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MOTIX™ three-phase smart gate driver

Features
+ Three-phase smart gate driver @

- 5.5V to 70V recommended operating voltage 5
- 1.5Asink /1.5 A source peak gate driver currents, with SPI programmable independent

high-side/low-side slew rate control
- Programmable driving voltage (7V, 10V, 12V, 15 V)
- Support 1PWM, 3PWM or 6PWM inputs up to 200 kHz
+ 600 mA synchronous buck converter, 300 mA LDO (3.3 V or 5 V), and dual charge pumps
» Three current sense amplifiers with adjustable gain and offset, for shunt resistor or Rpson sensing
+ ADC for signal monitoring

» Protections with VDS sensors, OCPs, UVLOs, OVLOs, OTW, OTS, watchdog timers, locked rotor
detection, and so on

+ Thermally enhanced 48-pin VQFN package

Potential applications

+ Battery powered power tools and gardening tools

« Robotic lawn mowers

« Electric bicycles

+ Robotics, RC toys, consumer drones and multicopters
« Pumps and fans

+ Other three-phase BLDC and PMSM motors

Product validation
Fully qualified according to JEDEC for industrial applications.

Description

6EDL7151 is a gate driver IC for three-phase BLDC or PMSM motor drive applications. It provides three half-bridge drivers, each
capable of driving a high-side and low-side N-type MOSFET.

The gate driver is also provided with programmable dead time delays for preventing current shoot through between high-side
and low-side switches in normal operation. Separate charge pumps for low- and high-side gate drivers support 100% duty cycle
and low voltage supply operation. Supplies for the gate drivers are programmable to one of the following levels: 7V, 10V, 12V or
15 V. Additionally, the slew rate of the driving signal can be programmed with fine granularity to reduce EMI emissions.

An integrated synchronous buck converter provides an efficient supply of current to the rest of the system. However, power tool
systems require high precision current measurements, involving a very precise ADC reference voltage. For that purpose,
6EDL7151 uses a linear voltage regulator (up to 300 mA), powered by the buck converter to supply the MCU and other sensitive
components in the system. With this advanced power supply architecture, not only the best possible signal quality is achieved,
but also the power efficiency is optimized at any input and output condition.

6EDL7151 includes three current sense amplifiers for accurate current measurements that support bidirectional low-side current
sensing with programmable gain. Rpson Sensing is supported through the internal connection of the phase nodes to the current
sense amplifier inputs. Temperature compensation if needed shall be provided by the user application. Outputs of current sense
amplifiers support both 3.3V and 5V allowing most commercial controllers to be compatible. Low noise, low settling times and
high accuracy are the main features of the integrated operational amplifiers. An internal buffer can be used to offset the sense
amplifier outputs for optimizing the dynamic range.

The device provides numerous protection features such as highly programmable VDS sensors for inverter MOSFET protection,
external brake with programmable braking response, overcurrent protection (OCP) on current sense amplifiers, overcurrent
protection (OCP) for buck converter and DVDD linear regulator, undervoltage lockouts (UVLO) for internal and external supplies,
overvoltage fault (OVLO) reporting for buck converter and DVDD linear regulator, overtemperature warning and shutdown (OTW
and OTS) with independent supply system temperature sensor, and programmable watchdog timers. These features are to
monitor the power supply voltages, system parameters, as well as Vpg voltages of external power MOSFETs to improve the
application robustness during adverse conditions. The failure behavior, threshold voltages, and filter times of the supervisions of
the device are adjustable via SPI. Monitored aspects include inverter currents, gate drive voltages and currents, device
temperature, and rotor locked. When a fault occurs, the device stops driving and pulls the nFAULT pin low, to prevent system
damage or other possible malfunction. This signal can be connected to a microcontroller to inform the processor that a fault has
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Description

happened. The microcontroller can request more information on the fault via SPl commands. The integrated SPI interface can be
used to configure 6EDL7151 for the application. The SPI provides both detailed fault reporting and flexible parameter settings
such as gain of the current sense amplifiers, slew rate control of the gate drivers, various protection features or gate driver
voltage.
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1 Pin configuration and functionality

1.1 Pin configuration
In Figure 1, the pinout of the 6EDL7151 is presented.
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Figure 1

1.2

Pin configuration

Pin definitions and functions

Table 1 describes the characteristics and functionalities assigned to different pins of the 6EDL7151 device.
I: Input, O: Output, I0: Input and/or Output, D: Digital, A: Analog, AD: Analog and/or Digital, P: Power, G: Ground.

Table 1 Pin definition

Pin No. Pin name |10 Type Description

1 nSCS I D Chip select for SPI. Active low.
2 SCLK [ D SPI clock signal.

(table continues...)
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1 Pin configuration and functionality

Table 1 (continued) Pin definition

Pin No. Pin name |10 Type Description

3 SDO 0 D SPI data output signal.

4 SDI [ D SPI data input signal.

5 nFAULT 0 D When low indicates that a fault has occurred; open drain. Connect

external pull-up to MCU power supply.

6 INHA I D PWM input signal for channel A high-side. PWM input for 1PWM
modes. Connect to DGND if not used.

7 INLA [ D PWM input signal for channel A low-side.
Input of Hall sensor A in 1PWM modes. Connect to DGND if not used.

8 INHB I D PWM input signal for channel B high-side. Connect to DGND if not
used.

9 INLB [ D PWM input signal for channel B low-side.

Input of Hall sensor B in 1PWM modes. Connect to DGND if not used.

10 INHC [ D PWM input signal for channel C high-side.
DIR signal for IPWM modes. Connect to DGND if not used.

11 INLC [ D PWM input signal for channel C low-side.

Input of Hall sensor C in 1IPWM modes. Connect to DGND if not used.

12 CS_GAIN/ |1 A Analog programming for the current sense amplifier gain.

AZ Dual function as auto-zero: input to control the external auto-zero
function.

13 VSENSE/ || A/D Analog programming of DVDD output voltage during start-up.

nBRAKE Connect a pull-down resistor Rsgyse to select DVDD voltage:
RSENSE <3.3kQ=>DVDD=3.3V
RSENSE = lO kQ =>DVDD = 5 V
After start-up, the pin is in nBRAKE mode: used for motor braking.
Active low.

14 DVDD - P Supply for external MCU, Hall sensors, and so on. Voltage is
generated by an integrated linear regulator and defined by VSENSE
pin or SPI.

15 PVDD - P Power supply of the device.

16 PH - P Buck phase node voltage. Connect to output inductor.

17 PGND - G Power ground used for buck converter, charge pumps, and gate
drivers.

18 vDDB - P Buck output voltage. Connect capacitor between VDDB and PGND.

19 CP1L - P Bottom connection of the charge pump flying capacitor 1.

20 CP1H - P Top connection of the charge pump flying capacitor 1.

21 CP2L - P Bottom connection of the charge pump flying capacitor 2.

22 CP2H - P Top connection of the charge pump flying capacitor 2.

(table continues...)
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Table 1 (continued) Pin definition

Pin No. Pin name |10 Type Description

23 VCCLS - P Output of low-side charge pump. Connect a capacitor from VCCLS to
PGND.

24 VCCHS - P Output of high-side charge pump. Connect a capacitor from VCCHS

to PVDD or PGND.

25 GHC 0 A High-side gate driving signal for phase C. Not connected or
connected to PVDD if not used.

26 SHC 10 A High-side source connection (phase node) for phase C.

Positive input of current sense amplifier C for Rpgon Sensing. Not
connected if not used.

27 N.C. - - Not connected.
28 GLC 0 A Low-side gate driving signal for phase C. Not connected if not used
29 SLC 10 A Low-side source connection for phase C.

Positive input of current sense amplifier C for shunt resistor sensing.
Short to PGND if not used.

30 CSNC [ A Current sense amplifier negative input for phase C. Short to PGND or
DGND if not used.

31 CSNB I A Current sense amplifier negative input for phase B. Short to PGND or
DGND if not used

32 SLB 10 A Low-side source connection for phase B.

Positive input of current sense amplifier B for shunt resistor sensing.
Short to PGND if not used.

33 GLB 0 A Low-side gate driving signal for phase B. Not connected if not used.
34 N.C. - - Not connected.
35 SHB 10 A High-side source connection (phase node) for phase B.

Positive input of current sense amplifier B for Rpson Sensing. Not
connected if not used.

36 GHB 0 A High-side gate driving signal for phase B. Not connected or
connected to PVDD if not used.

37 VDRAIN |1 A High-side drain, the common sense pin for high-side VDS sensors

38 GHA 0 A High-side gate driving signal for phase A. Not connected or

connected to PVDD if not used.

39 SHA 10 A High-side source connection (phase node) for phase A.

Positive input of current sense amplifier A for Rpson Sensing. Not
connected if not used.

40 N.C. - - Not connected.

41 GLA 0 A Low-side gate driving signal for phase A. Not connected if not used.
(table continues...)
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1 Pin configuration and functionality

Table 1 (continued) Pin definition

Pin No. Pin name |10 Type Description

42 SLA 10 A Low-side source connection for phase A
Positive input of current sense amplifier A for shunt resistor sensing.
Short to PGND if not used.

43 CSNA I A Current sense amplifier negative input for phase A. Short to PGND or
DGND if not used.

44 CSOA 0 A Current sense amplifier output for phase A. Not connected if not
used.

45 CSOB 0 A Current sense amplifier output for phase B. Not connected if not
used.

46 CSoC 0 A Current sense amplifier output for phase C. Not connected if not
used.

47 CE I A Chip enable. Starts up the device upon the rising edge.

48 EN_DRV || D Enables the gate driver section and internal circuitry based on the
configuration. Can be configured as a watchdog clock. Internal pull-
down.

- Ground |- G Ground connection for digital section. Solder to PCB (Printed circuit

pad board).
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3 Functional description

3 Functional description

3.1 PWM modes

6EDL7151 offers four different PWM modes and a subvariant to address different MCU needs. The first mode is 6PWM
and drives the gate driver in a classic way by using six PWM signals from the MCU. 6EDL7151 implements additionally
three other modes, where it applies intelligence to simplify the PWM generation on the microcontroller side. Together
with integrated protection features it results in a highly robust and faster development for drive applications. An
intelligent dead time unit ensures that no shoot-through happens at any condition. A highly configurable braking
mode provides a safe reaction to motor or system events.

6EDL7151 supports the following PWM modes that can be selected via the bitfield PWM_MODE:

1 6PWM

2, 3PWM

3. 1PWM and commutation pattern

4 1PWM with Hall sensor commutation

5 1PWM with Hall sensor commutation and alternating recirculation

The following subsections provide further details for each of these PWM modes and sub-modes.

Note: It is possible to use only one or two phases instead of all three phases, for example in a full bridge
configuration. For such cases, it is recommended to keep INHx and INLx signals of the unused phases
shorted to DGND and the corresponding GHx, GLx, SHx and SLx signals open.

3.1.1 PWM with six independent inputs - 6PWM

If PWM_MODE is set to b000, then 6EDL7151 is configured for six independent PWM inputs. In this mode, the
microcontroller (MCU) provides three pairs of complementary PWM signals with dead time between high-side and
low-side PWM. For safety reasons, a minimum dead time is observed by 6EDL7151 to prevent strong shoot-through
conditions.

VSENSE/nBRAKE pin can be used to brake the motor in a controlled manner. See Chapter 3.1.6 for more information
on PWM braking modes.

Table 2 shows the truth table for 6PWM mode while Figure 3 shows a system diagram for this mode.

Table 2 Truth table for 6PWM mode

INHx INLx VSENSE/nBRAKE | GHx GLx SHx

1 1 1 LOW LOW High-Z

1 0 HIGH LOW HIGH

0 1 1 LOW HIGH LOW

0 0 1 LOW LOW High-Z

X X 0 Brake cfg. Brake cfg. Brake cfg.
Note: X means any level.

Note: The brake function can be configured to switch on all low-side MOSFETSs, all high-side MOSFETs, alternate

between these two options, or set all outputs to high-Z.
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MCU 6PWM mode
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Figure 3 6PWM mode scheme

3.1.2 PWM with three independent inputs - 3PWM

The 6EDL7151 can be configured to 3PWM mode by setting the PWM_MODE bitfield to b001. In such a case, only one
input PWM signal (high-side) per phase is necessary. The 6EDL7151 automatically generates the low-side signals
according to Table 3 and inserts a configurable dead time. The dead time is independently programmable for high to
low (fall of phase node voltage) and low to high (rise of phase voltage) transitions through the bitfields DT_RISE and
DT_FALL.

INLx signals can be ignored in this mode.

The VSENSE/nBRAKE pin may be used for braking the motor. See Chapter 3.1.6 for more information on braking
modes. Figure 4 depicts a system diagram for this PWM mode.

Table 3 Truth table for 3PWM mode

INHx INLx VSENSE/nBRAKE | GHx GLx SHx

1 0 1 HIGH LOW HIGH

0 0 1 LOW HIGH LOW

X 1 1 LOW LOW High-Z

X X 0 Brake cfg. Brake cfg. Brake cfg.
Note: X means any level.

Note: The brake function can be configured to switch on all low-side MOSFETSs, all high-side MOSFETs, alternate

between these two options, or set all outputs to high-Z.
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MCU 3PWM mode
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Figure 4 3PWM mode scheme

3.1.3 PWM with one input and commutation pattern - 1PWM

When PWM_MODE is set to b010, 6EDL7151 is configured to LPWM mode. In this case, the duty cycle and frequency of
signal INHA is used to determine the duty cycle (or amplitude) and the frequency of the PWM outputs generated by
6EDL7151. The rest of the inputs are captured to decide the commutation pattern or state of the outputs. INHC signal
can be used to implement 12-step trapezoidal commutation (also called block commutation). Dead time is
automatically inserted according to programmed values in the bitfields DT_RISE and DT_FALL.

Figure 5 shows a system diagram of 1PWM mode.
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—> GLA
GPIO INLA (STATEO)
Dead ’ GHB
GPIO INHB (STATE1) time EI; )
insertion > GLB
GPIO INLB (STATE2)
—> GHC |
INHC (12-step) E
GPIO [1 optional % [] GLC :> :
INLC (not used) :
GPIO VSENSE / nBRAKE Current |
sensing |
N0 ol T Y SRy Sy ——— YRR | R g -1 -
Optional

position sensor

Pos. sensing

Figure 5 1PWM mode scheme

Additionally, the user has the option to select between two main commutation schemes programmable via the
register bitfield PWM_FREEW_CFG:
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+ Diode freewheeling - bitfield PWM_FREEW_CFG = b1: In this case, the freewheeling current flows through the
low-side MOSFET body diodes. The truth table for this mode is shown in Table 4.
+ Active freewheeling - bitfield PWM_FREEW_CFG = b0: In this case, the low-side MOSFETSs are switched

synchronously to reduce conduction losses on the body diode conduction. The truth table for this mode is
shown in Table 5.

Table 4 Truth table for 1PWM mode with diode freewheeling
State INLA, |INHC |VSENS |[GHA GLA GHB GLB GHC GLC SHA SHB SHC
INHB, E/
INLB, nBRAK
E
AB 011 0 1 PWM LOW LOW HIGH LOW LOW HIGH LOW -
AB_CB |010 1 1 PWM Low Low HIGH PWM LOW HIGH Low HIGH
CB 010 0 1 LOW LOW LOW HIGH PWM LOw - LOW HIGH
CB_CA |110 1 1 Low HIGH Low HIGH PWM Low LOW Low HIGH
CA 110 0 1 LOW HIGH LOW LOW PWM LOW LOW - HIGH
CA_BA |100 1 1 LOW HIGH PWM Low PWM LOW Low HIGH HIGH
BA 100 0 1 LOW HIGH PWM LOW LOW LOW LOW HIGH -
BA_BC |101 1 1 Low HIGH PWM Low Low HIGH Low HIGH Low
BC 101 0 1 LOwW LOW PWM LOW LOW HIGH - HIGH LOW
BC_AC |o001 1 1 PWM LOwW PWM Low Low HIGH HIGH HIGH Low
AC 001 0 1 PWM LOW LOW LOW LOW HIGH HIGH |- LOW
AC_AB |011 1 1 PWM Low LOW HIGH LOwW HIGH HIGH LOW LOW
Align 111 X 1 PWM LOW LOW HIGH LOW HIGH HIGH LOW LOW
Stop 000 X 1 LOW LOW LOW LOW LOW LOW - - -
Brake | XXX X 0 Brake |Brake |Brake |Brake |Brake |Brake |Brake |Brake |Brake
cfg. cfg. cfg. cfg. cfg. cfg. cfg. cfg. cfg.
Note: X means any level.
Note: SHx HIGH means that the SHx pin is switching between GND and the DC bus voltage or battery voltage
cOJi_c’__ording to PWM signals. *-‘ represents a floating state, meaning both high-side and low-side MOSFETs are
Note: The brake function can be configured to switch on all low-side MOSFETSs, all high-side MOSFETs, alternate

between these two options or set all outputs to high-Z.

Table 5 Truth table for 1PWM mode with active freewheeling
State INLA, |INHC |VSENS |GHA GLA GHB GLB GHC GLC SHA SHB SHC
INHB, E/
INLB, nBRAK
E
AB 011 0 1 PWM |IPWM |LOW HIGH |LOW LOW HIGH |LOW -

(table continues...)

Datasheet 15 Rev. 1.0
2024-05-28



6EDL7151 iﬁn eon

3 Functional description

Table 5 (continued) Truth table for 1IPWM mode with active freewheeling
State INLA, |INHC |VSENS |GHA GLA GHB GLB GHC GLC SHA SHB SHC
INHB, E/
INLB, nBRAK
E
AB_CB |010 1 1 PWM IPWM | LOW HIGH PWM IPWM | HIGH LOW HIGH
CB 010 0 1 LOW LOW LOW HIGH PWM IPWM |- LOW HIGH
CB_CA |110 1 1 LOW HIGH LOW HIGH PWM IPWM | LOW LOW HIGH
CA 110 0 1 LOwW HIGH LOwW LOW PWM IPWM | LOW - HIGH
CA_BA 100 1 1 LOW HIGH |PWM |IPWM |PWM [IPWM |LOW HIGH |HIGH
BA 100 0 1 LOW HIGH PWM IPWM | LOW LOW LOW HIGH -
BA_BC |101 1 1 LOW HIGH PWM IPWM | LOW HIGH LOW HIGH LOW
BC 101 0 1 LOW LOW PWM IPWM | LOW HIGH - HIGH LOW
BC_AC o001 1 1 PWM IPWM | PWM 'PWM | LOW HIGH HIGH HIGH LOW
AC 001 0 1 PWM IPWM | LOW LOW LOW HIGH HIGH - LOW
AC_AB |011 1 1 PWM |IPWM |LOW HIGH |LOW HIGH |HIGH |LOW LOW
Align 111 X 1 PWM IPWM | LOW HIGH LOW HIGH HIGH LOW LOW
Stop 000 X 1 LOW LOW LOW LOW LOW LOW - - -
Brake | XXX X 0 Brake |Brake |Brake |Brake |Brake |Brake |Brake |Brake |Brake
cfg. cfg cfg cfg. cfg. cfg. cfg. cfg. cfg.
Note: X means any level.
Note: SHx HIGH means that SHx pin is switching between GND and the DC bus voltage or battery voltage. -‘is

floating state, meaning both high-side and low-side MOSFETs are OFF.

Note: The brake function can be configured to switch on all low-side MOSFETSs, all high-side MOSFETs, alternate
between these two options or set all outputs to high-Z.

3.1.3.1 12-step trapezoidal commutation

Input INHC can be optionally used to create a 12-step trapezoidal commutation. This method energizes two or three
phases at the same time in contrast to a typical 6-step trapezoidal commutation where only two phases are energized
at any time. In the 12-step trapezoidal commutation, torque ripple is improved and the angle created between stator
and rotor flux vectors can be controlled within 30° (electrical angle, the same below) accuracy instead of 60° in 6-step
trapezoidal commutation. This method improves motor efficiency and torque ripple, however it requires additional
position information. This information can be processed by a microcontroller to produce the signals INHA, INLA,
INHB, INLB and INHC according to Table 4 or Table 5. As can be seen, from a system perspective, the INHC signal must
toggle at every 30° rotation.

In case the INHC signal is not toggled, the device applies the commutation as shown in to Table 4 or Table 5.

As an example, if INHC is left low, a classic 6-step trapezoidal commutation pattern are produced. In case INHC is
pulled high, the pattern shows a 30° advance with respect to a standard 6-step trapezoidal commutation. The user
can use these variants or toggle the INHC pin every 30° of rotation to create a 12-step commutation pattern.

VSENSE/nBRAKE pin can be used for braking the motor. See Chapter 3.1.6 for more information on braking modes.
Below is a summary of inputs and output functionalities:
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« INHA-PWM input, defines PWM output duty cycle and frequency
+ INLA, INHB, INLB - Provide timing for modulation pattern changes

« INHC - Signalizes 12-step commutation by toggling every 30°, otherwise keep it low (or high) for 6-step
commutation

« INLC-Thisinputisignored in this mode. It is recommended to pull it low

+  VSENSE/ nBRAKE signal - When active, 6EDL7151 forces the motor to brake

+  GHA, GLA, GHB, GLB, GHC, GLC - Complementary PWM output signals

Table 4 shows the possible states for LPWM mode with diode freewheeling while Table 5 for active freewheeling.

3.1.4 PWM with one input and commutation with Hall sensor inputs - 1PWM with
Hall sensors

6EDL7151 integrates three Hall comparators (Chapter 3.8) to detect the pattern of movement in the motor. This can
be used for rotor-locked detection but can also be utilized to drive the PWM commutation pattern automatically
allowing a simplified PWM pattern in the MCU. This will enable cost sensitive applications where a low-end
controller or some type of simpler circuitry is used basically to create a clock signal for INHA input.

To enable this mode, the PWM_MODE bitfield needs to be configured to value b011. The truth table presented in Table
6 dictates the commutation pattern. In this mode, 6EDL7151 together with Hall sensor inputs decides the switching
pattern of the PWM output signals. The duty cycle and frequency of the output signals is determined by INHA duty
cycle and frequency. Dead time is inserted automatically according to programmed values in DT_RISE and DT_FALL.
Figure 6 shows a schematic diagram of 1PWM mode with Hall sensors.

In a similar way as in Chapter 3.1.3, the user has the option to select between two main commutation schemes
programmable via the bitfield PWM_FREEW_CFG in the PWM_CFG register: diode and active freewheeling. No truth
table is shown for diode mode. This can be constructed by substituting “!PWM?” cells in Table 6 with “LOW”.

Similarly to other PWM modes, VSENSE/nBRAKE pin can be used for braking the motor. See Chapter 3.1.6 for more
information on braking modes.

MCU or 1PWM mode
simpler with Hall sensors
circuitry
GHA
PWM timer [ '(';m/l Ny —> E
—>
INLA (HA) GLA
GHB
Dead
INHB A S E :‘>
insertion >
INLB (HB) GLB
GHC
GPIO [ INHC (DIR) —> S :> Hall
—> I'[ sensors
INLC (HC) GLC 1
[
GPIO L VSENSE / nBRAKE I
Current |
ADC [I]— MMM Q sensing |
Figure 6 1PWM mode with Hall sensors, self-controlled pattern switching
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Table 6 Truth table for 1PWM with Hall sensors, active freewheeling
INLx INHC VSENSE | GHA GLA GHB GLB GHC GLC SHA SHB SHC
[A,B,C] |(DIR) |/
nBRAK
E
101 1 1 PWM IPWM LOW LOW LOW HIGH HIGH - LOW
100 1 1 LOW LOW PWM IPWM LOW HIGH - HIGH LOW
110 1 1 LOW HIGH PWM IPWM LOW LOW LOW HIGH -
010 1 1 LOW HIGH LOW LOW PWM IPWM LOW - HIGH
011 1 1 LOW LOW LOW HIGH PWM IPWM |- LOW HIGH
001 1 1 PWM IPWM LOW HIGH LOW LOW HIGH LOW -
101 0 1 LOW HIGH LOW LOW PWM IPWM LOW - HIGH
100 0 1 LOW LOW LOW HIGH PWM IPWM - LOW HIGH
110 0 1 PWM IPWM LOW HIGH LOW LOW HIGH LOW -
010 0 1 PWM IPWM LOW LOW LOW HIGH HIGH - LOW
011 0 1 LOW LOW PWM IPWM  |LOW HIGH - HIGH LOW
001 0 1 LOW HIGH PWM IPWM LOW LOW LOW HIGH -
XXX X 0 Brake |Brake |Brake |Brake |Brake |Brake |Brake |Brake |Brake
cfg. cfg. cfg. cfg. cfg. cfg. cfg. cfg. cfg.
111 X 1 LOW LOW LOW LOW LOW LOW - - -
(Forbidd
en state)
000 X 1 LOW LOW LOW LOW LOW LOW - - -
(Forbidd
en state)
Note: X means any level. XXX means any other combination on inputs not shown.
Note: SHx HIGH means that the SHx pin is switching between GND and the DC bus voltage or battery voltage. ‘-
‘represents a floating state, meaning both high-side and low-side MOSFETs are OFF.
Note: For diode freewheeling mode, substitute “/PWM” cells with “LOW’.
Note: The brake function can be configured to switch on all low-side MOSFETSs, all high-side MOSFETs, alternate

between these two options or set all outputs to high-Z.

Below are the signal functionality for 1PWM mode with Hall sensors:

+ INHA-PWM input, defines the duty cycle and frequency of PWM output signals

+ INLA, INLB, INLC - Hall sensor inputs (HA, HB, HC) define the PWM output pattern depending on motor position
+  VSENSE/nBRAKE signal - when active, 6EDL7151 forces a brake event

+ INHC - Direction (DIR) control. Provided by an MCU to define the direction of motor rotation

+  GHA, GLA, GHB, GLB, GHC, GLC - PWM output signals for high-side and low-side

A schematic representation of the commutation states is presented in Figure 7.
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Figure 7 6-state switching overview, diode freewheeling mode is represented here for simplification,
single direction considered
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3.15 PWM with one input and commutation with Hall sensor inputs and
alternating recirculation - 1PWM with Hall sensors and alternating
recirculation

Thermal management in power tools systems is a key factor for achieving higher power densities. A more advance
thermal management may allow smaller heat sink components or a smaller PCB area. This PWM mode focuses on
distributing the MOSFET stress more evenly between all MOSFETSs in the inverter. This concept alternates the
recirculation of the freewheeling current between high-side and low-side MOSFETs. This is achieved by extending the
truth table shown in Table 6 into Table 7.

On the first rotation (electrical), the inverter recirculates the current through the high-side MOSFETS (PWM modulated
MOSFET) and the low-side MOSFET are always ON. In the second electrical rotation, the low-side MOSFETs
recirculates the freewheeling current (PWM modulated MOSFET), and therefore, the high-side is the one fully ON. This
cycle repeats in further rotations. A graphical representation for the switching states is presented in Figure 8. In this
figure, states A to F represent high-side modulation while states G to L represent the low-side modulation. The state
machine returns to state A after state L, starting over again the cycle.

PWM_FREEW_CFG configures this mode as well either as diode or active freewheeling. No truth table is shown for the
diode mode. This can be constructed by substituting the “/PWM” cells with LOW in Table 7.

Table 7 Truth table for 1PWM mode with Hall sensors, active freewheeling and alternating
recirculation

INLx VSENSE | Fully GHA GLA GHB GLB GHC GLC SHA SHB SHC
[A,B,C] |/ ON
nBRAK
E

INHC (DIR) =1

101 1 Low- PWM IPWM LOW LOW LOW HIGH HIGH - LOW
side

100 1 Low- LOW LOW PWM IPWM LOW HIGH - HIGH LOW
side

110 1 Low- LOW HIGH PWM IPWM LOW LOW LOW HIGH -
side

010 1 Low- LOW HIGH LOW LOW PWM IPWM LOW - HIGH
side

011 1 Low- LOW LOW LOW HIGH PWM IPWM - LOW HIGH
side

001 1 Low- PWM IPWM LOW HIGH LOW LOW HIGH LOW -
side

101 1 High- HIGH LOW LOW LOW IPWM PWM HIGH - LOW
side

100 1 High- LOW LOW HIGH LOW IPWM PWM - HIGH LOW
side

110 1 High- IPWM PWM HIGH LOW LOW LOW LOW HIGH -
side

010 1 High- IPWM PWM LOW LOW HIGH LOW LOW - HIGH
side

(table continues...)
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Table 7 (continued) Truth table for 1IPWM mode with Hall sensors, active freewheeling and
alternating recirculation

INLx VSENSE | Fully GHA GLA GHB GLB GHC GLC SHA SHB SHC

[A,B,C] |/ ON

nBRAK
E

011 1 High- LOW LOW IPWM PWM HIGH LOW - LOW HIGH
side

001 1 High- HIGH LOW IPWM PWM LOW LOW HIGH LOW -
side

INHC (DIR) =0

101 1 Low- LOW HIGH LOW LOW PWM PWM LOW - HIGH
side

100 1 Low- LOW LOW LOW HIGH PWM IPWM - LOW HIGH
side

110 1 Low- PWM IPWM LOW HIGH LOW LOW HIGH LOW -
side

010 1 Low- PWM IPWM LOW LOW LOW HIGH HIGH - LOW
side

011 1 Low- LOW LOW PWM IPWM LOW HIGH - HIGH LOW
side

001 1 Low- LOW HIGH PWM IPWM LOW LOW LOW HIGH -
side

101 1 High- 'PWM PWM LOW LOW HIGH LOW LOW - HIGH
side

100 1 High- LOW LOW IPWM PWM HIGH LOW - LOW HIGH
side

110 1 High- HIGH LOW IPWM PWM LOW LOW HIGH LOW -
side

010 1 High- HIGH LOW LOW LOW IPWM PWM HIGH - LOW
side

011 1 High- LOW LOW HIGH LOW IPWM PWM - HIGH LOW
side

001 1 High- IPWM PWM HIGH LOW LOW LOW LOW HIGH -
side

XXX 0 X Brake Brake Brake Brake Brake Brake Brake Brake Brake

cfg. cfg. cfg. cfg. cfg. cfg. cfg. cfg. cfg.

