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HAMAMATSU

Precautions for use

Please be sure to follow the rule. ) ) o

In order to use this product correctly and safely, be sure to read and observe the following safety precautions before using it.

Please note that we are not responsible nor liable for any damage caused by using the product in violation of these precautions.

1) Be sure to observe the following precautions when using this product. If it is used contrary to these ﬁrecau_tions, it may affect the human health.
a)Since some ICs of this product will be at high temperature during operation, there is a risk of burns if touched during operation. Please do after having turned-off the
ower and the temperature has dropped. ) ]

b)Do not turn-on the power with the opposite polarity. It may damage parts or cause a fire.

c)Do not use in a place where condensation will form. There is a risk of electric shock due to electric leakage, damages to the parts due to short circuit, and causing a

fire.
d)Be careful with the breakages or the scratches to the cable by placing a heavy object on it or bending it strongly. Using it with the damages may cause a fire or an
electric shock.

2) This product is made extremely in high precision. Please do not use nor store it in the following places.

Places where the ambient temperature may be outside the temperature range for operation or storage.

Places with sudden temperature changes. =

Places exposed to direct sunlight or near equipment that generates heat.

Place where condensation forms. o )

Places near the objects that generate strong magnetic fields or radio waves.

Places where vibration is. ] ] ]

Places where corrosive gas (chlorine, fluorine, etc.) is generated.

Places with dusts.
3) This product is made extremely.in.higlh I?recision. Please handle it with care.

Do not disassemble or modify it at all.

Do not drop or hit it. ) ) o )

The image sensor may be damaged or deteriorated by static electricity or electric surge.

Be careful when attaching a {)arts to this product.

If you do not use this product for a long time, unplug the power cord from the outlet.

If the image suddenly disappears, or if abnormal noise, strange odor, or smoke is generated, immediately turn-off the power of this device and stop using it.

Please contact us or our distributor immediately.
4) Please note following aspects in order to bring full performance out of this product.

When using an external power supply, be sure to use the included AC adapter.

Be sure to use the included accessories (USB cable, etc.) for proper operation.
5) When disposing this product, please dispose properly according to the Waste Management Law, or entrust it to an appropriate industrial waste disposal
contractor who has obtained a license. When using it overseas and disposing it in that country, dispose it properly in accordance with the waste disposal laws
and regulations of the country or the state..
6) This product uses a 905nm pulse laser as a light source. The amount of emitted Ii?.ht during normal operation is equivalent to Laser class 1, but it does not
have a fail-safe function. The laser class based on JIS is 3B. Laser class 2 or higher light may be output due to unexpected usage or abnormal operation.
Nev:ar II?%IK into the outlet. When using this product, always wear laser protective goggles compatible with a wavelength of 905 nm and work in the laser
controlled area.
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HAMAMATSU

Software license agreement "~

Please read the following conditions carefully (hereinafter referred to as "these license conditions"”). o )
Hamamatsu Photonics Co., Ltd. (hereinafter, "the company") licenses the use of the software (hereinafter, "this software") such as the application software, DLL files, etc. only
for the users of our MCD head products and drive circuit products (hereinafter, "our products") who accept this license condition. By installing the software or copying these
files, you have agreed to be bound by these terms and conditions. If you do not agree to all or a part of these terms and conditions, you may not install or use the software.

1. Purpose of the software

This software is a control software that is licensed free of charge and without warranty for the convenience of the users who want to use our products easily. Please use the
software at your own risk and discretion.

2. License

We grant the right to install this software only to the users who have agreed these terms and conditions and to use it only for the purpose of controlling our products and
performing measurements using our products.

3. Attribution of copyright and other rights

Ownership, intellectual property rights and all other rights related to this software and attached documents belong to the company. This software is protected by laws and
regulations related to intellectual property rights such as copyright law and international treaties. The user must not modify or remove the rights display attached to this software
or the attached document.

Except explicitly permitted by these Terms of Use, we do not assign or grant any rights to the user, and all rights relating to this software and accompanying documents are
reserved by the company..

4. Copying

The user may copy this software for backup purposes, provided that he / she complies with all the terms of this license agreement.

5. Prohibited matter

The user cannot do the following: Except, when the user transfers, leases, or rents our product to a third party, and delivers this software tqgether with our product, and the
third q_arty agrees to these terms and conditions, we will continue to license the third party to use this software under these terms and condifions.
o sell or otherwise distribute this software to a third party, or to promote, display, use, copy, sell, etc. for the purpose of selling or other distribution.
Transfer or sublicense the right to use this software to a third party.
Lending, leasing or collateralizing this software to a third party.
Modify or remove part or all of this software, including this license and other annexes. . . ) . o
Reproduce all or part of this software, or attempt to unravel the source code by adaptation, translation, reverse engineering, disassembly or decompilation or other means.

