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1 Product Definition

This color corresponds to the EiceSENSE.

1.1 Overview

The 1EDI2010AS is a high-voltage IGBT gate driver designed for motor
drives above 5 kW. The 1EDI2010AS is based on Infineon’s Coreless
Transformer (CLT) technology, providing galvanic insulation between low
voltage and high voltage domains. The device has been designed to
support IGBT technologies up to 1200 V.

The 1EDI2010AS can be connected on the low voltage side (“primary”
side) to 5V logic. A standard SPI interface allows the logic to configure and to control the advanced functions
implemented in the driver.

On the high voltage side (“secondary” side), the 1EDI2010AS is dimensioned to drive an external booster stage.
Short propagation delays and controlled internal tolerances lead to minimal distortion of the PWM signal.

The 1EDI2010AS supports advanced functions (such as two level turn-on, two level turn-off, etc.), that can be
controlled and configured via a standard SPI interface.

The internal 8-bit ADC (SAR) with programmable gain and offset enables the sensing of either the DC-link voltage,
the phase voltage or of the temperature sensor located on the power module (such as NTC, Temperature Diode,
etc.). The digitalized value can be read via the SPI interface on the primary side. The ADC allows thus to save
significant costs on system level, since it removes the need for discrete isolation ICs.

The 1EDI2010AS can be used optimally with Infineon’s TEBN100XAE “EiceDRIVER™ Boost” booster stage
family.

1.2 Feature Overview
The following features are supported by the 1EDI2010AS:

Functional Features

» Single Channel IGBT Driver.

*  On-chip galvanic insulation (basic insulation as per DIN EN 60747-5-2).

» Support of existing IGBT technologies up to 1200V.

* Low propagation delay and minimal PWM distortion.

» Support of 5 V logic levels (primary side).

» Supports both negative and zero Volt V¢, supply voltage.

» 16-bit Standard SPI interface (up to 2 MBaud) with daisy chain support (primary side).

Product Name Ordering Code Package
1EDI2010AS SP001299836 PG-DS0O-36
Data Sheet 10 Rev 2.0, 2017-06-19
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Product Definition

Enable input pin (primary side).

Pseudo-differential inputs for critical signals (primary side).
Power-On Reset pin (primary side).

Debug mode.

Internal Pulse Suppressor.

Fully Programmable Active Clamping Inhibit signal (secondary side).
Fully programmable Two-Level Turn On (TTON).

Fully programmable Two-Level Turn Off (TTOFF).

8-bit ADC with programmable offset and gain and flexible trigger mechanism.
Emulated digital channel.

Programmable Desaturation monitoring.

Overcurrent protection with programmable threshold.

Automatic Emergency Turn-Off in failure case.

Undervoltage supervision of 5V and 15V supplies.

Programmable UVLO2 and DESAT thresholds for MOSFET usage.
Safe internal state machine.

Internal lifesign watchdog.

Weak turn-on.

NFLTA and NFLTB notification pins for fast system response time (primary side).
Individual error and status flags readable via SPI.

Compatible to EiceBoost family.

36-pin PG-DSO-36 green package.

Automotive qualified (as per AEC Q100).

1.3 Target Applications

Inverters for automotive Hybrid Electric Vehicles (HEV) and Electric Vehicles (EV).
High Voltage DC/DC converter.
Industrial Drive.

Data Sheet 11 Rev 2.0, 2017-06-19
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Functional Description

2 Functional Description

2.1 Introduction

The 1EDI2010AS is an advanced single channel IGBT driver that can also be used for driving power MOS devices.
The device has been developed in order to optimize the design of high performance automotive inverters.

The device is based on Infineon’s Coreless Transformer Technology and consist of two chips separated by a
galvanic isolation. The low voltage (primary) side can be connected to a standard 5 V logic. The high voltage
(secondary) side is in the DC-link voltage domain.

Internally, the data transfers are ensured by two independent communication channels. One channel is dedicated
to transferring the ON and OFF information of the PWM input signal only. This channel is unidirectional (from
primary to secondary). Because this channel is dedicated to the PWM information, latency time and PWM
distortion are minimized. The second channel is bidirectional and is used for all the other data transfers (e.g. status
information, etc).

The 1EDI2010AS supports advanced functions, such as Two Level Turn-On and Two Level Turn-Off, in order to
optimize the switching behavior of the IGBT. Furthermore, it supports several protection functions such as DESAT,
Overcurrent protection, etc.

Data Sheet 12 Rev 2.0, 2017-06-19
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2.2

2.21

Pin Configuration and Functionality

Pin Configuration

Functional Description

[ \(/)EEZ GNDI[36]

[Z]ToN IREF1[3s]

=]vcez VCC1[z4]

] TOFF INSTP[ 3]

[S]DESAT INP [52]

[clGATE REFO[ 1]

[Z1GND2 EN[30]

[=]1REF2 NRST/RDY/[ 2]

[]VEE2 GNDI[25]

[o]ocp NFLTA[27]

[]ocpG NFLTB[26]

[z] VREG ADCT|[2s5]

[z]|DEBUG SDO| 2]

[=]pAcLp NCS[ 23]

Cslarr SDI [22]

[CelaN SCLK|21]

[Z]p1o2 DIO1[20]

=] VEE2 GNDI[1s]
Figure 2-1 EiceSENSE Pin Configuration
Table 2-1  Pin Configuration
Pin Symbol 1/10 Voltage Class |Function
Number
1,9,18 VEE2 Supply Supply Negative Power Supply".
2 TON Output 15V Secondary | Turn-On Output.
3 VCC2 Supply Supply Positive Power Supply.
4 TOFF Output 15V Secondary | Turn-Off Output.
5 DESAT Input 15V Secondary | Desaturation Protection Input.
6 GATE Input 15V Secondary | Gate Monitoring Input.
7 GND2 Ground Ground Ground.
8 IREF2 Input 5V Secondary |External Reference Input.
10 OoCP Input 5V Secondary |Over Current Protection.
11 OCPG Ground Ground Ground for the OCP function,
12 VREG Output 5V Secondary |Reference Output Voltage.
13 DEBUG Input 5V Secondary |Debug Input.
Data Sheet 13 Rev 2.0, 2017-06-19
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Functional Description

Table 2-1  Pin Configuration (cont'd)
Pin Symbol /10 Voltage Class |Function
Number
14 DACLP Output 5V Secondary |Active Clamping Disable Output.
15 AlIP Input 5V Analog ADC Positive Analog Input
Secondary
16 AIN Input 5V Analog ADC Negative Analog Input
Secondary
17 DIO2 Input / Output |5V Secondary |Digital I/0.
19, 28, 36 | GND1 Ground Ground Ground?.
20 DIO1 Input / Output |5V Primary Digital I/O.
21 SCLK Input 5V Primary SPI Serial Clock Input.
22 SDI Input 5V Primary SPI Serial Data Input.
23 NCS Input 5V Primary SPI Chip Select Input (low active).
24 SDO Output 5V Primary SPI Serial Data Output.
25 ADCT Input 5V Primary ADC Trigger Input.
26 NFLTB Output 5V Primary Fault B Output (low active, open drain).
27 NFLTA Output 5V Primary Fault A Output (low active, open drain).
29 NRST/RDY Input/Output |5V Primary Reset Input (low active, open drain). This signal
notifies that the device is “ready”.
30 EN Input 5V Primary Enable Input.
31 REFO Ref. Ground Ground Reference Ground for signals INP, INSTP, EN.
32 INP Input 5V Primary Positive PWM Input.
33 INSTP Input 5V Primary Monitoring PWM Input.
34 VCC1 Supply Input | Supply Positive Power Supply.
35 IREF1 Input 5V Primary External Reference Input.
1) All VEE2 pins must be connected together.
2) All GND1 pins must be connected together.
Data Sheet 14 Rev 2.0, 2017-06-19

Hardware Description



'T EiceDRIVER™ SENSE
Ql neo/n 1EDI2010AS

Functional Description

222 Pin Functionality

2221 Primary Side

GND1

Ground connection for the primary side.

VCC1
5V power supply for the primary side (referring to GND1).

INP

Non-inverting PWM input of the driver. The internal structure of the pad makes the IC robust against glitches. An
internal weak pull-down resistor to Vrgr, drives this input to Low state in case the pin is floating.

INSTP

Monitoring PWM input for shoot through protection. The internal structure of the pad makes the IC robust against
glitches. An internal weak pull-down resistor to Vgggq drives this input to Low state in case the pin is floating.

REFO0

Reference Ground signal for the signals INP, INSTP, EN. This pin should be connected to the ground signal of the
logic issuing those signals.

EN

Enable Input Signal. This signal allows the logic on the primary side to turn-off and deactivate the device. An
internal weak pull-down resistor to Vrgr, drives this input to Low state in case the pin is floating.

NFLTA

Open-Drain Output signal used to report major failure events (Event Class A). In case of an error event, NFLTA
is driven to Low state. This pin shall be connected externally to V., with a pull-up resistance.

NFLTB

Open-Drain Output signal used to report major failure events (Event Class B). In case of an error event, NFLTB
is driven to Low state. This pin shall be connected externally to V¢, with a pull-up resistance.

SCLK

Serial Clock Input for the SPI interface. An internal weak pull-up device to V., drives this input to high state in
case the pin is floating.

SDO
Serial Data Output (push-pull) or the SPI interface.

SDI

Serial Data Input for the SPI interface. An internal weak pull-up device to V4 drives this input to high state in case
the pin is floating.
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NCS

Chip Select input for the SPI interface. This signal is low active. An internal weak pull-up device to V¢, drives this
input to High state in case the pin is floating.

IREF1

Reference input of the primary chip. This pin shall be connected to Vyp, Via an external resistor.

NRST/RDY

Open drain reset input. This signal is low-active. When a valid signal is received on this pin, the device is brought
in its default state. This signal is also used as a “ready notification”. A high level on this pin indicates that the
primary chip is functional.

DIO1

I/0O for the digital channel. Depending of the chosen configuration of the device, this pin can be an input or an
output (push-pull). An internal weak pull-down resistor to Vg\p4 drives this input to Low state in case the pin is
floating.

ADCT

ADC Trigger Input. An internal weak pull-down device to VGND1 drives this input to Low state in case the pin is
floating.

2.2.2.2 Secondary Side

VEE2

Negative power supply for the secondary side, referring to Vgypo-

VCC2
Positive power supply for the secondary side, referring to Vgyp,-

GND2

Reference ground for the secondary side.

DESAT

Desaturation Protection input pin. The function associated with this pin monitors the V¢ voltage of the IGBT. The
detection threshold is programmable. An internal pull-up resistor to V., drives this signal to High level in case it
is floating.

ocpP

Over Current Protection input pin. The function associated with this pin monitors the voltage across a sensing
resistance located on the auxiliary path of a Current Sense IGBT. An internal weak pull-up resistor to the internal
5V reference drives this input to High state in case the pin is floating.

OCPG
Over Current Protection Ground.
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TON
Output pin for turning on the IGBT.

TOFF
Output pin for turning off the IGBT.

GATE

Input pin used to monitor the IGBT gate voltage.

DEBUG

Debug input pin. This pin is latched at power-up. When a High level is detected on this pin, the device enters a
special mode where it can be operated without SPI interface. This feature is for development purpose only. This
pin should normally be tied to Vgyp,- An internal weak pull-down resistor to Vg p, drives this input to Low state in
case the pin is floating.

IREF2

Reference input of the secondary chip. This pin shall be connected to Vgyp, via an external resistor.

VREG
Reference Output voltage. This pin shall be connected to an external capacitance to Vgyps,-

DACLP
Output pin used to disable the active clamping function of the booster.

D102

I/O for the digital channel. Depending of the chosen configuration of the device, this pin can be an input or an
output (push-pull). An internal weak pull-down resistor to Vgyp, drives this input to Low state in case the pin is
floating.

AIP
ADC positive analog input.

AIN

ADC negative analog input.

2.2.2.3 Pull Devices
Some of the pins are connected internally to pull-up or pull-down devices. This is summarized in Table 2-2.

Table 2-2 Internal pull devices

Signal Device

INP Weak pull down to Vggpg

INSTP Weak pull down to Vggeg

EN Weak pull down to Vggrg

SCLK Weak pull up to V¢4
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Table 2-2 Internal pull devices

Functional Description

Signal Device

SDI Weak pull up to V¢,

NCS Weak pull up to V¢4

ADCT Weak pull down to Vgyp1

DIO1 Weak pull down to Vgyp1

DESAT Weak pull up to Ve,

D102 Weak pull down to Vgyp,

OCP Weak pull up to 5V internal reference

DEBUG Weak pull down to Vgyps
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2.3 Block Diagram
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Figure 2-2 Block Diagram
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24 Functional Block Description

241 Power Supplies

On the primary side, the 1EDI2010AS needs a single 5 Vsupply source V., for proper operation. This makes the
device compatible to most of the microcontrollers available for automotive applications.

On the secondary side, the 1EDI2010AS needs two power supplies for proper operation:

* The positive power supply V¢, is typically set to 15 V (referring to Vgypy)-
+ Optionally, a negative supply Vg, (typically set to -8 V referring to Vgyp,) can be used. In case a negative
supply is not needed, Vg, shall be connected to Vgyp,.

Undervoltage monitoring on V¢, and V., is performed continuously during operation of the device (see
Chapter 3.3.1).

A 5V supply for the digital domain on the secondary side is generated internally (present at pin VREG).

2.4.2 Clock Domains

The clock system of the 1EDI2010AS is based on three oscillators defining each a clock domain:

* One RC oscillator (OSC1) for the primary chip.

* One RC oscillator (OSC2) for the secondary chip excepting the output stage.

» One Start-Stop oscillator (SSOSC2) for the output stage on the secondary side.

The two RC oscillators are running constantly. They are also monitored constantly, and large deviations from the
nominal frequency are identified as a system failure (Event Class B, see Chapter 2.4.9.2).

The Start Stop oscillator is controlled by the PWM command.
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243 PWM Input Stage

The PWM input stage generates from the external signals INP, INSTP and EN the turn-on and turn-off commands
to the secondary side. The general structure of the PWM input block is shown Figure 2-3.

veer [F

INP G F\
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P R
\ /

inhibit acg

LOGIC

pwm cmgL

\/
Inhibit Time
Generation

en validy
>

t
Z
@)
\/
Validity
Check

REF0 [ }——
Figure 2-3 PWM Input Stage

Signals INP, INSTP and EN are pseudo-differential, in the sense that they are not referenced to the common
ground GND1 but to signal REFO0. This is intended to make the device more robust against ground bouncing
effects.

Note: Glitches shorter than tpr,0ccurring at signal INP are filtered internally.
Note: Pulses at INP below t\spp might be distorted or suppressed.

The 1EDI2010AS supports non-inverted PWM signals only. When a High level on pin INP is detected while signals
INSTP and EN are valid, a turn-on command is issued to the secondary chip. A Low level at pin INP issues a turn-
off command to the secondary chip.

Signal EN can inhibit turn-on commands received at pin INP. A valid signal EN is required in order to have turn-
on commands issued to the secondary chip. If an invalid signal is provided, the PWM input stage issues constantly
turn-off commands to the secondary chip. The functionality of signal EN is detailed in Chapter 2.4.8.

Note: After an invalid-to valid-transition of signal EN, a minimum delay of t,\scy Should be inserted before turning
INP on.

As shown in Figure 2-4, signal INSTP provides a Shoot-Through Protection (STP) to the system. When signal at
pin INSTP is at High level, the internal signal inhibit act is activated. The inhibition time is defined as the pulse
duration of signal inhibit_act. It corresponds to the pulse duration of signal INSTP to which a minimum dead time
is added. During the inhibition time, rising edges of signal INP are inhibited. Bit PSTAT2.STP is set for the duration
of the inhibition time.

The deadtime is programmable with bit field PCFG2.STPDEL.
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INSTP
dead time

I ——

inhibit_act
[ |
[ i
INP | [
| |
|< Inhibition time >|
] |

pwm_cmd

Figure 2-4 STP: Inhibition Time Definition

It shall be noted that during the inhibition time, signal pwm cmd is not forced to Low. It means that if the device is
already turned-on when INSTP is High, it stays turned-on until the signal at pin INP goes Low. This is depicted in
Figure 2-5.

INSTP
| dead time
inhibit_act
Inhibited
I / edge I
I \ 3
1 '
INP V! I
.\’/ I S
| |
pwm_cmd
|E Inhibition time 3

Figure 2-5 STP: Example of Operation

When a condition occurs where a rising edge of signal INP is inhibited, an error notification is issued. See
Chapter 3.4.1 for more details.

Note: The failure notification via bit PER.STPER is filtered internally for timings shorter than 1 OSC1 clock cycle.
There will be no notification but may lead to a delay of signal INP.
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244 SPI Interface
This chapter describes the functionality of the SPI block.

2441 Overview

The standard SPI interface implemented on the 1EDI2010AS is compatible with most of the microcontrollers
available for automotive and industrial applications. The following features are supported by the SPI interface:

* Full-duplex bidirectional communication link.

» SPI Slave mode (only).

+ 16-bit frame format.

» Daisy chain capability.

+ MSB first.

» Parity Check (optional) and Parity Bit generation (LSB).

The SPI interface of the 1EDI2010AS provides a standardized bidirectional communication interface to the main
microcontroller. From the architectural point of view, it fulfills the following functions:

+ Initialization of the device.

» Configuration of the device (static and runtime).

+ Reading of the status of the device (static and runtime).
* Operation of the verification modes of the device.

The purpose of the SPI interface is to exchange data which have relaxed timing constraints compared to the PWM
signals (from the point of view of the motor control algorithm). The IGBT switching behavior is for example
controlled directly by the PWM input. Similarly, critical application failures requiring fast reaction are notified on the
primary side via the feedback signals NFLTA, NFLTB and NRST/RDY.

In order to minimize the complexity of the end-application and to optimize the microcontroller’s resources, the
implemented interface has daisy chain capability. Several (typically 6) 1EDI2010AS devices can be combined into
a single SPI bus.
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24.4.2 General Operation

The SPI interface of the 1EDI2010AS supports full duplex operation. The interface relies on four communication
signals:

* NCS: (Not) Chip Select.
* SCLK: Serial Clock.

» SDI: Serial Data In.

* SDO: Serial Data Out.

The SPI interface of the 1EDI2010AS supports slave operation only. An SPI master (typically, the main
microcontroller) is connected to one or several 1EDI2010AS devices, forming an SPI bus. Several bus topologies
are supported.

A regular SPI bus topology can be used where each of the slaves is controlled by an individual chip select signal
(Figure 2-6). In this case, the number of slaves on the bus is only limited by the application’s constraints.

SCLK SCLK
e ® L a®
Master ., <o Slave 1

@, ® | a®

SDI SDO

(-t L 4 ®

NCS1 NCS

®; -]
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soi| Slave 2

NCSn ®
:]_

SDO

o——————|

NCS

L u®

SCLK

L u®

sl Slave n

SDO

NCS
@

Figure 2-6 SPI Regular Bus Topology

In order to simplify the layout of the PCB and to reduce the number of pins used on the microcontroller’s side, a
daisy chain topology can also be used. The chain’s depth is not limited by the 1EDI2010AS itself. A possible
topology is shown Figure 2-7.
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Figure 2-7 SPI Daisy Chain Bus Topology

Physical Layer
The SPI interface relies on two shift registers:

» A shift output register, reacting on the rising edges of SCLK.
» A shift input register, reacting on the falling edges of SCLK.

When signal NCS is inactive, the signals at pins SCLK and SDI are ignored. The output SDO is in tristate.
When NCS is activated, the shift output register is updated internally with the value requested by the previous SPI
access.

At each rising edge of the SCLK signal (while NCS is active), the shift output register is serially shifted out by one
bit on the SDO pin (MSB first). At each falling edge of the clock pulse, the data bit available at the input SDI is
latched and serially shifted into the shift input register.

At the deactivation of NCS, the SPI logic checks how many rising and falling edges of the SCLK signal have been
received. In case both counts differ and / or are not a multiple of 16, an SPI Error is generated. The SPI block then
checks the validity of the received 16-bit word. In case of a non valid data, an SPI error is generated. In case no
error is detected, the data is decoded by the internal logic.

The NCS signal is active low.

Input Debouncing Filters
The input stages of signals SDI, SCLK, and NCS include each a Debouncing Filter. The input signals are that way
filtered from glitches and noise.

The input signals SDI and SCLK are analyzed at each edge of the internal clock derived from OSC1. If the same
external signal value is sampled three times consecutively, the signal is considered as valid and is processed by
the SPI logic. Otherwise, the transition is considered as a glitch and is discarded.
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The input signal NCS is sampled at a rate corresponding to the period of the internal clock derived from OSC1. If
the same external signal value is sampled two times consecutively, the signal is considered as valid and is
processed by the SPI logic. Otherwise, the transition is considered as a glitch and is discarded.

2443 Definitions

Command

A command is a high-level command issued by the SPI master which aims at generating a specific reaction in the
addressed slave. The command is physically translated into a Request Message by the SPI master. The correct
reception of the Request Message by the SPI slave leads to a specific action inside the slave and to the emission
of an Answer Message by the slave.

