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SD6 programmable solenoid
controller for precision solenoid

33816

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-

SOLENOID CONTROLLER

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.

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

These features along with cost effective packaging, make the 33816 ideal for

powertrain engine control applications. Applications

Features *

+ Battery voltage range, 5.0 V < Vga17 <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

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

Diesel and gasoline direct injection
Transmission

* Programmable integrated End-of-Injection (EOI) measurement function (MC33816MAE only)
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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 (') Temperature (Tp) Package
MC33816AE -40 °Cto 125 °C LQFP 64-pin exposed pad
MC33816MAE -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 Pin connections

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

Table 2. 33816 pin definitions

Pin number | Pin name | Pin function Definition
1 CLK Input External clock pin - internal weak pull-up
2 DRVEN Input Driver enable pin - internal weak pull-down )
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 START6 | Input/Output | Trigger pin actuator 6/Flag_bus(8) - internal configurable pull-up/pull-down ) ()
10 FLAGO Input/Output | General purpose I/O/Flag_bus(0) - internal weak pull-down )

33816

NXP Semiconductors



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 CsB Input SPI chip select - internal pull-up ©)
14 MOSI Input SP!I slave data input - internal weak pull-up 2)
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 | Debug 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_LSH1 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_HS1 Output High-side MOSFET gate pin actuator 1

63 S _HSH1 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

2. Internal weak pull-up to Vo 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.

3
4. Internal weak pull-down to AGND is typically 480 kQ - Refer to the Internal pull-up and pull-down section.
5

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 Y, (7)(9)
» Unpowered device - 72
VBATT Battery voltage range (VBATT) -0.3 72 \% ©)
Vees VCCS5 input pin -0.3 18 \
Veeio VCCIO input pin -0.3 18 \Y,
Veep VCCP input/output pin -0.3 9.0 \Y
Veeors VCC2P5 output pin -0.3 3.0 \Y

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

VpeND Digital ground (DGND) -0.3 0.3 \%
VaGND Analog ground (AGND) -0.3 0.3 \Y
Source high-side MOSFET pin (S_HS1, S_HS2, S_HS3, S_HS4, S_HS5)
+ Nominal -3.0 VBOOSTMAX ©)
Vs _Hsx « Transients t < 400 ns -8.0 VBoOSTMAX \Y ©)
- Transients t < 800 ns 6.0 VBOOSTMAX 7
* 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* (6)
VB_Hsx VBS_Hsx_cL \Y
. VS_HSX+ (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) Vg psx - 0-3[Va psx + 0.3 v 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 VCCP +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)
vV * Nominal -3.0 75 Vv
D_LSX « Transients t < 400 ns -8.0 75 ®
» Unpowered device - 40 6)(7)
33816

9 NXP Semiconductors



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 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 )
Current measurement negative input pin voltage (VSENSEN1, VSENSEN2,
VSENSEN3)
VSENSEN » Staticat VCC5< 10V -1.0 1.0 \V;
+ 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 < 5.25V -15 15 6)
Current measurement four positive input pin voltage (VSENSEP4)
V. + 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 < 5.25V -15 15 6)
ESD Voltage
Human Body Model (HBM)
« All pins
VESD1-1 P +2000
« VBOOST, VBATT, S_HSx +4000
VEsD1-2 . D_LSx 48000 v (11)
VEsDp1-3 -
CDM
VEsD2-1 « All pins +500
VEsD2-2 + Corner pins (CLK, SCLK, VCCIO, VSENSEP4, D_LS6, VBOOST, B_HS5, 1750
IRQB)
Notes

6. This parameter is derived mainly from simulation.
7. In case 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 Vcp = 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) (Czpp = 100 pF, Rzpap = 1500 Q), and the Charge Device Model
(CDM), Robotic (Czpp = 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 2.7 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

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

Operating conditions

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 T = 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 \% (15)
Veeio VCCIO supply input voltage 3.0 - 5.25 V
VBATT power supply input voltage, Internal VCCP regulator, Normal
VarT operation 9.0 13.5 16 Vv
VBATT power supply input voltage, Internal VCCP regulator, Broken
VBATT BR alternator regulator condition 16 - 18 \
* Duration < 1.0 hour
VBATT power supply input voltage, Internal or external VCCP _ 16
VBATT_CRANK regulator, Cranking condition 5.0 9.0 v e
VBATT power supply input voltage, Internal VCCP regulator, Jump
VBATT_ JSTART | Start condition 18 — 28 \Vi
» Tp =40 °C, Duration < 2.0 min.
VBATT power supply input voltage, Internal VCCP regulator, Load
VBATT_LoADDUMP |dUMP 18 - 40 v
* Duration < 500 ms
VBATT EXT VBAT'!' power supply input voltage, External VCCP regulator, Normal 9.0 _ 32 v “7)
- operation
VBATT power supply input voltage, External VCCP regulator, Broken
VBaTT BR EXT | @lternator 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 \% (a7
N - * T =40 °C, Duration < 15 min.
VBATT power supply input voltage, External VCCP regulator, Load
VBATT_LOADDUMP | dump 36 _ 58 v an.
_EXT . (18)
* Duration < 500 ms
VBoosT Boost output voltage 5.0 - VBOC)’(STMA \%

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 24V 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
lvces * fsys = 24 MHz, no microcore running - 46 51 A
* fsys = 24 MHz, all microcores running - 51 56 m (19)
VCCIO supply current
lveclo * fsys = 24 MHz, no microcore running — 45 70 pA
* fsys = 24 MHz, all microcores running - 1.0 - mA (19)
VBATT power supply current in reset state
| Vees = Vecio =00V
VBATT_QUIESC « Vgarp= 135V _ _ 180 HA
s Vgatr=40V — — 800
VBATT power supply current in normal operation
VearT =16V
IVBATT OPER * DRVEN low, internal VCCP reg. off - 1.7 25 mA
* DRVEN low, Internal VCCP reg. on - 44 6.0
+ DRVEN high, VCCP max load 65 mA — 69.7 71
Boost supply current in reset state
VCC5=VCCIO=0V
lvBoOST QuUIESC * VBoosT= 135V 40 - 65 pA
* VBoosT =40V 150 - 280
* VBoosT = 65V 250 _ 450
Boost supply current in normal operation
| * VeoosT =16V - 42 4.85 A
VBOOST_OPER * VgoosT = 48V - 4.55 5.35
* VBoosT =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 = 65V

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 VCC5 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 I0s — 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 MC3381 6 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

54 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 MOSFETs, 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 STARTXx 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 /i ){Za} \
Bandgap 4/ )(2[-,) (4b)
VREF2.5 —/ ){Zc)
VCC2P5 —/E 1{3} (sb)
POReset : )(u] } (5a)

(10)

vccp

VCP {internal charge pump) } ’

(8a)

¥
CLK (external clock) /(l' \(65
|4

CKSYS (internal clock) /{ \ 7
¥

RESETB |

r—o| |

)(ab}

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.
(2a) Once a stable voltage is applied to the VCCS5 pin the internal bandgap starts.
(2b) Once the internal bandgap output is stable the VREF2.5 reference voltage regulator starts.
(2¢c) 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 (10) 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.

0

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 g ioreapy time is reached. Moreover the RESETB pin states must be high.

(9a) (9b)

The internal Vcp regulator is disabled by default and can then be enabled by SPI if no external V¢p voltage is applied to the VCCP
pin. Moreover the internal charge pump must be operational for allowing the internal regulator Vcp to start.

(10)

The Microcore can be enabled and the BOOST DC-DC converter starts. The MC33816 is now ready to start load actuation
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 Vs, Vcio and
VatT 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 V or 3.3 V
source, depending on the logic levels desired.

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

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

Table 8. 33816 power supplies overview

Power supply Purpose Nominal voltage | Nominal current E.xternally supplied or Source of power
name internally generated
VCC5 Powers VCC2P5 50V 51 mA Externally External regulator
VCCIO Digital I/O buffer supply 330r50V 1.0 mA Externally External regulator
Provides VgaT voltage and generates
Vccp Voltage (if not provided Vehicle batt ith
VBATT externally) Vgar-0.7V 4to 70 mA Externally ehicle battery with
. reverse battery protection
Vees and Vego 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 VeoosT + 8.0V .
(charge pump) |case of bootstrap circuitry unavailable max. 375 pA min. liCluzl7 VBoos * Vees

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

I

Bandgap

Anti-Glitch
Filter

| bg_ok

Vse

VREer2.5

1
T AGND

Figure 6. Bandgap reference overview

During power up, as soon as V5 is above Vs gomins 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 acr 9enerated 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 V¢p 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 Vgero 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 < Tp < +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
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 - s (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
Vccops regulator to start.

Cvcczps DGND

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

Figure 7. Vccaps voltage regulator and power on reset overview

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

VCC2P5

VPORESETB-

VPoRESETB+

POResetB 1

to_poreseTe

~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 < 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 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

lvcears_Lim Veeops supply output current limit -50 -70 -90 mA

AVVCCS Vcc5 - Vcczps voltage dropout _ _ 17 v
VCC5 =4.0V and IVCC2P5 =-25mA

VPORESETB- Vceops Voltage threshold for asserting POResetB 2.0 2.11 2.21 V]
VPORESETB+ Vceops Voltage threshold for deasserting PORsetB 2.07 2.19 2.3
VPoRESETB_HYST | VporeseTs Voltage hysteresis 50 75 100 mv
to_poreseTs | Time from undervoltage detection to POResetB assertion - 0.7 1.5 us (24)
{PORESETS POResetB duration 361 _ _ ns (24)

min. Cyccaps, Min. VporeseTs HysT @nd max lyccops 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 VCCS5 voltage is externally powered and internally monitored. It supplies the internal VCC2P5 regulator.

Table 11. VCCS5 slew rate

Characteristics noted under conditions -40 °C < Tp < +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

SRvcees 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 Vo ccs threshold, the device disconnects after the Tp oyvccs delay, the VCCS5 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 Voyyces vecp threshold shuts down the VCCP internal regulator until the VCCS5 voltage returns to its
normal value. B

33816
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Table 12. VCCS5 overvoltage 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 AGND pin, unless
otherwise noted.

Symbol Characteristic Min. Typ. Max. Unit Notes

Vowecces VCCS5 overvoltage threshold 7.5 8.5 10.0 V

VCCS5 overvoltage switch time

{ - -
D_OVVCCS « Differential input voltage = 1.0 V 10 Hs

(25)

Vowvees_ veep | 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 VCC5 undervoltage monitoring

VCC5 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. VCCS5 undervoltage 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 AGND pin, unless
otherwise noted.

Symbol Characteristic Min. Typ. Max. Unit Notes
Vuwvces- VCCS5 undervoltage low-voltage threshold 4.3 4.45 47 V
Vuvvees+ VCCS5 undervoltage high-voltage threshold 4.35 4.5 4.75 \%
VUVVCCS_HYST VCCS5 undervoltage hysteresis 30 50 85 mV
T VCC5 u‘ndervolltage 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

ANE;

@ B

«Q

Vse ©

o

5

vcep_external_enable h T
POResetB L —=

\

VCCP

\ Cvccr

I

L 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 Vvyccs+- At
low V¢cs, 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 Voes 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 VV 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 vccp_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 < 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
Vcp output voltage 27
Vece + 0.0 MA < lygep < 65 mA 6.5 7.0 75 v @)
Veep Ext Vcep input voltage range (Vcp externally supplied) 5.0 - 9.0 \Y
Vcep output current (average during PWM operation) o8
lvecp + 9.0V < Vgarr <18V - - -65 mA (28)
|VCCP_MAX Vep output current limitation -100 -150 -200 mA
VpaTT to Vcp voltage dropout
. VBATT =5.0V and IVCCP =-65mA _ _ 350
AVycep * Vparr = 5.0 Vand lyccp =- 50 mA - - 280 mv
. VBA-l_l— =5.0V and IVCCP =-30mA - - 170
* Vgarr=5.0V and lyccp =- 10 mA - - 60

Note

27.  Considering an external output capacitor Cyccp connected to PGND pin with a minimum value of 1.0 uF, a typically value of 4.7 uF, 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

Cvccr PGND
——
VCCP
ri
L
vcep_external_enable VCCP LDO AT Filter | Uv-VCCP
Regulator VCCP UV Delay >
Monitoring

I:E 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 V¢ cp voltage rises above the Vyyyccp+ Upper threshold, and after a tgy ter_uwece 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 MOSFETs to be switched off before the VBATT
external input capacitor completely discharges. The digital core monitors the undervoltage comparator output (uv_vccp) 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_vcep 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 < 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 AGND pin, unless
otherwise noted.

Symbol Characteristic Min. Typ. Max. Unit Notes
Vuvwveep- VCCP undervoltage low-voltage threshold 4.30 4.50 4.68 \%
Vuvveep+ VCCP undervoltage high-voltage threshold 4.40 4.55 4.73 \%
VUVVCCP_HYST VCCP undervoltage hysteresis 30 50 70 mV
o LveeP VCCP UV sw.itching.tirr?e us 29)
- + 1.0V differential input voltage. - - 25
triLTER Uuwweep | VCCP UV anti-glitch filter delay time 0.8 13 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
o L, VSENSEP4 =
curdx_fbk IVSENSEN4 %
= - L i
dacdx_value (7:0) DAC 4x -
VBOOST
1
f L1
boost,
oost_mon_en Reos
Reoz
boost_fbk
Reo1
BOOST
dac_boost_value (7:0) DAC ‘J-‘

I 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 Vga17 Voltage greater than 4.7 V to operate, and the device must not be in a reset state. A V¢p voltage
greater than the Vyyyccp+ 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.

VBAT

VBOOST
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G_LS7 E
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L VSENSEP4

curdx_fbk VSENSEN4
L

1[—e-AAn

DAC 4x

dacdx_value (7:0)

VBOOST
1
f Lt

boost_mon_en

Reos

Repz

boost_fbk

Rep1

BOOST
dac_boost_value(7:0) DAC l

'1:' 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 VggopgT 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 Vgpoggt reaches the upper threshold, switching is suspended and
the VgposT threshold is reset to its lower level.

