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1. Abstract

AgileSwitch Digital Programmable Gate Drivers offer multiple levels of software configurability that allow
system designers to fine-tune performance to their specific systems and applications. This Intelligent
Configuration Tool (ICT) User Manual describes the software-configurable parameters, including individual
parameter ranges, and also includes recommended settings where appropriate.

One note of caution regarding the use of the software configuration tool: It is advised that designers use
conservative parameter settings when performing the initial testing of the gate driver or gate driver in
combination with a SiC module. Refer to Appendix A for a procedure which outlines how to safely derive the
parameter settings for both Normal and DSAT operation for any SiC module.

An overview of the Gate Driver configuration process is shown below:

Open Software Configuration Tool

Select Gate Drive Settings
Compile Code

Program Gate Driver

Figure 1: Process Overview

2. Equipment and Software

Qty | Description Manufacturer | Part Number Notes
1 Windows 7 or better PC - -
1 MPLAB X IPE Microchip it/ ileswitch /
- - - - - p://www.agileswitch.com/pro
1 !Ipc':gllllgent Configuration | AgileSwitch ICT —2ASC-12A1HP ram.html
1 Device Programmer AgileSwitch ASBK-007 Connects PC to Gate Driver

Table 1: Hardware and software required
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3. Configuration Procedure

This section outlines the steps required to run the Intelligent Configuration Tool, change parameter settings,
enter a software part number and version number, and compile a piece of software for the 2ASC-12A1HP.

3.1. Intelligent Configuration Tool Introduction

Open the ICT-2ASC-12A1HP. If prompted, select Accept to allow the program to make changes to your
device and accept the AgileSwitch Product Agreement shown in Figure 2.

B | AgileSwitch License Agreement - O x

AGILESWITCH PRE-RELEASE PRODUCTS AGREEMENT ~

This AgileSwitch Pre-Release Products Agreement ("Agreement”) is made by
and between AgileSwitch, LLC, a Delaware limited liability company
("AgileSwitch") and the person or entity who binds itself to this Agreement
("Licensee”) by (1) signing this Agreement or (2) downloading or using the
Pre-Release Product, and becomes effective when the Licensee first signs this
Agreement, downloads, uses or accesses the Pre-Release Product ("Effective
Date").

MNOTICE: THIS 15 A CONTRACT. CAREFULLY READ THIS AGREEMENT. BEFORE
TAKING ANY STEPS TO PARTICIPATE IN THE TEST PROGRAM FOR THE PRE-
RELEASE PRODUCTS DEFINED BELOW YOU ARE REQUESTING. BY
DOWNLOADING OR USING THE PRE-RELEASE PRODUCT OR BY SIGNING A
COPY OF THIS AGREEMENT, YOU COMNSENT TO THE TERMS OF THIS
AGREEMENT AND AGREE TO BE BOUND BY THIS AGREEMENT. IF YOU DO
NOT WISH TO BE BOUND BY ALL OF THE TERMS AND CONDITIONS, CLICK
THE APPROPRIATE BUTTON TO CANCEL THE REGISTRATION PROCESS, AND
DO NOT DOWNLOAD, INSTALL OR USE THE PRE-RELEASE PRODUCTS. IF YOU
HAVE DOWNLOADED OR HAVE STARTED USING A PRE-RELEASE PRODUCT
AND YOU WISH TO TERMINATE THIS AGREEMENT, THEN STOP USING THE
PRE-RELEASE PRODUCTS, AND DELETE ANY AMD ALL COPIES OF THE PRE-
REIFASF PRODUICT INCILDING AL CONFIGHRATION FILFS AND OTHER

W

Figure 2: Pre-Release Products Agreement
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The ICT will open with no parameter settings. The user has the option to enter their own configuration
parameters, load the default settings, select settings from a list of tested SiC modules, or load in previously
saved parameter settings. AgileSwitch recommends first selecting your device from our list of tested SiC
modules. A detailed explanation of this process and additional details is covered in Configuration Parameters.

@ Intelligent Configuration Tool

file View Help

»

Core Settings

A

Graphical Editor

Core Settings

Control Side Options
General

Device:

Fault Output Active Level: O'Llow (O High

Advanced Dead Time

Reset

Gate Driver Reset: OAuto () Controller

App Settings

Auto Reset Time Delay: = ms

DC Link Monitoring

DC Link Voltage Fault (JOn () Off

DC Link Fault Level: sy

Temperature Monitoring

Temperature Fault Oon Qoff

Temperature Monitor. O lsolated ) Non-isolated

Temperature Fault Level 2 o

Gate Driver Options
Gate Options
Low Side Select: QO CH1

Full On Gate Voltage Level (+Vigs): =

Full Off Gate Voltage Level (-Vgs): =

Normal Operation

Two-Level Tum-Off: () Enabled

Two-Level Tum-Off Voltage: v

v e

Two-Leve! Tum-Off Time: ns

DSAT Operation

Multi-Level Turn-Off O Enabled

Voltage Level/Blanking Time:

First Turn-Off Violtage Level. |

First Tum-Off Time: J

Second Tum-Off Voltage Level: | o
|

Second Tum-Off Time:

Fault Detection

Under/Over-Violtage Fault Detection: () Enabled

QcH2

) Disabled

- o X

@

Compile
Configuration Part Number
SOFT-{ 00000 oo

Assembly # Version #

v

Compile
v

Actions

| Load settings. Save settings.

Clear all settings...

O Disabled

() Disabled

Figure 3: ICT blank after open

3.1.1. Generate Code

Once the user has selected the desired configuration parameters, we can generate a compiled output file
to program the Gate Driver. To generate this file, follow these steps:

1. Enter a Software Assembly Number.
2. Enter a Version Number.
3. Click the Compile button.

a. A Save Settings box will open to add additional notes for this specific version. This is

optional.
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Save Settings

Part number:

Manufacturer:

Description:

pet

(Optional) Provide a part number and manufacturer for this module. You
may also include a description for traceability of this software revision.

AMODULE

AMFG

ASICDEVICE

[ ] Don't prompt me for this information again

Compile!

Cancel

b. Hit Compile again and a Save As dialogue box will open.
4. Navigate to the desired folder where you wish to save the compiled output file. The ICT will create
a folder named SOFT-[ASSEMBLY NUMBER]-[VERSION NUMBER].

ex: SOFT-00000-V01

AgileSwitch Intelligent Configuration Tool User Manual - 2ASC-12A1HP V3
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5. If the Software and Version Number already exist in this location, you will be prompted to copy,
overwrite or create a new version.