Example: the READ command leads to the transfer of the value of the specified register from the device to the SPI
master.

Word

A word is a 16-bit sequence of shifted data bits.

Transfer

A transfer is defined as the SPI data transfers (in both directions) occurring between a falling edge of NCS and
the next consecutive rising edge of NCS.

Request Message

A request message is a word issued by the SPI master and addressing a single slave. A request message relates
to a specific command.

Answer Message

An answer message is a well-defined word issued by a single SPI slave as a response to a request message.

Transmit Frame

A transmit frame is a sequence of one or several words sent by the SPI Master within one SPI transfer. In regular
SPI topologies, a transmit frame is in practice identical to a data word. In daisy chain topologies, a transmit frame
is a sequence of data words belonging to different request messages.

Receive Frame

A receive frame is a sequence of one or several words received by the SPI Master within one SPI transfer. In
regular SPI topologies, a receive frame is in practice identical to a data word. In daisy chain topologies, a receive
frame is a sequence of data words belonging to different Answer Messages.

The SPI protocol supported by the 1EDI2010AS is based on the Request / Answer principle. The master sends a
defined request message to which the slave answers with the corresponding answer message (Figure 2-8,
Figure 2-9). Due to the nature of the SPI interface, the Answer Message is shifted, compared to the Request
Message, by one SPI transfer. It means, for example, that the last word of answer message n is transmitted by
the slave while the master sends the first word of request message n+1.

Data Sheet 26 Rev 2.0, 2017-06-19
Hardware Description



'T EiceDRIVER™ SENSE
Ql ne& 1EDI2010AS

Functional Description

Transfer
— A ~ ) )
inactive
Chip Sel(—:;‘ ’( —‘ r
NCS active
Transmit Frame Word i
/—)% I_H
Master — | RWMH | .. v R | L e L [RMR ol
Serial Output Wn
(seen at SDI) —
Request Message for Slave i
Receivg Frame
e N
Master —— . o | AMT | v AaM2 | o~ L [AMN | . —
Serial Input
(seen at SDO) —
Answer Message of Slave i

Figure 2-8 Response Answer Principle - Daisy Chain Topology

Transfer
— A -~ . .
inactive
Chip Sele:‘ ’/ “ ’/
NCS for active
Slave i
TraneriL Frame Request Message
- N - N
Master RM1 RM2 e — RMn -
Serial Output
(seen at SDI) _ _
Y
Word
Master | AM1 AM2 — == — AMn —
Serial Input
(seen at SDO)~ —~ —~ — — _
Receive Frame Answer Meassage
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The first word transmitted by the device after power-up is the content of register PSTAT.
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2444 SPI Data Integrity Support

2.4.4.41 Parity Bit

By default, the SPI link relies on an odd parity protection scheme for each transmitted or received 16-bit word of
the SPI message. The parity bit corresponds to the LSB of the 16-bit word. Therefore, the effective payload of a
16-bit word is 15 data bit (plus one parity bit). The parity bit check (on the received data) can be disabled by
clearing bit PCFG.PAREN. In this case, the parity bit is considered as “don’t care”. The generation of the parity bit
by the driver for transmitted words can not be disabled (but can be considered as “don’t care” by the SPI master).

Note: For fixed value commands (ENTER_CMODE, ENTER_VMODE, EXIT_CMODE, NOP), it has to be ensured
that the value of the parity bit is correct even if parity check is disabled. Otherwise, an SPI error will be
generated.

24442 SPI Error

When the device is not able to process an incoming request message, an SPI error is generated: the received
message is discarded by the driver, bit PER.SPIERIs set and the erroneous message is answered with an error
notification (bit LMI set).

Several failures generate an SPI error:

» A parity error is detected on the received word.

* Aninvalid data word format is received (e.g. not a 16 bit word).

* A word is received, which does not corresponding to a valid Request Message.

+ A command is received which can not be processed. For example, the driver receives in Active Mode a
command which is only valid in other operating modes. Another typical example is a read access to the
secondary while the previous read access is not yet completed (device “busy”).

* An SPI access to an invalid address.
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2445 Protocol Description

24451 Command Catalog

Table 2-3 gives an overview of the command catalog supported by the device. The full description of the
commands and of the corresponding request and answer messages is provided in the following sections.

Table 2-3 SPI Command Catalog

Acronym Short Description Valid in Mode
ENTER_CMODE Enters into Configuration Mode. OPMO, OPM1
ENTER_VMODE Enters into Verification Mode. OPM2
EXIT_CMODE Leaves Configuration Mode to enter into Configured Mode. OPM2
READ Reads the register value at the specified address. All
NOP Triggers no action in the device (equivalent to a “nop”). All
WRITEH Update the most significant byte of the internal write buffer. All
WRITEL Updates the least significant byte of the internal write buffer, and | All (with restrictions)
copies the contents of the complete buffer into the addressed
register. The write buffer is cleared afterwards.

An overview of the commands is given Figure 2-10.

Message Command Data P
ENTER_CMODE 0 0 0 1 1 0 0 0 1 0 0 0 0 0 0 0
ENTER_VMODE 0 0 0 1 0 0 0 1 0 1 0 0 0 0 0 0

EXIT_CMODE 0 0 0 1 0 0 1 0 0 0 1 0 0 0 0 0
NOP 0 0 0 1 0 1 0 0 0 0 0 1 0 0 0 0
READ 0 0 0 0 M| a2 M| A 0 1 0 1 0 1 X
WRITEH 0 1 0 0 0 1 0 [ b5 | p14 | D13 | D12 | D11 [ D10 | D9 | D8 X
WRITEL 1 0 1 0 M | A3 | A2 | A | A | D7 [ D6 | D5 | D4 | D3| D2 X
Figure 2-10 SPI Commands Overview
24.4.5.2 Word Convention
In order to simplify the description of the SPI commands, the following conventions are used (Table 2-4).
Table 2-4 Word Convention
Acronym Value
Va(REGISTER) Value of register REGISTER
Pg Parity Bit
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Table 2-4 Word Convention (cont'd)

Acronym Value
<<n Left shift operation of n bits.
Xy | YH Result of the operation: x,; OR yy

24453 ENTER_CMODE Command

The goal of this function is to set the device into Configuration Mode. After reception of a valid ENTER_CMODE
command, mode OPM2 is active. This command is only valid in Default Mode (OPMO and OPM1). In case the
request message is received while OPM1 is not active, the complete command is discarded and an SPI error
occurs.

Table 2-5 describes the request message and the corresponding answer message.

Table 2-5 ENTER_CMODE request and answer messages

Transfer 1 Transfer 2
Request message 1880 N.a.
Answer message N.a. Va(PSTAT)

24454 ENTER_VMODE Command

The goal of this function is to set the device into Verification Mode. After reception of a valid ENTER_VMODE
command, mode OPMS5 is active. This command is only valid in Configuration Mode (OPM2). In case the request
message is received while OPM2 is not active, the complete command is discarded and an SPI error occurs.

Table 2-6 describes the request message and the corresponding answer message.

Table 2-6 ENTER_VMODE request and answer messages

Transfer 1 Transfer 2
Request message 1140, N.a.
Answer message N.a. Va(PSTAT)

2.4.4.5.5 EXIT_CMODE Command

When a valid EXIT_CMODE is received by the device, the Configuration Mode is left to Configured Mode (Mode
OPM3 active). This command is only valid in Configuration Mode (OPM2). In case the request message is
received while OPM2 is not active, the complete command is discardedand an SPI error occurs.

Table 2-7 describes the request message and the corresponding answer message.

Table 2-7 EXIT_CMODE request and answer messages

Transfer 1 Transfer 2
Request message 1220, N.a.
Answer message N.a. Va(PSTAT)
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2.4.4.5.6 NOP Command

This command triggers no specific action in the driver (equivalent to a “nop”). However, the mechanisms verifying
the validity of the word are active. This command is valid in all operating modes.

Table 2-8 describes the request message and the corresponding answer message.

Table 2-8 NOP request and answer messages

Transfer 1 Transfer 2
Request message 1410, N.a.
Answer message N.a. Va(PSTAT)

24457 READ Command

This command aims at reading the value of the register whose address is specified in the request message. This
command is valid in all operating modes. However, in OPM4 and OPM®6, the use of the READ command is
restricted (see Table 4-4). If an access outside the allowed address range is performed, the access is discarded
as invalid and an SPI error occurs.

Table 2-9 describes the request message and the corresponding answer message.

Table 2-9 READ request and answer messages

Transfer 1 Transfer 2
Request message See below N.a.
Answer message N.a. Va(Register)

Request message words
Word 1: (ADDRESS_5BIT << 7 )] | 002A | Pg.

Answer message words
Word 1: Value of REGISTER.

2.4.4.5.8 WRITEH

This command aims at writing the upper byte of the internal write buffer with the specified value. This command
has no other effect on the functionality of the device. This command is valid in all operating modes.

Table 2-10 describes the request message and the corresponding answer message.

Table 2-10 WRITEH request and answer messages

Transfer 1 Transfer 2
Request message See below N.a.
Answer message N.a. Va(PSTAT)

Request message words
Word 1: 4400, | ( DATA_8BIT << 1) | Pg
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24459 WRITEL

This command aims at updating the value of the register whose address is specified in the request message. This
command is valid in all operating modes. However, depending on the active operating mode, this command is
restricted to a given address range or specific registers (see Table 4-5). If an access outside the allowed address

range is performed, the access is discarded as invalid and an SPI error occurs.

Functional Description

At the reception of this command, the least significant byte of the internal buffer is written with the specified value,
the contents of the buffer is copied to the register at the specified address and the complete write buffer is cleared.

Table 2-11 describes the request message and the corresponding answer message.

Table 2-11 WRITEL request and answer messages

Transfer 1 Transfer 2
Request message See below N.a.
Answer message N.a. Va(PSTAT)

Request message words

Word 1: A000,, | (ADDRESS_5BIT << 7 ) | ( DATA 6BIT << 1) | Pg.
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245 Operating Modes

24.51 General Operation

At any time, the driver can be in one out of seven possible operating modes:

» OPMO: Default Mode (default after reset, device is disabled).

+ OPM1: Error Mode (reached after Event Class B, device is disabled).
+ OPM2: Configuration Mode (device is disabled, configuration of the device can be modified).

*  OPMS3: Configured Mode (device is configured and disabled).

+  OPM4: Active Mode (normal operation).

+ OPMS5: Verification mode (intrusive diagnostic functions can be triggered).
+ OPMG6: Weak active mode (the device can be turned on but with restrictions)

The current active mode of the device is given by bit field SSTAT.OPMS.
The concept of the device is based on the following general ideas:

» The driver can only switch the IGBT on when OPM4 mode is active (exception: weak-turn on in OPM®6).

» Starting from Mode OPMO or OPM1, the Active Mode OPM4 can only be activated through a dedicated SPI
command sequence and the activation of the hardware signal EN. As a result, the probability that the device
goes to OPM4 mode due to random signals is negligible.

+ Differentiations of errors: different classes of errors are defined, leading to different behavior of the device.

The state diagram for the operating modes is given in Figure 2-11:

Functional Description
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Figure 2-11 Operating Modes State Diagram
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2.45.2 Definitions

24521 Events and State Transitions

The transitions from one state to the other are based on “events” and / or SPI commands. The following
classification is chosen for defining the events.

Events Class A
The following (exhaustive) list of events are defined as Events Class A:

» Occurrence of a DESAT event (leads to a safe turn-off sequence).

» Occurrence of an OCP event (leads to a safe turn-off sequence).

» Valid to Invalid transition on EN signal (leads to a regular turn-off sequence).
» ADC Boundary Check Violation Event (optional, can be disabled).

When an Event Class A occurs, the output stage either initiates either a safe turn-off sequence (DESAT, OCP) or
a regular turn-off sequence (all other events).The event is notified via an error bit in the corresponding register.

Note: Contrarily to a reset event, an Event Class A does not affect the contents of the configuration registers.

When an Event Class A occurs, the device may change its operating mode depending on which mode is active
when the event occurs:

+ Ifit was in OPM4, it goes in OPM3.
+ Ifit was in OPMB, it goes in OPM5.

In all other cases, the OPM is unaffected. A state transition due to an Event Class A leads to the activation of signal
NFLTA. If no state transition occurs (if for example the device was not in OPM4 or OPM6), NFLTA is not activated
(exception: ADC Boundary Check event - see Chapter 2.4.7 for more details on failure notifications).

Events Class B
The following (exhaustive) list of events are defined as Events Class B:

* Occurrence of a UVLO2 event.
» Verification Mode Time Out Error

When an Event Class B occurs, the output stage initiates a regular turn-off sequence. The event is notified via an
error bit in the corresponding register and (possibly) via the signal NFLTB.

Note: Events Class B may affect the contents of the configuration registers.

When an Event Class B occurs, the device may change its operating mode depending on which mode is active
when the event occurs: if it was not in OPM1, it goes to OPM1. It is unaffected otherwise

A state transition due to an Event Class B leads to the activation of signal NFLTB. If no state transition occurs (if

for example the device was already in OPM1), NFLTB is not activated. See Chapter 2.4.7 for more details on
failure notifications.

Events Class C

Generally speaking, Events Class C are error events that do not lead to a change of the operating mode of the
device. The following (non-exhaustive) list of events is comprised within the Event Class C:

« SPI Error.

» Shoot Through Protection error.
+ Etc.
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SPI Commands

The following SPI commands have an impact on the device’s operating mode. The SPI commands are described
in Chapter 2.4.4.5.

« ENTER_CMODE.

+ ENTER_VMODE.

+ EXIT_CMODE.

» Setting of bit SCTRL.CLRS (by writing register PCTRL)

Reset Events
A reset sets the device (or part of the device) in its default state. Reset events are described in Chapter 2.4.10.
Internal Supervision Error are leading to a reset event, for example.

24522 Emergency Turn-Off Sequence

The denomination “Emergency Turn-Off Sequence” (ETO) is used to describe the sequence of actions executed
by the output stage of the device when an Event Class A, Class B or a Reset Event is detected.

An ETO sequence is described by the following set of actions:

» A Turn-Off sequence is initiated. In case of DESAT or OCP event, a safe turn-off sequence is initiated. For the

other events, a regular turn-off sequence is initiated.
» The device enters the corresponding OPM mode. As a consequence, the device is disabled.

Once an ETO has been initiated, the device can not be reenabled for a maximum duration consisting of 256 OSC2
clock cycles. Consequently, the user shall wait for this duration before reenabling the device and sending PWM
turn-on command.

2.4.5.2.3 Ready, Disabled, Enabled and Active State

The device is said to be in Ready state in case no reset event is active on the primary chip. When the device is
Ready, signal NRST/RDY is at High level.

When the device is in Disabled State, the PWM turn-on commands are ignored. This means that whatever the
input signal INP is, the output stage (if not tristated) delivers a constant turn-off signal to the IGBT. Unless
otherwise stated, all other functions of the device work normally.

When the device is not in Disabled State, it is said to be in Enabled State. In this case, the PWM signal command
is processed normally (if the output stage is not tristated). Practically, the device is in Enabled State when either
Mode OPM4 or Mode OPM6 is active.

Active State corresponds to the normal operating state of the device. Practically, the device is in Active State when
Mode OPM4 is active.

Note: When the device is in Active State, it implicates it is in Enabled state.
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2453 Operation Modes Description

Default Mode (OPMO)

Mode OPMO is the default operating mode of the device after power up or after a rest event. In OPMO, the device
is in Disabled State.

The following exhaustive list of events bring the device in OPMO Mode:

* Occurrence of a Reset Event.
» Bit SCTRL.CLRS set while the device was in OPM1.

Error Mode (OPM1)

Mode OPM1 is the operating mode of the device after an Event Class B.
The following exhaustive list of events bring the device in OPM1 Mode:
* Occurrence of an Event Class B.

In OPM1, when bit SCTRL.CLRS is set via the corresponding SPI command, the device shall normally jump to
OPMO. However, in case the conditions for an Event Class B are met at that moment, no state transition occurs
and the device stays in OPM1. The operation of bit SCTRL.CLRS on the secondary sticky bits works normally.

In OPM1, when a valid ENTER_CMODE command is received, the device shall normally jump to OPM2.
However, in case the conditions for an Event Class B are met at that moment, no state transition occurs and the
device stays in OPM1 for the duration of the event. The state transition to OPM2 is executed as soon as the
conditions leading to the Event Class B disappear.It shall be noted that no LMI error notification is issued.

Configuration Mode (OPM2)

Configuration Mode is the mode where the configuration of the device can be modified. When OPM2 is active, the
device is in Disabled State.

The following exhaustive list of events bring the device in Configuration Mode:
» Reception of a valid ENTER_CMODE command while Mode OPMO0 or OPM1 active.

Configured Mode (OPM3)

Configured Mode is the mode where the device is ready to be enabled. When OPM3 is active, the device is in
Disabled State.

The following exhaustive list of events bring the device in Mode OPM3:

* Reception of a valid EXIT_CMODE command while Mode OPM2 active.
* Event Class A while Mode OPM4 active.

Active Mode (OPM4)

The Active Mode corresponds to the normal operating mode of the device. When OPM4 is active, the device is in
Active State. The following exhaustive list of event bring the device in Active Mode:

+ Invalid to Valid Transition on signal EN while Mode OPM3 active.
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Verification Mode (OPM5)

Verification Mode is the mode where intrusive verification functions can be started. When OPMS5 is active, the
device is in disabled state.

The following exhaustive list of event bring the device in Verification Mode:

* Reception of a valid ENTER_VMODE command while Mode OPM2 active.
* Occurrence of an Event Class A while Mode OPM6 active.

After a transition from Mode OPM2 to OPMS5, an internal watchdog timer is started. If after time tyo, the device
has not left both modes OPM5 or OPMB6, a time-out event occurs and an Event Class B is generated.

Weak Active Mode (OPM6)

Weak Active Mode is the mode where the device can be activated to run diagnosis tests at system level. When
OPM6 is active, the device is in Enabled State. A PWM turn-on command issues a Weak Turn-On on the
secondary side.

The following exhaustive list of event bring the device in Weak Active Mode:
* Invalid to Valid Transition on signal EN while Mode OPMS5 active.
The watchdog counter started when entering Mode OPMS5 is not reset when entering OPM6.

Implementation Notes related to State Transitions

* An Event Class A or Class B detected on the secondary side lead to an immediate reaction of the device’s
output stage. Due to the latency of the inter-chip communication, the notification on the primary side is slightly
delayed.

» The activation of signal NFLTA or NFLTB is simultaneous to the corresponding state transition on the primary
side.

+ Itis possible to change the operating mode while a failure condition is present. This may however lead to a
new immediate error notification and state transition.

2454 Activating the device after reset

After a reset event, the device is in Mode OPMO and disabled. In order to be active, the device needs to enter
Configuration Mode with the ENTER_CMODE command. Once all the configurations have been performed, the
Configuration Mode has to be exited with an EXIT_CMODE command. Once this is done, the device can enter
the Active Mode when Invalid to Valid transition on pin EN is detected.

2455 Activating the device after an Event Class A or B

If during operation, an Event Class A occurs, the device enters the OPM3 (or OPM5). Bit field SSTAT.OPMS is
updated accordingly. In order to reactivate the device, an invalid-to-valid transition has to be applied to signal EN.
It means for example in EN Mode, that a Low-level and then a High level is applied to EN. If no Event Class A
event is active, the device will enter OPM4 (respectively OPM®6).

If during operation, an Event Class B occurs, the device enters the Default Mode OPM1. Bit field SSTAT.OPMS
is updated accordingly. In order to reactivate the device, the steps defined in Chapter 2.4.5.4 need to be
performed.
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2456 Debug Mode

The DEBUG pin gives the possibility to operate the device in the so-called Debug Mode. The goal of the Debug
Mode is to operate the device without SPI interface. This mode should be used for development purpose only and
is not intended to be used in final applications.

At V., power-on, the level at pin DEBUG is latched. In case a High level is detected, the device enters the Debug
Mode. Bit SSTAT.DBG is then set.

In Debug Mode, the regular operation of the internal state machine is modified, so that the device can only enter
OPM3 or OPM4. As a result Modes OPMO, OPM1, OPM2, OPM5 and OPM6 are completely bypassed. In case
of a Reset event, the device goes to OPM3 (instead of OPMO0). Besides, in Debug Mode, events leading normally
to an Event Class B are replaced an Event Class A, resulting in the activation of signal NFLTA. Event Class B are
therefore not generated by the device in Debug Mode (and signal NFLTB shall not be used).

It should be noted that the configuration of the device in Debug Mode corresponds to the default settings and can
not be changed.

In Debug Mode, the operation of the device is otherwise similar to regular operation. It means in particular that the
signal EN has to be managed properly: when the device is in OPM3, a Low to High level transition has to be
applied to the device in order to enter OPM4 (Active Mode).

