 TXDC CAN transmit data input
45 RXDC CAN receive data output (push pull output stages)
46 PWMH PWMH input: this input signal can be used to control the H-bridge gate driver
47 DIRH Direction Input: this input controls the H-bridge drivers for the external Power MOSFETs
48 NRESET Power GND NReset output to microcontroller; internal pull-up of typical 110 kQ (reset state = LOW) (open drain
output stage)
49 N.C. Not connected
50 5V_1 Voltage regulator output: 5 V supply for example microcontroller, CAN transceiver
51 CAN_SUP | CAN supply input; to allow external CAN supply from V1
52 CAN_L CAN low level voltage I/0
53 CAN_H CAN high level voltage 1/0
54 N.C. Not connected
55 Debug Debug input to deactivate the window watchdog (active high). Voltage capability linked to Vg
56 LIN LIN bus line
57 5V 2 Voltage regulator output: 5 V supply for external loads (potentiometer, sensors). V2 is protected against reverse
- supply
58 GL1 Gate driver for Power MOSFET low-side switch in half bridge 1
59 SHA1 Source of high-side switch in half bridge 1
60 GH1 Gate driver for Power MOSFET high-side switch in half bridge 1
61 GH2 Gate driver for Power MOSFET high-side switch in half bridge 2
62 SH2 Source of high-side switch in half bridge 2
63 GL2 Gate driver for Power MOSFET low-side switch in half bridge 2
o4 DIR1/EI DIR1 -> direct HS drive 1;
EI2 -> input pin for static or cyclic monitoring of external contacts
- TAB Ground connection

DS14235 - Rev 5 page 6/146



‘_ L99DZ320
,’ Electrical specifications

2 Electrical specifications

2.1 Absolute maximum ratings

Stressing the device above the rating listed in the Table 2. Absolute maximum ratings may cause permanent
damage to the device. These are stress ratings only and operation of the device at these or any other conditions
above those indicated in the operating sections of this specification is not implied. Exposure to absolute maximum
rating conditions for extended periods may affect device reliability.

Table 2. Absolute maximum ratings

e ——l e L i

Vs, Vsreg DC supply voltage/jump start 0.3
\Y
Vs, Vsreg DC supply voltage/load dump -0.3 40
5V1 Stabilized supply voltage, logic suppl Vi< 0.3 6.5 V
pply ge, log pply VsreG - .
5V2 Stabilized supply voltage (") -0.3 28 \%
VbiVeik, Vesn,
VDo, VRXDL/NINT:
VRrxpcs VNRESET, -
Logic input/output voltage range -0.3 V1+0.3 | V
Vem: VPwMH, gieinp P g o
Voire, VPwie,
Vpwm4-5
Vixpe, VrxpL | Logic input/output voltage range -0.3 V1+0.3 | V
Vbebug Debug input pin voltage range -0.3 Vs+0.3 V
VEN DC external input voltage/‘jump start” -0.3 28 V
VDIR1/EI2 DC external input voltage/‘jump start” -0.3 28 V
VLIN LIN bus I/0 voltage range -27 40 \Y
lnput Current injection into Vg related input pins 20 mA
lout_inj Current injection into Vg related outputs 20 mA
Vcansup CAN supply 0.3 525 |V
Veant: Veane | CAN bus I/0 voltage range -27 40 \Y
VeanH - Veane | Differential CAN-bus voltage -5 10 \Y
Output voltage:
VuBns VHSm
HBn: YHSM: . for HB (n = 4 to 6) 0.3 Vg+03  V
Vhso
cforHS(m=7to)
VGH1, VGH2, . ) .
High voltage signal pins Vept0.3 | Vgyy-0.3 Vsyy*t13 |V
(Vny)
Va1, VaLz High voltage signal pins Vcp+0.3 -0.3 12 \
High voltage signal pins -1 40 \Y
Vsh1, VsHz (Vsxy) ) X ) i
High voltage signal pins; single pulse with tnzx. = 200 ns -5 40 \Y
Vepip High voltage signal pins Vs-0.3 Vg+10 =V
Vepop High voltage signal pins Vs-0.6 Vg+10 |V
Vepim, Vepam | High voltage signal pins -0.3 Vg+0.3 | V
Vg<26V Vs-0.3 Vst+14
Vep High voltage signal pin \Y
Vg>26V Vs-0.3 40
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Electrical specifications

symbol | parameer " Goaen | _tin [Ty ox_un|

IHs9, HS11, HS12,

HS13, HS14, HS15, | Output current () -1.25 1.25 A
HSO0
IHss Output current®) 2.5 25 A
IHs7 Output current?) -5 5 A
IHBe Output current® 5 5 A
IHB4,5 Output current® -10 10 A
Maximum cumulated current at Vg drawn by HS8(?) -2.5 2.5
Maximum cumulated current at Vg drawn by HB4(*) -10 10
ISeum Maximum cumulated current at Vg drawn by HB5(®) -10 10 A
Maximum cumulated current at Vg drawn by HB6 & HS7() -75 7.5
Maximum cumulated current at Vg drawn by HS9, HS11, 25 25
HS12, HS13, HS14, HS15 and CP
lvsrReG Maximum current at Vsgreg pin®® (5V_1. 5V_2 and HSO0) -2.5 2.5 A
Maximum cumulated current at PGND drawn by HB6®) -7.5 7.5
IPGNDcum Maximum cumulated current at PGND drawn by HB5(®) -12.5 12.5 A
Maximum cumulated current at PGND drawn by HB4(*) -12.5 12.5
IsenD Maximum current at SGND@) -1.25 1.25
GND pins PGND vs SGND -0.3 0.3

L99DZ320 is protected against 5V2 shorted to Vs and 5V2 reverse biasing when Vsreg is higher than 3.5 V.

2. Values for the absolute maximum DC current through the bond wires. This value does not consider maximum power
dissipation or other limits.

Note: 1. All maximum ratings are absolute ratings. Leaving the limitation of any of these values may cause an
irreversible damage of the integrated circuit.

2. Loss of ground or ground shift with externally grounded loads: ESD structures are configured for nominal
currents only. If external loads are connected to different grounds, the current load must be limited to this
nominal current.
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Electrical specifications

2.2 ESD protection

Table 3. ESD protection

Parameter Value m

Al pins'") 2 kv
All power output pins'?: HB4-HB6, HS7 - HS15, HSO +4 kV
+8(?)
LIN +80) kv
+6(4)
+8(2)
CAN_H, CAN_L kv
64
Al pins‘®) +500
Corner pins(®) +750

1. HBM (human body model, 100 pF, 1.5 kQ ) according to AEC-Q100-002.
2. HBM with all none zapped pins grounded. HBx (x =4, ..., 6) and HSy (y=7,8, 9, 11, ..., 15, 0).

3. Indirect ESD Test according to IEC 61000-4-2 (150 pF, 330 Q) and ‘Hardware requirements for LIN, CAN and flexray
interfaces in automotive applications’ (version 1.3, May 2012).

4. Direct ESD test according to IEC 61000-4-2 (150 pF, 330 Q) and ‘Hardware Requirements for LIN, CAN and Flexray
interfaces in automotive applications’ (version 1.3, May 2012).

5. Charged device model according to AEC-Q100-011.

2.3 Thermal data

Table 4. Operation junction temperature

Ty Operating junction temperature -40 to 175

All parameters are guaranteed in the temperature range -40 to 150°C (unless otherwise specified); the device is
still operative and functional at higher temperatures (up to 175°C).

Note: 1. Parameters limits at higher temperatures than 150°C may change with respect to what is specified as per the
standard temperature range.

2. Device functionality at high temperature is guaranteed by characterization.

Table 5. Temperature warning and thermal shutdown

Tw Thermal overtemperature warning threshold 150 160 F.025
Tsp1 Thermal shutdown junction temperature 1 T, 165 175 | 185 °C | F.026
Tsp2 Thermal shutdown junction temperature 2 T, 175 185 195 °C | F.028

Tsp12nys Hysteresis 5 °C | F.029
terjTw Thermal warning/shutdown filter time Tested by scan 32 us F.030

1. Non overlapping.
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2.3.1 LQFP64 thermal data

Devices belonging to the L99DZxxx family embed a multitude of junctions (that is outputs based on a Power
MOSFET stage) housed in a relatively small piece of silicon. The L99DZ320 contains, among all the described
features, 3 half-bridges (6 N-channel Power MOSFET), 9 high-sides and two voltage regulators.

For this reason, using the thermal impedance of a single junction (that is voltage regulator or major power
dissipation contributor) does not allow to predict thermal behavior of the whole device and therefore it is not
possible to assess if a device is thermally suitable for a given activation profile and loads characteristics.

Some representative and realistic worst case thermal profiles are described in the below paragraph. The following
measurement methods can be easily implemented, by the final user, for a specific activation profile.

2.3.2 L99DZ320 thermal profiles

Profile 1

Battery voltage: 16 V, ambient temperature start: 85°C
DC activation:

V1 charged with 80 mA (62 Q - DC activation)
V2 charged with 30 mA (150 Q - DC activation)
HS7: 150 Q resistor (DC activation)

HS8: 330 Q resistor (DC activation)

HS11: 470 Q resistor (DC activation)

HS12: 470 Q resistor (DC activation)

HS13: 470 Q resistor (DC activation)

HS14: 470 Q resistor (DC activation)

Cyclic activation

. HB4-HB5: 4.8 Q (3.3 + 1.5) resistor placed across those outputs 10 activations of lock/unlock (200 ms ON
lock; 2500 ms wait; 200 ms ON unlock; 2500 ms wait)

. HB5-HB6: 10 Q resistor placed across those outputs 10 activations of safe lock/unlock (200 ms ON lock;
2500 ms wait; 200 ms ON unlock; 2500 ms wait)

Test execution:
Once thermal equilibrium is reached with all DC load active, the “cyclic activation” sequence is applied.
The device operates always without triggering the thermal warning threshold.

Profile 2

Battery voltage: 16 V, ambient temperature start: 85°C

DC activation:

V1 charged with 100 mA (50 Q - DC activation)

V2 charged with 30 mA (150 Q - DC activation)

HS7: 150 Q resistor (DC activation)

HS8: 330 Q resistor (DC activation)

HS11: 470 Q resistor (DC activation)

HS12: 470 Q resistor (DC activation)

HS13: 470 Q resistor (DC activation)

HS14: 470 Q resistor (DC activation)

Cyclic activation

. Windows lift: real motor placed across external MOS 2 activations up/down. (5 s up; 5 s down)
Test execution:

Once thermal equilibrium is reached with all DC load active, the “cyclic activation” sequence is applied.
The device operates always without triggering the thermal warning threshold.
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Figure 3. LQFP64 printed circuit board
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Note: Layout condition for thermal characterization: board finishing thickness 1.5 mm +10%, board four layers, board
dimension 77 mm x 114 mm, board material FR4, Cu thickness 0.070 mm for outer layers, 0.0035 mm for inner
layers, thermal vias separation 1.2 mm.

24 Electrical characteristics

For an efficient and easy tracking, numbering has been added to each electrical parameter.

Device features are split into categories (see Table 3. ESD protection, Table 4. Operation junction temperature
and Table 5. Temperature warning and thermal shutdown) and each of them is represented by a letter (such as A,
B, C); all parameters are completely identified by a letter and a three-digit number (for example B.125, C.096) for
their whole lifetime.

New inserted parameters continue with the numbering of the related category, no matter of where they are
placed.

To facilitate insertion, the last number inserted for each category is also reported in the second column of the
table.

Table 6. Electrical parameters numbering

Category Parameters numbering Last Inserted

Analog I/0 AXxXx
Digital /0 B.xxx B.034
Voltage regulators C. XXX C.057
Outputs D.xxx D.137
Transceivers E.xxx E.124
Others F.xxx F.030

Due to these rules and taking into account that deleted parameter numbers are no more reassigned, numbering
inside each category may not be sequential.
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241

Supply, supply monitoring and current consumption

All SPI communication, logic and oscillator parameters are working down to Vsrgg = 3.5 V and parameters are as
specified in the respective chapters.

. SPI thresholds

. Oscillator frequency (delay times correctly elapsed)
. Internal register status correctly kept (reset at default values for Vg< VpoR)
. Reset threshold correctly detected

The voltages are referred to ground, and currents are assumed positive, when the current flows into the pin.
6V<Vg<28V,6V<Vgreg<28YV, T;=-40°C to 150°C, unless otherwise specified.

Table 7. Supply, supply monitoring and current consumption

T A T

Vsuv Vs undervoltage threshold Vs increasing / decreasing A.001
Vhyst_uv Vs undervoltage hysteresis 0.025 0.1 02 V A002
Vsov Vs overvoltage threshold Vs increasing 19 225 V A.003
Vsov Vs overvoltage threshold Vg decreasing 18.5 225 V A004
Vhyst ov Vg overvoltage hysteresis 05 13 17 V  A.005
VsSREGUV Vsreg undervoltage threshold VgREeg increasing/decreasing 4.2 4.9 V  A.006
Vhyst_uv Vsreg undervoltage hysteresis 0.025 0.1 02 V AO007
VsSrReGOV VsRreg overvoltage threshold VsREG increasing 19 225 V. A.008
VsreGov VsRreg overvoltage threshold VsRreg decreasing 18.5 225 V A.009
Vhyst ov Vsreg overvoltage hysteresis 05 13 | 17 vV A.010
Vs/ Vsreg overvoltage/
t
ovuv_filt undervoltage filter time Tested by scan 64 us A0
Vg =12V, TXD CAN = high,
IV(act) ﬁig:"t consumptioninactive ' ry 0| N = high, V1 = on, V2 = on, 62 12 mA AO012
HS/LS driver OFF
Vg=12V, T, =85°C,
Current consumption in
| .
V(BAT) VBAT_Standby mode (! HS/LS driver OFF, 8 20 35  uA A013
CAN WU disabled
Vg=12V, T;=85°C,
Current consumption in
HS/LS driver OFF,
lvsaT)CS VBAT_Standby mode 40 75 | 125 pA A014
CAN WU disabled,
with cyclic sense enabled'"
T =50ms, ton = 100 ps
Vs =12V, TJ =85 °C,
Current consumption in HSILS driver OFF,
l@ancw  VBAT_Standby mode CAN WU disabled, 40 75 125 pA A015
with cyclic wake enabled(") T=50ms, ton =100 ps,
In standby phase before waking up on
timer expiration
Vs =12V, TJ = 85°C,
jon i voltage regulator V1 active, (Iv1 = 0),
(Vistoy). 0 Current consumption in ge reg ( ) 16 51 76 A AOT6

V1_Standby mode!")

HS/LS driver OFF,

Voltage regulator V2 deactivated,
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Tstcontion i Ty ax Ui

CAN WU disabled
Vs =12V, T, =85°C,

Current consumption in voltage regulator V1 active,
lv(vistb 60 @ 146 A | A017
(Visty) ' v/1_Standby mode!") (v1<lemp), H
HS/LS driver OFF
IqEIx(Z) Additional quiescent current for 200 nA  A018

each Elx active (x = 1, 2)

Additional quiescent current with
lqcan_wu'® | CAN wake-up enabled 10 WA | A.019
(CAN_WU_EN =1)

Quiescent current adder if HSO or
HSO0 HS15 DIR IS contigured Tor airec M .
Inso_| | ) HS15i figured for direct 5 A | A.021
drive; value during output OFF

1. Conditions for specified current consumption:
. Viin> (Vs -1.5V)
. (CAN_H - CAN_L) <0.4 Vor (CAN_H-CAN_L)>1.2V
. Vwu<1VorVyy>(Vs-15V)
. LIN wake-up is possible
2. Parameter specified by design, not tested in production.

2.4.2 Oscillator
The voltages are referred to ground, and currents are assumed positive, when the current flows into the pin.
6V<Vg<28V,6V<Vgreg<28V,T;=-40°C to 150 °C, unless otherwise specified.

Table 8. Oscillator

Fouka! Oscillation frequency 2 Hz A.023
Felko!! Oscillation frequency - 12.8 16.0 19.2 MHz A.024

1. 1 MHz clock is used in standby mode for low quiescent requirements; 16 MHz clock is used in active mode.

243 Power-on Reset (Vsreg)
All outputs open; T =-40 °C to 150 °C, unless otherwise specified.

Table 9. Power-on Reset

VPOR_ R VpoR threshold rising VsReg rising 3.45 A.025
VPOR_F Vpor threshold falling Vsreg falling!”) 2.3 3.55 \Y A.026

1. This threshold is valid if Vsreg has already reached Vpor R(max) previously.
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244 Voltage regulator V1
The voltages are referred to ground, and currents are assumed positive, when the current flows into the pin.
45<Vg<28V,45V <Vgreg <28V, T;=-40 °C to 150 °C, unless otherwise specified.

Table 10. Voltage regulator 1

T O (e

V1 Output voltage Vsreg 25.6 V VvV | C.001
ILoaD = 100 pA to lemp,

V1ioma | Output voltage tolerance (O ... lcmp) -3 3 % | C.003

Vsreg = 13.5V
Vihigh_ace Output voltage tolerance high accuracy |LO{-\D = lemp to 100 m_A, 2 2 9% 004
mode active mode, Vsreg = 13.5V

V1250ma | Output voltage tolerance (100 ... 250 mA) lLoap =250 mA, Vsreg =135V | -3 3 % | C.005

ILoap = 50 mA 02 04 C.006

Vpp1 Drop-out voltage lLoap = 100 mA 03 05 VvV C.007

lLoap = 150 mA 0.45 0.65 C.008

lcct Output current in active mode (to GND) Maximum continuous load current 250 mA C.009

Iccmax1 | Short-circuit output current (to GND) Current limitation 340 600 900 mA C.010

Cioad1'" | Load capacitor 1 Ceramic (220%) 12 22 10 | yF C.0M

trsp V1 deactivation time after thermal shutdown  Tested by scan 15 s C.012

Icmp_ris'® | Current comp. rising threshold (to GND) Rising current 6 12 21 | mA C.013

Icmp_fal® | Current comp. falling threshold (to GND) Falling current 5 10 18 mA C.014

IcMP_hys'® | Current comp. hysteresis 2 mA C.015

Vi | V1 fail threshold V1 forced 2 VvV 1 C.019

tv1fail V1 fail filter time Tested by scan 6 13 20 us | C.020

tvishort | V1 short filter time Tested by scan 2 4 5 ms  C.021

tviFs V1 fail-safe filter time Tested by scan 143 2 206 ms C.022

t1off V1 deactivation time after 8 consecutive WD Tested by scan 200 270 ms  C.023

failures

1. Specified by design, not tested in production.

2. Nominal capacitor value required for stability of the regulator. Tested with 1 uF ceramic (+20%). Capacitor must be located
close to the regulator output pin. A 2.2 uF capacitor value is recommended to minimize the DPI stress in the application.

3. In active mode, V1 regulator is switched to high accuracy mode. Below the Icyp threshold, regulator switches in any case to
nominal accuracy mode (same behavior applies also in case of high current).
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245 Voltage regulator V2
The voltages are referred to ground, and currents are assumed positive, when the current flows into the pin.
45V <Vg<28V,45V <Vgreg <28V, T;=-40 °C to 150 °C, unless otherwise specified.

Table 11. Voltage regulator 2

Output voltage Vsreg 256 V C.024
lcc2 = 100 pA to 50 mA, Icc1 = 30 mA,

AVo Output voltage tracking accuracy Verea = 6.5V 10 28 V -20 20 mV  C.038
Iccmax2 | Output current limitation 80 170 mA  C.040
Cioad2'" | Load capacitor 2 Ceramic (+20%) 1) 10 = uF  C.042

V2¢,i | V2 fail threshold V2 forced 2 3 V | C.043

tvorail | V2 fail filter time Tested by scan 12 us | C.056
tvashort | V2 short filter time Tested by scan 4 ms  C.044

1. Specified by design, not tested in production.

2. Nominal capacitor value required for stability of the regulator. Tested with 1 uF ceramic (+20%). Capacitor must be located
close to the regulator output pin. A 2.2 uF capacitor value is recommended to minimize the DPI stress in the application.
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246 Reset output
The voltages are referred to GND and currents are assumed positive, when the current flows into the pin.
4V <Vg<28V,4V <Vgreg <28V, T;=-40to 150°C, unless otherwise specified.

Table 12. Reset output

VRT1 Reset threshold voltage1 Vy1 decreasing C.045
VRT2 Reset threshold voltage2 V1 decreasing 3.6 3.8 4 \Y C.046
VRT3 Reset threshold voltage3 Vy1 decreasing 3.8 4.0 4.2 \Y C.047
VRT4-1 Reset threshold voltage4 Vy1 decreasing 4.1 4.3 4.5 \% C.048
VRrT4-2 | Reset threshold voltage4 Vy1 increasing 46 | 475 49 \Y C.049
VReseT | Reset pin low output voltage V1> 1V, IrgseT = 5 mA 0.3 0.5 Y, C.050
Rresetr | Reset pull-up int. resistor 70 110 180 kQ C.051
trRR Reset reaction time Tested by scan 6 40 us C.052
tuv1 V1 undervoltage filter time Tested by scan 16 us C.053
tRD Reset pulse duration Tested by scan 15 2.0 2.5 ms C.054
247 Watchdog

(see also Section 3.6: Configurable window watchdog)
45V <Vg<28V,45V <Vgreg <28V, T;=-40 °C to 150 °C, unless otherwise specified.

Table 13. Watchdog

Long open window Tested by scan A.027
TeFwA Early Failure window 1 Tested by scan 4.5 ms A.028
TLFw1 Late Failure window 1 Tested by scan 20 ms A.029
Tswi Safe window 1 Tested by scan 7.5 12 ms A.030
Terw2 Early Failure window 2 Tested by scan 22.3 ms A.031
TLrw2 Late Failure window 2 Tested by scan 100 ms A.032
Tsw2 Safe window 2 Tested by scan 375 60 ms A.033

DS14235 - Rev 5 page 16/146



L99DZ320

Electrical specifications

DS14235 - Rev 5

Figure 4. Watchdog timing

Normal startup operation and timeout failures

VA correct trigger timing
D - early trigger timing

B - missing trigger

ttw = Long open Window
T, = max Early Failure Window
T, ;= min Late Failure Window

to = watchdog Reset Duration

P Tirw N P Tiew
< > < >
Terw Terw TEFW
<+—> +“——> < >
tw
< »
WD-
trigger
PaN A A / e A\ trigger signal
) ¢ time / ms
> —>
NRES-
Out trp tRp >
0 normal operation missing early time / ms
trigger write
Missing pC trigger signal
WD-
trigger tow tow tw o
time / ms
NRES-
Out trp < trp < trp
0 time / ms
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Figure 5. Watchdog early, late and safe windows

A TSWhn = Safe window #1..2
TEFWn = Early failure window #1..2
TLFWn = Late failure window #1..2
TLFWn_min
- >
TSWn_ max
¢ >
TSWn_min
TEFWnN_max
-
Early Jndefined safe trigger area undefined Late
watchdog , watchdog
failure fail "o
// / oSS
>
t
2438 Current monitor output

The voltages are referred to ground, and currents are assumed positive, when the current flows into the pin.
6V<Vg<28V,6V<Vgreg<28YV, T;=-40 °C to 150 °C, unless otherwise specified.

Table 14. Current monitor output

Vem | Functional voltage range V1-1V A.040
Current monitor output ratio:
1/9750 A.041
lem/IbBs
lcm/IHs7 (low on-resistance) 1/10000 A.191
lem/IuB4 1/9920 A.042
lemr | lom/IHBs 0V £ Vgy £ V1-1V 1/10300 A192
Icm/IHs7 (high on-resistance) 1/2000 A.043
lcm/IHss Hsg 1/1010 A.045
lem/IHs11,HS12,HS 13,HS 14 1/990 A.194
lem/IHs15, Hso 1/1000 A.195
Ranges extracted at the output:
| Current monitor accuracy for 'hgamin = 500 MA, IHeme = 5.9 A " 8% lns o 8% lns o
CMACC B4 HB6, HS7, .., HS9 Ismin = 500 MA, lugsmax = 7.4 A, ICM,';—g%; 2% 0O *'CM%TJ | A A0S

IHBemin = 500 MA, Iygemax = 2.9 A
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IHs8,HS9min = 100 MA,
IHs8,HS9max = 0.3 A

i | ; raci s -8% IHS 8% IHS
Current monitor accuracy for HS7(High on-resistance) “lentr o - 2% 0 womr o +2% A A046
HB4, .., HB6, HS7, .., HS9 Insmin = 100 MA, lismax = 300 mA |:—S3’F(’1) |_=§1>
lcm acc
cM™ IHS7(Low on-resistance)s
IHsmin = 500 MA, lysmax = 1.4 A
_Q0, [
Current monitor accuracy for IHS11,HS12,HS13,HS14,HS15 and HSO : 8% lns 8% lns
*lomr_typ - 4% 0 “lomr typ * 4% A A047
HS11, .., HS15, HSO I4smin = 100 MA, Iigmax = 0.13 A FS() FS()
temb® | Current monitor setting time 32 us | A.051

1. FS (fU// scale) = IHB(HS)max * lCMr_typ-
2. Parameter is specified by design, not tested in production.

249 Charge pump
The voltages are referred to ground, and currents are assumed positive, when the current flows into the pin.
6V <Vg<28V,Ty=-40°C to 150 °C, unless otherwise specified.

Table 15. Charge pump

Vg=6V,lcp=-15mA Vg +6 Vg+7 V | A052
Vep Charge pump output voltage
Vg210V, Icp =-15mA Vg+11 ' Vg+12 Vg+135 VvV  A053
| Ch ) Vep=Vs+10V;Vg=135YV, 22 A A054
cP arge pump output current Cy=Cy=Cgp =100 nF m. .
Vcp =Vs; Vg =13.5V;
' imitation@
Icpim | Charge pump output current limitation C1=Cyp= Cep = 100 nF 25 70 mA | A.055
Vep_jow | Charge pump low threshold voltage Vg+45 Vg+5 Vg +5.5 V | A.056
Tep Charge pump low filter time Tested by scan 44 64 77 us | A.057
tset,cp | Charge pump startup blanking time Tested by scan 358 576 692 us | A.183
fcp Charge pump frequency Tested by scan 400 kHz = A.058

1. Icp is the minimum current the device can provide to an external circuit without Vcp going below Vg + 10 V.

2. Icpjim is the maximum current, which flows out of the device in case of a short to Vs.
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2410 Outputs HB4-HB6, HS7-HS15, HS0O
The voltages are referred to ground, and currents are assumed positive, when the current flows into the pin.
6 V=<Vg=<18YV, all outputs open, T; =-40 °C to 150 °C, unless otherwise specified.