6. Limitation of liability

We do nqtg_uarantee the quality, the performance, or the suitability for other ?urposes, of this software and attached documents. In no event shall we be liable for any other
direct or indirect damages, such as computer failure or damage, information loss, or any other direct or indirect damages resulting from the use of this software and its
annexes. In addition, we do not maintain or support this software, and we do not take any responsibility, including repairs, in the event of a malfunction or failure.

We may modify this software without notice for improvement.
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Included accessories with Demo machine

C15122-1005 Demo machine Micro USB cable USB2.0 Type-B cable
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Demo machine appearance

Front side Back side

Laser light receiver unit

Visible light camera unit

6th INFIERI - LIDAR Hands-on Lab by Y. Unno (KEK) 6



Demo machine appearance

Front side Back side |USB interface PCB

Sensor PCB

Sensor lens

aser outlet

Visible light camera

%Do not look into the laser outlet as it is dangerous.

Nevter ctiisassemble the laser light unit. If any parts are missing or screws are loose, stop using them immediately and
contact us.
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Connection between Demo machine and PC

 Connect the Micro USB3.0 cable with the
USB interface board

USB interface PCB « Connect the other side to the USB3.0 or
higher port of the PC

— Power will be supplied through the USB cable to
the demo machine.

— Please connect to a USB port with sufficient
supply current.
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Connection between Demo machine and PC

« Connect the included USB2.0 Type-B
cable to the back of the visible light
camera.

e Connect the other side to the USB2.0 or
N higher port of the PC

— Power will be supplied through the USB
cable to the camera unit.

— Please connect to a USB port with sufficient
supply current.

6th INFIERI - LIDAR Hands-on Lab by Y. Unno (KEK)



Software Installation

C15122-1005 Ver1.00 « PC and OS
Drivers — Windows 8.1 Pro or higher
VisualCameraVer1.00 « Softwares
VisualStudio2015 _ HPK COLtd
€15122-1005 Ver1.00  C15122-1005 Ver1.00/AsicController.exe
B AsicController.exe * DriverSetup_64bit.exe
;"Fec’gycftcs" — Installer of the driver software for MPPC
onvert.csv .
B Offset_Default.ini - Mlcro_s oft CO'Lt(.j
B Param. new.ini * VisualStudio2015
SFConvert.csv — mfc140u.dll is required for the
o AsicController.exe
e 1 — Artray Co.Ltd
B8 Dri ARTCAM'Os""DRV'V2°2,1 * VisualCameraVer1.00/Bin/Viewer.exe
& ARTCAM-03..\-v2021.zip + ARTCAM-036MI2-WOM-DRV-V2021
¥ DriverSetup_64bit.exe - - - -
— ArtCamSdk_036MI2_WOM.dII
Bin "« [Installation
I ArtcamSdk_..MI2_WOM.dIl — Copy LiDARcontrolApps folder
Program > @ sample.ini — Install drivers from Drivers folder
VisualCameraVer1.00 > | Viewer.exe . DriversSetup 64bit.exe
VisualStudio2015 « ARTCAM-03.../windows7/ia64/...
I vc_redist.x86.exe — Install VS2015

* vc_redist_x86.exe

-
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Parameters of Demo machine

[MPPC-ASIC-EVAL-01]

Laser light source
LD L11854-336-05 |-
LD driver C14518 |-
wavelength 905 |nm
Output Laser power 80w
pulse width 4lns
emitter angle (HxV FWHM) 100x 0.5|degrees

Light receiving system

sensor S15022-0225GL-01 |-

Sensor evaluation Board C15122-0225GL-01 |-

Lens mount C orCS|- '

Viewing angle (HxV) (*) 22x0.5 |[degrees - \‘

Lens focal length  (*) 8mm —_— -ﬁé

Lens F# (*) 1.2-close |- O (— o
BPF transmission wavelength 9055 |nm 22 ( 1 Ch-x 1 4 )

(*)Changeable by lens selection

General
Max. Distance range 10/m
Measurement cycle 20000 |Hz
Laser class 1-
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Laser Unit
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Laser Driver Board — C14518

 Pulsed Laser Diode
—Product — L11854-336-05

B Features

@ 3 stack PLD

® Peak output power: 2100 W

@ Peak emission wavelength: 905 nm
@ Emitting area size: 360 pm x 10 um

(Note: 905 nm is an infra-red.)
B Applications
® Laser range finder

@ Security
® Measuring instruments
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B Absolute maximum ratings (Top(c) = 25 °C)

PLD - L11854-336-05

Figure 1: Radiant flux vs. Forward current (Typ.)

