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1. Embedded FW Version
This specification is compatible with the following embedded version:
FW version = V2.2.254
You can check the version with the command “version” on a UART terminal, see annexes
Getting Started paragraph 15. Or read the register 0x04 with an I2C interface, see paragraph 8.

2. Introduction
The LS53L0X-V2 Time-of-Flight sensor is a compact, flexible, programmable, plug & play and
accurate solution to measure a distance. Based on the world's smallest Time-of-Flight ranging
sensor from STMicroelectronics VL53L0X and a STM32 microcontroller the LS53L0X-V2 will
allow you to measure distances (obstacles, liquid levels...) up to 2 meters (indoor).
Thanks to the firmware embedded in the STM32F030 microcontroller the distance is available
through PWM, I2C and UART interface.

Main characteristics
Power Supply
Interfaces
Ranging Distance
Measuring Angle
Dimension
Range measurement
period
Power consumption
UART baud rate

2V8 to 3V5 (max) (3V3 recommended)
PWM, I2C, UART
2 cm to 200 cm (0.79” to 78.74”) in best light conditions
25 degrees
19.1 mm x 23.7 mm x 4.5-5.2 mm (without/with cover glass)
(7.52”x9.33”x1.77”-2.05”)
Minimum is 18ms
15.6 mA (low power mode) to 33.4 mA (continuous ranging)
up to 921600 baud default 460800

Main Features

● Power Supply: 2V8 to 3V3
● Interfaces: PWM, I2C, UART
● Ranging Distance: 2 cm to 200 cm
● The following values come from Datasheet 5.2 Max ranging distance
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● Measuring Angle: 25 degree
● Dimension: 19.1 mm x 23.7 mm x 4.5-5.2 mm
● The sensor supports several ranging accuracy modes. The following values come from
VL53L0X datasheet 5.3.2 Range profile examples:

● Ranging accuracy:
● From 3% to 7% Indoor
● From 6% to 12% Outdoor
● The following values come from VL53L0X datasheet 5.3.2 Range profile
examples:
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3. How does it work?

Eye safe class 1 laser device compliant with latest standard IEC 60825-1:2014-3rd edition.

LS53L0X Block Diagram
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4. Board physical description
4.1. Board Layout
Top View
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4.2. Board pinout

SWD SWCLK

RESET

SWD SWDIO

UART TX

GND

UART RX

I2C MSDA

PWM

I2C MSCL

GND

INT

VCC

7

LIGHT SABER LS53L0X-V2 BOARD DESCRIPTION

5. Board configuration
5.1. I2C MASTER/SLAVE and LS53L0X-V2 default setting
The figure below shows how to configure default settings and Master/Slave mode using H/W
resistor configuration. It is also possible to change these settings by S/W configuration. See
paragraph 9.2.

R13

R12

R12 = configuration bit 0 (config0)
R13 = configuration bit 1 (config1)

Configuration
R12 (0 Ohms) mounted
R12 (0 Ohms) not mounted (default state)
R13 (0 Ohms) mounted
R13 (0 Ohms) not mounted (default state)

www.gilisymo.com

State
LS53L0X-V2 default settings RECOVERY
MODE
Use parameters set in flash memory (software
configuration mode, USER MODE)
Plugin set as I2C Master
Plugin set as I2C Slave
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5.2. Plugin Address
The address configuration is applicable only in slave mode.

R2

R5

R6

PB12 (R2 = 0Ohm)

Addr0 (LSB)

PB13 (R5 = 0Ohm)
PB14 (R6 = 0Ohm)

Addr1
Addr2

PB15 (R7 = 0Ohm)

Addr3 (MSB)

R7

R2, R5, R6 & R7 are NOT mounted by default. I2C address can be modified by soldering one or
more 0ohm resistor or through software programming using software configuration mode. default
address is 0x10 that will offset the user's defined address.
i.e.: with user setting [PB15, PB14, PB13, PB12] = [0,0,1,1] (= 0x3) plugin address will be 0x13.
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5.3. External Clock
An external Crystal footprint has been implemented in case some application can require it. This
crystal along with its capacitor are not mounted.
By default, the LS53L0X-V2 plugin is using the STM32F030 internal clock.

Y1, C6 NOT FITTED

5.4. Additional I/O
LS53L0X-V2 offer some additional I/Os. The expansion connector has 4 I/Os and the power
supply. The power signals can be used to provide power to LS53L0X-V2 or to provide power to
an additional circuit. No connector has been mounted.
PA12
PA11

www.gilisymo.com
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6. Pin description
6.1. VCC
VCC = pin used to power all components on board
Interface

Parameter

VCC

Operating Voltage

Min

Typ.

Max

Unit

2.8

3.3

3.5

V

6.2. RESET
RESET = Pin active low used to reset the STM32F030.

6.3. Interrupt Pin INT
The interrupt pin is used:
•
•

To specify that ranging data is available on I2C, PWM and UART ports.
In threshold mode (see below)

The polarity of the interrupt pin is programmable (default active state is high). To program it you
can use the parameter “IntPolarity” contained in the config parameter.
The min pulse duration is 1ms, the LS53L0X-V2 permit to change the delay by programming the
parameter “stm32intdelay”. The step for the delay is 1 ms. Note that the delay is not calibrated,
this means that you will get a delay which depends on Light Saber FW loop delay plus
stm32intdelay x 1 ms
INT

Delay ~= Time FW loop + stm32intdelay x 1 ms

Delay >1ms

Active state = high

…

Delay >1ms

Active state = low

Figure 1: Interrupt signal example
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Based on plugin registers MinThreshold and MaxThreshold, the LS53L0X-V2 is able to detect
the events of signal above/under max/min thresholds (when max > min). To detect a signal
between the two thresholds, max register must be set to a value under the min one
(MaxThreshold < MinThreshold). The following table will resume all the combinations for the
thresholds.

