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Introduction to automotive ambient @
light current state
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Current automotive interior lighting state

Application example with BCR402W

- Existent significant limitations in
the LED control topologies:

- Traditional standalone LS/HS LED driver :
= Not suited for chaining LED Strip concept by Infineon

- Fiber optic:
= Only one color per tube .
-Independent RGB LED drivers connected () y ) I

over LI N bUS One color per lightpipe possible

Lightpipe Single-side LED

= Low speed communication

= Increased cost and complexity for
temperature compensation
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Challenges for Ambient Lighting

- Growing demand for dynamic lighting effects
In the car

- Demand for lower implementation effort &
cost

- Automotive requirements for robust and low
emitting bus system

LED calibration required
 Inefficient way to drive LEDs
« Temperature Degradation
» No diagnostics capability
EMC performance
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Requirements for Future Ambient Lighting

- Reduced complexity and cost

- Ability to compensate:
— Temperature effects
— Aging process (non-uniform)

- Diagnostics capabilities

- No LUT, calibration data stored inside LEDSs’
non-volatile memory

- On-board intelligence

— Each LED lighting node has its own controller
— Nodes can be replaced individually
— Diminished spare-parts inventory

- LED control exclusively over communication

interface

— No additional peripheral required (high resolution
timers, PWM, ADC for measuring LEDs Vf (forward
voltage))
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ISELED Overview
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ISELED — Solution for Automotive, Industrial & Consumer LED Lighting

v LED based interior lighting
v Creating unigue in-car lighting experience
v Creating emotional connection between the driver and the car
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1/-
|« JELED
ISELED Alliance -

Open Alliance to provide complete systems solution for smart LED, initially targeting
automotive interior lighting
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ISELED Concept

v" Single package of LED and RGB ISELED driver chip*
« High accuracy brightness and colour calibration performed by LED

manufacture i
« No more LED binning classes e
* Integrated temperature sensor for compensation feature e

<+—— Package

v Proprietary protocol
- Serial, differential communication ”[/' -
— Up to 2Mbps data rate
— Driving up to 4096 LEDs
— Fast update rate of 52.5uS per LED (5.25ms)
— Read access to all LEDs

« Bus initialisation on start-up, auto detection of new or replaced LEDs

*INLC100Q16 Digital LED Driver chip from Inova Semiconductor \|
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ISELED Target Applications

- Ambient Lighting
- Automotive
- Aerospace
- Cruise Ships
- Functional Lighting
- Steering wheel — HMI in ADAS systems
- External display for autonomous taxi / buses

- Dynamic Daytime Running Lights (DRL) applications for
pedestrian communication

- Display Backlighting
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ISELED System Control MCU — S32K1xx

S32K

LED Stripe

Controller

Power
Supply

VDD5 / VDDprg
GND

Multi-Color
Smart
LED
Driver

Multi-Color
Smart
[LER)
Driver

ARl inova

Semiconductors

Multi-Color
Smart
LED
Driver
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Bi-directional communication
between uC and LED module
EMI robust design based on 2
Mbit/s communication - no
dedicated clock

S32K1 FlexIO module — faster
and more flexible

LED temperature can be
diagnosed individually by pC
Individual addressing of each
LED -> efficient bandwidth
usage




SW Architecture

Lucie Proxy

Lucie Planner

Lucie Studio

Lucie Creator

PC/Mac

SDK

Car Network (Series)

SDK

Smartphone

Scheduler

Player

L ISELED Driver J

]
v v

L FlexIO Driver ) L LPSPI Driver J

S32K MCU
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ISELED Story

- Automotive grade S32K1 MCU
family

- Automotive grade S32 SDK " System Contoller | Tier1 oEm

- ISELED PHY driver available for:
= FlexlO interface

« LPSPI interface Baslc Lniver)
-Demo SW Front/Backend Manufacturing E *  System Architecture
@ GLOBALFOUNDRIES / \ ! ¢ Segmentation
| DOMINANT™ | !, - Cabeling
Singapore Opto Technologie ! « Connectors
icrsiah E Power
1

