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1 Introduction

11

1.2

1.3

Purpose

The main aim of this application note is to explain the different diagnosis and their
behavior on the MC33813 and MC33814.

Application scope

The MC33813; MC33814 is a cost-optimized IC solution for managing one and
two-cylinder engines for two-wheelers market or the general engine market (such as
power generators). With a high level of integration and flexibility, the IC offers an ideal
response to contemporary market requirements. For example, Euro 4/5 and onboard
diagnostic (OBD) I/1l requirement for two-wheelers segment. Diagnostic and protection
features present on all outputs allow applications to operate with greater safety.

There is no restriction in using MC33813; MC33814 for a specific application scenario.
The low-side drivers can drive any loads, so care must be taken to avoid any false
diagnosis.

Related documents

This section lists all the documentation mentioned in this application note. Use the
application note in combination with the data sheet.

Table 1. Related documents

Document name Description
http://www.nxp.com/MC33813 data sheet
http://www.nxp.com/MC33814 data sheet

2 Introduction to MC33813; MC33814

AN12226

21

With six drivers (MC33814) or five drivers (MC33813), three pre-drivers (MC33814)
or two pre-drivers (MC33813), a 5.0 V regulator for the microcontroller unit (MCU),
a protected external sensor supply, and a high level of integration, the IC offers an
ideal response to contemporary market requirements. This high level of flexibility on
drivers and pre-drivers allows different type of applications to be addressed (one or
two cylinders, two wheelers, or general engine).

The innovative variable reluctance sensor (VRS) system optimizes noise immunity under
cranking conditions. Diagnostic and protection features present on all outputs allow
applications to operate with greater safety.

Main functions

» Operates over a functional supply voltage range of 4.5V < Va1 <36 V
Start-up/shutdown control and power sequence logic with KEYSW input and SPI
bit PWREN

MCU supply: Ve is @ 5.0 V (£2.0 %, 200 mA) regulated supply

* Sensor supply: Vot (100 mA) is a Ve tracking protected sensor supply
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Three (MC33814) or two (MC33813) configurable pre-drivers for insulated gate bipolar

transistor (IGBT) or general-purpose metal-oxide-semiconductor field-effect transistors

(MOSFETS) for ignition and O, sensor [heated exhaust gas oxygen (HEGO)] heater:

— Pulse width modulation (PWM)

— Overcurrent shutdown

— Short-circuit to battery shutdown

Six (MC33814) or five (MC33813) low-side drivers with full diagnostics, self-protection,

and PWM control:

— Two (MC33814) or one (MC33813) fuel injector drivers, Rps(on) = 0.6 Q, ljim = 1.8 A,
to drive typical 12 Q high-impedance injectors

— Relay 1 driver, Rpg(on) = 0.4 Q, ljm = 3.0 A, to drive fuel pump

— Relay 2 driver, Rpg(on) = 1.5 Q, ljm = 1.2 A, to drive power relay

— Lamp driver, Rpg(on) = 1.5 Q, ljm = 1.2 A, to drive warning lamp or an LED

— Programmable tachometer driver, Rpson) = 20 Q, Isq = 60 mA, to drive a tachometer
display

Innovative configurable VRS conditioning circuit, with two different parameter settings

for engine cranking and running mode; optional automatic mode to improve noise

immunity in cranking conditions

K-line (ISO 9141)
MCU reset generator and programmable watchdog

MCU interface: 16-bit serial peripheral interface (SPI) and parallel interface with 5.0 V
10 capability

Embedded diagnostics

The MC33813; MC33814 has several embedded diagnostics features, including:

A system fault SPI register with an Any System Fault bit which is an OR of all fault
reported by the IC. This system fault is a simple way for the user to monitor the IC.
Power-on self-test (POST): routine to ensure that the SPI is working correctly and the
status registers in the MC33813; MC33814 are viable

SPI integrity check with SPI error flag if failure

Power supply failure monitoring with V¢ undervoltage detection and Vgat overvoltage
detection

Diagnostic feature on V. (external sensor supply) allowing to detect short-circuit to
battery, short-circuit to ground, and overtemperature conditions. Events are flagged in
corresponding SPI registers.

Diagnostic feature on power stages (INJOUT1/2, ROUT1/2, LAMPOUT, TACHOUT)
allowing to detect overcurrent, short-circuit to ground (except TACHOUT), open load,
and overtemperature conditions. Events are flagged in corresponding SPI registers.
Diagnostic feature on pre-driver stages (IGNOUT1/2, O2HOUT) allowing to detect
overcurrent, short-circuit to battery, and open load conditions. Events are flagged in
corresponding SPI registers.

Two current measurement circuits are available for more accurate current control and
better protection for pre-drivers.