Warning! X

Warning! Directory "C:\Users\Adam
Fender\Desktop\SOFT-00000-V00" already exists. Select an
option below.

Create a copy of the output directory. The original directory

"SOFT-00000-V00" will be preserved, and this new configuration will
be placed in a new directory called "SOFT-00000-VO0O (copy at 24
2019-08-23 14-57-46)."

Increment the version number. The current version is 00; the new

version will be 01, and the output directory will be Increment
“SOFT-00000-V01",

Overwrite "SOFT-00000-V00™. The contents will be replaced with

5 X . Overwrite
this new configuration.

Cancel

Figure 4: Version Already Exists Warning

6. The compilation process takes a few moments to complete. When complete, you will see the
following message:

Compiling project. This may take a minute.

Progress: 100%
Time elapsed: 4 seconds
Estimated time remaining: 0 seconds

Daone!

Close

Figure 5: Compilation complete
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3.1.2. Review

The 2ASC-12A1HP folder created in the location selected will contain the following information:

| M = | SOFT-00000-V01 - [} bt
Home Share View o
« v 4 « Desktop » SOFT-00000-V01 ~ Q) | Search SOFT-00000-V01 v
Name Date modified Type Size
: customer_config1 8/23/2019 258 PM CFile 7KB
[] SOFT-00000-V01.hex 8/23/2019 258 PM  HEXFile 22 KB
) SOFT-00000-V01_settings 8/23/2019 258 PM  AUG File 1KB
3 items o= | =]

Figure 6: Folders created

1. Cutomer_configl
a. File used to create compiled output file
2. SOFT-00000-V01.hex
a. This is the compiled output file
3. SOFT-00000-VO01_settings
a. Contains files with specific build information for each assembly and version
b. These can be loaded into the ICT using the Load Settings button, see Additional
Functions

3.1.3. Program Gate Driver

To program an AgileSwitch Gate Driver, follow the Device Programming Instructions.

AgileSwitch Intelligent Configuration Tool User Manual - 2ASC-12A1HP V3
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3.1.4. Additional Functions

@ Intelligent Configuration Tool

File View Help

@ Core Settings
Core Settings.

Control Side Options

Fault Output Active Level: (O Low (O High
Desd Time:

Reset

Gate DriverReset ~ OAuto O Controller
Auto Reset Time Delay Sims

DC Link Monitoring

DC Link Voltage Fautt: Oon 0N

DC Link Fault Leved v

Oon Oot

tor. Olsolated O Non-isolated

Temperature Fautt Level o

1. Load Settings

Gate Driver Options

Gate Options

Low Side Select JeH OcH2
Full On Gate Voltage Level (+Vgs) v
Full Off Gate Voltage Level (-Vgs): Jlv
Normal Operation

Toro-Level Tum-Off: Ofnabled O Disabled
TworLevel Tum-Off Voltage: v

Two-Level Tumn-Off Time:

DSAT Operation
Mult-Level Tum-Off: QEnadled O Disabled
Voltage Level/Blanking Time:
First Tum-Off Voltage Levet |2
First Tum-Off Time: 2]
Second Tum-Off Voltage Level: Jefv
B e

Second Tum-Off Time: ns

Fault Detection

Under/Over-Voltage Fault Detection: () Enabled () Disabled

Figure 7: Additional functions

Compile

Configuration Part Number

sofr{oss00 oo
Assembly # Version #

Compile

Actions

[ voad setungs. | | save senings

Clear all settings..

v
. B

a. Loads in default settings for all Gate Driver Options parameters for specific SiC
Device Part Numbers.

2. Save Settings

a. Saves all current parameters in the ICT. This is not a compiled output file for use on
a Gate Driver. The file can be loaded back into the ICT for modifications.

3. Clear Settings

a. Resets all settings to be empty.
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4. Configuration Parameters

4.1. Control Processor Configuration Options

The Control Processor Configuration option selections include any configuration parameters which
configure the control processor operation. The Control Processor is responsible for power up initialization
for both the Gate Driver and Gate Driver ICs, monitoring for Fault conditions, reporting Fault conditions,
generating the Temperature and DC Link PWM outputs, and monitoring the Reset input line. The Control
Processor Configuration includes the following parameters which will be discussed in detail in the following
sections:

e Device Rating

e Gate Driver Reset

e Auto Reset Time Delay

e Dead Time

e DC Link Voltage Fault Detection Enable and Level
o Temperature Fault Detection Enable and Level

e Temperature Monitor Isolation

o Fault Output Active Level

A summary table of all the parameter default values and ranges can be found in Parameter Settings
Summary and Ranges.

4.1.1. Device

Select your Gate Driver.

4.1.2. Fault Output Active Level

The Fault Output Active Level allows the user to select the active level for the three Gate Driver fault
status output lines (HI, LO, and All Fault outputs).

For the Low Active Fault selection, the HI, LO, and All Fault outputs will be low (0V) when a fault
occurs. The HI, LO, and All Fault outputs will be at the user’s pull-up voltage on the Host Controller
board when no fault condition exists. Fault outputs are open-drain.

For the High Active Fault selection, the HI, LO, and All Fault outputs will be at the user’s pull-up
voltage on the Host Controller board when a fault condition exists. The HI, LO, and All Fault outputs
will be low (0V) when no fault condition exists.

The user can select either Low or High active levels for the fault lines as shown in Table 2 below. The
HI, LO, and All fault lines are not individually selectable — they will either be all low active or all high
active.

AgileSwitch Intelligent Configuration Tool User Manual - 2ASC-12A1HP V3
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Fault Output Active Level
Option | Description Diagram
Low User Pullup Voltage = No Fault

0V = Fault
High User Pullup Voltage = Fault

0V = No Fault

Table 2: Fault Output Active Levels
4.1.3. Dead Time

The Dead Time Setting parameter will select the Dead Time value that will be applied to the Trigger
inputs. The Dead Time setting will be the minimum Dead Time enforced between the LO and HI trigger
outputs. Refer to parameter Tnov in Figure 8: Normal Operation Timing Diagram.

The Dead Time setting will be overridden in two instances:
1. The user (Host Controller) generated input triggers have a Dead Time that is greater than the
Dead Time Setting.
2. The user has enabled Trigger Pass Thru mode.