111 1 1 LOW LOW LOW LOW LOW LOW - - -

(Forbidd

en state)

000 1 1 LOW LOW LOW LOW LOW LOW - - -

(Forbidd

en state)
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Note: X means any level.

Note: SHx HIGH means that the SHx pin is switching between GND and the DC bus voltage or battery voltage. ‘-
‘represents a floating state, meaning both high-side and low-side MOSFETs are OFF.

Note: For diode freewheeling mode, substitute “/PWM” cells with “LOW’.

Note: The brake function can be configured to switch on all low-side MOSFETSs, all high-side MOSFETs, alternate
between these two options or set all outputs to high-Z.
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Figure 8 12-state switching overview for alternating recirculation. Six new states are included (G
to L) compared to other 1IPWM modes, diode freewheeling mode is represented here for
simplification, single direction considered

3.1.6 PWM braking modes

In all the PWM modes presented previously, the device can go into a controlled braking mode. This braking mode
drives the PWM signals in a way that the motor goes to a safe state in a controlled manner. This is of critical
importance for some power tool applications where a sudden or uncontrolled braking may destroy elements of the
tool or become a hazard to the user. The following events can trigger the braking action in 6EDL7151:

+  Pull-low pin VSENSE/nBRAKE
«  Programmable overcurrent protection (OCP) fault on current sense amplifiers
+  Programmable watchdog timer fault
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Of the above, the pin VSENSE/nBRAKE is the only one that can be actively used by, for example, a microcontroller to
start a braking event. The other two are the reactions to fault detections.

Pin VSENSE/ nBRAKE shall be high for normal operation of the motor. However, as soon as a low level is detected in it,
the gate driver logic activates high-side MOSFETs or low-side MOSFETSs, therefore braking the motor actively.

The 6EDL7151 braking circuitry can be configured as illustrated in Figure 9 in the following modes by programming
the bitfield BRAKE_CFG in the register PWM_CFG:

+ High-side braking mode: upon a braking event, all high-side MOSFETSs are activated and all low-side MOSFETs
are switched off.

+ Low-side braking mode: upon a braking event, all low-side MOSFETs are activated and all high-side MOSFETs
are switched off.

+  Alternate braking mode: upon every new braking event, the system alternates between high-side braking and

low-side braking. With alternate braking, stresses on the MOSFETSs are distributed equally, therefore improving
the system robustness.

«  Non-power braking mode - high impedance (high-Z) outputs: upon a braking event all switches are forced to
high-Z mode. Currents present in motor windings are recirculate through MOSFET body diodes or other available
structures in the inverter. This mode is recommended if a MOSFET short occurs in the inverter.

The system microcontroller (MCU) can modify the brake-related bitfields during the run time of the system to adapt to

specific conditions.
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Figure 9 System overview for PWM braking modes

Before the braking action starts, the 6EDL7151 prepares the inverter as fast as possible for a safe braking. Depending
on the inverter state at the moment of the braking request, the device needs to switch off some MOSFETs and insert
dead times. For example, the braking signal arrives when phase A is high-side switched-off and low-side switched-on,
and assuming a high-side braking configuration, then the 6EDL7151 immediately switches off the low-side MOSFET,

inserting the configured dead time, and finally switch on the high-side MOSFET of phase A with the rest of high-side
MOSFETs.

3.1.7 Dead time insertion

The PWM unit in the 6EDL7151 automatically inserts a dead time between complementary signals (GHx and GLx). The
DT_RISE bitfield defines the dead time period for the rising transition (of phase node voltage) while DT_FALL
independently defines the dead time for the falling transition. A minimum dead time (see Table 21 for values and
conditions) is always observed to prevent a strong shoot-through condition.
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Figure 10 shows a detailed timing diagram of 1PWM modes dead time insertion including the timing definitions. A
propagation time (tprop_ns and tprop_Ls) elapses between the input signal and the actual gate driver output signals.
These timing definitions are applicable to all other PWM modes.

Dead time and slew rate control features are designed in a safe way so that a change in slew rate updatesin a
synchronous manner to the PWM switching. This eliminates the possible shoot-through during the possible update of
the slew rate during operation due to misalignment of timings.

Note: Current sense amplifier OCP and VDS sensors can be used to detect the excessive current in the system.
Nevertheless, the application software must ensure that dead time is sufficient for the slew rate
configuration and the MOSFETSs selection.

tPROP_Hs
INHx 50% — 7[ - 50% —\— i I (ljjc:/n?aDin
tPROP_HSi i _
H|gh-3|de gate i 50% ; VGG
driver output RS kel domain
(VGHx - Vishx) i i
Low-side gate i !
. 50% .
driver output “1-- | g;/g;n
(VoLx - Vsix) ! i
§<—’§ 1 1
toT_RISE foT FALL
Figure 10 Dead time insertion timing diagram in 1PWM modes
3.2 Three-phase gate driver

The 6EDL7151 three-phase gate driver is a floating driver for a three-phase two-level inverter. It is capable to drive
with a configurable slew rate and driving voltage with up to 1.5 A of both sourcing and sinking peak currents.
Configurations and settings are shared by all three half-bridge drivers. Programmable charge pumps supply the gate
drivers ensuring a 100% duty cycle and configurable driving voltage for maximum optimization of the gate driver.
Numerous protections are included to ensure safe operation of the gate driver system under stress conditions,
including improved phase node (Vsy,) tolerance to negative voltage spikes (see Table 17). This section describes the
following features of the integrated three-phase gate driver:

«  Gatedriver architecture
«  Slew rate control
+  Gatedriver voltage programmability

3.2.1 Gate driver architecture

Three identical pairs of gate drivers are integrated to the device. High-side and low-side drivers are designed with the
same architecture. However, supply domains for both sections are designed differently. Precise charge pumps are
utilized to supply both drivers, VCCLS to the low-side gate drivers, and VCCHS to the high-side gate drivers. An
overview of the general architecture is shown in Figure 11.
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The low-side section of the gate driver is supplied by VCCLS. When the device is under normal operation, VCCLS is
“PVCC” volts above ground and PVCC voltage is programmable via the SPI registers and defines the gate driving
voltage for the inverter power MOSFETs. The VCCLS voltage is generated by the low-side charge pump from VDDB
voltage - the integrated buck converter output voltage. An external “flying” capacitor Ccp; is required for the charge
pump to work properly.

The high-side section of the gate driver is supplied by VCCHS, a separate charge pump that generates “PVCC” volts
above PVDD for proper bias of the high-side MOSFET drivers. Similarly to the low-side section, a “flying” capacitor
Ccpa is necessary for proper operation of the charge pump, and PVCC voltage is programmable via the same SPI
register.

Additional "tank" capacitors Cycc s and Cyccns are required for VCCLS and VCCHS pins respectively. These and other
required components' recommended values are shown in Table 22.

The selection of those capacitors will have impacts in different parameters in the charge pump, including the voltage
ripple in VCCLS and VCCHS, as well as the start-up time or the maximum current the gate drivers can supply.

VCCHS E High-side section E
e I 1 = i
PVCC ! [PhaseC /| ;
CvccHs q . ! [Phase B i
-4 o High-side charge | ! Prllas::e i
PVDD pump ; :
PVCC_SETPT I E} :
CP2H L vocns | - ﬁ GHe
v VocH : : GHB
|____[]— S— : ' {1 GHA
Cer2 — : i
—r—[]_ PVDD& i E} ; {1 SHC
cPaL VoD : B = ﬁ 3HE
; . ; {1 SHA
veels | i Low-side section |
- X A E
+ ¥ i PhaseC /| !
PVCC Cvccts i _[PhaseB :
-4 & Low-side charge | }[PhaseA i
GND pump ; ;
CP1H PVCC_SETPT L E} E 7 GLC
1 1 ]
 — {veas | | — as
Cer1 — i : 7o
cPiLT | | D_{E} . — T
GND i — : ﬁ SLB
: ~ : L SLA
l
VDDB
Figure 11 Gate driver architecture overview

3.2.2 Slew rate control

Control of MOSFET Vps rise and fall times is one of the most important parameters for optimizing drive systems,
affecting critical factors like:

+  Switching losses

+ Dead time optimization

+  Vpsringing with possible avalanche event in MOSFETSs. Avalanche is a critical factor in MOSFETs that can lead to
device destruction or reliability issues

+  EMI design and optimizations
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+  Control of negative spike in SHx pins
+  Possible snubber design (MOSFET snubber or bridge bypass capacitors)

6EDL7151 is capable of adjusting the slew rate of the MOSFET switching (Vps). Slew rate control functionality controls
independently the rise (low to high) and fall (high to low) slew rates of the drain-to-source voltage by adjusting the
gate current applied to MOSFET gate.

Note: R resistors might be used, however, the user must consider the voltage drop on the resistor when driving the
MOSFET with the constant current provided by 6EDL7151.

3.2.2.1 Slew rate control parameters and usage

The user can configure the gate driver current and timings with the following parameters via the SPl-accessible
registers:

« Iys_sre - bitfield IHS_SRC: gate driver current value for switching ON high-side MOSFETs

« Iys_sink - bitfield IHS_SINK: gate driver current value for switching OFF high-side MOSFETs
» Iis_src - bitfield ILS_SRC: gate driver current value for switching ON low-side MOSFETs

¢ Iis_sink - bitfield ILS_SINK: gate driver current value for switching OFF low-side MOSFETs

+  Ipre_src - bitfield I_PRE_SRC: precharge gate driver current value for switching ON both high-side and low-side
MOSFETSs. Needs to be enabled via the bitfield |_PRE_SRC_DIS, otherwise precharge is set to maximum current

«  Ipre_sink - bitfield I_PRE_SINK: pre-discharge gate driver current value for switching OFF both high-side and
low-side MOSFETSs. Needs to be enabled via the bitfield |_PRE_SNK_DIS, otherwise pre-discharge is set to
maximum current.

«  Tpruve: - bitfield TDRIVEL: amount of time that /pre_sgc is applied. Shared configuration between high-side and
low-side drivers.

«  Tprivez - bitfield TDRIVE2: amount of time that /s sgrc and /is_sgc are applied. Shared configuration between
high-side and low-side drivers.

«  Tprives - bitfield TDRIVE3: amount of time that /pre_sink is applied. Shared configuration between high-side and
low-side drivers.

«  Tprives - bitfield TDRIVE4: amount of time that Iy sink and /i s_sink are applied. Shared configuration between
high-side and low-side drivers.

A possible configuration is graphically presented in Figure 12. This represents a 6PWM mode in which the
microcontroller inserts a specific dead time between the INHx and INLx signals. The driving scheme is applicable to
other PWM modes. Propagation delays are not depicted for simplification of the diagram (see Figure 10 for details on
propagation delay).

Once the gate is commanded to apply a change to the output, the gate driver applies a constant current defined by
the user programmable value /pgg_sgc for a time defined by Tpgpyes. After Tpriver period, the MOSFET gate voltage
should ideally have reached the threshold voltage (Visth)). After Tprivei, the gate driver applies the next gate current
configuration for a period defined by Tpriyea- The current applied in this period is decisive to determine both dl/dt and
dV/dt of the MOSFETs as it charges the Qs,, of the MOSFETSs. The user can alternatively decide to reduce this period to
cover only Qgq portion, therefore controlling di/dt region with the Tpryyg; period for independent control. To ensure
proper fine-tuning, the 6EDL7151 offers separate configuration registers for the high-side and low-side (/ys_sgc and
I.s_src respectively) for this second period.

Once the Tprivez period is elapsed, the gate driver applies full current (1.5 A) to ensure the fastest turn on of the
MOSFET. This fully charges the MOSFET gate (Qog = Qg - Qsw - Qg(th)) till the programmed PVCC value.

A similar process takes place in the discharge of the MOSFET.

Note: Considering that slew rate variations affect the actual dead time value, the user must select dead time
accordingly.
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Figure 12 CdV/dt clamp waveforms

3.2.2.2 Gate driver clamping: CdV/dt suppressor

In motor drive applications using a three-phase inverter, it is known that during the turn-on of one MOSFET of the half
bridge (high-side or low-side), the complementary MOSFET gate voltage is influenced resulting in a self-turn-on effect
possibly creating a shoot-through situation. This is especially critical in the following case: to suppress CdV/dtin a
complementary MOSFET, the slew rate controller applies the strongest pull-down current to hold tight the gate to the
source when the other MOSFET starts switching.

Note: Itis expected that Vs still rises, but the strong gate driver setting should help mitigate the risk of Vg th)
crossing.

The device activates the strong pull-down during both Tpgye; and Tpryvea of the complementary signal.
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+  If Tprive1 =0, the start of the strong pull-down is triggered by Tpgriye2 Start and last for Tpgryye, period.
+  If Tprive2 = 0, the start of the strong pull-down is triggered by Tpgrye1 start and last for Tpgye; period.

«  If Tpriver = Torivez =0, the gate driver is activated with 1.5 A current. In this case the suppressor/clamp is not
activated.

Note: If a user wants to use the device as 'slew rate control disabled’, he must set Tpgyyg; different from 0 and
Torivez = 0 to achieve the 1.5 A always setting.

IDRIVE_PRE_CFG controls the usage of this feature via the bitfield I_CLAMP_DIS. The clamping or suppressor concept
is described in Figure 12.

Note: The current consumption in VCCLS and VCCHS pins can increase when the clamping feature is enabled.

3.2.2.3 VGS comparators

The gate driver module integrates gate to source comparators as well. These are used to detect when the Vg signal is
almost at the target value, that is, Vs = PVCC - Vis_cmp_tr during the switching on and Visy < Vs cmp_tr during the
switching off. When any of these happen, the comparator trips and sets the gate current to /g p value. This is to
reduce the power consumption and the impact of the self-turn-on effect, for example, when the high-side MOSFET is
turning on while the low-side MOSFET is off. In this case, the hold current for the low-side MOSFET holds the gate of
the MOSFET to the source with /g, p strength. In Figure 13 /g p is shown and depending on the Vg value, and will be
applied sooner or later. In Figure 14 the thresholds for activating /o, p current are shown.

The comparator integrates a deglitching stage to prevent the noise to activate the comparator erroneously during
noisy events. The deglitching time is defined by tyss_cmp_pecLITCH-

Datasheet 29 Rev. 1.0
2024-05-28



6EDL7151 iﬁm eon

3 Functional description

INHx
! i
tmcu_pT RISE! 1fMCU_DT_FALL
INLX —— ! —
1
N 1
1 : : 1
H 1 Vashx close to target PVCC 1 1
HssrRcFULL _ _ _ _}\_ _ _ _ . __ : !
1 1
! ' +/HoLb i i
IPRESRC . __ 1+ _ _ __ _} !
- i
IGHx Ins_src —E : : i
1 I 1
0A ; — ; >
IHS_SINK———:»———__:__LT_____T___ :
1 H—N
Ipre snk — — L — — — & :_DEVE _ _DR'_VE‘LJ | -lHoLp
T 1
: -lHoLp >l TDIFIVE1 ToRrivE4 —bi— ad
1 [} 1 1
IHs_sNk FULL — — — — — — — — _:, — —i— ————————— ,}I Vestx close to PGND
1 H 1
i 1 i i Vesix close to target PVCC
hs_srcFutl — — — —i— — — — — — A= — = — = -+ — —
+/HoLD 1 ! ! ! +/HoLD
1 | :
/ IprE SRC- — — }— — — — J:— —i ———————————— -I
GLx ILs_SRc————————:l—-E- ——————————— |
0A . : . i ; >
LS_SINK - — — ITrRivEs ] i : IHoLp i !
TorfEa : 1 TorivE2
—_—)
Ipre_sink. — — ' ! TorRvET 1 ! i
1 | 1
1 1 1 :
ILs_sNK_FULL — — — — — — € i E E !
VesLx close to PGND : : : :
L o
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
| i
>
Figure 13 Slew rate control timing for a complete switching cycle on a 6PWM mode, dead time inserted

by MCU and propagation delays (INxy->Gxy) not considered for simplification. Parameters in
red refer to programmable values

Figure 14 shows details of the charging and discharging transitions for a high-side MOSFET. Similar applies to a low-
side MOSFET. The different gate charge areas of the MOSFET are shown. As a result of the flexible timing structure and
the high Tprivex resolution, the user has full control of the gate current applied during critical charge areas like Qs
which is the key parameter controlling the MOSFET Vps slew rate. This at the same time can be done while
maintaining fast charging of other areas like Q,q which typically is relatively large compared to Qs,, and therefore, as it
does not affect neither dV/dt nor dl/dt, can be accelerated by increasing gate current. Additionally, the precharge area
(Qg(th)), depending on the particular MOSFET, can benefit from a larger gate current than the one applied to the Qy,
region where maximum control is required. Using the precharge current configuration, higher gate currents can be
selected for Qgt,) reducing importantly the precharge timing, which otherwise could have needed several hundreds
of ns to reach to Vigth).

The precharge current can be selected from 17 different values. 16 defined by /pge_src/sink and additionally 1.5 A,
which is the maximum peak current capability of the gate driver. In case of large MOSFETSs, Qg(tn) during turn-on or Quq
during turn-off, might benefit from using the whole gate driver capability. To enable the full strength during the
precharge area, the bitfields |_PRE_SNK_DIS and I_PRE_SRC_DIS have to be set in the register IDRIVE_PRE_CFG.

Note: When transitioning from one current setting to another, the user can experience some transition period until
new current value is up and stable. During this period, the current might become lower than programmed
for a brief period before reaching the target value.
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Note: When the gate to source voltage is getting close to the target voltage, either PVCC when charging or PGND
when discharging, the gate driver is not able to fully maintain the target I current. This effect deviates from
the ideal behavior shown before and can follow similar behavior to the dashed lines in Figure 14. This is
independent from the Iy p values described before.
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Figure 14 Detail of MOSFET gate charge during the charging and discharging transitions

In cases where Qg is too small to apply a larger current than the one used for slew rate control, the user can set
Tporivez to value 0. This results in the gate driver start driving the MOSFETs with Tpgiyg; and once the period is elapsed
it applies 1.5 Aignoring the Tpryga configuration. This ensures optimal settings for both large and small MOSFETs and
the right fit for different technologies like OptiMOS™ or StrongIRFET™. Similarly, Tprive2, Tprives @and/or Tprives can be
set to 0 resulting in those configurations being skipped.

Figure 15 shows an example of this behavior where Tprye, = 0 while other Tpgyey Settings are different from zero.
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Figure 15 Detail of MOSFET gate charge during the charging and discharging transitions. Tpgyyg2 =0 as
example
3.2.3 Gate driver voltage programmability

Different drives systems might benefit from different MOSFET technologies. An example is the common usage of logic
level MOSFET versus standard or normal level MOSFETs, which show a higher threshold voltage (Vigth)). For the same
gate to source voltage, a logic level MOSFET presents a lower Rpgoy value than a normal level MOSFET.

Increasing the driving voltage helps to reduce the Rpsoy of the MOSFET channel during the conduction, which is
shown in Figure 16. As a result, it reduces the conduction losses of the system. However, rising the driving voltage
increases the switching time (both rise and fall), leading to higher switching losses. The user must choose the right
driving voltage depending on the system conditions.
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Figure 16 Typical Rpson Versus Vgg characteristic in MOSFETs. Higher Vg voltage reduces the Rpgoy of
the MOSFET

The 6EDL7151 allows designers to adjust the MOSFET driving voltage (PVCC voltage) via the SPI registers. The same
value PVCC applies to both high-side and low-side side charge pumps with four possible values: 7V, 10V, 12V, and 15
V. This is done via the bitfield PVCC_SETPT.

Note: It is expected that the high-side charge pump produces a slightly lower voltage due to internal circuitry
(diode). See Chapter 4.6.

Figure 17 shows ideal examples of how supply the voltage of the driver and slew rate control can play a role together
in an ideal turn on of a low-side MOSFET. Section A of the figure shows how to set the slew rate of V55 of the MOSFET
by programming different current values (in this case /| s_src). Section B shows the case in which, provided a fixed gate
driver current /i s sgc, PVCCis varied.
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Figure 17 Gate driver slew rate configurability in an ideal low-side MOSFET switching, A) given a fixed
supply voltage (PVCC =12 V), variable / g sgc, B) Fixing the charging current, changes in
PVCC produce different rise times

3.3 Charge pump configuration

The user can adjust the charge pump operations depending on the specific needs. The following sections describe
these configurations.

3.3.1 Charge pump clock frequency selection

Charge pumps are based on switched capacitor circuits that work at a given switching frequency. 6EDL7151 offers the
possibility to choose four different clock frequencies via SPI programming of the bitfield CP_CLK_CFG in the register
CP_CFG. Both flying capacitors and tank capacitors of the charge pumps must be chosen according to this
configuration and both affect the start-up time of VCCLS and VCCHS rails as well as the possible voltage ripple of
those pins.

3.3.2 Charge pump clock spread spectrum feature

When the charge pump clock spread spectrum is enabled, it artificially introduces a frequency variation (see Table 21
for values) into the charge pump clock signal. The frequency at which the charge pump operates varies between
those limits, reducing the emission intensity on the target frequency value by distributing that energy over a wider
range of frequencies.

3.3.3 Charge pump precharge for VCCLS

Precharge of the charge pump VCCLS is a feature that, if enabled via the SPI register, precharges the VCCLS rail right
below the buck converter output voltage (VDDB) before the EN_DRV pin is activated. This precharge takes place only
the first time after a power-up (CE cycle) sequence.

In this case, when EN_DRV is activated to enable the driver stage, the charge pump needs to ramp up the voltage in
CvccLs from the existing precharge voltage until the PVCC selected value, therefore reducing considerably the start-up
time for the charge pump when compared to the default situation in which Cycc s needs to be charged the whole
PVCC voltage.

To enable the precharge of VCCLS, the bitfield CP_PRECHARGE_EN in the register SUPPLY_CFG must be set.
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3.3.4 Charge pump tuning

The start-up time for the charge pumps, defined as the time that the VCCLS voltage requires to reach the target

programmed voltage (PVCC set point), depends on several factors:

«  Target voltage programmed via the PVCC_SETPT bitfield. The higher the PVCC voltage, the longer the start-up
time

+  Charge pump clock frequency: higher clock frequency results in shorter start-up time

+  Charge pump tank capacitors (Cyccrs and Cyccps): using VCCLS as example, a smaller value of Cycc s results in:
- Higher VCCLS ripple
- Shorter start-up time

+  Charge pump flying capacitors (Ccp; and Ccp;): smaller capacitors lead to longer start-up time.

The selection of those parameters have an impact as well in the VCCLS and VCCHS voltage ripple. If a short start-up
time is not a design target, it is recommended to increase the Cycc s value to reduce the ripple and to improve the
load transients. For a given Cyccis value, the selection of flying capacitor C¢p; also impacts the ripple in VCCLS and
start-up time.

If start-up time needs to be optimized, the charge pump precharge feature is recommended. This is explained in
Chapter 3.3.3.

The start-up behavior of the charge pumps and the rest of power supply is shown in detail in Chapter 3.12.

3.3.5 Charge pump and gate driver protections

The gate drivers have the following protections:

+ VCCLS UVLO

« VCCHS UVLO

+  Floating gate driver pull-down

« Deadtimeinsertion, this is explained in Chapter 3.1.7

3.3.5.1 VCCLS undervoltage lockout (VCCLS UVLO)

The UVLO prevents the gate driver from propagating PWM signals if the drive voltage is not above the UVLO threshold
as specified in Table 21.

During start-up, the charge pump voltage VCCLS ramps up until the UVLO rising threshold is crossed and release the
UVLO status, allowing the PWM signals to propagate to gate driver outputs.

In case of overload of the VCCLS rail beyond the specified maximum load of the charge pump, the VCCLS drops.
Eventually, the VCCLS voltage can cross the VCCLS UVLO falling threshold leading to the VCCLS UVLO fault. Refer to
Table 12 for more information on the VCCLS UVLO fault handling. As a result of the VCCLS UVLO, the nFAULT pin

is pulled down so the microcontroller in the system can decide how to proceed.

3.3.5.2 VCCHS undervoltage lockout (VCCHS UVLO)

Similarly to VCCLS, a UVLO mechanism is integrated for the VCCHS voltage rail. The UVLO rising and falling thresholds
can be found in Table 21.

During start-up, the charge pump voltage VCCHS ramps up until the UVLO rising threshold is crossed and release the
UVLO status, allowing the PWM to propagate. In case of overload of VCCHS rail beyond the specified maximum load
of the charge pump, the VCCHS voltage starts dropping. VCCHS voltage can then cross the VCCHS UVLO falling
threshold leading to the VCCHS UVLO fault. Refer to Table 12 for more information on the VCCHS UVLO fault handling.
As a result of the VCCHS UVLO, the nFAULT pin is pulled down so the microcontroller in the system can decide how to
proceed.

3.3.5.3 Floating gate strong pull-down

MOSFETs in an inverter can be exposed to non-zero gate voltage levels when the controllers or gate drivers are off.
Sometimes those voltages are enough to activate or partially activate the MOSFETSs leading to system failure or
destruction, for example, a high-side MOSFET and a low-side MOSFET in an inverter leg activate at the same time. To
stop such behavior, it is common to assemble weak pull down resistors (in the order of 100 kQ) between gate and
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source of the MOSFET. When the gate driver is off, the gate is pulled down to the source to prevent any turn-on or
partial turn-on. As it is weak pull-down, this does not have much impact when the gate driver is active and driving
MOSFETs normally. These external Rgs resistors however require a good amount of PCB area and need to be placed in
a location where the power layout needs to be optimized with no compromises.

To address this, the 6EDL7151 gate driver integrates a floating gate strong pull-down mechanism that includes both a
passive and an active pull-down, as shown in Figure 18.

«  Weak pull-down: A weak pull-down (Rgs_pp weak) is always connected between gate and source of each gate
driver output. This ensures a weak pull-down during states where the gate driver is off, either because EN_DRV is
turned off or because the device is fully off (CE off). This mechanism is similar to the one described above (Rgs).

+  Strong pull-down: Additionally, during those gate driver off periods, if the external gate to source voltage
increases for any reason as mentioned, an extra-pull down, much stronger (Rss pp_strone) is activated, ensuring a
tight pull-down and hindering any possible partial turn-on.
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Figure 18 Floating gate driver pull down resistors. Strong pull down activates when gate driver is off
and gate to source voltage increases

3.4 Power supply system

The device embeds an advanced power supply system comprised of:

«  Synchronous buck converter including both power switches

+ DVDD linear voltage regulator programmable to output3.3Vor5V

+  Charge pump for low-side gate driver (described in Chapter 3.2)

«  Charge pump for high-side gate driver (described in Chapter 3.2)

The 6EDL7151 has been designed for the lowest BOM (Bill of materials). The synchronous buck converter does not

require external components like diodes, voltage dividers, or bootstrap capacitors yet at the same time reduces the
low-side conduction losses as it utilizes a NMOS instead of a diode.

The overall goal of the buck converter is to support the rest of the power supply system. With the help of an external
inductor Lgyck and capacitor Cyppg, it supplies both (high-side and low-side) charge pumps and the integrated DVDD
voltage regulator. This architecture increases the efficiency of the device greatly compared to an only linear regulator
system, yet maintains a very compact system solution. Furthermore, it allows working at a high supply voltage rating
(PVDD).