Table 16. Outputs HB4-HB6, HS7-HS15, HS0

Testconon i Ty . e |

Vg =135V, Ta=25°C,
S A 300 400 mQ D.001

I = 1.5 A
TON HB6 On-resistance to supply or GND
Vg =13.5V, Ta =125 °C, 450 | 600 a | b.oo2
lugg =x1.5A m .
Vs=13.5V, Tp=25°C,
lnga = 3 A 150 200 mQ D.093
FON HB4 On-resistance to supply or GND
Vg=13.5V, Tp =125 °C,
ligs = £3 A 225 300 mQ D.0%4
Vg =135V, Tpo=25°C,
Ings = 3 A 100 140 mQ D.095
TON HB5 On-resistance to supply or GND
Vs =135V, Ta=1257C, 140 190 mQ D.096
lhgs = 3 A mid | b-
Vg=13.5V, Ta=25"°C,
. S A 300 420 mQ D.007
On-resistance to supply Ihs7 =-1.1A
in low resistance mode Vg=13.5V, Ta =125 °C,
- 450 620 mQ D.008
lys7 = -1.1 A
TON HS7

Vg =135V, Ta=25°C,
S A 1600 2200 mQ D.009

On-resistance to supply in high resistance lhs7 =-0.2 A
mode - - °
Vg =135V, Tp =125 °C,
S A 2500 3400 mQ D.010
lus7 = -0.2 A

Vs =135V, Tp=25°C,

IHssHs9 =-0.4 A

Vs =13.5V, Ta = 125 °C,

IHss HS9 =-0.4 A

Vs =13.5V, Ta = 25 °C,
IHS0,HS11,HS12,HS13,HS14,HS15 = -60 MA

1400 2200 mQ D.011

TON HS8, HS9 On-resistance to supply

2700 3400 mQ D.012

7 10 Q D.017

r
ON HS0, HS11, HS12, On-resistance to supply
HS13, HS14, HS15 Vg =135V, Tao=125°C,

" 15 Q D.018
IHS0,HS11,HS12,HS13,HS14,HS15 = -60 MA

Switched-off output current Vour = 0V, standby mode -5 pA | D.021

high-side drivers of HS7-HS15, HSO (1) Vout = 0V, active mode -10 uA | D.022
laLH

Switched-off output current high-side Vour =0V, standby mode -6 WA D.023

drivers of HB6 (* Vout = 0 V, active mode -100 pA | D.024
loLL Switched-off output current low-side drivers Vour = Vs, standby mode 165 UA D.025

of HB6(" Vour = Vs -0.5 V, active mode -100 D.026

1. Negative value: leakage internally sink from driver output pin to internal IC ground. Positive value: leakage sourced from internal driver
output pin to external ground.
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2411

Power outputs switching times

tdoNH

tq oFF H

tdoNH

td oFF H

tdonL

tyoFF L

tdoNH

tq oFF H

tdonL

tyoFFL

tdoNH

ta oFF H

Table 17. Power outputs switching times

Tstconon i Ty o un s

Output delay time high-side driver on
HS7 low resistance

Output delay time high-side driver on
HS7 high resistance

Output delay time high-side driver off
HS7 low resistance

Output delay time high-side driver off
HS7 high resistance

Output delay time high-side driver on
(HB6)

Output delay time high-side driver off
(HB6)

Output delay time low-side driver on
(HB6)

Output delay time low-side driver off
(HB6)

Output delay time high-side driver on
(HB4)

Output delay time high-side driver off
(HB4)

Output delay time low-side driver on
(HB4)

Output delay time low-side driver off
(HB4)

Output delay time high-side driver on
(HB5)

Output delay time high-side driver off
(HB5)

Vg =13.5 V(1@
See Figure 13. SPI CSN output timing

Vg =13.5 V(@)
See Figure 13. SPI CSN output timing

Vg =13.5V?

corresponding high-side driver is not
active; Rload = 16 Q

(from CSN 50% to OUT 20%)
Vg =13.5V@
Rload =16 Q
(from CSN 50% to OUT 80%)
Vg =13.5V®

corresponding high-side driver is not
active 3

Rload = 16 Q
(from CSN 50% to OUT 80%)
Vg =13.5 V(")

corresponding high-side driver is not
active 1

(from CSN 50% to OUT 20%)
Vg =135V

corresponding high-side driver is not
active;

(from CSN 50% to OUT 20%)
Vg =13.5V0®)
(from CSN 50% to OUT 80%)
Vg =13.5V0®)

corresponding high-side driver is not
active;

(from CSN 50% to OUT 80%)
Vg =13.5 V0
(from CSN 50% to OUT 20%)
Vg =13.5V0®)

corresponding high-side driver is not
active;

(from CSN 50% to OUT 20%)
Vg =135V
(from CSN 50% to OUT 80%)

55

15

7

9

0.05

0.05

0.05

0.05

0.05

0.05

0.05

0.05

0.05

0.05

35

77.5

60

150 = 300

18

45

s

us

us

us

us

s

us

us

us

us

us

us

us

us

D.099

D.100

D.101

D.102

D.029

D.031

D.035

D.036

D.107

D.108

D.109

D.110

D.111

D.112
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Testconion i T e i ems

Vg =13.5VE)
Output delay time low-side driver on | corresponding high-side driver is not
taonL (HB5) active: 0.05 3  us D.113
(from CSN 50% to OUT 80%)
4 OFF L Output delay time low-side driver off | Vs = 13.5V 0.05 3 us  DA14
(HB5) (from CSN 50% to OUT 20%)
Output delay time high-side driver Vg=13.5V,V1=5V,
TqorrH HS8,HS9 OFF (delay between CSN or 5 70 pws D.115
DIR 50% to OUT at 20% of VS) Rioad = 128 Q
Output delay time high-side driver Vg=13.5V,V1=5V,
TaonH | HS8,HS9 ON (delay between CSN or 2 50 ps D.116
DIR 50% to OUT at 20% of VS) Rioad = 128 Q
Output delay time high-side driver _ _
T OFF (HS11...,HS,HS0) (delay between Vs = 135V, V1=5V, 20 140 | us | D03
dOFFH  CSNorDIR 50% to OUT at20% of R =128 Q WS b
VS)
Output delay time high-side driver ON _ _
T (HS11,..,HS,HS0) (delay between Vs=13.5V,V1=5V, 0 60 | us | D033
dONH " CSN or DIR 50% to OUT at 80% of R, =128 0 HS 15
VS)

Cross current protection time HB4,...

tccP  ioe 180 300 500 ps D.038

Slew rate for drivers HS7-HS, HSO Vs =13.5 V(WG 0.2 V/us  D.040

dvouT/dt | gjew rate on output drivers HB4,HB5,

= (1)(2)(3)(4)
HB6 controlled by PWM4-5 / PWM6 Vs =135V 6 1020 Vs D17
Maximum external applied slew rate
dvmax/dt””  on HB4-HB6 without switching on the 20 V/us  D.041

LS and HS

PWM switching frequency
fewm1 Vs/Vsreg = 13.5V 100 Hz D.043
Tested by scan

PWM switching frequency
fPwm2 Vs/Vsreg = 13.5V 200 Hz D.044
Tested by scan

SPI configurable duty cycle for HS7...
pct1  HSandHSO 0.1% steps 0.1 100 = % | D.118
Tested by scan

Rioag = 16 Q at HB6 and HS7 in low on-resistance mode.
Rioag = 128 Q at HS8, HS9, HS11, HS12, HS13, HS14, HS15, HSO and HS?7 in high on-resistance mode.
Rioad = 4 Q at HB4,HBS5.

Slope dyouTt/qt is measured between 20% and 80% of the final output voltage value.

O A LN~

Parameter specified by design, not tested in production.
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2412 Output current thresholds

The voltages are referred to power ground and currents are assumed positive, when the current flows into the pin.
6V<Vg<28V;6V<Vgreg<28V;T;=-40°C to 150 °C, unless otherwise specified.

Table 18. Output current thresholds

e

Short-current threshold HS and Vg =13.5V, V1 =5, sink full Vg

I

llscel LS range is specified by design A | D049
Short-current threshold HS and Vs =13.5V, V1 =5, sink full Vg

| .

llscal LS range is specified by design 9 19| A |DM9

llscs| Short-current threshold HS and Vs = 1.3.5 V, V1 =5V, Sll'?k full Vg 10 21 A | DA20
LS range is specified by design

llocal (L)é/ercurrent threshold HS and Vs = 13.5 V, sink and source 6 92 A DA24

Overcurrent threshold HS and

llocsthil . 34 4 53 A D125
LS of HB5 (config. 1) Ve=135V,
Overcurrent threshold HS and o
llocsthzl LS of HB5 (config. 2) Current limitation set by CR16, 51 6 79 A D.126
bit 14 and 15

Overcurrent threshold HS and
llocsthal LS of HB5 (config. 3) 7.5 105 A | D.127

Overcurrent threshold HS and
llocsthil LS of HB6 (config. 1) 15 2 27 A D.128

Vg=13.5YV,
Overcurrent threshold HS and -
[locstnzl LS of HB6 (config. 2) Current limitation set by CR16, 225 3 4 A D.129
I | Overcurrent threshold HS and bit 16 and 17 3 4 4.9 A D.052
0OC6th3 LS (config. 3) : :
Overcgrrent threshold HS in low 15 25 A D.053
on-resistance mode
lloc7l -
OverCL_Jrrent threshold HS in high 0.35 065 A  D.054
on-resistance mode
Ilocsl, Ilocgl VS =13.5 V, source 0.5 1 A D.059
[loc11l, lloc12l,
Overcurrent threshold HS
lloc1sl, lloc1a4l, 0.19 0.35 A D.062
[loc1sl, llocol
[lcemrl, llcemsls
| Al ,
llocwsl. llccul Constant current mode value for ' vg =135V,
llcemizls llcemisl, | HS7 (in high on-resistance 100 mA | D.064
mode) to HS15 and HS0 HSx_ CCM=1(x=71t015,0)
[lcem1al, llcemisl,
[lcemol
i Constant current mode HSx CCM=1(x=7t015,0)
feemimeout expiration time tested by scan 20 ms | D.065
Filter time of short-current signal
trsc in half bridge outputs Tested by scan 1 3 6.5 | ps | D.066
Filter time of overcurrent signal
troc in HS11, .., HS15 and HSO Tested by scan 384 48 676 pus D.137
Blanking time of overcurrent
taLk signal (all outputs) and of short- | i b s ean 32 40 58  ps D.067

circuit current signal in half
bridges
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Tstcontion i Ty e e

Filter time of overcurrent signal
troc_pwm'" in all half bridges in PWM mode 5 9 | 12  ps D.135
(no blanking time tg| k applied)

Filter time of short-circuit current
signal in all half bridges in PWM

(1)
tFsc_Pwim mode (no blanking time tg k 4 7 10  ps D136

applied)

tocroo Ton time of overcurrent signal in  XX_OCR_TONI0,1] = 00 88 us | D.068

tocro1 HB4,.. HB6, HS7, .., HS9 xx_OCR_TON[0,1] = 01 80 pus  D.069
(includes blanking time tg k and

tocr10 is also valid if OCR is disabled) ' xx_OCR_TON[0,1] =10 72 us D.070

tocr11 Tested by scan xx_OCR_ TON[0,1] = 11 64 s  D.071

focroo xx_OCR_FREQ[0,1] = 00 1.7 kHz D.072

focro Recovery frequency for OC xx_OCR_FREQ[0,1] = 01 22 kHz ' D.073

focr1o Tested by scan xx_OCR_FREQ[0,1] = 10 3 kHz D.074

focr11 xx_OCR_FREQ[0,1] =11 4.4 kHz | D.075

2

lloLpel Undercurrent threshold HS and Vs = 13.5 V, sink and source 1 30 | 95 | mA D.079

LS o

lloLpal®, lloLps|® 30 150 300 mA D.133

Undercurrent threshold HS in

. 15 50 90 mA D.081
low on-resistance mode

lloLp7l® :
U.ndercurre.nt threshold HS in 3 12 | 25  mA D.082
high on-resistance mode
lloLps|®, lloLpal Undercurrent threshold HS Vs /Vsrec = 13.5 V source 10 20 30 mA D.083

lloLo111@, lloLp12l?,

lloLp13l®, lloLp14l@, Undercurrent threshold HS 02 065 15 mA D.0S6

lloLp1sl lloLpol®

Duration of open-load condition to

tFoL Filter time of open-load signal set the status bit. Tested by scan

200 us | D.092
1. Parameter specified by design, not tested in production.

2. loLp parameters, in the range 8 V to 16 V, are specified by design and evaluated by characterization. Production testing is
done at 13.5 V.
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2413 H-bridge driver
The voltages are referred to power ground and currents are assumed positive, when the current flows into the pin.
6V<Vg<28V,6V<Vgreg<28YV, T;=-40 °C to 150 °C, unless otherwise specified.

Table 19. H-bridge driver

IcHx(ch) | Average charge current (charge stage) Ty =25°C 0.75 A.069
On-resistance Vshx =0V, Ignx = 50 mA, T, = 25°C 4 8 12 Q A.070
Rahx
(discharge stage) Vshx =0V, IgHx = 50 mA, T, = 125°C 12 18 Q A071
Vg=SH=6V;Icp=15mA VsHx + 6 V.  AQ72
VgHHx | Gate on voltage
VS =SH=12 V; ICP =15 mA VSHX +8 VSHX +10 VSHX +11.5 \Y% A.073
) . Measurement of the slope between
RgsHx | Passive gate clamp resistance Varx = 6 V and Vg = 3 V 15 kQ A.074
Drivers for external low-side Power MOSFET
IcLx(ch) | Average charge current (charge stage) Ty =25°C 0.1 0.3 0.75 A A075
Vsix =0V, Igx =50 mA, Ty =25°C 4 8 12 Q A.076
RgLx | On-resistance (discharge stage)
Vsix =0V, IgLx =50 mA, Ty = 125°C 12 18 Q A077
Vs=6V;Ilcp =15 mA Vgix+6 vV A078
VgHLx | Gate on voltage
Vg =12V, Icp = 15 mA Vgix*+8 Vgix+10 Vgx+11.5 V | A079
RgsLx | Passive gate clamp resistance 15 kQ | A.080
2414 Gate drivers for the external Power MOSFET switching times

The voltages are referred to power ground and currents are assumed positive, when the current flows into the pin.
6V<Vg<28V;6V<Vgreg<28V; T;=-40°C to 150 °C, unless otherwise specified.

Table 20. Gate drivers for external Power MOSFET switching times

in s i o’

Propagation delay time high to Vs=13.5V, Vg =0,

T
G(HL)xHL low (switch mode)“) Rg =0 Q CG —27nF 1.5 us | A.081
Propagation delay time low to Vs =135V, Vsix =0,
TGHLXLH | .. . ] 15 ps | A.082
high (switch mode)(") Rg=00Q,Cg=27nF
Maximum source current Vs =135V, Vgux =0, Vaux =1V,
|GHxrmax (current mode) SLEW<4:0> = 1FH 32 mA A.083
Maximum sink current (current | Vs =13.5V, Vgpx =0, Vgux =2V,
IGHxfmax mode) SLEW<4:0> = 1FH 32 mA | A.084
See
diugHxr | Source current accuracy Vs =135V, Vgyx =0V, Vgx =1V Figure 7. IGHxr A.085
range (a)
digHxf | Sink current accuracy Vg =135V, Vgux =0V, Vgux =2 V é?—iifrlgrl:;%) A.086
Switching voltage
VpsHxrsw'” (Vs-Vgh) between current mode Vs=13.5V 0.4 1.5 26 V. AO87
and switch mode (rising)
VpsHxtsw'” | Switching voltage Vs =135V 0.4 15 26V A088
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in s i o’

Lys

Symbol Parameter

(Vs-Vgh) between switch mode

and current mode (falling)

Vg =135V, Vg =0V,

toGHxr Rise time (switch mode) 45 ns A.089
RG=OQ,CG=2.7HF
Vs=13.5V,Vgux =0V,
togHxf Fall time (switch mode) 85 ns | A.090
Rg=0Q,Cg=2.7nF
Vs =135V, Vg x=0V,
togLxr | Rise time 45 ns  A.091
RG=OQ,CG=2.7I’IF
Vg =135V, Vg x=0V,
toLxf Fall time 85 ns | A.092
Rg=0Q,Cs=2.7nF
Programmable cross current
tecpooto protection time Tested by scan 750 ns A.095
Programmable cross current
tecpoot1 protection time Tested by scan 1000 ns A.096
Programmable cross current
tecpo100 protection time Tested by scan 1250 ns A.097
Programmable cross current
tecpo101 protection time Tested by scan 1500 ns A.098
Programmable cross current
tecpo110 protection time Tested by scan 1750 ns | A.099
Programmable cross current
tecpo111 protaction time Tested by scan 2000 ns A.100
Programmable cross current
tecp1000 protection time Tested by scan 2250 ns A.101
Programmable cross current
tecp1001 protection time Tested by scan 2500 ns A.102
Programmable cross current
tecp1010 protection time Tested by scan 2750 ns A.103
Programmable cross current
tecp1011 protection time Tested by scan 3000 ns A.104
Programmable cross current
tecp1100 protection time Tested by scan 3250 ns A.105
Programmable cross current
tecp1101 protection time Tested by scan 3500 ns A.106
Programmable cross current
tecp1110 protection time Tested by scan 3750 ns A.107
Programmable cross current
tecp1111 protection time Tested by scan 4000 ns A.108
Vg =13.5V, Vg x=0,
fewmH | PWMH switching frequency () Rg=0Q, Cg = 2.7 nF, 50 kHz A.109

PWMH-duty-cycle = 50%

1. Without cross-current protection time tccop.
2. Specified by design, not tested in production.
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Figure 6. H-Driver delay times
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Figure 7. IGHxr range (a)
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Figure 8. IGHxf range (b)
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2415 Drain-source monitoring external H-bridge
The voltages are referred to power ground and currents are assumed positive, when the current flows into the pin.
6V<Vg<28V,6V<Vgreg <28V, T;=-40to 150°C, unless otherwise specified.

Table 21. Drain-source monitoring external H-bridge

Vscd1_Hs | Drain-source threshold voltage on HS 0.55 A.110
Vscdt_Ls | Drain-source threshold voltage on LS 03 045 06 vV | A196
Vscd2_Hs | Drain-source threshold voltage on HS 1.05 1.2 vV AN
Vscd2 Ls | Drain-source threshold voltage on LS 075 095 115 V. A197
Vscd3_HB | Drain-source threshold voltage 127 1 15 173 V. | AM112
Vscda_HB | Drain-source threshold voltage 1.7 2 2.3 vV | A113
tsca_HB | Drain-source monitor filter time Tested by scan 6 us | A117
tscs HB | Drain-source comparator settling time Vg =13.5V, Vgy = jump from GND to Vg 5 us | A.118
2416 Open-load monitoring external H-bridge

The voltages are referred to power ground and currents are assumed positive, when the current flows into the pin.
6V<Vg<28V,6V<Vgreg<28YV, T;=-40to 150°C, unless otherwise specified.

Table 22. Open-load monitoring external H-bridge

e N T R R

VopsL \I;gl\;végiéje drain-source monitor low threshold Vsix=0V; Vg =135V 0.05xVs 0.15xVs 0.25xVs V | A.130
VopsH \I;gl\;v;;iede drain-source monitor high off threshold Vsl =0V: Vg =135V 0.75xVs 0.85xVs 0.95xVs V  A.131
VoLst anl;Lp:t voltage of selected Sy in open-load test VL =0 V; Vg = 135V 04xVs  05xVs 06xVs V A132
RpdoL Pulldown resistance of the non selected Sy pin Vsix=0V; Vg = 135 V: Vepy = 4.5 V 20 kO  A133
in open-load mode
toL_HB ' Open-load filter time Tested by scan 2 ms A.134
2417 External interrupts (El1, EI2)

The voltages are referred to GND and currents are assumed positive, when the current flows into the pin.
6V <Vgreg <28V, T =-40 to 150°C, unless otherwise specified.

Table 23. External interrupts

Tt contion | in—|—Tip—| ax—Lun e |

Vwy_THn | Wake-up negative edge threshold voltage 0.4 Vsreg 0.45Vsreg | 0.5Vsreg | V| A.159

Vwu_THp Wake-up positive edge threshold voltage 0.5Vsreg | 0.55Vsreg 0.65Vsreg ' V| A.160

VHysT | Hysteresis 0.05Vsreg  0.1Vgreg 0.15Vsreg | V | A.161

twu_stat | Static wake filter time Tested by scan 64" us | A.162
Vwuy <1Vor

lwu_stdby | Input current in standby mode on Elx pins 2 30 60 MA | A.163

Vwu > (VS -1.5 V)
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Input resistor to Gnd in active mode and in standby 160 300 KO A164
mode during wake-up input sensing

Rwu _act

twu_cyc | Cyclic wake filter time Tested by scan 16 us | A.165

1. Specified by design, not tested in production.

2418 CAN FD transceiver
ISO 11898-2:2016 compliant.
SAE J2284 compliant.
The voltages are referred to GND and currents are assumed positive when the current flows into the pin.
6V <Vsreg <18V, 4.8V < Vansyp. < 5.2V, Ty = -40°C to 150°C, unless otherwise specified.
-12V < (CANH + CANL)/2 <12 V.

Table 24. CAN communication operating range

i . i o

Supply voltage operating
VSREG_Transmitter | range for CAN 5.5 18 V| E.001
transmitter(")

Supply voltage operating

VSREG_Receiver range for CAN receiver 5 18 V  E.093
VCANSUPIow EZZ,N supplylowvoliage Viv1 = Vcansup decreasing 39 42 45 V E.002
Common mode bus .
VCANHLCM | voltage (VCANH + E"K,a\ftﬂ;dsxtcerres"“t to the ground of each 12V E.003
VCANL)/2
Active mode:
R = from 50 Q to 65 Q, Crxp = 15 pF,
70% VRXDC (rising) -30% VRXDC (falling),
TXD rise and fall time = 10 ns
Transceiver current (10% - 90%, 90% - 10%),
ITRCV consumption during Test signal to be applied on the TXD input of 120 mA E.094
normal mode the implementation is a square wave signal with
a positive duty cycle of 1/6 and a period of six
times the nominal recessive bit width
rectangular pulse signal
TTXDC = 6*TB|T(2)
high pulse 1*TBIT, low pulse 5*TBIT
Transceiver current R =50 Qto 65 Q,
ITRCV_short consumption during 120  mA E.095
output short VeaNH = -3 Vor VoanL =40 V
Transceiver current R = from 50 to 65 Q,
ITRCVLPbias consumption; biasing 400 600 pA | E.096
active V1xpC = VTXDCHIGH:

Transceiver current
consumption during low-
power mode; biasing
inactive

RL =50 Q to 65 Q,

ItrRcvLP 50 @ upA E.097

V1xpc = VTIXDCHIGH

At VSReG < V'SREG_Tranmitter(min) the transceiver shall enter high impedance state.
2. The bit time Tg, is the nominal bit time at a given bit rate (Tg;T = 1/BR). For example: at BR = 2 Mb/s => Tg;t = 500 ns.
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VrxpcLow
VTXDCHIGH
VTXDCHYS

Rrxpcpu

td,TXDC(dom—rec)

td, TXDC(rec-diff)

tdom(TXDC)

VRxDCLOW

VRXDCHIGH

trxoc "

trrxpc"

Input voltage dominant level = Active mode
Input voltage recessive level = Active mode
V1xpcHigH - VTxpcLow Active mode
TXDC pull-up resistor Active Mode

TXDC - CANy | delay time
dominant - recessive

TXDC - CANy | delay

time recessive - dominant

TXDC dominant time-out

td,RXDC(dom—rec)(1 )

td,RXDC(rec - dom)

(1

Table 25. CAN transmit data input: pin TXDC

L Y

R =from 50 Q to 65 Q,

R = from 50 Q to 65 Q,

1.45
12 1.85
0.2
20 50
70 % VTXD — 30% VDIFF, 5.5V < Vg <18V, 120
TXDC rise time = 10 ns (10% - 90%)
30 % Vrxp — 70% Vpirs, 5.5V < Vg <18V, 120
TXDC fall time = 10 ns (90% - 10%)
08 | 2

Tested by scan

Table 26. CAN receive data output: pin RXDC

Tstconton | tin| T U o |

Output voltage dominant level

Output voltage recessive level

RXDC rise time

RXDC fall time

CANp | — RXDC delay time dominant -
recessive

CANy | — RXDC delay time recessive -
dominant

1. Specified by design, not tested in production.

VCANHdom

VcANLdom

VDIEF,dom

VDIFF_Arb

Active mode,

0 0.2
IRXDC =2mA
Active mode,

V1-0.5 V1-0.2
IRXDC =-2mA
C|_ =15 pF,
30% - 70% VRrxpc
CL =15 pF,
70% - 30% VRxpC
CL =15 pF,
120

30% Vpirr — 70% Vrxpe
CL =15 pF,

70% Vpirr — 30% VRxDG

120

Table 27. CAN transmitter dominant output characteristics

Testconion i T e un e |

Single ended CANH voltage
level in dominant state

Single ended CANL voltage
level in dominant state

Differential output voltage in
dominant state:

VGANHdom= VCANLdom

Differential output voltage in
dominant state during

Vrxpe = VrxpcLows

E.004

2.3 V  E.005
0.7 V  E.006
110  kQ | E.007
ns E.008

ns E.009

5 ms E.010

0.5

V1

25

25

VvV | E.01
VvV | E.012
ns E.013
ns E.014
ns E.015
ns E.016

R, = from 50 Q t0 65 Q 275 35 45 V | E.017
Vrxpe = VrxpcLow,
R, = from 50 Q 0 65 Q 05 15 225 V E.0O18
Vxpe = VrxpcLows
RL = from 50 Q to 65 Q 151201 3 |V E019
Vrxpe = VixpcLows RL =2240 Q 1.5 5 V | E.099

arbitration:

VcANHdom~V CANLdom
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Tstconion i T o un e |

VDIFF dom_ext

VDIEF,domVsLow

VDIFF,dom_ext_VsLow

Vsym

loCANH,dom (-3V)

locANL,dom (18V)

loCANH,dom (40v)

loCANL,dom (40v)

1. Vs at device pin after reverse battery protection, while application is supplied with 6 V. Operating condition has to be

Differential output voltage in
dominant state on extended
bus load range:

VGANHdom~VCANLdom
Differential output voltage in

dominant state: VcaNHdom-
VCANLdom at low VS

Differential output voltage in
dominant state:

VGANHdom~V CANLdom

with 45 Q to70 Q load at low
Vs

Driver symmetry

Vsym = (VeanH *+ Veann)/
Veansup

Veansup =5V @

CANH output current in
dominant state

CANL output current in
dominant state

CANH output current in
dominant state

CANL output current in
dominant state

Vtxpc = VrxpcLow,
R =from45 Qto 70 Q

Vrxpe = VrxpcLows
R, = from 50 Q to 65 Q,

5V<Vg<55V ()

Vrxpe = VrxpcLow,
R_ =from 45 Q to 70 Q,

5V<Vg<55Vv(

RL=60Q+ 1%,
fTXDC =1 MHZ,(3)

CspLiT = 4.7 nF (25%)
Vrxpe = VTxpcLow:
VcanH = from -3V to 18 V

Vrxpc = VrxocLow: Vean = from -3V
to18 V

Vrxpe = VrxpcLow,
VeanH =40V, Vg =40V

Vrxpc = VrxocLow: VeanL =40V,
Vs =40V

adapted, if a higher voltage drop occurs in the application.
2. Ifitis an external pin, it should be supplied externally.

3. Measurement equipment input load < 20 pF, > 1 MQ, guaranteed by E.017, E.018, E.021, E.022, E.045, E.046

measurements.

1.4

1.35

1.25

0.9

-115

-115

3.3

3.3

1.1

115

115

15

115

Table 28. CAN transmitter recessive output characteristics, CAN normal mode

Tstconton i s U o |

VCANHrec

VCANLrec

) ) V1xpe = VIXDCHIGH:
CANH voltage level in recessive state (normal mode)

no load

) ] V1xpe = VTIXDCHIGH:
CANL voltage level in recessive state (normal mode)

no load

Differential output voltage in recessive state (normal

VpiFFrecout  Mode):

VGANHrec"VCANLrec

Note:

V1xpc = VIXDCHIGH:

no load

CAN normal mode: tested in TRX ready state while the device is in active mode.

-50

3

50

\

mA

mA

mA

mA

\

\

mV

E.100

E.101

E.102

E.020

E.021

E.022

E.023

E.024

E.025

E.026

E.027
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Table 29. CAN receiver input characteristics during CAN normal mode

Tstconton i . . U o |

Differential receiver threshold voltage recessive to 12 Vs Veann <12V,

' 0.5 09 V E.O034
dominant state 12V VeanL S12V

VTHdom

-12VsVeanH =12V,
Vdom_range | Differential dominant input level voltage range 0.9 10 vV  E.103
- -12V<sVeanL 12V

Differential receiver threshold voltage dominant to 12V <Veann =12V,

. 0.5 09 V E.O035
recessive state -12V<sVeanL =12V

VTH rec

-12V <VeanH £ 12V,
Vrec range | Differential recessive input level voltage range -5 0.5 vV E.104
- -12V<sVeanL 12V

Note: CAN normal mode: tested in TRX ready state while the device is in active mode.

Table 30. CAN receiver input characteristics during CAN low-power mode, biasing inactive

Tstconton i . s U o |

Differential receiver threshold voltage recessive to 12V <Veann =12V,

) 0.4 115V | E.038
dominant state -12V<sVeanL S 12V

VTHdomLP

-12V sVeanH =12V,
Vdom_range_LP | Differential dominant input level voltage range 1.15 10 vV  E.105
B B -12V<sVeanL 12V

Differential receiver threshold voltage dominant to 12V <Veann =12V,

. 0.4 115V | E.039
recessive state 12V <sVeanL s 12V

VTHrecLP

-12V=sVeanH =12V,
Vrec range_LP | Differential recessive input level voltage range -5 04 |V E.106
- - -12V<sVeanL 12V

VcanHreclP - CANH output voltage in recessive state -0.1 0.1 V E.120
VeanLreclP | CANL output voltage in recessive state -0.1 0.1 vV E.121
Differential output voltage in recessive state:

VDIFF,recOUTLP -0.2 02  V E122
VCANHrecLP-VCANLrecLP

Note: CAN low-power mode, biasing inactive: tested in CAN TRX STDBY (bias off) state while the device is in active
mode, V1_Standby mode and VBAT_Standby mode.

Table 31. CAN receiver input resistance

i [ o o |

Vxpe = VrxpcHigH, No load
Differential internal

Ry Rgif = R +R
diff resistance diff = RCANH CANL 12 100  kQ | E.040
2V EVeaNHST7V,-2V<sVeanL =7 v
RoANH. GANL Single ended internal Vrxoe = Vrxochieh: No load 5 50 | ka | E.041
' resistance 2VSEVeaNHST7V,-2V<sVeanL =7 v -
Biasing active, V1xpc = VTxpcHigH: No load,
MR Internal resistance mR =2 x (Rcan_H - Rean_ L) / (Rean_H *+ Rean L) 003 0.03 E 042

matching R,
9 RCANHCANL 4 k() resistor between CANH-CANL pin

with external 5 V
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Cin?@ Internal capacitance pF | E.043
Differential internal
. (2)
Cin,diff capacitance 10 20 pF E.044

1. Voltage range is taken from ISO CD 16845-2 (high speed medium access unit - conformance test plan).
2. Parameter specified by design, not tested in production.