Dead Time Setting
Selections (ns)
280
330
430
600
900
1100
1400
1700
Table 3: Dead Time Settings

4.1.4. Gate Driver Reset

The Gate Driver Reset parameter is used to select how the Gate Driver is reset when a fault occurs. The
two parameter selections are Auto and Controller.

If Auto is selected, the gate driver will automatically reset itself based on the Auto Reset Delay Time
parameter, which is entered in milliseconds.

If Controller is selected, the gate driver will remain in fault mode (triggers disabled) until the user Host
Controller issues a reset to the gate driver. The reset input on the gate driver is a low active signal. Refer
to the Gate Driver specification for the minimum width of the reset input.

AgileSwitch Intelligent Configuration Tool User Manual - 2ASC-12A1HP V3
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4.1.5. Auto Reset Time Delay

The Auto Reset Time Delay is the time in milliseconds that the gate driver will remain in fault mode
until it automatically resets itself and returns to normal operation. The valid range is 1 to 255
milliseconds. This parameter is only used when the Auto Reset Mode is selected.

4.1.6. DC Link Voltage Fault Detection Enable and Level
4.1.6.1. Enable/Disable DC Link Voltage Fault Detection

On — DC Link Fault Checking Enabled
Off — DC Link Fault Checking Disabled

If enabled, the All Fault Output will be set active if the DC Link Voltage Measurement is greater
than the DC Link Fault Level parameter setting.

4.1.6.2. Set DC Link Fault Level

If DC Link Voltage Fault Detection is enabled, a DC Link Fault Level must be entered. The valid
entry range is dependent on the Device Rating selection. For the 1200V selection the valid range is
0-1000V.

4.1.7. Temperature Fault Detection Enable, Level, and Isolation

4.1.7.1. Enable/Disable Temperature Fault Detection

On — Temperature Fault Checking Enabled
Off — Temperature Fault Checking Disabled

If enabled, the All Fault Output will be set active if the Temperature Measurement is greater than
the Temperature Fault Level parameter setting.

4.1.7.2.  Temperature Monitor Isolation

Isolated — Typically used for modules with an NTC connection built in. The Temperature Monitor
output to the Host Controller will be isolated.

Non-Isolated — Typically used for modules without an NTC connection built in. The Temperature
Monitor output to the Host Controller will not be isolated.

This selection depends on the design of the module adapter board.

Note: If Temperature Fault Detection is Disabled, this will be ignored.

AgileSwitch Intelligent Configuration Tool User Manual - 2ASC-12A1HP V3
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4.1.7.3.  Set Temperature Fault Level

If Temperature Fault Detection is enabled, a Temperature Level must be entered. The valid entry
range is 20-175C.

4.1.8. Advanced

Select the Advanced tab on the ICT to view the following options. Note: * = Standard setting.

4.1.8.1.  Trigger Pass Thru

The Trigger Pass Thru allows the user’s Host Controller to directly control the Dead Time between
the Low and High Trigger inputs. This mode will bypass the Dead Time circuitry on the 2ASC-
12A1HP Gate Driver. It is important to note that because the 2ASC-12A1HP gate driver Dead
Time circuitry is being bypassed, the user must implement Dead Time between the Low and High
triggers in their controller.

Trigger Pass Thru
Option | Description Trigger Inputs Trigger Outputs
ON

Allows input triggers
from host to overlap —
Host Controls Dead
Time

*
OFF Gate driver will force

Dead Time for
overlapping trigger
inputs

Table 4: Trigger Pass Thru

4.1.8.2.  Single Trigger Input HI
The Single Trigger Input HI mode uses the HI Trigger input to generate the LO and HI Trigger
outputs. The LO Trigger Input is used as an enable control signal for the LO and HI Trigger outputs.

When the LO Trigger input is high, the HI Trigger output is controlled by the user Host Controller
and the LO Trigger output generated will be the opposite signal level of the High trigger input.

When the LO Trigger input is low, both the HI and LO Trigger outputs will be low (off).

AgileSwitch Intelligent Configuration Tool User Manual - 2ASC-12A1HP V3
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The Dead Time circuitry on the 2ASC-12A1HP will enforce Dead Time between the LO and HI
Trigger outputs. Due to the Dead Time, the HI and LO Trigger outputs will not have the same high
(on) pulse width.

Single Input Trigger High

Option

Description

Trigger Inputs Trigger Outputs

ON

-Host supplies HI side trigger

-LO side Trigger is enable
input (high enables Trigger
outputs)

OFF* Gate driver accepts triggers
as sent by the Host
controller
Table 5: Single Trigger Input HI
4.1.8.3. PWM Scaling

The PWM Scaling mode will create a 10 to 90 percent duty cycle range for the Temperature and DC
Link Voltage output PWM signals. This selection will guarantee that the Temperature and DC Link
Voltage output PWM signals will always be a frequency output signal which can be measured as a

frequency input by the host controller.

When PWM Scaling mode is not selected the Temperature and DC Link Voltage output PWM

signals can be either fixed low (0% duty cycle) or high (100% duty cycle) outputs if the

Temperature and DC Link Voltage inputs are at their minimum or maximum input levels,
respectively.

PWM Scaling

Option | Minimum PWM Output Maximum PWM Output
ON

OFF*

Table 6: PWM Scaling

AgileSwitch Intelligent Configuration Tool User Manual - 2ASC-12A1HP V3
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4.1.8.4.  Trigger Input Threshold

The Trigger Input Threshold selection allows the user to set the voltage threshold for a logic high
input level. This selection can be used to improve the noise immunity of the Trigger inputs by
setting the logic high input threshold to a higher value. The default input threshold is 2.5V.

4.1.8.5.  Compilation Settings — Full Compilation

When checked, this action recompiles the entire source code instead of only the user settings. This
should remain unchecked unless the Gate Driver is not appropriately responding based on the Core
Settings. i.e. Auto Reset is selected, but the Gate Driver is in Controller Reset.

4.1.8.6. Compile Log (Tab)

If you receive unexpected compilation errors, review the error code in this log and report it to
AgileSwitch.

4.2. Gate Driver Configuration Parameters
4.2.1.1. Gate Options

421.1.1. LO Side Select

The LO Side Select parameter selects which channel on the Gate Driver is connected to the LO
Side of the SiC module. This selection will determine which channel is connected to the LO
Side of the SiC module and this channel will transmit the Temperature and DC Link
information to the Control processor.