DVDD linear voltage regulator is integrated to provide accurate and stable voltage to other external components
eitherat 3.3V or5V. In Figure 19, a schematic diagram of the complete power converter architecture and
interconnections is shown.
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Figure 19 Block diagram of power converter architecture

Designers can use VDDB pin to supply external components as long as the current limits of the buck converter,
including charge pumps and linear regulator, are not exceeded. Nevertheless, overcurrent protections (OCP) are
implemented for both buck converter and the linear regulator, preventing any damage to the device when
overloading VDDB pin. Additional overtemperature protections (OTS and OTW) are integrated to ensure that the
device is under correct thermal conditions at any time.

3.4.1 Synchronous buck converter

Although integrated in the same package, the synchronous buck converter is designed completely independent of the
rest of the gate driver circuitry. This makes the supply system robust against gate driver failures. As an example, the
buck converter and linear regulator still operate even if a failure occurs in the gate driver section (for example, VCCLS
UVLO), ensuring right operation of a microcontroller and other circuits supplied by the buck converter or LDO
integrated for example.

The control method utilized is Adaptive Constant ‘ON’ Time (ACOT). In contrast to a pure constant ON time control
method, ACOT allows ON time variations during transitions to avoid large frequency jumps. Together with
feedforward techniques, the buck converter can operate with reduced switching frequency.

Two different switching frequencies (500 kHz and 1 MHz) can be selected from the BK_FREQ bitfield via SPI for the
buck converter. The recommended values of the inductor and capacitor for each configuration are provided in Table
22 of Chapter 5.1.

Note: It is recommended to only modify the buck converter frequency via OTP.

A detailed figure of both synchronous buck converter and linear voltage regulator circuits is depicted in Figure 20.
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Figure 20 Details of integrated synchronous buck converter and linear regulator

3.4.1.1 Buck converter output voltage dependency on PVCC_SETPT

An important feature of the buck converter is the ability to adjust the VDDB target value automatically depending on
the PVCC (target gate driver voltage), which is configured by the user via SPI commands. This is done to optimize the
power losses in the device. For example, if the driving voltage PVCC is 7V, then the target voltage of the buck
converter is set to 6.5 V automatically. In this case, the charge pumps still have enough room to reach PVCC=7Von a
‘doubler’ configuration. The relationship between VDDB and PVCC is shown in Table 8.

Table 8 Buck converter output target voltage versus PVCC_SETPT setting
PVCC_SETPT bitfield PVCC target voltage (V) VDDB (V)
b1l 7 6.5
b10 10 7
boo 12 8
b01 15 8

Another important factor to consider in the synchronous buck converter output target voltage is PVDD or supply
voltage. If 6EDL7151 is supplied with a relative low voltage then VDDByoy Ly rating applies (see Table 21). In such
situation the buck converter operates in open loop with the duty cycle saturation limit given by Dgyck_max (see Table
21). If buck converter loading increases in that situation or PVDD voltage reduces further, the VDDB voltage drops. On
the lower end, VDDB UVLO falling threshold protects from lower limits.

Therefore, depending on PVDD voltage, it is possible that VDDB cannot reach the target voltage, limiting as a
consequence the actual PVCC voltage, which even in a doubler configuration might not be sufficient. The
approximate possible PVCC voltage (= VCCLS) in the doubler configuration is given by the following equation:
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PVCC,ox ~ min(PVCC target voltage,2*VDDB—1 V) (1)

As an example, if PVDD =7.5V, VDDB = 6.5 V (limited by low PVDD voltage), if PVCC_SETPT targets 15V, the doubler on
the charge pump is able to reach maximum of approximately 2 *VDDB - 1V = 12 V. If PVDD rises to 12 V, then the
VCCLS is able to regulate to 15V as this value is below/equal to the value=2 *VDDB (8 V) -1V=15V.

See Chapter 4.6 for more details on relationship between VCCLS, VCCHS and PVDD.

3.4.1.2 Synchronous buck converter protections

The following protections are implemented to ensure correct operation of the buck converter:
«  Output undervoltage lockout (UVLO): See Table 21 for specific values.

«  Output overvoltage lockout (OVLO): See Table 21 for specific values. If the value is reached the buck converter
switches off, both high-side and low-side MOSFETSs interrupting any further energy transfer to the output.

+  Overcurrent protection (OCP) cycle by cycle: given a situation in which the current increases till the OCP level
(see Table 21 for details), the buck converter controller truncates the high-side FET PWM signal until the next
PWM period starts. The low-side FET is driven accordingly after insertion of a dead time.

Once the OCP event takes place, a counter starts counting for each consecutive period that the peak current is
reached. After 16 periods, the buck OCP fault is triggered and the nFAULT pin (see Table 12) is set low to inform the
MCU that it can proceed with correcting actions. The buck converter continues operations in current limitation to
ensure the MCU is supplied. If the OCP does not trigger for three consecutive PWM periods, the counter resets and
does not trigger the buck OCP fault. If the buck OCP fault is activated, then the bitfield BK_OCP_FLT in the register
FAULT_ST is set.

3.4.2 DVDD linear regulator

The integrated linear regulator generating DVDD can be set to provide either 3.3V or 5V by means of an external
resistor Rsgnse as described in Table 21 or alternatively via bitfield DVDD_SETPT. The selected DVDD value can be read
via SPIin the bitfield DVDD_ST in the register FUNCT_ST.

DVDD linear regulator can be used as well to provide an offset to the current sense amplifiers integrated, allowing
negative current measurements. See Chapter 3.5.4 for more details. The linear regulator is soft started during ramp-
up of the device as depicted in Figure 45 after a delay time tpypp_Ton_peLay after the buck converter has reached its
UVLO level (Wppg_uvio_r) @and analog programming of CS_GAIN/AZ and VSENSE/nBRAKE are finished. The DVDD ramp-
up timing can be configured by the bitfield DVDD_SFTSTRT via SPI.

A schematic view of the DVDD linear regulator and the interaction with the buck converter is presented in Figure 20.

DVDD voltage can be used to supply a microcontroller (MCU) and additional elements in the circuit like Hall sensors,
LEDs, and so on.

3.4.2.1 DVDD linear regulator OCP

DVDD has an OCP mechanism and can be configured between four different levels by writing register the
DVDD_OCP_CFG. If the OCP for DVDD is reached, a fault is reported on the nFAULT pin. The DVDD OCP works in two
different stages as shown in Figure 21:

1. Pre-warning mode at 66% of selected OCP level: The nFAULT pin is pulled down to signal the controller that
an OCP warning has occurred. If the current level reduces before reaching 100% level, the operation continues
normally releasing the nFAULT pin. The pre-warning allows some extra time for the microcontroller to make a
decision on how to react to the possible DVDD OCP event.

2. Current limiting mode at 100% of selected OCP level: If current increases beyond the configured OCP level,
the DVDD regulator starts limiting the output current. This causes a DVDD voltage drop, eventually resulting in
a DVDD UVLO fault if the DVDD UVLO threshold is crossed. As a result of this limitation, possible shorts on the
DVDD rail do not affect the rest of the system, keeping other components safe.
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DVDD OCP Current limiting
Programmed fault event event

OCP level

66%of OCP___ J& N\ _________ %
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»

i ' DVDD UVLO
nFAULT / Fault Event
""" DVDD UVLO
Figure 21 DVDD OCP behavior including pre-warning and current limiting modes
Note: The OCP in DVDD is suppressed during ramp up of the device to avoid that initial charge of DVDD decoupling

capacitors (eventually large capacitors) triggers the OCP fault.
Overtemperature faults (OTS and OTW) provide an additional level of protection. These will trip if too high

temperature is developed in the device, for example, when the DVDD linear regulator or the buck converter outputs
excessive load current.

3.5 Current sense amplifiers

The device integrates three current sense amplifiers that can be used to measure the current in the power inverter via
shunt resistors. Single, dual and triple shunts measurements are supported as shown in Figure 22.

The CS_EN bitfield enables each current sense amplifier individually. Gain and offset are generated internally and
programmable.

Phase A Phase B Phase C Phase A Phase B Phase C
: +
I— H
‘IE\} _In— _In— |—

CSOA CSOA csoB ‘

Phase A Phase B Phase C
45
H
4@

LI ;%]
cson csos : cs% ? @

Figure 22 Single (A), dual (B) and triple (C) shunt current sensing configurations

The current sense amplifier block contains the following subblocks explained in detail in this section:

+  Current sense amplifier: Connected to an external shunt resistor or internally to the SHx and SLx pins for Rpson
sensing configuration. This module amplifies the shunt voltage or the low-side Vpg voltage to a more appropriate
voltage level for a microcontroller ADC. It allows as well blanking the signal synchronized to PWM transitions,
during periods when the noise is disturbing the measurement.
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+  Output buffer: Allows adding a variable offset voltage to the sense amplifier output. The offset amount can
be set to four different values either by programming the internally generated level. With this implementation,
negative current in shunt resistors can be measured. Additionally, it permits to optimize the controller ADC
dynamic range according to the system conditions.

+ Positive over-current comparator: Used for detecting the overcurrent condition on the motor winding
for positive shunt voltage. This comparator can be used to apply PWM truncation in block or trapezoidal
commutation schemes, limiting the motor current to the configured OCP threshold.

+ Negative over-current comparator: Used for detecting the over-current condition on motor winding for negative
shunt currents.

+  OCP Digital-to-Analog Converter (DAC): Used for programming the threshold of the overcurrent comparators.
One for positive level and a second one for negative level. The programming of DAC levels is shared among all
three different OCP comparators.

Current sense amplifiers are automatically “auto-zero”. This happens during operation and ensures the best accuracy
of measurements during the lifetime of the device. Additionally, the 6EDL7151 includes a DC calibration mode for the
current sense amplifiers that can be used to calculate the residual offset when the shunt current is known to be zero,
for example, because there is no PWM yet propagated to the MOSFETs. A microcontroller firmware can remove this
initial offset value from future measurements to improve accuracy.

Figure 23 shows these blocks and their interconnections.

Fault handler Over current
protection
Gate driver
module || — /
ositive
ocp [€ \ﬂ—
nFAULT [ ——
Negative /
ocp [¢ \ﬂ-
From supply
system Current sense
? amplifier x
Output buffer Voftset/
and offset Vier / ' Blar:ing -o\o—
csox [} ' \ A PN
x=AB_C
Figure 23 Current sense amplifier simplified block diagram
Note: It is recommended to disable the current sense amplifiers that are not used.
3.5.1 RDSON sensing and shunt resistor sensing modes

Current sense amplifiers in the 6EDL7151 can be configured as shunt resistor sensing, or Rpson sensing where the ‘ON’
resistance of the MOSFETSs is used as shunt in a ‘lossless’ measurement approach. In Rpsoy S€nsing mode, the
6EDL7151 connects the drain of the low-side MOSFET to the positive input of the current sense amplifier. The negative
input is connected to the source as shown in Figure 24. This is in contrast to the shunt resistor sensing mode shown in
Figure 25, where the positive input of the current sense amplifier is connected to the source of the low-side MOSFET.
Internal series resistors help to filter possible noise before the amplification takes place. Depending on the circuit and
board design, a small filtering capacitor between SLx and CSNx pins can help clean up the current signal.
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Note: Rpson sensing mode is only possible in three-phase current sensing (configuration C in Figure 22 with all

amplifiers in RDSON sensing mode and shunt resistors removed).

Note: In Rpson sensing mode, the CSAMP (current sense amplifier) is forced to be CS_TMODE = b00, meaning the
current sense amplifiers outputs are active when the GLx signal is high (GL ON mode). If the CS_TMODE

bitfield is written with a value different from b00, the configuration is ignored by the internal logic.

Note: Temperature compensation for the Rpson measurement, if required, must happen at the MCU.

Current sense
amplifier x

Gain
CS_GAIN
CS_GAIN_ANA

CS_MODE

CS_EN

=N E:
9 —o\)— _Wv N CSNx
t

CS_BLANK

Figure 24 System diagram of a low-side Rp5oy Sensing configuration
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!

CS_BLANK

Figure 25 System diagram of shunt resistor sensing configuration

3.5.2 Current sense amplifier timing mode

Often in drives applications, the current is sampled via leg shunts. In this case, the voltage in the shunt that needs to
be amplified appears only when the low-side MOSFET is turned on. In other cases, it might be useful to propagate the
signal continuously. The 6EDL7151 supports four different modes of operation of the current sense amplifiers
regarding when the output pin CSOx is connected to the amplifier stage. These four modes are:

«  Always OFF: Current sense amplifier output is disabled. This is achieved by disabling the amplifier via the bitfield
CS_EN in the register CSAMP_CFG.
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+  GL ON: In this mode, the CSOx pin is connected to the amplifier only when the same leg or phase GLx signal is
active. In single shunt mode, CSOx is connected according to the OR’ing of all two or three GLx signals. If two or
three amplifiers are enabled, then the signals for enabling CSOx are dedicated to that GLx signal. This mode is
forced if Rpgon Sensing is selected to prevent any possible overvoltage damage in the internal circuitry. To enable
this mode, the amplifier must be enabled via the CS_EN bitfield and the timing mode selected via write to the
CS_TMODE bitfield in the register SENSOR_CFG.

+  GH OFF: Similarly to GL ON, this mode connects the CSOx outputs during GL ON period, but extends that the
connection to the dead times both rising and falling so it is more than GL ON. In some cases like during diode
recirculation current, the diode might carry a current that can be useful, especially in cases where the PWM
pulses are very narrow. Same as GL ON, single shunt will logic OR the GLx activations and three shunt modes are
activate according to each GLx signal only. To enable this mode, the amplifier must be enabled via the CS_EN
bitfield and the timing mode selected via write to the CS_TMODE bitfield.

+  Always ON: This mode continuously connects the activated amplifier CSOx signals to the amplifier
independently of PWM signals. To enable this mode, the amplifier must be enabled via the CS_EN bitfield and the
mode selected via write to the CS_TMODE bitfield.

Figure 26 shows a comparison of the current sense amplifier working in both modes GL ON and GH OFF for a half
bridge example with a shunt resistor sensing configuration with three active amplifiers. GH OFF can potentially

propagate current information when the diode recirculates current. Auto-zero occurs on one GHx rising edge.

For example: half

. - . Auto-zero
bridge configuration A period
three shunts
GLA
Low-side diode
P recirculation
0
CSOA VsHUNT 0 .
= i
VSHUNT / // /
-
Case 1: Motset v
?,L OIN MOP,E Holds previous CSO
Signal present in voltage during auto-
CSOA only when GL CSOA/ zero period | — _—
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Blanking = 0 ps 0
\
e
Voffset
Case2: = e
GH OFF MODE _~ Holds previous CSO
(signal present in voltage during auto- —
CSOA only when GH ~ CSOA / zero period _— —
is low) <} Extra CSOA signal Extra CSOA signal
: - due to GH OFF due to GH OFF
\ Blanking = 0 us 0 mode mode
-
Case 3: Vofiset 7
GH OFF MODE
(signal present in / L~ e
CSOA only when GH CSOA ! CSO switching spikes .
is low) | blanked: CSOA= voﬁse.\
Blanking > 0 ps 0

Figure 26
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3.5.3 Current sense amplifier blanking time

A programmable blanking period can be configured in the current sense amplifiers and the goal to prevent
propagating a distorted signal to the microcontroller ADCs during MOSFET switching transitions. Since both voltages
at SHx and SLx pins (or CSNx) are subject to ringing due to the switching activities, the blanking module disconnects
the inputs for a configurable blanking time (tcs g ank). This action occurs in synchronicity with the GHx signal (rising
and falling edges) driving the external MOSFETs.

During the blanking time, the pin CSOx shows a Vet Voltage until the programmed blanking time period expires and
inputs are connected again to the current sense amplifier.

Two examples are shown in Figure 27:

Example A) represents a trapezoidal commutation scheme with one shunt similar to the one in Figure 73. In such a
case, the high-side of one phase (phase B) is switching, while the low-side of another phase (phase A) is always ON,
allowing the current to flow through the motor windings. As the low-side MOSFET of phase A is ON for 120° of
rotation, the current sense amplifier is amplifying the shunt voltage continuously except blanking and recirculation
periods. These blanking periods correspond to both high-side rising and falling edges (ORing to all phases applied). In
this case, the voltage across the shunt is positive.

Example B) corresponds to a generic half bridge configuration (for example, a synchronous buck converter). In this
case, when the high-side is turned on, the current in the inductor increases in the complementary cycle when the
high-side switches off and the low-side turns on after dead time, the current flows through the low-side and starts
decreasing. During the low-side conduction, the current sense amplifier generates the output as shown, which is
proportional to the voltage across the shunt, in this case, the voltage is negative.
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Figure 27 Timing diagram of a current measurement utilizing blanking time feature for suppressing
current spikes during MOSFET switching
3.5.4 Current sense amplifier offset generation

The internal linear regulator DVDD is used for the offset generation for all integrated current sense amplifiers. The

DVDD voltage is scaled down to different programmable values to adjust the desired offset voltage levels. The bitfield
CS_REF_CFG controls this scaling factor.

Some microcontrollers generate internally the reference for an integrated ADC out of the supply voltage. In this way,
the microcontroller can accurately measure in a ratio-metric way the output of the current sense amplifiers,
increasing noise immunity. Figure 28 shows a block diagram representing this implementation.
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Figure 28 Current sense amplifier offset generation block diagram

3.5.5 Current sense amplifier OCP

Two overcurrent comparators are integrated for monitoring the current in both positive and negative direction with
an extensive level of programmability. Figure 29 shows a schematic diagram of this implementation. Both
comparators monitor the current flowing through the shunt. The triggering level is independent from the gain setting
of the current sense amplifiers and is defined as the voltage across the shunt. The comparator features a hysteresis
(Ves_oc_nys) for consistent operation.

Positive and negative triggering levels for the comparator are set with two independent Digital to Analog Converters
(DAC). These DACs are programmed via the bitfields CS_OCP_PTHR for positive overcurrent protection and
CS_OCP_NTHR for negative overcurrent protection. For possible threshold levels, see the registers description in
Chapter 3.16.

The output of the comparators can be deglitched by programming the register CS_OCP_DEGLITCH before reaching
the fault handler, where the fault is processed (see Chapter 3.14) and eventually pulls down the nFAULT pin reporting
a fault to the microcontroller or other circuitry.

Alternatively, the comparator output propagates to the PWM modules. PWM truncation can be enabled via the bitfield
CS_TRUNC_DIS. If PWM truncation is activated, the PWM module immediately interrupts the PWM signal without
having to wait for the microcontroller to make such decision when the OCP level is reached. This ensures the fastest
reaction to the OCP event. PWM truncation is detailed in Chapter 3.5.5.4.
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Figure 29 Current sense amplifier protections schematic block diagram

3.5.5.1 OCP use cases

The reaction to an OCP event is programmable via SPI. The following scenarios may be useful for different

applications:

«  Apply PWM truncation immediately after OCP event and report on the nFAULT pin after the OCP event -
deglitching is disabled if PWM truncation is enabled. This is useful in trapezoidal control schemes.

+ Disable reporting and keep PWM truncation. This can be useful during events where the reporting function to
the microcontroller might not be necessary. This is useful in trapezoidal control schemes.

+  Trigger a configurable brake action upon OCP event. If PWM truncation is not desired, the brake event can be
configured to, for example, brake the motor by shorting all low-side MOSFETs. By using the deglitch function, the
possible noise in the analog signal can be filter out to avoid false trip of the OCP. This configuration can be useful
for FOC (Field Oriented Control) schemes given the flexibility. Braking is explained in more detail in Chapter 3.1.6
and Chapter 3.14.

+ Disable OCP protection, keep both nFAULT reporting and PWM truncation. In this case, OCP is ignored. This
might be useful for transition states or stop procedures as well.

These configurations can be adjusted also during active state of the device. It is also possible to select whether the

OCP fault trips on a single event or more and whether is latched or not via the bitfield CS_OCP_LATCH.

3.5.5.2 OCP fault reporting

OCP fault can be reported to the MCU via nFAULT pin pulling low. CS_OCPFLT_CFG in the register CSAMP_CFG allows
the user to set a target number of consecutive events (PWM cycles with current above OCP threshold) that triggers the
OCP fault. This means the user can configure the device to wait for several PWM periods before declaring a fault and
therefore be more conservative. Three options are possible: no fault, trigger immediately (that is, trigger on all
events) or trigger on a number of counts (8 or 16). The logic for the counting mode works as follows:

1. Every time that an OCP event occurs, a counter increments. All three phases have dedicated counters.

2. If any counter (ORing) reaches the target value configured in CS_OCPFLT_CFG, then the fault is asserted and
the nFAULT pin is pulled low.

3. If before reaching the target value, the OCP event does not occur for three consecutive PWM cycles, the counter
is reset to value 0, starting over next time an OCP event takes place.

3.5.5.3 OCP fault latching

The OCP fault can be configured as latched or non-latched via the bitfield CS_OCP_LATCH. This defines how the fault
is cleared via a register write. If configured as latched:
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« andin counting mode (8 or 16): fault cannot be cleared until there is one whole PWM period without fault.
« andinimmediate or on all events mode: fault can be cleared only after the fault condition is released.

If not latched, the fault can be cleared any time. If conditions is still present after clear, the fault is set again after the
clear event. Independently of the latch configuration, the status register shows that the fault happened.

3.5.5.4 PWM truncation

PWM truncation is a method to intrinsically limit the current flowing into the motor by switching off the PWM signal
immediately after the OCP detection. In this way, the GHx signals (all three) are pulled down automatically when the
configured peak current level is reached. Low-side remains unaffected until the next PWM cycle when the motor
current increases again. This happens in a PWM cycle by cycle base. An example of PWM truncation is depicted in
detail in Figure 30.

Note: Truncation always occurs on high-side except for 1IPWM mode with alternate recirculation, where the
truncation occurs in low-side during high-side recirculation periods and on high-side during low-side
recirculation periods.

PWM truncation takes place upon OCP event in all phases if it is enabled. For example, if the protection is triggered in
current sense amplifier A, then PWM signals in phases A, B and C are truncated. This enables the single shunt systems
to utilize any of the current sense amplifiers.

Blanking is applied to truncation logic on both rising and falling edge of high-side as described in Figure 27, with the
bitfield CS_BLANK for blanking time configuration. Blanking from all phases are OR’ed and prevent any mistriggering
of the PWM truncation during the blanking time selected by the user.

If PWM truncation is enabled, the deglitching filter is automatically disabled, which means the nFAULT pin signalizes
simply that a PWM truncation has occurred.

Note: Depending on the PWM modulation utilized, PWM truncation might not provide the desired results. In
modulation schemes where it is possible more than one phase are energizing the motor at a given time like
SVM FOC (Space Vector Modulated Field Oriented Control), it is recommended to disable truncation and use
OCP fault instead.

Positive OCP and PWM truncation
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detection at the applied to all*  applied to all*
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Note *: Truncation signal is OR’ed to all GHx signals if only one current sense amplifier is enabled,
otherwise, it is applied to the corresponding GHx signal. GLx signals remain unaffected during truncation.

Figure 30 Positive OCP PWM truncation example
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3.5.6 Current sense amplifier gain selection

Gain of the current sense amplifiers can be programmed digitally via the bitfield CS_GAIN to one of the following
values: 4, 8,12, 16, 20, 24, 32 and 64. Alternatively, the gain can be selected by connecting an external resistor
Res_cain from CS_GAIN/AZ pin to ground. To enable analog programming of the current sense amplifier via an external
resistor, the user must ensure the bitfield CS_GAIN_ANA is set accordingly. The value of Rcs_gan is evaluated during
start-up of the device (see Chapter 3.10.3). Table 9 provides the resistor values and register settings for gain selection
by analog and digital programming.

Table 9 Programming of current sense amplifier gain

Gain value Digital programming Analog programming
CS_GAIN (Hexadecimal) Rcs_cain (kQ)

4 0x0 0

8 0x1 15

12 0x2 3.0

16 0x3 4.7

20 0x4 6.2

24 0x5 7.5

32 0x6 9.1

64 0x7 11

Note: For analog programming, resistors are recommended to be 1% tolerance or lower.

The actual value of the current sense amplifier gain can be read via the bitfield CS_GAIN_ST of the register FUNCT_ST.

3.5.7 Current sense amplifier DC calibration

The 6EDL7151 features a calibration method for the current sense amplifiers. This helps, for example, to eliminate any
unwanted offset in the output of the amplifiers before starting motor operation.

The activation of the DC calibration mode via the bitfield CS_EN_DCCAL configuration (only during active state when
EN_DRV is high) will short the inputs of the amplifiers. Once the DC calibration is enabled, the output on the CSOx
pins then can be measured by precise ADC channels in an MCU to record any possible offset in the amplifiers. The
excess voltage in the CSOx pin can be subtracted in the MCU from the future measurements, for example, by software
means. It is recommended to perform DC calibration before the PWM is started, when the current in the shunts, is
known to be zero.

Once the offset value is captured, the MCU should set the CS_EN_DCCAL bitfield back to b0 to end the calibration
process and reconnect the operation amplifier to the input pins. After that the PWM signals can start-up.

Note: Auto-zero, if enabled, is executed every 100 us instead of 200 us during DC calibration.

3.5.8 Current sense amplifier auto-zero

Current sense amplifiers tend to accumulate offset during operation if they are not corrected. This can be due to the
temperature or aging effects. The auto-zero feature of the current sense amplifiers provides an automatic way of
compensating any possible drifts in the amplifiers. Internally the amplifier shorts the inputs to correct any possible
offset excess for a tayto zero period of time. CSOx pin holds the voltage before the auto-zero start during the auto-
zero period.

The auto-zero feature can be disabled via the bitfield CS_AZ_CFG in the register CSAMP_CFG2.
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3.5.8.1 Internal auto-zero

If configured as internally triggered or internal synchronization via the bitfield CS_AZ_CFG, the auto-zero period starts
with the GHx (x depends on the activated current sense amplifier A, B or C) signal rising edge after at least 100 ps from
last auto-zero period. The synchronized start of auto-zero period is chosen to interfere minimum possible with the
shunt resistor sensing. Details of signals behavior example can be seen in Figure 26 or Figure 31. The auto-zero occurs
upon next GHx rising edge after the timer has reached 100 ps.

Internal synchronization, CS_AZ CFG = b00
GHX ......
GLx | [ [
100 ps § 100 s §
100us — | ]
tmer ! —— L.
Auto-zero
internal signal _l ------ —l
—> 4— tauTto_zERO —> 4— tauTo_zERO
Figure 31 Auto-zero operating with internally synchronization with GHx signals

During start-up, the auto-zero function automatically activates to ensure that the amplifiers are optimized before the
active state is entered. This happens during the charge pump start-up, which is from EN_DRV turn on until charge
pump UVLOs are released.

If no GHx rising edge happens for a given time (tayto_zero_cvcLe), for example if the low-side is fully turned on for a
long period in a 6-step commutation, then an internal watchdog forces an auto-zero compensation. Auto-zero
continues during standby state.

Note: When the auto-zero period finishes and the CSOx returns to normal, it is expected to see a minor voltage
glitch. This can be blanked or filtered out, for example, at the signal path prior to the ADC conversion.

3.5.8.2 External auto-zero synchronization via CS_GAIN/AZ pin

The user can enable external synchronization of the auto-zero function by writing the bitfield CS_AZ_CFG. In this case,
the internal synchronization with GHx signals is disabled and the falling edge of the pin CS_GAIN/AZ becomes the
trigger for auto-zero correction period. This is depicted in Figure 32. The CS_GAIN/AZ pin falling edge triggers the
auto-zero correction period.

If externally triggered, the microcontroller in the system can decide when to execute the auto-zero correction
according to the particular current sense method. As a result of this feature, the auto-zero effect can be moved, for
example, far from the ADC sampling in the microcontroller, so it can benefit from the auto-zero corrections but still be
able to sample without the interference of the auto-zero process.

External synchronization, CS_AZ CFG =b10
CS_GAIN/AZ
Auto-zero ‘_| ‘_I_
internal signal ; .
—> i« tauTo_zERO —> i« tauTo_zERO
Figure 32 Auto-zero functionality with external synchronization
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3.5.8.3 External auto-zero synchronization via CS_GAIN/AZ pin with enhanced
sensing

6EDL7151 allows it to stop the clock (clock gating) of the charge pump modules according to CS_GAIN/AZ pin state. If
this feature is activated by the bitfield CS_AZ_CFG, the charge pump clock is gated from the rising edge of the
CS_GAIN/AZ pin until the end of the auto-zero period, and the clock starts after the falling edge of the same pin. The
effect of the clock gating is the reduction of possible switching noises that can couple into sensitive PCB signals like
CSOx or other ADC measured voltages to the system MCU or other sampling circuits.

The auto-zero with external synchronization and charge pump clock gating is shown in Figure 33. The charge pump
clock is gated to reduce the switching noise coupling during the periods when sensitive measurements are performed
in the system, one example is the ADC sampling period in an MCU.