\ ating lllumination
r \ .
e L i
L = y 4 )
Y i [

Packaging
» Application SW
e o 1
: PR AN - !
Waferprocessing 100% probed wafers Assembly Final Test |
: i
slinova ;
iconduct
|
1

Semiconductors
\ Smart LED Driver Chip / \ Smart LED Module /
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ISELED SMART LED Principle
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ISELED Application Setup

1st. LED 2nd. LED max: 4096

8Iid
kg
" RE B

Pullups needed for '_ ® R t B

Output mode

RGB Smart RGB Smart e RGB Smart
LED Driver LED Driver LED Driver
data Chip Chip dat Chip
—— - ; 01 At :
sy L-J-- =
no o N N

giﬂ% ended mterface: gﬁ:ﬁ;ﬁa‘l

SPI

GPIO
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ISELED Communication Protocol

- Master-slave communication | S
- Half-duplex, high speed serial - ¢ |
communication between a LED - e e
Strip Controller Unit and up to — Diver Chi Drver Chip
4096 Multi Color Smart LED -
Drivers.

- MCU acts as comm. Master
- Initiates all commands

- Interfaces with the 15 LED in the chain
though single-ended interface

- Phy layer
ingl ded diffi tial diffi tial
u FIeXIO, SPI, GPIO psrl:zgiiaelqa;er ph)lfsiecrs.lnlell?/er ph)lfsiecrs.lnlell?/er

- ISELED Driver
- Middleware (Effect interpreter)

communication master slave master slave
master side side side side
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Anatomy of an ISELED SMART LED

Built-in OSC,

Built-in LDO
no ext. components 5V

GF 0.13pm ISOLATED 1.5V/5V BCDlite

5V
Pl
-
;’5
Built-in temp sensor TENP
. e SENSOR
for brightness stabilization
over tem LED DRV RE Constant
P DIAGNOSTIC 25 mA max current mode drivers
SOURCES
-BIAS Volt 4 Bit DAC LED DRV
-BG Volt MAIN CONTROL M‘ a2 ' GREEN
cUmA p 15
-LED Vf
=7 4 Bit DAC B Small package
5V_PRG ,IEEFg”Eft p— 10m ' BLUE 3% 4x0.6 mm
control  16MHz data_in data_out
Master Serial interface SI01_P COMMUNICATION SI02_P
Bidirectional CONTROL
Single-ended or different@f -N Oversampling SI02_N gjave Serial interface

CDR

NVM for calibration GND
Data storage

Tips:

More detail of ISELED please refer “preliminary Datasheet INLC100Q16 rev03 A3.pdf”
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Differential mode
Open output detection
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SMART LED Serial Interfaces — Master Side

Bidirectional e
Dual mode: SI01_P ::‘ % 2=
- Single ended for comm. with S61 N < -
MEL ) e
- Differential for comm. with other
LEDs in chain
Single-ended mode provided ; h ; _____________
Multilevel operational w/ level
detect function -:X X X
- Sampling SIO1 N >=1V, (oo | e
interface switches to single- woree LI iiomii A/ ibeed b e g e |
ended - ;j A | — RN U ERY,
Differential mode selectable T e iV
voltage swing (250/500mV) b Yo T T outPuT

SIO1_DIR=0 SIO1_DIR = 1
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SMART LED Serial Interfaces — Slave Side

- Bidirectional
- Differential mode only

- Differential mode selectable
voltage swing (250/500mV)

- Automatic termination detection
(open output)

_sio2_open

sio2_out D
T~
sio2_in

‘ —

sio2_dir [

0

O5us )
—_—

ol D G5 IS 45 G G5 OB GEIED 6B &

I | I | I I | I I
I | I | I I | I I I I I I
soLw b b b b b soiour) |
I

INPUT OUTPUT
SIO1_DIR=1

SIO1_DIR=0

4
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SMART LED Protocol Frame Structure