4.2.1.1.2. Full On Gate Voltage Level (+VGS)

The Full On Gate Voltage parameter is the voltage level that will be driving the SiC Gate when
the trigger input is high (on). The voltage limits for the Full On Gate Voltage are listed in
Section 5 below. The user should enter the desired Full On Gate voltage, and the Configuration
tool will account for the voltage drop across the output driver on the 2ASC-12A1HP core.

4.2.1.1.3. Full Off Gate Voltage Level (-VGS)

The Full Off Gate Voltage parameter is the voltage level that will be driving the SiC Gate when
the trigger input is low (off). The Full Off Gate Voltage is entered as a positive value, but the
voltage entered will be converted to a negative voltage on the gate driver. The voltage limits for
the Full Off Gate Voltage are listed in Section 5 below. The user should enter the desired Full
Off Gate voltage, and the Configuration tool will account for the voltage drop across the output
driver on the 2ASC-12A1HP core.
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4.2.1.2.  Normal Operation
421.2.1. Normal Two Level Turn-Off

When selected, the Normal Two Level Turn Off Enable parameter enables an intermediate step
down in the Trigger output voltage (Normal Two Level Turn Off Voltage) for a specified time
(Normal Two Level Turn Off Time) when the Input Trigger is turned off before the Trigger
output voltage reaches its full off voltage. This selection will allow the user to control the
overshoot of the voltage on the output when the input trigger is turned off.

When this parameter is disabled, the input trigger will directly control the output trigger (gate

signal of the SIC module). Enabling the Normal Two Level Turn off option requires the user to
enter valid values for the Normal Two Level Turn Off Voltage and Time parameters. A process
to determine the correct Normal Two Level Turn Off Voltage and Time parameters is discussed

in Appendix A.
Normal Two Level Turn Off Enable (2LTO)
Option = Description Trigger Input Trigger Output
ON 2LTO Enabled for Normal Operation |_

*Voltage level and dwell time settings below — I
OFF  2LTO Disabled

Table 7: Normal Two Level Turn-Off Options
4.2.1.2.2. Normal Two Level Turn-Off Voltage

The Normal Two Level Turn Off Voltage parameter is the trigger (gate) output voltage level
(Vsoft) that the trigger output will step down to as an intermediate turn off step. This parameter
is only valid when the Normal Two Level Turn Off Enable parameter is enabled. Refer to Table
7 for a diagram of the Normal Two Level Turn Off function. Also refer to Figure 8 for the
Normal Operation Timing Diagram.

4.2.1.2.3. Normal Two Level Turn-Off Time

The Normal Two Level Turn Off Time parameter is the time (Ts) that the trigger (gate) output
will remain at the Normal Two Level Turn Off VVoltage level (Vsoft). This parameter is only
valid when the Normal Two Level Turn Off Enable parameter is enabled. Refer to Table 7 for a
diagram of the Normal Two Level Turn Off function. Also refer to Figure 8 for the Normal
Operation Timing Diagram.
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Normal Operation

5V

HI Input

ov
+V,

HI Output

Vgs
SV

LO Input

v

Tnov

LO Output

-Ves

Figure 8: Normal Operation Timing Diagram
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4.2.1.3. DSAT Operation
42.1.3.1. DSAT Multi Level Turn-Off

When selected, the DSAT Multi Level Turn Off Enable parameter enables up to two
intermediate step down voltages in the Trigger output voltage (DSAT First and Second Turn
Off Voltages) for specified times (DSAT First and Second Turn Off Times) when a DSAT Fault
condition occurs before the Trigger output voltage is allowed to reach its full off voltage. This
selection will allow the user to control the overshoot voltage on the output when a DSAT fault
condition occurs.

When this parameter is disabled, the DSAT operation will implement a single level step down
voltage (DSAT First Turn Off Voltage) for a specified time (DSAT First Turn Off Time), like
the Normal Two level Turn off implementation.

Enabling the DSAT Multi Level Turn off option requires the user to enter valid values for the
DSAT First and Second Turn Off Voltage and Time parameters. A process to determine the
correct DSAT Multi Level Turn Off VVoltage and Time parameters is discussed in Appendix A.
Refer to Figure 18 for a diagram of the DSAT Multi Level Turn Off Enable parameter.

DSAT Multi Level Turn Off (MLTO)
Option = Description Trigger Input Trigger Output
ON MTLO Enabled for DSAT condition

*Voltage levels and dwell times settings below

OFF MLTO Disabled

*Voltage level and dwell time settings below

Table 8: DSAT Multi Level Turn-Off Options
4.2.1.3.2. DSAT Voltage Level (Blanking Time)

The DSAT Voltage Level parameter is the DSAT Input voltage level that will initiate a DSAT
condition in the 2ASC-12A1HP Gate Driver. The DSAT Voltage level parameter setting will
directly translate to a response time for a DSAT Fault condition. For SIC modules the response
time is important. If the response time is set too slow, this may result in damage to the SIC
module. If the response time is set too fast this will result in a false DSAT condition—the
2ASC-12A1HP Gate Driver would start the DSAT shut down process when in fact a DSAT
condition has not occurred.
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©2019 AgileSwitch, LLC Page 19 of 36



(] e
Aglle SWltCh AgileSwitch Intelligent Configuration Tool User Manual - 2ASC-12A1HP V3

Digital Programmable PRELIMINARY
Gate Drivers

Refer to the table below for the DSAT Voltage Level (Blanking Time) Selections.

DSAT Voltage Level Selections = DSAT Response Time (ns)

3V 500
3.5V 600
4V 670
4.5V 730
5V 800
5.5V 880
6V 980
6.5V 1040
1A% 1120
8V 1250
9V 1500
v 1750

Table 9: DSAT Voltage Level & Blanking Time Options
4.2.1.3.3. DSAT First Turn-Off Voltage Level

The DSAT First Turn Off Voltage Level parameter is the trigger (gate) output voltage level
(VsoftD1) that the trigger output will initially step down to as an intermediate turn off step. This
parameter is valid when the DSAT Multi Level Turn Off Enable parameter is either enabled or
disabled. Refer to Table 8 for a diagram of the DSAT Multi Level Turn Off function. Also refer
to Figure 9 for the DSAT Fault Timing Diagram.