Overtemperature protection feature on the ISO 9141 bus

Embedded protections

The MC33813; MC33814 has several embedded protections features, including:
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Power-on reset (POR) ensuring proper logic operation

Power supply failure protection by generating reset event to the MCU if V¢
undervoltage or Vgat overvoltage condition

Overcurrent limitation protection feature on power stages INJOUT1/2, ROUT1/2, and
LAMPOUT

Overcurrent shutdown protection feature on TACHOUT power stage

Thermal shutdown protection on power stages (INJOUT1/2, ROUT1/2, LAMPOUT,
TACHOUT) and other features such as Vot and 1ISO 9141 bus

Overcurrent shutdown protection feature on pre-driver

Safety switch on/off for power stage and pre-drivers: using the AND bit, switch on/off
of power stage can be enabled only if switch on/off bit and the direct input are in the
appropriate state

Internal reset bit allowing to reset completely the device to its default state, without
toggling the RESETB output pin

Flags mapping relevant for diagnosis and fault

Table 2. SPI status registers

Reg # |Hex |Description Bit7 |Bit6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0

0 0 injector 1 driver faults | X X X oL oC oT SG
faults

1 1 injector 2 driver faults | X X X oL oC oT SG
faults

2 2 relay 1 driver faults |faults |X X X oL oC oT SG

3 3 relay 2 driver faults |faults | X X X oL oC oT SG

4 4 tachometer driver faults | X X X oL oC oT X
faults

5 5 lamp driver faults faults | X X X oL oC oT SG

7 7 O, heater pre-driver |faults | X X X oL oC X X
faults

8 8 injection 1 pre-driver |faults | X X X oL ocC X X
faults

9 9 injection 2 pre-driver |faults | X X X oL ocC X X
faults

10 A watchdog state enable/ \WD timer | WD timer | WD timer |WD timer |WD timer |WD timer |WD timer

disable |bit 6 bit 5 bit 4 bit 3 bit 2 bit 1 bit 0

11 B VRS conditioner and |peak 8 |peak 4 peak 2 peak 1 X clamp clamp ISO OT

1ISO 9141 faults active active
VRSP VRSN

13 D power supply and any KEYSW |PWREN |BATSW |SPIerror |Vpt Vorot OT  [Vprot SG

any system faults system short-circuit
faults to battery

14 E system on/off INJ1 INJ2 REL1 REL2 LAMP IGN1 off/on |IGN2 O2H
indicators offlon |off/on off/on off/on off/on off/on off/on

15 F model code/ model |model model revision |revision |revision revision |revision
revision number code 2 |code 1 code 0 number |number |number number |number

AN12226
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2.5 Target applications
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Figure 1. Example for MC33814 in two-cylinder application Euro 4
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Figure 2. Example for MC33814 in one-cylinder application Euro 5 OBD Il
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3 Diagnostics

AN12226

3.1

This application note covers only the diagnostics relevant for low-side drivers (LSDs) and
pre-drivers which are:

* Short-circuit to ground (SG)
¢ Overtemperature (OT)

e Overcurrent (OC)
¢ Open load (OL)

Short-circuit to ground

The SG diagnosis is only valid for:

¢ Injector 1

Injector 2 (only for MC33814)
* Relay 1 driver

* Relay 2 driver

e Lamp driver

The aim of this function (also known as open load in on state) is to check if relevant
current is flowing through the low side when on. If too low current is detected, the
corresponding bit SG is set. It can happen if a resistive short-circuit to ground happens
on the load; see Figure 3.
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N FET
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LOW SIDE DRIVER

GND
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Figure 3. Short-circuit to ground on a low-side driver

¢ In normal condition (when there is no short-circuit to ground and I = 0 A), the output
voltage is V, = ljpag * Rps(on). This voltage is compared to a reference Vsg (typically
30 mV, maximum value is 75 mV). If V, > Vg, the digital core detects no short-circuit
to ground (no open load on).
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* If there is a load short-circuit to ground, the short-circuit resistance decreases
the equivalent resistance seen on the LSD output and so V. In this case,
Vo = lioad * Rps(ony//Rsc- If Vo < Vsg, the digital core detects a short-circuit to ground
(open load on). In this case, the bit SG of status register is set.

If the load drives too low current (e.g. by an LED), the SG diagnosis can be disabled by
clearing the OL current sink enable bit of configuration register. In this case, the current
source lpq is disabled and no SG diagnosis can be set.

When the bit is set, the fault must disappear and the bit must be manually set to logic 0 to
be cleared.

