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Abstract

The OSIRE® E3731iis an “intelligent” multi-color LED including an

embedded IC together with 3 LED-Chips. It is based on Open System

Protocol that simplifies integration at customer side through an open control
concept, daisy chaining of units, integrated temperature monitoring and

access to calibration data for each individual unit. b

This document describes the usage and communication with the N
OSIRE® E3731i.
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Basic information

The OSIRE® E3731iis an “intelligent” multi-color LED for automotive illumination tasks that
simplifies integration at customer side through an open control concept, daisy chaining of units,
integrated temperature monitoring and access to calibration data for each unit. It includes an
embedded IC together with 3 LED-Chips (e.g., red, green, and blue) in one package.

Daisy chaining allows the customer to control a large number of LEDs in serial connection. It is
possible to control a single unit via a microcontroller with minimal wiring effort. Communication
is based on a dedicated master-slave serial bus protocol, called open system protocol (OSP),
which is detailed in chapter 5.2 "OSIRE® E3731i OSP specification”.

Refer to chapter 3 "Basic operation" for a quick start guide.
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The product benefits are:

High color setpoint accuracy over full gamut

Flexible & large color gamut selectable via binning

Highly accurate optical calibration data for all LEDs included
Dynamic color control and animations

PWM frequency up to 1 kHz

High brightness over full gamut to allow visibility at daytime
Temperature sensor included for full compensation of all three colors
Completely open protocol, no license costs

Auto-addressable included

Diagnostics and error detection included in IC

Bidirectional half-duplex and unidirectional loop-back modes
Single-ended, LVDS and CAN-transceiver modes

Less components on PCB needed, small PCB designs & high density of LEDs possible
Single layer (flex) PCB designs possible

Possibility to include other slave microcontrollers or IC components (e.g. sensing)

2  Application description

Figure 1 shows a typical application for dynamic ambient lighting with up to 1000 LEDs arranged
on one or multiple PCBs. In this example, the first device in a daisy chain communicates with the
master MCU via a dedicated single-ended interface. The downstream data is Manchester coded.
The communication between two OSIRE® E3731i uses Manchester-coded LVDS for increased
robustness and EMC performance.
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Figure 1: A typical application scenario (dynamic ambient lighting)
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When the daisy chain extends over more than one PCB, the PCBs can be connected by using

standard CAN-FD transceivers and UTP cables in a point-to-point fashion (no bus). The

OSIRE® E3731i provides a dedicated CAN mode for communication with all standard CAN-FD
transceivers supporting at least 4.8 Mbit/s. To allow a communication over cable between RGBi
devices a connectivity to transceiver e.g. CAN FD via single ended Manchester coded
communication is an option. The protocol will not change to a CAN protocol. Each PCB would
require a dedicated on-board power supply.

The application diagram in Figure 2 shows mandatory and optional (dashed) components. The
dashed resistors are optional and need to be chosen according to the communication mode. The
two capacitors are needed for stabilization and HF rejection. Refer to chapter "Passive
Components" for a selection guide for the passive components.

Figure 2: Application diagram

Vdd
vdd vdd
vdd_ vdd_
l :
! 1
! VLED i
ceeorh — ceeorh
Ry + | R R! + ! R
! ! ot o
-l -l -l -l
I I I I
¢ L 1 L ' o
Next ’ : " ' d
: ! OSIRE® E3731i ! | Next
Node ' ' ' ! Node
P 1 - 1 - -
1 1 1 1
Poeont . FheoT
Ry + 1 R Ry + 1 IR
Lo Lo GND L L

A
‘0
| p——y
. 1
La

’
A

A

4 ra
‘0 1
| p——y
. 1
L

’
A

A

Application Note Document No.: ANO78
2023-08-28

6/51


https://ams-osram.com/

OSIRE® E3731i - Startup Guide am OSRAM

2.1 Communication mode selection
Each of the two 1/O interfaces of the OSIRE® E3731i supports 4 different modes, that are
selected through pull-up and pull-down resistors to GND and VDD, respectively. The
communication mode selection will be done after a reset command or POR see chapter 3.3
"Startup behavior".
Table 1: Communication mode selection
SIOx_P  SIOx_P SIOx_N SIOx_N
Mode R@SIOox_P R@SIOx N Input Output Input Output
LVDS (down) (down) ME ME ME ME
MCU up down ME DATA - CLK
EOL down up - DATA - CLK
CAN up down - ME ME -
ME --> Manchester encoded data
DATA --> Data only
CLK --> Clock
LVDS mode:
This mode is intended for communication between two OSIRE® E3731i. The two pull down
resistors for LVDS are optional due to built-in 100 kQ pull down resistors.
MCU mode:
This mode intends to simplify communication with standard MCUs by providing synchronous
data and clock signals for upstream communication.
EOL (end-of-line) mode:
This mode signals a unit that it is the last in the chain which is needed for proper initialization.
See chapter 5.2.5 "Commands" for more details.
Note: It is possible to connect an MCU in read-only fashion as needed for loop-back
communication.
CAN mode:
This mode is intended for communication with standard CAN-FD transceivers as is needed for
extending the daisy chain over several PCBs.
2.2 Connection to MCU
Figure 3 illustrates basic connection options between the OSIRE® E3731i and an MCU. The two
figures on the left show connection options suitable for bidirectional communication using a
single SPI port (top) and using two SPI ports (bottom). If the single port option is used (top figure),
the MCU should be sufficiently fast to switch between master and slave mode in order to be able
to receive responses from the first unit in the chain (see chapter "Responses and status
requests" for timing requirements). The resistor between SDO and SIOx_P in the bottom figure
Application Note Document No.: ANO78 7 /51
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2.3

has to be chosen together with the total capacitance and the pull-up and -down resistors to
ensure voltage levels and signal rise- and fall times are within specification (see chapter
"Passive Components"). Ideally, the SDO pin should be pulled low or set to a high impedance
state while receiving data from the OSIRE® E3731i.

Bidirectional Loop-Back

{ ] SIO1_N SI02_N[ }

SIO1_P  SI02_P

GND

Mcu

Some MCUs require a chip select (CS) signal for receiving messages in slave mode. A possible
solution is to drive the CS pin of the SPI port with another GPIO pin of the same MCU. The
OSIRE® E3731i expects the MCU the transmit data over SIOx_P using Manchester encoding.
Any signals received on SIOx_N are ignored (Figure 9).

In the upstream direction, the OSIRE® E3731i transmits data synchronously with data on
SIOx_P and clock on SIOx_N and a special "start" and "stop" sequence (Figure 10). The clock
polarity can be inverted if needed (see chapter 5.2.5 "Commands"). Before and after the
message, the SIOx_P and SIOx_N levels should be actively pulled to their idle states determined
by the resistor configuration (MCU or EOL mode).

All single-ended connections should be kept as short as possible to ensure signal integrity and
to lower EMC concerns.

Connection via CAN-FD

The OSIRE® E3731i has a dedicated communication mode for standard CAN-FD transceivers

(Figure 4). This allows to extend the daisy chain over multiple PCBs in a point-to-point fashion

using the physical layer of CAN-FD. This mode is selected by two pull-up resistors connected to
the SIOx_P and SIOx_N pins. SIOx_P is used for output only and transmits data as Manchester
encoded signals to the Tx-pin of the CAN-FD transceiver (Figure 12). During transmission, any
signals received on SIOx_N are ignored. SIOx_N is used for input only and receives Manchester
encoded data from the Rx-pin of the CAN-FD transceiver (Figure 11).

Due to the voltage rating of the SIOx pins, the use of CAN-FD transceivers is strictly necessary
to comply with automotive transient stability requirements. As the OSIRE® E3731i does not
support the CAN-FD protocol, a bus topology is not supported.
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While it is in principle possible to program the MCU in a way to directly communicate with the
CAN-FD transceiver (see Figure 12), the MCU needs to implement a Manchester decoder.

All single-ended connections should be kept as short as possible to ensure signal integrity and
to lower EMC concerns. The CAN-FD transceivers need to support a data rate of at least 4.8
Mbit/s. Additional components may be needed depending on the exact type of transceiver and
the application requirements.

Connection via LVDS

Two OSIRE® E3731i should be connected using the LVDS mode, which is selected through two
pull-down resistors. Due to the built-in 100-kQ resistors, the external pull-down resistors are not
necessary. The OSIRE® E3731i includes the termination resistor required for LVDS, so no
external resistors are required.

The PCB layout should follow the usual layout guidelines for LVDS traces:

* Keep the wires parallel and close to minimize interference with radiated electromagnetic fields
and noise injection.