Note: During clock gating period, the charge pump stops operation. As a result, the VCCLS and VCCHS rails stops
regulation and can drop below their requlated voltages. In most cases, the VCCLS and VCCHS
capacitors maintain enough voltage to keep driving the MOSFETs efficiently. The user must check that the
operating range and electrical characteristics in Chapter 4 are respected. UVLO protection on both VCCLS
and VCCHS is provided in the event of a fault, protecting the inverter.

External synchronization and charge pump clock gating, CS_AZ CFG = b11

1/ faz_cpcLk_oFF

< >

taz ExT_Pw taz ExT_Pw
CS_GAIN/AZ
s ‘—
Auto-zero
internal signal
—> «—tAUTO_ZERO —> «—tAUTO_ZERO

Charge pump
clock gating signal

Charge pump
gated clock  JULLUULUULUULAULY (I

Recommended
ADC sampling period

Figure 33 Signal diagram for the enhanced sensing mode using external synchronization of auto-zero
function
3.6 VDS sensor system

VDS sensors provide the possibility to monitor the status of the external MOSFETs and detect potential fault
conditions. One VDS sensor is provided for each MOSFET in a three-phase inverter, three for high-side MOSFETs and
three for low-side MOSFETs. The sensors use the drain (VDRAIN pin for high-side MOSFETs and SHx pins for low-side
MOSFETSs) and source (SHx pins for high-side MOSFETs and SLx pins for low-side MOSFETSs) terminals as inputs for the
six VDS sensors. Programmable thresholds, independent for high-side (VDS_HS_TH) and low-side (VDS_LS_TH)
MOSFETSs, allow customized detection levels for different operating conditions. A blanking circuit is present as well to
disable the VDS sensors during a programmable time (typs_g ank) Wwhen the MOSFETs are expected to switch from
battery voltage to ground or vice versa. Finally, to avoid wrong triggering due to noise, a deglitching filter
(VDS_FILTER) is also configurable via the SPI register.

Figure 34, Figure 35 and Figure 36 show the block diagram of the VDS sensor module in the 6EDL7151.
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Figure 34 VDS sensor block diagram
VDS_IiIS_TH
External
DAC
VDS_FLT_CFG j@ components
l VDS_FILTER Vth Rogan
VDRAIN
Fault handl J' '
au andler
— + = ! PWM
]—A\o— Filter time e {jI_E driver [7] Jogic
PWM logic T - 0
VDS_SENSE_EN
Blanking
time
VDS_BLANK
Figure 35 Block diagram of high-side VDS sensor including gate driver logic
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Figure 37 shows the ideal behavior of one half bridge switching event. The MCU drives pins INHx and INLx for turning
on and off the corresponding external MOSFETs according to the programmed PWM mode.

The VDS sensor of a MOSFET is enabled only when that MOSFET is activated. The VDS sensor for that MOSFET is
switched off during the turn off periods of the MOSFET.

During the MOSFET switching, the inverter phase node (SHx) transitions from ground to battery voltage and vice
versa. This period needs to be blanked to ensure these transitions are not detected as an overcurrent condition by the
VDS sensor. A configurable blanking period is available via SPI programming to configure the period that is ignored
from the start of Gxy signal activation. Only after the blanking time is elapsed, the inputs are compared with the
programmed threshold to detect a fault condition.

INHx

INLx

SHx

VDS sensor VDS_BLANK --
blanking

—_———}——_—— ]

JRNUES NEpUDUNN AP NI IRy NFRPPI [ —

I\

—»
1
fvDs_BLANK tvDs_BLANK!
1

High-side VDS
sensor activation

——eee e

Low-side VDS i
sensor activation

Figure 37 VDS sensor blanking behavior and operation waveforms

Once the VDS sensor is activated, the drain to source voltage is monitored and compared against a programmable
value, Wps_ns 4 for high-side and Vyps s 11 for low-side. When the comparator activates for longer than typs_gi1er
time (SPI configurable), the VDS fault is triggered, stopping the inverter operation and reporting to the nFAULT pin.
The filter function deglitches the OCP functions and prevent noises, glitches or too short overcurrent events being
detected as faults. The filter functionality is shown in Figure 38.

A microcontroller can check for the detected VDS faults by polling the status register or by monitoring the nFAULT pin,
while the report behavior of the faults is configurable via the bitfield VDS_FLT_CFG. Status bits are available for each
of the six VDS sensors. These faults are latched and operation can be resumed only if the MCU clears the fault or if
there is a power cycle. For more details of VDS fault handling, see Chapter 3.14.
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Figure 38 VDS sensor filter behavior
3.7 VDS sensor OFF state diagnostics mode

VDS sensors can be activated also during standby mode (EN_DRYV pin is low). This can be used for OFF state
diagnostics, which is activated by writing to the bitfield VDS_OFF_DIAG_EN in the SENSOR_CFG register. In this case,
the VDS sensors are activated according to the input PWM signals (INHx and INLx) and blanking time as described
before, but it does not activate the gate driver outputs. This means if INHA is high, then the VDS sensor for high-side
MOSFET A is activated. However, the gate driver stage does not output any signal in the GHA pin. For this example, the
drain to source voltage of the high-side MOSFET A is compared against the programmed Wps ps_th value and report
the status to the VDS high-side A sensor status bitfield VDS_HSA_ST of the register FUNCT_ST.

Note: The detected faults in OFF state diagnostics won’t be reported via nFAULT pins but only via register
reporting.

Note: OFF state diagnostics must be used with 6PWM mode only.

Note: To activate the OFF state diagnostics mode of VDS sensors, it is suggested first to pull low EN_DRV pin, write

VDS_SENSE_EN and VDS_OFF_DIAG_EN bitfields to enable the VDS sensors and OFF state diagnostics mode,
then pull high EN_DRV pin.

Table 10 summarizes the expected behavior of the VDS sensors, CSAMP, and gate driver outputs for the combinations
of VDS_OFF_DIAG_EN and EN_DRV.

Table 10 OFF state diagnostics truth table
VDS_OFF_DIAG_EN |EN_DRV VDS sensors CSAMP Gate driver Description
outputs
1 0 OFF OFF Disabled, High-Z -
1 1 ON OFF Disabled, High-z OFF state diagnostics mode.
Charge pumps are enabled
(table continues...)
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Table 10 (continued) OFF state diagnostics truth table
VDS_OFF_DIAG_EN |[EN_DRV VDS sensors CSAMP Gate driver Description
outputs
0 0 OFF OFF Disabled, High-Z -
0 1 ON or OFF (user | ON Enabled, follow Normal operation. Charge
choice) PWM inputs pumps are enabled

Figure 39 shows a timing example of different signals during the activation of the OFF state diagnostics mode.

CE
VDDB
VDDB/ DVDD
DvDD
EN_DRV
from MCU l ___________ J_I
SPI act\_vates QFF state SPI activ_ates OFFﬁsiate
MCU SPI diagnostics I‘I \ H Diagnostics only after EN_DRV low
3 W
States in 6EDL7151 OFF state Active state |

PWM (INxy) ﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂ4""‘“ImllImll"““"""“"““"“"“""““““"m—

VDS sensor off if EN_DRV is
low-> QFF state checks not

MCU SW End of check | possible
Check inverter state | MCU stops OFF state diagnostics | P

activity via SPI reads
MCU to clear faults

before driving motor
GH/Lx

Figure 39 OFF state diagnostics mode waveforms - VDS sensors need to activate with EN_DRV low
during OFF state period

3.8 Hall comparators

6EDL7151 has three identical channels of Hall comparators and the Hall sensor inputs are capable of interfacing with
digital Hall sensors with open-drain outputs. Each Hall sensor should be connected to one of the INLx digital pins.
Hall comparators are designed to be used for LPWM mode with Hall sensors as described in Chapter 3.1.4 as well as
for locked rotor detection functionality described in Chapter 3.9.3.

The Hall inputs are digitally deglitched so that those inputs ignore any extra Hall transitions for a configurable period
of time. This is selected in the bitfield HALL_DEGLITCH that can be accessed via the SPI commands. It prevents the
PWM noise from being coupled into the Hall inputs, which may result in erroneous commutation. The polarity of the
Hall sensor inputs can be read in the bitfield HALLIN_ST of the register FUNCT_ST by an MCU at any time.

The integrated DVDD linear regulator can be used to supply the Hall sensors either with 3.3V or 5V according to the
programming. In this case, the Hall sensors are not powered by the DVDD rail but by another power supply, and the
DVDD supply is disabled for any reason due to IDLE or OFF mode (Vg < Ve 14 f), the Hall inputs should not be driven
by external voltages. In addition, they should be powered-up before starting the motor, otherwise an invalid Hall state
may cause malfunction in the motor operation.

3.9 Watchdog timers

6EDL7151 integrates three independent watchdog timers that are SPI configurable. These protection features
are used to ensure the correct functionality of different modules inside and outside the device, for example, to ensure
that a microcontroller is having a correct behavior by serving or ‘kicking’ the 6EDL7151 watchdog. To configure
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watchdog timers in 6EDL7151, the two registers WD_CFG and WD_CFG2 are available. The three independent
watchdog timers are:

+  Buck converter watchdog
+  General purpose watchdog
+  Rotor locked watchdog

Each watchdog timer core unit includes a digital timer (watchdog timer). A source signal is connected to that timer,
which resets whenever a toggle occurs on the signal. Otherwise the timer keeps counting up. If the watchdog timer
limit is reached without a reset input, then a fault takes place and action is performed according to Table 12.

The reaction to a watchdog fault is programmable to the following actions:
+  Reporting to status register only

+  Reporting to status register and the nFAULT pin

«  Trigger a configurable braking event

+  Select whether watchdog fault is latched or not

An example of a watchdog operation is presented in Figure 40. In this example, a generic signal ‘WD input’ is resetting
the counter periodically (for example when reading the status register or toggling EN_DRV at the proper frequency). If
the input signal stops toggling, the watchdog timer expires after the watchdog period resulting in a watchdog fault.

WD input ‘
WD counter reset H

WD counter expiration

WD fault ' I

P tWD_TIMER_T o
Figure 40 Watchdog operation diagram
3.9.1 Buck converter watchdog timer

During the device start-up, the buck converter watchdog monitors the VDDB UVLO signal. When UVLO of VDDB is
asserted, the watchdog is cleared. If UVLO of VDDB is not asserted within the watchdog period (twp_guck 1), the
system stops (STOP state in the state machine is described in Chapter 3.13) and stays disabled until a power cycle
takes place. This watchdog can be used for a safe start-up debugging. To enable this feature, the bitfield WD_BK_DIS
of the register WD_CFG2 needs to be cleared.

3.9.2 General purpose watchdog timer

This watchdog timer can be configured to use different general purpose inputs (timer reset signal) via the bitfield
WD_INSEL. Possible inputs are:

1. EN_DRV: Coded in EN_DRYV, a clock signal can be utilized as watchdog timer clock input. The watchdog
measure that the frequency and duty cycle of this signal are correct. The proper frequency works as a
watchdog ‘kick’, see Chapter 3.10.1. It requires enabling the watchdog via WD_EN and an input selection via
WD_INSEL. After a fault occurs, clearing of the fault must be done only after two periods (500 Hz). The EN_DRV
watchdog period is fixed and not programmable.

2, DVDD start-up: During start-up, if this input is selected, the watchdog is cleared upon a DVDD UVLO signal
assertion. If DVDD has not reached the correct value before the watchdog period, the DVDD regulator
retries to start. The number of attempts to restart the DVDD regulator when the start-up fails can be
configured in WD_DVDD_RSTRT_ATT. Additionally, the time between restarts attempts is set in the bitfield
WD_DVDD_RSTRT_DLY.
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3. Charge pumps start-up: Similarly, the start-up time of the charge pumps (both VCCLS and VCCHS) can be
monitored. The UVLO signal of both, VCCLS and VCCHS, clear the watchdog, otherwise, a fault is reported. To
select this input, the bitfield in WD_INSEL has to be set accordingly.

4, Status register SPI read action: In this configuration, the watchdog resets every time the FAULT_ST status
register is read via an SPI command. In this way, it checks that the MCU is active and the SPI communication is
working adequately.

The general-purpose watchdog timer needs to be enabled via the WD_EN bitfield. The watchdog period is
programmed in WD_TIMER_T except for EN_DRV as watchdog input.

3.9.2.1 Brake on general purpose watchdog fault

The general purpose watchdog timer can be configured to trigger a brake event when the comparator trips. This is
activated in the bitfield WD_BRAKE and is only possible to the condition when either the ‘EN_DRV pin’ or the ‘Status
register read’ is chosen as input. The brake event can be configured to either brake the motor by shorting all high-side
MOSFETS, all low-side MOSFETSs, alternate between those options, or set all MOSFETs to high-Z. This is configured in
the bitfield BRAKE_CFG in the PWM_CFG register. For more details, refer to Chapter 3.1.6 and Chapter 3.14.

3.9.3 Locked rotor protection watchdog timer

6EDL7151 provides a locked or stalled rotor protection function by integrating a dedicated watchdog timer. The rotor
locked watchdog timer inputs are the three Hall sensor signals (INLA, INLB and INLC). Therefore, this protection is
only possible when using Hall sensor based on control schemes or IPWM modes.

Locked or stalled rotor can occur in the event of a mechanical malfunction or excessive load torque that causes the
motor to stop rotating while enabled. The locked rotor function can be enabled by setting the bitfield WD_RLOCK_EN
to bl. A locked rotor condition is detected if the Hall pattern is maintained for t gck period. The t| gck time is
configured via SPI (bitfield WD_RLOCK_T).

In order to increase robustness, an especial case of rotor locked detection is implemented. In some cases, the motor
stalls in a position in which the Hall sensors can still provide a cyclic or repeated toggling. In some cases vibration or
bending of the motor can cause this effect, in other cases, the Hall sensors get stalled close to the magnets. 6EDL7151
detects this condition as rotor locked. An example of such Hall sensor inputs sequence that would report a fault is the
following:

100, 101, 100, 101, 100, 101, .....

As soon as the locked rotor condition is detected, the device sets the bitfields WD_FLT and RLOCK_FLT of the
FAULT_ST register to b1. Upon detection of locked rotor condition the device enters high impedance state (high-Z).
Additionally, the nFAULT pin is pulled down. An MCU can read this signal and request a status update to the device or
execute other corrective actions.

3.9.3.1 Hall sensor malfunction

In case of an Hall sensor failure, the rotor locked protection can help to bring the motor to a safe state. The
malfunction of two or three Hall sensors causes a rotor lock fault in 6EDL7151. However, a single Hall sensor failure
cannot be detected as malfunction and does not trigger a fault.

The rotor locked condition can be reset by toggling EN_DRV (switch off and on again).

3.9.3.2 Situation of PWM signals on hold

If the PWM input signals generated by the controller stop switching while the rotor locked protection is enabled,
6EDL7151 recognizes the subsequent motor stop as a failure and triggers the rotor locked protection after t; ock
period. In case this behavior is not desired, the user code in the controller that stops the PWM switching must be
preceded by an SPI command to disable the rotor locked protection.
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3.10 Multi-function pins

3.10.1 EN_DRYV pin

The pin EN_DRV has two different functionalities that can work simultaneously:

1. Enable pin: to start the charge pump operation and finally enable gate drivers and current sense amplifiers
when pulled hlgh VEN_DRV > VEN_DRV_TH (see Table 21)

2, Watchdog clock input: this clock signal can be generated by the microcontroller in the system and permits
6EDL7151 to detect whether the microcontroller is generating the correct signal, and therefore to detect if the
controller is working properly or not (for example software failure), increasing robustness of the whole system.
In case the clock signal is not present or the period of this clock is outside of 10% of the expected value (see
Table 21), the watchdog of 6EDL7151 will react with a pre-programmed action (more details in Chapter 3.9).

If both functions are used simultaneously, the microcontroller can use two GPIOs, one for EN_DRV (GPI0O) and the
other for the clock generation (GPIO or PWM signal, for example). The analog summation of those two signals is
decoded inside 6EDL7151. Figure 41 describes the connections and electrical signals in such a configuration.

MCU
el EN[ Decoded
EN DRV Decoder WD clock >
{} » Watchdog clock Digital logic
« EN_DRV >
ﬂ_ﬂ_ﬂ_CLK[I]—/\/\/\,J § Decoded
EN_DRV
EN_DRV
VEN_DRV_WD_THH ~-o e i I
VEN.DRV TH oo o
VEN_DRV_WD_THL ===
>
Decoded
WD clock -
Decoded
EN_DRV ——
Figure 41 Usage of EN_DRYV pin for both enabling gate driver and decoding of watchdog clock signal

3.10.2 VSENSE/nBRAKE pin

Pin VSENSE/nBRAKE supports two different functionalities:

1. VSENSE function: During start-up, the 6EDL7151 reads the resistor value connected to pin VSENSE/nBRAKE.
Depending on the reading, the 6EDL7151 selects the DVDD set point to either 3.3 V or 5 V. After that, the device
will start-up the DVDD linear regulator with the target DVDD set point.

2. nBRAKE function: During normal operation (after DVDD UVLO is released), the pin is an input (with active
low logic) that can be pulled down, for example, by the MCU to initiate a brake event, bringing the motor to
standstill in a controlled way. Usually the pin is high so that the PWM signals propagate to the gate driver
outputs normally.
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3.10.3 CS_GAIN/AZ pin

CS_GAIN/AZ pin implements two different functionalities:

1. CS_GAIN function: during start-up, a resistor Rcg gan connected to this pin is read leading to the analog
programming of the current sense amplifier gain. This is explained in detail in Chapter 3.5.6.

2, AZ function: during normal operation, the pin can be used as an input to enable the external auto-zero
functionality described in Chapter 3.5.8.

In order not to affect the analog programming of the current sense amplifiers gain via the external resistor, the MCU is
recommended to be connected to the CS_GAIN pin with a series diode, so that when DVDD is still not at the final
target value, the MCU output circuitry does not load the CS_GAIN pin leading to a wrong programming of the
amplifier’s gain. This proposed circuit is shown in Figure 42. If digital programming of the current sense amplifier gain
is desired, Rcs_gan is not needed and the diode can be excluded from the circuit as well.

Mcu DVDD
T (o] <« DvDD | Rcs_caiN
T : 4 read circuit
Internal ~2 Alternatively
pull up Raz "' ext. pull up
i AZ logic:
]_5_"_ . 5[] f - Charge pump clock
CS GAIN/ disable
AZ - AZ phase

Figure 42 CS_GAIN/AZ multi-function pin usage example
Note: The internal pull up in the MCU side depends on the specific microcontroller. Some microcontrollers might

not offer enough pull up capability and an external pull up resistor might be required as shown.

3.11 ADC module

The 6EDL7151 integrates an ADC (analog to digital converter) based on the SAR architecture with 7-bit resolution. This
ADC can be used to do redundant measurements to those executed in the MCU or to measure gate driver related
voltages. The MCU can request the ADC results of these internal measurements via an SPI reading of the result
registers. The ADC can measure the following inputs during active mode:

«  Automatically in ADC conversion sequence:
- Ondie temperature sensor (see Chapter 3.11.2)
- PVDD: supply voltage
- VCCLS: low-side gate driver supply
- VCCHS: high-side gate driver supply
+  Other (on demand) conversion inputs selected via the bitfield ADC_OD_INSEL:
- IpigiTaL: device digital section current consumption
- DVDD: linear regulator output voltage
- VDDB: buck converter output voltage

Those ADC inputs are continuously converted in sequence. After each conversion is finished, the result of the
conversion can be processed through integrated digital filters, which are moving average filters with configurable
number of samples. PVDD uses a dedicated filter (ADC_FILT_CFG_PVDD) while the rest share a second filter
(ADC_FILT_CFG). The complete architecture of the ADC module is depicted in Figure 43.
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Figure 43

ADC module block diagram

Table 11 summarizes the ADC inputs characteristic including the scaling factors. These scaling factors can be used by
an MCU to calculate the real analog values in volts, milliamperes, or degree Celsius.

Table 11 ADC measurements overview
Measurement |On demand ADC result Filter bitfield |Scaling factor

conversion bitfield
PVDD N PVDD_VAL ADC_FILT_CFG_ |=(0.581 * PVDD_VAL +5.52)V

PVDD

Temperature N TEMP_VAL ADC_FILT_CFG |=(2* TEMP_VAL -94)°C
VCCLS N VCCLS_VAL ADC_FILT_CFG |=(VCCLS_VAL*16/127)V
VCCHS N VCCHS_VAL ADC_FILT_CFG |=(VCCHS_VAL*16/127)V
Device current |Y ADC_OD_VAL ADC_FILT_CFG |=(0.24 * ADC_OD_VAL)mA
(IPVDD)
DVDD Y ADC_OD_VAL |ADC_FILT_CFG |=(ADC_OD_VAL * DVDDarget/ 127)V
VDDB Y ADC_OD_VAL |ADC_FILT_CFG |=(ADC_OD_VAL * VDDBragger/ 127)V

For example, DVDD has been set to be 3.3V (DVDDtargeT), the DVDD voltage is the on demand conversion and the MCU
reads the bitfield ADC_OD_VAL = 0x78 = 120 decimal value. The DVDD voltage measured by the ADC is calculated as

follows:
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3.11.1 ADC measurement sequencing and on demand conversion

In active state, the ADC converts repeatedly in loops with the following sequence of six measurements:
1 PVDD

2 Temperature sensor

3. PVDD

4, VCCLS

5 PVDD

6 VCCHS

This is shown in Figure 44. Results of those conversions are placed in the dedicated result registers that can be read
via SPI by the MCU. PVDD result is reported in the SUPPLY_ST register, VCCLS and VCCHS are reported in the register
CP_ST and the temperature measurement is reported in the register TEMP_ST.

Additional to the standard sequence, the user can select to have other signals converted on demand. Any of this “on
demand” conversion inputs, can be injected once in the standard sequence. This is done by selecting the signal to be
converted in the bitfield ADC_OD_INSEL and setting b1 to the request bitfield ADC_OD_REQ, both bitfields in the
register ADC_CFG.

Note: The write of the ADC_CFG bitfields must happen in a single SPI write. A write to a single bitfield overwrites
the rest to the default value, so the full desired register value must be given in a single write or via read-
modify-write sequence.

If an on demand conversion is requested, the ADC waits to finish (end of conversion, EOC) the running conversion, if
any. Then the requested on demand conversion is started. When the on demand conversion is finished, the bitfield
ADC_OD_RDY is set. The MCU can poll this bitfield to make sure the result register contains the newest value of the
requested conversion. The result of the on demand conversion is located in the bitfield ADC_OD_VAL and the
sequence continues right where it was interrupted after the EOC of the on demand conversion. This is illustrated in
Figure 44.

Standard sequence {...| PvDD | Temp [ PVDD [VCCLS| PvDD RYelezBY PVDD | Temp | ... i

Sequence interrupted with

L i ... | PVDD | Temp PVDD |VCCLS | PVDD \/elel; S} PVDD | Temp
extended conversion L

Ext.
conversion
request
time -
Figure 44 ADC sequencing and interruption by extended conversion request of VDDB signal

3.11.2 Die temperature sensor

Avery useful ADC measurement is the device temperature, as 6EDL7151 integrates a die temperature sensor that is
sampled by the integrated ADC. The temperature of the device can be read via the bitfield TEMP_VAL of the TEMP_ST
register. The value is measured with a resolution of 2 degrees Celsius. For example, TEMP_VAL = 0x4A = 74 decimal
value, according to Table 11, the temperature is calculated as:

Temperature = (2* TEMP_V AL — 94)°C = (2*74 — 94)°C = 54°C (3)

Additionally, overtemperature warning and shut-down faults are implemented and the threshold values are provided
in Table 21. The overtemperature shut-down protection can be disabled via the bitfield OTS_DIS in the register
SENSOR_CFG. The occurrence of these faults can be detected by reading the bitfields OTW_FLT and OTS_FLT in the
register FAULT_ST.
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3.12 Device start-up

The device start-up can be divided in two main periods:
«  Power supply start-up: Initiated by Vg > Vg 1y g, leading to ramp-up of VDDB and DVDD rails.

+  Gate driver and CSAMP start-up: Begins with EN_DRV rise and results in charge pumps ramp-up and current
sense amplifiers activation.

3.12.1 Power supply start-up

Given a steady battery supply voltage (PVDD), the input CE pin controls the start-up of the power supply system.
Figure 45 shows graphically the ramp-up of buck converter voltage once the CE voltage goes above the Vg 1y g value.
If the external decoupling capacitor is too large, the ramp-up time might be exceeding the value typpg _srr starT
provided in Table 21. The integrated watchdog can be enabled to monitor and debug the start-up of VDDB, DVDD or
charge pumps.

Soft-start for the buck converter is automatically implemented using an integrated DAC for generating the target
reference. Once VDDB has reached its UVLO voltage, analog programming starts. This initiates periods of tay_t when
the external resistors at CS_GAIN/AZ and VSENSE/nBRAKE pins are read internally. The analog programming of these
two functions can be disabled by the user via OTP programming, therefore reducing the start-up time.

After these analog programming period(s) have elapsed, another OTP programmable delay (tpypp_Ton_pELAY) IS
inserted before the DVDD voltage starts ramping up. Longer delays allow the buck converter voltage to stabilize
before the DVDD starts charging. If a shorter start-up time is required, the delay can be shortened taking into
consideration the buck output voltage and the external components used (Lgyck and Cyppg). DVDD ramps up in a
configurable time (tpypp_serstrr)- Tuning this value helps to ensure the proper start-up.
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Figure 45 Start-up behavior of supply voltages at steady PVDD supply

If CE is generated from PVDD, for example via a voltage divider as shown in Chapter 5.3, the start-up behavior follows
approximately the one in Figure 46 or similar. In such case, it is important to notice that the device does not start, that
is, the buck converter does not start switching, until both PVDD UVLO is released and the CE rising voltage thresholds
(Vce_th_r) are crossed, as can be seen in flowchart in Figure 47. The order of CE and PVDD can swap with similar
results.

Datasheet 63 Rev. 1.0
2024-05-28



infineon

6EDL7151
3 Functional description
A PVDD
"4
e CE s
PVDD UVLO - :
Veethr 1 DVDD (target level depending
{ on VSENSE or DVDD_SETPT)
fovDD_TON_DELAY !
—> «—UAN.T pyDD LDO start t
taN_T
Optional VSENSE/
CS_GAIN reading
Start-up behavior when PVDD is ramping up and CE is created with a voltage divider from
PVDD. Device will only turn on after events 1 and 2 occurred, and start up the buck converter

Figure 46
controller

Gate driver and CSAMP start-up

3.12.2
Once DVDD is up and stable, the microcontroller can enable the gate driver. The EN_DRV pin needs to be set above
the Ven_prv_TH Value to enable the driver section. Before this, no PWM signal transfers to the gates of the MOSFETs.

Once EN_DRV is above Vgy pry TH, bOth low-side and high-side charge pumps ramp up to the target value PVCC. The
charge pump ramp-up time tcp_start depends on different configurations (capacitors, charge pump frequency, PVCC

voltage) as explained in Chapter 3.3.

The high-side charge pump starts after enough voltage is built in the low-side charge pump. After both high-side and
low-side charge pumps UVLOs are reached, the PWM path is activated and the gate driver can output signals to the

power MOSFETSs.
driving the MOSFETs while the charge pumps are not fully at target voltage if the PWM signal is activated

Depending on timing of PWM send to inputs and charge pump capacitor values, the gate driver could start
early. The user can delay the start of PWM signals until charge pumps are fully charged if this is required.

Note:

3.13

Device functional states
The functionality of the device is governed by a state machine. A flowchart of this state machine is shown in Figure 47.
The VDS sensor activation depends on different factors as explained in Chapter 3.6 and Chapter 3.7.
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Figure 47 Flowchart diagram for functional states of device

Four main modes can be considered for 6EDL7151: OFF_STATE, START_UP, STANDBY and ACTIVE. States are described
as follows:

« DEV_OFF - This state is the default state when device in reset.
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+ POWER_START_UP, OTP_READ - In this state voltage in PVDD is ramping up and checked by the device. Once ok,
the OTP memory is read. This is done before enabling any further blocks to ensure configuration is known. If a
fault is signaled by the OTP block, then the STOP state will be entered.

+  BUCK_START - The buck converter is enabled in this state and the VDDB needs to be correct before leaving this
state. If the VDDB has not reached the target voltage in a certain time, then the buck will be shut down and the
device set in the STOP state.

+ VSENSE_READ, CS_GAIN_READ - The device will optionally (programmable) sense pins like VSENSE and
CS_GAIN for checking parameters to be programmed. If the bitfield CS_GAIN_ANA is set to b0, then the
current sense amplifier gain will be set by the register CS_GAIN. Otherwise, if CS_GAIN_ANA is set to b1, the
analog programming is enabled.

+  DVDD_START - At this point, once the buck converter output is stable, the linear voltage regulator for DVDD is
ramped up according the start-up delay and soft start programming. At the end of this state, DVDD is at target
voltage and stable. With this, the start-up procedure of the device finishes and enters a wait state until EN_DRV
signal arrives from a microcontroller for example. This will start the standby section.