Note: CAN normal and low-power mode, biasing active: tested in CAN TRX normal and CAN TRX STDBY (bias on)
state while the device is in active and V1_Standby mode.

Table 32. CAN transceiver delay

55V <Vg<18V,R_=60Q 1%,

Loop delay TXDC to | CL = 100 pF, Crxpc = 15 pF,

tLoorhl RXDC (igh 0 1oW) 3096100 - 30% Voo, 255 ns E.045

TXDC fall time = 10 ns (90% - 10%)
55V <Vg<18V,R.=60Q +1%,

Loop delay TXDC to | CL = 100 pF, Crxpc = 15 pF,

{ . .
LOOPI  RXDC (low to high)  709\/45 - 70%Vryo, 255 | ns | E.046

TXDC rise time = 10 ns (10% - 90%)
55V <Vg<18V,R.=150Q,
Loop delay TXDC to | ¢, =100 pF, Crxpc = 15 pF,

tLoor150,hi RXDC (high to low) 350 ns E.107
with 150 Q bus load | 30%Vtxpc - 30%VRrxDC,

TXDC fall time = 10 ns (90% - 10%)
55V <Vg<18V,R =150 Q,
Loop delay TXDC to | ¢ = 100 pF, Crxpc = 15 pF,

tLoopP150,ih RXDC (low to high) 350 | ns E.108
with 150 Q bus load | 70%VTxp - 70%VRxD.

TXDC rise time = 10 ns (10% - 90%)
55V <Vg<18V,R.=60Q +1%,
CL =100 pF, Crxp = 15 pF,
70%VRxpc (rising) - 30%V(falling),
TXDC rise and fall time = 10 ns

TBIRXD) = (10% - 80%. 90% - 10%). 900 1000 1050 E.047
1 Mb/s'" Test signal to be applied on the TXDC input of the
implementation is a square wave signal with a
positive duty cycle of 1/6 and a period of six times
the nominal recessive bit width.
Recessive bit
symmetry at RXDC  Rectangular pulse signal Trxpc = 6000 ns, high ns
pulse 1000 ns, low pulse 5000 ns
TBit(RXD)_15() Qs R = 150 Q, other conditions as TBit(RXD) <1 Mb/s,
1 Mb/s value may be obtained by characterization only. 800 1050 E.109

Conditions as Tgjtrxp) < 1 Mb/s,

Teit(RXD
2|(Mb/s) Rectangular pulse signal Trxpc = 3000 ns, high 400 | 500 = 550 E.110
pulse 500 ns, low pulse 2500 ns

TBit(RXD)_150 Qs R = 150 Q, other conditions as TBit(RXD) <1 Mb/s,

2 Mb/s value may be obtained by characterization only 300 550 E.111
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Conditions as Tgjtrxp) < 1 Mbl/s,

TBit(RxD) < Recessive bit ns
5 Mb/s symmetry at RXDC  Rectangular pulse signal Ttxpc = 1200 ns, high 120 | 200 220 E.112
pulse 200 ns, low pulse 1000 ns
55V <Vg<18V,R. =60 Q +1%,
C|_ =100 pF, CRXD =15 pF,
Vpigg: 0.5V (falling) - 0.9 V (rising),
TXD rise and fall time = 10 ns
i < 10% - 90%, 90% - 10%),
T'ﬁ'tm/s) (10% - 90%, 90% - 10%) 935 1000 1030 E.113
S test signal to be applied on the TXD input of the
implementation is a square wave signal with a
. . positive duty cycle of 1/6 and a period of six times
Recessive bit . . L
the nominal recessive bit width.
symmetry at ns
CAN-Bus Rectangular pulse signal Ttxpc = 6000 ns, high
pulse 1000 ns, low pulse 5000 ns
Conditions as Tgjygus) < 1 Mb/s,
Taieus) < - - 435 500 530 E.114
2 Mb/s Rectangular pulse signal Ttxpc = 3000 ns, high :
pulse 500 ns, low pulse 2500 ns
Conditions as Tgitgus) < 1Mbl/s,
Taireus) < i i 155 200 210 E.115
5 Mb/s Rectangular pulse signal Ttxpc = 1200 ns, high :
pulse 200 ns, low pulse 1000 ns
55V <Vg<18V,R. =60 Q +1%,
CL =100 pF, Crxp = 15 pF,
AtRec < 2 Mb/s -65 40 E.116
) o Rectangular pulse signal Ttxpc = 3000 ns, high
Receiver timing pulse 500 ns, low pulse 2500 ns
symmetry (TgitRrxD) - ns
TeitgUS)) 55V <Vg<18V,R. =60 Q +1%,
C|_ =100 pF, CRXD =15 pF,
Atrgc < 5 Mb/s -45 15 E. 117
Rectangular pulse signal Ttxpc = 1200 ns, high
pulse 200 ns, low pulse 1000 ns
CAN permanent
2
tcaN dominant time out Tested by scan 700 us | E.118
Time between
WUP®) on the CAN | Wake-up pattern wake-up
twup-VGansup bus until Vcansup 70% Vpirr — 90% Vcansup(min)s 0 200 ps E.049
goes active
Time between
WUP®) on the CAN Wak " ‘
bus until RXD is ake-up patiern wake-up
twup-RxD . 0 1 ms E.19
active (the CAN RXD output enabled
signal is represented
at the RXD output)
Filter time needed to
tvCANSUPIow display CANSUPlow ' Tested by SCAN 5 us E.124
flag

1. Tgit(rxp) for the highest supported data rate has to be specified (1 Mb/s, 2 Mb/s, 5 Mb/s).

2. At the expiration of this filter time a flag is set.
3. Time starts with the end of last dominant phase of the WUP.
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Table 33. CAN receiver input current

i T e un e |

Unpowered device,

Vean =5V, Veane =5V, Vs < Vpor £,
ILeakage, CANH | Input leakage current CANH | Vs, Veansup'? connected via 0 Q to GND, -5 5 | pA | E.050
Vs, Veansup @ connected via 47 kQ to GND,
Ty;=-40t0 130 °C
Unpowered device,
VeanH =5V, Veane =5V, Vs < Vpor £,
ILeakage, CANL | Input leakage current CANL | Vs, Vcansup ) connected via 0 Q to GND, -5 5 | pA E.052
Vs, Veansup @) connected via 47 kQ to GND,
T,=-401t0 130 °C

1. Vs not floating.

2. Related to the external supply pin of the CAN-transceiver. If the transceiver supply is generated entirely inside the device
the parameter is measured with respect to the supply of the device.

3. Related to the external supply pin of the CAN-transceiver. If the transceiver supply is generated entirely inside the device
the parameter is measured with respect to the supply of the device; if the transceiver is supplied by its own supply pin, this
pin has to fulfill this specification as well as the supply that is used to generate the transceiver voltage in case it is on the
same device.

Note: The leakage currents have to be measured with the supply of the CAN-transceiver connected to ground either
directly or via 47 kQ. If the CAN-transceiver supply is generated by the device from Vs, Vg has to be connected
to ground. If the CAN-transceiver is supplied by another device, the supply of the CAN-transceiver has to be
connected to ground.

Table 34. Biasing control timings

titter CAN activity filter time E.054
twake Wake-up time out Tested by scan 0.8 1 5 ms E.055
tsilence CAN timeout Tested by scan 600 700 1200 ms E.056
TBias CAN bias reaction time 250 us E.123
2419 LIN transceiver

LIN ISO 17987-4:2016 compliant for data rates up to 20 kBit/s
The voltages are referred to GND and currents are assumed positive, when the current flows into the pin.
6V <Vgreg <18V, Ty =-40 °C to 150 °C unless otherwise specified.

Table 35. LIN transmit data input: pin TXD

VTxpLow Input voltage dominant level Active mode 1.45 E.058
VTXDHIGH Input voltage recessive level Active mode 1.85 2.3 V E.059
V1xpHYs | VTxDHIGH - VTxpLOW Active mode 0.2 0.4 v E.060
Rtxppu TXD pull-up resistor Active mode 13 29 49 kQ E.061
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Table 36. LIN receive data output: pin RXD

VRxDLOW Output voltage dominant level Active mode E.062

VRXDHIGH Output voltage recessive level Active mode V1-0.5 V1-0.2 \Y E.063

Table 37. LIN transmitter and receiver: pin LIN

Tt condion | “Min—| | toxun en

Receiver threshold voltage

0.4*

0.45*

0.5%

VTHdom recessive to dominant state VsrEG VsRreG VSREG vV | E.084
V Receiver dominant state 047 V | E.065
Busdom VsRreG ’
Receiver threshold voltage 0.5* 0.55* 0.6*
VTHree | Gominant to recessive state VsREG VsreG VsSREG v |E.066
. . 0.6*
VBusrec Receiver recessive state v V | E.067
SREG
Receiver threshold hysteresis: 0.07* 0.1* 0.175*
V
THhys VTHrec -VTHdom VsReEG VsRreG VsReG v E.068
V Receiver tolerance center value: 0.475* 0.5* 0.525* V  E.069
THent 1 (VTHrec +VTHdom)/2 Vsree | Vsree | VSReG :
Receiver wakeup threshold 0.5* 0.55* 0.6*
V
THwkup | 4ctivation voltage (rising edge) VsREG VsRreG VSREG vV |EO70
Receiver wakeup threshold 0.4* 0.45* 0.5*
V oo ; .
THwkdwn | activation voltage (falling edge) VSREG VsREG VSREG v |EoT
Sleep mode;
Yinbus It_i::lebus wake-up dominant filter Edge: rec-dom:; 64 us | E.072
Tested by scan
Sleep mode;
tdom_LIN l‘i::‘ebus wake-up dominant filter Edge: rec-dom-rec; 28 us E.073
Tested by scan
Transmitter input current limit in - . _ _
ILINDomSC 4o inant state V1xp = VrxpLow; VLN = Vear = 18 V 40 100 180 mA | E.074
Input leakage current at the V1xD = VTXDHIGH;
| -
bus_PAS_dom | raceiver incl. pull-up resistor VLN =0V; Vgar = 12 V() ! mA | E.075
In standby modes;
Ibus_PAS_rec ;Féig:;?\lltéesrtg}[zut current in V1xp = V1xpHIGH: VLN > 8 Y, 20 uA | E.O76
Vpar < 18 V; VN 2 Vpar
lbus NO_GND II;g\tljitcgurrent if loss of GND at GND = Vg; 0V < V| < 18 V; Vgar = 12V 1 1 mA  E.077
lous Inpu.t current if loss of VBAT at GND = Vg 0V < Vi <18V 30 A E078
Device
i : Active mode ; V1xp = V1xpLow;
Vi iNdom LIN voltage level in dominant 12 vV E080
state Rpus = 500 Q
LIN voltage level in recessive Active mode; Vtxp = VTXDHIGH; 0.8*
V
LINrec state Iun = 10 pA VSREG V | E.081
RLINup LIN output pull-up resistor Vin=0V 20 40 60 kQ E.082
Cun® LIN input capacitance 30 pF E.083
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1. Slave mode.
2. Specified by design, not tested in production.

Table 38. LIN transceiver timing

i . e i e’

trxpd = Max(trxpdr.trxpdf);
trxpdf = 1(0.5 Vrxp) -t(0.45 VN);

‘ . . trxpdr = (0.5 Vrxp) -1(0.55 ViiN);

tRXpd Receiver propagation delay time 6 us | E.084

Vs =12 V; Crxp = 20 pF;
Rbus =1 kQ, Cbus =1 nF;
Rpus = 660 Q, Cpys = 6.8 nF; Rpys = 500 Q, Cpys = 10 nF
tRxpd_sym = tRxpdr-tRxpdf;

Symmetry of receiver propagation Vs =12V,

tRXpd_sym delay time (rising vs. falling edge) Rous = 1 kQ, Cpus = 1 NF ; -2 2 Ws | E.085
Crxp = 20 pF
THRec(max) = 0.744*Vs; Thpom(max) = 0.581*Vs;
Vg =from7Vto 18V, tyjt = 50 ys;
D1 Duty cycle 1 D1 = tbus_rec(min) / (2xtbit); 0.396 E.086
Rpus = 1 kQ, Cpys = 1 nF;
Rpus = 660 Q, Cpys = 6.8 nF; Rpys = 500 Q, Cpys = 10 nF
THRec(min) = 0.422*Vs; THpom(min) = 0.284*Vs;
Vg =from 7.6 Vto 18 V, tyjy = 50 ps;
D2 Dutycycle 2 D2 = thys_rec(max) /(2xtbit); 0.581 E.087
Rpus = 1 kQ, Cpys = 1 nF;
Rpus = 660 Q, Cpys = 6.8 nF; Rpys = 500 Q, Cpys = 10 nF
THRec(max) = 0.778"Vs; THpom(max) = 0.616"Vs;
Vg =from7 Vto 18 V, tyjt = 96 ps;
D3 Duty cycle 3 D3 = tpus_rec(min) /(2xtbit); 0.417 E.088
Rpus = 1 kQ, Cpys = 1 nF;
Rpus = 660 Q, Cpys = 6.8 nF; Ryys = 500 Q, Cpys = 10 nF
THRec(min) = 0-389*Vs; Thpom(min) = 0.251*Vs;
Vg =from7.6 V1o 18V, tyit = 96 us;
D4 Duty cycle 4 D4 = tous_rec(max) /(2xtbit); 0.590 E.089
Rpus = 1 kQ, Cpys = 1 nF;
Rpus = 660 Q, Cpys = 6.8 nF; Ryys = 500 Q, Cpys = 10 nF
tdom(TxpL)  TXDL dominant time out Tested by scan 12 ms  E.090
tLIN LIN permanent recessive time out Tested by scan 40 us | E.091
Tdom(bus) LIN bus permanent dominant time- Tested by scan 12 ms | E.092

out
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Figure 9. LIN transmit, receive timing
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2.4.20 SPI
The voltages are referred to ground, and currents are assumed positive, when the current flows into the pin.
6 V <Vgreg < 18V, all outputs open, T; =-40 °C to 150 °C, unless otherwise specified.

Table 39. Input: CSN

VesnLow Input voltage low level Normal mode, V1 =5V 1.45 B.001
VCSNHIGH Input voltage high level Normal mode, V1 =5V 1.85 2.3 \% B.002
VCSNHYS VCsSNHIGH - VesnLow Normal mode, V1 =5V 0.2 0.4 \Y B.003

lcsnPu CSN pull-up resistor Normal mode, V1 =5V 13 29 46 kQ B.004

Table 40. Inputs: CLK, DI

. 1 e i o’

Switching from V1_Standby to active mode using SPI wake-
up access. Time until output drivers (P-channel) are enabled

) after CSN going to high. (First SPI wake-up access include 60 ks B.00S
t.(1)  Delaytime from V1_Standby to the enable of the driver)
set active mode
Switching from V1_Standby to active mode using SPI wake-
up access. Time until output drivers (N-channel) are enabled 600 us | B.006
after CSN going to high.
VinL | Input low level V1=5V 1.0 1.45 VvV | B.007
VinH | Input high level V1=5V 1.8 23 V | B.008
VinHyst | Input hysteresis V1=5V 02 04 VvV  B.009
lin Pull-down current at input Vip=1V 5 30 60 @ uA B.010
Input capacitance at input CSN,
. (1)
Cin'"" GLK, DI, PWM1-6 and PWM4-5 0V<VI<53V 10 15 pF B0
fouk | SPIinput frequency at CLK 4 MHz B.012

1. Parameter specified by design, not tested in production.
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Table 41. DI, CLK and CSN timing

tok Clock period V1=5V B.013
tcikn | Clock high time V1=5V 106.25 ns B.014
toLkL Clock low time V1=5V 106.25 ns B.015
tsetcsn | CSN setup time, CSN low before rising edge of CLK V1=5V 150 ns B.016
tsetcLk | CLK setup time, CLK high before rising edge of CSN V1=5V 150 ns B.017
tset DI DI setup time V1=5V 25 ns B.018
thoidpi | DI hold time V1=5V 25 ns B.019
trin'" Rise time of input signal DI, CLK, CSN V1=5V 25 ns B.020
trin'" Fall time of input signal DI, CLK, CSN V1=5V 25 ns | B.021

1. Parameter specified by design, not tested in production.

See also Figure 11. SPI input timing.

Table 42. Output DO

VboL Output low level V1 =5V, Ipo = -4mA B.022

VDoH Output high level V1=5V,Ipp=4mA V1-0.5 \% B.023

IboLK Tristate leakage current Vesn =V1,0V <Vpo <V1 -10 10 MA B.024
Vesn = V1,

Cpo'" Tristate input capacitance 10 15 pF B.025
0V<V1<53V

1. Parameter specified by design, not tested in production.

Table 43. DO timing

C|_ =50 pF, IIoad =-1mA
trpo'" DO rise time 25 ns B.026
from 0.3 V1 t0 0.7 V1

; ) C|_ =50 pF, IIoad =1mA
trpo'" DO fall time 25 ns | B.027
from 0.3 V1 t0 0.7 V1

C|_ =50 pF, IIoad =1mA
tenpotiL'”! | DO enable time from tristate to low level 50 100 ns | B.028
pull-up load to V1

C|_ =50 pF, IIoad =4 mA

tispoLti ! | DO disable time from low level to 3-state 50 100 ns | B.029
pull-up load to V1
C|_ =50 pF, IIoad =-1mA

tenpotiH'’ | DO enable time from tristate to high level 50 100 ns | B.030
pull-down load to GND
Vpo <0.3V1orVpp>0.7 V1,

typo'" DO delay time €, = 50 pF 30 60 ns B.032
L=

1. Parameter is specified by design, not tested in production.

See Figure 12. SPI output timing.
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Table 44. CSN timing

Minimum CSN HI time,

tcsN_Himin ) Transfer of SPI-command to Input register 0.5 us B.033
active mode

tcsNfail CSN low timeout Tested by scan 20 35 50 ms B.034

Figure 10. SPI transfer timing diagram

CSN high to low: DO enabled

CSN | | -

time
ok _ HHHHHHHMA < X FFFAMFL K,
DI: data will be accepted on the rising edge of CLK signal time

N0 0000000000000 R

DO: data will change on the falling edge of CLK signal

time
po XX
fault bit CSN low to high: actual data is time
transferred to output power switches
Input
Data old data )( new data .
Register time

The SPI can be driven by a microcontroller with its SPI peripheral running in the following mode: CPOL = 0 and
CPHA = 0.

For this mode input data is sampled by the low to high transition of the clock CLK, and output data is changed
from the high to low transition of CLK.

Figure 11. SPI input timing
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Figure 12. SPI output timing
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Figure 13. SPI CSN output timing
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Figure 14. SPI - CSN low to high transition and global status bit access
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24.21 Inputs DIRH, PWMH, PWM4-5, PWM6, DIR1, DIR2
The voltages are referred to ground, and currents are assumed positive, when the current flows into the pin.
6V <Vgreg <18V, T =-40°C to 150°C.

Table 45. Inputs: DIRH, PWMH, PWM4-5, PWM6, DIR1, DIR2

Input voltage low level Vsreg = 13.5V 1.45 A.169

ViH Input voltage high level Vsreg = 13.5V 1.8 2.5 \ A.170

ViHys Input hysteresis Vsreg = 13.5V 0.1 0.4 \Y AAT1

lin Input pull-down current on PWM6 and PWM4-5 pins Vsreg = 13.5V 2 30 60 pA | AA1T72
2.4.22 Debug input pin

The voltages are referred to ground, and currents are assumed positive, when the current flows into the pin.
6V <Vgreg <18V, T =-40°C to 150°C.

Table 46. Debug input

VgiL Input voltage low level Vsreg = 13.5V A.187

VdiH Input voltage high level Vsreg = 13.5V 7.4 8.4 9.4 \% A.188

VdiHYs Input hysteresis Vsreg = 13.5V 0.25 1 1.4 Y, A.189

Rin Pull-down resistor Vpepug =6 Vto 28V 13 29 45 kQ A.190
2.4.23 Interrupt output

The voltages are referred to ground, and currents are assumed positive, when the current flows into the pin.
6V <Vgreg=18YV, Ty =-40 °C to 150 °C.

Table 47. Interrupt output

VINTL output low level V1=5V,INT=-4mA A.176
VINTH output high level V1=5V,INT=4 mA V1-0.5 V1-0.2 \Y AATT
IINTLK Tristate leakage current 0V <V|T<VI1 -10 10 pA A.178
tnterrupt I(E;ET/J;JWTS)&) duration Tested by scan 42 56 70 us | A179
tint_react Interrupt reaction time Tested by scan 40 us A.180
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2.4.24 Timer1 and Timer2
6V < Vgreg < 18V, T, = -40°C to 150°C.

Table 48. Timer 1 and timer 2 values

ton1 Timer on time Tested by scan F.012
ton2 Timer on time Tested by scan 0.3 ms F.013
ton3 Timer on time Tested by scan 1 ms F.014
ton4 Timer on time Tested by scan 10 ms F.015
ton5 Timer on time Tested by scan 20 ms F.016
T1 Timer period Tested by scan 10 ms F.017
T2 Timer period Tested by scan 20 ms F.018
T3 Timer period Tested by scan 50 ms F.019
T4 Timer period Tested by scan 100 ms F.020
T5 Timer period Tested by scan 200 ms F.021
T6 Timer period Tested by scan 500 ms F.022
T7 Timer period Tested by scan 1000 ms F.023
T8 Timer period Tested by scan 2000 ms F.024
2.4.25 SGND loss comparator

T, =-40 °C to 150 °C, unless otherwise specified.

Table 49. SGND loss comparator

VsGNDloss Input voltage low level Vsreg = 13.5V A.181

tSGNDIoss Filter time Tested by scan 7 us A.182
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3 Functional description

3.1 Supply VS, VSREG
VSREG supplies voltage regulators V1 and V2, all internal regulated voltages for analog and digital functionality,
LIN, CAN, and two of P-channel high-side switches (HS15 and HSO0).
All other high-sides and the charge pump are supplied by VS. In case of VSREG pin disconnected, all power
devices connected to VS are automatically switched off.
Filtering capacitors on VS and VSREG lines must be dimensioned to ensure transient slopes < 100 mV/ps.

3.2 Voltage regulators

The L99DZ320 contains two fully protected low drop voltage regulators, which are designed for very fast transient
response and do not require electrolytic output capacitors for stability.

3.21 Voltage regulator V1

The V1 voltage regulator provides 5 V supply voltage and up to 250 mA continuous load current to supply the
system microcontroller and the integrated CAN transceiver. The V1 regulator is embedded in the power
management and fail-safe functionality of the device and operates according to the selected operating mode. The
V1 voltage regulator is supplied by pin Vsreg.

In addition, the V1 regulator supplies the device internal loads. The voltage regulator is protected against overload
and overtemperature. An external reverse current protection has to be provided by the application circuitry to
prevent the input capacitor from being discharged by negative transients or low input voltage. Current limitation of
the regulator ensures fast charge of external bypass capacitors. The output voltage is stable for ceramic load
capacitors = 1 pF.

In case the device temperature exceeds the TSD1 threshold the V1 regulator remains on. Hence, the
microcontroller has the possibility for interaction or error logging. If the chip temperature exceeds TSD2 threshold
(TSD2 > TSD1), V1 is deactivated and all wake-up sources (CAN, LIN, El1, EI2 and timer) are disabled. After
trsp, the voltage regulator restarts automatically. If the restart fails 7 times within one minute the L99DZ320 enters
the forced VBAT-standby mode. The status bit Forced_Sleep_TSD2_V1SC is set.

3.2.2 Voltage regulator V2

The voltage regulator V2 is supplied by pin VSREG and can supply additional 5 V loads such as sensors or
potentiometers.

Voltage regulator V2 is tracker of V1 regulator. i.e. provides a 5V output that tracks the V1 regulator output voltage
with AVo (C.038) accuracy.

Load current of V2 can be up to 50 mA.

The V2 regulator is protected against:

. overload
. overtemperature
. short-circuit (short to ground and battery supply voltage)
. reverse biasing
3.23 Voltage regulator failure

The V1 and V2 regulator output voltages are monitored.
In case of a drop below the V1, V2 fail thresholds (V1,2 < V1,2¢,, for t > ty1 214i1), the failure bits VAFAIL, V2FAIL
(SR7) are latched. The fail bits can be cleared by a dedicated SPI command.

3.24 Short to ground detection

At turn on of the V1 and V2 regulators, a short to GND condition is detected by monitoring the regulator output
voltage.

If V1 (V2) is below the Vqzil (Vi) threshold for t > ty1ghort (t > ty2short) after turn on, the L99DZ320 identifies a
short-circuit condition at the related regulator output and the regulator is switched off.

In the case of V1 short to GND, the device enters VBAT-standby mode automatically.
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Bits FORCED_SLEEP_TSD2_V1SC (SR8) and V1FAIL (SR7) are set.
In the case of a V2 short to GND failure, the V2SC (SR7) and V1FAIL (SR7) bits are set.

Once the output voltage of the corresponding regulator V1 (V2) has exceeded the V¢ (Vorai)) threshold, the
short to ground detection is disabled. In case of a short to ground condition, the regulator is switched off due to
thermal shutdown. V1 is switched off at TSD2, V2 is switched off at TSD1.

3.2.5 Voltage regulator behavior
Figure 15. Voltage regulator behavior and diagnosis during supply voltage ramp-up/ramp-down
conditions
Vsreg [V]
Vsrequy / \
VPOR
v v Control
RSTB bit is set and registers VSREGUV bitis set _Registers i
are set to default at VPOR_R (filter time tovuv_filt)  set to default
V1 [V] ‘ at VPOR_F
100us t < tuvt t> tUV1 t> tvifail
> e >
t>tuv1
v1 \ / >
1
VRt \ \
Vifail
4
No Reset generated {11 V1FAIL bit is set
Nreset IFt> tvishort
output V1 short detected
] > VBAT standby| tro tro
High trr e
1 s
Low /77, s
H
tviFs |
If t1 >tvirs

specific Control Registers are set to default values

High Z Grounded tuv1: V1 under-voltage filter time
VSregUV: Vsregunder-voltage tV1fail: V1 fail filter time
VPOR_R/F: Vsreg power-on reset voltage trr: reset pulse reaction time
(siigfaling) tro reset pulse duration
Vot V1 reset threshold voltage Vishort: V1 short filter time
V1FAIL: V1 fail threshold voltage VIFS: V1 fail safe filter time
tOVUV_filt: Vsreg over-/undervoltage filter time
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3.3 Operating modes
L99DZ320 can be operated in 4 different operating modes:
. Active
. Debug
. V1_Standby
. VBAT_Standby

3.31 Active mode
All functions are available, and the device is controlled by SPI.

3.3.2 Debug mode
To allow software debugging, the watchdog can be deactivated by applying an external voltage to the DEBUG
input pin (Vgebug > Vdin)-
In debug mode, all device functionality is available, including CAN, which is enabled by default. The watchdog is
deactivated.
At exit from debug mode (Vgebug < VgiL) the watchdog starts with a long open window.

3.3.3 V1_Standby mode
The transition from active mode to V1_Standby mode is controlled by SPI.
To supply the microcontroller in a low-power mode, the V1 voltage regulator remains active.

After the V1 standby command (CSN low to high transition), the device enters V1_Standby mode immediately
and the watchdog starts a long open window (t ). The watchdog is deactivated as soon as the V1 load current
drops below the Igmp threshold (Iv1 < lgmp).

The V1 load current monitoring can be deactivated by setting ICMP = 1. In this configuration, the watchdog is
deactivated upon transition into V1_Standby mode without monitoring the V1 load current.

Writing ICMP (CR2) = 1 is only possible with the first SPI command after setting ICMP_CONFIG_EN (CR1) = 1.
The ICMP_CONFIG_EN bit is reset to ‘0’ automatically with the next SPI command.

Power outputs (except HS15 & HSO0), as well as the LIN and CAN transmitters are switched off in V1_Standby
mode.

HS15 and HSO remain in the configuration programmed before the standby command in order to enable (cyclic)
supply of external contacts.

Note: Before going to V1_Standby mode, the OL_H1L2 and OL_H2L1 bits in control register 12 must be set to 0 to
achieve the specified current consumption.

3.34 Interrupt

The interrupt signal (linked to RXDL/NINT internally) indicates a wake-up event from V1_Standby mode. This is
the only mode in which the pin is configured as NINT, otherwise it works as RXDL. In case of a wake-up by wake-
up inputs, valid wake-up frames on LIN or CAN, (activity on LIN or CAN), SPI access or timer interrupt, the NINT
pin is pulled low for 56 ps, after a reaction time tint_react from the related wake-up event.

In case of increasing V1 load current during V1_Standby mode (ly1 > lcmp), the device remains in standby mode
and the watchdog starts with a long open window. No interrupt signal is generated.

3.35 VBAT_Standby mode
The transition from active mode to VBAT_Standby mode is initiated by an SPI command.

In VBAT_Standby mode, the voltage regulators V1 and V2, the power outputs (except HS15 and HS0) as well as
LIN and CAN transmitters are switched off. An NReset pulse is generated upon wake-up from VBAT_Standby
mode.