* The wire lengths for the SIOx_P and SIOx_N pair should be balanced.
* The differential LVDS line impedance should be close to 200 Q.
* Avoid or minimize stubs and junction taps to avoid reflections.

* Avoid right-angle traces to minimize radiated emission.

Component selection guide

The following list is intended only as a quick start guide and does not claim to be complete or
suitable for automotive applications.
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Power Supply

The OSIRE® E3731i requires a typical supply voltage of 5 V and a variable supply current up to
approximately 170 mA depending on the device state, current mode, brightness, and color point
settings. Fore details, please refer to the OSIRE® E3731i datasheet.

In addition, wire resistance along the PCB can cause a severe voltage-drop between the first and
the last unit in the chain. Care must be taken to ensure that the trace thickness is designed well
enough for the application. The current flow depends on the number of devices and driving
modes. A power supply concept on different positions to the application can be helpful.

Passive Components
The supply filtering capacitors should be placed as closely as possible to the VDD pad.

Table 2: Passive components

Parameter Min Typ Max Unit Note

Stabilization capacitor on VDD 1 uF C2

HF filtering capacitor on VDD 100 nF C1, low ESR recommended
Pullup & pulldown resistors* 2.2k 10k 25k Q

MOSI decoupling resistor 2.2k Q optional

* Higher values up to 60 kQ are possible when 3.3-V logic components are used.

Microcontrollers

The OSIRE® E3731i supports microcontrollers and FPGAs that are 5 V tolerant and use 3.3 V
or 5V logic levels for I/O.

Examples include (but not restricted to):
« NXP® S32K144

+ STMicroelectronics® STM32F446

+ Microchip® ATSAMC21J18A

« Infineon® PSoCTM4

Transceivers

The OSIRE® E3731i supports all standard CAN-FD transceivers that are 5 V tolerant and use
3.3 Vor 5 Vlogic levels.

Examples include (but not restricted to):
< NXP® TJA1057GT/3
« NXP® TJA1442

* Infineon® TLE9251V_AEC

Application Note Document No.: ANO78 10/ 51
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3  Basic operation

3.1 Example of basic operating sequence

The following shows an exemplary sequence for setting a static or dynamic,
temperature-controlled color (gradient) on a chain of 100 LEDs:

Setup Phase

1. Connect supply voltage and wait until device is ready (~ 1 ms).

2. Send setup configuration via broadcast (e.g.enable crc check, SPI clock polarity)

3. Send INIT command (bidirectional or loop-back) and wait for response from last unit.

4. For every unit:
- Read status and check for errors
- Send basic configuration (diagnostic options, PWM frequency, ...)
- Read calibration data and store in the MCU (only once after assembly)
- Read temperature and store in the MCU

- Go to ACTIVE mode

Main Loop (execute every time a new input from the BCU is received)
5. Get new input from body control unit (color target for every unit)
6. Calculate new PWM settings for every unit based on the stored data

7. Update PWM settings of every unit
Stabilization loop (execute continuously)

8. Read status and temperature from one unit

9. Check for errors

10.Calculate new PWM settings for this unit based on the new temperature
11.Update PWM settings of this unit

12.Proceed with next unit
Shutdown Phase

13.Go to SLEEP mode

14.Disconnect the supply voltage

Application Note Document No.: ANO78 1 /51
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3.2 Device states

Figure 5 shows a simplified device state diagram with relevant transitions.

Figure 5: Device state diagram

GO_DEEPSLEEP

GO_ACTIVE

POR: The IC is in an off state.

®

UNINITIALIZED: The OSIRE™ E3731i will reach this state automatically after power-up. PWM
values are 0 and LED drivers disabled. In this state, the OSIRE® E3731i only responds to a
limited set of commands:

INIT (bi-directional or loop back)
RESET (broadcast)
CLRERROR (broadcast)
SETOTTH (broadcast)
SETSETUP (broadcast)

SETPWM (broadcast)

Other messages are ignored. Broadcast messages are fast forwarded and addressed messages
are forwarded after the message has been fully received.

SLEEP: The OSIRE® E3731i enters SLEEP mode after receiving an INIT command, after a
failure event (if selected) or via GO_SLEEP. In this state, the LED drivers are disabled but the
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last PWM parameters are stored, i.e., not reset to 0. An update of the PWM parameters is
possible.

ACTIVE: The OSIRE® E3731i enters this mode after receiving the GO_ACTIVE command if no
fault conditions are present. In this state the LED drivers are enabled with the respective current
setting, PWM frequency and duty cycle for each channel. An update of the PWM parameters is
possible. After entering the ACTIVE state, the open/short detection is executed once for every
channel with a PWM value exceeding the minimum value. See chapter 3.4 "Diagnostics".

DEEPSLEEP: The OSIRE® E3731iisin a power save mode with reduced current consumption.
This will be a power save mode for future IC's. The command is implemented in the
OSIRE® E3731i too but the current consumption is similar to the sleep mode.

3.3 Startup behavior

When the supply voltage is connected and VDD increases above the VDDgood level (see

datasheet), or the RESET command is received, the OSIRE® E3731i undergoes the following

startup sequence (Figure 6):

1. All registers are initialized to their default state (POR in Figure 6).

2. Trim settings are loaded and checked for integrity. If a mismatch is detected, the OTPCRC
flag in the STATUS register is set.

3. The voltage levels at each SIOx pin are checked to detect the communication modes (shaded
signals in Figure 6). The SIOx_P and SIOx_N pins are shorted together for a period of ~ 40
MS.

4. The OSIRE® E3731i enters the UNINITIALIZED mode and is now ready to receive the first
command (Uninitialized in Figure 6).
VDD / VDD /

SIOx_P / % SIOox_P %
SIOx_N % SIOx_N / %

State off X PoR X uninitia State off X PoR X uninitia

The whole sequence takes approximately 1 ms.

Note: The 10 detection could be interpreted as clock edge on the MCU input if the SPI interface

is already enabled.
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3.4 Diagnostics

The OSIRE® E3731i provides built-in diagnostic functions for automatic detection of fault
conditions. If a failure is detected, the respective failure flag bit is set. The failure flag bit can only
be cleared when the STATUS register has been read by the MCU (either directly or via status
request bit), all flag bits have been cleared using CLRERROR, or the unit has received a RESET
command. See chapter 5.2.5 "Commands" for more details.

If selected, the OSIRE® E3731i will automatically turn off the LED drivers when a failure is
detected and change to SLEEP state to prevent damage to the part. This helps to ensure that
communication is always possible through the entire daisy-chain. See chapter 5.2.5
"Commands" for more details.

Overtemperature: This error occurs when the IC junction temperature rises above the
overtemperature threshold. It can only be cleared once the temperature has fallen below the
overtemperature release threshold. See chapter 5.2.5 "Commands" for details on controlling the
threshold values.

Undervoltage: This error occurs when the supply voltage of the OSIRE® E3731i drops below
the undervoltage threshold for a period longer than the deglitch time. Refer to the
OSIRE® E3731i datasheet for more details.

Driver open / short: This error occurs when the LED driver pin voltage remains above the LED-
open threshold voltage or falls below the LED-short threshold voltage for a period longer than
the deglitch time. These error conditions are tested individually for each channel, but only once
after the GOACTIVE command has been received and the PWM value of the channel is set to a
value higher than the minimum value. In active modes, a PWM change below the minimum value
and then back to a value higher than the minimum value, leads to a new open/short check.
Please refer to the OSIRE® E3731i datasheet for more details.

Note: Due to the phase shift of the LED driver and depending on the PWM frequency setting,
the open/short detection of R,G,B needs some time (<1ms) after the GOACTIVE command. Itis
recommend to set open/short flag will lead to sleep in the setup register.

Communication: See chapter "Communication errors" for communication errors.

4  Color control and temperature stabilization

The OSIRE® E3731i provides built-in calibration data for every LED at both day- and nighttime
current settings as well as a built-in temperature sensor in the IC. Together, this allows a highly
accurate color control over the full color gamut and operating temperature range.

4.1 Calibration data

Calibration data is stored as encoded (u', V', Iv) triplets for every LED and both current settings
in the built-in nonvolatile memory. Once the encoded values, X, X,, and X,, have been loaded

Application Note Document No.: ANO78 14 /51
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by the MCU, the physical color coordinates can be calculated as followed with the current mode

settings from Table 3.
ly = LSByy (M) x Xy
u'=LSB, (M) x X,
V' = LSB, (M) x X,

Table 3: Current mode settings

Current Mode (M) LSB)y LSB,, LSB,
Nighttime Mode 0.44 med 0.0025
Daytime Mode 1.25mecd 0.0025

See chapter 5.2.5 "Commands" on how to retrieve the data from the memory and chapter 5.3
"OTP to PWM example" for an example of the decoding procedure.