6.2.5.3

After Vccp 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.

Boost start up sequence

6.2.5.4

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 Vccp 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 (0x1C5) is set to ‘1’, the pre-driver is not
influenced by the DrvEn signal.

* The V¢cp 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 Vs 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.

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

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

DrvEn Is7_en_ovr uv_vccep uv_vcch 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 1 131) on
1 - 0 0 1 1 161 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 V¢cp voltage)
33816
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Table 17. Low-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
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)
G_LS7_PWM * Qg= QG_LS7; fpwm = 100 kHz — 3.0 7.5
* QG = QG_LS7; fewm = 50 kHz - 1.5 3.75
I 1s7_src Peak source gate drive current - 680 - mA (32)

Peak sink gate drive current at fastest slew rate setting with minimum _ _ 32
6187 SRC IRy | &7 0f 2.0 Q and VegplVas = 7.0 V 2200 mA 42

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

tr G Ls7 Veep = 7.0 V; at Open pin 35 - 11 ns (32)
tr g Ls7 ;l'/zrcnpozn;%l \t/lm; aét;eSnOSi:]//ps slew rate; 10%-90% of out voltage; 35 _ 1 ns 32)
tr G _Ls7 ;F/Z?Pozn;izevt;imategégg(;? Vlus slew rate; 10%-90% of out voltage; 5.0 _ 25 ns 32)
t 87 ;I'/E?Po:n;il)l \t/Imaet eétp3£n0;)2ig V/us slew rate; 10%-90% of out voltage; 5.0 _ o5 ns (32)
e e e I I L R
orr_cisr | el rovesaton el at 1500 i sow e ot ofoutvotase | o | [ s | | oo
R e T el IR R R B
Rl ey e e I B O L
e e T e B
B i e iR e L I B BN S
e e el I D B R

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; Vocp =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 < 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

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 Rpggy 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

Is7_slewrate_p(1:0) Slew rate (V/us) (swliatlzﬁi(r?:_c:;n(%shm)
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/us) RDSON;TfI;’I(c:)SthSI;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
G_HSx pMOS Rps_on (00), 1500 V/ps, Veep = 7.0 V
Rps_Hsx p + atexternal Vgg =2.5V 3.0 5.0 8.6 Q
(00)  atexternal Vgg =1.0t0 4.0 V; 2.6 - 10.7
G_HSx nMOS Rpg_on (00), 1500 V/pis, Vgep = 7.0 V
Rps_Hsx.n + atexternal Vgg =2.5V 06 11 20 Q
(00) « atexternal Vgg =1.0t0 4.0 V; 0.5 - 29
- G_HSx pMOS Rpg_on (01), 300 Vips, Vegp = 7.0 V
DS_HSx_p + atexternal Vgg =25V 8.8 14.6 253 Q
1) - atexternal Vg = 1.0t0 4.0 V; 75 - 31.3
R G_HSX nMOS RDSfON (01), 300 V/HS, Veep = 70V
DS_HSx_n + atexternal Vgg =25V 34 59 11.1 Q
1) » atexternal Vgg=1.0t04.0V; 2.5 - 16.5

33816

NXP Semiconductors 28



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/ps, V =7.0V
DS_HSx_p _HSx p DS_ON (10) l{S ccp 61 85 115 a
(10) » atexternal Vgg=1.0t04.0V;
RDS_HSx_n G_HSX nMOS RDS_ON (10), 50 V/HS, Vccp =70V
(10) » atexternal Vgg=1.0t04.0V; 23 35 50 o
RDS,HSX,p G_HSX pMOS RDSfON (1 1 ), 25 V/US, Veep = 7.0V
(11) » atexternal Vgg=1.0t04.0V; 122 170 230 Q
R G_HSx nMOS R 11), 25 Vlys, V =7.0V
DS_HSx_n _ ps_on (11) s, Vcep 47 69 100 o

(11) atexternal Vgg =1.0t0 4.0 V,

Slew rate switching time
t - - (35)
SLR_HS * 1 ckcycle 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¢cp 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 | 57 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:
+ tothe Vgppgt Voltage measurement, if the Vgoogt voltage is externally supplied, and when the block are in boost monitor mode
+ or a Battery undervoltage measurement in UV Vgpoost mode when the VBOOST is connected to the device supplied (battery).

Table 22. Boost voltage monitoring electrical characteristics

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
VBOOSTMAX Input voltage range 0.0 - 72 Y, (36)
RVBOOST?IN Input impedance 400 640 - kQ

GVBOOST_DN VgoosT Voltage divider ratio (boost monitor mode) 1/32 *0.996 1/32 1/32 *1.004
GUV_VBOOST_DN 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 < 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
fCVBOOST_DN VgoosT analog filter cutoff frequency (boost monitor mode only) 50 100 200 kHz
VVBOOST_REF DAC reference voltage 2.475 25 2.525 \%

VyeoosT pac_Lss | 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
EvBoosTt pac | Total DAC error - - 0.2 %
VVBOOSE—TD'V—OFFS Total DAC error including comparator offset -20 - 20 mV
VvBoosT HysT | Comparator hysteresis referred to Vgoost (boost 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

EVBOOST . VBOOST =40 V and divider ratio 1/32 2.0 — 20 %
* VgoosT = 4.85 V and divider ratio 1/4 -2.0 - 2.0
tvBoosT 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 (Rgp1, Rgp2, and Rgp3) scales the boost voltage to be safely handled by the module. The operating
voltage range on the VBOOST pin is up to VgpoposT 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 foygoost piv, only for the ratio
1/32. -

The hysteresis voltage comparator is supplied by VCCS5 and referenced to AGND. If the boost voltage at the Vgogst pjv Signal is above
the DAC threshold, the comparator output boost_fbk is asserted, while it is set low if the VgoosT pjv 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 * VypoosT_pac_Lse/GveoosT_biv
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 OXE1 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 Vgpgstmax, 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 78 245 25 255
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 Vgoost UV monitoring mode

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 Vgoost 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 Vgoogt UV monitor is enabled (vboost_disable_en=1).

The digital filter used for the Vgoogt Voltage measurement is activated for the Vgppogt 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 Vy\vccs+- 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 Vggopogt UV threshold can be calculated using the following formula.

* Vgoost = DAC _Value * VygoosT pac_Lss/Guv_vBoosT biv
DAC _Value is the decimal value of the DAC.
VVBOOST DAC LSB is the DAC resolution.
GUV_VBO_OST_BIV 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 °”(tr‘:]‘\‘,t)"°"age Viﬁ?ﬁ;h‘;',‘.ﬁ'me' Vﬁ%?g;h%\( d”('f,';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 V¢p 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:

* VCC5to 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
CvcoszGND Capacitor connected between the VCC5 pin and AGND - 100 - nF
CVCCIO_DGND Capacitor connected between the VCCIO pin and DGND - 100 - nF

CVCCZP5_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

CVBOOSTISAG"LPGN 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 tyiss_enp_pet FuT Via the uv_veep signal.

Table 26. Missing ground detection specifications

Symbol Characteristic Min. Typ. Max. Unit Notes

tmiss_GND_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 1/0 pin for each digital I/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 Vga1T Or @ 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_Is36_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_vcep) issued from the Vcp monitoring: In case of an undervoltage, the external MOSFET is
switched off.

VCC5 undervoltage signals (uv_vcc5) 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 _ _ - - - 0140) 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 Vcp voltage)

Table 30. High-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
S_HSX pin operating voltage -3.0 - VBOC))(STMA \Y (42)
Vs _Hsx Transients t < 400 ns -8.0 - - \% (42)
Transients t < 800 ns -6.0 - \% (42)
VB Hsx B_HSX pin operating voltage Vs Hsx +4 - Vs Hsx +8 \% (42)
VBs_Hsx_cL B_HSXto S_HSX voltage clamp, 15 pA <Ig. < 1.0 mA 6.5 7.3 8.0 \
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 * Vg ps=13.5V - - 250 WA
. VS_HS =70V - - 120
* VSfHS =40V - - 100

HSX leakage current when pre-driver on (biasing switched off)
Is_HSX_SINK_ON “ Vg ys=7.0V - - 220 pA

S_HSX leakage current delta between pre-drivers off and on
IS_HSX_SINKDELTA « Vg ys=7.0V 60 - 140 pA

High-side driver supply current during 100% DC

I * During constant off B _ 30 A
HSX_SUPL + During constant on, including maximum supply current for the H

Rpp_Hsx pull-down resistor - - 25
PWM frequency
¢ » External Veocp26.5V 0.0 - 100 (42)(43)(4
G_HSX_PWM + 9.0V <Vgart 0.0 - 100 KHz 4)
* 5VSVBA'|—|'§ 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 < 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
ton_HsX_MIN High-side driver minimum PWM on time - - 1.0 us (42)
T e
o 1S SRe (VOGP S Vg 27,0V, considering 10% and 80% of he output votage.| 230 - mA |6
lo s sRe | VGGP = vae= 7.0V, considering 10% and 50% of the autput votage.| 440 - mA |6

tR_G_Hsx Turn on rise time, 10%—90% of out voltage; Vccp = 7.0 V; at open pin 45 - 25 ns (42)

tr G _Hsx Turn off fall time, 90%—10% of out voltage; Vccp = 7.0 V; at open pin 5.0 - 25 ns 42)

e | e e e oo ey |z | = | e | s | e
thON_G_HSX ;Frt:;r‘rl];; rgfgfsaztiggi?l;a}éztf(‘)‘%'\zﬂgs; \s/l((:e(\;vprit795013% of out voltage 40 _ 100 ns @2)
tDOFF_G HeX Iﬁ;ﬂ ;;f; %'cL)gAasa;ti:n? ?ﬁ:la)é Zt =3(‘)1(()) \2//55 \s/lslvprgt7e501 3% of out voltage 40 _ 100 ns “2)
N e e I R R L
'OFE G HSX | Chango: Cuns 2 47 1F. R 402 3 Veere 70V o |0 | =0 s
e e e I I e
thoFF_G HexX I#;r:];;f %fgsga:tig.r;c:ﬁzl;a%/?ztfiagugsl?{?zvcrpaie;-ho\";o of out voltage 70 _ 150 ns 42)
con x| man PO S o s etoueos | igp [ | w0 | v |
corr v | Banen P ey 2 Vi e e gk ototvotege | o[ |y | e | e

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_HSX to S_HSX pull-down resistor

Rep_Hsx . T,=-4010 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 T = 25 °C under nominal conditions, unless otherwise noted.

Symbol Characteristic Min. Typ. Max. Unit Notes
R G_HSX pMOS RDS_ON (OO), 300 V/}JS, Veep = 70V
DS_HSX_P + atexternal Vgg =25V 8.6 14.6 25.8 Q
(00) - atexternal Vgg = 1.0t0 4.0 V; 75 - 31.4
G_HSx nMOS Rpg on (00), 300 V/ps, Veep=7.0 V
RDS_HsX N + atexternal Vgg=2.5V 3.2 59 1.4 Q
(00) » atexternal Vgg=1.0t0 4.0V 25 - 16.5
R G_HSx pMOS R 01), 50 Vl/us, V, =70V
DS_HSX_P _HSx p DS_Orj( ) Ms, Veep 61 85 115 a
(01) » atexternal Vgg=1.0t0 4.0V
RDS_HSX_N G_HSx nMOS RDS_ON (01 ), 50 Vlus, Veep = 7.0V
(01) » atexternal Vgg=1.0t0 4.0V 23 35 50 Q
R G_HSx pMOS R 10), 25 Vlus, V =70V
DS_HSX_P _HSx p DS_ON (10), Ius, Vecp 122 169 230 a
(10) » atexternal Vgg=1.0t0 4.0V
RDS_HSX_N G_HSX nMOS RDS_ON (10), 25 V/IJS, VCCF’ =70V
(10) » atexternal Vgg=1.0t04.0V 4 69 100 Q
R G_HSx pMOS R 11), 12.5 Vius, v =70V
DS_HSX_P _HSx p DS_ON (1) Ms, Veep 245 337 460 a
(11) » atexternal Vgg=1.0t04.0V
R G_HSx nMOS R 11), 12.5 Vlus, v =70V
DS_HSX_N _| ps_on (11) us, Veop o4 138 199 o
(11) atexternal 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.
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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 Vg g% voltage drops below the V¢ cp 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 Vggc 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 < 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

Bootstrap path current capability at 6.5V < VCCP < 7.5V
* Veep - VB_pHsx =0.25V

-38 — -9.1
* Veep-VB_Hsx = 0.5V 67 _ 18
o8 Hex * Veep - Ve Hsx = 0.75 V -83 - 29 A
- . Vccp - VB_HSX =10V -78 - -39
* Veep- VB Hsx = 1.5V -79 - 42
* Vecp - VB nsx =2.0V -84 - -43
-95 - 47

* Vecp - VB Hsx > 2.0V

Bootstrap path resistance

Ro_tisx * Vocp - VB Hsx < 1.0V - - %0 o

VB Hsx_vccp__TH | Bootstrap path Vg sy to Vccp voltage threshold when bootstrap

R voltage rising -150 - -30 mVv
VB Hsx vccp TH | Bootstrap path Vg sx — Vecp voltage threshold when bootstrap 165 _ 40 mv
- _F  |voltagefaling ~
_RSA_ — ootstrap pa - reshold hysteresis . - m
Ve HSXH¥g$P TH | Bootst th Vg nsx — Veep threshold hysteresi 0.0 30 \%

Bootstrap switch turn on delay during PWM

toB_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

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

IDBfHSXfLOW Bootstrap low current limit -570 -375 -280 MA

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 1
. I
17
|" Charge
o
@ Pump
s VBOOST / VBAT
s y 6%
LDo ,?l B_HSx
[ ‘J_ Ca_nsx
hsx_command -
hsx_slewrate (1:0) H x % G_HSx
S_HSx
Loal
G_LSx
low side pre-driver [> - f\/\/\,—‘
= 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 Vyccp+ 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 V¢cp voltage (typically 7.0 V) and the S_HSx voltage is below 0.5V, in a range of 36 ms after the Vcp
undervoltage threshold Vyccp+ Was exceeded, then 1.0 V
+ The bootstrap voltage clamp is active and the S_HSx voltage is below 0.5 V, 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_lIs_act register (0x1A7), and
the Hs5_Is_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_|s_act register (0x1A6), the Hs34_Is_act register (Ox1A7), and the Hs5_Is_act register (Ox1A8).

