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Figure 1. Direct ToF Ranging Technique Overview
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Table 1. TYPICAL SiPM PERFORMANCE
PARAMETERS USED IN SIMULATION

pXT 4% 21 % 12%
dXT 24 % 7% 5%
25°C 38 kHz 76 kHz 50 kHz
DCR 105°C - - 1 GHz
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Figure 2. Calculations of Light Levels are Paired with a Monte Carlo Simulation
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Table 2. VARIABLES IN AN SIPM DIRECT TOF RANGING SYSTEM

Symbol System Parameter Definition
Acquisition method This could be leading edge detection (LED) or time correlated single photon
counting (TCSPC).
f Laser repetition rate Clock rate of the laser. This is the same as the detector single-shot rate.
Waser Laser pulse width
Aaser Laser wavelength Wavelength of the laser beam.
FWHM)zser Laser FWHM Spectral FWHM of the laser beam.
Paser Laser peak power Peak power of each laser pulse.
Gaser Laser beam divergence The angle at which the laser beam diverges from a point source.
d Laser-sensor distance The perpendicular distance between the laser diode and the sensor limits the
minimum range. Ideally this should be 0.
Diens Collection lens diameter A plano convex lens is placed directly in front of the sensor. Effective aperture
after mounting of the lens.
Fiens Collection lens focal length
BP Optical filter bandpass wavelength |Filter placed between sensor and collection lens.
FWHMgp Optical filter FWHM
AoV Sensor angle of view The angle at which the field of view of the sensor diverges from a point source.
SiPM SiPM SiPM sensor.
Nycelis Number of micro-cells Number of micro—cells in SiPM device
PDE Photon detection efficiency SiPM Photon detection efficiency vs. wavelength
pXT Prompt optical crosstalk SiPM prompt optical crosstalk probability
axT Delayed optical crosstalk SiPM delayed optical crosstalk probability
AP Afterpulses probability SiPM afterpulses probability
A Amplifier gain SiPM signal amplifier.
Vin Threshold voltage Comi)arator threshold. Dictates minimum light level required to be considered an
event.
tacq Acquisition time The total time during which samples are recorded by the sensor for inclusion in
the data. = 1/frame rate.
LSBrpc TDC resolution TDC bin size limits the single-shot resolution. The use of multiple single-shot
measurements can yield resolution significantly better than the TDC bin size.
R Target reflectivity
D Distance to target Distance between the ranging module and the target.
E, Ambient illuminance The maximum illuminance on the sensor due to ambient light.
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Figure 3. Histogram Example from Simulation Showing Signal, Noise and Time of Flight
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Table 3. SUMMARY OF EFFECTS OF KEY PARAMETERS
Parameter | Summary Section
Laser Source Parameters
Laser pulse repetition rate Affects quality of data that can be collected in fixed time interval. 2
Laser pulse width May be dictated by laser availability. Only the front edge of the laser is required for LED 3
therefore shorter laser pulses are more efficient.
Laser wavelength Optimal wavelength may be chosen in terms of solar irradiance model. 4
Sensor Parameters
Collection lens aperture Essential that this is limited to prevent sensor saturation in high ambient light conditions. 5
Sensor angle of view Essential that this is limited to prevent sensor saturation in high ambient light conditions. 6
Optical filter bandpass Should be as narrow as possible to eliminate all spurious noise. 7
SiPM microcell size Spectral range, PDE, timing and dynamic range may be optimized but choice of SiPM is 8
secondary to other system settings.
Conditions
Distance to target Dictates required laser power and achievable accuracy. 9
Ambient light Limits achievable SNR and affects quality of data. 10
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Figure 5. Effect of Laser Repetition Rate
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Figure 6. Effect of Wider Laser Pulse Width
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Figure 13. Effect of SiPM Temperature (DCR)

facg =1 ms DCR =1 GHz
f =200 kHz Plaser =2 W
E, = 10 klux D=40m
Aaser =905 nm Wiaser = 250 ps
Djens =15 mm R =50%
AoV =0.1° FWHMgp = £5 nm
SNRy =2.2
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Figure 14. Effect of Increasing Target Distance

lacg =1 ms Plaser =2 W
f=200 kHz D = 10/20/30/40/50 m
E, = 100 klux Wiaser = 250 ps