Note: Once it has been latched at power-on, the level on the pin DEBUG has no impact on the device until the next
power-on event on the secondary side.
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246 Driver Functionality

The structure of the output stage and its associated external booster of the device is depicted Figure 2-12:
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Figure 2-12 Output Stage Diagram of Principle

2.4.6.1 Overview

Two turn-off behaviors are supported by the device, depending on the event causing the turn-off action.

* Regular Turn-Off.
» Safe Turn-Off.

A Safe Turn-Off sequence uses the timing and plateau level parameters defined in register SSTTOF. It is triggered
by a DESAT or an OCP event only. A turn-off sequence which is not “Safe” is then “Regular”. A Regular Turn-Off
sequence uses the timing parameters defined in register SRTTOF and the plateau level defined by
PCTRL2.GPOF.

Two Level Turn-Off (TTOFF)

Because a hard turn-off may generate a critical overvoltage on the IGBT leading eventually to its destruction, the
1EDI2010AS supports the Two Level Turn-Off functionality (TTOFF). The TTOFF function consists in switching
the IGBT off in three steps in such a way that:

1. The IGBT gate voltage is first decreased with a reduced slew rate until a specific (and programmable) voltage
is reached by the TOFF signal.

2. TOFF (and TON) voltage is stabilized at this level. The IGBT Gate voltage forms thus a plateau.

3. Finally, the switch-off sequence is resumed using hard commutation.

The TTOFF delays and plateau voltage are fully programmable using the corresponding SPI commands. For a
Regular Turn-Off sequence, the TTOFF delay is defined by bit field SRTTOF.RTVAL. Setting this field to 00,
completely disables the TTOFF function for all Regular Turn-Off sequences (but this has no effect on Safe Turn-
Off sequences). The plateau level is defined by PCTRL2.GPOF. If this function is to be activated, a minimum value
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for the delay time has to be programmed. Too small delays will not be visible as plateau on the output signal, may
changes just the slew rate from V., to plateau.

For a Safe Turn-Off sequence, the TTOFF delay is defined by bit field SSTTOF.STVAL. Setting this field to 00,
completely disables the TTOFF function for all Safe Turn-Off sequences (but this has no effect on Regular Turn-
Off sequences). If this function is to be activated, a minimum value for the delay time has to be programmed. The
plateau level is defined by SSTTOF.GPS.

The timing of a Safe Turn-Off event is in the clock domain of the main secondary oscillator (OSC2). The timing of
a Regular Turn-Off event is in the clock domain of the Start-Stop Oscillator (SSOSC2), leading to high accuracy
and low PWM distortion

When using the TTOFF function (with a non-zero delay), the PWM command is received on pin INP is delayed by
the programmed delay time (Figure 2-13). For pulses larger than the TTOFF delay (tpy, sg > trropettwo SSOSC
cycles), the output pulse width is kept identical to the input pulse width. For smaller pulses (tp sg < trrope+2 two
SSOSC cycles), the output pulse is identical to the programmed delay. The minimum pulse width delivered by the
device to the IGBT is therefore the programmed delay time extended by two SSOSC cycles.

The device allows for external booster voltage compensation at the IGBT gate. When bit SCFG.VBEC is cleared,
the voltage at TOFF at the plateau corresponds to the programmed value. When bit SCFG.VBEC is set, an
additional V¢ (base emitter junction voltage of an internal pn diode) is substracted to the programmed voltage at
TOFF in order to compensate for the Vg of an external booster.
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Figure 2-13 TTOFF: Principle of Operation

Two Level Turn-On (TTON)

In order to increase EM compatibility and the efficiency of the whole system, the 1EDI2010AS supports the Two

Level Turn-On functionality (TTON). The TTON function consists in switching the IGBT on in three steps in such

a way that:

1. The IGBT gate voltage is first increased until a specific (and programmable) voltage is reached by the TON
signal.

2. TON (and TOFF) voltage is stabilized at this level. The IGBT Gate voltage forms thus a plateau.

3. Finally, the switch-on sequence is resumed up to the maximum output voltage.

The TTON feature needs to be activated by configuring the delay with bit field STTON.TTONVAL.
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The plateau voltage level can be configured during run time by updating bit field PCTRL.GPON. This bit field can
also be programmed to a value generating a hard turn-on.

When using the TTON function (with a non-zero delay), the PWM command is received on pin INP is not delayed
by the programmed TTON delay time (Figure 2-14). However, the minimum pulse width that can be generated
corresponds to the programmed TTON delay. Thus, for input pulses smaller than the TTON delay (tpy; sg < trron)s
the output pulse width is extended.

The device allows for external booster voltage compensation at the IGBT gate. When bit SCFG.VBEC is cleared,
the voltage at TON at the plateau corresponds to the programmed value. When bit SCFG.VBEC is set, an
additional Vg (base emitter junction voltage of an internal pn diode) is added to the programmed voltage at TON
in order to compensate for the Vg of an external booster.

The TON and TTOFF functions can be used simultaneously.
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Figure 2-14 TTON: Principle of Operation
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Pulse Suppressor

In order to increase the device’s robustness against external disturbances, a pulse suppressor can be enabled by
setting bit SCFG.PSEN. Register SRTTOF shall also programmed with a value higher than 2,,. When a PWM turn-
on sequence occurs, the activation of the output stage is delayed by the programmed TTOFF number of cycles,
as for a normal TTOFF sequence. However, the PWM command received by the secondary chip signal is
internally sampled at every SSOSC cycle before the actual turn-on command is executed by the output stage. If
at least one of the sampling point does not detect a high level, the turn-on sequence is aborted and the device is
not switched on.

In case a valid PWM ON command is detected by the secondary side after the decision point the previous
sequence has been aborted, a new turn-on sequence is initiated.

One of the consequence of activating the pulse suppressor is that all PWM pulses shorter than the programmed
TTOFF plateau time are filtered out (Figure 2-15).

Note: The Pulse Suppressor only acts on turn-on pulses, not on turn-off pulses.
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] |

[ 1
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Figure 2-15 TTOFF: pulse suppressor aborting a turn-on sequence
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2.4.6.2 Switching Sequence Description

Figure 2-16 shows an idealized switching sequence. When a valid turn-on command is detected, a certain
propagation time typoy is Needed by the logic to transfer the PWM command to the secondary side. At this point
the TTOFF delay time t;1orr defined by bit field SRTTOF.RTVAL is added before the turn-on command is
executed. Signal TON is then activated, while signal TOFF is deactivated.

In case the two level turn-on function is active, signal TON is increased up to the plateau voltage defined by bit
field PCTRL.GPON. The duration t;1oy between the beginning of the turn-on sequence and the moment where
the switching sequence is resumed is defined by bit field STTON.TTONVAL.

When a valid turn-off command is detected, a certain propagation time tyoer is needed by the command to be
processed by the logic on the secondary side. This propagation time depends on the event having generated the
turn-off action (non exhaustive list):

* In case of a PWM turn-off command at pin INP, t5orr=toporr-

* In case of a DESAT Event, tyorr=torrpesaTe-

* In case of an OCP event, tyorr=torrocps-

* In case of an Event Class A on the primary side: tyorr=torrcLa-

* In case of an Event Class B on the secondary side: tyorr=torrcLpe-

When the turn-off command is processed by the logic, signals TON and TOFF are decreased with the slew rate
tsLew fixed by hardware. Once the voltage at pin TOFF has reached the value defined by bit field PCTRL2.GPOF
(or SSTTOF.GPS in the case of a safe turn-off), the turn-off sequence is interrupted. Time t;og¢ is defined as the
moment when the device starts turning off signal TOFF, and the moment where the turn-off sequence is resumed.
Depending on the event that triggered the turn-off sequence, t;og¢ is given by either bit field SRTTOF.RTVAL or
SSTTOF.STVAL. Once the TTOFF time has elapsed, a hard commutation takes place, and signals TON and
TOFF are driven to Vgg,.

Note: Once a turn-off sequence is started, it is completed to the end with the same delay parameters.
Signal DACLP can be activated by configuring bit field SCFG.DACLC. At the moment when the hard commutation
takes place, signal DACLP remains deactivated for time t,¢, fixed by hardware. When this time is elapsed, signal

DACLP is reactivated (i.e. active clamping is disabled). The voltage level at pin DACLP can be read at bit
SSTAT2.DACL
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24.6.3 Passive Clamping

When the secondary chip is not supplied, signals TOFF, TON and GATE are clamped to Vgg,. The GATE pin is
the sensing pin for this clamping and should be not overstressed. See “Electrical Characteristic” section for the
electrical capability of this feature.

247 Fault Notifications

The device provides two kinds of fault notification mechanisms:

+ Pins NFLTA, NFLTB and NRST/RDY allow for fast error notification to the main microcontroller. All signals are
active low.
» Error bits can be read by SPI.

The activation of signal NRST/RDY is associated with Reset Events (see Chapter 2.4.10). The activation of signal
NFLTA is associated with Class A Events. The activation of signal NFLTB is associated with Class B Events. In
general the activation of signal NFLTA or NFLTB is linked to a state transition of the state machine.

Handling Events Class A and B

If an Event Class A occurs that leads to a state transition (from OPM4 to OPM3 or OPM6 to OPM5), signal NFLTA
is activated. In case an Event Class A occurs that does not lead to a state transition, NFLTA is not activated
(exception: ADC boundary check events). However, the corresponding error bit in register PER or SER is set.

ADC Boundary Check events are handled in a special way. In case bit SCFG2.ACAEN is set, an ADC Boundary
Check event leads to an Event Class A: an Emergency (regular) turn-off sequence is issued, and possibly a
transition of the state machine and the activation of NFLTA. Bit SSTAT.FLTAS (and resultingly bit
PSTAT2.FLTAP) is set as long as bits SADC.AOVS or SADC.AUVS is set.

In case bit SCFG2.ACAEN is cleared, an ADC Boundary Check event does not lead to a transition of the state
machine (NFLTA is not activated). Besides, no Emergency Turn-Off sequence is initiated. However, bit
SER.AUVER and / or SER.AOVER is set. Therefore, when bit SCFG2.ACAEN is cleared, the ADC Boundary
Check mechanism behaves like an Event Class C.

Additionally, signal NFLTA can be activated directly by the status bits related to boundary check on the primary
side.This allows to have signal NFLTA activated in any OPM mode in case of ADC Boundary Check Events. If bit
PCFG.ADAEN is set, NFLTA is activated at the transition of bit PSTAT2.AXVP from Og to 1.

If an Event Class B occurs that leads to a state transition (to OPM1), signal NFLTB is activated. In case an Event
Class B occurs that does not lead to a state transition, NFLTB is not activated. However, the corresponding error
bit in register PER or SER is set.

The level issued by the device on pins NFLTA and NFLTB is given by bits PSTAT2.FLTA and PSTAT2.FLTB.
The levels read by the device at those pins is given by bits PPIN.NFLTAL and PPIN.NFLTBL. In case a condition
leading to an Event Class A is detected by the device, bit PSTAT2.FLTAP is set. In case a condition leading to an
Event Class B is detected by the device, bit PSTAT2.FLTBP is set.

Note: In case of short events (e.g. Desat or OCP event), it might not be possible to observe a change of the state
of bits PSTAT2.FLTAP or FLTBP.

Clearing Fault Notifications

Table 2-12 summarizes how fault notifications are cleared:
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Table 2-12 Failure Notification Clearing

NFLTA / B signals Primary Sticky Bits Secondary Sticky Bits
PCTRL.CLRP set De-assertion Cleared -
PCTRL.CLRS set " - - Cleared
EN Invalid to Valid transition De-assertion 2 - -

1) If the device is in OPMA1, setting bit SCTRL.CLRS leads to a transition to OPMO
2) Only in OPM3 and OPMS5. In other Operating Modes, no de-assertion is done.

A CLRP command (i.e. setting bit PCTRL.CLRP) clears all sticky bits on the primary side. A CLRS command (i.e.
setting bit PCTRL.CLRS) clears all sticky bits on the secondary side.

Signals NFLTA and NFLTB are de-asserted with an invalid to valid transition of signal EN. Besides, they can be
de-asserted by a CLRP command, depending on the device’ status.

S

2438 EN Signal Pin

The EN signal allows the logic on the primary side to have a direct control on the state of the device. A valid signal
has to be provided on this pin. A valid to invalid transition of the signal on pin EN generates an Event Class A.
Pin EN should be driven actively by the external circuit. In case this pin is floating, an internal weak pull-down
resistor ensures that the signal is low.

Note: It should be noted that even if the signal at pin EN is valid, the device can still be in disabled state. This may
happen for example if another error is being detected

A valid EN signal is defined as a digital High level. When EN is at Low level, the signal is considered as not valid
and the device is in Disabled State. In case of a High-to-Low transition, an Event Class A is generated.

An Invalid to Valid transition of signal EN deactivates signals NFLTA and NFLTB (when the device is in OPM3 or
OPMS5 only).

The levels read by the device at pin EN is given by bits PPIN.ENL. The validity status of EN signal is given by bit
PSTAT2.ENVAL.
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249 Internal Supervision

The Internal Supervision functionality is summarized in Table 2-13:

Table 2-13 System Supervision Overview

Parameter Short Description
Function Monitoring of the key internal functions of the chip.
Periodicity Continuous.

Action in case of failure event |See below

Programmability No.

The primary and secondary chips are equipped with internal verification mechanisms ensuring that the key
functions of the device are operating correctly. The internal blocks which are supervised are listed below:

+ Lifesign watchdog: mutual verification of the response of both chips (both primary and secondary).
» Oscillators (both primary and secondary, including open / short detection on signals IREF1).
» Memory error (both primary and secondary).

2491 Lifesign watchdog

The primary and the secondary chips monitor each other by the mean of a lifesign signal. The periodicity of the
lifesign is typically t 5. Each chip expects a lifesign from its counterpart within a given time window. In case a
lifesign error is detected by a chip, a reset event is generated on both sides (lead to OPMO) as well as NFLTB pin
is set. Due to the communication loss on both sides both bits PER.CERP and SER.CERS are set.

Note: Bits PER.CERP and SER.CERS indicate a loss of communication event. The current status of the internal
communication is indicated by bit PSTAT.SRDY.

249.2 Oscillator Monitoring

The main oscillators on the primary and on the secondary side are monitored continuously. Two distinct
mechanisms are used for this purpose:

» Lifesign Watchdog allows to detect significant deviations from the nominal frequency (both primary and
secondary, see above).
» Open / short detection on pin IREF1.

In case a failure is detected on pin IREF1, the primary chip is kept in reset state for the duration of the failure and
signal NRST/RDY is asserted, This leads to the detection of a lifesign error by the secondary chip, generating thus
an reset event.

249.3 Memory Supervision

The configuration parameters of the device, stored in the registers, are protected with a parity bit protection
mechanism. Both primary and secondary chips are protected (refer to Chapter 4).

In case a failure is detected on the primary chip, it is kept in reset state, and both signal NRST/RDY and NFLTB
are asserted. The secondary side initiates an Emergency (Regular) Turn-Off sequence.

In case a memory failure is detected by the secondary chip, an Emergency (Regular) Turn-Off sequence is
initiated. The secondary chip is kept in reset state for the duration of the failure. This leads to the detection of a
lifesign error by the primary chip, generating thus an reset event.
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2494 Hardware Failure Behavior

Functional Description

The internal supervision function can detect several failures which could lead to primary or secondary chip hold
on (stay in reset). Failures which can be detected are mentioned in the table below. The supervision functions
described in the chapters before will lead to this behavior.

Table 2-14 Failure Events Summary

Failure Event Primary Secondary |Notification Notification
(primary) (secondary)
OSC1 not starting | Reset Soft Reset |* NRST/RDY Low (driven |+ Bit SER.CERS set (in
at power-up by device during event). case of lifesign lost).
+ BitPER.RSTP set (once |« Output Stage issues a
OSC1 valid again). PWM OFF command.
+ Bit PER.CERP is not set.
* NFLTB activated at the
end of the reset event.
IREF1 shorted to | Reset Soft Reset |* NRST/RDY Low (driven |+ Bit SER.CERS set (in

ground or open

by device during event).
Bit PER.RSTP set (once
IREF1 valid again).

Bit PER.CERP is not set.
NFLTB activated at the
end of the reset event.

case of lifesign lost).
+ Output Stage issues a
PWM OFF command.

Memory error on Reset Soft Reset |* NRST/RDY Low (driven |+ Bit SER.CERS set (in
primary by device during event). case of lifesign lost).

+ Bit PER.RSTP set (when |+ Output Stage issues a
failure condition is PWM OFF command.
removed).

* Bit PER.CERP is not set.

* NFLTB activated at the
end of the reset event.

OSC2 not starting |- Hard Reset |* NFLTB activated, bit + Output Stage issues a
at power-up PER.CERP set. PWM OFF command.

+ Bit PSTAT.SRDY cleared

OSC2 misfunction |- Soft Reset |+ NFLTB activated, bit * Output Stage issues a
during operation PER.CERP set. PWM OFF command.

+ Bit PSTAT.SRDY cleared

for the duration of the
failure.

VREG shorted to |- Hard Reset |* NFLTB activated, bit * Output Stage issues a
ground PER.CERP set. PWM OFF command.

+ BitPSTAT.SRDY cleared. |+ BitSER.RSTS (once V¢,

valid again).

Memory error on - Hard Reset |* NFLTB activated, bit * Output Stage issues a
secondary PER.CERP set. PWM OFF command.

« BitPSTAT.SRDY cleared.
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2410 Reset Events

A reset event sets the device and its internal logic in the default configuration. All user-defined settings are
overwritten with the default values. The list of reset events and their effect is summarized in Table 2-15.

Table 2-15 Reset Events Summary

Reset Event Primary Secondary |Notification Notification

(primary) (secondary)
NRST/RDY input Reset Soft Reset |+ NRST/RDY Low (during |+ Bit SER.CERS set (in
signal active (driven event). case of lifesign lost).
externally) + Bit PER.RSTEP and * Output Stage issues a

PER.RSTP set. PWM OFF command.
* Bit PER.CERP is not set.
 NFLTB activated at the

end of the reset event.

UVLO1 Event Reset Soft Reset |* NRST/RDY Low (driven |+ Bit SER.CERS set (in
by device during event). case of lifesign lost).
+ Bit PER.RSTP set (once |+ Output Stage issues a
V¢4 Valid again). PWM OFF command.
* Bit PER.CERP is not set.
* NFLTB activated at the
end of the reset event.
Ve, reset event - Hard Reset |* NFLTB activated, bit + BIitSER.RSTS (once V.,
(communication PER.CERP set. valid again).
loss due to voltage + Bit PSTAT.SRDY cleared |+ Output Stage issues a
breakdown on V., for the duration of the PWM OFF command.
) failure.

All reset events set the device in Mode OPMO. In a soft reset, the logic works further, but the registers use the
default values.

In case of a reset condition on the primary side, the behavior of the pin of the device is defined in Table 2-16.

Table 2-16 Pin behavior (primary side) in case of reset condition

Pin Output Level |Comments
SDO Tristate

NFLTB Low

NFLTA Low

NRST/RDY Low (GND1)

In case of a hard reset condition on the secondary side, the behavior of the pin of the device is defined in
Table 2-17.

Table 2-17 Pin behavior (secondary side) in case of reset condition

Pin Output Level |Comments

TON Low (Vges) Passive Clamping

TOFF Low (Veggo) Passive Clamping

DESAT Low (GND2) |Clamped.
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Table 2-17 Pin behavior (secondary side) in case of reset condition

Pin Output Level |Comments
GATE Low (Vggp) Passive Clamping
DACLP High (5V)

2411 Operation in Configuration Mode
This section describes the mechanisms to configure the device.

24111 Static Configuration Parameters

Static parameters can configured when the device is in Mode OPM2 by writing the appropriate configuration
register.

Once Mode OPM2 is left with the SPI Command EXIT_CMODE, the configuration parameters are frozen on both
primary and secondary chips. This means in particular that write accesses to the corresponding registers are
invalidated. This prevents static configurations to be modified during runtime. Besides, the configuration
parameters on the primary and secondary side are protected with a memory protection mechanism. In case the
values are not consistent, a Reset Event and / or an Event Class B is generated.

241111 Configuration of the SPI Parity Check

The SPI interface supports by default an odd parity check. The Parity Check mechanism (active at the reception
of an SPI word) can be disabled by setting bit PCFG.PAREN to 0g. Setting bit PAREN to 15 enables the Parity
Check.

Parity Bit Generation for the transmitter can not be disabled.

24111.2 Configuration of NFLTA and NFLTB clear mode

The reaction of signals NFLTA and NFLTB to a clear primary command is defined by the values of respectively
bits PCFG.CLFAM and PCFG.CLFBM. See Chapter 2.4.7 for more details.

241113 Configuration of NFLTA activation in case of Boundary Check event

Signal NFLTA is normally activated by a state transition of the internal state machine. However, it can also be
configured to be activated in relation with bit PSTAT2.AXVP. This is configured thanks to bit PCFG.ADAEN.

