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Data Sheet: Technical data

SD6 programmable solenoid
controller for precision solenoid
control applications

The 33816 is a SMARTMOS programmable gate driver IC for precision solenoid
control applications. The IC consists of five external MOSFET high-side pre-
drivers and seven external MOSFET low-side pre-drivers. The 33816 provides a
flexible solution for MOSFET’s gate drive with a versatile control and optimized
latency time. Gate drive, diagnosis, and protection are managed through four
independent microcores, and two Code RAM and two Data RAM banks.

The IC contains two internal voltage regulators with overvoltage and
undervoltage monitoring and protection. There are four current sense modules
and VDS monitoring for fault detection and annunciation via a serial peripheral
interface (SPI).

The device includes both individual charge pump outputs for each high-side pre-
drivers and a high-voltage DC-DC converter low-side pre-driver.

These features along with cost effective packaging, make the 33816 ideal for
powertrain engine control applications.

Features

+ Battery voltage range, 5.0 V < Vgarr <32V

* Pre-drive operating voltage up to 72 V

» High-side/ low-side pre-drive PWM capability up to 100 kHz—30 nC
» All pre-drivers have four selectable slew rates

» Eight selectable, pre-defined VDS monitoring thresholds

» Encryption for microcode protection

* Integrated 1.0 MHz back-up clock

Document Number: MC33816
Rev. 9.0, 1/2019

33816

SOLENOID CONTROLLER

AE SUFFIX (PB-FREE)
98ASA00237D
64-PIN LQFP
EXPOSED PAD

Applications

Automotive (12 V), truck and industrial (24 V)
powertrain

Diesel and gasoline direct injection
Transmission
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Figure 1. MC33816 simplified application diagram
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1 Orderable parts

This section describes the part numbers available to be purchased along with their differences. Valid orderable part numbers are provided
on the web. To determine the orderable part numbers for this device, go to http://www.nxp.com and perform a part number search for the

following device numbers.

Table 1. Orderable part variations

Part number (V

Temperature (Tp)

Package

MC33816AE

-40 °Cto 125 °C

LQFP 64-pin exposed pad

Notes

1. To order parts in Tape & Reel, add the R2 suffix to the part number.

1.1 Cipher Key

Contact a NXP sales representative to obtain devices with a specific encryption key and the associated code encryptor.
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2 Internal block diagram

2.1 Simplified internal diagram
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Figure 2. 33816 simplified internal block diagram
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3.1

Pin connections

Pinout diagram
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Figure 3. 33816 64-Pin LQFP-EP pinout diagram

Pin definitions

Table 2. 33816 pin definitions

Pin number | Pin name | Pinfunction Definition
1 CLK Input External clock pin - internal weak pull-up @
2 DRVEN Input Driver enable pin - internal weak pull-down (9
3 RESETB Input Device reset pin - internal weak pull-up @)
4 START1 | Input/Output | Trigger pin actuator 1/Flag_bus(3) - internal configurable pull-up/pull-down ) (%)
5 STARTZ2 | Input/Output | Trigger pin actuator 2/Flag_bus(4) - internal configurable pull-up/pull-down ) (®)
6 START3 | Input/Output | Trigger pin actuator 3/Flag_bus(5) - internal configurable pull-up/pull-down ) ()
7 START4 | Input/Output | Trigger pin actuator 4/Flag_bus(6) - internal configurable pull-up/pull-down ) ()
8 STARTS | Input/Output | Trigger pin actuator 5/Flag_bus(7) - internal configurable pull-up/pull-down ) (®)
9 START6E | Input/Output | Trigger pin actuator 6/Flag_bus(8) - internal configurable pull-up/pull-down ) (®)
10 FLAGO Input/Output | General purpose 1/0/Flag_bus(0) - internal weak pull-down )
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Table 2. 33816 pin definitions (continued)

Pin number | Pin name | Pin function Definition
1 FLAG1 Input/Output | General purpose 1/0/Flag_bus(1) - internal weak pull-down )
12 FLAG2 Input/Output | General purpose 1/0/Flag_bus(2) - internal weak pull-down )
13 CcsB Input SPI chip select - internal pull-up )
14 MOsSI Input SPI slave data input - internal weak pull-up @)
15 MISO Output SPI slave data output
16 SCLK Input SPI clock - internal weak pull-up @)
17 VCCIO Input Digital I/0 buffer supply (3.3 V or 5.0 V)
18 DBG Input/Output | Depug pin/Flag_bus(12) - internal weak pull-up @
19 DGND Ground Digital ground
20 VCC2P5 Output Internal 2.5 V digital power supply output/decoupling capacitor required
21 VCC5 Input Power supply input pin (5.0 V)
22 OA_1 Output | Current sense analog output pin/Flag_bus(10) - internal weak pull-down ()
23 OA_2 Output | Current sense analog output pin/Flag_bus(11) - internal weak pull-down ()
24 AGND Ground Analog ground
25 VSENSEN1 Input Current sense input comparator -
26 VSENSEP1 Input Current sense input comparator +
27 VSENSEN2 Input Current sense input comparator -
28 VSENSEP2 Input Current sense input comparator +
29 VSENSEN3 Input Current sense input comparator -
30 VSENSEP3 Input Current sense input comparator +
31 VSENSEN4 Input DC-DC current sense input comparator -
32 VSENSEP4 Input DC-DC current sense input comparator +
33 D_LS6 Input Low-side MOSFET drain pin monitor 6
34 D LS5 Input Low-side MOSFET drain pin monitor 5
35 D LS4 Input Low-side MOSFET drain pin monitor 4
36 D_LS3 Input Low-side MOSFET drain pin monitor 3
37 D _LS2 Input Low-side MOSFET drain pin monitor 2
38 D LS1 Input Low-side MOSFET drain pin monitor 1
39 VBATT Input Battery input voltage
40 VCCP Input/Output | Internal 7.0 V power supply output pin/External 7.0 V power supply input pin
41 G _LS7 Output DC-DC low-side MOSFET gate pin actuator 7
42 G_LS6 Output Low-side MOSFET gate pin actuator 6
43 G_LS5 Output Low-side MOSFET gate pin actuator 5
44 G_LS4 Output Low-side MOSFET gate pin actuator 4
45 G_LS3 Output Low-side MOSFET gate pin actuator 3
46 G _LS2 Output Low-side MOSFET gate pin actuator 2
47 G_Ls1 Output Low-side MOSFET gate pin actuator 1
48 VBOOST Input DC-DC feedback pin/Boost voltage monitor pin
49 B_HS5 - High-side MOSFET bootstrap pin 5
33816
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Table 2. 33816 pin definitions (continued)

Pin number | Pin name | Pinfunction Definition

50 G_HS5 Output High-side MOSFET gate pin actuator 5

51 S HS5 Input High-side MOSFET source pin monitor 5

52 B_HS4 - High-side MOSFET bootstrap pin 4

53 G_HS4 Output High-side MOSFET gate pin actuator 4

54 S HS4 Input High-side MOSFET source pin monitor 4

55 B_HS3 - High-side MOSFET bootstrap pin 3

56 G_HS3 Output High-side MOSFET gate pin actuator 3

57 S HS3 Input High-side MOSFET source pin monitor 3

58 B_HS2 - High-side MOSFET bootstrap pin 2

59 G_HS2 Output High-side MOSFET gate pin actuator 2

60 S HS2 Input High-side MOSFET source pin monitor 2

61 B_HS1 - High-side MOSFET bootstrap pin 1

62 G_HSH1 Output High-side MOSFET gate pin actuator 1

63 S _HS1 Input High-side MOSFET source pin monitor 1

64 IRQB Input/Output | nterrupt output/Flag_bus(9) - internal weak pull-down )
Exposed pad PGND Ground Power ground

Notes

ok wN

Internal weak pull-up to V¢ o is typically 480 kQ - Refer to the Internal pull-up and pull-down section.
Internal pull-up to V¢ o is typically 120 kQ - Refer to the Internal pull-up and pull-down section.

Internal weak pull-down to AGND is typically 480 kQ - Refer to the Internal pull-up and pull-down section.
Internal pull-down to AGND is typically 120 kQ - Refer to the Internal pull-up and pull-down section.

33816
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4 General product characteristics

4.1 Maximum ratings

Table 3. Maximum ratings

All voltages are with respect to the power ground (PGND), unless otherwise noted. Exceeding these ratings may cause a malfunction or
permanent damage to the device.

Symbol Description (rating) Min. Max. Unit Notes
VBOOST pin voltage range
VBOOSTMAX + Steady-state 0.0 72 Vv (7)9)
* Unpowered device - 72
VBATT Battery voltage range (VBATT) -0.3 72 \Y ©)
Vees VCCS5 input pin -0.3 18 \%
Veeio VCCIO input pin -0.3 18 \%
Veep VCCP input/output pin -0.3 9.0 \%
Veeoprs VCC2P5 output pin -0.3 3.0 \Y

SPlinterface and logic input and output voltage (CSB, MOSI, MISO, SCLK, CLK,
VMAX_LoGIC RESETB, IRQB, DRVEN, START1, START2, START3, START4, STARTS5, -0.3 18 \Y
STARTS6, FLAGO, FLAG1, FLAG2, DBG, OA_1, OA_2)

VpeND Digital ground (DGND) -0.3 0.3 \%
VaAGND Analog ground (AGND) -0.3 0.3
Source high-side MOSFET pin (S_HS1, S_HS2, S HS3, S_HS4, S _HS5)
« Nominal -3.0 VBOOSTMAX ©)
Vs psx « Transients t < 400 ns -8.0 VBoosTMAX \Y ®)
» Transients t < 800 ns -6.0 VBOOSTMAX ;
* Unpowered device - 40 @
Bootstrap high-side MOSFET pin (B_HS1, B_HS2, B_HS3, B_HS4, B_HS5) v . ©)
* Nominal -0.3 vV, S_HSX
BS_HSX_CL
« Transients t <400 ns -4.0 Vs Hsx*t ®)
VB_Hsx VBS_Hsx_cL \Y
. Vs_Hsx*t ®6)
* Transients t < 800 ns 2.0 VBS_HSX_CL
V. +
* Unpowered device - vV, S_HSX (6)(7)
BS_HSX_CL
VG _Hsx Gate high-side MOSFET pin (G_HS1, G_HS2, G_HS3, G_HS4, G_HS5) Vs Hsx-0.3|Vg psx + 0.3 \Y (7)@®)
Gate high-side MOSFET pin (G_LS1, G_LS2, G_LS3,G_LS4, G_LS5, G_LS6,
v G_LS7) v
G_LsX « Nominal -0.3 Veep + 0.3
» Transients t< 5.0 ns 1.5 Veep *+ 1.5 (6)(10)
Drain low-side MOSFET pin (D_LS1,D_LS2,D_LS3,D_LS4,D_LS5,D_LS6)
v * Nominal -3.0 75 v
D_LsX » Transients t < 400 ns -8.0 75 ®
» Unpowered device - 40 6)(7)
33816
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Table 3. Maximum ratings (continued)

All voltages are with respect to the power ground (PGND), unless otherwise noted. Exceeding these ratings may cause a malfunction or
permanent damage to the device.

Symbol Description (rating) Min. Max. Unit Notes
Current measurement positive input pin voltage (VSENSEP1, VSENSEP2,
VSENSEP3)
VSENSEP « Staticat VCC5<10V -25 2.5 \
+ Dynamic for max 5.0 ps, 1.0 kHz repetition rate at VCC5 < 5.25 V 5.0 5.0 ®)
» Dynamic for max 1.0 us at VCC5 <5.25 V -15 15 (6)
Current measurement negative input pin voltage (VSENSEN1, VSENSEN2,
VSENSEN3)
VSENSEN « Staticat VCC5< 10V -1.0 1.0 Vv
+ Dynamic for max 5.0 ps, 1.0 kHz repetition rate at VCC5 < 5.25 V -5.0 5.0 (6)
* Dynamic for max 1.0 us at VCC5 < 5.25 V -15 15 6)
Current measurement four positive input pin voltage (VSENSEP4)
Vv + Staticat VCC5<10V -4.2 25 v
SENSEP4 « Dynamic for max 5.0 ps, 1.0 kHz repetition rate at VCC5 < 5.25 V 5.0 5.0 ®)
» Dynamic for max 1.0 us at VCC5 <5.25 V -15 15 (6)
Current measurement four negative input pin voltage (VSENSEN4)
Vv « Staticat VCC5< 10V -3.0 1.0 v
SENSEN4 » Dynamic for max 5.0 us, 1.0 kHz repetition rate at VCC5 < 5.25 V -5.0 5.0 ®
» Dynamic for max 1.0 us at VCC5 <5.25 V -15 15 (6)
ESD Voltage
Human Body Model (HBM)
« All pins
V +2000
ESD1-1 + VBOOST, VBATT, S_HSx 14000
VEsD1-2 - D_LSx 8000 v (11)
VEsD1-3 -
CDM
VEsD2-1 « All pins +500
VEsDp2-2 + Corner pins (CLK, SCLK, VCCIO, VSENSEP4, D_LS6, VBOOST, B_HS5, +750
IRQB)
Notes

6.  This parameter is derived mainly from simulation.
7. Incase of application power-off just after the power-down all the system capacitors connected the pins VBATT, VBOOST, VS_HSx, VG_HSx and

VD_LSx are slowly discharged due to highly resistive discharge paths. A voltage remains on these pins until full capacitor discharge.

8. Relative voltage is referenced to the corresponding pre-driver channel biasing.

9. The differential voltage VgoosT-VB_Hsx Must not exceed 40 V when the device is unpowered.

10.  Considering Vep = 8.0 V - Energy of pulses < 0.0 V or > Vcp limited to 2.0 pJ.
11.  ESD testing is performed in accordance with the Human Body Model (HBM) (Czap = 100 pF, Rzap = 1500 Q), and the Charge Device Model
(CDM), Robotic (Czap = 4.0 pF).

33816
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4.2

Thermal characteristics

Table 4. Thermal ratings

Symbol Description (rating) Min Typ. Max. Unit Notes
Operating Temperature
Ta « Ambient -40 - 125 °C
T, + Junction -40 - 150
TsTe Storage Temperature -40 - 150 °C
Thermal Resistance (12) (13)
R o
OJA « Junction-to-Ambient 243 2 27 cw
TpprT Peak Package Reflow Temperature During Reflow - - Note 14 °C (14)
Notes

12.  Considering four layer FR4 PCB and 5.5 x 5.5 mm?, with the exposed pad connected to the inner ground layer through 16 vias (Outer diameter:
0.3 mm, Inner diameter: 0.25 mm).

13.  This parameter is derived from simulation.

14. NXP’s package reflow capability meets Pb-free requirements for JEDEC standard J-STD-020C. For peak package reflow temperature and

moisture sensitivity levels (MSL), go to www.nxp.com, search by part number (remove prefixes/suffixes) and enter the core ID to view all orderable
parts, and review parametrics.

33816
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4.3 Operating conditions

This section describes the operating conditions of the device. Conditions apply to all the following data, unless otherwise noted.

Table 5. Operating conditions

Characteristics noted under conditions -40 °C < Tp< +125 °C, referenced to DGND pin, unless otherwise noted. Typical values noted
reflect the approximate parameter means at Tp = 25 °C under nominal conditions, unless otherwise noted.

Symbol Characteristic Min. Typ. Max. Unit Notes
Vees VCCS5 supply input voltage 4.75 5.0 5.25 \%
Vees_piGITAL VCCS5 supply input voltage for digital part functional only 4.0 5.0 5.25 \Y (15)
Veeio VCCIO supply input voltage 3.0 - 5.25 \Y
VBaTT ;/sg;':i'opr)]ower supply input voltage, Internal VCCP regulator, Normal 9.0 13.5 16 v

VBATT power supply input voltage, Internal VCCP regulator, Broken
VBATT BR alternator regulator condition 16 - 18 v
e Duration < 1.0 hour

VBATT power supply input voltage, Internal or external VCCP

- 16
regulator, Cranking condition 50 9.0 v o

VBATT_CRANK

VBATT power supply input voltage, Internal VCCP regulator, Jump

VpaTT JsTART | Start condition 18 - 28 \Y
* Tp =40 °C, Duration < 2.0 min.

VBATT power supply input voltage, Internal VCCP regulator, Load

VBATT_LoADDUMP | dUMP 18 - 40 \
e Duration < 500 ms

VBATT power supply input voltage, External VCCP regulator, Normal

operation 9.0 - 32 \Y (17)

VBATT_EXT

VBATT power supply input voltage, External VCCP regulator, Broken
VBATT BR EXT | alternator regulator condition 32 - 36 \Y; (a7
* Duration < 1 hour

VBATT power supply input voltage, External VCCP regulator, Jump

VBATT_JsTART ExT | Start condition 36 - 48 v o
* Tp =40 °C, Duration < 15 min.

VBATT power supply input voltage, External VCCP regulator, Load

VBATT LOADDUMP dump 36 ~ 8 v .
EXT . o
- * Duration < 500 ms
VBoosT Boost output voltage 5.0 - VBO?(STMA Vv

Notes

15.  This parameter is derived mainly from simulation and is guaranteed by design characterization on a small sample size of typical devices under
typical conditions, unless otherwise noted.

16.  Full device functionality is guaranteed under cranking condition. However some derating can be observed on gate driver switching times and other
parameters.

17.  For 24 V system applications, the VCCP voltage must be externally supplied to limit power dissipation within the MC33816. Moreover, the
MOSFETSs’ drain voltages must not exceed the high-side pre-driver pins max. ratings, even during transient conditions.

18.  Implementation of a transient suppressor circuitry is highly recommended to avoid exceeding the max. rating.

33816
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4.4 Supply currents

This section describes the current consumption characteristics of the device, as well as the conditions for the measurements. All
measurements are without output loads.

Table 6. Current consumption summary

Characteristics noted under conditions -40 °C < Ty < +125 °C, referenced to DGND pin, unless otherwise noted. Typical values noted
reflect the approximate parameter means at T = 25 °C under nominal conditions, unless otherwise noted.

Symbol Characteristic Min. Typ. Max. Unit Notes
VCCS5 supply current
lvees * fsys = 24 MHz, no microcore running - 46 51 A
« fsys = 24 MHz, all microcores running - 51 56 m (19)
VCCIO supply current
lvecio * fsys = 24 MHz, no microcore running — 45 70 pA
* fgys = 24 MHz, all microcores running - 1.0 - mA (19)
VBATT power supply current in reset state
| Vees = Veeio =00V
VBATT_QUIESC * Vgarr= 135V _ _ 180 HA
. VBATT =40V — — 800
VBATT power supply current in normal operation
Vearr =16V
lvBATT OPER » DRVEN low, internal VCCP reg. off - 1.7 2.5 mA
* DRVEN low, Internal VCCP reg. on - 4.4 6.0
* DRVEN high, VCCP max load 65 mA — 69.7 71
Boost supply current in reset state
VCC5=VCCIO=0V
lvBOOST QUIESC * VBoosT= 135V 40 - 65 pA
* VBoosT =40V 150 - 280
. VBOOST =65V 250 —_ 450
Boost supply current in normal operation
| * VeoosT =16V - 4.2 4.85 A
VBOOST_OPER * VpoosT =48 V - 4.55 5.35
* VeoosT=65V - 4.9 5.75 (20)

Notes

19.  This parameter is derived mainly from simulation and is guaranteed by design characterization on a small sample size of typical devices
under typical conditions, unless otherwise noted.
20. The main current contributor is the charge pump, typically consuming 4.2 mA at VBOOST =65 V

33816
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5 General description

5.1 Introduction

The 33816 is a mixed signal IC for engine injector and electrical valve control, which provides a cost effective, flexible, and smart, high-
side and low-side MOSFET gate drivers. The device includes both individual charge pump outputs for each high-side pre-driver and high-
voltage DC-DC converter pre-driver. Gate drive, diagnosis, and protection against external faults, are managed through four independent
and concurrent digital microcores using an extensive set of 93 microcode instructions. Each of the two logic channels, comprised of two
microcores, has its own Code RAM and Data RAM. The internal microcode is protected against theft via encryption and corruption via
check sums. All functions are designed to minimize the number of external components required.

5.2 Features

High-side and low-side pre-drivers
 Five high-side pre-drivers for logic level N-channel MOSFETs using four programmable slew rates
» Six low-side pre-drivers for logic level N-channel MOSFETSs using four programmable slew rates
* Integrated bootstrap circuitry for each high-side pre-driver
* Integrated charge pump circuitry for each high-side pre-driver with 100% duty cycle capability
DC-DC converter
» One low-side pre-driver, for a logic level N-channel MOSFET, can be optionally dedicated to providing a boost DC-DC converter
with four programmable slew rates
» Boost voltage monitoring (with integrated feedback)
Current measurement and diagnostic
» Four independent current measurement blocks, including A/D converters with programmable gain, which are based on 8-bit D/A
converters
» One current measurement (channel 4) is optionally configurable to support DC-DC converter with overload detection
» Five high-side and six low-side pre-drivers with independent VDS monitoring (eight programmable values) for fault protection and
diagnostics
* Integrated load biasing to Vgart/2 for diagnosis (on all high-side sources and all low-side drains)
+ Capable of detecting missing ground connections
Power supplies and monitoring
* Integrated 7.0 V linear regulator (VCCP) for HS/LS power supply (optionally externally supplied for 24 V battery system), with
undervoltage monitoring
* Integrated 2.5 V linear regulator (VCC2P5) for digital core supply based on VCCS5 input supply, with undervoltage monitoring
» External 5.0 V supply (VCCS5) with under/overvoltage monitoring
» Temperature monitoring
» Selectable VCCIO external supply (5.0 V or 3.3 V) for digital I/O
Digital block
» Four digital microcores, each with their own ALU, and full access to the system crossbar switch
+ Two memory banks: 1024 x 16-bit of code RAM with built-in error detection and 64 x 16-bit of data RAM
» A system-wide crossbar switch for analog resources configuration
» Memory BIST activated by the SPI, with pass/fail status
PLL and backup clock
* 12 to 24 MHz PLL internal system clock based on 1.0 MHz input clock
» Loss of clock protection by means of internal backup 1.0 MHz clock

Control interface
* 16-bit slave SPI up to 10 MHz — two protocols — programmable slew rate
» 13 general purpose digital IOs — configurable through registers and microcode
+ Direct pre-driver inhibition input
* Device reset input
* Hardware interrupt output

33816
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Miscellaneous
» Built-in encryption for microcode protection
« External digital I/O able to sustain voltages up to 18 V
* High ESD performance
« ESD strategy optimized for ESD System Level Stress ('System-efficient ESD Design’)
* High ESD holding voltage (>80 V)
* AEC-Q100 Rev G compliant
¢ Heavy duty compliant
» Enhanced analog testability based on JTAG

5.3 Block diagram

Five high-side pre-drivers Digital block Power supply
Integrated Bootstrap Four digital microcores and monitoring
Integrated Charge Pump Code RAM (1024 x 16-bit) x 2 Integrated VCCP LDO regulator
Six low-side pre-drivers Data RAM (64 x 16-bit) x 2 Integrated VCC2P5 regulator
Crossbar switch VCCS5 input voltage monitoring
VCCIO input voltage monitoring

Temperature monitoring

Current measurement Bandgap reference
and diagnostic POReset
Four current measurement blocks
One triple threshold current sense block MC33816 DC-DC Converter
Five high-side VDS and VSRC monitoring one low-side pre-driver
Six low-side VDS monitoring VgoosT Monitoring
Integrated load biasing
Ground loss detection SPI and flags PLL and backup clock

OA digital/analog block

control interface Input clock monitoring

Figure 4. MC33816 - functional block diagram

5.4 Functional description

The general architecture consists of the combination of a set of four programmable microcores, integrated high-side and low-side pre-
drivers for driving discrete power MOSFETSs, measurement functions and means for diagnosis, and protection against external faults. Both
battery voltage and booster voltage level high-side configurations are supported.

The chip communicates with the main controller through an SPI bus and a flexible set of direct interface signals.

The microcode managing the gate pre-drivers and diagnostics, is downloaded via the SPI. Data RAM and configuration registers are
loaded via the SPI before or after the microcode download.

A 1.0 MHz clock signal is up-converted to an internal 24 MHz clock, by an internal PLL, to clock each of the four microcores on their own
phase of a 6.0 MHz clock derived from the 24 MHz internal clock. The microcores are enabled by writing the suitable register
(Flash_enable of channel 1 (0x100) and Flash_enable of channel 2 (0x120)).

The main MCU can reset the device at any time through the RESETB pin. The gate drivers are enabled by setting the drive enable signal
applied on the DRVEN pin to a logic one.

The initial gate actuation sequence start is performed by bringing the appropriate STARTX input pin high.

Faults are reported to the MCU via the SPI or the Flag pins, if they are programmed as outputs. The IRQB pin can be used to interrupt
the MCU when a fault occurs.

33816
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6 Functional block description

6.1 Power up/down sequence

The recommended power up procedure to properly start up the MC33816 is shown in the following timing diagram.

VBATT { ) ()

VBOOST _V \ ‘E‘
vceio
vces fi ){2:4) \
Bandgap J )(21:) (4b)
VREF2.5 —/ )(2:)
VCC2Ps —/E ){3} (5b)
POReset : )(n]} (5a)

(10)

vccp

VCP {internal charge pump) ] ’

¥
CLK (external clock) /(l' \ (6)
4

(8a) |

l{sm !

CKSYS (internal clock) /( \ (1)
|4

RESETB |

re— 1|

I

Device configuration and /<
microcode downnload (SPI)

Microcore enable (SPI)

Analog / power signals externally supplied

Digital signals exterally supplied

Analog / power signals internally produced by the MC33816
MC33816 internal digital signal

Figure 5. Power up sequence timing diagram

The detailed power up sequence description is provided below.

Table 7. Power up sequence description

Phase Sequence description
A) Once a voltage is applied to VBATT, the voltage applied to VBOOST pin grows to Vgat1-Vp- Vp is the voltage drop across the diode
of the boost external circuitry.
a nce a stable voltage is applied to the pin the internal bandgap starts.
(2a) ) tabl ltage i lied to the VCC5 pin the int | bandgap start
(2b) Once the internal bandgap output is stable the VREF2.5 reference voltage regulator starts.
(2c) Once the VREF2.5 reference voltage output is stable the VCC2P5 voltage regulator starts.
3) Since VCC2P5 output voltage is in its expected output voltage range the POReset is released.
(4a) (4b) The internal charge pump starts when POReset is released and the suitable voltage is applied to the VBOOST pin.
(5a) (5b) The external CLK signal or any digital signal (I0) is taken into account (input signals) or produced (output signals) by the MC33816
since VCCIO and VCC voltage are supplied.

33816
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Table 7. Power up sequence description (continued)

(6) Since a stable input signal at 1.0 MHz is applied to the CLK pin the internal PLL starts.
(7) Since the internal PLL is stable and locked the main MCU can release the reset signal by setting the RESETB pin to the high state.
(8a) (8b) The device configuration and microcode download through SPI communication can start once the VCC2P5 voltage is stable so the

POReset is released and tp,gioreapy time is reached. Moreover the RESETB pin states must be high.

The internal Vcp regulator is disabled by default and can then be enabled by SPI if no external Vcp voltage is applied to the VCCP

(9a) (%) pin. Moreover the internal charge pump must be operational for allowing the internal regulator Vcp to start.

The Microcore can be enabled and the BOOST DC-DC converter starts. The MC33816 is now ready to start load actuation

(10) accordingly to signal applied the STARTX pin.

During power up the voltage on VBATT pin can be higher than the voltage on the VBOOST pin.