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.

V%TT V’Q(l:P ’ VBOOST V(":Q‘5

LT lt L
Charge
Pump
g% B_HSx
LDO = -
hsx_command J
e s o
hsx_slewrate (1:0) /ji’ Do sx 3

Load

K
S
S

]

h

= 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 uF 350
22 4F 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 VgoosT)-

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 V¢p 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. -

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 - - VBoosT + 8 Y,
Icp Charge pump output current capability 375 - - MA
fep Charge pump clock frequency - 28 - MHz
tep init Time for Charge Pump Initialization - 10 - us (47)
lcp_sr_MmAX Charge pump individual output current source current capability 50 - 62 WA

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

* VBoosT>4.7V; Vg psx =47V Vs nsx t 4 - -

Vep_ske * VBoosT > 6.0V; Vg Hgx =6.0V Vs Hsx * 6 - - v
* VBoosT> 69 V; Vg pgx =69V Vs Hsx + 6 - -
* VBoosT> 72V; Vg pex =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. -

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.
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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_veceb) issued from the Vs 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 - 0(48) off
_ _ — — 0 0(48) 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 Vcp voltage)
33816
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Table 39. Low-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
Ve Lsx G_LSX operating voltage 0.0 - Veep Y, (50)
D_LSX leakage current (biasing switched off)
Ip_Lsx_sINK * Vp_1sx=13.5V 10 - 110 pA
* Vp sx=40V 10 - 320
PWM frequency (50) (51)
fo_Lsx_pwm * Nominal 0.0 - 100 kHz 52)
» t <50 ps - for short periods of 50 ps every 1.0 ms 0.0 - 200
DCG_LSX Duty cycle 0.0 - 100 % (50)

G_LSX current (average during PWM operation) 50
l_Lsx_Pwm + Qg = Qg _sx fpwm = 100 kHz - 3.0 5.0 mA (50)

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

lo_Lsx_SRC \Ijizlg iir{l;egsaie;ig\(;a current at fastest slew rate setting and _ 440 _ mA (50)
tR G LSX 'Fl)'il:]rn on rise time, 10%-90% of output voltage; Vccp = 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)
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Turn off propagation delay at 12.5 V/us slew rate; 10% of output voltage 15 _ 150 ns (50)

'DOFF_G_LsX change; C oap=4.7nF; Rg=40.2 Q; Vecp=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 fpyy )y < 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 < 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
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/us)

RDSON_PMOS
(switching on) (Q)

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 < 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 Rps_on (00), 300 V/ps, Vecp = 7.0V
DS—O'?)SX—P + atexternal Vgg=2.5V 8.8 14.6 253 W
(00) - atexternal Vgg = 1.010 4.0 V 75 - 313
G_HSx nMOS Rps_on (00), 300 Vips, Vecp = 7.0 V
RDS—O"(')SX—N * atexternal Vgg =25V 3.4 5.9 11.1 w
(00) » atexternal Vgg=1.0t0 4.0V 2.5 - 16.5
RDS_HSX_P G_HSX pMOS RDS_ON (01), 50 V/IJS, Veep = 70V
(01)  at external 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 RDS_ON (10), 25 V/IJS, VCCP =70V
(10) + atexternal =1.0t0 4.0V 122 170 230 W
RDS_HSX_N G_HSX nMOS RDS_ON (1 0), 25 V/IJS, VCCP =70V
(10) » atexternal Vgg=1.0t0 4.0V a7 69 100 w
RDS_HSX_P G_HSX pMOS RDS_ON (1 1), 12.5 V/US, Veep = 7.0V
(11) » atexternal Vgg=1.0t04.0V 245 337 460 w
RDS_HSX_N G_HSX nMOS RDS_ON (1 1), 12.5 V/IJS, VCCP =70V 94 138 199 W
(11) » atexternal Vgg=1.0t0 4.0V
33816
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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 » 1 ck cycle 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. B

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
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Figure 17. Vpg and Vggc monitors and load biasing
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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 Vggrc 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 Vggc 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 sifbk 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).
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Table 43. Vpg and Vgrc 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 0.5 0.5
010 1 1

011 15 15
100 2.0 2.0
101 2.45 25
110 2.95 3.0
111 3.45 3.5

If a fast dv/dt is applied (the SRg psx 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 < 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
High-side Vpg;src monitoring functional range S_HSx -3.0 - 72
Vs Hs_vDs « Transients t < 400 ns -8.0 - _ v (54)
» Transients t < 800 ns -6.0 - -
v High-side Vpg/src monitoring functional range VBATT 55 - 72 Y
VBATT_VDS * Vps_Hs_ TH 3:5Visat3.0 V min. 5.0 - 55
V. 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 _ 55
High-side Vpg threshold (000)
Vbs_Hs_TH * VygaTT VDS = 5.0 Vto 72V -0.1 0.0 0.1 v
. VVBOOST_VDS =50Vto72V
High-side Vg threshold (001)
Vbs_Hs_TH * VygaTT VD5 =5.0Vto 72V 0.4 0.5 0.6 \Y;
* VyBoosT vbs =50V to 72V
High-side Vg threshold (010)
Vbs_Hs_TH * VypaTT VD5 =5.0Vto 72V 0.9 1.0 1.1 Y,
* VyBoosT vps = 5.0 Vto 72V
High-side Vg threshold (011)
Vbs_Hs_TH * VygatT vDs =5.0 Vto 72V 1.35 15 1.65 Vv
. VVBOOST_VDS =50Vto72V
High-side Vg threshold (100)
Vbs_Hs_TH * VygaTT VDS =5.0Vto 72V 1.8 2.0 2.2 \Y
* VyoosT vbs =5.0Vto 72V
High-side Vg threshold (101)
Vbs_Hs_TH * VypaTT vDs = 5.0 Vo 72V 2.29 2.45 2.61 v
. VVBOOST_VDS =50Vto72V
33816
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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
High-side Vpg threshold (110)
Vps_Hs_TH * VygaTT VD5 = 5.0V to 72V 2.76 2.95 3.14 v
* VvgoosT vps = 5.0V to 72V
High-side Vpg threshold (111)
* VyBaTT vDs =55V to 72V 3.23 3.5 3.67
Vbs_Hs_TH * VvgoosT vps =55V to 72V 3.23 35 3.67 v
* VyBaTT VD8 =5.0 V10 5.5V 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
tp_HsvDs + At 100 mV overdrive - 1.0 15 us (54)(55)
» At 200 mV overdrive - 0.8 1.1
+ At 300 mV overdrive - 0.6 1.0
t High-side Vpg/src comparator recovery time after dVp/dt 300 (54)
R_HSVDS « Recovery time after dVp/dt is removed - B 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 V/us (54)
13.5V
VSRC_HS_TH High-side VSRC threshold (000) -0.1 0.0 0.1 \%
VSRC_HS_TH High-side Vggrc threshold (001) 0.4 0.5 0.6 \
VSRCfHSﬁTH High-side Vggrc threshold (010) 0.9 1.0 1.1 \%
VSRC_HS_TH High-side Vggrc threshold (011) 1.35 1.5 1.65 \%
VSRC_HS_TH High-side VSRC threshold (100) 1.8 2.0 2.2 \%
VSRC_HS_TH High-side Vggrc threshold (101) 2.38 2.55 2.72 \
VSRC_HS_TH High-side Vggrc threshold (110) 2.85 3.0 3.15 \
VSRC_HS_TH High-side Vggrc threshold (111) 3.33 3.5 3.68 \%
VSRC HS_Th High-side Vgrc threshold (000) including crosstalk -0.2 0.0 0.2 Y, (54)(56)
VSRC_HS_Th High-side Vgrc threshold (001) including crosstalk 0.3 0.5 0.7 Vv (54)(56)
VSRC_HS_Th High-side Vgrc threshold (010) including crosstalk 0.8 1.0 1.2 Y, (54)(56)
VSRC_HS_Th High-side Vgrc 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 2.3 Y, (54)(56)
VSRC_HS_Th High-side Vgrc 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 Vv (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 35 3.78 Vv (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 ys. 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 — (57)
D_LSX VDS » Transients t <400 ns -8.0 - - v

Vps_Ls TH Low-side Vpg threshold (000) 0.1 0.0 0.1 Vv

Vps_Ls TH Low-side Vpg threshold (001) 0.4 0.5 06 v

Vps_Ls TH Low-side Vpg threshold (010) 0.9 1.0 11 Vv
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Table 46. Low-side VDS 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
Vbs_Ls_TH Low-side Vpg threshold (011) 1.35 15 1.65 vV
Vbs_Ls_TH Low-side Vpg threshold (100) 18 2.0 292 vV
Vbs_Ls_TH Low-side Vpg threshold (101) 2.38 25 2.63 Y,
Vbs Ls_TH Low-side Vpg threshold (110) 2.85 3.0 3.15 Vv
Vbs Ls_TH Low-side Vpg threshold (111) 3.33 35 3.68 v
Vps_Ls_Th Low-side Vpg threshold (000) incl. crosstalk -0.2 0.0 0.2 Vv (57)(58)
Vps LS Th Low-side Vpg threshold (001) incl. crosstalk 0.3 0.5 0.7 vV (57)(58)
Vps_Ls_Th Low-side Vpg threshold (010) incl. crosstalk 0.8 1.0 1.2 \Y; (57)(58)
Vps_Ls_Th Low-side Vpg threshold (011) incl. crosstalk 1.25 1.5 1.75 \Y (57)(58)
Vps_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 25 2.73 Y, (57)(58)
Vps_Ls_Th Low-side Vpg threshold (110) incl. crosstalk 2.75 3.0 3.25 \Y (57)(58)
Vps_Ls_Th Low-side Vpg threshold (111) incl. crosstalk 3.23 3.5 3.78 Y, (67)(58)
ttH_Lsvps Low-side Vpg threshold settling time - 0.4 1.0 us (67)
oo | oy Voo o st B T T P
& LsvDS Low-side Vpg comparator recovery time after dVp/dt _ B 300 ns 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 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.

6.5.3 Load biasing structures

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

This Vpg|ag voltage is generated by:
« the activation of each pull-up voltage source SRCpyx 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 SRCppy 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 VgatT 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 VgoosT

and VgptT- 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 Ty = 25 °C under nominal conditions, unless otherwise noted. Characteristics referenced to PGND pin, unless
otherwise noted.

Symbol Characteristic Min. Typ. Max. Unit Notes
IB|AS_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
I Total maximum current source S_HSx source current 26 _ _ mA
BIAS_HS_MAX ¢ Maximum current from VCC5
IB|A3_L3 Current source D_LSx (x = 1...6) sink saturation current 0.98 1.09 1.2 mA
S_HSx bias voltage regulation 38 vV
VBIAS Hs « VBATT>8.0V,VCC5>4.75V W ’ 12) - v CC/52)+ Vv (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
Vv source is switched off automatically when S_HSx is above 5.0 V) -3.0 - 72 v (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 < 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

Voltage dropout across HS1/3/5 current source

AVpjas_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 \%
BIAS_LS « IBIAS_LS = 500 pA - - 700 mvV
* IBIAS_LS =300 pA - - 400 mV
Equivalent resistance of LS current source
Raias s « 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 Vpjas Hs 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 < 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 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

€cs +3.7 % (61)

at DAC range of 25%-75%, after analog offset compensation. 453
+ at GDA_diff(00) = 5.79 ;5'4
+ at GDA_diff(01) = 8.68 ;5'4
+ at GDA_diff(10) = 12.53 ;5'4
+ at GDA_diff(11) = 19.25 =

Note
61.  All input 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_senst = (Vvsenserx - Vvsensenx) * Gpa DIFF + Vba Bias
Vpa Bias is the fixed voltage biasing applied to the differential amplifier output.
The_GDA DIFF 9ain value is configurable at runtime (opampx_gain(1:0)).
The allowed differential mode input voltages depend on the chosen gain value.

