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Important notice

IMPORTANT NOTICE

For engineering development or evaluation purposes only

NXP provides the product under the following conditions:

This evaluation kit is for use of ENGINEERING DEVELOPMENT OR EVALUATION PURPOSES
ONLY. It is provided as a sample IC pre-soldered to a printed-circuit board to make it easier to access
inputs, outputs and supply terminals. This evaluation board may be used with any development
system or other source of I/O signals by connecting it to the host MCU computer board via off-the-
shelf cables. This evaluation board is not a Reference Design and is not intended to represent a final
design recommendation for any particular application. Final device in an application heavily depends
on proper printed-circuit board layout and heat sinking design as well as attention to supply filtering,
transient suppression, and 1/O signal quality.

The product provided may not be complete in terms of required design, marketing, and or
manufacturing related protective considerations, including product safety measures typically found

in the end device incorporating the product. Due to the open construction of the product, it is the
responsibility of the user to take all appropriate precautions for electric discharge. In order to minimize
risks associated with the customers’ applications, adequate design and operating safeguards must be
provided by the customer to minimize inherent or procedural hazards. For any safety concerns, contact
NXP sales and technical support services.
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1 Introduction

The KITFS23BUKEVM board user manual is intended for engineers involved in the evaluation, design,
implementation, and validation of FS2320 Body and Comfort SBC.

The KITFS23BUKEVM board is a soldered board supporting FS2320 fail-safe system basis chip with one
SMPS and two low dropout (LDO) regulators.

The KITFS23BUKEVM enables development on the FS2320 Body and Comfort SBC family of devices. This
document covers connecting the hardware, installing the NXP GUI software, configuring the environment, and
using the kit. It includes guidance on how to use the registers, try OTP configurations, and burn the part.

The board delivered includes a soldered FS2320 device with empty OTP content in order to leave the
opportunity to the user to burn the OTP configuration.
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2 Finding kit resources and information on the NXP website

NXP Semiconductors provides online resources for this evaluation board and its supported device(s) on http://
WWW.NXp.com.
The information page for KITFS23BUKEVM board is at https://www.nxp.com/KITES23BUKEVM. The

information page provides overview information, documentation, software and tools, parametrics, ordering
information.

2.1 Collaborate in the NXP community

The NXP community is for sharing ideas and tips, asking and answering technical questions, and receiving
input on just about any embedded design topic.

The NXP community is at http://community.nxp.com.

UM11881 All information provided in this document is subject to legal disclaimers. © 2023 NXP B.V. All rights reserved.

User manual Rev. 2 — 25 September 2023

5/81



NXP Semiconductors U M 1 1 881

KITFS23BUKEVM evaluation board

3 Getting ready

Working with the KITFS23BUKEVM requires the kit contents, additional hardware, and a Windows PC
workstation with installed software.

3.1 Kit contents
The KITFS23BUKEVM kit contains the following items:

* Assembled and tested evaluation board with preprogrammed S32K144 microcontroller in an anti-static bag
3.0 ft USB-STD A to USB-B-micro cable

* Six connectors, terminal block plug, two positions, straight, 3.81 mm

» Six connectors, terminal block plug, three positions, straight, 3.81 mm

* Jumpers mounted on board

3.2 Additional hardware

In addition to the kit contents, the following hardware is necessary or beneficial when working with this kit.

* One power supply with a range up to 40 V.

3.3 Minimum system requirements

This evaluation board requires a Windows PC workstation.

* USB-enabled computer with Windows 7 or Windows 10
* FTDI USB serial port driver (for FT230X Basic UART device)

3.4 Software

Installing software is necessary to work with the KITFS23BUKEVM evaluation board.

All listed software is available on the evaluation board's information page at https://www.nxp.com/
KITFS23BUKEVM.

* NXP GUI for automotive SBC family installation package - latest version
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4 Getting to know the hardware

The KITFS23BUKEVM kit provides an integrated platform for evaluating designs based on NXP’s FS2320 SBC.
All FS2320 features can be accessed and monitored in a test environment using NXP GUI software to access
the registers in Read and Write mode. All regulators are accessible through connectors. Nonuser signals are
mapped on test points. Digital signals (I2C, RSTB, etc.) are accessible through connectors.

4.1 Kit overview

The kit's hardware consists of the KITFS23BUKEVM evaluation board embedded with an S32K144
microcontroller, and the USB cable required to connect the board to the PC.

The KITFS23BUKEVM evaluation board features a soldered FS2320 part and allows the user to fuse the
device’s one time programmable (OTP) feature without extra tools. Connectors, jumpers, and switches on the
board can be used to configure an evaluation environment that meets specific design requirements. The board
also contains LEDs and test points that provide a means of monitoring performance in real time. An emulation
mode allows the user to test as many configurations as needed before programming the part.

The S32K144 is soldered on the bottom side of the KITFS23BUKEVM board. The role of the S32K144 is to
manage SPI or 1°C communication (depending on the user’s choice) between the KITFS23BUKEVM board and
the GUI installed on the PC. The S32K144 draws power either from the USB cable connected to the PC or from
the battery supply (when not connected to the GUI).

5.0V from
VBAT VBAT or USB 5.0 V from USB
V1 «—
« UART USB

Ve » s FTDI | >

V3 «— PC
can «| FS23 8365644 with

CAN RX/TX GUI
LIN LIN RX/TX
12C (default)/SPI

aaa-049440

Figure 1. Overview diagram of communication between FS23 and NXP GUI

4.2 Board features

* Phoenix (3.81 mm) male connector or Jack connector for power supply input
* Phoenix (3.81 mm) male connectors for HYBUCK and HVLDOs

* Phoenix (3.81 mm) male connectors for CAN and LIN communication

* Phoenix (3.81 mm) male connectors for high-side drivers

* Selectable Debug mode, Test mode, and Normal mode with switches and jumpers to power up the device in
different modes

* INTB, RSTB, FSOB, LIMPO, FCCU pins

« Embedded USB to I2C/SPI protocol for easy connection to software GUI through S32K144 MCU
* Red and green LEDs to indicate signal or regulator status

* Blue LED to indicate that OTP 8 V burning voltage is set

» Header connectors for I/O configuration

* Advanced system monitoring via S32K144 MCU
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4.3 KITFS23BUKEVM featured components

Figure 2 shows the placement of connectors, configuration headers, and LEDs signaling. For information on
default jumper and switch configuration for FS2320, see Section 7.1.

KITFS23BUKEVM evaluation board
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Figure 2. Location of key KITFS23BUKEVM components
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4.4 KITFS23BUKEVM evaluation board

This section describes the KITFS23BUKEVM evaluation board by explaining the features associated with each
jumper and switch, giving information on hardware configuration to enable these features, and providing advice
on LED signaling and test points available on the board.

Note: The silkscreen on the board gives hints on the jumper positioning depending on the functions
implemented.

The default debug configuration enables the board to be fully controlled by the S32K144 MCU (via IZC) and the
GUI. Figure 3 shows the default jumper and switch configuration for an FS2320 part.
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Figure 3. KITFS23BUKEVM default jumpers and switches configuration
Table 1. Switches functions
Position |Function Description
SWi1 VIN_SEL Input voltage supply can come from battery (VIN_BAT) or from external power supply
(VIN_PHX).
SW3 HVIOx_CS Emulates a door switch as an example in cyclic sense configuration, by default for
HVIO1, possible to change to HVIO2.
SW4 VSUP_TO_WAKE1 |Configures the VSUP as input for WAKE1 pin (global).
SW6 WAKEx_CS Emulates a door switch as an example in cyclic sense configuration, by default on
WAKE2, possible to change to WAKE1.
SW9 LED_SIG_SAFETY |Enables LED signaling for safety pins values when ON (on bottom side).
SW10 OTP_DCDC_EN Enables OTP DCDC 8 V generator (see J30).
SW11 SAFETY_IO_EN Enables safety I/Os and LVIOs' signal propagation between FS23 and MCU when ON
(see silkscreen).
SW12 OTP_EN Enables OTP mode if OTP DCDC enabled, else enables DBG mode (see J30).
SW16 MCU_RST Pushing button to reset S32K144 MCU.
UM11881 All information provided in this document is subject to legal disclaimers. © 2023 NXP B.V. All rights reserved.
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Table 2. Jumpers functions
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Position | Function Description

SJ1 HVBUCK_IOUT_SJ HVBUCK_IOUT_SJ solder joint is ON by default, connects Buck inductor and
output capacitor to device.

SJ2 HVBUCK_IN_SJ HVBUCK_IN_SJ is ON by default, connects HYBUCK input.

J2 VIN_BAT Input voltage from battery via Jack connector (40 V max).

J5 V2_OUT Output for V2.

J6 VIN_PHX Input voltage from external power supply via Phoenix connector (40 V max).

J7 V3 OUT Output for V3.

J10 WAKEx_HVIOx_CONF Configuration of WAKEx and HVIOx Input/Output modes and monitoring headers.

J12 V1_OUT Output for V1.

J16 CAN_OUT Output for CAN.

J17 HS12_OUT Output for high-side drivers HS1 and HS2.

J18 HS34_OUT Output for high-side drivers HS3 and HS4.

J20 LIN_OUT Output for LIN.

J23 FCCU2_SEL FCCU2 selection between HVIO1 or HVIO2 and monitoring headers.

J26 VDDIO_SEL VDDIO selection between V1, V2, V3, or VDD_MCU.

J28 SPI_I12C_SEL1 MCU communication can be configured to SPI or I°C.

J29 SPI_I12C_SEL2 MCU communication can be configured to SPI or I°C.

J30 DBG_OTP_EN Enables Debug and OTP modes (see SW10 and SW12.)

J31 SPI_I12C_SEL3 MCU communication can be configured to SPI or I°C.

J32 SPI_I12C_SEL4 MCU communication can be configured to SPI or I°C.

J35 5V0_PHX_IN 5.0 V LDO power supply from Phoenix connector.

J36 MCU_SUP_SEL MCU power supply selection between 3.3 V or 5.0 V.

J37 5V0_SEL 5.0 V power supply either from USB or from LDO.

4.4.1 VIN selection (SW1/J2/J6)

The input voltage supply can come from the battery via a Jack connector (VIN_BAT) or from an external power
supply via the Phoenix connector (VIN_PHX). Nominal VIN voltage is 12 V (40 V maximum).

Table 3. VIN selection (SW1/J2/J6)

Schematic label Signal name Description

SW1-1 VIN_BAT VIN input voltage supply via Jack connector.

SW1-2 VIN_OFF Board not supplied.

SW1-3 VIN_PHX VIN input voltage supply via Phoenix connector.

J2-1 VIN_BAT VIN_BAT input supply via Jack connector.

J2-2 GND Ground.

J6-1 VIN_PHX VIN_PHX input supply via Phoenix connector.

J6-2 GND Ground.

UM11881 Allinformation provided in this document is subject to legal disclaimers. ©2023 NXP B.V. All rights reserved.
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4.4.2 V1,V2, V3 connectors (J12/J5/J7)

For FS2320, HVBUCK can be configured to 3.3 V or 5.0 V, up to 400 mA current capability.
HVLDO2 can be configured to 3.3 V or 5.0 V, up to 100 mA current capability.
HVLDO3 is either CAN FD block supply or can be configured to 3.3 V or 5.0 V, up to 150 mA current capability.

Table 4. V1, V2, V3 connectors (J12/J15)

Schematic label Signal name Description

J12-1 V1 V1 output power supply.
J12-2 GND Ground.

J5-1 V2_FB V2 output power supply.
J5-2 GND Ground.

J7-1 V3 V3 output power supply.
J7-2 GND Ground.

4.4.3 V2 optional diode bypass (R5)

HVLDO2 has an optional protection diode against short to battery. A 0 ohm resistor R5 ON allows the user to
bypass the protection diode. R5 is ON by default.

Table 5. V2 optional diode bypass (J5)

Schematic label Description
R5-ON V2 protection diode is bypassed (local).
R5-OFF V2 is protected against short to battery by an external diode (global).

4.4.4 MCU power supply selection (J36/J37/J35)

The MCU can be supplied by 3.3V or 5.0 V.

The green LED D21 turns ON when the MCU is supplied by VDD_MCU. The MCU can be reset by pressing
SW16.

When VDD_MCU is supplied from the onboard 5.0 V LDO (J37 in position 1-2), a distinct power supply must be
connected to the J35 Phoenix connector. This way, the MCU has a distinct power supply domain from the FS23
device under evaluation.

Figure 4 describes the MCU power supply selection:

SW16

r = .
135 S32K144 |
1 3.3VLDO |—3fo 5 L _Meu
12V o 5.0V LDO 1 1 - - =
o o o
GND 5 T' 2 —
3 ) J36
PHX 0 D21
5.0 VUSB . ON when
|_|J 37 " Mcuis
supplied
aaa-049443
Figure 4. MCU power supply selection
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Table 6. MCU power supply selection (J36/J37/J35)

Schematic label

Signal name

Description

J36-1-2 P5V0 VDD_MCU is connected to 5.0 V (default).

J36-2-3 P3V3 VDD_MCU is connected to 3.3 V.

J37-1-2 P5V0_FROM_LDO 5.0 V power supply for VDD_MCU from LDO.

J37-2-3 P5V0_FROM_USB 5.0 V power supply for VDD_MCU from USB.

J35-1 12V_PHX_IN 12.0 Vinput for 5.0 V LDO supply via Phoenix connector.
J35-2 GND Ground.

4.4.5 MCU communication SPI/I’C selection (J28/J29/J31/J32)
MCU communication with FS2320 can be configured to °C (default) or SPI.

Table 7. MCU communication SPI/I’C selection (J28/J29/J31/J32)

Schematic label |Signal name Description

J28-1-2 12C_SDA I°C is selected as MCU communication protocol.

J28-2-3 SPI_CSB SPl is selected as MCU communication protocol.

J29-1-2 LVI5 LVI5 is available when IC is selected as MCU communication protocol.
J29-2-3 SPI_MOSI SPl is selected as MCU communication protocol.

J31-1-2 12C_SCL I°C is selected as MCU communication protocol.

J31-2-3 SPI_SCK SPl is selected as MCU communication protocol.

J32-1-2 LVO6 LVOG is available when I°C is selected as MCU communication protocol.
J32-2-3 SPI_MISO SPl is selected as MCU communication protocol.

4.4.6 CAN and LIN connectors (J16/J20)

The CAN transceiver is supplied internally by V3 regulator.

The LIN bus driver is supplied by VSHS supply input.

Table 8. CAN and LIN connectors (J16/J20)

Schematic label Signal name Description

J16-1 CANH CAN bus high.

J16-2 CANL CAN bus low.

J16-3 GND Ground.

J20-1 LIN LIN bus.

J20-2 GND Ground.
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4.4.7 Debug and OTP configuration (J30/SW10/SW12)

KITFS23BUKEVM evaluation board

Debug mode is active when DEBUG pin (Pin 15) is set to 5 V. See Section 7.3.1. Debug mode disables the
Watchdog and sets the CAN and LIN transceivers active by default.

OTP mode is active when DEBUG pin is set to 8 V. Once in OTP mode, specific keys are necessary to enter
Test mode. See Section 7.3.2, or OTP programming process.

J30, SW10, and SW12 offer an onboard solution to set the necessary hardware context for Debug mode and

Test mode entry.

5.0V USB

SW10

DBG 5V

OTP 8V
generation

Figure 5. Debug and OTP enablement

aaa-049444

Table 9. Debug and OTP configuration (J30/SW10/SW12)

Schematic label

Signal name

Description

J30-1-2 DBG_OTP_EN Jumper ON enables DBG or OTP mode depending on SW10 and SW12 status.
SW10-1 (OFF) Open switch DCDC disabled, no 8 V OTP generation.
SW10-2 (ON) OTP_DCDC_EN |DCDC enabled for 8 V OTP generation.
SW12-1 (OFF) Open switch OTP mode is disabled.
SW12-2 (ON) OTP_EN OTP mode is enabled if OTP DCDC is ON. Debug mode is enabled if OTP
DCDC is OFF.
UM11881 All information provided in this document is subject to legal disclaimers. © 2023 NXP B.V. All rights reserved.
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4.4.8 High-side driver connectors (J17/J18)

Each high-side driver (HSx) can be used to drive loads, or to perform cyclic sense when used in combination
with a high-voltage input (WAKEx or HVIOXx). High-side drivers are supplied by VSHS supply voltage.

Table 10. High-side driver connectors (J17/J18)

Schematic label Signal name Description
J17-1 HS2 HS2 output.
J17-2 GND Ground.

J17-3 HS1 HS1 output.
J18-1 HS4 HS4 output.
J18-2 GND Ground.

J18-3 HS3 HS3 output.

4.4.9 VDDIO selection jumper (J26)
VDDIO selection jumper selects V1, V2, V3, or VDD_MCU for VDDIO, and links to VDDIO_SYS.

Table 11. VDDIO selection jumper (J26)

Schematic label

Signal name

Description

J26-1-2 V1 Set VDDIO to V1 output voltage.

J26-3-4 V2 Set VDDIO to V2 output voltage.

J26-5-6 V3 Set VDDIO to V3 output voltage.

J26-7-8 VDD_MCU Set VDDIO to VDD_MCU output voltage.
J26-9-10 VDDIO_SYS Set VDDIO_SYS to VDDIO.

4.4.10 1/Os configuration and monitoring headers

HVIOx, LVIOx, and WAKEX pins have multiple modes configurable via J23 and J10. Jumpers J23 and J10 can
also be used as monitoring headers.

Figure 6. 1/0s monitoring headers

J23 J10
HVIO1 115512 Focuz WAKE1_IN 1[5 5]2_ WAKET
HVIO2 3 4 WAKE2_IN 3 4 WAKE2

O O = O O
LVIO3 5|, .16 LIMPO_out 5|, ,|6  MISO/LVOE
LVIO4 7 8 FSO0B_out 7 8  VMON_EXT

O O = O O =
MOSI/LVI5 9 10 R59 WAKEx CS_IN 9 10

O O 22 KQ O O

. Hviox cs IN__ 11[  [12

GND

GND

aaa-049445

Um11881

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

© 2023 NXP B.V. All rights reserved.

User manual

Rev. 2 — 25 September 2023

14 /81




NXP Semiconductors

UM11881

KITFS23BUKEVM evaluation board

Table 12. 1/0 configuration and monitoring headers (J23/J10)

Schematic label Signal name Description

J23-1 HVIO1 HVIO1 signal access.

J23-2/4/6/8/10 FCCU2 FCCU2 signal access.

J23-3 HVIO2 HVIO2 signal access.

J23-5 LVIO3 LVIO3 signal access.

J23-7 LVIO4 LVIO4 signal access.

J23-9 MOSI/LVI5 MOSI signal access in SPI mode. LVI5 in 1°C mode.
J10-1 WAKE1_IN WAKE1 input signal access.

J10-2 WAKE1 WAKE1 signal access.

J10-3 WAKEZ2_IN WAKEZ2 input signal access.

J10-4 WAKE2 WAKEZ2 signal access.

J10-5 LIMPO LIMPO signal access.

J10-6 MISO/LVO6 MISO signal access in SPI mode. LVOG6 in I°C mode.
J10-7 FS0B FSOB signal access.

J10-8 VMON_EXT VMON_EXT signal access.

J10-9 WAKEx_CS_IN WAKEX cyclic sensing input signal access.
J10-10/12 GND Ground.

J10-11 HVIOx_CS_IN HVIOx cyclic sensing input signal access.

4.4.10.1 External voltage monitoring via VMON_EXT

The FS2320 can monitor an external regulator through VMON_EXT monitoring pin, accessible via J10-8 on
the KITFS23BUKEVM. The regulator connected to VMON_EXT must be at least 1 V to be compatible with

overvoltage and undervoltage monitoring thresholds. An external resistor bridge is used to divide the regulator
voltage if higher than 1V, and set the middle point to 1 V. The resistor bridge value can be adjusted by using a
screwdriver on the R3 potentiometer.