4.2.1.3.4. DSAT First Turn-Off Time

The DSAT First Turn Off Time parameter is the time (TSD1) that the trigger (gate) output will
remain at the DSAT First Turn Off Voltage level (VsoftD1). This parameter is valid when the
DSAT Multi Level Turn Off Enable parameter is either enabled or disabled. Refer to Table 8 for
a diagram of the DSAT Multi Level Turn Off function. Also refer to Figure 9 for the DSAT
Fault Timing Diagram.

4.2.1.35. DSAT Second Turn-Off Voltage Level

The DSAT Second Turn Off Voltage Level parameter is the trigger (gate) output voltage level
(VsoftD2) that the trigger output will step down to as a secondary turn off step. This parameter
is only valid when the DSAT Multi Level Turn Off Enable parameter is enabled. Refer to Table
8 for a diagram of the DSAT Multi Level Turn Off function. Also refer to Figure 9 for the
DSAT Fault Timing Diagram.

4.2.1.3.6. DSAT Second Turn-Off Time

The DSAT Second Turn Off Time parameter is the time (TSD2) that the trigger (gate) output
will remain at the DSAT Second Turn Off Voltage level (VsoftD2). This parameter is only valid
when the DSAT Multi Level Turn Off Enable parameter is enabled. Refer to Table 8 for a

AgileSwitch Intelligent Configuration Tool User Manual - 2ASC-12A1HP V3
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diagram of the DSAT Multi Level Turn Off function. Also refer to Figure 9 for the DSAT Fault
Timing Diagram.

Desat Fault Timing

sV

HI/LO Input | \
ov

HI/LO Output
oV— - RN, S A — -
Ves I

5V

|
Fault \ —o| Fanlt_Reset
v— - — f‘

\
sv | |
\

v {  Note: Reset is not used
Reset if Auto Reset is selected
—

Treset

Figure 9: DSAT Operation Timing Diagram
4.2.1.4. Fault Detection
4.2.1.4.1. Under/Over Voltage Fault Detection

The Under/Over Voltage Fault Detection parameter enables or disables Under/Over Voltage
fault detection on the High voltage side of the Gate Driver. This selection applies to both
Channels 1 and 2. If Under/Over Voltage Fault Detection is disabled then only the primary
input voltage (+15V) will be monitored for an Under/Over Voltage fault.
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5. Parameter Settings Summary and Ranges

Table 10 provides a summary of all the Parameter settings available in the AgileSwitch Customer Software
Configuration Tool, including the valid ranges for these parameters.

Parameter

Gate Driver Reset (Auto or Host Controller)
Auto Reset Time Delay

Fault Output Active Level (Low or High)
Temperature Fault Enable (On or Off)
Temperature Fault Level

DC Link Voltage Fault Enable (On or Off)
DC Link 1200V module

Trip Level 1700V module

Device Rating (SIC Module Voltage)
Temperature Non-Isolated Enable (On or Off)
Input Trigger Threshold

Trigger Pass Thru (On or Off)

Single Trigger Input High (On or Off)
PWM Scaling (On or Off)

+15V Low Limit

+15V Low Hysteresis

+15V High Limit

+15V High Hysteresis

Dead Time Setting

Normal Two Level Turn Off (On or Off)
Normal Two Level Turn Off Voltage
Normal Two Level Turn Off Time
DSAT Multi Level Turn Off (On or Off)
DSAT First Turn Off Voltage

DSAT First Turn Off Time

DSAT Second Turn Off Voltage

DSAT Second Turn Off Time

DSAT Voltage Level (Blanking Time)

Default Setting
Controller

5ms

Low

On

125 °C

On

950V

Not Implemented
1200V

Off

2.5V

Off

Off

Off

13.2Vv

13.7V

16.5V

16V

900 ns

On
ov
200 ns
On
Vv
400 ns
5V
200 ns
730 ns

Under/Over Voltage Fault Detection (On or Off) = On

Over Voltage Fault Level

Over Voltage Fault Level Hysteresis
Under Voltage Fault Level

Under Voltage Fault Level Hysteresis
Low Side Select (CH1 =1; CH2 =0)
Full On Gate Voltage

Full Off Gate Voltage (Negative Voltage)

24.65V
24.15V
20.2V
20.7V
CH1
20V
-5V

Min

1200

0

Max

255

175

1000

21.3
5

Table 10: Summary of Parameters and Settings
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6. Appendix A

Note: The following descriptions and procedures are written with the assumption that the user has a fundamental
understanding of pulse testing, measurement, and safety protocol in high power environments.

6.1. Normal Operation Settings Procedure
6.1.1. Introduction

There are two primary characteristics that define the overall performance of the SiC MOSFET:
switching efficiency and overshoot. Augmented Switching™ during Normal Operation can be used to
optimize the trade-off between these two characteristics. Properly setting the Normal Two Level Turn-
Off Voltage and Time parameters can result in a reduced overshoot voltage and improved switching
efficiency of the SiC MOSFET compared to a traditional gate resistor solution.

6.1.2. Gate Resistors

It is not necessary or recommended to use a large gate resistor while using Augmented Switching.
Typically, a 1Q gate resistor is recommended. This low resistance eliminates the need for a Miller
Clamp because this technique is only necessary when using a relatively high value gate resistor. There is
an inversely proportional relationship between the gate resistance value and the speed that the driver can
move the gate of the MOSFET. It is not unusual to use a 0 Q resistor.

6.1.3. Determine the Initial Parameter Settings

The first step to characterize a device is to understand the basic performance of the SiC MOSFET.

AgileSwitch has characterized several commercially available SiC MOSFETS, and the settings we
found to be most optimal are included with the Intelligent Configuration Tool (ICT) download from
Equipment and Software.

For new or custom modules, an inductive double pulse test can be used to evaluate the performance. See
Figure 10 for a simple double pulse testing circuit diagram and probe locations.
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Figure 10: Double Pulse Test Schematic diagram

The general procedure is:

1. Setup the Double Pulse Circuit.
a. Probe the following with a standard probe:
i. Drive signal from host
b. Probe the following with a high voltage differential probe:
i. VgSLo
ii. Vds
c. Probe the following with a current probe:
i. Id
2. Select appropriate values for the:
a. DC Link Voltage
b. Current
c. Load Inductor
d. Double Pulse Width Settings (ton1 — torr — tonz)

~ tON1 -— {OFF —— tON2 -
Figure 11: DPT pulse width settings

i. ton
The DC Link Voltage and Current are determined by your system. Select a load
inductor based on the target application.
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Determine the pulse width using this equation:

di 1
V(t)—LEﬁt—L;

For example: A 7.5us pulse is required for an 800V DC Link, 60A, 100uH load.
ii. torr
Typically, a good starting point is ton1. The ideal time should be long enough to
allow Vps to stop ringing after turn-off.
iii. tono
This should be equal to or less than ton:.