* Vpa piFF_IN = (VvseENsEPx - 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 -0.78 t0 11.6 51

The amplifier can achieve even lower voltages than Vp gjas, 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 < 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
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 Vggnsepx (X =1, 2, 3, 4H, 4L)
vV At Vgensen/P voltage of below -1.0 V the differential amplifier for _ _ (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 * Gpa piFr(00) = 5.79
Differential input voltage range (01)
\ -17.3 - 258 mV (62)
DA_DIFF_IN * Gpa piFF(01) = 8.68
Differential input voltage range (10)
\Y, -12 - 179 mV (62)
DA_DIFF_IN * Gpa piFr(10) = 12.53
Differential input voltage range (11)
\Y -7.8 - 116 mV (62)
DA_DIFF_IN * Gpa piFr(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 Vgensepx (X =1, 2, 3)
R _
VSENSERX_IN * 1.0 V common mode voltage 18 36 kQ
VDA_B|AS Output bias voltage 240 250 265 mV
Maximum output offset voltage error at maximum gain; Including
VDAﬁOUTﬁOFF amplifier input offset and bias voltage offset. Calculated using the -140 - 220 mV
highest gain of 19.25
Vpa_out Differential amplifier x output voltage range 0.1 - 27 \Y
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 Cysgnsg 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 * Vpac Lse- Vpa_Bias)/(Cpa piFF * 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 vaLue 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 pifr is configurable at runtime (opampx_gain(1:0)).
Rsensey 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 4.12 2.75 1.9 1.24
64 100 977 12.55 8.37 5.8 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 < 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
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 -
EDAc_GAm DAC maximum gain error; error of bandgap reference voltage 1.0 — 1.0 %
EDAc_DNL DAC differential linearity error 05 _ 05 LSB
Epac_InL DAC integral linearity error -1.0 — 1.0 LSB
Vpac_out_oFf | DAC maximum output offset 0.0 _ 10 mv
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 < Tp < +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 - 2.7 \Y (65)
VcoMp_|N_OFF 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 < 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
Detection delay coming from differential amplifier and comparator at _
o_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 pirr(01) = 8.68 100 - 270 ns ©9
. GDAﬁDlFF(‘IO) =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/us
tp_cs_sLow * Gpa _pIFr(00) =5.79 45 - 260 ns (66)
* Gpa piFr(01) =8.68 90 - 280
. GDAﬁDlFF('IO) =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 6
'D_Cs_150_MID * Gpa _pirr(01) = 8.68 85 - 220 ns (©0)
M GDA_D|FF(1O) =12.53 100 - 260
* Gpa_piFr(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/us
tp_cs_MID * Gpa pIFr(00) = 5.79 55 - 170 ns (66)
* Gpa piFr(01) = 8.68 50 - 180
° GDA_DlFF(1O) =12.53 80 - 200
* Gpa piFr(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_pirr(00) =5.79 60 - 160 )
to_cs_150_FAsST * Gpa piFr(01) = 8.68 70 _ 180 ns
* GDA_DIFF(1O) =12.53 80 - 220
* Gpa_pirr(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
o s FAST * Gpa pirr(00) = 5.79 50 - 115 ns (66)
* Gpa_pirr(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
. GDA_DIFF(OO) = 5.79 and set point value of 300 mV to 2.35 V 70 _ 140
to_cs_stow * Gpp_piFr(01) = 8.68 and set point value of 300 mV to 2.35 V 55 _ 150 ns (68)
* Gpa piFr(10) = 12.53 and set point value of 300 mV to 2.35 V 80 - 190
* Gpa pire(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 < 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
Detection delay transition 1 to 0 coming from differential amplifier and
comparator for input voltage slew rate of 20 mV/us
* Gpa piFr(00) = 5.79 and set point value of 300 mV to 2.35 V 60 _ 180
to_cs_stow . GDA:D|FF(O1) = 8.68 and set point value of 300 mV to 2.35 V 85 - 200 ns (68)
* Gpa_piFr(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 2.35V 50 _ 120
to_cs_FasT - Gpa pier(01) = 8.68 and set point value of 300 mV to 2.35 55 _ 140 ns (68)
. GDA_D|FF(1O) = 12.53 and set point value of 300 mV to 2.35 V 75 - 160
. GDA:D|FF(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 piFr(00) = 5.79 and set point value of 300 mV to 2.35V 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_piFr(10) = 12.53 and set point value of 300 mV to 2.35 V 75 - 170
* Gpa_pirr(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 0x1A. This
DAC is automatically set-up when the offset compensation is started by the digital core, using the stoc 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 1sg, €a@n 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 amplifier 1, 2, 3, 4L, and 4H analog offset compensation electrical specifications

Characteristics noted under conditions -40 °C < Tp < +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 mV
-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 pirr(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
VorFpac_Lsg | maximum gain mv
* Gpa piFr(11) = 19.25 5.0 - 10
VOFFCOMP_RES Offset compensation digital result -31 - 31
Residual offset after offset compensation at differential amplifier output 0.61 _ 0.39 LSB
Vcs off 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 ©7)
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 286 36.4 mV .
are not compensated
DAC output voltage to perform offset compensation
VbAc_ouT_CcomP . D ApC code E 0x X P - 253.9 - mv (67)
¢ Offset compensation minimum step time 20
OFFCOMP_STEP + Gpa pirr(11) = 19.25 - - . us
¢ Offset compensation runtime to finish compensation 62 s 67)
OFFCOMP * Gpa_pirr(11) = 19.25 H

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 inputis < 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)
CSNEG |4t 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 < 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
Differential amplifier,4 negative (negative currents), functional range
VVSENSEN4_DANEG VSenseN4 P 9 (neg ) 9 -3.0 - 1.0 vV (69)
Differential amplifier, 4 negative (negative currents), functional range
VVSENSEP4_DANEG |\/SensePa P 9 (neg ) 9 -4.2 - 1.0 \Y (69)
Differential input voltage range
VDANEG_DIFF_IN . G =20 -1.125 - 0.0 \Y (69)
DANEG_DIFF .
GDANEG_DlFF Differential voltage gain -1.966 -2.0 -2.034
SRpaneG_piFF 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
Vpaneg_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
VbANEG 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 * Rsense4)
DacNEG vALUE I selected and changed at runtime by the digital microcore (dac4neg_values(3:0))
VDACNE(; Lsg is the DAC resolution.
VDANEG E;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 <():3))ut voltage throcul;:e;:)t ::S?::S:: (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():x)ut voltage thro?:;rr:e;:)t ::;ze:::z:: (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 < Tp < +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 - mvV
VDACNEG_OUT_MIN DAC. rlrjlizicr;n;r)ré;)tit%itovoltage - 0.0 - \Y;
VDACNEG_OUT MA DAC maximum output voltage _ 2344 _ v
X » DAC code = OxF
EpacNeEc_cain | DAC maximum gain error 1.0 _ 1.0 %,
Epacnec pnL | DAC differential linearity error -0.063 - 0.063 LSB
EDACNEG_|N|_ 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

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.

Negative current comparator

Table 61. Voltage comparator 4 neg. electrical characteristics

Characteristics noted under conditions -40 °C < Tp < +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_oFr | 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, curdl_fbk, and curdneg_fbk are directly acquired by the digital microcore.

Table 62. Current measurement channel 4 neg. detection delays

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
t 80 - 500 ns
D_CSNEG GpaNeG _DIFF =-2.0
Detection delay coming from differential amplifier and comparator for
to csNEG 150 mip | Set point value 150 mV and input voltage slew rate of 20 mV/us 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/ 72
to_csNEG_MID | i ns (72)
= 75 - 160
* GpaneG piFr = -2.0
Detection delay coming from differential amplifier and comparator for
tp csNEG 150 FasT | Set point value 150 mV and input voltage slew rate of 140 mV/ps ns (72)
* GpaNeg piFr = -2.0 55 - 160
Detection delay coming from differential amplifier and comparator for
to_CSNEG. ?itopomt value 400 mV to 2.35 V and input voltage slew rate of ns (72)
FAST mVis 50 120
* GpaNeG pIFr = -2.0

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 VN * OAGAINX
10 3.0 (Vin -250 mV) * OAGANx + 250 mV
11 5.33 (Vin -250 mV) * OAGA Nk + 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 (Ox1AA). 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. OAXx enable truth table

opamp_pin_so .
flags_source | flags_direction urce(x) oa_eEx |_o_opar_np(x) OA_x buffer Description
il (reset=0) (reset=0) state
(reset=0)

0 _ 0 0 _ HizZ QA_x pinis used as an analog output, enable
signal is low
OA_xpinis 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

Digital output function

1 (opamp_flag_out1/2 used)

6.8.4 OA_x pin I/O voltage

The I/O 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 VCC5, 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 I/0O 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 3.3VIO
01 2.0 5.0V 10
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. OAXx 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 < Tp < +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 (79)
GBWoax OA_x amplifier gain bandwidth product 25 - 7.0 MHz (75)
BWoax OA_x output bandwidth 100 - - kHz (75)(76)
SRoax OA_x output slew rate 2.0 - - Vips (75)
OA_x permissible capacitive load
*+ w/o series resistor, for digital function _ - 50 pF
* Ryin =50 Ohm 50 - 100 nF
Conax - (75)
. RMlN_ 75 Ohm 15 - 50 nF
. RM|N= 100 Ohm 5.0 - 15 nF
+ Ryin = 200 Ohm 1.0 - 5.0 nF
PSRRpax OA_x power supply rejection - - 103 dB (79)
Goax(00) OA_x output gain (00) 1.303 1.33 1.357
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) 5.17 5.33 5.49
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)
OAXx output offset voltage from OA_x amplifier
« Goax= 1.0 -14 - 14
v * GOAX= 1.33 -18 _ 18 iy
OAX_OFFSET « Gopy = 2.0 28 _ 28
+ Goax= 3.0 -30 - 30
« Goax=5.33 -53 - 53
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Table 70. OAXx 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 ke
toax_Mux OA_x multiplexer switching time - - 10.0 us 78)(T7)
Voax_Drift_ OAX output voltage drift of T&H in ADC mode over time 50 _ 50 mv

ADC » at VOAx=1.5 V 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.
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6.9

6.9.1

Measurement function electrical characteristics

(MC33816MAE only)

Input voltage and multiplexer S_HSx and D_LSx

Table 71: Multiplexer S_HSx and D_LSx characteristics
—40 °C < Tamient < +125 °C, unless otherwise specified. All voltages are referenced to the AGND pin.

Symbol Parameter Min Typ Max Unit
Rs_Hsx_IN S_HSx input impedance at Vg pgyx = 10V 100 — — kQ
Rp Lsx IN D_LSx input impedance at Vp g, =10V 200 — — kQ
ts_HSX_MUX S_HSx multiplexer switching time M — — 2.0 us
tp_Lsx_MUx D_LSx multiplexer switching time M — — 2.0 us

1. Guaranteed by design
6.9.2 Multiplexer OA_Cur and current/voltage
Table 72: OA_cur and current/voltage multiplexers switching time
—40 °C < TpaygienT < +125 °C, unless otherwise specified. All voltages are referenced to the AGND pin.

Symbol Parameter Min Typ Max Unit
toa_cur_switch OA_Cur multiplexer switching time — — 5 us
tcurvolt_switch Current/Voltage multiplexer switching time — — 5 us

6.9.3 Differential amplifier and attenuation
Table 73: Attenuation characteristics
—40 °C < TampienT < +125 °C, unless otherwise specified. All voltages are referenced to the AGND pin.

Symbol Parameter Min Typ Max Unit
AVOLTATT(000) VoltAtt output attenuation (000) £10 % precision 27.0 30 33.0 —
AVOLTATT(001) VoltAtt output attenuation (001) £10 % precision 23.4 26 28.6 —
AVOLTATT(010) VoltAtt output attenuation (010) £10 % precision 19.8 22 242 —
AVOLTATT(011) VoltAtt output attenuation (011) 10 % precision 18.0 20 22.0 —
AVOLTATT(100) VoltAtt output attenuation (100) +10 % precision 16.2 18 19.8 —
AVOLTATT(101) VoltAtt output attenuation (101) £10 % precision 14.4 16 17.6 —
AVOLTATT(110) VoltAtt output attenuation (110) 10 % precision 12.6 14 15.4 —
AVOLTATT(111) VoltAtt output attenuation (111) £10 % precision 9.0 10 1.0 —
MisyoLTaTT VoltAtt voltage divider mismatch between D_LSx and S_HSx input divider — — 5.0 %
VVOLTATT OFFSET VoltAtt output offset ::_1t AVoltAtt = 10, for OA_Meas2 and, this offset is ~10 _ 25 mv

-~ canceled by the HP filter.
tyoLTATT switcH | VOItAtt attenuation switching time — — 2.0 ms
VvoLTATT cLamp | VOItAtt output clamping voltage 2.75 — 2.97 \%
tyoLTATT REC VoltAtt output clamping recovery time — — 0.5 ms
CMRRyoLTATT VoltAtt differential input CMRR 33 — — dB
33816

NXP Semiconductors

68



6.9.4

Low-pass filter

Table 74: Low-pass filter cut-off frequency
—40 °C < Taygient < +125 °C, unless otherwise specified. All voltages are referenced to the AGND pin.

Symbol Parameter Min Typ Max Unit
fo Lro LP cut-off frequency 0 M180 115 160 kHz
GLp P8 LP passband gain +1.0 % precision 0.99 1.0 1.01 —

1. Guaranteed by design
6.9.5 High-pass filter

Table 75: High-pass filter cut-off frequency
—40 °C < Tamgient < +125 °C, unless otherwise specified. All voltages are referenced to the AGND pin.

Symbol Parameter Min Typ Max Unit
fe_HPO HP cut-off frequency 0 213 2.30 2.47 kHz
fe_HP1 HP cut-off frequency 1 2.85 3.05 3.24 kHz
fe P2 HP cut-off frequency 2 3.21 3.45 3.68 kHz
fe_HP3 HP cut-off frequency 3 3.70 3.93 4.17 kHz
fe_HPa HP cut-off frequency 4 4.19 4.47 4.76 kHz
fe_HP5 HP cut-off frequency 5 4.60 4.91 5.21 kHz
fe HP15 HP cut-off frequency 15 4.91 5.20 5.49 kHz
fe_HPe HP cut-off frequency 6 5.33 5.65 5.96 kHz
fe HP7 HP cut-off frequency 7 6.18 6.62 7.05 kHz
fe_Hps HP cut-off frequency 8 6.97 7.38 7.78 kHz
fe_HPo HP cut-off frequency 9 7.97 8.43 8.89 kHz
fe_HP10 HP cut-off frequency 10 9.02 9.55 10.07 kHz
fe HP11 HP cut-off frequency 11 12.15 12.87 13.59 kHz
fe HP12 HP cut-off frequency 12 16.23 17.17 18.11 kHz
fe HP13 HP cut-off frequency 13 21.31 22.55 23.79 kHz
fe_HP14 HP cut-off frequency 14 27.65 29.29 30.94 kHz
Grp1_ps(000) HP1 passband gain 0 0.98 1.01 1.03 —
Grp1_pa(001) HP1 passband gain 1 1.35 1.38 1.41 —
Grp1_pa(010) HP1 passband gain 2 1.60 1.63 1.67 —
Ghp1_pa(011) HP1 passband gain 3 1.84 1.88 1.92 —
Ghp1_p(100) HP1 passband gain 4 2.20 2.25 2.30 —
Gup1_pa(101) HP1 passband gain 5 2.56 2.62 2.68 —
Gup1_pa(110) HP1 passband gain 6 2.92 2.99 3.06 —
Gup1_pa(111) HP1 passband gain 7 3.63 3.76 3.89 —
Ghpr2_PB HP2 passband gain 4.86 5.00 5.14 —
Vip_orr(0) HP offset voltage 0 240 250 265 mV
Vip_orr(1) HP offset voltage 1 1210 1250 1290 mV
typ_Fc_switcH | HP cut-off frequency switching time — — 2.0 ms
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Table 75: High-pass filter cut-off frequency
—40 °C < TamienT < 125 °C, unless otherwise specified. All voltages are referenced to the AGND pin.