Header

- Frame sync

- Freq sync.
Payload

- Instruction (downstream)
- Address

- Data

Optional CRC field
- CRC8 downstream
- CRC4 upstream
4b/5b encoding

47 4443 | | 3231 | | | | cljowgls}realm ol
O e L L ELECT T T Y ]
Inst Address (Write) Data CRC
R MM RN
smp_clk
(16 MHz) 27 | | 16[15 | “p?"e?%" 0|
sy | s | Gesyomm | orc
clk
S
data b
\a S
idle frame_sync freq_sync run length coded command idle frame_sync
miamateh
Direction of Serialization (MSB First) compensation)
30% of frame length
downstream _ _ _
from master side to 15x 0 10101 Instruction: 4 bit (5 bit RLC)
slave side Address: 12 bit (15 bit RLC) >22x 1
Data: 24 bit (30 bit RLC)
[CRC *: 8 bit (10 bit RLC) ] >25 x ‘1
upstream _ . .
from slave side o - 10101 Address: 12 bit (15 bit RLC) P
master side Data: 12 bit (15 bit RLC)
(read & init response) [CRC *: 4 bit (5 bit RLC) ] 17 x ‘1’
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SMART LED Communication — Write Operation

- Individual addressing Single

Write Access riv rive

e
*Rddress

Al 1SS Ad SS
Match l Match

- Command is processed individually
LED with matching address

« Broadcast addressing
_ Broadcast
- Command is processed by all Write Access

LEDs in chain “*Rddress ~*Address “*Address “*Rddress “*Rddress
Match Match Match Match Match

| -
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SMART LED Communication — Read Operation

reverse serial io direction from in to out and from out to in
when read command received:

Prepare RGB Smart LED RGB Smart LED RGB Smart LED RGB Smart LED RGB Smart LED

- Broadcasting always used
. Default direction is downstream ‘oo — . e i b
- LEDs switch direction

depending on the flow:

- From downstream to upstream when
deCOdmg a READ Cmd reverse serial io direction from in to out and from out to in

again when read data forwarded and read data appended

Cmd
Match

- From upstream to downstream again

upon READ Cmd response RGB Smart LED RGB Smart LED RCB Smart LED RGB Smart LED RGB Smart LED
completion. B Oriver Ore Orvr orer
oca Address oca Address Address Address Address

Match Match Match

RLC Data£5| RLC Data!al | ALC Data&Bl RLC Dataa'Zi RLC Data£1l _
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ISELED Initialization Process — Downstream Communication

Initialization implements enumeration
process LED adde = 020

During initialization, each LED, starting ' -]

with first on strip:
p “Miﬂd M_Mmd
- Receives the INIT command g T G A

- Evaluates it
- Stores address field and increments it by 1

- Creates a new complete INIT command,
based on local clock

- Send the new INIT command to the next
LED
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ISELED Initialization Process — Upstream Comm.

. Starting with the last device, ‘e s s Y
O OOOO 9

each LED:

- Forwards the frame from previous
LED (except last LED)

- Appends its own frame

Master Pin of last led
Start send response data

ISELED Initialization Test based on Kit
2 line:

1 line:
Master side pin of second led

Master side pin of last led

Master side pin of Second to last led

n Soomy : s00v :"'|""fl[j:li::l_u::z; - @ | = H 2019] “r
| |\ i1, 115200ms 250 || 134551 |
- 4\




ISELED Benefits

LIN

ISELED

Lighting streaming

Change of color and brightness Real time streaming
(latency = no real time and no Up to 25 frames per second,

streaming)

up to 4096 devices

Bus speed

19,6 Kbits/s

2 Mbits/s

Number of supported

Max = 15 devices

Max = 4096 devices

devices

Network I\/Iultlplf sub _network bug needed 1 bus for the whole vehicle
= cabling complexity

Command Unitary + broadcast

Protocol Master (gateway) + Slaves

Calibration (color +
brightness)

Assembly line calibration

Chip comes calibrated

Package

ASIC + RGB led

System in package with COB
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NXP ISELED SOLUTION
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What is NXP ISELED solution?

Software

v' ISELED driver for:
— NXP Auto SDK
— NXP Autosar 4.0/4.2 (ASIL)

v' S32 SDK free of charge
v" Autosar MCAL + 3rd

party

S32

AUTOSAR

Market Launch
June 2019

Hardware

v All S32K1xx MCUs

v' ISELED part numbers
include software license

v' ISELED App Dev Kit

v ISELED “custom parts”
released

v" ISELED Driver
- Beta release NOW
-RTM in June 2019

C@ONFP

- .