Parameter Symbol Value Unit
Pulsed forward current ) 40 A
Reverse voltage Vr 25 Vv
Pulse duration tw 100 ns
Duty radio DR 0.1 %
Operating temperature Top(c) -40 to +85 °C
Storage temperature Tstg -40 to +100 °C

H Characteristics (Top(c) = 25 °C)
Value
Parameter Symbol Conditions - Unit
Min. Typ. Max.
Pulsed radiant power (Peak power)|  dep 80 100 — W
Peak emission wavelength Ap 895 905 915 nm
Forward voltage Vop lip=35A — 12 15 \')
Spectral radiation half bandwidth AL —_ 6 10 nm
Rise time tr — — 2 ns
Horizontal 6/ lip=35A 4 8 12
Beam spread angle - degree
Vertical 61 FWHM 19 24 29

Lasing threshold current lth — — 0.8 1.2 A
Emitting area size — Value at designing — 360 x 10 — Hm x pm

Note: General operating condition: pulse width tw = 50 ns, repetition frequency fr = 1 kHz
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Figure 3: Directivity (Typ.)
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Figure 5: Dimensional outline (unit: mm)
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Figure 2: Emission spectrum (Typ.)
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Figure 4: Emitting image of near filed pattern (NFP)
(Ifp = 35 A, Top(C) = 25 °C)
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(Semiconductor) In-plane Laser Diode

* Invention of Dr. Robert N. Hall, General Electric.

April 5, 1
— who filed his patent for the idea ("Stimulated emission semiconductor . i & N HALL 3,245,002
g\ev.ilcgs'%)g%ré )October 24,1962 (it was granted as US Patent #3,245,002 on STIMULATED EMISSION SEMICONDUCTOR DEVICES
pril o,

» Structures
— 2: P-type region (blue).
— 3: N-type region (red).
— 4: P-N junction region (resonant cavity) where light is produced by

stimulated emission. This isn't drawn to scale! In Hall's original patent, it's
described as being 0.1 micron thick.

— 11: Highly polished front surface.

— 12: Highly polished rear surface, which must be precisely parallel to the
front surface to ensure standing waves of electromagnetic radiation (laser
light) are produced and emitted efficiently in the resonant cavity between the
p-type and n-type regions.

— Surfaces 11 and 12 may be covered with mirrors or a metallic coating to
improve the resonant effect.

— 13, 14: Side surface cut at an angle (or roughened) to prevent waves of DAY S o0 7/
light forming in other directions.
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Principle of (In-plane) Laser Diode

Instead of using silicon as the semiconductor, an alloy of aluminum and
allium arsenide, AlGaAs, is used for having a larger band-gap
?1.42-2.16 eV).

— Indium gallium arsenide phosphide, InGaAsP, is another popular choice.

— GaAs n-type dopants: Silicon (Si), selenium (Se), tellurium (Te), and sulfur
(S). GaAs p-type dopants: Carbon, beryllium, magnesium, zinc (Zn), and
cadmium.

Electrons are injected into the diode (i.e., “forward” biasing), they
combine with holes, and some of their excess energy is converted into
photons, which interact with more incoming electrons, helping to
produce more photons—and so on in a kind of self-perpetuating
process called resonance, analogous to the process of stimulated
emission that occurs in a conventional, gas-based laser.

A similar to "pumping" happens when the photons bounce back and
forth in the microscopic junction (roughly one micrometer wide) between
the slices of p-type and n-type semiconductor, which is technically known
as a Fabry-Perot resonant cavity (a kind of interferometer).

The amplified laser light eventually emerges from the polished end
of the gap in a beam parallel to the junction.

Lens -ve terminal
\ Junction

Light emerges
from polished
end

+ve terminal

www.explainthatstuff.com

Fabry—Pérot interferometer (FPI) is an optical
cavity made from two parallel reflecting surfaces
(i.e.: thin mirrors). Optical waves can pass
through the optical cavity only when they are in
resonance with it. It is named after Charles Fabry
?ggébdfred Perot, who developed the instrument in
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Stacked Laser Diode

More light...
Stacking. U.S. Patent
— Since the 1990s, one common approach has been to mount a 30
number of laser diodes on top of one another (like an apartment 2 v
building) and then focus their individual beams into a single output 17 A
beam using a collimator and/or lens. (28_|
— Instead of a single P-N junction, there are multiple ones, and the ’Q\ J|_> N \

laser light beams emerge from the active layers in between them; d
typically, there's also at least one tunnel junction between the 14|
stacked layers.

Apart from making more power than a single laser diode,

— a stack opens up the possibility of generating multiple different \
wavelengths at the same time (because each laser in the stack can 38
make a different one). /6

Caveat: 20
— Cooling is critical.
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Laser Driver Board — C14518

e Circuit board

— J1: Charge voltage (Vc) input terminal
» DC: 0 to + 90V, controls Laser power
— J2: Forward voltage (Vop) input terminal

« DC:+7to+12V

— J3: Trigger input terminal
» 0to +5V square pulse (width
* Repetition: 1 kHz to 150 kHz
» Laser pulse width is fixed.