The device is tolerant of various ramp-ups or slopes on the voltage supplies. There is no dependence on voltage sequencing of the power
supplies. The only requirement is that the power supplies always remain below their maximum allowable values.

To power down the 33816 properly, it is recommended to assert the RESETB pin to the low state then switch off the Vcs, Vo and
VpeatT external supplies while injection or actuation is not occurring.

A remaining voltage is present on the VBOOST pin until the boost output capacitor full discharge. This slow boost capacitor discharge
must be considered with care to avoid any injury or system damage.

6.2 Power supplies and monitoring

The 33816 must be supplied by two external voltage sources, VBATT and VCC5. VCCIO must be connected to eithera 5.0 Vor 3.3V
source, depending on the logic levels desired.

The 33816 provides internal regulators to supply its own Vcops and Vep voltages. Vggogt can be generated via external circuitry
connected to the LS7 pre-driver, and monitored by the current sense block 4 and the VgpopogT monitor input.

Table 8 provides an overview of the voltage supplies monitorings and capabilities.

Table 8. 33816 power supplies overview

Power supply Externally supplied or

Purpose Nominal voltage | Nominal current | Source of power
name internally generated
VCC5 Powers VCC2P5 5.0V 51 mA Externally External regulator
VCCIO Digital I/O buffer supply 3.30r50V 1.0 mA Externally External regulator

Provides Vgt voltage and generates

V voltage (if not provided
cep ge ( P Vehicle battery with

VBATT externally) VgaT-0.7V 4t0 70 mA Externally .
. reverse battery protection
Vees and Vo must be provided
externally

VBOOST Power for injector actuation VBoosT 5.0 mA @1 Externally Boost converter or Vgat
Bandgap Internal reference 1.3V - Internally Vees
VREF2.5 1.0% reference for DACs 25V - Internally Vees
VCC2P5 Supply for logic core 25V 15 mA Internally Vees

VCCP Gate voltage supply for low-side and 70V 65 mA max Internally or externally | Vgat or external regulator

high-side pre-drivers ’ '
VCP Gate drive for high-side switches in VgoosT + 8.0V .
L ; \Y +V
(charge pump) |case of bootstrap circuitry unavailable max. 375 pA min. Internally BOOST © ¥CC5

Note
21. MC33816 internal consumption.

33816
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6.2.1 Band gap reference

In order to achieve the precision required, the device contains a 1.27 V band gap voltage reference. This band gap reference is accurate
to £2.0% over the full temperature range. The band gap input is supplied by the external 5.0 V supply.

VCC5
I

T Anti-Glitch | bg_ok

J’ Filter
: Vs

VREer2.5

Bandgap

1
57'1' AGND
Figure 6. Bandgap reference overview

During power up, as soon as Vcs is above Vees gamins the band gap reference is started. When the band gap voltage is stable at the
target level, and after a delay time of tgg ok acgrF generated by an anti-glitch filter, the bg_ok signal is asserted. This signal is used to
switch on the Vcops regulator and to enable the Vcp internal regulator.

At power down, the band gap reference is switched off at the V5 voltage switch off. A second internal 2.5 V reference voltage Vrgpo 5
is used by all the DACs. The reference voltage has a precision of £1.0%.

Table 9. Band gap reference electrical specifications

Characteristics noted under conditions -40 °C < T, < +125 °C, unless otherwise noted. Typical values noted reflect the approximate

parameter means at Tp = 25 °C under nominal conditions, unless otherwise noted. Characteristics referenced to AGND pin, unless
otherwise noted.

Symbol Characteristic Min. Typ. Max. Unit Notes
VREF25 2.5V reference voltage for DACs 2.475 2.5 2.525 \Y
Vees BGMIN Minimum VCCS5 voltage for Bandgap operating - - 3.8 \%
tsc_oK_AGF bg_ok anti-glitch filter time. - 9.0 - us (22)
Note
22.  This parameter is derived mainly from simulation.
33816
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6.2.2 VCC2P5 and power on reset (POR)

The integrated Vcops voltage regulator provides 2.5 V to supply the logic core of the device. A voltage monitor on the regulator output
provides a Power On Reset to keep the logic reset until the Vcops voltage is within the working range.

The Vcops regulator input voltage is provided by the external V5 voltage input pin. The bg_ok signal must be asserted to allow the
Vceops regulator to start.

Cvcczps DGND

1
VCC5 VCC2P5
1 1
LT LT
bg_ok VCC2P5 Power On POResetB
> Regulator Reset RSTB
SPIResetB
ResetB
., L1
= AGND RESETB

Figure 7. Vccaops Voltage regulator and power on reset overview

If the Vcops voltage is below the undervoltage lockout threshold VporeseTg.- for @ minimum duration of tporeseTs, the power on reset
signal (POResetB) is asserted to the logic core after a delay of tp poreseTs-

VCC2P5

VroRESETB-

VroRreseTB+

POResetB

1
to_PoReseTB

~Y

Figure 8. POResetB diagram

The POResetB signal combines with the external reset signal ResetB, issued from the RESETB pin and the SPIResetB signal coming
from the SPI interface. The AND gate output RSTB is used to reset the logic core and all device internal modules.

As long as RSTB is asserted, the SPI module is also inactive. The MCU can detect the reset state:

» either by sending any message to the device and checking for the control pattern on MISO during command word. In case of RSTB
asserted the returned value is different from 'OxA8'.

» or by reading out any register with a reset value not equal to zero (example: Device Identification register (0x1D5)). In case of RSTB
asserted the returned value is '0x00'.

The logic core should be properly supplied with 2.5 V when 5.0 V is present at VCC5 pin (thus allowing logic core operations and

communication with the microcontroller), even when no voltage is provided at the VBATT pin, and consequently no voltage is present on
VCCP pin.

33816
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Table 10. VCC2P5 AND POR electrical specifications

Characteristics noted under conditions -40 °C < T, < +125 °C, unless otherwise noted. Typical values noted reflect the approximate
parameter means at T = 25 °C under nominal conditions, unless otherwise noted. Characteristics referenced to AGND pin, unless
otherwise noted.

Symbol Characteristic Min. Typ. Max. Unit Notes

Veeops VCC2P5 supply output voltage 2.375 25 2.625 \Y (23)

V supply output current
I CC2P5 — - - (24)
veezrs fsys = 24 MHz, all microcores running 15 25 mA

|VCCZP57LIM Veeaops supply output current limit -50 -70 -90 mA

AVVCCS VCCS - Vcczps voltage dI'OpOUt _ _ 17 v
VCCS =4.0V and IVCCZPS =-25mA

VPORESETB- Vceops Voltage threshold for asserting POResetB 2.0 2.1 2.21 \%

VpPORESETB+ Vceops Voltage threshold for deasserting PORsetB 2.07 2.19 2.3 \
VpPORESETB_HYST | VPoRESETB VOltage hysteresis 50 75 100 mV

to poreseTe | Time from undervoltage detection to POResetB assertion - 0.7 1.5 us (24)

tPORESETE POResetB duration 361 _ _ ns 24)

min. Cyccaps, Min. VporeseTs HysT @nd max lyccaps Lim

Note
23.  Considering an external output capacitor Cyccops minimum value of 0.5 pF, typical value of 1.0 pF, and maximum value of 3.0 pF.

24.  This parameter is derived mainly from simulation and is guaranteed by design characterization on a small sample size of typical devices under
typical conditions, unless otherwise noted.

6.2.3 VCCS5 voltage

The VCC5 voltage is externally powered and internally monitored. It supplies the internal VCC2P5 regulator.

Table 11. VCCS5 slew rate

Characteristics noted under conditions -40 °C < T < +125 °C, unless otherwise noted. Typical values noted reflect the approximate
parameter mean at T = 25 °C under nominal conditions, unless otherwise noted. Characteristics referenced to AGND pin, unless
otherwise noted.

Symbol Characteristic Min. Typ. Max. Unit Notes

SRyceces Max permissible slew rate on VCC5 5.0 - - V/ms

6.2.3.1 VCCS5 overvoltage monitoring

If the voltage applied to the VCC5 pin exceeds the Voyyccs threshold, the device disconnects after the Tp oyvces delay, the VCC5 pin
from the circuitry it powers, until the voltage returns to normal. This feature protects the VCCS5 pin during a short to battery, up to a
maximum voltage of 18 V.

A VCCS5 pin voltage above the Voyyccs veep threshold shuts down the VCCP internal regulator until the VCCS5 voltage returns to its
normal value. -

33816
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Table 12. VCC5 overvoltage monitoring electrical specifications

Characteristics noted under conditions -40 °C < T, < +125 °C, unless otherwise noted. Typical values noted reflect the approximate
parameter means at Ty = 25 °C under nominal conditions, unless otherwise noted. Characteristics referenced to AGND pin, unless

otherwise noted.

Symbol Characteristic Min. Typ. Max. Unit Notes
Vowvces VCCS5 overvoltage threshold 7.5 8.5 10.0 \%
VCCS5 overvoltage switch time
t - — (25)
D_OWvCC5 « Differential input voltage = 1.0 V 1.0 Hs
Vowvces_vecp | VCC5 overvoltage threshold for VCCP shutdown 6.2 6.9 7.5 \
Note

25.  This parameter is derived mainly from simulation and is guaranteed by design characterization on a small sample size of typical devices under
typical conditions, unless otherwise noted.

6.2.3.2 VCCS5 undervoltage monitoring

VCCS5 undervoltage monitoring is used to disable all the pre-drivers, whenever the supply voltage at the VCC5 pin is not high enough to
guarantee full functionality of the analog modules of the device. The output signal uv_vcc5 of this undervoltage monitoring is routed to all
the pre-drivers and combined with uv_vccp signal. In the digital core, the uv_vcc5 is set high in the Driver_status (0x1D2) register when
a VCC5 undervoltage condition is detected. In addition, an interrupt request (if a suitable interrupt vector is enabled in the Driver_config
register (0x1C5)) is issued to the microcontroller, as soon as uv_vcc5 is asserted.

Table 13. VCC5 undervoltage monitoring electrical specifications
Characteristics noted under conditions -40 °C < T, < +125 °C, unless otherwise noted. Typical values noted reflect the approximate
parameter means at Ty = 25 °C under nominal conditions, unless otherwise noted. Characteristics referenced to AGND pin, unless

otherwise noted.

Symbol Characteristic Min. Typ. Max. Unit Notes
Vuvvees- VCC5 undervoltage low-voltage threshold 4.3 4.45 4.7 \%
Vuwvees+ VCCS5 undervoltage high-voltage threshold 4.35 4.5 4.75 \%
VUVVCCS_HYST VCCS5 undervoltage hysteresis 30 50 85 mV
to LYVCCs VCC5 u.ndervo.ltage switching time ns (26)
- + Differential input voltage = 1.0 V - - 150
triLTER Uvvees | VCC5 undervoltage anti-glitch filter delay time 0.8 1.3 2.0 us (26)
Note

26.  This parameter is derived mainly from simulation and is guaranteed by design characterization on a small sample size of typical devices under
typical conditions, unless otherwise noted.
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6.2.4 VCCP LDO regulator

VBATT

AL

4 2

Q

Ve o

b

3

vcep_external_enable + °
POResetB — |-

\

VCCP

I Cvcce

1

PGND

Figure 9. VCCP LDO regulator

The voltage source at the VBATT input pin provides power for the VCCP regulator. This integrated linear regulator provides typically 7.0 V
at the VCCP pin, to supply the pre-driver section of the device. The regulator uses low drop out features to extend the system’s operating
range when VgatT temporarily falls below its normal operating range, for example during engine crank conditions. This avoids problems
caused by insufficient gate voltage, such as slow MOSFET switching and increased on-state losses. A capacitor is required at the VCCP
pin to provide the high peak currents required when charging a MOSFET gate.

The low dropout mode of the regulator is active only when the voltage at VCC5 is above the VCC5 undervoltage threshold Vyyccs+- At
low Vs, the regulator may be active, but with an increased dropout voltage.

At power-up, the VCCP regulator is activated only when the band gap voltage is stable at its nominal value and, therefore, the POResetB
signal is released high. When the voltage at VBATT exceeds its undervoltage lockout threshold at typically 4.7 V, the internal charge pump
becomes active and enables the VCCP regulator.

If Vs is not present or low, POResetB is active and the VCCP regulator is disabled.

The VCCP node can also be powered by an external voltage source connected to the VCCP pin. This external source is recommended
for 24 V applications. The internal VCCP regulator is sized for 12 V system operation, including the ISO voltage transients specified for
those systems. But for 24 V system operation, the internal VCCP linear regulator dissipates too much power. In this case, the internal
VCCP regulator should be switched off via the vccp_external_enable signal, by setting the vccp_ext_en bit of the Driver_status register
(0x1C5) to “1’, and using an external supply.

Using an external regulator introduces the possibility of the VCCP voltage being greater than the battery voltage and potentially sourcing
current from VCCP to VBATT. The internal regulator’s back-to-back MOSFETSs avoid this problem by blocking such current when the
regulator is disabled.

The VCCP regulator is controlled via the vccp_external_enable signal from the digital core. The VCCP regulator is switched off by default
after reset. When the VCCP regulator is disabled during a reset condition (RESETB pin is low), or when the vcep_external_enable signal
is high, it is switched off to reduce quiescent current drawn from the VBATT pin.

33816
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Table 14. Vccp LDO regulator electrical specifications

Characteristics noted under conditions -40 °C < T, < +125 °C, unless otherwise noted. Typical values noted reflect the approximate
parameter means at Ty = 25 °C under nominal conditions, unless otherwise noted. Characteristics referenced to PGND pin, unless
otherwise noted.

Symbol Characteristic Min. Typ. Max. Unit Notes
Vcp output voltage 27
Veep - 0.0 MA < lyacp < 65 A 6.5 7.0 7.5 \ @7
Veep ExT Vcep input voltage range (V¢cp externally supplied) 5.0 - 9.0 Vv
Vccep output current (average during PWM operation) 28
veee » 9.0V <Vgarr <18V - - 65 mA @
|VCCP_MAX Vcp output current limitation -100 -150 -200 mA
VgatT to Vep voltage dropout
. VBATT =5.0V and IVCCP =-65mA _ _ 350
AVycep * VgarT=5.0 Vand lyccp = - 50 mA - - 280 mv
. VBATT =5.0Vand IVCCP =-30mA - - 170
. VBATT =5.0Vand lVCCP =-10 mA - - 60

Note

27.  Considering an external output capacitor Cy,ccp connected to PGND pin with a minimum value of 1.0 pF, a typically value of 4.7 yF, and a
maximum value of 14 uF.

28.  This parameter is derived mainly from simulation and is guaranteed by design characterization on a small sample size of typical devices under
typical conditions, unless otherwise noted.

6.2.4.1 VCCP undervoltage monitoring

Cvcer PGND
——
VCCP
ri
L
vcep_external_enable VCCP LDO T Filter | Uv-VCCP
Regulator VCCP UV Delay >
Monitoring
I_}I PGND

Figure 10. VCCP undervoltage monitoring

Whether an internal or external (24 V applications) VCCP regulator is implemented, the V¢p voltage is internally monitored by a voltage
comparator to detect voltages below the minimum operating range. When V¢p falls below its undervoltage threshold Vyyyccp., the gate
driver outputs are automatically switched off by the digital core.

The gate drivers are re-enabled after the Vcp voltage rises above the Vyyccp+ upper threshold, and after a tg) ter_uvvece filter delay.
When an undervoltage occurs, operations are stopped before insufficient gate driver supply voltage causes a malfunction.

Moreover, during a battery voltage disconnection, VCCP quickly decays, causing all MOSFETSs to be switched off before the VBATT
external input capacitor completely discharges. The digital core monitors the undervoltage comparator output (uv_vcep) to implement the
protection strategies described previously. In addition, if the vccp_irg_en bit of the Driver_status register (0x1C5) is set high, an interrupt
request is issued to the microcontroller through the IRQB pin as soon as uv_vccp signal is asserted and the uv_vccp flag bit in the
Driver_status register (0x1D2) is set high.
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Table 15. V¢cp undervoltage monitoring electrical specifications

Characteristics noted under conditions -40 °C < T, < +125 °C, unless otherwise noted. Typical values noted reflect the approximate
parameter means at T = 25 °C under nominal conditions, unless otherwise noted. Characteristics referenced to AGND pin, unless
otherwise noted.

Symbol Characteristic Min. Typ. Max. Unit Notes
Vuwveep- VCCP undervoltage low-voltage threshold 4.30 4.50 4.68 \%
Vuwecep+ VCCP undervoltage high-voltage threshold 4.40 4.55 4.73 \
Vuvvccp_Hys-r VCCP undervoltage hysteresis 30 50 70 mV
t Uvvece VCCP UV sw.itching.tirr?e us 29)
- » 1.0 V differential input voltage. - - 2.5
triLTER Uvveep | VCCP UV anti-glitch filter delay time 0.8 1.3 2.0 us (29)
Note

29.  This parameter is derived mainly from simulation and is guaranteed by design characterization on a small sample size of typical devices under
typical conditions, unless otherwise noted.

6.2.5 DC-DC converter

The boost converter uses low-side pre-driver LS7, current measurement block four, external passive components, and the VBAT supply
to create an output voltage up to 72 V. Figure 11 shows one of two possible topologies that differ in how the boost capacitor is connected.
A more detailed block diagram of current measurement block four (Figure 21) shows it has two positive and one negative current
comparators.

VBAT

VBOOST

G_LS7
n Awv— I
t . VSENSEP4 =
curdx_fbk IVSENSEN4 %
= - LT l
dacdx_value (7:0) DAC dx B
VBOOST
1
{ L
boost
oost_mon_en Raos
Reoz
boost_fbk
Rep1
BOOST
dac_boost_value (7:0) DAC ’J-‘

I:L, AGND

Figure 11. Boost converter topology for fixed frequency mode

The key principle driving a boost converter is the tendency of an inductor to resist changes in current. When the switch is turned on, the
current flows through the inductor and energy is stored in it. When the switch is turned off, the inductor transfers all or part of its stored
energy into its output capacitance and the load. The inductor’s voltage polarity changes such that it adds to the input voltage. Thus, the
voltage across the inductor and the input voltage are in series, and together charge the output capacitor through the diode to a voltage
greater than the input voltage.

The boost converter requires a Vg1t Voltage greater than 4.7 V to operate, and the device must not be in a reset state. A Vcp voltage
greater than the Vyyccp+ threshold enables the low-side driver. Boost operation can be inhibited by the DRVEN pin (low state), if the
Is7_ovr bit of the Driver_config register (0x1C5) is set to ‘0’ (reset value is ‘1’).
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The boost voltage regulation loop is controlled by one of the microcores. The boost output voltage is set according to the boost_threshold,
an 8-bit word in the Boost_dac register (0x19B). The boost comparator filter time and type can be specified in the Boost_filter register
(0x19D).

The current measurement block four monitors the current through the low-side switch. Its two positive comparators allow asynchronous
current regulation between the thresholds defined by the DAC4n_value (4:0) and the DAC4h_value (4:0). The negative comparator that
uses the DAC4neg_value (4:0) allows diagnostics during injection by detecting over current drawn from the boost output capacitor in
variable frequency mode only.

The boost regulator operates in one of two hysteretic modes: ‘Variable Frequency’ and ‘Fixed Frequency’.

Both modes operate in a hysteretic mode based on the instantaneous voltage at VBOOST pin. The boost regulator turns on or off as the
output voltage falls below or rises above a threshold window centered on the desired output. When the regulator is on, the ‘Variable
Frequency’ and ‘Fixed Frequency’ modes control the power switch differently as described by the following.

6.2.5.1 Variable frequency mode
The variable frequency mode requires the topology shown in Figure 12. Note that in this topology the boost capacitor and the inductor
share the current sense resistor, and the inductor current is accurately measured only when there is no load current in the output filter

capacitor. Therefore, to ensure the inductor current never exceeds its saturation levels, the boost converter operation must be suspended
during boost injection phases.
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\
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DAC 4x -
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dacdx_value (7:0)

boost_mon_en

Reos

Repz2

boost_fbk

Reo1

BOOST
dac_boost_value(7:0) DAC l

':_E AGND

Figure 12. Boost converter topology for variable frequency mode

In variable frequency mode, on/off switching is triggered by sense current falling below a lower current threshold and by rising above an
upper current threshold. This mode uses a hysteretic current control loop within a hysteretic voltage control loop. Once the current
thresholds are programmed, hardware controls the current regulation loop while microcode controls the voltage regulation loop. Duty cycle
and frequency vary with operating conditions. While in the hysteretic current control mode, the converter operates ‘asynchronously’
because microcode does not directly control the timing of each switching edge. A dedicated internal circuitry enabled by microcode
manages the current modulation.

Whenever VgoogT falls below the desired regulation window, the boost circuit can be activated. The microcode must first set the upper
VgoosT threshold (boost_threshold) in the Boost_dac register (0x19B). The regulator must wait until the output of the boost comparator
is valid, that is, after the vboost_filter has expired. Once the switching begins, energy is delivered to the output each cycle, the output
voltage rises until it eventually exceeds the upper boost_threshold. At this time LS7 is turned off, the microcode sets boost_threshold to
its low value, and the regulator pauses until the vboost_filter expires again. It then waits for VgopgT to cross the lower threshold before
beginning a new boost cycle.

6.2.5.2 Fixed frequency mode

The fixed frequency mode uses the topology shown in Figure 11. Because the VBOOST capacitor does not share the sense resistor with
the MOSFET in this topology, it is not necessary to suspend the boost conversion during boost injection phases.
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In fixed frequency mode, the microcode directly controls the period each switching cycle. The low-side switch is turned on and then off for
a fixed time. All switch timing is under control of the microcode. A hysteretic voltage control loop starts and stops

on/off cycling. Each time the boost is activated the microcode must first set the upper Vgppgt threshold and wait until the VBOOST
comparator has settled before activating the power switch. When the Vgopgt reaches the upper threshold, switching is suspended and
the VgposT threshold is reset to its lower level.

6.2.5.3 Boost start up sequence

After Vcp stabilizes above its Vyyccp+ Undervoltage threshold and ResetB is released (RESETB pin is high), the microcode is launched
by writing the pre_flash_enable bit of the suitable Flash_enable registers (0x100, 0x120) by SPI. The boost regulation starts immediately,
unless the DRVEN pin controls LS7. In this case, the DRVEN must be set to high to start regulation.

Using a software based soft start routine is highly recommended. This is accomplished by incrementing the boost_threshold in the
Boost_dac register (0x19B) in the microcode.

6.2.5.4 Low-side pre-driver for DC-DC converter (LS7)

The 33816 provides a seventh independent low-side pre-driver designed to drive the gate of external low-side configuration

N-channel logic level MOSFET. This pre-driver dedicated to DC-DC conversion supports highest PWM frequency and can be used for
general purpose.

The pre-driver does not have a diagnosis feature. Internal to the device, a gate to source pull-down resistor holds the external MOSFETs
in off state while the device is in a power on reset state (RSTB low).

This low-side pre-driver is supplied by Vcp voltage. The logic command Is7_command to switch the external MOSFET is provided by
the digital microcore. This command is generated taking into account following signals:

» The signal DrvEn issued from the DRVEN pin is added to the control signal for the driver. As long as the DrvEn signal is negated,
the low-side pre-driver is switched off. The low-side pre-driver for the DC-DC converter includes a feature to override the switch off
path via a DrvEn signal. As long as the Is7_en_ovr bit of the Driver_config register (Ox1C5) is set to ‘1’, the pre-driver is not
influenced by the DrvEn signal.

* The Vcp undervoltage signals (uv_vcep) issue from the Vcp monitoring. During an undervoltage, the external MOSFET is
switched off

* The V5 undervoltage signals (uv_vcceb) issued from the Vcs monitoring. During an undervoltage, the external MOSFET is
switched off

» The signal cksys_drven issued from the clock monitoring: In cases of a missing clock, the external MOSFET is switched off while
the digital core has not switched to the internal backup clock. This condition can be optionally disabled by setting the bit
cksys_missing_disable_driver of the Backup_clock_status_handle (0x1C7) register to ‘0’.

* The logic command coming from channel logic (Is7_in)

A truth table describing the status of the Is7_command signal is given in Table 16.

Table 16. Low-side seven pre-driver truth table

DrvEn Is7_en_ovr uv_vccep uv_vccs cksys_drven Is7_in Is7_command Driver status
0 0 - - - - 0(30) off
_ — 1 - - - 0(30) off
- - - 1 - - 0(30) off
_ _ _ _ 0 — 0(30) off
_ _ _ — - 0 0(30) off
- 1 0 0 1 1 1(31) on
1 - 0 0 1 1 131 on

Note
30. When Is7_command is low, the G_LS7 pin is driven low (pull-down to PGND voltage)
31.  When Is7_command is high, the G_LS7 pin is driven high (pull-up to Vcp voltage)

33816

NXP Semiconductors 26



Table 17. Low-side pre-drivers on state electrical specifications

Characteristics noted under conditions -40 °C < T, < +125 °C, unless otherwise noted. Typical values noted reflect the approximate
parameter means at Ty = 25 °C under nominal conditions, unless otherwise noted. Characteristics referenced to PGND pin, unless
otherwise noted.

Symbol Characteristic Min. Typ. Max. Unit Notes
Ve Ls7 G_LS7 operating voltage 0.0 - Veep Y, (32)
£ PWM frequency KH (32) (33)
G_LS7_PWM « 5.0V <Vgarr <18V 0.0 - 300 z (34)
DCq |57 Duty cycle 0.0 - 100 % (32) (33)
G_LS7 current (average during PWM operation)
| * Qg = Qg Ls7; frwm = 300 kHz - 9.0 225 A (32)
C_LS7_PWM * Qg = QG_LS7; fewm = 100 kHz — 3.0 7.5
. QG = QG_LS7; fPWM =50 kHz - 1.5 3.75
Ic_Ls7_sRrc Peak source gate drive current - 680 - mA (32)

Peak sink gate drive current at fastest slew rate setting with minimum _ _ 32
Ig Ls7 src Rg Ls70f2.0 Qand Veep/Veg = 7.0 V 2200 mA (32)

Turn on rise time at 1500 V/ps slew rate; 10%-90% of out voltage;

tr G Ls7 Veep = 7.0 V; at Open pin 35 - 11 ns (32)
tr G Ls7 \T/léglpog 7f§(|)| \t/um:t %t ;:eSnogirY/”S slew rate; 10%-90% of out voltage; 35 ~ 11 s 32)
tR 6_Ls7 ;F/Lé:Po:;ige\/t;in;?g‘tjgg(;is V/us slew rate; 10%-90% of out voltage; 5.0 _ o5 ns @32)
tr G Ls7 I/l;r(;o: 7f%| \tllm:t ?)tp3e0no;)2ir? V/us slew rate; 10%-90% of out voltage; 5.0 _ 5 ns (32)
o7 | Lum o popooatn deeyat 1500 e sow ot @b ofoutvetage |y || g0 | ne | @
tDoFF_G_Ls7 I#;r:]géf gfg:sa:tiz-r;ﬁ:l;ay{?zt: igozvgéuilzlgzv:a;% \1/0% of out voltage 10 _ 50 ns (32)
bowousr | funen popagaten delay a1 300 i sow i e ofoutvotase | o [ [ g0 | ne | oo
orr_cisr | ol rovsoaion delay 1 300 i sew i o fouvotase | o | [ g0 | pe | oo
oonc e | oo e ceay 50 e o e e ctoatase | s [ [0 | [
corr o | el ey S e i oot | s | | w0 | e |
thOFF_G_LST Irl:;rr: é)en; pgfgjse;tizg cri]eFl?)é thi(;{/Zpg;SI\?Zchatf; .1003) of out voltage 15 _ 120 ns (32)
Turn off propagation delay at 25 V/us slew rate; 10% of out voltage 15 _ 120 ns (32)

'DOFF_G_LS7 | change; CLoap=4.7 nF; Rg =402 Q; Voep = 7.0V

Note

32.  This parameter is derived mainly from simulation and is guaranteed by design characterization on a small sample size of typical devices under
typical conditions, unless otherwise noted.