4.2 PWM calculation

Any color within the accessible gamut for an RGB triplet can be realized by a linear combination
of the individual spectra of the three LEDs. Scaling of the intensity of the single LEDs is
conveniently done by changing the effective duty cycle of the LEDs through the PWM.

In order to create a mixed color with tristimulus values Xy, Y1 and Z1, the PWM duty cycles may

be calculated as outlined below.

1. Create the target tristimulus vector from the Cx/Cy or u'/v' color target:

- c -
=
XT Cy
r= YT - Iv,target 1 - v, target
7 1-C_-C
T Ty
CJ’

9u'
4y
1

12 -3u' - 20V

44

2. Calculate the tristimulus matrix of the RGB triplet using the correct calibration data for the

used current mode setting:

u' u' u' |
9, o2 9, 2 9, g2
XR XG XB 1 ) VR ) v G ) VB
A=|Yp Yo Yyl = h AL, p AL, G I, p
ZR ZG ZB 12—3uR—20vR 12—3uG—20vG 12—3uB—20vB
Iv, R V' Iv, G N Iv, B V'
| R G B |
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3. Solve the linear equation
Ax=T

for the solution vector x = (Dy, D, Db)T, which yields the duty cycles (in a range from 0 to 1)
needed for each LED:

_ det(A41)
" det(A)

_ det(42)
g det(4)

_ det(43)
br  det(4)

A1, A2, and A3 are 3x3 matrices obtained by replacing column 1, 2, or 3, respectively, by the
target vector and the determinant of a 3x3 matrix is generally given by

det(A) = A11 Agp Azz + Aqg Aoz Agq + Aqz Ag1 Az - Ao Agq Azz - Aqz Agp Azq - Axz Az Aqy

Finally, for the SETPWM command, these duty cycles have to be multiplied by the maximum
PWM value for the chosen PWM frequency: 215_.1=32767. Please use the same PWM setting
for 1kHz PWM frequency mode, because it will be changes internally to a 214 bit resolution (see
PWM_F in chapter 5.2.5 "Commands"). See chapter 5.2.5 "Commands" on how to program the
PWM and current values and chapter 5.3 "OTP to PWM example" for a worked example.

4.3 Temperature stabilization
The built-in temperature sensor of the OSIRE® E3731i allows various ways to realize a highly
accurate color control over the full color gamut and operating temperature range. Two examples
are provided in the following.
The basic idea of a temperature stabilization loop is given in Figure 7. Yellow boxes are
implemented in the OSIRE® E3731i, blue boxes have to be implemented on customer side.
5 Qi
N~
[se]
w modulated O
% LED Driver current LEDs heat TemSZi;aotrre
x
%)
O IF & PWM IC
settings temperature
3
\2-/ Color Target Color Mixing LED Drift. Tempe.rature
% (XYZ, IF) Algorithm WiV/lv Correction Compensation te,;@p::iis Predictor
E Calibration Data Temperature
"'6 (u'vliv) Compensation
wn Data (...)
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4.3.2

4.3.3

Temperature sensor

The OSIRE® E3731i features a built-in temperature sensor with a resolution of 8 bit that offers

accurate and stable reading over the full temperature range.The return value, ADC, can be
converted to a chip temperature in °C by

Tic [°C] =1.08 x ADC - 126

Note: As the calibration temperature, T, corresponds to a fixed ADC value of 140, the
equations for the temperature compensation are given in terms of ADC counts in the following.

The temperature sensor can be read out during SLEEP and ACTIVE modes.

Temperature prediction

The returned temperature reading corresponds to the junction temperature of the IC. In a first
approximation, this value can be used instead of the LED temperatures for the temperature
compensation functions (applies also to ADC counts):

Tx=Tc

For a more accurate color stabilization, however, the junction temperatures of the LEDs are
required, as they may differ by a few °C from the IC temperature depending on the current mode
and chosen color point. The temperatures have to be converted between °C and ADC counts
using the equation given in chapter 4.3.1 "Temperature sensor"

Simple temperature compensation - |

A good temperature stabilization can be achieved by just compensating the loss of brightness of

the red LED, either using a simple linear factor (these values still represent an early status and
might be subject to change)

PWM = 140,005 (T =T, )]x PWM(T, )

or a look-up table

PWM A(I, TYx PWM(T )

comp
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where A(lg, T) has to be interpolated from Table 4

Table 4: Temperature compensation look-up table

Temperature (ADC counts) A(T) for nighttime mode A(T) for daytime mode
73 0.84 0.79
93 0.88 0.85
103 0.90 0.87
113 0.92 0.91
140 1.00 1.00
163 1.11 1.13
198 1.33 1.40
213 1.42 1.51

Note that these values still represent an early status and might be subject to change

4.3.4 Simple temperature compensation - Il

Better compensation is achieved by using the look up Table 5 and Table 6 to compensate all
three LEDs. These tables are optimized for D65.

Table 5: Nighttime mode

Temperature (ADC counts)  A(T) for Red A(T) for Green A(T) for Blue
73 0.71 0.85 0.90
93 0.78 0.89 0.93
103 0.82 0.92 0.94
113 0.86 0.94 0.96
140 1.00 1.00 1.00
163 1.18 1.07 1.05
198 1.57 1.18 1.16
213 1.83 1.23 1.21

Note that these values still represent an early status and might be subject to change
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Table 6: Daytime mode

Temperature (ADC counts)  A(T) for Red A(T) for Green A(T) for Blue
73 0.69 0.90 0.89
93 0.76 0.92 0.93
103 0.81 0.93 0.94
113 0.85 0.95 0.96
140 1.00 1.00 1.00
163 1.20 1.06 1.05
198 1.64 1.17 1.13
213 1.93 1.22 1.22

Note that these values still represent an early status and might be subject to change

4.3.5 Optimized temperature compensation functions

The temperature dependence of the calibration parameters is very well described by the
quadratic function:

f(T) = [a(T - Tea))* + b(T - Tea)+1] X f(Tca)

where

f = placeholder for u', v', and |,

T = junction temperature of the LED

Tcq = calibration temperature (ADC code = 140)
a, b = constants

Together with the stored calibration data, f(T), this allows to calculate the calibration data
needed for the calculation of the PWM values at any temperature. The values for the constants
are given in Table 7.
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Table 7: PWM values

Current mode Chip Parameter a b
red v T 1.030E-05 -7.397E-03
u_prime_T -1.653E-06 4.029E-04
v_prime_T 2.567E-07 -6.984E-05
° green v T -5.864E-07 -2.306E-03
% u_prime_T 4.555E-06 2.081E-03
= v_prime_T -8.166E-08 -1.921E-05
blue v T -2.679E-06 7.200E-04
u_prime_T -1.060E-06 -6.739E-04
v_prime_T 5.774E-06 2.434E-03
red v T 1.122E-05 -7.808E-03
u_prime_T -1.466E-06 3.727E-04
v_prime_T 2.475E-07 -6.384E-05
° green v T -5.946E-06 -1.813E-03
g u_prime_T 5.878E-06 2.241E-03
S v_prime_T -1.897E-07 1.981E-05
blue v T -2.226E-06 7.734E-04
u_prime_T -1.036E-06 -6.427E-04
v_prime_T 6.519E-06 2.423E-03

Note that these values still represent an early status and might be subject to change

Example:

Corrected |, for the red LED in nightmode at a temperature of 87.8°C (ADC = 198):

l, (85°C)=[1.030x10" (198-140)? -7.397 x 103 (198-140) + 1] X Iy c41=0.606x Iy ca)

Application Note Document No.: ANO78 20 /51
2023-08-28


https://ams-osram.com/

OSIRE® E3731i - Startup Guide

ami®T OSRAM

5.1

Appendix

Glossary

Table 8 shows the glossary for this documentation and explains the terms with a description.

Table 8: Glossary

Term Description

BCU body control unit

CAN (FD) controller area network (flexible data-rate)
DMA direct memory access

EMC electromagnetic compatibility

ESR equivalent series resistance

EOL end of line

ASIC application-specific integrated circuit

LED light emitting device

LSB least significant bit; also used as unit for the quantization step size
MCU microcontroller (unit)

MSB most significant bit

NOP no operation

NRZ non return to zero

OSP open system protocol

PCB printed circuit board

POR power-on reset

PWM pulse-width modulation

RGB red, green, blue

SPI serial peripheral interface

UTP unshielded twisted pair

Ox”value” Number in hexadecimal format, e.g., Oxff = 255
Ob”value” Number in binary format, e.g., 0b101 =5
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5.2  OSIRE® E3731i OSP specification

Communication is based on a dedicated master-slave serial bus protocol, called open system
protocol (OSP). In addition to this base protocol, the OSIRE® E3731i implements further
dedicated commands. This section provides a short overview over the OSP and the supported
commands.

