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Half-bridge pre-driver for automotive applications

Features
&F
. AEC-Q100 qualified
. RoHs compliant device
. Power supply operating range from 4.51 V to 28 V (gate drivers operative from
5.41V)
. 3.3 V/5V compatible I/Os
. All pins linked to the microcontroller, fail-safe input and VDD are made tolerant

to battery exposure
. Dual half-bridge driver compatible with standard level threshold NMOSFETs
. Configurable full-bridge or dual independent half-bridges control

- Programmable recirculation path in case of full-bridge control

. Dual stage charge pump supporting 100% PWM duty cycle down to 5.41 V
battery voltage

- High and low side minimum Vgg=6.2 V @ VDH=5.5 V and charge pump
load current (IcpLoap) equal to 5 mA

- High and low side minimum Vgs=8.2 V @ VDH=8 V and charge pump
load current (IcpLoap) equal to 10 mA

. Charge pump output available for driving an external reverse battery
NMOSFET protection

. Programmable gate driving current (up to 170 mA) for output voltage slew rate
control

Programmable drain-source monitoring for overcurrent protection and

programmable cross-current protection time (dead-time)
. Open load and output short circuit detection in off-state diagnostic mode
. SPI for control and diagnosis (ST SPI1 4.1)
. Programmable diagnostic output
. Two independent current sense amplifiers

- Low offset with extremely low thermal drift

- Suitable for high-side, in-line and low—side current sensing
- Independently programmable gain (10x, 20x, 50x, 100x)

- Analog output centered at VVpp/2 or VDD/22

. Overtemperature prewarning and shutdown

. Analog and digital power supply inputs over/undervoltage protections

. Asynchronous and logic independent fail-safe input to switch off all
the MOSFETs

. Low quiescent current

. Support for random HW faults up to ASIL B

Applications

. Sun-roof

. Power trunk lift gate

. Sliding doors

. Window lift, seat-belt pre-tensioners, etc.

www.st.com
lectronics sales office.
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. Electric park brake system

Description

The L99H92 is designed to drive 4 external N-channel MOSFET transistors in single H-bridge or dual
independent half bridge configuration for DC-motor control in automotive applications. Two free configurable
current sense amplifiers are integrated.

The device has a low power mode (standby mode) where the current consumption is less than 5 pA.

Programmable gate driving current allows minimizing EMI. Each gate driver monitors independently its external
MOSFET drain-source voltage for fault conditions.

Programmable cross current protection time avoids concurrency of high side and low side activation for each half
bridge.

Two off-state diagnostic comparators detect potential short to ground, short to battery or open load conditions.

The integrated standard serial peripheral interface (SPI) controls the device and provides diagnostic information.
An additional DIAGN output pin alerts the microcontrollers of a fault occurred into the device faster than the SPI
communication.

The L99H92 device implements diagnostic and protection features such as supply voltage monitoring, charge
pump voltage monitoring, overcurrent protection, temperature warning and overtemperature shutdown.

The devices are hosted in a TQFP32 and a QFN32 package both with exposed pad. QFN32 has wettable flanks
for easy visual inspection of the solder joint.
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Block diagram and pins description

Block diagram and pins description

1.1 Block diagram

Figure 1. Block diagram
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Figure 2. Pinout - TQFP32
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Pins description

Figure 3. Pinout - QFN 32
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1.3 Pins description

Table 1. Pin definitions and functions

I ™ S

1 VDH High-side drain connection
2 CP2- Charge pump stage 2 negative connection
3 CP2+ Charge pump stage 2 positive connection
4 CPOUT Charge pump output
5 CP1+ Charge pump stage 1 positive connection
6 CP1- Charge pump stage 1 negative connection
7 FSINB Fail-safe input not
8 VS Power supply input
9 GND Ground connection
10 VDD 3.3 V/5V supply for I/Os and current sense amplifiers output stage
1" PWM/IN1 PWM input or leg 1 input
12 DIR/IN2 Direction input or leg 2 input
13 SDO SPI serial data output
14 CSN SPI chip select not
15 CLK SPI serial clock
16 SDI SPI serial data input
17 DIAGN Diagnostic output not
18 CS02 Current sense amplifier 2 output
19 CSO1 Current sense amplifier 1 output
20 EN Enable input
21 CSI1+ Current sense amplifier 1 positive input
22 CSI1- Current sense amplifier 1 negative input
DS14069 - Rev 4 page 4/77
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23
24
25
26
27
28
29
30
31
32

CSl2+
CSl2-
GHA1
SH1
GL1
SL1
SL2
GL2
SH2
GH2

Exposed pad

Current sense amplifier 2 positive input
Current sense amplifier 2 negative input
High-side gate of leg 1
High-side source of leg 1 and Low-side drain of leg 1
Low-side gate of leg 1
Low-side source of leg 1
Low-side source of leg 2
Low-side gate of leg 2
High-side source of leg 2 and Low-side drain of leg 2
High-side gate of leg 2

Connection to GND is recommended
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2 Device description

2.1 Supply pins
The device has three supply input pins:
. VS is the supply input of the internal regulator that supplies the logic.

. VDH is the supply input of the charge pump that supplies the gate drivers and the current sense amplifiers
input stage.
. VDD is the supply input of the 1/0Os and the current sense amplifiers output stage. This voltage has to be

the same as the application microcontroller supply (for example, 3.3 V or 5 V).

None of the supply input pins are internally protected against negative voltage. The VDD supply input can
withstand a short to battery up to VDD absolute maximum rating as shown in Table 17.

211 VS overvoltage warning (VSOVW)

When the VS supply input voltage rises above the programmable overvoltage warning threshold (VSOVWT1 for
OVTS=0 or VSOVWT?2 for OVTS=1) for a time longer than toyyy fit, then the corresponding overvoltage warning
flag (VSOVW) is set, and no action is taken.

The overvoltage warning flag VSOVW can be cleared by an SPI “Read & Clear” command only if the VS
overvoltage condition is no longer present, namely if VS<VSOVWT1 or VS<VSOVWT2, depending on the OVTS
control bit value, for a time longer than the corresponding filtering time toyyy fitt-

21.2 VDH overvoltage (VDHOV)

When the VDH supply input voltage rises above the programmable overvoltage protection threshold (VDHOVT1
for OVTS=0 or VDHOVT2 for OVTS=1) for a time longer than toyyy fit, then the corresponding overvoltage flag
(VDHOV) is set, and to protect the application the charge pump is disabled and the external MOSFETs are
switched off. In particular, the LS MOSFETs gate drivers are forced in sink switch mode to switch off actively the
LS MOSFETs with the maximum available current, regardless of the programmed gate discharge current
(SLEWDXx control bits), whereas the HS MOSFETSs gate drivers are forced in sink switch mode for 32 us (up to 64
us) and as long as VCP>VDH+3 V to switch off actively the HS MOSFETs with the maximum available current,
regardless of the programmed gate discharge current. Once the 32 ps (up to 64 ps) are over or VCP<VDH+3 V
the HS MOSFETs gate drivers are disabled leaving just an internal resistive connection (RGSHXx) between gate
and source of the MOSFETSs. The charge pump is automatically enabled once the VDH falls back below the
overvoltage protection threshold (VDHOVT1 for OVTS=0 or VDHOVT2 for OVTS=1) for a time longer than the
corresponding filtering time toyyy_fit, While the LS MOSFETSs gate drivers remain in sink switch mode and the HS
MOSFETSs gate drivers remain disabled until the VDHOV flag is cleared.

The overvoltage protection flag VDHOV can be cleared by an SPI “Read & Clear” command only if the VDH
overvoltage condition is no longer present, namely if the foresaid condition that automatically enables the charge
pump is fulfilled.

21.3 VDH undervoltage (VDHUV)

When the VDH supply input voltage falls below the undervoltage protection threshold (VDHUV) for a time longer
than toyuy i, then the corresponding undervoltage flag (VDHUV) is set, and to protect the external power stage
the external MOSFETs are switched off. In particular, the LS MOSFETSs gate drivers are forced in sink switch
mode to switch off actively the LS MOSFETs with the maximum available current, regardless of the programmed
gate discharge current (SLEWDx control bits). The HS MOSFETs gate drivers are forced in sink switch mode, as
long as VCP>VDH+3 V, otherwise the HS MOSFETSs gate drivers are disabled and the HS MOSFETSs are
passively switched off through the internal resistive connection between gate and source (RGSHx). The gate
drivers come out of forced sink switch mode/disabled mode once the undervoltage flag VDHUV is cleared. The
under-voltage flag VDHUV can be cleared by an SPI “Read & Clear” command only if the VDH undervoltage
condition is no longer present, namely if VDH>VDHUYV for a time longer than the corresponding filtering time

tovuv_filt-
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21.4 VDD overvoltage (VDDOV)

When the VDD exceeds the Vppoy threshold for a time longer than toyyy fit, then the corresponding overvoltage
flag (VDDOV) is set, and to protect the application all the gate drivers are forced in sink switch mode to switch off
actively all the MOSFETs with the maximum available current, regardless of the programmed gate discharge
current (SLEWDXx control bits). The gate drivers come out of forced sink switch mode once the overvoltage flag
VDDOV is cleared. The overvoltage flag VDDOV can be cleared by an SPI “Read & Clear” command only if the
VDD overvoltage condition is no longer present, namely if VDD<VDDOV for a time longer than the corresponding
filtering time toyuy fit. The VDD overvoltage protection aims at making the application robust against VDD short to
battery.

21.5 Digital input/output overvoltage (DIOOV)

When the voltage at any of the digital input/output pins listed below exceeds the Vp ooy threshold for a time
longer than toyyy fiit, then the corresponding overvoltage flag (DIOOV) is set, and to protect the application all the
gate drivers are forced in sink switch mode to switch off actively all the MOSFETs with the maximum available
current, regardless of the programmed gate discharge current (SLEWDx control bits). The gate drivers come out
of forced sink switch mode once the overvoltage flag DIOOV is cleared. The overvoltage flag DIOOV can be
cleared by an SPI “Read & Clear” command only if the digital input/output overvoltage condition is no longer
present namely if VDIO<VDIOOV for a time longer than the corresponding filtering time toyyy fit- The digital input/
output overvoltage protection aims to make the application robust against digital input/output pins short to battery.
The digital input/output pins monitored for overvoltage events are: PWM/IN1, DIR/IN2, DIAGN, CSO1, CS0O2,
CSN, SDI, SDO, CLK. Any overvoltage detection affecting the device digital output pins DIAGN and SDO will not
affect/propagate internally to VDD. Anyhow, all the digital input/output pins, FSINB pin and EN pin included, can
withstand a short to battery up to the related absolute maximum rating (see Table 17).

21.6 Power-on reset (POR)

The device gets out of standby mode to get into active mode as soon as the EN pin is high, the VDD is above
Vppror_ofrF and the VS is above Vspor oFF-

If either the VDD falls below Vpppor_on or the VS falls below Vspor_on With the EN pin still high, the device
experiences a power-on reset and enter in standby mode. In standby mode the gate drivers and the charge pump
are switched off, leaving just the internal resistive link between gate and source at each MOSFET (RGSHx and
RGSLx). Besides, the content of all the registers is reset to default value. Once out of standby mode the global
status byte RSTB bit will be set indicating that all the device registers have been reset to default value. This bit is
automatically cleared by any valid SPI communication frame.

2.2 Standby mode (EN)

The L99H92 is enabled/disabled by pulling the EN input pin high/low. If VDD > Vpppor_oFr, VS>Vspor_oFr and
EN input pin is high, the device enters in active mode. If any of the above conditions is not met, the device will
remain in standby mode. When the EN input pin is left floating, because of the internal pull-down current (lIN), the
device enters (if not already) in standby mode minimizing its current consumption. In standby mode the minimum
current drawn by VS, less than 5 pA (lsq) for CSN = high (SDO in tristate), can be achieved by pulling the EN
input pin low. Besides, in standby mode, the gate drivers together with the charge pump are switched off. All the
MOSFETs are passively switched off by the internal resistive link between gate and source present at each
MOSFET (regardless of the control input pins PWM/IN1, DIR/IN2 and FSINB logic levels), and all the registers
are reset to default values. Out of standby mode the device diagnostic is available and all the operations on the
device registers are available as well.

2.3 Active mode (OUTE)

As soon as the EN pin is high, the VDD is above Vpppor_ofr and the VS is above Vspor_ofF the device comes
out of standby mode to go in active mode. In active mode the device diagnostic is available.

In active mode with no faults, the charge pump is enabled, and the gate drivers are enabled as long as the OUTE
control bit is set. Instead, if the OUTE control bit is reset, then all the gate drivers are disabled and all the
MOSFETs are switched off passively through the internal resistive connection between gate and source present
at each MOSFET. In active mode with no fault and with OUTE set, the MOSFETSs to be turned on are controlled
through the combination of the input signals PWM/IN1, DIR/IN2 and the control bits INPMODE, AFWE and FWS.
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24 Thermal warning and thermal shutdown (TW/TSD)

When the device junction temperature rises above the Tjtw _on threshold for a time longer than terjrw/Tsp, then
the temperature warning flag TW is set and no action is taken. The TW flag can be cleared by an SPI “Read &
Clear” command only if the thermal warning condition is no longer present, namely if T;< Tirw_ofr for a time
longer than the corresponding filtering time trrjTw/Tsp-

When the junction temperature rises above the Tjsp on threshold for a time longer than terjrw/tsp, then the
thermal shutdown flag TSD is set and the external MOSFETs, together with the charge pump are switched-off to
protect the device. In particular, the LS MOSFETs gate drivers are forced in sink switch mode to switch off actively
the LS MOSFETs with the maximum available current, regardless of the programmed gate discharge current
(SLEWDXx control bits). The HS MOSFETSs gate drivers are forced in sink switch mode for 32us (up to 64 us) and
as long as VCP>VDH+3 V to switch off actively the HS MOSFETs with the maximum available current, regardless
of the programmed gate discharge current. Once the 32 us (up to 64 ps) are over or VCP<VDH+3 V the HS
MOSFETs gate drivers are disabled leaving just an internal resistive connection between gate and source of the
HS MOSFETs.

The LS gate drivers remain in sink switch mode and the HS gate drivers remain disabled together with the charge
pump until the TSD flag is cleared.

The TSD flag can be cleared by an SPI “Read & Clear” command only if the thermal shutdown condition is no
longer present, namely if Ti< Tisp_oFr for a time longer than the corresponding filtering time trrjTw/Tsp-

25 Charge pump (CPOUT)

The dual stage charge pump uses two external flying capacitors, which are switched at the frequency fgp, and
one output capacitor connected between the CPOUT pin and the VDH pin. The output of the charge pump has a
current limitation (ICP_lim). The NRDY status bit indicates that the charge pump is still not ready to provide
enough driving voltage to the gate drivers. This status bit is set during any charge pump startup event because of
the device transition from standby mode to active mode or because of the charge pump being enabled once the
fault condition/flag that disabled the charge pump is no longer present/set. While the NRDY status bit is set the
gate drivers are disabled. The NRDY status bit is automatically cleared once the charge pump output voltage is
no longer below the low voltage threshold (Vcp |ow) for a time longer than the tcp filtering time. Out of standby
mode and without any fault the charge pump is enabled. In standby mode, after a thermal shutdown event
detection, or in VDH overvoltage condition the charge pump is disabled. To enable the charge pump disabled by a
thermal shut down event detection, the TSD flag has to be cleared. To enable the charge pump disabled by VDH
overvoltage condition, it is enough that the VDH falls back below the overvoltage threshold (VDHOVT1 or
VDHOVT?2) for a time longer than the toyyy it filtering time.