Table 1 : Threshold conditions

Threshold Condition

Event/Behave

(MinThreshold = 0 and MaxThreshold = 0) or
(MinThreshold = MaxThreshold)
MinThreshold <> 0
MaxThreshold = 0
MinThreshold = 0
MaxThreshold <> 0
MinThreshold <> 0
MaxThreshold <> 0
MinThreshold < MaxThreshold
MinThreshold <> 0
MaxThreshold <> 0
MinThreshold > MaxThreshold

Normal Ranging interrupt each Timing
Budget period
Interrupt only if ranging <= MinThreshold
Interrupt only if ranging >= MaxThreshold
Interrupt If:
ranging <= MinThreshold or
ranging >= MaxThreshold
Interrupt If:
ranging >= MinThreshold or
ranging <= MaxThreshold

Distance
MIN Threshold

Ranging data
Time

INTR1 Pin

Figure 2 Threshold example range under Min threshold
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Distance
Max Threshold

Ranging data
Time

INTR1 Pin

Figure 3 Threshold example range above Max threshold

Distance
MIN Threshold
MAX Threshold

Ranging data
Time

INTR1 Pin

Figure 4 Threshold example range between MIN and MAX threshold
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6.4. MSDA/MSCL
MSCL/MSDA = STM32 I2C pins
The I2C pins are used:
-

To get the distance measured by the LS53L0X-V2 sensor
To configure and control the STM32F030 microcontroller
To control directly the VL53L0X sensor (for more details refer to R/W control and Data
in/out registers)
Interface

I2C

Parameter
Operating Voltage
Frequency

Min

Typ.

Max

Unit

2.8

3.3

3.5

V

-

100

-

kHz

See paragraph 8.2 for more details about available commands/parameters supported over I2C.
See paragraph 8 for more information about communications through I2C interface.

6.5. RX/TX (UART)
RX/TX = UART interface pins
Interface
RX/TX

Parameter
Operating Voltage

Min

Typ.

Max

Unit

2.8

3.3

3.5

V

UART Baud rate up to 921600 baud, Default value is 460800 baud
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6.6. PWM
PWM = Pulse Width Modulation pin.
Interface
PWM

Parameter
Operating Voltage

Min

Typ.

Max

Unit

2.8

3.3

3.5

V

The PWM output is used to:
-

Generate a signal with a duty cycle variable with the distance measured by the ToF
Generate a signal used to drive a Servo Motor
Generate a signal to create a Lidar

The following parameters are used to customize the PWM output.
The PwmInvert parameter can be used to invert the PWM signal polarity, by default PwmInvert
is zero.
There are 2 ways to program the frequency of the PWM signal:
1. one is by specifying directly the PWM frequency,
2. one is to program the values of both a Prescaler and a Counter of the internal block of the
STM32.
The STM32 internal block used to generate the PWM signal is linked to TIM14. For more details,
refer to the STM32F030 datasheet.
When you specify the Frequency, the FW will compute prescaler and counter values, these values
are approximated to the optimum values. In case you want to specify manually both Prescaler
and Counter of the TIM14 block, you can set both the PwmPrescaler and PwmCounter
parameters. In that case the value of the PwmFrequency is updated.

PwmFrequency

PwmPrescaler, PwmCounter

6.7. SWCLK/SWDIO
SWCLK/SWDIO = Software debug port pins used to load the STM32F030 firmware

www.gilisymo.com
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Interface

Parameter

SWCLK/SWDIO Operating Voltage

Min

Typ.

Max

Unit

2.8

3.3

3.5

V

7. PWM Modes
PWM output can be programmed with the following Modes:
Value

PWM Mode

0

PWM_DISABLE

1

PWM_STANDARD_RANGE

2

PWM_FORCE_OUTPUT

3

PWM_SERVO_LIDAR_2POINTS

4

PWM_SERVO_LIDAR

www.gilisymo.com

Description

PWM output is set to 0%
Use ranging distance value to change
PWM output
Set a value for the PWM from 0% to
100%
Move the servo from min to max
position in two steps
Move the servo of PwmCountStep
steps
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7.1. PWM Standard Range
In that mode the value of the PWM pin changes the duty cycle with the distance value.
When Measure distance >= Max distance then the duty cycle is 100%.
When Measure distance <= Min distance then the duty cycle is 0%.
The following formula shows the conversion applied

𝐷𝑢𝑡𝑦 𝐶𝑦𝑙𝑐𝑒 (%) = 100 ∗

(𝑀𝑒𝑎𝑠𝑢𝑟𝑒𝑑 𝐷𝑖𝑠𝑡𝑎𝑛𝑐𝑒 − 𝑀𝑖𝑛𝐷𝑖𝑠𝑡𝑎𝑛𝑐𝑒)
(𝑀𝑎𝑥𝐷𝑖𝑠𝑡𝑎𝑛𝑐𝑒 − 𝑀𝑖𝑛𝐷𝑖𝑠𝑡𝑎𝑛𝑐𝑒)

7.2. PWM Force Output Mode
In that mode the output of the PWM is forced by using the command ‘setPWM’. Valid values are
between the two parameters: PwmCountMin and PwmCountMax.
➢ setPWM counterVal
PwmCountMin < counterVal < PwmCountMax

The ‘setPWM’ command will force the PWM mode to PWM_FORCE_OUTPUT.