Note: Before going to VBAT_Standby mode, OL_H1L2 and OL_H2L1 bits in control register 12 must be set to 0 to
achieve the specified current consumption.
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3.4 Wake-up from standby modes

A wake-up from standby mode switches the device to active mode. This can be initiated by one or more of the
following events:

Table 50. Wake-up sources

LIN bus activity Can be disabled by SPI
CAN bus activity Can be disabled by SPI
Level change of El Can be configured or disabled by SPI

| | Device remains in V1_Standby mode but watchdog is enabled (if ICMP = 0).
V1>
emp No interrupt is generated.

Programmable by SPI:

- V1_Standby mode:

Timer interrupt / device wakes up and interrupt signal is generated at RXDL/NINT when programmable

Wake-up of microcontroller by time-out has elapsed

TIMER - VBAT_Standby mode: device wakes up after programmable timer expiration. V1
regulator is turned on and NReset signal is generated when programmable time-out has
elapsed
Always active (except in VBAT_Standby mode)

SPI access

Wake-up event: CSN falling edge

To prevent the system from a deadlock condition (no wake-up from standby possible) a configuration where the
wake-up by LIN and HS CAN are both disabled, is not allowed. All wake-up sources are configured to default
values in case of such invalid setting. The SPI error bit (SPIE) in the global status register is set.

3.41 External interrupts

The EI1 and EI2 inputs can be configured as wake-up sources. Each external interrupt input is sensitive to any
level transition (positive and negative edge) and can be configured for static or cyclic monitoring of the input
voltage level by the suitable setting of the CR18 [8, 9, 14 and 15] bits (EIx_FILT_0 and EIx_FILT_1, with x = 1, 2)
which allows to choose the monitoring among static, cyclic with timer1 or cyclic with timer2. When the
configuration of a timer is changed, the timer is automatically restarted using the new configuration.

For static contact monitoring, a filter time of twu_stat is implemented. The filter is started when the input voltage
passes the specified threshold Vwu_th. External interrupt status bit is set only if this threshold is passed for more
than tyy,_stat (SR4 bit 21 for EI2_STATE, SR4 bit 18 for EI1_STATE).

Cyclic contact monitoring allows instead the periodical (not threshold dependent) activation of the external
interrupt input to read the status of the external contact. The periodical activations are driven by timer1 or timer2
whose settings (on time and period) can be configured through CR17 (8...13) and (16...21) bits. The input signal
is filtered with a filter time of twy_cyc after a delay (80% of the configured timer on time). An external interrupt is
processed if the status has changed versus the previous cycle, therefore the external interrupt status bit (SR4) is
set only if the status during the consecutive on time is different, after configuring the delay and twy_cyc-

The buffered output HSO can be used to supply the external contacts with the timer setting according to the cyclic
monitoring of the external interrupt input.
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Figure 16. Cyclic monitoring: the external contacts are supplied periodically by the internal timer
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Module external contacts

In standby mode, the inputs are configurable with an internal pull-up or pull-down current source according to the
setup of the external contact. Moreover, in the case of cyclic sensing, an internal pull-down resistor (Rwy_act) is
periodically activated on each rising edge of the TIMER_ON. Ryy_act is activated also for static wakeup, but in
this case it occurs just after the external interrupt request, keeping this condition for at least the filter time tyy_stat
(or more, if the El is valid and the device enters in active mode).

In active mode the inputs have in fact only the internal pull-down resistor and the input status can be read by SPI.
Static sense should be configured before the read operation has started in order to reflect the actual input level.

As the DIR1_EN enable bit, in CR1 (0x26), is set to 1 by default, the DIR1/EI2 pin is a low voltage direct driving of
HSO. Threshold is set in this case at 1.5 V.

DS14235 - Rev 5 page 50/146



ﬁ L99DZ320

Functional description

3.5 Functional overview (truth table)

Table 51. Truth table

Operating modes

VBAT_Standby static
mode
(cyclic sense)

Comments V1_Standby static mode

Active mode .
(cyclic sense)

Voltage regulator V1 Vout =5V On On (M Off
Voltage regulator V2 Vour=5V On/Off (2) On®@)joff Off
Reset generator On On Off
Window watchdog V1 monitor On off (Onlgh;\g:()')cmp and Off
Wake-up Off Active ) Active®
HS cyclic supply Osciltl)z;ts; time On/Off Oon@/off Oon@)/off
LIN LIN 2.2a on off @ off®)
CAN FD On/Off ) Offl4) Off4)
Oscillator On On/Off(®) On/Off®)
Vs monitor On @) @)

H-bridge gate driver, bridge
drivers, all high-side drivers On/Off(?) Off Off
(except HS15 and HS0)

HS15 (P-channel HS) On/Off(?) On/Off() On/Off?)

HSO (P-channel HS) On/Off?) On/Off?) On/Off?)
Charge pump On Off Off
Thermal shutdown TSD2 On On Off

Thermal shutdown TSD1x

(2)
(for P-channel HS) on On On/Off

Supply the processor in low current mode.
According to SPI setting.
Unless disabled by SPI.

The bus state is internally stored when going to standby mode. A change of bus state leads to a wake-up after exceeding
the internal filter time (if wake-up by LIN or CAN is not disabled by SPI).

After power on, the CAN FD transceiver is in ‘CAN Trx Standby’ Mode. It is activated by SPI command (CAN_ACT =1).
ON, if it is enabled at least one of the following: cyclic sense, HS15, HS0, V2.

A WD~

o o

7. Cyclic activation = pulsed ON during cyclic sense.
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Figure 17. Main operating modes
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3.6 Configurable window watchdog

During normal operation, the watchdog monitors the microcontroller within a programmable trigger cycle.

After power-on or standby mode, the watchdog starts with a timeout (long open window t;y). The timeout allows
the microcontroller to run its own setup and then to start the window watchdog by setting TRIG = 1. Subsequently,
the microcontroller has to serve the watchdog by alternating the watchdog trigger bit within the safe trigger area
Tswx. The trigger time is configurable by SPI.

A correct watchdog trigger signal immediately starts the next cycle.

After 8 watchdog failures in sequence, the V1 regulator is switched off for tv1off. After 7 additional watchdog
failures the V1 regulator is turned off permanently and the device goes into forced VBAT_Standby mode. The
status bit FORCED_SLEEP_WD (SR 8) is set. A wake-up is possible by any activated wake-up source.

In case of a watchdog failure, the power outputs and V2 are switched off and the device enters fail-safe mode. All
control registers are set to their failsafe values.

The following diagrams illustrate the watchdog behavior of the device. The diagrams are split in 3 parts. The first
diagram shows the functional behavior of the watchdog without any error. The second diagram covers the
behavior covering all the error conditions, which can affect the watchdog behavior. The third diagram shows the
transition in and out of debug mode. All 3 diagrams can be overlapped to get all the possible state transitions
under all circumstances. For a better readability, they were split in normal operating, with errors and debug mode.
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Figure 18. Watchdog in normal operating mode (no errors)

Active mode I(v1) > lcmp)
Go Vbat stby
Or
stby AND I(v1) <lcmp
- 1 Vbat standby mode
TRIG =1 V1 Standby (I(V1) <ICMP)
Go V1 stby AND I(v1)3cmp
Window
Go Vbat stby
proper trigger i Mode Or
Window mode Go V1 stby AND I(v1) <cmp
Active mode
Figure 19. Watchdog with error conditions
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Figure 20. Watchdog in debug mode
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Note: Whenever the device is operated without servicing the mandatory watchdog trigger events, a sequence of 15

consecutive reset events is performed and the device enters the Forced_Vbat_Stby mode with the bit
FORCED_SLEEP_WD in SR8 set. If the device is woken up after such a forced VBAT_Standby condition and
the watchdog is still not serviced, the device, after one long open watchdog window reenters the same
Forced_Vbat_Stby mode until the next wake-up event. In this case, an additional watchdog failure is generated,
but the fail counter is not cleared, keeping the maximum number of 15 failures. This sequence is repeated until a
valid watchdog trigger event is performed by writing TRIG = 1.

3.6.1 Change watchdog timing

The watchdog trigger time can be configured by setting the WD_TIME (CR 17) bit. Writing to these bits is only
possible with the first SPI command after setting WD_CONFIG_EN = 1. The WD_CONFIG_EN bit is reset to 0
automatically with the next SPI command.

When FAIL_SAFE is active these SPI registers are not accessible and therefore in this case first the FAIL_SAFE
status needs to be cleared. In case of WD_FAIL, the clear is performed by trigging in long open window.

When a new configuration has been programmed, the watchdog continues behaving with the old configuration
until the next trig event.

The new value of WD_TIME is loaded in the watchdog module on the next trig event after the SPI configuration.
The following WD cycle uses the new programmed value.

3.7 Fail-safe mode

3.71 Temporary failures
L99DZ320 enters fail-safe mode in case of:
. Watchdog failure
. V1 failure (V1 < Vi, for t > tyqgs)
. Thermal shutdown TSD2

The fail-safe functionality is also available in V1_Standby mode. During V1_Standby mode the fail-safe mode is
entered in the following cases:

° V1 failure (V1 <V, for t > tyqrs)
. Watchdog failure (if watchdog still running due to Iv1 > Icmp)
. Thermal shutdown TSD2

In fail-safe mode the device returns to a fail-safe state. The fail-safe condition is indicated to the system in the
global status byte. The conditions during fail-safe mode are:
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. All outputs are turned off
. All control registers are set to default values
. Write operations to control registers are blocked until the fail-safe condition is cleared (see table below).

Only the following bits are not write protected:
- CR18 (0x3F):
° TRIG
° CAN_ACT
- CR17 (Ox3E):
° Timer settings (bits 8...23)
- CR14 (0x3B):
° HS15_x (bits 8...11)
° HSO0_x (bits 12...15)
- CR5 (0x32) to CR10 (0x37)
° PWM frequency and duty cycles
- CR1 (0x26)
° TRIG
° V2_0
° V2_1
. LIN transmitter remains on
. Corresponding failure bits in status registers are set
. FS bit (bit 0 global status byte) is set

In fail-safe mode the device returns to a fail-safe state until the fail-safe condition is removed and the fail-safe was
read by SPI. Depending on the root cause of the fail-safe operation, the actions to exit fail-safe mode are as
shown in the following table.

Table 52. Temporary failures conditions

Watchdog FS (global status byte) = 1
Microcontroller . . _ TRIG = 1 during long open window
(oscillator) Early write failure or WDFAIL (SR8) =1 Read&Clear SR8
expired window WDFAIL_CNT_x (SR8) = n+1
FS (global status byte) = 1
Wake-up
Short at turn on VAFAIL =1
Read&Clear SR8
FORCED SLEEP TSD2/V1SC (SR8) = 1
V1
FS (global status byte) = 1
V1> Vi
Undervoltage VUV =11
Read&Clear SR8
VAFAIL (SR7) = 1)
FS (global status byte) =1
TW (SR7) =1 Ty<TSD2
Temperature T,>TSD2
TSD1 (SR8) =1 Read&Clear SR8

TSD2 (SR8) =1

1. Bit SR8/V1UV is set fort > t,,1 (16 us). Fail-safe bit GSR/FS is set only after trp (NRESET low pulse).
2. If V1 < V1fail (for t > t,4). The fail-safe bit is located in the global status register.

3.7.2 Non-recoverable failures - entering force VBAT standby mode

If the fail-safe condition persists and all attempts to return to normal system operation fail, the L99DZ320 enters
the forced VBAT standby mode in order to prevent damage to the system. The forced VBAT standby mode can be
terminated by any wake-up source. The root cause of the forced VBAT standby mode is indicated in the SPI
status registers.
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In forced VBAT standby mode, all control registers are set to power on default.

The forced VBAT standby mode is entered in case of:

. Multiple watchdog failures: FORCED_SLEEP_WD = 1 (15x watchdog failure)

. Multiple thermal shutdown 2: FORCED_SLEEP_TSD2_V1SC =1 (7x TSD2)

. V1 short at turn on (V1 < V1fail for t > ty/1ghort): FORCED_SLEEP_TSD2_V1SC (SR8) = 1
. Loss of ground: SGNDLOSS (SR3) = 1

Table 53. Non recoverable failures conditions

Failure source | Failure condition DIELISHE .Ex't L]
fail-safe mode

FS (global status byte) =1 Wake-up
Mlcrocpntroller 15 consecgtlve WDFAIL (SR8) = 1 TRIG = 1 during long
(oscillator) watchdog failures open window
FORCED_SLEEP_WD (SR8) = 1 Read&Clear SR8
FS (global status byte) = 1
Wake-up
V1 Shortatturnon | V1FAIL =1
Read&Clear SR8
FORCED_SLEEP_TSD2_V1SC (SR8) = 1
FS (global status byte) =1
T t 7 times TSD2 e Wake-up
emperature imes =
P TSD1(SR8) =1 Read&Clear SR8
TSD2 (SR8) =1 FORCED_SLEEP_TSD2_V1SC (SR8) =
1
SGND Loss of ground at FS (global status byte) = 1 Wake-up
SGND pin SGNDLOSS (SR3) = 1 Read&Clear SR3
3.8 Reset output

If V1 is turned on and the voltage exceeds the V1 reset threshold, the reset output “NRESET” is pulled up by the
internal pull-up resistor to V1 voltage after a reset delay time (trp). This is necessary for a defined start of the
microcontroller when the application is switched on. Since the NRESET output is realized as an open drain
output, it is also possible to connect an external NRESET open drain NRESET source to the output. As soon as
the NRESET is released, the watchdog timing starts with a long open window.

Figure 21. NRESET pin
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A reset pulse is generated in case of:
. V1 drops below Vrth (configurable by SPI) for t > t,4
. Watchdog failure
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After turning on the V1 regulator (Vsreg power on or wake-up from VBAT_Standby mode), NReset is kept low for
trp in order to keep the microcontroller in reset until supply voltage is stable.

3.9 LIN bus interface
3.91 Features
. LIN ISO 17987-4/2016 compliant transceiver
. Meets hardware requirements for transceivers (version 1.3)
. Data rate up to 20 kbit/s
. GND disconnection fail-safe at module level
. Off mode: does not disturb network
. GND shift operation at system level
. Microcontroller interface with CMOS compatible 1/0O pins
. Internal pull-up resistor
. ESD and transient immunity according to ISO7637 and EN / IEC61000-4-2
. Matched output slopes and propagation delay
. Wake-up behavior according to LIN2.2a and "Hardware requirements for LIN, CAN and flexray interfaces

(version 1.3)"
At Vsrec > VpoRr (that is Vsreg Power-on Reset threshold), the LIN transceiver is enabled.
The LIN transmitter is disabled in case of the following errors:
. Dominant TXDL time out
. LIN permanent recessive
. TSD1 on cluster 8 (global) if TSD_CLUSTER_EN = 1
. TSD1 on any clusters if TSD_CLUSTER_EN = 0 (default)

The LIN receiver is not disabled in case of any failure condition (it is reactivated in case of FS by thermal
shutdown).

3.9.2 Error handling
The device LIN transceiver provides the following three error handling features:
1. Dominant TXDL time out
If TXDL is in dominant state (low) for t > tyom(txpL) the transmitter is disabled, the status bit LIN_TXD_DOM

(SR7) is set.
The transmitter remains disabled until the status bit is cleared.
The TXD dominant timeout detection can be disabled via SPI (LIN_TXD_TOUT = 0).
2. Permanent recessive
If TXDL changes to dominant (low) state but the RXDL signal does not follow within t < t; |\ the transmitter is
disabled, the status bit LIN_PERM_REC (SR7) is set.
The transmitter remains disabled until the status bit is cleared.
3. Permanent dominant
If the bus state is dominant (low) for t > tyom(bus) @ bus permanent dominant failure is detected. The status bit
LIN_PERM_DOM (SR7) is set.
The transmitter is not disabled.

3.93 Wake-up from standby modes

In low-power modes (V1_Standby and VBAT_Standby) the L99DZ320 can receive two types of wake-up signals
from the LIN bus (configurable by SPI bit LIN_WU_CONFIG):

. Recessive dominant recessive pattern with t > tyom v (default, according to LIN 2.2a)
. A dominant time of at least 150 ps must be identified as a wake-up. Shorter dominant times may wake-up
the device
. State change recessive to dominant or dominant to recessive (according to LIN 2.1)
Note: Dominant levels having duration less than a glitch filter time (it is defined 28 us minimum, according to OEM

requirements version 1.3) have to be filtered and therefore they cannot wake-up the device.
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Pattern wake-up (default)

Figure 22. Wake-up behavior according to LIN 2.2a
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Status change wake-up recessive to dominant

Normal wake-up can occur when the LIN transceiver was set in standby mode while LIN was in recessive (high)
state. A dominant level at LIN for t; \ngus, switch the device to active mode.

Status change wake-up dominant to recessive

If the LIN transceiver was set in standby mode while LIN was in dominant (low) state, recessive level at LIN for
tLinBUS, Switch the device to active mode.

3.10 CAN FD bus transceiver

3.10.1 Features
. ISO 11898-2:2016 compliant
. CAN-FD cell has been designed according to “hardware requirements for transceivers (version 1.3)”
. Listen mode (transmitter disabled)

. SAE J2284 compliant
. Bit rate up to 5 Mbit/s
. Function range from -27 V to 40 V DC at CAN pins

. GND disconnection fail-safe at module level

. GND shift operation at system level

. Microcontroller interface with CMOS compatible 1/0 pins

. ESD and transient immunity according to ISO7637 and EN/IEC61000-4-2
. Matched output slopes and propagation delay
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3.10.2 CAN transceiver operating modes

Figure 23. Transceiver state diagram
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TRX normal mode

Full functionality of the CAN transceiver is available (transmitter and receiver) and the automatic voltage biasing is
enabled.

State transitions from TRX normal mode to VBAT_Standby and V1_Standby are possible. No interrupt is
generated in this mode.

CAN TRX STBY mode

The CAN transmitter is disabled in this mode and the RXDC pin is kept at high (recessive) level. CAN receiver is

capable of detecting a wake-up pattern (WUP). In V1_Standby mode and VBAT_Standby mode, a WUP is
indicated to the microcontroller by an interrupt signal.

There is no automatic state transition into TRX normal mode in the case of a detected CAN wake-up signal
(WUP). After serving the interrupt, the microcontroller can initiate a state transition into TRX normal mode by
setting the SPI bit CAN_ACT to '1". (This can be done 160 us after enabling the wake-up through
CAN_WU_EN=1).

Moreover, in this mode two further submodes are possible (“Bias ON” or “Bias OFF”), depending on the
CAN_AUTO_BIAS bit in CR1 (compliant with ISO 11898-2:2016) or timeout conditions.

3.10.3 CAN error handling
The devices provide the following four error handling features.

After power on reset (VS > VPOR) the CAN transceiver is disabled. The transceiver is enabled by setting
CAN_ACT =1.

The CAN transmitter is disabled automatically in case of the following errors:
. Dominant TXDC time out

. CAN permanent recessive

. RXDC permanent recessive

. TSD1 on cluster 8 (global) if TSD_CLUSTER_EN = 1

. TSD1 on any clusters if TSD_CLUSTER_EN = 0 (default)
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The CAN receiver is not disabled in case of any failure condition.

Dominant TXDC time out

If TXDC is in dominant state (low) for t > tyom(Txpc) the transmitter is disabled, status bit is latched and can be
read and optionally cleared by SPI. The transmitter remains disabled until the status register is cleared.

CAN Bus permanent recessive

If TXDC changes to dominant (low) state but CAN bus does not follow for 4 times, the transmitter is disabled,

status bit is latched and can be read and optionally cleared by SPI. The transmitter remains disabled until the
status register is cleared.

CAN permanent dominant

If the bus state is dominant (low) for t > tcan @ permanent dominant status is detected. The status is latched and
can be read and optionally cleared by SPI. The transmitter is not disabled.

RXDC permanent recessive

If RXDC pin is clamped to recessive (high) state, the controller is not able to recognize a bus dominant state and
could start messages at any time, which results in disturbing the overall bus communication. Therefore, if RXDC
does not follow TXDC for 4 times the transmitter is disabled. The status bit is latched and can be read and
optionally cleared by SPI. The transmitter remains disabled until the status register is cleared.

3.10.4 Wake up by CAN
The default setting for the wake-up behavior after Power-on Reset is the wake-up by regular communication on
the CAN bus. When the CAN transceiver is in a standby mode (CAN TRX STBY) the device can be woken up by
sending 2 consecutive dominant bits separated by a recessive bit.
Normal pattern wake-up can occur when the CAN pattern wake-up option is enabled, and the CAN transceiver
was set in standby mode (CAN TRX STBY) while CAN bus was in recessive (high) state or dominant (low) state.
In order to wake-up the device, the following criteria must be fulfilled:

. The CAN interface wake-up receiver must receive a series of two consecutive valid dominant pulses, each
of which must be longer than tger-

. The distance between 2 pulses must be longer than tgjter-
. The two pulses must occur within a time frame of tyake-
. Wake-up occurs when duration of the second pulse becomes longer than tge-.
Note: A wake-up caused by a message on the bus starts the voltage requlator and the microcontroller to switch the

application back to normal operation mode.
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Figure 24. CAN wake-up capabilities
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Note: The waveforms above illustrate the wake-up behavior from V1_Standby mode. For wake-up from

VBAT_Standby mode the NRESET signal (with 2 ms timing) is generated instead of the RXDL (interrupt) signal.

3.10.5 CAN receive only mode
During TRX normal mode, with the CAN_REC_ONLY bit it is possible to disable the CAN transmitter. In this mode
it is possible to listen to the bus but not sending to it. The receiver termination network is still activated in this
mode.

3.10.6 CAN looping mode
If the CAN_LOOP_EN (CR1) is set the TXDC input is mapped directly to the RXDC pin. This mode can be used
in combination with the CAN receive only mode, to run diagnosis for the CAN protocol handler of the
microcontroller.

3.1 Serial peripheral interface (ST SPI standard)
A 32-bit SPI is used for bidirectional communication with the microcontroller.
The SPI is driven by a microcontroller with its SPI peripheral running in the following mode:

. CPOL =0and CPHA =0
For this mode input data is sampled by the low to high transition of the clock CLK, and output data is
changed from the high to low transition of CLK.
This device is not limited to microcontroller with a built in SPI. Only three CMOS compatible output pins
and one input pin need to communicate with the device. A fault condition can be detected by setting CSN
to low. If CSN = 0, the DO pin reflects the global error flag (fault condition) of the device.

. Chip select not (CSN)
The input pin is used to select the serial interface of this device. When CSN is high, the output pin (DO) is
in high impedance state. A low signal activates the output driver and a serial communication can be
started. The state during CSN = 0 is called a communication frame.
If CSN = low for t > tcsnsail the DO output is switched to high impedance in order not to block the signal line
for other SPI nodes.
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. Serial data in (DI)
The input pin is used to transfer serial data into the device. The data applied to the Dl is sampled at the
rising edge of the CLK signal and shifted into an internal 32-bit shift register. At the rising edge of the CSN
signal the content of the shift register is transferred to the data input register. The writing to the selected
data input register is only enabled if exactly 32 bits are transmitted within one communication frame (that is
CSN low). If more or less clock pulses are counted within one frame the complete frame is ignored. This
safety function is implemented to avoid an activation of the output stages by a wrong communication
frame.

Note: Due to this safety functionality a daisy chaining of SPI is not possible. Instead, a parallel operation of the SPI
bus by controlling the CSN signal of the connected IC's is recommended.

. Serial data out (DO)
The data output driver is activated by a logical low level at the CSN input and switches from high
impedance to a low or high level depending on the global error flag (fault condition). The first rising edge of
the CLK input after a high to low transition of the CSN pin transfers the content of the selected status
register into the data out shift register. Each subsequent falling edge of the CLK shifts the next bit out.

. Serial clock (CLK)
The CLK input is used to synchronize the input and output serial bit streams. The data input (DI) is
sampled at the rising edge of the CLK and the data output (DO) changes with the falling edge of the CLK
signal. The SPI can be driven with a CLK frequency up to 4 MHz.

3.12 Power supply fail

3.121 VS supply failure
VS overvoltage
If the supply voltage Vs reaches the overvoltage threshold VSOV:
. LIN remains enabled
. CAN remains enabled
. HB4, ..., HB6 and HS7, .., HS14 are turned off (default)
. The shutdown of outputs may be disabled by SPI (VS_OV_SD_EN = 0)

. Charge pump is disabled (and is switched on automatically in case the supply voltage recovers to normal
operating voltage)

. H-bridge gate driver is switched into sink condition

. Recovery of outputs after overvoltage condition is configurable by SPI

- VS_LOCK_EN (CR16) = 1: outputs are off until Read&Clear VS_OV (SR7)
- VS_LOCK_EN (CR16) = 0: outputs turned on automatically after Vg overvoltage condition has
recovered

. The overvoltage bit VS_OV (SR7) is set and can be cleared with a ‘Read&Clear’ command. The
overvoltage bit is reset automatically if VS_ LOCK_EN (CR16) = 0 and the overvoltage condition has
recovered

Vs undervoltage

If the supply voltage Vs drops below the undervoltage threshold voltage (VSUV):

. LIN remains enabled

. CAN remains enabled

. HB4, ..., HB6 and HS7, .., HS14 are turned OFF (default). The shutdown of outputs may be disabled by
SPI (VS_UV_SD_EN (CR16) = 0).("

. Recovery of outputs after undervoltage condition is configurable by SPI:
- VS_LOCK_EN (CR16) = 1: outputs are off until Read&Clear VS_UV (SR7)
- VS_LOCK_EN (CR16) = 0: outputs turned on automatically after Vg undervoltage condition has

recovered
. The undervoltage bit (Vsyy) is set and can be cleared with a ‘Read and Clear’ command. The undervoltage
bit is removed automatically if VS_LOCK_EN = 0 and the undervoltage condition has recovered
. H-bridge gate driver passes to resistive low condition. (If VS_UV_SD EN = 1, otherwise remains

unchanged until CP_LOW = 1)
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1. The functionality is not guaranteed in the range Vpor < Vs < Vsyy.

3.12.2 VSREG supply failure

VSREG overvoltage

If the supply voltages Vsreg reaches the overvoltage threshold VSREG_oV:

. LIN is switched to high impedance (RX is still on)

. CAN remains enabled

. HS15 and HSO are turned off (default).

. The shutdown of outputs may be disabled by SPI (VSREG_OV_SD_EN (CR16) = 0)

. Recovery of outputs after overvoltage condition is configurable by SPI:
- VSREG_LOCK_EN (CR16) = 1: outputs are off until Read&Clear VSREG_ OV (SR7)
- VSREG_LOCK_EN (CR16) = 0: outputs turned on automatically after Vsrgg overvoltage condition

has recovered

. The overvoltage bit VSREG_OV (SRY7) is set and can be cleared with a ‘Read&Clear’ command. The
overvoltage bit is reset automatically if VSREG_ LOCK_EN (CR16) = 0 and the overvoltage condition has
recovered.

VSREG undervoltage
If the supply voltage Vsrgg drops below the undervoltage threshold voltage (VSREG_UV):

. LIN is switched to high impedance (RX is still on(")

. CAN remains enabled(")

. HS15 and HSO are turned off (default).

. The shutdown of outputs may be disabled by SPI (VSREG_UV_SD EN (CR16) = 0)")

. ECV is switched in high impedance state and ECDR is discharged by Recprpis (to ensure the gate of the
external Power MOSFET is discharged => EC mode considered as off)

. recovery of outputs after undervoltage condition is configurable by SPI:
- VSREG_LOCK_EN = 1: outputs are off until Read&Clear VSREG_UV (SR7)
- VSREG_LOCK_EN = 0: outputs turned on automatically after Vgrgg undervoltage condition has

recovered

. The undervoltage bit (VSREG_UV (SRY7) is set and can be cleared with a ‘Read&Clear’ command. The
undervoltage bit is removed automatically if VSREG_LOCK_EN (CR16) = 0 and the undervoltage condition
has recovered

1. The functionality is not guaranteed in the range Vpor < Vs < Vsyy.

DS14235 - Rev 5 page 63/146



‘_ L99DZ320
,l Functional description

3.13 Temperature warning and thermal shutdown

Figure 25. Thermal shutdown protection and diagnosis
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Note: The thermal state machine recovers the same state where it was before entering standby mode. In case of a

TSD?2 it is entered in TSD1 state.
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3.14 Power outputs HB4, ..., HB6, HS7 .. HS15 and HS0

The component provides a total of 3 half bridges outputs HB4,..., HB6 to drive motors and 9 stand-alone high-
side outputs HS7,..., HS15 and HSO to drive for example LED’s, bulbs or to supply contacts. All high-side outputs,
except HS15 and HSO, are supplied by the pin VS. HS15 and HSO are instead supplied by the buffered supply
VSREG. HSO is intended to be used as contact supply.

Only HS15 and HSO can be activated in standby modes.