— J4: Gate signal monitor terminal

20-200 ns)

®Bonding pad

for laser diode

« Conversion factor (CF): 20 (50Q termination) § la : glofsl | 25225_“:;‘;:; :;

— J5: Current (/fp) monitor terminal

« Ifo<40A
» Conversion factor (CF): 22.7
— Bonding pad for laser diode

A/V (50Q termination)
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MPPC Evaluation Board



1D-16ch MPP

* Product — $15022-0225GL-01
— 1D MPPC Photon Counting Image (PCI) Sensor
— 16 channel

— This 1D MPPC PCl is integrated with an ASIC,

» a Time-to-Digital Converter (TDC), to provide time-of-

flight information (TOF) and

 the Time Over Threshold (TOT), a pulse height

<— Ref CLK IN

— Data OUT

information.
I I Time-of-arrival (Timing information)
_____________________ ASIC
............... «— RST
PLL
LowZ FE Serializer

.......................

_____________________

_____________________

MPPC ' \ ¢ xd6ch
signal i ] [}
Vop Vss SPI

500ns~1ps
Energy information K | \ J L
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is high.

Principle of MPPC

« APD: Avalanche Photo Diode
— PIN diode with Avalanche layer

— Avalanche multiplication occurs where E > 300 kV/cm
« SPAD: Single Photon Avalanche (Photo) Diode

— Very high gain (10°to 108) Geiger-mode APD

— so-called Digital photodetector or photomultiplier

Long Short
wavelength  wavelength

Camrier multiplication )

Carrier multiplication

is low.

Electric field strength E

>300 kV/cm

10000

1000

100

Gain

10

(Typ. Ta=25 °C)

,N n-Linea
Geiger-mode ]
Llne%\r %alr
- /
//
Z/
12'
/4
//
0 50 100 150 200

Reverse voltage (V)
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Principle of MPPC
* A quenching resistor (Rq)

— Once in the geiger-mode, current surge continues.

— A quenching resistance, Rq, is required to reduce the bias voltage
to stop Geiger-mode.

+ Si-PM = MPPC
— Si-PM: Silicon Photo Multiplier
— MPPC: Multi Pixel (Multi) Photon Counter
— Number of hit pixels = Number of photons
« 1D-16¢ch MPPC (M=1.25 x 105)
— 16 array of (1ch) MPPC 3000 '

Geiger-mode
APD pixel

Quenching resistor

2500

2000

Geiger-mode
APD pixel

Muti Pixels

SRS

1500

1000

Frequency (number of events)

Quenching resistor

UUUUMAA

b V 1_Channe| ‘ o 1 2 3 4 5 6 7 8 9 10

_ Number of detected photons
1 Channel 6th INFIERI - LIDAR Hands-on Lab by Y. Unno (KEK) 22




Evaluation Board

* Product#: C15122-0225GL-01
— 03: (P10) PLD Trigger signal to Laser Unit
— 04: (p11) SET_IN signal (debug signal)
— 06: (TP1) ToT_Debug monitor pin
— 07: (TP2) Time_Debug monitor pin
— 08: (TP30) GND

Current

comparator
FE output —————————
Tout
:F 16bit TDC — “TimeCC”, “MF”, “SF”
Ith
REG control I T ToT_Debug
Add. 0x05-0x14[6:0] REG (Pin No.TP1
Time_Debug control
(Pin No. TP2
Time_Coarse

REG control
Add. 0x03 [10:8]

s

FE output —> Pull-up PZC

“Energy”

REG
control
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Running the Software



Application Software

 Project files Sample application
— There are an application and parameter files. - :
They should be In the same directory. @4 AsicController V1.exe
— Sample application for the ASIC controller
» AsicController_V1.exe

— parameters setting for measurement ) o
 Param_new.ini o5 | Offset_Default.ini

4| Param_new.ini

@ SFConvert.csv
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Launching the ASICcontroller app

Project folder App operation panel

Photon_Counting X
i & AsicControllerexe | Doub'e click DEBUG
——
@-EnergyCoef csv FPGA Register Measurement

@READ O WRITE Save Path: Data save Path

@MFCOHVEI‘LCS\-’ Select [Jsave Datafile [JAICh |7 v
N L. ADDRL: 0x
7| Offset_Default.ini sTnmzmck (2o |5 st
i

[ Save_DataFile
ADDRH: 0x
B p . Messurementtimetsec] ||
| Param_new.ini

- DATA: 0x Set

@ SFConvert.csv PLD Trigger Delay{1ons] Set
/ADC_CS Delay[10ns]
[JocsssER ] |s

HVPS Conrol (0-1000)
DG645
&4 Photon_Counting X P Address l:l Connect

Cllck
=———
l Connect | isconnec Setting Osweep
-l Start Delaylps] ’—U‘ Step timelps] ’70 Pulse Width(ps] ’—Dl