+  CHARGE_PUMP_START - The charge pumps are enabled. If target voltages are reached, the device moves to
DEV_ACTIVE.

«  DEV_ACTIVE (or ACTIVE state) - In this state the driver is ready to be used. The PWM path is enabled. If EN_DRV
signal goes low during active the device turns off both charge pumps and disables the PWM path by going into
the STANDBY section.

« DVDD_STOP - This state is entered from states after DVDD has been powered and DVDD rail fails. Device stops
operation and requires a CE toggle or power cycle to restart. Buck converter and ADC remains active.

+ STOP - If this state is entered it is because a serious fault with either the buck converter DVDD start-up. The device
will not operate until a power cycle or EN_DRV toggle takes place. SPI cannot be used during this state.

3.14 Protections and faults handling

The 6EDL7151 contains an extensive number of protections. These are:
«  Overcurrent protections (OCP) for:
- DVDD linear regulator
- Buck converter
- Motor leg shunt OCP
« Undervoltage lockout (UVLO) protection for:
- Gatedriver supply voltages for both high-side and low-side drivers
- Supply voltage PVDD
- DVDD linear regulator output voltage
- Buck converter output voltage
« DVDD linear regulator overvoltage lockout (OVLO) protections
« VDS sensors and OFF state diagnostics
+  Rotor locked detection based on Hall sensor inputs
+  Configurable watchdog
+  Overtemperature shutdown (OTS) and overtemperature warning (OTW)
«  Overtemperature shutdown for buck converter and LDO
«  OTP memory fault

An arbitration state machine takes all the fault inputs from the specific fault blocks and decides which fault needs to
be serviced first in case several faults occur at the same time (the same clock cycle). Once a fault is acknowledged, the
system takes the specific action as shown in Table 12 and the arbitration round stops until the fault is cleared. The
state machine is split in two main independent arbitration sections:

+  Supply faults (BO to B4). BO is the highest priority.

«  Other faults (FO to F7). The fault that happens first is dealt first and others are ignored until this fault is removed.
If more than one fault happens at the same time, then the one with the highest priority is processed. F0 is the
highest priority.
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The resultant actions from both sections are OR'ed on the nFAULT pin. If the fault is not latched, the fault status is
held but the actions stops when the condition for the fault is released. Additionally to any possible actions like
switching off PWM signal, status bits are updated to inform the MCU of any warning or/and fault occurrence. This is
done regardless of priority and those status bits can be read via SPI commands by the microcontroller in the system.

Note: It is highly recommended to determine the source of the fault by reading the status registers and clear faults
as soon as they occur so that new fault events can be captured. A fault is cleared by writing the register
FAULTS_CLR via the SPI interface.

The following registers provide information on the status of the device faults:

+  FAULT_ST: Holds most of functional related faults. A fault might be triggered only after a number of events of a
malfunction. Status immediately records the event information.

+  TEMP_ST: Provides status on temperature warning and the temperature reading itself.
«  SUPPLY_ST: Reports on status of all supplies UYLO/OVLO and OCPs.

«  FUNCT_ST: Status of the gain of current sense amplifiers, Hall sensors, wrong hall pattern, and VDS sensors
status.

+  OTP_ST: Programming and reading of OTP related faults.

To clear faults, the user has to write the bitfield CLR_FLTS in the FAULTS_CLR register via SPI. However, to clear a
latched fault, a write to the CLR_LATCH bitfield is required.

If ‘Motor leg shunt OCP’ fault is programmed to be latched, then the fault cannot be cleared until:

« Ifin OCP counting mode (8, 16 periods) there is one whole PWM period without an OCP event or standby state is
entered.

« Ifinimmediate trigger mode then it can be cleared after the fault is gone.

Table 12 Faults and protections table - lower Prio number means higher priority
Name |Description |Program |Latched |nFAULT |Active Prio Action(s)
mability report state
VCCLS |Charge pump |- N Y DEV_ACTI |F1&2 Gate signals (GHx, GLx) pulled
UVLO |low-side VE (shared) |down according to configured gate
UVLO fault driver slew rate. After that, gate

signals are pulling down according

to Rgs_pp_weak @nd Rgs pp_STRONG
as shown in Figure 76

VCCHS |Charge pump | - N Y DEV_ACTI | F1&2 Gate signals (GHx, GLx) pulled
UVLO |high-side VE (shared) | down according to configured gate
UVLO fault driver slew rate. After that, gate

signals are pulling down according

to Rgs_pp_weak @nd Rgs pp_STRONG
as shown in Figure 76

DvDD |DVDDOVLO |- N Y STANDBY |B1 No action. MCU to perform action
OVLO |fault and

DEV_ACTI

VE
DvDD |DVDD OCP Threshold |N Y STANDBY |B3 No action. MCU to perform action
ocCP fault level and

DEV_ACTI

VE

(table continues...)
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Table 12 (continued) Faults and protections table - lower Prio number means higher priority
Name |Description |Program |Latched |nFAULT |Active Prio Action(s)
mability report state
DVDD |DVDDUVLO |- N(require |Y All states |BOand |Gate signals (GHx, GLx) pulled
UVLO |fault spower |(however |after FO down according to configured gate
cycle-CE |nFAULTis |BUCK_ST driver slew rate. Note: the behavior
toggle) supplied |ART can be interrupted depending on
by DVDD) DVDD as logic is supplied by it.
After that, gate signals are pulling
down according to Rgs pp_weak
and RGS_PD_STRONG as shown in
Figure 76. These are always active.
Waits for power cycle (CE pin low
and high).
Buck converter continues
operation.
When DVDD UVLO happens the
functional state machine changes
from DEV_ACTIVE to DVDD_STOP.
Refer to Chapter 3.13 for details.
From the application perspective,
this fault is the highest priority.
Requires a power cycle (CE toggle)
BUCK |Buck - N Y All states | B2 No action. MCU to perform action.
ocCP converter after Protection is blanked during start-
overcurrent DVDD ok up of charge pumps
protection (after
Standby) -
fault
blanked
during
charge
pump
start
Motor |Current sense | Threshold | Program |Y DEV_ACTI |F4 PWM truncation if configured.
leg amplifier level, mable - VE If fault is configured as “Latched”
shunt |overcurrent |counton |latched if then: gate signals (GHx, GLx)
OocCP protection for | number | brake on pulled down according to
[2:0]  |eachphase |oftrips, |OCPis configured gate driver slew rate.
reaction, |active After that, gate signals are pulling
PWM down according to Res pp_weaAK
truncatio and RGS_PD_STRONG as shown in
n

Figure 76.

Brake as defined in PWM_CFG
register when CS_OCP_BRAKE
register enabled. Fault latched if
braking active

(table continues...)
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Table 12 (continued) Faults and protections table - lower Prio number means higher priority
Name |Description |Program |Latched |nFAULT |Active Prio Action(s)
mability report state
VDS VDS sensor | Threshold | Y Y DEV_ACTI |F5 Gate signals (GHx, GLx) pulled
Sensor | comparator |, VE down according to configured gate
protection blanking, driver slew rate. After that, gate
deglitch signals are pulling down according
filter to Rgs_pp_weak and Rgs_pp_sTRONG
as shown in Figure 76
Locked |Locked rotor | Timing Y Y, DEV_ACTI |F6 Gate signals (GHx, GLx) pulled
rotor |watchdog Program |VE down according to configured gate
overflow mable driver slew rate. After that, gate
signals are pulling down according
to Rgs_pp_weak and Rgs_pp_sTRONG
as shown in Figure 76. Requires
toggle of EN_DRV to re-start
normal operation again
Watch |Watchdog Timing, |Program |Y (with Dependin |F7 Ifinput:
dog timer reaction. |mable- |input gon - EN_DRV: gate signals (GHx, GLx)
timers | overflow. Dependin |latched if |[EN_DRV |input, pulled down according to
Several goninput |brakeon |only, either configured gate driver slew rate.
inputs watchdog |otherwise | START UP After that, gate signals are pulling
programmabl faultis not) or down according to Rgs pp weak
e enabled DEV_ACTI and Rgs_pp_STRONG @S shown in
VE Figure 76.
- Buck input: no action required
from user or device.
- Charge pump input: nFAULT
reported. Driver won’t start-up.
- Others: brake as defined in
PWM_CFG register when
WD_BRAKE register enabled.
Always latched if braked enabled
OTS Overtempera |- Y Y DEV_ACTI |F3 Gate signals (GHx, GLx) pulled
ture VE down according to configured gate
shutdown driver slew rate. After that, gate
signals are pulling down according
to Rgs_pp_weak @nd Rgs_pp_sTRONG
as shown in Figure 76
OTW Overtempera |- N N (only DEV_ACTI | F9 No action. MCU to perform action
ture warning status VE
register
report)

(table continues...)
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Table 12 (continued) Faults and protections table - lower Prio number means higher priority
Name |Description |Program |Latched |nFAULT |Active Prio Action(s)
mability report state

oTP OTP read - Y Y All states |F8 Gate signals (GHx, GLx) pulled

Fault |faultor OTP down according to configured gate
user driver slew rate. After that, gate
programming signals are pulling down according
error to Rgs_pp_weak and Rgs_pp_sTRONG

as shown in Figure 76

3.15 Device programming - OTP and SPI interface

The 6EDL7151 includes some smart features that can be programmed by the user. The configuration of those features,
including the gain of amplifiers, driving voltage for gate drivers or fault reactions, is stored in registers while the
device is active. The configuration of those functions can be changed during run time operation via SPI commands.
These registers are volatile memory cells and therefore, its information is lost every time the power supply is removed
from the device.

For this reason, the 6EDL7151 integrates an OTP NVM (One time programmable non-volatile memory) that stores a
given default configuration even when power supply is not available. Initially, the device is programmed with the
default register settings provided in Chapter 3.16. During start-up phase of the device (see state machine flowchart in
Figure 47), the configuration in the OTP is copied or mirrored into the volatile registers. These registers are the ones
that govern the actual behavior of the device. This is shown in Figure 48.

Hardware modules
(gate driver, buck converter,
charge pumps, and so on)

Report

status
Configure
features

R;sg:::ﬁ;s Copy default values OTP NVM
Read status memmo (at start-up) memory
ry)

MCcu Transtmlt and SPI
receive data module o
ontigure . Registers
features Registers OTP program (once) hard-copy

Figure 48 Programming overview

In case the default (“out of the fab”) configuration of the device stored in the OTP not being the desired one, the
designer can select a different configuration for his application and store it indefinitely in the OTP memory (hard-
copy). See Chapter 3.15.1 for the detailed programming procedure. This action can be done only once. A second write
to the OTP is not possible. However, configurations can be overwritten on volatile registers after start-up via SPI
commands as mentioned above.

The user configuration can be tracked with a software ID bitfield USER_ID, which is located in the OTP_PROG register.

Note: It is recommended that every writing action to the registers in 6EDL7151 is followed by a confirmation read
to ensure that written and read data in registers match and thus confirming correct programming.
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3.15.1 OTP user programming procedure: loading custom default values

The 6EDL7151 OTP is used for user configuration storage. The OTP module implements a double error correction, plus
one additional error detection when programming it.

OTP programming must only occur in a controlled environment. This requires that the user ensures that
programming happens at the correct supply voltage, this is PVDD > PVDDgrp prog. Also the temperature must be
below Torp_prog- Internally both parameters are monitored. This means that if programming is attempted outside of
these parameters it will be blocked. If this occurs, then the bitfield OTP_PROG_BLOCK is set to b1 to indicate that one
of the parameter is outside of the required range. Default values (as given in bold in Chapter 3.16.2) are used after
start-up in such situation. Further programming attempts are possible. OTP_PROG_BLOCK is reset either when the
programming finishes successfully or after a power down.

The following programming steps should be performed to write OTP with a specific configuration:

1. Start device into standby mode (Ven_prv < Ven_prv_TH)-
2, Write registers to the desired default values via the SPI write commands.
3. Program these values into OTP using the OTP_PROG bitfield.

« Ifthetemperature is higher than Torp prog Or PVDD < PVDDg1p_prog, then programming does not start and
OTP_PROG_BLOCK is set to b1. Conditions might be modified and the programming can be attempted
again. If the programming fails twice, the device is blocked signaled by OTP_USED = b1 and OTP_PASS =
bo.

+ Iftemperature and PVDD values are in range, programming starts, copying register parameters into the
OTP memory. This can only be done once.

4, (Recommended) Check if OTP programming succeeded via the bitfields OTP_USED and OTP_PASS or

OTP_PROG_FAIL:

+  Ifthe programming of the OTP failed, then the device is locked until a power cycle (CE pin pulled down
and up) takes place. Signaled by OTP_USED = b1 and OTP_PASS = b0 or simply OTP_PROG_FAIL =b1.
Further programming of OTP is not possible. Memory content is considered corrupted and therefore the
part should be discarded.

+ If programming succeeded, then normal function continues. This is signaled by OTP_USED = b1 and
OTP_PASS = b1 or simply OTP_PROG_FAIL = b0. It is recommended to perform a power cycle (CE pin pulled
down and up) for new values to take effect after a successful programming.

Attempts to write an already programmed OTP are ignored. The OTP status is summarized in Table 13.

Table 13 OTP programming status
Device status OTP_USED OTP_PASS OTP_PROG_ |OTP_PROG_ |Status description
BLOCK FAIL
Non-programmed |0 0 0 0 Default values used
device
Successful 1 1 X X User programming was
programming of successful. Upon start-up, the
oTP newly programmed default
values are loaded into registers
for custom configuration
Programming 0 0 1 0 Part can be reprogrammed once
blocked due condition are within limits
to PVDD
or temperature
conditions
(table continues...)
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Table 13 (continued) OTP programming status

Device status OTP_USED OTP_PASS OTP_PROG_ |OTP_PROG_ | Status description
BLOCK FAIL

Programming 1 0 1 1 Part must be discarded

started but failed
during operation
due to PVDD

or temperature
conditions

Programming 1 0 0 1 Part must be discarded
started but failed
due to OTP issue

An OTP programming failure (wrong copy of registers into OTP memory) forces the device to enter STOP state during
read out (see Figure 47). In such case, the fault is reported on the nFAULT pin. The microcontroller, once informed
about the fault, can request 6EDL7151 to provide status of memory by reading the bitfields OTP_USED, OTP_PASS, or
OTP_PROG_FAIL, and OTP_PROG_BLOCK.

If a user chooses to program OTP during start-up of the microcontroller software, this should check each time that
OTP_USED = b1 before programming again. Otherwise incorrect programming could occur.

3.15.2 SPI communication

All communication between 6EDL7151 and an external microcontroller happens through an integrated SPI interface.
This module is used to program the configuration registers and therefore to command the device, for example, to
change settings or program OTP memory.

The SPI module is based on a 4-pin configuration. Data sampling happens during the falling edge of the SPI clock
signal. All communication happens in a 24-bit length shift register.

« T7-bitaddress

« 16-bit data byte

+ 1-bitcommand

Two commands are defined:
+ 1-Register write

+  0-Registerread

Data is shifted in with MSB first. Figure 49 and Figure 50 show the write and read operations with SPI interface
respectively.
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3.15.2.1 SPI communication example

For example, the user wants to write new values TDRIVE1 = 50 ns (0x01) and TDRIVE2 = 2540 ns (OxFE) to the register
TDRIVE_SRC_CFG (address 0x19), then the content of the register needs to be 0xFEO1 by collating TDRIVE2 and
TDRIVEL values. So the MCU needs to write the following command in the SPI bus (SDI signal) once nSCS signal is
pulled down:

Binary: b 1001 1001 1111 1110 0000 0001
Hexadecimal: 0x99 FE 01

After write, if a read is necessary, then the following sequence must be applied by the MCU. This reads the
TDRIVE_SRC_CFG register by writing SDI signal:

Binary: b 0001 1001 ---- ---- --—- --—-
Hexadecimal: 0x19 -- --
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3.16 Register map

Table 14 shows a complete list of registers in 6EDL7151 accessible via SPI interface.

Table 14 Register map overview

Register name Short description Offset address
FAULT_ST Faults status 004
TEMP_ST Temperature status 01y
SUPPLY_ST Power supply status 024
FUNCT_ST Functional status 03y
OTP_ST OTP status 044
ADC_ST ADC status 054
CP_ST Charge pump status 064
DEVICE_ID Device ID 07H
VDS_SENSE_CFG VDS sensors configuration OFy
FAULTS_CLR Faults clear 104
SUPPLY_CFG Power supply configuration 11y
ADC_CFG ADC configuration 12,
PWM_CFG PWM configuration 134
SENSOR_CFG Sensor configuration 14y
WD_CFG Watchdog configuration 154
WD_CFG2 Watchdog configuration 2 164
IDRIVE_CFG Gate driver current configuration 17,
IDRIVE_PRE_CFG Gate driver precharge current configuration 18
TDRIVE_SRC_CFG TDRIVE source configuration 194
TDRIVE_SINK_CFG TDRIVE sink configuration 1A4
DT_CFG Dead time configuration 1By
CP_CFG Charge pump configuration 1Cy
CSAMP_CFG Current sense amplifier configuration 1Dy
CSAMP_CFG2 Current sense amplifier configuration 2 1E4
OTP_PROG OTP program 1Fy

3.16.1 Device programmability

The 6EDL7151 programmable registers can be programmed at any time after the SPI interface is active, however,
some of the bitfield changes do not have an effect until certain conditions occur. This is to protect from wrong
behaviors or to avoid glitches in the operation. Three categories are defined:

1. Always programmable: Programming these bitfields have an effect immediately after programming in any state of
the device. The effect can be synchronized with PWM or braking events for some cases.

2. Standby programmable: Programming these bitfields have an effect only when the EN_DRV level is low. If
programmed when EN_DRV is high, the register shows the new value, but effect does not be applied until EN_DRV is
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pulled down. This is to prevent system malfunctions. It is therefore recommended that these registers are
programmed before EN_DRV is enabled.

3. OTP only: Programming these bitfields have an effect only if programmed in OTP and after device new power up
(PVDD). These are settings affecting the start-up of the device, namely bitfields whose effect takes place even before
DVDD ramps up, therefore must be burned into OTP to be effective on next power up. As an example, if during ACTIVE
state a write happens to a ‘Standby’ value, the value are written and reads to this register returns the written value,
however, the value is not (shadow) transferred to actual effective register until the device state machine goes into the
STANDBY state.

Table 15 provides a categorization for every configuration (‘rw’ or ‘w’ type bitfield) of the device.

Table 15 Register programmability
Register name Bitfield name Programmability
VDS_HS_TH Always
VDS_LS_TH Always
VDS_BLANK Always
VDS_SENSE_CFG
VDS_FILTER Always
VDS_FLT_CFG Always
VDS_SENSE_EN Always
PVCC_SETPT Standby
CS_REF_CFG Standby
DVDD_OCP_CFG Always
DVDD_SFTSTRT OTP only
SUPPLY_CFG
DVDD_SETPT OTP only
BK_FREQ Standby
DVDD_TON_DELAY OTP only
CP_PRECHARGE_EN Standby
ADC_OD_REQ Always - no OTP field, just register
ADC_OD_INSEL Always - no OTP field, just register
ADC_CFG ADC_EN_FILT Always - no OTP field, just register
ADC_FILT_CFG Always
ADC_FILT_CFG_PVDD Always
PWM_MODE Standby
PWM_FREEW_CFG Always
PWM_CFG
BRAKE_CFG Always
PWM_RECIRC Standby
HALL_DEGLITCH Always
OTS_DIS Always
SENSOR_CFG
CS_TMODE Always
VDS_OFF_DIAG_EN Standby
(table continues...)
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Table 15

(continued) Register programmability

Register name

Bitfield name

Programmability

WD_EN Standby
WD_INSEL Standby
WD_CFG
WD_FLTCFG Standby
WD_TIMER_T Standby
WD_BRAKE Standby
WD_EN_LATCH Standby
WD_DVDD_RSTRT_ATT Standby
WD_CFG2 WD_DVDD_RSTRT_DLY Standby
WD_RLOCK_EN Always
WD_RLOCK_T Always
WD_BK_DIS OTP only
IHS_SRC Always
IHS_SINK Always
IDRIVE_CFG
ILS_SRC Always
ILS_SINK Always
I_PRE_SRC Always
I_PRE_SINK Always
IDRIVE_PRE_CFG I_PRE_SRC_DIS Always
I_PRE_SNK_DIS Always
I_CLAMP_DIS Always
TDRIVE1 Always
TDRIVE_SRC_CFG
TDRIVE2 Always
TDRIVE3 Always
TDRIVE_SINK_CFG
TDRIVE4 Always
DT_RISE Always
DT_CFG
DT_FALL Always
CP_CLK_CFG Always
CP_CFG
CP_CLK_SS_DIS Always
CS_GAIN Always - recommended to stop PWM first
Standby (change to digital mode)- change to analog
CS_GAIN_ANA mode only possible if written in OTP followed by
CSAMP_CFG power cycle
CS_EN Always
CS_BLANK Always - recommended to stop PWM first

(table continues...)
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Table 15 (continued) Register programmability
Register name Bitfield name Programmability
CS_EN_DCCAL Standby
CS_OCP_DEGLITCH Standby
CS_OCPFLT_CFG Standby
CS_OCP_PTHR Always
CS_OCP_NTHR Always
CS_OCP_LATCH Standby
CSAMP_CFG2 CS_MODE Standby
CS_OCP_BRAKE Standby
CS_TRUNC_DIS Always
CS_NEG_OCP_DIS Always
CS_AZ_CFG Always
OTP_PROG OTP_PROG Standby (programming of OTP only in Standby)
USER_ID Always
Table 16 Register read/write coding description
Code Access type Description
RES No access Reserved
r Read Read only. A write produces no action
" e el = e b
rw Read/Write Read or write by user
w Write Write only. A read returns 0
Note: Default values of the register bitfields are in bold.

3.16.2
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3.16.2.1 Faults status register

If the status of one of the bits switches to value b1, the corresponding fault/warning has occurred. To clear the fault use the clear
faults bit in FAULTS_CLR register

FAULT_ST Offset address: 004
Faults status register AsyncReset value: 0000y
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

RLOC BK_O DVDD | DVDD DVDD
RES TP |WE-F 1 | OTH 19T cpF | ov_| _uv_| _ocp | P-F|  cs_ocp_pir
T - LT FLT FLT | _FLT
r rh rh rh rh rh rh rh rh rh rh rh
Field Bits Type Description
CS_OCP_FLT 2:0 rh Current sense amplifier OCP fault status
Current sense amplifier OCP fault status
bxx0: No fault on phase A
bxx1: Fault on phase A
bx0x: No fault on phase B
bx1x: Fault on phase B
bOxx: No fault on phase C
b1xx: Fault on phase C
CP_FLT 3 rh Charge pumps fault status

Charge pump low-side and high-side combined fault status
b0: No fault has occurred
b1: Afault has occurred

DVDD_OCP_FLT |4 rh DVDD OCP (Over-Current Protection) fault status

DVDD linear voltage regulator Over-Current Protection fault status
b0: No fault has occurred

b1: Afault has occurred

DVDD_UV_FLT |5 rh DVDD UVLO (Under-Voltage Lock-Out) fault status
DVDD UVLO fault status

b0: No fault has occurred

b1: Afault has occurred

DVDD_OV_FLT |6 rh DVDD OVLO (Over-Voltage Lock-Out) fault status
DVDD OVLO fault status

b0: No fault has occurred

b1: Afault has occurred

BK_OCP_FLT 7 rh Buck OCP fault status

Buck Over-Current Protection fault status
b0: No fault has occurred

b1: Afault has occurred

(table continues...)
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(continued)

Field Bits Type Description

OTS_FLT 8 rh Overtemperature shutdown fault status
Overtemperature shutdown event status
b0: No fault has occurred

b1: Afault has occurred

OTW_FLT 9 rh Overtemperature warning status
Overtemperature warning signal status
b0: No warning signal has occurred

b1: Awarning signal has occurred

RLOCK_FLT 10 rh Locked rotor fault status

Locked rotor fault status using Hall sensors
b0: No fault has occurred

b1: Afault has occurred

WD_FLT 11 rh Watchdog fault status

Watchdog status

b0: No fault has occurred

b1: Afault has occurred

OTP_FLT 12 rh OTP status

OTP (One Time Programmable) memory fault status
bO0: No fault has occurred

b1: Afault has occurred

RES 15:13 r Reserved

Aread always returns 0
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3.16.2.2 Temperature status register

This register contains the temperature value for MCU to read

TEMP_ST Offset address: 01y
Temperature status register AsyncReset value: 0000y
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

RES TEMP_VAL
r rh
Field Bits Type Description
TEMP_VAL 6:0 rh Temperature reading

Temperature value in steps of 2 degrees Celsius
b000000: -94 degrees Celsius

..... every 2 degrees Celsius

b1111111: 160 degrees Celsius

RES 15:7 r Reserved

Aread always returns 0
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3.16.2.3 Power supply status register

This register contains the status of the power supply related blocks

SUPPLY_ST Offset address: 02y

Power supply status register AsyncReset value: 0000y

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

VDDB | VDDB | DVDD | DVDD | VCCH | VCCL

RES PVDD_VAL _OVS | _UVS| _OVS| _UVS | S UV|S_uv
T T T T ST ST
r rh rh rh rh rh rh rh
Field Bits Type Description
VCCLS_UVST 0 rh Charge pump low-side UVLO status

b0: Below threshold
b1: Above threshold

VCCHS_UVST |1 rh Charge pump high-side UVLO status
b0: Below threshold
b1: Above threshold

DVDD_UVST 2 rh DVDD UVLO status
b0: Below threshold
b1: Above threshold

DVDD_OVST 3 rh DVDD OVLO (Over-Voltage Lock-Out) status
b0: Below threshold
b1: Above threshold

VDDB_UVST 4 rh VDDB UVLO status
b0: Below threshold
b1: Above threshold

VDDB_OVST 5 rh VDDB OVLO status
b0: Below threshold
b1: Above threshold

PVDD_VAL 12:6 rh PVDD ADC result reading value
Holds the analog to digital conversions value for PVDD input voltage
RES 15:13 r Reserved

Aread always returns 0
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3.16.2.4 Functional status register

Status of various functional signals

FUNCT_ST Offset address: 03y
Functional status register AsyncReset value: 0000y
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

VDS_ | VDS_ | VDS_ | VDS_ | VDS_ | VDS_ DVDD HALL
RES LSC_ | HSC_ | LSB_ | HSB_ | LSA_ | HSA_ CS_GAIN_ST ST POL_ HALLIN_ST
ST ST ST ST ST ST - ST
r rh rh rh rh rh rh rh rh rh rh
Field Bits Type Description
HALLIN_ST 2:0 rh Hall sensor inputs status

Hall sensor input status for each phase
b0: signal is low

b1:signalis high

bit 0: Phase A

bit 1: Phase B

bit 2: Phase C

HALLPOL_ST 3 rh Hall sensor polarity equal indicator

Status bit that indicate if all phases of the Hall sensors have the same
polarity at the same time

b0: Hall sensors have different polarity
b1: Hall sensors have the same polarity

DVDD_ST 4 rh DVDD set point status

DVDD set point read value. The reading is independent of whether DVDD is
analog or digitally programmed

b0:3.3V
bl:5V

CS_GAIN_ST 7:5 rh Status of the current sense amplifier gain

Shows the value of the current sense amplifier gain independently of
whether programmed digitally or via external resistor

b000: 4 V/V

b001: 8 V/V

b010: 12 V)V

b011:16 V/V

b100: 20 V/V

b101: 24 V/V

b110: 32 V)V

b111:64V/V

VDS_HSA ST 8 rh VDS high-side A sensor status
Indicates the comparator status for high-side phase A
b0: No fault has occurred

b1: Afault has occurred

(table continues...)
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(continued)

Field Bits Type Description

VDS_LSA_ST 9 rh VDS low-side A sensor status

Indicates the comparator status for low-side phase A
b0: No fault has occurred

b1: Afault has occurred

VDS_HSB_ST 10 rh VDS high-side B sensor status

Indicates the comparator status for high-side phase B
b0: No fault has occurred

b1: Afault has occurred

VDS_LSB_ST 11 rh VDS low-side B sensor status

Indicates the comparator status for low-side phase B
b0: No fault has occurred

b1: Afault has occurred

VDS_HSC_ST |12 rh VDS high-side C sensor status

Indicates the comparator status for high-side phase C
b0: No fault has occurred

b1: Afault has occurred

VDS_LSC_ST 13 rh VDS low-side C sensor status

Indicates the comparator status for low-side phase C
b0: No fault has occurred

b1: Afault has occurred

RES 15:14 r Reserved

Aread always returns 0

Datasheet 83 Rev. 1.0
2024-05-28



6EDL7151 iﬁn eon

3 Functional description

3.16.2.5 OTP status register

OTP memory status information is found in this register

OTP_ST Offset address: 04y
OTP status register AsyncReset value: 0000y
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