241114 Configuration of pin ADCT

Signal ADCT can be used as a trigger source for the ADC on the secondary side. If PCFG.ADTEN is cleared, the
voltage read on the pin is ignored by the device. If PCFG.ADTEN is set, an ADC conversion is triggered at a rising
edge detected at pin ADCT.
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241115 Configuration of the STP Minimum Dead Time

The minimum dead time for the Shoot-Through Protection can be programmed by writing bit field
PCFG2.STPDEL. The value programmed corresponds to a number of OSC1 clock cycles.

2411.1.6 Configuration of the Digital Channel

The direction of pin can be programmed by writing bit field PCFG2.DIO1. The direction of pin DIO2 can be
programmed by writing bit field SCFG.DIO2C.

24111.7 Configuration of the Vg Compensation

The Vg compensation of signal TON and TOFF can be activated or deactivated by writing bit SCFG.VBEC. See
Chapter 2.4.6 for more details.

241118 Clamping of DESAT pin

By setting bit SCFG.DSTCEN, the DESAT signal is clamped to Vgyp, While the output stage of the device issues
a PWM OFF command and during blanking time periods. By clearing bit SCFG.DSTCEN, the DESAT clamping is
only activated during blanking time periods.

241119 Activation of the Pulse Suppressor

The pulse suppressor function is associated with the TTOFF function and can be activated by setting bit
SCFG.PSEN. When activated, SRTTOF.RTVAL shall be programmed with a minimum value.

2411110 Configuration of the Verification Mode Time Out Duration
The duration of the time out in verification mode is selectable via bit SCFG.TOSEN.

24.11.1.11 DESAT Threshold Level Configuration
The detection level of the DESAT comparator is selectable via bit SCFG.DSATLS.

2411112 UVLO2 Threshold Level Configuration
The detection levels of the UVLO2 comparators are selectable via bit SCFG.UVLO2S.

2411113 DACLP Operating Mode Configuration
The operating mode of pin DACLP is selectable via bit field SCFG.DACLC.

2411114 Configuration of the ADC

The configuration of the ADC is selectable by writing register SCFG2. The limits of the boundary checker are
selectable by writing register SBC.

Note: Registers SCFG2 and SBC can only be written if bit SCFG.CFG2 is set to 1.
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2411115 Configuration of the DESAT Blanking Time

The blanking time for the DESAT protection can be configured by writing bit field SDESAT.DSATBT. A minimum
value for the blanking time has to be programmed.

Note: The programmed OCP blanking time shall be smaller than the programmed DESAT blanking time.

24.11.1.16 Configuration of the OCP Function

The blanking time for the OCP protection can be configured by writing bit field SOCP.OCPBT. Programming 0,
deactivates the blanking time feature. In case a blanking time is required, a minimum value for the delay has to be
programmed. The detection level of the OCP comparator is selectable via bit SCFG.OCPLS.

Note: The programmed OCP blanking time shall be smaller than the programmed DESAT blanking time.

24.11.1.17 Configuration of the TTOFF sequences
The TTOFF delays for Regular and Safe Turn-Off sequences can be programmed separately by writing registers
SRTTOF or SSTTOF. The delay for Regular Turn-Off can also be configured using the Timing Calibration Feature.

Programming O, as a delay value disables the TTOFF for the concerned Turn-Off Sequence. Hard turn-off are
performed instead. In case the TTOFF function is wished, a minimum value for the delay has to be programmed.
When safe two level turn-off is used (non zero delay) in normal operating mode (OPM4), the programmed safe
turn-off delay value shall be higher than the programmed regular two level turn of delay.

The plateau level for safe two level turn off sequences can be programmed with bit field SSTTOF.GPS. The
plateau level value for safe turn-off sequences shall be lower than the one selected for regular turn-off sequences.

The regular TTOFF delay can be calibrated using the TCF feature of the device.

2411118 Configuration of the TTON Delay TO Update

The TTON delay can be configured by writing bit field STTON.TTONVAL. Programming Oy as a delay value
disables the TTON for all turn-on sequences. Hard turn-on are performed instead. In case the TTON function is
wished, a minimum value for the delay has to be programmed.

The TTON delay can be calibrated using the TCF feature of the device.

2.4.11.2 Dynamic Configuration

The TTOFF (regular turn-off only) plateau level can be modified during runtime by writing bit field PCTRL2.GPOF.
The value of this bit field is periodically transferred to the secondary side. The last valid received value by the
primary side is available at bit field PSTAT.GPOFP. The value currently used by the secondary chip is available
at bit field SCTRL.GPOFS.

Similarly, The WTO and the TTON plateau level can be configured by writing bit field PCTRL.GPON. The value
of this bit field is periodically transferred to the secondary side. The last valid received value by the primary side
is available at bit field PSTAT.GPONP. The value currently used by the secondary chip is available at bit field
SCTRL.GPONS.

The plateau value stored in the device at the beginning of the corresponding switching sequence is latched and
active until the upper next switching sequence.
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2.411.3 Delay Calibration

In order to compensate for timing errors due to part-to-part variations, a dedicated Timing Calibration Feature
(TCF) has been implemented. The TCF works in such a way that the PWM input signal is used to start and stop
a counter clocked by the Start-Stop Oscillator of the Output Stage. As a result, the following delays and timing can
be configured that way:

» TTOFF delay for Regular Turn-Off.
+ TTON delay.

The TCF allows to compensate for part to part variations of the frequency of the Start-Stop oscillator. This results
in better accuracy for application critical timing. Device specific variations, e.g. temperature related, are not
compensated though. The TCF can be activated or deactivated in Configuration Mode by writing bit field
SSCR.VFS2. The device shall then be set in OPM6 and the PWM signal applied. Details about the TCF operation
are given in Chapter 3.5.3.

2412 Low Latency Digital Channel

The low latency digital channel aims at providing an alternative to discrete galvanic isolators. Digital signals can
be transmitted through pins DIO1 and DIO2. The direction of the channel is given by bit field PCFG2.DIO1 and
SCFG.DIO2C. The functionality of the channel is shown Figure 2-17.
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DIO1 Output, DIO2 Input
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Figure 2-17 Low Latency Digital Channel
The voltage level at pin DIO1 can be read at bit PPIN.DIO1L. The voltage level at pin DIO2 can be read at bit

SSTAT2.DIO2L.

The input stages of signals DIO1 and DIO2 include each a Debouncing Filter. The input signals are that way
filtered from glitches and noise.
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2413 Analog Digital Converter

2.4.13.1 Overview

The key properties of the built-in ADC on the secondary side are:

* Successive Approximation method.

» 0V to 5 Vinput signal (input buffer).

» 8-bit resolution.

» Fast conversion time.

» Preamplifier with programmable gain.
+ Selectable offset.

The ADC operates by the method of the successive approximation. The ADC offers a flexible analog measurement
capability, which fulfills the following functions (non exhaustive list):

» Measurement of a NTC resistor located on the power module (Figure 2-18).
» Measurement of a temperature diode integrated into the IGBT (Figure 2-19).
+ Measurement of the high voltage DC-Link or phase voltage (Figure 2-20).

Device
| U AP
|V —
| N A }(
ADCT <> ADC /InTe
C Logic :
|
' AIN
: VorFsETi
|
GND
Figure 2-18 Application Example NTC Measurement
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Device
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| GND
Figure 2-19 Application Example: Diode Measurement
VbcLink
Device
VinT laipcs=0
| + AIP
|
|
ADCT < : > ADC
O e o e
Logic |
|
|
: VorrseTi AIN
|
GND
Figure 2-20 Application Example: V¢, vk Measurement
Note: The internal current source can be disabled by writing 0 to bit SCFG2.ACSS.
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2.4.13.2 General Operation

When it receives a valid trigger, the ADC samples the voltage provided by the input buffer.The result of the
conversion is stored as a 8-bit value.

The input buffer captures the voltage Ve -Van- OV (Ve = Van) is converted as digital value 00, by the ADC. The
conversion voltage range depends on the programmed gain of the input buffer. For example, if GAIN = 1 and Vg
= 0V is programmed, V,p-Van = 2.75V corresponds to digital value FF,.

Once the conversion is completed, bit field SADC.ADCVAL is updated and bit SADC.AVFS is set. This Valid Flag
can be cleared by SPI by a CLRS command.

In case a trigger is received while a conversion is already in progress, any new conversion request is ignored until
the running conversion is completed.

Since the ADC can be assigned (statically) to different functions by the application, several operating modes can
be chosen from in order to suit each of those specific roles. The configuration of the operating mode is done via
the SPI interface.

Trigger Sources

In order to start a conversion, several trigger sources are available. Primary trigger source enable to trigger a
conversion via

» adirect SPI write command
* via pin ADCT.

In addition, trigger sources can be activated on the secondary side depending on the configuration of bit field
SCFG2.ATS:

» Periodic trigger mode: in this mode, conversions are started automatically by the ADC at a periodical rate. The
conversion period is fixed internally by design (parameter torgic)-

+  PWM trigger mode: in this mode, conversions are triggered by a PWM edge (rising or falling selectable). When
the corresponding PWM signal is detected on the secondary side, a trigger is generated to the ADC after the
delay programmed in bit field SCFG2.PWMD. The reference point for which the delay is started is the hard
transition (ON or OFF).

Operation Mode
By setting SCFG2.ACSS, a current source can be activated that delivers a fixed current to pin AIP.

Gain and Offset Configuration

The gain and offset of the differential input buffer is configurable statically with bit fields SCFG2.AGS and
SCFG2.A0S.

Mathematical Model

The following formula can be used to calculate a converted digital value from the voltage at the ADC input pins:

V |yt is the internal ADC voltage.

VALp,s is the digital value delivered by the ADC (from 0 to 255).
Ve is the voltage at pin AIP.

VN is the voltage at pin AIN.

Vorri is the offset value selected by bit field SCFG2.A0S.
GAIN,; is the gain value selected by bit field SCFG2.AGS.
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2.4.13.3 Boundary Check

The Boundary Check mechanism automatically compares each conversion result to two boundary values. The
result of the conversion is compared to the limits specified by bit fields SBC.LCB1A (lower limit) and LCB1B
(upper limit).

When a new conversion result is available, the result is compared with the boundary values stored in register SBC.
The values used for the comparison are respectively SBC.LCB1A extended by the LSBs 0305 (i.e.: (LCB1A <<2)
& FC, ) and SBC.LCB1B extended by the LSBs 1515 (ie: (LCB1B << 2) | 03).

In case the conversion result is below each of the boundaries, error flag SER.AUVER is set. In case the conversion
result is above each of the boundaries, error flag SER.AOVER is set. In case the conversion result is above or
equal one boundary and below or equal the other boundary, no flag is set. (If lower and upper limit are
programmed in the other way around the device gives wrong limit cross notifications .)

The default limits are chosen such that the flags are never set whatever the conversion result is (equivalent to
disabling the limit check).

The failure reaction of the device to a Boundary Check event can be programed with bit SCFG2.ADAEN.
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3 Protection and Diagnostics

This section can describes the safety relevant functions implemented in the 1EDI2010AS.

31

Supervision Overview

The 1EDI2010AS driver provides extended supervision functions, in order to support safety strategies on system
level. Table 3-1 gives an overview of the implemented functions.

Table 3-1 Safety Related Functions
Protection Feature Description Cate- | Comments
gory
DESAT Monitoring of the collector-emitter voltage of the IGBT | A See Chapter 3.2.1
in ON state.
OoCP Monitoring of the current on the IGBT’s auxiliary emitter | A See Chapter 3.2.2
path.
External Enable Fast deactivation via an external Enable signal on the |A See Chapter 3.2.3
primary.
ADC Boundary Check |ADC Boundary Check A See Chapter 2.4.13.3
Power Supply Under Voltage Lock-Out function on V¢4, Veeo- B See Chapter 3.3.1
Monitoring
STP Shoot Through Protection. C See Chapter 3.4.1
SPI Error Detection SPI Error Detection. C See Chapter 3.4.2
WTO Weak Turn-On Functionality D See Chapter 3.5.2
Internal Clock Plausibility check of the frequency of the internal D See Chapter 3.5.3
Supervision oscillator.
TTOFF Two Level Turn-Off E See Chapter 2.4.6
SPI Communication SPI Communication (using register PRW). E See Chapter 4.1
Overvoltage robustness | Robustness against transient overvoltage on power E See Chapter 5.2
supply.

From the conceptual point of view, the protection functions can be clustered into five main categories.

» Category A corresponds to the functions where the device “decides on its own”, after the detection of an Event
Class A, to change the state of the output stage and to disable itself. A dedicated action from the user is needed
to reactivate the device (fast reactivation).

» Category B corresponds to the functions where the device “decides on its own”, after the detection of an Event
Class B, to change the state of the output stage and to disable itself. A complete reinitialization from the user
is needed to reactivate the device (slow reactivation).

» Category C corresponds to the functions that only issue a notification in case an error is detected.

» Category D are intrusive supervision functions, aimed at being started when the application is not running.

+ Category E corresponds to implemented functions or capabilities supported by the device whose use can
enhance the overall safety coverage of the application.
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3.2 Protection Functions: Category A

3.21 Desaturation Protection
The integrated desaturation (DESAT) functionality is summarized in Table 3-2:

Table 3-2 DESAT Protection Overview

Parameter Short Description
Function Monitoring of the V¢ voltage of the IGBT.
Periodicity Continuous while device issues a PWM ON command.

Action in case of failure event |1. Emergency (Safe) Turn-off Sequence.
2. Error Flag SER.DESATER is set.
3. Assertion of signal NFLTA.

Programmability Yes (blanking time & threshold level).

The DESAT function aims at protecting the IGBT in case of short circuit. The voltage drop Vg over the IGBT is
monitored via the DESAT pin while the device issues a PWM ON command. The voltage at pin DESAT is
externally filtered by an external RC filter, and decoupled by an external diode (see Figure 3-1).The DESAT
voltage is compared to an internal reference voltage. The result of this comparison is available by reading bit
SSTAT2.DSATC.

Vcc2

Logic DESAT ~
Com . 1
Class A DS A'IF') v | S 1”4
Generation
VThresho@ = H(}
= Clamping_active

= GND2

Figure 3-1 DESAT Function: Diagram of Principle

At the beginning of a turn-on sequence, the voltage at pin DESAT is forced to Low level for the duration the
blanking time defined by register SDESAT. Once the blanking time has elapsed, the voltage at pin DESAT is
released and is compared to an internal reference voltage. Depending on the value of the decoupling capacitance,
an additional “analog” blanking time will be added corresponding to the charging of the capacitance through the
internal pull-up resistance (Figure 3-2).

In case the measured voltage is higher than the selected internal threshold, an Emergency (Safe) Turn-Off
sequence is initiated, bit SER.DESATER is set and a fault notification is issued on pin NFLTA (in case of an OPM
transition the state machine - see Chapter 2.4.7). The threshold can be selected in OPM2 during configuration in
SCFG.DSATLS. Writing 1 to DSATLS will select DESAT Reference Level Vgarq Otherwise Vpegato is selected.

The DESAT function is not active while the output stage is in PWM OFF state.
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The blanking time needs to be chosen carefully, since the DESAT protection may be de facto inhibited if the PWM
ON-time is too short compared to the chosen blanking time.

At turn-off, the DESAT signal is pulled down for the duration of the TTOFF plateau time, and extended by the
blanking time once the hard turn off sequence is initiated.

VTON /VTOFF
A j trron !
Vcez £ ;

VEE2

time
VDESAT

tBLANK

A

|

Vcez

133
__/’
o | mmmmmmm

Figure 3-2 DESAT Operation

-
S
time

Note:. In case the DESAT pin is open, the pull-up resistance ensures that a DESAT event is generated at the next
PWM turn-on command.

DESAT Clamping during turn-off

The internal pull-up resistance may lead to the unwanted charging of the DC-link capacitance via the DESAT pin.
In order to overcome this, the DESAT function needs to be activated by clearing bit SCFG.DSTCEN. When this
bit is set, pin DESAT is internally clamped to GND2 when a PWM OFF command is issued by the device.

VTON /VTOFF
A | trTOFF !
Veez| —-—=========-- —KI i
VEE2 i
! ! tini
A VDESAT tBLANK i E ! tBLANK i
Vcez | H H
N P e
ov . A} ;
Clamping on j i Clamping on time
Figure 3-3 DESAT Operation with DESAT clamping enabled
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3.2.2 Overcurrent Protection

The integrated Over Current Protection (OCP) functionality is summarized in Table 3-3:

Table 3-3 OCP Function Overview

Parameter Short Description

Function Monitoring of the voltage drop over an external resistor located on the auxiliary
emitter path of the IGBT.

Periodicity Continuous while device issues a PWM ON command.

Action in case of failure event |1. Emergency (Safe) Turn-off Sequence.
2. Error Flag SER.OCPER is set.
3. Assertion of signal NFLTA.

Programmability Yes (blanking time and threshold level).

The integrated Over Current Protection (OCP) function aims at protecting the IGBT in case of overcurrent and
short-circuit conditions. The voltage drop over a sense resistor located on the auxiliary emitter path of the IGBT is
monitored via the OCP while the device issues a PWM ON command. The voltage at pin OCP is externally filtered
by an (optional) RC filter and compared to the internal reference threshold (see Figure 3-4). The result of these
comparisons is available by reading bits SSTAT2.0CPC.

Note: Bit SSTAT2.0CPC is blanked by the selected blanking time.

At the beginning of a turn-on sequence, the internal evaluation of the voltage at pin OCP is inhibited for the
duration the blanking time defined by register SOCP. Once the blanking time has elapsed, the voltage at pin OCP
is compared to an internal reference voltage.

In case the measured voltage at pin OCP is higher than the internal threshold Vsp, an Emergency (Safe) Turn-
off sequence is initiated, bit SER.OCPER is set and a fault notification is issued on pin NFLTA (in case of an OPM
transition the state machine - see Chapter 2.4.7). The OCP function is not active while the output stage is in PWM
OFF state. The detection threshold can be selected by configuring bit field SCFG.OCPLS.

%

OCP
Comp1 —1 : —e

Logic

Class A
Generation

V_threshold prm— Rsense [

| —

OCPG

GND2

Figure 3-4 OCP Function: Principle of Operation
Note:
1. Both DESAT and OCP protection mechanisms can be used simultaneously.

2. In case the OCP pin is open, the pull-up resistance ensures that an OCP event is generated.
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3. IfTLTO or TLTOFF times are used, these times should be taken into consideration for the blanking time as
well to reach valid voltage levels.

3.23 External Enable
The External Enable functionality is summarized in Table 3-4:

Table 3-4 External Enable Function Overview

Parameter Short Description
Function External Enable.
Periodicity Invalid signal on EN pin.

Action in case of failure event |1. Emergency (Regular) Turn-off Sequence.
2. Error Flag PER.ENER is set.
3. Assertion of signal NFLTA.

Programmability No.

The functionality of the signal at pin EN is given in Chapter 2.4.8. In case of a Valid-to-Invalid signal transition, an
error is detected. In this case, an Emergency (Regular) turn-off sequence is initiated, bit PER.ENER is set and a
fault notification is issued on pin NFLTA (in case of an OPM transition the state machine - see Chapter 2.4.7).
The current validity state of the signal at pin EN can be read on bit PSTAT2.ENVAL.
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3.3 Protection Functions: Category B

3.31 Power Supply Voltage Monitoring
The Power Supply Voltage Monitoring functionality is summarized in Table 3-5:

Table 3-5 Power Supply Voltage Monitoring Overview

Parameter Short Description
Function Monitoring of V¢4, Veeo-
Periodicity Continuous.

Action in case of failure event |1. Emergency (Regular) Turn-off Sequence.
2. Error Flag PER.RSTP (UVLO1) or SER.UVLO2ER (UVLO2).
3. Assertion of signal NRST/RDY (UVLO1) or NFLTB (UVLO2).

Programmability Yes(UVLO2 threshold level).

In order to ensure a correct switching of the IGBT, the device supports an undervoltage lockout (UVLO) function
for Vg and Vees.

The V., voltage is compared (using an internal voltage comparator) to an internal reference threshold. If the
power supply voltage V., of the primary chip drops below Vo1, an error is detected. In this case, an
emergency (Regular) turn-off sequence is initiated and signal NRST/RDY goes low. In case V., reaches
afterwards a level higher than V,, o044, then the error condition is removed and signal NRST/RDY is deasserted.
Besides, bit PER.RSTP is set.

The V., voltage is compared (using an internal voltage comparator) to an internal reference threshold. If the
power supply voltage Vs, of the secondary chip drops below V,, o2, a@n error is detected. In this case, an
emergency (Regular) turn-off sequence is initiated, bit SER.UVLOZ2ER is set and signal NFLTB is activated (in
case of an OPM transition the state machine - see Chapter 2.4.7). In case V., reaches afterwards a level higher
than Vy oo, then the error condition is removed and the device can be reenabled. The level of UVLO2 can be
adjusted via configuration of SCFG.UVLO2S to fit lower supply voltage.