Symbol Parameter Min Typ Max Unit
thp_caIN_switcH | HP passband gain switching time — — 2.0 ms
thp_vALID HP filter output signal valid time — — 30 ms
tHp_SETTLING HP filter output settling time — — 5.0 ms
tup_Recovery | HP filter output recovery time — — 5.0 ms
foHPfOUTPUTLP HP filter output LP 160 — 320 kHz
6.9.6 Measurement function output noise
Table 76: Measurement function output noise
—40 °C < Tamient < +125 °C, unless otherwise specified. All voltages are referenced to the AGND pin.

Symbol Parameter Min Typ Max Unit
Out_meas_noise | Noise after LP filter output M — 60 — pv

Noise at OAx output, GHP1_PB = 0.375

« GOAx =1.33 _ 300 _
Out_OAx_noise |+ GOAx =20 — 400 — pv

+ GOAx=3.0 — 600 —

. GOAx =533 - 1100 -

1. Guaranteed by design

6.10

6.10.1

The S_HSx multiplexer is used to select between the five source high-side pins (S_HS1 to S_HS5) of the 33816 or AGND. The signal
S_HSSel(2:0) controlling the multiplexer comes from the digital core using the stmfm instruction or from the SPI register. See Table 85.

Table 77: Multiplexer S_HSx truth table

Measurement function (MC33816MAE only)

Multiplexer S_HSx

S_HSSel(2:0) Input selection
000 (reset value) AGND
001 S_HS1
010 S_HS2
011 S_HS3
100 S_HS4
101 S_HS5
110 AGND
111 AGND
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6.10.2  Multiplexer D_HSx

The D_LSx multiplexer is used to select between the six drain low-side pins (D_LS1 to D_LS6) of the 33816 or AGND. The signal D_LSSel
(2:0) controlling the multiplexer comes from the digital core using the stmfm instruction (see Programming Guide and Instruction Set) or
from the SPI register. See Table 85.

Table 78: Multiplexer D_LSx truth table

D_LSSel(2:0) Input selection
000 (reset value) AGND
001 D_LS1
010 D_LS2
011 D_LS3
100 D_LS4
101 D_LS5
110 D_LS6
111 AGND

6.10.3 Differential amplifier and attenuation

A differential amplifier creates the signal D_LSx minus S_HSx or S_HSx minus D_LSx from the input signals. This can be configured with
the VoltPol bit according to Table 46. A programmable attenuation (divider) block divides the voltage signal generated by the differential
amplifier by one of eight selectable values.

The inputs of the block doing the D_LSx minus S_HSx are limited to a maximum voltage of about 2.75 V.

An attenuation value of 30 always provides a correct D_LSx minus result, as long as the D_LSx and S_HSx voltage stay below 70 V. The
attenuation value shall be selected according to the voltage difference between D_LSx and S_HSx, when the injector closes.

Table 79: Attenuation values for differential voltage

VoltAtt(2:0) Attenuation Maximum diff('erential input voltage for 2.5 V Maximum S_HSx/D_LSx input voltage for 2.75 V clamp
value internal range/V range/V
000 (reset value) | 30 75.0 82.5
001 26 65.0 715
010 22 55.0 60.5
011 20 50.0 55.0
100 18 45.0 49.5
101 16 40.0 44.0
110 14 35.0 385
111 10 25.0 275

6.10.4 Multiplexer current/voltage and OA current

The CurVolt multiplexer is used to select between processing the current signal coming directly from the output of the current
measurement amplifier 1 to 4 or the differential voltage signal.

Table 80: Multiplexer CurVolt truth table

CurVoltSel Input selection
0 (reset value) Differential voltage from VoltAtt block
1 Current measurement signal from OA_Cur multiplexer
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The OA_Cur multiplexer is used to select between the four different current measurement amplifiers' output signals (OA_Cur1 to
OA_Cur4). Both multiplexers must not be switched to a signal currently processed via another OAx analog output or an internal path.
Switching the multiplexer can cause a glitch on the signal being processed.

Table 81: Multiplexer OA_Cur truth table

OACur(1:0) Input selection

00 (reset value) | OA_Cur1

01 OA_Cur2
10 OA_Cur3
11 OA_Cur4

6.10.5 Low-pass filter

A second order low-pass filter with a cut-off frequency of typical 115 kHz is used to suppress unwanted noise of the input signal.
Due to tolerances, the cut-off frequency of the filter is in the range of 80 kHz to 160 kHz.

6.10.6 High-pass filter

The main characteristics of each high-pass filter are described by the following:
» High-pass cutoff frequency: 2.3 kHz to 29.5 kHz
» High-pass 1 passband gain: 1 to 3.75
» High-pass 2 passband gain: 5.0
» Recovery time from saturation of the output signal: <5 s
» Output offset voltage selectable between 250 mV and 1.25 V

The cutoff frequency, the passband gain (HP1 only), and the offset voltage of the highpass filters can be configured using the SPI
independently for each of the two filters.

Table 86 shows the possible values.

6.10.7 OAXx output multiplexer

The following block diagrams describe the details of each OAx multiplexer. All signals related to the measurement function are added.
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Figure 22. Measurement function OA1 detail
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Figure 23. Measurement function OA2 detail
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6.10.7.1  Output multiplexer (MUX_OAXx)

The output multiplexer (MUX_OAX) is used to either give the unprocessed current or voltage signal to the OAx pin of the 33816, the signal
processed by the low-pass and one high-pass filter, or the signal processed by low-pass and both high-pass filter stages.
Table 82: Oax output multiplexer

OASelx(2:0) Output Description
000 OA_Cur1/2 Output from current measurement 1 for OA1 respectively 2 for OA2
001 OA_Cur3/4 Output from current measurement 3 for OA1 respectively 4 for OA2
010 OA_Meas1 Unprocessed signal
011 OA_Meas2 Low-pass plus high-pass filtering
100 OA_Meas3 Low-pass plus two times high-pass filtering
101 VREF2P5 Fixed output voltage of 2.5 V
110 OA_Meas4 Low-pass only filtering

The multiplexer must not be switched to a signal that is currently processed via another OAx analog output or an internal path. Switching
the multiplexer can cause a glitch on the signal being processed. For example, if OA1 output is used to process OA_Meas1 signal, OA2
multiplexer must not be switched to OA_Meas1. This would introduce a glitch on the output signal of OA1.

6.10.7.2 OAXx enable

With the signals OaEN1/2/3, it is possible to switch the OAx output to high impedance by setting the OAx enable low. This setting makes
connecting two outputs of two 33816 devices and feeding them to only one ADC input of an MCU possible. As soon as the OAx pin is
used as a digital input, the OAx output amplifier has to be disabled. This selection is independent for each OAx output and can be
configured using the SPI. For more description of the OA2 and OA3 multiplexing, refer to the 33816 data sheet.

6.10.7.3 OAXx gain and offset

The OAx output amplifier is used to adapt the device internal voltage range of 0 V to 2.5 V of the current measurements and the
measurement function to the input voltage ranges of different AD converters. In addition, it provides a rather high gain value to amplify
the signal even higher. The output voltage at the pin can be between 0 V and 5.0 V.

The bias voltage (for HP 250 mV or 1.25 V, for current measurement 250 mV) of the input signal is removed before amplifying the signal
and added again to the amplified signal afterwards, for the two higher gains of 3.0 and 5.33. This reduces the output bias voltage and the
output bias voltage error for higher gains. The right voltage reference for the amplifier and therefore output bias voltage is chosen based
on the selected HP2 output offset voltage. The user shall choose the proper HP2 output offset voltage, even if the HP2 signal is not used,
with the HP1 signal or a signal coming from the current measurement.

Table 83: OA_x amplifier gain selection and output voltage

OaGainx |Gain Output voltage Output bias vo_ltage at 250 mV input bias voltage |Output bias voltage at_1 .25V input bias
(1:0) value OffsetHP2Sel = 0 (used for current meas or HPXx) |voltage OffsetHP2Sel = 1 (used for HPx only)
d.c. 1 VN * Gain 250 mV +29 mV 125V +54 mV

00" 1.33 |V)y * Gain 333 mV % 38 mV 166V 71 mV

01@ 20 |V *Gain 500 mV * 58 mV 2.5V £ 108 mV

10 3.0 (VIN — VBiag) * Gain + Vgjag |250 mV £45 mV 125V +70 mV

11 533 | (VN —Vgiag) * Gain + Vgas [250 mV £ 68 mV 1.25V £93 mV

1. Use for 3.3 V ADC.
2. Use for 5.0 V ADC.
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6.10.7.4 Feedback of the OAx multiplexer signal to DAC (MUX_DACfbx)

With four additional multiplexers, it is possible to feed back the output signal of the OA1 or OA2 multiplexer to the comparators and DACs
of the four 33816 current measurement channels. While one of these multiplexers is switched in a way that the OA1 or OA2 multiplexer
output signal is routed to the comparator input. No current measurement with this channel is possible.

Table 84: Feedback of OA1/2 multiplexer signal to DAC

DACfbSel(0) | DACfbSel(1) | DACfbSel(2) | DACfbSel(3) Description
0 0 0 0 All current measurement work in current measurement mode
1 0 0 0 DAC/comp. of channel 1 is used to process OA1 signal
0 1 0 0 DAC/comp. of channel 2 is used to process OA2 signal
0 0 1 0 DAC/comp. of channel 3 is used to process OA1 signal
0 0 0 1 DAC/comp. of channel 4L is used to process OAZ2 signal

The signal of the OAx multiplexer output is LP filtered before it is fed to the current measurement channel. A first order RC filter with a cut-
off frequency of about 130 kHz is used.

If the comparator and DAC are used in ADC mode a track and hold circuit keeps the comparator input voltage at a static level while the
ADC conversion is performed.

For channel 4 the OAXx signal is feedback to DAC and comparator 4L.

6.10.7.5 Measurement function (MC33816MAE only)

These two registers configure the measurement function in order to detect the end of injection accurately.
Table 85: meas_func1 register (1ACh)

Bit 15 14 13 12 1" 10 9 8 7 6 5 4 3 2 1 0
Name reserved dac_fb_sel cur_volt d_Is_sel s_hs_sel oa_cur
R/W — riw riw r/'w riw riw
Lock — no no no no no
Reset 000 0000 0 000 000 00

» oa_cur: select the current measurement channel
* 00: current measurement channel 1

. 01: current measurement channel 2

. 10: current measurement channel 3

. 11: current measurement channel 4
* s_hs_sel: select the S_SHx pin to use as input

. 000: AGND

. 001: S_HS1

. 010: S_HS2

. 011: S_HS3

. 100: S_HS4

. 101: S_HS5

. 110: AGND
. 111: AGND
» d_Is_sel: select the D_LSx pin to use as input
. 000: AGND
. 001: D_LS1
. 010: D_LS2
. 011: D_LS3

. 100: D_LS4
. 101: D_LS5
. 110: D_LS6
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Table 86: meas_func2 register (1ADh)

cur_volt: selects between processing the current or differential voltage signal
0: differential voltage signal
1: current measurement channel signal

111: AGND

dac_fb_sel: select the measurement function feedback signal to DAC

0000: no current measurement channel used to process the signal

---1: DAC/comp. of channel 1 is used to process OA1 signal
--1-: DAC/comp. of channel 2 is used to process OA2 signal
-1--: DAC/comp. of channel 3 is used to process OA1 signal
1---: DAC/comp. of channel 4 is used to process OA2 signal

Bit 15 14 13 12 11 10 9 8 5 4 2 1 0
Name | offset hp2_sel | offset_hp1_sel fc_hp2_sel gain_hp1_sel fc_hp1_sel volt_att
R/W riw riw riw riw riw riw
Lock no no no no no no
Reset 0 0 0000 0 0000 0000

+ volt_att: select the attenuation for the differential voltage signal

33816

fc_hp1/2_sel: select the cutoff frequency of HP1/2

gain_hp1_sel: select the gain of HP1

offset_hp1/2_sel: select the offset of HP1/2

000: 30
001: 26
010: 22
011: 20
100: 18
101: 16
110: 14
111:10

0000: 2.30 kHz
0001: 3.06 kHz
0010: 3.47 kHz
0011: 3.96 kHz
0100: 4.49 kHz
0101: 4.92 kHz
0110: 5.65 kHz
0111: 6.54 kHz
1000: 7.37 kHz
1001: 8.46 kHz
1010: 9.57 kHz
1011: 12.9 kHz
1100: 17.3 kHz
1101: 22.8 kHz
1110: 29.5 kHz
1111: 5.20 kHz

000: 1.0
001: 1.375
010: 1.625
011:1.875
100: 2.25
101: 2.625
110: 3.0
111:3.75
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. 0: 250 mV
. 1:1.25V

6.11 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 ps 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).