33. A series resistor to the MOSFET gate of 2.0 Q must be implemented if using the fastest slew rate setting. For all the other slew rate settings the
minimum resistor is 0 Q.

34. The external low-side MOSFET gate charge must not exceed 75 nC. A gate charge of maximum 100 nC is admitted if the fpyy < 225 kHz.
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Table 18. Low-side pre-drivers off state electrical specifications

Characteristics noted under conditions -40 °C < T, < +125 °C, unless otherwise noted. Typical values noted reflect the approximate
parameter means at T = 25 °C under nominal conditions, unless otherwise noted. Characteristics referenced to PGND pin, unless
otherwise noted.

Symbol Characteristic Min. Typ. Max. Unit Notes
Rpp Ls7 G_LS7 to PGND pull-down resistor 25 50 90 kQ
6.2.5.4.1 Low-side pre-driver slew rate control

The driver strength can be selected among a set of four values by the SPI registers. The strength for the rising and falling edge can be
chosen independently by the signals Is7_slewrate_p (1:0) and Is7_slew rate_n (1:0), issued by the digital core and accessible by means
of the bits slew rate_Is7_rising(1:0) and slew rate_Is7_falling(1:0) in the Ls_slew rate register (Ox18F).

The slew rate is determined by the PMOS and NMOS Rpgoy of the push/pull driver circuitry.

The typical gate slew rate values are defined in Table 19 and Table 20. These values are given as reference and are impacted by the
external circuitry.

Table 19. Low-side seven pre-drivers PMOS slew rate settings

RDSON_PMOS

Is7_slewrate_p(1:0) (switching on) (Ohm)

Slew rate (V/us)

00 1500 5.0
01 300 14.6
10 50 85
11 25 170

Table 20. Low-side seven pre-drivers NMOS slew rate settings

Is7_slewrate_n(1:0) Slew Rate (V/ps) RDSON—C::f')VI(%Sh::;N itching
00 1500 1.1
01 300 5.9
10 50 35
11 25 69

Table 21. Low-side seven pre-drivers slew rates characteristics
Characteristics noted under conditions -40 °C < T < +125 °C, unless otherwise noted. Typical values noted reflect the approximate

parameter means at Ty = 25 °C under nominal conditions, unless otherwise noted.

Symbol Characteristic Min. Typ. Max. Unit Notes
R G_HSX pMOS RDSfON (00), 1500 V/HS, Veep = 7.0V
DS_HSx_p + atexternal Vgg=2.5V 3.0 50 8.6 Q
(00) - atexternal Vgs = 1.0 10 4.0 V; 26 - 107
G_HSX nMOS Rpg_on (00), 1500 V/jis, Vgep = 7.0 V
Rps_Hsx n « atexternal Vgg =2.5V 0.6 1.1 2.0 Q
(00) - atexternal Vgg = 1.0t0 4.0 V; 0.5 - 2.9
- G_HSx pMOS Rps_on (01), 300 Vipis, Vegp = 7.0 V
DS_HSx_p + atexternal Vgg=2.5V 8.8 14.6 253 Q
01) - atexternal Vgs = 1.0 t0 4.0 V; 75 - 31.3
G_HSX nMOS RDSfON (01), 300 V/IJS, Veep = 70V
Rps_Hsx n + atexternal Vgg=2.5V 3.4 5.9 111 Q
1) - atexternal Vgg = 1.0t0 4.0 V; 25 - 16.5
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Table 21. Low-side seven pre-drivers slew rates characteristics (continued)

Characteristics noted under conditions -40 °C < Tp < +125 °C, unless otherwise noted. Typical values noted reflect the approximate
parameter means at Ty = 25 °C under nominal conditions, unless otherwise noted.

Symbol Characteristic Min. Typ. Max. Unit Notes
R G_HSx pMOS R 10), 50 V/us, V =7.0V
DS_HSx_p _HSx p DS_ON (10) U§ ccp 61 85 115 o
(10) » at external Vgg=1.0t0 4.0V,
RDS_HSx_n G_HSX nMOS RDS_ON (10), 50 V/HS, Veep = 7.0V
(10) » atexternal Vgg=1.0t04.0V; 23 35 50 Q
RDS_HSX_p G_HSX pMOS RDS_ON (1 1), 25 V/IJS, Veep = 70V
(11) » atexternal Vgg=1.0t0 4.0V, 122 170 230 Q
R G_HSx nMOS R 11), 25 Vs, V =7.0V
DS_HSx_n _| ps_on (11) Ms, Vcop 47 69 100 o

(11) at external Vgg =1.0t0 4.0 V;

Slew rate switching time
t - - (35)
SLR_HS * 1ckcycle at 6.0 MHz 166 ns

Note
35.  This parameter is derived mainly from simulation and is guaranteed by design characterization on a small sample size of typical devices under
typical conditions, unless otherwise noted.

6.2.5.4.2 Safe state of DC-DC low-side pre-driver

To guarantee a safe condition, the G_LS7 output is immediately forced to a low level, switching off the external MOSFET when reset is
asserted, and the device is not operating. In this phase, the pre-driver is powered by the charge already stored in the V¢p buffer
capacitor. A low level output is guaranteed as long as a typical voltage greater than 1.1 V is available.

When the Vcp supply voltage is lower than 1.1 V, the pre-driver output is pulled to PGND by an internal high resistance Rpp | g7 pull-
down resistor. -

6.2.5.5 Current measurement for DC-DC converter

The 4th current sense block is dedicated to the DC-DC convertor with a low-side current measurement, including a double positive
threshold comparator and concurrently provide an overcurrent supervision at the booster capacitor.

The two-point current control of a DC-DC converter is optimized, such as to reach a low latency of the control loop. This architecture is
able to provide a short delay from the VSENSEPx and VSENSENX inputs to the G_LS7 output.

The digital core contains hard wired logic for a two-point current regulation, using the cur4h_fbk and cur4l_fbk signals as inputs that directly
drives the G_LS7 pin. Refer to the Current measurement section for the detailed description and parameters.

A third comparator is implemented to detect negative current into the Rggnsg sense resistor. Refer to the Current measurement for DC-
DC conversion section for the detailed description and parameters.

6.2.5.6 Boost voltage monitoring

The Boost voltage monitoring block is dedicated:
» to the VgppsT Voltage measurement, if the Vgpoogt Voltage is externally supplied, and when the block are in boost monitor mode
+ or a Battery undervoltage measurement in UV Vgpogst mode when the VBOOST is connected to the device supplied (battery).

Table 22. Boost voltage monitoring electrical characteristics

Characteristics noted under conditions -40 °C < T, < +125 °C, unless otherwise noted. Typical values noted reflect the approximate
parameter means at Ty = 25 °C under nominal conditions, unless otherwise noted. Characteristics referenced to PGND pin, unless
otherwise noted.

Symbol Characteristic Min. Typ. Max. Unit Notes
VBOOSTMAX Input voltage range 0.0 - 72 Y, (36)
RVBOOST_lN Input impedance 400 640 - kQ

GvBoosT DIV VgoosT Voltage divider ratio (boost monitor mode) 1/32 *0.996 1/32 1/32 *1.004
GUV_VBOOST_DIV VgoosT Voltage divider ratio (UV Vboost mode) 1/4 *0.996 1/4 1/4 *1.004
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Table 22. Boost voltage monitoring electrical characteristics (continued)

Characteristics noted under conditions -40 °C < T < +125 °C, unless otherwise noted. Typical values noted reflect the approximate
parameter means at T = 25 °C under nominal conditions, unless otherwise noted. Characteristics referenced to PGND pin, unless
otherwise noted.

Symbol Characteristic Min. Typ. Max. Unit Notes
fcveoosT DIV VgoosT analog filter cutoff frequency (boost monitor mode only) 50 100 200 kHz
VVBOOST_REF DAC reference voltage 2.475 25 2.525 \%

VyBoosT pAc_Lse | DAC LSB - 9.77 - mv (36)
VVBOOST DAC_OUT DAC minimum output voltage _ 0.0 _ v (36)
_MIN * DAC code = 0x00
VVBOOST DAC_OUT DAC maximum output voltage _ 249 _ v (36)
_MAX » DAC code = OxFF
EveoosT pac | Total DAC error - - 0.2 %
VVBOOS"I'E—TD'V—OFFS Total DAC error including comparator offset -20 - 20 mV
VvBoosT HysT | Comparator hysteresis referred to Vgoost (Poost monitor mode) 112 160 208 mV
Vuv_vBoosT_HysT | Comparator hysteresis referred to Vgoost (UV Vboost mode) 10 20 30 mV

Comparator switching time, Propagation delay + rise/fall time

t - - . (36)
VBOOST_COMP + 50 mV differential input voltage 10 HS

Veoost measurement total error

EveoosT * Vgoost = 40 V and divider ratio 1/32 20 — 2.0 %
* VgoosT = 4.85 V and divider ratio 1/4 -2.0 - 2.0
tyBoosT pac VeoosT DAC settling time - - 0.9 us (36)
Note

36. This parameter is derived mainly from simulation and is guaranteed by design characterization on a small sample size of typical devices under
typical conditions, unless otherwise noted.

6.2.6 Boost voltage monitoring mode

Boost voltage monitoring mode is mostly used in Direct Injection (DI) applications when boost voltage is required to drive the injectors.
The boost voltage monitor checks by means of a voltage comparator with a very accurate threshold eight bit DAC, regardless of whether
VgoosT exceeds the target value. The digital microcore acquires the comparator output for the boost voltage control and management.
An internal voltage divider network (Rgp4, Rgp2, @and Rgps) scales the boost voltage to be safely handled by the module. The operating
voltage range on the VBOOST pin is up to VgoposT Max. A typical ratio of 1/32 is used for boost voltage monitoring.

The output signal of the voltage divider is filtered by an analog RC filter with a cutoff frequency of typically foygoosTt piv, only for the ratio
1/32. _

The hysteresis voltage comparator is supplied by VCC5 and referenced to AGND. If the boost voltage at the VgpoosT piv Signal is above
the DAC threshold, the comparator output boost_fbk is asserted, while it is set low if the VggosT piv Voltage is belowthe DAC threshold.
The comparator output boost_fbk is connected to the digital microcore. -

The reference voltage DAC gets its unsigned input value from the signal dac_boost_value (7:0), issued from the digital cores. The boost
voltage threshold can be calculated using the following formula:

* VBoost = DAC _Value * VygoosT pac_Lss/GveoosT piv
DAC _Value is the decimal value of the DAC (dac_boost_value(7:0)).
VVBOOST DAC LSB is the DAC resolution.
GVBOOST__DN is the VeoosT Voltage divider ratio in boost monitor mode.

Due to the compensation concept, values below 0x08 must not be used. Also, values higher than 0xE1 must not be used, because this
would result in a boost voltage exceeding the input voltage range VgoosTtmax- Practically, the boost voltage set point threshold must be
set significantly below the Vgoostmax: due to dynamic effects such as a voltage drop in the boost capacitor. DAC value clamping to 0xDO
is highly recommended.
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Table 23. Boost voltage DAC value examples in boost monitor mode

DAC value (hex) DAC value (dec) DAC output voltage VBoost upper threshold (V)
(mv) Minimum Typical Maximum
08 8 78 2.45 25 2.55
9A 154 1504 47.16 48.13 49.09
BO 176 1719 53.90 55.00 56.10
DO 208 2031 63.70 65.00 66.30
E1 225 2197 68.91 70.31 71.72

6.2.7

In applications without boost voltage, the battery voltage is connected to the VBOOST pin to supply the internal charge pump. In such
applications, the boost voltage monitoring can be used to detect an undervoltage at the VBOOST pin. For this purpose, the internal voltage
divider ratio can be changed from 1/32 to 1/4, by setting the signal vboost_mon_en to ’1’.
The VgoosTt UV monitor has the following characteristics different from the boost monitor mode:
* In this mode, the usable DAC range is limited from 0x08 to OxF8 due to digital trimming.
 In this mode, the comparator output signal boost_fbk should be used in the digital core to disable all the high-side pre-drivers.This
shut-off path is enabled by the signal vboost_disable_en inside the digital core. The uv_vboost signal goes high as soon as the
voltage at the VBOOST pin is below the threshold, if the Vgoost UV monitor is enabled (vboost_disable_en=1).

The digital filter used for the Vgoogt Voltage measurement is activated for the Vgpoogt UV monitoring mode. The DAC set point value in
this mode has to be chosen, considering the pre-drivers must not be disabled for a battery voltage above 5.0 V, and the device internal
charge pump works properly down to a battery voltage of Vyyyccs+- This leads to a DAC set point value of 0x7C and the following values
for UV VBOOST:

* Undervoltage lower threshold (min.): 4.72 V

» Undervoltage upper threshold (max.): 4.94 V
The output signal uv_vboost (active high) of this undervoltage monitor is routed to all the high-side pre-drivers and combined with uv_vccp
and uv_vcc5 signal to disable the pre-drivers. In the digital core, the bit uv_vboost the Driver_status register (0x1D2) is set when a Vgpoost

undervoltage event occurs. In addition, an interrupt request is issued to the microcontroller as soon as uv_vboost is asserted, if the bit
vboost_irq_en of the Driver_config register (0x1C5) is set to '1’. The VgpoposT UV threshold can be calculated using the following formula.

VgoosTt UV monitoring mode

* VBoost = DAC _Value * VygoosT pac_Lse/Guv_vBoosT DIV
DAC _Value is the decimal value of the DAC.

VVBOOST_DAC_LSB is the DAC resolution.
GUV_VBOOST_DIV is the VBOOST voltage divider ratio in UV VBOOST mode.

Table 24. Boost voltage DAC value examples in UV VggggT mode

33816

DAC value (hex) DAC value (dec) | PAC °”(t:1‘\‘,t)"°"age Vﬁg?:;hli‘lg"(’y)’er Vﬁ?‘?:;hli\{ d“(’\’,';e’
08 8 78 0.28 0.32
7C 124 1213 4.72 4.94
89 137 1341 522 5.46
96 150 1468 572 5.98
F8 248 2427 9.47 9.88
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6.2.8 Ground disconnection

The device integrates three separate ground pins: PGND, DGND, and AGND:

» PGND is the substrate connection and it is only connected to the package exposed pad, to guarantee a low-impedance connection
and get optimized EMC performances. PGND is the reference ground for the Vp regulator, some analog functions, and all of the
low-side pre-drivers. It is highly recommended to directly connect PGND to the ECU ground plane.

» DGND is the reference ground for the digital logic core. It is highly recommended to directly connect DGND to the ECU ground
plane.The microcontroller, as well as other logic devices communicating with the device should share the same reference ground
connected to the ground plane to prevent noise.

» AGND is the ground for all the noise sensitive analog blocks integrated into the device, such as the bandgap reference, the current
sense circuitry, and the output amplifiers (OA_x pins). This pin should be connected to the analog ground of the ECU. A star
connection is recommended to guarantee a clean analog signal acquisition of the OAX_x pins from the MCU.

Due to their functionality, some analog functions are referred to PGND:

* Vpg monitors of the low-side drivers

* Vgrc monitors of the high-side drivers

* The load biasing S_HSX regulator and the D_LSx pull-down

All the ground pins of the device should be connected to the same ground voltage. Even during transient conditions, the voltage difference

between PGND, DGND, and AGND must be limited to £0.3 V. The layout of the ground connection of the ECU should be carefully
designed, to limit the ground noise generated as much as possible, for instance during fast switching of the external power MOSFETSs.

The decoupling and filter capacitors at the different supply voltage pins should be implemented as described by the following:
» VCC5 to AGND

VCCIO to DGND

VCC2P5 to DGND

VCCP to PGND

VBATT to PGND

* VBOOST to AGND or PGND

Table 25. Decoupling and filter capacitors specification

Symbol Characteristic Min. Typ. Max. Unit Notes
Cvccs_AGND Capacitor connected between the VCC5 pin and AGND - 100 - nF
CVCCIOfDGND Capacitor connected between the VCCIO pin and DGND - 100 - nF

CVCC2p5_DGND Capacitor connected between the VCC2P5 pin and DGND - - - nF
CVCCp_pGND Capacitor connected between the VCCP pin and PGND - - - nF
CBATT_pGND Capacitor connected between the VBATT pin and PGND - - - nF

CVBOOSTEAGNJ’GN Capacitor connected between the VBOOST pin and AGND or PGND - - - nF
6.2.9 Detection of missing GND connections

The 33816 can detect any single or multiple missing connection of any ground pin (PGND, DGND, AGND) of the device.
At least one ground must remain connected to allow the loss of ground detection.

If the ground disconnection is detected, the internal signal uv_vccp is asserted and all the pre-drivers are disabled. The ground lost
detection is filtered to allow the device to work in a proper way for a time of typically tyss_enp_pet FuT Via the uv_veep signal.

Table 26. Missing ground detection specifications

Symbol Characteristic Min. Typ. Max. Unit Notes

tmiss_eND_DcT _FLT | Missing ground detection filter time for uv_vcep asserted - 1.3 - ms @7

Note
37.  This parameter is derived mainly from simulation and is guaranteed by design characterization on a small sample size of typical devices under
typical conditions, unless otherwise noted.
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6.2.10 Temperature monitoring

The device includes a junction temperature monitoring feature, which monitors the junction temperature. If the maximum junction
temperature is exceeded, the signal overtemperature going to the digital core is set. This signal over_temp is mapped to the
overtemperature bit of the Driver_status Register (0x1D2) and can be monitored by the MCU. In addition, an interrupt request (if enabled
in the Driver _config register (0x1C5)) is issued to the microcontroller as soon as over_temp signal is asserted.

Table 27. Temperature monitoring specifications

Symbol Characteristic Min. Typ. Max. Unit Notes

TTHRESHOLD Temperature monitoring threshold 167 177 187 °C

6.2.11 Shut off path via DRVEN and 18 V robustness

If the ECU detects a fault condition, it can disable all of the 33816’s output drivers via the driver enable pin DRVEN.

If the DRVEN input pin is low, all pre-drivers are switched off, but the digital core is fully functional. Access to the status of the DRVEN pin
can be read via the SPI by reading the Driver_status register (0x1D2).

Most of the logic pins and the analog output pins are designed to be tolerant of a short to 18 V. Specifically, the following digital interface
pins of the device are self-protected against a voltage of up to 18 V: CLK, IRQB, RESETB, DRVEN, MISO, MOSI, SCLK, CSB, DBG,
STARTXx (6x), FLAGx (3x), and OA_x (2x). The DRVEN function works even if these pins or the supply pins increase to 18 V.

To protect the device from an overvoltage up to 18 V at the VCC5 supply pin, there is an overvoltage detect circuit implemented on this
pin. This function leads to the whole device being switched off during an overvoltage condition. Under this condition all pre-drivers are
switched off.

Two switches protect the output structure of the digital I/O pins. One switch blocks current into the VCCIO supply path, while the other
blocks current into the digital /0 pin for each digital /O, to clamp the voltage below 10 V.

Table 28. Shut off path specification

Symbol Characteristic Min. Typ. Max. Unit Notes

tDIGIOREADY Digital output ready time after POResetB deactivation - - 300 us (38) (39)

Note

38.  This parameter is derived mainly from simulation and is guaranteed by design characterization on a small sample size of typical devices under
typical conditions, unless otherwise noted.

39. Adding a SPI response checking routine is highly recommended, to check the SPI functionality after tp,goreaDY time has elapsed.

6.3 High-side pre-drivers

The 33816 provides five independent high-side pre-drivers designed to drive the gate of external high-side configuration

N-channel logic level MOSFETSs. These pre-drivers are dedicated to load driving like injectors or solenoids, and integrate diagnosis
features.

Internal to the device is a gate to source pull-down resistor holding the external MOSFETSs in off state while the device is in a power on
reset state (RSTB low).

The external FET can be connected to either Vgt Or a higher voltage VgoosT-
The high-side pre-drivers are supplied by an external bootstrap capacitor connected between the S_HSX and B_HSX pins.

The driver slew rate can be selected individually for each of the five drivers, among a set of four value pairs by the SPI registers. All five
drivers have identical electrical characteristics.

Any high-side pre-driver can also be used as a low-side pre-driver.
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Figure 13. High-side pre-driver block diagram

The high-side pre-driver is intended to drive the gate of an external logic level MOSFET in a high-side configuration.The logic command,
hsx_command, to switch the external MOSFET, is provided by the microcores. This command is generated for taking into account the
following signals:

In the high-side pre-driver block, the signal DrvEn issued from the DRVEN pin is added to the control signal for the driver. As long
as the DrvEn signal is low, the high-side pre-driver is switched off. The high-side pre-driver 5 includes a feature to override the
switch off path via the DrvEn signal. As long as the hs5_|s36_en_ovr bit of the Driver_status register (0x1C5) is set to ‘1°, the pre-
drivers are not influenced by DrvEn.

VCCP undervoltage signals (uv_vccp) issued from the Vcp monitoring: In case of an undervoltage, the external MOSFET is
switched off.

VCC5 undervoltage signals (uv_vccb) issued from the Vc5 monitor: In case of an undervoltage, the external MOSFET is switched
off.

VBOOST undervoltage signals (uv_vboost) issued from the boost voltage monitor: In case of an undervoltage, the external
MOSFET is switched off when this feature is enabled.

Signal cksys_drven issued from the clock monitor. In case of a missing clock (PLL not locked), the external MOSFET is switched
off. This function is disabled by default and can be enabled by setting the cksys_missing_disable_driver bit high in the
Backup_clock_status_reg register r(0x1C7)

Logic commands issued from logic channels (hsx_in).

The truth table describing the status of hsx_command signal is given in Table 29.
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Table 29. High-side pre-drivers truth table

DrvEn uv_vccep uv_vcech uv_vboost cksys_drven hsx_in hsx_command Driver status
0 _ _ _ - - 0(40) off
- 1 - - - - 0(40) off
- - 1 - - - 0(40) off
- - - 1 - - 0(40) off
- - - - 0 - 0(40) off
_ _ _ — - 0 0(40) off
1 0 0 0 1 1 1(41) on
Note

40. When hsx_command is low, the G_HSx pin is driven low (pull-down to PGND voltage)
41.  When hsx_command is high, the G_HSx pin is driven high (pull-up to V¢p voltage)

Table 30. High-side pre-drivers on state electrical specifications

Characteristics noted under conditions -40 °C < Tp < +125 °C, unless otherwise noted. Typical values noted reflect the approximate
parameter means at Ty = 25 °C under nominal conditions, unless otherwise noted. Characteristics referenced to PGND pin, unless
otherwise noted.

Symbol Characteristic Min. Typ. Max. Unit Notes
S_HSX pin operating voltage -3.0 - VBO?(STMA \% (42)
Vs _Hsx Transients t < 400 ns -8.0 - - \Y (42)
Transients t < 800 ns -6.0 - \% (42)
VB _Hsx B_HSX pin operating voltage Vs nsx t4 - Vs hsx t8 Y, (42)
VBS_HSX_CL B_HSX to S_HSX voltage clamp, 15 pA <Ig. < 1.0 mA 6.5 7.3 8.0 \Y%
VBs Hs cL B_HSX to S_HSX voltage threshold for hsx_cl_act internal signal 6.5 79 79 v
THREHOLD activation . : .
VG _Hsx G_HSX operating voltage Vs_Hsx - VB _Hsx \Y, (42)
S_HSX leakage current, biasing switched off
* Vs Hs = VBOOSTMAX - - 1000
Is_HSX_SINK * Vs s =13.5V - - 250 HA
. VS_HS =70V - - 120
. VS_HS =40V - - 100

HSX leakage current when pre-driver on (biasing switched off)
Is_HSX_SINK_ON iy =70V - - 220 pA
S HS= /-

S_HSX leakage current delta between pre-drivers off and on
IS_HSX_SINKDELTA .V =70V 60 - 140 pA
S Hs= /-

High-side driver supply current during 100% DC

 During constant off

| — _
HSX_SUPL * During constant on, including maximum supply current for the 30 bA

Rpp_Hsx Pull-down resistor B - 25
PWM frequency
‘ » External Vecp 26.5V 0.0 - 100 KH (42)(43)(4
G_HSX-_PWM 9.0V <Vgarr 0.0 - 100 ‘ 4)
* SVSVBATTS 9.0V 0.0 - 50
DCq Hsx Duty cycle 0.0 - 100 % (42)
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Table 30. High-side pre-drivers on state electrical specifications (continued)

Characteristics noted under conditions -40 °C < T < +125 °C, unless otherwise noted. Typical values noted reflect the approximate
parameter means at T = 25 °C under nominal conditions, unless otherwise noted. Characteristics referenced to PGND pin, unless
otherwise noted.

Symbol Characteristic Min. Typ. Max. Unit Notes
toN_HSX_MIN High-side driver minimum PWM on time - - 1.0 us (42)
G_HSx current (average during PWM operation)
I — - ) ) (42)
CHSXPWM 10 = Qg _sx; fowm = 100 kHz 4.0 50 mA
I Peak source gate drive current at fastest slew rate setting and _ 230 _ mA 42)
G_HSX_SRC  |yCCP = Vgg = 7.0 V, considering 10% and 90% of the output voltage.
I Peak sink gate drive current at fastest slew rate setting and _ 440 _ mA 42)
G_HSX_SRC | \vCCP =Vgg=7.0 V, considering 10% and 90% of the output voltage.
tR_G_Hsx Turn on rise time, 10%—90% of out voltage; Vcp = 7.0 V; at open pin 45 - 25 ns (42)
tr G_Hsx Turn off fall time, 90%—10% of out voltage; Vqcp = 7.0 V; at open pin 5.0 - 25 ns (42)
Max permissible slew rate at the S_HSX pin. With higher slew rates, ) _ 42)
SRs_Hsx there may be a malfunction of the level shifter for the slew rate control. 125 600 Vius
Turn on propagation delay at 300 V/us slew rate; 10% of out voltage _ 42)
IDON_G_HSX | change; C\oap = 4.7 NF; Rg = 40.2 Q; Vogp = 7.0 V 40 100 ns
Turn off propagation delay at 300 V/us slew rate; 10% of out voltage _ 42
IDOFF_G_HSX | change; C\oap = 4.7 NF; Rg = 40.2 Q; Vegp = 7.0 V 40 100 ns @2
Turn on propagation delay at 50 V/us slew rate; 10% of out voltage _ 42
'DON_G_HSX | change; C oap = 4.7 NF; Rg = 40.2 Q; Vgp = 7.0 V 65 125 ns @2
Turn off propagation delay at 50 V/us slew rate; 10% of out voltage _ 42
'DOFF_G_HSX | change; C,oap = 4.7 NF; Rg = 40.2 Q; Vgp = 7.0 V. 50 100 ns “2
Turn on propagation delay at 25 V/us slew rate;10% of out voltage _ 42
IDON_G HSX | change; C o = 4.7 NF; Rg = 40.2 Q; Vgp = 7.0 V. 100 200 ns @2
Turn off propagation delay at 25 V/us slew rate; 10% of out voltage 42
'DOFF_G_HSX | change; C_oap = 4.7 NF; Rg = 40.2 ; Vgep = 7.0V 70 - 150 ns 2
Turn on propagation delay at 12.5 V/us slew rate; 10% of out voltage _ 42
IDON_G_HSX | change; C\oap = 4.7 NF; Rg = 40.2 ; Vegp = 7.0 V 160 310 ns @2
Turn off propagation delay at 12.5 V/us slew rate; 10% of out voltage _ 42
'DOFF_G HSX | change; CLoap = 4.7 NF; Rg = 40.2 Q; Vogp= 7.0V 90 170 ns “2)

Note

42.  This parameter is derived mainly from simulation and is guaranteed by design characterization on a small sample size of typical devices under
typical conditions, unless otherwise noted.