Start

ASIC Register

Chain2 Chain1 TDC

Data
Addr:  Address(HeX) (p-15777215)

v ° 0 o

VbiasIn  Vdip VbldcCoarse Vbldfme
& Photon_Counting . X (063 (063 (07 63)
Clic : CIE b
r ———— I Vbias_fo Vrefkum  VbKum PUD) EHE?UTMOH EHD():FE EHD{):PZRS PZRS;)
C i i 03 06 07 03 @1 © © ©
Connect Disconnect 1 Setting 1 N
- CHN | S N ) O R O

- >

Cap HCap  CKrumS Time Coarse  VbKrumOTA
©-7) ©-7) ©-15 (0 0-63)

L JE J 1 =]

VbiasInT Debug_Time(En) Debug _Time(Ch) Debug ADSW Debug Energy(En) Debug Energy(Ch)
063 (1) -63) -1) (- -63)

3 e B i R

Successfully Connected

ﬂﬁﬁi{

Confirm that "Successful ﬁ‘connected“ is dlsp,la[v)ed.
* If the connection fails, "This is test mode" will be

displayed. In that case, please contact us.

SPLWRITE
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Closing the ASICcontroller app

App operation panel

Cl

k
e

Photon_Counting

DEBUG

FPGA Register Measurement

OREAD  OWRTE Save Path: Data save Path:
‘ Select [save DataFile [JAICh |7~
ADDRL: 0x
[save Datafile et
ADDRH: 0
DATA: 0x Set
PLD_Trigger Delay[10ns] Set
1
Clocesses ADC_CS Delay[10ns] :’ o
HVPS Control (0-1000)
DG64s
1P Address Connect
Debug Send
[CIsweep E
Start Delay[ps] o Step timelps] Dl Pulse Width(ps]

Start

ASIC Register

Chain2 Chain1 TDC

Add: Address(Hex) (5 36777215)
o [oo 0
Vbiasin  Vdip VbldcCoarse VbldcFine
(0-63) (0-63) ©-7) (0-63)
U » |[s s B

Vbias_fo Vrefkum  VbKum  Pup

©-3) 063 ©7) ©3 ©1
2 o2 0 0 1 k]

Cap  HCap  CKumS Time Coarse

©-7 ©7) 015 (@7)

enEOUTMmon  enDCFB

enDCPZRS PZRS

ey ) @1
1] o s
VBKrumOTA
(0-63)

]

VbiasInT Debug_Time(En) Debug_Time(Ch) Debug ADSW Debug Energy(En) Debug_Energy(Ch)
-1) (0-63) ©-1) ©-9 (0-63)

063 @1

S i B e

(C I O L]

SPI_WRITE

X

—

| Click

#4 Photon_Counting X
====Llick
Connect 1 Disconnect Setting
-—— — — -
’ Successfully Connected
=
Y Photon_Counting 1 X
=t

Connect

Successfully Disconnected

6th INFIERI - LIDAR Hands-on Lab by Y. Unno (KEK)



Live displays

App operation screen

Photon_Counting

DEBUG

FPGA Register

@READ O WRITE

Measurement
Save Path: Data save Path:

I |
[ r —-——
[ save_Datafile SET_INRER(CIKEZ] - I -

‘DS& - Datafile  [JAICh |7~

DATA: 0x

HVPS Control

ASICRegister

Chain2  Chain1 TDC

S— 1
Set
PLD_Trigger ‘ Set

pocees Set the data measurement rate.
ocets The standard is 20,000fps (16ch
roe [ | datais acquired in one frame).

g Refreshm? the display may
Osveer become slow dependlng on the
Sandemte |0 C processing power. In that
r ——— case, lower the rate.
I Start.

e i) Click to start the live display. After clicking, the
=t button will change to "S opy Click the * S%o

e {7" button to stop the live display.

(0—3) 063 (07 ©3) (@1 ©-1) ©-1) 015
: = CHN | CHN | PR I 1 CO S FR [ O I

ol

gé}x)r ?ab» 1g_Time(En) Det hg'ﬁme(ch) Det n;.g ADSW l?b)g Energy(En) l?b?EnErgY(Ch)
SO e N i B o R L]

SPIWRITE

Live display panels
'Real time display

Hlstogram dlsplay

rrvsnss wes T sl

e e 108 == E e o | vl | [ B emisereie

‘‘‘‘‘‘‘

;;;;;

E |

aulllly,
03000 03750 04500 05250 06000 06750 07500 08250 00000 09750 1.0500 1.4250 12000 Range{m]

dlspla¥s 16ch measurement data of the
latest frame

Statistically processed display

dlsPIays the peak value of the
histogram for 16 channels
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data for the specified number of times
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Live displays

Real time display

Dialog X

Measure Distance  Energy

[ Dsp.TmingGraph |  TmingRange Mo P L Auto[] Fofetos g Update Graph
/\ cho [-110.0
i H H ch1 [-110.
Switch the u/nl_t of graph display 5 2 : 9 110.0

by distance / time —| Specifies the maximum / minimum of =

Ch3 |-110.0

Ch4 |-110.0
Chs |-110.0
che |-110.0

1
1
1
:
the graph range. After the change, click 13 Channel
D I
1
1
ch7 [-100 |1
1
1
1
1
1
1
1
1
1

the "Disp. Timing Graph" button to
reflect it.