33816

NXP Semiconductors 78



Table 87. PLL and back-up clock electrical characteristics

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
CLK pin input frequency
foLk » PLL operating frequency at Voeops > 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 %
Veik CLK pin voltage 0.0 - Vees \Y (79)
ViH_cLk CLK pin high input voltage threshold 1.5 - 2.2 \%
V||__C|_K 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 fCLl((z—??%CK) fCLf(—zBllACK) fCLf%EASCK) MHz
fCKsysiRAM24 cksys_c/dram output clock frequency 24 MHz fCLf(z—gAsc") fCLf(—ZiACK) fCLf(Z—EAéCK) MHz
foksvstz | cksys output clock frequency 12 MHz fcg*;(f;gm fcug_fzf\cm fC&ﬁ%ngm MHz
foksys Ram12 | cksys_c/dram output clock frequency 12 MHz fC';KﬁB?gK) fC'-K,c(qBZACK) fC&K1(_ZB§§K) MHz
MF_MOD_RATE cksys, cksys_c/dram output clock frequency modulation rate -2.08 - 2.08 %
fCKSYS_MOD 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_pLLl\/“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 27.17 28.53
Digital clock monitor threshold frequency 12 MHz
fok_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
loLk_Loss 1.05 MHz internal clock 8.4 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 24. 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 88. Timing for cksys, cksys_cram, and cksys_dram

Symbol Characteristic Min. Typ. Max. Unit Notes
tcksys_ T1 ggzyj/; Sﬁi:sgeedge 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
feksys_T2 RAM address setup phase 1944 ns ©9
cksys_c/dram rising edge to cksys rising edge T3, Code RAM or Data 80
leksys_T3 RAM address setup phase 1944 - - ns ©0)
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.

6.12 Digital I/Os

6.12.1 General features

The digital I/Os 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 89. Digital I/Os electrical characteristics

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 pi It IRQB, MISO, MOSI, SCLK, CSB, STARTX,
Vioveoor | FfAGy DBG, and OAX) ” 0.0 - | Vewo | v @
Viovces Digital pins voltage (RESETB, DRVEN) 0.0 - Vees Vv
trILT_RESETB RESETB filter time - a pulse > 2.0 ys always causes a reset 0.2 - 2.0 us
v Digital pins high input voltage threshold (RESETB, IRQB, MOSI, 15 _ 29 Vv
IH_1o SCLK, CSB, DRVEN, STARTX, FLAGx, DBG, and OA_x) : :
33816
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Table 89. 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
v Digital pins low input voltage threshold (RESETB, IRQB, MOSI, SCLK, 10 _ 165 v
IL_10 CSB, DRVEN, STARTx, FLAGX, DBG, and OA_x) : :
Digital pins hysteresis (RESETB, IRQB, MOSI, SCLK, CSB, DRVEN, _ _ (81)
VHYSTI0 | STARTYX, FLAGx, DBG, and OA x) 03 v
Digital pins high output voltage (IRQB, MISO, STARTX, FLAGX, and
DBG)
* lout > -50 PA, no higher current at other 1/Os VSCOIO N - -
.05
VoH_xxx Voo - 0.3 _ _ v
* lout > -1.0 mA, no higher current at other 1/0s ccio -~ =
i Vecio-06 - -
* loyt > -2.0 mA, no higher current at other I/Os
Digital pins high output voltage (OA_x)
* GOAXx =1.33, lgyt > -50 pA 3.15 - -
VoH_oax * GOAx =1.33, Iyt >-1.0mA 2.8 - - \Y; (82)
+ GOAx =2.0, IOUT > -50 pA VCC5 -0.15 — —
« GOAx =2.0, IOUT >-1.0 mA Vcc5 -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
* loyt < 1.0 mA, no higher current at other 1/Os - - 0.3
* loyt < 2.0 mA, no higher current at other 1/Os - - 0.6
Digital pins low output voltage (OA_x) ©2)
VoL_oax « loyr < 0.5 MA - - 0.3 %
tr xxx Digital pins output rise t. (IRQB, STARTx, FLAGx, and DBG) 3.0 B 12 ns 81 (82)

* CLoap =30pF

Digital pins output fall t. IRQB, STARTX, FLAGx, and DBG), 90%-10%
tr 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
R XXX * CrLoap =30 pF, Vceio=3.3V, To=+50 °C 6.0 - 9.0 ns En e
. CLOAD =30 pF, Vcc|o =5.0 V, TA =+50 °C 4.0 - 7.0
Digital pins output fall t. (IRQB, STARTx, FLAGx, and DBG), 90%-10%
of out voltage
81) (82
P 0 * CLoap = 30 pF, Vcgip=3.3V, Tp=+50 °C 6.0 - 8.0 ns e
. CLOAD =30 pF, Vcc|o =50 V, TA =+50 °C 4.0 - 6.0
Digital pins output delay (IRQB, STARTx, FLAGx, and DBG), 10% of
out voltage change 81) (82)
tD_XXX i CLOAD =30 pF, Vcc|o =33V, TA =+50 °C 4.0 - 7.0 ns
. CLOAD =30 pF, Vcc|o =50 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)
tDRF_XXX * CLoap =30 pF, Vo= 3.3V, Ta=+50 °C 05 _ 1.6 ns

. CLOAD =30 pF, Vcc|o =50 V, TA =+50 °C -0.3 - 1.0
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Table 89. 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
(IRQB, STARTX, FLAGx, and DBG), 10% of out voltage change @1) (62)
top_xxx « CLoap =30 pF, Vegio = 3.3V, Ta= +50 °C 03 - 0.1 ns
. CLOAD =30 pF, VCCIO =50V, TA =+50 °C -0.7 - -0.3
Digital pins output rise time (OA_x), 10%-90% of out voltage
tR_OAX . CLOAD =30 pF, Vcc|o =33V — — 1.4 us (81) (82)
. CLOAD =30 pF, Vcc|o =50V - - 2.0
Digital pins output fall time (OA_x), 90%-10% of out voltage
tr onx * Cloap = 30 PF, Vegio = 3.3V - - 1.4 us | BN @)
M CLOAD =30 pF, Vcc|o =50V - - 3.2
Digital pins output delay (OA_x), 10% of out voltage change
tD_OAX . CLOAD =30 pF, VCClO =33V — - 2.7 us (81) (82)
. CLOAD =30 pF, VCClO =50V - - 3.0
Digital pins equivalent pin capacitance (IRQB, START1, START2,
CPin_xxx STARTS3, START4, STARTS5, START6, FLAGO, FLAG1, FLAG2, - - 10 pF (81
DBFG)
CPiN_miso Digital pins equivalent pin capacitance (MISO) - - 10 pF (81
CP\N_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

6.13 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 90. 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 90. SPI MISO slew rate settings

miso_slewrate Description MISO bus load (pF) R\i,s(‘;'gfg :‘g’; :;T:s?t R\i/s(;a(l;‘:aoll :‘g):) :;Tnes?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 25. SPI timing

Table 91. 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 Ty = 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 Figure 25 - - 10 MHz
tcser scLkr CSB fall to first SCLK rise - (2) in Figure 25 1fscLk - - ns (83)
tscLkr cssr | Last SCLK fall to CSB rise - (3) in Figure 25 1fscLk - - ns (83)
twsovaL | MISO valid time - (4) in Figure 25 - - 1'9 . O ns (83)(34)
tmosi_seT MOSI setup time - (5) in Figure 25 10 - - ns (83)
tmosI_HoLD MOSI hold time - (6) in Figure 25 12.5 - - ns (83)
tcser misor | CSB rise to MISO tri-state - (7) in Figure 25 - - 15 ns (83)
tscLkF_csBF SCLK fall (other device) to CSB fall - (8) in Figure 25 13 - - ns (83)
tcsBR_CLKR CSB rise to SCLK rise (other device) - (9) in Figure 25 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.  tpr/F_miso is the rise time and fall time provide in Table 92 and Table 93.
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Table 92. SPI electrical characteristics for VCCIO = 3.3V

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
MISO rise time at 10%-90% of out voltage Slow setting
i * C.=30pF 10 - 20 N
R_MISO_S3.3 . CL=T75pF 20 - 40 °
« C_=150pF 40 - 80
MISO fall time at 90%-10% of out voltage Slow setting
i * CL=30pF 10 - 20
F_MISO_S3.3 . CL=T5pF 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
tr_miISO_F3.3 . =T75pF 27 _ 8.4 ns
*+ € =150pF 4.4 - 14.8
MISO fall time at 90%-10% of out voltage Fast setting
* CL=30pF 1.5 - 4.9
tF_miso_F33 . =T75pF 27 - 8.4 ns
* ¢ =150pF 4.4 - 14.8
MISO pad total delay to 90% of out voltage (propagation delay plus rise
time) Slow setting
tor_MISO_ + C_=30pF _ _ 30 ns
S33 « CL=T75pF - - 50
« =150 pF - - 90
MISO pad total delay to 10% of out voltage (propagation delay plus fall
time) Slow setting
tor_miso_ « C =30pF _ _ 30 ns
$33 - ¢ =75pF - - 50
« =150 pF - - 90
MISO pad total delay to 90% of out voltage (propagation delay plus rise
time) Fast setting
tor_MIso_ « ¢ =30pF _ _ 13.4 ns
F3:3 - C =75pF - - 17.1
« C_=150pF - - 23.9
MISO pad total delay to 10% of out voltage (propagation delay plus fall
time) Fast setting
tor_miso_ * € =30pF - - 13.4 ns
F3.3 . C=T75pF ~ - b
» C_=150pF - - 23.9
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Table 93. SPI electrical characteristics for VCCIO = 5.0 V

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
MISO rise time at 10%-90% of out voltage Slow setting
i *+ € =30pF 9.0 - 18
R_MISO_S5.0 . C =T75pF 20 _ 40 ns
* C =150 pF 35 - 70
MISO fall time at 90%-10% of out voltage Slow setting
¢ * CL=30pF 9.0 - 18
F_MISO_S5.0 . =T75pF 20 _ 40 ns
* C_=150pF 35 - 70
MISO rise time at 10%-90% of out voltage Fast setting
¢ + CL=30pF 1.1 - 3.6
R_MISO_F5.0 . C=T75pF 21 _ 6.3 ns
+ C_=150pF 3.6 - 113
MISO fall time at 90%-10% of out voltage Fast setting
¢ + C.=30pF 1.1 - 3.6
F_MISO_F5.0 < C =T75pF 21 _ 6.3 ns
* C_=150pF 3.6 - 11.3
MISO pad total delay to 90% of out voltage (propagation delay plus rise
time) Slow setting
tor miIso_ + CL=30pF _ _ 25 ns
S50 - C =T75pF - - 47
* C_=150pF - - 77
MISO pad total delay to 10% of out voltage (propagation delay plus fall
time) Slow setting
tor_miso_ + ¢ =30pF _ _ 25 ns
5.0 - ¢ =75pF - - 47
* C_=150pF - - 7
MISO pad total delay to 90% of out voltage (propagation delay plus rise
time) Fast setting
torR_miso_ « C =30pF _ _ 9.6 ns
F5.0 « CL=75pF - - 12,5
* C_. =150 pF - - 17.8
MISO pad total delay to 10% of out voltage (propagation delay plus fall
time) Fast setting
tor_miso_ + CL=30pF _ _ 9.6 ns
F5.0 < =T75pF - - 12.5
* C_=150pF - - 17.8

33816

85 NXP Semiconductors



6.14 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 94.

Table 94. 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
RW_pD Pin weak pull-down resistor 200 480 800 kQ

Rpp Pin pull-down resistor 50 120 200 kQ

6.14.1 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 STARTX 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 95

Table 95. 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
6.15 Unused pins connection

Except for supplies and grounds, the application circuits can leave device pins unconnected without any impact on the device for digital
1/0 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 96 details the recommended connections in case of unused pins.

Table 96. 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 96. 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(®6) (87)
26 VSENSEP1 | Not connected®6) (87)
27 VSENSEN2 | Not connected(@®) (87)
28 VSENSEP2 | Not connected(@6) (87)
29 VSENSEN3 | Not connected(®6) (87)
30 VSENSEP3 | Not connected®@6) (87)
31 VSENSEN4 | Not connected(@6) (87)
32 VSENSEP4 | Not connected®©6) (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(®8)
42 G_LS6 Not connected(®8)
43 G_LS5 Not connected(®8)
44 G_Ls4 Not connected(®8)
45 G_LS3 | Not connected®®
46 G_Ls2 Not connected(®8)
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(®9)
53 G_HS4 | Not connected(®8)(89)
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Table 96. 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(®®

56 G_HS3 | Not connected(®8)(89)

57 S_HS3 Not connected(®7)(89)

58 B_HS2 Not connected(®®)

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(®7)(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.

6.16

Internal digital signals description

The main digital signal used into the analog resources blocks are described into the Table 97.