7.3. PWM SERVO LIDAR

www.gilisymo.com
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This mode is used to generate a signal that can drive directly a servo motor to made a LIDAR.
The PWM signal sweeps from a minimum duty cycle value to a maximum duty cycle value. The
range is divided in a number of steps given by the parameter PwmCountStep.
The minimum duty cycle is given by the parameter PwmCountMin, the maximum duty cycle is
given by the parameter PwmCountMax.
The signal for the servo motor has the following characteristics:

First the frequency should be set to 50 Hz (T= 20 ms) the parameters chosen to achieve this are
(Note that these are the default values):

PwmFrequency= 50
PwmPrescaler= 14
PwmCounter= 64000
PwmInvert= 0
The main frequency is 48 MHz, the following formulas shows how to compute the PWM frequency
starting from previous parameters:

www.gilisymo.com
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#define CLOCK_CYCLES_PER_SECOND 48000000
temp = ((PwmPrescaler + 1) * (PwmCounter + 1));
PwmFrequency = ((CLOCK_CYCLES_PER_SECOND + temp/2) / temp);

temp = (14+1) * (64000 + 1) = 960015
FREQ PWM = (48000000 + 960015/2) / 960015 = 50.5 Hz

This combination of the parameters, permit a big variation of the duty cycle 64000 values over
the maximum for 16-bit 65535.
The min and the max counter can be computed with a simple formula:

PwmCountMin = (64000 * 1 ms) / 20 ms = 3200

PwmCountMax = (64000 * 2 ms) / 20 ms = 6400

www.gilisymo.com
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The range from the min value to the max value will be divided into PwmCountStep. If we use like
in the previous example from 0 degree to 180 degrees from min to max and we use 180 count
steps, we will have 1 degree for each step.
You can start with the theorical value and then change it to calibrate the 0 degree and the 180
degrees for a specific servo motor.
The step will be incremented on each ranging. For the LIDAR functionality, on each ranging on
the serial output the FW will print the value of the counter and the ranging distance. When the
max is reached the counter will decrement until the minimum. A software which read the serial
output can retrieve the angular position with the counter and the distance of the object.

7.4. PWM SERVO LIDAR 2 Points
This mode is equivalent to the PWM SERVO LIDAR mode with the exception that only 2 point
will be used instead of PwmCountStep.

www.gilisymo.com
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8. I2C Interface
8.1. I2C interface
The LS53L0X-V2 implements an I2C interface (Inter Integrated Circuit) which can be used to
interface the product into a more complex system. In an I2C bus, we need to have at least one
Master (an electronic circuit that initiate the communication) and a Slave (an electronic circuit that
responds to the Master commands).
The LS53L0X-V2 I2C interface supports:
•
•

I2C Standard mode: 100 kHz
I2C address: 7-bit addressing mode

The address of the Slave can be set in two way:
1. By HW configuration: the resistors from R12 to R15. The final address is given by the formula:
Slave Address = 0x10 + Addres0 + 2*Address1 + 4* Address2 + 8 * Address3
2. By SW configuration: parameter UseSoftwareConfig=1, EnableMaster=0:
Slave Address = “parameter SlaveAddress”
For more details, refer to paragraph 5.1

8.2. Command over I2C address 0x08
When the LS53L0X-V2 is configured as Slave, the Master in the I2C bus, can send a set of
commands, by doing a write in the register number 0x08 see paragraph 8.6.
The byte 0 of the address 0x08 contains the command to run after that the I2C transaction has
finished. The following table will list the available commands. This is the same register map of the
previous Light Saber version.
Table 2 : Commands over I2C

Value

Command

0x02

enable

Initiate and start the measurement

0x03

disable

stop the measurement

0x10

runoffset

www.gilisymo.com

Description

Run the offset calibration
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0x20

runxtalk

Run the cross-talk calibration

0x30

savepar

Save all the parameters to Flash

0x40

default

Set all the default value for all the
parameters

0xAA

standby

go to standby mode

0xEE

reboot

Reboot the system

After that i2c transaction has finished, before start the command, the Status register will contain
the value 0x9C that indicate that the command has started.
Immediately after the command is finished, the software will update the Status register with the
result of the command.
The result can be 0x00 for a no Error, 0xE2 in case the command is unknown or others values
can be output with an error defined in the VL53L0X SW driver.
Register

0x0C

Name

Status

R/W

R

Description
After a command this will contains the error status:
0x00 no Error
0x9C Command Started
0xE2 Error: Unknown Command
Others Error occurred
NOTE: B3, B2 and B1 are set to 0 only Byte0 is used

8.3. Read Parameters over I2C
All the parameters that are accessible via UART are also accessible via I2C. To read a parameter
the Master just need to do a read access on the corresponding address.
By Default, all the registers are 32-bit wide with the MSB in the lowest address.

8.4. Latest Ranging Information over I2C
Each time a ranging measurement is done, the FW copies the result of this ranging on the
following registers:
Register

Name

www.gilisymo.com

R/W

Description
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0xA8

Last Range0

R

Contains latest ranging value:
0xA8 = MSB – RangeMilliMeter filtered
0xA9 = LSB – RangeMilliMeter filtered
0xAA = RangeStatus from VL53L0X
0xAB = 0

This contains the ranging value after clip and filters.
In the same way, the Master can read all the ranging measurements data without clip and filter
process. In the UART connection these values can be printed when the parameter
PrintAllRangeValues = 1.
Register