OTP_ | OTP_
RES PRO | PRO | OTP_ | OTP_
G_FA | G_BL | PASS | USED
IL OCK
r rh rh rh rh
Field Bits Type Description
OTP_USED 0 rh OTP used
Shows if OTP memory has been written by user or still holds factory
defaults

b0: OTP memory is not used: factory defaults
b1: OTP memory is used: new custom values loaded

OTP_PASS 1 rh User OTP programming passed

Is set if USER OTP programming has passed without error
b0: Not programmed or not passed

b1: Programming passed without error

OTP_PROG_BL |2 rh User OTP programming blocked

OCK Signals if OTP programming has been attempted when voltage or
temperature outside range

b0: Programming was not blocked
b1: Programming blocked

OTP_PROG_FAI |3 rh OTP programming fail

L If set, indicates that the programming of the OTP has failed
b0: No failure
b1: Programming failed

RES 15:4 r Reserved

Aread always returns 0
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3.16.2.6  ADC status register

ADC status register
ADC_ST Offset address: 054
ADC status register AsyncReset value: 0000y
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
ADC_
RES ADC_OD_VAL OD_R
DY
r th th
Field Bits Type Description
ADC_OD_RDY |0 rh ADC on demand conversion result ready
Indicates if ADC result for one of the extended conversions is ready to be
read
b0: Not ready
b1: Ready
ADC_OD_VAL |71 rh ADC on demand result value
ADC result value for on demand conversions
RES 15:8 r Reserved
Aread always returns 0
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3.16.2.7 Charge pump status register

Charge pumps status

CP_ST Offset address: 06
Charge pump status register AsyncReset value: 0000y
15 1 13 12 1 10 5 8 7 6 5 4 3 2 1 0

RES VCCLS_VAL VCCHS_VAL
r rh th
Field Bits Type Description
VCCHS_VAL 6:0 rh VCCHS ADC result reading value
Holds the analog to digital conversions value for VCCHS voltage
VCCLS_VAL 13:7 rh VCCLS ADC result reading value
Holds the analog to digital conversions value for VCCLS voltage
RES 15:14 r Reserved
Aread always returns 0
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infineon

Device ID
DEVICE_ID Offset address: 07y
Device ID register AsyncReset value: 0011,
15 14 13 12 11 10 9 8 7 6 5 4 3 1 0
RES DEV_ID
r rh

Field Bits Type Description
DEV_ID 7:0 rh Device ID

Device identifier for user version control
RES 15:8 r Reserved

Aread always returns 0
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3.16.2.9 VDS sensors configuration register

Configures the VDS sensor of the device

VDS_SENSE_CFG

VDS sensors configuration register

15 14 13 12 11

10 9

Offset address:

AsyncReset value:

6 5 4 3

infineon

OFy
3FFFy

VDS_ | VDS_
SENS | FLT_ VDS_FILTER
E_EN | CFG

VDS_BLANK

VDS_LS_TH

VDS_HS_TH

rw rw rw

rw

rw

rw

Field Bits Type

Description

VDS_HS_TH 3:0 rw

block

b0000: 0.1V
b0001:0.15V
b0010:0.2V
b0011:0.25V
b0100: 0.3V
b0101:0.35V
b0110:0.4V
b0111:0.45V
b1000: 0.5V
b1001:0.55V
b1010: 0.6V
b1011:0.65V
b1100:0.8V
b1101:1.0V
b1110:1.5V
b1111:2.0V

VDS high-side comparator threshold
Configures the threshold of the high-side comparators in the VDS sensor

(table continues...)
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(continued)

Field Bits Type Description

VDS_LS_TH 7:4 rw VDS low-side comparator threshold

Configures the threshold of the low-side comparators in the VDS sensor
block

b0000: 0.1V
b0001: 0.15V
b0010:0.2V
b0011:0.25V
b0100: 0.3V
b0101:0.35V
b0110:0.4V
b0111:0.45V
b1000: 0.5V
b1001: 0.55V
b1010: 0.6V
b1011:0.65V
b1100:0.8V
b1101:1.0V
b1110:1.5V
b1111:2.0V

VDS_BLANK 10:8 rw VDS sensor blanking time

Configures the VDS sensor blanking period during switching transitions
b000: 1.0 us

b001:1.5us

b010: 2.0 us

b011:2.5us

b100: 3.0 us

b101:3.5us

b110:4.0 us

b111:5.0 us

VDS_FILTER 13:11 rw VDS sensor filter time

Configures the VDS sensor filter time
b000: 1.0 us

b001: 1.5 us

b010:2.0 us

b011:2.5us

b100:3.0 us

b101:3.5us

b110:4.0 us

b111:5.0 us

VDS_FLT_CFG |14 rw VDS sensor fault configuration

Defines the behavior of the device after a VDS fault has occurred
b0: Register reporting only

b1: Register reporting and nFAULT signal reporting

(table continues...)
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Field

Bits

Type

Description

VDS_SENSE_EN

15

rw

VDS sensor enable

Setting this bitfield will enable the VDS sensor module
b0: VDS sensor disabled

b1: VDS sensor enabled

Datasheet

90

Rev. 1.0
2024-05-28



6EDL7151

afineon

3 Functional description

3.16.2.10 Faults clear register

Clear different faults of the device

FAULTS_CLR Offset address: 104
Faults clear register AsyncReset value: 0000y
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

CLR
~ | CLR_
RES LATC FLTS
H
r w w

Field Bits Type

Description

CLR_FLTS 0 w

Clear all faults

Setting this bitfield will clear all faults of the device excluding latched faults.
Areading always returns 0

b0: No action
b1: Clear all fault status bits except latched ones

CLR_LATCH 1 w

Clear all latched faults

Setting this bitfield will clear all (and only) latched faults in the device. A
reading always returns 0

b0: No action
b1: Clear latched fault status bits

RES 15:2 r

Reserved
Aread always returns 0
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3.16.2.11 Power supply configuration register

This register contains bitfields to configure and control power supplies of the device

Offset address:

AsyncReset value:

SUPPLY_CFG

Power supply configuration register

114
FOO0O0y

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

CP_P

RECH
ARGE
_EN

DVDD_TON_
DELAY

BK_F
REQ

DVDD_SETP
T

DVDD_SFTSTRT

DVDD_OCP_
CFG

CS_REF_CFG

PVCC_SETP
T

rw

rw

rw

rw

rw

rw

rw

rw

Field

Bits

Type

Description

PVCC_SETPT

1:0

PVCC set point

Configures the target PVCC (gate driving voltage) voltage level
b00: 12V

b01:15V

b10:10V

b11:7V

CS_REF_CFG

3:2

rw

Current sense reference configuration

Selects the VREF voltage that is applied as offset in all three current sense
amplifiers

b00: 1/2 DVDD

b01:5/12 DVDD

b10:1/3 DVDD

b11:1/4 DVDD

DVDD_OCP_CF
G

5:4

rw

DVDD OCP threshold configuration
DVDD OCP threshold selection

b00: 450 mA

b01: 300 mA

b10: 150 mA

b11:50 mA

DVDD_SFTSTRT

9:6

rw

DVDD soft start configuration

DVDD linear regulator soft start programming 100 us, stepping 100 us up to
1.6 ms

b0000: 100 us
b0001: 200 us

b1111:1.6 ms

(table continues...)
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(continued)

Field Bits Type Description

DVDD_SETPT |11:10 rw DVDD set point configuration

Configures DVDD output voltage

bOx: use VSENSE pin for analog programming
b10: DVDD = 3.3V - digitally programmed

b11: DVDD =5V - digitally programmed

BK_FREQ 12 rw Buck converter switching frequency selection
Configures the switching frequency of the buck converter
b0: Low frequency (500 kHz)

b1: High frequency (1 MHz)

DVDD_TON_DE |14:13 rw DVDD turn on delay configuration
LAY The device will wait for the configured time before turning on the DVDD
starting counting from VDDB UVLO during start-up of the device
b00: 200us
b01: 400us
b10: 600us
b11: 800 us
CP_PRECHARG |15 rw Charge pump precharge configuration
E_EN Enables the precharge of the VCCLS charge pump during start-up

b0: Precharge disabled
b1: Precharge enabled
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3.16.2.12 ADC configuration register

Note: The complete content of the register must be written at once (read-modify-write). Writing a single bitfield at a time will set
all other bitfields to default.

Configuration of the ADC related functions

ADC_CFG Offset address: 12,
ADC configuration register AsyncReset value: 0000y
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

RES ADC_FILT_C | ADC_FILT_C QBCE ADC_OD_IN ggcﬁ
FG_PVDD FG ILT SEL Ea
r rw rw w rw w
Field Bits Type Description
ADC_OD_REQ |0 w ADC on demand conversion request
Setting this bitfield will inject an additional measurement in the standard
sequence. This additional measurement is selected in ADC_IN_SEL bitfield.
Aread always returns 0
b0: No action
b1: Request the conversion of the signal selected in ADC_IN_SEL
ADC_OD_INSEL |2:1 rw ADC input selection for on demand conversions
Configures the input to the ADC
b00: IDIGITAL: device digital area current consumption
b01: DVDD
b10: VDDB
b11: Reserved
ADC_EN_FILT |3 w Enable filtering for on demand ADC measurement

Enables the moving average filter for on demand ADC measurements. A
read always returns 0

b0: No action
b1: Enable filtering

ADC_FILT_CFG |5:4 rw ADC generic filtering configuration

Selects the moving average filter characteristic for ADC measurements
except PVDD measurement

b00: 8 samples averaging filter
b01: 16 samples averaging filter
b10: 32 samples averaging filter
b11: 64 samples averaging filter

ADC_FILT _CFG_|7:6 rw PVDD ADC measurement result filtering configuration
PVDD Selects the moving average filter characteristic for PVDD measurement
b00: 32 samples

b01: 16 samples
b10: 8 samples
b11:1sample

(table continues...)
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(continued)
Field Bits Type Description
RES 15:8 r Reserved
Aread always returns 0
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3.16.2.13 PWM configuration register

PWM related configurations

PWM_CFG Offset address: 134
PWM configuration register AsyncReset value: 0000y
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

PWM PI‘:'LI:
RES _REC | BRAKE_CFG | -, PWM_MODE
IRC EW_C
FG
r rw rw rw rw
Field Bits Type Description
PWM_MODE 2:0 rw PWM commutation mode selection

PWM mode selection

b000: 6PWM mode

b001: 3PWM mode

b010: 1PWM mode

b011: 1PWM with Hall sensors
b100: b111: Reserved

PWM_FREEW_C |3 rw PWM freewheeling configuration
FG Selects which rectification or freewheeling is desired (only for 1 PWM input
modes)

b0: Active freewheeling
b1: Diode freewheeling

BRAKE_CFG 5:4 rw Brake configuration

Brake scheme configuration

b00: Low-side

b01: High-side

b10: High-Z (non-power)

b11: Brake toggle - alternates between low- and high-side braking on every
braking event

PWM_RECIRC |6 rw PWM recirculation selection (for PWNM_MODE = b011 only)

Setting this bitfield will activate the alternating recirculation feature of the
1PWM with Hall sensors and alternating recirculation PWM mode. For
PWM_MODE =b011 only

b0: Disable alternating recirculation mode
b1: Enable alternating recirculation mode
RES 15:7 r Reserved

Aread always returns 0
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3.16.2.14 Sensor configuration register

Sensors configuration

SENSOR_CFG Offset address: 144
Sensor configuration register AsyncReset value: 0001y
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

VDS_
RES g:::G_ CS_TMODE OJIZ— HALL_DEGLITCH
_EN
r rw rw rw rw
Field Bits Type Description
HALL_DEGLITC |3:0 rw Hall sensor deglitch
H Deglitch time configuration for Hall sensor inputs in steps of 640 ns
b0000: 0 ns
b0001: 640 ns
... in steps of 640 ns
b1111: 9600 ns
OTS_DIS 4 rw Overtemperature shutdown disable
This bitfield allows to disable the shutdown feature due to overtemperature
in the device

b0: Enable shutdown protection
b1: Disable shutdown protection

CS_TMODE 6:5 rw Current sense amplifier timing mode

Configures how the current sense amplifier operates regarding the timing
related to the PWM signals

b00: Current sense amplifier outputs are active when GLx signal is high
b01: Current sense amplifier outputs are active when GHx signal is low

blx: Current sense amplifier outputs are always active

VDS_OFF_DIAG |7 rw VDS OFF state diagnostics enable

_EN Controls the activation of the OFF state diagnostics mode of the VDS sensor
b0: Disable OFF state diagnostics mode

b1: Enable OFF state diagnostics mode

RES 15:8 r Reserved

Aread always returns 0
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3 Functional description

3.16.2.15 Watchdog configuration register

Watchdog configurations

WD_CFG

Watchdog configuration register

15 14 13

12

11 10

Offset address:

AsyncReset value:

15,
0000y

9 8 7 6 5 4 3 2 1 0

RES

WD_TIMER_T

WD_F
LTCF
G

WD_

WD_INSEL EN

rw rw rw rw

Field Bits

Type

Description

WD_EN 0

rw

Watchdog enable

Watchdog timer enable

b0: Watchdog timer is disabled
b1: Watchdog timer is enabled

WD_INSEL 3:1

rw

Watchdog input selection

Selects the input to the watchdog timer

b000: EN_DRYV pin (measure input signal frequency)
b001: Reserved

b010: DVDD (linear regulator)

b011: VCCLS and VCCHS (charge pumps)

b100: Status register read

b101: Reserved

b110: Reserved

b111: Reserved

WD_FLTCFG 4

rw

Watchdog fault configuration

Controls the reaction to a watchdog fault event

b00: Report to status register only

b01: Report to status register and pull down the nFAULT pin

WD_TIMER_T |14:5

rw

Watchdog timer period value

Configures the period of the watchdog timer. After this time is elapsed with
no re-start of the timer by the watchdog input, a watchdog fault is
triggered. In 100 us steps. Not applicable for VDDB (buck) and EN_DRV
watchdog input

b0000000000: 100 us
b0000000001: 200 us

b1111111111:102.4 ms

RES 15

Reserved
Aread always returns 0
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3 Functional description

3.16.2.16 Watchdog configuration register 2

Watchdog configurations register extension

WD_CFG2 Offset address: 164
Watchdog configuration register 2 AsyncReset value: 0000y
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

WD_ WD_ WD_ | WD_
RES BK_D WD_RLOCK_T RLOC| WD_DVDD_RSTRT_DLY WSI?I.—RI?I.VII)_\z?R EN_L | BRAK
IS K_EN - ATCH E
r rw rw rw rw rw rw rw
Field Bits Type Description
WD_BRAKE 0 rw Brake on watchdog timer overflow

Provides the option to configure a braking event when the watchdog
overflow occurs

b0: Normal reaction to fault

b1: Brake on watchdog fault (automatically latched). The braking mode is
configured in PWM_CFG register. Status register is updated accordingly
WD_EN_LATCH |1 rw Enable latching of the watchdog fault

Enable latching of the watchdog fault

bO: Fault not latched

b1: Fault latched

WD_DVDD_RST |3:2 rw Restart delay for DVDD
RT_ATT Number of restart attempts for DVDD WD
b00: 0 attempts

b01: 1 attempt
b10: 2 attempts
b11: 3 attempts

WD_DVDD_RST | 7:4 rw DVDD restart delay

RT_DLY Time after WD trigger signal until restart is attempted again for DVDD. In
steps of 0.5 ms

b0000: 0.5 ms
b0001: 1 ms

b1110: 7.5 ms

b1111:8 ms

WD_RLOCK_EN |8 rw Enable rotor locked detection

Enable rotor lock dedicated watchdog timer input
b0: Disabled

bl: Enabled

(table continues...)
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3 Functional description

(continued)

Field Bits Type Description

WD_RLOCK_T |[11:9 rw Rotor locked watchdog timeout

Watchdog timer period value (overflow value). In steps of 1 s
b000:1s

b001:2s

b111:8s

WD_BK_DIS 12 rw Buck watchdog disable

Buck watchdog (start-up) disable
b0: Buck watchdog enabled

b1: Buck watchdog disabled

RES 15:13 r Reserved

Aread always returns 0
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3 Functional description

3.16.2.17 Gate driver current control register

Gate driver current settings for slew rate control

IDRIVE_CFG Offset address: 174

Gate driver current control register AsyncReset value: BBBBy

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

ILS_SINK ILS_SRC IHS_SINK IHS_SRC

rw rw rw rw

Field Bits Type Description

IHS_SRC 3:0 rw High-side source current

High-side gate driver rise or pull-up gate current applied during period
TDRIVE2

b0000: 10 mA
b0001: 20 mA
b0010: 30 mA
b0011: 40 mA
b0100: 50 mA
b0101: 60 mA
b0110: 80 mA
b0111: 100 mA
b1000: 125 mA
b1001: 150 mA
b1010: 175 mA
b1011: 200 mA
b1100: 250 mA
b1101: 300 mA
b1110: 400 mA
b1111: 500 mA

IHS_SINK 7:4 rw High-side sink current

High-side gate driver fall or pull-down gate current applied during period
TDRIVE4

Same coding as IHS_SRC

ILS_SRC 11:8 rw Low-side source current

Low-side gate driver rise or pull-up gate current applied during period
TDRIVE2

Same coding as IHS_SRC

ILS_SINK 15:12 rw Low-side sink current

Low-side gate driver fall or pull-down gate current applied during period
TDRIVE4

ame coding as IHS_SRC
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3 Functional description

3.16.2.18 Gate driver precharge current control register

Gate driver precharge current settings for slew rate control

IDRIVE_PRE_CFG Offset address: 184

Gate driver precharge current control register AsyncReset value: 00BBy

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

I_CLA| — -
RES MP_ | - - I_PRE_SINK I_PRE_SRC
DIS - —S‘

Field Bits Type Description

I_PRE_SRC 3:0 rw Precharge source current setting (TDRIVE1)
Rise or pull-up gate current applied during precharge phase (TDRIVE1)
b0000: 10 mA

b0001: 20 mA

b0010: 30 mA

b0011: 40 mA

b0100: 50 mA

b0101: 60 mA

b0110: 80 mA

b0111: 100 mA

b1000: 125 mA

b1001: 150 mA

b1010: 175 mA

b1011: 200 mA

b1100: 250 mA

b1101:300 mA

b1110: 400 mA

b1111:500 mA

I_PRE_SINK 7:4 rw Precharge sink current setting (TDRIVE3)
Fall or pull-down current during precharge phase (TDRIVE3)
Same coding as |_PRE_SRC

I_PRE_SRC_DIS |8 rw Gate driver precharge mode disable for sourcing

Enables extra precharge current configurations for source condition. In case
of disabled, 1.5 A are applied during TDRIVE1 period

b0: Precharge sourcing current enabled. Value selected I_PRE_SRC is
applied during TDRIVE1 period

b1: Precharge mode disabled. 1.5 A applied during TDRIVE1 period

(table continues...)
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3 Functional description

(continued)

Field Bits Type Description
I_PRE_SNK_DI |9 rw Gate driver precharge mode disable for sinking
S Enables extra precharge current configurations for sinking condition. In

case of disabled, 1.5 A are applied during TDRIVE3 period

b0: Precharge current enabled. Value selected in I_PRE_SINK is applied
during TDRIVE3 period

b1: Precharge mode disabled. 1.5 A applied during TDRIVE3 period

| CLAMP_DIS 10 rw Gate driver clamp function disable

Disables the gate clamp feature that applies maximum current setting
during complementary switch turn on period (TDRIVE1 + TDRIVE2)

b0: Gate clamp feature enabled
b1: Gate clamp feature disabled

RES 15:11 r Reserved
Aread always returns 0
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3.16.2.19 TDRIVE source control register
TDRIVEL and TDRIVE2 configuration registers for gate driver sourcing mode

TDRIVE_SRC_CFG Offset address: 194
TDRIVE source control register AsyncReset value: FFOO4
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
TDRIVE2 TDRIVE1
rw rw

Field Bits Type Description
TDRIVE1 7:0 rw TDRIVE1 timing
TDRIVEL value for high- and low-side. First turn on or precharge period
b00000000: 0 ns
b00000001: 50 ns (values between 0 ns and 50 ns not allowed)
10 ns steps
b11111111:2590 ns
TDRIVE2 15:8 rw TDRIVE2 timing
TDRIVE2 value for high- and low-side
b00000000: 0 ns
b00000001: 10 ns
10 ns steps
b11111111: 2550 ns
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3.16.2.20 TDRIVE sink control register
TDRIVE3 and TDRIVE4 configuration registers for gate driver sinking mode

TDRIVE_SINK_CFG Offset address: 1A4
TDRIVE sink control register AsyncReset value: FFOOy
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
TDRIVE4 TDRIVE3
rw rw

Field Bits Type Description
TDRIVE3 7:0 rw TDRIVE3 timing
TDRIVE3 value for high- and low-side. First turn off or pre-discharge period
b00000000: 0 ns
b00000001: 50 ns (values between 0 ns and 50 ns not allowed)
10 ns steps
b11111111:2590 ns
TDRIVE4 15:8 rw TDRIVE4 timing
TDRIVE4 value for high- and low-side
b00000000: 0 ns
b00000001: 10 ns
10 ns steps
b11111111: 2550 ns
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3.16.2.21 Dead time register

Dead time configurations

infineon

DT_CFG Offset address: 1By
Dead time register AsyncReset value: 3131
15 14 13 12 11 10 9 8 7 6 5 4 3 1 0
DT_FALL DT_RISE
rw rw

Field Bits Type Description
DT_RISE 7:0 rw Dead time rise (of phase node voltage)

Dead time rise (of phase node voltage) value

b00000000: 120 ns

b00000001: 200 ns

In steps of 80 ns

b00110001: 4040 ns

b10010101: 12040 ns

b10010110: b11111111: Unused (defaults to 120 ns)
DT_FALL 15:8 rw Dead time fall (of phase node voltage)

Dead time fall (of phase node voltage) value

b00000000: 120 ns

b00000001: 200 ns

In steps of 80 ns

b00110001: 4040 ns

b10010101: 12040 ns

b10010110: b11111111: Unused (defaults to 120 ns)
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3 Functional description

3.16.2.22 Charge pump configuration register

Charge pump related controls

CP_CFG Offset address: 1Cy
Charge pump configuration register AsyncReset value: 0000y
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

CP_C
LK_S | CP_CLK_CF
RES s DI G
S
r rw rw
Field Bits Type Description
CP_CLK_CFG 1.0 rw Charge pump clock frequency configuration
Charge pump clock frequency configuration
b00: 781.25 kHz

b01:390.625 kHz

b10:195.3125 kHz

b11:1.5625 MHz

CP_CLK_SS_DI |2 rw Charge pump clock spread spectrum disable
S Charge pump clock spread spectrum disable
b0: Spread spectrum is enabled

b1: Spread spectrum disabled

RES 15:3 r Reserved

Aread always returns 0
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3 Functional description

3.16.2.23 Current sense amplifier configuration register

Current sense amplifier configurations

CSAMP_CFG Offset address: 1Dy

Current sense amplifier configuration register AsyncReset value: 2028y

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

CS_E CS_G
N_DC CS_BLANK CS_EN AIN_ CS_GAIN
CAL ANA

CS_OCPFLT_ | CS_OCP_DE
CFG GLITCH

rw rw rw rw rw rw rw

Field Bits Type Description

CS_GAIN 2:0 rw Gain of current sense amplifiers

Selects the gain of the current sense amplifier when digitally programmed
b000: 4V/V

b001: 8 V/V

b010: 12 V/V

b011:16 V/V

b100: 20 V/V

b101: 24 V)V

b110:32V/V

b111: 64 V/V

CS_GAIN_ANA |3 rw Current sense amplifier gain analog programming enable
Current sense amplifier gain analog programming enable

b0: Gain is selected via register configuration (CS_GAIN bitfield)
b1: Gain is defined by CS_GAIN pin resistor

CS_EN 6:4 rw Enable of each current sense amplifier
Enable of each current sense amplifier
bit 0: phase A

bit 1: phase B

bit 2: phase C

b0: Amplifier disabled

b1: Amplifier enabled

(table continues...)
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3 Functional description

(continued)

Field Bits Type Description

CS_BLANK 10:7 rw Current sense amplifier blanking time
Current sense amplifier blanking time
b0000: 0 ns
b0001: 50 ns

b0010: 100 ns
b0011: 200 ns
b0100: 300 ns
b0101: 400 ns
b0110: 500 ns
b0111:600 ns
b1000: 700 ns
b1001: 800 ns
b1010: 900 ns
b1011:1us
b1100: 2 us
b1101:4 us
b1110: 6 us
b1111:8us

CS_EN_DCCAL |11 rw DC calibration of current sense amplifier

DC calibration of current sense amplifier

b0: No calibration is executed

b1: DC calibration mode executed, all power stages in high-Z (powered but

not driving)
CS_OCP_DEGLI |13:12 rw Current sense amplifier OCP deglitch
TCH OCP deglitch timing configuration of the OCP on current sense amplifiers -

deglitch disabled if CS_TRUNC_DIS = b0 (PWM truncation disabled in
register CSAMP_CFG2)

b00: 0 us
b01:2us
b10: 4 us
b11:8us

CS_OCPFLT_CF |15:14 rw Current sense amplifier OCP fault trigger configuration
G OCP fault trigger configuration

b00: Count 8 OCP events

b01: Count 16 OCP events

b10: Trigger on all OCP events

b11: No fault trigger (PWM truncation continues as defined in bitfield
CS_TRUNC_DIS in register CSAMP_CFG2)
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3 Functional description

3.16.2.24 Current sense amplifier configuration register 2

Current sense amplifier configurations extension register

CSAMP_CFG2 Offset address: 1Ey
Current sense amplifier configuration register 2 AsyncReset value: 0833y
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

22‘3 %_II €S 0lcg m| €S-0
CS_AZ_CFG - RES CP_B —_ | CP_L CS_OCP_NTHR CS_OCP_PTHR
CP_D C_DI ODE
RAKE ATCH
IS S
rw rw r rw rw rw rw rw rw
Field Bits Type Description
CS_OCP_PTHR |3:0 rw Current sense amplifier OCP positive thresholds

Configures the threshold level for the positive OCP
b0000: 300 mV
b0001: 250 mV
b0010: 225 mV
b0011: 200 mV
b0100: 175 mV
b0101: 150 mV
b0110: 125 mV
b0111: 100 mV
b1000: 90 mV
b1001: 80 mV
b1010: 70 mV
b1011: 60 mV
b1100: 50 mV
b1101:40 mV
b1110:30 mV
b1111:20 mV

(table continues...)
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3 Functional description

(continued)

Field Bits Type Description

CS_OCP_NTHR | 7:4 rw Current sense amplifier OCP negative thresholds
Configures the threshold level for the negative OCP
b0000: -300 mA

b0001: -250 mA

b0010: -225 mA

b0011:-200 mV

b0100: -175 mA

b0101:-150 mA

b0110: -125 mA

b0111:-100 mA

b1000: -90 mA

b1001:-80 mA

b1010:-70 mA

b1011:-60 mA

b1100:-50 mA

b1101:-40 mA

b1110:-30 mA

b1111:-20 mA

CS_OCP_LATC |8 rw OCP latch choice

H OCP fault can be selected with this bitfield to be a latched
b0: Unlatched

b1l: Latched

CS_MODE 9 rw Current sense amplifier sensing mode

Select between shunt resistor and RDSON sensing modes
b0: Shunt resistor sensing

b1: RDSON sensing - CS_TMODE forced to be GL ON only

CS_OCP_BRAK |10 rw Current sense amplifier brake on OCP configuration

E Brake on OCP

b0: No braking upon OCP fault

b1: Brake on OCP fault (fault set to latched). The braking mode is
configured in PWM_CFG register

CS_TRUNC_DIS |11 rw PWM truncation disable

Disables the PWM truncation when an OCP occurs. This does not affect fault
triggering

b0: PWM truncation enabled

b1: PWM truncation disabled

RES 12 r Reserved
Aread always returns 0

(table continues...)
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3 Functional description

(continued)

Field

Bits

Type

Description

CS_NEG_OCP_
DIS

13

rw

Current sense negative OCP disable

Disables the negative Over Current Protection in the current sense
amplifiers including both the PWM truncation and fault reporting

b0: Negative OCP fault is enabled
b1: Negative OCP fault is disabled

CS_AZ_CFG

15:14

rw

Current sense auto-zero configuration

Configures the auto-zero feature

b00: Auto-zero enabled with internal synchronization
b01: Auto-zero disabled

b10: Auto-zero enabled with external synchronization

b11: Auto-zero enabled with external synchronization and charge pump
clock gating
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3.16.2.25 OTP program register

OTP program command and user ID

infineon

OTP_PROG Offset address: 1Fy
OTP program register AsyncReset value: 0000y
15 14 13 12 1 10 5 8 7 6 5 4 3 2 1 0

OTP_
RES USER_ID PRO
G
r rw w
Field Bits Type Description
OTP_PROG 0 w Program OTP
Setting this bitfield starts programming the OTP
USER_ID 4:1 rw User ID
Space for user to enter an ID into OTP for version control
RES 15:5 r Reserved
Aread always returns 0
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4 Electrical characteristics

4 Electrical characteristics

All voltages are referred to ground (PGND for buck converter, charge pumps and gate driver related parameters, and
DGND for the rest) unless otherwise specified. The voltage levels are valid if other ratings are not violated. Figure 51
illustrates the definition for the voltage and current parameters used in this datasheet.