Aaser = 905 nm R =50%

Djgns =15 mm FWHMpgp =£5 nm
AoV =0.1°

SNRy = 7.7/6.7/6.3/4.7/3.1
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Figure 15. Effect of Reduced Ambient Light

facg =1ms Plaser =2 W

f =200 kHz D=40m

E, = 10 klux Wiaser = 250 ps
Aaser = 905 nm R =50%

Djens =15 mm
AoV =0.1°
SNRy = 18.0

FWHMpgp = £5 nm
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Figure 16. Example of Simulated Waveforms for
Three SiPM Devices

facg =2Uus

f =500 kHz
E,, = 100 klux
Aaser = 905 nm
Djgns =10 mm

AoV =0.05°

Next Gen/RDM/C-series
Plaser = 100 W
D =200m
Wiaser = 5 ns
R =10% /90%
FWHMgp = £5 nm

SNRy (10%) = 5.3/2.6/0.5
SNRy (90%) = 9.6/6.3/2.1
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Figure 17. The Gen1 Ranging Demonstrator Schematic Block Diagram




Table 4. GEN1 SYSTEM PARAMETERS FOR
SENSOR-TARGET DISTANCES UPTO5 M

Symbol System Parameter Value
Acquisition method LED
f Laser repetition rate 150 kHz
Waser Laser pulse width 150 ps
Maser Laser wavelength 905 nm
FWHMaser | Laser FWHM 7nm
Plaser Laser peak power 1.39W
Olaser Laser beam divergence 0.0573° (1 mrad)
d Laser-sensor distance 2.35nm
16} Collection lens aperture 11.4 nm
Flens Collection lens focal length 40 mm
BP Optical filter bandpass 905 nm
wavelength
FWHMgp Optical filter FWHM 10 nm
Oget Sensor angle of view 1.4°
SiPM SiPM MicroFC-10020
A Amplifier gain 34 dB
Vin Threshold voltage 40 mV
tacq Acquisition time 400 ms
LSB1pc TDC resolution 15.625 ps
R Target reflectivity 5% — 95%
D Distance to target 0.1m-5m
E, Ambient illuminance Office lighting:
250 lux
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Table 5. PERFORMANCE SUMMARY FOR
THE GEN1 SYSTEM UP TO 5M

Range 0.3m-0.8m 5m
Accuracy <3 mm <3 mm
Resolution <1 mm <1 mm
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Figure 18. Baseline Performance Data from the Gen1
Systemupto5m
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Figure 19. Data taken with the Gen1 Ranging
Demonstrator
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Figure 20. MA TLAB Model Simulated Data

3. BRI XFLAL100METOE2HR~ADT VT
JL—F

WICARETVEHEA LT, H1HRCATLET
v 77 L — FLTI00 mOREENFHEIZ /D v AT
LRTRA—HERE LE LT, ZOVATAT v
T — REFHMREMEORET, ZNHD/RT A —
4 75§ ZTable 6127~ L £ 77, Figure 2112, I =2 b
—va UREROE A NS T A Figure 2212V X = L
—¥ = URER D100 m T ORI fERE. Figure 2312 B
I 72 B 22 59710 m~100 m o> 42 PH L 2 I EE
TR ERLET, MBRELTELNEVAT A
HEZTable 7ICE LD TWVWET, ZOET AT, FH2At
ROBEEL CWDEETE2RD Z N TEET,

Table 6. SYSTEM PARAMETERS FOR
THE GEN2 UPGRADED RANGING
DEMONSTRATOR SYSTEM

Parameter Specification

Laser peak power 10W
Laser pulse width 667 ps
Ambient illuminance 100 klux
Acquisition time 100 ms
Optical filter FWHM 50 nm
Detector Angle of View 0.2°
TDC resolution 100 ps
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Target using the Gen2 System Parameters Table 7. SIMULATED PERFORMANCE OF
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Figure 22. Ranging at 100 m, Using the Gen2 System
Parameters in Table 6 and Giving <10 cm Resolution
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1. Ranging Demonstrator Description — This 3. How to Evaluate and Compare SiPM Sensors —
document describes the specification and operation This document discusses some of the primary
of the Ranging Demonstrator. This demonstrator is factors to be considered in the selection of the
an engineering prototype. Its purpose is to optimum SiPM.
demonstrate SiPM technology in ranging 4. C-Series Datasheet — The datasheet for the sensors
applications and to provide feedback for modelling used in this document.

of future designs.

2. Introduction to SiPM — This document introduces
the basic concepts of the Silicon Photomultiplier
for those who are new to this type of sensor.
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