Ch8 |-110.0
Chs |-110.0
Ch10 |-110.0
ch11 [-110.0
Ch12 |-110.0
Ch13 |-110.0
Ch 14 |-110.0

Range[m] _ P —— s L1100

S =
Zero position offset parameter. If the
actual distance and the measurement
result are different, adjust the
arameters. Click the "Update Graph"
utton to reflect the adjustment.

0.0

6th INFIERI - LIDAR Hands-on Lab by Y. Unno (KEK)



Histogram display

Live displays

Specifies the range on the horizontal
axis of the graph.”After the change,

click the "Update Graph" button to

Dialog reflect it.
—
Cumulative number Change Reset 7 v Range Mln Max Update Graph Disp. cumulative number 0
- Specify the ch number to be
Specifies the number of frames of ‘ dl‘gpla)yed.
data to be histogrammed/

the "¢h

ed. After the change, click
ange" button to réeflect it.

pavivie)

900

800

700

600

500

400

300

200

The range on the horizontal axis of the
raph can also be adjusted with the scroll [« I ----------------------------------
I 1

ar.
0.30

04500 05250 0.6000 0.6750 07500 0.8250 0.000 09750 1.0500 1.1250  1.2000 Range[m]
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Number of data to be
averaged can be set with

— Histogram display
— Cumulative number
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Live displays

Statistically processed display

Dialog
Range  Min0 | Max2 Update Graph

Specifies the maximum / minimum of
the 9U ph range. After the change, click
the "Update Graph" button to reflect it.

10

Channel

Range[m]

0.0
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Number of data to be
averaged can be set with

— Histogram display
— Cumulative number
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Data output

ApDp operation panel

Acquired data

Photon_Counting @ 00000000_mesurement.cov - XEE - o
1 Check (‘/) “Save DateFile”. Uﬁﬂ‘ﬂ’:’asﬁﬁ]ﬁlﬂﬁiﬁ?jz;WAG’:?L,"(IJ‘XUSIISDIB,UXUMMHB,UXUN15D17.(]x06115814,0><07115815,U><UUUUUUUO.0>4N11540F,U><UZW17809,Ux03114216,0x04114718,U><U5114619,0%6114516,0%71MZWS,\
@READ  OWRITE Save Path: Data save Path: . . .
woont o] == | |Dssvepswsie Qanen 7 16ch data is overwritten at any time, separated by commas.
o ml:l [ Save_DataFile serNEEANKE : =
DATA: Ox Set e l I
PLD_Triggef
ADC_CS
Please enter the data acquisition time. [*
If you do not enter it, data acquisition
will continue until you click the "Stop" ||
button. =
Start Delay[ps] ‘ 0 Step time[ps]
s e Please specify the data save destination.
o o | Click the™Select" button to select the
folder.
Addr: Address(riex) (SYETITINSY
° [C—
CH Gen Gn o Ge
Vbias_fo Vrefkum VbKum  Pup enEOUTmon enDCFB enDCPZRS PZRS
©-3) 063 (07 ©3) @19 ©-1) ©-1) 015
oo o Ex ) o R o R O R (o 0% | vindoms (@ urea

Cap  HiCap  CkumS  Time Coarse  VbKumOTA
©7) ©7) ©15 (@7 (0-63)

7 7 15 o 3

VbiasInT Debug_Time(En) Debug_Time(Ch) Debug_ADSW Debug_Energy(En) Debug_Energy(Ch)
063 (1) 063 =) ©-1) 063

=] ] 1 ] k] k]

iRl

SPILWRITE
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Launching the camera app

Camera app folder App operation panel

I gin I Dguble click B e -
--------- JPAUF)  F|R(V) BES DL FIAAL)

Program

v

@] ArtCamSdk_036MI2_WOM.dII
| Sample.ini
el L L
1#ih Viewerexe 1 Double click

V71 202 |32
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Closing the camera app

App operation panel

##% Untitled

-
- m} X
JPAUF) FERV) BEES DL F/AAWL =

;

Click the "x" button to finish.
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Display live image

ApDp operation panel

## Untitled - Viewer_MFC - [m} X
IR | /RN BEES) DLLL) F/AAL)
J3-ILICv9(B)

View > Captu
ive image will be displayed.