All high-side and low-side outputs switch OFF in case of:

. VS overvoltage and undervoltage (depending on configuration, see Section 3.12: Power supply fail)
. Overcurrent (depending on configuration, overcurrent recovery mode, see below)

. Over temperature (TSD1)

. Fail-safe event

. Loss of ground at SGND pin

In case of overcurrent or over temperature (TSD1 bit in SR8) condition, the drivers switch off. The corresponding
status bit is latched and can be read and optionally cleared by SPI. The drivers remain off until the status is
cleared.

In case overvoltage/undervoltage condition, the drivers are switched off. The corresponding status bit is latched
and can be read and optionally cleared by SPI. If the Vlockout bits are set to ‘1’ the drivers remain off until the
status is cleared. If the Vlockout bit is set to ‘0’ the drivers switch on automatically if the error condition
disappears. Undervoltage and overvoltage shutdown can be disabled by setting <VS_UV_SD_EN> respectively
<VS OV SD_EN> to ‘0’. In case of open-load condition, the corresponding status register is latched. The status
can be read and optionally cleared by SPI. The high and low-side outputs are not switched off in case of open-
load condition.

For HB4, ..., HB6 the overcurrent recovery feature can be enabled by setting the HBx_OCR bit in CR13 (x = 4,..,
6); for HS7...HS9 the overcurrent recovery feature can be enabled by setting the HSy_OCR bit in CR13 (y =
7,..,9). If these bits are set to ‘1’ the driver is automatically restarted from an overload condition. This overload
recovery feature is intended for loads which have an initial current higher than the overcurrent limit of the output
(for example inrush current of cold light bulbs). For HB4, HB5 and HB6 only, overcurrent threshold can be set via
SPI (HBxOCTH_y bits in CR16, x =4, 5, 6 and y = 0, 1) among three different values.

Each of the stand-alone high-side driver outputs HS7, ..., HS15 and HSO can be driven through:

. An internal generated PWM signal

. An internal timer

. One of the two direct drives (DIR1, DIR2)

When L99DZ320 is in V1_Standby or VBAT_Standby modes, HSO and HS15 can be directly driven with DIR1/EI2
pin or PWMG6/DIR2 pin.

Moreover, for each high-side driving LEDs, it is also available the “constant current mode” feature, which is
configurable by SPI (CR3) and provides a constant current to the related output. This bit can be set only if the
related driver is in OFF state and disables also its overcurrent and short-circuit detection (open-load detection
remains ON). The “constant current code” is automatically disabled after the expiration time tccmtimeout-

The allowed sequence is the following:

. Set HSx_CCM bit (x =7, .., 15, 0), then turn ON the driver (other configurations are ignored): driver starts
in current mode for tcomtimeout: then switches to ON mode, CCM is cleared by uC

- If HSx_CCM bit is cleared by uC before timeout then driver is switched to ON mode

- If CCM bit is set after driver has been started in ON, PWM, timer modes then CCM bit is ignored
. SC and OC are enabled in ON, PWM and timer modes, not in current mode
. Default value for CCM bit is OFF
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3.15 Charge pump

The charge pump uses two external capacitors, which are switched with fcp. The output of the charge pump has
a current limitation. In standby mode and after a thermal shutdown has been triggered the charge pump is
disabled. If the charge pump output voltage remains too low for longer than TCP, the Power MOSFET outputs are
switched off. The H-bridge Power MOSFET gate drivers are switched to resistive low (according to undervoltage
setting described in Section 3.12.1: VS supply failure) and the CP_LOW (SR7) bit is set. This bit has to be cleared
to reactivate the drivers. In case of reaching the overvoltage shutdown threshold Vgpy the charge pump is
disabled and automatically restarted after VS has restored to normal operating voltage. Charge pump may be
also switched off in normal mode by setting the bits CP_OFF in CR2 only if CP_OFF_EN is set to “1”in CR1.

Note: In order to improve EME performance, the sampling frequency of the charge-pump is modulated (in his
functional range) with a triangular function, providing a spreading of its energy spectrum. This “clock dithering” is
performed automatically if the bit DISABLE_CP_DITH in CR1 is “0” (default value).

Figure 26. Charge pump low filtering and startup implementation
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3.16 Inductive loads

Each of the half bridges is built by internally connecting high-side and low-side power DMOS transistors. Due to
the built-in reverse diodes of the output transistors, inductive loads can be driven at the outputs HB4 to HB6
without external freewheeling diodes. The high-side drivers HS7 to HS15 and HSO are intended to drive resistive
loads only. Therefore, only a limited energy (E < 1 mJ) can be dissipated by the internal ESD diodes in the
freewheeling condition. For inductive loads (L > 100 pH) an external freewheeling diode connected between GND
and the corresponding output is required.

3.17 Open-load detection

The open-load detection monitors the load current in each activated output stage. If the load current is below the
open-load detection threshold for at least trg| the corresponding open-load bit is set in the status register.

3.18 Overcurrent detection

An overcurrent condition is detected if the output current exceeds the overcurrent threshold (Iocxx). In this case,
a status flag (HBx_LS_OC /HBx_HS_OC with x =4, ..., 6 and HSy_OC withy =0, 7, 8, 9, 11, ..., 15) is set in the
corresponding status register and the output is turned OFF to reduce the power dissipation and to protect the
integrated circuit. The status flag must be cleared before the output can be turned ON by SPI.

In overcurrent recovery mode (HBx_OCR or HSy_OCR set to 1, see Control register 13 (0x3Ah)) the output is
switched OFF, but the correspondent HBx_OC or HSy_OC flag is not set. The output is switched ON
automatically according to the configured overcurrent recovery frequency (HBx_OCR_FREQ or
HSy_OCR_FREQ, see Control register 4 (CR4, 0x30)).

A blanking time tg) i is applied at turn ON of the output.
The filter time applied is:
. troc for outputs without overcurrent recovery mode (from HS11 to HS15 and HSO)

. tocrxx (Programmable) for outputs with overcurrent recovery mode (from HB4 to HB6 and from HS7 to
HS9); independent if overcurrent recovery mode is enabled or disabled by bit HBx_OCR / HSy_OCR.
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Figure 27. Overcurrent threshold reached during blanking time
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Figure 28. OC threshold reached after blanking time (OC filter time is reduced by the blanking time)
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For half bridges configured in PWM mode, no blanking time tg k is applied and the overcurrent filter time is
reduced to troc_pwwm-
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Figure 29. Half bridges in PWM mode: filter time is troc_pwm
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3.19 Short-circuit current detection

To distinguish low resistive short-circuit events from overcurrent conditions (especially in overcurrent recovery
mode), a short-circuit current threshold is implemented for all the half bridges (HB4 to HB6).

Short-circuit condition is detected if the output current exceeds the short current threshold (Iscx). In this case, a
status flag HBx_HS_SC / HBx_LS_SC is set in the corresponding status register and the output is turned OFF.
The corresponding overcurrent flag of the out (HBx_HS_OC /HBx_LS_OC) is also set. The HBx_HS _OC/
HBx_LS_OC status flag must be cleared before the output can be turned ON by SPI.

A blanking time tg g is applied at turn on of the output.
The filter time applied is tesc.

Figure 30. Half bridge short-circuit detection in latch mode (overcurrent recovery disabled) and OCR
mode (overcurrent recovery enabled)
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In PWM mode, no blanking time tg k is applied and the short-circuit filter time is reduced to trsc_pwm-
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Figure 31. Half bridge short-circuit detection in PWM mode: filter time is trsc_pwm
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High-side drivers with overcurrent recovery mode (HS7-HS9) are also short-circuit protected.

A short-circuit condition is detected at turn on of the output if the output voltage level remains low (< 2 V) after the
programmed filter time tocryxx-

If a short-circuit condition is detected, the output is turned OFF and the overcurrent flag HSx_OC is set. This bit
must be cleared before the output can be turned ON by SPI.

3.20 Current monitor

The current monitor sources an image of the power stage output current at the CM pin, which has the fixed ratio
(Icmr see Section 2.4.8: Current monitor output) of the instantaneous current of the selected high-side driver. The
signal at output CM is blanked after switching on the driver until the correct settlement of the circuitry. The bits
CM_SEL_x (x =0, .., 4) in CR13 define which of the outputs is multiplexed to the current monitor output CM. The
current monitor output allows a more precise analysis of the actual state of the load rather than the detection of an
open-load or overload condition. For example, it can be used to detect the motor state (starting, free running,
stalled). The current monitor output is enabled after the current monitor blanking time, when the selected output is
switched on. If this output is off, the current monitor output is in high impedance mode. The current monitor can
be activated/deactivated by selecting the corresponding setting for CM on/off bit.

3.21 PWM mode of the power outputs
All half bridges can be, if suitably configured in CR2, directly driven in a 25 kHz PWM mode via pin PWM6 and
PWM4-5. In this case, for the selected output, blanking time tg| k is replaced by troc_pwwm-
When the PWM mode is activated on a half bridge low-side driver, all the others remain configurable according to
the standard output bits (HBx_LS & HBx_HS) in CR16 (see Section 6.4.12: Control register 16 (0x3Dh)).

Note: Active freewheeling is not implemented in PWM mode.

3.22 Cross current protection

The three half bridges of the device are crosscurrent protected by an internal delay time. If one driver (LS or HS)
is turned off, the activation of the other driver of the same half bridge is automatically delayed by the crosscurrent
protection time. After the crosscurrent protection time has expired the slew rate limited switch off phase of the
driver is changed into a fast turn off phase and the opposite driver is turned on with slew rate limitation. Due to
this behavior, it is always guaranteed that the previously activated driver is completely turned off before the
opposite driver starts to conduct.
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3.23 Overcurrent recovery mode

Loads with startup currents higher than the overcurrent limits (for example inrush current of lamps, start current of
motors) can be driven by suitably using the programmable overcurrent recovery (OCR) mode. To enable this
feature, which is available for HB4-6, HS7-HS9, each of these drivers has a corresponding overcurrent recovery
bit. If this bit is set, the output is turned OFF when the overcurrent threshold is reached and turned ON
automatically after a programmable recovery time. The PWM modulated current provides sufficient average
current to power up the load (for example heat up the bulb) until the load reaches operating condition. The
recovery frequency (focr) as well as the on time (tocr) is programmable in CR4.

3.24 H-bridge control

The PWMH and DIRH input controls the drivers of the external H-bridge transistors. In single motor mode the
motor direction can be chosen with the direction input (DIRH), the duty cycle and frequency with the PWMH input
(single mode). With the SPI-registers SD (CR12) and SDS (CR12) four different slow decay modes (via drivers
and via diode) can be selected using the high-side or the low-side transistors. Unconnected inputs are defined by
internal pull-down current. Alternatively, the bridge can be driven in half bridge mode (dual mode). By setting the
dual mode bit DM = 1, both half bridges can be used for two separated motors, using the same control pins DIRH
and PWMH.

Table 54. H-bridge control truth table

CP_LOW

Control pms Control bits Failure bits
HEHHHH HI N

X X X X X RL RL H-bridge disabled

2 x x 1 x x x 1 0 0 0 0 R. RL RL RL Charge pump
voltage too low

3 X X 1 X X X 0 X X X 1 RL RL RL RL Thermal shutdown

4 X X 1 X X X 0 1 0 0 0 L L L L Overvoltage

5 X X 1 X X X 0 0 0 1 0 LM LM LM L™ Short-circuit(")

6 0 1 1 X X 0 0 0 0 0 0 L H H L Bridge H2/L1 on
Slow-decay mode

7 X 0 1 0 0 0 0 0 0 0 0 L H L H LS1 and LS2 on

Single -

8 0 o 1 0 1 0 0 0 0 0 o0 L H L L 9 Slow-decay mode
LS1 on

9 1 o 1. 0 1 0o 0 0 0 0 0 L L L H Slow-decay mode
LS2 on

10 1 1 1 X X 0 0 0 0 0 0 H L L H Bridge H1/L2 on

Slow-decay mode

1 x o 1. 1 0 0 0 0 0 0 0 H L H L 1S1 and HS2 on

Slow-decay mode

2.0 0o 1 1 1 0 0o 0o o0 0 0 L L  H L NS

131 o 1 1 1 0 0 o0 0 0 0 H L L L Slow-decay mode
HS1 on

4 0o o 1 1 0 1 0o 0o o0 0 0 L L L L

% 0o 1 1 1 0 1 0o o 0o 0 0 L L L H

16 1 o 1.1 0 1 0 0o o0 0 0 L  H L L g Half bridge mode

17 1 1 1.1 0o 1 0 0 0 0 0O L  H L H °

®# o o 1 0 1 1 0 0 0o 0 o0 L L L L
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Functional description

Description

CP_LOW

0 0o 0 0 0 0 L L H L
20 1 o 1 0 1 1 0 0 0 0 0 H L L L
21 1 1 1.0 1 1 0 0 0 0 0 H L H L
22 0 o 1 1 1 1 0 0 0 0 0 H L H L E Half bridge mode
230 1 11 1 1 0 0 0 0 0 H L L H
24 1 o 1 1 1 1 0 0 0 0 0 L H H L
25 1 1 1 1 1 1 0 0 0 0 0 L H L H

1. Only the half bridge (low-side and high-side), in which one Power MOSFET is in short-circuit condition is switched off. Both Power
MOSFETs of the other half bridge remain active and driven by DIRH and PWMH.

H-bridge is forced off during long open window until watchdog kicks in short window, keeping control bits
accessible in the meanwhile.

3.25 H-bridge driver slew rate control

The rising and falling slope of the drivers for the external high-side Power MOSFET can be slew rate controlled. If
this mode is enabled the gate of the external high-side Power MOSFET is driven by a current source instead of a
low impedance output driver switch as long as the drain-source voltage over this Power MOSFET is above the
switch threshold. The current is programmed using the bits SLEW<4:0>, which represent a binary number. This
number is multiplied by the minimum current step. This minimum current step is the maximum source/sink current
(IgHxrmax/|GHxfmax) divided by 31. Programming SLEW<4:0> to 0 disables the slew rate control and the output is
driven by the low impedance output driver switch.

Note: To avoid crosscurrent conduction, it must be avoided the usage of the lowest slew rate configurations.
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Figure 32. Half bridge GSHx slope
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3.26 Resistive low

The resistive output mode protects the device and the H-bridge in the standby mode and in some failure modes
(thermal shutdown (TSD), charge pump low (CP_LOW, see also undervoltage setting described in

Section 3.12.1: VS supply failure) and stuck at ‘1’ at DI pin). When a gate driver changes into the resistive output
mode due to a failure a sequence is started. In this sequence the concerning driver is switched into sink condition
for 32 us to 64 ps to ensure a fast switch off of the H-bridge transistor. If slew rate control is enabled, the sink
condition is slew rate controlled. Afterwards the driver is switched into the resistive output mode (resistive path to
source).
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3.27 Short-circuit detection/ drain-source monitoring

The drain-source voltage of each activated external Power MOSFET of the H-bridge is monitored by comparators
to detect shorts to ground or battery. If the voltage drop over the external Power MOSFET exceeds the threshold
voltage Vgcq for longer than the short current detection time tgcq plus the comparator settling time tg¢s, the
corresponding gate driver switches the external Power MOSFET off and the corresponding drain-source
monitoring flag (DS MON LS1, DS MON LS2, DS MON HS1, DS MON HS2) is set. The DSMON_x bits have to
be cleared through the SPI to reactivate the gate drivers. This monitoring is only active while the corresponding
gate driver is activated. If a drain-source monitor event is detected (in Table 55. H-bridge monitoring in off mode is
generically indicated as DS=1, meaning an OR among all four DSMON bits), the corresponding gate driver
remains activated for at maximum the filter time tgcq plus comparator settling time tgcs. The threshold voltage
Vscg can be programmed using the SPI.

Figure 33. H-bridge diagnosis

DS-Monitoring HS DS-Monitoring HS
s b
Gate Driver HS vscd 3 20k 20k 2 Gate Driver HS
J = Y
et {_|) L) _cH2
SH1 ® ( : : ) o SH2 g
Gate Driver LS Gate Driver LS
—
o1 (| H ) oL
DS-Monitoring LS DS-Monitoring LS
OL-Monitoring OL-Monitoring

2 20k 20k3
<:]:/SCd vscqll)j>

J i GND GNDJ

—e

3.28 H-bridge monitoring in OFF mode

The drain-source voltages of the H-bridge driver external transistors can be monitored, while the transistors are
switched off. If either bit OL_H1L2 (CR12) or OL_H2L1 (CR12) is set to ‘1’, while bit HEN (CR 18) = ‘1’, the H-
drivers enter resistive low mode and the drain-source voltages can be monitored. Since the pull-up resistance is
equal to the pull-down resistance on both sides of the bridge a voltage of 2/3VS on the pull-up high-side and
1/3VS on the low-side is expected, if they drive a low-resistive inductive load (for example motor). If the drain-
source voltage on each of these Power MOSFET is less than 1/6 VS, the drain-source monitor bit of the
associated driver is set. In off-mode monitoring DSMON_HS1 and DSMON_HS2 are not used and set to 0, being
relevant only DSMON_LS1and DSMON_LS2. In case of a short to ground the drain-source monitor bits of both
low-side gate drivers are set. A short to Vg can be diagnosed by setting the “H-bridge OL high threshold (H OLTH
High)” bit to one. The open-load filter time (tfo ) is 2 ms typical.
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Figure 34. H-bridge off state diagnosis (no open-load detected)
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Figure 35. H-bridge off state diagnosis (open-load detected)
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Figure 36. H-bridge off state diagnosis (short to ground detected)
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Figure 37. H-bridge off state diagnosis (short to Vs detected)
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In this specific case (H_OLTH_high = 1) the outputs of the 2 comparators are inverted to be compliant to
Table 54. H-bridge control truth table (Nb = 5 and 9).

page 75/146

DS14235 - Rev 5




‘_ L99DZ320
’l Functional description

Table 55. H-bridge monitoring in off mode

OL H1L2 OL H2L1 H OLTH High DSMON LS1 DSMON LS2 _

Drain-source monitor disabled

N

2 1 0 X 0 0 No open-load detected
3 1 0 0 0 1 Open-load
4 1 0 0 1 1 Short to GND
5 1 0 1 1 1 Short to VS
6 0 1 X 0 0 No open-load detected
7 0 1 0 1 0 Open-load
8 0 1 0 1 1 Short to GND
9 0 1 1 1 1 Short to VS
3.29 Programmable cross current solution

The external Power MOSFETs transistors in H-bridge (two half bridges) configuration are switched on with an
additional delay time tccp to prevent cross current in the half bridge. The cross current protection time tccp can
be programmed with the SPI using bits COPT<3:0> (CR12). The timer is started when the gate driver is switched
on in the device.

The PWMH module has 2 timers to configure locking time for high-side and freewheeling low-side.

The programmable time tcep-1iM1/ccp-TiM2 is the same. Sequence for switching in PWM mode is as follows:

. HS switches off after locking tccp-Tim1
. LS switches on after 2nd locking tccp-Tim1
. HS switches on after locking tccp.Tim2 Which starts with rising edge on PWMH input

Figure 38. PWMH cross current protection time implementation
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3.30 Temperature warning and shutdown

If any of the cluster (see Section 3.31: Digital thermal clusters) junction temperatures rise above the temperature
warning threshold (T;v), a temperature warning flag is set after the temperature warning filter time (trrTw) and
can be read via SPI. If the junction temperature increases above the temperature shutdown threshold (Tjrs), the
thermal shutdown bit is set and the power transistors of all output stages are switched off to protect the device
after the thermal shutdown filter time. The gates of the H-bridge are discharged by the ‘resistive low’ mode. The
temperature warning and thermal shutdown flags are latched and must be cleared by the microcontroller. This is
done by a read and clear command on an arbitrary register, because both bits are part of the global status
register (TSD1 is bit 4 in SR 8 while TW is in bit 8 in SR 7).

After these bits have been cleared, the output stages are reactivated. If the temperature is still above the thermal
warning threshold, the thermal warning bit is set after trrjmyy. Once this bit is set, and the temperature is still above
the shutdown threshold, temperature shutdown is detected after trjmyw and the outputs are switched off.
Therefore, the minimum time after which the outputs are switched off in this case, is twice the thermo warning/
thermo shutdown filter time triTwy.

3.31 Digital thermal clusters

In order to provide an advanced on chip temperature control, the power outputs are grouped in eight clusters with
dedicated thermal sensors. The sensors are suitably located on the device (see Figure 39. Digital thermal clusters
identification). In case the temperature of an output cluster reaches the thermal shutdown threshold, the outputs
assigned to this cluster are shutdown (all other outputs remain active). Each output cluster has a dedicated
temperature warning and shutdown flag (SR1 and SR2). Hence, the thermal cluster concept allows to identify a
group of outputs in which one or more channels are in the overload condition.

Thermal clusters can be configured using the bit TSD_CLUSTER_EN (CR3):

. Standard mode (default): as soon as any cluster reaches thermal threshold the device is switched off. V1
regulator remains on and it is switched off reaching TSD2. All the thermal sensors are put in “OR”. In fact, if
one of these sensors reaches TSD1:

- All outputs drivers, charge-pump and V2 are turned OFF
- V1 remains on until TSD2
- LIN and CAN transmitters are turned OFF (but they are forced in "receive only" mode)

. Cluster mode: only the cluster that reaches shutdown temperature is switched off.
In case cluster Th_CL7 reaches TSD1:

- HSO0, HS15, V2 are turned OFF

- V1 remains ON until TSD2

In case cluster Th_CL8 reaches TSD1:

all outputs drivers, charge pump and V2 are turned OFF

V1 remains on until TSD2

LIN and CAN transmitters are turned OFF (they are forced in "receive only" mode)
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Figure 39. Digital thermal clusters identification
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Table 56. Digital thermal clusters definition

Th_CLA1 Th_CL2 Th_CL3 Th_CL4 Th_CL5 Th_CL6 Th_CL7 Th_CL8

VREG 1
HS7 VREG 2
HS9 HB4 HB5 HS8 HB6 Global
HS11-HS14 HS15
HSO
T™wW
TW,
TW&TSD1 TW&TSD1 TW&TSD1 TW&TSD1 TW&TSD1 TW & TSD1 &TSD1. D1

TSD2 for VREG1 only (")

1. In default V1_Standby mode, only TSD2 is available for this cluster.
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4 Serial peripheral interface (SPI)

A 32-bit SPI is used for bidirectional communication with the microcontroller.

The SPI is driven by a microcontroller with its SPI peripheral running in the following mode:

CPOL =0 and CPHA = 0.

For this mode input data is sampled by the low to high transition of the clock CLK, and output data is changed
from the high to low transition of CLK.

This device is not limited to microcontroller with a built-in SPI. Only three CMOS compatible output pins and one
input pin are needed to communicate with the device. A fault condition can be detected by setting CSN to low. If
CSN = 0, the DO-pin reflects the global error flag (fault condition) of the device.

Chip select not (CSN)

The input pin is used to select the serial interface of this device. When CSN is high, the output pin (DO) is in high
impedance state. A low signal activates the output driver and a serial communication can be started. The state
during CSN = 0 is called a communication frame.

If CSN = low for t > tcgnsail the DO output is switched to high impedance in order to not block the signal line for
other SPI nodes.
Serial data in (DI)

The input pin is used to transfer data serial into the device. The data applied to the DI is sampled at the rising
edge of the CLK signal and shifted into an internal 32-bit shift register. At the rising edge of the CSN signal the
content of the shift register is transferred to the data input register. The writing to the selected data input register
is only enabled if exactly 32 bits are transmitted within one communication frame (that is CSN low). If more or less
clock pulses are counted within one frame the complete frame is ignored. This safety function is implemented to
avoid an activation of the output stages by a wrong communication frame.

Note: due to this safety functionality a daisy chaining of SPI is not possible. Instead, a parallel operation of the SPI bus
by controlling the CSN signal of the connected IC's is recommended.
Serial data out (DO)

The data output driver is activated by a logical low level at the CSN input and go from high impedance to a low or
high level depending on the global error flag (fault condition). The first rising edge of the CLK input after a high to
low transition of the CSN pin transfers the content of the selected status register into the data out shift register.
Each subsequent falling edge of the CLK shifts the next bit out.

Serial clock (CLK)

The CLK input is used to synchronize the input and output serial bit streams. The data input (DI) is sampled at the
rising edge of the CLK and the data output (DO) changes with the falling edge of the CLK signal. The SPI can be
driven with a CLK frequency up to 4 MHz.

4.1 ST SPI14.0
The ST SPI is a standard used in ST Automotive ASSP devices.

This chapter describes the SPI protocol standardization. It defines a common structure of the communication
frames and defines specific addresses for product and status information.

The ST SPI allows the usage of generic software to operate the devices while maintaining the required flexibility
to adapt it to the individual functionality of a particular product. In addition, failsafe mechanisms are implemented
to protect the communication from external influences and a wrong or unwanted usage.

The device serial peripheral interface is compliant to the ST SPI standard rev. 4.0.
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411 Physical layer
Figure 40. SPI pin description
) )
CSN N
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ue L99DZ320
SPI Master SDI
SDO
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4.2 Signal description

. Chip select not (CSN)

The communication interface is deselected, when this input signal is logically high. A falling edge on CSN enables
and starts the communication while a rising edge finishes the communication and the sent command is executed
when a valid frame is sent. During communication start and stop the serial clock (SCK) has to be logically low.
The serial data out (SDO) is in high impedance when CSN is high or a communication timeout was detected.

. Serial clock (SCK)

This SCK provides the clock of the SPI. Data present at serial data input (SDI) is latched on the rising edge of
serial clock (SCK) into the internal shift registers while on the falling edge data from the internal shift registers are
shifted out to serial data out (SDO).

. Serial data input (SDI)
This input is used to transfer data serially into the device. Data is latched on the rising edge of serial clock (SCK).
. Serial data output (SDO)

This output signal is used to transfer data serially out of the device. Data is shifted out on the falling edge of serial
clock (SCK).

421 Clock and data characteristics
The ST SPI can be driven by a microcontroller with its SPI peripheral running in the following mode:

Figure 41. SPI signal description
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The communication frame starts with the falling edge of the CSN (communication start). SCK has to be low.
The SDI data is then latched at all the following rising SCK edges into the internal shift registers.

After communication start the SDO leaves 3-state mode and presents the MSB of the data shifted out to SDO. At
all the following falling SCK edges data is shifted out through the internal shift registers to SDO.

=
>
—
)]
vs]
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The communication frame is finished with the rising edge of CSN. If a valid communication takes place (for
example a correct number of SCK cycles, access to a valid address), the requested operation according to the
operating code is performed (write or clear operation).

4.2.2 Communication protocol
SDI frame

The devices data in the frame consists of 32 bits (OpCode (2 bits) + address (6 bits) + data byte 3 + data byte 2 +
data byte 1).

The first two transmitted bits (MSB, MSB-1) contain the operation code that represents the instruction that is
performed. The following 6 bits (MSB-2 to MSB-7) represent the address on which the operation is performed.

The subsequent bytes contain the payload.

Figure 42. SDI frame

OPCODE ADDRESS DATA Byte 3
OC1 | OCO A5 A4 A3 A2 A1 A0 23 22 21 20 19 18 17 16
MSB > >
time time
DATA Byte 2
15 14 13 12 1 10 9 8

4

—>
time

DATA Byte 1

» LSB

time

Operating code
The operating code is used to distinguish between different access modes to the registers of the slave device.

Table 57. Operation codes

0 0 Write operation
0 1 Read operation
1 0 Read and clear operation
1 1 Read device information

A "Write operation" leads to a modification of the addressed data by the payload if a write access is allowed (for
example, control register, valid data). Besides this, a shift out of the registers content (data present at the
communication start) is performed.

A "Read operation" shifts out the data present in the addressed register at the communication start. The payload
data is ignored and internal data is not modified. In addition, a burst read can be performed.

A "Read and clear operation" leads to a clear of addressed status bits. The bits to be cleared are defined first by
address, second by payload bits set to ‘1. Besides this, a shift out of the registers content (data present at the
communication start) is performed.
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Note: Status registers that change status during communication could be cleared by the actual read and clear
operation and are not reported in actual communication or in the following communications. To avoid a loss of
any reported status, it is recommended just to clear the status registers that are already reported in the previous
communication (selective bitwise clear).

Advanced operation codes

To provide besides the separate write of all the control registers and the bitwise clear of all the status registers,
two advanced operation codes can be used to set all the control registers to the default value and to clear all the
status registers

A 'set all control registers to default’ command is performed when an OpCode ‘11’ at address b'111111 is
performed.

Note: Consider that potential device specific write-protected registers cannot be cleared with this command as
therefore a device power-on reset is needed.

A ‘clear all status registers’ command is performed when an OpCode ‘10’ at address b’111111 is performed.
Data in payload

The payload (data byte 1 to data byte 3) is the data transferred to the device with every SPI communication. The
payload always follows the OpCode and the address bits.

For write access the payload represents the new data written to the addressed register. For read and clear
operations the payload defines which bit of the addressed status register is cleared. In the case of a ‘1’ at the
corresponding bit position the bit is cleared.

For a read operation the payload is not used. For functional safety reasons it is recommended to set the unused
payload to ‘0’.

SDO frame

The data out frame consists of 32 bits (GSB + data bytes 1 to 3).