9
9% SAFE
S’ ASSURE
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S32K1 Family — Accelerating Automotive Software Design

Performance & Integration Automotive-grade SW Broad Portfolio
Future proof designs Minimized complexity Maximised reuse
ARM Cortex M4F and MO+ cores - S32 Design Studio IDE - 128KB to 2MB, 32 to 176 pins
ISO CAN-FD, CSEc hardware - Automotive-grade Software - H/w and S/w compatibility
security, 1S026262 ASIL-B functional Development Kit (SDK) . AEC Q100 grade 1 qualified (125°C),
safety - Autosar MCAL & OS, 3" party min. 15 year longevity
Ultra low power ecosystem
- EE
arm (@NF Autesar - I
z [
@ =
K
— -.‘
Product Longevity

®,
¢, SAFE

Premium
Debugger

Support
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S32K1xx Feature Overview

S32K11x

S32DS IDE, SDK

Autosar MCAL / OS

Application SW

*S32K14x onl
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How to start with NXP ISELED solution?

Step 1: Purchase ISELED Application Development Kit
 Orderable via Elementl14/Farnell website( https://de.farnell.com/b/element14)
Step 2: Download Documentation via https://iseled.com/products.html
 ISELED ADK User Manual
* NXP Installation Guide
Step 3: Download NXP ISELED SW
« Before June’19: Contact gpis.software@nxp.com for registration code
« After June’19: Download from www.nxp.com/S32K/ISELED
Step 4: Evaluation Phase
* When using ISELED development kit or non-ISELED K1 standard part number device:
o License for evaluation only. Limited functionality: Mandatory driver re-initialization after
150,000 ISELED commands.
Step 5: Production Phase
* Purchase S32K1 custom ISELED MCU part number from www.nxp.com/S32K/ISELED
« License for evaluation and production included
« Full functionality available
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How to start with NXP ISELED solution?

Step 1: Purchase ISELED Application Development Kit
 Orderable via Elementl4/Farnell website ( hitps://de.farnell.com/b/element14)

* Note: ADK only orderable from Etailer Element14/Farnell
as per ISELED Alliance Member’s Distribution policy

 ADK Contents:
o S32K144EVB-Q100 (NXP)
o ISELED Power Adaptor ‘Shield” (Inova Semi.)
o 1x16-LED ‘Bar’ (Dominant Opto or OSRAM)

« Part numbers
o ISELED ADK_ D //ADK + Dominant 16-LED bar
o ISELED_ADK O //IADK + OSRAM 16-LED bar
o Additional LED bars orderable separately for daisy-chaining
— ISELED ADK _EXT D /[Dominant 16-LED bar
— ISELED_ADK _EXT O [/IOSRAM 16-LED bar
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How to start with NXP ISELED solution?

Step 2: Download Documentation via https://iseled.com/products.html
 |ISELED ADK User Manual
« NXP Installation Guide

Step 3: Download & Installation NXP ISELED SW
« Before June’19: Contact gpis.software@nxp.com for registration code
« After June’19: Download from www.nxp.com/S32K/ISELED

1. ISELED SW Installation Note

Please refer :  “S32K SDK ISELED Driver installation guide.pdf”
Tips:

@ If your S32DS does not install in disk “/C", compiling will appear problem. So

suggest S32DS install in disk “/C".
2 Before installing ISELED Driver, it must install the correct version of SDK. There is de

scription about the version of SDK in “S32K1_ISELED_RTM_4.0.0_ReleaseNotes.pdf”

1. Description
This new library, built on top of the S32 SDK, is a new software solution designed to minimize

the complexity and accelerate the time-to-market of applications designed to control ISELED
devices using S32K1xx. S32

The package must be installed on top of the S325DK for S32K1xx devices version 3.0.0 RTM
and 3.0.1 RTM-SR.

This release has RTM quality status in terms of testing and quality documentaton. ... o=

This SDK can be used standalone or it can be used with S32 Design Studio IDE (see
Documentation).
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How to install ISELED driver software?

C00 co0c0ccee GooccRovRn

1. ISELED SW Installation Note EEHEHI IR
Tips: [ 0 B

3 Installing ISELED SDK 4.0.0 as be follow:
ISELED SDK 4.0.0 — S32K1x SDK3.0.0

The path must input correct path in installing ISELED driver.