+l
— +lpin [
: —_—
PIN
S
. []]+v +Vein DUT
GND
1 - N

Figure 51 Voltage and current definitions

4.1 Absolute maximum ratings

Note: Absolute maximum ratings are intended in the temperature range T, =-40°C to T, =150°C, unless otherwise
specified.

Note: Stresses above the values listed below may cause permanent damage to the device. Exposure to absolute
maximum rating conditions for given periods may affect device reliability. Maximum ratings are absolute
ratings; exceeding anyone of these values may cause irreversible damage to the device.

Note: Absolute maximum ratings are not subject to production test, specified by design.

Table 17 Absolute maximum rating

Parameter Symbol Values Unit Note or condition

Min. | Typ. | Max.

Supply voltage |PVDD -0.3 |- 80 v -

Supply voltage | SRpypp sTaRT |- - 2 V/us During start-up

slew rate, start- | p

up

Supply voltage | SRpypp acTivE | - - 0.25 |V/us During active mode

slew rate, active

CE pinvoltage |Vce -0.3 |- 7 v -

Power ground |PGND - -0.3 |- 0.3 v -

to digital DGND

ground voltage

Low-side gate | VCCLS -0.3 |- 165 |V This is the same as PVCC

driver supply

voltage

(table continues...)
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4 Electrical characteristics

Table 17 (continued) Absolute maximum rating

Parameter Symbol Values Unit Note or condition

Min. | Typ. | Max.

VCCHS voltage |VCCHS PVDD |- 86.5 |V VCCHS =PVDD + PVCC
-0.3

VCCHS - VSHXx VCCHS - - - 86.5 |V -

voltage Vshx

VCCHS - VGHx  |VCCHS - - - 86.5 |V -

voltage VeHx

Source high- Vshx_pc -8 - 80 ' DC voltage

side voltage, DC

voltage

Source high- VsHx_s00ns -10 - 80 v 500 ns pulse max

side voltage,

500 ns pulse

Source low-side | Vg 4 pc -8 - 8 v DC voltage

voltage /

amplifier

positive input

voltage, DC

voltage

Source low-side | Vs so0ns -10 - 10 v 500 ns pulse max

voltage /

amplifier

positive input
voltage, 500 ns

pulse

Gate high-side | Vg pc -8 - VCCH |V DC voltage
voltage, DC S+0.3

voltage

Gate high-side | Vgux so0ns -10 - VCCH |V 500 ns pulse max
voltage, 500 ns S+0.3

pulse

Gate low-side Viix_pc -8 - VCCLS |V DC voltage
voltage, DC +0.3

voltage

Gate low-side | Vg4 s00ns -10 - VCCLS |V 500 ns pulse max
voltage, 500 ns +0.3

pulse

Gatetosource | (Vghx- -0.3 - 16 Y DC voltage, T, =25°C
high-side VSHX)DC

voltage, DC

voltage

(table continues...)
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Table 17 (continued) Absolute maximum rating

Parameter Symbol Values Unit Note or condition
Min. | Typ. | Max.

Gatetosource | (Vghy- -2 - 16 v 500 ns pulse max, T; = 25°C

high'Side VSHx)SOOns

voltage, 500 ns

pulse

Gatetosource | (Vgix- -0.3 |- 16 v DC voltage, T;=25°C

low-side VSLX) DC

voltage, DC

voltage

Gate to source | (Vgix- -2 - 16 Vv 500 ns pulse max, T;=25°C

low-side Vsix)soons

voltage, 500 ns

pulse

VDRAIN voltage |VDRAIN -0.3 |- 80 -

Amplifier Vesn -0.3 |- DVDD |V -

negative input +0.3

voltage

Flying capacitor | Vepiy - Veprl |-0.3 |- 9 v -

1voltage

CP1L pin VepiL 03 |- 9 Vv -

voltage

CP1H pln VCPlH -0.3 - 16.5 \ -

voltage

Flying capacitor |Vcpoy - Veppr |-0.3 |- 80 \Y -

2 voltage

CP2L pln ch2|_ -0.3 - 16.5 \" -

voltage

CP2H pln VCPZH -0.3 - 86.5 \" -

voltage

Buck converter |VDDB -0.3 |- 9 v -

output voltage

Buck converter | Vpy pc -0.3 |- 80 v DC condition

phase voltage,

DC condition

Buck converter | Vpy 20ns -5 - 80 v Less than 20 ns pulse

phase voltage,

less than 20 ns

pulse

DVDD regulator |DVDD -0.3 |- 6 \Y -

output voltage

(table continues...)
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Table 17 (continued) Absolute maximum rating
Parameter Symbol Values Unit Note or condition
Min. | Typ. | Max.
Input/output Vinbs ViNbo 1-0.3 |- DVDD |V -
pin voltage ViEAULTS +0.3
VscLks Viscss
Vspis Vspos
Vesox
Maximum /DIG_IN_MAX -1 - 1 mA -
current for
digital pins
Analog input VEN_DRVs -0.3 |- 7 v Analog, or analog and digital pins
pin voltage Wsense/
NBRAKE>
Ves_cainjaz
Maximum IAN_lN_MAX -1 - 10 mA -
current for
analog inputs
Maximum sink IOD_SlNK_MAX - - 7 mA -
current for
open-drain pin
Junction T, -40 - 150 oC -
temperature
Storage Ts -55 - 150 °oC -
temperature
Case TCASE - - 145 oC -
temperature
4,2 ESD robustness
Note: ESD robustness data is not subject to production test, specified by design.
Table 18 ESD robustness
Parameter Symbol Values Unit Note or condition
Min. | Typ. | Max.
ESD robustness ||Vesp neml |- - 2000 |V HBM ¥
all pins, HBM
ESD robustness ||Vesp com 1| |- - 500 |V CDM?
all pins, CDM
ESD robustness ||Vesp com 2| |- - 750 |V CDM Zfor corner pins only
corner pins,
CDM

1) ESD robustness, Human Body Model (HBM) according to ANSI/ESDA/JEDEC JS-001 (1.5 kQ, 100 pF).
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4 Electrical characteristics

2) ESD robustness, Charged Device Model (CDM) according to ANSI/ESDA/JEDEC JS-002.

4.3 Package characteristics

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

Note: Thermal data is not subject to production test, specified by design.

Table 19 Package characteristics

Parameter Symbol Values Unit Note or condition
Min. | Typ. | Max.

Junction-to- Rihia - 33.72 |- oC/W Tp=25°C, FR4 PCB, size: 60.0 mm x 40.0 mm x 1.5

ambient mm, stack 2S2P

thermal

resistance

Junction-to- RihJc(top) - 23.66 |- °C/W Tp=25°C

case (top)

thermal

resistance

Junction-to- Rihsc(bot) - 472 |- °C/W Tp=25°C

case (bottom)

thermal

resistance

4.4 Operating conditions

The table below shows the operating range, in which the electrical characteristics shown in the next chapter are valid.

Note: Within the functional or operating range, the IC operates as described in the functional description. The
electrical characteristics are specified within the conditions given in the electrical characteristics table.

Table 20 Operating range

Parameter Symbol Values Unit Note or condition

Min. | Typ. | Max.

Supply voltage |PVDD 5.5 - 70 v -

Supply voltage | SRpypp sTarT |- - 2 V/us During start-up
slew rate, start- | p

up

Supply voltage | SRpypp acTivE | - - 0.25 |V/us During active mode

slew rate, active

CE pinvoltage |Vce 0 - 6 v -
(table continues...)
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Table 20 (continued) Operating range
Parameter Symbol Values Unit Note or condition
Min. | Typ. | Max.
Buck converter | Vpy pc 0 - 70 v DC condition
phase voltage,
DC condition
Buck converter | Vpy 20ns 0 - 70 v Less than 20 ns pulse
phase voltage,
less than 20 ns
pulse
Inverter phase | Vgpy -8 - 70 v -
voltage
VDRAIN voltage |VDRAIN 55 - 70 \ -
Gate driver fowm_cD 0 - 200 kHz -
maximum
operating
frequency
Digital pin I/O | ViNHx ViNwe V | O - DVDD |V When CS_GAIN/AZ pin works as digital input
voltage range NFAULTS
Ves_cain/azs
Ven_prvs VscL
k» Vnscss Vspls
Vspo
Analog pins Vesox, Wsens |0 - DVDD |V When CS_GAIN/AZ and VSENSE/nBRAKE pins work
voltagerange |g as analog pins
nBRAKE> VCs_G
AIN/AZ
Amplifierinput | Vs, Vesnx -0.3 |- 0.3 v Current sense amplifier configured for shunt
voltage range resistor sensing
Junction T, -40 - 125 oC -
temperature
4.5 Characteristics

The electrical characteristics involve the spread of values given within the specified supply voltage and junction
temperature. Typical values represent the median values related to T, = 25°C unless otherwise specified.

Table 21 Electrical characteristics
Parameter Symbol Values Unit Note or condition
Min. | Typ. | Max.
Current consumption
PVDD current, | /pypp_active |20 - 50 mA Ven_prv > Ven_prv_TH Vce > Vee_th_r, PYDD =40V,
active mode typical application run
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Table 21 (continued) Electrical characteristics

Parameter Symbol Values Unit Note or condition

Min. | Typ. | Max.

PVDD current, | /pypp_stanpsy |3 - 8 mA Ven_prv < Ven_prv_tH» Vee > Vee_th_r, PYDD =40V
standby mode

PVDD current, | Ipypp_oFF 25 - 40 HA Ven_prv < Ven_prv_tHs Vce < Vee_tH_r, PVYDD =40V
OFF mode

VDRAIN current, | lypraiNn_ACTIVE |~ - 200 |nA Ven_prv > Ven_prv_tHs Vee > Vee_th_r, VDRAIN = PVDD
active mode =40V, typical application run

VDRAIN current, | lyprain_STAND |~ - 200 |nA Ven_prv < Ven_prv_tHs Ve > Vee_th_r, VDRAIN = PVDD
standby mode | gy =40V

VDRAIN cu rrent, IVDRA|N_OFF - - 200 nA VEN_DRV < VEN_DRV_TH! VCE < VCE_TH_F’ VDRAIN = PVDD
OFF mode =40V

Gate driver

Low-side gate | VCCLS 7 - 15 v Generated from charge pump. Gate driver supply
driver supply voltage programmable via SPI

voltage target

High-side gate |VCCHS 10.8 |- 843 |V Generated from charge pump. Gate driver supply
driver supply voltage programmable via SPI according to VCCLS
voltage target

High-side gate | Vgux-Vsux |- - VCCLS |V More details in Chapter 4.6

driver output -0.7

Low-side gate | Vg - Vsix - - VCCLS |V More details in Chapter 4.6

driver output

Peak source l6p_src_PEAK |~ 1.5 - A Current flowing from pin. Gate driver current
current (high- programmable via SPI

side and low-

side drivers)

Peak sink l6D_SNK_PEAK |~ 1.5 - A Current into the pin. Gate driver current
current (high- programmable via SPI

side and low-

side drivers)

Hold gate IhoLp_Ls - 250 - mA 1) Low-side gate driver

current, low-

side

Hold gate lhoLp_Hs - 50 - mA 1) High-side gate driver

current, high-

side

Source and sink |Aigp -20 20 % With respect to gate driver current mean value.
current Mean value for the different programmed settings
accuracy can deviate from target value

(table continues...)
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Table 21 (continued) Electrical characteristics
Parameter Symbol Values Unit Note or condition
Min. | Typ. | Max.
Charge pump fep cLk 190 - 1600 |kHz Programmable via SPI
clock frequency
Chargepump  |Acp cik -5 - 5 % -
clock accuracy
Chargepump  |fcp clkss | O - 30 % 1)
clock frequency
spread
spectrum
High-side gate | /sp veens pvp | - - 60 mA PVDD = 9.5V operation
driver average |psg.sv
current, PVvDD =
9.5V
High-side gate | /sp veens pvp | = - 30 mA PVDD < 9.5V operation
driver average |p<gsv
current, PVDD <
9.5V
Low-side gate | /sp veers pwp | - - 60 mA PVDD =9.5V operation
driver average |pso.sv
current, PVDD =
9.5V
Low-side gate | /sp veers pup | - - 30 mA PVDD < 9.5V operation
driver average |p<o.sy
current, PVDD <
9.5V
Charge pump tCP_START_PVD - - 250 s 1) PyDD =10 V. Ccpx =220 nF, Cyccs=1 MF, I oap <
ramp up time, |ps1gv 50 A, PVCC = 12 V. Depends on capacitance values
PVDD=10V and features like charge pump precharge for VCCLS
Charge pump tCP_START_PVD - - 1 ms 1) PVDD<10V. CCPX =220 nF, CVCCLS =1 [.,LF, ILOAD <
ramp up time, | p<igv 50 A, PVCC = 12 V. Depends on capacitance values
PVDD <10V and features like charge pump precharge for VCCLS
Gate driver fowM_GD - - 200 | kHz 1)
PWM frequency
Input pin pulse |ty pw 80 - - ns Applies to INHx and INLx pins. Precharge current
width disabled, current setting to 1.5 A
Dead time toT_RISE> 120 - 12040 |ns 1) Programmable via SPI. This is the minimum
toT_FALL dead time value possible. If input PWM signals
have dead time lower than this, this value applies
otherwise PWM signal dead time is used.

(table continues...)

Datasheet

121

Rev. 1.0
2024-05-28



6EDL7151

infineon

4 Electrical characteristics

Table 21

(continued) Electrical characteristics

Parameter

Symbol

Values

Unit

Min.

Typ.

Max.

Note or condition

Dead time
matching,
channel-to-
channel

Atpt cH_cH

10

ns

1)

Gate to source
passive weak
pull-down
resistor

Ras_pp_weak

70

100

130

kQ

Always active

Gate to source
active strong
pull-down
resistor

Rss_pp_sTrRoN
G

0.25

kQ

Pull-down resistor enabled when EN_DRV or PVDD
are off and Vg, - Vs, = 2 V. Both high-side and low-
side drivers

Propagation
delay INHx to
GHx

tprOP_HS

80

250

ns

Dead time not considered. From 50% input to 50%
output

Propagation
delay INLx to
GLx

tprOP_LS

80

250

ns

Dead time not considered. From 50% input to 50%
output

Propagation
delay matching,
high-low side

Atprop_Hs_LS

25

ns

1)

Propagation
delay matching,
channel-to-
channel

Atprop_cH_cH

10

ns

1)

Gate to source
comparator
threshold

Ves_cmp_tH

250

mV

Threshold voltage referred to: For pull down GHx -
SHx (resp. GLx - SLx for low-side driver). For pull up
VCCHS - GHx (resp. VCCLS - GLx for low-side driver)

Gate to source
comparator
deglitch time

tvs_cMP_DEGL
ITCH

500

ns

1)

Synchronous bu

ck converter

Buck converter
output target
voltage,
PVCC_SETPT =
b1l

VDDBNoMm_b11

6.5

PVCC_SETPT =b11,PVDD =8V, lppg=0A
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Table 21 (continued) Electrical characteristics
Parameter Symbol Values Unit Note or condition

Min. | Typ. | Max.
Buck converter |VDDByoy p1o | - 70 |- Vv PVCC_SETPT =b10, PVDD 2 8.5V, lyppg =0 A
output target
voltage,
PVCC_SETPT =
b10
Buck converter |VDDByou box | - 80 |- Vv PVCC_SETPT = b0x, PVDD = 9.5V, hyppg = 0 A
output target
voltage,
PVCC_SETPT =
b0x
Buck regulator |VDDByom v | 4.6 6.5 6.65 |V PVCC_SETPT =b11,5.5V=<PVDD < 8V. Buck with
output voltage |p11 fixed duty cycle. VDDB dependent on /yppg. Min
at low input value defined at /,ppg = 200 mA condition
voltage (PVDD),
PVCC_SETPT =
b1l
Buck regulator |VDDByowm v |4.6 7.0 7.15 |V PVCC_SETPT =b10,5.5V<PVDD < 8.5 V. Buck with
output voltage |p1o fixed duty cycle. VDDB dependent on /yppg. Min
at low input value defined at /\yppg = 200 mA condition
voltage (PVDD),
PVCC_SETPT =
b10
Buck regulator |VDDByom (v |46 8.0 |821 |V PVCC_SETPT = b0x, 5.5V < PVDD < 9.5 V.. Buck with
outputvoltage |poy fixed duty cycle. VDDB dependent on /yppg. Min
at low input value defined at \yppg = 200 mA condition
voltage (PVDD),
PVCC_SETPT =
b0x
Buck converter |4 -10 - 9 % 1) pvDD > VDDByowm_bxx * 2-5 VY, lppp transient from
output voltage |VDDB|oap 50 60 mA to 540 mA (10% to 90% load transient),
load regulation, OkHz CVDDB =47 HF, LBUCK =22 HH, fBUCK_SW =500 kHz
500 kHz
Buck converter |4 95 |- 5 % 1) pvDD > VDDBNoMm bxx * 2.5V, lyppg transient from
output voltage |VDDB oap 10 60 mA to 540 mA (10% to 90% load transient),
load regulation, 00kHz CVDDB =47 }JF, LBUCK =10 HH, fBUCK_SW =1000 kHz
1000 kHz
Buck converter | \ppg_max_pvb | - - 600 mA PVDD = 9.5 V. VDDB supplies charge pumps, DVDD
maximum D=9 5V linear regulator and VDDB pin
average current,
PVDD=9.5V
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Table 21 (continued) Electrical characteristics
Parameter Symbol Values Unit Note or condition
Min. | Typ. | Max.
Buck converter | \ppg_max_pvp | - - 200 mA PVDD at low input voltage range so VDDB =
maximum D_LOW VDDBpom v _bxx- VDDB supplies charge pumps,
average current, DVDD linear regulator and VDDB pin
PVDD at low
voltage
Buck converter | Dgyck max - 95 - % -
maximum duty
cycle
Buck converter |Rpson suck 1| 0.7 1.4 2.2 Q -
high-side switch |5
RDSON
Buck converter |Rpson puck_L | 0.3 0.45 |1.0 Q -
low-side switch |
RDSON
Buck switching | fgyck_sw sook [450  |500 [590 |kHz 1) Configurable via OTP write. May vary during load
frequency, 500 |4, steps. Valid for the recommended component
kHz values LBUCK =22 HH and CVDDB =47 HF See Table
22
Buck switching | fauck_sw_1000 | 850 1000 |1150 |kHz 1) Configurable via OTP write. May vary during load
frequency, 1000 |,n, steps. Valid for the recommended component
kHz values Lgyck = 10 pH and Cyppg = 47 UF. See Table
22
Buck converter | typpg_sFr sTA |- - 1500 |ps 1) Actual value depends on buck output filter
soft start timing | gy
Linear regulator DVDD
Regulator target | DVDD3 3y - 33 - v Programmable via SPI or external pull down
output voltage, resistor on VSENSE pin: Rggyse < 3.3 kQ => DVDD =
3.3V 3.3V
Regulator target | DVDDsy - 5 - \Y Programmable via SPI or external pull down
output voltage, resistor on VSENSE pin: Rsgnse 2 10 kQ =>DVDD =5
5V \
Output voltage |Apypp 25 |- 2.5 % -
accuracy
Load current of |/pypp - - 300 mA -
DVDD
Static line ADVDD e | - - 10 mv VDDB =6.5V t0 8V, Ipypp = 300 MA
regulation
Static load ADVDD gpp | - - 40 mV VDDB =DVDD + 1.5V, Ipypp = 1 mA to 300 mA step
regulation
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Table 21 (continued) Electrical characteristics
Parameter Symbol Values Unit Note or condition
Min. | Typ. | Max.

Analog tan. T - 25 - Hs 1) Each VSENSE and/or CS_GAIN

programming

pins period

DVDD turn on tovop_Ton_pEL | 200 - 800 ys 1) Programmable via SPI. Delay between VDDB

delay AY UVLO until DVDD ramp up start

DVDD soft start | tpypp serstrr |100 |- 1600 |ps 1) Configurable via SPI. Current limited by

timing Iovop_i_Lim- If programmed timing is not achievable
due to large Cpypp value, start-up time is defined by
tovoo_sF1_sTART = (Cpvpp * DVDD) / Ipvpp_i_Lim

Current sense amplifier

Closed loop Ges 4 - 64 VIV Configured via either external resistor or SPI

gain

Gain error AGcs_grr -1 - 1 % 1) Measured at Vs - Vegny = 0.025 V

Offset input Ves os -600 |200 600 pv 1) Gain = 32, inputs shorted

referred

Offset AVCS_OS / AT |- 5 - MV/OC 1)

temperature

drift

Currentsense | tcs pLank 0 - 8 ys 1) Programmable via SPI

blanking time

Amplifier tcso_SETTLING |~ 600 |- ns 1) Time from input signal step to output within 1%

outputsettling | |ow of final output voltage. Input voltage step of 0.2 V.

time, low gain Gain=4to24

Amplifier tcso SETTLING |~ 1000 |- ns 1) Time from input signal step to output within 1%

output settling | yn of final output voltage. Input voltage step of 0.2 V.

time, high gain Gain=32to 64

Unity gain GBW 5 8 - MHz 1)

bandwidth

Common mode |CMRR 60 80 - dB 1) Gain = 8, fgy, from 0 Hz to 80 kHz

rejection ratio

Powersupply  |PSRRywn, |60 - - dB ) Gain=8,f<1MHz

rejection ratio, 1

MHz

Powersupply  |PSRRyomuz |40 - - dB 1) Gain=8, f<10 MHz

rejection ratio,

10 MHz

Input bias Igias - - 50 UA Current drawn into pin

current
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Table 21 (continued) Electrical characteristics

Parameter Symbol Values Unit Note or condition

Min. | Typ. | Max.

Common mode | Vs com 03 |- 03 |V 1)
input range

Differential VCS_DIFF -0.3 - 0.3 V -
mode input
range

Currentsense | Vcso 0.3 - DVDD |V -
output voltage -0.3
range
Outputvoltage |SRcso -10 - 10 V/us 1) Gain=8,R_ =470 Q, C, =330 pF. Vg, = +/- 250 mV
slew rate

Propagation tcsamp_prOP. | = 130 - ns 1) Shunt resistor sensing
delay from gate | syunT
driver (Gxy)
transition to
CSOx
activation,
shunt resistor
sensing

Propagation tcsamp_prOP. |~ 400 - ns 1) Rpson sensing
delay from gate |rpson
driver (Gxy)
transition to
CSOx
activation,
RDSON sensing

Outputtarget | Vcs ger 1/4x |- 1/2x |V Depending on DVDD selected value: DVDD =3.3 V or
voltage DVDD DVDD DVDD =5V

reference
(offset) - VREF

Accuracy of Acs_Ref -2 - 2 % 1) Current sense amplifier internal offset voltage
output voltage error. DVDD error excluded

reference
(offset) - VREF

Output short Ies_sc - 20 - mA Pin CSOx shorted to ground
circuit limit

Auto-zero active | tayto zero s |- 1.7 - ps 1) Shunt resistor sensing
time, shunt HUNT
resistor sensing

Auto-zero active | tayto zero R | - 2 - Hs 1) Rpson sensing
time, RDSON DSON
sensing
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Table 21

(continued) Electrical characteristics

Parameter

Symbol

Values

Min.

Typ.

Max.

Unit

Note or condition

Auto-zero cycle
time, GHx
switching

tauto_zERO_CY
CLE_SWITCHING

100

us

1) GHx is switching

Auto-zero cycle
time, GHx not
switching

tauto_zERO_CY
CLE_NO_SWITCH
ING

200

us

1) GHx is not switching

CS_GAIN/AZ
external auto-
zero signal
frequency

fAZ_CPCLK_OFF

100

kHz

1)

CS_GAIN/AZ
external auto-
zero signal
pulse width

taz_ExT PW

0.1

3.5

us

1)

Current sense amplifier over-current

protect

ion comparator and DAC

Current sense
over-current
comparator
hysteresis

Ves_oc_Hys

5

mV

Overcurrent
comparator
input offset

Ves_ocp_ofFs

-12

12

mV

Ves_ocp_ptHR =200 mV, Ves_ocp_nTHR = -200 mV

Overcurrent
deglitch time

tcs_ocp DEGLI
TCH

us

1) Programmable via SPI

Current sense
input referred
OCP threshold
positive target
level

Vcs_ocp_PTHR

20

300

mV

Programmable via SPI

Current sense
input referred
OCP threshold
negative target
level

Ves ocp NTHR

-300

-20

mV

Programmable via SPI

VDS sensor

VDS comparator
threshold target
voltage,
VDS_xS_TH=
b0000

Wps_Hs_TH_bo
000> Ywps_Ls_T
H_b0000

0.071

0.10

0.129

VDS_HS_TH =b0000, VDS_LS_TH = b0000
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Table 21 (continued) Electrical characteristics
Parameter Symbol Values Unit Note or condition
Min. | Typ. | Max.
VDS comparator | Wyps ns TH bo | 0.122 |0.15 |0.178 |V 1) VDS_HS_TH = b0001, VDS_LS_TH = b0001
threshold target | go1, Vwps_1s_ T
voltage, H_b0001
VDS_XxS_TH =
b0001
VDS comparator | Wyps ns TH bo | 0.171 |0.20 10.229 |V 1) VDS_HS_TH =b0010, VDS_LS_TH = b0010
threshold target | 910, Ywps_1s_T
voltage, H_b0010
VDS_xS_TH =
b0010
VDS comparator | Wps Hs TH bo |0.219 |0.25 ]0.281 |V 1) YDS_HS_TH =b0011, VDS_LS_TH =b0011
threshold target | 011, Wps s 1
voltage, H_b0011
VDS_xS_TH=
b0011
VDS comparator | Vyps ns TH_po | 0.268 0.30 |0.332 |V 1) VDS_HS_TH =b0100, VDS_LS_TH = b0100
threshold target | 100, Vwps_1s_T
voltage, H_b0100
VDS_xS_TH =
b0100
VDS comparator | Wps Hs TH bo|0.310 |0.35 0.390 |V VDS_HS_TH=b0101,VDS_LS_TH =hb0101
threshold target | 101, Wps_1s T
voltage, H_b0101
VDS_XS_TH =
b0101
VDS comparator | Wps Hs TH bo | 0.364 |0.40 |0.436 |V 1) VDS_HS_TH =b0110, VDS_LS_TH = b0110
threshold target | 170, Vwps_1s_ T
voltage, H_b0110
VDS_xS_TH=
b0110
VDS comparator | Wyps ns TH bo | 0412 |0.45 |0.488 |V 1) VDS_HS_TH =b0111, VDS_LS_TH =b0111
threshold target | 111, Wps 15T
voltage, H_b0111
VDS_XS_TH =
b0111
VDS comparator | Wyps ns TH b1 | 0.460 |0.50 |0.540 |V 1) VDS_HS_TH = b1000, VDS_LS_TH = b1000

threshold target
voltage,
VDS_XS_TH=
b1000

000s Ywps_Ls T
H_b1000
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Table 21 (continued) Electrical characteristics
Parameter Symbol Values Unit Note or condition
Min. | Typ. | Max.
VDS comparator | Wyps ns TH b1 | 0.508 |0.55 |0.592 |V 1) VDS_HS_TH = b1001, VDS_LS_TH = b1001
threshold target | go1, Vwps_1s_ T
voltage, H_b1001
VDS_xS_TH=
b1001
VDS comparator | Wyps ns TH b1 | 0.556 |0.60 |0.644 |V 1) VDS_HS_TH =b1010, VDS_LS_TH = b1010
threshold target | 910, Ywps_1s_T
voltage, H_b1010
VDS_xS_TH=
b1010
VDS comparator | Wps Hs TH b1 |0.605 |0.65 [0.695 |V 1) VDS_HS_TH=b1011,VDS_LS_TH =b1011
threshold target | 011, Wps s 1
voltage, H_b1011
VDS_xS_TH=
b1011
VDS comparator | Wps Hs tH b1 |0.744 |0.80 |0.856 |V VDS_HS_TH=b1100,VDS_LS_TH=b1100
threshold target | 100, Vwps_1s_T
voltage, H_b1100
VDS_xS_TH =
b1100
VDS comparator | Wyps ns_ TH b1 | 0.937 |1.00 |1.063 |V 1) VDS_HS_TH =b1101, VDS_LS_TH =b1101
threshold target | 101, Wps_1s T
voltage, H_b1101
VDS_XS_TH =
b1101
VDS comparator | Wps ns TH p1|1.415 |1.50 [1.585 |V 1) VDS_HS_TH =b1110,VDS_LS_TH=b1110
threshold target | 110, Wps_1s_ T
voltage, H_b1110
VDS_xS_TH=
b1110
VDS comparator | Wyps ns TH b1 | 1.890 [2.00 |2.110 |V VDS_HS_TH=b1111,VDS_LS_TH=b1111
threshold target | 111, Wps 15T
voltage, H_b1111
VDS_xS_TH=
b1111
VDS comparator | typs_cmp_prO | — - 250 ns 1) Wps_xs_TH =200 mV and overdrive 100 mV at
propagation p comparator input
delay
Digital blanking | typs pLaNK 1.0 - 5.0 us 1) Programmable via SPI
time target
Digital blanking | Atyps sLank | - 10 - ns 1)

time accuracy
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Table 21 (continued) Electrical characteristics
Parameter Symbol Values Unit Note or condition
Min. | Typ. | Max.
Digital filter typs_FILTER 1.0 - 5.0 us 1) Programmable via SPI
time target
Dlgltal filter AtVDS_FILTER - 10 - ns 1)
time accuracy
Filter timer tFLT_RESET_OFF |~ 100 - ns 1) Comparator must be low for this time for filter to
reset off time reset and therefore fault not to trigger. 1V
threshold, 1V overdrive (highly dependent on
overdrive)
SHx maximum | SRgpx - - 5 V/ns 1)
slew rate
SHx pin current | /gy, 600 |- 500 |pA 1) See Chapter 4.6
Analog to Digital Converter (ADC)
ADC resolution |ADCRgs - 7 - bits -
ADC gain error EADC_GAIN_ERR -1.05 - 1.05 % -
ADC offset error | sapc_orrs_grr | -2 - 2 LSB -
ADC conversion | tcony - 1.28 |- us -
time
Digital inputs (INHx, INLx, SCLK, nSCS)
Input logic low | VinpuT L 33v |- - 0.8 v DVDD =3.3 V. Applies also to nBRAKE function in
voltage, DVDD = VSENSE/nBRAKE pin
3.3V
Input logic low | Vinput 1Lsv |- - 1.8 v DVDD =5 V. Applies also to nBRAKE function in
voltage, DVDD = VSENSE/nBRAKE pin
5V
Input logic high | Vinput 114 33v | 1.8 - - - DVDD =3.3 V. Applies also to nBRAKE function in
voltage, DVDD = VSENSE/nBRAKE pin
3.3V
Input logic high | Vinpyt 14 5v | 3.0 - - v DVDD =5 V. Applies also to nBRAKE function in
voltage, DVDD = VSENSE/nBRAKE pin
5V
Internal pull- Rep pic - 200 - kQ Applies to INHx, INLx and SCLK pins
down resistor to
GND
Internal pull-up | Rpy nscs - 200 - kQ -
resistor to
DVDD, nSCS
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Table 21 (continued) Electrical characteristics
Parameter Symbol Values Unit Note or condition
Min. | Typ. | Max.