The first eight transmitted bits contain the device-related status information and are latched into the shift register
at the time of the communication starts. These 8 bits are transmitted at every SPI transaction.

The subsequent bytes contain the payload data and are latched into the shift register with the eight positive SCK
edges.

This could lead to an inconsistency of data between the GSB and the payload due to different shift register load
times. Anyway, no unwanted status register clear should appear, as status information should just be cleared with
a dedicated bit clear.

Figure 43. SDO frame

Global Status Byte (GSB) DATA Byte 3
GSBN|RSTB| SPIE | PLE FE DE GW FS 23 22 21 20 19 18 17 16
MSB > >
time time
DATA Byte 2

15 14 13 12 " 10 9 8

4

—>
time

DATA Byte 1

7 6 5 4 3 2 1 0

» LSB
time

Global status byte (GSB)

The bits (Bit 0 to Bit 4) represent a logical OR combination of bits located in the status registers. Therefore, no
direct read & clear can be performed on these bits inside the GSB.
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Table 58. Global status byte

PLE FE DE GW FS

GSBN RSTB SPIE

Global status bit not (GSBN)

The GSBN is a logical NOR combination of Bit 24 to Bit 30. This bit can also be used as a global status flag
without starting a complete communication frame as it is present directly after pulling CSN low.

. Reset bit (RSTB)

The RSTB indicates a device reset. In case this bit is set, specific internal control registers are set to default and
kept in that state until the bit is cleared.

The RSTB bit is cleared after a read and clear of all the specific bits in the status registers that caused the reset
event.

. SPI error (SPIE)

The SPIE is a logical OR combination of errors related to a wrong SPI communication.

. Physical layer error (PLE)

The PLE is a logical OR combination of errors related to the LIN and CAN FD transceivers.

. Functional error (FE)

The FE is a logical OR combination of errors coming from functional blocks (for example high-side overcurrent).
. Device error (DE)

The DE is a logical OR combination of errors related to device specific blocks (for example VS overvoltage, over
temperature).

. Global warning (GW)

The GW is a logical OR combination of warning flags (for example thermal warning).

Fail-safe (FS)

The FS bit indicates that the device was forced into a safe state due to mistreatment or fundamental internal
errors (for example watchdog failure, voltage regulator failure).

Data out payload

The payload (data bytes 1 to 3) is the data transferred from the slave device with every SPI communication to the
master device. The payload always follows the OpCode and the address bits of the actual shifted in data (in frame
response).

.

4.2.3 Address definition

Table 59. Address definition - device application access

Device application access

Operating code

OC1 OcCo
0 0
0 1
1 0

Table 60. Address definition - device information read access

Device information read access

Operating code
ocC1 0OCo
1 1
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Table 61. Address definition - RAM access

3FH Configuration register R/W
3DH Status register 13 R/C
32H Status register 2 R/C
31H Status register 1 R/C
22H Control register 34 R/W
1DH Control register 29 R/W
02H Control register 2 R/W
01H Control register 1 R/W
00H Reserved

Table 62. Address definition - ROM access

W

3FH <Advanced op.>

3EH <GSB options> R
20H <SPI| CPHA test> R
16H <WD bit pos. 4> R
15H <WD bit pos. 3> R
14H <WD bit pos. 2> R
13H <WD bit pos. 1> R
12H <WD type 2> R
11H <WD type 1> R
10H <SPI mode> R
O0AH <Silicon ver.> R
05H <Device n.4> R
04H <Device n.3> R
03H <Device n.2> R
02H <Device n.1> R
01H <Device family> R
00H <Company code> R

Information registers
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The device information registers can be read by using OpCode ‘11’. After shifting out the GSB the 8-bit wide
payload is transmitted. By reading device information registers a communication width which is minimum 16 bits
plus a multiple by 8 can be used. After shifting out the GSB followed by the 8-bit wide payload a series of ‘0’ is
shifted out at the SDO.

Table 63. L99DZ320 information register map

fedziinzs || Eempien | dmes [ s e [0 [E [eie e [ Eio ]
3FH

<Advanced op.>

3EH <GSB options> R 0 0 0 0 0 0 0 0
20H <SP| CPHA test> R 0 1 0 1 0 1 0 1
16H <WD bit pos. 4> R COH

15H <WD bit pos. 3> R 7FH

14H <WD bit pos. 2> R COH

13H <WD bit pos. 1> R 66H

12H <WD type 2> R 91H

11H <WD type 1> R 3CH

10H <SPI mode> R BOH

OAH <Silicon ver.> R major revision minor revision

05H <Device n.4> R 52H

04H <Device n.3> R 35H

03H <Device n.2> R 52H

02H <Device n.1> R 44H

01H <Device family> R 01H

00H <Company code> R 00H

Device identification registers

These registers represent a unique signature to identify the device and silicon version.
<Company code>: 00H (STMicroelectronics)

<Device family>: 01H (BCD power management)

<Device n. 1>: 44H (ASCII code for D)

<Device n. 2>: 52H (ASCII code for R)

<Device n. 3>: 35H (ASCII code for 5)

<Device n. 4>: 52H (ASCII code for R)

SPI modes

By reading out the <SPl mode> register general information of SPI usage of the device application registers can
be read.

Table 64. SPI mode registers
| B | e | ees | B4 | Bta | Bz | B | 6o |
BR DL2 DL1 DLO 0 0 S1 SO
1 0 1 1 0 0 0 0

<SPI mode>: BOH (burst mode read available, 32-bit, no data consistency check)
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SPI burst read

Table 65. Burst read bit

0 BR not available

1 BR available

The SPI burst read bit indicates if a burst read operation is implemented. The intention of a burst read is for
example used to perform a device internal memory dump to the SPI master.

The start of the burst read is like a normal read operation. The difference is that after the SPI data length the CSN
is not pulled high and the SCK is continuously clocked. When the normal SCK max count is reached (SPI| data
length) the consecutive addressed data is latched into the shift register. This procedure is performed every time
when the SCK payload length is reached.

In case the automatic incremented address is not used by the device, undefined data is shifted out. An automatic
address overflow is implemented when address 3FH is reached.

The SPI burst read is limited by the CSN low timeout.
SPI data length

The SPI data length value indicates the length of the SCK count monitor which is running for all accesses to the
device application registers. In case a communication frame with an SCK count is not equal to the reported one it
will lead to a SPI error and the data will be rejected.

Table 66. SPI data length

0 0

0 Invalid

0 0 1 16-bit SPI
0 1 0 24-bit SPI
0 1 1 32-bit SPI
1 1 1 64-bit SPI

Table 67. Data consistency check (parity-check)

%% Description
0 0

Not used
0 1 Parity used
1 0 CRC used
1 1 Invalid

Watchdog definition

(see also Section 2.4.7: Watchdog)

In case a watchdog is implemented the default settings can be read out via the device information registers.
Table 68. WD typel/timing

[ Jewfee[ =w [ s [ mw [ ez [ e ] o]
WD1 WDO

<WD type 1/2> 0 0 Register is not used
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IS T N T T T T A T
1 WT5 WT4 WT3 WT2 WTA1 WTO

<WD type 1> 0
1 1 1 1 1 0 0
Watchdog timeout/long open window WT[5:0] * 5 ms

<WD type 2> 1 0 ow2 ow1 OWo CwW2 CW1 CWo
1 0 0 1 0 0 0 1
Open window OW[2:0] * Closed window CWI[2:0] *
5ms 5ms
<WD type 1/2> 1 1 Invalid

<WD type 1>: 3CH (long open window: 300 ms)
<WD type 2>: 91H (open window: 10 ms, closed window: 5 ms)

<WD type 1> indicates the long open window (timeout) which is opened at the start of the watchdog. The binary
value of WT [5:0] times 5 ms indicates the typical value of the timeout time.

<WD type 2> describes the default timing of the window watchdog.

The binary value of CW [2:0] times 5 ms defines the typical closed window time (tcy) and OW [2:0] times 5 ms
defines the typical open window time (tow). See Figure 44. Window watchdog operation, which recalls with
Figure 4. Watchdog timing tcw = Tepw and tow = TLrw - TErw

Figure 44. Window watchdog operation

2\ = correct trigger timing tLow = long open window
A\ = early trigger timing tew = closed window
I = missing trigger tow = open window
towr = tcw + tow = open window fail
tew tow tew tow tew towr
tow | | tow tow | o tow | tow | o
WD-
Tigger
paN 2\ paN paN paN 2\ >
normal missing early .
. . X time

operation trigger write

The watchdog trigger bit location is defined by the <WD bit pos. X> registers.
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Table 69. WD bit position

I = o = == = = =

WB1 WBO0
<WD bit . .
pos. X> 0 0 Register is not used
<WD bit 0 1 WBA5 WBA4 WBA3 WBA2 WBA1 WBAO
pos. X>
SWDbIt gy 0 0 0 0 0 1
pos. 1>
<WD bit
pos. 3> 0 1 1 1 1 1 1 1
Defines the register addresses of the WD trigger bits
<WD bit 1 0 WBAS5 WBA4 WBA3 WBA2 WBA1 WBAO
pos. X>
Defines the stop address of the address range (previous<WD bit pos. X>is a WB = ‘01’). The
consecutive <WD bitpos. X> has to be a WB = ‘11
<WD bit 1 1 0 WBP 4 WBP3 WBP2 WBP1 WBPO
pos. X>
SWDbit |y 0 0 0 0 0 0
pos. 2>
<WD bit
pos. 4> 1 0 0 0 0 0 0

Defines the binary bit position of the WD trigger

bit within the register

<WD bit pos 1>: 41H; watchdog trigger bit located at address 01H (CR18)
<WD bit pos 2>: COH; watchdog trigger bit location is bit0

<WD bit pos 3>: 7FH; watchdog trigger bit located at address 3FH (CR1)
<WD bit pos 4>: COH; watchdog trigger bit location is bit0

Device application registers (DAR)

The device application registers are all accessible using OpCode ‘00’, ‘01’ and ‘“10’. The functions of these
registers are defined in the device specification.

424 Protocol failure detection

To realize a protocol which covers certain failsafe requirements a basic set of failure detection mechanisms is
implemented.

Clock monitor

During communication (CSN low to high phase) a clock monitor counts the valid SCK clock edges. If the SCK

edges do not correlate with the SPI data length an SPIE is reported with the next command and the actual
communication is rejected.

By accessing the device information registers (OpCode = ‘11’) the clock monitor is set to a minimum of 16 SCK
edges plus a multiple by 8 (for example 16, 25, 32, ...).

Providing no SCK edge during a CSN low to high phase is not recognized as a SPIE. For a SPI burst read also
the SPI data length plus multiple numbers of payloads SCK edges are assumed as a valid communication.

SCK polarity (CPOL) check

To detect the wrong polarity access via SCK the internal clock monitor is used. Providing first a negative edge on

SCK during communication (CSN low to high phase) or a positive edge at last leads to an SPI error reported in
the next communication and the actual data is rejected.

SCK phase (CPHA) check
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To verify, that the SCK Phase of the SPI master is set correctly a special device information register is
implemented. By reading this register the data must be 55 H. In case AAH is read the CPHA setting of the SPI
master is wrong and a proper communication cannot be guaranteed.

CSN timeout

By pulling CSN low the SDO is set active and leaves its tristate condition. To ensure communication between
other SPI devices within the same bus even in case of CSN stuck at low a CSN timeout is implemented. By
pulling CSN low an internal timer is started. After timer end is reached the actual communication is rejected and
the SDO is set to tristate condition.

SDI stuck at GND

As a communication with data all -‘0’ and OpCode ‘00’ on address b’000000 cannot be distinguished between a
valid command and a SDI stuck at GND this communication is not allowed. Nevertheless, in case a stuck at GND
is detected the communication is rejected and the SPIE is set with the next communication.

SDI stuck at HIGH

As a communication with data all -1’ and OpCode ‘11’ on address b’111111 cannot be distinguished between a
valid command and a SDI stuck at HIGH this communication is not allowed. In case a stuck at HIGH is detected
the communication is rejected and the SPIE is set with the next communication.

SDO stuck at

The SDO stuck at GND and stuck at HIGH has to be detected by the SPI master. As the definition of the GSB
guarantees at least one toggle, a GSB with all -0’ or all -*1’ reports a stuck at error.
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5 Application circuit

Figure 45. Application circuit
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6.1 Global status byte (GSB)

Table 70. Global status byte (GSB)

Global status byte (GSB)

Bit31 | Bit30 m Bit 28 Bit 27 m Bit 25 m

0(R) 0(R) 0 (R) 0(R) 0 (R)
GSBN RSTB SPIE PLE FE DE GW FS
Global
status bit Reset | SPlerror Physical layer error (CAN,LIN) | Functional error ' Device error | Global warning | Fail-safe
inverted

Table 71. Global status byte (GSB) description

Global status bit inverted
The GSBN is a logically NOR combination of GSB Bits 24 to Bit 30 (")

31 GSBN This bit can also be used as global status flag without starting a complete communication frame as it
is present at SDO directly after pulling CSN low.

0 = error detected (1 or several GSB bits from 24 to 30 are set)

1 = no error detected (default after Power on)

Reset

The RSTB indicates a device reset and is set in case of the following events:

SR8 (0x8)

. VPOR

WDFAIL

V1UV (when UV is more than 16 ps)
. FORCED_SLEEP_TSD2_V1SC

0 = no reset signal has been generated (default)

30 RSTB

1 = Reset signal has been generated

RSTB is cleared by a read & clear command to all bits in status register 8 causing the reset event.
SPI error bit

The SPIE indicates errors related to a wrong SPI communication.

SR7 (0x7)

29 2 |° SPI_INV_CMD
SPIE SPI_SCK_CNT

The bit is also set in case of an SPI CSN Time-out detection

0 = no error (default)

1 = error detected

Physical layer error
The PLE is a logical OR combination of errors related to the LIN and CAN transceivers.
SR7 (0x7):
. LIN_PERM_DOM
LIN_TXD_DOM
. LIN_PERM_REC
. CAN_RXD_REC
. CAN_PERM_REC
. CAN_PERM_DOM
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- CAN_TXD_DOM

0 = no error (default)

1 = error detected

PLE is cleared by a read & clear command to all related bits in status registers 7.
Functional error bit

The FE is a logical OR combination of errors coming from functional blocks.

SR7 (0x7):

. Vv2SC
. DSMONXx

SR6 (0x6):

. HSx OC(x=0,7, .., 15)
«  HBx LS OC/HBx _HS_OC (x =4, .., 6)

27 FE . DSMON_HEAT
SR5 (0x5)):
. HSx_ OL (x=0,7, .., 15)
. HBx_LS_OL/HBx_HS_OL (x =4, .., 6)
. GH_OL
0 = no error (default)
1 = error detected
FE is cleared by a read & clear command to all related bits in status registers 5, 6, 7
Device error bit
DE is a logical OR combination of global errors related to the device.
SR8 (0x8):
. TSD1
SR7 (0x7):
. VS_OV
26 DE . VS_UV
. VSREG_OV
. VSREG_UV
. CP_LOW
0 = no error (default)
1 = error detected
DE is cleared by a read and clear command to all related bits in status registers 7 and 8
Global warning bit
GW is a logical OR combination of warning flags. Warning bits do not lead to any device state change
or switch OFF of functions.
SR7 (0x7):
. V1FAIL
. V2FAIL
. CAN_RXD_REC
25 oW @ B TW @)
. SPI_INV_CMD
. SPI_SCK_CNT
SR3 (0x3):
. CAN_SUP_LOW
0 = no error (default)
1 = error detected
GW is cleared by a read & clear command to all related bits in status registers 7 and 3.
24 FS Fail-safe
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Bit m Description

The FS bit indicates the device was forced into a safe state due to the following failure conditions:

SR8 (0x8):

. WDFAIL

. V1UV(when UV is more than 2 ms)
. TSD2

. FORCED_SLEEP_TSD2_V1SC
SR3 (0x03):

. SGNDLOSS
All control registers are set to default
Control registers are blocked for WRITE access except the following bits:

CR18 (0x3F):

.- TRIG
«  CAN_ACT

CR17 (0x3E):
. Timer settings (bits 8...21)

CR14 (0x3B):

«  HS15_x (bits 8...11)
« HSO_x (bits 12...15)

CR5 (0x32) to CR10 (0x37)
. PWM frequency and duty cycles

CR1 (0x26)
. V20
. V2.1

0 = failsafe inactive (default)

1 = failsafe active

FS is cleared upon exit from failsafe mode (refer to chapter Section 3.7: Fail-safe mode)
1. Individual failure flags may be masked in the CR1 (0x26).

2. Bit may be masked in the CR1 (0x26), that is the bit is not included in the global status bit (GSB).

3. The open-load status flags may be masked in the CR1 (0x26), that is the open-load flag is included in the FE flag but it does
not set the GSB. TW failure status flags may be masked in the CR1 (0x26), that is the TW flag is included in the GW flag,
but it does not set the GSB.
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Control registers overview
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Table 72. Global control registers

SPIE PLE

Table 73. Control registers overview

e [ =» [ & [ & [ ® [ & [ & [ © |
e e w [ w [ % [ w s [ s ]
v e T e [« [ 5 [T 2 | 5 J & ]

CAN_LOOP_EN

HS14_CCM

HB_OCR_TON_

1

PWM9_DC_3
PWM10_DC_7

PWM7_DC_3

LIN_TxD_TouT | LIN_WU_CONFI ) ) DISABLE_CP_DI ICMP_CONFIG_

G TH EN
MASK_TW - MASK_OL MASK_SPIE

WD_CONFIG_EN

MASK_PLE MASK_GW

CAN_AUTO_BIA

s DIR1_EN V21 V2.0 TRIG

PWM6_0 PWM4-5_1

TSD_CLUSTER_
EN

HS0_CCM -
HS12_CCM HS11_CCM

PWM4-5_0

HS15_CCM

HS13_CCM HS9_CCM HS8_CCM HS7_CCM

HS7 OCR _TON_ HS7 OCR_TON_
1 0

HB_OCR_TON_ HS7 OCR_FRE HS7 OCR_FREQ HS OCR_FREQ_ HS OCR_FREQ_ HB OCR_FREQ_ HB_OCR FREQ_
0 Q_1 0 1 0 1 0

- PWM9_DC_9  PWM9_DC_8 PWM9_DC_7 PWM9_DC_6 PWM9_DC_5 PWM9_DC_4
PWM9_ DC_2 =~ PWM9_DC_1 PWM9_DC_0 - - PWM10_DC_ 9 = PWM10_DC_8
PWM10_DC_ 6 PWM10_DC 5 PWM10_DC_4  PWM10_DC_3 PWM10 DC 2 PWM10_DC 1 = PWM10_DC_ 0
- PWM7_DC_9 PWM7_DC_5 PWM7_DC_4

PWM7_DC_8 PWM7_DC_7 PWM7_DC_6
PWM7 DC 2 = PWM7_DC_1 PWM7_DC_0 - - PWM8_DC_9 PWM8_DC_8

HS_OCR _TON_1 HS_OCR_TON_0

“““m
FE DE GW FS -
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9y1/56 abed

PWM8_DC_7
PWM5_DC_3
PWM6_DC_7
PWM3_DC_3
PWM4_DC_7
PWM1_DC_3
PWM2_DC_7

PWM8_FREQ

H_OLTH_HIGH
HS7_RDSON
HS8_OCR

PWM8_DC_6
PWM5_DC_2
PWM6_DC_6
PWM3_DC_2
PWM4_DC_6
PWM1_DC_2
PWM2_DC_6

PWM7_FREQ

SD
OL_H1L2

HS7_OCR

PWM8_DC_5
PWM5_DC_9
PWM5_DC_1
PWM6_DC_5
PWM3_DC_9
PWM3_DC_1
PWM4_DC_5
PWM1_DC_9
PWM1_DC_1
PWM2_DC_5

PWM6_FREQ

DIAG_0
SDS
OL_H2L1
HB6_OCR
cM

PWM8_DC_4
PWM5_DC_8
PWM5_DC_0
PWM6_DC_4
PWM3_DC_8
PWM3_DC_0
PWM4_DC_4
PWM1_DC_8
PWM1_DC_0
PWM2_DC_4

PWM5_FREQ

HB5_OCR
CM_SEL 4

PWM8_DC_3
PWM5_DC_7
PWM6_DC_3
PWM3_DC_7
PWM4_DC_3
PWM1_DC_7
PWM2_DC_3

PWM4_FREQ

HB4_OCR
CM_SEL_3

PWM8_DC_2
PWM5_DC_6
PWM6_DC_2
PWM3_DC_6
PWM4_DC_2
PWM1_DC_6
PWM2_DC_2

PWM3_FREQ

CM_SEL 2

PWM8_DC_1
PWM5_DC_5
PWM6_DC_9
PWM6_DC_1
PWM3_DC_5
PWM4_DC_9
PWM4_DC_1
PWM1_DC_5
PWM2_DC_9
PWM2_DC_1
PWM10_FREQ
PWM2_FREQ

CM_SEL_1

PWM8_DC_0
PWM5_DC_4
PWM6_DC_8
PWM6_DC_0
PWM3_DC_4
PWM4_DC 8
PWM4_DC_0
PWM1_DC_4
PWM2_DC_8
PWM2_DC_0
PWM9_FREQ
PWM1_FREQ

COPT 0
SLEW_0
HS9_OCR
CM_SEL 0
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VSRESNkOCK— VS _LOCK_ENA  VSREG_OV_SD VSREG_UV_SD_ \5 oy sp ENA VS UV SD ENA  HB6OCTH. 1 HBBOCTH_ 0

_ENA ENA
HB5OCTH_1 HB50CTH_0 - - HB6_HS HB6_LS HB5_HS HB5_LS
HB4_HS HB4_LS - - - - - -

T2 _PER 2 T2_PER 0

S A9Y - geZvisa

- - ON_ T2 ON_1 T2 _PER_1

- - _ON_ T1_ON_1 T1_PER 2 T1_PER_1 T1_PER 0
V1_RESET 1 V1 _RESET 0 WD_TIME - - STBY_SEL GO_STBY
El2_PU - - EN_PU a - - EI_EN
El2_FILT_1 El2_FILT_O - - - - EM_FILT 1 EM_FILT_O

HEN CAN—REC—ONL CAN_ACT LIN_WU_EN CAN_WU_EN TIMEKRE—NSIEI—W TIMER_NINT_EN TRIG

o
O

Q
o
©
2
=
£
=)
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6.3 Status register overview

Table 74. Global status registers

o
(7]
=
N
9
@
a
2
<

3}

GSBN RSTB SPIE

Table 75. Status registers overview

2 | = | am | s | e | e | w | % ]
e [« [® [ e [ o [ @ e [ 5 ]

v e T s e s [T 3 [ & [ 5 ]

TW_CL8 TW_CL7 TW_CL6 TW_CL5 TW_CL4 TW_CL3 TW_CL2 TW_CL1
- - - HB6_LS_SC HB5_LS_SC HB4_LS_SC - - -
- TSD1_CL8 TSD1_CL7 TSD1_CL6 TSD1_CL5 TSD1_CL4 TSD1_CL3 TSD1_CL2 TSD1_CL1
- : - HB6_HS_SC HB5_HS_SC HB4_HS_SC - - -
.I- - - SGNDLOSS  IP_SUP_LOW  CAN_SUP_LOW - - I
WD_TIMER_ST WD_TIMER_ST
- - ] HS0_OL HS15_OL HS14_OL HS13_OL HS12_OL HS11_OL
- - HS9_OL HS8_OL HS7 oL HB6_LS_OL HB6_HS_OL HB5_LS OL HB5_HS_OL
- HB4 LS OL HB4_HS_OL . ] ; . ; ;
- - DSMON_HEAT HS0_OC HS15_OC HS14_OC HS13_0C HS12 OC HS11_0C
- - HS9_OC HS8_OC HS7_OC HB6_LS_OC HB6_HS_OC HB5_LS_OC HB5_HS_OC
s - HB4 LS OC = HB4 HS_OC - - - - - -
«Q
° -.. "'N—PEMRM—DO LIN_TXD_DOM  LIN_PERM _REC CAN_RXD_REC CAN—PERM—RE CAN—PEARM—DO CAN_TXD_DOM CANTO .
<
5
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DSMON_HS2 = DSMON_HS1 = DSMON LS2 = DSMON_LS1  SPIINV.CMD  SPI_SCK_CNT CP_LOW
V2sC V2FAIL VAFAIL ; VSREG_OV VSREG_UV VS_OV VS_UV
- EI2_ WAKE - - EI_WAKE WAKE_CAN WAKE_LIN WAKE_TIMER = DEBUG_ACTIVE
VAUV V1_RESTART 2 V1_RESTART 1 V1 _RESTART 0 WDFAIL_CNT 3 WDFAIL_CNT 2 WDFAIL_CNT 1 WDFAIL_CNT 0
DEVICE_STATE DEVICE_STATE FORCED_SLEEP FORCED_SLEEP
. 5 TSD2 TSD1 "TSD2 VISC Wb WDFAIL VPOR
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6.4 Control registers

6.4.1 Control register 1 (CR1, 0x26)

Table 76. Control register 1

I 0 == e s I I Y N Y P N

z T &) lw <
Y3 = a2 o @,
(e} w 1 w Z
. o a o o a o a w a o
5.8 d9 §8y8E 88568357 F 8 EE
name 9 R 2 ¥ & 4 S 9 =z = | & Y SR R 2@
SR~ W ow a O W W X W X X X X o W W _I [ o
2 22z 2 2%.2.0 28 282 %2 92 %2 092802 & a8
S 3T 3o ¢ oFSG2z e & S x = = = =2 0 x xowan S E
Reset 1 0 1 0 1 0
value
Access RW R RwW R RwW

Table 77. CR1 signals description

CAN looping of TXDC to RXDC

23 CAN_LOOP_EN  o: cAN looping disabled (default)
1: CAN looping enabled

LIN TXD timeout detection

22 LIN_TXD_TOUT | 0: LIN TXD timeout detection disabled
1: LIN TXD timeout detection enabled (default)
Configuration of LIN wake-up behavior

0: wake-up at recessive-dominant-recessive with t_dom > 28 ps (default) (according to LIN 2.2a and
hardware requirements for transceivers version 1.3)

21 LIN_WU_CONFIG
1: wake-up at recessive-dominant transition
20-19 RESERVED -
Charge pump dithering

18 DISABLE_CP_DITH | o charge pump dithering enabled (default)
1: charge pump dithering disabled

ICMP configuration enable
0: writing ICMP = 1 is blocked (writing ICMP = 0 is possible); (default)
17 ICMP_CONFIG_EN
1: writing ICMP = 1 is possible with next SPI command
bit is automatically reset to 0 after next SPI command
Watchdog configuration enable
0: writing to WD configuration (CR17 [0:1]) is blocked (default)

1: writing to WD configuration bits is possible with next SPI command
bit is automatically reset to 0 after next SPI command

16 WD_CONFIG_EN

15-14 RESERVED -
0: thermal warning is not masked (default)
13 MASK_TW 1: thermal warning is masked that is reported as a global warning (GSB bit 25) but not as a global error (GSB
bit 31)
12 RESERVED -
0: open-load condition at all outputs are not masked (default)
1 MASK_OL 1: open-load condition at all outputs are masked, that is reported as a functional error (GSB bit 27), but not as

a global error (GSB bit 31)
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0: SPI errors are not masked (default)

10 MASK_SPIE
1: SPI errors are masked that are reported as am SPI error (GSB bit 29) but not as a global error (GSB bit 31)
0: physical layer errors are not masked (default)

9 MASK_PLE 1: physical layer errors are masked that are reported as a physical layer error (GSB bit 28) but not as a global
error (GSB bit 31)
0: global warning conditions are not masked (default)

8 MASK_GW 1: global warning conditions are masked that are reported as a global warning (GSB bit 25) but not as a

global error (GSB bit 31)
Charge pump OFF enable
7 CP_OFF_EN 0: writing CP_OFF = 1 is blocked (writing CP_OFF = 0 is possible)
1: writing CP_OFF = 1 is possible (default)
6-5 RESERVED -
CAN automatic biasing activation
4 CAN_AUTO_BIAS | 0: auto biasing disabled (default)
1: auto biasing enabled
Enable DIR1 input or EI2
3 DIR1_EN 0: ElI2 configured as wake-up input
1: DIR1 function enabled (default)
2 V2_1 Voltage regulator V2 configuration
00: V2 OFF in all modes (default)
01: V2 ON in active mode; V2 OFF in standby modes

1 V2_0
10: V2 ON in active and V1_Standby mode; V2 OFF in VBAT_Standby mode
11: V2 ON in active and V1_Standby mode; V2 OFF in VBAT_Standby mode
0 TRIG Watchdog trigger bit
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6.4.2 Control register 2 (CR2, 0x27)

Table 78. Control register 2

[ ElalsEwalelele]aele [ [« el z]y]

) 0o a oo o o oo o o a o a a o a o a

“ |8|8/8/8 &8 8888886888888 453 g

name ¥ ¥ ¥ ¥ ¥ ¥ K ¥ ¥ ¥ ¥ K E K K & K I o 2 9 & i3
oW oW oW oW oW oW ow ow owow owowowowowowow g I I O oo ouw
n o o o n o O o o u o u o O o O 0 o s o
Uowowow oW owow oy oW owow Wy owwow w2 =2 2 a 3 oW
¥ ¥ ¥ ¥ ¥ o ¥ ¥ & ¥ ¥ & & ¥ & & X & @& o & O 9O x

Reset 0

value

Access R RW R

Table 79. CR2 signals description

23:6 RESERVED | -

PWM control for HB6
PWM6: PWM control for HB6

5 PWM6
0: PWM6 disabled, DIR2 function enabled (default)
1: PWM6 applied to HB6 LS, DIR2 function disabled
4 PWM4-5_1 PWM control for HB4 and HB5

PWM4-5 control
00: OFF, PWM4-5 not applied (default)
3 PWM4-5 0  01: PWM4-5 applied to HB4 LS
10: PWM4-5 applied to HB5 LS
11: PWM4-5 applied to both HB4 and HB5 low-sides at the same time
Switch OFF the charge pump
0: charge pump ON (default)

2 CP_OFF 1: charge pump OFF
Note: Setting CP_OFF = 1 is possible only if CP_OFF_EN is set to “1”in CR1.
V1 load current supervision
0: enabled; watchdog is disabled in V1_Standby when V1< ICMP (default)
! ICMP 1: disabled; watchdog is disabled upon transition into V1_Standby mode
Note: Setting ICMP = 1 is only possible when ICMP_CONFIG_EN = 1in CR1.
0 RESERVED -
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6.4.3 Control register 3 (CR3, 0x2C)

Table 80. Control register 3

[ ElalsEwalelele]aele [ [« el z]y]

o
=

. o o o o o a o a a o o a o o

o2 gE3 gy ey oz E YL gE 3B 3L e

name ¥ ¥ ¥ g & ¥ ¥ ¥ ¥ ¥ 3 & & & & 9 9 9 9 o6 & 3 8 8
T T T e T v T A v T S T T R TY B i Y BT S P O S S R O B 1Y R T
w oo u aoa_|n o u u o »u o un u u 0 - - - - - 0 o o N~
w2 wow W o ow o o n o n o n unu w o u un
¢ ¢ ¢ Pdi ¢ ¢ ¥ ¥ & ¥ T & ¥ @ & r T T L T & T T I

Reset 0

value

Access R RW R RW R RW

Table 81. CR3 signals description

23:21 RESERVED -

Enables thermal warning and shutdown of outputs by cluster

20 TSD_CLUSTER_EN 0: TSD and TW by cluster OFF (default)
1: TSD and TW by cluster ON

19:14 RESERVED -

Constant current mode on HSO enable ()
13 HS0_CCM 0: disabled (default)

1: enabled

12:9 RESERVED -

Constant current mode on HS15 enable!"
8 HS15_CCM 0: disabled (default)

1: enabled

Constant current mode on HS14 enable!"
7 HS14_CCM 0: disabled (default)

1: enabled

Constant current mode on HS13 enable (")
6 HS13_CCM 0: disabled (default)

1: enabled

Constant current mode on HS12 enable!")
5 HS12_CCM 0: disabled (default)

1: enabled

Constant current mode on HS11 enable!")
4 HS11_CCM 0: disabled (default)

1: enabled
3 RESERVED -

Constant current mode on HS9 enable ()
2 HS9 CCM 0: disabled (default)

1: enabled
) HS8_CCM Constant current mode on HS8 enable")

0: disabled (default)
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1: enabled

Constant current mode on HS7 enable(")
0 HS7_CCM 0: disabled (default)

1: enabled

1. Referto Section 3.14: Power outputs HB4, ..., HB6, HS7,..., HS15, HSO for the correct sequence of constant current mode activation.