[ [ [7s5 13 Y,
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Display a rectangular area to detection

App operation panel

Area setting panel

## Untitled - Viewer_MFC

4 IPAIUF)  F|RNV)  BES DL FIMAWL)
TA-YYRBE(Q
F4NE-EE(F)
FFOJEEA)
1-F-H(XSBE
1-F-745-5%F
1-¥-I05%E
1-F-E25-BF

TNRAXSHESE

# Untitled - Viewer MFC
TrAIMF) ERV) BES DLW FAAL)

Click Settings > Rectangle Settings.
he rectangular area setiing screen is
displayed.

BREE

il

X

Enter the coordinates of the upper
left corner of the area.

iR

Fo A7)

pecify the size of the
ea.

ar
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piili I
A\
ick “Apply” 10 display the
| area.
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Monitoring



Emission angle of the laser

Launch the apps
— ASICcontroller

# Untitled - Viewer_MFC - m] X

IPAUF) | FR(V) | BE(S) DLLL) FIAAWL - Viewer

JI-Lity7(8)

Face the machine on a wall

Darken the room

Watch visual image of the laser light
— Confirm the emitter angle

s 13 Y
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DEBUG

FPGA Register
@READ O WRITE

ADDR L
ADDRH: 0x
DATA: 0Ox
HVPS Control

ASIC Register

Chain2 | chaint | TDC

o [

Range M0 | Max|s

Update Graph

13 Channel

Range[m]

Vbiasin
(043

Measurement
Save

] save_Datafile

Measurement

0Ge458R
DGsds

13

Debug
Clsweep

start

stop

oata
adde Address(He) (3 16777215)

Vdp  VbldcCoarse Vbldcine
03 @7 ©0%3)

Weasure Distance | Energy

Dip. Timing Gragh

Range[m]

Photon_Counting

Data save Path:

Select [Csaved

SET_INAHEE(Ck | 15000

PLD_Trigger
ADC_CS Delayl1ons]
(0-1000)
Comect
Send
0] Step timelps] °

TmngRange Moo 5 | Auo[]

set

set

Pulse Widthps]

-_1

Place obstacles at both

ends of the view

Watch the live display
Adjust the rectangular

area

— Confirm Viewing angle

Offset
o
o
2
3
s
s
s
7
e
s
¥}
o
i
s
s
s

Channel

T B 3 O kol

%)
1100
1100

1100

100

1100
1100
1100
1100
1100
1100
1100
10,0
1100
1100
1100
1100

Update Graph




Moving object (e.g. human)

« Walk across the FOV

« Watch the live display

3 Offset value

offet ()

Uodate Grash

LIDAR —%
setup

Oscilloscope | [}
PC&Display |:|

Desk

6th INFIERI - LIDAR Hands-on Lab by Y. Unno (KEK) 40



Debugging



TP31 e S0

={11)

Made in Japan

LOTHS

— to fix the timing to the laser light
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Connect the SET_IN (04) signal to TRIGGER
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SET_IN signal

Timing Reference point

B S0ns

DLY 480 : 3
Measurement i Measurement enable 0x40 : >
| ' Enable : ;
Measurement Cycle Setting 0x90
RMS_IN
B EEEE—
RCC_IN | Measurement start timing delay setting OxCE
LD Trigger <—’ L .
;LD Triggelr timing [Setting 0x91
; 500ns
: Measurement Stop timing setting Ox8F ] 2.31us >50ns§
SET_IN h —!
(Measurement :
Stop 50ns
B 50ns DIG_OUT : Data read period
DLY 481 :

* SET_IN signal = "Measurement Stop"
+ Set SET_IN frequency to 10000 Hz
— Pulse interval = 100 ps = 5x20 s (top-left photo)

— The second pulse is seen at 100 us after the first pulse ((at scan
start)

. Ex)pand the second pulse by delayed trigger (sweep width = 50
ns

— SET_IN signal — square wave
* Width: ~50 ns
* Pulse height: ~3 V
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Debug_ Time and Debug..Energy

Current

comparator
DEBUG FE output —————
Tout .
:F 16bit TDC
Measurement Ith
Save Path: T
Select 7 ¥ [Osave_DataFile REG control I
ADDRL: Ox Add. 0x05-0x14 [6:0] REG
r 1~ Time_Debug control
4o : i::»a:x:{ ‘ = (Pin No.27)
DATA: 0x s Debug_Time(En)

REG control
Add. 0x03 [10:8]

HVPS Control

B Timing Block Debug Characteristics (Address 0x04[14:8])

DG64s

1P Address Connect Debug line control in the timing information line.
. — [6] : Enable flag] [5:0] : channel number. Debug_Energy(En)
' ) : Debug_Time(En) T
- : Debug_ADSW ]\ enEOUTmon
Start Delay[ps] 0 Step time[ps] 0 idthlps \
Start FE output

”E“e"QY'

Setting panel

Chain2 Chaint TDC

REG

Addr:  Address(Hex) ,3 167-7215 control

G i e B Energy Block Debug Characteristics (Address 0x03[7], 0x04[6:0])
0o 08y 01 oen Charge amp out is enabIE'

! @ 2 b s 0 Address 0X0317] 15 [
Vbias_fb vrefkum VbKum Pup [fenEOL on enDCFB enDCPZRS PZRS E l. ‘4
(0-3) (0-63) ©-7) ©-3)0-1) (0-1) -1 (0-15) 5 q Qe 'm

: (O | Co £ [ T o] B Adaress Ovos e 1. ARRREGANR Y.
Cep  HCp  CKumS T \bKrumOTA Note) Be sure to set both at the same time. The debug signal will not be output with different

0-7) ©-7) (0-15) \0 63)

combinations.