3. Inthe ICT, set the Normal Two Level Turn-Off Voltage to 1.5 to 2V greater than the device
threshold voltage (Vas). Set the Normal Two Level Turn-Off Time to 300ns. This is a good
starting point for most modules.

a. As a fail-safe, input the following DSAT settings:

DSAT Operation

DSAT Multi Level Tum-Cff: (®) Enabled () Disabled
DSAT Voltage Level (Blanking Time): 9 =1busec =~

DSAT First Tum-Off Voltage level: v
DSAT First Tum-Off Time: ns
DSAT Second Tum-Off Violtage level: v
DSAT Second Tum-Cff Time: 1000 | ns

Figure 12: Default DSAT Operation Settings

Note: These will be characterized in the next section.
4. Compile and program the gate driver.
5. With the DC Link Voltage OFF, probe the LO Gate and send the double pulse signals.
6. Check that the LO Gate behaves as expected based on these Normal Operation settings.

a. Figure 13 below shows an unloaded LO side Two Level Turn-Off waveform (purple) and
the HI side Gate turning on after a specified dead time (green). Both were measured from
the LO and HI Vgs.

b. The Normal Operation settings for this test were 5V, 200ns. Notice that the Two Level
Turn-Off Voltage is slightly above 5V, this is normal and expected.
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Figure 13: Normal Operation Turn-Off Example 5V, 200ns

7. Turn the DC Link Voltage ON and perform the Double Pulse Test.
a. Itis recommended to start at a low voltage (100V) and slowly increase to the desired DC
Link Voltage verifying that the overshoot does not exceed the device rating.

6.1.4. Optimizing the Parameter Settings

The two variables, Normal Two Level Turn-Off VVoltage and Time can be independently adjusted based
on your results above. It is recommended to vary one parameter at a time. The goal is to place the
voltage setting just above the Miller Plateau voltage and keep it at that level for an amount of time
slightly less than the normal Miller Plateau time. This is trial and error process that must be executed to
determine the optimal settings.

AgileSwitch recommends proceeding as follows:

1. Investigate the performance of the device with various Two Level Turn-Off Voltage
settings in 0.25-0.5V steps.

2. Once an appropriate Turn-Off Voltage range is found, adjust the Turn-Off Time by 30-90ns
for a small range of those voltages.

The optimum performance settings are a function of the system and final settings are a trade-off
between switching efficiency and voltage overshoot. Other factors include DC Link busbar routing and
system inductance.
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A summary table and graph of experiments that AgileSwitch performed is shown below.

Test Conditions: Vdc = 600V, Id = 200A, Rg=0.5 Q, Tj=25C

2LTO 2LTO Overshoot Switching

Test | Rg (QQ) | Voltage Time V) Loss
V) (ns) (mJ)

BASE 0.5 OFF OFF 502 0.88
1 0.5 3 400 342 1.13

2 0.5 4 400 318 1.22

3 0.5 4.5 400 297 1.26

4 0.5 6 400 230 1.45

Table 11: DPT Characterization Results

Comparative Analysis
SiC Power Device Characterization - Normal Two Level Turn-Off

BASELINE Vs
TEST1 DS

1000 1000
TEST 2 /
TEST 3

TEST 4
800

600

200V/div

400

S0ns/div

Figure 14:DPT Characterization Results

In this test, our goal for voltage overshoot was 300V or less. From the above example, we can see that
using a 0.5 Q gate resistor, a Two Level Turn-Off voltage setting of 4.5V and a Two Level Turn-Off
time setting of 400ns resulted in meeting this goal while also keeping the switching losses to a relative
minimum. The baseline test of a conventional gate driver using the same Rg without Augmented
Switching offers better efficiency at the cost of a much higher overshoot and more ringing on the Vds.

The performance of the MOSFET switching characteristics can change with temperature and age. It is
recommended that this test be performed at the nominal operating temperature of the system. Generally,
at higher temperatures the threshold of the MOSFET will reduce and it may be necessary to set the
Normal Two Level Turn-Off voltage slightly lower to achieve optimum switching performance at
temperature.
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6.2. DSAT Operation Settings Procedure
6.2.1. Introduction

In a desaturation (DSAT), or short circuit, condition the MOSFET is conducting a very high amount of
power. The turn-off must be managed to control the di/dt, overshoot voltage, and most importantly the
device.

Augmented Switching™ does this by quickly detecting a short circuit condition by monitoring the Vds
and then turning off the device. The power in the device is dissipated over a period of time that is long
enough to manage the peak current and voltage overshoot below the device rating and short enough to
make sure the device does not overheat and fail.

Each time the gate voltage level is reduced, the Rpson 0f the MOSFET increases, which reduces the
amount of current flowing through the MOSFET.

6.2.2. Determining the Initial Parameter Settings

Warning: DSAT (short circuit) is a destructive test. It is highly recommended to proceed with caution
and use conservative turn-off settings to gain some familiarity with the device and test procedure.

A typical DSAT test condition simulates 10 times the modules’ rated current at a given temperature at
the systems nominal DC Link Voltage.

This condition can be simulated by replacing the inductor from Figure 10 with a power resistor or wire
short. Using a small known resistance allows for the measurement of the drain current without needing a
current probe, as current can be calculated using the voltage across the resistor.