Middle point: 1.0 V 2
) R2 3 v VMON_EXT

| |
10 kQ R3
20 kQ

R9
5.1kQ

L R2value | VMON_EXT
VMON_EXT GND 10 kQ 3Vto7V

37 \ 51 kQ 2Vto6V
aaa-049446

Figure 7. External voltage monitoring voltage divider

4.4.10.2 1/Os jumper configuration

The configuration of HVIOX, LVIOx, and WAKEX pins must be done by OTP. The hardware must be configured
depending on the chosen functionality for HVIOx, LVIOx, and WAKEXx pins. The following table gives the
necessary jumper configuration for each pin-function association. A default configuration of the jumpers and
switches is given in Section 4.4, matching the default /0O configuration in blue in the table.
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Table 13. HSx configuration with corresponding resistor configuration

Input via J10-3

Associated 10 ‘ Cyclic sense Load/LED driver
Load between
HST J17-3 and J17-2
HVIO1
HS2 Load btw J17-1 and J17-2
HVIO2 Populate R24 and R31
Load between
HS3 J18-3 and J18-2
Populate R27 and R34
WAKET DNP R36
HS4 Load btw J18-1 and J18-2
WAKE2
Cyclic sense Global input Local input
Populate R27 and R34 DNP R34 and R36
WAKET DNP R36 Input via J10-2
WAKE? Populate R35 & DNP R32 DNP R32 and R35

Input via J10-4

Simple input | Simple output | Cyclic sense | FCCU2 (input) | LIMP1 (output) | LIMP2 (output)

Available Available J23-1-2 Available

HVIO2 Available Populate J23-3-4 Available
R24 and R31
LVIO3 Available Available Available
LVIO4 Available J23-7-8 Available
Available if 12C
. 12

LVI5 Available if 12C 123-9-10
LvVO6 Available if I’C Available if I’C

Regarding J23, remove any jumper between J23-1-2 and J23-3-4 when HVIOXx are used as output, or when

voltage is superior to 5 V.
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4.4.10.3 Testing the cyclic sense function with onboard switches

HVIO1, HVIO2, WAKE1, and WAKE2 pins can be configured for cyclic sensing when coupled with their
corresponding HSx.

The KITFS23BUKEVM provides a means to emulate door switches sensing with onboard switches, as an
application example for the cyclic sense configuration.

HS2 R24  HVIOx CS_IN R25 HVIOx_CS
T ? T ?
10KkQ l 10kQ l
c132
1 2 810311PF 1000 pF
: DNP
Sw3 I I
GND GND GND  aaa-049450

Figure 8. Door switch emulation for cyclic sense configuration

Table 14. Cyclic sense application examples (SW3/SW6)

Schematic label Signal name Description

SW3-1 (OFF) Open switch HVIOx senses HS2 output.
SW3-2 (ON) HVIOx_CS HVIOx senses 0 V (GND).
SW6-1 (OFF) Open switch WAKEX senses HS4 output.
SW6-2 (ON) WAKEx_CS WAKEX senses 0 V (GND).

4.4.10.4 Setting VSUP as an input for WAKE1 pin (global)

The WAKE1 and WAKE2 pins can be configured as global input pins.
The KITFS23BUKEVM provides a means to test the global input pin configuration with onboard switches.
Switching SW4 ON configures VSUP as input for WAKE1 pin.

VSUP 10/2 WAKE1_IN R56 ~ WAKE1_GBL

| p—
| S
Sw4 l 51kQ l
C54 C55
I 0.022 yF I 0.01 pF

GND GND  aaa-049451

Figure 9. Wake pins configuration as global input pins

Table 15. Wake pins as global input application examples (SW4)

Schematic label Signal name Description

SW4-1 (OFF) Open switch Place input on WAKE1_IN (J10-1).

SW4-2 (ON) VSUP_TO_WAKE1 VSUP configured as input for WAKE1 pin (global).
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4.4.11 LED signaling

LED signaling is enabled by switches SW8/SW9 and jumper J27. The LED signaling can be turned OFF
manually at any time to avoid undesired losses and obtain more accurate current consumption measurements.

LED signaling displays the state of the following signals:

» Signals: RSTB, FS0B, INTB, LIMPO; MCU status pin (to be used during software development for debugging
purposes)

Power: HVBUCK regulator output, HVLDOX regulator outputs

* Power supply: VBAT, MCU supply

OTP control: Debug 5V, OTP 8 V

2380 g

70| INTBERSTB : (or o oo
- & LIMPO = :
QO 5@{53 g @E i, .:,:E

E]Iv . ! R7706 gt
“
Q) 310 310 58 opce:
% . 9] 119 9] 19 :'E:] 1 oND
H CANIKD@ zoge K7
@ — 10 ' H1
LINTXD
® .

P18
LINRXD

5=

P9
. 6

J6

J12
h
|S_CH—XXXXX REV X
2

P26
CANRXD

oc
-
20|

"
o
_E.i

oTP

Default jumper
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o 0
c100
g’:

°
In R113
©) N 114 .
1
V0D MCU rp3,@ 0 N
3305
§3 135
€3, VBAT_ALT |
8

<
&
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170% 20 oped &
- e 82
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sSwie vV L
S gerise 37
] G |
§ (Ol
Tr300 ® 02

“
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x N o H

8 i = R2

it < 3

> g = urs ™ 1 yoze

= = IN-N2 olpcas
crzo0(eefeciio = C137

P zogliomcido =T vicflngos
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. : [NXE
oooooD ©2023 nxe B.V.
! L BH3
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Figure 10. KITFS23BUKEVM LED signaling
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The KITFS23BUKEVM board has several test points that facilitate access and measurements. This section
summarizes the available test points, how they are color-coded, and whether they are a test point component

with a part number or a pad test point with no part number.
Yellow: Test loop access to safety outputs and analog signals
Red: Test loop access for power supplies and CAN/LIN bus

Black: Test loop access to GND

Figure 11. KITFS23BUKEVM test points

5| -
H1 GND 112 15 17 "g,}g. GND . Q Communication
® e e g SW10 TP3 <> CANL
e e I S8 [IE -z [ 25 . @ GND TP6 <> CANH
1 @ y = ) TP10 <5 LN
J6 SCH-XXXXX REV x| ** D & )
: V1 =
:
©
. Safety 1/Os
=
> H 2
@ 8 SWI12 H :
b 2 1 on &
2 R9gas er AT £2 2 g .
% i g e cegeera: 2 EE B
> 2 5*% £ ox2 croe oo ey N Power
- Hleat & W cia g0 43 I B Y RPERVY
3 a g
= “—’:= Sgcoerf Default jumper 2 asidior®™ | TP7 <>v2_FB
Gl S o & eemmon TP13 &> V3
se%red KN fieurati
8 B eoniis contiguration TP17 ¢ VSUP
; 9R114 N
EmDp21 :
o T . Others
J18 e o ! &3 voAr ALt 4350 1rs > amux
e SW3 SW6 SW4 zEiLIN ey T s
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1" J10 1 J16! 2o o
a7 116 | J20 il Y 725 65 oND
117 000000 KITFS23BUCKEVM ® TP25 €3 GND
BHa 7 7 8H3
aaa-052580

4.4.13 Schematic layout and bill of materials

The board layout and bill of materials for the KITFS23BUKEVM evaluation board are available at https://

www.nxp.com/KITFS23BUKEVM.
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5 Installing and configuring software tools

5.1 Flashing S32K144 MCU GUI firmware
The KITFS23BUKEVM is delivered with the S32K144 firmware already flashed.

5.2 Installing the FS23 NXP GUI software package

To install the FS2320 NXP GUI, first download or obtain the NXP GUI package, then follow the instructions
below:

1. Open the NXP GUI package. Unzip and open the 1 - NXP_GUI_Setup folder

Date modified
aaa-049454
Figure 12. GUI folder list
2. Double click NXP_GUI-version-Setup.exe to launch the application and follow the instructions.
6 NXP_GUI_Dev-3.1.281-Setup 08/04/2022 21:54 Application
aaa-049455
Figure 13. NXP_GUI-version-Setup.exe
3. Click Next when the initial application setup window appears.
Welcome to NXP_GUI_Dev 3.1.265
Setup
Setup will guide you through the installation of NXP_GUI_Dev
3.1.265.
It is recommended that you dose all other applications
before starting Setup. This will make it possible to update
relevant system files without having to reboot your
computer,
Click Next to continue.
Next > Cancel
aaa-049456
Figure 14. GUI setup window
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4. On the License Agreement window, read the license information and click | Agree.

Please review the license terms before installing NXP_GUI_Dev 3. 1.265. Cj

Press Page Down to see the rest of the agreement.

- ~

* Copyright 2020 NXP * All rights reserved.

*Redistribution and use in source and binary forms, with or without modification,
= are permitted provided that the following conditions are met:

* o Redistributions of source code must retain the above copyright notice, this list

* of conditions and the following disdaimer,

-

* o Redistributions in binary form must reproduce the above copyright notice, this

- Iis! of cclnd:tiqns and ﬂ'\e fullgw_ing dlsdaner in the documentation and for v

If you accept the terms of the agreement, dick I Agree to continue. You must accept the
agreement to install NXP_GUI_Dev 3.1.265.

< Back I Agree Cancel

aaa-049457

Figure 15. GUI license agreement

5. In the Choose Components window, select the GUI components to install, then click Next.

& NXP_GUI_Dev 3.1.265 Setup -
Choose Components G
Choose which features of NXP_GUI_Dev 3. 1.265 you want to install. (‘7

Check the components you want to install and uncheck the components you don't want to
install, Click Next to continue.

Select components to install: MainSection Description
Optional ;
Space required: 409.7 MB
< Back Next > Cancel
aaa-049458
Figure 16. GUI choose components to install
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6. In the Choose Install Location window, choose the folder to install the GUI.

W

Choose Install Location e
Choose the folder in which to install NXP_GUI_Dev 3.1.265. R 3 7

Setup will install NXP_GUI_Dev 3.1.265 in the following folder. To install in a different folder,
dick Browse and select another folder. Click Install to start the installation.

Destination Folder

. C:\Program Files (x86)\NXPGUI_Dev', ' Browse...

Space required: 409.7 MB
Space available: 402.9 GB

< Back Install Cancel

aaa-049459

Figure 17. GUI choose install location

7. In the Completing Setup window, select the following options:
¢ Run NXP_GUI
¢ Show Readme
Then click Finish to complete the installation.

Completing NXP_GUI_Dev 3.1.265
Setup

NXP_GUI_Dev 3.1.265 has been installed on your computer,

Click Finish to dose Setup.

[A1Run NXP_GUI_Dev 3.1.265

Show Readme

Finish

aaa-049460

Figure 18. Complete setup
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5.3 Launching the FS23 NXP GUI

When the KITFS23BUKEVM kit is set up and the GUI is installed, follow the steps below to launch the GUI:

1.

Click the Windows icon (bottom left corner) and locate NXPGUI in the Windows All Apps bar, then click on the NXPGUI
icon to launch the GUI.

M NXPGUI
=Rl Desktop app

aaa-049461

Figure 19. Launch the GUI

When the GUI opens, the first window to appear is the Kit Selection window. In the Kit Selection window, select the
settings shown below. When finished selecting the settings, click OK.

To avoid the Kit Selection window on every launch, check the box “Use this configuration and do not ask again". The

Kit Selection window can be enabled/disabled through the File main menu item once the GUI is launched by checking/
unchecking "Do not display GUI Kit Selection at Start" box.

¥ N\ X

Select the kit,on board device(s), target MCU and USB interface

Kit and Devices
PF8201 3.1.249 11/11/2021 =
¥ KITPF5300
PF5300 3.1.244 27/10/2021
¥ KITPF510x
PF5103 3.1.303 27/06/2022
PFO300 3.1.303 27/06/2022
¥ KITPF5030
PF5030 1: Select FS2300 device 022
¥ KITFS23
FS2320 3.1.305 30/06/2022 v

A kit for NXP PMIC evaluation

R e 2: Select communication protocol
Feature Set  debug-i2c
Target MCU  |S32K144
USB Interface |UART

-

Use this configuration and Donot ask again!

OK l Cancel
3: Click OK

aaa-049462

Figure 20. GUI kit selection

If the FS2320 part is empty, the default communication protocol is IZC, and the GUI should be started with 1°C even if
SPI protocol is desired. See Section 6.3.2 for SPI enablement from an empty part.
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6 FS23 NXP GUI

This section gives guidance on use of the FS23 NXP GUI.

6.1 NXP GUI framework window

The Framework window consists of the following sections:

» Connection toolbar: Used to start communication with device, enter or exit Test/OTP modes, fix 1°C/SPI
frequency and 1°C main address, enable Watchdog.

* Framework settings: Manages file import/export and Framework configuration.

* Window log: Reports USB and Device communication events.

USB and Device status: Indicates if USB or Device is connected or disconnected, shows communication

protocol (IZC or SPI), shows firmware and GUI version, displays current Device mode.

* Tools access bar: Provides quick access to the FS23 evaluation tools and features.
Note: Power tool is unavailable.

* Tab content: Shows the content of each tool or tab. There may be several tabs, boxes, or windows inside.

Framenfark settings Tab Content
/ .
File _View _Import/Export H!\EI uev,%ld
Connection Toolbar l— FS2320 12C Frequency(KHz) Main ADD) Enable WatchDog Refresh | | Period pratocol Selection I ?:
e == = ;
,!‘ rﬁ:m:u?.sv & -m ‘?1:“;26(0:,:%@“’9 @ Diagsafety ?mm Tab | OReguiastos  Flolerupls  SAMUX = ©GenenlI0s  OPhysiallayers | ©C -‘
_DEV_¢ Read | 00000
Tools access bar Vo Safety
Power calculator — [Wite_INIT_Safety [ RESERVED || RESERVED CANEN " LINEN ‘ LDTIM_EN HSDI3_EN H5024_EN V2_EN
QTP creation @
B Fremam g s — [ VI_PNP_EN || ABIST_EN FCCU_EN " FSOB_EN ‘ LIMPO_EN VOMON_EN RESERVED RESERVED
==
Script editor [ | scem M_DEV_PROG_ID (0+01) Read | |0x1000 f
OTP Mirror tab = FULL_LAYE FULL_LAYE FULL_LAYE FULL_LAYE METAL_LAYE METAL LAYE METAL_LAYE METAL LAYE
Register access — RREVI3) R_REVI2) R_REVI1] R_REV[0] R_REVI3] R_REV[2] R_REV[1] R_REV[D]
MCU pins control S’ [ FROG_IDH(3] I[ PROG_IDE[2] " PROG_IDH[1] " PROG_IDH[0] “ PROG_IDU[3] ” PROG_IDL[2] ” PROG_IDL[1] ” FPROG_IDLIO]
CAN management ;
e a—— -] M_GEN_FLAG (0x02) Read | 0xD000
& [ RESERVED || RESERVED ” RESERVED " RESERVED " RESERVED RESERVED RESERVED RESERVED
can
& [ HSXG || SAFETYG || PHYG " WG “ 10TIMG COMG VSUPG VG
L = |> _7_—:“_7 Select All | M_DEV_CFG (0x00) - (#4) Read  Wiite | Reset type registe [
SR WImCow ICU: 532K144 State: DISCONNECTED Protocol: I'C_Firmware: Device Mode: user-mode Color High [ Low  SM CURRENT STATE: _Undefined bug-Mode : Undefined 26/04/2023 16:10:24
USB and Device status
aaa-052487
Figure 21. Framework window

If Log window, Tools access bar, or Connection toolbar do not appear on the screen, right-click on the
Framework settings bar. This action displays three selection boxes (checked if display is active):

* Log window
» Tabs corresponds to the Tools access bar
e Connection toolbar

Right-click on the Framework settings bar s

rie view imporyexport Help' | Log Window
FS2320 | start V| Tobs
= Log Window /| Connection Toolbar

T Reqrster Map

aaa-049749

Figure 22. Framework settings bar
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6.2 Framework settings bar

The Framework settings section appears at the top left corner of the Framework window. It consists of four
items:

* File

* View

* Import/Export
* Help

File View Import/Export Help

FS2320 | sart |

aaa-050034

Figure 23. Framework items

6.2.1 File menu item

To choose to display or not the GUI Kit selection at Start or exit the application.

m View Import/Export Help
Do not display GUI Kit selection at Start
Exit

aaa-049466

Figure 24. File menu

* Do not display GUI Kit selection at Start: Check this box to always open NXP GUI as the current GUI
version. Uncheck this box to display the product selection box at NXP GUI startup.

« Exit: Exits the NXP GUI application.

6.2.2 View menu item
The View menu contains the following options:

* Display: To enable or disable the Connection toolbar (enabled by default).

File Import/Export  Help
FS v/ Connection Tool Bar
Show E 2 :
=2 4E
ﬂ MNaming Conventions ] [P = - Register Map

aaa-049467

Figure 25. View menu - Display

UM11881 All information provided in this document is subject to legal disclaimers. © 2023 NXP B.V. All rights reserved.

User manual Rev. 2 — 25 September 2023

25/81




NXP Semiconductors

UM11881

KITFS23BUKEVM evaluation board

* Show: Allows the user to access various sections of the GUI and display the Log window.

File [ import/Export Help

' ¥ OTP Tool
u| Naming Canwentions . .'._ Poweer Calculator
! Registry Map
<> B seapt Editor
SCART : Mirror Editors
a E Dwevice Programming
PROG = pacu pins
-
5] & Can Editor
Ak
reeee % UN Editor
. v Log Window

Figure 26. View menu - Show

aaa-049468

* Naming Conventions: Allows the user to select Friendly or Register name display for OTP tool. Option enabled only

when OTP tool is active.

L0 FrequencyiKH

Marméng Cormentions ¥ Friendly

System Config Register

aaa-049469

Figure 27. View menu - Naming conventions

* The naming convention options are:
— Friendly: Register names are displayed as user-friendly names in the OTP tool.
— Register: Register names are displayed by their technical name in the OTP tool.
Example: Power Sequence Slot For LVIO3 < LVIO3_SLOT_OTP.
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6.2.3 Import/Export menu item

The Import/Export menu item allows the user to manage the files needed for Mirror emulation, for PROG
tool, and for GUI configuration. This menu item is only active when the OTP tool has been selected. See
Section 6.5.2.

e Ve rep
TED

F52321 IEC Frequency|KHz)
HEX ]

B | 5 sveces FunctonalSsfety | Proge

MO Lepd £FG

o>

g

aaa-050038

Figure 28. Import/Export menu

» TBB: Exports the OTP configuration into a TBB script file that can be used to load the Mirror registers using
SCRIPT tool. The same file can be used by the PROG tool to burn OTP fuses.

HEX: Outputs the OTP configuration in I-HEX (Intel Hex) or S-HEX (Simple Hex) script file format.
Save CFG: To save the current configuration as a CFG file.

Load CFG: To load a previously saved configuration from a CFG file.

Default CFG: To load a predefined OTP configuration in QM or ASIL B to use as a starting point.

6.2.4 Help menu item

The Help menu item contains links to additional information, displays GUI and firmware version numbers, and a
glossary for acronyms.

* Documentation: Lists online NXP documentation related the FS2320 GUI.
* About: Displays the version number of the GUI currently installed.
* Glossary: Lists expanded names for acronyms used in the GUI.

Fle View ImporvExport [T

Dacumentation
F52320 | st
About
u System Configuration Revision Histary
Glassary
. e

aaa-050039

Figure 29. Help menu
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6.3 Connection toolbar

The Connection toolbar menu is located directly below the Framework settings menu in the top left corner of the
Framework window.

12C as MCU communication protocol (default):
FS2320 ) Enable WatchDog Refresh | | Period

SPI as MCU communication protocol:
FS2320 : Enable WatchDog Refresh | | Period

aaa-052488

Figure 30. Connection toolbar

Note: The Connection toolbar is not displayed if not selected in the Frameworks setting>View>Display menu
item.