Overtemperature

The SG diagnosis is only valid for:

* Injector 1

¢ Injector 2 (only for MC33814)
* Relay 1 driver

* Relay 2 driver

» Tachometer driver

e Lamp driver

Each driver above has an independent temperature limitation sensor to be protected from
overheating.
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Figure 4. Overtemperature on a low-side driver

If the temperature on the LSD goes over 175 °C (typical), the output is switched off, the
OT bit is set and no other driver is affected. When the bit is set, the fault must disappear
and the bit must be manually set to logic 0 to be cleared.

When the temperature goes below 175 °C again (with hysteresis), the output
automatically switches on again as long as it is driven on.
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3.3 Overcurrent

3.3.1

3.3.2

The overcurrent (short-circuit to battery) diagnostic is valid for all low-side drivers and
pre-drivers and is detected in the on state.

Low-side drivers

When an additional load is added to the application, like a short-circuit to the battery, an
overcurrent can happen.

The short-circuit to battery is detected thanks to the internal LSD drain voltage and
compared to a fixed reference (2.5 V typical). If the voltage is above this reference, the
gate is automatically switched off.
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Figure 5. Overcurrent (short-circuit to battery) on a low-side driver

In addition, the corresponding bit OC in the status register is set. When the bit is set, the
fault must disappear and the bit must be manually set to logic 0 to be cleared.

To switch the output on again, the overcurrent must be gone. The output must be

driven off and on again (by direct input or by SPI). If the retry enable bit is set in the
configuration register, there is no need to send switch off and switch on commands. The
driver tries to switch on again until the overcurrent is gone.

Pre-drivers

For pre-drivers, there are two events that can set the overcurrent flag:
1. Voltage detection

In this case, the voltage on the feedback pin (FB), is compared to 2.5 V for a general
purpose gate driver (GPGD) configuration or to 250 mV for an IGBT configuration. If the
voltage is higher than 2.5 V (when configured as GPGD) or 250 mV (when configured as
IGBT) when the pre-driver is on, a short-circuit to battery is detected. The OC bit is set,
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and the pre-driver turns off. When the bit is set, the fault must disappear and the bit must
be manually set to logic 0 to be cleared.

To switch the output on again, the overcurrent must be gone and the output must be
driven off and on again (by direct input or by SPI). If the retry enable bit is set in the
configuration register, there is no need to send switch off and switch on commands. The
driver tries to switch on again until the overcurrent is gone.
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Figure 6. Overcurrent on a pre-driver, voltage detection

2. Current detection

In this case, an external sense resistor is used. It is connected to pins IGNSENSP and
IGNSENSEN for IGNOUT1 and IGNOUT2 (IGNOUT2 only valid for MC33814) and pins
O2HSENSP and O2HSENSN. If the voltage between SENSP and SENSN is higher
than 200 mV, an overcurrent is detected, the OC bit is set, and the pre-driver turns off.
For MC33814, the threshold goes to 400 mV when both IGNOUT1 and IGNOUT2 are
configured as IGBT and both are on at the same time. When the bit is set, the fault must
disappear and the bit must be manually set to logic O to be cleared.

To switch the output on again, the overcurrent must be gone. The output must be

driven off and on again (by direct input or by SPI). If the retry enable bit is set in the
configuration register, there is no need to send switch off and switch on commands. The
driver tries to switch on again until the overcurrent is gone.
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Figure 7. Overcurrent on a pre-driver, current detection

3.4 Open load

The open load (open load off state) diagnosis is valid for all low-side drivers and
pre-drivers and is detected in the off state.

For both pre-drivers and LSDs, the open load detection uses an internal pull-down
current source. The OL current sink bit in the configuration register controls the internal
pull-down current source.

3.4.1 Low-side drivers

If the OL current sink bit is enabled, 75 pA is sunk from the GND through the LSD. If no
load is connected to the battery and the output is off, the voltage on the LSD output pin is
closeto 0 V.

AN12226 All information provided in this document is subject to legal disclaimers. © NXP B.V. 2020. All rights reserved.

Application note Rev. 2 — 11 June 2020

11/16



NXP Semiconductors AN1 2226

AN12226

3.4.2

Diagnostic application note for MC33813; MC33814

battery

25V

R J
ol

‘_Q_I_-L LSD output

| |
DIGITAL lpa | Sense Lsb
CORE
= sense
temp lim low side
< FET
gate drive
] [ —
% ¢ 1

current sense
power

low side
FET

current lim

LOW SIDE DRIVER

GND
= aaa-031623

Figure 8. Open-load detection on low-side driver

If a load is connected, the voltage on the LSD output pin is close to Vgat. This voltage is
compared to a 2.5 V comparator.

Depending on the comparator output OL bit in the status register is set. When the bit is
set, the fault must disappear and the bit must be manually set to logic 0 to be cleared.