Name

R/W

0xAC

Last Range1

R

0xB0

Last Range2

R

0xB4

Last Range3

R

0xB8

Last Range4

R

Description
Contains latest ranging value:
0xAC = MSB – RangeMilliMeter from VL53L0X
0xAD = LSB – RangeMilliMeter from VL53L0X
0xAE = MSB – RangeDMaxMilliMeter from VL53L0X
0xAF = LSB – RangeDMaxMilliMeter from VL53L0X
Contains latest ranging value:
0xB0 = B3 – SignalRateRtnMegaCps from VL53L0X
0xB1 = B2 – SignalRateRtnMegaCps from VL53L0X
0xB2 = B1 – SignalRateRtnMegaCps from VL53L0X
0xB3 = B0 – SignalRateRtnMegaCps from VL53L0X
Contains latest ranging value:
0xB4 = B3 – AmbientRateRtnMegaCps from VL53L0X
0xB5 = B2 – AmbientRateRtnMegaCps from VL53L0X
0xB6 = B1 – AmbientRateRtnMegaCps from VL53L0X
0xB7 = B0 – AmbientRateRtnMegaCps from VL53L0X
Contains latest ranging value:
0xB8 = MSB – EffectiveSpadRtnCount from VL53L0X
0xB9 = LSB – EffectiveSpadRtnCount from VL53L0X
0xBA = 0
0xBB = 0

8.5. VL53L0X register access over LS53L0X-V2 I2C
For advanced user, the LS53L0X-V2 software offer the possibility to access to internal register of
the VL53L0X by using the LS53L0X-V2 I2C pins.
To ensure a correct functionality of the register access, a simple mechanism has been put in
place.
Only two 32-bit registers are used:
Register

Name

www.gilisymo.com

R/W

Description
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0xBC

Data In/Out

R/W

Contains data to write to or to read from VL53L0X
0xC0 = Address Index for R/W
0xC1 =
• 0x01 RD byte
• 0x02 RD 2 bytes
• 0x04 RD 4 bytes
• 0x11 WR byte
• 0x12 WR 2 bytes
• 0x14 WR 4 bytes

0xC0

RW Control

R/W
0xC2 = 0x01 Start transaction.
After write on that register the value the transaction will
start. When the transaction has finished this will be set
to zero.
Software can poll this value to know if transaction has
finished.
0xC3 = Status of transaction: 0 = NO ERROR.

Read Operation
Byte 0xBC: contains the data read from VL53L0X.
Byte 0xC0: contains the index of VL53L0X's memory to read
Byte 0xC1: indicate how many bytes we want to read
Byte 0xC2: starts the transaction. When master writes 1 to this register the read transaction
starts, when the transaction has finished the value of this register is reset to 0. Master can poll
this value to know if transaction has finished.
Byte 0xC3 contains the status of the transaction. 0x00 means no errors.

Write Operation
Byte 0xBC: contains the data to write to VL53L0X.
Byte 0xC0: contains the index of VL53L0X to write
Byte 0xC1: indicate how many bytes we want to write
Byte 0xC2: starts the transaction. When master writes 1 to this register the write transaction
starts, when the transaction has finished the value of this register is reset. Master can poll this
value to know if transaction has finished.
Byte 0xC3 contains the status of the transaction. 0x00 means no errors.

www.gilisymo.com
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8.6. I2C parameters
I2C
register

Param Name

R/
W

Description

0x00

apiver

R

Return the version of the VL53L0X API

0x04

version

R

0x08

command

W

Return the version of the LS53L0X-V2 Software
Command Register. Available commands:
0x02 enable Initiate and start the measurements
0x03 disable stop the measurements
0x10 runoffset Run the offset calibration
0x20 runxtalk Run the cross-talk calibration
0x30 savepar Save all the parameters to Flash
0x40 default Set all the default value for all the parameters
0xAA standby go to standby mode
0xEE reboot Reboot the system

0x0C

status

R

NOTE: B3, B2 and B1 are reserved only Byte0 is used
After a command this will contains the error status:
0x00 no Error
0xE2 Error: Unknown Command
0x9C Command Started
Others Error occurred
NOTE: B3, B2 and B1 are set to 0 only Byte0 is used

0x10

PwmCountMin

R/W

0x14

PwmCountMax

R/W

0x18

PwmCountStep

R/W

0x1C

ServoDelayMs

R/W

0x20

EndingPrint

R/W

0x24

PwmCountCur

R/W

0x28

stm32intdelay

R/W

0x2C

RTCFrequency

R/W

0x30

SlaveAddress

R/W

0x34

TimingBudgetInUs

R/W

0x38

Offset

R/W

www.gilisymo.com

All parameters, same as UART description. For more details refer to
paragraph 9.2
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0x3C

Xtalk

R/W

0x40

DistOffset

R/W

0x44

DistXtalk

R/W

0x48

AddrScanMin

R/W

0x4C

AddrScanMax

R/W

0x50

UartBaudRate

R/W

0x54

Config

R/W

0x58

MinThreshold

R/W

0x5C

MaxThreshold

R/W

0x60

MaxDistance

R/W

0x64

MinDistance

R/W

0x68

AverageCount

R/W

0x6C

PwmFrequency

R/W

0x70

PwmPrescaler

R/W

0x74

PwmCounter

R/W

0x78

PwmInvert

R/W

0x7C

TimingRepeatInMs

R/W

0X80

StandByTimoutSec

R/W

0X84

StandbyCountRanging

R/W

0x88
…
0xA4

StartingText

R/W

0xA8

Last Range0

R

www.gilisymo.com

Contains latest ranging value:
0xA8 = MSB – RangeMilliMeter filtered
0xA9 = LSB – RangeMilliMeter filtered
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0xAA = RangeStatus from VL53L0X
0xAB = 0