After the charge pump startup, once the NRDY status bit is cleared, if the charge pump output voltage falls below
the charge pump output voltage low threshold Vcp 0w for a time longer than tcp, then the CPLOW flag is set and
the external MOSFETs are switched off. In particular, the LS MOSFETSs gate drivers are forced in sink switch
mode to switch off actively the LS MOSFETs with the maximum available current, regardless of the programmed
gate discharge current (SLEWDx control bits). The HS MOSFETs gate drivers are forced in sink switch mode as
long as VCP>VDH+3 V, otherwise the HS MOSFETs gate drivers will be disabled and the HS MOSFETSs will be
switched off passively through the internal resistive connection between gate and source (RGSHXx). If the
CP_LOW_CONFIG control bit is set to one, the CPLOW status flag becomes a status bit (set and reset
automatically) and the gate drivers come out of forced sink switch mode automatically upon recovery from the
charge pump low voltage condition. In this case, the status bit is automatically cleared as soon as the charge
pump output voltage is no longer below the low voltage threshold for a time longer than tcp. If the
CP_LOW_CONFIG control bit is set to zero, the gate drivers come out of forced sink switch mode only once the
charge pump low voltage flag CPLOW is cleared via SPI. The charge pump low voltage flag CPLOW can be
cleared by an SPI “Read & Clear” command only if the charge pump low voltage condition is no longer present,
namely if VCP>Vcp Low for a time longer than tcp.

To reduce electromagnetic emissions, the charge pump frequency dithering is enabled by default. However, the
dithering can be disabled through the control bit CPFDD.
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Figure 4. NRDY status bit and CPLOW flag
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2.6 Gate drivers
2.6.1 Outputs driving signals (PWM/IN1 and DIR/IN2)

When the OUTE control bit is reset with the FSINB pin high, all the gate drivers are disabled and the turned on
MOSFETs are passively shut off through the internal resistance connected between gate and source of each
MOSFET (RGSHx and RGSLx). Regardless of the OUTE control bit value, when the FSINB pin is pulled low all
the MOSFETSs are actively shut off by the gate drivers forced in sink switch mode.

Once the OUTE control bit is set and the FSINB pin is high, the external MOSFETs are driven by the input pins
PWM/IN1 and DIR/IN2. Both input pins, PWM/IN1 and DIR/IN2, have an internal pull-down current (IPWM_in and
IDIR_in) to put the outputs in a well-known condition in case any of the pins will no longer be driven by the
microcontroller. Depending on the value of the INPMODE control bit, the device can work as full-bridge driver or
dual half-bridge driver:

. If INPMODE = 0 (default value), the device works in full-bridge mode. In this case the active full-bridge
diagonal, fixing the rotational direction of the motor is selected by DIR/IN2 input while the driving PWM
signal has to be applied to PWM/IN1 input.

Depending on the active free-wheeling enable control bit value (AFWE) and the freewheeling selection control bit
value (FWS), four different freewheeling strategies are available: active or passive and freewheeling on either
high-side or low-side MOSFETs. The DIR input pin sets the active diagonal. The AFWE control bit enables or
disables active free-wheeling and the FWS control bit sets the free-wheeling path (HS or LS).

Table 2. Truth table

Device in active mode with INPMODE=0 (FULL-BRIDGE MODE)

Outputs (in case of no faults)

OUTE FSINB
AFWE bit LS1 LS2
bit pin
X X x o X X OFF OFF OFF OFF

0 X X 1 X X OFF® OFF®) OFF®) OFF®)

1 0 0 1 0 0 OFF OFF OFF ON

1 X X 1 0 1 ON OFF OFF ON

1 0 1 1 0 0 ON OFF OFF OFF
DS14069 - Rev 4 page 9/77
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Device in active mode with INPMODE=0 (FULL-BRIDGE MODE)

Outputs (in case of no faults)

OUTE FSINB
AFWE bit Ls1 LS2
bit pin
1 1 0 1 X ON OFF ON

0 OFF
1 1 1 1 X 0 ON OFF ON OFF
1 0 0 1 1 0 OFF ON OFF OFF
1 X X 1 1 1 OFF ON ON OFF
1 0 1 1 1 0 OFF OFF ON OFF

-

In this case, when the FSINB input pin goes from high to low, the device moves from active mode to fail-safe mode. In fail-
safe mode the OUTE control bit is automatically reset and all the gate drivers are forced in sink switch mode so that all the
MOSFETs are actively switched off with the maximum available discharge current.

2. In this case, the MOSFET is passively switched off through the internal resistive connection between gate and related
source. In all the other cases where the MOSFET is off, it is actively switched off and forced off by the gate driver working in
sink switch mode.

. If INPMODE = 1, the device works in dual half-bridge mode. The two half-bridges can be driven separately

by IN1 and IN2 input pins and can be individually disabled through DIS1 and DIS2 control bits.

Table 3. Dual half-bridge mode

Device in active mode with INPMODE=1 (DUAL HALF-BRIDGE MODE)

1 1 0 Inx Tnx

1 0 X OFF™" OFF™"
All the other cases OFF OFF

1. In this case, the MOSFET is passively switched off through the internal resistive connection between gate and related
source. In all the other cases where the MOSFET is off, it is actively switched off and forced off by the gate driver working in
sink switch mode.

“Inx” means ON if logic level on Inx pin input is high and vice versa.” Inx” means OFF if logic level on Inx pin input
is high and vice versa (x=1,2).

2.6.2 Slew rate control (SLEW)

The rising and falling voltage slopes at the outputs can be controlled through slew rate control bits. When the
SLEWzx control bits are all set to zero the gate drivers will work in switch mode providing the maximum available
current to charge/discharge the MOSFETs input capacitance. The maximum available source/sink current in
switch mode is internally limited (IGHx(Ch) and IGLx(Ch)). If any value different from zero is programmed, then
the gate drivers will work as current source, instead of low impedance switch, as long as during the MOSFET
turning on/off the drain-source voltage over the MOSFETs is above/below the switch threshold (VDSHxfSW and
VDSHxrSW). Once the switch threshold is reached, the drivers will work in switch mode. The gate drivers source
(charge) and sink (discharge) currents can be independently programmed through dedicated control bits in order
to have different output voltage slopes during the turning on and the turning off of the MOSFETs. The MOSFETs
gate charging current is programmed using the control bits SLEWCx[4:0], while the MOSFETs gate discharging
current is programmed using the control bits SLEWDx[4:0]. The gate current is set depending on the SLEWzx
control bits value according to the formula:

_ SLEWzx|
lgaTE = ——=1 —

4:0
1 ]*IGATEMAX (1)
SLEWzx can be either SLEWDx or SLEWCx, while Igatemax can be either Ig| xymax O IgHxymax (y=r for source
current; y=f for sink current).

Programming SLEWzx[4:0] to O disables the slew rate control and enables gate driving through the low-
impedance switch during the entire turning on/off process.
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Figure 5. Full-bridge GSHx and GSLx slopes
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2.6.3 Short circuit detection / drain-source monitoring (DSHS/DSLS)

The voltage-drop over each MOSFET is sensed and compared to a programmable threshold to detect an
overcurrent condition. This monitoring is active only on the MOSFETSs driven to be turned on. In dual half-bridge
mode, each half-bridge has its own programmable threshold (DSMONXx[2:0]), blanking time (DSBTx[2:0]) and
filtering time (FTx[1:0]). As soon as the gate driver starts to turn on a MOSFET, the corresponding drain source
monitoring comparator output is masked for the programmed blanking time to give time to the MOSFET to turn
on. Besides the blanking time, a filtering time is also present to filter noise. Both values have to be chosen
depending on the application.

If the voltage-drop over the driven MOSFET exceeds the programmed threshold voltage Vgcgx (DSMON1[2:0]

control bits for full-bridge or leg 1 and DSMONZ2[2:0] control bits for leg 2 in dual half-bridge mode) for a time
longer than the programmed filtering time (and the programmed blanking time, where applicable), then:

. with DSMON_CONFIG control bit set to zero the gate drivers belonging to the faulty leg are forced in sink
switch mode to switch off actively the half-bridge MOSFETs with the maximum available current, regardless
of the programmed gate discharge current (SLEWDXx control bits)

. for INPMODE set to zero and DSMON_CONFIG control bit set to one all the gate drivers are forced in sink
switch mode to switch off actively all the full-bridge MOSFETSs.

In any case, the drain source monitoring flag DSHSx or DSLSx of the MOSFET detecting the fault is set. The
drain-source monitoring flags have to be cleared through SPI to reactivate the affected half-bridge/full-bridge gate
drivers that are forced in sink switch mode. The drain-source monitoring flag DSHSx/DSLSx can be cleared by an
SPI “Read & Clear” command only if the fault condition is no longer present.
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Figure 6. Full-bridge drain-source monitoring diagnosis
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264 Programmable cross current protection time (DT)

In any input mode (dual half-bridge mode or full-bridge mode), the device automatically adds a dead-time
between the turn-off of a MOSFET and the turn-on of the complementary one (that is, the other MOSFET of the
same leg) to avoid cross-conduction in any of the half-bridges.

In dual half-bridge mode, each half-bridge dead-time tpT (from tpTg00 t0 tpT1111) is independently configurable by
control bits DT1[3:0] and DT2[3:0]. Instead, in full-bridge mode, the dead time of both half-bridges is set by control
bits DT1[3:0].

2.7 Diagnostic in off-mode (O1DS/02DS)

Two off-state diagnostic comparators compare the drop between each half-bridge output (SHx pin) and related LS
MOSFET source (SLx) to a programmable threshold , while all the transistors are switched off. Possible system
faulty conditions such as open-load, output shorted to ground or to battery, before even turning on any of the
MOSFETSs can be so detected.

The outputs of the off-state diagnostic comparators are always available (except in standby mode) and can be
read through O1DS and O2DS status bits of the status register DSR2.

When the OUTE control bit set, the O1DS and the O2DS status bits provide the not filtered SH1 and SH2 output
logic levels respect to the threshold, selected by the DSMONXxy control bits, respectively. In all the other cases
(except in standby mode, where everything is disabled) the O1DS and the O2DS status bits provide the not
filtered SH1 and SH2 output logic levels respect to the threshold, selected by the OLTHH control bit, respectively.
To run off-state diagnostic the device has to be in off-state diagnostic mode.

To enter in off-state diagnostic mode at least the OLH1L2 control bit or the OLH2L1 control bit has to be set to
one with the device OUTE control bit set to zero and CSA must be disabled. To exit from off—state diagnostic
mode either the OUTE control bit is set to one or both the OLH1L2 and the OLH2L1 are set to zero. In off—state
diagnostic mode a pull-up resistor is connected to one of the half-bridge outputs or to both and two pull-down
resistors are connected to the two half-bridge outputs.

Considering that the pull-up resistance is the same as the pull-down resistances, the VDS of the two low side
transistors (that is, the two half-bridge outputs) is expected to be equal to 1/3 VDH if a low resistive load is
connected between the two legs.

On the contrary if the VDS of any of the two low sides is lower than 1/6 VDH (OLTHH=0) or higher than 5/6 VDH
(OLTHH=1), then a faulty condition must be present.

Below figures and table summarize the possible faulty conditions and related OxDS status bits values.
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Figure 7. Full-bridge open-load detection (no open-load detected)
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Figure 8. Full-bridge open-load-detection (open-load detected)
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Figure 9. Full-bridge open-load-detection (short to ground detected)
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Figure 10. Full-bridge open-load-detection (short to VDH detected)
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In case of short to VDH detection, achieved for OLTHH=1, the outputs of the two off-state diagnostic comparators
are inverted to be compliant to Table 4.

Table 4. Full-bridge monitoring in off-mode

0 Off-state diagnostic disabled

1 0 X 0 0 No open-load detected

1 0 0 0 1 Open-load SH2

1 0 0 1 1 Short to GND

1 0 1 1 1 Short to VDH

0 1 X 0 0 No open-load detected

0 1 0 1 0 Open-load SH1

0 1 0 1 1 Short to GND

0 1 1 1 1 Short to VDH

What reported in this chapter applies only to single motor full-bridge configuration; that is, the case where one full-
bridge drives only one motor.

In dual half-bridge mode (INPMODE = 1), the device can still detect an open-load condition.

In off-state diagnostic mode, it is recommended to wait at least 2.5 ms, starting from any change of OLH2L1,
OLH1L2 or OLTHH control bits, before reading stable O1DS and O2DS status bits values.
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2.8 Fail-safe output switch-off input not pin (FSINB)

The L99H92 features an asynchronous, logic independent fail-safe input pin working as a redundant switch-off
path for all MOSFETs. The fail-safe input not pin (FSINB), active low, has an internal pull-down resistance
RFSINB. As soon as the FSINB pin falls below the VFSINBLTH threshold for a time longer than teging fit, the
FSINLL status bit together with the FSIN status bit are set and the device is put in fail-safe mode. In fail-safe
mode the OUTE control bit is reset and the gate drivers are forced in sink switch mode to switch off actively all the
MOSFETSs with the maximum available current, regardless of the programmed gate discharge current (SLEWDx
control bits). As long as the FSINB input pin is low, the gate drivers are forced in sink switch mode and the OUTE
control bit is forced to zero. For functional safety reasons, the FSINHS1,2 and the FSINLS1,2, status bits indicate
whether the HS1,2 and the LS1,2, gate drivers have been put successfully in sink switch mode or not, because of
the FSINB pin pulled low. Once the FSINB pin has been pulled low, in order to reactivate again the gate drivers
that are forced in sink switch mode, the FSINB pin has to rise above the VFSINHTH threshold for a time longer
than the filtering time. All the FSINHSx and the FSINLSx status bits have to go back to zero (indicating that all the
gate drivers came out of forced sink switch mode and making the device come out of fail-safe mode) and then the
OUTE control bit has to be set back to one via SPI. In case where at least one of the status bits FSINHSx or
FSINLSx remains set, indicating that at least one gate driver did not come out of forced sink switch mode, the
device remains in fail-safe mode. With the FSINB pin high and the OUTE control bit reset, the gate drivers are
disabled, leaving just a resistive link between gate and source of each MOSFET.

The FSINB input pin status can be read, but not cleared, through FSINLL status bit. The FSIN status bit, linked to
the global status byte fail-safe bit (FS), is the logical OR of the following status bits: FSINLL, FSINHS1, FSINLS1,
FSINHS2, and FSINLS2. The fail-safe input pin acts just on the gate drivers and on the OUTE control bit.

29 Diagnostic not output (DIAGN)

The microcontroller can use the DIAGnostic not (DIAGN) output pin, active low, to detect a device fault, including
a device power-on-reset event. The purpose of the DIAGN output pin is to warn immediately the microcontroller
that a new fault has been detected by the device, without the need of periodic SPI transfers. The DIAGN output
pin has an internal weak pull-up resistance (RDIAGN). The logic level signal at the pin is the logical NOR
combination of all the status flags and status bits linked to the pin through the DIAGCR control register, together
with the global status byte RSTB bit. Once the device comes out of standby mode, the DIAGN pin is pulled low
because of the global status byte RSTB bit. If just the global status byte RSTB bit is set, any valid SPI
communication frame clears the RSTB bit pulling up the DIAGN pin. Any read access to the DSR1 register resets
this signal to high level, until an error coming from a new source occurs pulling again the pin low. If a fault coming
from a new error source occurs during the read access to the DSR1 register, the DIAGN output pin remains low
(this avoids any loss of information since the new error source status flag/bit will not be reported by the
concomitant read access, but a new read access would be required). Even if a read operation of the status
register should always come before a Read & Clear operation, any Read & Clear operation of status register
DSR1 will pull the DIAGN pin high. If a new source of fault triggers an error during the Read & Clear access to the
DSRH1 register, the Read & clear operation will not pull the DIAGN pin high at the CSN rising edge of the DSR1
register Read & Clear operation (this will avoid any loss of information since the new error source status flag/bit
will not be reported by the concomitant Read & Clear access, but a new read or Read & Clear access would be
required).

210 Current monitors

The current sense amplifiers (CSA1 and CSAZ2) are designed for current sensing in automotive applications. They
are independent, bidirectional, single-supply differential amplifiers with a wide input common mode voltage range
(VICM). They support high-side current sensing, low side-current sensing and in-line current sensing through two
sensing resistors.

A gain of 100, 50, 20 or 10 is independently SPI programmable for each CSA. Since the CSAs have a trans-
conductance input stage, input series resistors (for filtering etc.) should not exceed 50 Q to keep the additional
gain error below 1%.

The CSO outputs are compliant to the VDD power supply rail and have a programmable offset set by CSA100
and CSA200 control bits. If these bits are reset, the output offset is set to VOO, otherwise it is set to VO1. The
current sense amplifiers input stage is supplied by the charge pump. When the charge pump is disabled, the
CSAs is disabled as well.

By default, both current sense amplifiers are enabled. To reduce current consumption both of them can be
disabled independently through control bits DCSA1 and DCSA2.