The current status of the error detection of UVLO2 mechanism is available by reading bit SSTAT2.UVLO2M.
Note: In case V., goes below the voltage Vs, the secondary chip is kept in reset state.
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34 Protection Functions: Category C

3.41 Shoot Through Protection function
The Shoot Through Protection (STP) functionality is summarized in Table 3-6:

Table 3-6 STP Overview

Parameter Short Description
Function Prevents both High-Side and Low-Side Switches to be activated simultaneously.
Periodicity Continuous.

Action in case of failure event | 1. The signal at pin INP is inhibited.
2. Error Flag PER.STPER is set.

Programmability No.

Programmability Yes (minimum dead time).

With the implemented STP function, a low-side (resp. high-side) device is able to monitor the status of its high-
side (resp. low-side) counterpart. The input pin INSTP provides an input for the PWM signal of the driver's
counterpart (Figure 3-5).

Driver HS » HS
INP
PWM_HS a ouT |
jWM_LS INSTPﬁ ? \
kA h 4 C
LOGIC
Driver LS q
INP - ouT |
e o
o - | /N
INSTP ? . LS
C

Figure 3-5 Shoot Through Protection: Principle of Operation

In case one of the driver is in ON state, the driver’'s counterpart PWM input is inhibited, preventing it to turn-on
(See Chapter 2.4.3). A minimum dead time is defined by hardware. This dead time is programmable via bit field
PCFG2.STPDEL. Conceptually, the STP aims at providing an additional “line of defense” for the system in case
erroneous PWM commands are issued by the primary logic. In normal operation, dead time management shall be
performed at the microcontroller level.

In case a PWM ON command is received on pin INP during the inhibition time, a failure event is detected. In this
case, the high level at pin INP is ignored and bit PER.STPER is set.
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Note: Internal filter ensures that STPER is not set for glitches smaller than approximately 50ns.

The STP can be tested by applying non valid INSTP and INP and by checking bit PSTAT2.STP.
The STP can not be disabled. However, setting pin INSTP to V5, deactivates de facto the function.

3.4.2 SPI Error Detection

The SPI Error Detection mechanisms are summarized in Table 3-7:

Table 3-7 SPI Error Detection Overview

Parameter Short Description
Function Non valid SPI command detection and notification.
Periodicity Continuous.

Action in case of failure event |Flag PER.SPIER is set.

Programmability Yes (parity can be disabled).

For more details, see Chapter 2.4.4.4.

The SPI Error Detection Mechanism can be tested by inserting on purpose a dedicated error and by verifying that
the device’s reaction is conform to specification.
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3.5 Protection Functions: Category D

3.5.1 Operation in Verification Mode and Weak Active Mode

Verification Mode and Weak Active Mode are used to start intrusive test functions on device and system level, in
order to verify during life time safety relevant functions. The following functions are supported in Verification and
Weak Active Mode:

*  Weak Turn-On

* Internal Clock Supervision

» Timing Calibration Feature

Intrusive test functions can only be started once a correct sequence of SPI commands has been received after
reset. The implementation of the device ensures that no intrusive function can be started when the device is
normally active.

A time-out function ensures that the device quits OPM5 or OPM6 to OPM1 after a hardware defined time.

The verification functions are triggered by setting the corresponding bit fields in registers PSCR or SSCR in OPM2.
The settings are then activated in OPM5. Only one verification function should be activated at the time.

Note: In OPM5 and OPM6 mode, it is recommended to have bit field SSTTOF.STVAL programmed to 0,

3.5.2 Weak Turn On

The Weak-Turn On (WTO) corresponds to the operation when Mode OPMBG is active.

The purpose of the Weak Turn-On functionality is to perform a “probe” test of the IGBT, by switching it on with a
reduced gate voltage, in order to limit the current through it in case of overcurrent conditions. This allows to avoid
high currents when the system has no memory of the previous state.

In Mode OPMS6, when the driver initiates a turn-on sequence after the reception of a PWM command, the ON
voltage at signal TON is defined by bit field SCTRL.GPONS. Figure 3-6 shows an idealized weak turn-on
sequence.

The device allows for external booster voltage compensation at the IGBT gate. When bit SCFG.VBEC is cleared,
the voltage at TON at the plateau corresponds to the programmed value. When bit SCFG.VBEC is set, an
additional Vg (base emitter junction voltage of an internal pn diode) is substracted to the programmed voltage at
TON in order to compensate for the Vg of an external booster.

Note: When using WTO, it is recommended to have the selected TTOFF (if active) plateau at a smaller voltage
than the WTO voltage.
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Figure 3-6 Idealized Weak Turn-On Sequence
Note: Vgpop, have to be smaller as Vgpop, o get a lower plateau.
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3.5.3 Internal Clock Supervision

The Primary Clock Supervision functionality is summarized in Table 3-8:

Table 3-8 Primary Clock Supervision Overview

Parameter Short Description

Function Supervision of the frequency of OSC1 and SSOSC2.
Periodicity On Request.

Action in case of event N.a.

Programmability No

The clock supervision function consists on the primary clock supervision and the TCF feature.

Primary Clock Supervision

The purpose of this supervision function is to measure the frequency the oscillator OSC1. This function works in
such a way that the PWM input signal is used to start and stop a counter clocked by OSC1. The function is
activated when the device is in OPM5 or OPM6. The counter is incremented for the duration of the High level at
pin INP. At a High-to-Low transition at pin INP, the counter is stopped, and its content is transferred to bit field
PCS.CSP. A plausibility check can therefore be made by the logic. In case of a long INP pulse, the counter does
not overflow but stays at the maximum value until cleared. PCS.CSP is cleared by setting bit PCTRL.CLRP.

The INP signal is not issued at the output stage.
Note: OSC?2 is indirectly monitored by the Life Sign mechanism.

Timing Calibration Feature

The purpose of this function is to measure the frequency of oscillator SSOC2. The PWM input signal is used to
start and stop a counter clocked by SSOSC2. The function is activated when the device is in OPMG6 (only). The
counter is incremented for the duration of the High level at pin INP. At a High-to-Low transition at pin INP, the
counter is stopped, and its content is transferred to bit field SCS.SCSS. A plausibility check can therefore be made
by the logic. In case of a long INP pulse, the counter does not overflow but stays at the maximum value until
cleared. SCS.SCSS is cleared by a reset event or verification mode time out.

The INP signal is not issued at the output stage.
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4 Register Description

This chapter describes the internal registers of the device. Table 4-2 provides an overview of the implemented
registers. The abbreviations shown in Table 4-3 are used in the whole section.

Table 4-1 Register Address Space
Module Base Address End Address Note
SPI 004 1F,
Table 4-2 Register Overview
Register Short Register Long Name Offset Wakeup Reset Value
Name Address Value
Register Description, Primary Register Description
PID Primary ID Register 00y n.a. 4911,
PSTAT Primary Status Register 01, n.a. OF54,
PSTAT2 Primary Second Status Register 02, n.a. 0010y
PER Primary Error Register 03, n.a. x80xy
PCFG Primary Configuration Register 04, n.a. 0004,
PCFG2 Primary Second Configuration Register 05, n.a. 0045,
PCTRL Primary Control Register 06, n.a. 001Cy,
PCTRL2 Primary Second Control Register 07, n.a. 0015,
PSCR Primary Supervision Function Control 08y n.a. 0001y,
Register
PRW Primary Read/Write Register 09, n.a. 0001y
PPIN Primary Pin Status Register 0A, n.a. Oxxx
PCS Primary Clock Supervision Register 0By n.a. 0001,
Register Description, Secondary Registers Description

SID Secondary ID Register n.a.

104 8921,
SSTAT Secondary Status Register n.a.

114 0001,
SSTAT2 Secondary Second Status Register n.a.

124 OxXXXy
SER Secondary Error Register n.a.

134 XXXX
SCFG Secondary Configuration Register n.a.

14, C111y
SCFG2 Secondary Second Configuration Register | 15, n.a. 0800y,
SSCR Secondary Supervision Function Control 17, n.a. 0001,

Register

SDESAT Secondary DESAT Blanking Time Register | 18, n.a. 20004
SOCP Secondary OCP Blanking Time Register 19y n.a. 0001y
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Table 4-2 Register Overview (cont’d)

Register Short Register Long Name Offset Wakeup Reset Value

Name Address Value

SRTTOF Secondary Regular TTOFF Configuration 1A, n.a. 0001,

Register
SSTTOF Secondary Safe TTOFF Configuration 1By n.a. 2081,
Register

STTON Secondary TTON Configuration Register 1Cy n.a. 0001,

SADC Secondary ADC Result Register 1Dy n.a. 0001,

SBC Secondary ADC Boundary Register 1E4 n.a. FCO14

SCS Secondary Clock Supervision Register 1F, n.a. 0001,

The registers are addressed wordwise.

Table 4-3 Bit Access Terminology

Mode Symbol |Description

Basic Access Types

read/write rw This bit or bit field can be written or read.

read r This bit or bit field is read only.

write w This bit or bit field is write only (read as Op)-

read/write hardware affected |rwh As rw, but bit or bit field can also be modified by hardware.

read hardware affected rh As r, but bit or bit field can also be modified by hardware.

sticky s Bits with this attribute are “sticky” in one direction. If their reset value
is once overwritten they can be switched again into their reset state
only by a reset operation. Software and internal logic (except reset-
like functions) cannot switch this type of bit into its reset state by
writing directly the register. The sticky attribute can be combined to
other functions (e.g. ‘rh’).

Reserved / not implemented |0 Bit fields named ‘0’ indicate not implemented functions. They have
the following behavior:

* Reading these bit fields returns 0y,.

*  Writing these bit fields has no effect.

These bit fields are reserved. When writing, software should always
set such bit fields to O in order to preserve compatibility with future
products.

Reserved / not defined Res Certain bit fields or bit combinations in a bit field can be marked as
‘Reserved’, indicating that the behavior of the device is undefined for
that combination of bits. Setting the register to such an undefined
value may lead to unpredictable results. When writing, software must
always set such bit fields to legal values.

Data Sheet
Hardware Description

72 Rev 2.0, 2017-06-19



'T EiceDRIVER™ SENSE
Ql neo/n 1EDI2010AS

Register Description

41 Primary Register Description

Primary ID Register

This register contains the identification number of the primary chip version.

PID Offset Wakeup Value Reset Value
Primary ID Register n.a.
00, 4911,
15 8
T
PVERS
|
r
7 4 3 2 1 0
PVERS 0 LMI P
r r rh rh
Field Bits Type Description
PVERS 15:4 r Primary Chip Identification

This bit field defines the version of the primary chip. This
bit field is hard-wired.
491, a11 A11 Step.

0 3:2 r Reserved
Read as Og.
LMI 1 rh Last Message Invalid Notification

This bit indicates if the last received SPl Message was
correctly processed by the device.

0y  Previous Message was processed correctly.

1z Previous Message was discarded.

P 0 rh Parity Bit
Odd Parity Bit.
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Register Description

This register contains information on the status of the device.

PSTAT Offset Wakeup Value Reset Value
Primary Status Register n.a.
01, OF54,,
15 12 11 10 8
T
0 ERR GPONP
|
r rh rh
7 6 5 4 2 1 0
ACT SRDY AVFP GPOFP LMI P
rh rh rh rh rh rh
Field Bits Type Description
0 15:12 r Reserved
Read as Og.
ERR 11 rh Error Status
Thisbitisthe OR combination ofallbits ofregister
PER.
Og  noError No error is detected.
1z error An error is detected.
GPONP 10:8 rh Gate TTON Plateau Level Configuration Status
This bit field indicates the latest turn-on plateau level
configuration request (WTO, TTON) received by the
primary side via the SPI interface. Coding is identical to
bit field PCTRL.GPON.
ACT 7 rh Active State Status
This bit indicates if the device is in Active State (OPM4).
0z notActive The device is not in Active State.
1z  active The device is in Active State.
SRDY 6 rh Secondary Ready Status
This bit indicates if the secondary chip is ready for
operation.
O0g notReady Secondary chip is not ready.
1z ready Secondary chip is ready.
AVFP 5 rh ADC Result Valid Flag
Thisbitfieldindicatesifavalid ADCresultisavailablein
SADC.
Note: This bit field is a mirror of
SADC.AVFS
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Field Bits Type Description

GPOFP 4:2 rh Gate Regular TTOFF Plateau Level Configuration
Status
This bit field indicates the latest turn-off plateau level
configuration request (regular TTOFF) received by the
primary side via the SPI interface. Coding is identical to
bit field PCTRL2.
GPOF.

LMI 1 rh Last Message Invalid Notification
This bit indicates if the last received SPI Message was
correctly processed by the device.
Og Previous Message was processed correctly.
1z Previous Message was discarded.

P 0 rh Parity Bit
Odd Parity Bit.
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Register Description

This register contains information on the status of the device.

PSTAT2

Primary Second Status Register

15

12

Offset Wakeup Value Reset Value

n.a.
02, 0010,

11 10 9 8

AXVP STP FLTBP FLTAP

- - O

rh rh rh rh

OPMP

FLTB

FLTA ENVAL LMI P

rhs

rhs rh rh rh

Field

Bits

Type

Description

15:12

Reserved
Read as Og.

AXVP

11

rh

ADC Under Or Overvoltage Error Status

This bit indicates if a boundary condition violation is

occurring.

Note: Thisbitisamirrorofthe ORcombination ofbits
SADC.AUVS and SADC.AOVS

Oz noError An error condition is not detected.
1z error An error condition is being detected

STP

10

rh

Shoot Through Protection Status

This bit is set in case the shoot through protection
inhibition time (i.e. would inhibit a PWM rising edge).
Og inhibitionNotActive STP inhibition is not active.
1z inhibitionActive STP inhibition is active.

FLTBP

rh

Event Class B Status
This bit indicates if the conditions leading to an event
Class B are met.

Note: This bitisamirrorofbit SSTAT.FLTBS

Og  noError No error condition detected.
1g  error An error condition is detected.

FLTAP

rh

Event Class A Status
This bit indicates if the conditions leading to an event
Class A are met.

Note: Thisbitisamirrorofbit SSTAT.FLTAS

0z noError No error condition is detected.

1g  error An error condition is detected.
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Field Bits Type

Description

OPMP 7:5 rh

Operating Mode
This bit field indicates which operating mode is active.

Note: This bit field is a mirror of bit field
SSTAT.OPMS

0005 opm0 Mode OPMO is active .
0015 opm1 Mode OPM1 is active .
0105 opm2 Mode OPM2 is active.
0115 opm3 Mode OPM3 is active.
1005 opm4 Mode OPM4 is active.
1015 opm5 Mode OPMS5 is active.
1105 opm6 Mode OPM®6 is active.
1115 Reserved.

FLTB 4 rhs

NFLTB Pin Driver Request

This bit indicates what output state is driven by the device
at pin NFLTB.

This bit is sticky.

Oz tristate NFLTB is in tristate.

1g lowLevelALowlLevelisissuedatNFLTB.

FLTA 3 rhs

NFLTA Pin Driver Request

This bit indicates what output state is driven by the device
at pin NFLTA.

This bit is sticky.

Og tristate NFLTA isin tristate.

1z lowLevel ALowLevelissuedatNFLTA.

ENVAL 2 rh

EN Valid Status
ThisbitindicatesifthesignalreceivedonpinENisvalid.
O notValid A non-valid signal is detected.

1g  valid A valid signal is detected.

LMI 1 rh

Last Message Invalid Notification

This bit indicates if the last received SPI Message was
correctly processed by the device.

Og Previous Message was processed correctly.

1z Previous Message was discarded.

Parity Bit

Odd Parity Bit.
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Register Description

This register provides information on the error status of the device.

PER Offset Wakeup Value Reset Value
Primary Error Register n.a.
03, x80xy
15 13 12 11 10 9 8
0 RSTEP RSTP ENER STPER SPIER
r rhs rhs rhs rhs rhs
7 6 5 3 2 1 0
Res ADER 0 CERP LMI P
rh rhs r rhs rh rh
Field Bits Type Description
0 15:13 r Reserved
Read as Og.
RSTEP 12 rhs Primary External Hard Reset flag
This bit indicates if a reset event has been detected on
theprimarychipduetotheactivationofpinNRST/RDY.
This bit is sticky.
Og notSet No external hard reset event has been
detected.
1g  set An externally hard reset event has been
detected.
RSTP 11 rhs Primary Reset Flag
This bit indicates if a reset
event has been detected on the primary chip.
This bit is sticky.
0 notSet No reset event has been detected.
1z set Areset event has been detected.
ENER 10 rhs EN Signal Invalid Flag
Thisbitindicatesifaninvalid-to-validtransitiononsignal
EN has been detected.
This bit is sticky.
Note: This bit can not be cleared while an error condition
is active (bit PSTAT2.ENVAL cleared).
O0g notSet No event has been detected.
1z set An event has been detected.
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Field Bits

Type

Description

STPER 9

rhs

Shoot Through Protection Error Flag

This bit indicates if a shoot through protection error event
has been detected.

This bit is sticky.

Note: This bit can not be cleared while an error condition

is active (bit PSTAT2.STP set).

O notSet No event has been detected.
1g  set An event has been detected.

SPIER 8

rhs

SPI Error Flag

This indicates if an SPI error event has been detected.
This bit is sticky.

0 notSet No error event has been detected.

1z set An error event has been detected.

Res 7

rh

Reserved
This bit field is reserved.

ADER 6

rhs

ADC Error Flag

This bit indicates if a boundary condition violation has

occurred.

This bit is sticky.

Note: This bit can not be cleared while an error condition
is active (bit PSTAT2.AXVP set)

Og notSet No error condition has been detected.
1z set An error condition has been detected has been
detected.

Reserved
Read as Og.

CERP 2

rhs

Primary Communication Error Flag

Thisindicatesifaloss of communication event

Y with the secondary chip has been detected by the

primary chip.

This bit is sticky.

Note: This bit can not be cleared while an error condition
is active (bit PSTAT2.SRDY cleared).

0 notSet No event has been detected.
1z set An event has been detected.

LMI 1

rh

Last Message Invalid Notification

This bit indicates if the last received SPI Message was
correctly processed by the device.

Og Previous Message was processed correctly.

1z Previous Message was discarded.

P 0

rh

Parity Bit
Odd Parity Bit.

1) This bit is not set after a reset event
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Primary Configuration Register

This register is used to select the configuration of the device.

PCFG Offset

Primary Configuration Register
04,

15

Register Description

Wakeup Value Reset Value

n.a.
0004,

= - O

ADTEN

ADAEN

Res PAREN LMI P

Field

Bits

Type

Description

15:7

Reserved
Read as Og.

ADTEN

ADC Trigger Input Enable

This bit enables the generation of an ADC trigger in case
of atransition from Low to High at pin ADCT.

0 disabled ADCT pinis disabled.

1z enabled ADCT pin is enabled

ADAEN

NFLTA Pin Activation on Boundary Check Event
Enable

This bit enables the activation of signal NFLTA in case of
atransitionfromOgto 15 of bit PSTAT2. AXVP.

0y disabled NFLTA activationis disabled.

1z enabled NFLTA activationis enabled

Res

4:3

Reserved
This bitfieldis reserved and shall be written with
OB.

PAREN

SPI Parity Enable

This bit indicates if the SPI parity error detection is active
(reception only).

O0g disabled Parity Check is disabled.

1z enabled Parity Check is enabled.

LMI

rh

Last Message Invalid Notification

This bit indicates if the last received SPI Message was
correctly processed by the device.

Og Previous Message was processed correctly.

1z Previous Message was discarded.

rh

Parity Bit
Odd Parity Bit.
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Primary Second Configuration Register

Register Description

This register is used to select the configuration of the device.

PCFG2 Offset Wakeup Value Reset Value
Primary Second Configuration Register n.a.
05, 0045,
15 9 8
0 DIO1
r rw
7 2 1 0
T
STPDEL LMI P
|
rw rh rh
Field Bits Type Description
0 15:9 r Reserved
Read as Og.
DIO1 8 rw DIO1 Pin Mode
This bit field determines the direction of pin
DIO1.
Og input DIO1 is an input.
1z output DIO1 is an output.
STPDEL 7:2 rw Shoot Through Protection Delay
This bit field determines the dead time for the shoot-
through protection (in number of OSC1 clock cycles).
00,: 0 clock cycle.
014 01 1 clock cycle.
3F, 3F 63 clock cycles.
LMI 1 rh Last Message Invalid Notification
This bit indicates if the last received SPI Message was
correctly processed by the device.
Og Previous Message was processed correctly.
1z Previous Message was discarded.
P 0 rh Parity Bit
Odd Parity Bit.
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Primary Control Register

This register is used to control the device during run-time.

PCTRL
Primary Control Register

15

Register Description

Offset Wakeup Value

n.a.
06,,

Reset Value

001C,,

= - ©

0 CLRS CLRP

GPON LMI

rh

Field Bits Type Description

0 15:7 r Reserved

Read as Og.

CLRS 6 rwh Clear Secondary Sitcky Bits

Og
Ts

noAction No action.
clear Clear sticky bits.

This bit is used to clear the sticky bits on the secondary
side. Thisbitisautomatically cleared by hardware

CLRP 5 rwh Clear Primary Sitcky Bits

Og
Ts

noAction No action.