0xAC

0xB0

0xB4

Last Range1

Last Range2

Last Range3

0xB8

Last Range4

0xBC

Data In/Out

0xC0

RW Control

R

R

R

R

Contains latest ranging value:
0xAC = MSB – RangeMilliMeter from VL53L0X
0xAD = LSB – RangeMilliMeter from VL53L0X
0xAE = MSB – RangeDMaxMilliMeter from VL53L0X
0xAF = LSB – RangeDMaxMilliMeter from VL53L0X
Contains latest ranging value:
0xB0 = B3 – SignalRateRtnMegaCps from VL53L0X
0xB1 = B2 – SignalRateRtnMegaCps from VL53L0X
0xB2 = B1 – SignalRateRtnMegaCps from VL53L0X
0xB3 = B0 – SignalRateRtnMegaCps from VL53L0X
Contains latest ranging value:
0xB4 = B3 – AmbientRateRtnMegaCps from VL53L0X
0xB5 = B2 – AmbientRateRtnMegaCps from VL53L0X
0xB6 = B1 – AmbientRateRtnMegaCps from VL53L0X
0xB7 = B0 – AmbientRateRtnMegaCps from VL53L0X
Contains latest ranging value:
0xB8 = MSB – EffectiveSpadRtnCount from VL53L0X
0xB9 = LSB – EffectiveSpadRtnCount from VL53L0X
0xBA = 0
0xBB = 0

R/W

Contains data to write to or to read from VL53L0X

R/W

0xC0 = Address Index for R/W
0xC1 =
•
0x01 RD byte
•
0x02 RD 2 bytes
•
0x04 RD 4 bytes
•
0x11 WR byte
•
0x12 WR 2 bytes
•
0x14 WR 4 bytes
0xC2 = 0x01 Start transaction.
After write on that register the value the transaction will start. When the
transaction has finished this will be set to zero.
Software can poll this value to know if transaction has finished.
0xC3 = Status of transaction: 0 = NO ERROR.

www.gilisymo.com

27

LIGHT SABER LS53L0X-V2 BOARD DESCRIPTION

9. Commands over UART
The following table contains all the available commands supported over UART. Before running
any command see Getting started / UART first connection.

Command
help
set

Description
Returns the list of all the main commands
Sets the value of a specific parameter: use “set <param>=<value>”

enable

Initiates and starts the measurements

disable

Stops the measurements

runoffset

Runs the offset calibration

runxtalk

Runs the cross-talk calibration (using dedicated registers DistOffset, DistXTalk
values)

params

Prints the values for all the parameters

savepar

Saves all the parameters in the internal flash

default

Sets all the default value for all the parameters

reboot

Reboots the system

name

Prints the name of the plugin

version
apiver

Prints the version
Prints the version of the API used for the VL53L0X and the STM32F030 ID

md

Memory dump. Used to read VL53L0X’s registers

mw

Memory writes. Used to write into VL53L0X registers

listslave

Print all the slaves connected to the master

standby

Force the standby mode

www.gilisymo.com
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single
setPWM

Run a single measurement
Force PWM output to a given value by specifying a counter value

10. UART Sensor Parameters
The FW provides a list of parameters. The LS53L0X-V2 is programmed with default parameter
values, which allows the user to immediately use the LS53L0X-V2.
For a more advanced usage, it is possible to change all the parameters. (Refer to the parameters
list table).
It is possible to load the default value typing “default” within an UART terminal.
The section below describes all the parameters and their associated functionality.

10.1. How to set the parameters through UART
By default, the LS53L0X-V2 plugin is configured to range when it’s is powered with 3V3.
In a terminal (for example Teraterm):
1.
2.
3.
4.
5.
6.

disable
params
set <param> = <Value>
savepar
enable
standby

Stop the LS53L0X-V2 ranging
Display the list of available parameters
Set the <param> value. No Space before and after ‘=’.
Save parameters values
Start the continuous ranging mode
Start the Low power-ranging mode.

*Note: If a savepar is not performed the modifications will be lost after plugin power-off.

10.2. Parameters table
UART
PwmCountMin
PwmCountMax
PwmCountStep
ServoDelayMs
EndingPrint
PwmCountCur

www.gilisymo.com

Description
Min PWM Count
Max PWM Count
PWM Number of steps for LIDAR
Time provided to the Servo Motor to reach the position requested
0
Print ‘\n’ to finish a ranging line print
Print 255 255 255 ‘\n’ to finish a ranging print. This is used
<>0
for NEXTION display
reserved
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stm32intdelay
RTCFrequency

SlaveAddress

TimingBudgetInUs

Offset

Multiple of 1ms delay to be added to FW loop delay to generate
STM32 output interrupt signal
Specify the frequency used for the Alarm Timer.
When RTCFrequency is set to zero, the default frequency is used at
40000 Hz
Set the value for the Slave address (only applicable in Slave mode)
Min: 1
Max: 125
Set the time taken by the VL53L0X sensor to range 1 value. During
this time, both the VL53L0X and the STM32F030 are in active mode.
For more details, refer to the range profile table
Min: 18000us
Max: 3 sec
Contains the offset value used internally for calibration. For more
details, refer to the Calibration paragraph 13

Xtalk

Contains the xtalk value used internally for calibration. For more
details, refer to the Calibration paragraph

DistOffset

Define the distance used for the offset calibration (default = 100mm).
For more details, refer to the Calibration paragraph 13

DistXtalk

Define the xtalk distance used for the xtalk calibration (default =
400mm). For more details, refer to the Calibration paragraph 13