6.4.4 Control register 4 (CR4, 0x30)

Table 82. Control register 4

I = = e ) ) e s e ) e ) N Y ) Y R N
| | ~ | o | ~ | o |

o o g o
6 35332k 8EE 8
. oo a a a a a o a o a o R EEEY YT To@
@ 88888888888 8sy 0oy dgE Ly
we g BB IEIEIEIEIEIEIEIGIER G (8|8(8/808 B BB B IS
w o o u o o o o o o o o~ & 29 99 909 JJsP 2 25
w0 o o oon 0 0D~ 0g
¥y ¥ ¢ ¢ ¢ & & & ¢ € € € I~To I T T T TOICIITZTTIZC
R
eset 0 10 1 0 1 0
value
Access R RW

Table 83. CR4 signals description

I S

23:12 RESERVED -

11 HS7_OCR_TON_1 | Overcurrent recovery programmable ON time for HS7
ON time also includes the blanking time tg g
00: ON time = 88 ps

10 HS7_OCR_TON_0 01: ON time = 80 ps (default)
10: ON time =72 us
11: ON time = 64 us

9 HS_OCR_TON_1 | Overcurrent recovery programmable ON time for HS8, HS9 ON time also includes the blanking time tg
00: ON time = 88 us
01: ON time = 80 ys (default)

8 HS_OCR_TON_O
10: ON time =72 ps
11: ON time = 64 ps
7 HB_OCR_TON_1 | Overcurrent recovery programmable ON time for HB4, HB5, HB6 ON time also includes the blanking time
teiLk
00: ON time = 88 us
6 HB OCR TON 0 01: ON time =80 us (default)

10: ON time =72 ys
11: ON time = 64 us
5 HS7_OCR_FREQ_1 Overcurrent recovery programmable frequency for HS7
00: frequency = 1.7 kHz (default)
01: frequency = 2.2 kHz
4 HS7_OCR_FREQ_0
10: frequency = 3.0 kHz

11: frequency = 4.4 kHz
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3 HS_OCR_FREQ_1 | Overcurrent recovery programmable frequency for HS8, HS9
00: frequency = 1.7 kHz (default)
01: frequency = 2.2 kHz

2 HS_OCR_FREQ_0
10: frequency = 3.0 kHz

11: frequency = 4.4 kHz
1 HB_OCR_FREQ_1 ' Overcurrent recovery programmable frequency for HB4, HB5, HB6
00: frequency = 1.7 kHz (default)
01: frequency = 2.2 kHz
0 HB_OCR_FREQ_0
- - — | 10: frequency = 3.0 kHz

11: frequency = 4.4 kHz
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6.4.5 Control register 5-9 (from CR5 to CR9, [0x32, 0x36])

Table 84. Control register 5-9

[ ElalsEwalelele]aele [ [« el z]y]

» [ce] ~ © w < [sp] N ~ o [e)] [ce] N~ (o] [Te) < [sp} N -~ o
. [a NN =) | | I I I I | | I o 0o | I I I I | I I I |
Bit w [Tm] (G O (@] O O O (©] (@] (G (G] ] L O (6] (G] (G] (@) (©] (@] (@] O ()
name g = D| D| D| D| D| D| D| D| D| D| z |z D| D| D| D| D| D| D| D| D| D|
% % X X X X X X X X X X % % > > > > > > > > > >
® o = = = =2 =z =z =z =z =z =2 v 0w = =2 2 =z2/z/zz/ sz = =z =
w2 2 2 2 2 2 2 2 2 2T UL T 2T 2T 2T ZT 2 2 =2 =z =
¢ o & o ala A A dhddx ¥ ol aoaoaolaooao oo oo a o

Reset 0

value
Access R RwW R RW

Table 85. From CR5 to CR9 signals description

23:22 RESERVED | -

21 PWMx_DC_9

20  PWMx DC_8

19 PWMx_DC_7 | Binary coded on duty cycle of PWM channel PWMx (x =9, 7, 5, 3, 1)
18 PWMx_DC_6  (see Table 86. Duty cycle coding for channel PWMx(y))

17 PWMx_DC_5

16 PWMx_DC_4

15 PWMx_DC_3

14 PWMx_DC_2 Binary coded on duty cycle of PWM channel PWMx (x =9, 7, 5, 3, 1)
13 PWMx DC 1 (see Table 86. Duty cycle coding for channel PWMx(y))

12 | PWMx_DC_0
11:10 = RESERVED |-

PWMy_DC_9  Binary coded on duty cycle of PWM channel PWMy (y = x + 1)
PWMy_DC_8 (see Table 86. Duty cycle coding for channel PWMx(y))

PWMy_DC_7

PWMy_DC_6

PWMy DC 5

PWMy_DC_4 Binary coded on duty cycle of PWM channel PWMy (y = x + 1) (see Table 86. Duty cycle coding for channel
PWMy _DC_3 PWNXx(y))

PWMy_DC_2

1 PWMy_DC_1

0 PWMy_DC_0

N W A OO N 0 ©
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Table 86. Duty cycle coding for channel PWMx(y)

‘? c”I °°I '\I ‘DI ml <rl MI NI c”I
o' o o o o [} o o ) o
a 5 e | 5 " 8 e | 9
= £ £ s £ £ s S s S | Dutycycle %
‘x’ X X X X X X X X X
s = = = = = = = = =
= = = = = = = = = =
o o o o o o o o o o
0 0 0 0 0 0 0 0 0 0 OFF
0 0 0 0 0 0 0 0 0 1 1*100/1024
0 0 0 0 0 0 0 0 1 0 2*100/1024
1 1 1 1 1 1 1 1 0 1 1021*100/1024
1 1 1 1 1 1 1 1 1 0 1022*100/1024
1 1 1 1 1 1 1 1 1 1 1023%100/1024
Note: To have a duty cycle equal to 100%, the output configuration shall be set in ON mode.
6.4.6 Control register 10 (0x37)

Table 87. Control register 10

[ [Ezlza]sEwEwlelae]weie s [ eles]sz]e]

DODDDODDDDODOD%SSS&,SggSS
BitLLJLIJLIJLIJLIJLULIJLIJLIJLIJLIJUJLIJLIJLLIEEEEEEEEE
name ¥ &% % % ¥ & ¥ & & & E B & B 2 o o O oo oo oo oh
mmmmmmmmmmmmmmgggggggggg
© 8% 8888883588882z 22 22
¥r rr ¥ r r r r r r r rr x r x o o o oo o o oo
Reset
0
value
Access R RW

Table 88. CR10 signals description

D e T e

23:10 RESERVED -

Select PWM10 frequency

9 PWM10_FREQ 0: feywm1 = 100 Hz (default)
1: pr|\/|2 =200 Hz

Select PWM9 frequency

8 PWM9_FREQ 0: fpymt = 100 Hz (default)
1: fpwmz = 200 Hz
Select PWMB8 frequency

7 PWM8_FREQ 0: fpywm1 = 100 Hz (default)
1: fpwimz = 200 Hz
Select PWM?7 frequency

6 PWM7_FREQ 0: fpywm1 = 100 Hz (default)
1: fPWM2 =200 Hz
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Select PWM6 frequency

5 PWM6_FREQ 0: fpymt = 100 Hz (default)
1: fpwmz = 200 Hz
Select PWMS5 frequency

4 PWM5_FREQ 0: fpywm1 = 100 Hz (default)
1: fpywimz = 200 Hz
Select PWM4 frequency

3 PWM4_FREQ 0: fpywmt = 100 Hz (default)
1: fpwmz = 200 Hz
Select PWM3 frequency

2 PWM3_FREQ 0: fpymt = 100 Hz (default)
1: fpwmz = 200 Hz
Select PWM2 frequency

1 PWM2_FREQ 0: fpywm1 = 100 Hz (default)
1: fpywimz = 200 Hz
Select PWM1 frequency

0 PWM1_FREQ 0: fpywm1 = 100 Hz (default)
1: fpwmz = 200 Hz

6.4.7 Control register 11 (0x38)

Table 89. Control register 11

I 0 == e s I e I Y S ) Y A N

. O o o o o o 0o o o o o o o o0 o o0 o o0 o0 o o o o o

e S22 oYY Yy g g oEELoe oLy

hame ' ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥ ® T ©*
oW oW oW W wWw oW ow oW oW oW owow oW oW oW oW owWwowow oW ow oW ow
o »u o »un uvn u un »n un un wun un »uwu uw uvn wun wun wuw uw u u u wu ou
oW oW W ow oW ow oW oW owowowowow oW oW owow
¥y ¥ ¥ ¢ ¢ ¢ @ ¢ @ K @ K XX K X K K K X X K X X @

Reset 0

value

Access R RwW R RW R RwW

Table 90. CR11 signals description

23:0 RESERVED -
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6.4.8 Control register 12 (0x39)

Table 91. Control register 12

[ ElalsEwalelele]aele [ [« el z]y]

T
O]

.o O o aoa ao ao o =

o8 ggggoy SN

name ¥ - o ¥ ¥ ¥ X & X SN TS E 2832 TS
oo o W ogououow oy @ 5 k£ &8 5% E & &%z
U £ £ O U W W w W a & s o6 o o o O Jd Yy yoyy
¥ o 0O ¥ ¥ ¥ ¥ ¥ & ®» ® o o0 O O O T O 0 » » » » o

Reset 1 o 1 0o 1 0 1 0

value

Access R RW

Table 92. CR12 signals description

23 RESERVED -
22 DIAG_1 Drain-source monitoring threshold for external H-bridge
Monitoring threshold voltage
00 Vscat
21 DIAG_1 01 Vscd2
10 Vscas
11 Vscg4 (default)
20:15 RESERVED -
Slow decay
14 SD 0: slow decay mode low-side ON (default, LS1 or LS2 depending only on DIRH pin)

1: slow decay mode high-side ON (HS1 or HS2 depending only on DIRH pin)

Slow decay single

13 SDs 0: slow decay mode both legs ON (default)
1: slow decay mode single leg ON

Dual motor H-bridge configuration

12 DM 0: single motor mode (default)
1: dual motor mode
1" COPT_3 Cross current protection time!")
10 COPT_2 0010 tcepooto
9 COPT_1 0011 tcepoo11
0100 tcepo1oo

0101 teepo1o1
0110 tcepot1o
0111 tcepgq11
8 COPT_0 1000 tcep1ooo
1001 tcep1o1
1010 tcepip1o
1011 teepqo1q
1100 tcep1100
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1101 tcepq1o1

1110 teepi11o

1111 tcepq441 (default)

H-bridge OL high threshold (5/6 * Vg) select
7 H_OLTH_HIGH 0: Vgcgq threshold low (default, 1/6 * Vg)

1: Vscq threshold high (5/6 * Vg)

Test open-load condition between H1 and L2
6 OL_H1L2®? 0: no pull-up on H1 (default, no test on H1 L2)

1: pull-up resistor on H1 (test on H1 L2)

Test open-load condition between H2 and L1

5 OL_H2L1®) 0: no pull-up on H2 (default, no test on H1 L2)
1: pull-up resistor on H2 (test on H2 L1)

4 SLEW_4 Binary coded slew rate of the H-bridge

3 SLEW_3 Slew rate value

2 SLEW 2 00000: control disabled (default)

1 SLEW_1 00001: 1/31
00010: 2/31

0 SLEW_0

11110: 30/31
11111:1

1. teep values “0000” and “0001” are not allowed.
2. Before going to Standby mode, OL_H1L2 and OL_H2L1 must be set to 0 to achieve the specified current consumption.

6.4.9 Control register 13 (0x3A)

Table 93. Control register 13
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R

eset 0 1 0

value

Access | RW R RW R RwW

Table 94. CR13 signals description

Select Rygon for HS7

23 HS7_RDSON 0 rgyq (0.3 Q) (default)
1 r'oN2 (1 .6 Q)

22:17 | RESERVED | -

Overcurrent recovery for HS9
16 HS9_OCR
0 overcurrent recovery is turned OFF (default)

DS14235 - Rev 5 page 109/146



ﬁ L99DZ320

SPI Registers

1 overcurrent recovery is turned ON
Overcurrent recovery for HS8
15 HS8 OCR | 0 overcurrent recovery is turned OFF (default)
1 overcurrent recovery is turned ON
Overcurrent recovery for HS7
14 HS7_OCR | 0 overcurrent recovery is turned OFF (default)
1 overcurrent recovery is turned ON
Overcurrent recovery for HB6
13 HB6_OCR 0 overcurrent recovery is turned OFF (default)
1 overcurrent recovery is turned ON
Overcurrent recovery for HB5
12 HB5_OCR 0 overcurrent recovery is turned OFF (default)
1 overcurrent recovery is turned ON
Overcurrent recovery for HB4
11 HB4_OCR 0 overcurrent recovery is turned OFF (default)
1 overcurrent recovery is turned ON
10:6 RESERVED -
Current monitor
5 CM 0 OFF (tristate)
1 ON (default)
CM_SEL_4 A current image of the selected binary coded output is multiplexed to the CM output. If a corresponding output does
CM_SEL_3 not exist, the current monitor is deactivated.
CM_SEL_2
CM_SEL_1

Selected output
00000 tristate (default)
00001 tristate
00010 tristate
00011 tristate
00100 HB4
00101 HB5
00110 HB6
00111 HS7
01000 HS8
01001 HS9

0 CM_SEL_0 01010 tristate
01011 HS11
01100 HS12
01101 HS13
01110 HS14
01111 HS15
10000 HSO

...... tristate
11111 tristate

N W s

-

DS14235 - Rev 5 page 110/146



‘_ L99DZ320
’l SPI Registers

6.4.10 Control register 14 (0x3B)

Table 95. Control register 14
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Reset 0

value

Access R RW

Table 96. CR14 signals description

23:16 RESERVED -
15 HSO0_3 High-side driver HSO configuration
14 HS0 2 HSO0 config
13 HSO 1 0000: OFF (default)
B 0001: ON
0010: Timer 1
0011: Timer 2
0100: PWM1
0101: PWM2
0110: PWM3
0111: PWM4
12 HS0_0 1000: PWM5
1001: PWM6
1010: PWM7
1011: PWM8
1100: PWM9
1101: PWM10

1110: DIR1
1111: DIR2

11 HS15_3 High-side driver HS15 configuration
10 HS15_1 HS15 config
9 HS15 1 0000: OFF (default)
- 0001: ON
0010: Timer 1
0011: Timer 2
0100: PWM1
8 HS15_0 0101: PWM2
0110: PWM3
0111: PWM4
1000: PWM5
1001: PWM6
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1010: PWM7
1011: PWM8
1100: PWM9
1101: PWM10

1110: DIR1
1111: DIR2

7 HS14_3
6 HS14 2

High-side driver HS14 configuration
HS14 config

5 HS14_1

4 HS14 0

3 HS13 3
2 HS13 2
1 HS13_1

0 HS13_0

0000:
0001:
0010:
0011:
0100:
0101:
0110:
0111:
1000:
1001:
1010:
1011:
1100:
1101:
1110:
1111:

OFF (default)
ON
Timer 1
Timer 2
PWM1
PWM2
PWM3
PWM4
PWM5
PWM6
PWM7
PWM8
PWM9
PWM10
DIR1
DIR2

High-side driver HS13 configuration

HS13
0000:
0001:
0010:
0011:
0100:
0101:
0110:
0111:
1000:
1001:
1010:
1011:
1100:
1101:

1110:
1111:

config
OFF (default)
ON
Timer 1
Timer 2
PWM1
PWM2
PWM3
PWM4
PWM5
PWM6
PWM7
PWM8
PWM9
PWM10

DIR1
DIR2
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6.4.11 Control register 15 (0x3C)

Table 97. Control register 15
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Reset

0
value
Access RW

Table 98. CR15 signals description

23 HS12_3 High-side driver HS12 configuration
22 HS12_2 HS12 config
21 HS12_1 0000: OFF (default)
R 0001: ON
0010: Timer 1
0011: Timer 2
0100: PWM1
0101: PWM2
0110: PWM3
0111: PWM4
20 HS12_0 1000: PWM5
1001: PWM6
1010: PWM7
1011: PWM8
1100: PWM9
1101: PWM10

1110: DIR1
1111: DIR2

19 HS11_3 High-side driver HS11 configuration
18 HS11_2 HS11 config

17 HS11 1 0000: OFF (default)
- 0001: ON

0010: Timer 1

0011: Timer 2
0100: PWM1

0101: PWM2

0110: PWM3

0111: PWM4

1000: PWM5

1001: PWM6

1011: PWM8
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1100: PWM9
1101: PWM10

1110: DIR1
1111: DIR2

15:12 RESERVED -
11 HS9 3 High-side driver HS9 configuration
10 HS9_2 HS9 config
9 HS9 1 0000: OFF (default)
- 0001: ON
0010: Timer 1
0011: Timer 2
0100: PWMA1
0101: PWM2
0110: PWM3
0111: PWM4
8 HS9_0 1000: PWM5
1001: PWM6
1010: PWM7
1011: PWM8
1100: PWM9
1101: PWM10

1110: DIR1
1111: DIR2

7 HS8 3 High-side driver HS8 configuration
6 HS8_2 HS8 config
5 HS8 1 0000: OFF (default)
B 0001: ON
0010: Timer 1
0011: Timer 2
0100: PWM1
0101: PWM2
0110: PWM3
0111: PWM4
4 HS8_ 0 1000: PWM5
1001: PWM6
1010: PWM7
1011: PWM8
1100: PWM9
1101: PWM10
1110: DIR1
1111: DIR2

3 HS7_3 High-side driver HS7 configuration
2 HS7_2 HS7 config

1 HS7 1 0000: OFF (default)

0 HS7_0 0001: ON
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0010: Timer 1
0011: Timer 2
0100: PWM1
0101: PWM2
0110: PWM3
0111: PWM4
1000: PWM5
1001: PWM6
1010: PWM7
1011: PWM8
1100: PWM9
1101: PWM10

1110: DIR1
1111: DIR2
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6.4.12 Control register 16 (0x3D)

Table 99. Control register 16
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Reset 1 0
value
Access RW

Table 100. CR16 signals description

Lockout of VSREG related outputs after VSREG over/undervoltage shutdown:
0 VSREG related outputs are turned ON automatically and status bits (VSREG_UV, VSREG_QV) are

cleared

23 VSREG_LOCK_ENA | 1 VSREG related outputs remain turned OFF until status bits (VSREG_UV, VSREG_OV) are cleared
(default)
Note: lockout is always disabled in standby modes in order to ensure supply of external

contacts and detect wake-up conditions.
Lockout of Vg related outputs after Vg over/undervoltage shutdown:
0 Vg related outputs are turned ON automatically and status bits (VS_UV, VS_QOV) are cleared
22 VS_LOCK_ENA 1 Vg related outputs remain turned OFF until status bits (VS_UV, VS_QV) are cleared (default)

Note: lockout is always disabled in standby modes in order to ensure supply of external
contacts and detect wake-up conditions.

Shutdown of VSREG related outputs in case of VSREG overvoltage:

21 VSREG_OV_SD_ENA | ¢ no shutdown of VSREG related outputs in case of VSREG overvoltage
1 shutdown of VSREG related outputs in case of VSREG overvoltage (default)

Shutdown of VSREG related outputs in case of VSREG undervoltage:
0 no shutdown of VSREG related outputs in case of VSREG undervoltage
20 VSREG_UV_SD_ENA ' { shutdown of VSREG related outputs in case of VSREG undervoltage (default)

Note: in case of V1 undervoltage due to VSREG UV, the device enters failsafe mode and the
related outputs are turned OFF.

Shutdown of Vg related outputs in case of Vgovervoltage:

0 no shutdown of Vg related outputs in case of Vg overvoltage if charge pump output voltage is still
sufficient (until CPLOW threshold is reached)

1 shutdown of Vg related outputs in case of Vg overvoltage (default)

19 VS_OV_SD_ENA

Shutdown of Vg related outputs in case of Vg undervoltage:
0 no shutdown of Vg related outputs in case of Vg UnderVoltage
18 VS_UV_SD_ENA 1 shutdown of Vg related outputs in case of Vg Under\Voltage (default)

Note: In case of V1 UnderVoltage due to VS UV, the device enters fail-safe mode and the
related outputs are turned OFF.

17 HB6OCTH_1 Selectable overcurrent threshold on HB6:

00 lpcetha(default)
16 HB6OCTH_0
01 locetn1
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10 loceth2
11 loceths

15 HB50CTH_1 Selectable overcurrent threshold on HB5:
00 lpcsths (default)

011
14 HB50CTH_0 Ocsth

10 locsth2
11 locsths

13-12 RESERVED -

HB6 high-side driver control:
0 HB6 HS is turned off (default)

1 HB6 HS is turned on
An internal cross-current protection prevents, that both the low-side and high-side drivers of the half bridge
HB6 are switched on simultaneously

11 HB6_HS

HB6 low-side driver control:
0 HB6 LS is turned off (default)

1 HB6 LS is turned on
An internal cross-current protection prevents, that both the low-side and high-side drivers of the half bridge
HB6 are switched on simultaneously

10 HB6_LS

HBS5 high-side driver control:
0 HB5 HS is turned off (default)

1 HB5 HS is turned on
An internal cross-current protection prevents, that both the low-side and high-side drivers of the half bridge
HBS5 are switched on simultaneously

9 HB5_HS

HB5 low-side driver control:
0 HB5 LS is turned off (default)

1 HB5 LS is turned on
An internal cross-current protection prevents, that both the low-side and high-side drivers of the half bridge
HB5 are switched on simultaneously

8 HB5_LS

HB4 high-side driver control:
0 HB4 HS is turned off (default)

1 HB4 HS is turned on
An internal cross-current protection prevents, that both the low-side and high-side drivers of the half bridge
HB4 are switched on simultaneously

7 HB4_HS

HB4 low-side driver control:
0 HB4 LS is turned off (default)

1 HB4 LS is turned on
An internal cross-current protection prevents, that both the low-side and high-side drivers of the half bridge
HB4 are switched on simultaneously

5:0 RESERVED -

6 HB4 LS
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6.4.13 Control register 17 (0x3E)

Table 101. Control register 17
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Table 102. CR17 signals description

23:22  RESERVED -

21 T2_ON_2  Configuration of Timer 2 ON-time

20 T2 ON_1 | T2 Config
000 ton1 (default)
001 ton2
010 ton3
011 ton4

19 T2_ON_0 100 ton5
101 invalid setting; command is ignored and SPI INV CMD is set
110 invalid setting; command is ignored and SPI INV CMD is set
111 invalid setting; command is ignored and SPI INV CMD is set

Note: When the configuration of a timer is changed, the timer is automatically restarted using the new
configuration.

18 T2_PER_2  Configuration of Timer 2 Period
17 T2 PER_1 T2 Period

000 T1 (default)

001 T2

010 T3

011 T4

100 T5

101 76

110 T7

111 T8

16 T2_PER_O

Note: When the configuration of a timer is changed, the timer is automatically restarted using the new
configuration.

15:14 | RESERVED -
13 T1_ON_2  Configuration of Timer 1 ON-time

12 T1_ON_1 | T1 Config
000 ton1 (default)

1 T1_ON_O  001ton2
010 ton3
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011 ton4
100 ton5
101 invalid setting; command is ignored and SPI INV CMD is set

110 invalid setting; command is ignored and SPI INV CMD is set
111 invalid setting; command is ignored and SPI INV CMD is set

Note: When the configuration of a timer is changed, the timer is automatically restarted using the new
configuration.

10 T1_PER_2 | Configuration of Timer 1 Period

©

T1_PER_1 | T1 Period
000 T1 (default)
001 T2
010 T3
011 T4
100 TS5
101 76
11077
11178

8 T1_PER 0

Note: When the configuration of a timer is changed, the timer is automatically restarted using the new
configuration.

7 V1_RESET_1 | Voltage regulator V1 reset level
V1 reset level
00 VRT4 (default)

6 V1_RESET 0 01VRrs
10 VRT2
11 VrT1

5 RESERVED

Window Watchdog Trigger Time

0 TSW1 (default)

1 TSW2

Writing to WD_TIME_x is blocked unless WD_CONFIG_EN = 1

4 WD_TIME

3 RESERVED
1 STBY_SEL  see Table 103. STBY_SEL and GO_STBY bits
0 GO_STBY  see Table 103. STBY_SEL and GO_STBY bits

Table 103. STBY_SEL and GO_STBY bits

1 1 Go to V1_Standby
0 1 Go to VBAT_Standby
1 0 No transition to standby
0 0 No transition to standby (default)
Note: After wake-up event, STBY_SEL and GO_STBY bits do not change the value remaining with the same setting.
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6.4.14 Control register 18 (0x3F)

Table 104. Control register 18
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Table 105. CR18 signals description

External Interrupt 2: configuration of internal current source

0: pull-down (default)

23 EI2_PU
1: pull-up
Note: the setting is valid only if input is configured as External Interrupt in CR1 (0x26).
22:21 RESERVED -
External Interrupt 1: configuration of internal current source
20 El1_PU 0: pull-down (default)
1: pull-up
External Interrupt 2 enable
0: EI2 disabled
19 EI2_EN
1: EI2 enabled (default)
Note: the setting is valid only if input is configured as External Interrupt in CR1 (0x26).
18:17 RESERVED -

External Interrupt 2 enable
16 EIM1_EN 0: El1 disabled
1: EI1 enabled (default)
15 El2_FILT_1 External Interrupt 2: configuration of input filter
Input Filter Configuration
00 External Interrupt 2 monitored in static mode (filter time tyy_stat) (default)

01 External Interrupt 2 monitored in cyclic mode with Timer2 (filter time: twy_cyc; blanking time 80% of
timer ON time)(")

14 EI2_FILT_O
10 External Interrupt 2 monitored in cyclic mode with Timer1 (filter time: tywy_cyc; blanking time 80% of
timer ON time)(")
11 Invalid setting; command is ignored and SPI INV CMD id set
Note: EI2_FILT_[1:0] setting is only valid if input is configured as External Interrupt in CR1 (0x26).
13:10 RESERVED -
9 EIM_FILT_1 External Interrupt 1: configuration of input filter
Input Filter Configuration
8 EM_FILT 0 00 External Interrupt 1 monitored in static mode (filter time ty,y_stat) (default)

01 External Interrupt 1 monitored in cyclic mode with Timer 2 (filter time: tywy_cyc; blanking time 80% of
timer ON time)")
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10 External Interrupt 1 monitored in cyclic mode with Timer 1 (filter time: twy_cyc; blanking time 80% of
timer ON time)(")

11 Invalid setting; command is ignored and SPI INV CMD is set
Enable H-bridge

0: H-bridge disabled (default)

1: H-bridge enabled

Refer to Section 2.4.13: H-bridge driver for details.