DS14069 - Rev 4 page 15/77
Downloaded from Arrow.com.



http://www.arrow.com

‘_ L99H92
’l Window watchdog (WDG)

2.1 Window watchdog (WDG)

Out of standby mode, the L99H92 watchdog monitors the microcontroller status within a periodic window.

By default, as soon as the device enters in active mode, the watchdog is enabled and starts running with a long
open window (t ow)- The long open window provides more time to the microcontroller for the L99H92 initialization
and allows the watchdog disabling procedure to be run, when no watchdog is required by the application. To
trigger the watchdog for the first time during a Long Open Window (LOW), the microcontroller has to write 5555h
to the watchdog trigger/disable register (WDGTRDIS) before the end of the long open window. After the first valid
watchdog trigger, the watchdog will enter in window mode. In window mode the microcontroller has to serve the
watchdog by alternating the watchdog trigger bits (that is, 2AAAh,5555h,...) of the watchdog trigger/disable
register (WDGTRDIS) within the watchdog open window (tcyw and tywpp). Any correct watchdog trigger SPI frame
will immediately start a new window.

In case of a watchdog failure (root cause can be any watchdog trigger outside the open window; invalid or
unexpected watchdog trigger bits value; any watchdog timeout; any disabling procedure out of the LOW; any
wrong disabling procedure during the LOW) will set the WDGF flag, stop the watchdog and put the device in fail-
safe mode. In fail-safe mode the OUTE control bit is reset and the gate drivers are forced in sink switch mode to
switch off actively all the MOSFETs with the maximum available current, regardless of the programmed gate
discharge current (SLEWDx control bits). To reactivate the gate drivers that are forced in sink switch mode, the
WDGEF flag has to be cleared via SPI (clearing the WDGF flag makes the device come out of the fail-safe mode
and makes the watchdog start again with a long open window) and then the OUTE control bit has to be set to one
via SPI. As long as the device is in fail-safe mode (WDGF=1), the OUTE control bit is reset and cannot be set via
SPI. Once the watchdog starts running again with a long open window after coming out of the fail-safe mode, to
enter in window mode the microcontroller has to write 5555h to the watchdog trigger/disable register
(WDGTRDIS). To disable the watchdog, the microcontroller has to write a specific key, consisting in two
consecutive valid SPI frames to be sent in the right order, to control register WDGTRDIS before the end of any
long open window. Just one attempt to disable the watchdog is allowed per LOW, if not successful, a watchdog
fault is generated, and it will no longer be possible to disable the watchdog until the next LOW. Any other SPI
transfer between the two SPI frames carrying the key including an invalid SPI transfer generating an SPIE aborts
the disable process and generates a watchdog fault (WDGF). Besides, the keys sent in the wrong order will not
disable the watchdog and generate a watchdog fault as well. Once in window mode, it will no longer be possible
to disable the watchdog until the next LOW. Any attempt to disable the watchdog outside the LOW will generate a
watchdog fault (WDGF).

Any read access to the WDGTRDIS register provides information concerning the watchdog disabling procedure
result together with the three least significant bits of the latest write operation performed on the same register.

Figure 11. Watchdog state diagram
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4 Serial peripheral interface (SPI)

A 24-bit SPI is used for bidirectional communication with the microcontroller.

The microcontroller SPI peripheral must run in the following configuration:

CPOL =0 and CPHA = 0.

In this configuration the input data is sampled by the low to high transition of the serial clock CLK, and the output
data is changed by the high to low transition of the serial clock CLK.

Any fault condition can be detected without even providing any serial clock CLK by setting CSN low. In fact, if
CSN = 0, the serial data output SDO pin will reflect the global error flag (GSBN bit of the global status byte) of the
device.

. Chip select not (CSN)

The CSN input pin is used to address the SPI communication with the device. When CSN is high, the output pin
(SDO) is in high impedance. When CSN is low, the output pin (SDO) driver is enabled and a serial communication
can start. The information transferred during CSN = 0 is called a communication frame.

If CSN = low for t > tcgnrail the SDO output will be switched into high impedance to allow SPI communications
with other SPI nodes.

. Serial data in (SDI)

The SDI input pin is used to transfer data into the device. The data applied to the SDI will be sampled at the rising
edge of the serial CLK signal and shifted into an internal 24 bit shift register. At the rising edge of the CSN signal
the content of the shift register will be transferred to Data Input Register. The writing to the selected Data Input
Register is enabled only if exactly 24 bits are transmitted within one communication frame (that is, CSN low). If
more or less than 24 clock pulses are counted within one frame the complete frame will be ignored. This safety
function is implemented to avoid an activation of the output stages by any wrong communication frame.

Note: Due to this safety functionality, daisy chaining 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 (SDO)

The SDO output driver is activated by a logical low level at the CSN input and will go from high impedance to low
or high level depending on the global error flag value (GSBN bit). The first falling edge of the CLK input after a
high to low transition of the CSN pin transfers the next global status byte bit out. Each subsequent falling edge of
the CLK shifts the following bits out.

. Serial clock (CLK)

The CLK input pin is used to synchronize the input and output serial bit streams. The data input (SDI) is sampled
at the rising edge of the CLK and the data output (SDO) will change with the falling edge of the CLK. The SPI can
work with a CLK frequency up to 4 MHz (1/tc k).

4.1 ST SPI1 4.1
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 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, fail-safe mechanisms are implemented to
protect the communication from external influences and wrong or unwanted usage.

The device serial peripheral interface is compliant to the ST SPI standard rev. 4.1.
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411 Physical layer

Figure 13. SPI pins description
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Any communication frame starts with the falling edge of the CSN (Communication Start). CLK has to be low.
The SDI data is then latched at the following rising CLK edges into the internal shift registers.

After Communication Start the SDO leaves 3-state mode and present the MSB of the data shifted out to SDO. At
all following falling CLK edges, data is shifted out through the internal shift registers to SDO.

The communication frame is finished with the rising edge of CSN. If a valid communication took place (for
example, correct number of CLK cycles, access to a valid address, no parity error), the requested operation
according to the operating code will be performed (write or clear operation).

41.3 Communication protocol
SDI frame
The device data-in frame consists of 24 bits (OpCode (2 bits) + Address (6 bits) + Data Byte 2 (8 bits) + Data Byte
1 (8 bits)).
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The first two transmitted bits (MSB, MSB-1) contain the operation code, which represents the command/
instruction that will be performed. The following 6 bits (MSB-2 to MSB-7) represent the address on which the
command/operation will be performed.

The subsequent two bytes contain the payload.

Figure 15. SDI frame
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Operating code

The operating code is used to distinguish between different commands/operations on registers of the slave
device.

Table 5. Operation codes

0 0 Write command

0 1 Read command

1 0 Read & Clear command

1 1 Read device information command

Any Write command (with no parity error, no wrong address and no CLK count error) will modify the content of
the addressed control register with the payload. Besides this, a shift out of the content (data present at
Communication Start) of the addressed register is performed.

A Read command shifts out the data present in the addressed register at Communication Start. The payload
data is ignored, and the data of the addressed register will not be modified. Moreover, a Burst Read can be
performed.

A Read & Clear command (with no parity error, no wrong address and no CLK count error) will lead 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 content (data present at Communication Start) of the register is performed.

Note: to avoid any loss of any reported status, it is recommended to clear just the status register bits, which are
already reported in the previous communication frame (Selective Bitwise Clear).
Advanced operation codes

Two Advanced Operation Codes can be used to set all control registers to the default value and to clear all status
registers by one single SPI frame respectively.

A ‘set all control registers to default’ command is launched when an SPI frame with OpCode ‘11’ and
address 111111’ is sent to the device.

A ‘clear all status registers’ command is launched when an SPI frame with OpCode ‘10’ and address’111111" is
sent to the device.

Data-in payload

The Payload (Data Byte 1 to Data Byte 2) is the data transferred to the device with every SPI communication. The
Payload always follows the OpCode and the Address bits.
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For write access the Payload represents the new data written to the addressed register. For Read & Clear
commands the Payload defines which bits of the addressed Status Register will be cleared. In case of a ‘1’ at the
corresponding bit position the status flag will be cleared.

For a Read Operation, the Payload is not used. For functional safety reasons it is recommended to set unused
Payload to ‘0.

SDO frame

The data-out frame consists of 24 bits (GSB (8 bits) + Data Byte 2 (8 bits) + Data Byte 1 (8 bits)).

The first eight transmitted bits contain the device related status information and are latched into the shift register
at the time of the Communication Start. 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 eighth positive CLK
edge.

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

Figure 16. SDO frame
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Global status byte (GSB)

The global status byte bits, from Bit16 to Bit19, represent a logical OR combination of status flags and status bits
located in the status register DSR1. Therefore, no direct Read & Clear command can be performed on these GSB
bits.

Table 6. Global status byte

FE DE GW FS

GSBN RSTB SPIE -

Global status bit not (GSBN)

The GSBN is a logically NOR combination of global status byte bits from bit 16 to bit 22. This bit can also be used
as Global Error Flag without starting a complete communication frame as it is directly present on SDO after
pulling CSN low.

GSBN = 1 (No error)
GSBN = 0 (Error)
. ReSeT bit (RSTB)

The RSTB bit indicates that all the device registers have been reset to default. By default, it is set to one coming
out from standby mode. It is reset automatically after any valid SPI communication frame.

. SPI error bit (SPIE)
The SPIE bit is a logical OR combination of all the errors related to a wrong SPI communication.

Besides, the CLK count, the CSN low timeout and the SDI stuck at errors, the parity error and the read/write
from/to wrong address are reported here as well.

The SPIE bit is automatically cleared by any valid SPI communication frame.
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. Functional error bit (FE)

The FE bit is a logical OR combination of errors coming from application specific functional items:
Overcurrent status flags (DSHSx, DSLSx)

Device error bit (DE)

The DE bit is a logical OR combination of errors related to device specific blocks:

. VDH overvoltage status flag (VDHOV)

. VDH undervoltage status flag (VDHUV)

. VDD overvoltage status flag (VDDOV)

. Thermal shutdown status flag (TSD)

. Charge pump not ready status bit (NRDY)

. Charge pump low status flag/bit (CPLOW)

. Digital input/output overvoltage status flag (DIOOV)

Global warning bit (GW). The GW bit is a logical OR combination of all warning flags:
. Thermal warning status flag (TW)

. VS overvoltage warning status flag (VSOVW)

Fail-safe bit (FS). The FS bit indicates that the device was forced into fail-safe mode due to watchdog failure or
due to FSINB input pin pulled low.

. Watchdog fault status flag (WDGF)
. Fail-safe input not status bit (FSIN)
Data-out payload

The Payload (data Byte1 and 2) is the data transferred from the slave device with every SPI communication to the
master device (in-frame-response). The Payload always follows the global status byte.

414 Address definition

Table 7. Address definition - device application access

Device application access

Operating code

OC1 OCo
0 0
0 1
1 0

Table 8. Address definition - device information read access

Device information read access

Operating code
ocC1 0Co
1

Table 9. Address definition - RAM access

1
C

3FH Advanced Op.
3EH Reserved None
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ODH Reserved None
0CH Reserved (RESVDI) R

0BH Reserved (RESVDO) R/W
0AH Contro register (WDGTRDIS) R/W
02H Status register (DSR2) R

01H Status register (DSR1) R/C
00H Reserved None

Table 10. Address definition - ROM access

3FH <Advanced op.> w
3EH <GSB options> R
20H <SP| 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
0AH <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

The device information registers can be read by using OpCode ‘11’. After shifting out the GSB the 8-bit wide
payload will be 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 8bit wide payload a series of ‘0’ is
shifted out at the SDO.

Table 11. L99H92 information registers map

o s | Dssipion | possss a7 Bis s ks | s | ana | B o |
3FH

<Advanced Op.>
3EH <GSB Options> R — 0 0 0 1 0 0 0 0
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o Ao | Dssipion | ocsss |37 Bi6 s Bva | s | awa B B |

20H <SPI CPHA test> R — 0 1 0 1 0 1 0 1
16H <WD bit pos. 4> R — 00H

15H <WD bit pos. 3> R — 00H

14H <WD bit pos. 2> R — 00H

13H <WD bit pos. 1> R — 49H

12H <WD Type 2> R — A4H

11H <WD Type 1> R — 4AH

10H <SPI mode> R — A1H

—

OAH <Silicon Ver.> R — major revision minor revision
05H <Device No.4> R — 4CH

04H <Device No.3> R — 36H

03H <Device No.2> R — 52H

02H <Device No.1> R — 55H

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 No. 1>: 55H (ASCII code for U)

<Device No. 2>: 52H (ASCII code for R)

<Device No. 3>: 36H (ASCII code for 6)

<Device No. 4>: 4CH (ASCII code for L)

SPI modes

By reading out the <SPI Mode> register, general information of the device SPI can be read.

Table 12. SPI mode registers
= == -~ = = = = =
BR DL2 DL1 DLO 0 0 S1 SO
1 0 1 0 0 0 0 1

<SPI Mode>: A1H (Burst Mode read available, 24 bit SPI frame, parity error check)
SPI burst read

Table 13. Burst read bit

0 BR not available
1 BR available
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The SPI Burst Read bit indicates whether the burst read mode is available or not. The Burst Read can be 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 CLK will be continuously clocked. When the normal CLK max count is reached
(SPI data length) the consecutive addressed data is latched into the shift register. This procedure is performed
every time the CLK payload length is reached.

In case the automatically 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 CLK count monitor which is running for all accesses to the
Device Registers. Any communication frame with a CLK count not equal to the reported one will trigger an SPI
error and the corresponding command/operation will be ignored.

Table 14. 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

Data consistency check (parity/CRC)

Table 15. Data consistency check

T e T e T opien
0 0

not used
0 1 Parity used
1 0 CRC used
1 1 Invalid

Watchdog identification registers
The <WD Type 1> and <WD Type 2> ROM registers are defined as follows:

Table 16. WD type ROM registers

[ TEwlEs Ew [ Ee [ Es [ me e e
WD1 WDO

<WD type 1> 0 1 WT5 WT4 WT3 WT2 WT1 WTO
Watchdog timeout/long open window WT[5:0] * 5 ms
<WD type 2> 1 0 Oow1 Oowo CW3 Cw2 Cwi1 CWO0
Open window OW[1:0] *5 ms Closed window CW[3:0] * 5 ms
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The binary value of WT[5:0] times 5 ms indicates the maximal safe long open window time. CW[3:0] times 5 ms
defines the maximum closed window time and WW[1:0] times 5 ms defines the minimum safe open window time.
The watchdog trigger register address is defined by the <WD bit pos. 1> ROM register.

Device application registers (RAM)

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

Protocol failure detection

To achieve a communication protocol that covers certain fail-safe requirements a basic set of SPI communication
failure detection mechanisms is implemented.

Clock monitor

During communication (CSN low) a clock monitor counts the valid CLK clock edges. If the CLK edges do not

correlate with the SPI Data Length an SPIE is reported with the next command and the actual command is
rejected.

By accessing the Device Information Registers (OpCode = “11’) the Clock Monitor is set to a minimum of 24 CLK
edges plus a multiple by 16 (for example, 16, 32, , ...).

Providing no CLK edge during the CSN low phase is not recognized as an SPIE. For an SP/ Burst Read also the
SPI Data Length plus multiple numbers of Payloads CLK edges are assumed as a valid communication.

CLK polarity (CPOL) check

To detect the wrong polarity access via CLK the internal clock monitor is used. Providing first a negative edge on
CLK during communication (CSN low) or a positive edge at last will lead to an SPI Error reported in the next
communication and the actual command is rejected.

CLK phase (CPHA) check

To verify that the CLK Phase of the SPI master is set correctly a special Device Information Register is
implemented. By reading this register the data must be 55H. 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 @ low a CSN timeout is implemented. By
pulling CSN low an internal timer is started. When the timer reaches its end, the ongoing command is rejected,
the SPIE is set (and it will be visible at the next communication) and the SDO is set in tristate condition.

SDI stuck at LOW

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 @ LOW, this communication is not allowed. Nevertheless, in case a stuck @
LOW is detected the command will be rejected and the SPIE will be set and it will be visible at 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 @ HIGH, this communication is not allowed. In case a stuck @ HIGH is detected
the command will be rejected and the SPIE will be set and it will be visible at the next communication.

