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Ranging Model

Ranging Demonstrator Results up to 5m

SensL Ranging Demonstrator

The ranging demonstrator was used to 
measure distances up to 5m:

•	 Ranging data histogram - the 150 ps 
laser pulse is measured from the returned 
histogram data (top).

•	 Resulting measured range vs actual range 
characteristic plot which is shown to be in 
agreement with the model (middle).

•	 Range resolution plot demonstrating 1mm 
resolution @ 5m (bottom).

SensL’s direct ToF (Time of Flight) ranging demonstrator is an 
engineering prototype used to demonstrate SiPM technology in 
ranging applications and to corroborate the results obtained from 
the ranging model. A block diagram of the demonstrator is shown 
below. 

The system block diagram is illustrated on the left, and is formed of 
the following sub-systems: 
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Distances <5m

Parameter �6�S�H�F�L�ð�F�D�W�L�R�Q
Range 0.1m - 5m
Ranging method Direct ToF
Sensor MicroFC-10020-SMT
Laser wavelength 905nm
Laser pulse width 150ps
Laser frequency 150kHz
Ambient illuminance 250lux
Acquisition time 400ms
Acquisition method LED
Laser peak power 1.39W (class 1)
Laser beam divergence 0.0573° (1 mrad)
Detector lens aperture 11.4mm
�.�O�S�H�B�@�K���j�K�S�D�Q���%�6�'�,10nm
Detector Angle of View 1.4°
TDC resolution 93.75ps
�3�@�Q�F�D�S���1�D�k�D�B�S�H�U�H�S�X90% (white paper)

SensL has created a model using MATLAB to simulate a SiPM-based 
�Q�@�M�F�H�M�F�� �R�D�S���T�O�� �V�H�S�G�� �U�@�Q�H�D�S�X�� �N�E�� �B�N�M�C�H�S�H�N�M�R�� �S�G�@�S�� �B�@�M�� �S�G�D�M�� �A�D�� �U�D�Q�H�j�D�C��
with the LiDAR test bench. 

•	The model consists of two main parts: 

Analytic:�� �B�@�K�B�T�K�@�S�D�R�� �S�G�D�� �O�G�N�S�N�M�� �k�T�W�� �H�M�B�H�C�D�M�S�� �N�M�� �D�@�B�G�� �2�H�/�,�� �B�D�K�K��
�C�T�D���S�N���M�N�H�R�D�����@�L�A�H�D�M�S���K�H�F�G�S�����@�M�C���R�H�F�M�@�K�����K�@�R�D�Q���K�H�F�G�S�����E�Q�N�L���@���Q�D�k�D�B�S�H�M�F��
target in the Field of View (FoV) of the cell itself. The diagram on 
the right shows the input parameters (red, blue and purple boxes). 

Monte Carlo: (orange box) sensor output waveforms can be 
simulated and directly compared to experimental waveforms 
from the ranging demonstrator hardware. Readout techniques 
are implemented for full system-level simulation  allowing the 
estimation of performance benchmarks i.e. ranging accuracy. The 
SiPM sensor parameters (e.g. PDE, recovery time, shown in the 
green���A�N�W�����@�M�C���H�M�E�N�Q�L�@�S�H�N�M���N�M���S�G�D���Q�D�@�C�N�T�S���B�H�Q�B�T�H�S�Q�X�����D�
�F�
���@�L�O�K�H�j�D�Q��
gain, TDC resolution) are included.

•	APD and PIN photodiode models have been developed for 
comparison. 

•	Readout  technique is selectable, e.g. Leading Edge 
Discrimination (LED) or Time Correlated Single Photon Counting 
(TCSPC). 

www.sensl.com

sales@sensl.com

+353 21 240 7110 (International)

+1 650 641 3278 (North America)

A single ToF measurement is obtained from the data by LED 
(Leading Edge Discrimination)

The SensL SiPM Ranging Demonstrator

The SensL Ranging Demonstrator. The demo is portable and runs off 
a single 6V power source.
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Parameter �6�S�H�F�L�ð�F�D�W�L�R�Q
Range 100m
Ranging method Direct ToF
Sensor MicroFC-10020-SMT
Laser wavelength 905nm
Laser pulse width 667ps
Laser frequency 150kHz
Ambient illuminance 100klux
Acquisition time 100ms
Acquisition method LED
Laser peak power 10W
Laser beam divergence 0.0573° (1 mrad)
Detector lens aperture 11.4mm
�.�O�S�H�B�@�K���j�K�S�D�Q���%�6�'�,50nm
Detector Angle of View 0.2°
TDC resolution 100ps
�3�@�Q�F�D�S���1�D�k�D�B�S�H�U�H�S�X92%