The Connection toolbar allows the user to start or stop communication with the device, enter or exit Test mode
and OTP mode, fix 1°C/SPI frequency (depending on chosen MCU communication protocol at start) and °C
main address, enable Watchdog.

The Connection toolbar consists of the following items:

 Start/Stop: To open or close communication with the device.

* Mode: To enter or exit Test mode, and exit OTP mode.

* Polling: When started and connected, the GUI detects a mode change by polling mode status.
. 1’C Frequency: To set the 1’c frequency in kHz.

* Main ADD: To assign the 1°C address to the device.

* SPI Frequency: To set the SPI frequency in kHz.

* Enable Watchdog Refresh: To enable/disable the Watchdog refresh.

* Period: To set the Watchdog period.

* Protocol selection: To select MCU communication protocol between I°C and SPI. Prerequisite: MCU
communication jumper positions must be changed on the EVB.
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6.3.1 Device connection

The device connection boxes appear first in the Connection toolbar menu.

Device connection

S B
F52320 2C Frequency(KHz): Main ADD: En

aaa-052495

Figure 31. Device connection

When the S32K144 MCU is not connected through the USB port, the State indicator in the USB and Status bar
shows NOT DETECTED, the FS2320 header text appears red, and the Start button is not available.

MCU: S32K144 State: NOT DETECTED FS2320

aaa-052496

Figure 32. Device connection: Not detected

After the USB cable is connected, the State indicator displays DISCONNECTED and the Start button becomes
available.

MCU: S32K144 State: DISCONNECTED FS2320 st
aaa-052497

Figure 33. Device connection: Disconnected
Click Start button to start communication with the FS2320.
At this point, the State indicator displays CONNECTED and FS2320 header text changes from red to green.

MCU: S32K144 State: CONNECTED FS2320 stop | TestMode Exit OTP Mode Polling
aaa-052498

Figure 34. Device connection: Connected

Usually, once connected, the next step is to load an OTP configuration and write it in the Mirror registers.

6.3.2 12C/SPI communication configuration

The FS2320 supports both 1°C and SPI communication protocol. I°C is the default communication protocol. e
or SPI configuration settings for MCU side appear second in the Connection toolbar, allowing to choose the
protocol frequency and device address if applicable.

I°C configuration

FS2320 | sor TestMode | Exit OTP Mode Pa\lmgl I2C Frequen Hz): 400 nADD: 0x21 ¥ | |Enable WatchDog Refresh Period | 1ms - tocol tion: | debug-2c v

FS2320 | stp TestMode | ExitOTP Mode | Poling EnahleWatchDogReiresh Period | 1ms - rot lection: | SPT -

SPI configuration

aaa-052489

Figure 35. I>C/SPI communication configuration

The display changes depending on the communication protocol chosen when launching the NXP GUI. See
Section 5.3, when enabling SPI communication by OTP, or when selecting MCU communication protocol from
Protocol selection box.

On the FS2320 side, the I°C device address is set by OTP in I2CDEVADDR register. See Section 6.5.2.1.1.

If the FS2320 part is empty, the default communication protocol is I2C, and the GUI should be started with
I°C even if SP! protocol is desired as outlined in Section 5.3. To enable SPI from an empty part, follow the
instructions below:
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1. Start the FS23 NXP GUI in I°C mode and connect the KITFS23BUKEVM to the GUI by following the
procedure in Section 7.2.

2. Enter Test mode to be able to write into the Mirror registers. See Section 7.3.2.

3. From the MIRROR tool, in Section 6.5.2.1.1, select only SPI_EN bit and Write in the Mirror registers.

Test mode is active p—{ Test Mode ‘Exlt oTP Mode‘PoIIInc I2CFrequency(KHz):400 | Mz

| . System Configuration Regulators Functional Safety Program ID

Il 3. Protocol changed to SPI pop-up appears
/> |HsD24_EN_OTP HSD2 and HSD4 are disabled \1
| o HSD13_EN_OTP HSD1 and HSD3 are disabled
@& LDTIM_EN_OTP LDT is disabled iC P30 X
| e, |LIN_EN_OTP LIN is disabled Protocel changed to SPL
M| rror CAN_EN_OTP . CAN is disabled 0 fl:’:sr:::;rg;’j:::z:;ifB/JZQ/BVBZ to position 2-3 for SPI
o \:" key_orron_ 1- Select SPI_EN_OTP bit o oer - ey ON function is diszbled »
— SLOT_BYP_OTP Slots are not bypassed 4. Change jumpers positions as recommended
® SPI_EN_OTP v 12C pins are enabled
MR | [2CDEVADDR_OTP | 12C address is 0x20 v |12C address is 0x20
Es Write Read

A 7

2. Click on Write

aaa-052490

Figure 36. Enabling SPI from an empty part

4. On the KITFS23BUKEVM, change jumpers J28/29/31/32 to position 2-3.

5. The GUI should change to SPI mode. If not, select SPI from the the Protocol selection box. After ensuring
that Test mode is still active, the MIRROR tool can be accessed to continue the modification of Mirror
registers using SPI communication protocol.

The Protocol Selection box is used to change the MCU communication protocol from the GUI. OTP and
hardware changes must be made up-front accordingly.

The currently selected protocol can be checked in the USB and Device status bar.

Figure 37 illustrates these check points.

Protocol Selection: | debug-i2c ¥ | NI < IMCU: S32K144 State: CONNECTED Protocol: I°C
Protocol Selection: | SPI v } { <«—» MCU: S32K144 State: CONNECTED Protocol: SPI

aaa-052503

Figure 37. Checking the currently used MCU communication protocol in the GUI

6.3.3 Watchdog management

The FS2320 provides Watchdog monitoring with keys as a functional safety feature. Watchdog monitoring
requests synchronize actions from SBC and MCU. The Watchdog feature can be disabled in QM version only.
The Watchdog is always enabled for an ASIL B part.
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6.3.3.1 Watchdog enablement and configuration on SBC side

KITFS23BUKEVM evaluation board

On the FS2320 side, when the part is QM, Watchdog disablement is possible by OTP. Watchdog monitoring
default configuration is done via SPI/I’C via ACCESS tool.

pigi@svim

igvim

“A
=V

Watchdog enablement/disablement by OTP:

System Configuration Regulators Functional Safety Program ID

System Configuration

LIMPO_EN_OTP

FIRST_FAULT_EN_OTP | Do Not GoTo FS at first fault

Watchdog configuration via SPI/I>C (ACCESS tool):

%% Register Map © INIT safety © watchDog © Diagsz

| WatchDog :

B
z

e jIEOED

e 2: OPEN WatchDog tab oe—
Good watchdog refresh WD Answer Good
Bad watchdog refresh WD Answer Bad
- ~ elease Command
Open ACCESS tool _
. | Release script
LIMPO release LIMPO Release Command
LIMPO release script LIMPO Release script
FSOB and LIMPO release FS0B and LIMPO Release Command
rssandt 3: Enter WatchDog parameters
WD_TOKEN
Watchdog error counter
Watchdog refresh counter
Fault error counter
WD Window Period INFINITE Time Out, Window fully opened
WD Window Recovery INFINITE Time Out, Window fully opened
WD Window Recovery Enable | Watchdog recovery is disabled
Disable WD in LPON mode WD stays enabled in LPON

Figure 38. Watchdog enablement and configuration on SBC side

RSTB8S_DIS_OTP RSTB 8s timer is enabled A
RSTB_DUR_OTP 10ms v

I WD_INF_OTP Watchdog Functional v I
FS_DUR_CFG_OTP FS state duration is 100 ms A

aaa-052469
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6.3.3.2 Watchdog configuration on MCU side

On the S32K144 MCU side, actions are configured with the Watchdog management boxes in the Connection
toolbar menu.

Watchdog management

FS2320 | stwp TestMode | Exit OTP Mode | Poling | I2C Frequency(KHz): 400 Main ADD: [0x21 ¥ || Enable WatchDog Refresh Period | 1ms ¥ || Protocol Selection: | debug-2c v

aaa-052491

Figure 39. Enable WatchDog Refresh

The mechanism is fully operative when both SBC and MCU actions are enabled and have matching
configurations.

The steps for Watchdog enablement are described in Figure 40:

1: Select Watchdog period
2: Check Enable Watchdog Refresh box

FS2320 | st» TestMode ||ExitOTPMode | Poling | SPIFreq (Kiz):{2000 ¥ | Enable WatchDog Refresh /| Period
L.oq Wincon T == Register Map © INIT Safety © WatchDog © DiagSafety © Main Tab O Regulators
4 Filter Messages ] “?: L4 - —
s [F52320 1FS WOW_CFG0:38W:0x0Tab TS v oev rG (0:00) | | Read | 0x0000 | | (4
FS2320 [ WD Refresh ] Enabled Simple 256ms gty
SCRPT Write_INIT_Safety RESERVED RESERVED CAN_EN LIN_EN

s 3: Corresponding Log message is displayed
aaa-052492

Figure 40. Watchdog enablement

1. Select Watchdog period via the Period selection box in the Connection toolbar.

2. Enable Watchdog Refresh by checking the corresponding box to enable Watchdog monitoring on the MCU
side.

3. A message is displayed in the Log window with the selected period and type values.

If the Period selection box is unavailable, verify that Enable Watchdog Refresh is unchecked.

Enable Watchdog Refresh must be unchecked to access Period selection box

FS2320 | st» TestMode [ ExitOTP Mode | Poling | SPI Freq (KHz): 2000 ¥ pmod ims v

i EE

(=l L?q oy .o 1 i Register Map @ INIT Safety © WatchDog © DiagSafety © Main Tab O Regulators
4 Filter Messages v W x - -
M_DEV_CFG (0x00) | | Read  |0x0000 | | [

a [FS2320 [ WD Refresh ] Disabled | e
Appears if user unchecks Enable Watchdog Refresh

r " " e

aaa-052493

Figure 41. Enable Watchdog Refresh unchecked

6.4 USB and Device status bar

The USB and Device status bar is at the bottom of the Framework window. This toolbar gives information on the
GUI and firmware version, on the USB connection status, and on FS23 active modes.

USB connection state MCU firmware version GUl-selectable device mode Debug-mode status (click to refresh)
MCU: 532K144 State: [CONNECTED] Protocoli°c] Fi |£E| lication|3.1.291] Device Mode: [user-mode]  SM CURRENT STATE:[ OTP MODE_|Debug-Mode i Not Alctivsl
Communication protocol between l\—/I|:2U and FS23 NXP GUII version FS23 State machine status (only reudab(le states, click to refresh)
aaa-052470
Figure 42. USB and Device status bar
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6.5 Tools access bar

The Tools access bar appears in a vertical row along the left side of the Framework window. The bar provides
access to tools that implement various GUI functions. The Tools access bar consists of nine items:

FS2300( o * POWER: To compute power dissipation of the device in a given application
. :gw.ndcw
cowg [ » OTP: To create and save OTP configuration files, with customer and program details
>
; ¢ PROG: To manage OTP fuse-burning process
<> * SCRIPT: To create, open, save, and run scripts
&R . . .
aanon * MIRROR: Provides access to Mirror registers
;;; « ACCESS: Provides access to 1°C/SPI registers via Register Map or thematic tabs
) * MCU PINS: To read and set MCU 1/O pins
CAN
— * CAN: To manage CAN communication
aaa-052647
Figure 43. Tools access bar| * LIN: To manage LIN communication

6.5.1 POWER

The POWER tool is used to compute the power dissipation of the device in a given application.

Figure 44 shows how to use the POWER tool. Input values are selected on the interface from keyboard inputs
or selection boxes. Results are shown in the green boxes. Power dissipation graphs can be displayed from
the interface using System or IC Power Dissipation buttons. Load and Save Power Config buttons are used to
resume the power dissipation calculation later, by saving and loading a text file.

POWER tool Display power dissipation graphs Input selection Import values from a pre-defined config file Resume the calculation later
| System Power Dissipation  IC Power Dissipation | | Import OTP Config | ' Import Mirror Config | |Load Power Config | Save Power Config
gl pur paravETeRs CAN Physical Layer
o VIN DC 140 5|V | Vout 5.0 ) | Bus Load 50,0 T % Enable or disable elements
e 0UT X s A for device customization
Q Rthja 30 ¥ °cw 0.400 Node Contribution 50,0 vy %
— fswitch 450 v | kHz
< SYSTEM POWER DISSIPATION tHSrise  |20.0 ~ |ns DominantRatofey| 30,0 4/
SaReT SEEEEEE— - CAN in short-Circuit
@ | Posc posszer | w || tisfal (200 wol | =S
WwoR | | PDIS, EXT |0.0343149 | w contesn (1050 Q V3IHVIDO] ——
out,| 10. </ m = PDIS 0.0335 w
PoIS, SYs [0.070102 W | o - RO 50 Yy —
ACKESS coil 22,00 </ uH - 0,050 N A
gy | | Tanitmer [121.926 | oc || Lcoil,pcR 200,00 2 mo : & LIN Physical Layer
veurms, 10UT,TOT [04 A 10UT,TOT (0.0611667 A || Dominant Ratio | 50,0 2%
VBOS )
& poUT 2 w || Pour  |0.305833 W | pors 0.007 w
caw | | VBOSto V1 PDIS, IC (0434787 | W || pors (0,550
4 s W || pors, exr [ooa4atEe ) w
- PDIS, TOT [0.160102 w e
[ Efficieny [02:2041 % [
aaa-052501
Figure 44. POWER tool
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6.5.2 OTP

The OTP tool is used to enter an OTP configuration. The OTP configuration can be saved as a CFG file or
exported as a TBB file:

» The CFG file is used by the GUI to log all of the configuration information. The CFG file can be used to save
an OTP configuration or load Mirror registers with the MIRROR tool in Debug mode.

* The TBB file can be created with a .txt extension. The TBB file can be used to load the Mirror registers with
the SCRIPT tool in Debug mode or to burn OTP fuses using the PROG tool.

In the OTP tool, the displayed parameters differ depending on the selected device type (ASIL B or QM) in
Program Details box. The OTP configuration is not addressed here. For information on OTP configuration
contents, refer to the FS23 data sheet. For information on OTP and Mirror registers, see Section 7.6.

The OTP tool’s main panel is divided into two windows:
¢ OTP Parameters Setting

* OTP Details
Part number generation (restricted access)
Save the current configuration in a CFG file
Load a configuration from a CFG file
FS; OTP Tool tabs sde | Exit OTP Mode Polling  SPT Freq (KHz): 200 v | Enable WatchDog Refresh Peribd [1 ms - Protocol Selection: [SPI v | N
. System Configuration | Regulators  Functional Safety ~ Program ID  Calculator Load CFG | | Save CFG| |NXP Only ~
PoweR g Clock Configuration ~ || Company Name* [Company Name]
HSD24_EN_OTP MOD_EN_OTP Location Company Location]
o
HSD13_EN_OTP MOD_CONF_OTP | Triangular modulation is selected  ~ Contact Name* | [Contact Name]
OTP : LDTIM_EN_OTP Contact E-mail*  [Contact E-mail]
tool | unenore Phone Number* act Phone Number]
CAN_EN_OTP Address#1* [Company Address]
@ || KEY_OFFON_EN_OTP Address#2
MEROR || Sp1_EN_OTP City* [City]
I2CDEVADDR_OTP  [12C address is 0x20 Zip Code* [Zip/ Postal Code]
wecsss || z
= ey OTP Parameters contt OTP Details
i i Oth i
«m | \K1PUPD_OTP [WAKEL internal pull down andpulluparec € ttiNG window e window
i 'WK2PUPD_OTP | WAKE2 internal pull down and pull up are configured as cell repeater ¥ ‘
— Program Name* [Program Name]
—f‘" LVIOs Configuration Application®*  >lication Description]
LVIO3_SLOT_OTP LVIO3 polarity is changed in slot O - Production Date ted Production Date]
[ LVIO3_Hs_EN_OTP Sample Date* lequire Sample Date]
LVIO3_LS_EN_OTP Other Info
LVIO3PUPD_OTP LVIO3 internal pull down and pull up are configured as cell repeater ¥ Device Type FS2320-QM -
LVIO3_OUT_DFT_OTP oTPID A0
LVIO4_SLOT_OTP LVIO4 polarity is changed in slot 0 - Gt A
SN P = Part Number  PFS2320AMMAOEP
LVIO4_HS_EN_OTP Target Market  Automotive %
aaa-052472
Figure 45. OTP tool main panel

6.5.2.1 OTP Parameters Setting window

The OTP Parameters Setting section is organized into five tabs.

Note: The Functional Safety window differs depending on the selected safety level. Windows are the
same for QM and ASIL B parts for all other tabs. Safety level can be selected in the Program Details box of
Section 6.5.2.2.
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6.5.2.1.1 System Configuration tab

The System Configuration tab provides a means of setting miscellaneous FS2320 system configuration
parameters, including clock, I/Os, and power-up sequence configuration. The tab displays the set power-up
sequence as a graph in the Sequence Diagram box.

Power sequence configuration: Soft start config

for FS2320 only

Power Sequence Configuration

Regul Seq EN Soft start TSD Bel

VIHVBUCK  Slot 0 Soft start is 269 us_~_| The V1 is disabled in case of TSD M
LDO2 Slot1 + v The V2 disabled in case of TSD b
LDO3 Slot2 ~ The V3 disabled in case of TSD =

kb ® VIHVBUCK
[ Ji->3
L y A
3v ®Lpo3
2v
v
ov = 5 T 1
A g & & & E & &
s § g s § H g H

aaa-049783

Figure 46. Power sequence configuration

6.5.2.1.2 Regulators tab

The Regulators tab allows the user to set OTP Parameters for HVYBUCK, HVLDO2, and HVLDO3. This tab
displays a simplified diagram of the selected configuration as a visual crosscheck.

OTP Regulators tab for FS2320:

System Configuration Regulators Functional Safety Program ID Calculator Load CFG | Save CFG | NXP Only v
VV1_BUCK_OTP 5.0V -
eeoy VV1_LP_BUCK_OTP 33V h A
BUCK_CLK_OTP Switching frequency is 450 kHz v
V2=asv BUCK_RCOMP_OTP 975 kOhm %
- BUCK_CCOMP_OTP 23 pF -
BUCK_SC_OTP Slope Comp. for V1 = 5V, L = 22uH .
BUCK_SRHSON_OTP HS rising slew rate is 10 ns N
BUCK_SRHSOFF_OTP HS falling slew rate is 10 ns .

CONF_OC_V2_OTP V2 LDO OC = 150 mA ¥
W2_0TP

V2=33V Y

V3 Configuration

CONF_OC_V3_OTP |V3LDO OC = 150 mA ¥
W3_OTP

V3=50V »

BUCK_AVG_OC_PWM_OTP
BUCK_PK_OC_PWM_OTP
BUCK_PK_OC_PFM_OTP
BUCK_PFM_TON_OTP
BUCK_PFM_TOFF_OTP
BUCK_LP_DVS_OTP

Average overcurrent threshold is 500 mA
Overcurrent (peak) threshold is 700 mA
Overcurrent (peak) threshold is 500 mA
TON time in PFM is 1221 ns

TOFF time in PFM is 1725 ns

5.625 mV/us

VBOS2V1_SW_ALWAYS_EN_OTP | Always enabled

VBOS2V1_SW_LP_EN_QTP
V1_OCLS_EN_OTP

v

aaa-052464

Figure 47. Regulators tab
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KITFS23BUKEVM evaluation board

The Functional Safety tab allows the user to set OTP safety-related parameters, such as voltage monitoring,
LIMP function, and other safety-related system configurations.

This tab displays a different window depending on the device’s safety level (QM or ASIL B) selected in the
Program Details panel. See Section 6.5.2.2.