SDO stuck @

The SDO stuck @ GND and stuck @ HIGH have 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 Electrical characteristics
5.1 Absolute maximum ratings
Stressing the device above the rating listed in Table 17 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 17. Absolute maximum ratings
I N T
Power supply voltage -0.3t028
VpH, Vs \
Single pulse tpax < 400 ms 40
VDD 1/0 supply voltage -0.3t0 18 \%
SDI, SDO, CLK, CSN,
Digital input/ output voltage -0.3to Vpp + 0.3 \%
EN, DIR/IN2, PWM/IN1, DIAGN, FSINB
CSO01, CS02 Analog output voltage -0.3to Vpp +0.3 V
CSlI1+, CSI1-, CSI2+, CSI2- HV signal pins -6 to 40 \%
CSl1+, CSI1-, CSI2+, CSI2- Differential input voltage range HV signal pins -19to +19 \%
GL2, GH2, GLA1, Sxy — 0.3 to Sxy + 13;
HV signal pins
GH1 (Gxy) VCPOUT + 0.3
SL2, SH2, SL1, SH1 HV signal pins -6 to 40 Vv
CP2-, CP1- HV signal pins -0.3 to 42
VDH=<26V VDH-0.3 to VDH+14
CP1+ HV signal pin \%
VDH > 26V VDH-0.3 to +42
VDH=<26V VDH-0.6 to VDH+14
CP2+ HV signal pin \%
VDH > 26V VDH-0.6 to +42
VDH <26V VDH-0.3 to VDH+14
CPOUT HV signal pin \%
VDH > 26 V VDH-0.3 to +42
5.2 ESD protection

DS14069 - Rev 4

Table 18. ESD protection

Electrostatic discharge test (AECQ100-002-E) all pins +2 kv
Electrostatic discharge test (AECQ100-002-E) output pins SHx (X = 1,2), " v
CSIMx (X =+,-), CSI2x (X = +,-)

Charge device model (CDM-AEC-Q100-011) all pins +500

Charge device model (CDM-AEC-Q100-011) corner pins +750 \%
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5.3 Thermal data

Table 19. Thermal operating range

5.3.1 Operating junction temperature -40 to 150

5.3.2 Tstg Storage temperature -55 to 150 °C

Table 20. Temperature warning and thermal shutdown

3.3 TiTW_ON Junction T, increasing 150
temperature
5.3.4 TiTw_OFF | thermalwarning 1, gecreasing 135 145 160 °C
- threshold
5.3.5 TjSD_ON Junction T, increasing 170 180 190 °C
temperature
536 Tjso_oFf  thermalshutdown ' 1 4ecreasing 160 170 185 °C
- threshold
Temperature
5.3.7 triTwiTsD warning/ shutdown Tested by scan 24 43 us
filtering time
Note: Those parameters are guaranteed at hot only

Table 21. Packages thermal resistance

Value
Parameter
QFN32 TQFP32
5.3.8 Rihj-amb''? | Thermal resistance junction ambient 28.5 °C/W
5.3.9 Rij-case” Thermal resistance junction to case 7.5 5.0 °C/IW

1. The parameter is retrieved according to JEDEC 51.2 referring to thermal testing method in still air .

2. PCB designed according to JEDEC 51.7 referring to high effective thermal conductivity test board. The values quoted are
for PCB 129 mm x 60 mm x 1.6 mm, FR4, 4 layers; Copper thickness 0.070 mm, thermal vias separation 1.2 mm, Thermal
via diameter 0.3 mm +/- 0.08 mm, Cu thickness on vias 0.025 mm. QFN32 footprint dimensions are 3.5 mm x 3.5 mm.
TQFP32 footprint dimensions are 5 mm x 5 mm.

3. The Ripjcase is retrieved according to MIL-STD-883E referring to thermal testing method.

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

Device features are split into categories (see Table 22), and each of them is represented by a letter (A, B, C, etc.);
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 22. Electrical parameters numbering

Category Parameters numbering Last inserted

Analog I/O A XXX -
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Category Parameters numbering Last inserted

Digital I/0 B.xxx -
Voltage regulators C. XXX -
Outputs D.xxx -
Transceivers E.xxx -
Others F.xxx -

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

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

5.4.1 Supply, supply monitoring

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

Table 23. Operating range

VDH(

54.2 High-side drain voltage

543 VS Battery supply voltage 4.51 - 28

54.4 VDD 1/0 supply voltage, CSA supply voltage 3 - 5.5 \Y
54.5 Ty Operating junction temperature -40 - 150 °C

1. Device functionalities are guaranteed down to Vpy=5.5V although some electrical parameters may deviate from the limits
specified

Table 24. Supply, supply monitoring

Cien | smoo o L

5.4.6 VbHuv VDH undervoltage threshold VDH increasing / decreasing = 4.7
5.4.7 | VDHUV_hyst VDH undervoltage hysteresis 0.04 01 025 V
5.4.8 VS increasing 19.5 225
VsovwT1 VS overvoltage warning threshold 1 V
5.4.9 VS decreasing 18 22
5.4.11 VS increasing 28.1 32.5
Vsovwr2 VS overvoltage warning threshold 2 V
5.4.12 VS decreasing 28 32
5.4.14 VDH increasing 19.5 225
VbHoVT1 VDH overvoltage threshold 1 \%
5.4.15 VDH decreasing 18 22
5.4.17 VDH increasing 28.1 325
VbHovT2 VDH overvoltage threshold 2 V
5.4.18 VDH decreasing 28 32
5420 towuy. fit VS/VDH/VDD/DIO o;li;rgundervoltage filtering Tested by scan 50 9%  us
5.4.21 Vppov Overvoltage threshold on Vpp 5.3 5.9 \Y
5.4.22  Vpdhyst ov Vpp overvoltage hysteresis 0.04 01 025 V
5423 Vpioov Overvoltage thresho'!)(iin(;n digital input/output 5.45 65 Vv
5.4.24 Vpiohyst ov Vpio overvoltage hysteresis 0.05 025 V
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Cien | smoo Tescondion i . s U

VDH=13V;VDD =5V,

5.4.25 Active mode; outputs 45 75 87 mA
floating
IpH Current consumption in active mode
VDH=6Vto28YV,
5.4.26 VDD = 5.0 V; active 25 10  mA

mode; outputs floating
VDH=13V;VDD=0V;
5.4.27 IbHq VDH quiescent supply current Standby mode; 5 uA
Ttest = -40°C, 25°C;
Outputs floating

VS=13V;VDD =5V,

Active mode; outputs 3.5
floating
5.4.28 Is Current consumption in active mode mA
VS=6Vto28YV;
VDD = 5.0 V; active 5

mode; outputs floating

VS=13V;VvDD =0V,

5.4.29 | VS qui t | t Standby mode; 5 A
4. s quiescent supply curren u
. Y Ttest = -40°C, 25°C;
Outputs floating
VS=13V;VDD=5YV;
5.4.30 Ibb VDD DC supply current 4 | 45 mA
active mode

VDD = 5 V; standby

Mode Ttest=125°C
5.4.31 IpDg VDD quiescent supply current A
VDD = 5 V; standby 14

Mode Ttest= 25°C

12 18

5.4.2 Power-on reset

Table 25. Power-on reset

Power-on reset

5.4.33 VDDPOR_OFF threshold on VDD VDD increasing . 2.55 2.85
Power-on reset .

5.4.34 VDDPOR_ON threshold on VDD | VDD decreasing 2.0 2.25 2.6 \Y%
Power-on reset . .

5.4.35 VsPOR_OFF threshold on VS VS increasing 3.45 4.5 \Y%
Power-on reset .

5.4.36 VspoR_ON threshold on VS VS decreasing 23 3.55 \Y%

5.5 Charge pump

The voltages are referred to ground and currents are assumed positive, when the current flows into the pin. 6 V <
VDH <28 V; T; =-40 °C to 150 °C, unless otherwise specified.
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Table 26. Charge pump electrical characteristics

5.5.1 Vpy=5.5V,lcp=-5mA  Vpu+6.2 Vpyut7
Vep Charge pump output voltage

5.5.2 Vpyz8V,Igp=-10mA | Vpy+8.2 Vpu+12 Vpy+13.5 \Y

55.3  VcpP_jow Charge pump low threshold voltage Vpyt+4.5 | Vpyt5 = Vputh5.5 \Y

554 lIcpim = Charge pump output current limitation Vcp=VpH, Vpu=13.5V 70 mA
555 tcp Charge pump low filter time Tested by scan 50 96 us
5.5.6 fcp Charge pump frequency Tested by scan 300 400 500 kHz

5.6 Full-bridge driver

The voltages are referred to power ground and currents are assumed positive, when the current flows into the pin.
6VsVpys28V6V=Vg=28V;T;=-40 °C to 150 °C, unless otherwise specified.

Table 27. Full-bridge driver

Vsy=Vpnu=13 V average current on 180 nF

Average charge/ cap between Vghy=Vsux+3 V and Vg +6
5.6.1 | IgHxch) @ discharge current switch |, 0.42 A
mode

T,=25°C

5.6.2 Ren On-resistance (discharge- Vsux =0V, Igux =50 mA; T;=25°C 4 10 14

X
5.6.3 stage) Vshx = 0 V; Ighx = 50 mA; Ty =130 °C 14 20
5.6.4 Von = Vsn = 5.5V ; Icp = -5 mA VSE'X * v
VGsHx Gate-on voltage
_ . _ VSHx +  VSHXx VSHx

56.5 VDH—VSHZBV,|CP—-10mA 8 +10 +115 Vv

ReH=(VHx_a-VGHx_b)(IGHx(VGHx_a)
Passive gate-clamp ltx(vatx b))

566  Rosrx resistance VeHx a=8 V, Vahx b=1V 105 15 195 | ka
Vsux=0V
Vg =0V Vpu=13 V average current on 180

Average charge/ nF cap between Vg =Vs x+3 V and
5.6.7 leixch) | discharge current switch VgLxt6 V 0.42 A
mode

Ty;=25°C

5638 Rl On-resistance (discharge- Vsix =0 ViloLx = 50 mA Ty =25 °C 4 10 14

X

5.6.9 stage) Vsix=0V; lgLx =50 mA; T; =130 °C 14 20
VSL=0 Vv

5.6.10 VSLx Vv
Vpn = 5.5 V; Igp = -5 mA +6

Vaix Gate-on voltage
5611 VsL=0V VSLx | VSLx | VSLx
6. e +8 +10 | +125
Vpy 28 V; Icp = -10 mA
ReH=(VoLx_a-VoLx b)/(leLx(veLx a)
Passive gate-clamp lotxveLx b))

5612 Resix resistance VeLx a=8 V, Vaix p=1V 105 15 195 kQ

Vs1x=0 V
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om | symbol Tostconation | in._|_Typ._| ax_unit

VpH = 13.5V; Vg1x=0; Vaix =5V,
SLEW<4 :0> = 1FH

SLEW1=0

Maximum source current = SLEW2=0
5.6.13 | lgLxrmax t d "
(current mode) Vph = 13.5 V; VgL, = 0: VoL = 5 V;

SLEW<4 :0> = 1FH
SLEW1=1
SLEW2=1

Vpy =135V, Vg x=0; Vg x=5V;
SLEW<4 :0> = 1FH

140 170 200

70 85 100

140 170 200

SLEW1=0
; ; SLEW2=0
5614 lgiximax Maximum ?lnk Zurrent mA
(current mode) VpH =13.5V, V1= 0; Vi =5 V;
SLEW<4 :0> = 1FH
SLEW1=1 70 85 100
SLEW2=1
Propagation delay time _ . -0 _ . _
5.6.15 Tg(HLxHL = high to low (switch mode) XI:;HnFBIS Vi Vshx = 0; R =0 0; Co 0.01 0.25 2 us
1) :
Propagation delay time - . —0- - . -
5.6.16 To(HLxLH | low to high (switch mode) VOH = 139 Vi VsLx=0iRe =0£: Ca 0.01 0.5 2 us

) 4.7 nF

Vpy = 13.5V; Vspx = VpH; VaHx = Vsuxt5
V; SLEW<4 :0> = 1FH
140 170 200

SLEW1=0
i SLEW2=0
5617 IGHxrmax Maximum soturcedcurrent "
(current mode) Vph = 13.5 V; Vspx = Vir: Varx = Vx5
V: SLEW<4 :0> = 1FH
SLEW1=1 70 85 100
SLEW2=1
VDH =13.5 V, VSHX = 0, VGHX = VSHX+5 V,
SLEW<4 :0> =1FH
SLEW1=0 140 170 200
i i SLEW2=0
5.6.18  IGHxfmax Maximum Tlnk (c:jurrent "
(current mode) VpH = 13.5 V, Vipx = 0; Vgrx = Vpet5 V;
SLEW<4 :0> =1FH
SLEW1=1 70 85 100
SLEW2=1
Von =13.5 Vi Vsix = 0: VoLx = 5 Vi Refer to Figure 18 IGHX,
5.6.19 dlighxr = Source current accuracy SLEW<4 0> = 1FH Lo Figure 18

VpH = 13.5V; Vsux = VboH; VaHx = VsHxtd Refer to Figure 18 IGHX,

5.6.20  dligHxf Sink current accuracy V- SLEW<4 0> = 1FH IGL accuracy

Switching voltage (Vpp-
VsH) betwee.n current Vpn =135V
mode and switch mode
(rising)

5.6.21 VDsHxrsw 0.85 1.14 1.45 \
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Cien | symoo Tstconion | _bin| > ox |t

Lys

V Vpy =135V
5.6.22 Vpstixisw mode and current mode DH =13 0.85 1.14 145 v
(falling)
5623 tgux | Rise time (switch mode) X%anles Vi Vshx = 0;Re =0 0 G = 20 115 200 s
Vpy = 13.5V; Vgux =0; Rg =0 Q; =
5.624 toux | Fall time (switch mode) 4D7HnF 3:5V; Vsx=0; R =0 0 Ca 60 160 200 | ns
5625 tolx Rise time Vo =13.5V; Vsix=0;Rg =0 Q; Cg = 20 15 | 200  ns
4.7 nF
5626  toLxf Fall time Vor = 13.5V: Vsix = 0: Rg =0 0: Ce = 60 160 | 200  ns
4.7 nF
Programmable cross-
5.6.27 | tpT0000 current protection time Tested by scan 250 ns
Programmable cross-
5.6.28  tpT0001 current protection time Tested by scan 500 ns
Programmable cross-
5.6:29 | torooto current protection time Tested by scan 750 ns
Programmable cross-
5.6.30  tpTo014 current protection time Tested by scan 1000 ns
Programmable cross-
5.6.31  tpTo100 current protection time Tested by scan 1250 ns
Programmable cross-
5.6.32  tpTo101 current protection time Tested by scan 1500 ns
Programmable cross-
5.6.33  tpTo110 current protection time Tested by scan 1750 ns
Programmable cross-
5.6.34  tpTo111 current protection time Tested by scan 2000 ns
Programmable cross-
5.6.35 | tpT1000 current protection time Tested by scan 2250 ns
Programmable cross-
5.6.36  tpT1001 current protection time Tested by scan 2500 ns
Programmable cross-
5.6.37  tpTt1010 current protection time Tested by scan 2750 ns
Programmable cross-
5.6.38  tpT1014 current protection time Tested by scan 3000 ns
Programmable cross-
5.6.39  tpT1100 current protection time Tested by scan 3250 ns
Programmable cross-
5.6.40 tpT1101 current protection time Tested by scan 3500 ns
Programmable cross-
5.6.41  tpT1110 current protection time Tested by scan 3750 ns
Programmable cross-
5.6.42  tpT1111 current protection time Tested by scan 4000 ns
PWMH switchi Vpy=135V;Vgx=0V;Rg=0Q; Cg =
5643 fowmH swriening 2.7 nF; 50  kHz
frequency!")
PWMH-Duty-cycle = 50%, tested by scan
1. Without cross-current protection time tpr.
DS14069 - Rev 4 page 33/77

Downloaded from Arrow.com.