-
00000000 O0ON

Choose Install Location

This Library needs to be installed on top of SDK release 3.0, Select 532K SDK install directory
to be used as a base for ISELED installation

Applications
532K SDK install directory.
Browse...
Space required: 6.4MB
% Browse For Folder
Select the folder to install ISELED 3.0.0 for 532 SDK 3.0 in:
5325DK_532K1:c BETA _2.9.2
(e i e e e '
v S325DK_S32K T RTM_3.0.0 1
- ——— - - J
doc
examples - -—— =t
lib
middleware
platform ‘
rtos CONFIDENTIAL & PROPRIETARY 33 A
tools




How to install ISELED driver software?

Step 3: Download & Installation NXP ISELED SW

2. Demo project code:
C:\NXP\S32DS_ARM v2018.R1\S32DS\S32SDK_S32K14x_RTM_3.0.0\examples\
S32K144\demo_apps\iseled freemaster

3. User manual:
C:\NXP\S32DS_ARM v2018.R1\S32DS\S32SDK_S32K14x_RTM_3.0.0\doc\ISELE

D\ISELED S32K144 UserManual.pdf

CONFIDENTIAL & PROPRIETARY | 34 4\



ISELED Application Development Kit Set up
- Please refer: “ISELED ADK User Manual.PDF”

Tips:
When new a iseled_freemaster example project, it is necessary to select the correct version of SDK.
The version of SDK’s relation is described as follow:

ISELED driver 3.0.0 -- |832K1xx SDK3.0.0 -- SDK_S32K14x_ 15-

"% Loading iseled_freemaster_s32k144 project components X % Losding iseled frsemuster s32K144 project componients

() Please select component that should be used in the pr e R Y S e b [

Problem during loading “532K144_100" componepf: repository URL epository” does not exist or it is not configured properly, but the component is found in the following
“file:/C:/NXP/S32DS_ARM_v2018.R1/532DS/S, K_S32K1xx_RTM_3.0.0/tools/pex/Repositories/SDK_S32K1xx_15_R  repositories:
epository” does not exist or it is not configufed properly, but the component is found in the following SDK S32K1xx 15/PinSettings. version 1.2.0

“file:/C:/NXP/S32DS_ARM_v2018.R1/532DS/532SDK_S32K1xx_RTM_3.0.0/tools/pex/Repositories/SDK_S32K1xx_15_R

i il #SDK_S32K116_00/PinSettings, version 1.2.0 - not supported for selected processor
SDK_S32K14x_09/532K144_100, vpffion 01.197 ; SDK_S32K118_10/PinSettings, version 1.2.0 - not supported for selected processor
SDK_S32K14x_11/532K144_10g#version 01.197 | SDK_S32K14x_09/PinSettings, version 1.2.0 - not supported for selected processor
SDK_S32K14x_12/532K144A400, version 01,197 | SDK_S32K14x_11/PinSettings, version 1.2.0 - not supported for selected processor
SDK_S32K1xx_13/532K#84_100, version 01,197 | | SDK_S32K14x_12/PinSettings, version 1.2.0 - not supported for selected processor
SDK_S32K1xx_14/52K144 100, version 01.197 ‘SDK S32K1xx_13/PinSettings, version 1.2.0 - not supported for selected processor
SDK_S32K1xx_15/532K144_100, version 01,197 | SDK_S32K1xx_14/PinSettings, version 1.2.0 - not supported for selected processor

Cancel Yes To All Cancel
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How to start with NXP ISELED solution?

Step 4: Evaluation Phase
* When using ISELED development kit or non-ISELED K1 standard part number device:
o License for evaluation only. Limited functionality: Mandatory driver re-initialization after
150,000 ISELED commands.