Table 97. Main internal digital signal description

Signal name

Bit bus size

Description

Signal block
generator

Signal block user

Bandgap reference

bg_ok

This signal is set high when the bandgap voltage is inside its
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 1 undervoltage lockout threshold. reset Power on reset
SPIResetB 1 This signa! igsued 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

uv_vceh

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

VCCS5 block

High-side and low-side
pre-drivers

33816
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Table 97. 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
VCCp—eXéleé”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 Voltage Logic Core
= ' Monitoring
dac_boost_value 8 This signal is the output of the boost voltage monitoring Boost _Vol_tage Boost _Vol_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

These signals are the pre-drive command issued from the
combination of the digital driver command (hsx_in), uv_vccep,

90 I e e e
hsx_command( ) 1x5 uv_vcce5 and cksys_drven. These signals directly control the pre- High-side Pre-drivers | High-side Pre-drivers
drivers.
hsx_in(®0) 1%5 'll)'lr!)ecie signals are the pre-driver commands issued from the digital Logic Core High-side Pre-drivers
These signals are the pre-drive commands issued from the
91 combination of the digital driver command issued (hsx_in), i 4w i e
st_command( ) 1x6 uv_vcep, uv_veeb and cksys_drven. These signals directly control Low-side Pre-drivers Low-side Pre-drivers
the pre-drivers.
Isx_in®") 1x6 This signal is the pre-driver command issued from the digital block. Logic Core Low-side Pre-drivers
33816

89

NXP Semiconductors



Table 97. 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 (0x18F).
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 1x5 Th|§ signal is assgrted to disable the bootstrap capacitor charging Logic Core Bootstrap diode
during End Of Drive phase.
This bus signal determines the high-side pre-driver VDS voltage
h ds_threshold
v 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
~ (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 : : :
(1) 3x6 Vds_threshold_Is_1 and Vds_threshold_Is_1 registers (0x18C and Logic Core Low-side Pre-drivers
0x18D).
hsx_bias(®0) 1x5 ;TS(S:EJf:sn}:)?l(:;%?]a;isgrvate 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) 1x2 biasing structures for the HS2 and HS4 pre-drivers. Logic Core High-side Pre-drivers
Isx_bias(®" 1x6 ;TS(S:EJf:sn}:)?l(:;%?]a;isgrvate 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_gain L ) . .
(or oa:gailn))/()(% 2 This signal bus determines the OA_1 and OA_2 buffer gain. Logic Core CurrentBl\/II:Cakssurement
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 Currentlla\fl:skssurement
Dacx_value registers (0x19E, 0x19F, 0x1A0, 0x1A1, 0x1A2).
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Table 97. 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
dac4neg_value 3 comparator of the current measurement block 4. The DAC value is Logic Core Current Measurement
h . Blocks
set in the Dac4neg_value register (0x1A)).
These signals are the current measurement block comparator Current Measurement .
95
ourx_fbok(%®) 6x1 outputs Blocks Logic Core
This signal is the current measurement block 4 high current Current Measurement .
curdh_fbk 1 comparator output. Block 4 Logic Core
curdl fbk 1 This signal is the current measurement block 4 low current Current Measurement Logic Core
- comparator output. Block 4 9
OaSel1 3 This signal bus controls the OA_1 pin output multiplexer. Logic Core OA_x Output
QOaSel2 3 This signal bus controls the OA_2 pin output multiplexer. Logic Core OA_x Output
SPI
miso_ 1 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 1 is detected. This signal is asserted low until the device has switched Logic Core 9 .
L Pre-drivers
to its internal backup clock.
cksys_missing 1 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

High-side and Low-side

DrvEn 1 This signal is a live copy of the DRVEN pin state. DRVEN pin 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, or6).
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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6.17 Device logic block description

The 33816 provides a logic block called two_ channels, manages the analog resources and interfaces with the MCU. This block is the
hierarchical top level of the digital part of the device.

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

Irq_handle Block

Backup_clock_status_handle
Block

Cipher_unit Block

Dual_microcore_arbiter Block

Boost_filter Block

Code_RAM Block

Vds_regfile 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

I Signature_unit Block |

Output_access Block

Dcdc_convert_control Block

!

Automatic_diagnosis Block

Filter_input Block

Channel_check Block

SPI_protocol block

I

SPI_error block

| Micro_interface Block |

Output_routing Block

I

Micro_interface block

Start_management block

Dp_ram block

Error_handler Block

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

it

Ch_microcore Block
Ch_microcore Block

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

Figure 26. 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 10 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

Input_output_interface Block

‘ Channel_management Block

\
\
=
\
\
\

Diagnosis Configuration
Registers

| 10 Configuration Registers ‘

Main Configuration
Registers

| Selection Register ‘

Figure 27. 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.

6.17.1 33816 address map

Table 98. 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 Ox3FE
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 98. Device address map (continued)

i;lg;té?:; Ziilz:;r Address (Dec) | Address (Hex) | Lock (%) 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 OxOFF
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_ucO 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_| of channel 1 gﬁggﬂ:ﬁ“"” 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_irg_status of channel 1
272 0x110 no Uc1_irg_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 98. Device address map (continued)

Selection register

[2:0)/Chip select Address (Dec) | Address (Hex) | Lock (98 Description/name Area addressed
288 0x120 yes Flash_enable of channel 2
289 0x121 no Ctrl_reg_uc0 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_uc0 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
D 298 0x12A yes UcO_entry_point of channel 2 gchmfiguration Registers of
299 0x12B yes Uc1_entry_point of channel 2 annel 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_irg_status of channel 2
304 0x130 no Uc1_irg_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
1007ext._sel_diag 325 0x145 yes Ls2_output_config giagnosis Configuration
326 0x146 yes  |Ls3_diag_config1 egisters
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 98. Device address map (continued)

Selection register

[2:0)/Chip select Address (Dec) | Address (Hex) | Lock (%) 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 gfgg&sr': 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_uci1ch2_1
361 0x169 - Err_ucich2_2
362 0x16A yes Fw_ext_req
363 0x16B yes Diagnosis_option
364 0x16C

- 20 reserved addresses
383 Ox17F
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Table 98. Device address map (continued)

Selection register

[2:0)/Chip select Address (Dec) | Address (Hex) | Lock (98 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 0x18A 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 10 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_filter4h4neg
411 0x19B no Boost_dac
412 0x19C yes Boost_dac_access
413 0x19D yes Boost_filter
414 0x19E no Dac1_value
415 0x19F no Dac2_value
416 0x1A0 no Dac3_value
417 0x1A1 no Dac4l_value
418 0x1A2 no Dac4h_value
419 0x1A3 no Dac4neg_value
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Table 98. Device address map (continued)

Selection register

[2:0)/Chip select Address (Dec) | Address (Hex) | Lock (%) Description/name Area addressed
420 0x1A4 no Bias_config
421 0x1A5 - Bootstrap_charged
422 0x1A6 yes Hs12_lIs_act
423 0x1A7 yes Hs34_Is_act
424 0x1A8 yes Hs5_Is_act
’100'/ext_sel_io 425 0x1A9 yes Dac_settling_time 10 Configuration Registers
426 O0x1AA no Oa_out1_config
427 0x1AB no Oa_out2_config
428 0x1AC
- 20 reserved addresses
447 O0x1BF
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 98. Device address map (continued)

Selection register

(96) o
[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 0x1DF

- 33 reserved addresses

511 Ox1FF
512 0x200
- 511 reserved addresses
1022 Ox3FE
1023 O0x3FF 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).

6.17.2 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 fo k 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 pll_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’ when the backup reference is supplied to the PLL, a ‘0’
otherwise. This status can be read back through the SPI in the Backup_clock_status_reg register (0x1C7).
« providing a cksys_missing signal to channel_management. This signal is ‘1’ when the PLL provides no valid clock signal, a ‘0’
otherwise. This signal is used to generate an interrupt request to the microcores and to the external microcontroller through the
IRQB pin. The signal cksys_missing can also be used to disable the output drivers if the bit cksys_missing_disable_driver bit is set
to ‘1" in Backup_clock_status_reg register (0x1C7).
Considering the MCU might not be able to provide a stabilized clock to the CLK pin of the device during its reset the clock manager, FSM
is disabled for 100 ps. After that, the RESETB pin signal is set to High. While in this state, the external reference is provided to the PLL
input and no check is performed on the PLL output. The loss_of _clock and cksys_missing signals are deactivated. After filter time is
reached, the clock monitor is enabled and can detect a low frequency or missing clock input reference, or a PLL malfunction.
This sub-block monitors the PLL output to detect any output clock frequency out of the expected range. This is achieved by counting the
number of pll_output_clock cycles inside six periods of the backup reference clock (6 period of 1.0 MHz clock = 6.0 us). The expected
number depends on the selected PLL multiplication factor:
» when the factor is 24, it detects an invalid clock condition when it is possible to count more than 165 or less than 125
pll_output_clock cycles.
» when the factor is 12, it detects an invalid clock condition when it is possible to count more than 84 or less than 61 pll_output_clock
cycles.

If an invalid clock condition is detected, the fsm clock_manager goes to the 'Locking onto Backup Reference’ state. In this state, the
backup reference is supplied to the PLL and both loss_of _clock and cksys_missing signals are set. When the PLL locks onto the backup
reference, the fsm clock_manager goes to the 'Use Backup Reference’ state. In this state, the loss_of_clock signal is still set while the
cksys_missing signal is reset.

While the fsm clock_manager is in 'Use Backup Reference’ state, it is possible to recheck the external clock reference. The check is not
performed automatically, but must be requested by writing to the Backup_clock_status_reg register (0x1C7).

When the switch back is requested ('Switch to clock pin’), the cksys_missing is asserted, the loss of clock is reset, and the clock monitor
is disabled again for 250 ps. The cksys_missing signal is active at least until the PLL is locked onto the external clock reference. The PLL
is considered locked again if one of two conditions are verified:
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» Afalling edge followed by a rising edge on the pll_out_valid signal, which includes the information from the frequency counter and
the filtered pll_lock signal.

» Afixed time of 100 uys has passed since the switch has been made and the pll_out_valid signal was always active.

When one of the conditions is verified, the cksys_missing signal is reset and the fsm goes to 'Use External reference’ state. After
requesting the switch back to the external clock reference, the device cannot be accessed via the SPI for about:

» 100 ps, if there is a valid external clock available
» 290 ps, if there is no valid input clock available and the device has to return to the backup clock.
The SPI word transmitted to set the switch to clock pin bit has to be the last word within a SPI burst.

6.17.2.1  PLL configuration register

Table 99. PLL_config Register (0x1C6)

Bit 15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
Name Reserved s;’rlél;:j_ ]2 <L;tLo_r
disable
R/W - r/'w riw
Lock - yes yes
Reset 0000000000000 0 1

» PLL_factor: if set to ‘0’, the PLL multiplication factor is 12, otherwise it is 24
» PLL_spread_disable: if set to ‘0’ spread is applied to the PLL output clock, otherwise spread is disabled
The PLL factor is changed synchronously with clock monitor cycle to avoid a clock monitor alert when changing between 12 and 24 MHz.

6.17.3 Rst_gen block

The device has three sources of reset:

* low signal on RESETB pin

« the internal signal POResetB, generated by the Vop5 voltage regulator undervoltage flag

» aglobal reset request received through the SPI, writing the reset code into the Global_reset Registers (0x1D0 and 0x1D1)

This block generates the following reset signals:

» Clock Monitor reset. This signal is activated asynchronously when either ResetB or POResetB are activated. It is deactivated
synchronously with the backup clock reference when both ResetB and POResetB are inactive. This reset is supplied to the
clock_manager block. This reset differs from the others, as it is synchronized to the backup clock reference.

» Cipher Register reset. This signal is activated asynchronously when the POResetB is activated. It is deactivated synchronously with
the cksys clock when the POResetB is inactive. This reset is supplied to the cipher configuration register. This reset puts the cipher
configuration register in the same condition of the RAMs, which are reset only in case of a power loss.

» SPlinterface reset. This signal is activated asynchronously when either the ResetB, POResetB, global SPI reset, or cksys_missing
is activated. This reset signal is deactivated synchronously with the cksys clock when all the signals ResetB, POResetB, global SPI
reset, cksys_missing are inactive and the SPI chip select is inactive. If any SPI transfer is required while thecksys_missing signal
is active, then the SPI transfer is aborted and a SPI error is stored in the SPI_error register (0x1D3).This condition avoids a transfer
of dummy data, leading to a hieratic device operation.

» Main reset (rst). This signal is activated asynchronously when the ResetB, POResetB, or global SPI reset is activated. It is
deactivated synchronously with the cksys clock when ResetB, POResetB, and global SPI reset are inactive. This signal resets all
the device, except the blocks using other resets.
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6.17.3.1 Global reset registers

This 32-bit register is divided into two 16-bit slices. When the correct 'global reset code’ is written in this register, the rst_gen block forces
the entire device in reset, except for the rst_gen block itself, the clock manager block, and the cipher configuration register. This reset
lasts for eight cksys clock cycles, then the global reset registers are reset.

The global reset code is ‘OxF473’ for Global reset register 1 and ‘0x57A1’ for Global reset register 2.

Table 100. Global_reset register 1 (0x1D0)

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Name global_reset_code_1

R/W w

Lock no
Reset 0x0000

Table 101. Global_reset register 2 (0x1D1)

Bit 15 14 13 12 1" 10 9 8 7 6 5 4 3 2 1 0
Name global_reset_code_2

R/W w

Lock no
Reset 0x0000

6.17.3.2 Reset source register

This 3-bit register identifies which resets were asserted since the last time this register was read. This register is reset at each access.

Table 102. Reset_source register (0x01D6)

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Name Reserved SPI_reset PORI;eset resetB
RIW - r r r
Lock - - - -
on read ' S I e
Reset 0000000000000 * * *

SPI _resetis ‘1’ if the global SPI reset was asserted since the last time this register was read.
POReseB is ‘1’ if the power on reset was asserted since the last time this register was read.
ResetB is ‘1’ if the reset pin was asserted since the last time this register was read. After POResetB this bit is in an unknown state.
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6.17.4 BIST_interface block

A full BIST check of the device memories can be enabled accessing the BIST_register in write mode and writing a 16-bit password
‘0xB157’ (BIST_activation_password). This request is accepted only if both Code RAM 1 and Code RAM 2 are unlocked, writing the code
‘OxBEEF into the Unlock_word register of the channel 1 (0x103) and Unlock_word register of the channel 2 (0x123). After this request is

performed, the BIST check starts and can be monitored at any time, accessing the same BIST_register in read mode.