System Configuration

LIMPO_EN_OTP

Regulators

Functional Safety

Program 1D

lem Configuration

FSOB_EN_OTP
FCCU_EN_OTP
ABIST_EN_OTP

v
v
v |—
v

FIRST_FAULT_EN_OTP
RSTB8S_DIS_OTP
RSTB_DUR_OTP
WD_INF_OTP
FS_DUR_CFG_OTP
FS_LPOFF_OTP

Do Not GoTo FS at first fault
RSTB 8s timer is enabled

10 ms

Watchdog Functional

FS state duration is 100 ms
GoTo LPOFF after FS state

ASIL-B only

Caleulator

Load CFG = Save CFG | NXP Only v (STEGITEIEVEETH

Ul a]]e|]e]|e

LIMP Configuration

LIMP1_CFG_OTP  PWM frequency = 1.25 Hz with 50 % duty cycle (Default high) ~
LIMP2_CFG_OTP | PWM frequency = 100 Hz (Default high) .4

QM only

/

CRC is enabled

Company Name*
Location
Contact Name*
Contact E-mail*
Phone Number*
Address#1*
Address#2
City*

Zip Code*
Country*

Other Info

“_| INIT_CRC_DIS_OTP
CONF_OV_V1_OTP

CONF_OV_V2_OTP

The device transition to FailSafe state (M30) in case of OV ~
The device transition to FailSafe state (M30) in case of OV ¥
The device transition to FailSafe state (M30) in case of OV ~

Program Details

Program Name*

Application*

CONF_OV_V3_OTP

e

Select ééfety level

Voltage Monitoring

EN Voltage UV TH OVTH UV Deglitcher OV Deglitcher UV RSTB Impact OV RSTB Impact
VOMON_RES v/ 10V 91.5% v |[110% <~ | 40us v 45us v | VMON_EXT UV does not assert RSTB ~ | VMON_EXT OV does not assert RSTB ~ | | | Other Info i
VIMON_DAC Enabled VIMON=50V ~ 61% <~ [110% ~  25us~ 25us v | ViUV asserts RSTB ~ | V1 OV asserts RSTB ~ || || Device Type
V2MON_DAC Enabled V2MON =33V v (915% v |110% ~  25us v 25us * | V2 UV does not assert RSTB ~ | V2 OV does not assert RSTB - g:z ;'zvlsmn :‘
V3MON_DAC Enabled V3MON =50V ~ (91.5% v | 110% ~ = 25us ~ 25us ¥ | V3UV does not assert RSTB ~ | V3 OV does not assert RSTB v || | part Number  PFS2323AMBALER
Target Market | Automotive ~
aaa-052466
Figure 48. Functional Safety tab
6.5.2.1.4 Program ID tab
The Program ID tab displays the OTP = o e e = D Bt
e niguration ulators unctiona ogram al| r
ID. Only NXP users can create an OTP g ? 2 ik
ID. Prog
PROG_IDL_OTP A
PROG_IDH_OTP |0
aaa-049522
Figure 49. Program ID tab

6.5.2.1.5 Calculator tab

The Calculator tab is used to perform and/or verify HYBUCK OTP design. The Calculator tab provides tools to
compute the OTP tuning parameters of the HVYBUCK (slew rates, overcurrent thresholds, slope compensation,
low-power parameters, etc.). Available for FS2320 version only.
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6.5.2.2 OTP Details window

The OTP Details window collects and stores information about the customer and OTP version. All the

information entered in this section will be part of the CFG and TBB files.

This section is organized into two boxes:

Figure 51. Program Details

Program Details

Program Name™ | [Program Name]

Application™ [Application Description]

Production Date | [Targeted Production Date]

Sample Date™ | [Require Sample Date]

Other Info

DeviceType  |FS2320-QM v
oTPID A0
OTPRevison A

PartNumber  PFS2320AMMAOES

TargetMarket | Automotive v

aaa-049524

Customer Program Details box: In addition to
Details box: Conpany Name* | [Company Name] comments related to the application,
Collects and Location [Company Locator] this window allows the user to:
displays Contctame+ fconact e o Select device type. See
CUStOmer ContactE-mail™ | [Contact E-mail] Section 6521 3
F:c;:ntactt. Phone Number= | [Contact Phone Number] o Dlsplay the OTP ID (set by NXP only)
information. pormas (o e o Display the build part number (set by

o NXP only)

City™ [City]

N e o Select target market, either

DR e automotive or industrial

Other Info

Figure 50. Customer Details

6.5.3 PROG

The PROG tool provides access to device programming configuration and tools for the OTP burning process.

Note: Use this tab cautiously, as a device can be programmed just twice.

The programming tool is available only in Test mode.

Test-mode is active T’rTest Mode | Exit OTP Mode Polling 12CFrequency(KHz):4(

. Device Programming

POWER Device Programming Configuration

Prog tool ya

Select TBB File Browse OTP Mode Exit
o p—
R OTP Made RT [
TBB Programmin
& A OTP Mode
Statu Configuration .
— Window VL
<>
SCRIPT
Reset
=R
MIRROR
Fuse Box Status
o Sector 1 Flags Sector 1bis Flags Fuse Box Status
Accl .
Fused ()] Fused ()] Window
it
wurms
ite Read

ran
aaa-052473

Figure 52. PROG tool

6.5.3.1 Device Programming Configuration window

From this window, the user can program an OTP operation from a saved TBB file.

To program the part by fusing OTP, see Section 7.8.

6.5.3.2 OTP mode window

OTP mode window allows the user to:
* Exit OTP mode by sending an 1>C/SPI frame (by checking OTP mode exit box).
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* Verify that the state machine is in OTP mode (Condition: OTP 8 V applied to DBG pin at startup).

6.5.3.3 Fuse Box Status window

The Fuse Box Status window shows the OTP fuse status. In the indicator boxes, blue indicates the section has
not been programmed yet, orange indicates the section has been fused already.

As a reference, an empty part has the same Fuse Box status as shown in Figure 52.

» Sector 1 is customer OTP configuration.
» Sector 1bis is a duplicate of Sector 1 for second time programming.

6.5.4 SCRIPT

The Script editor allows the user to create script sequences or to send existing sequences to the device.
Commands include reading/writing individually to a register, to a digital pin, or to an analog pin. This tool allows
the emulation of an OTP configuration.

The Script editor window consists of four sections:

* Log window

* Script Commands

» Script window and its Script bar
 Script Results window

Script |Log Window EE| n . ; _
ltool Filter Messages l}{ .‘ﬁ > Device FS2300 lScnpt Commands Window Script Results Window
ACCESS
Alias  FS2300 N
<>
SCRET » Digital Pins
@ » Analog Pins
PROG -
@ » Register Script Commands Scrlp\:V(;o?mands Scr\;:/gitnr:gis\:lts
Log Window » Mode Panel fdow
MIRROR
. » Control
— » Generator
o
kte=d
— (an It PR 2 G o
o RUN LOOP SAVE OPEN CLEAR HELP SAVE OPEN CLEAR
N [
Script bar aaa-049509

Figure 53. SCRIPT tool

6.5.4.1 Log window

The Log window lists events as they occur in real time when the script is executing. The Filter Messages box
allows the user to limit log messages to certain events (Register Read, Register Write, Pin Read, Pin Write).
The Log window menu bar also contains buttons for saving the log contents to a file, clearing the log, or running
the script in the Script Command window.

The Log window shows the CRC for each sent or received frame (valid for I)C and SPI).

Note: The Log window content can be saved to a file, then opened as a Script to run it. See Section 7.9.
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6.5.4.2 Script Commands panel

The Script Commands panel allows the user to enter commands into the Script Command window by clicking
on the appropriate command. Facilitated command entry ensures error-free syntax in the command. The
commands are organized into functional categories. Opening a panel tab and selecting a specific pin or register
makes the associated command appear in the Script Command window.

— :  Digital Pins:To enter a script command to read or write the value of the selected digital
> Digital Pins pin.

* Analog Pins: To enter a script command to read the value of the selected analog pin.

> Analog Pins ¢ Registers: To enter a script command to read or write functional and safety registers.
> Registers * Mode: To enter a script command setting the desired mode.
» Control: To enter a script command to pause script execution (execution halts when the
> Mode Pause command is encountered and a pop-up window appears, prompting to continue
execution), to delay script execution (default is 300 ms, editable to any ms value in the
> Control Script Commands window), or to exit script execution.
* Generator: To clear the content of the Script Command window and enters a pre-
“ Generator prepared script sequence.
aaa-049510

An INIT script example has been integrated into the Generator tab. The example provides a generic step-by-
step procedure to initialize the device with a default configuration and transition to Normal applicative mode.

Device FS2320 Script Commands Window
Alias  [F52320 ~ | | |//Writing INIT config
SET_REG:FS2320:WRITE_INIT_SAFETY:FS_I_OVUV_CFG2:0x0C00
» Digital Pins SET_REG:FS2320:WRITE_INIT_SAFETY:FS_I_OVUV_CFG1:0x1f98
- SET_REG:FS2320:WRITE_INIT_SAFETY:FS_I FCCU_CFG:0x0000
el SET_REG:FS2320:WRITE_INIT_SAFETY:FS_I_WD_CFG:0x7080

2 - sE‘I’_REG:FSZ32na\AIDTTI: "\I-TT CA:ETV:I:C- T E-CCM rEC NN
[;rzoielect G IRE SET_REG:FS232 2) Modify the script if necessary
» Control //Watchdog config to INFINITE P/
SET_REG:F52320:SAFETY:FS_WDW_CFG:0x0000
A SET_REG:F52320:WRITE_INIT SAFETY:FS I WD_CFG:0x7080
Generator: SET_REG:FS2320:WRITE_INIT_SAFETY:FS_I_FSSM_CFG:0x0af1

+ Generator

//Watchdog refreshes
3) Run the script O &L ¥

e | | onen ca | | e

aaa-052502
Figure 54. Generate an initialization script example (INIT-Script)
Note: HELP button in the Script bar gives information on Commands.
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1: Click on the HELP button

> O W N 2

RUN LOOP SAVE OPEN CLEAR HELP

£ Script Editor : Help Window - o x
This help page describes commands available in th
130608 commands 2: Get help on Commands

SET_REG : sets value of a selected register.

SET_DPIN : sets value of a selected di

GET_DPIN : gets value of a selected digital pin.

GET_APIN : gets value of a selected analog pin. Returned value is in mV.
SET_MODE : sets device mode. List of modes depends on a device.

e e~ Meaning and format

DELAY : introduce delay of certain milli seconds bebween two successive script commands.

PAUSE : to pause commands execution until the prompt is closed.
EXIT : to stop the execution of commands at any point of time,

Command format

The following table describes c d par . All p s are mandatory.
Commands | 1ist 2nd 3rd 4th Sth
SET_REG Device Reg. set Reg. name [ Reg. value
Reg. address
GET_REG Device Req. set Reg. name [
Reg. address
SET_DPIN Device Dig. pin value

Figure 55. Script command panel help

aaa-049511

All menu items work in a similar way. The example below shows a typical process using the Registers menu

tab.

How to use the script tool: Clicking the Register tab brings up the parameters panel shown in Figure 56. A
Write operation to the CTRL1 register in the functional register group has been selected. The value 0x00 is
selected as the value to be written to the register. Hitting Enter with the cursor in the value field enters the well-
formed command in the Script Commands window.

To apply the commands on the Script Commands window, click RUN in the Script bar. The sent commands are
displayed in the Log window and command results are displayed in the Script Results window.

Um11881
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FS2320 |stop | [testmode ~ [Polling 12C Frequency(KHz): 400 2in ADD: (0x2 ¥ | Enable WatchDog Refresh Period | 256 ms (default value) ¥ X
Log Window @ N N i =

B Cier Messages < | # || Device [Fs2320 Script Commands Window Saript Results Window

‘:: FS2320 [FS_FSOB_LIMPO»REL;OX3C]\N.;0xb665 Alias  |F52320 = SET_REG:FS2320:SAFETY:FS_FSOB_LIMPQ_REL:0xb665 OK : Write Register : FS_FSOB_LIMPO_REL : 0xb665

- © Digital ~ 4: Hitting Enter adds

& 6:Runcommand is sent 1S el R el command to Script 7: Command result is

mow | and log is displayed in i sl 2: Enter parameters P — displayed in Script
) Log Window RN Results
WRIOR Operation: Write  ~
. Reg Group: safety =
roviEn Reg Name/Addr: |FS_FSOB_LIMPO_REL ~
vl Value: 0xb665 \
o
= 3: Once filled, hit Enter
p on keyboard
&
CAN
[ g 5: To apply, click on RUN
uN

» Control

v 2
» Generator IR |k £ @ & o

MCU: S32K144 State: CONNECTED Protocol: I°C Firmware: 0.6 Application 3.1.291 Device Mode: test-mode Color legend: High () 'Low () FS CURRENT STATE: OTP MODE | Debug-Mode : \iot Active 24/05/2022 11:54:46
aaa-049512

Figure 56. Using the SCRIPT tool

6.5.4.3 Script Commands window

The Script Commands Window is the area where existing script files can be loaded in Test mode only and
where script commands are entered, edited, and executed.

Another use of the Script tool is to replay a Log commands sequence, for example to run a routine. This specific
use is detailed in Section 7.9.

The Script bar at the bottom of the window contains the following six buttons:

* RUN: Initiates execution of the script sequence in the Script Command window.

* LOOP: Executes the script as a loop. Select LOOP, then click RUN.

* SAVE: Saves the content of the Script Command window as a .txt file that can be reloaded.

OPEN: Clears the current content and loads a previously saved script into the Script Command window.
Note: The loaded file must have a .txt extension.

CLEAR: Clears the current content of the Script Command window.

HELP: Shows a list of all script editor commands with their formats.

.(leilﬁ?

HUN LOOP SAVE OFEN HELF

aaa-049513

Figure 57. Script Commands window

6.5.4.4 Script Results window

The Script Results window displays the results of an executed script. The menu bar at the bottom of the window
contains the following three buttons:

» SAVE: Saves the content of the Script Results window as .txt file that can be subsequently reloaded.
* OPEN: Clears the current content and loads a previously saved result file into the Script Results window.
* CLEAR: Clears the current content of the Script Results window.

SAVE OFEN CLEAR

aaa-049514

Figure 58. Script Results window
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6.5.5 MIRROR

The MIRROR tool provides access to all Mirror registers. Mirror registers are an emulation of OTP registers.
Mirror registers can be read/written multiple times, whereas OTP registers can be burned just twice. For more
information on OTP and Mirror registers, see Section 7.6. In case of a power-on reset, the Mirror registers are
reset to the default OTP configuration (empty if OTP sectors are not burned). Mirror registers can be read and
written in Test mode only. See Section 7.3.2.

Note: The MIRROR tool display tabs are similar to the corresponding OTP tool tab. To avoid confusion, the tab
header background colors are different. The MIRROR tool tab header is purple. OTP tool tab headers are blue.

The MIRROR tool is available only in Test mode. Test mode loads require keys in order to have full access to
Mirror registers. This tool allows the user to:

* Read and write Mirror register values.
* Load a CFG file into the Mirror registers and debug the configuration. For further details on CFG file
preparation and parameters configuration, see OTP.

error tOOl tabs Mode ‘Exlt OTP Mode Polling 12CFrequency(KHz):/400 = Main ADD: |0x2 ¥ | Enable WatchDog Refresh Period |1 ms v
. System Configuration Regulators Functional Safety = Program ID Write All
souen r——s
7 |nso24_en_ote HSD2 and HsD4 are disabl REAC CUFTENt mirror registers content Modulation is disabled
HSD13_EN_OTP HSD1 and HSD3 are L ' 2 . . . jular modulftion is selectpd
; LDTIM_EN_OTP risdsaed | WVrite current configuration to Mirror registers
Mirror LIN_EN_OTP LN is disabled ! . . o .
- _EN_
tool g |cnenom e — Import registers configuration from CFG file
KEY_OFFON_EN_OTP Key OFF - Key ON function is dis: . : . . .
|| e v — Export current Mirror registers configuration to CFG file
B | spLen_oTP TR,
HMROR_§ I2CDEVADDR_OTP | 12C addr Mirror Pa rameters
)
— setting

i

WAKEs Configuration
WK1PUPD_OTP WAKET internal pull down and pull up are configured as cell repeater ¥ |WAKE1 internal pull down and pull up are configured as cell repeater
WK2PUPD_OTP | WAKE?2 internal pull down and pull up are configured as cell repeater ~ | WAKE?2 internal pull down and pull up are configured as cell repeater

3

(<]
=
B

Write Read

i

=]
z

aaa-052467

Figure 59. MIRROR tool
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6.5.6 ACCESS

The ACCESS tool is the central tool for an evaluation session. This tool gives access to GUI functions that
configure, monitor, and control the FS2320 device during the evaluation session.

The ACCESS tool provides access all 1°C/SPI registers, displayed either:

* in a Register Map format with direct access to register bits.
* in thematic tabs with a graphical and more readable view.

FS2320 | st» TestMode | ExitOTPMode | Poling | 5P Hz){ 2000 ¥ | Enable WatchDog Refresh Period | tms v P s 1 v X

Log Window B8 [ ..
d 55} Register Map || © T safety @ watchbog @ Diagsafety @ MainTab O Reguiators % mterrupts  AMUX @ General 10s © hysial Layers © cre calauiator

A R A FA P AL ‘
Access tool X . . . ) i )
button Register map (direct access to registers) Thematic tabs (selection boxes acting on registers)

aaa-052474

Figure 60. ACCESS tool

The tab content contains 11 tabs:

* RegisterMap

* INIT Safety

* WatchDog

* DiagSafety

* Main Tab

* Regulators

* Interrupts

« AMUX

* General I/Os

* Physical Layers
* CRC Calculator

6.5.6.1 Register map
The Register Map tab allows the user to read or write the FS2320 SPI/I’C registers, bit per bit.

Note: SPI/PC registers are responsible for FS2320 flexible device configuration, in opposition to OTP
configuration, which is permanent once fuses are burned. The two levels of configuration work together and
should be defined accordingly.

The Register Map is composed of three subtabs:

« Functional: Access to SPI/I°C functional registers for system configuration.
» Safety: Access to SPI/’C registers relative to safety functions.
* Write_INIT_Safety: Access to SPI/’C registers relative to safety behavior configuration.
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ACCESS B .
| Register Map menu Register sub-tabs
f?g __20 3 Enable WatchDog Refresh Period )4
jm} t;t‘:erier;::g‘Zs - (el @:‘ % Register Map @ INJT Safety © WatchDog © DiagSafety @ Main Tab © Regulators % Interrupts % AMUX © General I0s @ Physical Layers
L | Functional | [M_GeENFAGx0D)] | Read | ox0000 | 4 B
SCRIT. Write_INIT_Safety % i "
@& Register name and number ﬁ{ One SPI/IC register Jl FESERYED ( | 1 |
|
s HSXG u SAFETYG " PHYG { wuG “ 10TIMG “ CoMG H " VXG |
& !y | S — —_—— e ]
eoR M_STATUS (0x03) Read | 0x0000 \:'
. I VITWARN_S H LPON_S “ NORMAL_S " INIT_S “ RESERVED “ WK2_S || WK1_S H HVIO2_S I
souen
) HVIO1_S LVI5S_S LVIO4a_S 4 V1S V2.5 V3_s
o " - Registers Content -
Log Window i
= M_SYS_CFG (0x05) Read | 0x5000 Write window
@ [ RESERVED H BAT_FAIL ” RESERVED }( POR “ RESERVED ” RESERVED H GO2INIT H GO2NORMAL l
CAN
o I GO2LPON I GO2LPOFF I INT_TO_WUEN [ INTB_REQ H INTB_DUR H RESERVED “ MOD_CONF “ MOD_EN |
LN ,
M_SYS1_CFG (0x06) Read 0x0000 Write 0x0000 |
VBOS2V1_SW_ TSLOT_DO
[ RESERVED I RESERVED ] RESERVED [ ALWAYS_EN H RESERVED H LOAD_OTP_BYP SLOT_BYP ] WN_GFG l
[ RESERVED u SOFTPOR_REQ " RESERVED H DBG_EXIT " DBG_MODE " RESERVED OTP_EXIT H OTP_MODE ]
Select All | M_DEV_CFG (0x00) v |(42)] Read Write Reset type register name to search
aaa-049658
Figure 61. Register Map menu

6.5.6.1.1 Modifying one bit content by clicking on the bit name

In the Registers Content window, the user can access the FS2320 SPI/’C registers. Two types of registers
exist:

* Read-only registers (for example, Status) appear with a Read button only,
» Read/Write registers (for example, System configuration, Regulators Control, etc.) appear with both a Read
and a Write button.