5.21 Message encoding

Manchester encoding

Figure 8 shows the different encodings used by the OSIRE® E3731i. Where applicable,
Manchester encoding is based on the IEEE 802.3 standard, where a logical "1" is encoded by a
rising edge and a logical "0" by a falling edge.

Figure 8: Different encodings used by the OSIRE® E3731i

ME

DATA

CLK

CLK

In the case of single-ended communication from the OSIRE® E3731i to the MCU, the clock
polarity can be selected by a command (see chapter 5.2.5 "Commands"). The default setting
uses the rising edge. Refer to chapter 5.4 "Code examples" for examples.

Example waveforms

The internal signals are for reference only. The internal clock indicates the length of a data bit.

Figure 9: Example showing communication from MCU to OSIRE® E3731i

siox_p \/ \ / /
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5.2.2

Figure 10: Example showing communication from OSIRE® E3731i to the MCU with normal and inverted clock
polarity.

Message frame format

The OSP is a message-based protocol with the general message frame format as shown in
Figure 14.

Figure 14: general message frame format

Byte
Bit

Function

Byte 0

Bytel

Byte2

Byte3

Byte M-1

ByteM

o[alz ][« [s]s]7 o] [o]n]u]o

14|15|15

17|13|19‘ZD|21|21‘23

2[5 [z [ [0 1] . [wr]walws[wa]wa[wa[wa] w

N+1 ‘ N+2| N+3‘ N+4‘ N+5| N+6 | N+7‘ N+8

Preamble

Address

PsI

Command

Payload (flexible length)

CRC8

The bit order is MSB first. The format is the same for upstream and downstream communication.

Preamble (4 bit): Fixed to Ob1010.
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Avoid messages with incorrect preamble as this could lead to forwarding of garbage messages
along the chain and to raising the CE_FLAG.

Address (10 bit): Allowed values for downstream messages are 0x000 (broadcast) and 0x001
to Ox3ef (individual nodes). Upstream messages always contain the address of the sender in the
address field. Not all commands are allowed in a broadcast message. See chapter 5.2.5
"Commands".

PSI (3 bit): The PSI field indicates the length of the payload in bytes. Its value must match the
expected value for each command (may be different for up- and downstream directions). See
chapter 5.2.5 "Commands".

PSI 0b000 0b001 0b010 0b011 0b100 0b101 0b110 Ob111

Payload 0 1 2 3 4 reserved 6 8

The total message length is PSI + 4 bytes.

Note: The PSI 0b101 is not allowed and will give rise to a communication error even when the
unit is not directly addressed.

Note: A PSI value larger than the payload will potentially lead to the payload being filled up with
garbage data from previous messages. In this case, no CE_FLAG is raised.

Command (7 bit): See chapter 5.2.5 "Commands".

Payload (0 to 64 bit): Variable payload field. The length must match the value given in the PSI
field.

CRC (8 bit): See chapter 5.2.4 "Cyclic redundancy check"

5.2.3 Message handling
Broadcast
An address of 0x000 initiates a broadcast, i.e., the same message is sent and received by all
nodes on the chain. Whether a command can be broadcast is detailed in chapter 5.2.5
"Commands".
Commands that trigger a response and status requests are not allowed in broadcast messages.
If a response is requested nevertheless (READxx or SR), only the last unit in the chain (EOL)
sends out a response message. This behavior is not supported and subject to change without
notice.
Forwarding and fast forwarding
Message forwarding refers to the direct forwarding of a message without modification.
Messages are forwarded to the next device if the address in the message frame is the broadcast
address, or it is different from the node's address.
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If a message is to be forwarded, forwarding starts exactly one cycle after the preamble and
address field are fully received, i.e., after 15 bits. This is referred to as fast-forwarding.

When a node is uninitialized, broadcast messages are fast-forwarded and addressed messages
(0x001 to Ox3fe) are forwarded only after the full message has been received.

Responses and status requests

Some commands trigger a response from the addressed node. In this case, the address field
contains the address of the sending node to indicate the origin of the message. The response is
typically sent out approximately 3-4 bit-periods after the end of the command message has been
received by the node.

Some commands do not send a response but allow a status request. The status request is done
by setting bit 5 in the command field ("SR" bit):

uint8_t commandSR = command | (1 << 5);

If a valid "SR" bit has been received, the node responds by sending the TEMPSTAT register to
the MCU after the original command has been executed. Status bits are cleared after responding
to the status request. In the case of the CLRERROR command, the status bits are cleared by
the command before the status request is sent.

Commands supporting a status request are marked in the command description. See chapter
5.2.5 "Commands".

Note: If the SR bit is set in commands officially not supporting the status request, the command
is executed but the TEMPSTAT register is returned to the MCU instead of the expected response
of the command. This does not apply to the INITxx commands.

Note: The OSP does not allow simultaneous up- and downstream messages on the same node,
as this could lead to dropped or corrupted messages. Therefore, commands that trigger a
response and status requests are not allowed in broadcast messages.

If a response is requested nevertheless (READxx or SR), only the last unit in the chain (EOL)
sends out a response message. This behavior is not supported and subject to change without
notice.

Waiting time between messages

The OSIRE® E3731i is not accepting a new message while a message is being received or
transmitted on the other port. Likewise, simultaneous upstream and downstream messages are
not supported.

Therefore, a waiting time has to be added by the MCU between sending two messages in order
to ensure that all receiving and transmitting activities have been concluded.

The minimum waiting time between two downstream messages should be 8.5 s (edge to edge)
and applies to write-only and broadcast commands without response request. If an answer has
been requested, the next message should only be sent after the response has been received by
the MCU.
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Communication errors

The OSP requires certain communication errors to be detected by each unit in a daisy chain.
Table 10 summarizes all relevant error conditions.

Table 10: Relevant error conditions

Unit Correct PSI matches CRC is PSI matches CE-FLAG
addressed preamble payload correct* command raised

- no - - - yes

yes yes - - no yes

yes yes - no - yes

yes yes no - - yes

no yes - - no no

no yes - no - yes

no yes no - - yes

- value not relevant
* applies if CRC check is enabled
** applies to broadcast messages that address another unit

The OSIRE® E3731i performs some error detection even for messages that are to be forwarded
(CRC and PSI). If an error is detected in such a case, the failure flag is set and the message is
still forwarded, i.e., communication is not stopped. Errors due to unknown commands or PSI-
command-mismatch are only detected if the unit is directly addressed.

Note that messages with a PSI to payload mismatch not addressed to a unit will be forwarded
with a payload matching the PSI value leading to either truncation or extension with undefined
data. For example, a missing or very bad GND connection between two devices could lead to
such behavior.

5.2.4 Cyclic redundancy check
The CRC field contains the CRC8 check word calculated over the full message excluding the
CRC field.
CRC Implementation: x*8 + x5 + xA3 + x"2 + x + 1.
Polynomial: 0x2F (normal notation)
Initial value: 0x00
XOR value: 0x00
Direction: MSB first
Note: This implementation uses the same polynomial but is not compatible with the AUTOSAR
implementation because of the different initial and XOR values of OxFF.
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Note: The calculation direction for the CRC field in the non-volatile memory is LSB first.

Refer to section 0 for examples.

5.2.5 Commands
The OSIRE® E3731i supports the following commands.

Table 11: Table of commands

Grcoding  BLOIOCTS! Fajest | Besperepayion  Status eaest
RESET 0x00 yes 0 0 no
CLRERROR 0x01 yes 0 0 yes
INITBIDIR 0x02 no 0 2 no
INITLOOP 0x03 no 0 2 no
GOSLEEP 0x04 yes 0 0 yes
GOACTIVE 0x05 yes 0 0 yes
GODEEPSLEEP 0x06 yes 0 0 yes
IDENTIFY 0x07 no 0 4 no
READSTATUS 0x40 no 0 1 no
READTEMPST 0x42 no 0 2 no
READCOMST 0x44 no 0 1 no
READLEDST 0x46 no 0 1 no
READTEMP 0x48 no 0 1 no
READOTTH O0x4A no 0 3 no
SETOTTH 0x4B yes 3 0 yes
READSETUP 0x4C no 0 1 no
SETSETUP 0x4D yes 1 0 yes
READPWM Ox4E no 0 6 no
SETPWM Ox4F yes 6 0 yes
READOTP 0x58 no 1 8 no

* See chapter "Responses and status requests”. The payload size of a status request is 2 bytes. Not
allowed with broadcast.