3 03
nergy(En) ?Deéu’g,Enev gy(Ch)
- o Address 0x04[6:0]  Energy

Debug line control in the timing- information line.
6] : Enable flag [5:0] : channel number.
Debug_Energy(En)

SPLWRITE
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Debug_Time signal

+ CH1: Debug_Time signal
— Probe (07, 08)
— Select e.g. Ch.6 of MPPC
— Reflected light (top)

* CH2: SET_IN signal
— Delayed trigger: (bottom)

« SET_IN signal
— Measurement Stop

— Preset at 4x0.5=2 us after PLD (Pulsed
Laser Diode) trigger signal

* Debug_Time signals

— Pulses associated with the laser light are at
a fixed timing

— Random pulses are due to noises
» Cover the setup to reduce external
light
— with dark cloth or cartoon box

— If random noises are reduced, they are due
to external light

— If not, due to internal electrical noise...

+ Changing the threshold (/th) of the
timing circuitry (see slide 47, e.g.)




Debug_Energy signal

CH1: Debug_Energy/Debug_ToT signal
— Probe (06, 08)
+ CH2: SET_IN signal
— Delayed trigger: CH2
+ Debug_Energy signal (charge amp
output, top-left)
— enEOUTmon=0, Debug_ADSW=1
— Distance to object — about 4m

— Pulse height of external lights is about half
of the laser light (reflecte

— Reflected lights may become smaller if
longer distance or of lower reflectivity
* Debug_ToT signal (bottom)
— enEOUTmon=1, Debug_ADSW=0
A - — Debug_ToT signal
* 2V amplitude with 1/10 probe

* Dull shape due to 1MQ input impedance
(could be sharp with 50Q))

« ToT is width of Energy. The rising edge
is at a constant time but the trailing

edge fluctuates as pulse height
fluctuates (as expected)
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Changing Ith of Debug_Timing Signal

B Block diagram of Timing

Block

ooooo
Add. 0x05 0x14[6 0]

REG control
Add. 0x03 [10:8]

ASIC Register

Addr:  Address(Hex) %&255) \(Igg?ﬁt
5(0ch) 05 170 40
6(1ch) 06 170 40
7(2ch) 07 160 40
8(3ch) |08 160 40
o(ach) |09 160 40
10(5ch) |0A 160 40
11(6ch) |0B 160 40
12(7ch) |0C 170 40
ALLCh 0 0

16bit TDC

Time_Debug
(Pin No.27)

Debug_Time(En)

VbKrumF  Ith
©-7) (0-127)
7 8

7 58

7 40

7 80

7 70

7 70

;
7 40

0 0

T

REG
control

Eth
Addr:  Address(Hex) (p-255)

13(8ch) oD 170
14(och) |OE 160
15(10ch) |OF 17
16(11ch) |10 170
17(12ch) |11 170
18(13¢ch) 12 170
19(14ch) |13 170
20(15¢ch) 14 160

Set
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“TimeCC”, “MF”, “SF"

Voffset
(0-63)

40

8| | &8||&8||8 |8 8] 3

* Re-connect settings
— Oscilloscope probe to terminal "07"
— ::CD;ﬁbugz"'l'ime(En)" to 1 in ASIC Register pane
ain

 Change "ASIC Register" pane to "Chain 1"
— Change Ith value of 11(6¢h) to low/high...
— Observe the rate of random pulses

VbKrumF  Ith
©-7) (0-127)
7 36

= Jlhtul AL RED LD 8 ) A R AL L

[

52 :
|I| 4 u'h.

S

\h i

52

27

NN N N N NN

18

(e s

SPI_WRITE
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Concluding remarks

* There could be two classes of LiDAR, "Static" or "Dynamic".
— "Static": static objects
— "Dynamic": moving objects
« "Static" LiDAR is easy, perhaps...
— Remote sensing (Topography, Vegetation, ...), 3D mapping
* High cost might be tolerable
* Low cost might open up a new application, e.g., in augmented reality (AR)
« "Dynamic" LiDAR is where rapid progress is being made
— Automotive LIDAR, e.g.
— The issues are
* Long range (e.g., 200 m)
+ Signal-to-Noise ratio
* Low cost
— There are still spaces where improvement can be made in hardware and software, but not easy, perhaps
* i.e., you maybe able to make it ©



Backup
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