The user can click a bit name to change its value, when the bit is writable.

8 JU JU JU JU JU JU JU J
M_STATUS (0x03) Read 0x0000
Y
VITWARN_S LPON_S NORMAL_S Read-only register gvep ’ WK2_S WK1_S HVIO2_S
L Il
Read/Write register
HVIO1_S LVIS_S LVIO4_S LVIUD_ D ” vi_muDE Vi_s V2_S V3_S
M_SYS_CFG (0x05) | Read | |0x5000 Write | |0x0000 | 4
Clicking on a writable 1
bit changes its value BAT-FAIL RESERVED POR D GO2INIT GO2NORMAL
& (s
N [ Blue: bit value is 0
GO2LPON GO2LPOFF INT_TO_WUEN INTB_REQ B L D MOD_CONF MOD_EN
M CVCi rCcr InvN&N Na~d nonnnn AVTRION nennnn
aaa-049492
Figure 62. Registers Content window

6.5.6.1.2 Accessing one register content using Read and Write buttons

In the Registers Content window, the user can read and/or write the FS2320 SPI/’C registers using the Read
and Write buttons.

To read the content of one register:

* Click Read next to the corresponding register name.
* The current register content is displayed as a hexadecimal value next to the Read button.

To write the content of one register:
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» Enter the desired register value as a hexadecimal value in the box next to the Write button.
* Click Write next to the corresponding register name.
* As a crosscheck, the current register value can be accessed by clicking Read.

¢ JL JU JU L JU JL JU J

M_STATUS (0x03) Read | 0x0000 “
VITWAR  Click Read to get NORMAL_S INIT_S ‘ RESERVED WK2_S WK1_S HVIO2_S
current register value
HVIO1_> I Lo I LVIO4_S LVIO3_S ‘ Vi_MODE VIS V2._S V3_S
M_SYS_CFG (0x05) | | Read | 0x5000 || [ write | loxo000 || [
l RESERVED H BAT_FAIL RESERVED \ pNR " RFGFRVFN RESERVED ‘ GO2INIT GO2NORMAL
Enter hexadecimal value then
‘ GO2LPON ‘ GO2LPOFF ‘ INT_TO_WUEN Write register to apply RESERVED ] MOD_CONF MOD_EN
M CVCH FCr InuNEY POREDH Awnnnn Wreta Awnnnn r#
aaa-049493

Figure 63. Accessing one register content using Read and Write buttons

6.5.6.1.3 Accessing one register content using Bit-Map Dialog

In the Registers Content window, the user can read and/or write the FS2320 SPI/’C registers using the Bit-Map
Dialog window.

Clicking the Green Pencil next to the corresponding register name opens the Bit-Map Dialog window and
shows the name and description of all of the register’s bitfields.

The Bit-Map Dialog window:

* Allows the user to change bit values from selection boxes on the left side.
* Displays the current register content on the right side.

M_SYS_CFG (0x05) Read = 0x5000 Write | 0x5000 d Bit-Map Dialog: Opens a pop-up window
= for user friendly register bits editing
RESERVED ” BAT_FAIL RESERVED ” POR ‘ RESER) ’NORMAL
L/ I Il
GO2LPON H GO2LPOFF INT_TO_WUEN H INTB_REQ ‘ INTB_DUR ” / RESERVED H MOD_CONF MOD_EN
" e TSLOT_DO

Set Value (Editable) regsercoment SO R

I BAT_FAIL: Battery failure event occurred v || BAT_FAIL: Battery failure event occurred
3 = ] b XIT OTP_MODE

POR: Digital POR event occurred v || POR: Digital POR event occurred

GO2INIT: No action ¥ |INT_TO_WUEN: Interrupt Time Out wake up capability is disabled
“| GO2NORMAL: No action ~ || INTB_DUR: INTB pulse = 25 us

GO2LPON: No action v || MOD_CONF: Triangular modulation is selected SON[1] || BUCK_SRHSON[0]
|| GO2LPOFF: No action ¥ || MOD_EN: Spread spectrum is disabled

INT_TO_WUEN: | Interrupt Time Out wake up capability is disabled ¥ e

INTB_REQ: No effect v

INTB_DUR: INTB pulse = 25 us v
| MOD_CONF: Triangular modulation is selected N -
-‘ MOD_EN: Spread spectrum is disabled N I—I ‘ VIUV_I

T T T T 0 T Ty
Figure 64. Accessing one register content using Bit-Map Dialog
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6.5.6.1.4 Modifying multiple registers using the lower Read/Write/Reset bar

In the Registers Content window, the user can read, write, and/or reset multiple FS2320 SPI/’C registers at a
time using the lower Read/Write/Reset bar.

» Checkboxes allow the user to select the registers to be read or written.

» Selecting the Select All checkbox allows the user to simultaneously act on all registers in the Register subtab.

* Read, Write, and Reset buttons allow the user to act on the previously selected registers. The Reset button
switches all the bits in the register to 0.

Navigating in the Registers content in the Register subtab can be facilitated using the selection box in the bar.

L JL JL I\ JU JL )\ I\ J
Select the register —| | M_SYS_CFG (0x05) Read  0x5000 Write | |0x0000 “
‘ RESERVED ‘ BAT_FAIL " RESERVED H POR ” RESERVED ” RESERVED " GO2INIT " GO2NORMAL ]
l GO2LPON [ GO2LPOFF ] INT_TO_WUEN " INTB_REQ ” INTB_DUR ” RESERVED " MOD_CONF " MOD_EN ]
Select the register —| | M_SYS1_CFG (0x06) Read | |0x0000 Write  |0x0000 ,
VBOS2V1_SW_ TSLOT_DO
‘ RESERVED ‘ RESERVED l RESERVED ALWAYS_EN RESERVED LOAD_OTP_BYP " SLOT_BYP " WN_CFG
‘ RESERVED “ SOFTPOR_REQ " RESERVED Read, Write or Reset all selected registers gy " OTP_EXIT " OTP_MODE ]
! JU L v
Select all registers —DSeled All IMfDEV,CFG (0x00) v [42] Read Write Reset ] type register name to search
’ |
Move to selected register in register sub-tab Number of registers in current register sub-tab
aaa-049495
Figure 65. Read/Write/Reset bar
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6.5.6.2 INIT Safety

The INIT Safety tab allows the user to read or write the parameters related to the safety functions initialization and safety
behavior configuration.

INIT Safety menu OWatchDog | @ DiagSafety |~ ©MainTab | © Regulators Write/Read all the values from this tab

INIT Satety

Read All | Write All

Error Counters Limit

Fault source RSTB  FSOB  LIMPO | | Fault source RSTB  FSOB  LIMPO ||| FCCU Config No monitori ¥ | N/V Watchdog error limit |8 > [NV
wonowv [ @ (/@ @ ||Fccut B 18 L0 |l Fecut polarity NV Watchdog refresh limit |6 v | NV
VMONO_OV ] [ ] @ | |Fccu2 ] a )| Fecuz polarity NV Fault error limit No Action ~ | NIV
VMON1_UV ® @ @ | |Bad Watchdog | | (@ [ O ] Fecuz polarity NIV s
vMoNi_ OV | @ E B 1@ O |frccuz assign [Fecuzisdi > | NV
wonz wy | @ ault Impact e @ Wiite
vMoN2 ov | @ window ®
VMON3_UV @ - @ | | roun_> 7] Miscellaneous
VMON3_OV (] ® @ | | External RSTB ® Enable RSTB request by MCU q PWM freque ¥ | N/V
Impact )] Disable ext. RSTB Monitoring SafEtV Behawour g PWM freque ¥ | N/V
NoImpact ([0 RSTB Pulse Duration 10 Config window Duty Cycle | PWM duty ¢ ~ | N/V

Disable 8s timer v =

Write || Read ' Wite
Assert RSTB on FS0B Short to High N/V
Assert RSTB on LIMPO Short to High N/V
. Write
Write/Read values from the box
CRC Value 0 v NNV
Write
Write Read

aaa-049496

Figure 66. INIT Safety tab

* Fault Impact: To choose safety pin assertion response to each fault source.

» Safety Behavior Config: To initialize and configure safety-related functions, such as FCCUx assignment, Watchdog
error counter, LIMPx mode, or CRC check value.

¢ INIT CRC Calculator: The INIT CRC computation toolbox allows the user to compute INIT CRC from current INIT Safety
registers content and write INIT CRC into INIT CRC register.

Note: INIT CRC computation is also available when the EVB is not connected.

Request INIT CRC validity check

2. Read computed CRC

INIT CRC Request Status INIT CRC Reusy/
CRC Value x50 o000 é&4— 4. Read INIT CRC register content

Cﬁoﬂmh INIT CRC Write

K

Ay

7
1. Compute INIT CRC from current 3. Write INIT CRC in INIT CRC register
INIT registers content

aaa-052475

Figure 67. INIT CRC
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6.5.6.3 Watchdog

The Watchdog tab allows the user to read or write the parameters related to the Watchdog management and to
observe Watchdog error and refresh counters' evolution.

* Watchdog Management: To manage Watchdog operation by sending SPI/I°C commands and set Watchdog
functional parameters, such as window timing.

* Watchdog Counters Config: To read the previously set Watchdog error and refresh counters' limit values
and fault error limit action. See Section 6.5.6.2 for parameters setting.

* Watchdog Error and Refresh Counts diagrams: Displays the diagrams of Watchdog error count and
Watchdog refresh count relative to the previously set Watchdog error and refresh counters' limit values.

WatchDog menu ©DisgSafely @ MainTab | OReguldle \\/rite/Read all the values from this tab ¢

wateag
Watchdog Management
Watchdog Type Watchdog W > N/V
Good watchdog refresh WD Answer Good e itz smrdted{Eneor (Gt LYY
Bad watchdog refresh WD Answer Bad
FSOB release FS0B Release Command
FSOB release script FSOB Release script
LIMPO release LIMPO Release Command
e \Watchdog Management
WD_ .
ey window
e W Watchdog Error and
WD Window Perlod INFINITE Ti = N/V Last Recorded Refresh Count: N/V Refresh Counts diagrams
WD Window Recovery INFINITETi * N/V

Writrie/'R-eaa valuie:';.frorﬁ'the b'o>)'(

Write Read
Error Counters Limit

Watchi
watch  Watchdog Counters

ks Config window

Keda

aaa-049498

Figure 68. Watchdog tab
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The DiagSafety tab allows the user to carry out the safety diagnosis by reading or clearing the interrupt and
status bits of safety pins and UV/OV monitoring bits. The DiagSafety tab also allows the user to launch ABIST
and observe the ABIST status.

» Safety I/0 Diagnosis: To request and observe the diagnosis on safety I/O pins.
ABIST Diagnosis: To operate and observe ABIST on the device.
FCCU/WD Diagnosis: To carry out the diagnosis on FCCUx and WD Refresh by exploiting interrupt flags and

real-time status bits

status bits.

* General Flags: Displays general error flags states.

UV/OV Diagnosis: To carry out the diagnosis on UV/OV monitoring by exploiting interrupt flags and real-time

i Register Map DlagSafetv menu © Main Tab © Regulators

DiagSafety
ABIST Request and Status

LIMPO Driver N/V ABIST Ready N/V
LIMPO Sense N/V ABIST Ongoing NV
LIMPO Diag N/V ABIST Done N/V
LIMPO Request ABIST VMONO Diag N/V
LIMP1 Request ABIST V1UVLP Diag NV
LIMP2 Request ABIST VMON1 Diag NV
Exte o o pan.o ABIST V/MNOND Nian NA
rs1  Safety 10 ABIST ABIST

. . Clear £ . -
RS1 Diagnaosis Diagnosis
RS1 Launch
rs1  window tanch  Window

RSTB Request
FSOB Driver N/V

EWriFe/Read values f

Launch ABIST on VMON1 N/V
Launch ABIST on VMON2 N/V

rom the box N3NV

Launcn rui ABL> |

Write Read

FSOB Request
Write Read

Figure 69. DiagSafety menu

Write/Read all the values from this tab

Read All | Write All

Diag Safety =
Write to Clear Interrupt RT Status Watchdog Refresh Error N/V
FCCU1 Error N N/V Failsa General Fla s
Fcau2emor FCCU/WD Diagnosis NV alta g
FCCU12 Errc R N/V INIT
WD Refresh | window
Write Read

UV Write to Clear UV Interrupt OV Write to Clear

VMONO LI
VMON1 UV/OV Diagnosis
VMON2 .
e window
Write Read

aaa-049499
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6.5.6.5 Main tab

The Main Tab tab allows the user to manage the Clock Modulation, to monitor Events occurrence, to operate
the Device States, and to configure FS2320 functions such as Timers, PWMs, or Long Duration Timer (LDT).

* Clock Modulation: To enable and set 20 MHz clock modulation (FS2320 only).

General Flags: To monitor occurrence of events on FS2320 functions.
Device State: To monitor the device’s state and request mode change.
* Timers Config: To enable timers and configure timer parameters.

* PWMs Config: To enable PWMs and configure PWMs parameters.

and interrupt settings.

LDT Config: To enable, configure, and monitor the LDT.
Miscellaneous Management: To operate FS2320 external events and FS2320 VBOS, time slots attribution,

i Register Map @ INIT Safety Main Tab menu O Regulators

Write/Read all the values from this tab

Clock Management Timers Configurations =
Select Value Reqister Content | | 12C/SPI Communication Error N/V Normal Mode N/V Select Value Register Content
Cock Modu Clock Management Regulator Event N/V Go to Normal Mode TIMER1 Period |10.24ms ~ |N/V
Clack Modu s VSUP Event NV OTP Mode NV TIMER1 ON Time 0 ms v [NV
v Wakew =~ eneral Flags Exit OTP Mode TIMER1 Delay |0 us v NV
Physica g
Write Read i Debug Mode NV TIMER1 Enable NV
O window Exit
P TIMER2 Peric4 [0 24 me = Inns
WD Eve wc Device State
. HS Event N/V o TIMER2ON T Tj 1
Write/Read values from the box G  window il Timers Config
= GOl : window
INIT mode NV Timer2 Enabl
Go to INIT TIMER3 Period 110.24ms ¥ N/V
Request Soft POR TIMER3 ON Time 0 ms > [NV
TIMER3 Delay 0us > NV
Write Read TIMER Enable NV
Write Read
Select Value Register Content Select Value Register Content Select Value Register Content
PWM1 Duty Cycle 0 > NV LDT Mode(time base) LDT is settc ¥ 'N/V BAT Fail NV
PWM1 Frequency PWM1 frequ ¥ |N/V LDT After Run Value NV POR Event N/V
PWM1 Delay VBOS_UV G
n LDT Wake-up Value o N/V ) q
pwm1 Enable PWM's Config ’ e LDT Config - VBOS to V: Miscellaneous
R LDT Wake-up value sel . N, Vbos switcl o
PM2Duly & window I window sypassori Management window
PWM2 Frequen uncton 3 =
it - Bypass Slot 2 N/V
PWM2 Delay i - [NV LP Mode Transition(for F2 and F3) Go to LPOFI ¥ |N/V p:i’ver S s N/N
PWM2 Enable NV EDY Stattzs R
LDT Enable N/V INTB Assertion Request NV
PWM3 Duty Cycle 0 ¥ [NV
LDT WU Enable nowake up ¥ 'N/V Enable Interrupt TO Wake-up NV
PWM3 Freauencv  PWM3 freau ~ | N/V b
aaa-049500
Figure 70. Main tab
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6.5.6.6 Regulators

The Regulators tab allows the user to control and read status related to HYBUCK (V1), HVLDO2 (V2), and
HVLDO3 (V3).

The Regulators tab gives access to the real-time status of each regulator for monitoring, and allows the user to
control regulators’ enablement in specific modes.

* Regulators Control: To control regulators’ enablement in Normal and LPON modes.
* Regulators Real-Time Status: To monitor regulators in real time.

Write/Read all the values from this tab

% Register Map @ INIT Safety © WatchDog Regu|at0 rs menu 51 © Regulators % Interrupts wp

Regulators | Read All | Write All |

V2 Enable in Normal Mode Real time status of V1 temperature pre-warning N/V
V2 Disable in Normal Mode HVBUCK ) /
Keep V2 ON in LPON Mode NV Real tim Regulators Real-Time '

5 Real time . f
V3 Enable in Normal - Regulators Control realtime  Otatus window
V3 Disable in Normal w'ndo
Keep V3 ON in LPON I w N/V s
Select BUCK slew rate when the High Side turns ON | HS rising sle ¥ | N/V
select BUCKslev \\/rite/Read values from the box

|
| Write Read |
aaa-049501
Figure 71. Regulators tab
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6.5.6.7 Interrupts

The Interrupts tab is arranged as an Interrupt board with two thematic sub-menus displaying one Interrupt box
per function:

* Main Interrupt Configuration: To monitor the events related to FS2320 functional features such as
Regulators Temperature and Current, SPI/’C Communication, Physical Layers, Timers, High-Side drivers, I/
Os, and Wake-Up events.

 FailSafe Interrupt Configuration: To monitor safety-related events such as under-, overvoltage, or open load
on regulators, and events on safety pins or functions.

Interrupts sub-menus Interrupts menu
= ey map || v sy | OWotchDog | @ Diagsafety | mam a0 |~ g aamux 9 Updatesall the Interrupt status
Main Interrupt Configuration | FailSafe Interrupt Configuration
Under Voltage Over Voltage Safety Interrupt Open Load
Clear Mask Clear Mask Clear Mask Sense Clear Mask
Clear Status Mask Status Clear Status Mask Status Clear Status Mask Status  Status Clear Status Mask Status
Vouv [ ] NIV voov [ ] N/V FCQUL [ ] N/V [ ] V2 [ ] NIV
ViUV [ ] N/V vinv | NIV FCC12 |m N |m Write Read Poll
L2 a NNV V2 Interrupt board: displays thematic Interrupts boxes
V3uv [ ] N/V V3(
Read | pol wite [[mrcrevox [ Wy
J ) ! Jiitks Read Poll
Write to Clear or Reads current Polls continuously
Mask an interrupt Interrupt status Interrupt status

aaa-049502

Figure 72. Interrupts menu

In each Interrupt box, the interruption can be:

« Read: Click Read on each box to read the current status or Read All to update the whole Interrupt board.
* Polled: Click Poll on each box to read the current status periodically.

* Cleared: Select each check box from the Clear column then Write to apply.

* Masked: Select each check box from the Mask column then Write to apply.

Masking an Interrupt inhibits its treatment

Clearing an Interrupt — o i Mask| | Sense Displays the
takes down the flag Status___Status] [Stalus|  reg|-time status
| wAnes Cvent [ ] NotMas [
ent E\ Not Mas E\
N v Masked —
Blue: Interrupt not active @ V Mskd @ Blue: Sensed Low
LVIO3Event Vv [ NotMas [T
s - [hotms] @ pisplays mask status
LVI5 Event G Not Mas G
| Write || Read || Poll |

1
Write to Clear or  Read current Clear Poll continuously
Mask an interrupt and Mask status  Clear and Mask status
aaa-049503

Figure 73. Using Interrupts tab
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6.5.6.8 AMUX

The AMUX tab allows the user to measure voltage levels and temperature values of multiple key locations

from onboard sensors. The AMUX feature uses one ADC to successively measure multiple points. The AMUX
feature must be enabled beforehand by clicking Enable AMUX. The MCU supply voltage level must be selected
when enabling the tool.