If the OSIRE® E3731i receives a command that is not listed above with PSI > 0, a communication
error is raised. If the PSl is zero, the message is silently ignored.

Note: If the SR bit is set in commands officially not supporting the status request, the command
is ignored and the TEMPSTAT register is returned to the MCU instead.
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RESET

Performs a complete reset of one or all devices. The effect is identical to a power cycle (see
chapter 3.3 "Startup behavior").

All register values are set to their default values, all error flags are cleared, the communication
mode detection is restarted, LED drivers are turned off, and the address is set to Ox3ff. The
device enters the UNINITIALIZED mode.

After issuing the RESET command, wait for at least 150 ys before sending out the next
command.
CLRERROR

Clears all error flags in one or all devices. If an error condition still persists, the error flag is
automatically set again.

If the SR bit is set, the device returns the TEMPSTAT register after the error flags have been
cleared.
INITBIDIR

Initiates the automatic addressing of the chain and sets the communication direction to
bidirectional.

The command shall be addressed to the first unit in the chain always with address 0x001. The
last unit in the chain (indicated by the EOL mode, see chapter 2.1 "Communication mode
selection") returns its address to the master. Subsequent commands should only be sent after
the response has been received by the MCU.

Figure 15: lllustration of the automatic addressing feature

ECU Node 1 Node 2 Node 3
T T T T
I I I I
I I I I
‘ Init(1) [ \ |
\ : :
I I I
I I I
| | |
I I I
I I I
I I I set address = N
I I I
! \ Init(2) | [
I > I
I I I
I I I
} } 1 no | sendinit(N+1)
| | | to next node
I I I
I I I
| | | yes
| | Init(3) |
: : | ! send address
I I I (N) to ECU
| | |
I I I
I I I
I I I
| | |
L | returnaddress (3) 1
I~ | | T
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If the maximum number of node addresses has been reached (0x3fe), the unit stops the
initialization procedure and returns its address (0x3fe) to the master.

If a node is already initialized, the command is ignored but the message is forwarded with
incremented address and the last unit returns its address. This can be used to selectively
initialize individual units in the chain after a RESET or POR. In this case, do not initialize the chain
with an address different from 0x001 as this could cause undefined behavior.

Note: When the last unit is not in EOL mode (e.g., CAN-FD), it will not recognize itself as last
unit. Then, the application needs to ensure that the chain length is correctly received by the
master.

Uninitialized nodes interpret this command.

Note: This command is not allowed as broadcast. If the broadcast address is used nevertheless,
all units in the chain will be initialized to address 0x000 and no response message will be sent.
Proper operation can be restored with a broadcast RESET followed by INITxx with address
0x001.

Note: If the command is sent using the broadcast address 0x000 into an already addressed
chain, all units will set the CE_FLAG and the last unit will return the TEMPSTAT register with
address 0x000.

INITLOOP

Same as INITBIDIR but sets the communication mode to loop-back. The response to the master
is sent in the forward direction.

Note: If the command is sent using the broadcast address 0x000 into an already addressed
chain, the last unit will return the TEMPSTAT register with address 0x000. No CE_FLAG is
raised in this case.

GOSLEEP

Sends one or all devices into SLEEP state. See chapter 3.2 "Device states".
GOACTIVE

Sends one or all devices into ACTIVE state. See chapter 3.2 "Device states".
GODEEPSLEEP

Sends one or all devices into DEEPSLEEP state. See chapter 3.2 "Device states".
IDENTIFY

Returns the 32-bit node type identification code (= 0x00000000).
READSTATUS

Returns the STATUS register as shown in Table 12.

Bit <7> <6> <5> <4> <3> <2> <1> <0>

Name | STATE [1:0] OTPCRC | COM CE_FLAG | LOS_FLAG OT_FLAG | UV_FLAG

Default | O 0 0 1 0 0 0 0
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where

Table 13: READSTATUS description

Status Description
STATE [1:0] Device state:
0b0O0 - UNINITIALIZED
0b01 - SLEEP
0b10 - ACTIVE
Ob11 - DEEPSLEEP
OTPCRC OTP error flag set during startup when a mismatch between the OTP values and the
internal CRC is detected. Cleared after readout.
COM Communication direction:
0bO0 - bidirectional
0b1 - loop-back
CE_FLAG Communication fault flag. Cleared after readout.
LOS_FLAG LED fault flag. Cleared after readout. See LEDST register.
OT_FLAG Overtemperature fault flag. Cleared after readout.
UV_FLAG Undervoltage fault flag. Cleared after readout.

The status flags are cleared after the response is sent.

READTEMPST

Returns the STATUS + TEMP registers in a single 2-byte payload. See READSTATUS and

READTEMP.

READCOMST

Returns the COM STATUS register as shown in Table 14

Table 14: COM STATUS register

Bit <7> <6> <5> <4> <3> <2> <1> <0>

Name reserved SI02_STATE[1:0] SI01_STATE[1:0]

Default 0 X X X X
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where

Table 15: COM STATUS description

Status Description

SI02_STATE [1:0] Communication mode of SIO2:
0b00 - LVDS
0b01 - EOL
0b10 - MCU
0b11 - CAN
Value is set automatically at startup and after reset.

SIO1_STATE [1:0] Communication mode of SIO1:
0b00 - LVDS
0b01 - EOL
0b10 - MCU
0b11 - CAN
Value is set automatically at startup and after reset.

READLEDST
Returns the LED STATUS register as shown in Table 16.

Table 16: LED STATUS register

Bit <7> <6> <5> <4> <3> <2> <1> <0>

Name reserved RO GO BO reserved RS GS BS

Default | 0 0 0 0 0 0 0 0
where

Table 17: LEDSTATUS description

Status Description

RO RED channel open fault flag. Cleared after readout.
GO GREEN channel open fault flag. Cleared after readout.
BO BLUE channel open fault flag. Cleared after readout.
RS RED channel short fault flag. Cleared after readout.
GS GREEN channel short fault flag. Cleared after readout.
BS BLUE channel short fault flag. Cleared after readout.

The flags are cleared after the response is sent.

Application Note Document No.: ANO78 31/51
2023-08-28


https://ams-osram.com/

OSIRE® E3731i - Startup Guide

READTEMP

Returns the TEMP regi

Table 18: TEMP register
Bit

<7> <6>

ster as shown in Table 18

<5> <4> <3> <2>

<1>

<0>

Name

TEMPJ[7:0]

Default

X

where

Table 19: TEMP register description

Status

Description

TEMPJ[7:0]

IC Temperature: T(°C) = 1.08 x TEMP - 126

READOTTH
Returns the OTTH regi

Table 20: OTTH register

ster as shown in Table 20.

Bit

<23>

<22> ‘ <21>

<20> ‘ <19> ‘ <18>

<17>

<16>

Name

reserved

OR_CYCLE[1:0]

Default

0

1

1

Bit

<15>

<14>

<13>

<12>

<11>

<10>

<9>

<8>

Name

OT_LOW._VALUE[7:0]

Default

OxE6

Bit <7>

<6> <5> <4> <3> <2>

<1> <0>

Name

OT_HIGH_VALUE[7:0]

Default

0xFO
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where

Table 21: OTTH register description

Status

Description

OR_CYCLE[1:0]

Overtemperature detection low pass filter cycle length:

0b00 - 1 cycle

0b01 - 2 cycles
0b10 - 3 cycles
0b11 - 4 cycles

OT_LOW._VALUE[7:0]

cleared only when the temperature is below this value.

Overtemperature fault release threshold in ADC counts. The OT_FLAG can be

OT_HIGH_VALUE[7:0]

cally once the temperature increases above this value.

Overtemperature fault threshold in ADC counts. The OT_FLAG is raised automati-

SETOTTH

Writes the OTTH register. See READOTTH for the payload format.

Note: It takes at least one update cycle of the temperature sensor (TEMPCK) for the changes to
take effect (see READSETUP).

READSETUP

Returns the SETUP register as shown in Table 22.