Switching voltage (VDH-
VSH) between switch


http://www.arrow.com

m L99H92

Full-bridge driver

Figure 17. H-driver delay times

50%

V/CSN,PWMH, DIR

50% _ |
VCSN,PWMH, DIR

80%

Vas(Hux

20% _ |

Figure 18. IgHx, lgLx @ccuracy
180.0
160.0
140.0
120.0
100.0
80.0

—Typ
60.0

Current (mA)

40.0
20.0
0.0

1 6 1 16 21 26 31

Slew Rate Data Input GADG120920221022SA

DS14069 - Rev 4

page 34/77
Downloaded from Arrow.com.



http://www.arrow.com

L99H92

VDS monitoring thresholds

5.7 VDS monitoring thresholds

The voltages are referred to power ground and currents are assumed positive, when the current flows into the pin.
6V=<Vpys28V,V=<Vg=<28V;T;=-40 °C to 150 °C, unless otherwise specified.
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5.7.2

5.7.3

5.7.4

5.7.5

5.7.6

5.7.7

5.7.8

5.7.9

5.7.10

5.7.11

5.7.12

5.7.13

5.7.14

5.7.15

5.7.16

5717

5.7.18

5.7.19

5.7.20

5.7.21

Vscdo

Vsca1

Vscdz2

Vscds

Vscd4

Vscds

Vscds

Vscdr

trroo

trTo1

tFT10

trT14

tsooo

tgoo1

tgo10

tso11

ts100

tB101

ts110

tg111

tSCS

Table 28. Drain-source monitoring external full-bridge

Drain-source
threshold voltage

Drain-source
threshold voltage

Drain-source
threshold voltage

Drain-source
threshold voltage

Drain-source
threshold voltage

Drain-source
threshold voltage

Drain-source
threshold voltage

Drain-source
threshold voltage

Drain-source monitor
filter time

Drain-source monitor
filter time

Drain-source monitor
filter time

Drain-source monitor
filter time

Drain-source monitor
blanking time

Drain-source monitor
blanking time

Drain-source monitor
blanking time

Drain-source monitor
blanking time

Drain-source monitor
blanking time

Drain-source monitor
blanking time

Drain-source monitor
blanking time

Drain-source monitor
blanking time

Drain-source
comparator
propagation delay

Tested by scan

Tested by scan

Tested by scan

Tested by scan

Tested by scan

Tested by scan

Tested by scan

Tested by scan

Tested by scan

Tested by scan

Tested by scan

Tested by scan

Vg=135V;

Vpy = jump from
GND to Vg

-40%

-25%

-25%

-20%

-15%

-15%

-12%

-12%

0.075

0.15

0.25

0.4

0.6

0.8

1.2

1.5

4.5

40%

25%

25%

20%

15%

15%

12%

12%

us

us

us

us

us

us

us

us

us

us

us

us

us
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5.71 Open-load monitoring external full-bridges

The voltages are referred to power ground and currents are assumed positive, when the current flows into the pin.
6V=<Vpys28V;6V<=<Vg=<28V;T;=-40 °C to 150 °C, unless otherwise specified.

Table 29. Open-load monitoring external full-bridges

Low-side drain-source Vsix=0V;
5.7.23 VobsL monitor low off- 0.1 VDH 0.15 VDH 0.2 VDH \Y
threshold voltage VDH =13.5V
Low-side drain-source Vsix=0V;
5.7.24 VobsH monitor high off- 0.76 VDH @ 0.81VDH | 0.85VDH \
threshold voltage VDH =135V
Output voltage of Vsix=0V;
5.7.25 VoOLSHx selected SHx in open- 0.49 VDH 0.5 VDH 0.51 VDH V
load test mode VDH =135V

) Veix=0V;
Pull-down resistance of
5.7.26 RpdoL the non-selected SHx VDH=13.5V; 15 20 25 kQ
pin in open-load mode Verx = 4.5V

5.8 Current sense amplifiers (CSA)

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

Table 30. Current sense amplifiers

Common mode input +
5.8.1 Viem voltage 2 VpH+2
GCSAN [1:0]=0 n=1,2;
5.8.2 Go Vg 12,5V -6% 10 6%
583 G GCSA\\/” [1;(1)];,15\7:1’2; -6% 20 6%
Operational amplifiers DH™ 1
gains GCSAN [1:0]=2 n=1,2;
5.8.4 Gy V12,5V -4% 50 4%
GCSAn [1:0]=3 n=1,2;
58.5 Gs3 Vpu=12.5V -4% 100 4%
58.6 dG/dT Gains thermal drifts Vpu=12.5V 1% 1%
58.7 Voo CSANnOO =0; n=1,2 VDD/22 V
Offset on op-amp
output CSANOO =1n=1,2;
58.8 Vo1 Vpu=12.5V VDD/2 V
GCSAnN [1:0]=0 n=1,2;
5.8.9 VIOO VDH=12.5 \ -10 +10 mv
Voo
GCSAN [1:0]=1 n=1,2;
5810 Vior Input offset Vor=12.5v 85 +8.5 mv
Voo
GCSAnN [1:0]=2 n=1,2;
5.8.11 Vioz Vor=125V -3 +3 mv
Voo
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GCSAnN [1:0]=3 n=1,2;

5.8.12 Vios Vor=12.5V -3 +3 mv
Voo
v GCSAn [1:0]=0 n=1,2;
5.826 IOOEVDD_ Vpy=12.5V 9 +9 mv
Vo1
GCSAnN [1:0]=1 n=1,2;
5.8.27 Vio1_voo_ Input offset Vpu=12.5V 7 +7 iy
2
Vo1
v GCSAnN [1:0]=2 n=1,2;
5.8.28 'OZEVDD— Vor=12.5V 2.6 +2.6 mv
Vo1
v GCSAnN [1:0]=3 n=1,2;
5829 | 0%-VPD_ Vor=12.5V 26 +2.6 mv
2
Voo
GCSAn [1:0]=0,1
Thermal drift of input n=1,2; Vpy=12.5V 20 4 201
5813 | dVio/dT ermal dritt ot inpu HV/K
offset GCSAn [1:0]=2,3
-1 o _ -10 20 10
n=1,2; Vpy=12.5V
Vpu=12.5V
5814  CMRR Common mode bH >85(1) 29001 dB
rejection ratio (20 kHz)
iecti VDH=12.5V
5.8.15 PSRR Power SUPPI¥2§eJeCt'0n >85(1) >90(" dB
ratio (20 kHz )
5.8.16 IOUT =2 mA VDD-0.35
VCSOH High output voltage
5.8.17 lout= 200 pA VDD-0.1 = VDD-0.04
5.8.18 lout =2 mA 200 350 mV
VCSOL Low output voltage
5.8.19 lout= 200 pA 40 70 mV
100 mV differential
tSETTLEm o . . input, GCSAn [1:0]=1,
5.8.20 @ 2% settling time CSANOO = 0. RC filter: 2 us
R=1kQ; C= 220 pF
GCSAnN [1:0]=1; n=1,2
G=20
5.8.21 BwW(") Bandwidth ( ) 0.8 MHz
RC filter: R=1 kQ; C=
220 pF
5.8.22 +/-5% recovery time 1V down to 0.4xVpp/ o)
- trecovery (G=10, 20, 50) Gesa for CSANOO =1
us
5.8.04 Go1 +/-5% recovery time RC filter: R=1 kQ; C= 304)
e (G=100) 220 pF
+/-5% recovery time 1V down to @)
58.23 . (G=10, 20, 50) 0.04xVpp/Gesa for 2
recovery CSANnOO =0
Goo +/-5% recovery time us
5.8.25 (G=100) RC filter: R=1kQ; C= 3@
220 pF
1. Guaranteed by design, not tested in production
_ AVs*GpIFF _ Avg
PSRR = 20log AVour - 20log AViN
3. tserrLE is guaranteed by design for the following gains:
DS14069 - Rev 4 page 37/77
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G=10 with a differential input of 25 mV to 450 mV
G=20 with a differential input of 12.5 mV to 225 mV
G=50 with a differential input of 5 mV to 90 mV

4. G=100 with a differential input of 2.5 mV to 45 mV
4. Guaranteed by design for G=10, 20, 50 100

@ N

5.9 Fail-safe switch-off input FSINB

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

Table 31. Fail-safe switch-off input FSINB

Input voltage low

5.9.1 VFSINBLTH threshold
59.2 VFSINBHTH Input voltage high 2.0 v

threshold
594 tESINB_filt FaII-Safteinlqneput filter Tested by scan 1 3 us

Input pull-down
595 RFSINB resistance at input 50 100 200 kQ
FSINB
5.10 Enable

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

Table 32. Input: ENABLE

Input voltage low

5101 VINL threshold on EN
Input voltage high
5102 VINH threshold on EN 20 v
Input pull-down VIN =5V VDD=0 V
5105 IIN current on EN VS=VDH=0 V 25 45 100 WA
5.11 DIAGN

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

Table 33. Outputs: DIAGN

Low-level output

V
5.11.1 oL voltage lout=4 mA
Pull-up resistance -
511.2 RpiagN at output DIAGN Vpiagn =0 10 30 60 kQ
DS14069 - Rev 4 page 38/77
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5.12 Watchdog

Table 34. Watchdog

5.12.1 tLow Long open window | Tested by scan
5.12.2 tcw Closed window Tested by scan 11 - 20 ms
5.12.3 twop Watchdog period Tested by scan 32 - 54 ms

Figure 19. Watchdog early, late, and safe window

twop_max
- — >
WDP_min
-t n -
CW_max
- N -
CW_min
g L
egry watchdog failup ndefine, safe trigger area ndefing| misging watchdog failure
-
0 time
GADG120920221035SA

513 SPI electrical characteristics

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

Table 35. Inputs: CSN, CLK, PWM, DIR, EN and SDI

Low-level input

5.13.1
voltage
5132 VIH High-level input 23 Vv
voltage
5134 ICSN_in Pull-up resistor CSN VCSN= 0V 13 29 46 kQ
Pull-down current at
5.13.5 ICLK in input VCLK =15V 5 30 60 uA
CLK
5.13.6 ISDI_in Pull-down currentat |\ _ 4 5y 5 30 60 bA
input DI
5.13.7 IDIR_in Pull-down currentat /50 _ g 5y 5 30 60 uA
input DIR
Pull-down current at
5.13.8 IPWM_in input VPWM =15V 5 30 60 uA
PWM
5.13.10 cin® Input ca_pacnance at 0V<VDD<5.3 10 15 oF
input \%
DS14069 - Rev 4 page 39/77
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CSN, CLK, DI, DIR,
PWM and EN

1. Value of input capacity is not measured in production test. Parameter is guaranteed by design.

Table 36. DI, CLK and CSN timing

5.13.11 tok Clock period Tested by scan
5.13.12 toLkH Clock high time Tested by scan 100 - ns
5.13.13 toLkL Clock low time Tested by scan 100 - ns
CSN setup time, CSN
5.13.14 tset CSN low before rising edge |  Tested by scan 150 - ns
of CLK
CLK setup time, CLK
5.13.15 tset CLK high before rising Tested by scan 150 - ns
edge of CSN
5.13.16 tset SDI SDI setup time Tested by scan 25 - ns
5.13.17 thold SDI SDI hold time Tested by scan 25 - ns
. Rise time of input
5.13.18 trin signal SDI,CLK, CSN Tested by scan - 25 ns
. Fall time of input
5.13.19 trin signal SDI, CLK, CSN Tested by scan - 25 ns
Note: See Figure 21.

Table 37. SDO

5.13.20 VSDOL Output low level ID =+4 mA
5.13.21 VSDOH Output high level ID =-4 mA VDD - 0.5
Tristate leakage = VCSN=VDD; 0V
5.13.22 ISDOLK current <VSDO< VDD -10 10 pA
513.23 cSDbo Tristate input Guaranteed by 10 15 oF

capacitance design

Table 38. SDO timing

CL =50 pF; lload

(1)
5.13.24 tr SDO SDO rise time =-1mA 25
5.13.25 tf SDO SDO fall time CL = 50 pF; lload 25(1) ns
=+1mA
CL = 50 pF; lload
SDO enable time from = +1mA:;
5.13.26 ten DO triL = CSN falling edge: 3-state - 50 100 ns
to low level on SDO pull-up load to
VDD
SDO disable time from CL = 50 pF; lload
5.13.27 tdis SDO L tri CSN rising edge: low = +1mA; pull-up - 50 100 ns
level to 3-state on SDO load to VDD
DS14069 - Rev 4 page 40/77
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SDO enable time from CL =50 pF; lload
5.13.28 ten SDO triH = CSN falling edge: 3-state =+1 mA,; pull- - 50 200 ns
to high level on SDO down load to VDD

From CSN rising with DO = CL = 50 pF; lload

5.13.29 tdis SDO H tri = at high level to 3-states ' =-1 mA; pull-down - 50 100 ns
measured at 0.3 VDD load to GND
VSDO < 0.3 VDD;
5.13.30 td SDO SDO delay time VSDO > 0.7 VDD; - 30 60 ns
CL =50 pF

1. Guaranteed by design.

Table 39. CSN timing

. . Transfer of SPI-
51331  tCSN_HI, min Minimum CSNhigh o to input 6 us
time, active mode )
register
5.13.32 tCSNfail CSN low timeout Tested by scan 20 35 50 ms

Figure 20. SPI transfer timing diagram

CSN high 1o low: DO enabled s
csN -'/_ gh 1o en _.I

time

CLK

DI

DO

fault bit CSNlow e h-gh actual dal time
I transfered to cutpul power switches

nput

Data old data X newdala .,
Register
GADG1209202210425A

The SPI can be driven by a microcontroller with its SPI peripheral running in the 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.
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Figure 21. SPI input timing
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Figure 22. SPI output timing
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Figure 23. SPI CSN output timing
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Figure 24. SPI CSN low to high transition and global status bit access

CSN high to low and CLK stays low: status information of data bit O (fault condition) is transferred to DO
- ]

DO: status information of data bit 0 (fault condition) stays as long as CSN is low

5.14 Oscillator

The voltages are referred to ground and currents are assumed positive, when the current flows into the pin. 6 V<
Vg<28V;6V<Vpy<s28V;T;=-40 °C... 150 °C, unless otherwise specified.

Table 40. Oscillator

Oscillation
5141 Folka freqluenlcy
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5.15 Operating modes
Figure 25. Operating modes
Charge pump ON, EN low or VpxVDDPOR_ON
Gate driver OFF Off state or VSSVSPOR_ON
diagnostic
mode OUTE =1or
OLH1L2 = OLH2L1=0
EN low or VpzsVDDPOR_ON
OUTE =0, or VS<VSPOR_ON
OLH1L2 = 1 and/or OLH2L1=1
EN high,
Vpp>VDDPOR_OFF,
Active mode includes Active VS>VSPOR_OFF Standb()?‘e) Charge pump OFF
faulty states. Gate Registers content lost
drivers and charge mode mode Gate drivers off
pump are ON/OFF
according to the
diagnostic table FSINB pin low (FSIN status bit set to 1
or WDGF status flag set to 1
FSINB pin high with
FSIN HSAoPOIN L1 EN low or V;p€VDDPOR_ON
FSIN_HS2=FSIN_LS2 = 0 Fail-safe or VS<VSPOR_ON
(FSIN status bit reset to 0), mode
WDGF status flag set to 0
Charge pump ON
Gate drivers forced in sink switch mode
OUTE control bit reset and forced to zero GADG120920221140SA
Note: To achieve the device minimum current consumption in standby mode, the EN pin has to be pulled low.

Event

VDH overvoltage

VDH undervoltage

VS overvoltage Warning

VDD overvoltage

Thermal warning

Thermal shutdown

DS14069 - Rev 4
Downloaded from Arrow.com.