AddrScanMin

AddrScanMax

UartBaudRate

Config
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Set the FIRST slave address the Master will scan to identify Slaves.
Applicable only in Master mode
Address Scan Range = [AddrScanMin, AddrScanMax]
Set the LAST slave address the Master will scan to identify Slaves.
Applicable only in Master mode
Address Scan Range = [AddrScanMin, AddrScanMax]
Define the STM32F030 UART Baud Rate
Min: 110
Max: 921600
This is the Configuration register. You can change the following
values:
[7:0]
RangeMode
[10:8]
ErrorMode
[11]
UseSoftwareConfig
[12]
EnableMaster
[13]
IntPolarity
[14]
PrintRangeStatus
[15]
PrintAllRangeValues
For more detail see paragraph
[16]
PrintSlaveAddress
The Configuration
[18:17] LEDMode
[19]
LEDManual
Parameter12.1
[22:20] PwmMode
[23]
PrintDisable
[24]
EnableTofWakeup
[25]
PA14Polarity
[26]
PA14SendPulse
[27]
EnableToFLowPower
[28]
UseLowPowerSettings
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MinThreshold

MaxThreshold

Define a LOW limit threshold. If “ranging data< MinThreshold”, an
interruption event will be sent on the INT pin.
For more details, refer to paragraph 6.3
Define a HIGH limit threshold. If “ranging data >MaxThreshold”, an
interruption event will be sent on the INTR1 pin.
For more details, refer to paragraph 6.3

MaxDistance

Set the maximum ranging distance. MaxDistance = 100 % PWM

MinDistance

Set the minimum ranging distance used. This corresponds to PWM
0%.

AverageCount

The number of samples on which computing the average to output
the average distance.

PwmFrequency

Defines PWM frequency. This will redefine both PwmPrescaler and
PwmCounter

PwmPrescaler

Defines the Pre-scaler in STM32 PWM IP (see STM32F030
datasheet)

PwmCounter

Defines the period in STM32 PWM IP (see STM32F030 datasheet)

PwmInvert

Invert the PWM output: MaxDistance is 0% and 0 is 100%

TimingRepeatInMs

Define the time between 2 distance ranging. For more details, refer to
paragraph 11

StandByTimoutSec

Define the time when both the STM32F030 and the VL53L0X are in
standby mode. For more details, refer to paragraph 11

StandbyCountRanging

Defines the number of ranging to do before go to standby again.
For more details, refer to paragraph 11

StartingText

Text printed over UART before the ranging data

www.gilisymo.com
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11. Specific ranging/board Modes
11.1. Low power mode (standby/sleep mode)
The FW has low power mode capabilities; this mode uses the STM32F030 standby mode and it
is able to improve the LS53L0X-V2 consumption.

TimingRepeatInMs

StandbyTimeoutSec

TimingBudget

1
33mA

2
16mA

33mA

0.7mA

ExempleExample for
StandbyCountRanging = 2

Parameters used to set the standby mode configuration
1. TimingRepeatinMs: Defines the time between 2 distance ranging
2. StandByCountRanging: Defines the number of distances ranging
3. StandByTimeoutSec: Defines the time when both the STM32F030 and the VL53L0X are
in standby mode
Other Parameters that will help to reduce the power added from this version
1. EnableTofWakeup: If the standby is done when ToF is in streaming, by enabling this flag,
the interrupt generated by the ToF will wake up the STM32. In conjunction with a threshold
the STM32 is waked up only when the threshold condition is satisfied.
NOTE: this version has a typo on the name, this will be corrected on next release.
2. EnableToFLowPower:
3. UseLowPowerSettings: Special settings are loaded before going to standby
For more information about the Low Power Modes, please refer to:
LS53L0X-V2 - Low Power Modes Description

www.gilisymo.com
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12. LS53L0X-V2 Configuration
As described in the Slave/Master paragraph, the LS53L0X-V2 can be configured either in Master
or Slave mode. This configuration can be achieved either by hardware (R12 and R13 resistors)
or by software.
The figure below shows how to configure the Master/Slave mode. In addition, it could happen that
a bad programming of the parameters will prevent the Light Saber to work or it is impossible to
re-configure. For example, in case of Low Power mode, the input of the UART is disabled so if
the timing budget used is very low, it will be difficult to change parameters. In that case, by
mounting the R12, the Hardware configuration will be selected for the Master/Slave selection and
for the Slave address, but what is important is that all the parameter used are the default. This
will permit to adjust values of parameters without lost FW functionality.

www.gilisymo.com
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12.1. The Configuration Parameter
The following tables contains all the configuration that can be set inside the parameter “Config”. To
modify or access to one of this you need to use the following: “Config.<parameter>”. For example, if you
want to set EnableMaster to 1 use:
➢ set Config.EnableMaster=1
to read the parameter just send the command “params”, this will list all the parameters.

Config
RangeMode
ErrorMode

UseSoftwareConfig

EnableMaster

IntPolarity

PrintRangeStatus

Description
Select the ranging mode. For more details, refer to paragraph 12.2
Define Ranging data format in case of ranging error.
For more details, see paragraph 12.3
Force to use the software configuration for Master/Slave selection and
Slave address
0
For more details refer to paragraph 12
1
Enable Master functionality when set to 1
0
Slave
1
Master
Set the polarity of the interrupt generated by the plugin on INT pin
0
Low level on INT pin when interruption event
1
High level on INT pin when interruption event
Print the range status which is an information sent by the VL53L0X sensor
for each ranging data.
Format: Ranging: <ranging data>, <range status>
Example: Ranging: 140,0
For more details, refer to the VL53L0X datasheet
0
Range status information not printed
1

PrintAllRangeValues

PrintSlaveAddress
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Range status information printed