43.  The minimum admitted series resistor is 0 Q.

44.  The external low-side MOSFET gate charge must not exceed 50 nC.A gate charge of maximum 75 nC is admitted if the fp\y\ < 67 kHz.

Table 31. High-side pre-drivers off state electrical specifications

Characteristics noted under conditions -40 °C < T < +125 °C, unless otherwise noted. Typical values noted reflect the approximate
parameter means at T = 25 °C under nominal conditions, unless otherwise noted. Characteristics referenced to PGND pin, unless
otherwise noted.

Symbol Characteristic Min. Typ. Max. Unit Notes

G_HSXto S_HSX pull-down resistor

Rpp_Hsx . T,=-401t0 150 °C 500 - 2000 kQ
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6.3.1

High-side driver slew rate control

The driver strength can be selected individually for each of the drivers among a set of values by the SPI registers. There are four selectable
driver strengths. The strength for the rising and falling edge can be chosen individually for each driver. Changing the rising edge affects
the falling edge such as to retain the same absolute slew rate.

Table 32. High-side pre-drivers slew rate settings

RDSON_PMOS RDSON_NMOS
hsx_slewrate_n(1:0) Slew rate (V/us) (switching on) (switching off)
(Ohm) (Ohm)
00 300 14.6 5.9
01 50 84 35
10 25 170 69
11 12.5 337 138

The slew rates are selected by the SPI, writing the Hs_slew rate register (Ox18E) while in normal mode (at reset we are in normal mode),
but with the possibility of rapidly changing to the highest slew rate with a microcode instruction (stslew).

Table 33. High-side pre-drivers slew rates characteristics

Characteristics noted under conditions -40 °C < T < +125 °C, unless otherwise noted. Typical values noted reflect the approximate
parameter means at Tp = 25 °C under nominal conditions, unless otherwise noted.

Symbol Characteristic Min. Typ. Max. Unit Notes
R G_HSX pMOS RDS_ON (00), 300 V/US, Veep = 70V
DS—O"E)SX—P + atexternal Vgg=2.5V 8.6 14.6 25.8 Q
« at externa =1.0to4.0V; . - .
(00) IVgs=1.0t04.0V 75 314
G_HSX nMOS RDSfON (00), 300 V/IJS, Veep = 70V
RDs_Hsx N + atexternal Vgg=2.5V 3.2 5.9 114 Q
(00) » atexternal Vgg=1.0t0 4.0V 25 - 16.5
RDS_HSX_P G_HSX pMOS RDS_ON (01 ), 50 V/HS, VCCP =70V 61 85 115 o
(01) + atexternal Vgg=1.0t0 4.0V
RDSﬁHSXﬁN G_HSX nMOS RDSfON (01 ), 50 V/HS, Veep = 70V
(01) » atexternal Vgg=1.0t0 4.0V 23 35 50 Q
RDS_HSX_P G_HSX pMOS RDS_ON (10), 25 V/HS, VCCP =70V 122 169 230 o
(10) » atexternal Vgg=1.0t0 4.0V
RDSﬁHSXﬁN G_HSX nMOS RDSfON (10), 25 V/HS, Veep = 7.0V
(10) » atexternal Vgg=1.0t0 4.0V 4 69 100 Q
RDS_HSX_P G_HSX pMOS RDS_ON (11), 12.5 V/HS, VCCP =70V 245 337 460 o
(11) » atexternal Vgg=1.0t0 4.0V
RDS_HSX_N G_HSX nMOS RDSfON (1 1 ), 12.5 V/IJS, Veep = 70V 94 138 199 0
(11) at external Vgg=1.0t0 4.0V
Slew rate switching time
tsLR HS * 1 ck cycle at 6.0 MHz, switching from slow to fast - - 166 ns (45)
* 4 ck cycles at 6.0 MHz, witching from fast to slow - - 666
Note

45.  This parameter is derived mainly from simulation and is guaranteed by design characterization on a small sample size of typical devices under
typical conditions, unless otherwise noted.

33816

37

NXP Semiconductors




6.3.2 Bootstrap diodes

‘Bootstrapping’ is a common way to create sufficient gate drive voltage for a high-side N-channel MOSFET. The charge needed to
enhance the MOSFET'’s gate is stored in a bootstrap capacitor referenced to the MOSFET’s source terminal. This method requires the
bootstrap capacitor be charged through a low-side switch, current source or freewheeling diode that periodically pulls the negative terminal
of the bootstrap capacitor to a voltage near to ground. Bootstrapping has the advantage of being simple and low cost, but it creates some
operating limits, that is, the requirement to refresh the charge in the bootstrap capacitor limits the duty cycle and on-time.
The 33816 uses individual bootstrap circuits for each of its five high-side drivers. The bootstrap capacitor Cg pgx for each high-side driver
is directly charged from V¢p through a bootstrap diode as soon as the voltage on high-side MOSFET source pin drops to a voltage close
to 0.0 V and therefore the VB_HSX voltage drops below the V¢p voltage.
The bootstrap control circuitry:

» Turns on the bootstrap diode to load the bootstrap capacitor when the high-side driver’s source terminal is significantly below the

Vccp voltage

» Clamps the high-side gate voltage when the bootstrap capacitor is reaches the desired voltage

* Prevents bootstrap capacitor discharge when the B_HSX pin voltage is higher than V¢cp.
Bootstrap operation can create charging currents sufficiently large that injector diagnostics can be affected. To avoid such disturbances,
the digital core issues one signal for each high-side pre-driver (called hsx_bs_inb) that prevents the bootstrap switches from switching on
at the end of the injection or during initialization, as long as no low-side pre-driver is switched on. It thereby prevents degradation of end
of the injection monitoring performed when using the Vgrc comparator of the pre-driver.

Current flowing through each bootstrap diode is actively limited to avoid overloading them.

Table 34. Bootstrap diode electrical specifications

Characteristics noted under conditions -40 °C < T, < +125 °C, unless otherwise noted. Typical values noted reflect the approximate
parameter means at T = 25 °C under nominal conditions, unless otherwise noted. Characteristics referenced to PGND pin, unless
otherwise noted.

Symbol Characteristic Min. Typ. Max. Unit Notes

Bootstrap path current capability at 6.5 V < VCCP <7.5V
* Vecp-VB_Hsx =0.25V

-38 - -9.1
* Vecp-VB_Hsx =05V -67 - -18
o8 Hox * Veep - VB Hsx =075V -83 - -29 A
— . VCCP - VB_HSX =10V -78 - -39
* Veep- VB Hsx =15V -79 - -42
* Veep- VB Hsx =20V -84 - -43
-95 - -47

* Vecp-VB_Hsx > 2.0V

Bootstrap path resistance

Rop_tsx * Vocp-VB_Hsx < 1.0V - - 30 ©

VB Hsx_vccp__TH | Bootstrap path Vg psx to Vecp voltage threshold when bootstrap

. -150 - -30 mV
R voltage rising
VB_Hsx_vcop_TH | Bootstrap path Vg psx — Veep voltage threshold when bootstrap 165 _ -40 mv
_F voltage falling
VB—HSXq¥g$P—TH Bootstrap path Vg nsx — Vocp threshold hysteresis 0.0 - 30 mv

Bootstrap switch turn on delay during PWM

toe_HsX_oN + Delay from VB_HSx < VCCP to bootstrap switch ON including - - 450 ns (46)
comparator delay and CP charge time.

Bootstrap switch on time after switching
tmMaxB_HSX_ON « After this time the bootstrap switch NMOS transistor is switched 100 - ms ms (46)
off due to gate discharge currents.

IDB_HSX_LOW Bootstrap low current limit -570 -375 -280 HA

Note

46. This parameter is derived mainly from simulation and is guaranteed by design characterization on a small sample size of typical devices under
typical conditions, unless otherwise noted.
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6.3.2.1 Bootstrap start-up default sequence

The typical way to startup the bootstrap capacitor for each high-side pre-driver requires the topology shown in Figure 14.

VBATT VCCP VBOOST VCC5
1 [ 1
a I
17
e Charge
o
@ Pump
'S VBOOST / VBAT
s A 4 gg
Lo ,?l B_HSx
[ ‘J_ Ce_Hsx
hsx_command -
hsx_slewrate (1:0) H x % G_HSx
S_HSx
Loal
G_LSx
low side pre-driver [> - f\/v\,—|
= PGND

= PGND

Figure 14. Booststrap load current path during start-up default sequence

The DBG pin must be set high or unconnected, as a weak high-side pull-up is internally implemented when the device was in reset.

After reset release and after the VCCP voltage is above the Vyyccp+ threshold, all low-side biasings are activated and the charging of
the high-side pre-driver’s bootstrap capacitors via the D_LSx pull-down sources starts automatically, as long as there is a current path
from S_HSx of the high-side pre-driver to at least one D_LSx pin or to GND.

During this phase for each of the five high-side driver pre-drivers:
* The bootstrap diode current is limited
* The Vgrc threshold is forced, so it cannot be used during this phase
* All low-side biasings are activated
» All high-side biasings are disabled.
This initialization phase is interrupted if one of the following conditions is reached individually for each high-side pre-driver:

+ B_HSx voltage is close to Vcp voltage (typically 7.0 V) and the S_HSx voltage is below 0.5 V, in a range of 36 ms after the V¢cp
undervoltage threshold Vyccp+ Was exceeded, then 1.0 V
» The bootstrap voltage clamp is active and the S_HSx voltage is below 0.5V, in a range of 36 ms after the Vcp undervoltage
threshold Vyyccp+ Was exceeded, then 1.0 V
» The low-side pre-driver affected to the high-side pre-driver is switched on by the microcores or by SPI
» The low-side pre-driver to the high-side pre-driver association is disabled
* The high-side pre-driver switched on

The association described by the following is configured through the Hs12_Is_act register (Ox1A6), the Hs34_Is_act register (0x1A7), and
the Hs5_lIs_act register (0x1A8).

If two high-side pre-drivers are affected by a unique low-side pre-driver, the suitable blanking times must be applied to avoid unexpected
interruption of the initialization phase from being interrupted before completion. During this blanking time none of the two high-side biasing
must be turned on by the SPI or microcore.

Table 35. Bootstrap charge time up to 7.0 V during start-up default sequence

Bootstrap capacitor typical value Typical charge time (ms)
100 nF 2.3
300 nF 7.7
1.0 pF 233
2.2 uF 51.3
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It is recommended to turn off the initialization phase for each unused high-side pre-drivers, by removing any low-side pre-driver
association in the Hs12_Is_act register (0x1A6), the Hs34_Is_act register (Ox1A7), and the Hs5_Is_act register (0x1A8).
6.3.2.2 Bootstrap start-up sequence using the charge pump

If there is no current path from S_HSx pin to D_LSx or GND, the internal charge pump can be used to charge the bootstrap capacitors
during initialization, considering a consumption of 20 pA (IHSX_SUPL) per high-side pre-driver. In this case, no additional current must
be drawn from the B_HSx pin.

VI?ATT V’Q?P ' VBOOST V(",‘Q‘5

LT lt L
Charge
Pump
g% B_HSx
LDO =
hsx_command
e e
hsx_slewrate (1:0) ‘A& Dev_nsx }

Load

= PGND

Figure 15. Booststrap load current path during start-up sequence using charge pump

Turning on either the low-side MOSFET or the D_LSx pull-down current sources to charge the bootstrap capacitors during the initialization
phase is not required, if the current loop exists via the body diode of the external high-side MOSFET. In addition, there is some leakage
current (Is ysx sink) Path from S_HSx to PGND. The charge pump starts charging the bootstrap capacitors as soon as the device is
supplied with VCC5, and the VBOOST pin voltage is greater than 4.7 V, and POResetB is deactivated.

Table 36. Bootstrap charge time up to 7.0 V using charge pump

Bootstrap capacitor typical value Typical charge time (ms)
100 nF 35
300 nF 116
1.0 pF 350
2.2 uF 770

Using a charge pump to augment the bootstrap function does two things: it eliminates most of the duty cycle and on-time limitations, and
it can pre-charge the bootstrap capacitor at power up.

6.3.3 Charge pump

The 33816 provides one charge pump with independent outputs for each of the five high-side drivers. The independent outputs allow
complete flexibility of the topology used, that is, the D_HSX pins of the high-side channels can be connected to different voltage levels
(for example, VgaT Or VRoosT)-

In most operating topologies and conditions, the bootstrap diode is the primary source of charge for the bootstrap capacitor, and the
charge pump sustains the voltage at each bootstrap capacitor when it is not being charged by low-side switching.

This charge pump allows 100% duty cycle operation of the high-side MOSFETs while the bootstrap circuitry is not operating (VS_HSx
voltage never goes significantly below the Vcp voltage). In that condition, the charge pump provides current that maintains each
bootstrap capacitor charged via independent current sources, to guarantee a minimum Vgg voltage.

The charge pump, supplied by VBOOST, creates gate drive voltages about 8.0 V greater than the voltage at VBOOST. However, their
current capacity is sufficient only for low frequency switching. in addition, VCC5 supplies the charge pump circuitry.
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Each current source charges its bootstrap capacitor as long as the voltage at its B_HSX pin is less than the charge pump output voltage.
The current stops when B_HSX exceeds the charge pump output voltage. The individual current sources supply the high-side pre-driver
and its MOSFET's gate, charges the bootstrap capacitor, or flows through the bootstrap clamp (D¢ Hsx). if the bootstrap capacitor is
already fully charged. B

All high-side pre-drivers are disabled when the voltage at the VBOOST pin is less than its undervoltage lockout threshold, which is around
4.7 V. The charge pump is not running as long as the POResetB reset signal is active.

Table 37. Charge pump electrical specifications

Characteristics noted under conditions -40 °C < Tp < +125 °C, unless otherwise noted. Typical values noted reflect the approximate
parameter means at Ty = 25 °C under nominal conditions, unless otherwise noted. Characteristics referenced to PGND pin, unless
otherwise noted.

Symbol Characteristic Min. Typ. Max. Unit Notes
Vep Charge pump output voltage - - VgoosT + 8 Y,
lcp Charge pump output current capability 375 - - uA
fop Charge pump clock frequency - 28 - MHz
tep init Time for Charge Pump Initialization - 10 - us (47)
lcp_srR_MAX Charge pump individual output current source current capability 50 - 62 uA

Charge pump current source output voltage, output voltage at B_HSX;
0.0V <V_S HSX <VgoosT

* VBoosT>4.7V; Vg Hsx =4.7V Vs hsx t4 - -

VCP,SRC . VBOOST >6.0V, VS_HSX =6.0V Vs nsx * 6 - - v
* VBoosT > 69 V; Vg _psx =69V Vs Hsx * 6 - -
* VBoosT> 72 V; Vg psx =72V Vs Hsx +4 - -

Note
47.  This parameter is derived mainly from simulation and is guaranteed by design characterization on a small sample size of typical devices under
typical conditions, unless otherwise noted.

6.3.4 Safe state of high-side pre-driver
In order to guarantee a safe condition while the device is not operating, the G_HSX output is immediately forced to the low level, switching

the external MOSFET off when reset (RSTB) is asserted, or DrvEn is low. This behavior is effective as long as the bootstrap capacitor
voltage is greater than a typical voltage of 1.1 V.

When the bootstrap capacitor voltage is lower than or equal to 1.1 V, the pre-driver output state is undefined, but the pre-driver is not in
a high state. In addition, an integrated pull-down resistor Rpp pgx between G_HSX and S_HSX keeps the external MOSFET in an OFF
state. B

6.3.5 High-side pre-drivers in low-side configuration

All high-side pre-drivers can be used as low-side pre-drivers. In this configuration, an external booststrap capacitor is still required.
However, the VDS monitoring for this low-side MOSFET is not functional.

6.4 Low-side pre-drivers (LS1 - LS6)

6.4.1 General description

The 33816 provide six independent low-side pre-drivers designed to drive the gates of external low-side configuration N-channel logic
level MOSFETSs. These pre-drivers are dedicated the load driving like injectors or solenoid and integrate diagnosis features.

33816

41 NXP Semiconductors



—%

VBATT

VCCP
1

LDO

I

Isx_command

I—
Isx_slewrate (1:0)

Load

G_LSx

-
L
% Rpp_Lsx

1
T PGND

L

Figure 16. Low-side pre-driver block diagram

Internal to the device, a gate to source pull-down resistor Rpp | sx holds the external MOSFETSs in the off state, while the device is in a

power on reset state (RSTB low).

The low-side pre-drivers are supplied by Vcp voltage. The low-side pre-driver is intended to drive the gate of an external logic level
MOSFET in low-side configuration. The logic command Isx_command, to switch the external MOSFET, is provided by the digital block.
This command is generated, taking into account the following signals:
The signal DrvEn is issued from the DRVEN pin. As long as the DrvEn signal is negated, the low-side pre-driver is switched off.
The low-side pre-driver 3 and 6 includes a feature to override the switch off path via the DrvEn signal. As long as the
hs5_1s36_en_ovr bit of the Driver_config register (0x1C5) is set to ‘1’, the pre-drivers are not influenced by DrvEn.

The Vcp undervoltage signals (uv_vccep) issued from the Vocp yy monitoring. In case of an undervoltage, the external MOSFET

is switched off

The Vccs undervoltage signals (uv_vecb) issued from the Ves yy monitoring. In case of an undervoltage, the external MOSFET

is switched off

The cksys_drven signal issued from the clock monitoring. In the event of a missing clock, the external MOSFET is switched off.
This condition can be optionally disabled.

The logic command coming from channel logic (Isx_in)

The truth table describing the status of Isx_command signal is given in Table 38.

Table 38. Low-side pre-driver truth table

DrvEn uv_vccep uv_vceh cksys_drven Isx_in Isx_command Driver status
0 _ _ — - 0(48) off
- 1 - - - 0(48) off
_ _ 1 - - 0(48) off
- - - 0 - 048) off
- - - - 0 0“8) off
1 0 0 1 1 1(49) on
Note
48.  When Isx_command is low, the G_LSx pin is driven low (pull-down to PGND voltage)
49.  When Isx_command is high, the G_LSx pin is driven high (pull-up to V¢cp voltage)
33816
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Table 39. Low-side pre-drivers on state electrical specifications

Characteristics noted under conditions -40 °C < T, < +125 °C, unless otherwise noted. Typical values noted reflect the approximate
parameter means at Ty = 25 °C under nominal conditions, unless otherwise noted. Characteristics referenced to PGND pin, unless
otherwise noted.

Symbol Characteristic Min. Typ. Max. Unit Notes
Ve Lsx G_LSX operating voltage 0.0 - Veer v (50)
D_LSX leakage current (biasing switched off)
Ip_Lsx_sINK * Vp_1sx=13.5V 10 - 110 HA
* Vp 1sx=40V 10 - 320
PWM frequency (50) (51)
fo_Lsx_Pwm + Nominal 0.0 - 100 kHz 52)
« t <50 ys - for short periods of 50 ys every 1.0 ms 0.0 - 200
DCgq 1sx Duty cycle 0.0 - 100 % (50)

G_LSX current (average during PWM operation) 50
l_Lsx_Pwm + Qg = Qg Lsx; foym = 100 kHz - 3.0 5.0 mA (50)

Peak source gate drive current at fastest slew rate setting and 50
lc_Lsx_sRc Veep = Vag = 7.0 V - 230 - mA (50)

Peak sink gate drive current at fastest slew rate setting and

Ig_Lsx_sRrc Veep = Vag = 7.0 V - 440 - mA (50)
tr_c_LsX -;I)-il;m on rise time, 10%-90% of output voltage; Vocp = 7.0 V; at Open 5.0 _ 25 ns (50)
tr G Lsx Turn off fall time, 90%-10% of output voltage; Vocp = 7.0 V; at Open pin 5.0 - 25 ns (50)

thoN_G LsX '(I:'rl:;r:] 32; ;z;c:giga;tiggdr?::?y;\et iofo\./zllg;s\l/ecvé |iaie7; 10 O\O//o of output voltage 10 _ 70 ns (50)

oo x| Bl ey Vs e G tettege [ g || w | w |

tpON G LsX Iﬁ;r;gg; %’fgzgiﬁz,n?dnell?)ll?zt=5(4)1(\)/./2u§2;8|\3\gcft=e;7.1(§)‘://0 of output voltage 10 _ 80 ns (50)

tDOFF G LsX Iﬁar\r:]gefzf %'Sgigitizgdnelzl?)éztfaglzuz;sl\i\évcff;??g‘:/; of output voltage 10 _ 80 ns (50)
tDoN_G.LSX 'Cl'rl:;rr]] go:; pcrf(r;:lge;tiiln.n7 ?]T:Ia?; Zt 328//211; ;Sl\tle(\;vc'r:aie;? 1 8"6 of output voltage 15 _ 120 ns (50)
thorF_ 6 Lex '(I:'rl:;r:] g;f; ;():rfg:gitigg dneFlfjull:z aGlt =23 c\)//2L1§2 ;SI\G;\gCr:ltzce;? 1 é)‘;//o of output voltage 15 B 120 ns (50)
thon_G_Lsx Iﬁ;f;gg;PétgaAgDajT?ds::a;y F?Gt 1= 2450 \g/;;zs s\l/e::v;/ ;azte;':) 0\‘;/0 of output voltage 15 _ 150 ns (50)

Turn off propagation delay at 12.5 V/us slew rate; 10% of output voltage 15 _ 150 ns (50)

'DOFF_G_LsX change; Copp = 4.7 NF; Rg =40.2 Q; Voep=7.0V

Note

50. This parameter is derived mainly from simulation and is guaranteed by design characterization on a small sample size of typical devices under
typical conditions, unless otherwise noted.

51.  The minimum admitted series resistor is 0 Q.

52.  The external low-side MOSFET gate charge must not exceed 50 nC. A gate charge of maximum 75 nC is admitted if the fpyyy < 67 kHz. A gate
charge of maximum 100 nC is admitted if the fpyyy < 50 kHz.
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Table 40. Low-side pre-drivers off state electrical specifications

Characteristics noted under conditions -40 °C < T, < +125 °C, unless otherwise noted. Typical values noted reflect the approximate
parameter means at T = 25 °C under nominal conditions, unless otherwise noted. Characteristics referenced to PGND pin, unless
otherwise noted.

Symbol Characteristic Min. Typ. Max. Unit Notes
Rpp_Lsx G_LSX to PGND pull-down resistor 25 50 90 kQ
6.4.2 Low-side pre-driver slew rate control

Each driver strength can be selected individually by the SPI registers within a set of values. There are four selectable driver strengths.
The strength for the rising and falling edge can be individually chosen for each driver. A change in the rising edge affects the falling edge
such as to keep the same absolute slew rate.

Table 41. Low-side pre-drivers slew rate settings

Isx_slewrate_n(1:0)

Slew Rate (V/ps)

RDSON_PMOS
(switching on) ()

RDSON_NMOS
(switching off) (Q)

00 300 14.6 5.9
01 50 84 35
10 25 170 69
11 12.5 337 138

The slew rates are selected by the SPI, writing the Ls_slewrate register (0x18F) while in Normal mode (at reset we are in normal mode),
but with the possibility of rapidly changing to the highest slew rate with the microcode instruction stslew.

Table 42. Low-side pre-drivers slew rates characteristics

Characteristics noted under conditions -40 °C < T < +125 °C, unless otherwise noted. Typical values noted reflect the approximate
parameter means at Ty = 25 °C under nominal conditions, unless otherwise noted.

Symbol Characteristic Min. Typ. Max. Unit Notes
R G_HSX pMOS RDSfON (00), 300 V/HS, Veep = 70V
DSBF('JSKP + atexternal Vgg =2.5V 8.8 14.6 25.3 w
(00) » atexternal Vgg=1.0t0 4.0V 7.5 - 313
G_HSx nMOS Rps on (00), 300 V/ps, Veep = 7.0 V
RDS—OHOSX—N « atexternal Vgg =25V 3.4 59 111 W
(00) « atexternal Vgg=1.0t04.0V 2.5 - 16.5
GS
RDS_HSX_P G_HSX pMOS RDS_ON (01 ), 50 V/HS, Veep = 7.0V
(01) » atexternal Vgg=1.0t0 4.0V 61 84 15 w
RDS_HSX_N G_HSX nMOS RDS_ON (01 ), 50 V/HS, VCCP =70V
(01) « atexternal Vgg=1.0t0 4.0V 23 35 50 w
RDS_HSX_P G_HSX pMOS RDSfON (10), 25 V/HS, VCCP =70V
(10) » atexternal =1.0t0 4.0V 122 170 230 w
RDS_HSX_N G_HSX nMOS RDS_ON (10), 25 V/HS, VCCP =70V 47 69 100 W
(10) « atexternal Vgg=1.0t0 4.0V
RDS,HSX,P G_HSX pMOS RDSfON (1 1 ), 12.5 V/HS, Veep = 70V
(11) » atexternal Vgg=1.0t04.0V 245 337 460 w
RDS_HSX_N G_HSX nMOS RDS_ON (1 1 ), 12.5 V/HS, Vccp =70V 94 138 199 W
(11) » atexternal Vgg=1.0t0 4.0V
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Table 42. Low-side pre-drivers slew rates characteristics (continued)

Characteristics noted under conditions -40 °C < Tp < +125 °C, unless otherwise noted. Typical values noted reflect the approximate
parameter means at Ty = 25 °C under nominal conditions, unless otherwise noted.

Symbol Characteristic Min. Typ. Max. Unit Notes

Slew rate switching time
t - - (53)
SLR_HS * 1ckcycle at 6.0 MHz 166 ns

Note
53.  This parameter is derived mainly from simulation and is guaranteed by design characterization on a small sample size from typical devices under
typical conditions, unless otherwise noted.

6.4.3 Safe state of low-side pre-driver

In order to guarantee a safe condition, the G_LSX output is immediately forced to a low level, switching off the external MOSFET when a
reset is asserted and while the device is not operating. In this phase, the pre-driver is powered by the charge already stored in the VCCP
buffer capacitor, and a low level output is guaranteed, as long as a typical voltage greater than 1.1 V is available.

When the Vcp supply voltage is lower than 1.1 V, the pre-driver output is pulled to PGND by an internal high resistance Rpp | gx pull-
down resistor. -

6.5 Vps and Vgrc monitor and load biasing

The 33816 provides a VDS monitoring function for diagnostic and protection for each of the five high-side pre-drivers, and for six of the
low-side pre-divers. The LS7 pre-driver dedicated to the DC-DC converter does not integrate this diagnosis feature.