Table 41. Diagnostic table

Status | Global
status

byte bit

Device actions DIAGN pin behavior

register
flag/bit

Active switch-off of external LS MOSFETs with
maximum available gate current (LS gate drivers

forced in sink switch mode). Active switch-off of .
Pulled low if

VDHOV DE external HS MOSFETs with maximum available DGVDHOVE is set
gate current for 32 ys up to 64 ps and as long as
VCP>VDH+3 V, followed by passive/resistive turn
off. Charge-pump switched off
Active switch-off of external LS MOSFETs with
maximum available gate current (LS gate drivers
VDHUV DE forced in sink switch mode). Active switch-off of Pulled low if
external HS MOSFETs with maximum available DGVDHUVE is set
gate current as long as VCP>VDH+3V, otherwise
passive/resistive turn off.
Pulled low if
VSovw | Gw None DGVSOVWE is set
Active switch-off of all external MOSFETs with Pulled low if
VDDOV DE maximum avallaple gate cgrrent (all gate drivers DGVDDOVE is set
forced in sink switch mode).
™w oW None Pulled low if DGTWE is
set
Active switch-off of external LS MOSFETs with
maximum available gate current (LS gate drivers
forced in sink switch mode). Active switch-off of .
TSD DE external HS MOSFETs with maximum available | T Uled low if DGTSDE
is set
gate current for 32 ys up to 64pus and as long as
VCP>VDH+3 V, followed by passive/resistive turn
off. Charge-pump switched off.
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Status

Event register

flag/bit

FSINB activation FSIN
Charge pump not ready NRDY
Charge pump low CPLOW
Watchdog fault WDGF
Digital input/output DIOOV
overvoltage

VDS monitoring (Leg x, DS(';:_SX
HS or LS) DSLSx

VS<VSPOR_ON
Followed by
VS>VSPOR_OFF
VDD<VDDPOR_ON
Followed by NA
VDD>VDDPOR_OFF

Enable pin pulled low
Followed by
Enable pin pulled high

SPI error (parity bit, write/
read to/from wrong
address, CLK count NA
error, SDI stuck at, CSN
timeout)

DS14069 - Rev 4
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Global
status
byte bit

FS

DE

DE

FS

DE

FE

RSTB

SPIE

Device actions

Active switch-off of all external MOSFETs with
maximum available gate current (all gate drivers
forced in sink switch mode). The OUTE control bit
is reset.

The gate drivers are disabled. A passive resistive
connection between gate and source of each
MOSFET is present.

Active switch-off of external LS MOSFETs with
maximum available gate current (LS gate drivers
forced in sink switch mode). Active switch-off of
external HS MOSFETs with maximum available

gate current as long as VCP>VDH+3 V, otherwise
passive/resistive turn off.

Active switch-off of all external MOSFETs with
maximum available gate current (all gate drivers
forced in sink switch mode).The OUTE control bit is
reset.

Active switch-off of all external MOSFETs with
maximum available gate current (all gate drivers
forced in sink switch mode).

For DSMON_CONFIG control bit set to one and
INPMODE control bit set to zero: active switch-off
of all external MOSFETs with maximum available
gate current (all gate drivers forced in sink switch
mode). In all the other cases: active switch-off of

affected leg external MOSFETs with maximum
available gate current (affected leg gate drivers
forced in sink switch mode).

In standby mode the charge pump is switched off
together with the gate drivers, so a passive
resistance between gate and source switches off
the external MOSFETs as well. Once back in active
mode, all the registers are reset to default values,
the charge pump is automatically enabled (no need
to clear the RSTB bit) and the gate drivers are
disabled leaving just a passive resistance between
gate and source of each MOSFET.

The operation linked to the invalid SPI frame is not
run.

DIAGN pin behavior

Pulled low if DGFSINE
is set

Pulled low if
DGNRDYE is set

Pulled low if
DGCPLOWE is set

Pulled low if
DGWDGFE is set

Pulled low if
DGDIOOVE is set

Pulled low if DGDSxE
is set

By default pulled low
once out of standby
mode and until the
global status byte
RSTB bit is cleared by
any valid SPI
communication frame

Pulled low if DGSPIEE
is set
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6 SPI registers

6.1 Global status byte GSB

Table 42. Global status byte GSB

1(R)  0(R) 0(R) 0(R) 0 (R) 0(R) 0(R) 0(R)
GSBN RSTB SPIE - FE DE GW FS
Global ReSeT
status bit SPI error Reserved bit Functional error Device error Global warning Fail-safe
bit not

I ™

Global status bit not
The GSBN bit is a logically NOR combination of GSB bits from bit 16 to bit 22.

This bit can also be used as global error flag without starting a complete communication frame as it is

23 GSBN present at SDO after pulling CSN low.

0 = error detected (1 or several GSB bits from 16 to 22 are set)

1 = no error detected
Reset bit

22 | RSTB  The RSTB bit indicates that all the device registers have been reset to default. By default it is set to one
coming out from standby mode. It is cleared automatically after any valid SPI communication frame.

SPI error bit

The SPIE bit indicates errors related to any wrong SPI communication.
. SPI CLK count error
. Parity error
. Read/Write to wrong address
21 SPIE ° SDI stuck at
. CSN timeout

This bit is visible inside the communication frame following the not valid one. This bit is cleared automatically
by any valid SPI communication frame.

0 = no error (default)

1 = error detected
20 RES | Reserved
Functional error bit

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

. Overcurrent status flags (DSHSx, DSLSx)
19 FE
0 = no error (default)

1 = error detected
The FE bit is cleared by a Read & Clear command of the overcurrent status flags.
Device error bit

The DE bit is a logical OR combination of errors related to the device specific blocks.

. VDH overvoltage status flag (VDHOV)
. VDH undervoltage status flag (VDHUV)
18 DE . VDD overvoltage status flag (VDDOV)
. Thermal shutdown status flag (TSD)
. Charge pump not ready status bit (NRDY)
. Charge pump low status flag/bit (CPLOW)
. Digital input/output over-voltage status flag (DIOOV)

DS14069 - Rev 4 page 47/77
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17

16

GwW

FS

0 = no error (default)
1 = error detected

The DE bit is cleared by a Read & Clear command of all related flags in the Status Register DSR1. The
NRDY status bit together with the CPLOW status bit (for CP_LOW_CONFIG=1) cannot be cleared by a
Read & clear command.

Global warning bit

The GW bit is a logical OR combination of warning flags. Warning bits do not lead to any device state
change or switch off of functions.

. Thermal warning status flag (TW)
. VS overvoltage warning status flag (VSOVW)

0 = no warning (default)

1 = warning detected

The GW bit is cleared by a Read & clear command of all related flags in the Status Register DSR1.
Fail-safe bit

The FS bit indicates that the device was forced into fail-safe mode.

. Watchdog fault status flag (WDGF)
. Fail-safe input not status bit (FSIN)

0 = no error (default)
1 = error detected

The FS bit is cleared by a Read & clear command of the Status register WDGF flag assuming that the FSIN
status bit is reset to zero. The FSIN status bit, logical OR of FSINLL, FSINHS1, FSINLS1, FSINHS2 and
FSINLS2, cannot be cleared by a Read & Clear command.
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VDHOV
CPLOW
RES
FSINLS2
INPMODE
OLH2L1
SLEWC1[4]
DT1[0]
RES
DSBT1[2]
SLEWC2[4]
DT2[0]
RES
DSBT2[2]
RES
RES
DGVDHOVE
DGCPLOWE

WDGTRDIS[14]  WDGTRDIS[13]

WDGTRDIS[6]
RES
RES

RES_RW._14
RES_RW._6
RES

2 Register map overview

VDHUV
WDGF
RES
RES
OUTE
OLTHH
SLEWCI[3]
RES
RES
DSBT1[1]
SLEWC2[3]
RES
RES
DSBT2[1]
GCSA1[1]
GCSA2[1]
DGVDHUVE
DGWDGFE

WDGTRDIS[5]
RES
RES

RES_RW_13
RES_RW_5
RES

Table 43. Register map

VSOVW
DIOOV
RES
RES
AFWE

CP_LOW_CONFIG

SLEWC1[2]
SLEWD1[4]
RES
DSBT1[0]
SLEWC2[2]
SLEWD2[4]
RES
DSBT2[0]
GCSA1[0]
GCSA2[0]
DGVSOVWE
DGDIOOVE
WDGTRDIS[12]
WDGTRDIS[4]
RES
RES
RES_RW_12
RES_RW 4
RES

VDDOV
DSHS1
RES

DSLS1
FSINLL

DSHS2
FSINHS1

RES 01Ds RES
FWS DIS1 DIS2
CPFDD OVTS RES
SLEWCA[1] SLEWCA1[0] DT1[3]
SLEWD1[3] SLEWD1[2] SLEWD1[1]
RES DSMON1[2] =~ DSMONA[1]
RES FT1[] FT1[0]
SLEWC2[1] SLEWC2[0] DT2[3]
SLEWD2[3] SLEWD2[2] SLEWD2[1]
RES DSMON2[2] = DSMONZ2[1]
RES FT2[1] FT2[0]
RES DCSA1 RES
RES DCSA2 RES
DGVDDOVE DGTWE DGTSDE
DGDS1E DGSPIEE DGDS2E
WDGTRDIS[11] WDGTRDIS[10] WDGTRDIS[9]
WDGTRDIS[3] WDGTRDIS[2] WDGTRDIS[1]
RES RES RES
WDGSTATUS = WDGINF[2] WDGINF[1]
RES_ RW_11 = RES_RW 10 = RES_RW_9
RES_RW._3 RES_ RW 2 = RES_RW._1
RES RES RES

FSIN

DSLS2

FSINLS1
02DS

DSMON_CONFIG

RES
DT1[2]
SLEWD1[0]
DSMON1[0]
RES
DT2[2]
SLEWD2][0]
DSMON2([0]
RES
CSA100
CSA200
DGFSINE
RES
WDGTRDISI[8]
WDGTRDIS[0]
RES
WDGINF[0]
RES_RW._8
RES_RW_0
RES

NRDY
P
FSINHS2
P
OLH1L2
P
DT1[1]
P
RES
P
DT2[1]
P
RES

RES

P
DGNRDYE
P
WDGTRDIS[7]
P

RES

P
RES_RW_7
P
RES_RO_7

T
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Status registers

6.3 Status registers

Table 44. Status register DSR1 (0x01) MSB

0 (R/C) 0 (R/C) 0 (R/C) 0 (R/C) 0 (R/C) 0 (R/C) 0 (R) 0(R)
VDHOV VDHUV VSOVW VDDOV T™W TSD FSIN NRDY
VDH VDH VS overvoltage | VDD overvoltage Thermal Thermal Fail-safe Charge

overvoltage ' undervoltage input not pump not
flag flag bit ready bit

T

VDH overvoltage flag. This flag is set and latched as soon as an overvoltage is detected on VDH

warning flag flag warning flag = shutdown flag

15 VDHOV supply. It can be cleared by SPI, only if the source of the fault is no longer present.

14 VDHUV VDH undervoltage flag. This flag is set and latched as soon as an undervoltage is detected on
VDH supply. It can be cleared by SPI, only if the source of the fault is no longer present.

13 VSOVW VS overvoltage warning flag. This flag is set and latched as soon as an overvoltage is detected
on VS supply. It can be cleared by SPI, only if the source of the fault is no longer present.

12 VDDOV VDD overvoltage flag. This flag is set and latched as soon as an overvoltage is detected on VDD

supply. It can be cleared by SPI, only if the source of the fault is no longer present.

Thermal warning flag. This flag is set and latched as soon as device junction temperature
11 TW exceeds TW threshold for a time longer than the corresponding filtering time. It can be cleared by
SPI, only if the source of the fault is no longer present.

Thermal shutdown flag. This flag is set and latched as soon as device junction temperature
10 TSD exceeds TSD threshold for a time longer than the corresponding filtering time. It can be cleared
by SPI, only if the source of the fault is no longer present.

Fail-safe input not bit. This bit is the logic OR of DSR2 bits from BIT7 to BIT11. It is automatically
set anytime the FSINB pin is pulled low for a time longer than the corresponding analog filtering
time (trsing_fit) @nd automatically reset anytime the FSINB pin is pulled high for a time longer
than the analog filtering time and FSINHS1=FSINHS2=FSINLS1=FSINLS2=0. It is a read only
bit, so it cannot be cleared by SPI. In case the FSINB pin is left floating, because of the internal
pull-down at the FSINB pin, the value of this bit will be automatically set to one.

9 FSIN

Charge pump not ready bit. This bit is automatically set anytime the charge-pump is enabled and
8 NRDY automatically reset a filtering time (tcp) after its output voltage reaches CPLOW threshold
(VCP_low). It is a read only bit, so it cannot be cleared by SPI.

Table 45. Status register DSR1 (0x01) LSB

(e ee [ e [ me [ Es B2 | 0 [ B0

0 ((Ff)/ €)' o) 0 (RIC) 0 (RIC) 0 (RIC) 0 (RIC) 0 (RIC)

CPLOW  WDGF DIOOV DSHS1 DSLS1 DSHS2 DSLS2 P

Charge
pump | Watchdog Digital IO
low fault flag = overvoltage flag
flag/bit

o ene | e

Charge pump low flag/bit. If CP_LOW_CONFIG control bit is set to one, the CPLOW is a read only
status bit automatically set as soon as the charge pump output voltage falls below CPLOW threshold
(VCP_low) for a time longer than the corresponding filtering time (tcp) and automatically reset as soon
as the charge pump output voltage rises back above CPLOW threshold for a time longer than the

7 cPLow filtering time.

If CP_LOW_CONFIG control bit is set to zero, the CPLOW is a read & clear status flag set and latched
as soon as the charge pump output voltage falls below CPLOW threshold (VCP_low) for a time longer
than the corresponding filtering time. The CLOW flag can be cleared by SPI, only if the source of the
fault is no longer present.

VDS monitoring flags Parity bit
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mmmmmm

Watchdog fault flag. This flag is set and latched as soon as a watchdog fault is detected. The flag can
WDGF
be cleared by proper SPI Read & Clear command.

Digital 10 overvoltage flag. This flag is set and latched as soon as an overvoltage is detected on any of
5 DIOQV  the following digital input/output pins: PWM/IN1, DIR/IN2, DIAGN, CSO1, CSO2, CSN, SDI, SDO, CLK.
It can be cleared by SPI, only if the source of the fault is no longer present.

4 DSHS1
VDS monitoring flags. Flag DSxSn (x=L,S / n=1,2) is set and latched as soon as the VDS of the
3 DSLST  corresponding MOSFET exceeds the relative threshold (set by DSMON[3:0] bits) for a time longer than
2 DSHs2 | the corresponding filtering time or blanking plus filter!ng time, where the blanking time is applicable. It
can be cleared by SPI, only if the source of the fault is no longer present.
1 DSLS2

1. The CPLOW is a Read & Clear status flag or a read only status bit depending on the value of the control bit
CP_LOW_CONFIG.

Table 46. Status register DSR2 (0x02) MSB

mmmmmmm

0(R) 0(R) 0(R) 0(R) 0(R)
RES RES RES RES FSINLL FSINHS1 FSINLS1 FSINHS2
Reserved Reserved Fail-safe Fail-safe input = Fail-safe input = Fail-safe input
bit bit Reserved bit Reserved bit | input not logic | not effect on not effect on not effect on
level bit HS1 bit LS1 bit HS2 bit
[ Nme Desion
15 RES Reserved
14 RES Reserved
13 RES Reserved
12 RES Reserved
Fail-safe input not logic level bit. This bit reflects the inverted logic level of the FSINB pin taking into
account the corresponding analog filtering time (tFSINB_filt). This bit is automatically set anytime the
11 FSINLL FSINB pin is pulled low for a time longer than the corresponding filtering time and automatically reset

anytime the FSINB pin is pulled high for a time longer than the filtering time. It is a read only bit, so it
cannot be cleared by SPI. In case the FSINB pin is left floating, because of the internal pull-down at
the FSINB pin, the bit is automatically set to one.

Fail-safe input not effect on HS1 bit. This bit indicates whether the HS1 gate driver is configured in sink
switch mode (FSINHS1=1) because of the FSINLL set to one or not (FSINHS1=0). In case of no faults
the FSINHS1 bit should be automatically set once the FSINLL is set and automatically reset once the
FSINLL is reset. It is a read only bit, so it cannot be cleared by SPI.