Print all the ranging data values over UART
Format: “Ranging: <Filtered Range millimeter>, <range status>,
<RangeMilliMeter from STM driver>, <RangeDMaxMilliMeter>,
<EffectiveSpadRtnCount>, <SignalRateRtnMegaCps>,
<AmbientRateRtnMegaCps>
Example “Ranging: 123,0,123,1183,50180,610816,7680”
0
Only ranging value is printed
1
All ranging data values echoes over UART
Allows to associate a slave address to a ranging data. Valid only in Master
Mode (Applicable only when Chain of n slaves is done)
Format:
<Address slave n>, <ranging value sent by slave n>
0
Slave address not printed
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1
Slave address printed
Enable/Disable the LED. For more details, see paragraph 9.5
0
LEDMode

LEDManual

LED Message Disabled only in case of FATAL error
the LED will blink

1

LED Message Enabled
LED in Manual Mode use the LEDManual to turn it
2
ON or OFF
Turn ON/OFF the LED in case LEDMode=2.
0
LED is OFF
1
LED is ON

PwmMode

Define the mode for the PWM output. For more details see paragraph 7

PrintDisable

Disable all the print over UART, it could be useful in case you use only
H/W interrupt pin and not UART

EnableTofWakeup
PA14Polarity
PA14SendPulse
EnableToFLowPower
UseLowPowerSettings

Special settings are loaded before going to standby

12.2. Ranging Mode Configuration

The LS53L0X-V2 supports 10 range modes divided in two categories one for normal mode and
one in Low Power mode.
In Normal mode the LS53L0X-V2 when enabled (or at boot) it starts to range continuously.
In Low Power mode the LS53L0X-V2 uses the mechanism described in paragraph 11.1 i.e. it
does a given number of ranging then it goes into standby mode, after a certain time it wake-up
and restarts again.
The Low Power modes contains ‘_LP’ in the name.

Range Mode

www.gilisymo.com

Value

Description
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Standard Range as described in the VL53L0X user manual.
Timing budget = 30ms. We can range up to 1.2 m.

STANDARD_RANGE

0

SHORT_RANGE

1

LONG_RANGE

2

HIGH_SPEED

3

HIGH_ACCURACY

4

STANDARD_RANGE_LP

5

Low Power version of Range Mode 0.

SHORT_RANGE_LP

6

Low Power version of Range Mode 1.

LONG_RANGE_LP

7

Low Power version of Range Mode 2.

HIGH_SPEED_LP

8

Low Power version of Range Mode 3.

HIGH_ACCURACY_LP

9

Low Power version of Range Mode 4.

Short Range mode.
Timing budget = 30ms. We can range up to 0.5 m.
Standard Range as described in the VL53L0X user manual.
This is the Default ranging mode.
Timing budget = 33ms. We can range up to 2 m.
High Speed Range as described in the VL53L0X user manual.
Timing budget = 20ms. We can range up to 1.2 m.
High Accuracy Range as described in the VL53L0X user
manual.
Timing budget = 200ms. We can range up to 1.2 m.

12.3. Error Modes
The VL53L0X can encounter some problem when it does the ranging. The VL53L0X’s API,
returns along with the ranging, a status value. Refer to API specification to find the complete list
of error that could occurs.
What to do in case of error? The ranging is potentially wrong, so the error mode will help you to
take a decision on what to do with the potentially wrong value.
The following table will describe the Error Mode and how the LS53L0X-V2 manage the output
data.

Error Mode

Value

Description

NONE

0

No decision applied: the output of the VL53L0X is used. The only
filter is the MaxDistance.
This is the default value.

FORCE_TO_MAX

1

In case of error, the MaxDistance is output.

www.gilisymo.com
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USE_LAST_GOOD

2

In case of error, use the last good value.

FORCE_TO_ZERO

3

In case of error, force the value to 0.

FORCE_TO_MIN

4

In case of error, force the value to MinDistance.

12.4. LED Messages
The LS53L0X-V2 has a LED to inform the user in various conditions.
The following table list all the LED messages.

LED Messages

Sequence

DISABLED

None

DEFAULT CONFIG
COMMAND DONE

FATAL ERROR

FLASH DONE
RESTART SENSOR

www.gilisymo.com

LED ON 2
times for
150ms
LED ON 1
time for
50ms
LED ON 1
second LED
OFF 0.5
second
repeat
always
LED ON 3
times for
150ms
LED ON 1
time for
50ms

Description
If the LED Enable parameter is 0 then the LED is OFF. Only in
case of FATAL ERROR, the LED flashes.
At boot if the R12 is mounted (config0) the LED flashes.
When VL53L0X receives a command, LED flashes.

In case of fatal error, LED flashes. In that case, there could be
problem with either Sensors, or internal STM32F030 block
initialization or a bad params programming.
After a savepar command, during the flash of the new params,
LED flashes.
Every time the VL53L0X sensor is restarted, LED flashes.
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13. LS53L0X-V2 Calibration
The LS53L0X-V2 offer the possibility to calibrate the photonic device and to store the data in the
Flash. You can do your own calibration which depends on the use case and in general on the
cover glass used behind the time of flight.
As explained in the VL53L0X User Manual UM2039 at paragraph 2 Initial customer manufacturing
calibration, for the VL53L0X exists 4 kind of calibrations:
1.
2.
3.
4.