Evaluation Board Part Number CompatlblkgKto ISECED Modifications needed

ISELED Adapter needs two wires (clock and data) routed from J5 to

S32K116 S32K116EVB-Q048 Modifications needed
J4: J5-19 routed to J4-13 ; J5-17 routed to J4-09
ISELED Adapter must be connected to EvalBoard so that all the pins
from ISELED Adapter header J3 are connected to header J4 from
EvalBoard

S32K118 S32K118EVB-Q064 Modifications needed In case ISELED Adapter pins hit GND2 test point and don't allow the
Adapter to be inserted completely in headers, GND2 must be bent (if
Adapter pins are touching GND?2 it's not a problem)

S32K142 S32K142EVB-Q100 100% compatible No

S32K144 S32K144EVB-Q100 100% compatible No

S32K146 S32K146EVB-Q144 100% compatible No
ISELED Adapter needs two wires (clock and data) routed from
ISELED Adapter header J5 to EvalBoard header J2: J5-19 routed to
J2-25; J5-17 routed to J2-28

S32K148 S32K148EVB-Q176 Modifications needed ISELED Adapter must be connected to EvalBoard so that all the pins

from ISELED Adapter header J5 are connected to header J5 from
EvalBoard



How to start with NXP ISELED solution?

Step 5: Production Phase
After June’19: Purchase S32K1 custom ISELED MCU part number from
www.nxp.com/S32K/ISELED
License for evaluation and production included
Full functionality available

ISELED Part Ambient
Product Flash RAM |Package |Key Features
Number Temperature
K116 FS32K116LITOVFMT | o o | o o [32QFN  [48MHZ + DMA + FlexIO + ISELED
FS32K116LITOVLET A8LQFP |48MHz + DMA + FlexIO + ISELED
K118 FS32K118LITOVLFT [256KB [25KB |48LQFP  |[48MHz + DMA + FlexIO + ISELED
K142 FS32K142UITOVLHT [256KB [32KB |64LQFP  [112MHz + DMA + FlexIO + ISELED
FS32K144UITOVLHT 64LFp [LL2MHZ + DMA + FlexiO + ISELED
K144 FS32K144ULTOVLHT |[°12KB |64KB 112MHz + DMA + FlexIO + ISELED + CAN FD + CSEc -4010 105°C
FS32K144ULTOVLLT 100LQFP [112MHz + DMA + FlexIO + ISELED + CAN FD + CSEc
K146 FS32K146UITOVLLT |\ o | oas 1oL op [L1ZMHZ +DMA + FlexiO + ISELED
FS32K146ULTOVLLT 112MHz + DMA + FlexIO + ISELED + CAN FD + CSEc
FS32K148UITOVLQT 112MHz + DMA + FlexIO + ISELED
K148 OMB  [256KB [144LQFP

FS32K148UGTOVLQT

112MHz + DMA + FlexIO + ISELED + ENET + CSEc + CAN FD

NOTE: ISELED feature only available with above S32K1 part numbers, both Tray and Reel (16" PN character = T or R)

CONFIDENTIAL & PROPRIETARY

37



http://www.nxp.com/S32K/ISELED

ISELED LED Effects Configuration Tools

NXP LED Effects Tool Lucie Labs Lucy Studio  ELUCIE
« Available from NXP Available from Lucie Labs, France

« Free of charge, Excel based Free 90-day evaluation version
« For demo use only For production use

Scheduler

s
=

. Player

28

|2

[ =8
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S32K1xx ISELED Driver
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S32K1 ISELED Driver

- Delivered in binary format

- |IP protection mechanism implemented
o S32K1 ISELED custom parts have SDID register bit set to 1
o ISELED s/w driver checks this which allows driver to run

- SDK Non-Autosar Solution - Autosar Solution
o S32 Design Studio o S32K1 Autosar MCAL 4.0/4.2 (QM /
> S$32 SDK RTM SR* 3.0.1 ISO 26262)
o S32K1 ISELED SDK Driver RTM 4.0.0 o S32K1 ISELED MCAL (4.0/ 4.2) Driver

RTM (ISO 26262)

o Supported devices: S32K11x, K14x _
o Supported devices: S32K118, K14x

*SR: Service Release CONFIDENTIAL & PROPRIETARY | 40



S32 Design Studio Environment

- Free of charge

- Unlimited code size

- Eclipse based environment

- GNU compiler & debugger integrated
- S32 SDK integrated (graphical

- Processor Expert integrated

- Not a replacement for NXP’s

Traditional Approach New Development Environment

configuration)