* AMUX Measurements: Displays the measurements of voltage levels and temperature values from sensors
placed at key locations. Click Read to obtain or refresh the measurements.

* ADC Measurements: Displays the measurements of valuable voltage levels sensed by an ADC outside of
the AMUX feature. Click Read to obtain or refresh the measurements.

* Voltage Measurement graph: Displays the selected voltage measurement values as a function of time in a
graph.

To read all the values from this tab once
To read all the values from this tab repeatedly

To enable access to AMUX
Select MCU supply voltage level

% Register Map @ INIT Safety =~ © WatchDog = © DiagSafety @ Main Tab AMUX menu ° X | ©General10s = ©physical Laye

AMUX Select VDD_MCU: |3.3V ¥ |Enable AMUX Loop I Read All
Value Unit || VDIGVolt ¥ | + - | Clear | Poll Ym Y mg V| Auto Scale Y X mi X ma V| Auto Scale X

VDIG Voltage 0 Vv 1000

V1 Voltage 0 v

V2 Voltage 0 Vv =

V3 Voltage 0 ' 800

VBOS Voltage 0 v

VSUP Voltage 0 v =

‘ AMUX o

' Measurements 5m Voltage Measurement graph

\ window ®

HVIO1 0 v

HVIO2 0 v =

Die Temperature Sensor 0 EE 200

V1 Temperature Sensor 0 e

V2 Temperature Sensor 0 °C o

V3 Temperature Sensor 0 &e

0 1 2 3 P s B 7 B s 0 1 1 13 14 15 1 1 18 18 2 2a 2 B 24 25 26 2 B B N

Read

Temperature Measurement |

| ADC Measurements | Die Temperature S ¥ | + - |Clear Poll Ym Y me v Auto Scale Y X mi X'ma V| Auto Scale X
Value Unit B
V1 Voltage 0 v i

/D Vnlinn n V)

+ADC Measurements S
| . Temperature Measurement graph
window

v o o

VDDIO Voltage 0 v

Read o 1 2 3 4 5 6 7 & 9 1 m© 2 13 14 15 16 1 8 15 2 n 2 A 24 3 22 22 28 N 2

Read measurement values

aaa-049504

Figure 74. AMUX menu

* Temperature Measurement graph: Displays the selected temperature measurement values as a function of
time in a graph.

Measurement graphs can be edited using their editing bar, as shown in Figure 75:

UM11881 All information provided in this document is subject to legal disclaimers. © 2023 NXP B.V. All rights reserved.

User manual Rev. 2 — 25 September 2023

53/81



NXP Semiconductors

UM11881

KITFS23BUKEVM evaluation board

Select measurable value
Add measurable value to graph

Remove measurable value from graph

Auto Scale X

V016 voltage ~ + - ] cer [ ot ][vmnlo ¥ max | 1000 o Scale Y Xmin 0 Xmax |30

4

1000

Poll the values to update graph

Autoscaling is OFF, please enter
min/max values on X and Y

Empty the graph

Temperature Measurement ‘

Die Temperature Sensor - + E Clear pol ¥ min ¥ max VAo Scale ¥ X min X max /| Autoscae
i \ /

Autoscaling is ON
aaa-049505

Figure 75. Measurement graphs

6.5.6.9 General I/Os

The General I/Os tab allows the user to control I/O levels, to configure Wake-Up/Interrupt features, and to
operate the Cyclic Sense feature depending on I/Os desired configuration. A preconfiguration of the I/Os is
done by OTP.

* 1/0 Control: To control I/0Os output levels when configured as outputs.
* 1/0 Wake-up/Interrupt Enable: To enable the Wake-Up and/or Interrupt feature on 1/O.
* 1/0 Wake-up Config: To set I/O Wake-Up parameters when the Wake-Up feature is enabled on I/0.

* Cyclic Sense: To enable Cyclic Sense feature, to set the Cyclic Sense parameters on 1/Os and High-Side
pins, and to operate Cyclic Sensing by monitoring status.
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Write/Read all the values from this tab

% Register Map © INIT Safety © WatchDog © DiagSafety © Main Tab Orequ General |0s menu @ Physical Layers

General 10s Read All | Write All
10 Control

Set GPIO Low High Select Value Register Content Select Value Register Content Select Value Register Content
Set HVIO1 (] WAKEL1 Configuration | Input compi ¥ |N/V WAKE1 No wake up ¥ 'N/V Select HS Connected to WAKE1 |HS1 is conn ¥ |N/V
Se . | WAKE1 Deglitcher Time 15 us ¥ NNV WAKE2 No wake up ¥ 'N/V Select HS Connected to WAKE2 HS1 is conn ¥ |N/V

10 Control || "= ¢ ) _ -
) » onfiguration | Input compi ¥ N/V HVIO1 |O Wake-Up/ Select HS Connected to HVIO1 HS1 is conn ~ |N/V
s window D || wakez pegitcher Time| 15 us ~ NV HVIO2 Interrupt Select HS Connected to HVIO2 [HS1 is conn ~ |N/V
SRR & || vios Configur LvIO3 i Reaction to HS Fault Disable the ~ | N/V
Hvio1 pegitene 10 Wake-Up wios Enable window HS1 Source High side is ~ |N/V
HVIO2 Configur Conflg WindOW LVIOS No wakeup ¥ 'N/V HS2 Source High side is ¥ |N/V
HVIO2 Deglitche. +uie | av wo i HS3 Source High side is ¥ |N/V
LVIO3 Configuration | High level w ¥ |N/V Write Read HS4 Source High side is ¥ |N/V
LVIO4 Configuration High level w ¥ |N/V HS1 Enable NV
LVIS Configuration High level w ¥ N/V HS2 Enable cyClIC Sense v
HS3 Enable N v
Hs4 Enable window
HS VSHS_QV Disable WV
[ HS VSHS_UV Disable NV
Write/Read values from the box HS Auto Recovery Enable NV
WAKE1 CS Status N/V
WAKE2 CS Status N/V
HVIO1 CS Status N/V
HVIO2 CS Status N/V
WAKE1 CS Ready NV
WAKE2 CS Ready N/V
HVIO1 CS Ready NV
HVIO2 CS Ready NV
Write Read

aaa-049506

Figure 76. General I/Os

6.5.6.10 Physical Layers

The Physical Layers tab allows the user to configure the CAN and LIN transceivers and monitor status.

» CAN Config/Status: To configure the CAN transceiver and the monitor status. The CAN setting on the MCU
side and the CAN frames sending is done using CAN tool.

* LIN Config/Status: To configure the LIN transceiver and the monitor status. The LIN setting on the MCU side
and the LIN frames sending is done using LIN tool.

Write/Read all the values from this tab

) © DiagSafety © Main Tab O Regulators % Physical Layers menu <

Physical Layers Read All | | Write All
CAN Config/Status LIN Config/Status
Select Value Register Content Select Value Register Content
CAN Mode Transceiver ¥ N/V LIN Mode Transceiver ¥ |N/V
CAN FS Dis. 5 LIN Slope LIN normal ¥ N/V
CAN WU En CAN Conf'g/Status LIN FS Disable N/V
CAN Active window unvsis wvi - LIN Config/Status
CAN SM State N/V LIN SC Detectic “ d
LIN TXD Domil window .
Write Read LIN WU Enable no wake up ¥ |N/V
[ LIN SM State N/V
Write/Read values from the box
Write Read
aaa-049507
Figure 77. Physical Layers menu
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6.5.6.11 CRC Calculator
The CRC Calculator is used to compute 1°C / SPI protocol CRC from an address and a data field value in
hexadecimal format.

The user enters the address field content and the data field content of the I°C/SPI frame to be sent, and reads
CRC result.

Pl c (®) st —— 1.Select protocol
Operation: ® Read wite &= 2. Select operation
Device Address: ‘I .
3. Enter address fields
Register Address: 0x00 ‘l
Data: 0x0000 &— 4. Enter data field
CRC: NV €—————— 5 Read CRC result
Polynomial: [x"8 + x4 +x"3 +x"2+1]
Calculate
T~
]
6. Compute CRC using given polynomial
aaa-052476
Figure 78. CRC Calculator
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6.5.7 MCU PINS

The MCU PINS tool provides a means of reading and setting the S32K144 input and output pins for signals
FSOB, INTB, RSTB, FCCUx, LVIOx:

* FSOB, INTB, RSTB are MCU inputs.

* FCCUx are MCU outputs.

* LVIOx can be configured as input or output for the MCU depending on the configuration on the FS2320
device.

Note: The configuration of LVIOx pins must be done by OTP. Depending on the chosen functionality for
LVIOx pins, the hardware must be configured as explained in Section 4.4.10.

The MCU PINS panel consists of three sections:

* Log window: Maintains a running log of events initiated during the current session. A drop-down menu in the
upper left allows the log to be filtered by register read, register write, pin read, and pin write. Buttons in the
upper right allow the Log window contents to be saved, cleared, or run.

* 1/0s Function Selection window: To use the MCU PINS tool, it is mandatory to select the FS23 1/Os settings
as configured in OTP/Mirror tabs in order to configure MCU pins accordingly. Without this information, MCU
pins cannot be configured properly.

* MCU Input Pins Reading window: To read or poll the listed MCU pins during a selected time duration.

* MCU Output Pins Setting window: To set the FCCUx and LVIOx (when configured as output) pins high or
low on MCU side.

o Log Window @] MCU Input Pins MCU Output Pins
Filter ~ || €| B ]
— FSOB_MCU: N/V Duration 100 ms % Poll Read FCCU1_MCU : Low High
<> . ;
- INTBMCU: N/V Duration 100ms = | Pol Read | || FEQU2MEU: O Low O High
@ RSTBLMCU :  N/V MCU Input Pins poll Read e MCU Output Pins High
el Reading Window LVIO-  Setting Window High
LVIO3_MCU : NIV  curwuunr | svw s Poll Read A
) LVI5_MCU : Low High
MIRROR Log Window LVIO4_MCU : N/V Duration 100ms % Poll Read
- | LVO6_MCU: N/V Duration 100ms |+ Poll Read
MCU PINS
tool 10s Function Selection
°|" Select the FS23 10s settings as configured in OTP/Mirror
k= FCCU1 : Enabled .
Pl 10s Function
1 FCCU2 : HVIO1/2 Selection Window LVI5 Disabled
- LVIO3 : FS23 Input () F523 Output/LIMP1
&rn LVIO4 : FS23 Input FS23 Output/LIMP2
LIN
aaa-052649
Figure 79. MCU PINS tool
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The CAN tool provides a means to use the CAN transceiver on FS2320. The CAN tool allows the user to
configure the CAN bus on the MCU side and send edited frames on the bus sporadically or periodically with a
selectable repeat rate. CAN logs are displayed.

The CAN tool panel consists of four sections:

MCU CAN Configuration window: The WRITE section allows the user to configure the CAN on the MCU

S32K144 side by choosing the baud rate, CAN Tx ID (the Device transmits a frame to this ID), and Rx ID
(Device’s ID), and payload size (data length). The READ section allows the user to read back the MCU
FlexCAN module configuration, and check the FlexCAN module status on the MCU side, and the CAN
transceiver status on the FS23 side.

selectable repeat rate from 1 ms to 100 s.

hexadecimal values. CAN frames can be imported and saved as CSV files.

CAN Log window: Displays exchanged frames.

CAN Send window: To send wake-up frames and to send CAN frames sporadically or periodically with a

CAN Frames Editing window: To edit the frames to be sent on the CAN bus (up to 64 bytes) with

Log Window
Filter Messages
FS2320 [M_CAN:0x2a]W:0x02a0; C...
FS2320 [ CAN Conf Write J:executed
FS2320 [ CAN Conf Read J:executed
FS2320 [M_CAN_LIN_MSK:0x2c]R:0...
FS2320 [ CAN Data Sent |

pipidioivia

CAN tool

wcuoms.

cAN

o

LN

Log Window

Figure 80. CAN tool panel

BaudRate :  |CAN FD at 5 Mbps A
CANIDTx: |1 =
CANIDRx: |2 >
Payload Size |8 X
MCU CAN
Configuration
window

BaudRate : CAN rU at 5 Mbps
CAN TXID : 1

CANRxID : 2

Payload Size 8

FlexCAN status:
No Error
FS2x CAN Mode:
CAN_ACTIVE
Read

Repeat Rat =
CAN Send window

Send Loop

Wake Up

Oxaa
Oxaa
Oxaa
Oxaa
Oxaa
Oxaa
Oxaa

05~

CAN Frames
Editing
window

0

0

0xff
Oxff
Oxff
Oxff
Oxff

Oxff
Reset Frame (0xFF)
Load Frame

Save Frame

e
BAIE AL CU CAN Configuration-WRITE

CAN Logs

=> S[1]: Time: 16:53:15; DATA: Oxaa; Oxaa; Oxaa; Oxaa; Oxaa; Oxaa; Oxaa; Oxaa;

CAN Log window

Clear

Save

State Diagram

W s0-write MCU
CAN config

A

Read MCU
CAN config

.

51 Configure CAN
transceiver mode

—— CAN State diagram

.. [[——
@ i i
@ NXP GUI Operation

ol

MCU is ready to send/receive

frames with current configuration

| Show Diagram
Current Status: $3 [CAN Communication Active]

<

[«

[

No

Yes

Has any
error occured?.

Read MCU
CAN config

aaa-052477

Note: To understand the behavior of the CAN on MCU side, a diagram of the CAN state machine
implementation in the MCU can be displayed.
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6.5.9 LIN

The LIN tool provides a means to use the LIN transceiver on the FS2320. The LIN tool allows the user to
configure the LIN bus on the MCU side and send edited frames on the bus sporadically or periodically with a
selectable repeat rate. LIN logs are displayed.

The LIN tool panel consists of four sections:

* MCU LIN Configuration window: The WRITE section allows the user to configure the CAN on the MCU
S32K144 side by choosing the baud rate, LIN ID (ID 0 is defined as Master’s ID by default), Master/Slave bus
control position, and payload size (data length). The READ section allows the user to read back the MCU LIN
module configuration, and check LIN module status on the MCU side and the LIN transceiver status on the
FS23 side.

* LIN Send window: To send wake-up frames and to send LIN frames sporadically or periodically with a
selectable repeat rate from 44 ms to 100 s.

* LIN Frames Editing window: To edit the frames to be sent on the LIN bus (up to 8 bytes) with hexadecimal
values. LIN frames can be imported and saved as CSV files.

* LIN Log window: Displays exchanged frames.

. Log Window BE
Fiter Messages AL LIN Logs
am AR
» FS2320 [M_LIN:0x2b]W:0x4400; C... BaudRate: 9600 v | ||oxan => S[1]: Time: 17:02:40; DATA: 0xAA; 0xAA; OxAA; 0xAA; OXAA; OXAA; OxAA; OxAN;
FS2320 [ LIN Conf Write J:executed 7
LUNIDTx: 60 B
" |£52320 [ LIN Conf Read J:executed * OxAA U (e
&y [FS2320 [M_CAN_LIN_MSK:0x2dJR0...| | Payload Size oA
— x
F$2320 [LIN Data Sent ] Node Type:  (8) Master Slave
<> o , OxAA
& Direction: (@ Master Send () Master Receive Clear Save
—m OxAA
R MCU LIN . State Diagram
e Configuration
; | Mcu L cor i I |0
N e N s0-Write McU N Readmcu ~ Yes
- za:qria}eD 8 :guu O0xAA LIN config LIN config
(] Payload Size 8 OxAA ry No
- Node Type: Master v
LIN tool Direction: Master Send LIN Frames No IsUN
Log Window FlexLIN status: Editing el transceiver
can LIN_NO_EVENT window e
= FS2x LIN Mode: <
— TRX_ON v
Read device [N o No
— LIN State diagram ":‘r"d i error occured?.
— ration
[ [——— :
Repeat Rate s
LIN Send window Optional User Action Read MCU
i o
T @ ¥ iOpmin :
MCU s ready to send/receive s3-sareun R
frames with current configuration communication
Reset Frame (0XFF)
Lo Frame V| Show Diagram
ETm—— Current Status: $3 [LIN Communication Active]
aaa-052478
Figure 81. LIN tool

Note: To understand the behavior of the LIN on MCU side, a diagram of the LIN state machine implementation
in the MCU can be displayed.

UM11881 All information provided in this document is subject to legal disclaimers. © 2023 NXP B.V. All rights reserved.

User manual Rev. 2 — 25 September 2023

59 /81



NXP Semiconductors U M 1 1 881

KITFS23BUKEVM evaluation board

7 Setting up and running the KITFS23BUKEVM

This section gives guidance on how to set up and run KITFS23BUKEVM evaluation board and GUI.

The device has a high level of flexibility thanks to the parameter configuration available by using the OTP
registers. The user should learn about OTP and Mirror registers before operating with the device.

7.1 Setting up the KITFS23BUKEVM
The procedure for setting up the KITFS23BUKEVM board is as follows:

1. Make sure the board has the jumpers and switches configured in their default positions. The default
debug configuration enables the board to be fully controlled by the S32K144 MCU (via IZC) and the GUI.
Section 4.4 shows the default jumpers and switches configuration for the FS2320 part.

2. Connect the power supply to J6 (Phoenix connector - 3.81 mm). The power supply should be set to a
nominal value of 14.0 V.

OR Connect the power supply to J2 (Jack connector) via a 14.0 V battery.

Note: When connecting loads to the boards, check that the J37 jumper is in position J37-1-2 to avoid
drawing current from the USB line. Place jumper in position J37-1-2 to supply 5.0 V from onboard LDO
connected to VIN. Place jumper in position J37-2-3 to supply 5 V from the USB line.

3. Make sure the USB cable between the board and the PC is securely connected. This connection is critical
because the USB port serves as a communication channel between the PC and the S32K144 MCU
onboard, and provides voltages and references to some onboard circuits.

4. Place SW1 to position SW1-3 if the power supply is connected to J6.

OR Place SW1 to position SW1-1 if the power supply is connected to J2.

7.2 Connecting the KITFS23BUKEVM to the GUI

The procedure for connecting the KITFS23BUKEVM to the GUI is as follows:

1. To launch the NXP GUI application, see Section 5.3.

2. In the USB and Device Status bar at the bottom of the GUI window, the State message should display
"DISCONNECTED" when the USB cabile is plugged in, but communication has not yet been established
between the S32K144 MCU and the FS2320 SBC.

USB cable plugged in, communication not established yet State: DISCONNECTED

88a-049530

USB cable not plugged in State: NOT DETECTED

222-049531

3. To establish communication between the S32K144 MCU and the FS2320 SBC and allow the GUI to
take control, click Start in the Connection toolbar in the top left corner of the GUI window. Once the
communication is established, the State message becomes "CONNECTED".

USB cable plugged in, communication established State: CONNECTED

222-040528

Note: If the Start button does not light on and stays grey, the FTDI driver might be missing. To confirm this,
access to the Windows Device Manager and look for FT230X Basic UART device.
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File Action View Help

| pE—— == =
&= @ EH ER B
] : . T
v s FT230X Basic UART Properties X
i} Audio inputs and outputs
@ Batteries General Driver Details Events
& Biometric devices
£ Bluetooth ! ?)  FT230X Basic UART
@ Cameras
(4 Computer Device type: Other devices
I'.? ControlVault Device
; ¥ Manufacturer: Unknown
== Disk drives
Od Display adapters Location: Port_#0004 . Hub_#0002
i Firmware ‘
v+ Human Interface Devices Devics status
=2 Keyboards Irrhe drivers for this device are not installedlCode 28)

£ Memory technology devices
Q Mice and other pointing devices
B3 Monitors
¥ Network adapters
v R? Other devices

r]i,s FT230X Basic UART |

There are no compatible drivers for this device.

To find a driver for this device, dlick Update Driver.