Moreover, a source voltage monitoring function Vgrc populates each of the five high-side pre-drivers.
The Vpg monitors measure:

« the voltage between the VBOOST or VBATT pin, and the source pin of the external MOSFET connected to the S_HSx device pin,
for the HS2 and HS4 high-side pre-drivers

« the voltage between the VBATT pin and the source pin of the external MOSFET connected to the S_HSx device pin, for the HS1,
HS3, and HS5 high-side pre-drivers

« the voltage between the drain pin of the external MOSFET connected to the D_LSx device pin and the PGND pin, for the low-side

pre-drivers
VBATT VCC5
0 (]
_________________________:T_ ________ VBOOST / VBAT
‘ ST
| hsx_vds_threshold (2:0)
) Voltage
" e + || Threshold
2 K hsx_vds_fbk ]
- 5 7] QV\N—[
l é =
e
| @ ‘_E‘E’ T
: E > hsx_src_fbk
- nex_sre bR
Y £
2 b
| T g Voltage Load
> hsx_src_threshold (2:0) Threshold
I
L oo L ____________
r:o2 ¥
1= —
1T E lsx_vds_fbk 1
: E © ‘é ©o - =
s 8e8 ] x G_LSx
. ﬁ =~ Voltage 2 o
' '; a Isx_vds_threshold (2:0) _| Threshold g
3 > 7]
[
14
- 4
PGND
Figure 17. Vpg and Vggc monitors and load biasing
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1
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Figure 18. Vpg monitors and load biasing for HS2 and HS4

The Vgrc monitors measure on the high-side pre-drivers, the voltage between the source pin of the external MOSFET connected to the
S_HSx device pin and the PGND pin.

Their thresholds are individually selectable for each output by setting the suitable values in:

+ the Vds_threshold_hs (0x18A) register for the high-side pre-drivers Vpg threshold

+ the Vsrc_threshold_hs (0x18B) register for the high-side pre-drivers Vgg¢ threshold

+ the Vds_threshlod_Is_1 (0x18C) and Vds_threshlod_Is_1 (0x18D) registers for the low-side pre-drivers Vpg threshold
These thresholds are selectable either by the SPI or by microcode (chth instruction).
The Vpg and Vgre monitor functions are available, since the corresponding pre-drivers are supplied.

The high-side Vpg and Vgrc monitors can work in standalone mode without using the associated high-side pre-driver. In this case, the
B_HSXand G_HSX outputs is not connected and the corresponding high-side driver cannot be used. The S_HSX input can be connected
to any node, as long as the maximum is within the pin’s maximum rating range.

6.5.1 High-side Vpg And Vggrc monitoring

The high-side Vpg and Vgrc monitors are functionally independent from the bootstrap voltage of the high-side pre-driver.

The two high-side Vpg monitors of pre-driver 2 and 4 are composed of three comparators with programmable thresholds, the first one
senses the voltage between VBOOST and the S_HSX source pin (Vpg of the high-side MOSFET used as boost MOSFET). The second
one senses the voltage between VBATT and the S_HSX source pin (Vpg of the high-side MOSFET, used as a battery MOSFET and
voltage information for voltage based diagnosis, when the MOSFET is in boost configuration) The third one senses the voltage between
the S_HSX source pin and PGND (voltage across the freewheeling element, either a diode or a MOSFET).

The instruction s/fbk allows to select which of the two feedbacks hsx_vds_vboost_fbk or hsx_vds_vbatt_fbk, enables the microcores.

Two voltage references per high-side pre-driver provide a voltage threshold to the Vpg comparators. Their values are selectable among
eight values, according to the hsx_vds_threshold(2:0) and the hsx_src_threshold(2:0) signal, provided by the digital cores.

The current values of the hsx_vds_threshold(2:0) and the hsx_src_threshold(2:0) are programmed through the SPI by accessing the
Vds_redfile registers (0x18A and 0x18B).

33816

NXP Semiconductors 46



Table 43. Vpg and Vgge monitoring typical threshold selection for high-side pre-drivers

hsx_vds/src_ threshold(2:0) VDS (V) VSRC (V)

000 0.00 0.0
001 05 0.5
010 1 1

011 15 15
100 2.0 2.0
101 2.45 2.5
110 2.95 3.0
111 3.45 35

If a fast dv/dt is applied (the SRg ygx maximum value is exceeded) at the S_HSX pin (for instance, during boost MOSFET commutations),
the comparator output may have an incorrect value while the disturbance is applied. The function recovers after the disturbance removal
to the nominal behavior in less than a typical 300 ns.

During freewheeling operation, the S_HSX source pin, can go down to a typical -3.0 V, and can withstand transients of -6.0 V/-8.0 V for
a duration shorter than 400 ns at a very high MOSFET switch.

Table 44. High-side VDS and VSRC monitoring electrical specifications

Characteristics noted under conditions -40 °C < T < +125 °C, unless otherwise noted. Typical values noted reflect the approximate
parameter means at Ty = 25 °C under nominal conditions, unless otherwise noted. Characteristics referenced to PGND pin, unless
otherwise noted.

Symbol Characteristic Min. Typ. Max. Unit Notes
High-side Vpg;src monitoring functional range S_HSx -3.0 - 72
Vs Hs_vpDs « Transients t < 400 ns -8.0 - - V (54)
» Transients t <800 ns -6.0 - -
High-side Vpg;src monitoring functional range VBATT 5.5 - 72
VveatT_vos Y 3.5Visat3.0Vmi v
DS_HS_TH 3- at 3.0 V min. 5.0 - 5.5

High-side Vpg;src monitoring functional range VBOOST 55 - 72

v )
VBOOST_VDS * Vps ps TH 3.5 Vis at 3.0 V min. 5.0 - 5.5

High-side Vpg threshold (000)
Vbs_Hs_TH * VygaTT vDs = 5.0 Vto 72V -0.1 0.0 0.1 Y,
* VyBoosT vps = 5.0 Vto 72V

High-side Vpg threshold (001)
Vbs Hs_TH * VyBaTT vDs = 5.0V to 72V 0.4 0.5 0.6 Y,
. VVBOOSTﬁVDS =50Vto72V

High-side Vg threshold (010)
Vbs_Hs_TH * VygaTT vDs = 5.0 Vto 72V 0.9 1.0 1.1 v
* VygoosT vps =5.0Vto 72V

High-side Vpg threshold (011)
Vbs Hs_TH * VyBaTT VDS = 5.0V to 72V 1.35 15 1.65 \Y
* VyBoosT vps = 5.0 Vto 72V

High-side Vpg threshold (100)
Vbs_Hs_TH * VygaTT vDs = 5.0 Vito 72V 1.8 2.0 2.2 Y,
. VVBOOSTfVDS =50Vto72V

High-side Vpg threshold (101)
Vbs_Hs_TH * VygaTT vDs = 5.0 Vto 72V 2.29 2.45 2.61 Y,
* VyBoosT vps = 5.0 Vto 72V
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Table 44. High-side VDS and VSRC monitoring electrical specifications (continued)

Characteristics noted under conditions -40 °C < T < +125 °C, unless otherwise noted. Typical values noted reflect the approximate
parameter means at T = 25 °C under nominal conditions, unless otherwise noted. Characteristics referenced to PGND pin, unless

otherwise noted.

Symbol Characteristic Min. Typ. Max. Unit Notes
High-side Vpg threshold (110)
Vps_Hs_TH * VygaTT vDs = 5.0 Vto 72V 2.76 2.95 3.14 Y,
* VveoosT vps =5.0Vto 72V
High-side Vpg threshold (111)
* VyaTT VD =5.5Vto 72V 3.23 35 3.67
Vbs_Hs_TH * VvBoosT_vps = 5.5V to 72V 3.23 35 3.67 %
M VVBATT_VDS =50Vto55V 3.0 3.45 3.67
* VVBOOST_VDS =50Vto55V 3.0 3.45 3.67
High-side Vpg/src threshold settling time
t - (54)
TH_HSVDS * From HS_VDS/SRC_threshold(2:0) change to threshold stable 0.4 10 HS
High-side Vpg,;src comparator switching time, Propagation delay +
rise/fall time
to_HsvDs + At 100 mV overdrive - 1.0 1.5 us (54)(55)
» At 200 mV overdrive - 0.8 1.1
» At 300 mV overdrive - 0.6 1.0
¢ High-side Vpg/src comparator recovery time after dVp/dt 300 (54)
R_HSVDS * Recovery time after dVp/dt is removed - - ns
High-side Vpg,;src comp. input voltage slew rate with good output at
SRHsvDs VDS_HS=0.75 V with VS_HSx from 13.5 V to 72 V and from 72 V to - - 100 Vlius (54)
13.5V
Vsrc_Hs_TH | High-side Vgre threshold (000) 0.1 0.0 0.1 v
VsRc_Hs_TH High-side Vg threshold (001) 0.4 0.5 0.6 v
VsRc_Hs_TH High-side Vggrc threshold (010) 0.9 1.0 1.1 Y,
VsRc_Hs_TH High-side Vgrc threshold (011) 1.35 1.5 1.65 Y,
Vsrc_Hs_TH | High-side Vgre threshold (100) 1.8 2.0 2.2 \Y
VsrRc_HS_TH High-side Vgrc threshold (101) 2.38 2.55 2.72 Y,
Vsrc_Hs_TH | High-side Vgre threshold (110) 2.85 3.0 3.15 v
Vsrc_Hs_TH | High-side Vgrc threshold (111) 3.33 35 3.68 \Y
VSRC_HS_Th High-side Vggrc threshold (000) including crosstalk -0.2 0.0 0.2 Y (54)(56)
VSRC_HS_Th High-side Vggrc threshold (001) including crosstalk 0.3 0.5 0.7 \Y (54)(56)
VSRC_HS_Th High-side VgRrc threshold (010) including crosstalk 0.8 1.0 1.2 Vv (54)(56)
VSRC_HS_Th High-side Vggrc threshold (011) including crosstalk 1.25 1.5 1.75 \Y (54)(56)
VSRC_HS_Th High-side Vgrc threshold (100) including crosstalk 1.7 2.0 23 \Y (54)(56)
VSRC_HS_Th High-side Vggrc threshold (101) including crosstalk 2.28 2.55 2.82 \Y (54)(56)
VSRC_HS_Th High-side Vgrc threshold (110) including crosstalk 2.75 3.0 3.25 \Y, (54)(56)
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Table 44. High-side VDS and VSRC monitoring electrical specifications (continued)

Characteristics noted under conditions -40 °C < Tp < +125 °C, unless otherwise noted. Typical values noted reflect the approximate
parameter means at Ty = 25 °C under nominal conditions, unless otherwise noted. Characteristics referenced to PGND pin, unless
otherwise noted.

Symbol Characteristic Min. Typ. Max. Unit Notes

VSRC_HS_Th High-side Vgrc threshold (111) including crosstalk 3.23 3.5 3.78 \Y, (54)(56)

Note

54.  This parameter is derived mainly from simulation and is guaranteed by design characterization on a small sample size of typical devices under
typical conditions, unless otherwise noted.

55.  The high value is a worst case consideration on an overdrive of 100 mV.

56. To limit the amplitude of the crosstalk to the specified value, the sequence of monitor threshold switching must not exceed a certain number of
switches in any given time window. Any sequence of n commands which increase a threshold of a low-side VDS or high-side VSRC monitor must
be spread over a time window ty_| which meets the condition: ty | = (N - 7) * 1.67 us. Any sequence of m commands which decrease a threshold
must be spread over a time window ty; p which meets the condition: tyy p = (M- 7) * 1.67 ps.

6.5.2 Low-side Vpg monitoring

A comparator with a programmable threshold is provided for Vpg monitoring of the external low-side MOSFET, sensing the voltage
between the D_LSx drain pin and PGND (VDS of the low-side MOSFET). If a sense resistor is connected between the low-side MOSFET
and ground, the voltage drop on the resistor is included in the measurement.

One voltage reference per low-side pre-driver provides a voltage threshold to the Vpg comparator. Its value is selectable among eight
values, according to the Isx_vds_threshold(2:0) signal, provided by the digital cores. The current values of Isx_vds_threshold(2:0) are
programmed through the SPI by accessing the Vds_redfile registers (0x18C and 0x18D).

Table 45. VDS monitoring typical threshold selection for low-side pre-drivers

Isx_vds threshold(2:0) VDS (V)
000 0.00
001 0.5
010 1.0
011 1.5
100 2.0
101 25
110 3.0
111 35

If a fast dv/dt is applied at the D_LSX pin (for instance, after a fast decay), the comparator output may have an incorrect value. When a
disturbance is applied, the function recovers from the disturbance removal to a nominal behavior in less than a typical 300 ns.

The operating voltage range of low-side MOSFET D_LSX drain pin is up to 75 V. During freewheeling operation on one load, the D_LSX
source pin of a different load connected to the same bank, can go down to a typical -3.0 V.

The low-side Vpg monitors can even be used standalone, without using the associated low-side pre-driver. In this case, the G_LSX output
is not connected. The D_LSX input can be connected to any node within the pin maximum ratings voltage range.

Table 46. Low-side VDS monitoring electrical specifications

Characteristics noted under conditions -40 °C < Tp < +125 °C, unless otherwise noted. Typical values noted reflect the approximate
parameter means at Ty = 25 °C under nominal conditions, unless otherwise noted. Characteristics referenced to PGND pin, unless
otherwise noted.

Symbol Characteristic Min. Typ. Max. Unit Notes
Low-side Vpg monitoring functional range D_LSx -3.0 - 75

v DS _ (67)
D_LSX_VDS » Transients t <400 ns -8.0 - - v

Vps Ls_TH Low-side Vpg threshold (000) -0.1 0.0 0.1 \V;

Vps_Ls TH Low-side Vpg threshold (001) 0.4 0.5 0.6

Vbs_Ls_TH Low-side Vpg threshold (010) 0.9 1.0 11 v
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Table 46. Low-side VDS monitoring electrical specifications (continued)

Characteristics noted under conditions -40 °C < T < +125 °C, unless otherwise noted. Typical values noted reflect the approximate
parameter means at T = 25 °C under nominal conditions, unless otherwise noted. Characteristics referenced to PGND pin, unless
otherwise noted.

Symbol Characteristic Min. Typ. Max. Unit Notes
Vbs Ls_TH Low-side Vpg threshold (011) 1.35 15 1.65 v
Vbs_Ls_TH Low-side Vpg threshold (100) 1.8 2.0 22 vV
Vbs_Ls TH Low-side Vpg threshold (101) 2.38 25 2.63 Vv
Vbs Ls TH Low-side Vpg threshold (110) 2.85 3.0 3.15 v
Vbs Ls_TH Low-side Vpg threshold (111) 3.33 3.5 3.68 v
Vps_Ls_Th Low-side Vpg threshold (000) incl. crosstalk -0.2 0.0 0.2 \Y; (57)(58)
Vps_Ls_Th Low-side Vpg threshold (001) incl. crosstalk 0.3 0.5 0.7 \Y (57)(58)
Vps_Ls_Th Low-side Vpg threshold (010) incl. crosstalk 0.8 1.0 1.2 \Yj (57)(58)
Vps_Ls_Th Low-side Vpg threshold (011) incl. crosstalk 1.25 1.5 1.75 \Y; (57)(58)
Vbs_Ls_Th Low-side Vpg threshold (100) incl. crosstalk 1.7 2.0 2.3 \Y; (67)(58)
Vps_Ls_Th Low-side Vpg threshold (101) incl. crosstalk 2.28 2.5 2.73 Vv (57)(58)
Vps_Ls_Th Low-side Vpg threshold (110) incl. crosstalk 2.75 3.0 3.25 \Yj (57)(58)
Vps_Ls_Th Low-side Vpg threshold (111) incl. crosstalk 3.23 35 3.78 v (57)(58)
ttH_Lsvps Low-side Vpg threshold settling time - 0.4 1.0 us (87)
o | o on st I T AP
R LSvDS Low-side Vpg comparator recovel.'y time after dVp/dt _ _ 300 s 57)
— * Recovery time after dVp/dt is removed

Note

57.  This parameter is derived mainly from simulation and is guaranteed by design characterization on a small sample size of typical devices under
typical conditions, unless otherwise noted.

58.  To limit the amplitude of the crosstalk to the specified value, the sequence of monitor threshold switching must not exceed a certain number of
switches in any given time window. Any sequence of n commands which increase a threshold of a low-side VDS or high-side VSRC monitor must
be spread over a time window ty | which meets the condition: ty | >=(n-7) * 1.67 ps. Any sequence of m commands which decrease a threshold
must be spread over a time window ty; p which meets the condition: tyy p >= (M - 7) * 1.67 ps.

6.5.3 Load biasing structures

To enable electrical diagnosis while the external load is not actuating the power stage, a voltage biasing Vgas should be applied to the
load, during the idle phases.

This Vg|ag voltage is generated by:
+ the activation of each pull-up voltage source SRCpjx connected to each of the S_HSx pins. Each pull-up voltage source is supplied
from VCCS5.
« the activation of each pull-down current sources SRCppx connected to each of the D_LSx pins. Each pull-down voltage source
referenced to ground.
When the battery voltage Vgt is in the nominal range or greater, the external load is biased at a minimum voltage of typically 3.8 V. In

a low battery voltage condition (VgatT < 8.0 V), the load is biased at half the Vga17 voltage, to guarantee symmetrical voltage margins to
high-side and low-side VDS comparators.
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Figure 19. Biasing Voltage vs. VgarT
If there is no load connected to the S_HSX pin, the voltage at this node can raise higher than V¢s5, due to leakage currents from VggosT

and VgatT. All pull-up and pull-down structures could be switched on or off independently, under the control of the digital microcores, using
the control signals hsx_bias, hsx_bias_strong, and Isx_bias. All the biasings can be enabled by the microcores using the bias instruction.

To prevent overloading on V5, switching on all the high-side pull-up structures simultaneously is not possible.

Table 47. Load biasing HS2 and HS4 control table

Current limitation (mA)
hsx_bias hsx_bias_strong
Min value Max value
0 0 Biasing off Biasing off
1 0 2.8 5.2
0 1 4.2 7.8
1 1 7.0 13.0

The pull-up voltage sources are switched off automatically, as soon as a V5 voltage is exceeded at the S_HSX pin. The voltage divider
to generate the Vga17/2 reference is disconnected from the VBATT pin as soon as RSTB is activated.

The load biasing sources can be used standalone, without using the associated low-side or high pre-driver. The D_LSX and S_HSX
outputs can be connected to any node within the pin’s maximum rating voltage range.

The pull-down current sources at D_LSx can also be used to slowly charge the bootstrap capacitors, after a key ON via the bootstrap
path, without switching on the low-side MOSFETSs. In this case, the corresponding pull-up voltage sources must be disabled.

Table 48. Load biasing electrical specifications

Characteristics noted under conditions -40 °C < T, < +125 °C, unless otherwise noted. Typical values noted reflect the approximate
parameter means at Tp = 25 °C under nominal conditions, unless otherwise noted. Characteristics referenced to PGND pin, unless
otherwise noted.

Symbol Characteristic Min. Typ. Max. Unit Notes
IBIAS_HS Current source S_HSx (x = 1... 5) source current limitation 2.8 4.0 5.2 mA
Isias_Hs_STRONG | Current source S_HSx (x = 2, 4) source current limitation 4.2 6.0 7.8 mA
| Total maximum current source S_HSx source current 26 _ _ mA
BIAS_HS_MAX « Maximum current from VCC5
IBU_\S_LS Current source D_LSx (x = 1...6) sink saturation current 0.98 1.09 1.2 mA
S_HSx bias voltage regulation 38 v
VBias Hs *« VBATT >8.0V,VCC5>4.75V W ' 12) - Y 00/52)+ \ (60)(60)
_| . BATT/4)~| /2 BATT
VBATT <8.0V,VCC5>4.75V 200 mV BATT 200 mV
S_HSx voltage range when load biasing is switched on (S_HSx current
v source is switched off automatically when S_HSx is above 5.0 V) -3.0 - 72 Vv (60)
S_HS_BIAS * Transients t <400 ns -8.0 - -
* Transients t < 800 ns -6.0 - -
Vv D_LSx voltage range when load biasing is switched on -3.0 - 75 v (60)
D_LSX_BIAS « Transients t <400 ns -8.0 - -
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Table 48. Load biasing electrical specifications (continued)

Characteristics noted under conditions -40 °C < T < +125 °C, unless otherwise noted. Typical values noted reflect the approximate
parameter means at T = 25 °C under nominal conditions, unless otherwise noted. Characteristics referenced to PGND pin, unless
otherwise noted.

Symbol Characteristic Min. Typ. Max. Unit Notes

Voltage dropout across HS1/3/5 current source

AVgjas Hs . VCC5=4.75V, IBIAS_HS1/3/5 = 2.8 mA, - - 0.95 Vv
IBIAS_HS_Max = 18.4 mA

Voltage dropout across HS2/4 current source

AVBias_Hs *+ VCC5=4.75V, IBIAS_HS2/4 =7.0 mA, IBias_HS_Max = - - 0.95 \Y
18.4 mA
Voltage dropout across LS current source
AV * IBIAS_LS = saturation current - - 2.5 Vv
BIAS_LS « IBIAS_LS = 500 pA - - 700 mv
* IBIAS_LS =300 pA - - 400 mV
Equivalent resistance of LS current source
Reias_Ls . VD_LSx<1.0V 0.5 - 15 kQ
S_HSx capacitive load to GND connected via, L = 2.0 nH... 200 nH (60)
Cs_Hsx and R = 2.0 mQ... 200 mQ 0.01 - 25 nF
Note

59.  The Vgjas ns value is specified with a load series resistor load and the corresponding low-side and high-side load biasing turned on.

60. This parameter is derived mainly from simulation and is guaranteed by design characterization on a small sample size of typical devices under
typical conditions, unless otherwise noted.

6.6 Current measurement

Four current measurement blocks are implemented into the 33816:
* Three general purpose blocks
* One extended mode block for DC-DC Converters

6.6.1 General purpose current measurement block

The actuator current flowing in an external sense resistor is measured to implement a closed loop current control. The current
measurement block is comprised of a differential amplifier, sensing the voltage across the sense resistor, a voltage comparator, and an
8-bit current DAC.
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Figure 20. General purpose current measurement block diagram
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The differential amplifier gain is selectable among four different values by means of the opamapx_gain(1:0) signal, to get the suitable
signal amplification. The gain can be changed at runtime by the microcore.

The differential amplifier also adds a constant offset to its output. Therefore, the output of the amplifier is always positive.

The desired actuator current level can be selected and changed at runtime by the microcore, setting the proper threshold value
dacx_Value (7:0) in the DAC. Each current measurement channel can be used in ADC mode. A track and hold circuit is implemented to
keep the voltage at the comparator input stable during the ADC conversion.

The differential amplifier output can be routed to an external pin (OA_1 and OA_2). In this configuration, the device output is usually
connected to an ADC input of the MCU for safety and test purposes. The output multiplexer block contains an output amplifier with
selectable gain by means of the oa_gainy(1:0) signal, providing full swing output on OA_y for A/D conversion, if used with 3.3 V or 5.0 V
applications. All the analog blocks for current measurement are supplied by the V5 power supply and referenced to the analog ground,
AGND.

Table 49. Overall current sense performance for positive current measurement

Characteristics noted under conditions -40 °C < T, < +125 °C, unless otherwise noted. Typical values noted reflect the approximate
parameter means at Ty = 25 °C under nominal conditions, unless otherwise noted.

Symbol Characteristic Statistically Unit | Notes
Evaluated

Overall current sense error including gain errors and offsets at DAC range of 75%-100%,

after analog offset compensation.
+ at GDA_diff(00) = 5.79 135
+ at GDA_diff(01) = 8.68 ;3'5
+ at GDA_diff(10) = 12.53 ;3'6
+ at GDA_diff(11) = 19.25 e

ecs +3.7 % (61)

at DAC range of 25%-75%, after analog offset compensation.

- at GDA_diff(00) = 5.79 fgi’
. at GDA_diff(01) = 8.68 £
. at GDA_diff(10) = 12.53 £
. at GDA_diff(11) = 19.25 £5.

Note
61.  Allinput tolerances from the device specification are assumed at 6.0 c.

6.6.2 Current sense amplifier

The current sense amplifier provides a voltage as detailed by the following:
* Vba_sense = (Vvsenserx - Vvsensenx) * Goa piFr + Vba_sias
Vpa Bias is the fixed voltage biasing applied to the differential amplifier output.
The_GDA DIFE 9ain value is configurable at runtime (opampx_gain(1:0)).
The allowed differential mode input voltages depend on the chosen gain value.

Vba_DIFF_IN = (VvsensEPx - VVSENSENX)

Table 50. Current sense amplifier overall gain selection table

Opampx_ gain(1:0) Gain value Norrnal differential mode typical |Full scale current range with | Typical DAC resolution with
input voltage range (mV) 10 mQ shunt (A) 10 mQ shunt (mA)
00 5.79 -25.9 to 387 -2.59t0 38.7 169
01 8.68 -17.3 to 258 -1.73t0 25.8 113
10 12.53 -12.0to 179 -1.20t0 17.9 78
11 19.25 -7.8to 116 -0.78t0 11.6 51

The amplifier can achieve even lower voltages than Vpa gias, When the differential input voltage is below zero, to make it able to measure
small negative currents. The amplifier is fully operational down to an output voltage of typically 100 mV. The amplifier is not designed to
be used with series resistors between shunt and VSENSEPx/VSENSENX inputs. Detection delay including comparators, is typically 50 to
500 ns, depending on gain setting, set point value, and input voltage slew rate.
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Table 51. Differential amplifiers 1, 2, 3, 4H, and 4L electrical specifications

Characteristics noted under conditions -40 °C < T, < +125 °C, unless otherwise noted. Typical values noted reflect the approximate
parameter means at T = 25 °C under nominal conditions, unless otherwise noted. Characteristics referenced to PGND pin, unless
otherwise noted.

Symbol Characteristic Min. Typ. Max. Unit Notes
Differential amplifier x functional range Vggnsenx (X = 1, 2, 3, 4H, 4L)
AtV /P voltage below -1.0 V, the differential amplifier for
V SENSENX - _ (62)
VSENSENX_DA positive current measurement can produce an output voltage > 0.0 V, 10 10 v
even if the differential voltage at the inputis < 0.0 V.
Differential amplifier x functional range Vgensepx (X = 1, 2, 3, 4H, 4L)
vV At Vgensen/P voltage of below -1.0 V the differential amplifier for B _ (62)
VSENSEPX_DA positive current measurement can produce an output voltage > 0.0 V 10 15 v
even if the differential voltage at the input is < 0.0 V.
Differential input voltage range (00)
\Y -25.9 - 387 mV (62)
DA_DIFF_IN . GDA_DlFF(OO) =579
Differential input voltage range (01)
A -17.3 - 258 mv (62)
DA_DIFF_IN - Gpa_piFr(01) = 8.68
Differential input voltage range (10)
V -12 - 179 mV (62)
DA_DIFF_IN * Gpa_pirr(10) = 12.53
Differential input voltage range (11)
V -7.8 - 116 mV (62)
DA_DIFF_IN * Gpa pirr(11) =19.25
Gpa_pirr(00) | Differential voltage gain (00) 5.71 5.79 5.87
Gpa_pirr(01) | Differential voltage gain (01) 8.55 8.68 8.81
Gpa_pirr(10) Differential voltage gain (10) 12.32 12.53 12.74
Gpa_pirr(11) | Differential voltage gain (11) 18.92 19.25 19.58
tba_GAIN_sw Gain switching settling time - - 2.0 us (62)
SRpa piFF_ N | Differential input voltage maximum slew rate 140 - - mV/us (62)(63)
Input impedance Vgensenx (X =1, 2, 3)
R _
VSENSENX_IN * 1.0 V common mode voltage 18 36 kQ
Input impedance VSENSEPX (X =1, 2, 3)
R -
VSENSEPX_IN * 1.0 V common mode voltage 18 36 kQ
VDAﬁBIAS Output bias voltage 240 250 265 mV
Maximum output offset voltage error at maximum gain; Including
VDA_OUT_OFF amplifier input offset and bias voltage offset. Calculated using the -140 - 220 mV
highest gain of 19.25
VDA_OUT Differential amplifier x output voltage range 0.1 - 2.7 \%
SRpa Differential amplifier x output slew rate 2.8 - - V/us (62)

Note

62.  This parameter is derived mainly from simulation and is guarantee by design characterization on a small sample size of typical devices under
typical conditions, unless otherwise noted.