The overall BIST operation takes about 2.2 ms (at 24 MHz) to complete. During the memory BIST, five different tests are performed using

different patterns to test the RAM. The patterns are:

- Al 00, All 11
« All 55, All AA
« AllOF, Al FO
= Al 00, All FF
« All FF, All 00
Table 103. BIST_interface register in write mode (0x1DC)
Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 0
Name BIST_activation_password
R/W w
Lock no
Reset -
Table 104. BIST_interface in read mode (0x1DC)
Bit 15 14 13 12 1 10 9 8 7 6 5 4 1 0
Name Reserved BIST _result
R/W - r
Lock - no
Reset 00000000000000 00

» BIST_result: set to '00’ if the BIST has never been requested

» BIST_result: set to '01’ if the BIST operation is in progress

» BIST_result: set to '10’ if the BIST operation has been successfully completed
* BIST result: setto 11’ if the BIST operation has failed

6.17.5 Channels_management block

This General Channels Management block called channel_management provides the following services:

» combines all the signals issued from or feeding to the 2 act_channel blocks

» provides all the main configuration registers

* interfaces the 33816 with the MCU through the SPI connection.
The channel_management block integrates the following blocks:

* Device lock

* |dentifier_and_revision

* Flags_management

* Irg_handle

« Cipher_unit

* SPI_slave

* Communication_interface

* Prescalers

* Driver_enable

* SPI_access_controller

* Trace_unit

33816
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Figure 28. Channel_management block diagram

6.17.5.1 Device_lock block

Some device registers can be protected against an unexpected write. In lock mode, these registers can only be accessed in read mode.
The register lock is not mandatory for the device normal operation. This lock mode is mainly dedicated to safety and can be reset at any
time while writing an unlock password ‘0x1337’ into the Device_unlock register (0x1CF).

Note that the last 16 addresses of each Data RAM can be independently locked.
6.17.5.1.1 Device_lock register

Table 105. Device_lock register (0x1CD)

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
dram2_ | dram1_ dev
Name Reserved private_ | private_ lock
ock
area_lock |area_lock
R/W - riw r/w r/w
yes by yes by
Lock no itself itself yes
Reset 0000000000000 0 0 0

The device lock mode can be enabled by writing “1” in the dev__lock bit of the Device_lock register. Device lock mode cannot be reset by
writing to the device lock register but only by writing the unlock password ‘0x1337’ into the Device_unlock register (Ox1CF).

If the device lock bit Dev Lock is set to ‘1’, all of the register that can be locked (see Device address map - lock status is 'yes') cannot be
changed further by the SPI. Writing the dev__ lock bit as no effect on the last 16 addresses lock of each Data RAM. This two RAM section
can only be locked by writing ‘1’ in the dram1_ private_ area_lock and dram2_ private_ area_lock that locks the Data RAM private area
1 and 2 respectively.
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6.17.5.1.2 Reset behavior register

Some

registers of the device can be configured to be reset when read by an external device through the SPI. Read accesses by

microcores using the SPI backdoor does not reset those registers.

Table 106. Reset_behavior register (0x1CE)
Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Name Reserved Scrﬁg Cr1b_ Scrﬁg C?b— S(:HE]J C:b— S(;’H%J C?b— c'jlflngZUf %If(?ﬁ;f qllfgﬁr_c c(j)l_agﬁ’:.l_c glr’:\;i'l-g
- - - - rb rb rb rb _rb
R/W - riw riw riw riw r/'w riw riw riw riw
Lock - no no no no no no no no no
Reset 000000 0 0 0 0 0 0 0 0 0

Driver enable reset behavior (driver_enable_rb): if set to ‘1’ Driver_status register is reset on read.

Automatic diagnosis uc0 ch1 reset behavior (diag_uc0_ch1_rb): if set to ‘1’ diagnosis error registers (0x162 and 0x163) of microcore
0 of channel 1 is reset on read.

Automatic diagnosis uc1 ch1 reset behavior (diag_uc1_ch1_rb): if set to ‘1’ diagnosis error registers (0x164 and 0x165) of
microcore 1 of channel 1 is reset on read.

Automatic diagnosis uc0 ch2 reset behavior (diag_uc0_ch2 _rb): if set to ‘1’ diagnosis error registers (0x166 and 0x167) of
microcore 0 of channel 2 is reset on read.

Automatic diagnosis uc1 ch2 reset behavior (diag_uc1_ch2_rb): if set to ‘1’ diagnosis error registers (0x168 and 0x169) of
microcore 1 of channel 2 is reset on read.

Status register ucO ch1 reset behavior (sr_uc0_ch1_rb): if set to ‘1’ the Status register of microcore 0 of channel 1 is reset on read.
Status register uc1 ch1 reset behavior (sr_uc1_ch1_rb): if set to ‘1’ the Status register of microcore 1 of channel 1 is reset on read.
Status register uc0O ch2 reset behavior (sr_uc0_ch2_rb): if set to ‘1’ the Status register of microcore 0 of channel 2 is reset on read.
Status register uc1 ch2 reset behavior (sr_uc1_ch2_rb): if set to ‘1’ the status register of microcore 1 of channel 2 is reset on read.

During a simultaneous register read SPI command and a register write access by any microcore, the refreshed bits status is available at
the next external SPI and at the next register read SPI command.

6.17

Table

.5.1.3 Device_unlock register

107. Device_unlock register (0x1CF)

Bit

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

Name unlock_password

R/wW

Lock

Reset -

Writing the password ‘0x1337’ in the unlock_password field resets the full Device_lock register (0x1CD).

6.17.5.2 Identifier_and_revision block

Table 108. Identification_revision register (0x1D5)
Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Name device_id mask_id sw_id
R/W r r r
Lock - - -
Reset XXXXXXXX Per factory programming Per factory programming
33816
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This register provides a device identifier for the component. The three fields are:
« device_id is a constant that identifies the 33816. Its value is ‘0x9D’ for MC33816AE and '0x9C' for MC33816MAE.
* mask_id is a version number of the mask set used for the device

» sw_id is a version number related to the mask set. The value stored in the sw_id field determines the compatibility with the
assembler instruction set.

6.17.5.3 Flags_management block

This block combines the channel_flags_x coming from the 2 act_channel blocks. The two busses are ANDed together to generate the
int_flags bus. This signal is handled in the two_channels block to generate the 16-bit flag_bus bus. This block also contains the
configuration registers for the flags polarity selection (Flags_polarity register), flag source (Flags_source register), and flags input or output
mode selection (Flags_direction register).

The flag_bus is a general purpose 16-bit signal. Each of the two channels drive its output copy (channel_flags_x) of this bus. The two
busses are then combined to generate a single int_flags bus.

13 pins of the device can be routed to the flag bus. If the pin is configured (default configuration) for its initial function, the corresponding
element of the flag_bus is taken from the int_flags bus. If the pin is configured to be used as a flag, it loses its initial function and it is
connected to a fixed element of the flag bus.

In this case, each of the 13 pins can be configured as an input or output pin:

« if configured as an input, the pin signal overwrites the corresponding element of the flag_bus. In this configuration, an anti-glitch
filter is applied to the flag. The filter time is three cksys clock cycles (125 ns at 24 MHz)

« If configured as an output, the corresponding element of the flag_bus is taken from the int_flags bus. The flag_bus element is then
directly connected to the external pin

The three remaining internal flags int_flags are simply inputs to the two channels. In view of this feature, the channels can exchange data
between them through these three signals, while the other 13 flags can be used either as internal flags or as general purpose I/Os that
can be read and written by all the channels.

Table 109 defines the 1/Os of the device used as part of the flag_bus. The position of the external pin in the flag_bus cannot be reassigned

Table 109. Flag pin assignment

Flag number Pin assigned

0 FLAGO
FLAG1

RN

FLAG2

START1
START2

START3

START4
STARTS

START6
IRQ
OA_1

Ol 0| N OO O ] WO DN

-
o

N
N

OA 2

12 DBG

The channel_flags_x busses are outputs of the two act_channel blocks, while the flags bus is the input to all the two act_channel blocks.
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6.17.5.3.1

Out of the 16 flags, 10 have a configurable source. The three MSB flags can only be used to exchange data internally between the
microcores. The three LSB flags can only be used as device I/Os. This 10-bit register allows to configure the source of the corresponding
flag, as shown in Table 110.

Flags_source

Table 110. Flags_source register (0x1C3)

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
flag_ | flag_ | flag_ | flag_ | flag_ | flag_ | flag_ | flag_ | flag_ | flag_
Name Reserved src12 | src11 | src10 | src9 src8 src7 srcé srch src4 src3 Reserved
Related DBG | OA 2 | OA 1 | IRQB START | START | START | START | START | START
pin 6 5 4 3 2 1
R/W - riw riw riw riw riw r/'w riw riw riw riw -
Lock no yes yes yes yes yes yes yes yes yes yes yes
Reset 000 1 0 0 1 0 0 0 0 0 0 111
6.17.5.3.2 Flags_direction

This is a 13-bit register where each bit sets the direction of the corresponding flag, as shown in Table 111. This register value is used only
for the flags that drive or can be driven by a device pin as specified in the Flags_source register.

Table 111. Flags_direction register (0x1C1)

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

Name Reserved dirt2 | dirt1 | dirl0 | dirf9 | dir8 | dir7 | dir6 | dir5 | dird | dir3 | dir2 | dirf | dir0
Relgted DBG | OA 2 | OA 1 | IRQB START | START | START | START | START | START FLAG2 | FLAGT | FLAGO

pin — - 6 5 4 3 2 1

R/W - riw r/'w riw riw riw riw riw riw r/w riw riw r/'w riw
Lock - yes yes yes yes yes yes yes yes yes yes yes yes yes
Reset 000 1 1 1 1 1 1 1 1 1 1 1 1 1

Table 112. flags_source and flags_direction registers

flags_source(x)

flags_direction(x)

flag_bus(x) source

0

01

The corresponding pin is used for its non-flag function (start, irg, analog
OAX, etc). Flag_bus(x) is driven by int_flags(x).

The corresponding pin is used as an output flag. The device pin is driven
by int_flags(x). Flag_bus(x) is driven by int_flags(x).

The corresponding pin is used as an input flag. The Flag_bus(x) is driven
by the device pin.
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6.17.5.3.3 Flags_polarity

This is a 13-bit register where each bit sets the polarity of the corresponding flag, as shown in Table 113. The corresponding flag is
inverted if a 1 is set. The value of this register is used only for the flags which are driven by or drive a device pin as specified in the
flags_source register.

Table 113. Flags_polarity register (0x1C2)

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
flag_ | flag_ | flag_ | flag_ | flag_ | flag_ | flag_ | flag_ | flag_ | flag_ | flag_ | flag_ | flag_
Name Reserved pol 12 | pol_11 | pol_ 10 | pol 9 | pol 8 | pol 7 | pol 6 | pol.5 | pol 4 | pol 3 | pol. 2 | pol 1 | pol O
Related DBG | OA 2 | OA 1| IRQB START | START | START | START | START | START FLAG2 | FLAG1 | FLAGO
pin 6 5 4 3 2 1
R/W - riw riw riw r/'w riw riw riw riw riw riw riw riw riw
Lock - yes yes yes yes yes yes yes yes yes yes yes yes yes
Reset 000 0 0 0 0 0 0 0 0 0 0 0 0 0
Table 114. Flags_polarity
flags_polarity(x) flags_bus(x) condition
0 direct
1 inverted

Some bits of this register are used to set the polarity of the start pins when they are not used as flag 1/0.

Table 115. Flag_polarity register for STARTx pins not used as I/0s (0x1C2)

Bit 15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
start_ | start_ | start_ | start_ | start_ | start_ _ B _

Name Reserved ) ) ) ) pol6 pol5 pol4 pol3 pol2 pol1
R/W - - - - - riw riw riw riw riw riw - - -
Lock - - - - - yes yes yes yes yes yes - - -
Reset 000 0 0 0 0 0 0 0 0 0 0 0 0 0

Table 116. Start_polarity

flags_polarity(x) flags_bus(x) condition
0 Start active high
1 Start active Low

6.17.5.4 Irq_handle block

This block combines all requests to issue an interrupt request on the external IRQB pin.

When one of the possible irq sources request an interrupt, the IRQB pin is asserted (driven low). Meanwhile, the Interrupt_status register
(0x1D4) latches the status of all the irq sources. If the IRQB pin is already asserted, further interrupt requests do not change the value of
the Interrupt_status register (0x1D4). By reading this register through the SPI, it is possible to ascertain the cause of the interrupt request.
When none of the possible sources is requesting an interrupt, the IRQB pin is de-asserted and the Interrupt _reg register is cleared.
The possible sources are:

+ one of the four microcores of the microcode requests an interrupt. The interrupt source can be configured through the
Sw_interrupt_routine_addr registers (Ox10E and 0x12E). The related status is reported in the Uc0_irq_status registers (0x10F and
0x12F) and in the Uc1_irq_status registers (0x110 and 0x130)

« the driver enable block disabling the output drivers. The interrupt source can be configured through the Driver_config register
(0x1C5). The related status is reported in the Driver_status register (0x1D2)

« an error that occurs on the SPI interface. The interrupt source can be configured through the SPI_config register (0x1C8). The
related status is reported in the SPI_error register (0x1D3)
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 the loss of the external clock. For more details, refer to the Clock_manager block section. The interrupt source can be configured

through the Backup_clock_status_reg register (0x1C7). The related status is reported in the same register

« the signature unit of one of the two channels, in case of a wrong signature. The interrupt source can be configured through the

6.17.5.4.1

This register latches:
« the status of all the interrupt request towards the external microcontroller
+ the halt signal generated by the automatic diagnosis towards the four microcores

Interrupt register

Table 117. Interrupt_status register (0x1D4)

Flash_enable registers (0x100 and 0x120). The related status is reported in the same.

Bit 15 14 13 12 1" 10 9 8 7 6 5 4 3 2 1 0
N checks | checks cksys_ . . |irg_uc1 |irg_ucO |irg_uc1 | irq_ucO | halt_uc | halt_uc | halt_uc | halt_uc
ame Reserved um_oh | UM_h | issing SPI_irq | drv_irq | " 5o | " "h2 | oh1 | oh1 | 1.ch2 | 0 ch2 | 1 ch1 | O chi
R/W - r r r r r r r r r r r r r
Lock no no no no no no no no no no no no no no
Reset 000 0 0 0 0 0 0 0 0 0 0 0 0 0
Table 118. Interrupt register bit description
Bit Name Function
halt_