Table 22: SETUP register

Bit <7> <6> <5> <4> <3> <2> <1> <0>
Name | PWM_F | CLK_INV | CRC_EN | TEMPCK | CE_FSAVE | LOS_FSAVE | OT_SAVE | UV_FSAVE
Default | 0 0 0 1 0 0 1 1

where

Table 23: SETUP register description

Status Description

PWM_F PWM frequency and dynamic range
0b0 - 586 Hz / 15 bit
0Ob1 - 1172 Hz / 14 bit

CLK_INV CLK polarity for MCU mode

CRC_EN CRC check
0bO0 - disabled
Ob1 - enabled

TEMPCK Update rate of the temperature sensor
0b0 - 19.2 kHz
Ob1 - 2.4 kHz

CE_FSAVE Device behavior when a communication error is detected

0bO0 - Error flag is raised
Ob1 - Error flag is raised, and the device is put into SLEEP mode
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Table 23: SETUP register description

Status Description
LOS_FSAVE Device behavior when an open/short error is detected

0bO - Error flag is raised

0b1 - Error flag is raised, and the device is put into SLEEP mode
OT_SAVE Device behavior when an overtemperature error is detected

0bO - Error flag is raised

0b1 - Error flag is raised, and the device is put into SLEEP mode
UV_FSAVE Device behavior when an undervoltage error is detected

0bO0 - Error flag is raised

0b1 - Error flag is raised, and the device is put into SLEEP mode

SETSETUP

Writes the SETUP register. See READSETUP for the payload format.

Note: It is recommend to enable crc check e.g. via broadcast command before init.

READPWM

Returns the PWM register as shown in Table 24.

Table 24: PWM register

Bit <47> <46> <45> <44> ‘ <43> ‘ <42> <41> <40>
Name IRED RED_PWM[14:8]
Default 0 0
Bit <39> <38> <37> <36> <35> <34> <33> <32>
Name RED_PWM][7:0]
Default 0
Bit <31> <30> <29> <28> <27> <26> <25> <24>
Name IGREEN GREEN_PWM[14:8]
Default 0 0
Bit <23> <22> <21> <20> <19> <18> <17> <16>
Name GREEN_PWM[7:0]
Default 0
Bit <15> <14> <13> <12> <11> <10> <9> <8>
Name IBLUE BLUE_PWM[14:8]
Default 0 0
Bit <7> <6> <5> <4> <3> <2> <1> <0>
Name BLUE PWM[7:0]
Default 0
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where

Table 25: PWM register description

Status Description

IRED Red peak current
0b0 - "nighttime" mode
0b1 - "daytime" mode

RED_PWM[14:0] Red PWM value. If PWM_F = 0b1, only bits [13:0] are interpreted.

IGREEN Green peak current
0b0 - "nighttime" mode
0b1 - "daytime" mode

GREEN_PWM[14:0] Green PWM value. If PWM_F = 0b1, only bits [13:0] are interpreted.

IBLUE Blue peak current
0b0 - "nighttime" mode
0b1 - "daytime" mode

BLUE_PWM[14:0] Blue PWM value. If PWM_F = 0b1, only bits [13:0] are interpreted.

SETPWM
Writes the PWM register. See READPWM for the payload format.

Note: The changes take effect immediately after the command has been received.
READOTP

Reads OTP values from address OTPADDR as given in the payload are shown in Table 26
Table 26: OTP register

Bit <7> <6> <5> ‘ <4> ‘ <3> ‘ <2> ‘ <1> ‘ <0>

Name reserved OTPADDR[5:0]

The response contains a payload of 8 bytes consisting of the 8 following bytes starting from
OTPADDR ordered from highest to lowest byte.

For example, OTPADDR = 0x0A returns bytes 0x11 to OxOA as shown in Table 27
Table 27: Example READOTP

Payload
Header CRC
0x11 0x10 0xOF 0x0E 0x0D 0x0C 0x0B 0x0A

If any of the 8 bytes exceeds the range of valid addresses, these bytes contain random data and
should be ignored.

The response is sent out after a delay of approximately 55 ys.

Note: The data readout of all devices could take a while depending on number of devices. Our
recommendation is a readout one time and storing data within MCU.

The memory map of the OSIRE® E3731i is shown in Figure 16.
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Note: u and v refer to u' and V', respectively. See chapter 4.1 "Calibration data" for more details.

OTPAddress Bits
7 6 5 | 4 [ 3 | 2 | 1 0
00 Chip_ID[7:0] (position)
01 Chip_ID[15:8] (position)
02 Reserved I Chip_ID[20:16] (wafer number)
03
04
05
06 Reserved
07
08
09
0A R_u_night[7:0]
0B R_v_night[7:0]
oc R_Iv_night[7:0]
oD R_Iv_day{11:8] | R_Iv_night][11:8]
OE R_u_day{7:0]
OF R_v_day[7:0]
10 R_Iv_day{7:0]
11 B_u_night[7:0]
12 B_v_night[7:0]
13 B_Iv_night[7:0]
14 B_Iv_day[11:8] [ B_Iv_night[11:8]
15 B_u_day[7:0]
16 B_v_day{7:0]
17 B_Iv_day{7:0]
18 G_u_night[7:0]
19 G_v_night[7:0]
1A G_Iv_night[7:0]
1B G_lv_day{11:8] | G_Iv_night[11:8]
1C G_u_day[7:0]
1D G_v_day{7:0]
1E G_Iv_day[7:0]
1F CRC2<7:0> (could also be used for other data)

5.3 OTP to PWM example

This section presents an example for decoding calibration data from OTP values and for the
calculation of PWM values necessary to reach the D65 white point in nighttime mode as given in
chapter 4.1 "Calibration data" and chapter 4.2 "PWM calculation".

The table in Figure 17 illustrates an exemplary OTP loading with the byte values given in the
right-most column.
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OTPAddress Bits Data:
7 6 5 4 | 3 2 1 0

0A R_u_night[7:0] 201
0B R_v_night[7:0] 210
oc R_Iv_night[7:0] 154
oD R_Iv_day{11:8] | R_Iv_night[11:8] 166
0E R_u_day{7:0] 203
oF R_v_day{7:0] 210
10 R_Iv_day{7:0] 145
1 B_u_night[7:0] 51

12 B_v_night[7:0] 84
13 B_Iv_night[7:0] 198
14 B_Iv_day{11:8] | B_Iv_night[11:8] 50
15 B_u_day{7:0] 57
16 B_v_day{7:0] 73
17 B_Iv_day{7:0] 40
18 G_u_night[7:0] 28
19 G_v_night[7:0] 232
1A G_Iv_night[7:0] 160
1B G_Iv_day[11:8] | G_Iv_night[11:8] 153
1C G_u_day7:0] 23

1D G_v_day{7:0] 229
1E G_lIv_day{7:0] 155
1F CRC2<7:0> (could also be used for other data) 149

Specific OTP bytes are referenced in the following by their address, e.g., the value at address
OxOA is referred to by <OxO0A>. In the concrete example, <Ox0A> = 201.

In order to verify data integrity, the CRC check word given in <Ox1F> can be used. An example
implementation for the CRC algorithm (crc_otp) is given in chapter 5.4.3 "OTP cyclic redundancy
check".

In this concrete example:

uint8_t data[] = { 201, 210, 154, 166, 203, 210, 145, 51, 84, 198, 50, 57, 73,
40, 28, 232, 160, 153, 23, 229, 155, 149}; // include all
OTP bytes from @x0A to Ox1F (=CRC2 checkword)

uint8_t checkword = crc_otp(data, 22);
As the check word in the example computes to 0x00, the data is verified.

The necessary decoding steps from OTP bytes to calibration parameters are given in Figure 18
along with the decoded parameter values and units.
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Variable Name Decoding Value Unit
Red u' @ night <Ox0A>* LSB_u 0,5025
Red v' @ night <0x0B> * LSB_v 0,5250
Red Iv @ night ((<0OxOD> & 0x0f) << 8 | <Ox0C>) * LSB_lv_10 0,7436 cd
Red u' @ day <Ox0E> * LSB_u 0,5075
Red v' @ day <OXOF> * LSB_v 0,5250
Red Iv @ day ((<OxOD> & 0xf0) << 4 | <0x10>) * LSB_lv_50 3,3813 cd
Green u' @ night <0x11>*LSB_u 0,1275
Green V' @ night <0x12>* LSB_v 0,2100
Green Ilv @ night ((<0x14> & 0x0f) << 8 | <0x13>) * LSB_Iv_10 0,3124 cd
Green u' @ day <0x15>* LSB_u 0,1425
Green v' @ day <0x16> * LSB_v 0,1825
Green lv @ day ((<Ox14> & 0xf0) << 4 | <0x17>) * LSB_Iv_50 1,0100 cd
Blue u' @ night <0x18>* LSB_u 0,0700
Blue v' @ night <0x19> * LSB_v 0,5800
Blue lv @ night ((<0x1B> & 0x0f) << 8 | <Ox1A>) * LSB_Iv_10 1,0842 cd
Blueu' @ day <0Ox1C>*LSB_u 0,0575
Bluev' @ day <0x1D> * LSB_v 0,5725
Blue Ilv @ day ((<0x1B> & 0xf0) << 4 | <Ox1E>) * LSB_Iv_50 3,0738 cd
CRC2 149

The necessary coefficients for decoding are labelled LSB_Iv_xx, LSB_u, and LSB_v. The
respective values are given in chapter 4.1 "Calibration data".