63.  Considering an external output capacitor Cysgnse typically value of 330 pF. This external capacitor is recommended for improve EMI

performances.
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6.6.3

Current sense DAC

In order to select the proper threshold for current control, an 8-bit current DAC is implemented to provide a threshold to the voltage
comparator (dacy_Value (7:0)). The current threshold can be calculated using the following formula.

* 1= (Dac_vaLue " Voac Lss- Vpa Bias)(Gpa pirr * Rsensex)
The Dac vaLue is selected and changed at runtime by the digital microcore by means of the signal dacx_value (7:0). A Dac vaLyg below
the hexadecimal value 0x0A, must be avoided, as the current sense differential amplifier does not operate with full performance at output
voltages below 100 mV.

Vpac Lsg is the DAC resolution.
Vpa Bias is the fixed voltage biasing applied to the differential amplifier output.
The Gain Value Gpa DI is configurable at runtime (opampx_gain(1:0)).
Rsensex is the external sense resistor of the current measurement channel x.

Table 52. Current sense DAC values examples

Current threshold through 10 mQ shunt (A)
DAC value (hex) | DAC value (dec) DACoutput
voltage (mV) Differential voltage | Differential voltage | Differential voltage | Differential voltage
gain code = 00 gain code = 01 gain code =10 gain code = 11

0A 10 98 -2.63 -1.76 -1.22 -0.79
OF 15 146 -1.79 -1.19 -0.83 -0.54
19 25 244 -0.1 -0.07 -0.05 -0.03
1A 26 254 0.07 0.05 0.03 0.02

1B 27 264 0.24 0.16 0.11 0.07
1C 28 273 0.4 0.27 0.19 0.12

1D 29 283 0.57 0.38 0.26 0.17
1E 30 293 0.74 0.5 0.34 0.22

1F 31 303 0.91 0.61 0.42 0.27
20 32 313 1.08 0.72 0.5 0.32
21 33 322 1.25 0.83 0.58 0.38
22 34 332 1.42 0.95 0.65 0.43
23 35 342 1.59 1.06 0.73 0.48
32 50 488 412 2.75 1.9 1.24
64 100 977 12.55 8.37 58 3.77
96 150 1465 20.98 14 9.7 6.31

FF 255 2490 38.69 25.81 17.88 11.64
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Table 53. DAC 1, 2, 2, 4L and 4H electrical specifications

Characteristics noted under conditions -40 °C < T, < +125 °C, unless otherwise noted. Typical values noted reflect the approximate
parameter means at T = 25 °C under nominal conditions, unless otherwise noted. Characteristics referenced to PGND pin, unless

otherwise noted.

Symbol Characteristic Min. Typ. Max. Unit Notes
Vbac LsB DAC LSB - 9.77 - mV
VDAG OUT MIN DAC minimum output voltage v
== » DAC code = 0x00 - 0.0 -
VDAC OUT MAX DAC maximum output voltage v
- - * DAC code = OxFF - 2.49 -
Epac_cain DAC maximum gain error; error of bandgap reference voltage -1.0 - 1.0 %
EDAc_DNL DAC differential linearity error -0.5 — 0.5 LSB
Epac_INL DAC integral linearity error 1.0 _ 1.0 LSB
Vpac_out_oFf | DAC maximum output offset 0.0 — 10 mvVv
tpac DAC settling time - - 0.9 us (64)
Note

64. This parameter is derived mainly from simulation and is guaranteed by design characterization on a small sample size of typical devices under
typical conditions, unless otherwise noted.

6.6.4 Current sense comparator

The voltage comparator toggles when the differential amplifier output exceeds the threshold provided by the DAC. The comparator output
is high if the differential amplifier output is greater than the DAC output. No hysteresis is implemented. The curx_fbk comparator output is

directly acquired by the digital microcore.

Table 54. Comparator electrical specifications

Characteristics noted under conditions -40 °C < T, < +125 °C, unless otherwise noted. Typical values noted reflect the approximate
parameter means at T = 25 °C under nominal conditions, unless otherwise noted. Characteristics referenced to PGND pin, unless

otherwise noted.

Symbol Characteristic Min. Typ. Max. Unit Notes
VcompP_IN Comparator input voltage 0.0 - 27 \% (65)
Vcomp_ IN_ofFr | Comparator input offset voltage -25 - 10 mV

Note
65.  This parameter is derived mainly from simulation and is guaranteed by design characterization on a small sample size of typical devices under
typical conditions, unless otherwise noted.

The detection delay from current threshold, reached to the curx_fbk comparator output toggling, is provided in Table 55.
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Table 55. Current measurement channel 1, 2, 3, and 4H and 4L detection delays specifications

Characteristics noted under conditions -40 °C < T, < +125 °C, unless otherwise noted. Typical values noted reflect the approximate
parameter means at Ty = 25 °C under nominal conditions, unless otherwise noted. Characteristics referenced to PGND pin, unless

otherwise noted.

Symbol Characteristic Min. Typ. Max. Unit Notes
Detection delay coming from differential amplifier and comparator at _
to_cs GDA_DIFF(00) = 5.79 20 500 ns
Detection delay coming from differential amplifier and comparator for
set point value 150 mV and input voltage slew rate of 2.0 mV/us
* Gpa piFr(00) =5.79 80 - 260 o6
'o_cs_150_sLow * Gpa piFr(01) = 8.68 100 - 270 ns ©9
. GDAﬁDlFF(']O) =12.53 130 - 320
* Gpa_pirr(11) =19.25 140 - 400
Detection delay coming from differential amplifier and comparator for
set point value 400 mV to 2.35 V and input voltage slew rate of
2.0 mV/ps
tp_cs_sLow * Gpa_piFr(00) =5.79 45 - 260 ns (66)
* Gpa piFr(01) =8.68 90 - 280
. GDA_DlFF(10) =12.53 110 - 300
* Gpa_pirr(11) =19.25 140 - 350
Detection delay coming from differential amplifier and comparator for
set point value 150 mV and input voltage slew rate of 20 mV/us
* Gpa_pirr(00) =5.79 80 - 200 66
'o_cs 150 MiD * Gpa_pirr(01) = 8.68 85 - 220 ns ©)
. GDA_DlFF(10) =12.53 100 - 260
* Gpa_pirr(11) =19.25 120 - 300
Detection delay coming from differential amplifier and comparator for
set point value 400 mV to 2.35 V and input voltage slew rate of
20 mV/ys
tp_cs_MID * Gpa piFr(00) =5.79 55 - 170 ns (66)
* Gpa piFr(01) = 8.68 50 - 180
. GDAﬁDlFF(‘]O) =12.53 80 - 200
* Gpa_pirr(11) =19.25 100 - 240
Detection delay coming from differential amplifier and comparator for
set point value 150 mV and input voltage slew rate of 140 mV/us
* Gpa_piFr(00) =5.79 60 - 160 (66)
'D_CS 150 FAST |+ Gpp pire(01) = 8.68 70 - 180 ns
* Gpa_piFr(10) =12.53 80 - 220
* Gpa_piFr(11) =19.25 100 - 280
Detection delay coming from differential amplifier and comparator for
set point value 400 mV to 2.35 V and input voltage slew rate of
140 mV/us
to_cs_FasT * Coa piFr(00)=5.79 50 - 115 ns (66)
* Gpa piFr(01) = 8.68 55 - 130
* Gpa_piFr(10) =12.53 80 - 160
* Gpa_piFr(11) =19.25 100 - 200
Detection delay transition 0 to 1 coming from differential amplifier and
comparator for input voltage slew rate of 20 mV/us
* Gpa_pirr(00) = 5.79 and set point value of 300 mV to 2.35 V 70 _ 140
to_cs_sLow * Gpp_pirr(01) = 8.68 and set point value of 300 mV to 2.35 V 55 _ 150 ns (68)
* Gpa_pirr(10) = 12.53 and set point value of 300 mV to 2.35 V 80 - 190
* Gpa_pirr(11) = 19.25 and set point value of 300 mV to 2.35 V 110 - 250
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Table 55. Current measurement channel 1, 2, 3, and 4H and 4L detection delays specifications (continued)

Characteristics noted under conditions -40 °C < T < +125 °C, unless otherwise noted. Typical values noted reflect the approximate
parameter means at T = 25 °C under nominal conditions, unless otherwise noted. Characteristics referenced to PGND pin, unless
otherwise noted.

Symbol Characteristic Min. Typ. Max. Unit Notes
Detection delay transition 1 to 0 coming from differential amplifier and
comparator for input voltage slew rate of 20 mV/us
. * Gpa_pirr(00) = 5.79 and set po!nt value of 300 mV to 2.35 V 60 _ 180 )
D_Cs_sLow * Gpa_pire(01) = 8.68 and set point value of 300 mV to 2.35 V 85 - 200 ns
* Gpa_pirr(10) = 12.53 and set point value of 300 mV to 2.35 V 90 - 220
* Gpa_pire(11) = 19.25 and set point value of 300 mV to 2.35 V 120 - 270
Detection delay transition 0 to 1 coming from differential amplifier and
comparator for input voltage slew rate of 140 mV/us
* Gpa piFr(00) = 5.79 and set point value of 300 mV to 2.35 V 50 _ 120
to_cs_FasT - Gpa piFe(01) = 8.68 and set point value of 300 mV to 2.35 V 55 _ 140 ns @)
. GDA_D|,=,:(1O) = 12.53 and set point value of 300 mV to 2.35 V 75 - 160
. GDA:D”:,:(1 1) = 19.25 and set point value of 300 mV to 2.35 V 90 - 190
Detection delay transition 1 to 0 coming from differential amplifier and
comparator for input voltage slew rate of 140 mV/us
* Gpa piFe(00) = 5.79 and set point value of 300 mV to 2.35 V 55 _ 130
to_cs_FasT . GDA:D|FF(O1) = 8.68 and set point value of 300 mV to 2.35 V 65 - 150 ns (68)
* Gpa_pirr(10) = 12.53 and set point value of 300 mV to 2.35 V 75 - 170
* Gpa pire(11) = 19.25 and set point value of 300 mV to 2.35 V 95 - 210

Note

66. This parameter is derived mainly from simulation and is guaranteed by design characterization on a small sample size of typical devices under
typical conditions, unless otherwise noted.

6.6.5 Current measurement offset compensation

An analog offset compensation balances the input offset of the current measurement amplifiers 1 to 4. The offset compensation
enablement is managed by the digital microcores. The offset compensation must be calibrated while there is no current flowing through
the sense resistor of the related measurement channel.

To perform the offset compensation, the DAC output voltage must be set to the bias voltage corresponding to the digital value Ox1A. This
DAC is automatically set-up when the offset compensation is started by the digital core, using the sfoc instruction. At the end of the offset
compensation sequence, the curx_fbk comparator output signal is always low.

Each new offset compensation starts, based on the result of the previous offset compensation run, for this current measurement channel.
If the offset compensation is stopped from the digital microcore while the analog offset compensation is not finished, the procedure is
aborted, maintaining the last compensation value reached when the procedure was interrupted.

A residual output offset, after offset compensation completion Vorrpac Lsg, €an remain for the path via the comparator to the feedback
signal, and Vs oax_orr When using the path to the OA_x amplifier input.
The offset compensation should be done for the maximum differential amplifier gain value used in the application. The offset

compensation must be performed when a large device temperature change is expected, due to a temperature drift of the differential
amplifier input offset.

Table 56. Differential ampilifier 1, 2, 3, 4L, and 4H analog offset compensation electrical specifications

Characteristics noted under conditions -40 °C < T < +125 °C, unless otherwise noted. Typical values noted reflect the approximate
parameter means at T = 25 °C under nominal conditions, unless otherwise noted. Characteristics referenced to PGND pin, unless
otherwise noted.

Symbol Characteristic Min. Typ. Max. Unit Notes
Offset compensation voltage range referred to amplifier output offset at
VOFFDAC_OUT_MAX | maximum gain mVv
-Pos * Gpa pirr(11) = 19.25, Offset DAC value = +31 150 - 310
Offset compensation voltage range referred to amplifier output offset at
VOFFDAC_OUT_MAX | maximum gain mV
-NEGT * Gpa piFr(11) = 19.25, Offset DAC value = -31 -310 - -150
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Table 56. Differential amplifier 1, 2, 3, 4L, and 4H analog offset compensation electrical specifications (continued)

Characteristics noted under conditions -40 °C < Tp < +125 °C, unless otherwise noted. Typical values noted reflect the approximate
parameter means at Ty = 25 °C under nominal conditions, unless otherwise noted. Characteristics referenced to PGND pin, unless
otherwise noted.

Symbol Characteristic Min. Typ. Max. Unit Notes
Offset compensation step size referred to amplifier output offset at
VOFFDAC_LSB maximum gain mV
* Gpa piFr(11) = 19.25 5.0 - 10
Vorrcomp Res | Offset compensation digital result -31 — 31
Residual offset after offset compensation at differential amplifier output -0.61 _ 0.39 LSB
Ves ofFf for path shunt to comparator output. Assuming a zero DAC gain error . : (67)
- -6.1 - 3.9 mV
and INL.
v Differential amplifier output offset temperature drift -5.0 - 5.0 LSB 67)
CS_OFF_TEMP . -40°C <T,<150°C 50 _ 50 mv

Residual offset after offset compensation at differential amplifier output
for path shunt to OAx amplifier input. This includes the offset of the

- — (67)
Ves_oax_ofF DAC and comparator. For the path to the OAx amplifier, these offsets s 36.4 mv :
are not compensated
DAC output voltage to perform offset compensation
Vbac_ouT_comp . D A% code f 0x1Ap P - 253.9 - mvV (67)
t Offset compensation minimum step time 20
OFFCOMP_STEP - Gpa pirr(11) = 19.25 - — ) us
¢ Offset compensation runtime to finish compensation 62 67)
OFFCOMP * Gpa piFr(11)=19.25 - B Hs
Note

67.  This parameter is derived mainly from simulation and is guaranteed by design characterization on a small sample size of typical devices under
typical conditions, unless otherwise noted.
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6.7 Current measurement for DC-DC conversion

The inputs of the 4th current sense need to support a wide range of applications. Typical applications use the 4th current sense block,
either identically to the other current sense blocks or to control a DC-DC converter with a low-side current measurement, and concurrently
provide an overcurrent supervision at the booster capacitor.
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Figure 21. 4th current measurement block diagram

The two-point current control of a DC-DC converter is optimized, such as to reach a low latency of the control loop. This architecture is
able to provide a short delay from the VSENSE inputs to the G_LS7 output.

The digital core contains hard wired logic for a two-point current regulation, using the cur4h_fbk and cur4l_fbk signals as inputs, and
directly driving to output the input of the G_LS7 low-side driver. A third comparator is implemented to detect negative current into the
Rsense sense resistor.

A Vsensena/ps Voltage of below -1.0 V, the differential amplifier of channel four for positive current measurement, can produce an output
voltage > 0.0 V, even if the differential voltage at the input is < 0.0 V. This could lead to false information at the comparator output and
has to be considered in the application.

The two-point current controls are made of two parallel circuitries (the sub-channels 4h and 4L) having the electrical characteristics of the
single topology implemented into the three other current measurement blocks.

6.7.1 Negative current differential amplifier

The Diff Ampl 4 Negative works at negative differential input voltages and therefore has a negative gain. If positive differential input
voltages are applied, the amplifier output behavior is monotonic.

Table 57. Overall current sense performance for negative current measurement

Characteristics noted under conditions -40 °C < T < +125 °C, unless otherwise noted. Typical values noted reflect the approximate
parameter means at Ty = 25 °C under nominal conditions, unless otherwise noted.

Symbol Characteristic Statistically Unit Notes
evaluated
Overall current sense error including gain errors and offsets at DAC range of 75%-100%
+ at GDAneg_diff=-2.0 +4.4
e — 9 (68)
CS_NEG | at DAC range of 25%-75% &
» at GDAneg_diff=-2.0 8.9
Note
68.  Allinput tolerances from the device specification are assumed at 6.0 c.
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Table 58. Differential amplifier 4 negative

Characteristics noted under conditions -40 °C < T, < +125 °C, unless otherwise noted. Typical values noted reflect the approximate
parameter means at Ty = 25 °C under nominal conditions, unless otherwise noted. Characteristics referenced to PGND pin, unless
otherwise noted.

Symbol Characteristic Min. Typ. Max. Unit Notes
Differential amplifier,4 negative (negative currents), functional range
VVSENSEN4_DANEG | y/SanseNd P 9 (neg ) 9 -3.0 - 1.0 \Y (69)
Differential amplifier, 4 negative (negative currents), functional range
VVSENSEP4_DANEG | \/SenseP4 P 9 (neg ) 9 4.2 - 1.0 \Y (69)
Differential input voltage range
VDANEG_DIFF_IN e -0 -1.125 - 0.0 v (69)
DANEG_DIFF .
GDANEg_D|FF Differential voltage gain -1.966 -2.0 -2.034
SRpaneG_piFr N | Differential input voltage maximum slew rate 140 - - mV/us (69)
Input impedance VsenseN4
R _
VSENSEN4_IN * 1.0 V common mode voltage 12 21 kQ
Input impedance VsenseP4
R _
VSENSEP4_IN * 1.0 V common mode voltage 12 21 kQ
Vpanec_IN_oFf | Differential amplifier maximum input offset voltage -20 - 20 mV
VDANEG_BIAS Output bias voltage 240 250 265 mV
Maximum output offset voltage error, including amplifier input offset ] _
VDANEG_OUT_OFF and bias voltage offset. 60 60 mv
VDANEG_oUT Differential amplifier x output voltage range 0.0 - 2.7 Y, (69)
SRpaNEG Differential amplifier x output slew rate 0.28 - - V/us (69)

Note

69. This parameter is derived mainly from simulation and is guaranteed by design characterization on a small sample size of typical devices under
typical conditions, unless otherwise noted.

6.7.2 Negative current DAC

The DAC implemented for the negative current detection of conversion is a 4-bit DAC. The current threshold can be calculated using the
following formula.
* 1= (DacNeG VALUE " VDACNEG_LsB - VDANEG BIAS)(GpaneG DiFF * Rsensea)
DacNEG vALUE is selected and changed at runtime by the digital microcore (dac4neg_values(3:0))
VDACNE; Lsg is the DAC resolution.
VDANEG |;|AS is the fixed voltage biasing applied to the differential amplifier output.
GDANEG_D”:F is the amplifier gain of the negative current measurement stage.
RSENSE;is the external sense resistor of the current measurement channel 4.

Table 59. Negative current sense DAC values examples

DAC neg value (hex) | DAC neg value (dec) DAC neg ?:‘t\[;)ut voltage thro?ll;rt:e;:)t ::;::3:: (A)
2 2 313 -3.13
3 3 469 -10.94
4 4 625 -18.75
5 5 781 -26.56
6 6 938 -34.38
7 7 1094 -42.19
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Table 59. Negative current sense DAC values examples

DAC neg value (hex) | DAC neg value (dec) DAC neg c(’:‘t\';)m voltage thro(illg:e‘lr:)t rtrl:grle::::g (A)

8 8 1250 -50

9 9 1406 -57.81

A 10 1563 -65.63

B 11 1719 -73.44

C 12 1875 -81.25

D 13 2031 -89.06

E 14 2188 -96.88

F 15 2344 -104.69

Table 60. DAC 4 neg. electrical characteristics

Characteristics noted under conditions -40 °C < T, < +125 °C, unless otherwise noted. Typical values noted reflect the approximate
parameter means at T = 25 °C under nominal conditions, unless otherwise noted. Characteristics referenced to PGND pin, unless
otherwise noted.

Symbol Characteristic Min. Typ. Max. Unit Notes
Vbacnec_Lss | DAC LSB - 156.3 - mv
VDACNEG_OUT_MIN DA(:’ n;)i;?;r;jslit%l;tovoltage - 0.0 - \Y
VbacNeG_ouT ma | DAC maximum output voltage _ 2344 _ v
X » DAC code = OxF
EpacNec_caiN | DAC maximum gain error 1.0 _ 1.0 %,
Epacnec DNL | DAC differential linearity error -0.063 - 0.063 LSB
EpacNEG_INL DAC integral linearity error -0.063 - 0.063 LSB
VbacNEG_ouT_oFF | DAC maximum output offset 0.0 - 10 mV
tbacNEG DAC settling time - - 0.9 us (70)

Note

70. This parameter is derived mainly from simulation and is guaranteed by design characterization on a small sample size of typical devices under
typical conditions, unless otherwise noted.

6.7.3

Negative current comparator

The two positive current comparators implemented into the DC/DC current measurement block have the same behavior and

characteristics of the one implemented into the three other current measurement blocks. The voltage comparator electrical characteristics
dedicated to the negative current comparator are described by the following.

Table 61. Voltage comparator 4 neg. electrical characteristics

Characteristics noted under conditions -40 °C < T < +125 °C, unless otherwise noted. Typical values noted reflect the approximate
parameter means at T = 25 °C under nominal conditions, unless otherwise noted. Characteristics referenced to PGND pin, unless

otherwise noted.

Symbol Characteristic Min. Typ. Max. Unit Notes
Veomp_IN Comparator input voltage 0.0 — 27 Vv (71)
Vcomp_IN_oFf | Comparator input offset voltage -25 - 10 mV

Note

71.  This parameter is derived mainly from simulation and is guaranteed by design characterization on a small sample size of typical devices under
typical conditions, unless otherwise noted.
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6.7.4 Negative current sense

The negative voltage comparator toggles when the differential amplifier output exceeds the threshold provided by the DAC. The
comparator output is high if the differential amplifier output is greater than the DAC output. No hysteresis is implemented. The comparator
output curdh_fbk, cur4l_fbk, and cur4neg_fbk are directly acquired by the digital microcore.

Table 62. Current measurement channel 4 neg. detection delays

Characteristics noted under conditions -40 °C < Tp < +125 °C, unless otherwise noted. Typical values noted reflect the approximate
parameter means at Ty = 25 °C under nominal conditions, unless otherwise noted. Characteristics referenced to PGND pin, unless
otherwise noted.

Symbol Characteristic Min. Typ. Max. Unit Notes
th CSNEG Detection dela_y coming from differential amplifier and comparator at 80 _ 500 ns
- GpaNEG_DIFF = -2.0
Detection delay coming from differential amplifier and comparator for
to csNEG 150 mip | S€t point value 150 mV and input voltage slew rate of 20 mV/ps ns (72)
* GpaNeG pIFF = -2.0 80 - 200
Detection delay coming from differential amplifier and comparator for
set point value 400 mV to 2.35 V and input voltage slew rate of 20 mV/ 79
to_csNee_ MID | s ns (72)
= 75 - 160
* Gpaneg pIFF = -2.0
Detection delay coming from differential amplifier and comparator for
to csNEG 150 FasT | Set point value 150 mV and input voltage slew rate of 140 mV/us ns (72)
* GpaNeg DIFF = -2.0 55 - 160
Detection delay coming from differential amplifier and comparator for
t CsNEG_ set point value 400 mV to 2.35 V and input voltage slew rate of ns (72)
FAST 140 mV/ps 50 120
* GpaneG_DIFF = -2.0 B
Note

72.  This parameter is derived mainly from simulation and is guaranteed by design characterization on a small sample size of typical devices under
typical conditions, unless otherwise noted.

6.7.5 Current measurement offset compensation

There is no analog offset compensation for the differential amplifier 4 negative.

6.8 OA_x output pin and multiplexer

6.8.1 General features

The output signals of the four current sensing amplifiers are available via two external pins of the device, OA_1 and OA_2. A oa_gainx(1:0)
gain can be applied to this output signal, such as to rescale the signal and adapt it to an ADC input range of 3.3 or 5.0 V.

Four values are available for the oa_gainx(1:0) gain. The maximum output voltage at the OA_x pins depends on the V5 value.

Table 63. OA_x amplifier gain selection and output voltage

OAGainx(1:0) Gain value Output voltage
00 1.33 VN * OAGAINX
01 2.0 Vin * OAGAINX
10 3.0 (Vin -250 mV) * OAGANX + 250 mV
11 5.33 (Vin -250 mV) * OAGANx + 250 mV
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For the two higher gains of 3.0 and 5.33, the bias voltage of nominal 250 mV of the input signal is removed before amplifying the signal,

then added to the amplified signal.

The OA_1 and OA_2 output pins include the possibility of switching to high-impedance mode. This feature allows connection these pins

to the same MCU ADC input and perform sequential conversions. Both OA_x output multiplexers can be optionally switched to

VCC2P5.This feature allows checking the connection of the MCU ADC input pin. The OA_x multiplexers output configuration is managed
by the digital cores. The configuration tables are given in Table 64 and Table 65.

Table 64. OA_1 multiplexer logic table(73

OaSel1(2:0) OaEN1 Signal at output OA_1
000 1 OA_Cur 1 (Feedback of current measurement 1)
001 1 OA_Cur 3 (Feedback of current measurement 3)
010 1 Reserved
011 1 Reserved
100 1 Reserved
101 1 VCC2P5
110 1 Reserved
111 1 Reserved
XXX 0 HiZ - High-impedance

Notes

73.  The current measurement 1 and 3 feedbacks can only be routed to the output OA_1. The
current measurement 2 and 4 feedbacks can only be routed to the output OA_2.

Table 65. OA_2 multiplexer logic table (74)

OaSel2(2:0) OaEN2 Signal at output OA_2
000 1 OA_Cur 2 (Feedback of current measurement 2)
001 1 OA_Cur 4 (Feedback of current measurement 4)
010 1 Reserved
011 1 Reserved
100 1 Reserved
101 1 VCC2P5
110 1 Reserved
111 1 Reserved
XXX 0 HiZ - High-impedance

Notes

74.  The current measurement 1 and 3 feedbacks can only be routed to the output OA_1. The
current measurement 2 and 4 feedbacks can only be routed to the output OA_2.

The OA_x output multiplexers are switched according to the signals OaSel1(2:0) and OaSel2(2:0). These two signal are respectively set
by means of the 3-bit word oa1_source in the Oa_out1_config register (0x1AA) and the 3-bit word oa2_source in the Oa_out2_config
register (0x1AA). Moreover, the output’s signal gains are set in these two registers.
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6.8.2 OA_x pin digital /O function

The OA_1 and OA_2 pins are configurable as digital flag bus inputs or outputs, flag(10) and flag(11). This can be selected by a SPI
configuration, by means of the Flags_source (0x1C3) and Flags_direction (0x1C1) registers. As soon as the pin is configured as a digital
input, the buffer is switched to high-impedance.

Table 66. OAx enable truth table

opamp_pin_so .
flags_source | flags_direction urce(x) oa_er:x |_o_opan(x) OA_x buffer Description
(reset=0) (reset=0) (reset=0) state

0 _ 0 0 _ HiZ QA_x pin is used as an analog output, enable
signal is low
OA_x pinis used as an analog output, enable

0 - 0 1 - On signal is high

1 1 1 - 0 Hiz OA_x pin is used as an digital input

1 0 1 - 1 On OA_x pin is used as an digital output

6.8.3 A/D multiplexer and OA_x output amplifier enablement

The A/D multiplexer routes the analog or the digital output functionality to each OA_x pin. If the digital output function is selected, the
digital flag pin is configured as an input, and the corresponding OA_x output amplifier is switched to HiZ.