The general procedure is:

1. Setup the DSAT Test Circuit.
a. Probe the following with a standard probe:
i. Drive signal from host
b. Probe the following with a high voltage differential probe:
i. Vgsio
ii. Vds
c. Probe the following with a current probe:
i. Id
2. Select appropriate values for the:
a. DC Link Voltage — Nominal system voltage
b. Peak Current — 10x module rating
c. Power Resistors
i. R1 = Simulates 50% of peak current
ii. R2 = Simulates 75% of peak current
iii. R3 = Simulates 100% of peak current
d. Single Pulse Setting (ton1)
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1L

—— {ON] =

Figure 15: DSAT Pulse Setting

i. ton
Set to 1ps longer than the DSAT Blanking Time.
Ex: DSAT Blanking Time = 500ns; ton1 = 1.5s
3. Inthe ICT, set the DSAT Operating settings to the following:

DSAT Operation

DSAT Multi Level Tum-Cff: (® Enabled () Disabled
DSAT Voltage Level (Blanking Time): 3V =500ns ~

DSAT First Tum-Off Voktage level- v
DSAT First Tum-Off Time: ns
DSAT Second Tum-Off Voltage level: v
DSAT Second Tum-Off Time: ns

Figure 16: DSAT Operation starting settings

Note: We are purposely setting the DSAT Voltage Level (Blanking Time) to a very low
value. This may be increased later depending on the target application and system.
4. Compile and program the gate driver.
5. With the DC Link Voltage OFF, probe the LO Gate and send the single pulse signal.
a. To make the Gate Driver sense a DSAT without using high power, remove it from the Gate
and Source pins on the power module.
6. Check that the LO Gate behaves as expected based on these DSAT Operation settings.
a. The figure below shows an unloaded DSAT waveform measured from the LO side Vgs.
b. The settings for this particular test were:
i. DSAT Voltage Level (Blanking Time) = 500ns
ii. DSAT First Turn-Off = 13V, 1000ns
iii. DSAT Second Turn-Off = 9V, 1000ns

Tek I @ Stop M Pos: —1.380us CURSOR
+
Type

Source
[

Cursor 1

200mYy

M 500ns

Figure 17: DSAT Operation Turn-Off Example, Vgs

AgileSwitch Intelligent Configuration Tool User Manual - 2ASC-12A1HP V3
©2019 AgileSwitch, LLC Page 29 of 36



(] e
Aglle SWltCh AgileSwitch Intelligent Configuration Tool User Manual - 2ASC-12A1HP V3

Digital Programmable PRELIMINARY
Gate Drivers

7. Turn the DC Link Voltage ON and perform the DSAT Test.

a. Use the power resistor that simulates 50% of the nominal current. This will keep the current
relatively low and allow you to experience a DSAT condition without pulsing high current
through the module.

i. AgileSwitch recommends adjusting one parameter at a time at this stage to see how
it affects the di/dt and overshoot voltage.

6.2.3. Optimizing the Parameter Settings

Proceed with caution. Characterizing DSAT settings can be a difficult task due to the destructive
nature of this test.

The general procedure is:

Replace R1 with R2 to simulate 75% of the peak current.
Use the settings you found most appropriate from the initial setup (50% nominal current).
Set the DC Link Voltage to 50% of your nominal system voltage.
Send a single pulse.
Review results.
a. Vgs
i. Did the driver detect a short circuit?

1. Vgs should look similar to Figure 17.

2. If it looks like Figure 13 from Normal Operation, it did not detect a
short circuit. Increase DC Link voltage in 25V increments until DSAT
is detected.

b. Peak Current - Id
i. Did it reach the current you set using the power resistor?

1. If yes, keep the blanking time the same.

2. If no, considering increasing blanking time by one step. (i.e. from
500ns to 600ns)

akrowdE

c. Vds
i. Did the overshoot voltage exceed the maximum rating of the device?
1. If no, good.
2. If yes, stop and reduce the DC Link Voltage and adjust the DSAT
Operation settings one parameter at a time.
6. Replace R2 with R3 to simulate 100% of the peak current.
Repeat steps 3-5.
8. Once you have narrowed in on a certain set of parameters, raise the DC Link Voltage to your
nominal system voltage and repeat steps 3-5 again.

~
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The table and figure below show DSAT Testing results from an AgileSwitch Gate Driver and a
Conventional Gate Driver with gate resistor control only.

Test Conditions: Vdc = 600V, Id = 1000A, T;=25C

DSAT 1L Off N 279 Off »
Test (RQg) Blanking | Voltage Tilme?(frfs) Voltage T?meo(gs) Ove(zi? oot
Time (us) | Level (V) Level (V)

BASE 5 15 N/A N/A N/A N/A 759

AGILESWITCH | 0.5 1.5 9 400 5 200 278
Table 12: DSAT Testing Results
Comparative Analysis
SiC Power Device Characterization - DSAT Operation
' 1359.22

MAXIMUM MODULE RATING V-Conventional Rg=5 1200

I-Conventional Rg=5

iB /\
N |

1000

2

HAAAA

A AAAAAANA

VR

878.673

S b U \/ <
3 \ =
o V-Agile 9V, 5V, 400ns, 200ns o
I-Agile 9V, 5V, 400ns, 200ns
|
| U
250ns/div
Figure 18: DSAT Testing Results
These results show that Augmented Switching with an Rg = 0.5 Q was able to react to a DSAT
condition quickly and safely shut the device off. The Vds did not exceed 900V and the di/dt was
controlled to reduce system noise that could turn the gate back on.
The Conventional Gate Driver, with an Rg =5 Q, was not able to safely protect this device. The
overshoot voltage exceeded the device rating of 1200V and the ringing on the di/dt was excessive.
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7. Appendix B

A log file is generated during the compilation process and includes all the parameter settings. The parameter
settings in the Log file can be used to document any experiments performed by the user when they are
determining the optimal settings for Normal and DSAT operation.

A sample log file is shown below:

[Module Information]
Part Number = N/A
Manufacturer = N/A

[Description]
Description = N/A

[Software Information]
Assembly Number = 00000
Version Number = 00

[Control Side]

Device = 2ASC-12A1HP

Gate Driver Reset = Auto

DC Link Voltage Fault = On
Temperature Fault = On
Temperature Monitor = Isolated
Fault Output Active Level = Low
Dead Time = 280

Auto Reset Time Delay = 1

DC Link Fault Level =1
Temperature Fault Level = 25

[Gate Options]

Low Side Select = CH2
Full-On Gate Voltage = 20.0
Full-Off Gate Voltage = -5.0

[Normal Operation]
TLTO=0n
TLTOV =0.0
TLTOT =300

AgileSwitch Intelligent Configuration Tool User Manual - 2ASC-12A1HP V3
©2019 AgileSwitch, LLC Page 32 of 36



(] e
Aglle SWltCh AgileSwitch Intelligent Configuration Tool User Manual - 2ASC-12A1HP V3

Digital Programmable PRELIMINARY
Gate Drivers

[DSAT Operation]

MLTO =0On

DSAT Blanking Time = 730
MLTOV1=9.0

MLTOT1 = 400
MLTOV2=5.0

MLTOT2 =200

[Fault Detection]
UVLO =0n

8. Appendix C

AgileSwitch Gate Drivers will detect Over and Under Voltage faults on both the +15V primary voltage input
and the Secondary (Low and High side) generated voltages. The trip levels for these voltages are fixed and are
not configurable by the user. The user does have the option of disabling the Secondary voltage detection (see
Under/Over Voltage Fault Detection). The +15V primary voltage input detection cannot be disabled. The Over
and Under voltage fault levels on the +15V input voltage are determined by the operating conditions of the Gate
Driver.