(automatic code generator)

- Can use with 3" party compliers &
debuggers (IAR) via Connection Utility

Supports S32K and Power
Architecture (MPC) products

CodeWarrior IDE

- Not intended to compete with

premium 3" party IDEs
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532
SPbK S32K SDK — Automotive Qualified SW Package

« Non-AUTOSAR Software package
*  Graphical-based configuration
«  Eclipse or other IDEs

«  Covers all S32K MCUs Family

*  Production quality: SPICE/CMMI Middleware Processor

compliant, MISRA 2012 Expert Ul
Comms || Safety & || Timers SoC Config files

Demos Applications and Driver Examples

«  Multiple toolchains supported
FreeRTOS integration

UART Security FTM Clocks
FlexlO EIM LPIT Interrupts
CAN-FD ERM LPTMR Power
LIN CRC RTC Pins
SPI MPU WDOG GPIO

12C CSEC EWM FLASH Start-u p/
Compiler
linker files

FreeRTOS

Low-level Drivers
Headers
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S32 SDK drivers

- Static drivers model
- Static drivers files, configurable through S32DS plugin (ProcessorExpert)
- Drivers files can be used as standalone, initialized through user-defined configuration

Meta
drivers

1 Configuration

files

Peripheral Drivers
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ISELED PEX configuration component

- Dual communication interface

o FlexlO
% *Component Inspector - iseledl &3 % Components Library

O LPSPI Properties . Methods
Mame  iseledl_InitConfig

- Multiple (up to 13) strips supported in S —

paral Iel S Cu:unﬂguratlon Read only Interface Strip Mumber  Data Pin Clock Pin Callback Interface CLK ~ Tirner CLK
] FLEXIO Stllr"l PTA10 PTE4 MULL FIRCDIV1_CLK  SIRCDIV1_CLK

. Callback based application notification “

o TX/Rx completion

o Comm. timeout detected Detals for selected row
7 Configuration 1

o CRC error Resdonly [

Interface LPSPI - & .
. . . ¢ Selectable interface

Strip Mumber  Strip 11

o Chanilength error Datapin | PTES Zp —= Selectable physical pins
Clock Pin PTED =
Callback HigLedAppCalIbau

Interface CLK  FIRCDIV1_CLK
Tirner CLK SIRCDIVI_CLK
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ISELED Integration in S32 SDK

- ISELED driver stacked on two types of
peripherals:

s Application
o Comm. interface: FlexlO, LPSPI ISELED Effect Interpreter

o Timing: LPIT
- Effect Interpreter library developed by Middleware
LucieLabs ISELED consortium m—
member
- LIN stack available for node ISELED_DRV T
connectivity ISELED_Phy Driver =ENET o
FlexiO_Drv  LPSPI_Drv LPIT_Drv LPUART_Drv

FlexlO LPSPI LPIT UART

S32K MCU
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ISELED Driver — How to set a red color

Init
Interface

Init Strip Interface
interrupt

Callback
received? Command
done?

Set RED Exit ISR

PWM current

Callback

Callback
received?

Set RGB
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ISELED evaluation mode on unauthorized parts

- Ildea: limit the number of commands
sent to LEDs

- Clearly state the evaluation condition:

Clear counter

YES
NO

B |Nit_Interface gl S€RGB(0.0.0)

o After a predefined number of commands,
a reinitialization of the strip is required

- LEDs are turned off for 1 second
during initialization sequence (actual

evaluation mode limitation) Cmd_nr
>

150000

1 sec delay

i

- The turn-off sequence from init is there
to prevent against user resetting the
board and avoid turn-off sequence

Return

DIGLED_EVAL_TIMEOUT

- Counter limit reset @ initialization !

Execute commands
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FreeMASTER Overview

- What is FreeMASTER?

o Runtime configuration & tuning tool for embedded
software applications

o Graphical Control Panel

o Data Capture tool, interface to custom processing in
Matlab, Excel etc.