10 FSINHS1

Fail-safe input not effect on LS1 bit. This bit indicates whether the LS1 gate driver is configured in sink
switch mode (FSINLS1=1) because of the FSINLL set to one or not (FSINLS1=0). In case of no faults

9 FSINLS1 the FSINLS1 bit should be automatically set once the FSINLL is set and automatically reset once the
FSINLL is reset. It is a read only bit, so it cannot be cleared by SPI.
Fail-safe input not effect on HS2 bit. This bit indicates whether the HS2 gate driver is configured in sink
8 FSINHS?2 switch mode (FSINHS2=1) because of the FSINLL set to one or not (FSINHS2=0). In case of no faults
the FSINHS2 bit should be automatically set once the FSINLL is set and automatically reset once the
FSINLL is reset. It is a read only bit, so it cannot be cleared by SPI.
DS14069 - Rev 4 page 52/77
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Table 47. Status register DSR2 (0x02) LSB

[ [mw |oms e [Em [oEm [md [ Ee

0 (R) 0(R) 0 (R) 0(R) 0 (R) 0(R) 0(R)
FSINLS2 RES RES RES 0O1DS RES 02DS P
;altts iii Reserved Output 1 Output 2
P . Reserved bit Reserved bit digital status Reserved bit digital status Parity bit
effect on bit bit bit
LS2 bit

o e peseion

Fail-safe input not effect on LS2 bit. This bit indicates whether the LS2 gate driver is configured in sink
switch mode (FSINLS2=1) because of the FSINLL set to one or not (FSINLS2=0). In case of no faults

7 FSINLS2 the FSINLS2 bit should be automatically set once the FSINLL is set and automatically reset once the
FSINLL is reset. It is a read only bit, so it cannot be cleared by SPI.

6 RES Reserved

5 RES Reserved

4 RES Reserved
Output 1 digital status bit. This bit provides the SH1 output logic level respect to the programmed
threshold in any operating conditions, no matter what the OUTE value is.

3 01DS When OUTE=0, this bit reflects the not filtered output of the LS1 off-state diagnostic comparator
having the programmed OLTHH threshold.
When OUTE=1, this bit reflects the not filtered output of the LS1 DSMonitoring comparator having the
programmed VSCdx threshold.

2 RES Reserved
Output 2 digital status bit. This bit provides the SH2 output logic level respect to the programmed
threshold in any operating conditions, no matter what the OUTE value is.

1 02DS When OUTE=0, this bit reflects the not filtered output of the LS2 off-state diagnostic comparator
having the programmed OLTHH threshold.
When OUTE=1, this bit reflects the not filtered output of the LS2 DSMonitoring comparator having the
programmed VSCdx threshold.

0 P Parity bit

6.4 Control registers

Table 48. Control register DCR (0x03) MSB

0 (RIW)"

0 (RwW)®@ 0 (R/W) 0 (R/W) 0 (R/W) 0 (R/W) 0 (R/W) 0 (R/W)
INPMODE OUTE AFWE FWS DIS1 DIS2 DSMON_CONFIG OLH1L2
Input .
mode Outputs enable bit A\(A:/trll\:}eﬁfe_ w:;ﬁ;] Disable Disable DSMonitoring i(zrz:\effrlslﬁaig
selection P g ¢ leg1 bit leg2 bit configuration bit

bit enable bit selection bit bit

I T

Input mode selection control bit: full-bridge mode (reset) or dual half-bridge mode (set). This
15 INPMODE bit can be modified only when OUTE is reset, otherwise its value is frozen and it cannot be
changed.

DS14069 - Rev 4 page 53/77
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Outputs enable control bit. Assuming that the FSINB pin is high, if this bit is reset, all the gate
drivers are disabled and the MOSFTEs are passively shut down through the internal
resistance connected between gate and source. Assuming that the FSINB pin is high, if this
bit is set, all the gate drivers are enabled and the MOSFETs are turned on/off according to
Table 2 or Table 3 depending on the INPMODE control bit value. Assuming the device in

14 OUTE active mode, when the FSINB pin goes low, the MOSFETSs gate drivers are forced in sink
switch mode and the OUTE control bit is reset. While the FSINB pin is low, the OUTE control
bit value is frozen and cannot be changed via SPI.

When a watchdog fault occurs, setting the WDGF flag, the OUTE control bit is reset. While
the WDGF flag is set, the OUTE control bit value is frozen and cannot be changed via SPI.

Active free-wheeling enable control bit. In case INPMODE is reset, this bit enables/disables
13 AFWE active free-wheeling. When set it enables the active free-wheeling. When reset it disables the
active free-wheeling. In case INPMODE is set, this bit has no effect.

Free-wheeling selection control bit. In case INPMODE is reset and active free-wheeling is
enabled (AFWE=1), this bit sets whether the active free-wheeling is performed on high side

12 FWS (FWS=1) or on low-side (FWS=0). In case INPMODE is reset and active free-wheeling is
disabled (AFWE=0), this bit sets whether the passive free-wheeling is performed on high side
(FWS=1) or on low-side (FWS=0).In case INPMODE is set, this bit has no effect.

11 DIS1 Disable leg1,2 control bits. In case INPMODE is set, these bits switch-off both the external
MOSFETs of leg 1 (DIS1=1) and/or leg 2 (DIS2=1). In case INPMODE is reset, these bits
10 DIS2 have no effect.

DSMonitoring configuration control bit. In case this bit is set and INPMODE is reset, any VDS
monitoring fault will actively switch off all the full-bridge MOSFETSs by configuring all the gate

9 DSMON_CONFIG | drivers in sink switch mode. In all the other cases INPMODE=1 or INPMODE=0 with
DSMON_CONFIG=0 just the affected/offended half-bridge MOSFETs are actively switched
off configuring the corresponding gate drivers in sink switch mode.

Open load in off-state control bit. This bit is really taken into account only when OUTE is
8 OLH1L2 reset, otherwise it is discarded (and related circuitry is disconnected from device power
outputs). See Table 4. Full-bridge monitoring in off-mode.

1. The INPMODE will be a read only or a read and write control bit depending on the value of the control bit OUTE.

2. The OUTE is a read only or a read and write control bit depending on the logic level at the input pin FSINB and on the status
flag WDGF value.

Table 49. Control register DCR (0x03) LSB

““mmmm

0 (R/W) 0 (R/W) 0 (R/W) 0 (R/W) 0 (R/W) 0 (R)
OLH2L1 OLTHH CP_LOW_CONFIG CPFDD OVTS RES RES P
Open | Off-state diagnostic Charge o
load in comparator Charge pump low pump vervoltage . . .
. - . . frequency threshold Reserved bit | Reserved bit  Parity
off-state | threshold selection configuration bit S . .
. . dithering selection bit
bit bit . f
disable bit

I T S

Open load in off-state control bit. This bit is really taken into account only when OUTE is reset,
7 OLH2L1 otherwise it is discarded (and related circuitry is disconnected from device power outputs).
See Table 4. Full-bridge monitoring in off-modering in off-mode

Off-state diagnostic comparator threshold selection bit. The off-state diagnostic comparator
6 OLTHH threshold is set to 1/6VDH for OLTHH reset and to 5/6VDH for OLTHH set. See Table 4. Full-
bridge monitoring in off-mode

Charge pump low configuration control bit. Setting this bit, CPLOW status flag/bit behaves as
a read only status bit and the outputs are re-activated automatically upon recovery of the
charge pump output voltage.

S CP_LOW_CONFIG | |t this bit is reset, CPLOW status flag/bit behaves as a read & clear status flag so that the
outputs are disabled until the CPLOW status flag is cleared. In this latter case, the charge
pump output voltage has to rise above VCP_low for a time longer than the corresponding
filtering time and CPLOW status flag has to be reset to re-enable device outputs.
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Charge pump frequency dithering disable control bit. If this bit is set the charge pump

CPFDD frequency dithering is disabled, otherwise it is enabled.
3 oVTS Overvoltage threshold selection control bit. In case _this bit is reset, the VS/VDH overvoltage
threshold is set to VsovwT1/ VbHoVT1, otherwise it is set to VsovwT2/ VbHovT2.
2 RES Reserved
1 RES Reserved
0 P Parity

Table 50. Control register GD1CR1 (0x04) MSB

0 (R/W) 0 (R/W) 0 (R/'W) 0 (R/W) 0 (R/W) 0 (R/IW) 0 (R/W) 0 (R/W)
SLEWC1[4] SLEWC1[3] SLEWC1[2] SLEWC1[1] SLEWC1[0] DT1[3] DT1[2] DT1[1]
Gate charge current configuration bits Dead-time configuration bits
I T
15 SLEWC1[4]
Gate charge current configuration bits for the full-bridge (INPMODE=0) or for leg 1
14 SLEWC1[3] (INPMODE=1).
13 SLEWCT[2]  SLEWC1[4:0]=n sets gate charge current to n x IGMAX/31. Setting SLEWC1[4:0]=0
12 SLEWC1[1] disgbles gate charge current control and enables gate charging through low impedance
switches.
11 SLEWC1[0]
10 DT1[3] Dead-time configuration control bits for the full-bridge (INPMODE=0) or for leg 1
(INPMODE=1).
9 DT1[2]
0000=250ns
0001=500ns
0010=750ns
0011=1000ns
8 DT[] 0100=1250ns

1110=3750ns
1111=4000ns

Table 51. Control register GD1CR1 (0x04) LSB

ey [me [Ee [Eem [ome [omz [oEm [ e

0 (R/IW) 0 (R) 0 (R/W) 0 (R/W) 0 (R/W) 0 (R/W) 0 (R/W)
DT1[0] RES SLEWD1[4] SLEWD1[3] SLEWD1[2] SLEWD1[1] SLEWD1[0] P
Dead-time Reserved
configuration bit Gate discharge current configuration bits Parity bit
bit

e hame o

Dead-time current configuration control bit for the full-bridge (INPMODE=0) or for leg 1

7 DTI0l ' iNpMODE=1).
6 RES Reserved
5 SLEWD1[4] '  Gate discharge current configuration bits for the full-bridge (INPMODE=0) or for leg 1
INPMODE=1).
4 SLEWD1[3] ( © )
SLEWD1[4:0]=n sets gate discharge current to n x IGMAX/31. Setting SLEWD1[4:0]=0 disables
3 SLEWD1[2] gate discharge current control and enables gate discharging through low impedance switches.
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SLEWD1[1] Gate discharge current configuration bits for the full-bridge (INPMODE=0) or for leg 1

(INPMODE=1).
1 SLEWD1[0] A SLEWD1[4:0]=n sets gate discharge current to n x IGMAX/31. Setting SLEWD1[4:0]=0 disables
gate discharge current control and enables gate discharging through low impedance switches.
0 P Parity bit

Table 52. Control register GD1CR2 (0x05) MSB

0 (R) 0 (R) 0 (R) 0 (R) 0 (R/W) 0 (R/W) 0 (R/W)
RES RES RES RES DSMON1[2] DSMON1[1] DSMON1[0] RES
Reserved . . . Lo ) . . .
bit Reserved bit  Reserved bit Reserved bit VDS monitoring threshold configuration bits = Reserved bit
T
15 RES
14 RES
Reserved
13 RES
12 RES
11 DSMON1[2] ' VDS monitoring threshold configuration control bits for the full-bridge (INPMODE=0) or for leg 1
(INPMODE=1).
10 DSMON1[1]
000=0.075V
001=0.15V
010=0.25V
011=0.4V
9 DSMON1[0] | 400=0.6V
101=0.8V
110=1V
111=1.2V
8 RES Reserved

Table 53. Control register GD1CR2 (0x05) LSB

e B < = = =

0(RMW) 0 (RMW) 0 (RIW) 0 (RIW) 0 (R/W) 0 (R)
DSBT1[2] DSBT1[1]  DSBT1[0] RES FT1[1] FT1[0] RES P

VDS monitoring blanking time . VDS monitoring filtering time
) . . Reserved bit ) ’ .
configuration bits configuration bits

S T S

DSBT1[2] VDS monitoring blanking time configuration control bits for the full-bridge (INPMODE=0) or for leg 1
DSBT1[1] (INPMODE=1).

7
6
5 DSBTA[0] Blanking time in us = DSBT1[2:0] + 1 (min= 1us, max= 8us)
4
3

Reserved bit Parity bit

RES Reserved

FT1[1] VDS monitoring filtering time configuration control bits for the full-bridge (INPMODE=0) or for leg 1
(INPMODE=1).

Filter time in ps = (FT1[1:0] + 1)*1.5 (min= 1.5us, max= 6us)
1 RES Reserved

2 FT1[0]
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Parity bit

Table 54. Control register GD2CR1 (0x06) MSB

0 (R/IW) 0 (R/W) 0 (R/W) 0 (R/'W) 0 (R/W) 0 (R/IW) 0 (R/W) 0 (R/W)
SLEWC2[4] | SLEWC2[3] SLEWC2[2] SLEWC2[1] SLEWC2[0] DT2[3] DT2[2] DT2[1]
Gate charge current configuration bits Dead-time configuration bits

I ™

15 SLEWC2[4]

14 SLEWC2[3] Gate charge current configuration bits for the leg 2 in case INPMODE are set. These bits have no
effect if INPMODE is reset.

13 SLEWC2[2]
SLEWCZ2[4:0]=n sets gate charge current to n x IGMAX/31. Setting SLEWC2[4:0]=0 disables gate

12 SLEWC2[1] charge current control and enables gate charging through low impedance switches.
11 SLEWC2[0]
10 DT2[3] Dead-time configuration bits for the leg 2 in case INPMODE is set. These bits have no effect if
INPMODE is reset.
9 DT2[2]
0000=250ns
0001=500ns
0010=750ns
0011=1000ns
8 DT2M11  0100=1250ns

1110=3750ns
1111=4000ns

Table 55. Control register GD2CR1 (0x06) LSB

mmmmmmm

0 (R/W) 0(R) 0 (R) 0 (R/W) 0 (R/'W) 0 (R/'W) 0 (R/'W)
DT2[0] RES SLEWD2[4] SLEWD2[3] SLEWDZ2[2] SLEWD2[1] SLEWD2[0] P
Dead-time Reserved
configuration bit Gate discharge current configuration bits Parity bit
bit

o hene T i

Dead-time configuration control bit for the leg 2 in case INPMODE is set. This bit has no effect if

7 DT2[0] INPMODE is reset.

6 RES Reserved

5 SLEWD2[4]

4 SLEWDZ2[3] Gate discharge current configuration bits for the leg 2 in case INPMODE is set. These bits have
no effect if INPMODE is reset.

3 SLEWD2[2]
SLEWDZ2[4:0]=n sets gate discharge current to n x IGMAX/31. Setting SLEWD2[4:0]=0 disables

2 SLEWD2[1] ' gate discharge current control and enables gate discharging through low impedance switches.

1 SLEWD2[0]

0 P Parity bit
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Table 56. Control register GD2CR2 (0x07) MSB

0 (R) 0 (R) 0 (R) 0 (R/W) 0 (R/W) 0 (R/W) 0 (R)
RES RES RES RES DSMONZ2[2] DSMONZ2[1] DSMONZ2[0] RES
Reserved . . . o ) . . .
bit Reserved bit Reserved bit Reserved bit VDS monitoring threshold configuration bits = Reserved bit
T
15 RES
14 RES
Reserved
13 RES
12 RES

11 DSMONZ2[2] ' VDS monitoring threshold configuration control bits for the leg 2 in case INPMODE are set. These
bits have no effect if INPMODE is reset.
10 DSMONZ2[1]

000=0.075V
001=0.15V
010=0.25V
011=0.4V

9 DSMONZ2[0] | 400=0.6V
101=0.8V
110=1V
1M11=1.2V

8 RES

Table 57. Control register GD2CR2 (0x07) LSB

mmmmmm

0(RW) 0 (RW) 0 (RIW) 0 (RIW) 0 (RIW) 0 (R)
DSBT2[2] DSBT2[1] DSBT2[0] RES FT2[1] FT2[0] RES P

VDS monitoring blanking time . VDS monitoring filter time
) . . Reserved bit ) ; .
configuration bits configuration bits

S ™ R

Reserved bit Parity bit

7 DSBT22] \pg monitoring blanking time configuration control bits for the leg 2 in case INPMODE are set. These

6 DSBT2[1] | bits have no effect if INPMODE is reset.

5 DSBT2[0] Blanking time in ys = DSBT2[2:0] + 1 (min= 1 ps, max= 8 ps)

4 RES Reserved

3 FT2[1] VDS monitoring filtering time configuration control bits for the leg 2 in case INPMODE are set. These
bits have no effect if INPMODE is reset.