8.1. Primary +15V Low and High Limits

The +15V Low and High Limit parameters are used to set the Fault levels for an Under or Over voltage
condition on the +15V power input to the Gate Driver. The All Fault output will be active if the +15V
power input is greater than the +15V High Limit parameter setting or if the +15V power input is less than
the +15V Low Limit parameter setting.

The Low and High Hysteresis values are set to be 0.5V below or above the High and Low Limit values
respectively.

The All Fault output will be automatically cleared if the +15V power input goes below the +15V High
Hysteresis voltage value for an over voltage fault condition or if the +15V power input goes above the Low
Hysteresis voltage value for a under voltage fault condition. Refer to Figure 19 for a diagram of the +15V
Power Input Fault operation.
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All Fault = True (active)
16.5V
Over Voltage Hysteresis Area
18V
All Fault = False (inactive)
13.7V
Under Voltage Hysteresis Area
13.2V
All Fault = True (active)

+15V Input Voltage Fault Detection Levels

Figure 19: +15V voltage checking limits
8.2. Secondary Over and Under Voltage Fault Levels

The Over and Under Voltage Fault level parameters are used to set the Fault levels for an Over or Under
voltage condition on the Secondary unregulated voltage output which is used to set the Gate voltage. The
Gate Driver IC Fault output will be active (Fault output is Low Active) if the unregulated voltage is greater
than the Over Voltage Fault Level parameter setting or if the UnRegulated+ voltage is less than the Under
Voltage Fault Level parameter setting.

The Over and Under Fault Level Hysteresis values are set to be 0.5V below or above the Over and Under
Limit values respectively.

The Gate Driver IC Fault output will be automatically cleared if the UnRegulated+ voltage goes below the
Over Voltage Fault Level Hysteresis voltage value for an over voltage fault condition or if the
UnRegulated+ voltage goes above the Under Voltage Fault Level Hysteresis voltage value for an under
voltage fault condition. Refer to Figure 20 for a diagram of the Over and Under Voltage Fault operation.
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Gate Driver IC Fault = 0 (active)
24.65V
Over Voltage Hysteresis Area
24 15V
Gate Driver IC Fault = 1 (inactive)
20.7v
Under Voltage Hysteresis Area
20.2v
Gate Driver IC Fault = 0 (active)

Secondary Voltage Fault Detection Levels

Figure 20: Secondary Voltage Checking limits
9. Revisions

Prepared By Approved By | Version Date Description
AKS 0.1 9/7/2018 Initial release
AKS 1.0 10/18/2018 | Initial Beta release
AF 2.0 5/2/2019 Initial Production Release
AF DW 3.0 8/26/2019 | Updated to reflect new ICT
layout
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Legal Disclaimer

Information in this document is provided solely in connection with AGILESWITCH products. AGILESWITCH, LLC and its subsidiaries
(“AGILESWITCH”) reserve the right to make changes, corrections, modifications or improvements, to this document, and the products
and services described herein at any time, without notice.

All AGILESWITCH products are sold pursuant to AGILESWITCH’s terms and conditions of sale.

Purchasers are solely responsible for the choice, selection and use of AGILESWITCH products and services described herein, and
AGILESWITCH assumes no liability whatsoever relating to the choice, selection or use of the AGILESWITCH products and services
described herein.

No license, express or implied, by estoppel or otherwise, to any intellectual property rights is granted under this document. If any part of
this document refers to any third party products or services it shall not be deemed a license grant by AGILESWITCH for the use of such
third party products or services, or any intellectual property contained therein or considered as a warranty covering the use in any manner
whatsoever of such third party products or services or any intellectual property contained therein.

UNLESS OTHERWISE SET FORTH IN AGILESWITCH’S TERMS AND CONDITIONS OF SALE AGILESWITCH DISCLAIMS
ANY EXPRESS OR IMPLIED WARRANTY WITH RESPECT TO THE USE AND/OR SALE OF AGILESWITCH PRODUCTS
INCLUDING WITHOUT LIMITATION IMPLIED WARRANTIES OF MERCHANTABILITY, FITNESS FOR A PARTICULAR
PURPOSE (AND THEIR EQUIVALENTS UNDER THE LAWS OF ANY JURISDICTION), OR INFRINGEMENT OF ANY
PATENT, COPYRIGHT OR OTHER INTELLECTUAL PROPERTY RIGHT.

UNLESS EXPRESSLY APPROVED IN WRITING BY AN AUTHORIZED AGILESWITCH REPRESENTATIVE, AGILESWITCH
PRODUCTS ARE NOT RECOMMENDED, AUTHORIZED OR WARRANTED FOR USE IN MILITARY, AIR CRAFT, SPACE,
LIFE SAVING, OR LIFE SUSTAINING APPLICATIONS, NOR IN PRODUCTS OR SYSTEMS WHERE FAILURE OR
MALFUNCTION MAY RESULT IN PERSONAL INJURY, DEATH, OR SEVERE PROPERTY OR ENVIRONMENTAL DAMAGE.

AGILESWITCH PRODUCTS WHICH ARE NOT SPECIFIED AS "AUTOMOTIVE GRADE" MAY ONLY BE USED IN
AUTOMOTIVE APPLICATIONS AT USER’S OWN RISK.

Resale of AGILESWITCH products with provisions different from the statements and/or technical features set forth in this document
shall immediately void any warranty granted by AGILESWITCH for the AGILESWITCH product or service described herein and shall
not create or extend in any manner whatsoever, any liability of AGILESWITCH.

AGILESWITCH, the AGILESWITCH logo, AgileStack, AgileStack Communications and Stack Black Box are trademarks or registered
trademarks of AGILESWITCH, LLC in various countries. Any other names are the property of their respective owners.

Information in this document supersedes and replaces all information previously supplied.
Specifications are subject to change without notice.

© 2010-2019 AGILESWITCH LLC - All rights reserved www.AgileSwitch.com.
Patent Notices
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