Following the equations given in chapter 4.2 "PWM calculation”, the tristimulus matrix is given as
16014 02944 04268

A= 0.7436 1.0842 03124
-0.0027 0.0888 27586

with a determinant of
det(A) = 4.1702

Assuming a target brightness of 1 cd at D65 (Cx = 0.3128, Cy = 0.3290 or u' = 0.1979,
v' = 0.4683), the target vector is found to be

0.9508
T =| 1.0000
1.0888
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The three matrices A1, A2, and A3 are obtained by replacing the respective column of the
tristimulus matrix by the target vector:

0.9508 0.2944 04268

A1 =| 1.0000 10842 0.3124
10888 00888 27586
16014 09508 04268
A2 = 07436 1.0000 03124
-0.0027 10888 27586
and
16014 0.2944 09508
A3 = 0.7436 1.0842 10000

-0.0027 00888 1.0888

with determinants
det(A4) = 1.6393,
det(A,) = 2.2685,
and

det(A3) = 1.5745

respectively.

The three PWM duty cycles are finally obtained as
det(A1 ) 1.6393

by = det(A) 41702

= 0.3931

det(Az)
9= TelAy 0.5440
and
det(A3)
Db = m = 03775

Assuming the lower PWM frequency setting is to be used (PWM_F = 0b0, see SETSETUP in
Section 7.5), the PWM values are encoded using 15 bits. The respective values for the SETPWM
command are thus

PWM, =D, x (219 - 1) = 12881,
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5.4

5.4.1

PWMg = Dy x (21° - 1) = 17825,
and

PWM, =D, x (2'° - 1) = 12370.

Code examples

Copyright 2022 by ams OSRAM AG

All rights are reserved.

IMPORTANT - PLEASE READ CAREFULLY BEFORE COPYING, INSTALLING OR USING
THE SOFTWARE.

THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS
"AS I1S" AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT
LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS

FOR A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE COPYRIGHT
OWNER OR CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL,
SPECIAL, EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT
LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE,
DATA, OR PROFITS; OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY
THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT
(INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE
OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.

Manchester coding

[/----= - Lookup table for manchester encoding -------------------- //
uintl6_t manLookUpTable[256] =
{ ©Oxaaaa, ©xaaa9, Oxaaab, Oxaaa5, Oxaa%9a, Oxaa99, ©xaa96, Oxaad95, Oxaaba,

Oxaab69, Oxaab6, Oxaab5, Oxaaba, Oxaa59, Oxaa56, Oxaa55, Oxa%9aa, Oxa%9a9,
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Oxa9ab, Oxa9a5, Oxa99a, Oxa999, 0Oxa996, Oxa995, Oxa9%6a, Oxa969, 0Oxa966,
Oxa965, ©Oxa95a, Oxa959, 0xa956, Oxa955, Oxabaa, Oxaba9, Oxabab, Oxabas,
Oxa69a, Oxa699, Oxab696, Oxab95, Oxabba, Oxa669, Oxab66, Oxa665, Oxab6b5a,
Oxa659, Oxab56, Oxa655, OxaSaa, Oxa5a9, Oxa5a6, Oxaba5, Oxa59a, 0Oxab99,
Oxa596, ©Oxab95, ©Oxab6a, Oxa569, Oxab66, Oxa565, Oxab5a, Oxa559, Oxa556,
Oxa555, ©x9%aaa, Ox9aa9, 0Ox9%9aa6, Ox9%9aa5, Ox9a9a, 0x9a99, 0x9a9%6, ©Ox9a95,
Ox9aba, Ox9a69, 0x9a66, Ox9a65, Ox9a5a, Ox9a59, Ox9a56, ©Ox9a55, Ox99aa,
0x99a9, 0x99a6, 0Ox99a5, Ox999a, Ox9999, Ox9996, ©x9995, Ox996a, ©x9969,
0x9966, Ox9965, ©Ox995a, 0Ox9959, Ox9956, Ox9955, Ox96aa, Ox96a9, Ox96a6,
Ox96a5, Ox969a, 0x9699, Ox9696, Ox9695, Ox966a, Ox9669, Ox9666, Ox9665,
0x965a, Ox9659, Ox9656, Ox9655, Ox95aa, Ox95a9, 0Ox95a6, Ox95a5, Ox959a,
0x9599, ©x9596, ©x9595, Ox956a, Ox9569, Ox9566, 0x9565, Ox955a, Ox9559,
0x9556, Ox9555, Ox6aaa, Ox6aa9, Ox6aab, Ox6aa5b, Ox6a%9a, Ox6a99, 0Ox6a96,
Ox6a95, Ox6aba, Ox6a69, Ox6a66, Ox6a65, Ox6aba, Ox6a59, Ox6a56, Ox6a55,
Ox69aa, Ox69a9, Ox69a6, Ox69a5, Ox699a, Ox6999, 0x6996, Ox6995, Ox696a,
Ox6969, Ox6966, Ox6965, Ox695a, Ox6959, Ox6956, Ox6955, Ox66aa, Ox66a9,
Ox66a6, Ox66a5, Ox669a, Ox6699, Ox6696, Ox6695, Ox666a, Ox6669, OX6666,
Ox6665, Ox665a, Ox6659, Ox6656, OX6655, Ox65aa, Ox65a9, Ox65a6, Ox65a5,
Ox659a, 0Ox6599, 0Ox6596, Ox6595, Ox656a, Ox6569, Ox6566, Ox6565, Ox655a,
Ox6559, Ox6556, Ox6555, Ox5aaa, Ox5aa9, Ox5aa6, Ox5aa5, Ox5a9a, Ox5a99,
Ox5a96, ©x5a95, ©x5a6a, 0x5a69, Ox5a66, Ox5a65, Ox5a5a, Ox5a59, ©x5a56,
ox5a55, ©x59aa, 0x59a9, Ox59a6, 0x59a5, Ox599a, 0x5999, Ox5996, 0Ox5995,
Ox596a, Ox5969, Ox5966, 0x5965, ©Ox595a, Ox5959, 0x5956, Ox5955, Ox56aa,
Ox56a9, Ox56a6, Ox56a5, 0x569a, Ox5699, Ox5696, 0x5695, Ox566a, Ox5669,
Ox5666, 0x5665, Ox565a, 0Ox5659, Ox5656, ©x5655, Ox55aa, Ox55a9, 0x55a6,
0x55a5, 0x559a, 0x5599, 0x5596, ©x5595, Ox556a, Ox5569, Ox5566, Ox5565,

Ox555a, Ox5559, ©x5556, Ox5555};

/**

* @brief Manchester encoder
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* This function codes the bytes given by p_buffer to manchester code and
* stores the new bytes in the same buffer. The buffer must be twice as

* large as the number of bytes given by byteCount.

* @param p_buffer Pointer to an array where the bytes of the message are
* stored and the new bytes will be saved
* @param byteCount Specifies how many bytes form p_buffer will be encoded
*
*/
void manchester_encoding (uint8_t* p_buffer, uint8_t byteCount)
{
p_buffer = p_buffer + byteCount - 1;
uintl6_t buf;
for (uint8_t counter = @; counter < byteCount; counter++)
{
buf = manLookUpTable[*p_buffer];
p_buffer = p_buffer + byteCount - counter;
*p_buffer

buf & 0xeeff;
p_buffer--;
*p_buffer

buf >> 8;

p_buffer = p_buffer - byteCount + counter;

5.4.2 Message cyclic redundancy check
Examples:
Sending:
CRC Input: 0xA0_04_02' CRC Checkword: 0xA9 ' Full Message: 0xA0_04_02_A9
Receiving:

CRC Input: 0xA0_04_02_A9' CRC Checkword: 0x00
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CRC without Look-Up Table
A possible implementation of the CRC algorithm is the following:

uint8_t crc(uint8_t *InBytes, uint8 t InSize)

{
uint8 t crc = 0x00;
uint8_t extract;
for(uint8_t i = 0;i < InSize; i++)
{
extract = *InBytes;
for (uint8_t mask = 8; mask > 0; mask--)
{
if (((extract >> (mask - 1)) & 0x01) == ((crc >> 7) & 0x01))
crc = ¢crc << 1;
else
crc = (crc << 1) ™ Ox2F;
crc &= OxFF;
}
InBytes++;
}
return crc;
}