This bit is used to clear the sticky bits on the primary side.
This bitis automatically cleared by hardware

clearClearstickybitsanddeassertsignals

NFLTA and NFLTB.

GPON 4:2 w Gate TTON Plateau Level

Oy
Tn

gpon0 Vpn)\ o Selected.
gpon1 Vpo\ 4 Selected.
gpon2 Vo), Selected.
gpon3 Vgpons Selected.
gpon4 Vpong Selected.
gpon5 Vpo\ 5 Selected.
gpon6 Vpo\s Selected.

This bit field is used to configure the voltage of the
plateau during Weak Turn-On and Two Level Turn-On.
For voltage levels see Table 5-15.

gpon6WtoOrHardSwitching V gpong (WTO) or

Hard Switching (TTON).
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Field

Bits

Type

Description

LMI

Last Message Invalid Notification

This bit indicates if the last received SPI Message was
correctly processed by the device.

Og Previous Message was processed correctly.

1g  Previous Message was discarded.

rh

Parity Bit
Odd Parity Bit.

Data Sheet
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Primary Second Control Register

Register Description

This register is used to control the device during run-time.

PCTRL2
Primary Second Control Register

15

Offset Wakeup Value Reset Value

n.a.
07, 0015,

= - ©

ACRP

GPOF LMI P

= - O

rwh

Field Bits

Type

Description

0 15:6

Reserved
Read as Og.

ACRP 5

rwh

ADC Conversion Request

This bit is used to trigger an ADC conversion. It can be set

by adirect write orvia pin ADCT.

Og none No conversion request pending.

1z pending A conversion request is pending.This bitis
automatically cleared by hardware

GPOF 4:2

Gate Regular TTOFF Plateau Level
This bit field is used to configure the Two-Level Turn-Off
plateau voltage (regular turn-off).

For voltage levels see Table 5-15.
0y gpof0 Vgporg selected.

14 gpofl Vgporq Selected.

2, gpof2 Vgpop, selected.

3y 9gpof3 Vgpors Selected.

4, gpofd Vgpor, selected.

5, gpof5 Vgpors selected.

6, gpof6 Vgpors Selected.

74 gpof7 Vgporr selected.

LMI 1

rh

Last Message Invalid Notification

This bit indicates if the last received SPI Message was
correctly processed by the device.

Og Previous Message was processed correctly.

1z Previous Message was discarded.

rh

Parity Bit
Odd Parity Bit.

Data Sheet
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Register Description

Primary Supervision Function Control Register

This register is used to trigger the verification functions on the primary side.

PSCR Offset Wakeup Value Reset Value
Primary Supervision Function Control Register n.a.
08, 0001,
15 8
T
0
|
r
7 4 3 2 1 0
T T
0 VFSP LMI P
| |
r rwh rh rh
Field Bits Type Description
0 15:4 r Reserved
Read as Og.
VFSP 3:2 rwh Primary Verification Function
This bit field is used to activate the primary verification
functions.

Note: The selection defined by this bit field is only
effective when the device enters Mode OPMS5. This
bit field is automatically cleared when entering
OPM1.

005 disabled No function activated.

015 Reserved.

105 primaryClockSupervision Primary Clock
Supervision active.

11 Reserved.

LMI 1 rh Last Message Invalid Notification

This bit indicates if the last received SPI Message was
correctly processed by the device.

Og Previous Message was processed correctly.

1z Previous Message was discarded.

P 0 rh Parity Bit
Odd Parity Bit.

Data Sheet 85 Rev 2.0, 2017-06-19
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Primary Read/Write Register

Register Description

This register provides a readable and writable address space for data integrity test during runtime. This register is
not associated with any hardware functionality.

PRW Offset Wakeup Value Reset Value
Primary Read/Write Register n.a.
09, 0001,
15 8
RWVAL
rw
7 2 1 0
T
RWVAL ‘ LMI P
rw rh rh
Field Bits Type Description
RWVAL 15:2 rw Data Integrity Test Register
This bit field is “don’t care” for the device.
LMI 1 rh Last Message Invalid Flag
This bit indicates if the last received SPI Message was
correctly processed by the device.
Og  noError Previous Message processed correctly.
1z  error Previous Message not processed.
P 0 rh Parity Bit
Odd Parity Bit.
Data Sheet 86 Rev 2.0, 2017-06-19
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Primary Pin Status Register

Register Description

This register provides status information on the 1/Os of the primary chip.

PPIN

Primary Pin Status Register

15

Offset Wakeup Value Reset Value

n.a.

0A, 0xxxy

DIO1L

7 6

5

rh
3 2 1 0

ADCTL NFLTBL

NFLTAL

ENL

INSTPL INPL LMI P

rh rh

rh

rh

rh rh rh rh

Field

Bits

Type

Description

15:9

Reserved
Read as Og.

DIO1L

rh

DIO1 Pin Level
Thisbitindicatesthelogicallevelread onpin DIO1.
Oz low Low-level is detected.

1z high High-level is detected.

ADCTL

rh

ADC Trigger Input Level

This bitindicates the logical level read on pin
ADCT.

Og low Low-level is detected.

1z high High-level is detected.

NFLTBL

rh

NFLTB pin level
ThisbitindicatesthelogicallevelreadonpinNFLTB.
Oz low Low-level is detected.

1z high High-level is detected.

NFLTAL

rh

NFLTA pin Level
ThisbitindicatesthelogicallevelreadonpinNFLTA.
Oz low Low-level is detected.

1z high High-level is detected.

ENL

rh

EN Pin Level
Thisbitindicatesthelogicallevelread on pin EN.
Og low Low-level is detected.

1z high High-level is detected.

INSTPL

rh

INSTP Pin Level
ThisbitindicatesthelogicallevelreadonpinINSTP.
Og low Low-level is detected.

1z high High-level is detected.

Data Sheet
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Register Description

Field

Bits

Type

Description

INPL

rh

INP Pin Level
Thisbitindicatesthelogicallevelread onpin INP.
Og low Low-level is detected.

1z high High-level is detected.

LMI

rh

Last Message Invalid Notification

This bit indicates if the last received SPI Message was

correctly processed by the device.

Oz  noError Previous Message was processed
correctly.

1z  error Previous Message was discarded.

rh

Parity Bit

Odd Parity Bit.

Data Sheet
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Primary Clock Supervision Register

Register Description

This register shows the result of the Primary Clock Supervision function.

PCS Offset Wakeup Value Reset Value
Primary Clock Supervision Register n.a.
0B, 0001,
15 8
T
CSP
|
rh
7 2 1 0
T
0 LMI P
|
r rh rh
Field Bits Type Description
CSP 15:8 rh Primary Clock Supervision
This bit field is written by hardware by the Primary Clock
Supervision function and gives the number of measured
OSC1 clock cycles.
Note: This bitfield can be cleared by setting bit
PCTRL.CLRP.
0 7:2 r Reserved
Read as Og.
LMI 1 rh Last Message Invalid Notification
This bit indicates if the last received SPI Message was
correctly processed by the device.
Og Previous Message was processed correctly.
1g  Previous Message was discarded.
P 0 rh Parity Bit
Odd Parity Bit.
Data Sheet 89 Rev 2.0, 2017-06-19
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Register Description

4.2 Secondary Registers Description

Secondary ID Register

This register contains the identification number of secondary chip version.

SID Offset Wakeup Value Reset Value
Secondary ID Register n.a.
10, 8921,
15 8
T
SVERS
|
r
7 4 3 2 1 0
SVERS 0 LMI P
r r rh rh
Field Bits Type Description
SVERS 15:4 r Secondary Chip Identification
This bit field defines the version of the secondary chip.
This bit field is hard-wired.
0 3:2 r Reserved
Read as Og.
LMI 1 rh Last Message Invalid Notification
This bit indicates if the last received SPI Message was
correctly processed by the device.
Oy  Previous Message was processed correctly.
1g  Previous Message was discarded.
P 0 rh Parity Bit
Odd Parity Bit.
Data Sheet 90 Rev 2.0, 2017-06-19
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Register Description

Secondary Status Register

This register contains information on the status of the device.

SSTAT Offset Wakeup Value Reset Value
Secondary Status Register n.a.
11, 0001,

Field Bits Type Description
Res 15 rh Reserved

This bit field is reserved.
0 14:11 r Reserved

Read as Og.
DBG 10 rh Debug Mode Active Flag

This bit indicates if the Debug Mode is active.
Og notSet Debug Mode is not active.
1z  set Debug Mode is active.

Res 9:5 rh Reserved
This bit field is reserved.
PWM 4 rh PWM Command Status

This bit indicates the status of the PWM command
received from the primary side.

0y off PWM OFF command is detected.

1z on PWM ON command is detected.

0 3:2 r Reserved
Read as Og.
LMI 1 rh Last Message Invalid Notification

This bit indicates if the last received SPI Message was
correctly processed by the device.

Og Previous Message was processed correctly.

1z Previous Message was discarded.

P 0 rh Parity Bit
Odd Parity Bit.
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Secondary Second Status Register

Register Description

This register contains information on the status of the device.

SSTAT2

Secondary Second Status Register

15

Offset Wakeup Value Reset Value

n.a.
12, 0xxxy

DACL

6

rh

DIO2L

UVLO2M

OCPC

DSATC

LMI P

rh

rh

rh

rh

= - ©

rh rh

Field

Bits

Type

Description

15:9

Reserved
Read as Og.

DACL

rh

DACLP Pin outpout level

This bitindicates the level read at pin DACLP.
0g low DACLP levelis Low.
1z high DACLP evelisHigh.

DIO2L

rh

DIO2 Pin Level

This bitindicates the level read at pin DIO2.
Og low DIO2levelis Low.
1z high DIO2levelis High.

UVvLO2M

rh

UVLO2 Event

This bit indicates the result of the UVLO2 monitoring
function.

Oz  noError No failure condition is detected.

1z error One failure condition is detected.

OCPC

rh

OCP Comparator Result

This bit indicates the (blanked) output of the first

comparator of the OCP function.

Oy belowThreshold OCP voltage is below the
internal threshold.

1z aboveThreshold OCP voltage is above the
internal threshold.

DSATC

rh

DESAT Comparator Result

This bit indicates the output of the comparator of the

DESAT function.

Oy belowThreshold DESAT voltage is below the
internal threshold.

1z aboveThreshold DESAT voltage is above the
internal threshold.

Data Sheet
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Register Description

Field Bits Type Description
0 3:2 r Reserved
Read as Og.
LMI 1 rh Last Message Invalid Notification
This bit indicates if the last received SPI Message was
correctly processed by the device.
Og Previous Message was processed correctly.
1z Previous Message was discarded.
P 0 rh Parity Bit
Odd Parity Bit.
Data Sheet 93 Rev 2.0, 2017-06-19

Hardware Description



(infineon.

EiceDRIVER™ SENSE
1EDI2010AS

Secondary Error Register

Register Description

This register provides information on the error status of the device.

SER Offset Wakeup Value Reset Value
Secondary Error Register n.a.
134 XXXXy
15 14 13 12 11 10 9 8
T
RSTS OCPER DESATER | UVLO2ER 0 VMTO 0
|
rhs rhs rhs rhs r rhs r
7 6 5 4 3 2 1 0
T
0 AOVER AUVER CERS 0 LMI P
|
r rhs rhs rhs r rh rh
Field Bits Type Description
RSTS 15 rhs Secondary Hard Reset Flag
This bit indicates if a hard reset event has been detected
on the secondary chip (duetoaV cc2
power-up).
This bit is sticky.
O notSet No hard reset event has been detected.
1g  set A hard reset event has been detected.
OCPER 14 rhs OCP Error Flag
This bit indicates if an OCP event has been detected.
This bit is sticky.
Note: This bit can not be cleared while an error condition
is active (bit SSTAT2.0CPC set).
Og notSet No event has been detected.
1z set An event has been detected.
DESATER 13 rhs DESAT Error Flag
This bit indicates if a DESAT event has been detected.
This bit is sticky.
O notSet No event has been detected.
1z set An event has been detected.
UVLO2ER 12 rhs UVLO2 Error Flag
This bit indicates if an Undervoltage Lockout event (on
Vceo ) has been detected.
This bit is sticky.
Note: This bit can not be cleared while an error condition
is active (bit SSTAT2.UVLO2M set).
O0g notSet No event has been detected.
1z set An event has been detected.
Data Sheet 94 Rev 2.0, 2017-06-19
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Register Description

Field

Bits

Type

Description

11:10

Reserved
Read as Og.

VMTO

rhs

Verification Mode Time-Out Event Flag

This bit indicates if time-out event in Verification Mode
has been detected.

This bit is sticky.

O notSet No event has been detected.

1g  set An event has been detected.

8:7

Reserved
Read as Og.

AOVER

rhs

ADC Overvoltage Error Flag

This bit indicates if a boundary condition violation
(overvoltage) occurred.

This bit is sticky.

Oz notSet An error condition has not been detected.
1z set An error condition has been detected.

AUVER

rhs

ADC Undervoltage Error Flag

This bit indicates if a boundary condition violation
(undervoltage) occurred.

this bit is sticky.

O0g notSet An error condition has not been detected.
1z set An error condition has been detected.

CERS

rhs

Communication Error Secondary Flag

This indicates if a loss of communication event with the
primary chip has been detected by the secondary chip.
This bit is sticky.

0 notSet No event has been detected.

1z set An event has been detected.

3:2

Reserved
Read as Og.

LMI

rh

Last Message Invalid Notification

This bit indicates if the last received SPI Message was
correctly processed by the device.

Og Previous Message was processed correctly.

1g  Previous Message was discarded.

rh

Parity Bit
Odd Parity Bit.
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Secondary Configuration Register

Register Description

This register is used to select the configuration of the device.

SCFG Offset Wakeup Value Reset Value
Secondary Configuration Register n.a.
14, C111y,
15 14 13 12 11 10 9 8
T
DACLC OCPLS UVvLO2S DSATLS TOSEN PSEN DSTCEN
|
rw rw rw rw rw rw rw
7 6 5 4 3 2 1 0
T T
DIO2C CFG2 VBEC 0 LMI P
| |
rw rwh rw r rh rh
Field Bits Type Description
DACLC 15:14 rw DACLP Pin clamping outpout
ThisbitfielddeterminesthefunctionalityofpinDACLP.
005 low The pin delivers a constant Low level.
015 high The pin delivers a constant High level.
105 daclpSafe : DACLP function selected. The signal
isactiveonlyincaseofaSafeTurn-Offsequences.
11z daclpRegular : DACLP function selected. The
signal is active for both Regular and Safe Turn-Off
sequences.
OCPLS 13 rw OCP Threshold Level
This bit field configures the threshold level of the OCP
function.
Og vocpO0 Threshold Vp Selected .
1z vocp1 Threshold Vyp, selected .
UVLO2S 12 rw UVLO2 Threshold Level
This bit field configures the threshold level of the UVLO2
function.
Oz uvlo2l0 Threshold V, o, o S€elected.
1g  uvlo2l1 Threshold Vo ¢ Selected.
DSATLS 11 rw DESAT Threshold Level
This bit field configures the threshold level of the DESAT
function.
Og vdesat0 Threshold Vpegato Selected.
1z vdesat1 Threshold Vpegar Selected.
TOSEN 10 rw Verification Mode Time Out Duration
This bit selects the duration of the verification mode
timeout.
Og regular Regular time-out value (typ. 15 ms).
1z slow Slow time-out value (typ. 60 ms).
Data Sheet 96 Rev 2.0, 2017-06-19

Hardware Description



con.

EiceDRIVER™ SENSE
1EDI2010AS

Register Description

Field

Bits

Type

Description

PSEN

Pulse Suppressor Enable

This bit enables the internal pulse suppressor.
Og disabled Pulse suppressor is disabled.
1z enabled Pulse suppressor is enabled.

DSTCEN

DESAT Clamping Enable

This bit enables the internal clamping (to GND2) of the
DESAT pin during PWM OFF commands.

0z disabled DESAT clamping is disabled.

1z enabled DESAT clamping is enabled.

DIO2C

7:6

DIO2 Pin Mode

This bitfield determines the functionality of pin

DIO2.

00g input DIO2 is an input.

01z output DIO2 is an output transferring the signal
from DIO1.

10 Reserved.

11z Reserved.

CFG2

rwh

Secondary Advanced Configuration Enable
Thisbitfield enables write accessestoregister
SCFG2 and SBC.
This bit is automatically cleared when mode OPM2 is left.
O disabled Write access to

SCFG2 and SBC are discarded. .
1z enabled Write access to

SCFG2and SBC are executed normally.

VBEC

VBE Compensation Enable

This bit enables the Vg compensation of the TTOFF,
TTON and WTO plateau levels.

0 disabled Vg Compensationdisabled.

1z enabled Vg Compensation enabled.

3:2

Reserved
Read as Og.

LMI

rh

Last Message Invalid Notification

This bit indicates if the last received SPI Message was
correctly processed by the device.

Og Previous Message was processed correctly.

1z Previous Message was discarded.

rh

Parity Bit
Odd Parity Bit.

Data Sheet
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Secondary Second Configuration Registe

Register Description

This register is used to select the configuration of the device. It can only be written if SCFG.CFG2 is set.

SCFG2 Offset Wakeup Value Reset Value
Secondary Second Configuration Register n.a.
15, 0800,
15 14 13 12 10 9 8
ADCEN ACAEN ACSS AOS AGS
rw rw rw rw rw
7 6 5 4 3 2 1 0
T T T
ATS PWMD 0 LMI P
| | |
rw rw r rh rh
Field Bits Type Description
ADCEN 15 rw ADC Enable
This bit field enables ADC function:
0 disabled ADC Disabled.
1z enabled ADC Enabled.
ACAEN 14 rw ADC Event Class A Enable
This bit field enables the generation of Event Class A in
case of Boundary Check violation:
0z disabled No Event Class A is generated.
1z enabled An Event Class A is generated.
ACSS 13 rw ADC Current Source
This bit field activates the internal current source.
O0g disabled Current source disabled.
1z enabled Currentsourcel 5 pcgSelected.
AOS 12:10 rw ADC Offset
This bit field configures the offset value of the ADC.
For voltage levels see Table 5-21.
0y ofst0 Vr, selected.
14 ofst1 Vr, selected.
2, ofst2 Ve, selected.
3y ofst3 V5 selected.
4,, ofst4 V., selected.
5,4  reserved.
6y  reserved.
7y reserved.
Data Sheet 98 Rev 2.0, 2017-06-19
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Register Description

Field

Bits

Type

Description

AGS

9:8

ADC Gain

This bit field configures the gain value of the ADC.
005 gain0 GAIN, selected.

015 gain1 GAIN, selected.

105 gain2 GAIN, selected.

115 gain3 GAIN, selected.

ATS

7:6

ADC Secondary Trigger Mode

This bit field configures the trigger mode of the ADC on
the secondary side.

00; disabled No secondary trigger source active.
01 periodic Periodic trigger selected.

105 risingPwm PWM trigger selected (rising edge).
115 fallingPwm PWM trigger selected (falling edge).

PWMD

54

ADC PWM Trigger Delay

This bit field configures the offset value of the delay
between PWM edge and ADC trigger, in case PWM
Trigger Mode is selected.

00; delay0 16 OSC2 cycles selected.

015z delay1 32 OSC2 cycles selected.

105 delay2 48 OSC2 cycles selected.

115 delay3 64 OSC2 cycles selected.

3:2

Reserved
Read as Og.

LMI

rh

Last Message Invalid Notification

This bit indicates if the last received SPI Message was
correctly processed by the device.

Og Previous Message was processed correctly.

1z Previous Message was discarded.

rh

Parity Bit
Odd Parity Bit.

Data Sheet
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Register Description

Secondary Supervision Function Control Register

This register is used to trigger the verification functions on the secondary side.

SSCR Offset Wakeup Value Reset Value
Secondary Supervision Function Control Register n.a.
17, 0001,
15 8
T
0
L
r
7 6 5 4 3 2 1 0
T T T
0 VFS2 0 LMI P
L L L
r rwh r rh rh
Field Bits Type Description
0 15:6 r Reserved
Read as Og.
VFS2 5:4 rwh Secondary Verification Function
This bit field is used to activate the secondary verification
function.

All other bit combinations are reserved.

Note: The selection defined by this bit field is only
effective when the device enters Mode OPM5. This
bit field is automatically cleared when entering
OPM1.

005 disabled No function activated.
015 tcf TCF function active.

0 3:2 r Reserved
Read as Og.
LMI 1 rh Last Message Invalid Notification

This bit indicates if the last received SPI Message was
correctly processed by the device.

Og Previous Message was processed correctly.

1z Previous Message was discarded.

P 0 rh Parity Bit
Odd Parity Bit.

Data Sheet 100 Rev 2.0, 2017-06-19
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Secondary DESAT Blanking Time Register

Register Description

This register configures the blanking time of the DESAT function.