Reference SPADs calibration
Temperature Calibration
Offset calibration
Cross-talk calibration

At boot the LS53L0X-V2 does the first 2 calibrations, this has the advantage that temperature is
done before start ranging. This means that if the host found that the temperature of the sensor
has a difference of more than 8 degrees centigrade it can just send the command “reboot” and a
new calibration will be done.
The offset and the cross-talk calibration can be done with an explicit command. The board is
normally sold with offset calibration done but User can decide to run it again with a simple
command.
In case the values of “Offset” is zero, the Light Saber will not modify the VL53L0X registers but if
at boot this is not zero, it programs the offset value to VL53L0X. This means that you can do the
offset calibration only once then on each boot the offset is programmed.
At the same way, the cross-talk is copied into the VL53L0X in case the parameter “Xtalk” is not
zero and nothing is done in case it is zero.
The Light Saber is ideal to store calibration value on the Flash with simple commands.

13.1. Offset Calibration
The command to run the offset calibration is:
•

“runoffset”

In case the calibration succeeds, the value of the calibration is stored in the parameters, the
calibration value is saved on the Flash and the Light Saber is rebooted. The distance to run the
calibration is the stored in the parameter “DistOffset”. The default value is 100 mm but User can
change this value to adapt to his use case.
The sequence is:
1. Set offset distance to “DistOffset” parameter or use the default of 100 mm
2. Run the command “runoffset”. This command will:

www.gilisymo.com
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a. Get “DistOffset” as reference for the offset
b. Run the API calibration function as described in the VL53L0X user manual
c. If succeeds:
i. the offset value is stored in the parameter “Offset”.
ii. The parameters are saved into the Flash
iii. The LS53L0X-V2 reboot
d. If fails, error is printed and no Flash update

13.2. Cross-talk Calibration
The command to run the cross-talk calibration is:
•

“runxtalk”

In case the calibration succeeds, the value of the calibration is stored in the parameters, the
calibration value is saved on the Flash and the Light Saber is rebooted. The distance to run the
calibration is the stored in the parameter “DistXtalk”. The default value is 400 mm but User can
change this value to adapt to his use case.
The sequence is:
3. Set offset distance to “DistXtalk” parameter or use the default of 400 mm
4. Run the command “runxtalk”. This command will:
a. Get “DistXtalk” as reference for the cross-talk distance
b. Run the API calibration function as described in the VL53L0X user manual
c. If succeeds:
i. the xtalk value is stored in the parameter “Xtalk”.
ii. The parameters are saved into the Flash
iii. The LS53L0X-V2 reboot
d. If fails, error is printed and no Flash update

www.gilisymo.com
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14. Mechanical
14.1. LS53L0X-V2 dimensions

Above drawing includes cover glass protection (see here after cover glass description).
Total LS53L0X-V2 thickness is 4.5 mm-5.2 mm (without/with cover glass)

www.gilisymo.com
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14.2. LS53L0X-V2 optional cover glass protection
An optional cover glass protection is available. The cover window serves two main purposes:
•
•

To provide physical protection of the module, including dust ingress prevention.
To provide optical filtering for the module.

All information’s regarding cover glass is available on our website in documentation folder

www.gilisymo.com
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Annexes

15. Getting started / UART first connection
1. Connect the LS53L0X-V2 to power supply from 2v8 to 3v5
2. Connect a USB to UART converter +3v3 compatible to the LS53L0X-V2 and to a
PC
3. Open your favorite terminal (consider Teraterm) and set the default values:
Baud rate=460800
Data=8bit
Parity=none
Stop=1 bit
Flow ctrl=none
4. Observe the values sent by the plugin this is composed on a text “Ranging: ” that
you can modify by the help of a “set” command, and a distance values in the form:

Ranging: distance, status

5. Send “disable” as broadcast command until the ranging stops.
6. Send “help” to see all the available commands.
Use “enable” to restart the measurements.

16. Examples UART connection

The following picture shows what appears when the LS53L0X-V2 reboot or start for the first
time. A welcome message is sent then some information like Master/Slave, Slave address and
Flash index. Every time you save a parameter the index will increments, when the max is
reached it restart from 0 again. In that case a page is cleared in the mcu Flash. Immediately
after the ranging is shown.
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You can stop the ranging by typing “disable” and pressing ENTER. In that case the ranging will stop and a
prompt is shown.
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A basic command that you can send is the “help” + ENTER (I will omit the ENTER to simplify).

With the command “params” you can see all the parameters that you can change:
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Note that there is a param called “Config” (the case is important) this is a 32-bit register. This register
contains different configuration. You can set the value of the 32-bit register or one by one the single
parameter. The command used to change the value is the “set” command.
After that you have set all your parameter, you can save the configuration with the command “savepar”
after that command you can verify the content with a “params” command or you can run “reboot”
command to reboot the Light Saber.

16.1. Threshold example
If you want to have interrupt only when the distance is between two thresholds, we can have the
following programming example.
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Sequence of commands:
1. “disable” // in case you are ranging it is easier if you stop it before programming parameter even if
you can do all on the fly. In that case it could happens that command is not recognized a check is
necessary on the host side
2. “set MinThreshold=100”
3. “set MaxThreshold=250”

Since MinThreshold < MaxThreshold the interrupt is done for values less than 100mm or greater than
250mm but this is not what we want. If we start the ranging with the “enable” command we have values
outside range 100mm 250mm.

We need to change Min with Max:

www.gilisymo.com

46

LIGHT SABER LS53L0X-V2 BOARD DESCRIPTION

4. “set MaxThreshold=100”
5. “set MinThreshold=250”

If we do “enable” we can see only value in the range 100mm to 250mm

Now if you want to save the parameter, just send “savepar”, do a “disable” if you are running.
6. “disable”
7. “savepar” // LED Flash
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You can do a “reboot” and then verify that Light Saber start to run in that mode. And no ranging is
shown until something is in the range 100mm – 250mm.
8. “reboot”

You can verify the parameters with the “params” command even if the ranging is still running.
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