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Eun-sung Park*, Woo-Young Choi and Myung-Jae Lee
Advanced Semiconductor Devices and Systems(ADS) Lab, KIST, Korea

Email: es.park@kist.re.kr*, mj.lee@kist.re.kr

Time-of-Flight

SPAD OverVieW Single-Photon Avalanche Diode

y_u’l
/ S e I l SU | 2 N 7 Conventional N
3 - b
J‘l_- From a pulse of light Avalanche Al
Source reflected by an object l\e
|—| - We can get distance >y
. . /'—-__ . .
from object to receiver ) ! Depletion Region
Detector o i Photodiode
o H
A Speed of light 'c’ = 3 x 108m/s e H
l | Source Time of flight (ToF) = 20ns (20 x 10~%5s) E ! y Gain
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T I Time _/ o i
SPAD structure N 11 )
- Il > v Depletion Region
1-V/ Gain SPAD
N Characteristic
Distance | Max.Distan Very high gain of Geiger-mode
Mode ce operation allows for
I }270 (em) Vs + Vex Phot 1 A Single Photon Detection
oton
Short 136 Digital nature of SPAD output
A Medium 290 Quench allows for
ToF sensor fro f 1 7 Time-of-Arrival Detection
P ) 400cm Long 360 ; Avalanche
2 I Microelectronics (‘T oelectronics ,‘ Photon Counting
- Size: 49 x25x 1.5 mm - Distance ranging up to 400 cm !
- Emitter : 940 nm invisible - Typical full field of view(FoV) : 27° v v V REChafgg off N
laser (When using 16x16 SPAD array) 4 P Vs Vi + EX 'VR
- SPAD receiving - 3 type distance measurement mode Rq Va r\ v
array(16x16) (short, medium long mode) =
with integrated lens - Programmable Region of Interest (ROI) size GND v,
- Programmable with on the receiving array, ;Time(ns)
Nucleo evaluation board VAN vy
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(1) Distance measurement
In order to test the reliability of the VL53L1X sensor, the distance was measured in short
mode and long mode. The condition of ambient light is same as data sheet noted.

(Dark : 0 lux, Ambient light : 400 lux)

Short mode

Test condition
Target size Cover the FoV
16x16

Long mode

Rol

ACTUAL DIATANCE(MM) ACTUAL DISTANCE

(3) Size of target
Distance measurement was performed to get the data of how far does

LONG MODE

Test condition
Target size| Smaller than FoV
Rol

SHORT MODE

ASUREMENTIMM)

DISTANCE M

TTITTITTT

Target size(cm)

mAmbient ®Dark # Actal D

VL53L1X

(2) Reflective dependence

In order to test the reflective dependence of VL53L1X, the target has
changed to Neutral density filter and distance is measured until
660~730cm that FoV can cover.

Test condition Short mode Long mode
Target ND filter (5x5 cm)
type
Rol

161631 1%
=Sy

ND filters e278839285985853
T e o ACTUAL DISTANCE(MM)
ACTUALDISTANCE(MM)

Optical table

VI53L1x can detect if target is smaller that FoV.
(4) Programmable Rol

Rol was changed to see the change of the maximum measurable distance.
Rol is programmable from 4x4 to 16x16.

Test condition
Target size| Smaller than FoV
Rol 4x4 / 16x16
EEEEEEE
g ig;lz

Shert mode

Tgetsee om

Long mode

~ Actual D

(.
Conclusion

f -

(1) Distance measurement
- Accurate no matter what condition (dark/light) it's in: max error < 20mm
(same as data sheet)

-> Reliable in indoor/outdoor applications

) R Cltlv'%Fe re?fec?i%lty dependence on accuracy
-> Rehable various-object measurement thanks to SPAD-based ToF
technology

(.

(3) Slze of target

(4) Programmable Rol

L53L1X cannot measure an object if its size smaller than FoV, although it's
pretty close!
-> Limited applications! Need to be solved!!

- VL53L1X-based system can be optimized for each application.
- Smaller Rol results in shorter distance & worse accuracy