Table 67. Multiplexer A/D truth table

opamp_pin_source (x) Output selection
0 (reset value) Analog output function
1 Digital output function
(opamp_flag_out1/2 used)

6.8.4 OA_x pin /O voltage

The I/0O voltage of the OA_x pins is not automatically set according to the VCCIO voltage supplied to the device. The OA_x output amplifier
is supplied by VCCS5, and is also used for the digital output function. The digital input signal to the OA_x output amplifier is a VCC2P5
based signal, so the 1/O voltage is selected according to the gain value of the OA_x output amplifier.

Table 68. OA_x amplifier gain selection

Oagain(1:0) Typical gain value Used for
00 (reset value) 1.33 3.3VI/0
01 2.0 5.0V I/0
10 2.0 -
11 5.33 -
6.8.5 Weak pull-down resistor

A weak pull-down resistor is implemented on each OA_x input/output. This resistor is always present, whatever the digital or analog
functionality selection.
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6.8.6 OA_x output offset and offset error

The current measurement amplifier’s output signal has a fixed offset of typically 250 mV, and a variable residual offset of -28.6 to

+36.4 mV on the path after analog offset compensation. This offset depends on the current measurement amplifier's gain setting, and is
amplified by the OA_x amplifier gain. In addition, a the OA_x amplifier adds input offset of +10 to £13.5 mV.

For the two higher gains of 3.0 and 5.33, the bias voltage of a nominal 250 mV of the input signal is removed before amplifying the signal
and added again to the amplified signal afterwards. Table 69 describes some examples for load currents, gain settings, and corresponding
output voltage ranges. Note that this calculation only takes into account the offset errors. The other errors must be considered in a full
error calculation.

Table 69. OAx input and output values

Load Current at 10 mQ Current measurement OAXx amplifier gain | OAx output voltage | OAx output voltage | OAx output voltage
shunt (A) amplifier gain setting setting min. (mV) typ. (mV) max. (mV)
0 8.68 1.33 281 333 394
25.8 8.68 1.33 3261 3312 3374
0 19.25 5.33 44 250 497
1.0 19.25 5.33 1070 1276 1523
25 19.25 5.33 2609 2815 3062

Table 70. OAx output pin and multiplexer electrical characteristics

Characteristics noted under conditions -40 °C < T < +125 °C, unless otherwise noted. Typical values noted reflect the approximate
parameter means at T = 25 °C under nominal conditions, unless otherwise noted. Characteristics referenced to PGND pin, unless
otherwise noted.

Symbol Characteristic Min. Typ. Max. Unit Notes
Voax OA_x output voltage range 0.0 - Vees \Y (75)
GBWoax OA_x amplifier gain bandwidth product 25 - 7.0 MHz 79)
BWoax OA_x output bandwidth 100 - - kHz (75)(76)
SRoax OA_x output slew rate 2.0 - - V/us (75)
OA_x permissible capacitive load
» w/o series resistor, for digital function _ _ 50 pF
c * Ruin =50 Ohm 50 - 100 nF 75)
OAX -
. RMlN =75 Ohm 15 - 50 nF
« Ryin = 100 Ohm 5.0 - 15 nF
+ Ryn = 200 Ohm 1.0 - 5.0 nF
PSRRoax OA_x power supply rejection - - 103 dB (75)
Goax(00) OA_x output gain (00) 1303 133 1357
Goax(01) OA_x output gain (01) 1.94 2.0 2.06
Goax(10) OA_x output gain (10) 2.91 3.0 3.09
Goax(11) OA_x output gain (11) 517 533 549
Goax(ADC) | OA_x output gain (ADC) 0.98 1.0 1.02
toax_GAIN OA_x output gain switching time - - 2.0 us (75)
OAX output offset voltage from OA_x amplifier
* Goax=1.0 -14 - 14
v * Goax=1.33 -18 - 18 -y
OAX_OFFSET « Goax=2.0 28 _ 28
+ Gopx=3.0 -30 - 30
+ Goax = 5.33 -53 - 53
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Table 70. OAx output pin and multiplexer electrical characteristics (continued)

Characteristics noted under conditions -40 °C < Tp < +125 °C, unless otherwise noted. Typical values noted reflect the approximate
parameter means at Ty = 25 °C under nominal conditions, unless otherwise noted. Characteristics referenced to PGND pin, unless
otherwise noted.

Symbol Characteristic Min. Typ. Max. Unit Notes
OA_x input impedance when OaENx = 0

R — - -

OAX_ENO » 2.0V, impedance to GND 350 kQ
toax_mux OA_x multiplexer switching time - - 10.0 us (78)(77)
Voax_Drift_ OAX output voltage drift of T&H in ADC mode over time -50 _ 50 mv

ADC + at VOAx=1.5V and after 20 ps
Notes

75.  This parameter is derived mainly from simulation and is guaranteed by design characterization on a small sample size of typical devices under
typical conditions, unless otherwise noted.

76. In the path of the current measurement output signal from the differential amplifier to the OA_x pin there is a parasitic low pass filter limiting the
bandwidth of this path.

77.  When switching the OAx multiplexer of one path this can introduce a glitch on the output signal of the other output. The worst case duration of the
glitch is below 10 ps. Moreover the settling time of the switched path this prolonged.

6.9 PLL and backup clock

The digital logic is supplied by a clock (cksys) whose operating frequency can be set to 24 MHz or 12 MHz. This selection can be achieve
via a SPI configuration bit. After reset, the default operating frequency is set to 24 MHz. This clock is generated by a PLL, based on the
external reference signal applied to the CLK pin. The internal PLL generates a typical 48 MHz or 24 MHz clock. Two internal clocks are
derived from the PLL:

» the main logic clock cksys
» the code RAM clock cksys_cram inverted in respect to cksys
» the Data RAM clock cksys_dram inverted in respect to cksys.

If an unsuitable signal is applied on the CLK pin, the device automatically switches to the internal clock generated by an integrated backup
oscillator. When a suitable signal is retrieved on the CLK pin, the MCU interfaced to the 33816 must request to switch back to the external
reference clock through the SPI. The switch back to the external clock is not automatic. Around 25 s is required to lock the PLL the first
time or to re-lock it.

The PLL circuitry is supplied by the VCCS5 pin. The PLL is started as soon as the supply voltages are stable and the input clock is present.
The PLL works down to a VCC5 voltage of typically 4.0 V.

The RESETB pin state has no effect on the PLL.

The clock monitor detects an invalid PLL output clock, either by a missing PLL lock signal, or by supervising the output frequency of the
PLL. Eight backup clock cycles are required to detect a wrong output clock frequency of the PLL. When switching from the external
reference to the backup clock, it takes some additional time until the PLL is relocked. As long as the PLL output clock is not stable (PLL
not locked), the signal cksys_missing is set to 1. This signal cksys_missing is used in the digital core to generate an interrupt. During a
cksys_missing condition, there is the option to switch off all pre-drivers asynchronously by the cksys_drven signal. This configuration is
done by setting to ‘1’ the bit cksys_miss_dis_drv of the Backup_status_clock_reg (0x1C7)

The PLL output frequency can be modulated. Modulation activation is enabled by default, but can be disabled through the SPI in the
PLL_config register (0x1C6).
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Table 71. PLL and back-up clock electrical characteristics

Characteristics noted under conditions -40 °C < T, < +125 °C, unless otherwise noted. Typical values noted reflect the approximate
parameter means at T = 25 °C under nominal conditions, unless otherwise noted. Characteristics referenced to PGND pin, unless
otherwise noted.

Symbol Characteristic Min. Typ. Max. Unit Notes
CLK pin input frequency
foLk » PLL operating frequency at Vocops > 2.0 V 0.95 1.0 1.05 MHz (78)
* PLL operating frequency at Vgcops > 2.21V 0.94 1.0 1.06
DCqik CLK pin input duty cycle 45 50 55 %
VeLk CLK pin voltage 0.0 - Vees \Y (79)
ViH_cLk CLK pin high input voltage threshold 1.5 - 2.2 \%
Vi cLk CLK pin low input voltage threshold 1.0 - 1.65 \%
VHYST_CLK CLK pin hysteresis 0.3 - - \%
toLk JITTER CLK pin clock edge jitter -25 - 25 ns (79)
fCLK_BACK Backup oscillator clock frequency 0.95 1.0 1.05 MHz
DCCLK_BACK Backup oscillator clock duty cycle 48 50 52 %
feksys24 cksys output clock frequency 24 MHz fCLf(2—§A50K) fCLK,f—z'TCK) fCL,'f%EASCK) MHz
fCKSYs_RAM24 cksys_c/dram output clock frequency 24 MHz fCLf(2—3'°éCK) fC”i(—zs‘fCK) fCLf(Z—E‘gCK) MHz
foksysiz cksys output clock frequency 12 MHz fC&KhB?gK) fC'-K,SHBZACK) fC';KbBQgK) MHz
fCKSYs_RAM12 cksys_c/dram output clock frequency 12 MHz fC';'ﬁ(iB;*gK) fCLK*(ﬁBzACK) fC';KnggK) MHz
MF_MOD_RATE cksys, cksys_c/dram output clock frequency modulation rate -2.08 - 2.08 %
fCKsst\AOD cksys, cksys_c/dram output clock frequency modulation frequency - 25 - kHz
tpLL Lock PLL lock time (first lock), including digital filter time — 25 40 us
tpLL_RELOCK PLL lock time (re-lock), including digital filter time - 25 40 us
Vccs_pLLN"N PLL and Backup Clock minimum operating input voltage - - 4.0 \%
tPLL_LocK_ PLL lock signal digital filter time - 10 - us
FILTER
Digital clock monitor lower threshold frequency 24 MHz
foLk_Loss24 L « Digital clock monitor threshold 127 20.11 21.17 22.23 MHz (79)
« Digital clock monitor threshold 163 25.81 2717 28.53
Digital clock monitor threshold frequency 12 MHz
foLk Loss12 L « Digital clock monitor threshold 63 9.98 10.5 11.03 MHz (79)
« Digital clock monitor threshold 82 12.98 13.67 14.35
Digital clock monitor detection time, digital clock monitor running on a 79
lelk_Loss 1.05 MHz internal clock - - 84 HS 79
Notes

78.  The CLK pin input duty cycle minimum value is 45%, typical value is 50% and maximum value is 55%.
79. This parameter is derived mainly from simulation and is guaranteed by design characterization on a small sample size of typical devices under
typical conditions, unless otherwise noted.
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Figure 22. Timing diagrams for cksys, cksys_cram, and cksys_dram

The following values take into account an input clock at 0.95 MHz to 1.05 MHz, a PLL multiplication factor of 47 - 49, and an output duty
cycle of 45% to 55%.

Table 72. Timing for cksys, cksys_cram, and cksys_dram

Symbol Characteristic Min. Typ. Max. Unit Notes
tcksys_T1 222/; ;iﬁi;é;eedge to cksys_cram rising edge T1, Code RAM address 8.75 _ 12.32 ns (©0)
cksys rising edge to cksys_c/dram rising edge T2, Code RAM or Data _ _ 80
leksys_T2 RAM address setup phase 19.44 ns ©0)
cksys_c/dram rising edge to cksys rising edge T3, Code RAM or Data _ _ 80
leksys_T3 RAM address setup phase 19.44 ns ®
Notes

80. This parameter is derived mainly from simulation and is guaranteed by design characterization on a small sample size of typical devices under
typical conditions, unless otherwise noted.

6.10 Digital 1/0s

6.10.1 General features

The digital I/0Os ensure a way of communication to the MCU. The SPI interface allows register setup, Code RAM and Data RAM download.
Interfacing is made of four pins: MISO, MOSI, SCLK, and CSB. The DBG pin routes the trace code out of the device and can optionally
be configured as bidirectional flags. The six STARTX pins (START1 to STARTG6) are dedicated to the injection action trigger and can
optionally be configured as bidirectional flags. The 3 FLAGx (FLAGO to FLAG2) pin are bidirectional digital pins.The OA_x pins (OA_1
and OA_2) are analog pins that can optionally be configured as bidirectional flags.

Table 73. Digital I/Os electrical characteristics

Characteristics noted under conditions -40 °C < T < +125 °C, unless otherwise noted. Typical values noted reflect the approximate
parameter means at Ty = 25 °C under nominal conditions, unless otherwise noted. Characteristics referenced to DGND pin, unless
otherwise noted.

Symbol Characteristic Min. Typ. Max. Unit Notes
Viovecol I?Ii_gAi\tgL(?iSSBé?I;%ec()lARx())B' MISO, MOSI, SCLK, CSB, STARTX, 0.0 _ Veeo v 61)
Viovces Digital pins voltage (RESETB, DRVEN) 0.0 - Vees \Y
tFILT RESETB RESETB filter time - a pulse > 2.0 ps always causes a reset 0.2 - 2.0 us
Vi 10 Digital pins high input voltage threshold (RESETB, IRQB, MOSI, 15 _ 29 v
- SCLK, CSB, DRVEN, STARTX, FLAGx, DBG, and OA_x)

33816

69 NXP Semiconductors




Table 73. Digital I/Os electrical characteristics (continued)

Characteristics noted under conditions -40 °C < T < +125 °C, unless otherwise noted. Typical values noted reflect the approximate
parameter means at Ty = 25 °C under nominal conditions, unless otherwise noted. Characteristics referenced to DGND pin, unless
otherwise noted.

Symbol Characteristic Min. Typ. Max. Unit Notes
v Digital pins low input voltage threshold (RESETB, IRQB, MOSI, SCLK, 10 _ 165 v
IL_Io CSB, DRVEN, STARTx, FLAGx, DBG, and OA_x) : :
Digital pins hysteresis (RESETB, IRQB, MOSI, SCLK, CSB, DRVEN, _ _ (81)
VHYSTI0 | STARTX, FLAGx, DBG, and OA x) 03 v
Digital pins high output voltage (IRQB, MISO, STARTX, FLAGX, and
DBG)
* lout > -50 YA, no higher current at other 1/Os VS%IO B - -
.05
VoH_xxx Ve -03 : : %
* lout > -1.0 mA, no higher current at other 1/0s ccio ™ =
* lout > -2.0 mA, no higher current at other 1/Os
Digital pins high output voltage (OA_x)
* GOAx =1.33, gyt > -50 pA 3.15 _ _
Von_oax * GOAXx =1.33, Iyt >-1.0 mA 2.8 - - Vv (82)
* GOAXx = 2.0, gyt > -50 pA Vees -0.15 - _
* GOAx =2.0, lgyt>-1.0mA Vees -0.6 - -
Digital pins low output voltage (IRQB, MISO, STARTX, FLAGx, and
DBG)
VoL xxx * louTt <50 pA, no higher current at other I/Os _ _ 0.05 v
* lout < 1.0 mA, no higher current at other I/Os - — 0.3
* loyT < 2.0 mA, no higher current at other 1/0s - - 0.6

Digital pins low output voltage (OA_x) 82)
VoL_oax « loyr < 0.5 mA - - 0.3 v

Digital pins output rise t. (IRQB, STARTX, FLAGX, and DBG)

3.0 - 12 (81) (82)
* CLoap = 30 pF ns

tR_xxx

Digital pins output fall t. (IRQB, STARTx, FLAGx, and DBG), 90%-10%
tF xxx of out voltage 3.0 _ 12 ns (81) (82)

* CLoap = 30 pF

Digital pins output delay (IRQB, STARTx, FLAGx, and DBG), 10% of
to xxx out voltage change 20 _ 10 ns (81) (82)

* CLoap = 30 pF

Digital pins output rise t. (IRQB, STARTx, FLAGx, and DBG), 10%-
90% of out voltage

81) (82
tR XXX * CLoap = 30 pF, Vccio=3.3V, T = +50 °C 6.0 - 9.0 ns e e
. CLOAD =30 pF, VCCIO =50V, TA =+50 °C 4.0 - 7.0
Digital pins output fall t. IRQB, STARTx, FLAGx, and DBG), 90%-10%
of out voltage
81) (82
tFxxx * CLoap = 30 pF, Vccio=3.3V, T = +50 °C 6.0 - 8.0 ns e €2
. CLOAD =30 pF, Vcc|o =5.0 V, TA =+50 °C 4.0 - 6.0
Digital pins output delay (IRQB, STARTx, FLAGx, and DBG), 10% of
out voltage change 1) (82)
to_xxx *+ CLoap =30 pF, Vegio= 3.3V, Ty = +50 °C 4.0 - 7.0 ns
. CLOAD =30 pF, Vcc|o =5.0 V, TA =+50 °C 3.0 - 6.0
Digital pins delta between rise and fall time (IRQB, STARTx, FLAGX,
and DBG), 10% of out voltage change 1) (82)
toRF_xxx « CLoap = 30 pF, Vigio = 3.3V, Ta = 450 °C 0.5 - 1.6 ns
. CLOAD =30 pF, Vcc|o =5.0 V, TA =+50 °C -0.3 - 1.0
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Table 73. Digital I/Os electrical characteristics (continued)

Characteristics noted under conditions -40 °C < Tp < +125 °C, unless otherwise noted. Typical values noted reflect the approximate
parameter means at Ty = 25 °C under nominal conditions, unless otherwise noted. Characteristics referenced to DGND pin, unless
otherwise noted.

Symbol Characteristic Min. Typ. Max. Unit Notes
Digital pins delta between output delay for rising edge and falling edge
¢ (IRQ@B, STARTX, FLAGXx, and DBG), 10% of out voltage change 81) (82)
DD_0X * CLoap =30 pF, Vecio=3.3V, Ta=+50°C 0.3 - 0.1 ns
* CLoap =30 pF, Veeip=5.0V, Ty =+50 °C -0.7 - -0.3
Digital pins output rise time (OA_x), 10%-90% of out voltage
tR_OAX . CLOAD =30 pF, VCClO =33V — - 14 us (81) (82)
. CLOAD =30 pF, Vcc|o =50V - - 2.0
Digital pins output fall time (OA_x), 90%-10% of out voltage
tF_OAX . CLOAD =30 pF, VCCIO =33V - — 14 us (81) (82)
. CLOAD =30 pF, VCCIO =50V - - 3.2
Digital pins output delay (OA_x), 10% of out voltage change
tD_OAX 4 CLOAD =30 pF, Vcc|o =33V — - 27 us (81) (82)
. CLOAD = 30 pF, VCClO =50V - - 3.0
Digital pins equivalent pin capacitance (IRQB, START1, START2,
CPIN_xxx STARTS3, START4, STARTS5, STARTS6, FLAGO, FLAG1, FLAG2, - - 10 pF @1
DBFG)
CPN_miso Digital pins equivalent pin capacitance (MISO) - - 10 pF (81)
CPiN_mosI Digital pins equivalent pin capacitance (MOSI) - - 10 pF (81)

Notes

81.  This parameter is derived mainly from simulation and is guaranteed by design characterization on a small sample size of typical devices under
typical conditions, unless otherwise noted.

82. Referenced to AGND pin

6.11 SPI interface

The device includes a SPI MISO driver with programmable slew rate control.
» The driver is optimized to have a low tolerance in rise/fall time over temperature and process.
» The rise time and fall time are auto-adapted regardless if 5.0 V or 3.3 V are supplied on the VCCIO pin.
» The options and slew rate settings are described in Table 74. Two possible slew rates can be selection by means of the bit
miso_slew rate of the SPI_config register (0x1C8).

Refer to Spi_protocol block for the SPI protocol description.

Table 74. SPI MISO slew rate settings

miso_slewrate Description MISO bus load (pF) R\i,séeg:gl :1;); :;r?:sa;t R\i,sggla(l)l :'g)é :;T:;;t
0 Slow 30 20 18
0 Slow 75 40 40
0 Slow 150 80 70
1 Fast 30 4.9 3.6
1 Fast 75 8.4 6.3
1 Fast 150 14.8 11.3

The two slew rate setting target two different baud rate ranges:
« the fast slew rate addresses the max baud rate range of typically 8.0 Mbps to10 Mbps
« the slow slew rate addresses the baud rate range of typically 3.5 Mbps to 8.0 Mbps
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Figure 23. SPI timing

Table 75. General SPI electrical characteristics

Characteristics noted under conditions -40 °C < T < +125 °C, unless otherwise noted. Typical values noted reflect the approximate
parameter means at T = 25 °C under nominal conditions, unless otherwise noted. Characteristics referenced to PGND pin, unless
otherwise noted.

Symbol Characteristic Min. Typ. Max. Unit Notes
fscLk SCLK pin input frequency - (1) in Eigure 23 - - 10 MHz
tcseF scLkr CSB fall to first SCLK rise - (2) in Figure 23 1ffscLk - - ns (83)
tscikr csr | Last SCLK fall to CSB rise - (3) in Figure 23 1fscLk - - ns (83)
twisovaL | MISO valid time - (4) in Figure 23 - - i R G
tmos|_seT MOSI setup time - (5) in Figure 23 10 - - ns (83)
tvosi HoLp | MOSI hold time - (6) in Figure 23 125 - - ns (83)
tcser misor | CSB rise to MISO tri-state - (7) in Figure 23 - - 15 ns (83)
tscLkr_cssr | SCLK fall (other device) to CSB fall - (8) in Figure 23 13 - - ns (83)
tcsBR CLKR CSB rise to SCLK rise (other device) - (9) in Figure 23 15 - - ns (83)
tspi ReseTB To | SPI setup time after first power up 100 - - us
tspi_RESETB SPI setup time after each RESETB rising edge 30 - - us

Notes

83.  This parameter is derived mainly from simulation and is guaranteed by design characterization on a small sample size of typical devices under
typical conditions, unless otherwise noted.

84.  tprF_miso is the rise time and fall time provide in Table 76 and Table 77.
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Table 76. SPI electrical characteristics for VCCIO =3.3V

Characteristics noted under conditions -40 °C < T, < +125 °C, unless otherwise noted. Typical values noted reflect the approximate
parameter means at Ty = 25 °C under nominal conditions, unless otherwise noted. Characteristics referenced to PGND pin, unless
otherwise noted.

Symbol Characteristic Min. Typ. Max. Unit Notes
MISO rise time at 10%-90% of out voltage Slow setting
. + C_.=30pF 10 - 20
R_MISO_S3.3 . CL=T75pF 20 _ 40 ns
« C_ =150 pF 40 - 80
MISO fall time at 90%-10% of out voltage Slow setting
. » C_.=30pF 10 - 20
F_MISO_S3.3 . C=75pF 20 _ 40 ns
+ C_=150 pF 40 - 80
MISO rise time at 10%-90% of out voltage Fast setting
¢ * CL=30pF 1.5 - 4.9
R_MISO_F3.3 . C_=75pF 27 _ 8.4 ns
» C_=150 pF 4.4 - 14.8
MISO fall time at 90%-10% of out voltage Fast setting
) * € =30pF 1.5 - 4.9
F_MISO_F3.3 .« =T75pF 27 - 8.4 ns
« C_=150 pF 4.4 - 14.8
MISO pad total delay to 90% of out voltage (propagation delay plus rise
time) Slow setting
tor_MiIso_ « C_=30pF _ _ 30 ns
S33 - CL=T75pF - - 50
+ C =150 pF - - 90
MISO pad total delay to 10% of out voltage (propagation delay plus fall
time) Slow setting
toF_miso_ - ¢ =30pF _ _ 30 ns
s33 - CL=T75pF - - 50
« ¢, =150 pF - - 90
MISO pad total delay to 90% of out voltage (propagation delay plus rise
time) Fast setting
torR_mISO_ « C =30pF _ B 13.4 ns
F3.3 < C =75pF - - 171
+ ¢, =150 pF - - 23.9
MISO pad total delay to 10% of out voltage (propagation delay plus fall
time) Fast setting
tor_miso_ « C =30pF _ _ 13.4 ns
F3.3 .« =T75pF - - 171
« C =150 pF - - 23.9
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Table 77. SPI electrical characteristics for VCCIO = 5.0 V

Characteristics noted under conditions -40 °C < T, < +125 °C, unless otherwise noted. Typical values noted reflect the approximate
parameter means at T = 25 °C under nominal conditions, unless otherwise noted. Characteristics referenced to PGND pin, unless

otherwise noted.

Symbol Characteristic Min. Typ. Max. Unit Notes
MISO rise time at 10%-90% of out voltage Slow setting
+ C.=30pF 9.0 - 18
tR_MISO_S5.0 . =75pF 20 _ 40 ns
+ C_=150pF 35 - 70
MISO fall time at 90%-10% of out voltage Slow setting
* CL=30pF 9.0 - 18
tr miso_ss.0 . C=T5pF 20 _ 40 ns
+ C_=150pF 35 - 70
MISO rise time at 10%-90% of out voltage Fast setting
i + CL=30pF 1.1 - 36 s
R_MISO_F5.0 N 75 pF 2.1 _ 6.3
+ C_=150pF 3.6 - 11.3
MISO fall time at 90%-10% of out voltage Fast setting
) + € =30pF 1.1 - 3.6 o
F_MISO_F5.0 < C =75pF 2.1 - 6.3
+ C_ =150 pF 3.6 - 11.3
MISO pad total delay to 90% of out voltage (propagation delay plus rise
time) Slow setting
tor mISO_ + C.=30pF _ _ 25 ns
S50 CL=T75pF
«C =T75p - - 47
+ C_ =150 pF - - 7
MISO pad total delay to 10% of out voltage (propagation delay plus fall
time) Slow setting
tor miso_ + C =30pF _ _ 25 ns
S50 < =75pF
L= /0P - - 47
+ C_=150pF - - 77
MISO pad total delay to 90% of out voltage (propagation delay plus rise
time) Fast setting
tor_Miso_ + C =30pF _ _ 9.6 ns
F5.0 < CL=T75pF - - 12.5
+ C_=150pF - - 17.8
MISO pad total delay to 10% of out voltage (propagation delay plus fall
time) Fast setting
tor_miso_ + C =30pF _ _ 9.6 ns
F5.0 .« CL=T75pF - - 12.5
+ C_ =150 pF - - 17.8
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6.12 Internal pull-up and pull-down

The 33816 provides internal pull-up and pull down resistors at the device pin level, according to the Table 2. Four kinds of resistors are
specified and their characteristics are defined in the Table 78.

Table 78. Internal pin pull-up/pull-down resistor electrical specifications

Characteristics noted under conditions -40 °C < Tp < +125 °C, unless otherwise noted. Typical values noted reflect the approximate
parameter means at Ty = 25 °C under nominal conditions, unless otherwise noted.

Symbol Characteristic Min. Typ. Max. Unit Notes
RW_pU Pin weak pull-up resistor 200 480 800 kQ

Rpy Pin pull-up resistor 50 120 200 kQ
RWJ:D Pin weak pull-down resistor 200 480 800 kQ

Rpp Pin pull-down resistor 50 120 200 kQ

6.12.1 Startx pins pull-up and pull-down

The pull resistor direction for the STARTX pins can be configurable as pull-up or pull-down.

The configuration of the pull resistor direction is done at device initialization. The direction of the pull resistors is selected according to the
polarity of the STARTXx signal. This guarantees the pull resistor is used to move the input pin to its inactive state in case of e.g. a broken
PCB track.