Digital inputs (CE, EN_DRV)

Internal pull- Rep_ce 350 625 850 kQ -

down resistor to

GND, CE

Internal pU“' RPD_EN_DRV - 500 - kQ -

down resistor to

GND, EN_DRV

CE threshold Vee tH R 2.7 - - Vv Tp=-40°C to 125°C. This is the minimum CE pin

voltage rising voltage above which, any device (operated within
operating conditions) will activate the device
operation.

CE threshold Vee h F - - 0.6 v Tp=-40°C to 125°C. This is the maximum CE pin

voltage falling voltage below which, any device (operated within
operating conditions) will stop the device
operation.

CE pin sink Ice_snk - - 10 MA Current flowing into CE pin

current

EN_DRV VEN_DRV_TH - 0.5x - Vv -

threshold DVDD

voltage

EN_DRV VEN_DRV_WD_T - 0.8 x - Vv -

watchdog HH DVDD

function

threshold

voltage high

EN_DRV VEN_DRV_WD_T - 0.2 x - V -

watchdog HL DVDD

signal threshold

voltage low

EN_DRV VEN_DRV_TH_H |~ 4 - % Applies to Ven_prv_tHs VEN_brv_wp_THH and

threshold YS VEN_DRV_WD_THL thresholds

voltage

hysteresis

Digital output (nFAULT)

Output logic VoL - - 0.6 v lo=5mA

low voltage

Internal pull-up | Rpy nrauLt - 200 - kQ Pull up resistor for nFAULT

resistor to

DVDD, nFAULT
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Table 21 (continued) Electrical characteristics

Parameter Symbol Values Unit Note or condition

Min. | Typ. | Max.

Digital output (SDO)

Output logic VoL 3.3v - - 0.7 v DVDD=3.3V,/,=5mA
low voltage,
DvVDD=3.3V

Output logic VoL sv - - 09 |V DVDD=5V,/,=5mA
low voltage,
DVDD =5V

Output logic | Vop_3.3v 24 |- - v DVDD =3.3V,/, =5 mA
high voltage,
DVDD=3.3V
Output logic Vou_sv 4.1 - - v DVDD=5V,/,=5mA
high voltage,
DVDD=5V

Internal pull- Reb_spo - 200 - kQ When nSCS is high
down resistor to
GND, SDO

OTP programming

oTP PVDD 13 - - v 1) Below this value an OTP blocking will occur

programming | otp_proG
supply voltage

OoTP ToTP_PROG - - 150 |°C 1) Above this value an OTP blocking will occur
programming
temperature

Watchdog

Watchdog twp BUCK.T |~ 1.5 - ms Not configurable
period for buck
converter

watchdog timer

Watchdog fwp_EN_ DRV |450  [500 550 | Hz 1)
EN_DRV
frequency

Overload protections - gate driver

PVDD UVLO Vevoo_uvio R |495 |51 [525 |V -
threshold rising

PVDD UVLO Vevoo_uvio F |4-85 |50 [515 |V -
threshold falling

VCCHS UVLO Vis_uvio r 7v | 5.6 585 |6.1 v PVCC=T7V
threshold rising,
PVCC=T7V

(table continues...)
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Table 21 (continued) Electrical characteristics
Parameter Symbol Values Unit Note or condition
Min. | Typ. | Max.
VCCHSUVLO | Vys uvio r 7v |4.60 |4.85 [510 |V PVCC=TV
threshold
falling, PVCC=7
Vv
VCCLS UVLO Vis wior7v |61 |645 |67 |V PVCC=TV
threshold rising,
PVCC=7V
VCCLS UVLO VLS_UVLO_F_?V 4.60 4.85 5.1 V PVCC=7V
threshold
falling, PVCC=7
\"
VCCHS UVLO VHS_UVLO_R_lO 7.0 7.25 7.5 V PVCC =10 V, 12Vorl5V
threshold riSing, TO15V
PVCC=10V, 12
Vorl5V
VCCHS UVLO VHS_UVLO_F_lO 6.0 6.25 6.5 " PVCC=10 V, 12Vorl5V
threshold TO15V
falling, PVCC =
10V,12Vor15V
VCCLS UVLO VLS_UVLO_R_lO 7.70 7.95 8.2 Vv PVCC=10 V, 12Vorl5V
threshold rising, | 1o15v
PVCC=10V,12
Vorl5V
VCCLS UVLO Vis wio F 10 |6-60 |6.85 |7.10 |V PVCC=10V,12Vor15V
threshold TO15V
falling, PVCC =
10V,12Vorl5V
Overload protections - power supply system
VDDB UVLO Wobs wvior |42 |43 |44 |V -
rising threshold
VDDB UVLO Wobs uvioF |41 |42 |43 |V -
falling threshold
VDDB OVLO Wobs_ovio r | 105 108 111 % Percentage of target output value
rising threshold
VDDB OVLO Wops_ovio F | 101 105 107 % Percentage of target output value
falling threshold
Buck OCP /BUCK_OCP_TH_ - 1.0 - A fBUCK_SW =500 kHz
(inductor 500kHz
current)
threshold, 500
kHz

(table continues...)
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Table 21 (continued) Electrical characteristics
Parameter Symbol Values Unit Note or condition
Min. | Typ. | Max.
Buck OCP /BUCK_OCP_TH_ - 1.3 - A fBUCK_SW =1000 kHz
(inductor 1000kHz
current)
threshold, 1000
kHz
Buck OCP /BUCK_OCP_HYS - 50 - mA -
hysteresis
DVDD UVLO Vbvbp_uvio R |- 85 - % Percentage of target output value
rising threshold
DVDD UVLO Vbvbp_uvio F |- 75 - % Percentage of target output value
falling threshold
DvDD OVLO Vbvbp_ovio R |- 110 - % Percentage of target output value
rising threshold
DVDD OVLO Vbvbp_ovio F |- 105 - % Percentage of target output value
falling threshold
DVDD target Iovpp_1_LiM 50 - 450 mA Programmable via SPI
output current
limit
DVDD target Apvop_| LM 5 | -30 - 10 % T,=-40°C to 125°C, limit setting to 50 mA
outputcurrent |gma
limit accuracy,
50 mA
DVDD target ADVDD_l_LlM_l -18 - 10 % TJ =-40°C to 1250(:, limit Setting to 150 mA, 300 mA
output current | sotos50ma or 450 mA
limit accuracy,
150 mA, 300 mA
or 450 mA
Overtemperature protection
Overtemperatur | Totw TH - 125 - oC Measured via internal ADC
e warning
threshold
Overtemperatur | Torw_TH Hys |~ 10 - °C -
e warning
hysteresis
Overtemperatur | Tors_TH - 150 - oC -
e shut-down
threshold
Overtemperatur | Tors TH Hys |~ 10 - oC -
e shut-down
hysteresis

(table continues...)
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Table 21 (continued) Electrical characteristics

Parameter Symbol Values Unit Note or condition

Min. | Typ. | Max.

Locked rotor protection

Locked rotor tLock 1 - 8 s 1) Programmable via SPI
detect time

SPI timing requirements */

Clock period teik 7 - - ns -

Clock high time | tc kn 20 - - ns -

Clock low time |tc kL 20 - - ns -

SDlinputdata | tser sp) 10 - - ns -

setup time

SDlinputdata |typ sp 10 - - ns -

hold time

SDO output toLy_spo 0 - 20 ns SCLK high to SDO valid
data delay time

SDO rise and tRF_spo - - 10 ns -

fall time

nSCS enable teN_nscs - - 50 ns nSCS low to SDO transition
time

nSCS disable tois_nscs - - 50 ns nSCS high to SDO high impedance
time

nSCS hold time | typ nscs 50 - - ns Falling SCLK to rising nSCS
nSCS setup time | tset nscs 50 - - ns Falling nSCS to rising SCLK
nSCS sequential | tsgq nscs 450 |- - ns Rising nSCS to falling nSCS
delay time

1) Not subject to production test.
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nSCS :tSET_nSCS R trg)_nsc: ;SEQ_nSC:
— \
\ y /4
VZ4
> fok
SCLK ; fcLkH o | tCLKL;'
undefined
./
tsET_sDI fHD_spI
SDI > < > 2/
W/ /A /7 W/
undefined MSB p LSB
""" \ J//A\Y 77N\
/77
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Figure 52

4.6

SPI timing diagram during active mode

Characteristic graphs

The following graphs provide information on the behavior of the device at different conditions. This data is not
subject to production test. T, = 25°C, unless otherwise specified. All voltages are referred to ground (PGND for buck
converter, charge pumps and gate driver related parameters and DGND for the rest), unless otherwise specified.
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—&—Temp 125C
—li—Temp 25C

Temp -40C

20 24 28 32 36 40

PVDD (V)

44 48 52 56 60 64 68

Figure 53

Power consumption on PVDD pin versus PVDD voltage during STOP state - both CE and

EN_DRYV are below active thresholds
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IPVDD (mA)

IPVDD vs. PVDD during STANDBY state (CE = high, EN_DRV = low)
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Temp -40C -
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PVDD (V)
Figure 54 Figure: Power consumption on PVDD versus PVDD voltage during STANDBY state - CE is
above active threshold and EN_DRV is below
IPVDD vs. PVDD during ACTIVE mode (CE = high and EN_DRV = high)
80
70
60 d
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Figure 55 Power consumption on PVDD versus PVDD voltage during ACTIVE state in a typical
application - both CE and EN_DRYV are above active thresholds
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10

VCCLS vs. VCCLS load at Temp 25C and PVDD 18V

2 ——PVCC 15V
9 s
S —=—PVCC 12V
>
6 PVCC 10V
PVCC 7V
4
2
0
0 20 40 60
VCCHS load (mA)
Figure 56 VCCLS average voltage versus VCCLS load for different PVCC configurations at PVDD 18V,
typical application with Ccp;(2) =220 nF and Cycc s = 1 uF, VCCHS load 20 mA
VCCLS vs. VCCLS load over at Temp 25C and PVDD 10V
16
14 . ¢
12 B— = — —
s —+—PVCC 15V
§ 8 —=— PVCC 12V
= PVCC 10V
¢ PVCC 7V
4
2
0
0 20 40 60
VCCLS load (mA)
Figure 57 VCCLS average voltage versus VCCLS load for different PVCC configurations at PVDD 10V,
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VCCLS vs. VCCLS load over at Temp 25C and PVDD 5.5V
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PVCC 7V
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Figure 58 VCCLS average voltage versus VCCLS load for different PVCC configurations at PVDD 5.5V,
typical application with Ccp;(;) = 220 nF and Cycc s = 1 uF, VCCHS load 20 mA

(VCCHS - PVDD) vs VCCHS load at Temp 25C and PVDD 18V
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[0
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Figure 59 High-side gate driver supply (VCCHS - PVDD) average voltage versus VCCHS load for different
PVCC configurations at PVDD 18V, typical application with Ccp;(;) =220 nF and Cyccps = 1 pF,
VCCLS load 20 mA
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VCCHS- PVDD (V)
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(VCCHS-PVDD) vs. VCCHS load at Temp 25C and PVDD 10V
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Figure 60

High-side gate driver supply (VCCHS - PVDD) average voltage versus VCCHS load for different
PVCC configurations at PVDD 10V, typical application with Ccp;(;) =220 nF and Cyccps = 1 pF,
VCCLS load 20 mA
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Figure 61
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High-side gate driver supply (VCCHS - PVDD) average voltage versus VCCHS load for different
PVCC configurations at PVDD 5.5 V, typical application with Ccp;(;) =220 nF and Cyccps = 1 wF,
VCCLS load 20 mA
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3.32 ~—
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DVDD 3.3V vs. DVDD load
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Figure 62 DVDD 3.3 V output voltage versus DVDD load at different temperatures
DVDD 5V vs. DVDD load
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Figure 63 DVDD 5 V output voltage versus DVDD load at different temperatures
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Average VDDB vs. PVDD
8.5
8
7.5
S 7
o @=@==P\/CC 15V
8 ==@==P\/CC 12V
S 6.5
PVCC 10V
6 PVCC 7V
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Figure 64 Buck converter average output voltage (VDDB) versus PVDD voltage. Typical configuration,
VDDB load 200 mA, buck converter switching frequency 500 kHz
Average VDDB vs VDDB load at Temp 25C and PVDD 18V
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Figure 65 Buck converter average output voltage (VDDB) versus VDDB load (/\ppg) for different PVCC
and buck switching frequency operations. Typical configuration
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SHx current vs. SHx voltage at Temp 25C
PVDD =18V, Vyps s 1y=0.1V,0.5Vand 2V

-100

-150
'E' -200
=

§ -250

-
c
g -300 ——25C-18V-0.1V
> —8-25C-18V- 05V
£ 35 25C-18V -2V
Q.
X
% -400

-450

-500

ov 2V 4v 6V 8V 1ov 12v 14V 16V 18V
SHx voltage [V]
Figure 66 SHx pin current versus SHx voltage, with 18 V PVDD and VDS comparator threshold voltages

of 0.1V, 0.5V and 2 V, OFF state diagnostics and VDS sensors enabled

SHx current vs. SHx voltage at Temp 25C
PVDD =36V, Vyps ys 1y =0.1V,0.5Vand 2V
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Figure 67 SHx pin current versus SHx voltage, with 36 V PVDD and VDS comparator threshold voltages
of 0.1V, 0.5V and 2 V, OFF state diagnostics and VDS sensors enabled
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SHx current vs. SHx voltage
PVDD =18V, Vyps s u=2V
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Figure 68 SHx pin current versus SHx voltage, with 18 V PVDD and VDS comparator threshold voltage 2
V, OFF state diagnostics and VDS sensors enabled
SHx current vs. SHx voltage
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Figure 69 SHx pin current versus SHx voltage, with 36 V PVDD and VDS comparator threshold voltage 2
V, OFF state diagnostics and VDS sensors enabled
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5 Application information

Note:

5.1

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

Recommended external components

6EDL7151 requires some external components for proper operation. Recommended components and values are
listed in Table 22.

Table 22 Recommended external components
Element |Pinl Pin2 Recommended value | Rating Note
CpvbD PVDD PGND 4.7 uF According to PVDD -
Covpp DVDD DGND 10 yF and 0.1 pF 16V According to MCU or
other ICs' specifications
Cvcchs VCCHS PVDD 1 YF <Cycchs <2.2 pF |25Vifconnectedto |Dependingon VCCHS
PVDD or according ripple and start-up
to (PVDD + PVCC) if requirements
connected to PGND
CVCCLS VCCLS PGND 1 HF < CVCCLS< 4.7 |JF 25V Depending on VCCLS
ripple and start-up
requirements
Ccp1 CP1H CP1L 220nF<Cepy<1pF |25V 0.47 pF recommended
Ccpa CP2H CP2L 220 nF<Ccpy<1pF  |According to PVDD 0.47 yF recommended
Luck PH vVDDB 22 uH According to max 500 kHz configuration
10 pH expected peal.a ... |1 MHz configuration
current - (device limit
Isuck_ocp_TH)
CvppB vVDDB PGND 47 pF 16V 500 kHz configuration
47 uF 1 MHz configuration
RSENSE VSENSE/nBRAKE DGND RSENSE:3'3 kQ => - Selects DVDD 3.3V or5
DVDD =33V V respectively. Tolerance
0
Rsgnse = 10 kQ = 5% or better
bvDD =5V
Diode for nBRAKE
(see Chapter 5.3)
Res_GaiN CS_GAIN/AZ DGND See Table 9 for gain |- 1% tolerance is
programming recommended
Raz CS_GAIN/AZ DVDD  |1kQ-10kQ - Pull up to DVDD.
Diode may be required
(see Chapter 3.10.3)
RnFAULT nFAULT DVDD 1kQ-10kQ - -
RoRAIN PVDD VDRAIN [2kQ - -
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5.2 PCB layout recommendations

Layout is critical to ensure high quality signals and sensing. Different recommendations are provided in this section
for the best electrical, thermal and EMI results.

5.2.1 Grounding and supply

PGND is the ground used for the following sections in 6EDL7151:
+  Buck converter

+  Charge pumps

«  Gatedrivers for low-side and high-side

DGND is used for:

« DVDD linear regulator

+ Digital logic

«  Current sense amplifiers

It is recommended to cover the PGND-referred components with PGND solid planes and DGND-referred components
with DGND solid plane, also ensure that there is no overlap between PGND and DGND planes to prevent cross-
coupling.

However, PGND and DGND have be connected to the same electrical potential and must be connected to each other
in one place in the PCB, and the location depends on many factors. Sometimes close to the negative (return) of the
supply or battery can lead to the best results.

Decoupling capacitors for supply pin (PVDD) should be as close as possible to the PVDD pin and PGND pin. It can as
well be helpful to add a small 0.1 pF capacitor for high frequency glitches suppression.

Generally speaking, shielding of critical signals like gate and sensing signals is important to prevent noise coupling
and injection from other noisy areas. If the battery voltage is expected to drop transiently close to the UVLO level of
PVDD, it is recommended to have large capacitors that can maintain the supply voltage during those transients.
Alternatively, a diode (for example, a Schottky diode) can be used in series with PVDD and before the PVDD
decoupling capacitors. This can prevent the PVDD decoupling capacitors from discharging to the battery (or other
power supply) if the battery voltage briefly drops below the PVDD UVLO level of the 6EDL7151.

Similarly, CE signal might be affected by these transients if it is derived from the battery voltage with a resistor
divider. Itis a good practice to add a small capacitor close to CE pin to ensure these noises do not switch off the
device. However, the current consumption of CE pin is extremely low. So the device might stay on for a long period if
the CE pin is the only way to discharge the CE capacitor after the battery is switched off. Then it will be useful to
design a discharge path in case this causes a problem.

5.2.2 Thermal design

Depending on the configurations of the device and the usage of the different integrated power converters like
synchronous buck, DVDD LDO and charge pumps, the device presents different power losses that translate into self-
heating. For example, the user can choose the DVDD LDO output voltage to 5V instead of 3.3 V to reduce the losses of
the LDO module. Another example, the buck converter output voltage (which is the input for the DVDD LDO), can be
configured according to the gate driving voltage needs. If gate driving voltage 12 V and 15V are not required, the user
can configure the buck converter to produce 7V output voltage, reducing the losses as well in the LDO when
compared with the standard case 8 V.

To dissipate the generated heat to the PCB, it is critical to have a solid connection of the device exposed pad to the
PCB thermal pad (DGND pad). It is also highly recommended to have a good amount of thermal vias that can transfer
the heat from the thermal pad to the PCB efficiently. An example is presented in Figure 70.

As a general rule, thicker PCB layers (copper thickness 2 oz/ft? that is 70 um, or above) can help to dissipate the heat
generated by the device faster.

5.2.3 Buck converter and DVDD linear regulator

The relatively high switching frequency and high voltage switching (PVDD to PGND) of the buck converter makes it a
sensitive block in the device and need extra attention during the design phase.
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The main goal is to reduce the buck switching loop (PH-Inductor-Capacitor-VDDB) as much as possible. In 6EDL7151,
most elements in the synchronous buck, like the external diode, the low-side MOSFET as well as the feedback or
reference resistors, are integrated to mitigate the EMI emissions.

Apart from the loop itself, it is very important to reduce the PH traces to the shortest and avoid any large copper
amount in the inductor connection. This PH node is switching with an amplitude of PVDD voltage at high frequency
and therefore can be a source of noise to other elements, so this trace must be as far as possible from sensitive analog
sensing like current sensing.

Figure 70 shows a possible buck converter layout with minimized PH trace and buck loop area.
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00H00 VDf o mmmuw
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00000 . m=y ©

) 3

- - ‘

6EDL7151

Figure 70 Buck converter layout recommendation, PH trace and buck loop area (highlighted in yellow)
must be minimized

DVDD linear regulator must be decoupled with capacitors placed as close as possible to the DVDD pin and connect
as short as possible to DGND on the other terminal. MCU and other components supplied by DVDD voltage are
recommended to use additional local decoupling capacitors at those components. This is helpful to suppress the
noise captured by the routing of those traces.

5.2.4 Gate driver and charge pumps

Maintain gate signals as symmetric as possible including symmetry between phases (similar length for phase A, B and
C) to minimize the propagation delay mismatches. Keep gate current loops as short as possible and try to have as
close as possible send and return signals.

The source signals of low-side SLx, are shared between source of low-side MOSFETs and top side sensing for shunt
elements. It is recommended to optimize for the current sensing (symmetric tap of shunt terminal and parallel
routing till current sense inputs), however, if current sense is not used, optimizing for gate driver performance is a
good option.

Charge pump loops should be as small as possible, the charge pump flying capacitors must be placed close to the
pins 19, 20, 21 and 22. Similar for the tank capacitors in VCCHS (pin 24) and VCCLS (pin 23). It is possible to place some
of these capacitors in different layers as long as the distance to the device is the shortest possible.

The VDRAIN signal can be connected to the high-side drain where the signal is quiet and easy to access, ideally routing
in a low noise PCB section or shielding the signal properly.

Figure 71 shows an example of the 6EDL7151 layout highlighting the gate driver signals and the current sensingin a
three-phase inverter with dual MOSFETSs.

Gate resistor R, may be used. However, the user must know that the slew rate control of 6EDL7151 provides a new
approach to fine tune the MOSFET switching speed in a programmable manner. Having Ry resistors adds additional
voltage drops between the 6EDL7151 and the gate of the MOSFET. Similarly, snubber elements (in parallel with
MOSFETs) and bypass capacitors (high-side drain to low-side source) in the inverter may be used. Nevertheless, the
flexibility of the slew rate control of the 6EDL7151 allows the user to remove those external components specially in a
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high-density PCB layout, so that more space can be used for the power section, for example, for better heat
distribution in the PCB. It also minimizes the BOM.
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650,151° '
Figure 71 Gate driver and current sensing layout example. Signals are routed in a middle layer
5.2.5 Current sensing

RC filter at SLx and CSNx is not preferred and hence must be done with care. Resistors R1 and R2 as shown in Figure
72 introduce unexpected voltage drops due to amplifier bias current and/or gate driver current, which affect the
Rshunt current sensing accuracy. R1 also limits the current of low-side (LS) gate driver and acts in fact as a R, resistor.
A parallel capacitor (C1 as shown below) between SLx and CSNx can be used. This can increase switching noise during
MOSFET switching, at the same time improve steady state value. Larger capacitor values will accentuate this effect.
Depending on application this value can be adjusted. The parallel capacitor should be close to the SLx and CSNx
inputs pins on PCB and values between 100 pF to 1 nF can be a good starting point.

It is strongly recommended to use RC filter between current sense amplifier outputs (CSOx) and the ADC inputs in the
MCU. Typical cut off frequency of 1 MHz can be a good compromise between filtering capability and dynamic
behavior, but the user must decide depending on overall performance target.

Kelvin connection of shunt resistor is highly recommended as shown in Figure 71. Traces of SLx and CSNx are routed
in a middle layer in this case and covered with solid ground planes.
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I : | : E:: SHx
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CS_GAIN amplifier x CS_MODE ! i
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Blanking < RSHUNT
T —0\0— Isias SLx T o
. _O\O__AAP < - CSNx ! % R2
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Figure 72 Current sense amplifier input filtering
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5 Application information

5.3 Typical applications

Hall sensors can be directly connected to 6EDL7151 inputs INLA, INLB and INLC. An example configuration of this
solution is presented in Figure 73. In this case, 6EDL7151 is configured to 1PWM mode with Hall sensors for
trapezoidal control. A signal “Direction” is generated by MCU GPIO to change the motor turning direction. SPI
interface allows the programming of 6EDL7151. MCU supply voltage DVDD is set to 5V by using the Rsgnse resistor.

Figure 74 shows an alternative application with 6PWM mode. It illustrates a typical sensorless control for BLDC
motors. DVDD is programmed via OTP configuration (SPI register) and can be configured to either 3.3V or 5 V. All three
integrated current sense amplifiers are used and their outputs are connected to MCU to measure the current flowing
through the shunt resistors for proper motor control. The nFAULT signal reports any malfunction occurring in
6EDL7151 and MCU can brake the motor by pulling down the nBRAKE pin when necessary.
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Figure 73 Example schematic for trapezoidal control of BLDC motors using 1PWM mode with Hall
sensors and single shunt current measurement
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6 ESD protection and pin diagram

6 ESD protection and pin diagram

The following diagrams show the ESD protections and internal diagrams of different pins.

DVDD VDDB CP1L CP1H VCCLS CP2L VCCHS CP2H PVDD PH PGND VDRAIN

________________________________________________________________________

-

D\;E)B]i}w-(a-a;r-;ég-;bl-a-t-or Low-side charge pump High-side charge pump Main supply Buck converter
Figure 75 ESD protection diagram for power supply related pins
VCCHS VCCLS

I ; I '_}L
High-side Low-side
gate driver D GHx gate driver D GLx
logic | 16 V R logic | 16 V R
AI — clamp AI — clamp
_>

R = Res_pp_weak if device is powered or if powered off and (Vexy - Vsxy) <2 V.
R = Ras_pp_stronG if device is powered off and (Vexy - Vsxy) >=2 V.

+

Figure 76 Pin diagram for gate driver output pins
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Figure 77 ESD protection and pin diagram for digital pins active high
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Figure 78 ESD protection and pin diagram for digital pins active low
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Figure 79 ESD protection and pin diagram for CE pin
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6 ESD protection and pin diagram
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Figure 82 ESD protection and pin diagram for current sense amplifier related pins
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7 Package information

7 Package information
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Figure 84 PG-VQFN-48-78 PCB footprint dimensions

Green product (RoHS compliant)

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