7= Print queues Update Driver
u Processors
07 Security devices &) Change settings
[ Sensors
w Smart card readers
Cancel
!* Software components
B céhuara dovicac v

aaa-049529

Figure 82. How to add FTDI driver from Windows Device Manager

Note: To solve this issue, look for the FTDI USB Serial Port driver corresponding to your PC and install it. For
Dell computers, the package can be downloaded at this address.

7.3 Operation modes

The KITFS23BUKEVM provides three distinct operation modes with direct impact on device functionalities.
Understanding these modes helps the user interact with the GUI properly.

Note: When using the KITFS23BUKEVM for the first time, it is recommended the user start the device in
Debug mode so the Watchdog function is not active. Indeed, the Watchdog must be configured in Debug mode
before starting the device in Normal mode for the first time. Otherwise a Watchdog error is detected. To start
the device in Debug mode, the hardware should be configured accordingly. See Section 7.3.1.2. Once the
Watchdog is configured, Debug mode can be exited from the GUI.

The voltage level on FS2320 DEBUG pin is one condition for entering a given operation mode.

Section 4.4.11 gives more information about onboard hardware enablement of Debug mode and Test mode
context.

Table 16 gives the hardware configuration conditions to enter Normal, Debug or OTP/Test mode.
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Table 16. Mode entry hardware conditions

KITFS23BUKEVM evaluation board

Configuration
Board configuration
Normal mode Debug mode entry OTP/Test mode entry
J10 (DBG) J10 OFF J10 ON J10 ON
SW12 (OTP) SW12 OFF SW12 OFF SW12 ON
SW10 (DCDC_EN) SW10 OFF SW10 OFF SW10 ON

Figure 83 gives an overview of the device modes and actions to do in the GUI or on the EVB to enter or exit
modes. Test mode stays active for as long as nothing is written in TM_ENTRY register. Therefore, it is possible
to be in Test mode and Normal mode at the same time.

POR or wake-up from LPON/LPOFF without slot bypass

If VDBG =8V (J30, SW12, SW10 ON) If VDBG =5V (J30 ON, SW12 and SW10 OFF)

Debug mode
RSTB 8 s [ timer disabled, watchdog disabled,
CAN and [ LIN transceivers ACTIVE by default

Fotrmode ~ T & T T T T T T T T oo oos "

|
If SPI/12C keys correct |
(In GUI: click on Test Mode) |

Anything is written in TM_ENTRY

: & (In GUI: click on Test Mode)
|

In GUI: click on Exit OTP Mode or pull DEBUG
pin to GND (SW12 OFF)

=
INIT mode

|
: Watchdog window can be set to fully opened here
|

Send SPI/I2C command

aaa-052479

Figure 83. Device modes
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7.3.1 Debug mode

7.3.1.1 Debug mode definition

The device starts in Debug mode when the hardware is configured accordingly. This mode requires the DBG pin
to be connected to VBOS through a diode to enter Debug mode automatically at startup. On the board, jumper
J30 ON and switches SW10 and SW12 OFF connect the DBG pin to VBOS through a diode.

Debug mode works in parallel with Normal mode or Test mode. When Debug mode is active, the device runs
with limited functionalities as some functions are disabled.

Note: In Debug mode, RSTB 8 seconds timer is disabled, Watchdog is configured with infinite timeout, and the
window is fully opened (equivalent to disabled), the CAN and LIN transceivers are set in Active mode by default.

Debug mode is helpful during software development if the device has those functions enabled by OTP.

7.3.1.2 Debug mode activation

There are two ways to activate Debug mode:

7.3.1.2.1 With the GUI using mode selection in Connection toolbar (recommended)

Set the default jumper configuration. See Section 7.1.
Verify that switches SW10 and SW12 are OFF (disables OTP 8 V generation).
Verify that jumper J30 is ON (enables Debug mode).

Plug the USB cable between the PC and the board. The blue LED D14 for OTP 8 V generation is OFF. The
green LED D15 for Debug is ON.

Apply power supply VBAT.
Open the GUI and start the connection.
7. Check that the GUI has detected Debug mode in the USB and device status bar:

Pobn-=

o o

SM CURRENT STATE : Normal Mode Debug-Mode :[_Active |
aaa-052480

Figure 84. Debug mode active
8. The equipment is now set to Debug mode.

7.3.1.2.2 Without the GUI (hardware only)

Set the default jumper configuration. See Section 7.1.

Verify that switches SW10 and SW12 are OFF (disables OTP 8 V generation).
Verify that jumper J30 is ON (enables Debug mode).

Apply power supply VBAT.

The device powers up and operates in Normal mode. The blue LED D14 for OTP 8 V generation is OFF.
The green LED D15 for Debug is ON.

a koD~

7.3.1.3 Debug mode deactivation

Once activated, Debug mode can be deactivated by software by sending an I>C/SPI command via the GUI with
the ACCESS tool:

» With the thematic tabs: in Main tab, in the Device State box, select checkbox Exit Debug mode, then click
Write.

» With the Register Map: in the Functional subtab, set DBG_EXIT bit to 1 in M_SYS1_CFG register.
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Note: Taking off Debug Selection jumper J30 will not automatically deactivate Debug mode, as DBG 5 V on
FS2320 DEBUG pin is only a condition for Debug mode entry. Therefore, it is not a condition to remain in Debug
mode.

7.3.2 Test mode

7.3.2.1 Test mode definition

Test mode allows the user to write in the Mirror registers to configure or reconfigure the device for customer
evaluation and to burn OTP fuses.

Note: Mirror registers are an emulation of OTP registers. In case of a POR, the Mirror registers are reset to the
default OTP configuration (empty if OTP not burned).

Test mode requires DEBUG SELECT jumper ON, DEBUG = +8 V (Debug mode is therefore enabled when Test
mode is enabled) and valid Test mode keys sent by SPI/I%C. Permanently fusing all the data stored in Mirror
registers to the OTP sectors necessitates an extra key command, available in the PROG tool. The OTP fuse
burning process is explained in Section 7.8.

When the Mirror registers configuration is done, the user can move to Normal mode to power up the device with
the given configuration.

7.3.2.2 Test mode activation: hardware and software

In order to start the device with a configuration loaded in the Mirror registers, follow the instructions below:

1. Set the default jumper configuration. See Section 7.1.

2. Set switches SW10 and SW12 ON (enables OTP 8 V generation).
3. Verify that jumper J30 is ON (enables Debug mode).
4

. Plug the USB cable between the PC and the board. The blue LED D14 for OTP 8 V generation and the
green LED D15 for Debug are ON.

Apply power supply VBAT. This action loads the Mirror registers with burned OTP configuration if present.
Open the GUI and start the connection.
7. Select Test mode from Connection toolbar:

o o

Click to activate Test mode

/lstop “ Test Mode IExit OTP Mode li OTP mode is inactive

GUI started

Stop || Test Mode [[Exitorp Mode|—— Click to exit OTP mode

Test mode is active

aaa-052494

Figure 85. Test mode

7.3.2.3 Test mode deactivation

Once activated, Test mode can be deactivated using the GUI by clicking on the green Test mode button from
the Connection toolbar. Once Test mode is exited, the device goes to OTP mode as long as OTP mode exit
actions are not completed. When OTP mode is exited, then the device transitions to Normal and Debug mode.
See Section 7.3.1.3 to learn more about the connection between Debug and Normal mode.

Note: Only switching off "OTP mode enable" SW12 without changing mode in GUI will not automatically
deactivate Test mode, as OTP 8 V on FS2320 DEBUG pin is only a condition for Test mode entry. Therefore, it
is not a condition to remain in Test mode.
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7.3.2.4 Test mode operation

Operating in Test mode allows the user to create and test a preliminary version of a desired configuration in the
Mirror registers, prior to submitting the configuration to the OTP fuse burning process.

There are two ways to load Mirror registers:

» With a TBB script via SCRIPT tool. See Section 6.5.4.
¢ With the MIRROR tool. See Section 6.5.5.

These methods are functional with an empty or burned part. The procedure is explained in Section 7.7.
7.3.3 Normal mode

7.3.3.1 Normal mode definition

The Normal mode operation is used for final product test in automotive environment. Normal mode entry at
power-on reset requires DEBUG SELECT jumper J30 = OFF and DEBUG = GND. When Normal mode is
active, the device operates with all the functionalities enabled by the loaded OTP configuration.

7.3.3.2 Normal mode activation

There are two ways to activate Normal mode:

7.3.3.2.1 With the GUI using mode selection in Connection toolbar (recommended)

Set the default jumper configuration. See Section 7.1.
Verify that switches SW10 and SW12 are OFF (disables OTP 8 V generation).
Open jumper J30 (disables Debug mode).

Plug the USB cable between the PC and the board. The blue LED D14 for OTP 8 V generation and the
green LED D15 for Debug are OFF.

Apply power supply VBAT.
Open the GUI and start the connection.
7. Check that the GUI started in Normal mode from the USB and device status bar:

Pobd-~

oo

Normal mode is active Test mode and OTP are not active

when Normal mode is active
In parallel to Normal

mode, Debug mode
can be active or not

SM CURRENT STATE : Debug-Mode :
SM CURRENT STATE : Normal Mode 'Debug-Mode :

aaa-052468

Figure 86. GUI in Normal mode
8. The equipment is now set to Normal mode.

7.3.3.2.2 Without the GUI (hardware only)

1. Set the default jumper configuration. See Section 7.1.

2. Set switches SW10 and SW12 OFF (disables OTP 8 V generation).

3. Open jumper J30 (disables Debug mode).

4. Apply power supply VBAT.

5. The device powers up and operates in Normal mode. The blue LED D14 for OTP 8 V generation and the
green LED D15 for Debug are OFF.
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7.4 Generate a TBB script

A TBB file is needed to burn OTP fuse or to emulate an OTP configuration by filling the Mirror registers through
the Script tool.

To generate a TBB file, follow the procedure:
1. Go to OTP tool from the Tool Access bar:

File View HNLLLVSTINY Help DEV_build
FS23 4: Export OTP configuration to TBB script Wictreti | period (256 ms (emultyaie) »
H
R R Functional Safety | ProgramID  Calculator NXP Only ~
ave
Access - RS Clock Configuration “ | Comparly Name*
o oy : : . ;
2 o wop_en_o 20is: Import OTP configuration from a previously saved CFG file Locatio
Pt efault CFG
HSDT. N_OTP MOD_CONF_OTP | Triangular modulation is selected x ‘ Contact Name*
E LDTIM_EN_OTP Export current OTP configuration to CFG file ContactfF-mal*
m LIN_EN_OTP Phone Number*
b4 (PP Addressi#1*
1: Open OTP tool R
— ) f fra 3: Provide Customer and Program details
O Spr_EN_OTP 2: Choose OTP configuration fitting grar
I2CDEVADDR_OTP  |12C address is 0x20 ¥ your application’s needs Zip Codf*
ow
ALL_CLK_IMHZ_ON  |No force = Country]
_wl E!_ ALL_CLK_20MHZ_ON |No force > ‘ Other Ifo
i WAKEs Configuration LVIOs Configuration
L Program Name*
= WKIPUPD_OTP  WAKEL internal pull down and pull up are configured as cell repe: ¥ LVIO3_SLOT_OTP LVIO3 polarity is changed in slot 0 -
e | WK2PUPD_OTP  WAKE2 internal pull down and pull up are configured as cell repei ~ LVIO3_HS_EN_OTP Spollctiony
LVIO3_LS_EN_OTP Production Date
LVIO3PUPD_OTP LVIO3 internal pull down and pull up are configured as cell repeal ¥ Sample Date*
LVIO3_OUT_DFT_OTP Other Info
LVIO4_SLOT_OTP | LVIO# polarity s changed in slot 0 - g:‘g‘leDTWe :523200"' =
LVIO4_HS_EN_OTP OTP Revision A
LVIO4_LS_EN_OTP Part Number PFS2320AMMAQES
LVIO4PUPD_OTP LVIO4 internal pull down and pull up are configured as cell repeal ~ R autoncite >~
aaa-049536

Figure 87. TBB script

2. Configure the OTP parameters to fit the application’s needs or import OTP configuration from a previously

saved CFG file. Be aware that the displayed parameters differ depending on selected device type (ASIL B

or QM) in Program Details box.

Enter Customer and Program details in the window on the right side.

4. When done, export directly the OTP configuration to a TBB script by clicking Export in the Framework
settings bar and choosing TBB:

5. Select the desired folder to save the TBB script:

W

File name: | FS2320_MAO_TBB_Rev_A

Save as type: | Configuration Files(*.txt)

aaa-049752

Figure 88. Save folder

Note: The script file must have a “FS2320” prefix.
6. TBB is now generated and saved. See Section 7.11.

7.5 First-start procedure: configure Watchdog as Infinite Time Out

This procedure is to be used as a first-start and allows the user to enter system-level Normal mode execution
with the Watchdog configured with infinite timeout and window fully opened (equivalent to disabled).

1. Set up and connect the KITFS23BUKEVM to the GUI using Section 7.1 and Section 7.2.

2. If the FS2320 part is empty or if the configuration loaded from OTP should be modified:
a. Enter Test mode using Section 7.3.2.2.
b. Load a configuration in MIRROR tool, then write the configuration in the Mirror registers.
c. Exit Test mode from the Connection toolbar.
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3. Exit the OTP mode by turning SW12 OFF, or clicking the Exit OTP mode button from the Connection
toolbar.

Go to ACCESS Main Tab and click Read all to check that the device is in Normal, Debug, and INIT mode.
Go to ACCESS Watchdog and configure Watchdog with Infinite Time Out.

Unlock the INIT phase exit by writing '1" in Lock INIT from ACCESS Main Tab in Device State box.

Exit Debug mode from ACCESS Main Tab in Device State box.

In ACCESS Watchdog, write seven WD Answer Good, then release FSO0B and LIMPO.

© N oA

Figure 89 shows the sequence of steps (from step A to step J) to perform in ACCESS tool:

A. Open ACCESS tool B. Go to Main Tab C. Read content
|
O Regulators B Interrupts i AMUX @ General 10s @ Physical Ldyers @ cre »
e [ v
<> m
| - - IRzgdax/spg Event i ;xevenlomrred pece entlomsinode I
; mectun s decbied VSUP Event No error Go toNomalHode . 3
| & uar moduation s selected | | Wake-up Event Noevent G DN hoth OJE Soae
| G- Physical Layer Error Noerror Exit OTP Mode
| @ I0Event Noevent Debug Mode Device isin Debug mode s
Ll H. Exit Debug-mode -{ Exit Debug Made
| MRROR 2 (et RS LFON Mode Device is Not in LPON mode
i . Go toLPON
| Read
POWER | Go to LPOFF
| W ovunras
| ) BATFail Battery faiure event occurred Go to INIT
| - PoREvent Dol (5, Unlock INIT phase -{ Lock INIT v }ngemrrm.sw
VBOS_UV  No event aeteciea
| HE Request Soft POR
MCU PINS. -
& D. Read and check current modes
1 b v
! e

E. Go to WatchDog

el Register Map @ INIT safety © Diagsafety @ Main Tab O Regulators % Interrupts ol AMUX §

WatchDog
Watchdog Type Watchdog Window is disabled (Watchdog Time out) NN
Guodwatchdgrefiesn  [_woammerced = |. Send seven times WD Answer Good st Recorded ror Count 1Y
Bad watchdog refresh WD Answer Bad
FSOB release FSOB Release Command
FS0B release script FS0B Release saript
LIMPO release LIMPQ Release Command
LIMPO release script LIMPO Release script

P08 and PO release J. Release FSOB and LIMPO

FSOB and LIMPO release script | FSOB and LIMPO Release script

WD_TOREN NN
F. Conflgure Watchdog with Infinite Time Out :,Nv

Fhuit error counter NV Last Recorded Refresh Count: NNV

WD Window Period INFINITE Time Out, Window fully opened v INV

WD Window Recovery INFINITE Time Out, Window fully opened v NV

WD Window Recovery Enable | Watchdog recovery is disabled ¥ NN

Disable WD in LPON mode WD stays enabled in LPON w* NN

Write Read

aaa-052481

Figure 89. ACCESS tool

Note: If FSOB and LIMPO cannot be released after resetting the fault error counter, check that no interrupt is
still pending and triggering FSOB or LIMPO assertion.
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7.6 OTP and Mirror registers

The device incorporates one OTP block for configuration. The OTP block is shared for main parameters and
fail-safe parameters. Two sectors, S1 and S1bis, are available for the OTP block so the device can be fused
twice. The OTP configuration scheme is shown in Figure 90.

FS23 Mirror OTP fuse
configuration register configuration
12C S1 - config S1 - config

E Primary config \

. S1bis - config
|:| Images config

aaa-049787

Figure 90. OTP block diagram

At device start up, the content of the last-programmed sector is loaded into the Mirror registers. The Mirror
registers content is accessible from the NXP GUI. See Section 6.5.5. The NXP GUI manages the Mirror
configuration, which facilitates access and content manipulation for OTP emulation. See Section 7.7.

The NXP GUI provides a tool to perform OTP programming, see Section 7.8. The first sector to be burned is S1,
the second is S1bis. The NXP GUI automatically manages the second sector programming. It is not possible

to revert to the previous sector. Once the user has reached S1bis, it is not possible to burn the part again.
However, OTP emulation mode is still available.

7.7 Operate OTP emulation by loading configuration in the Mirror registers

Mirror registers are an emulation of OTP registers. Mirror registers can be read/written multiple times, whereas
OTP registers can be burned once.

Mirror registers can be read and written in Test mode only. See Section 7.3.2.

In case of a power-on reset, the Mirror registers are reset to the default OTP configuration (empty if OTP
sectors not burned).

The MIRROR tool provides access to all Mirror registers with a similar disposition to OTP tool.

7.7.1 Modify the Mirror registers with a TBB script

From a Test mode active environment, the Mirror registers can be configured using the SCRIPT tool. See
Section 6.5.4.

1. In the SCRIPT tool, click OPEN in the Script bar to load the TBB script file into the Script Command window.

PO LIn] & 2

RUN LD SAVE OPFEN CLEAR H{.I P

aaa-049539

Figure 91. Script bar: Open
Note: The script file must have a “FS2320” prefix.
2. To execute the TBB script, click RUN in the bar at the bottom of the Script Command window:
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4 + 2
aaa-049540

Figure 92. Script bar: Run
3. Deactivate Test mode to start device with given configuration and load the SPI/I*C functional registers with
the Mirror registers content.

As a crosscheck, open the ACCESS tool and check the fields in the Regulators tab, for example. If the
operation completed without problems, all fields should display expected configuration.

7.7.2 Modify the Mirror registers with the MIRROR tool

To configure the Mirror registers, the MIRROR tool can be used to write/read directly into Mirror registers. See
Section 6.5.5. This requires Test mode to be activated.

1. Open the MIRROR tool from the Tool Access bar:

FS2320 | stop | [testmode ~ |poliing 12C Frequency(KHz):400 | Main ADD: [0x2 ¥ | Enable WatchDog Refresh Period 256 ms (default value) ~ )14

o :00 Window U4 g | System Confiquation _ Reguitors __Functional Safety__ Program 1D [ Read Al | [wiite ll | [Load cFo] [save cre]

e | Ol Messa0cs ML 1P AL System Configuration 5 3 2
F52320 [M_MIRRORCMD:0x7elW:0x0137 = ygp4 EN_oTR HSD2 and HSD4 are disc| | MOD_EN_oTp @ad current mirror registers content

crmen. | 52320 [M_MIRRORDATA:0x7dJR:0x3030 HSD13_EN_OTP. HSD1 and HSD3 are disz | | MOD_CONF_( 5 5 5 z ;

Open Mirror tool ACT CFGOBTIR.. | || oy e orp LOT is disabled Write current configuration to mirror registers

TA:0x7d]W:0x00ea

[ 1752320 [M_MIRRORCMD.0:7aW:0x0135 | [ 2o EVC et Import registers configuration from CFG file
F52320 [M_MIRRORDATA:0x7d]R:Oxeaea e i e ) . . . .
ssson | FS2320 [OTP_UV_DGLT_CFG:0x35]R:Oxea end il a——— Export current mirror registers configuration to CFG file
. £52320 MIMIRRORDATA e W0 IZCBEV;DDR OTP | 12C add is 0x20 ¥ |12C address is 0x20
souens | 152320 [M_MIRRORCMD:0x7€]W:0x0131 = pcEssisi .
F$2320 [M_MIRRORDATA:0x7 d]R-0xffff ALL_CLK_1MHZ ON  |No force ~ |No force

aaa-049541

Figure 93. MIRROR tool

2. Configure Mirror registers to fit the application or load an existing configuration by importing a CFG file.
Note: It is possible to load a configuration from a previously made configuration saved as a CFG file, using
the Load CFG button in the top-right corner of the Mirror tool.