7 HEN

CAN receive only mode

6 CAN_REC_ONLY 0: CAN receive Only mode disabled (default)
1: CAN receive Only mode enabled (CAN Trx must be activated, see CAN_ACT bit)
CAN transceiver activation

5 CAN_ACT 0: CAN Trx low-power mode (default)
1: CAN Trx normal mode

Enable wake-up by LIN
0: disabled

4 LIN_WU_EN @
1: enabled (default)
Note: the wake-up behavior is configurable in the CR1 (0x26).
Enable wake-up by CAN
0: disabled
3 CAN_WU_EN @

1: enabled (default)
Note: wake-up occurs at a wake—up event according to ISO 11898-2.
Select timer for periodic interrupt in standby modes

2 TIME_NINT_WAKE_SEL (- Timer 2 (default)
1: Timer 1

Enable timer interrupt in standby modes
0: Timer Interrupt disabled (default)

1: Timer Interrupt enabled

1 TIMER_NINT_ EN
V1_Standby mode: device wakes up and interrupt signal is generated at RXDL/NINT when
programmable time-out has elapsed.
VBAT_Standby mode: device wakes up after timer expiration and generates Nreset.

0 TRIG Watchdog Trigger bit

Lower is the timer duration and major is the contribution of output ty on.

2. Either LIN or CAN must be enabled as wake-up source. Setting both bits 3 and 4 to ‘0’ is an invalid setting. All wake-up sources are
configured according to default setting; SPI Error Bit (SPIE) in Global Status Register is set.
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6.5 Status registers
6.5.1 Status register 1 (0x01)
Table 106. Status register 1

I = == e s I I Y S Y A N

Bit
name

RESERVED

TW_CL8
TW_CL7
TW_CL6
TW_CL5
TW_CL4
TW_CL3
TW_CL2
RESERVED
HB6_LS_SC
HB5_LS_SC
HB4_LS_SC
RESERVED
RESERVED
RESERVED
RESERVED
RESERVED
RESERVED
RESERVED
RESERVED
RESERVED
RESERVED
RESERVED

TW_CL1

Access R&C

Table 107. Status register 1 description

I T R

Temperature warning cluster 8:

23 TW_CL8 ‘1’ indicates cluster 8 has reached the thermal warning threshold
Bit is latched until a “Read & Clear” command
Temperature warning cluster 7:

22 TW_CL7 ‘1’ indicates cluster 7 has reached the thermal warning threshold
Bit is latched until a “Read & Clear” command
Temperature warning cluster 6:

21 TW_CL6 ‘1’ indicates cluster 6 has reached the thermal warning threshold
Bit is latched until a “Read & Clear” command
Temperature warning cluster 5:

20 TW_CL5 ‘1" indicates cluster 5 has reached the thermal warning threshold
Bit is latched until a “Read & Clear” command
Temperature warning cluster 4:

19 TW_CL4 | ‘1" indicates cluster 4 has reached the thermal warning threshold
Bit is latched until a “Read & Clear” command
Temperature warning cluster 3:

18 TW_CL3 ‘1’ indicates cluster 3 has reached the thermal warning threshold
Bit is latched until a “Read & Clear” command
Temperature warning cluster 2:

17 TW_CL2 ‘1’ indicates cluster 2 has reached the thermal warning threshold
Bit is latched until a “Read & Clear” command
Temperature warning cluster 1:

16 TW_CLA1 ‘1’ indicates cluster 1 has reached the thermal warning threshold
Bit is latched until a “Read & Clear"command

15:14 = RESERVED -

Short-circuit on HB6 low-side:

13 HB6_LS SC “1” indicates short-circuit condition on LS of HB6 (second overcurrent threshold in overcurrent recovery mode)
Bit is latched until a “Read & Clear” command

12 HB5_LS SC | Short-circuit on HB5 low-side:
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“1” indicates short-circuit condition on LS of HB5 (second overcurrent threshold in overcurrent recovery mode)

Bit is latched until a “Read & Clear” command
Short-circuit on HB4 low-side:

11 HB4_LS_SC “1” indicates short-circuit condition on LS of HB4 (second overcurrent threshold in overcurrent recovery mode)
Bit is latched until a “Read & Clear” command

10:0 RESERVED -
6.5.2 Status register 2 (0x02)
Table 108. Status register 2

22 2= e e I I

Bit
name

RESERVED

TSD1_CL8
TSD1_CL7
TSD1_CL6
TSD1_CL5
TSD1_CL4
TSD1_CL3
TSD1_CL2
TSD1_CLA1
RESERVED
HB6_HS_SC
HB5_HS_SC
HB4_HS_SC
RESERVED
RESERVED
RESERVED
RESERVED
RESERVED
RESERVED
RESERVED
RESERVED
RESERVED
RESERVED
RESERVED

Access R&C

Table 109. Status register 2 description

e | e

Thermal shutdown of cluster 8

23 TSD1_CL8 ‘1’ indicates cluster 8 has reached the thermal shutdown threshold (TSD1) and the output cluster was shutdown
Bit is latched until a “Read & Clear” command
Thermal shutdown of cluster 7

22 TSD1_CL7 ‘1’ indicates cluster 7 has reached the thermal shutdown threshold (TSD1) and the output cluster was shutdown
Bit is latched until a “Read & Clear” command
Thermal shutdown of cluster 6

21 TSD1_CL6 ‘1’ indicates cluster 6 has reached the thermal shutdown threshold (TSD1) and the output cluster was shutdown
Bit is latched until a “Read & Clear” command
Thermal shutdown of cluster 5

20 TSD1_CL5 ‘1’ indicates cluster 5 has reached the thermal shutdown threshold (TSD1) and the output cluster was shutdown
Bit is latched until a “Read & Clear” command
Thermal shutdown of cluster 4

19 TSD1_CL4 ‘1’ indicates cluster 4 has reached the thermal shutdown threshold (TSD1) and the output cluster was shutdown
Bit is latched until a “Read & Clear” command
Thermal shutdown of cluster 3

18 TSD1_CL3 ‘1’ indicates luster 3 has reached the thermal shutdown threshold (TSD1) and the output cluster was shutdown
Bit is latched until a “Read & Clear” command
Thermal shutdown of cluster 2

17 TSD1_CL2 ‘1’ indicates cluster 2 has reached the thermal shutdown threshold (TSD1) and the output cluster was shutdown
Bit is latched until a “Read & Clear” command
Thermal shutdown of cluster 1

16 TSD1_CL1 ‘1’ indicates cluster 1 has reached the thermal shutdown threshold (TSD1) and the output cluster was shutdown
Bit is latched until a “Read & Clear” command
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15:14 =~ RESERVED -

Short-circuit on HB6 high-side

13 HB6_HS_SC ‘1’ indicates short circuit condition on HS of HB6 (second overcurrent threshold in overcurrent recovery mode)
Bit is latched until a “Read & Clear” command
Short-circuit on HB5 high-side

12 HB5_HS_SC ‘1’ indicates short-circuit condition on HS of HB5 (second overcurrent threshold in overcurrent recovery mode)
Bit is latched until a “Read & Clear” command
Short-circuit on HB4 high-side

11 HB4_HS_SC ‘1’ indicates short circuit condition on HS of HB4 (second overcurrent threshold in overcurrent recovery mode)
Bit is latched until a “Read & Clear” command

10:0 = RESERVED |-
6.5.3 Status register 3 (0x03)

Table 110. Status register 3

I = == o e = e I Y S ) Y A

=

z 9
. O o o oo o o o o o o o o o0 o0 o0 o0 o0 9w o 9o o o
me > 2 2o ELELL L Ly Ss Ly

2
name ' ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥ 2 o0 »H xx &
W W W oW ow w ow W ow w w ow W ow W w ww o 22 W W w
”w »n »un »n »un »un »un »un »un »n »un »n »un »un »un »un un un Z2 u Zz un u u
LIJLIJLIJUJLIJIJJLIJLIJLIJUJLIJLIJUJLIJLIJUJLIJLIJ(D'{LIJLIJLIJ
¥y ¥ ¥ ¢ ¢ ¢ ¥ ¢ K K K K K X X X X X O & O ¥ ¥ «

Access R&CR R R&CR R R&CR

Table 111. Status register 3 description

I

23:6 RESERVED -

Loss of ground status bit

5 SGNDLOSS ‘1" indicates that ground at SGND pin has been lost
Bit is not latched

Internal IP supply low warning threshold

4 IP_SUP_LOW ‘1’ indicates that Internal IP voltage supply (analog and/or digital) is less than 3V
Bit is latched until a “Read & Clear” command

CAN supply low warning threshold

‘1” indicates that voltage at CAN supply pin reached the CAN supply low warning threshold
3 CAN_SUP_LOW

Veansup < VeaNsuPlow

Bit is latched until a “Read & Clear” command

2:0 RESERVED -
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6.5.4 Status register 4 (0x04)

Table 112. Status register 4

[ ElalsEwalelele]aele [ [« el z]y]
< <

Bit
name

TE 1
TE O

WD_TIMER_ST,

WD_TIMER_ST,
Eé_STATE
RESERVED
RESERVED
EIM_STATE
RESERVED
RESERVED
RESERVED
RESERVED
RESERVED
RESERVED
RESERVED
RESERVED
RESERVED
RESERVED
RESERVED
RESERVED
RESERVED
RESERVED
RESERVED
RESERVED
RESERVED
RESERVED

Access R&C R

20
%

C R

Table 113. Status register 4 description

Do | e i

23 WD_TIMER_STATE_1  Watchdog timer status
Status
000 - 33%

22 WD_TIMER_STATE_0 | 01 33 - 66%
11 66 - 100%
10 invalid configuration
State of EI2 input
0 input level is low

1 input level is high

21 EI2_STATE
The bit shows the momentary status of EI2 and cannot be cleared (“live bit”)
Note: the status is only valid if it has been configured as wake-up input in CR1 (0x26).

Otherwise this bit is read as ‘0’

20 RESERVED -
State of EI1 input

18 EI1_STATE 0 input level is low
1 input level is high
The bit shows the momentary status of EI1 and cannot be cleared (“live bit”)

17:0 RESERVED -
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6.5.5 Status register 5 (0x05)

Table 114. Status register 5

[ ElalsEwalelele]aele [ [« el z]y]

Bit
name

RESERVED
RESERVED
HS0_OL
HS15_OL
HS14_OL
HS13_OL
HS12_OL
HS11_OL
RESERVED
HS9_OL
HS8_OL
HS7_OL
HB6_LS_OL
HB6_HS_OL
HB5_LS_OL
HB5_HS_OL
HB4_LS_OL
HB4_HS OL
RESERVED
RESERVED
RESERVED
RESERVED
RESERVED
RESERVED

Access R&C

Table 115. Status register 5 description

I

23-22 RESERVED -
HSO0 open-load
21 HS0_OL ‘1’ indicates an open-load condition was detected at the output
Bit is latched until a “Read & Clear” command
HS15 open-load
20 HS15_OL ‘1’ indicates an open-load condition was detected at the output

Bit is latched until a “Read & Clear” command
HS14 open-load

19 HS14_OL ‘1’ indicates an open-load condition was detected at the output
Bit is latched until a “Read & Clear” command

HS13 open-load

18 HS13_OL ‘1’ indicates an open-load condition was detected at the output
Bit is latched until a “Read & Clear” command

HS12 open-load

17 HS12_OL ‘1’ indicates an open-load condition was detected at the output
Bit is latched until a “Read & Clear” command

HS11 open-load

16 HS11_OL ‘1’ indicates an open-load condition was detected at the output
Bit is latched until a “Read & Clear” command

15 RESERVED -
HS9 open-load

14 HS9 _OL ‘1’ indicates an open-load condition was detected at the output
Bit is latched until a “Read & Clear” command
HS8 open-load

13 HS8_OL ‘1" indicates an open-load condition was detected at the output
Bit is latched until a “Read & Clear” command
HS7 open-load

12 HS7_OL ‘1" indicates an open-load condition was detected at the output
Bit is latched until a “Read & Clear” command
HB6 low-side open-load

11 HB6_LS OL ‘1’ indicates an open-load condition was detected at the output
Bit is latched until a “Read & Clear” command

10 HB6_HS OL HB6 high-side open-load
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‘1’ indicates an open-load condition was detected at the output
Bit is latched until a “Read & Clear” command

HB5 low-side open-load

9 HB5_LS_OL ‘1" indicates an open-load condition was detected at the output
Bit is latched until a “Read & Clear” command

HB5 high-side open-load

8 HBS5_HS_OL ‘1" indicates an open-load condition was detected at the output
Bit is latched until a “Read & Clear” command

HB4 low-side open-load

7 HB4_LS_OL ‘1" indicates an open-load condition was detected at the output
Bit is latched until a “Read & Clear” command

HB4 high-side open-load
6 HB4_HS_OL ‘1’ indicates an open-load condition was detected at the output

Bit is latched until a “Read & Clear” command

5:0 RESERVED -
6.5.6 Status register 6 (0x06)
Table 116. Status register 6

N 22 2= e e I I

Bit
name

RESERVED
RESERVED
HS0_OC
HS15_0C
HS14_OC
HS13_0C
HS12_0C
HS11_OC
RESERVED
HS9_OC
HS8_OC
HS7_OC
HB6_LS_OC
HB6_HS_OC
HB5_LS_OC
HB5_HS_OC
HB4_LS_OC
HB4_HS_OC
RESERVED
RESERVED
RESERVED
RESERVED
RESERVED
RESERVED

Access R&C

Table 117. Status register 6 description

I S

23-22 RESERVED -
HSO0 overcurrent shutdown:

21 HS0_OC ‘1’ indicates the output was shutdown due to overcurrent condition.
Bit is latched until a “Read & Clear” command

HS15 overcurrent shutdown:

20 HS15_OC ‘1’ indicates the output was shutdown due to overcurrent condition
Bit is latched until a “Read & Clear” command

HS14 overcurrent shutdown:

19 HS14_OC ‘1’ indicates the output was shutdown due to overcurrent condition
Bit is latched until a “Read & Clear” command
HS13 overcurrent shutdown:

18 HS13_0C | 1" indicates the output was shutdown due to overcurrent condition
Bit is latched until a “Read & Clear” command

HS12 overcurrent shutdown:

17 HS12_0C | ¢’ indicates the output was shutdown due to overcurrent condition
Bit is latched until a “Read & Clear” command

16 HS11_OC  HS11 overcurrent shutdown:
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I

1’ indicates the output was shutdown due to overcurrent condition
Bit is latched until a “Read & Clear” command

15 RESERVED | -

HS9 overcurrent shutdown

14 HS9 OC | ‘1’ indicates the output was shutdown due to overcurrent condition
Bit is latched until a “Read & Clear” command
HS8 overcurrent shutdown:

13 HS8_OC | ‘1’ indicates the output was shutdown due to overcurrent condition
Bit is latched until a “Read & Clear” command
HS7 overcurrent shutdown:

12 HS7_OC | ‘1’ indicates the output was shutdown due to overcurrent condition
Bit is latched until a “Read & Clear” command

11 HB6_LS_OC HB6 overcurrent shutdown:
‘1" indicates the output was shutdown due to overcurrent condition.
If overcurrent recovery is disabled (CR13: HB6_OCR = 0): Bit is set upon overcurrent condition and HB6 is turned off

10 HB6_HS_OC If overcurrent recovery is enabled (CR13: HB6_OCR = 1): in case of overcurrent condition this bit is not set. The

HB6 goes into Overcurrent Recovery mode.
Bit is latched until a “Read & Clear” command

©

HB5_LS OC HB5 overcurrent shutdown:
‘1’ indicates the output was shutdown due to overcurrent condition

If overcurrent recovery is disabled (CR13: HB5_OCR = 0): bit is set upon overcurrent condition and HB5 is turned off

(o]

HB5_HS_OC If overcurrent recovery is enabled (CR13: HB5_OCR = 1): in case of overcurrent condition this bit is not set. The

HB5 goes into overcurrent recovery mode
Bit is latched until a “Read & Clear” command

~

HB4_LS_OC HB4 overcurrent shutdown:
‘1’ indicates the output was shutdown due to overcurrent condition.
If overcurrent recovery is disabled (CR13: HB4_OCR = 0): bit is set upon overcurrent condition and HB4 is turned off

6 HB4_HS_OC If overcurrent recovery is enabled (CR13: HB4_OCR = 1): In case of overcurrent condition this bit is not set. The

HB4 goes into overcurrent recovery mode
Bit is latched until a “Read & Clear” command

50  RESERVED -
6.5.7 Status register 7 (0x07)

Table 118. Status register 7

I 0 == e s I e I Y S ) Y A N
=

O w o
S = o Q2 & % o B
o (@) o Y | | A N - o — s Z
. A I s = | Q2 o o 7 O a > >
Bit = 4 2 gx T g I I 4 2 = g 9 2
name L X W & & & o Z Z Z Z Z O 3 4 4 0 o0 > >
o~ o - I I E | Q 9 9O 9O £ o I O I T W W W o 5
I I Iz 0z Z z z = =2 = =  _\ | » oL o »n xr « | |
zZ Z Z2 < < < < < o o o o o o o 2T d& S - Wl oo oo ow
J J 3 0 o= 0 0O o o oo n O F > > > x >3 > 3> >3
Access R&C R R&C

Table 119. Status register 7 description

I S

23 LIN_PERM_DOM | LIN bus signal dominant timeout
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LIN bus signal is dominant for t > Tgom(pus)

Bit is latched until a “Read & Clear” command
LIN TXD signal dominant timeout

22 LIN_TXD_DOM | TXDL pin is dominant for t > tgom(TxpL)
The LIN transmitter is disabled until the bit is cleared. Bit is latched until a “Read & Clear” command
LIN bus signal permanent recessive

21 LIN_PERM_REC | LIN bus signal does not follow TXDL within t |y
The LIN transmitter is disabled until the bit is cleared. Bit is latched until a “Read & Clear” command
CAN RXD signal permanent recessive

20 CAN_RXD_REC RXDC has not followed TXDC for 4 times
The CAN transmitter is disabled until the bit is cleared. Bit is latched until a “Read & Clear” command
CAN bus signal permanent recessive

19 CAN_PERM_REC ' CAN bus signal did not follow TXDC for 4 times
The CAN transmitter is disabled until the bit is cleared. Bit is latched until a “Read & Clear” command
CAN bus signal permanent dominant

18 CAN_PERM_DOM ' CAN bus signal is dominant for t > tcan
Bit is latched until a “Read & Clear” command
CAN TXD signal permanent dominant

17 CAN_TXD_DOM | TXDC pin is dominant for t > tyom(TxDC)
The CAN transmitter is disabled until the bit is cleared. Bit is latched until a “Read & Clear” command
CAN communication timeout

16 CANTO Bit is set if there is no communication on the bus for t > tgjience; CANTO indicates that there was a transition
from BIAS ON to BIAS OFF
Bit is latched until a “Read & Clear” command

Drain-source monitoring HS2

15 DSMON_HS2 ‘1’ indicates a short-circuit or open-load condition was detected
Bit is latched until a “Read & Clear” command
Drain-source monitoring HS1

14 DSMON_HS1 ‘1’ indicates a short-circuit or open-load condition was detected
Bit is latched until a “Read & Clear” command
Drain-source monitoring LS2

13 DSMON_LS2 ‘1’ indicates a short-circuit or open-load condition was detected
Bit is latched until a “Read & Clear” command
Drain-source monitoring LS1

12 DSMON_LS1 ‘1’ indicates a short-circuit or open-load condition was detected
Bit is latched until a “Read & Clear” command
Invalid SPI command

‘1" indicates one of the following conditions was detected:

. Access to undefined address

. Write operation to Status Register
1 SPI_INV_CMD . DI stuck at'0' or '1'

. CSN timeout

. Parity failure

. Invalid or undefined setting

The SPI frame is ignored. Bit is latched until a “Read & Clear” command
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SPI clock counter

10 SPI_SCK_CNT ' ‘¢’ indicates an SPI frame with wrong number of CLK cycles was detected
Bit is latched until a “Read & Clear” command

Charge pump voltage low

9 CP_LOW ‘1" indicates that the charge pump voltage is too low
Bit is latched until a “Read & Clear” command
Thermal warning

8 ™ ‘1’ indicates the temperature has reached the thermal warning threshold
Bit is latched until a “Read & Clear” command

V2 short-circuit detection

7 Vv2sC ‘1" indicates a short-circuit to GND condition of V2 at turn on of the regulator (V2 < V24 for t > tyoshort)
Bit is latched until a “Read & Clear” command

V2 failure detection

6 V2FAIL ‘1" indicates a V2 fail event occurred since last readout (V2 < V2¢4i for t > tyotail)
Bit is latched until a “Read & Clear” command

V1 failure detection

5 VAFAIL ‘1" indicates a V1 fail event occurred since last readout (V1 < V¢ for t > ty1¢ail)
Bit is latched until a “Read & Clear” command

4 RESERVED -
Vsreg overvoltage

3 VSREG_OV ‘1" indicates the voltage at Vsreg has reached the overvoltage threshold
Bit is latched until a “Read & Clear” command
Vsreg under voltage

2 VSREG_UV ‘1" indicates the voltage at Vsreg has reached the undervoltage threshold
Bit is latched until a “Read & Clear” command
Vs overvoltage

1 VS_OV ‘1’ indicates the voltage at Vs has reached the overvoltage threshold
Bit is latched until a “Read & Clear” command
Vs under voltage

0 VS_Uv ‘1" indicates the voltage at Vs has reached the undervoltage threshold
Bit is latched until a “Read & Clear” command

6.5.8 Status register 8 (0x08)

Table 120. Status register 8

[ Tz Elaaleevsl=nlelzlufole o]y e [[a]=]z]1]]
w o L

N

DEVICE_STATE

Bit
name

P_TSD2_V1SC

FORCED SLEE

V1_RESTART_1

EI2. WAKE
RESERVED
RESERVED
EI1_WAKE
WAKE_CAN
WAKE_LIN
WAKE_TIMER
DEBUG_ACTIV
V1UV
V1_RESTART
V1_RESTART
WDFAIL_CNT 3
WDFAIL_CNT 2
WDFAIL_CNT _1
WDFAIL_CNT 0
DEVICE_STATE
TSD2

TSD1
FORCED_SLEE
P_WD

WDFAIL

VPOR

1

Pl
Qo
(@]

Access | R&C R
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Table 121. Status register 8 description

I R

External interrupt 2 wake-up

23 El2_WAKE ‘1’ means wake-up from external interrupt 2
Bit is latched until a “Read & Clear” command
22:21 RESERVED -
External interrupt 1 wake-up
20 El1_WAKE ‘1’ means wake-up from external interrupt

Bit is latched until a “Read & Clear” command
Wake-up from CAN

19 WAKE_CAN ‘1’ means wake-up from CAN
Bit is latched until a “Read & Clear” command
Wake-up from LIN

18 WAKE_LIN ‘1’ means wake-up from LIN
Bit is latched until a “Read & Clear” command
Wake-up from timer

17 WAKE_TIMER ‘1’ means wake-up from timer
Bit is latched until a “Read & Clear” command

Debug mode active
16 DEBUG_ACTIVE ‘1’ means debug mode
Bit is latched until a “Read & Clear” command

Voltage regulator V1 undervoltage

15 ViUV ‘1’ indicates undervoltage condition at voltage regulator V1 (V1 < VRrry)
Bit is latched until a “Read & Clear” command
14 V1_RESTART_2 Voltage regulator V1 restart
13 V1_RESTART _1 Indicates the number of TSD2 events that caused a restart of voltage regulator V1

Bits cannot be cleared; the counter is cleared automatically if no additional TSD2 event occurs

12 V1_RESTART_0 within 1 minute
11 WDFAIL_CNT_3
Watchdog failure counter
10 WDFAIL_CNT_2
Indicates number of subsequent watchdog failures
9 WDFAIL_CNT_1 . . . . .
Bits cannot be cleared; is cleared with a valid watchdog trigger
8 WDFAIL_CNT_O
7 DEVICE_STATE_1 V2 short-circuit detection
Actual state
00 active mode after power-on or after “Read & Clear” command
01 active mode after wake-up from V1_Standby mode (before “Read & Clear” command)
6 DEVICE_STATE_0 10 active mode after wake-up from VBAT_Standby mode (before “Read & Clear” command)
11 not used
Bit is latched until a “Read & Clear” command; after a “Read & Clear access”, the device state is
updated
Thermal shutdown 2
5 TSD2 ‘1’ indicates thermal shutdown 2 was reached
Bit is latched until a “Read & Clear” command
Thermal shutdown 1
4 TSD1 ‘1’ indicates thermal shutdown 1 was reached

Bit is latched until a “Read & Clear” command
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Forced sleep TSD2 / V1 short-circuit

Device entered forced sleep mode due to:
3 FORCED_SLEEP_TSD2_V1SC . Thermal shutdown or
. Short-circuit on V1 during startup

Bit is latched until a “Read & Clear” command
Forced sleep watchdog

2 FORCED_SLEEP_WD Device entered forced sleep mode due to multiple watchdog failures
Bit is latched until a “Read & Clear” command

Watchdog failure
1 WDFAIL Watchdog failure
Bit is latched until a “Read & Clear” command
Power-on Reset:
VSREG Power-on Reset threshold (VpoRr) reached
0 VPOR
Bit is latched until a “Read & Clear” command

Note: If VPOR is set after a cold startup, the device comes from a power on reset.
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7 Package information

To meet environmental requirements, ST offers these devices in different grades of ECOPACK packages,
depending on their level of environmental compliance. ECOPACK specifications, grade definitions, and product
status are available at: www.st.com. ECOPACK is an ST trademark.

71 LQFP-64 package information

Figure 46. LQFP-64 package dimension
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Table 122. LQFP-64 mechanical data

Millimeters/degrees

[ [ w =
0 o

© 3.5° 7°
o1 0° - -
02 100 120 14°
o3 10° 12° 14°
A - - 1.60
A1 0.05 - 0.15
A2 1.35 1.40 1.45
b 0.17 0.22 0.27
b1 0.17 0.20 0.23
c 0.09 - 0.20
cl 0.09 - 0.16
D 12.00 BSC
D1 10.00 BSC
D2 6.85
D3 5.7
e 0.50 BSC
E 12.00 BSC
E1 10.00 BSC
E2 4.79
E3 3.3
L 0.45 0.60 0.75
L1 1.00 REF
N 64
R1 0.08 - -
R2 0.08 - 0.20
S 0.20 - -
Tolerance of form and position
aaa 0.20
bbb 0.20
ccc 0.08
ddd 0.08

DS14235 - Rev 5 page 134/146



L99DZ320
Package information

Figure 47. LQFP-64 footprint
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7.2 LQFP-64 marking information

Figure 48. LQFP-64 marking information
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I

Special function digits:
ES: engineering samples
or
<blank>: commercial products

Parts marked as ES are not yet qualified and therefore not approved for use in production. ST is not responsible
for any consequences resulting from such use. In no event ST is liable for the customer using any of these
engineering samples in production. ST’s quality department must be contacted to run a qualification activity
before any decision to use these engineering samples.
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Table 123. Document revision history

one reven | e
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Updated Section 3.1 Supply VS, VSREG and Section 3.7.1 Temporary failures.
23-Oct-2023 2 Updated Section 5 Application circuit.

Updated Table 73 and Table 77.

Updated Section 7.1 LQFP-64 package information.

Minor text changes.

Updated Table 7. Supply, supply monitoring and current consumption and Figure 4. Watchdog
20-Feb-2024 3 timing.
Updated Figure 47. LQFP-64 footprint.

Updated Figure 2. Pin connection (top view), Figure 23. Transceiver state diagram and
Section 2.3.2: L99DZ320 thermal profiles.

04-Jul-2024 4
Minor text changes in Section 3.14: Power outputs HB4, ..., HB6, HS7,..., HS15, HSO and
Table 83. CR4 signals description.
Updated Table 11. Voltage regulator 2, Section 3.2.2: Voltage regulator V2,
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