2 FT2[0] Filter time in ps = (FT2[1:0] + 1)*1.5 (min= 1.5 ps, max= 6 ps)

1 RES Reserved

0 P Parity bit

Table 58. Control register CSCR (0x08) MSB

0 (R) 0 (RIW) 0 (R/W) 0 (R) 0 (RIW) 0 (RIW)
RES GCSA1[1] = GCSA1[0] RES DCSA1 RES CSA100 RES
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Resl;ei:ved CSA1 gain selection bits = Reserved bit A CSA1 disable bit Reserved bit CSAT OLgirt)Ut offset Reserved bit
I S
15 RES Reserved
14 GCSA1[1]  CSA1 gain selection control bits.
00=10
01=20
13 GCSA1[0] 10250
11=100
12 RES Reserved
1 DCSA1  CSA1 disable control bit. If this control bit is set the CSA1 is disabled, otherwise it is enabled.
10 RES Reserved
9 CSA100 \C/g,:n output offset control bit. If this bit is reset, the output offset is set to VOO, otherwise it is set to
8 RES Reserved

Table 59. Control register CSCR (0x08) LSB

. T 0 = 20 O O =

0 (R) 0 (R/W) 0 (R/W) 0 (R) 0 (R/W) 0 (R/W)

RES GCSA2[1] = GCSA2[0] RES DCSA2 RES CSA200 P
Res;["ed CSA2 gain selection bits ~ Reserved bit = CSA2 disable bit = Reserved bit = Co"2 °‘;JtiFt’Ut Offset ' parity bit
e heme s

7 RES Reserved
6 GCSA2[1] CSAZ2 gain selection control bits.
00=10
01=20
5 GCSA2[0] 10250
11=100
4 RES Reserved
3 DCSA2 | CSAZ2 disable control bit. If this control bit is set the CSA2 is disabled, otherwise it is enabled.
2 RES Reserved
1 CSA200 \c/:gﬁz output offset control bit. If this bit is reset, the output offset is set to VOO, otherwise it is set to
0 P Parity bit

Table 60. Diagnostic control register DIAGCR (0x09) MSB

0 (RIW) 0 (RIW) 0 (R/W) 0 (RIW) 0 (RIW) 0 (R/W) 0 (R/W)
DGVDHOVE DGVDHUVE DGVSOVWE = DGVDDOVE = DGTWE DGTSDE = DGFSINE = DGNRDYE

Diagnostic Diagnostic

output output Diagnostic Diagnostic Diagnostic Diagnostic Diagnostic Diagnostic
P P output VSOVW | output VDDOV = output TW | output TSD = output FSIN = output NRDY
VDHOV VDHUV - . . . . -
. . enable bit enable bit enable bit enable bit enable bit enable bit
enable bit enable bit
DS14069 - Rev 4 page 59/77
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N

Diagnostic output VDHOV enable control bit. Setting this bit enables VDHOV status flag to be
mapped on diagnostic output pin (DIAGN).

DGVDHOVE

Diagnostic output VDHUV enable control bit. Setting this bit enables VDHUV status flag to be

14 DGVDHUVE mapped on diagnostic output pin (DIAGN).
13 DGVSOVWE Diagnostic ogtput VSpVW enaple control bit. Setting this bit enables VSOVW status flag to be
mapped on diagnostic output pin (DIAGN).
12 DGVDDOVE Diagnostic oqtput VQDOV enaple control bit. Setting this bit enables VDDOV status flag to be
mapped on diagnostic output pin (DIAGN).
Diagnostic output TW enable control bit. Setting this bit enables TW status flag to be mapped
11 DGTWE f . .
on diagnostic output pin (DIAGN).
Diagnostic output TSD enable control bit. Setting this bit enables TSD status flag to be mapped
10 DGTSDE . . ;
on diagnostic output pin (DIAGN).
Diagnostic output FSIN enable control bit. Setting this bit enables FSIN status bit to be mapped
9 DGFSINE A : .
on diagnostic output pin (DIAGN).
8 DGNRDYE Diagnostic output NRDY enable control bit. Setting this bit enables NRDY status bit to be

mapped on diagnostic output pin (DIAGN).

Table 61. Diagnostic control register DIAGCR (0x09) LSB

mmmmmm

0 (R/W) 0 (R/W) 0 (R/W) 0 (R/W) 0 (RIW) 0 (R/'W) 0(R)
DGCPLOWE = DGWDGFE DGDIOOVE DGDS1E DGSPIEE DGDS2E RES P
Diaanostic Diagnostic Diagnostic
ogt ut Diagnostic Diagnostic output leg 1 Diagnostic output leg 2
CPL%W output WDGF | output DIOOV drain-source output SPIE drain-source | Reserved bit Parity bit
. enable bit enable bit monitoring enable bit monitoring
enable bit ) .
enable bit enable bit

I ™ S

Diagnostic output CPLOW enable control bit. Setting this bit enables CPLOW status flag/bit to

7 DGCPLOWE be mapped on diagnostic output pin (DIAGN).
Diagnostic output WDGF enable control bit. Setting this bit enables WDGF status flag to be
6 DGWDGFE ) - )
mapped on diagnostic output pin (DIAGN).
Diagnostic output DIOOV enable control bit. Setting this bit enables DIOOV status flag to be
5 DGDIOOVE ) ) )
mapped on diagnostic output pin (DIAGN).
4 DGDS1E Diagnostic output DS1 enable control bit. Setting this bit enables DSHS1 and DSLS1 status
flags to be mapped on diagnostic output pin (DIAGN).
Diagnostic output SPIE enable control bit. Setting this bit enables SPIE global status byte bit to
3 DGSPIEE . . )
be mapped on diagnostic output pin (DIAGN).
2 DGDS2E Diagnostic output DS2 enable control bit. Setting this bit enables DSHS2 and DSLS2 status
flags to be mapped on diagnostic output pin (DIAGN).
1 RES Reserved
0 P Parity bit
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Table 62. Watchdog trigger/disable register WDGTRDIS (0x0A) MSB

Register write access

WDGTRDIS[14] WDGTRDIS[13] WDGTRDIS[12] WDGTRDIS[11] WDGTRDIS[10] HWDGTRDIS[9] | WDGTRDIS[8] WDGTRDIS[7]

Watchdog trigger/disable bits

I S ™

15 WDGTRDIS[14] The register can be used either to disable the watchdog or to trigger the watchdog

14 WDGTRDIS[13] Watchdog trigger/disable bits. In order to trigger the watchdog all the register bits must toggle
within the watchdog open window. The first trigger word must be 5555h, this value puts an end to

13 WDGTRDIS[12] the watchdog long open window and turn the watchdog in window mode. The following trigger

12 WDGTRDIS[11] values must be 2AAAh, 5555h, 2AAAh and so on.

1 WDGTRDIS[10] To disable the watchdog, the microcontroller has to send a specific key, consisting in two
consecutive words, corresponding to two consecutive valid SPI transfers (without any other SPI

10 WDGTRDIS[9] transfer between the two of them), during any watchdog long open window. The keys to disable
the watchdog are 2F6Bh (first key word) and 1097h (second key word). The two words key has to

9 WDGTRDIS[8] be sent in the right order, otherwise the watchdog will not be disabled, and a watchdog fault will

be generated.
First trigger bits value (5555h): 101010101010101b

8 WDGTRDIS[7] Second trigger bits value (2AAAh): 010101010101010b
First part of the disable key (2F6Bh): 010111101101011b
Second part of the disable key (1097h): 001000010010111b

Table 63. Watchdog trigger/disable register WDGTRDIS (0x0A) LSB

T O A

Register write access
WDGTRDIS[6] WDGTRDIS[5] WDGTRDIS[4] WDGTRDIS[3] WDGTRDIS[2] WDGTRDIS[1] WDGTRDIS|0] P
Watchdog trigger/disable bits Parity bit

e hame | e

WDGTRDIS[6] | The register can be used either to disable the watchdog or to trigger the watchdog

WDGTRDIS[5]  Watchdog trigger/disable bits. In order to trigger the watchdog all the register bits must toggle within the
watchdog open window. The first trigger word must be 5555h, this value puts an end to the watchdog turn
WDGTRDIS[4] | open window and turn the watchdog in window mode. The following trigger values must be 2AAAh, 5555h,

WDGTRDIS[3] 2AAAh and so on.

WDGTRDIS[2] In order to disable the watchdog, the microcontroller has to send a specific key, consisting in two consecutive
words, corresponding to two consecutive valid SPI transfers (without any other SPI transfer between the two

WDGTRDIS[1] | of them), during any watchdog long open window. The keys to disable the watchdog are 2F6Bh (first key
word) and 1097h (second key word). The two words key has to be sent in the right order, otherwise the
watchdog will not be disabled and a watchdog fault will be generated.

First trigger bits value (5555h): 101010101010101b
1 WDGTRDIS[0]  Second trigger bits value (2AAAh): 010101010101010b
First part of the disable key (2F6Bh): 010111101101011b
Second part of the disable key (1097h): 001000010010111b
0 P Parity bit

N WA 0O N

Table 64. Watchdog trigger/disable register WDGTRDIS (0x0A) MSB

CEe TEe [TEe [ [ En [ s [ Ee e

Register Read Access

0(R) 0(R) 0(R) 0 (R) 0(R) 0(R) 0(R) 0 (R)
RES RES RES RES RES RES RES RES
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Reserved bit Reserved bit Reserved bit Reserved bit Reserved bit Reserved bit Reserved bit Reserved bit
I
15 RES
14 RES
13 RES
12 RES
Reserved
1 RES
10 RES
9 RES
8 RES

Table 65. Watchdog trigger/disable register WDGTRDIS (0x0A) LSB

fasw [mee [oEe [ me [ me om0 EC [

Register read access

0(R) 0(R) 0(R) 0(R) 0 (R) 0 (R) 0(R)

RES RES RES WDGSTATUS WDGINF2] WDGINF[1] WDGINFI[O0] P
Restt)ai:ved Reserved bit = Reserved bit Watchdog status bit Watchdog information bits Parity bit
e ame  omem

7 RES
6 RES Reserved
5 RES

Watchdog status bit. This bit is set if the watchdog has been successfully disabled. This bit is reset if the watchdog

4 WDGSTATUS .
is enabled.

3 WDGINF[2] ' Watchdog information bits. These bits represent the three least significant bits of the latest write command
performed on the same register. For example, they will return "101" after first trigger WDGTRDIS[15:1]=5555h,
WDGINF[1] ' then "010" after second trigger WDGR[15:1]=2AAAh.

It will return ""111" after writing the second key WDGR[15:1]=1097h. Since no other SPI transfer should fall

1 WDGINF[0] between the two words that form the key during the procedure to disable the watchdog, "011" shall not be read
after first part of the key write command WDGR[15:1]=2F6Bh, otherwise the disabling procedure will be aborted
generating a watchdog fault.

0 P Parity bit

N

Table 66. Reserved bits RESVDO (0x0B) MSB

0 (R/W) 0 (R/W) 0 (RIW) 0 (RIW) 0 (R/W) 0 (RIW) 0 (RIW) 0 (RIW)
RES RW 14 RES RW 13 RES RW 12 RES RW 11 RESRW 10 @ RES RW 9 = RESRW 8 = RES RW. 7

Reserved bit Reserved bit Reserved bit Reserved bit Reserved bit Reserved bit Reserved bit Reserved bit
e me e
15 RES_RW_14
14 RES_RW_13
13 RES_RW_12 | Reserved
12 RES_RW_11
11 RES_RW_10
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RES_RW_9
9 RES_RW_8 Reserved
8 RES_RW_7

Table 67. Reserved bits RESVDO (0x0B) LSB

mmmm““m

0 (R/W) 0 (R/W) 0 (R/W) 0 (R/W) 0 (R/W) 0 (R/W) 0 (R/W)
RES_RW_6 RES_RW_5 RES_RW 4 RES_RW_3 RES_RW_2 SLEW?2 SLEWA1 P
Reserved bit  Reserved bit Reserved bit Reserved bit Reserved bit Soctrﬁzrintﬂrsei;]:o?gte Soctrﬁzrintﬂrzizﬁo?gte Parity bit
e mme e
7 RES_RW_6
6 RES_RW_5
5 RES_RW_4 Reserved
4 RES_RW_3
3 RES_RW_2
2 SLEW2 Source and sink gate current threshold configuration for HS and LS in current mode
00 => Higher threshold for source and sink current (typ 170 mA)
! SLEW 11 => Lower threshold for source and sink current (typ 85 mA)
0 P Parity bit

Table 68. Reserved bits RESVDI (0x0C) MSB

0 (R) 0 (R) 0(R) 0(R) 0 (R) 0 (R) 0 (R) 0(R)
RES RES RES RES RES RES RES RES_RO_7
Reserved bit Reserved bit Reserved bit Reserved bit Reserved bit Reserved bit Reserved bit Reserved bit
I ™
15 RES
14 RES
13 RES
12 RES
Reserved
11 RES
10 RES
9 RES
8 RES_RO_7

Table 69. Reserved bits RESVDI (0x0C) LSB

Ew [ome [Es oms [me [ me [omd | Ee

0(R) 0(R) 0(R) 0(R) 0(R) 0(R) 0(R)
RES_RO_6 RES_RO_5 RES_RO_4 RES_RO_3 RES_RO_2 RES_RO_1 RES_RO_0 P
Reserved bit Reserved bit Reserved bit Reserved bit Reserved bit Reserved bit Reserved bit Parity bit
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aw [ Ee [me [ me e [ome [ mi e
m e [ o
RES_RO_6

RES_RO 5

RES_RO_4

RES_RO_3 Reserved

RES_RO_2

RES_RO_1

1 RES_RO_0O

0 P Parity bit

N WA OO N
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7 Package information

In order 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.
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71 QFN32L 5x5 mm package information

Figure 26. QFN32L 5x5 mm package outline
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Table 70. QFN32L 5x5 mechanical data

] e e ]

A 0.80 0.90 1.00
A1 0 0.05
A2 0.2 REF

A3 0.1

D 5.00 BSC

D2 VARIATIONS

E 5.00 BSC

E2 VARIATIONS

el 0.5BSC

k 0.20

L1 0.05
La 0.40 0.50 0.60
bA 0.20 0.25 0.30
h 0.19 REF

h1 0.19 REF

LB 0.45 0.5 0.55
bB 0.20 0.25 0.30
N 32
R1 0.1

Table 71. Tolerance of form and position

aaa 0.15
bbb 0.10
cce 0.10
ddd 0.05
eee 0.08
fff 0.10

Table 72. Variations of form and position

D2 3.40 3.50 3.60
E2 3.40 3.50 3.60
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7.2 TQFP32L 7x7 mm package information

Figure 27. TQFP32L 7x7 mm package outline
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Table 73. TQFP32L 7x7 mm mechanical data

[0) 0° 3.5° 7°
1 0°

$2 10° 12° 14°
$3 10° 12° 14°
A 1.20
A1 0.05 0.15
A2 0.95 1.00 1.05
b 0.30 0.37 0.45
b1 0.30 0.35 0.40
c 0.09 0.20
c1 0.09 0.16
D 9.00 BSC

D1 7.00 BSC

D2 VARIATIONS

D3 VARIATIONS

e 0.80 BSC

E 9.00 BSC

E1 7.00 BSC

E2 VARIATIONS
E3 VARIATIONS

L 0.45 0.60 0.75
L1 1.00 REF

N 32
R1 0.08
R2 0.08 0.20
S 0.20

Table 74. Tolerance of form and position

aaa 0.20
bbb 0.20
cce 0.10
ddd 0.10
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Table 75. Variations of form and position

D2 5.37
E2 5.37
5.0x5.0 (T1)
D3 3.40
E3 3.40

Figure 28. TQFP32L 7x7 mm footprint
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Table 76. Document revision history

04-Oct-2022 1 Initial release.

Updated Table 24. Supply, supply monitoring, Table 27. Full-bridge driver,
Table 32. Input: ENABLE and Table 34. Watchdog. Updated Figure 20. SPI
24-Feb-2023 2 input timing and Figure 21. SPI output timing.

Minor text changes.
Updated Section Features and Table 27. Full-bridge driver.
Package changed to TQFP32 7x7. The document has been updated

04-May-2023 3 -
accordingly.
Minor text changes.
Added device in QFN32L.
03-Jul-2023 4
Document updated accordingly.
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