SDESAT Offset Wakeup Value Reset Value
Secondary DESAT Blanking Time Register n.a.
18, 2000,
15 8
T
DSATBT
|
rw
7 2 1 0
T
0 LMI P
|
r rh rh
Field Bits Type Description
DSATBT 15:8 rw DESAT Blanking Time
This bit field defines the blanking time of the DESAT
function (in OSC2 clock cycles).
A minimal value of at least Ay
has to be programmed.
0 7:2 r Reserved
Read as Og.
LMI 1 rh Last Message Invalid Notification
This bit indicates if the last received SPI Message was
correctly processed by the device.
Og Previous Message was processed correctly.
1g  Previous Message was discarded.
P 0 rh Parity Bit
Odd Parity Bit.
Data Sheet 101 Rev 2.0, 2017-06-19
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Secondary OCP Blanking Time Register
This register configures the blanking time of the OCP function.

Register Description

SOCP Offset Wakeup Value Reset Value
Secondary OCP Blanking Time Register n.a.
19, 0001,
15 8
T
OCPBT
|
rw
7 2 1 0
T
0 LMI P
|
r rh rh
Field Bits Type Description
OCPBT 15:8 rw OCP Blanking Time
This bit field defines the blanking time of the OCP function
(in OSC2 clock cycles).
Writing 0y, to this field deactivates the digital blanking time
generation. If used, a minimal value of at least A, has to
be programmed.
0 7:2 r Reserved
Read as Og.
LMI 1 rh Last Message Invalid Notification
This bit indicates if the last received SPl Message was
correctly processed by the device.
0y  Previous Message was processed correctly.
1z Previous Message was discarded.
P 0 rh Parity Bit
Odd Parity Bit.
Data Sheet 102 Rev 2.0, 2017-06-19
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Secondary Regular TTOFF Configuration Register

Register Description

This register shows the configuration of the TTOFF function for regular turn-off.

SRTTOF Offset Wakeup Value Reset Value
Secondary Regular TTOFF Configuration Register n.a.
1A, 0001,
15 8
T
RTVAL
|
rw
7 2 1 0
T
0 LMI P
|
r rh rh
Field Bits Type Description
RTVAL 15:8 rw Gate Regular TTOFF delay
This bit field defines the TTOFF delay for a regular turn-
off (in SSOSC2 clock cycles). Writing
00, to this field deactivates the TTOFF function for
regular turn-off. If used, a value greater then 02, has to
be programmed.
0 7:2 r Reserved
Read as Og.
LMI 1 rh Last Message Invalid Notification
This bit indicates if the last received SPl Message was
correctly processed by the device.
Og Previous Message was processed correctly.
1z Previous Message was discarded.
P 0 rh Parity Bit
Odd Parity Bit.
Data Sheet 103 Rev 2.0, 2017-06-19
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Secondary Safe TTOFF Configuration Register

Register Description

This register shows the configuration of the TTOFF function for safe turn-off.

SSTTOF Offset Wakeup Value Reset Value
Secondary Safe TTOFF Configuration Register n.a.
1By 2081,
15 8
T
STVAL
|
rw
7 5 4 2 1 0
GPS 0 LMI P
rw r rh rh
Field Bits Type Description
STVAL 15:8 rw Gate Safe TTOFF delay
This bit field defines the TTOFF delay for a safe turn-off
(in OSC2 clock cycles). Writing 00y,
to this field deactivates the TTOFF function for regular
turn-off. if used, a minimal value of atleast
0Ay has to be programmed.
Note:
4. In OPM5 and OPMS, it is recommended to have this
bit field programmed to 0y,
5. In OPM4, bit field STVAL shall be programmed with a
higher value than field SRTTOF.RTVAL.
6.
GPS 7:5 rw Gate Safe TTOFF Plateau Voltage
This bit field defines the TTOFF plateau voltage for safe
turn-off sequences. Coding is identical to
PCTRL2.GPOF.
Note: In OPM4, bit field GPS shall be programmed with a
value smaller or equal than field
PCTRL2.GPOF.
0 4:2 r Reserved
Read as Og.
Data Sheet 104 Rev 2.0, 2017-06-19
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Register Description

Field

Bits

Type

Description

LMI

Last Message Invalid Notification

This bit indicates if the last received SPI Message was
correctly processed by the device.

Og Previous Message was processed correctly.

1g  Previous Message was discarded.

rh

Parity Bit
Odd Parity Bit.

Data Sheet
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Secondary TTON Configuration Register

Register Description

This register shows the configuration of the TTON function for regular turn-on.

STTON Offset Wakeup Value Reset Value
Secondary TTON Configuration Register n.a.
1C, 0001,
15 8
T
TTONVAL
|
rw
7 2 1 0
T
0 LMI P
|
r rh rh
Field Bits Type Description
TTONVAL 15:8 rw Gate TTON Delay
This bit field defines the TTON delay (in SSOSC2 clock
cycles). Writing 00, to this field deactivates the TTON
function. If used, a minimal value of at least A, has to be
programmed.
0 7:2 r Reserved
Read as Og.
LMI 1 rh Last Message Invalid Notification
This bit indicates if the last received SPI Message was
correctly processed by the device.
Og  Previous Message was processed correctly.
1g  Previous Message was discarded.
P 0 rh Parity Bit
Odd Parity Bit.
Data Sheet 106 Rev 2.0, 2017-06-19
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Secondary ADC Result Register
This register provides status of the ADC channel.

SADC Offset
Secondary ADC Result Register

Register Description

Wakeup Value Reset Value
n.a.

15

1D, 0001,

ADCVAL

rh

AOVS

AUVS

AVFS

LMI P

rh

rhs

= - ©

rh rh

Field

Bits

Type

Description

ADCVAL

15:8

rh

ADC Result

This bit field shows the results of the last conversion of
the ADC channel. Itis automatically updated every time a
new conversion result is available.

Reserved
Read as Og.

AOVS

rh

ADC Overvoltage Error Status

This bit indicates if a boundary condition violation is
occurring (Overvoltage).

Og  noError An error condition is not detected.

1g  error An error condition is being detected

AUVS

rh

ADC Undervoltage Error Status

This bit indicates if a boundary condition violation is
occurring (undervoltage).

Oz noError An error condition is not detected.

1z error An error condition is being detected

AVFS

rhs

ADC Result Valid Flag

This bit indicates if a new value is available. This bit is set
everytimebitfield ADCVALisupdatedwithanewvalue.
This bit is sticky.

Og notValid ADC result is not valid.

1g  valid ADC result is valid.

3:2

Reserved
Read as Og.
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Register Description

Field

Bits

Type

Description

LMI

Last Message Invalid Notification

This bit indicates if the last received SPI Message was
correctly processed by the device.

Og Previous Message was processed correctly.

1g  Previous Message was discarded.

rh

Parity Bit
Odd Parity Bit.

Data Sheet
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Secondary ADC Boundary Register

Register Description

This register contains the values for the ADC boundary check. It can only be written if SCFG.
CFG2 is set.
SBC Offset Wakeup Value Reset Value
Secondary ADC Boundary Register n.a.
1E,, FCO01,
15 10 9 8
T T
LCB1B LCB1A
| |
rw rw
7 4 3 2 1 0
LCB1A 0 LMI P
rw r rh rh
Field Bits Type Description
LCB1B 15:10 rw ADC Limit Checking Boundary B
Second boundary used for the limit check mechanism.
Should be used as upper limit.
LCB1A 9:4 rw ADC Limit Checking Boundary A
First boundary used for the limit check mechanism.
Should be used as lower limit.
0 3:2 r Reserved
Read as Og.
LMI 1 rh Last Message Invalid Notification
This bit indicates if the last received SPI Message was
correctly processed by the device.
0y  Previous Message was processed correctly.
1z  Previous Message was discarded.
P 0 rh Parity Bit
Odd Parity Bit.
Data Sheet 109 Rev 2.0, 2017-06-19
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Secondary Clock Supervision Register

This register is for internal purpose only.

Register Description

SCS Offset Wakeup Value Reset Value
Secondary Clock Supervision Register n.a.
1Fy 0001,
15 8
T
SCSS
|
rh
7 2 1 0
T
0 LMI P
|
r rh rh
Field Bits Type Description
SCSS 15:8 rh Secondary Supervision Oscillator Clock Cycles
This bit field is written by hardware by the TCF function
and gives the number of measured Start Stop Oscillator
clock cycles.
0 7:2 r Reserved
Read as Og.
LMI 1 rh Last Message Invalid Notification
This bit indicates if the last received SPI Message was
correctly processed by the device.
Og Previous Message was processed correctly.
1g  Previous Message was discarded.
P 0 rh Parity Bit
Odd Parity Bit.
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4.3 Read / Write Address Ranges

Register Description

Table 4-4 summarizes which register is accessible with a READ command for a given operating mode.

Table 4-4 Read Access Validity

OPMO0/1 OPM2 OPM3 OPM4 OPM5 OPM6

X X X X X X
PID

X X X X X X
PSTAT

X X X X X X
PSTAT2

X X X X X X
PER

X X X X X X
PCFG

X X X X X X
PCFG2

X X X X X X
PCTRL

X X X X X X
PCTRL2

X X X X X X
PSCR

X X X X X X
PRW

X X X X X X
PPIN

X X X X X X
PCS

X X X X X X
SID 0 0

X X X X X X
SSTAT 1) 1)

X X X X X X
SSTAT2 1) 1)

X X X X X X
SER 0 0

X X X X X X
SCFG " "

X X X X X X
SCFG2 " "

X X X X X X
SSCR 0 0
Data Sheet 111 Rev 2.0, 2017-06-19
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Table 4-4 Read Access Validity (cont'd)

Register Description

OPMO0/1 OPM2 OPM3 OPM4 OPM5 OPM6
X X X X X X
SDESAT " "
X X X X X X
SOCP 1) 1)
X X X X X X
SRTTOF 1) 1)
X X X X X X
SSTTOF " "
X X X X X X
STTON 1) 1)
X X X X X X
SADC " "
X X X X X X
SBC " "
X X X X X X
SCS " "

1) Increased latency time

Data Sheet 112
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Register Description

Table 4-5 summarizes which register is accessible with a WRITEL command for a given operating mode.

Table 4-5 Write Access Validity
OPMO0/1 OPM2 OPM3 OPM4 OPM5 OPM6
PID
PSTAT
PSTAT2
PER
X
PCFG
X
PCFG2
X X X X X X
PCTRL
X X X X X X
PCTRL2
X
PSCR
X X X X X X
PRW
PPIN
PCS
SID
SSTAT
SSTAT2
SER
X
SCFG
X
SCFG2
1)
X
SSCR
Data Sheet 113 Rev 2.0, 2017-06-19
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Register Description

Table 4-5 Write Access Validity (cont'd)
OPMO0/1 OPM2 OPM3 OPM4 OPM5 OPM6
X
SDESAT
X
SOCP
X
SRTTOF
X
SSTTOF
X
STTON
SADC
1)
X
SBC
SCS
1) Write access only if bit SCFG.CFG2 is set.
Data Sheet 114 Rev 2.0, 2017-06-19
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5 Specification

5.1

Typical Application Circuit

Specification

Table 5-1 Component Values
Parameter Symbol Values Unit Note / Test Condition
Min. Typ. Max.

Decoupling Capacitance Cq4 2x0.5 |11 - uF 10uF capacitance next to the

(Between VEE2 and GND2) power supply source (e.g. flyback
converter). 1 yF close to the
device. It is strongly
recommended to have at least
two capacitances close to the
device (e.g. 2 x 500nF).

Decoupling Capacitance Cq - 11 - MF 10uF capacitance next to the

(Between VCC2 and GND2) power supply source (e.g. flyback
converter). 1 yF close to the
device.

Decoupling Capacitance Cq4 - 11 - uF 10uF capacitance next to the

(Between VCC1 and GND1) power supply source (e.g. flyback
converter). 1 yF close to the
device.

Series Resistance Rq1 0 1 - kQ

Pull-up Resistance Rout - 10 - kQ

Filter Resistance R, - 1 - kQ

Filter Capacitance C, - 47 - pF

Reference Resistance Riett - 26.7" |- kQ high accuracy, as close as
possible to the device

Reference Capacitance Creft - 100 - pF As close as possible to the device.

Pull-up Resistance Rouz - 10 - kQ

Reference Resistance Rrer2 - 23.7Y |- kQ high accuracy, as close as
possible to the device

Reference Capacitance Cre2 - 100 - pF As close as possible to the device.

DESAT filter Resistance R gesat 1 3 - kQ Depends on required response
time.

DESAT filter Capacitance Cesat - n/a - pF Depends on required response
time.

DESAT Diode Dyesat - n/a - - HV diode.

Sense Resistance Reense - n/a - Q Depends on IGBT specification.

OCP filter Capacitance Cocp - n/a - pF Depends on required response
time.
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Table 5-1 Component Values (cont’d)

Specification

Parameter Symbol Values Unit Note / Test Condition
Min. Typ. Max.
OCP & OCPG resistance Rocps 0 - 100 Q Depends on required response
Roceg time.

DACLP filter Resistance Raacip - 1 - kQ

DACLP filter Capacitance Caacip - 470 - pF

Active Clamping Resistance |R,y4 - n/a - Q Depends on application
requirements

Active Clamping Resistance |R,, - n/a - kQ Depends on application
requirements

Active Clamping Coai - n/a - nF Depends on application

Capacitance requirements

TVS Diode Dysaci1, n/a - - Depends on application

Disaci2 requirements

Active Clamping Diode D, - n/a - - Depends on application
requirements

ACLI Clamping Diode [DJ - n/a - - Depends on application
requirements

VREG Capacitance Creg 1 uF As close as possible to the device.

GATE Resistance Rgon - - Q

GATE Resistance R ot 0.5 - - Q

GATE Clamping Diode Dyt - n/a - - 2

GATE Clamping Diode Dyei2 - n/a - - E.g. Schottky Diode. 2

GATE Series Resistance Ryate 0 10 - Q Optional component.

VEE2 Clamping Diode D3 - n/a - - E.g. Schottky Diode. 2

ADC filter Resistance Rade - 10 - Q

ADC filter Capacitance Cadc - 1 - nF

1) If other values are used functionality of IC not guaranteed.
2) Characteristics of this components are application specific.
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Specification

5.2 Absolute Maximum Ratings

Stress above the maximum values listed here may cause permanent damage to the device. Exposure to absolute
maximum rating conditions for extended periods may affect device reliability.

Table 5-2 Absolute Maximum Ratings”

Parameter Symbol Values Unit | Note / Test Condition
Min. Typ. Max.
Junction temperature T,iunc -40 - 150 °C
Storage temperature Tsto -55 - 150 °C
Positive power supply (primary) |Vccq -0.3 - 6.0 V Referenced to GND1
Positive power supply Veeo -0.3 - 28 \ Referenced to GND2
(secondary)
Negative power supply Ve -13 - 0.3 \ Referenced to GND2
Power supply voltage difference |Vpg, - - 40 V
(secondary) Veo-Vees
Voltage on any I/O pin on primary |V y, -0.3 - 6.0 V Referenced to GND1
side except INP, INSTP, EN
Voltage on INP, INSTP, EN pins |V \r1 -0.3 - 6.0 V Referenced to REF0?
Voltage difference between Va1 -4 - 4 \Y
REFO0 and GND1
Voltage difference between Vocpgz |-0.3 - 0.3 \Y
OCPG and GND2
Output current on push-pull /O |lgyrpe1 |- - 20 mA
on primary side
Output current on push-pull /O |lgytpes |- - 5 mA
on secondary side
Output current on open drain I/O |lgyropy |- - 20 mA
on primary side
VREG Output DC current lrec2 - - 525 MA | Conp=1HF
Voltage on 5 V pin on sec. side |V \s, -0.3 - 6.0 V Referenced to GND2
Voltage on 15 V pin on V N152 Veg,-0.3 |- Vigeot0.3 |V Referenced to GND2,
secondary side. except DESAT
Voltage on DESAT pin. V npesaT |-0-3 - Vigeot0.3 |V Referenced to GND2
Power Dissipation - Pri. Chip Poismaxt |- - 100 mW | Taue=125°C
Power Dissipation - Sec. Chip Poisvaxz |- - 600 MW | Taus=125°C
ESD Immunity Vesp - - 2 kv |HBM®
- - 750 V  |CDM%, pins 1, 16, 17, 36
500 V | CDM*, all other pins
MSL Level MSL n.a. 3 n.a.

1) Not subject to production test. Absolute maximum Ratings are verified by design / characterization.
2) Max. voltage of Vyg+Vpgs should be below 7V.

3) According to EIA/JJESD22-A114-B.

4) According to JESD22-C101-C.
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Specification

5.3 Operating range

The following operating conditions must not be exceeded in order to ensure correct operation of the 1EDI2010AS.
All parameters specified in the following sections refer to these operating conditions, unless otherwise noticed.

Table 5-3 Operating Conditions

Parameter Symbol Values Unit |Note / Test Condition
Min. Typ. Max.

Ambient temperature Tamb -40 - 125 °C

Positive power supply (primary) Veer 4.65 5.0 5.5 \% Referenced to GND1"

Positive power supply (secondary) | Vce, 13.0 15.0 18.0 \Y; Referenced to GND2?

Negative power supply Veg, -10.0 -8.0 0 Y Referenced to GND2?%

PWM switching frequency fou - - 30 kHz |9

Common Mode Transient Immunity |dV go/dt |-100 - 100 kV/us | At 1000 V¥

Pulsed Magnetic Field Transient Hiso -1000 1000 Alm  |t=10s %

Immunity
1) Deterministic and correct operation of the device is guaranteed down to Vo4, -

2) Deterministic and correct operation of the device is guaranteed down to V;, oz, -

3) Deterministic and correct operation of the device is guaranteed up to 0.3V.

4) Maximum junction temperature of the device must not be exceeded.

5) Not subject to production test. This parameter is verified by design / characterization.
6) As per IEC 61000-4-9

5.4 Thermal Characteristics

The indicated thermal parameters apply to the full operating range, unless otherwise specified.

Table 5-4 Thermal Characteristics

Parameter Symbol Values Unit |Note / Test Condition
Min. Typ. Max.

Thermal Resistance Junction to Rima |- 60 - KW | T,,=125°C"?

Ambient

Thermal Resistance Junction to Case | Rty ¢ - - 41 KW | T,,=125°C"

1) Not subject to production test. This parameter is verified by design / characterization.

2) The thermal characteristics are done with a 6 layers board with the dimension 30mm x 40mm x 1.5mm and a cu-thickness
of 35um each layer (cooling areas should be foreseen on top and bottom, but shouldn’t cover the isolation area of the IC).

Data Sheet 119 Rev 2.0, 2017-06-19
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Specification

5.5 Electrical Characteristics

The indicated electrical parameters apply to the full operating range, unless otherwise specified.

5.5.1 Power Supply

Table 5-5 Power Supplies Characteristics

Parameter Symbol Values Unit |Note / Test Condition
Min. Typ. Max.
UVLO1 Threshold High Vivion |4.20 4.47 4.65 \ Referenced to GND1
UVLO1 Threshold Low Vivionw |4.20 4.40 4.60 \Y Referenced to GND1
UVLO1 Hysteresis Viuviotnys |40 70 - mV
UVLO2 Threshold High Viviozno |11.5 12.5 13.0 \ Referenced to GND2
Viviozut 195 10.25 11 \Y Referenced to GND2
UVLO2 Threshold Low Viviooo | 11.0 11.7 12.5 \ Referenced to GND2
Viviozir |9 9.75 10.5 \Y Referenced to GND2
UVLO2 Hysteresis Vivioznyo | 900 850 - mV | VyyLozrowo Selected
Vuviozrvt [400 500 - mV [ Vyvioznins Selected
Vo Reset Level VRsT2 7.9 8.3 8.8 \Y Referenced to GND2
Quiescent Current Input Chip la1 - 7.5 10 mA | V=5V, all I/0s
inactive
Quiescent Current Output Chip VCC2 | lqycco - 11 13 MA | V=15V, Vge,=-8V all
I/Os inactive
Quiescent Current Output Chip VEE2 |lqyees - 1 2 MA | Veo=15V, Vge,=-8V,all
I/Os inactive
VCC1 ramp-up / down time trp1 - - 0.5 V/ms | Absolute value
VCC2 ramp-up / down time trpo - - 1.5 V/ms | Absolute value
VEEZ2 ramp-up / down time trps - - 0.8 Vims | Absolute value
Power Dissipation - Primary Chip Pois1 - 37.5 - mW | Tyus=25°C
Power Dissipation - Secondary Chip |Pps, - 175 - mW | Tyus=25°C, idle mode
Data Sheet 120 Rev 2.0, 2017-06-19
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5.5.2 Internal Oscillators

Table 5-6 Internal Oscillators

Specification

Parameter Symbol Values Unit | Note / Test Condition
Min. Typ. Max.
Primary / Secondary main oscillator | f, 14.0 16.6 191 MHz | Resistances on pin
frequency IREF1 nominal
Start/Stop Oscillator Frequency fokos Tokste | 15.0 171 19.0 MHz | Resistances on pin
IREF2 nominal
Data Sheet 121 Rev 2.0, 2017-06-19

Hardware Description



'T EiceDRIVER™ SENSE
Ql ne& 1EDI2010AS

Specification

5.5.3 Primary 1/O Electrical Characteristics

Table 5-7 Electrical Characteristics for Pins: INP, INSTP, EN

Parameter Symbol Values Unit | Note / Test Condition
Min. Typ. Max.