Representation of the SensL Ranging Model 

Ranging Model Results up to 100m

ABSTRACT: The Silicon Photomultiplier (SiPM) is a single-photon sensitive, high performance, solid-state sensor. It is formed of 
a summed array of closely-packed Single Photon Avalanche Photodiode (SPAD) sensors with integrated quench resistors, resulting in 
a compact sensor that has high gain (~1x106�������G�H�F�G���C�D�S�D�B�S�H�N�M���D�E�j�B�H�D�M�B�X�����������������@�M�C���E�@�R�S���S�H�L�H�M�F�����R�T�A���M�R���Q�H�R�D���S�H�L�D�R�����@�K�K���@�B�G�H�D�U�D�C���@�S���@���A�H�@�R��
voltage of ~30V. 
�3�G�D�Q�D���@�Q�D���@�M���H�M�B�Q�D�@�R�H�M�F���M�T�L�A�D�Q���N�E���Q�@�M�F�H�M�F�������R�D�M�R�H�M�F���@�O�O�K�H�B�@�S�H�N�M�R���K�N�N�J�H�M�F���S�N���A�D�M�D�j�S���E�Q�N�L���K�N�V���O�N�V�D�Q�����G�H�F�G���O�D�Q�E�N�Q�L�@�M�B�D���2�H�/�,���S�D�B�G�M�N�K�N�F�X�
��
In particular, LiDAR (light detection and ranging) applications that use eye-safe near infrared (NIR) wavelengths such as Automotive ADAS 
(Advanced Driver Assistance Systems), 3D depth maps, mobile, consumer and industrial ranging.
�(�M���N�Q�C�D�Q���S�N���S�@�J�D���@�C�U�@�M�S�@�F�D���N�E���S�G�D���2�H�/�,���R�D�M�R�N�Q�R���G�H�F�G���F�@�H�M���@�M�C���G�H�F�G���A�@�M�C�V�H�C�S�G���S�G�D���T�R�D���N�E���C�H�Q�D�B�S���S�H�L�D���N�E���k�H�F�G�S�����3�N�%�����B�@�M���A�D���T�R�D�C���S�N���O�Q�N�U�H�C�D��
accurate ranging with the lowest power budget. The high sensitivity of SensL’s SiPM allows the use of low power lasers allows for increased 
eye-safety and increased distance ranging capability. A model is presented in this work that allows for accurate determination of system 
performance for a wide range of input conditions. A ranging demonstrator based using SiPM sensors is also presented which can be used 
to establish a realistic ranging test bench in the laboratory. 
In this poster we present results of short-range testing (up to 5m) of the SensL ranging demonstrator. These test results have validated 
the SensL ranging model. Additionally the model has been optimized for ranging with the SiPM to 100m, resulting in 10cm resolution. The 
�K�@�A�N�Q�@�S�N�Q�X���L�D�@�R�T�Q�D�L�D�M�S�R���@�M�C���L�N�C�D�K���C�D�L�N�M�R�S�Q�@�S�D���S�G�@�S���A�X���K�H�L�H�S�H�M�F���S�G�D���j�D�K�C���N�E���U�H�D�V���N�M�S�N���S�G�D���2�H�/�,���R�D�M�R�N�Q���H�S���H�R���O�N�R�R�H�A�K�D���S�N���Q�@�M�F�D���H�M���������J�K�T�W��
solar conditions which are a requirement for automotive ranging systems. The SiPM sensor is shown to be extremely effective at ranging, 
and through the selection of optics and system design, the sensor’s ability to operate in high solar light environments is presented.

Key Advantages of SiPM for Ranging Applications

Previously, sensors available for ToF ranging suffered 
serious short-comings. In particular, APDs suffer from 
�@���K�@�B�J���N�E���T�M�H�E�N�Q�L�H�S�X���@�M�C���@���G�H�F�G���S�D�L�O�D�Q�@�S�T�Q�D���B�N�D�E�j�B�H�D�M�S��
that both contribute to poor range accuracy.
SiPM sensors from SensL overcome these problems, 
�@�M�C���G�@�U�D���@�C�C�H�S�H�N�M�@�K���A�D�M�D�j�S�R��

•	 Responsivity of ~530kA/W @ 905nm

•	 Low bias voltage ~30V

•	 Fast rise times of 300ps

•	 �3�D�L�O�D�Q�@�S�T�Q�D���B�N�D�E�j�B�H�D�M�S���N�E�������
���L�5��oC

•	 �'�H�F�G���F�@�H�M���N�E�������W����6

•	 Standard CMOS fabrication process - low cost, 
highly uniform and scalable production

•	 �"�N�L�O�@�B�S���,�+�/���O�@�B�J�@�F�D�������Q�D�k�N�V���R�N�K�C�D�Q��
compatible (tape & reel delivery)

The ranging model was used to simulate ranging 
up to 100m: 

•	 Ranging simulation histogram showing the 
667ps laser pulse (top).

•	 Resulting simulated range vs actual range 
characteristic plot demonstrating linearity from 
10m to 100m (middle).

•	 Simulated range resolution plot demonstrating 
sub-10cm resolution can be obtained 
at 100m under 100klux solar ambient 
conditions (bottom).

Laser diode
150ps pulse width, 905nm, peak power of 2W, 150kHz 
repetition. 

Laser pulse
Collimated to 0.06°. SiPM FoV is set to 1.4° by a 11.4mm 
diameter 40mm focal length collection lens. 

Detection
SensL MicroFC-10020-SMT SiPM, 34dB gain stage, 
high speed comparator and pulse generator circuit. 

Acquisition
Signal pulses are time-stamped using an FPGA based 
TDC with 94ps bins. Acquired data is transferred to PC-
based software via a high speed USB. 

Software

The system software combines the acquired data into 
a histogram. Multiple return signals are histogramed to 
provide a range accuracy of less than 1mm.
Software adjustable settings allow for a range of 
�B�N�M�j�F�T�Q�@�S�H�N�M�R���S�N���N�O�S�H�L�H�R�D���S�G�D���Q�@�M�F�H�M�F���C�D�L�N�M�R�S�Q�@�S�N�Q���E�N�Q��
a variety of applications.

Simulated Histogram

Ranging Resolution at 100m