CRC with Look-Up Table

The same CRC calculation with look-up table:

[/ - crc lookup table for polynom OX2F -------------------- //

uint8 t crcLookUpTable[256] = { Ox00, Ox2F, Ox5E, 0x71, O0xBC, ©x93, OxE2, Ox(CD,
Ox57, Ox78, 0x09, ©x26,

OxEB, ©xC4, OxB5, Ox9A, OxAE, 0x81, OxFO, OxDF, ox12, ox3D, 0x4C, Ox63,
OxF9, oxD6, OxA7, Ox88, 0x45, Ox6A, Ox1B, 0x34, 0x73, Ox5C, ox2D, 0©x02,

OXCF, OXEQ, Ox91, OXBE, Ox24, OxOB, Ox7A, Ox55, 0x98, OxB7, OxC6, OXE9,
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{

oxDD, OxF2, 0x83, OxAC, Ox61, Ox4E, Ox3F, 0x10, Ox8A, OxA5, oxD4, OxFB,
0x36, Ox19, ox68, 0x47, OxE6, OxC9, OxB8, Ox97, Ox5A, Ox75, Ox04, 0Ox2B,
OxB1l, Ox9E, OxEF, oxCo, oxeD, 0x22, ©x53, ox7C, ox48, 0x67, Oxl1l6e, Ox39,
oxF4, oxDB, OxAA, 0x85, Ox1F, ©x30, 0x41l, Ox6E, OxA3, 0x8C, OxFD, oxD2,
0x95, OxBA, OxCB, OxE4, 0x29, 0x06, Ox77, 0x58, 0xC2, OxED, ©x9C, ©xB3,
Ox7E, Ox51, Ox20, OxOF, 0x3B, 0x1l4, ox65, Ox4A, 0x87, OxA8, OxD9, OxF6,
ox6C, 0x43, 0x32, ox1D, oxDo, OxFF, Ox8E, OxAl, OxE3, OxCC, OxBD, 0x92,
Ox5F, Ox70, Ox01l, Ox2E, 0xB4, Ox9B, OxEA, OxC5, Ox08, 0x27, Ox56, 0x79,
ox4D, ox62, 0x13, ox3C, OxFl, OxDE, OxAF, 0x80, Ox1A, 0x35, 0x44, Ox6B,
oxA6, 0x89, OxF8, oxD7, ©x90, OxBF, OxCE, OxEl, ©x2C, ©x03, ©x72, Ox5D,
oxC7, OxE8, Ox99, OxB6, 0x7B, Ox54, Ox25, Ox0A, Ox3E, 0x1ll, Ox60, Ox4F,
0x82, OxAD, OxDC, OxF3, 0x69, 0x46, Ox37, 0x18, oxD5, OxFA, Ox8B, OxA4,
0x05, Ox2A, oOx5B, ©0x74, ©xB9, ©x96, OxE7, OxC8, ©x52, Ox7D, Ox0C, Ox23,
OxXEE, OxCl, OxBO, Ox9F, OxAB, 0x84, OxF5, OxDA, 0x1l7, 0x38, 0x49, 0Ox66,
OxFC, oxD3, OxA2, ox8D, 0x40, Ox6F, Ox1lE, Ox31l, Ox76, 0Ox59, 0x28, 0x07,
OxCA, OxE5, 0x94, oOxBB, ©0x21, OxOE, Ox7F, 0x50, ©x9D, ©xB2, ©xC3, OXEC,
oxD8, OxF7, Ox86, OxA9, 0x64, Ox4B, Ox3A, Ox15, Ox8F, OxA0, OxD1l, OxFE,

0x33, Ox1C, 0x6D, 0x42};

nt8 t crc (uint8 t* p buffer, uint8 t byteCount)

uint8 t counter, crc = 0;

//for loop for every byte which is given by parameter byteCount

for (counter = @; counter < byteCount; counter++)

{
crc ~= *p_buffer; //xor current crc with value of pointer
crc = crcLookUpTable[crc]; //take new crc from lookup table
p_buffer++; //increase address of pointer
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}

return crc; //return crc

54.3 OTP cyclic redundancy check

The OTP CRC uses the same polynomial as the message-CRC with the difference that the bit
order within an input byte and the CRC output byte is reversed.

Examples:

Sending:

CRC Input: 0XA0_04_02 --> CRC Checkword: 0x59 --> Full Message: OxA0_04_02_59
Receiving:

CRC Input: 0xA0_04_02_59 --> CRC Checkword: 0x00

A possible implementation of the CRC algorithm is the following (differences to chapter 5.4.2
"Message cyclic redundancy check" are highlighted by bold font):

uint8_t reverse_bits(uint8_t b)

{
b=(b&oxfo) >> 4 | (b & oxof) << 4;
b= (b &0xcc) >»> 2 | (b & 9x33) << 2;
b=(b&®©oxaa) >> 1 | (b & 9x55) << 1;
return b;

}

uint8 t crc_otp(uint8_t *InBytes, uint8_t InSize)

{
uint8_t crc = 0x00;
uint8_t extract;
for(uint8 t i = 9;i < InSize; i++)
{
extract = *InBytes;
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for (uint8_t mask = ©; mask < 8; mask++)

{
if (((extract >> (mask - 1)) & 0x01) == ((crc >> 7) & 0x01))
crc = ¢crc << 1;
else
crc = (crc << 1) ~ Ox2F;
crc &= OxFF;
}
InBytes++;
}
return reverse_bits(crc);
}
5.5 Example chain configurations

Figure 19 shows a bidirectional chain example with CAN-FD section. The 1st OSIRE® E3731i
serves as a Manchester decoder between the chain and the MCU (upstream direction).

Figure 19: Bidirectional chain example with CAN-FD section

Control Unit LED PCB

45V..55VDC 45V..55VDC

0 B
Transceiver e.g.
CAN (~5Mbit)

e oo [

Transceiver e.g Twisted
CAN (~5Mbit) pair

i

Figure 20 shows a bidirectional chain example with direct MCU - CAN-FD connection. The MCU
needs to implement the Manchester decoder.
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Figure 20: Bidirectional chain example with direct MCU-CAN-FD connection
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Figure 21 shows a loop-back chain example on a single PCB.

Figure 21: Loop-Back chain on a single PCB
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An example of a loop-back chain on two PCBs is shown in Figure 22.
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Figure 22: Loop-back chain on
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5.6 Message timing estimations

pQ et wo B

15V 1st device

E
sigmaling
Manchester

Table 28 and Table 29 show the message timing calculations.

Table 28: Message timing calculations

COM speed Bits Min Mbps Typ Mbps Max Mbps
COM Data Rate MCU (+/- 8%) 2.21 24 2.59
COM Manchester Coded 4.42 4.8 5.18
COM Data Rate RGBi (+/- 5%) 2.28 24 2.52
Duration 1 bit (us) 1 0.44 0.42 0.40
Duration 16 bit (us) 16 7.0 6.7 6.3
Duration 48 bit (us) 48 21 20 19
Duration 80 bit (us) 80 35 33 32
Duration 96 bit (us) 96 42 40 38
Croegatr ey (1900 CSUOTMOTN goias Minbps  Typ Mo Mo Wops
Duration (us) 1 8,7 8,1 7,5
Duration (us) 100 871,7 807,3 749,0
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Table 28: Message timing calculations

Propagation delay (32 bit) init address or ping

for error devices Min Mbps Typ Mbps Max Mbps

Duration (us) 1 14,9 14,1 12,1

Duration (ps) 100 1493,4 1408,3 1208,3

Duration (ps) incl. answer from last device - 100 2365,1 2215,6 1957,3

bi-directional

Duration (ps) incl. answer from last device - 300 7095,4 6646,9 5872,0

bi-directional

Minimum MCU wait time between packets (us) 8.3

Table 29:

Daisy chain total loading (ms) 50 devices 100 devices 300 devices

init address 0.7 1.4 4.2

init address incl. answer from last device at bi-directional mode 1.1 2.2 6.6

init address incl. answer from last device at loop back mode 0.7 1.4 4.2

Set setup register via broadcast 0.4 0.8 24

Set active or sleep mode via broadcast 0.4 0.8 24

Set PWM & current individually for all devices 1.92 4.2 12.5

Receive status & temperature (set SR-bit) from last device at 0.4 0.8 2.4

bi-directional mode

Receive status & temperature (set SR-bit) from last device at 0.02 0.02 0.02

loop back mode

Receive all optical data from OTP (typ. onetime readout) 77 276 2281
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