Low Input Voltage Vivertt |0 - 0.3xVeeq |V Referenced to REFO0

High Input Voltage Vinera1 | 0-7XVeeq |- Vet \Y Referenced to REFO0

Weak pull down resistance Reoint 120 - 100 k2 |Referenced to REF0

Input Current liNPR1 - - 300 pA

Input Pulse Suppression tiner1 - 20 - ns |V

Time between EN valid and INP High |tyeeny |8 - - us |2

Level

INP High / Low Duration tinePeD 250 - - ns

INSTP High / Low Duration tnsteep | 250 - - ns

Minimum EN High or Low duration | tenpe 10 - - us | ?

time.

1) Not subject to production test. This parameter is verified by design / characterization.
2) Timing is given for hard ON/OFF switching condition only.

Table 5-8 Electrical Characteristics for Pins: NRST/RDY, SCLK, SDI, NCS, DIO1 (input), ADCT

Parameter Symbol Values Unit | Note / Test Condition
Min. Typ. Max.

Low Input Voltage VinpL1t 0 - 0.3xVgeq |V Referenced to GND1

High Input Voltage V\NPH1 0.7xV¢eq |- Veer V Referenced to GND1

Weak pull up resistance SCLK, SDI, |Rpyspy |25 - 100 k2 |Referenced to VCC1

NCS

Weak pull down resistance DIO1, Repappit | 25 - 100 k2 |Referenced to GND1

ADCT

Input Current linp1 - - 400 pA

NRST/RDY Output Voltage in Non- | Vgourne |- - 1 \ Ve1=5V, ligag = 2 MA

Ready conditions. _ 07 1 \V; Vcc1=0V7 Iload =500 UA

NRST/RDY driven-active time after |tggr - 15.4 - us |V

power supplies are within operating

range.

NRST/RDY minimum activation time. |tggrat 10 - - V&

Minimum DIO1 High or Low duration |tpoipc |10 - - pus | When configured as

time. input

Minimum ADCT High or Low duration |ta,pcrpe |20 - - V&

time.

1) Not subject to production test. This parameter is verified by design / characterization.
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Table 5-9 Electrical Characteristics for Pins: SDO, DIO1 (output)

Specification

Parameter Symbol Values Unit | Note / Test Condition
Min. Typ. Max.

Low Output Voltage VouteLr |- - 0.5 \Y, loag = 5 MA

High Output Voltage Voutent |3-85 - - Vv loag = 5 MA

Table 5-10 Electrical Characteristics for Pins: NFLTA, NFLTB

Parameter Symbol Values Unit | Note / Test Condition
Min. Typ. Max.
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5.54

Secondary /O Electrical Characteristics

Table 5-11 Electrical Characteristics for Pins: TON, TOFF & GATE

Specification

Parameter Symbol Values Unit | Note / Test Condition
Min. Typ. Max.
TON & TOFF Output Voltage High Visonz | Veeo-1 - Veeot0.3 |V Referenced to GND2
TON & TOFF Output Voltage Low Visors | Vee20.3 |- Veeot1 |V Referenced to GND2
TON & TOFF Source / Sink Current | l;50, 1 - - A |12
GATE Input voltage range Viscate | Vee2 - Vees \ Referenced to GND2
Passive Clamping Voltage Veclp - Vepot1 |V Secondary chip not
supplied, TON, TOFF &
GATE shorted,
Passive Clamp Current lecLp 5 - - mA | Secondary chip not
supplied, TON, TOFF &
GATE shorted,
Veare=Veet2V
1) Not subject to production test. This parameter is verified by design / characterization.
2) Thermally limited.
Table 5-12 Electrical Characteristics for Pins: DEBUG, DIO2(input)
Parameter Symbol Values Unit | Note / Test Condition
Min. Typ. Max.
Low Input Voltage VN2 0 - 1.5 \Y, Referenced to GND2
High Input Voltage V5 nH2 3.5 - 5.5 \ Referenced to GND2
Weak pull down resistance Repoine |20 - 80 k2 | Connected to GND2
Table 5-13 Electrical Characteristics for Pins: DIO2, DACLP (Output)
Parameter Symbol Values Unit | Note / Test Condition
Min. Typ. Max.
Output Voltage High Vsom2 4.0 - 5.25 \ Referenced to GND2,
loag™ 2 MA, Vreeo= typ.
Output Voltage Low VsoL2 0 - 0.5 \ Referenced to GND2,
loag= 2 MA
Minimum DIO2 High or Low duration |ty oopc |10 - - pus  |When configured as
time. input
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Table 5-14 Electrical Characteristics for Pin: AIP

Specification

Parameter Symbol Values Unit | Note / Test Condition
Min Typ. Max.
Voltage Range for Current Source Vap 0 - 4.5 \Y lapcs= typ.
Current Source lapcs |- 1.05 - mA |Rp = 23.7 kOhm"
Output Current Source Error lapcser | -3 - 3 % Deviation from nominal
value

1) Recommended resistance for specified limits. Other values may lead to malfunction.
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5.5.5 Switching Characteristics

Table 5-15 Switching Characteristics

Specification

Parameter Symbol Values Unit | Note / Test Condition
Min. Typ. Max.
Input to Output Propagation Delay tepoN 175 215 255 ns  |Veei=dV, V=15V,
ON VEE2='8V 1)
Input to Output Propagation Delay teporF 175 215 255 ns  |Veei=dV, V=15V,
OFF Veg,=-8V
Input to Output Propagation Delay tepisto |90 0 50 ns  |Veei=dV, V=15V,
Distortion (trporr-troon) Vee=-8V
Input to Output Propagation Delay tepisTOV | - 25 - ns  |Veei=5V, V=15V,
Distortion Variation for two Veg,=-8V, T ync=25°C ?
consecutive pulses
Rise Time trise - 120 205 ns | Vgei=9Y, Veeo=15V,
VEE2='8V, CLOAD = 10nF,
10%-90%
- 30 50 ns | Vgei=9Y, Veeo=15V,
Veeo=-8V, no load, 10%-
90%
Fall Time teaLL - 150 235 ns | Vgei=9Y, Veeo=15V,
VEE2=‘8V, CLOAD = 10nF,
90%-10%
Vee,=-8V, no load, 90%-
10%
Voltage during TTOFF Plateau level |Vgporg |54 6.0 6.3 \Y Referenced to GND2,
Vepori | 6.4 7.0 7.3 v measured at pin TON
shorted with TOFF, no Ve
Verorz |73 8.0 8.4 v compensation,
Vepors |82 9.0 9.4 V. VCC2=15V,T )\ c=25°C
Vaeporsa |9-2 10.0 10.5 \Y
Vgpors | 10.1 11.0 11.5 \
Vepors | 111 12.0 12.6 \
Vaporr | 121 13.0 13.6 \Y,
Voltage during TTOFF Plateau level |Vgporg 4.7 5.3 5.6 \Y Referenced to GND2,
Vepori | 5.7 6.3 6.6 v measured at pin TON
shorted with TOFF, with
Verorz |66 3 7 v Ve compensation,
Vepors |76 8.3 8.7 V. vCC2=15V,T )\ c=25°C
Vepors |85 9.3 9.8 \Y
Vepors | 9.5 10.3 10.8 \Y
Vgpors | 10.5 11.3 11.9 \
Vepory | 11.5 12.3 12.9 \
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Table 5-15 Switching Characteristics (cont'd)

Specification

Parameter Symbol Values Unit | Note / Test Condition
Min. Typ. Max.

Temperature variation from dVimao |- -110 - mv |13

configured V11ore(25°C) @T,=-40°C

Temperature variation from dViso |- 110 - mv |13

configured V1opr(25°C) @T = 150°C

TTOFF decrease rate tsiew - 9 - V/us

TTOFF delay deviation from nominal |tpeyrroer |-100 100 ns |For atarget time of 2ps,

value using the TCFY?)

TTOFF Plateau Time trrore - 2.6 - ps | SRTTOF.RTVAL=26,

Voltage during TTON / WTO Plateau |Vgpono |56 6.0 6.4 \Y, Referenced to GND2,

level Veponi 6.5 7.0 75 vV measured at pin TON
shorted with TOFF, no Vgg

Veponz | 745 8.0 8.5 \ compensation,

Vepons |84 9.0 9.6 V. lvee2=15V,Tnc=25°C

Vgpona | 9-35 10.0 10.6 \

Vgpons | 10.3 11.0 1.7 \

Vepons | 11.25 12.0 12.75 \ Referenced to GND2,
measured at pin TON
shorted with TOFF, no Vg
compensation,
VCC2=16.5V,T nc=25°C

Voltage during TTON / WTO Plateau |Vgpong | 6-2 6.7 7.1 Vv Referenced to GND2,
level Vepont | 7.15 7.7 8.15 Vv measured at pin TON

Vv 8.1 87 992 Y shorted with TOFF, with

GPON2 | ™ : : Vg compensation,

Vepons |9.0 9.7 10.3 V. vCC2=15V,T )\ c=25°C

Vgpona | 10.0 10.7 11.2 \

Vapons | 10.7 11.4 12 \

Veponsg | 11.55 12.4 13.1 \Y Referenced to GND2,
measured at pin TON
shorted with TOFF, with
Vge compensation,
VCC2=16.5V,T nc=25°C

TTON Delay trron |- 8 - us | SCFG.TTONVAL=7F,
DACLP Delay tacL - 5 - pus Y

1) Values are valid only in case of stand-alone switching transistion.

2

4
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) Not subject to production test. Parameters are verified by design / characterization.
3) Measured without Vg compensation.
) If a following switching sequence is turning off during this time the delay will extend.
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Specification

5.5.6 Desaturation Protection

Table 5-16 DESAT characteristics

Parameter Symbol Values Unit | Note / Test Condition
Min. Typ. Max.

DESAT Input voltage range Vispesat |0 - Ve \Y, Referenced to GND2

DESAT Reference Level Vpesato |85 9 9.5 \ Veeo =15V, Vg, =-8V
Vpesar=2V

DESAT Low Voltage Voesatl |- 200 - mV | Referenced to GND2,
Desat clamping enabled,
lsink= SMA.

DESAT blanking time deviation from | dtpgsarg. | -20 - +20 % After transition of the

programmed value PWM command,

assuming a 1 us
programmed blanking
time"

1) Not subject to production test. Parameters are verified by design / characterization.
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5.5.7 Overcurrent Protection

Table 5-17 OCP characteristics

Specification

Parameter Symbol Values Unit | Note / Test Condition
Min. Typ. Max.
OC error detection threshold Voero 277 300 318 mV |Referenced to OCPG
Vocp1 564 600 630 mV | Referenced to OCPG
OCP blanking time deviation from dtocps. |-20 - +20 % After transition of the
programmed value PWM command,
assuming a 1 us
programmed blanking
time"
OCP Pull-up Resistance Rpuocez |40 100 175 kQ |tointernal 5V reference.
1) Not subject to production test. Parameters are verified by design / characterization.
5.5.8 Low Latency Digital Channel
Table 5-18 Digital channel characteristics
Parameter Symbol Values Unit | Note / Test Condition
Min. Typ. Max.
Input to output propagation time tops - 2 45 pus |V
primary to secondary
Input to output propagation time tosp - 2 45 pus |

secondary to primary

1) Given for single events only. If other communication events occure simultanously max. timing will increase.
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5.5.9

Table 5-19 Error Detection Timing

Error Detection Timing

Specification

Parameter Symbol Values Unit | Note / Test Condition
Min. Typ. Max.

Dead Time for Shoot Through toeaD 800 - 1200 ns |Default Value?

Protection

Class A event detection to NFLTA tarLTA - 2 4.5 pus | Veeo=typ., Veer=typ.,

activation Vieg,=typ.?

Class A event detection to turn off torrcLa - - 400 ns | Viorr=Veea -1V,

sequence activation Veeo=typ., Veei=typ.,
Veeo=typ.?

DESAT event detection to turn off torrDESAT2 | - - 430 ns | Viorr=Vecs - 1V, after

sequence activation blanking time elapsed,
Veea=typ., Vecq=typ.,
Veeo=typ.?

OCP event occurrence to turn off torroce2 |- - 150 ns | Viorr=Veep - 1V, after

sequence activation blanking time elapsed,
Vee2=typ-, Veer=typ.,
Veeo=typ.?

Class B event detection to NFLTB tarTe - 2 4.5 us | Veeo=typ., Veer=typ.,

activation Veeo=typ.?)

sequence activation Vieeo=typ., Veei=typ.,
VEE2:typ-1)2)

Verification Mode time out tymto - 15 - ms | After a transition from
OPM2 to OPM5,
SCFG.TOSEN = 0;"?

- 60 - ms | After a transition from

OPM2 to OPM5,
SCFG.TOSEN = 1,12

Life sign error detection time ts - 5 - Ms | After error condition
detected by logic.

1) Verified by design / characterization. Not tested in production.
2) Deviation of the clock needs to be considered.
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Specification
5.5.10 SPI Interface
Table 5-20 SPI Interface Characteristics
Parameter Symbol Values Unit | Note / Test Condition
Min. Typ. Max.
SPI frame size Npit N.a. N*16 N.a. bit [N is the daisy chain
length
Baud rate foik 0.1 - 2 MHz | 12
Serial clock period tsokp | 0-5 - - us  |¥
SCLK duty cycle Dscik |45 - 55 % |¥
SDI set-up time tspisu 65 - - ns |3
SDI hold time tspin 100 - - ns |3
NCS lead time tesiead |1 - - us  |¥
NCS trail time teswai | 1 - - pus ¥
NCS inactive time tesinaet |10 - - pus  |¥
SDO enable time tspoen - - 500 ns |Cp,y =20pF%)
SDO disable time tspogis |- - 1 us | Ciaq =20pF?
SDO valid time tspov 10 - 185 ns | Cipaq =20pF?
1) Low Limit verified by design / characterization. Not tested in production.
2) In Daisy Chain the max. Baud rate is 1.8 MHz.
3) Verified by design / characterization. Not tested in production.
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! I I ! I
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! : : ! !
|
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Figure 5-2 SPI Interface Timing
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Specification

5.5.11 ADC

Table 5-21 ADC parameter

Parameter Symbol Values Unit | Note / Test Condition
Min. Typ. Max.

ADC Resolution Res n.a. 8 n.a. bit |

Sampling time tsmpL - 120 - clock |V, from ADC trigger
active to end of sam-
pling phase, in OSC2
domain.

Conversion time tcony - 211 - clock |V, from ADC trigger
active to result available
in the register, in OSC2
domain.

ADCT trigger signal propagation time | tprrig - 2 tbd Vi 1), from valid signal on
pin ADCT to start of
conversion, external
trigger mode only.

Internal Voltage Range ADC VNt - 2.75 - Vv Resulting in 93 LSB/V

Preamplifier Gain GAIN,, - 2/3 - - Resulting in 62 LSB/V

GAIN;

GAIN, - 1 - - Resulting in 93 LSB/V

GAIN, - 2 - - Resulting in 186 LSB/V
ADC Offset Vorro - 0.0 - \

VOFF1 = 0.5 - V

VOFF2 = 1 0 = V

VOFF3 = 1 5 = V

Vorea - 2.0 - \

Offset Error ERore  |-3.1 - 3.1 LSB | Neg. error results in
min. offset.?)

Gain Error ERgan |5 - 5 Neg. error results in
min. gain.?

INL INL - 1 1.6 LsB |?

DNL DNL - 0.4 0.75 LSB |2

Accuracy® TUE - - 6.5 LSB |Neg. error results in
min. value.?

Automatic trigger period tarric - 4 - ms |V

1) Verified by design / characterization. Not tested in production.
2) Accuracy related parameters are defined when the device is not switching a PWM signal.
3) Total Unadjusted Error is the square sum of all worst rms errors (DNL, INL, ERyr and ERgpy)-
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5.5.12 Insulation Characteristics

Table 5-22 Isolation Characteristics referring to IEC 60747-5-2 (VDE 0884 - 10):2006-12

Specification

Description Symbol |Characteristic Unit
Installation classification per EN60664-1, Table 1:

rated main voltage less than 150 V. -1V

rated main voltage less than 300 V¢ -1l

rated main voltage less than 600 V,,, -1l

Climatic Classification 40/125/ 21

Pollution Degree (EN 60664-1) 2

Minimum External Clearance CLR 8.12 mm
Minimum External Creepage CPG 8.24 mm
Minimum Comparative Tracking Index CTI 175

Maximum Repetitive Insulation Voltage V\orM 1420 Vpeak
Highest Allowable Overvoltage” Viotm 6000 Veeak
Maximum Surge Insulation Voltage Viosm 6000 Veeak
1) Refer to VDE 0884 for a detailed description of Method a and Method b partial discharge

Table 5-23 Isolation Characteristics referring to UL 1577

Description Symbol |Characteristic Unit
Insulation Test Voltage / 1 min Viso 3750 Vims
Insulation Test Voltage / 1 sec Viso 4500 Vims
Data Sheet 133 Rev 2.0, 2017-06-19
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Package Information

6 Package Information
& . 0.35 x 45
o g 3=
< |8
g wa -:'-J‘- oy
- l

7 x ﬁzlﬂ.ﬂﬁ} SEATIMNG PLAME

410,171 C[A-B[D] 36

'J___ ~ Ejectar Mark
~ Depth 0.2 MAX,

Indax Marking

1) Does not include plastc or matal protrusion of 0.15 max. per side
21 Does not include dambar protrusion of 0,05 max, per side

PS-DIS0- -0 0 34 40 D S

Figure 6-1 Package Dimensions
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— ===l
Te} | - =3 i
0.73
i o
HLGF1 145
Figure 6-2 Recommended Footprint
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KomnaHus ((3J'IeKTpO|_|J'|aCT» npeanaraeT 3akKn4vyeHmne onrocpoYHbIX OTHOLLIEHUN npu
NOoCTaBKaxX MMMNOPTHbIX 3NTEKTPOHHbIX KOMMOHEHTOB Ha B3aMMOBbLIFO4HbIX yCJ'IOBI/lFlX!

Hawwn npeumyuiectsa:

e OnepaTuBHbIE NOCTABKM LUMPOKOrO CMeKTpa 3NeKTPOHHbIX KOMMNOHEHTOB OTEYECTBEHHOIO U
MMMOPTHOrO NPON3BOACTBA HANPAMYO OT MPOM3BOAMTENEN U C KPYNMHENLLNX MUPOBbLIX
CKNaaos.;

MocTaBka 6onee 17-TM MUNIIMOHOB HAMMEHOBAHWUIN 3NEKTPOHHbLIX KOMMNOHEHTOB;

MocTaBka CNoXHbIX, AeULNTHBIX, MMOO CHATLIX C MPOM3BOACTBA NO3ULIUIA;

OnepaTtunBHbIE CPOKM NOCTABKM Nof 3aka3 (0T 5 pabounx gHewn);

OKcnpecc goctaska B Nnobyto Touky Poccuu;

TexHnyeckas nogaepkka npoekTa, NomMoLLlb B nogdope aHanoros, NocTaBka NPOTOTUMOB;

Cuctema MeHeXMeHTa KavyecTBa cepTuduumnposaHa no MexayHapogHomy ctaHgapTty 1ISO

9001;

o JlnueHausa ®CH Ha ocyulecTBneHne paboT ¢ NCNONb30BaHWEM CBEOEHUIN, COCTABAOLLINX
rocygapCTBEHHYIO TalHy;

o [locTaBka cneumnanmampoBaHHbIX KOMNoHeHToB (Xilinx, Altera, Analog Devices, Intersil,
Interpoint, Microsemi, Aeroflex, Peregrine, Syfer, Eurofarad, Texas Instrument, Miteq,
Cobham, E2V, MA-COM, Hittite, Mini-Circuits,General Dynamics v gp.);

MoMMMO 3TOro, O4HMM M3 HanpaBnNeHU koMnaHum «AnekTpollnacT» ABNseTca HanpaBneHne

«UcTouHmkn nutaHua». Mel npeanaraem Bam nomoub KoHCTpyKTOpCKOro otaena:

e [logGop onTuManeHOro peleHus, TexHn4eckoe 060CHOBaHME Npu BbIOOpPE KOMMOHEHTA;
Monbop aHanoros.;
KoHcynbTaumm no NpUMEHEHMIO KOMMOHEHTA;
MocTaBka 06pa3yoB M NPOTOTUMNOB;
TexHn4veckasn noaaepka npoekTa;
3awmTa OT CHATMSA KOMMOHEHTA C NPON3BOACTBA.

Kak c Hamu cBfizaTbCcA

TenedoH: 8 (812) 309 58 32 (MHOrokaHanbHbIN)
Pakc: 8 (812) 320-02-42

OnekTpoHHas nouTta: org@eplastl.ru

Aapec: 198099, r. Cankt-INeTepbypr, yn. KannHuHa,
Oom 2, kopnyc 4, nutepa A.
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