Pre-drivers

If the OL current sink bit is enabled, 75 pA is sunk from the feedback pin to the GND.
If no load is connected to the battery and the output is off, the voltage on the FB pin is
closeto 0 V.

All information provided in this document is subject to legal disclaimers. © NXP B.V. 2020. All rights reserved.

Application note

Rev. 2 — 11 June 2020
12/16



NXP Semiconductors

AN12226

AN12226

Diagnostic application note for MC33813; MC33814

battery
) FB
~—<H‘O/ 25V
90Q
GPGD/IGBT
1Q
DIGITAL
CORE
} Tod low side | VFB
gate drive FET
N - ouT Jix
l/
éi SENSP
7
overcurrent ~ r
PRE DRIVER ——
|eND
i aaa-031624
Figure 9. Open-load detection on pre-driver for a GPGD

If the load is connected, the voltage seen on the FB pin is close to the battery voltage.

The voltage is compared to a 2.5 V or 250 mV reference (respectively for GPGD

configuration and IGBT).

Depending on the comparator output OL bit in the status register is set. When the bit is
set, the fault must disappear and the bit must be manually set to logic 0 to be cleared.
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4.1 Definitions

Draft — The document is a draft version only. The content is still under
internal review and subject to formal approval, which may result in
modifications or additions. NXP Semiconductors does not give any
representations or warranties as to the accuracy or completeness of
information included herein and shall have no liability for the consequences
of use of such information.

4.2 Disclaimers

Limited warranty and liability — Information in this document is believed
to be accurate and reliable. However, NXP Semiconductors does not

give any representations or warranties, expressed or implied, as to the
accuracy or completeness of such information and shall have no liability
for the consequences of use of such information. NXP Semiconductors
takes no responsibility for the content in this document if provided by an
information source outside of NXP Semiconductors. In no event shall NXP
Semiconductors be liable for any indirect, incidental, punitive, special or
consequential damages (including - without limitation - lost profits, lost
savings, business interruption, costs related to the removal or replacement
of any products or rework charges) whether or not such damages are based
on tort (including negligence), warranty, breach of contract or any other
legal theory. Notwithstanding any damages that customer might incur for
any reason whatsoever, NXP Semiconductors’ aggregate and cumulative
liability towards customer for the products described herein shall be limited
in accordance with the Terms and conditions of commercial sale of NXP
Semiconductors.

Right to make changes — NXP Semiconductors reserves the right to

make changes to information published in this document, including without
limitation specifications and product descriptions, at any time and without
notice. This document supersedes and replaces all information supplied prior
to the publication hereof.

Applications — Applications that are described herein for any of these
products are for illustrative purposes only. NXP Semiconductors makes
no representation or warranty that such applications will be suitable

for the specified use without further testing or modification. Customers
are responsible for the design and operation of their applications and
products using NXP Semiconductors products, and NXP Semiconductors

AN12226

All information provided in this document is subject to legal disclaimers.

accepts no liability for any assistance with applications or customer product
design. It is customer’s sole responsibility to determine whether the NXP
Semiconductors product is suitable and fit for the customer’s applications
and products planned, as well as for the planned application and use of
customer’s third party customer(s). Customers should provide appropriate
design and operating safeguards to minimize the risks associated with
their applications and products. NXP Semiconductors does not accept any
liability related to any default, damage, costs or problem which is based

on any weakness or default in the customer’s applications or products, or
the application or use by customer’s third party customer(s). Customer is
responsible for doing all necessary testing for the customer’s applications
and products using NXP Semiconductors products in order to avoid a
default of the applications and the products or of the application or use by
customer’s third party customer(s). NXP does not accept any liability in this
respect.

Suitability for use in automotive applications — This NXP
Semiconductors product has been qualified for use in automotive
applications. Unless otherwise agreed in writing, the product is not designed,
authorized or warranted to be suitable for use in life support, life-critical or
safety-critical systems or equipment, nor in applications where failure or
malfunction of an NXP Semiconductors product can reasonably be expected
to result in personal injury, death or severe property or environmental
damage. NXP Semiconductors and its suppliers accept no liability for
inclusion and/or use of NXP Semiconductors products in such equipment or
applications and therefore such inclusion and/or use is at the customer's own
risk.

Export control — This document as well as the item(s) described herein
may be subject to export control regulations. Export might require a prior
authorization from competent authorities.

Translations — A non-English (translated) version of a document is for

reference only. The English version shall prevail in case of any discrepancy
between the translated and English versions.

4.3 Trademarks

Notice: All referenced brands, product names, service names and
trademarks are the property of their respective owners.

POR — is a trademark of NXP B.V.
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