3. Once done, click Write All. As a crosscheck, click Read all. If the operation completed without problems, all
fields should display expected configuration.

4. Deactivate Test mode to load the Mirror registers with the given configuration and start the device.

Note: It is possible to save a current mirror registers configuration as a CFG file, using the Save CFG button in
the top-right corner of the Mirror tool.
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The PROG tool is used to permanently burn the FS2320 fuses with the customer’s OTP configuration from a

TBB script file. See Section 6.5.3.

The TBB script can be generated from an OTP configuration. See Section 7.4.
Note: The TBB file must have "FS2320" as a prefix.

An FS2320 device can be burned just twice.

Requirement: Make sure that the socket contains a device that has not yet been burned before starting the

burning process.

Follow this procedure to verify that the part is empty:

1. Set the default jumper configuration. See Section 7.1.

o

Set switches SW10 and SW12 ON (enables OTP 8 V generation).
Verify that jumper J30 is ON (enables Debug mode).
Plug the USB cable between the PC and the board. The blue LED D14 for OTP 8 V generation and the

green LED D15 for Debug are ON.

Switch to Test mode.

© ooNO O

Open the PROG tool from the Tool Access bar.
Check the flags in the Sector Flags section of the Fuse Box Status window. See Section 6.5.3.3

The device is empty and capable of being burned if Sector 1 is set to 0 (blue). All
sector flags are set to 1 (orange) once the part is burned twice. Once the sector
is burned, the sector flag is set to 1 (orange). The figure to the right shows the
Sector Flags status in the Programming interface for an empty part.

The figure to the right shows the Sector Flags status in the Programming

interface for a part burned once.

Programming procedure:

Apply power supply VBAT (this action loads the mirror registers with burned OTP configuration if present).
Open the GUI and start the connection.

Fuse Box Status

]

IFused (] |

Sector 1 Flags

Fuse

d C\l
A\

Blue: Sectors not fused

aaa-052668

Figure 94. Sector flags status for an
empty part

{[Fuses @] | Fused [

: Sector fused . Blue: Sector not fused
L J
aaa-052669

Figure 95. First sector burned

1. Set the default jumper configuration. See Setting up the KITFS23BUKEVM.

Powbd

Set switches SW10 and SW12 ON (enables OTP 8 V generation).
Verify that jumper J30 is ON (enables Debug mode).
Plug the USB cable between the PC and the board. The blue LED D14 for OTP 8 V generation and the

green LED D15 for Debug are ON.

o

Apply power supply VBAT.

6. Open the GUl in ’c (default) mode, start the connection and switch to Test mode.
For I°C configurations, jump to step 8. For SPI configurations, follow step 7.

Um11881

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

© 2023 NXP B.V. All rights reserved.

User manual

Rev. 2 — 25 September 2023

70/81



NXP Semiconductors U M 1 1 881

KITFS23BUKEVM evaluation board

7. Open the MIRROR tool (requires Test mode) from the Tool Access bar, and set SPI_EN_OTP bitto "1". A

popup appears to inform that protocol has been changed. Change jumpers positions as recommended.
8. Open the PROG tool (requires Test mode) from the Tool Access bar, and load the TBB file.
9. Click Program to start the burning process.

10. A popup window appears to ask for confirmation of burning. Confirm to launch the burning process.

At the end of OTP programming, change the jumper configuration and restart the device completely before
going to Normal mode.

A good check is to use the AMUX panel in the ACCESS tool to see if all regulators values are correct.
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Programming procedure

Set the default jumper
configur

Set jumper 30 ON to
enable Debug mode

Piug the USB cable between
the PC and the board

Note: D14 is a blue LED signaling OTP 8 V generation activation.
D15 is a green LED signaling Debug mode activation.
Hint: J37 shall be in position 2-3 at this point to activate OTP 8V generation.

rtthe GUI and Note: If the part has been programmed once already, the selected protocol from the
to Protocol Selection box shall match the previous config to enter Test mode.

Part with
SPlor I°C
protocol?

Set SPI_EN_OTP bit
in MIRROR tool to

change protocol to SPI e %
e — <
Change jumpers 128/129/ ) =

forr Lk ————
e Sy

131/132 to position 2-3

(3

Divica Progruaiag Coalhgirstion

atmrie oowe
— G B8 File. Mot sebected.
UplmpaRd BB fil T

Select TBB script file from repository

on Program 1o

Loaded TBBfile
the buming proc

Programming status

frogam i Click to start the bumning process

T —

of the burning proc

Change jumper config
to match the application
and restart the device

aaa-052500

Figure 96. Programming procedure
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7.9 Save a routine from Log window then Run it as a Script

The Log window shows the requests and answers transiting between the S32K144 MCU and the FS23 device.
The commands are sent using 1°C or SPI protocol depending on user’s choice.

Requests are sent to FS23 after a user action on the graphical interface. Answers are received by MCU, then
displayed to the user in the graphical interface. These exchanges are stored in the Log file.

When the user must operate the same routine multiple times on the device, for example to automate loading the
Mirror registers, as shown in Figure 97, it is possible to record the actions from the Log file then run the routine
later as a Script.

12C/SPI commands are displayed in Log Window

FOAD LU |2V | [WUII0UE * Fomiy 1201 eyuei
Log Window B®

sccuss, | Filter Messages CE A4

<> FS2320 [MiM|RRORDATA:0X7d]WZO)¢7e =
FS2320 IM MIRRORCMD-v7alW-0v# 11+

WD |£s2. 1) SAVE the Log to a .txt file .

& rs2320 [OTP_DEVICE_VER:0x1CJR:0x7e

PROGY | FS2320 [M_MIRRORDATA:0x7d]W:0x0000

[ FS2320 [M_MIRRORCMD:0x7e]W:0x012f

wmor | FS2320 [M_MIRRORDATA:0x7d]R:0x0000

. FS2320 [OTP_MAIN_SYS_I2C_CFG:0x2F]R:0x00
FS2320 [M_MIRRORDATA:0x7d]W:0x003a

FS2320 IM MIRRORCMD:0x7elW:0x0122

= o= o

e

POWER

SCRIPT tool gives access to Script Commands Window

IFDLD LU |PWp | (wumoue - rumny 1euriequency(nng).400 | Main ADD: [0x2 ¥ | Enable WatchDog Refres
@ Device FS2320 Script Commands Window Script Results Window
= s FS2320 || FS2320 [M_MIRRORDATA:0x7d]W:0x007e 2
E FS2320 [M_MIRRORCMD:0x7e]W:0x011c
" Digial Pins FS2320 [M_MIRRORDATA:0x7d]R:0x7e7e
FS2320 [OTP_DEVICE_VER:0x1C]R:0x7e
MR F52320 [M_MIRRORDATA:0x7d]W:0x0000
@ Registers FS2320 [M_MIRRORCMD:0x7e]W:0x012f
—— FS2320 [M_MIRRORDATA:0x7d]R:0x0000
e |FE FS2320 [OTP_MAIN_SYS_I2C_CFG:0x2F]R:0x00
. » Control FS2320 [M_MIRRORDATA:0x7d]W:0x003a
BHED | FS2320 [M_MIRRORCMD:0x7e]W:0x0122
FS2320 [M_MIRRORDATA:0x7d]R:0x3a3a
o Egggg [OT 3) RUN the routine to play the commands sequence
(] FS23 M MIRRORCMD:0x7e1W:0x0124 4
_— Oy & 2 G

S | | onn

RN oo | | S | | omn \usm e

2) OPEN the Log from .txt file
aaa-049546

Figure 97. Log window

Note: In the .txt file, it is possible to add:

* A delay between successive commands using DELAY:xx command with xx the delay in milliseconds.

* A pause in the script, for example to have time to change hardware configuration between two commands,
using PAUSE command.

* A comment in the script using // at line start.
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7.10 INIT CRC computation

This section gives guidance on how to compute INIT CRC.
A specific tool for INIT CRC computation is available in the GUI. See Section 6.5.6.11.
Procedure for INIT CRC computation

1. Read the FS configuration registers and extract the following bits.

rsrowvers [ [ [ T T
FS_|_OVUV_CFG2 D:‘T E‘ ‘ l ‘ | ]
Fs__Fccucre | | ‘ \ [ [ ] | ‘

Fsrsswcre | [T [ ][]

pwocrs [ [T TTTTTTITTTTT]

aaa-049548

Figure 98. INIT CRC - STEP 1: Read FS config registers
2. Create the 58-bit word by concatenating the 58 bits.

FS_I_OVUV_CFG2[5:0 FS_I_FSSM_CFG[14:4] FS_I_WD_CFG[147]

aaa-049549

Figure 99. INIT CRC - STEP 2: Create 58-bit word
3. Compute INIT CRC bitwise using 0x1D polynomial.

INIT CRC computation algorithm

cre_result = OxFF

for each of the 58 bits successively (starting with MSB):
msh = crc_result(7) XOR BITVALUE
cre_result(7) = crc_result(6)
crc_result(6) = cre_result(5)
cre_result(5) = cre_result(4)
crc_result(4) = crc_result(3) XOR msb
crc_result(3) = cre_result(2) XOR msb
crc_result(2) = crc_result{1) XOR msb
cre_result(1) = crc_result(0)
crc_result{0) = msb

read result in crc_result

aaa-049547

Figure 100. INIT CRC - STEP 3: CRC bitwise computation
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7.11 TBB script example

This TBB script, which corresponds to FS2320 HVBUCK ASIL B version, is given as an example code.

/IFS2320 - OTP Editor

/ffile generated on mer. juin 1 10:39:42 2022
/[Device Type : FS2320-ASILB

/IOTP ID : BO

/IOTP Revision : A

/[Part Marking : PFS2320AMBBOES

/[Customer : [Company Name]

/\Write main registers

/[Test mode entry SET_MODE:FS2300:test-mode

/IVerify test mode entry GET_REG:FS2300:M_TestMode:M_TM_

STATUS1

/IConfigure OTP Mirror Registers
SET_REG:FS2320:0TP:M_MIRRORDATA:0x007¢e
SET_REG:FS2320:0TP:M_MIRRORCMD:0x011C
SET_REG:FS2320:0TP:M_MIRRORDATA:0x007¢
SET_REG:FS2320:0TP:M_MIRRORCMD:0x011D
SET_REG:FS2320:0TP:M_MIRRORDATA:0x0001
SET_REG:FS2320:0TP:M_MIRRORCMD:0x011E
SET_REG:FS2320:0TP:M_MIRRORDATA:0x0036
SET_REG:FS2320:0TP:M_MIRRORCMD:0x011F
SET_REG:FS2320:0TP:M_MIRRORDATA:0x0009
SET_REG:FS2320:0TP:M_MIRRORCMD:0x0120
SET_REG:FS2320:0TP:M_MIRRORDATA:0x0025
SET_REG:FS2320:0TP:M_MIRRORCMD:0x0121
SET_REG:FS2320:0TP:M_MIRRORDATA:0x003a
SET_REG:FS2320:0TP:M_MIRRORCMD:0x0122
SET_REG:FS2320:0TP:M_MIRRORDATA:0x00ab
SET_REG:FS2320:0TP:M_MIRRORCMD:0x0123
SET_REG:FS2320:0TP:M_MIRRORDATA:0x0003
SET_REG:FS2320:0TP:M_MIRRORCMD:0x0124
SET_REG:FS2320:0TP:M_MIRRORDATA:0x0054
SET_REG:FS2320:0TP:M_MIRRORCMD:0x0125
SET_REG:FS2320:0TP:M_MIRRORDATA:0x0032
SET_REG:FS2320:0TP:M_MIRRORCMD:0x0126
SET_REG:FS2320:0TP:M_MIRRORDATA:0x00f1
SET_REG:FS2320:0TP:M_MIRRORCMD:0x0127
SET_REG:FS2320:0TP:M_MIRRORDATA:0x0031
SET_REG:FS2320:0TP:M_MIRRORCMD:0x0128

KITFS23BUKEVM evaluation board

SET_REG:FS2320:0TP:M_MIRRORDATA:0x0074
SET_REG:FS2320:0TP:M_MIRRORCMD:0x0129
SET_REG:FS2320:0TP:M_MIRRORDATA:0x0040
SET_REG:FS2320:0TP:M_MIRRORCMD:0x012A
SET_REG:FS2320:0TP:M_MIRRORDATA:0x00ff
SET_REG:FS2320:0TP:M_MIRRORCMD:0x012B
SET_REG:FS2320:0TP:M_MIRRORDATA:0x0010
SET_REG:FS2320:0TP:M_MIRRORCMD:0x012C
SET_REG:FS2320:0TP:M_MIRRORDATA:0x007f
SET_REG:FS2320:0TP:M_MIRRORCMD:0x012D
SET_REG:FS2320:0TP:M_MIRRORDATA:0x0003
SET_REG:FS2320:0TP:M_MIRRORCMD:0x012E
SET_REG:FS2320:0TP:M_MIRRORDATA:0x0000
SET_REG:FS2320:0TP:M_MIRRORCMD:0x012F
SET_REG:FS2320:0TP:M_MIRRORDATA:0x0000
SET_REG:FS2320:0TP:M_MIRRORCMD:0x0130
SET_REG:FS2320:0TP:M_MIRRORDATA:0x00ff
SET_REG:FS2320:0TP:M_MIRRORCMD:0x0131
SET_REG:FS2320:0TP:M_MIRRORDATA:0x00cf
SET_REG:FS2320:0TP:M_MIRRORCMD:0x0132
SET_REG:FS2320:0TP:M_MIRRORDATA:0x00cf
SET_REG:FS2320:0TP:M_MIRRORCMD:0x0133
SET_REG:FS2320:0TP:M_MIRRORDATA:0x00cf
SET_REG:FS2320:0TP:M_MIRRORCMD:0x0134
SET_REG:FS2320:0TP:M_MIRRORDATA:0x00ea
SET_REG:FS2320:0TP:M_MIRRORCMD:0x0135
SET_REG:FS2320:0TP:M_MIRRORDATA:0x0008
SET_REG:FS2320:0TP:M_MIRRORCMD:0x0136
SET_REG:FS2320:0TP:M_MIRRORDATA:0x0030
SET_REG:FS2320:0TP:M_MIRRORCMD:0x0137
/IOTP Command CRC_Fill + GO
SET_REG:FS2320:M_OTP:M_OTPCMD:0x0125
/IOTP Command CRC_Check + GO
SET_REG:FS2320:M_OTP:M_OTPCMD:0x0124
/IVerify test mode entry
GET_REG:FS2320:M_TestMode:M_TM_STATUS1
/I END MAIN
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8 Legal information

KITFS23BUKEVM evaluation board

8.1 Definitions

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

8.2 Disclaimers

Limited warranty and liability — Information in this document is believed
to be accurate and reliable. However, NXP Semiconductors does not give
any representations or warranties, expressed or implied, as to the accuracy
or completeness of such information and shall have no liability for the
consequences of use of such information. NXP Semiconductors takes no
responsibility for the content in this document if provided by an information
source outside of NXP Semiconductors.

In no event shall NXP Semiconductors be liable for any indirect, incidental,
punitive, special or consequential damages (including - without limitation -
lost profits, lost savings, business interruption, costs related to the removal
or replacement of any products or rework charges) whether or not such
damages are based on tort (including negligence), warranty, breach of
contract or any other legal theory.

Notwithstanding any damages that customer might incur for any reason
whatsoever, NXP Semiconductors’ aggregate and cumulative liability
towards customer for the products described herein shall be limited in
accordance with the Terms and conditions of commercial sale of NXP
Semiconductors.

Right to make changes — NXP Semiconductors reserves the right to

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

Applications — Applications that are described herein for any of these
products are for illustrative purposes only. NXP Semiconductors makes no
representation or warranty that such applications will be suitable for the
specified use without further testing or modification.

Customers are responsible for the design and operation of their
applications and products using NXP Semiconductors products, and NXP
Semiconductors accepts no liability for any assistance with applications or
customer product design. It is customer’s sole responsibility to determine
whether the NXP Semiconductors product is suitable and fit for the
customer’s applications and products planned, as well as for the planned
application and use of customer’s third party customer(s). Customers should
provide appropriate design and operating safeguards to minimize the risks
associated with their applications and products.

NXP Semiconductors does not accept any liability related to any default,
damage, costs or problem which is based on any weakness or default

in the customer’s applications or products, or the application or use by
customer’s third party customer(s). Customer is responsible for doing all
necessary testing for the customer’s applications and products using NXP
Semiconductors products in order to avoid a default of the applications
and the products or of the application or use by customer’s third party
customer(s). NXP does not accept any liability in this respect.
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Terms and conditions of commercial sale — NXP Semiconductors
products are sold subject to the general terms and conditions of commercial
sale, as published at http://www.nxp.com/profile/terms, unless otherwise
agreed in a valid written individual agreement. In case an individual
agreement is concluded only the terms and conditions of the respective
agreement shall apply. NXP Semiconductors hereby expressly objects to
applying the customer’s general terms and conditions with regard to the
purchase of NXP Semiconductors products by customer.

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

Translations — A non-English (translated) version of a document, including
the legal information in that document, is for reference only. The English
version shall prevail in case of any discrepancy between the translated and
English versions.

Security — Customer understands that all NXP products may be subject to
unidentified vulnerabilities or may support established security standards or
specifications with known limitations. Customer is responsible for the design
and operation of its applications and products throughout their lifecycles

to reduce the effect of these vulnerabilities on customer’s applications

and products. Customer’s responsibility also extends to other open and/or
proprietary technologies supported by NXP products for use in customer’s
applications. NXP accepts no liability for any vulnerability. Customer should
regularly check security updates from NXP and follow up appropriately.
Customer shall select products with security features that best meet rules,
regulations, and standards of the intended application and make the
ultimate design decisions regarding its products and is solely responsible
for compliance with all legal, regulatory, and security related requirements
concerning its products, regardless of any information or support that may be
provided by NXP.

NXP has a Product Security Incident Response Team (PSIRT) (reachable
at PSIRT@nxp.com) that manages the investigation, reporting, and solution
release to security vulnerabilities of NXP products.

Suitability for use in automotive applications (functional safety) —
This NXP product has been qualified for use in automotive applications.

It has been developed in accordance with ISO 26262, and has been

ASIL classified accordingly. If this product is used by customer in the
development of, or for incorporation into, products or services (a) used in
safety critical applications or (b) in which failure could lead to death, personal
injury, or severe physical or environmental damage (such products and
services hereinafter referred to as “Critical Applications”), then customer
makes the ultimate design decisions regarding its products and is solely
responsible for compliance with all legal, regulatory, safety, and security
related requirements concerning its products, regardless of any information
or support that may be provided by NXP. As such, customer assumes all
risk related to use of any products in Critical Applications and NXP and

its suppliers shall not be liable for any such use by customer. Accordingly,
customer will indemnify and hold NXP harmless from any claims, liabilities,
damages and associated costs and expenses (including attorneys’ fees)
that NXP may incur related to customer’s incorporation of any product in a
Critical Application.

8.3 Trademarks

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

NXP — wordmark and logo are trademarks of NXP B.V.
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