- What do we do with FreeMASTER?
o Connect: to target MCU over UART, CAN,BDM, JTAG
o Monitor: Read & show variables in run-time
o Control: Set variables, send commands

o Share: Enable Excel, Matlab or a script engine to add
hardware to the control loop

o s S . = 4 e
FI1-rs .
Hor e =
- " N (ol )
- h '| UL LR R | - 1
| { i " —c . . b
| | | | | — . -I"
I | 3 | | | \ | — X
! i ! g i oo 22 TN
w T . \ '. — . =0 .-i } kn‘.
1 v" .' '. ' ' L - E¥ — 13 < s o
> gt EE T - -
e r X I3 4 » -
fi il fi () = @
| ! | ' i !
|
| 1 | | [ !

= 5, MCU Memory Access

= - y _

Communication DLL Library

e

pocat 7§ LEL T

= - ‘& ’
v

<y

Connect over UART, Direct memory access Share any connection
USB, CAN or JTAG J-link, CMSIS-DAP or P&E over the intemet
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FreeMASTER Topology and Platform Support

- Supported

s =
& 8 platforms
7 % S, °
=5 =3 o DSC
£ < £ < o ARM Cortex-M
d d (Kinetis/S32K)
> 5 > S12/S12X/S12Z(
o MagniV),
UART/SCI UART/SCI e o MPC56xX,
MPC57xx

o ColdFire V1/V2

) ¢
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ISELED SDK Driver Demo — FreeMASTER template

F|
. File Edit View Explorer Project Tools Help
- Connection over Debugger cmo o
L
- Control and Monitor variables e ]
. Name Value Unit
- Request through S Numb
e u e S ro u e rVI C e u m e r ServiceMumber Do Nathing ENUM 1000
Va rl ab | e stateFlag Free ENUM 1000
repeatFlag i DEC 1000
nrOfLEDs 17 DEC 1000
StripMr 0 DEC 1000
testInitType. crcEnable 1 DEC 1000
testInitType. firstLedAdr 1 DEC 1000
testInitType, tempCmpEnable 1} DEC 1000
Set_RGB_Params. Address [u} DEC 1000
Set_RGB_Params.Blue 0 DEC 1000
Set_RGB_Params.Green o] DEC 1000
Set_RGB_Params.Red 0 DEC 1000
Red_PWM.Param o] DEC 1000
Red_PWM. Address o] DEC 1000
Green_PWM.Param a DEC 1000
Green_PWM, Address 1} DEC 1000
Blue_PWM.Param 0 DEC 1000
Blue_PWM.Address [u} DEC 1000
BIAS.Address o] DEC 1000
BIAS.Param 0 DEC 1000
Green_Cur,Param o] DEC 1000
Green_Cur.Address 0 DEC 1000
Blue_Cur.Param 1} DEC 1000
Blue_Cur.Address 0 DEC 1000
Set_Config_Params. Address [u} DEC 1000
Set_Config_Params.Param o] DEC 1000
Test_Params.Address 0 DEC 1000
Test_Params, Testhr 0 DEC 1000
MCAST . Address o] DEC 1000
MCAST.Param o] DEC 1000
Set_DIM_Params, Address 0 DEC 1000
Set_DIM_Farams.Red 0 DEC 1000
Set_DIM_Params. Green 0 DEC 1000
Set_DIM_Params.Blue 0 DEC 1000
paramMumber configuration ENUM 1000
Adc_Cal_Param.Address 0 DEC 1000
Adc_Cal_Param.Mode Trigger ADC offset self calibration only ENUM 1000
Adc_Dac_Param.Address 1} DEC 1000
Adc_Dac_Param.Param 0 DEC 1000
digLEDR.esultBufferStrip 1[00] ox0 HEX 1000
dialEDResultBufferStrin 17011 0x0 HEX 1000




ISELED — Useful Links

« |SELED Alliance https://iseled.com/products.html

 |nova Semiconductor https://inova-semiconductors.de/iseled.html

 NXP S32K ISELED Solution (active mid June 19) www.nxp.com/S32K/ISELED
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Product Effect
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Hella interior lighting

Video Link:

1. https://www.youtube.com/watch?v=2IcMepfMTzo
ISELED - Digital LED Technology.mp4

2. https://www.youtube.com/watch?v=dql4 TpKfBk4
Electronica 2018 - ISELED Matrix.mp4
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