The pull resistor is configured according to the Flag_polarity register (0x1C2). If the STARTX pins are used as primary function (start
function) os as flag pins the corresponding pull resistor direction is configured as shown in the Table 79

Table 79. STARTX pin pull resistor direction selection

STARTX pin polarity (star_polx/flag_pol_x) Pull-down active Pull-up active
0 yes no
1 no yes
6.13 Unused pins connection

Except for supplies and grounds, the application circuits can leave device pins unconnected without any impact on the device for digital
I/O signals, OA_1 and OA_2 pins, HS and LS pre-drivers and current measurement channels.

The current measurement channels VSENSEPx and VSENSENX input pins can be connected both to GND.
The table Table 80 details the recommended connections in case of unused pins.

Table 80. Recommended unused pins connections

Pin number Pin name Recommended unused pins connection

1 CLK Not connected- internal weak pull-up

2 DRVEN Not connected - internal weak pull-down

3 RESETB | Not connected - internal weak pull-up

4 START1 Not connected - internal configurable pull-up/pull-down
5 START2 Not connected - internal configurable pull-up/pull-down
6 START3 Not connected - internal configurable pull-up/pull-down
7 START4 Not connected - internal configurable pull-up/pull-down
8 STARTS Not connected - internal configurable pull-up/pull-down
9 START6 Not connected - internal configurable pull-up/pull-down
10 FLAGO Not connected - internal weak pull-down

11 FLAG1 Not connected - internal weak pull-down

12 FLAG2 Not connected - internal weak pull-down
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Table 80. Recommended unused pins connections (continued)

Pin number Pin name Recommended unused pins connection
13 CSB Not connected - internal pull-up
14 MOSI Not connected - internal weak pull-up
15 MISO Not connected
16 SCLK Not connected - internal weak pull-up
17 VCCIO To be supplied - filtering capacitor required
18 DBG Not connected - internal weak pull-up
19 DGND Connection to ground required
20 VCC2P5 To be supplied - filtering capacitor required
21 VCC5 To be supplied - filtering capacitor required
22 OA_1 Not connected(®® - internal weak pull-down
23 OA_2 Not connected(® - internal weak pull-down
24 AGND Connection to ground required
25 VSENSEN1 | Not connected(@®) (87)
26 VSENSEP1 | Not connected(@®) (87)
27 VSENSEN2 | Not connected(@®) (87)
28 VSENSEP2 | Not connected(8) (87)
29 VSENSEN3 | Not connected(@6) (87)
30 VSENSEP3 | Not connected(@®) (87)
31 VSENSEN4 | Not connected(@®) (87)
32 VSENSEP4 | Not connected(@®) (87)
33 D_LS6 Not connected®”)
34 D_LS5 Not connected®”)
35 D_LS4 Not connected®”)
36 D_LS3 | Not connected®”
37 D_Ls2 Not connected(®”)
38 D_Ls1 Not connected®”)
39 VBATT To be supplied
40 VCCP Filtering capacitor required
41 G_Ls7 Not connected(®®)
42 G_LS6 Not connected(®8)
43 G_LS5 Not connected(®8)
44 G_Ls4 Not connected(®®)
45 G_Ls3 Not connected(®®)
46 G_Ls2 Not connected(®®)
47 G_Ls1 Not connected(®8)
48 VBOOST | To be supplied
49 B_HS5 Not connected(®®)
50 G_HS5 Not connected(®8)(89)
51 S_HS5 Not connected(®7)(89)
52 B_HS4 Not connected(®®)
53 G_HS4 Not connected(®8)(9)
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Table 80. Recommended unused pins connections (continued)

Pin number Pin name Recommended unused pins connection
54 S_HS4 Not connected(®7)(89)
55 B_HS3 Not connected(®9
56 G_HS3 Not connected(88)(89)
57 S_HS3 Not connected(®7)(89)
58 B_HS2 Not connected(®9)
59 G_Hs2 Not connected(88)(89)
60 S_HS2 Not connected(®7)(89)
61 B_HS1 Not connected(®)
62 G_HS1 Not connected(88)(89)
63 S_HS1 Not connected(87)(89)
64 IRQB Not connected - internal weak pull-down
Exposed pad PGND Connection to ground required
Notes
85.  Setting the AO_x pin as flag output is recommended.
86. The VSENSEPx and VSENSENX pins can be connected to ground.
87. The crossbar switch must be set up such as to prevent the microcores to be enabled by the function.
88. The crossbar switch must be set up such as to prevent the microcores to enable the function.
89. Not connected if the related driver is not used.

6.14 Internal digital signals description

The main digital signal used into the analog resources blocks are described into the Table 81.

Table 81. Main internal digital signal description

Signal name Bit bus size Description

Signal block
generator

Signal block user

Bandgap reference

This signal is set high when the bandgap voltage is inside its

bg_ok L expected range.

Band gap reference

Power on reset

VCC2P5 and POR

This signal is set to high when the VCC2P5 is below its

VCC2P5 and power on

and ResetB (AND combination

POResetB L undervoltage lockout threshold. reset Power on reset
SPIResetB 1 This signa! is_sued from the SPI block is set to its low state while the SPI interface Power on reset
SPI block is in reset.
ResetB 1 This signal is a living copy of the RESETB pin state. RESETB pin Power on reset block
RSTB 1 This signal is issues from the combination of POResetB, SPIresetB Power on reset Logic core

VCC monitoring

This signal is set high if the VCC5 voltage is below its undervoltage

uv_vces 1 lockout threshold.

VCCS5 block

High-side and low-side
pre-drivers
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Table 81. Main internal digital signal description (continued)

Signal name Bit bus size Description Signal block Signal block user
generator
VCCP monitoring
uv_veep 1 This signal is set high if the VCCP voltage is below its undervoltage VCC5 block ngh-5|de_aqd low-side
lockout threshold pre-drivers
"°°p—exé‘fé”a'—e”a 1 This signal disable the VCCP internal regulator VCCP LDO Digital block
DC-DC converter
boost_fbk 1 This signal it the boost voltage output comparator. Boost V oI_tage Logic Core
Monitoring
dac_boost_value 8 This signal is the output of the boost voltage monitoring Boost _VoI_tage Boost _VoI_tage
comparator. Monitoring Monitoring
This signal enables a function that automatically disable all the
high-side pre-drivers if the boost voltage is below its undervoltage Boost Voltage
vboost_disable_en 1 threshold. This function is activated if the boost monitoring block is Monitorin 9 Logic Core
set in the Vboost UV Monitoring mode. 9
This bit can be set in the driver_disable register (0x1C5).
This signal is used to automatically disable all the high-side pre-
drivers if the boost voltage is below its undervoltage threshold. This Boost Voltage
uv_vboost 1 signal is a living copy of boost_fkb and is activated only if the boost Monitorin 9 Logic Core
monitoring block is set in the Vboost UV Monitoring mode. This bit 9
is reported in the Driver_status register (0x1D2).
This signal is used to selected the boost voltage monitoring mode. Boost Voltage
vboost_mon_en 1 According to its state the boost divider ratio is typically 1/4 or 1/32. Logic Core Monitorin 9
This bit can be set in the Driver_config register (0x1C5). 9
Temperature monitoring
over tem 1 This signal is asserted if the internal temperature threshold is Temperature Logic Core
—temp exceeded. This bit is reported in the Driver_status register (0x1D2). Monitoring 9

High-side and low-side pre-drivers

hsx_command(go)

1x5

These signals are the pre-drive command issued from the
combination of the digital driver command (hsx_in), uv_vccep,
uv_vce5 and cksys_drven. These signals directly control the pre-
drivers.

High-side Pre-drivers

High-side Pre-drivers

hsx_in(go)

1x5

These signals are the pre-driver commands issued from the digital
block.

Logic Core

High-side Pre-drivers

st_command(Q”

1x6

These signals are the pre-drive commands issued from the
combination of the digital driver command issued (hsx_in),
uv_vcep, uv_vee5 and cksys_drven. These signals directly control
the pre-drivers.

Low-side Pre-drivers

Low-side Pre-drivers

st_in(91)

1x6

This signal is the pre-driver command issued from the digital block.

Logic Core

Low-side Pre-drivers
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Table 81. Main internal digital signal description (continued)

Signal name

Bit bus size

Description

Signal block
generator

Signal block user

Is7_command

This signal is the pre-drive command issued from the combination
of the command issued from the digital block (hsx_in), uv_vccp,
uv_vcceb and cksys_drven. This signal directly controls the pre-
driver.

Low-side pre-driver 7

Low-side pre-driver 7

Is7_in 1 This signal is the pre-driver command issued from the digital block. Logic Core Low-side pre-driver 7
This signal bus determines the pre-driver seven slew rate. This
Is7_slewrate_p 2 signal bus can be set by means of the bits slewrate_Is7_rising(1:0) Logic Core Low-side pre-driver 7
in the Ls_slewrate register (Ox18F).
This signal bus determines the pre-driver seven slew rate. This
Is7_slewrate_n 2 signal bus can be set by means of the bits slewrate_Is7_falling(1:0) Logic Core Low-side pre-driver 7
in the Ls_slewrate register (0x18F).
VDS and VSRC monitoring
hsx_bs._inb 1%5 'gh|§ signal is assgrted to disable the bootstrap capacitor charging Logic Core Bootstrap diode
uring End Of Drive phase.
This bus signal determines the high-side pre-driver VDS voltage
h ds_threshold
e S@O) resho 3x5 monitoring DAC value. The DAC value is set in the Logic Core High-side Pre-drivers
Vds_threshold_hs register (0x18A).
hsx src threshold This bus signal determines the high-side pre-driver VSRC voltage
T (90) 3x5 monitoring DAC value. The DAC value is set in the Logic Core High-side Pre-drivers
Vsrc_threshold_hs register (0x18B).
This bus signal determines the low-side pre-driver VDS voltage
Isx_vds_threshold monitoring DAC value. The DAC value is set in the . . :
(91) 3x6 Vds_threshold_Is_1 and Vds_threshold_Is_1 registers (0x18C and Logic Core Low-side Pre-drivers
0x18D).
hsx_bias(®0) 1x5 -Srtr:szﬁjrcgsn?oil es;gcr;]acljsris::lvate the high-side pre-driver biasing Logic Core High-side Pre-drivers
hsx_bias_strong These control signals activate the high-side pre-driver strong ) o )
(92) Tx2 biasing structures for the HS2 and HS4 pre-drivers. Logic Core High-side Pre-drivers
Isx_bias(®") 1x6 -Srtr:szﬁjrcgsn?oil es;gcr;]acljsris::lvate the low-side pre-driver biasing Logic Core Low-side Pre-drivers
Current measurement blocks and OA_x outputs
. (93) 2% 4 These signal bus determine the operational amplifier gain value for Logic Core Current Measurement
Opamapx_gain each of the current sense differential amplifiers. 9 Blocks
oa_ga.lnx (94) 2 This signal bus determines the OA_1 and OA_2 buffer gain. Logic Core Current Measurement
(or oa_gainy) Blocks
This signal bus provides the DAC values to each current
dacx_value 5x8 measurement block DACs. The DAC values are set in the Logic Core Currenté\fg:fsurement
Dacx_value registers (0x19E, Ox19F, 0x1A0, Ox1A1, 0x1A2).
33816
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Table 81. Main internal digital signal description (continued)

clock.

Signal name Bit bus size Description Signal block Signal block user
generator
This signal bus is the DAC value provided to the negative Current Measurement
dac4neg_value comparator of the current measurement block 4. The DAC value is Logic Core
h . Blocks
set in the Dac4neg_value register (0x1A)).
These signals are the current measurement block comparator Current Measurement .
95
curx_fok(%) outputs Blocks Logic Core
curdh fok This signal is the current measurement block 4 high current Current Measurement Logic Core
- comparator output. Block 4 9
curdl fok This signal is the current measurement block 4 low current Current Measurement Logic Core
- comparator output. Block 4 9
OaSel1 This signal bus controls the OA_1 pin output multiplexer. Logic Core OA_x Output
OaSel2 This signal bus controls the OA_2 pin output multiplexer. Logic Core OA_x Output
SPI
miso_ This bit is set into the SPI_config register (0x1C8) such as to Devices internal SPI interface
slewrate configure the SPI in slow or fast mode registers
PLL and clock monitoring
This signal is asserted low when a missing external clock condition High-side and Low-side
cksys_drven is detected. This signal is asserted low until the device has switched Logic Core 9 .
o Pre-drivers
to its internal backup clock.
cksys_missing This signal is set when the internal PLL doesn't provide a valid PLL and Backup Clock Logic Core

cksys_drven

This signal enables the function that automatically disable all the
high-side pre-drivers while the cksys_missing signal is asserted.

PLL and Backup Clock

High-side and Low-side
Pre-drivers

Drive enable

DrvEn

This signal is a live copy of the DRVEN pin state.

DRVEN pin

High-side and Low-side
Pre-drivers

Notes

90. These signals or signal bus are individually provided to the five high-side pre-drivers (x= 1, 2, 3, 4, or 5).
91.  These signals or signal bus are individually provided to the first six high-side pre-drivers. Low-side pre-driver seven is considered independently.

(x=1,2,3,4,5, 0or6).

92.  The strong biasings are only available on the high-side pre-drivers 2 and 4.
93. These signals or signal bus are individually provided to the four current measurement blocks (x= 1, 2, 3, or 4).

94. (xory=1or2)

95.  These signals re individually produced by the four current measurement blocks (x= 1, 2, 3, or 4).
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6.15

The 33816 provides a logic block called two_ channels, manages the analog resources and interfaces with the MCU. This block is the

Device logic block description

hierarchical top level of the digital part of the device.

The two_channels block manages the cores functions, such as clock signals, reset, and built-in self-test. The two_channels block

Two_channels Block

| Clock_manager Block |

Channel_management Block

Act_channel Block (1)

Input_output_interface Block

Rst_gen Block

Device_lock Block

| Parameters Block |

Boost_dac Block

| BIST_interface Block |

Identifier_and_revision
Block

Flags_management Block

I

Irg_handle Block

Backup_clock_status_handle
Block

Cipher_unit Block

Dual_microcore_arbiter Block

Boost_filter Block

Code_RAM Block

Vds_redfile Block

Slewrate_regfile Block

| Signature_unit Block |
| Micro_interface Block |

Bias_regfile Block

Micro_interface block

Start_management block

SPI_slave Block

Dp_ram block

Communication_interface
Bloc|

Boostrap_switch_control
Block

Dac_settling_time Block

Oa_out_config Block

| Ch_microcore Block |

Prescaler Block

Dac_switch_box Block

I

| Ch_microcore Block |

Driver_enable Block

ity

SPI_access_control Block

Output_switch_box Block

Act_channel Block (2)

Trace_unit Block

|

Parameters Block

SPI_interface_slave Block

SPI_interface_slave block

Dual_microcore_arbiter Block
Code_RAM Block

SPI_config block

| Signature_unit Block |

Dcdc_convert_control Block

| Output_access Block |

Automatic_diagnosis Block

Filter_input Block

Channel_check Block

SPI_protocol block

I

SPI_error block

| Micro_interface Block |

Output_routing Block

Micro_interface block

Start_management block

Dp_ram block

Error_handler Block

| ouwrounason |
| erortonaerseas |

Device memory and registers

Code RAM 1

Code RAM 2

Data RAM 1

Data RAM 2

Configuration Registers of
Channel 1

Configuration Registers of
Channel 2

Diagnosis Configuration
Registers

10 Configuration Registers

Main Configuration
Registers

Selection Register

g

Ch_microcore Block
Ch_microcore Block

Figure 24. Device logic block hierarchic overview

integrates the following sub-blocks:
» clock_manager — this block is dedicated to the device clock management

» rst_gen _ this block is in charge of device reset management

« bist_interface — this block is in charge of managing the BIST function

« act_channel - this block is in charge to handle two microcore and the associated functions like Code RAM access and dual

sequencing.

» channel_management — this block is dedicated to the act_channel blocks signal management, managing the common configuration
setup and managing the communication interfaces of the 33816

* input_output_interface (refer to 1O interface section)
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Two_channels Block Device memory and registers

Clock_manager Block | Code RAM 1 ‘
Rst_gen Block | Code RAM 2 ‘
Bist_interface Block | Data RAM 1 ‘
| Data RAM 2 ‘

Act_channel Block Configuration Registers of

Channel 1

Act_channel Block
Configuration Registers of
Channel 2

‘ Channel_management Block

Input_output_interface Block

\
\
=
\
\
\

Diagnosis Configuration
Registers

| 10 Configuration Registers ‘

Main Configuration
Registers

| Selection Register ‘

Figure 25. Two_channels block overview

The logic block setup is managed through banks of registers that can be access through the SPI. Each bank is dedicated to a specific
functionality of the logic block a shown below:

» Configuration Registers of Channel 1 and Channel 2- These register areas are dedicated to the logic channels 1 and 2 setup.

» Diagnosis Configuration Registers — These registers are used to setup the automatic diagnosis parameters and the diagnostic
option.

» 10 Configuration Registers — These registers are basically used to setup the crossbar switch and all the current and voltage
thresholds used by the analog resources.

» Main Configuration registers — these registers are dedicated to the logic block functionality setup, like the clock management, the
flags properties, SPI management, the trace management, and the other peripheral functions.

All the registers and their corresponding addresses are listed in the Device address map table.

6.15.1 33816 address map

Table 82. Device address map

Selection register

[2:0]/Chip select Address (Dec) | Address (Hex) | Lock (96) Description/name Area addressed
0 0
'001’ /ch_sel_1(1) yes Code RAM of channel 1 Code RAM of Channel 1
1022 O0x3FE
0 0
'010°/ ch_sel_2(1) yes Code RAM of channel 2 Code RAM of Channel 2
1022 Ox3FE
0 0

no Data RAM of channel 1

47 0x02F
’100’/ch_sel_1(0) Data RAM of Channel 1
48 0x030
yes Data RAM of channel 1, private area
63 0x03F
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Table 82. Device address map (continued)

Selection register

[2:0]/Chip select Address (Dec) | Address (Hex) | Lock (96 Description/name Area addressed
64 0x040
no Data RAM of channel 2
111 0x06F
’100’/ch_sel_2(0) Data RAM of Channel 2
112 0x070
yes Data RAM of channel 2, private area
127 0x07F
128 0x080
128 reserved addresses
255 O0xOFF
256 0x100 yes Flash_enable of channel 1
257 0x101 no Ctrl_reg_ucO of channel 1
258 0x102 no Ctrl_reg_uc1 of channel 1
259 0x103 no Unlock_word of channel 1
260 0x104 yes Start_config_reg of channel 1
261 0x105 - Status_reg_uc0 of channel 1
262 0x106 - Status_reg_uc1 of channel 1
263 0x107 yes Code_width of channel 1
264 0x108 yes Checksum_h of channel 1
"100’/ch_sel_1(2) 265 0x109 yes | Checksum_I of channel 1 8;’22?]2[31“0” Registers of
266 0x10A yes UcO_entry_point of channel 1
267 0x10B yes Uc1_entry_point of channel 1
268 0x10C yes Diag_routine_addr of channel 1
269 0x10D yes Driver_disabled_routine_addr of channel 1
270 0x10E yes Sw_interrupt_routine_addr of channel 1
271 0x10F no UcO_irq_status of channel 1
272 0x110 no Uc1_irq_status of channel 1
273 0x111 yes Counter_34_prescaler of channel 1
274 0x112 yes Control_register_split of channel 1
275 0x113
13 free addresses
287 Ox11F
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Table 82. Device address map (continued)

Selection register

[2:0]/Chip select Address (Dec) | Address (Hex) | Lock (96) Description/name Area addressed
288 0x120 yes Flash_enable of channel 2
289 0x121 no Ctrl_reg_ucO of channel 2
290 0x122 no Ctrl_reg_uc1 of channel 2
291 0x123 no Unlock_word of channel 2
292 0x124 yes Start_config_reg of channel 2
293 0x125 - Status_reg_ucO of channel 2
294 0x126 - Status_reg_uc1 of channel 2
295 0x127 yes Code_width of channel 2
296 0x128 yes Checksum_h of channel 2
297 0x129 yes Checksum_| of channel 2
298 0x12A yes UcO_entry_point of channel 2

’100’/ch_sel_2(2) Configuration Registers of

299 0x12B yes Uc1_entry_point of channel 2 Channel 2
300 0x12C yes Diag_routine_addr of channel 2

301 0x12D yes Driver_disabled_routine_addr of channel 2

302 0x12E yes Sw_interrupt_routine_addr of channel 2

303 0x12F no UcO_irq_status of channel 2

304 0x130 no Uc1_irq_status of channel 2

305 0x131 yes Counter_34_prescaler of channel 2

306 0x132 yes Control_register_split of channel 2

307 0x133

13 reserved addresses

319 0x13F

320 0x140 yes Ls1_diag_config1
321 0x141 yes Ls1_diag_config2
322 0x142 yes Ls1_output_config
323 0x143 yes Ls2_diag_config1
324 0x144 yes Ls2_diag_config2

100%ext_sel_diag 325 0x145 yes LsZ_o.utput_co.nflg g:‘;g&i‘: Configuration

326 0x146 yes Ls3_diag_config1
327 0x147 yes Ls3_diag_config2
328 0x148 yes Ls3_output_config
329 0x149 yes Ls4_diag_config1
330 0x14A yes Ls4_diag_config2
331 0x14B yes Ls4_output_config
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Table 82. Device address map (continued)

Selection register

[2:0]/Chip select Address (Dec) | Address (Hex) | Lock (96 Description/name Area addressed
332 0x14C yes Ls5_diag_config1
333 0x14D yes Ls5_diag_config2
334 0x14E yes Ls5_output_config
335 0x14F yes Ls6_diag_config1
336 0x150 yes Ls6_diag_config2
337 0x151 yes Ls6_output_config
338 0x152 yes Ls7_output_config
339 0x153 yes Hs1_diag_config_1
340 0x154 yes Hs1_diag_config_2
341 0x155 yes Hs1_output_config
342 0x156 yes Hs2_diag_config_1
343 0x157 yes Hs2_diag_config_2
344 0x158 yes Hs2_output_config
345 0x159 yes Hs3_diag_config_1
346 0x15A yes Hs3_diag_config_2
347 0x15B yes Hs3_output_config
348 0x15C yes Hs4_diag_config_1

"100"/ext_sel_diag 349 0x15D yes  |Hs4_diag_config_2 gfggt"esr'ss Configuration
350 0x15E yes Hs4_output_config
351 0x15F yes Hs5_diag_config_1
352 0x160 yes Hs5_diag_config_2
353 0x161 yes Hs5_output_config
354 0x162 - Err_ucOch1_1
355 0x163 - Err_ucOch1_2
356 0x164 - Err_ucich1_1
357 0x165 - Err_ucich1_2
358 0x166 - Err_ucOch2_1
359 0x167 - Err_ucOch2_2
360 0x168 - Err_ucich2_1
361 0x169 - Err_uci1ch2_2
362 0x16A yes Fw_ext_req
363 0x16B yes Diagnosis_option
364 0x16C
- 20 reserved addresses
383 0x17F
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Table 82. Device address map (continued)

Selection register

[2:0]/Chip select Address (Dec) | Address (Hex) | Lock (96) Description/name Area addressed
384 0x180 yes Fbk_sens_uc0_ch1
385 0x181 yes Fbk_sens_uc1_ch1
386 0x182 yes Fbk_sens_uc0_ch2
387 0x183 yes Fbk_sens_uc1_ch2
388 0x184 yes Out_acc_uc0_ch1
389 0x185 yes Out_acc_uc1_ch1
390 0x186 yes Out_acc_uc0_ch2
391 0x187 yes Out_acc_uc1_ch2
392 0x188 yes Cur_block_access_1
393 0x189 yes Cur_block_access_2
394 Ox18A no Vds_threshold_hs
395 0x18B no Vsrc_threshold_hs
396 0x18C no Vds_threshold_Is_1
397 0x18D no Vds_threshold_Is_2
398 0x18E no Hs_slewrate
399 0x18F no Ls_slewrate
400 0x190 no Offset_compensation1
401 0x191 no Offset_compensation2

'100’/ext_sel_io IO Configuration Registers
402 0x192 no Offset_compensation3
403 0x193 no Offset_compensation4
404 0x194 no Adc1_result
405 0x195 no Adc2_result
406 0x196 no Adc3_result
407 0x197 no Adc4_result
408 0x198 yes Current_filter12
409 0x199 yes Current_filter34l
410 0x19A yes Current_filter4hdneg
411 0x19B no Boost_dac
412 0x19C yes Boost_dac_access
413 0x19D yes Boost_filter
414 0x19E no Dac1_value
415 Ox19F no Dac2_value
416 0x1A0 no Dac3_value
417 0x1A1 no Dac4l_value
418 0x1A2 no Dac4h_value
419 0x1A3 no Dac4neg_value

33816

NXP Semiconductors

86




Table 82. Device address map (continued)

Selection register

[2:0]/Chip select Address (Dec) | Address (Hex) | Lock (96 Description/name Area addressed
420 0x1A4 no Bias_config
421 0x1A5 - Bootstrap_charged
422 0x1A6 yes Hs12_ls_act
423 O0x1A7 yes Hs34_Is_act
424 0x1A8 yes Hs5_Is_act
'100’/ext_sel_io 425 0x1A9 yes Dac_settling_time 10 Configuration Registers
426 0x1AA no Oa_out1_config
427 0x1AB no Oa_out2_config
428 0x1AC
- 20 reserved addresses
447 0x1BF
448 0x1CO0 yes Ck_per
449 0x1C1 yes Flags_direction
450 0x1C2 yes Flags_polarity
451 0x1C3 yes Flags_source
452 0x1C4 yes Ck_ofscomp_per
453 0x1C5 yes Driver_config
454 0x1C6 yes PLL_config
455 0x1C7 yes Backup_clock_status_reg
456 0x1C8 yes SPI_config
457 0x1C9 yes Reserved
458 0x1CA no Trace_start
459 0x1CB no Trace_stop
460 0x1CC no Trace_config
’100’/ext_sel_mcr Main Configuration Registers
461 0x1CD yes Device_lock
462 0x1CE no Reset_behavior
463 0x1CF - Device_unlock
464 0x1D0 - Global_reset, part 1
465 0x1D1 - Global_reset, part 2
466 0x1D2 no Driver_status
467 0x1D3 - SPI_error
468 0x1D4 no Interrupt_status
469 0x1D5 - Identifier_revision
470 0x1D6 - Reset_source
471 0x1D7 Reserved
472 0x1D8 Reserved
473 0x1D9 Reserved
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Table 82. Device address map (continued)

Selection register

(96) e
[2:0]/Chip select Address (Dec) | Address (Hex) | Lock Description/name Area addressed
474 0x1DA Reserved
475 0x1DB Reserved
476 0x1DC no BIST _interface
477 0x1DD Reserved
Main Configuration Registers
478 0x1DE Reserved
’100’/ext_sel_mcr 479 Ox1DF

— 33 reserved addresses

511 Ox1FF
512 0x200
- 511 reserved addresses
1022 O0x3FE
1023 0x3FF no Selection register (Selection_reg register)

Notes
96. The memory areas and register can be locked according to the table column Lock = Yes by means of the Device_lock register (0x1CD).

6.15.2 Clock_manager block

To generate the system clock cksys, the device has a PLL with a frequency multiplication factor selectable between the two values 12
and 24. The PLL can be supplied either with an external reference in the fc|  frequency range or with an internal backup reference in the
foLk Back frequency range. The cksys feeding all the internal logic is disabled while the filtered pli_lock signal is set to ‘0. The filter length
for the pll_lock signal is tp || ock_FiLTER- This clock_manager block is in charge of:

 selecting between the two input references for the PLL.

» providing a loss_of_clock signal to channel_management.This signal is ‘1’ whe