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Corporate Data

HAMAMATSU
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Company Name

Established

Capital

Stock listing

Main Product Lines

As of September 30, 2022

HAMAMATSU PHOTONICS K.K.

September 29, 1953

35,048 million yen

Tokyo Stock Exchange, Prime Market

- Photomultiplier Tubes

-Imaging Devices

-Light Sources

- Opto-semiconductors

-Imaging and Analyzing Systems
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Number of employees (Japan) v b

Total 3,973 people

Electronic Tube Division Toyooka Factory & Tenno Glass Factory 1,244 people
Solid State Division Ichino Factory, Mitsue Factory & Shingai Factory = 1,429 people
System Division Joko Factory 444 people

Laser Promotion Division, Compound semiconductor Fab. Center = Miyakoda Factory & Central Research Laboratory = 252 people

Global Strategic Challenge Center Central Research Laboratories & Main Office 80 people
Central Research Laboratory Central Research Laboratory 208 people
Administration & Managing Office Main Office (front of Hamamatsu station) 316 people

As of January 1, 2023



Sales Turnover HAMAMATSU

LPY billion) $1,676 million
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We develop and sell various products using optical technology.
In September 2022, consolidated sales reached $1,676 million.
(Converted at an exchange rate of 124.55 yen to the U.S. dollar.)

Sales Turnover

© Hamamatsu Photonics K.K. and its affiliates. All Rights Reserved
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HAMAMATSU

Sales Distribution by Region N e s iness

Japan

24. (%

Asla

21 (%

Europe North America

21.4% 26 19,

"axoapt for other regicna

= As of September 2022, consolidated

Today, our products are used in over 100 countries.
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Percentage of Net Sales

HAMAMATSU

PHOTON IS OUR BUSINESS

(Fiscal year ended September 2022)

Medical-Bio instruments : 38.1%
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HAMAMATSU

Shipping Record T oun susmess

Experiment Name Product

Super Kamiokande/ID 20" PMT 11,200
Super Kamiokande/OD 8" PMT 1,900
T2K/ND280/FDG MPPC 120,000
MEG 2" PMT 850
MEG-II MPPC 4,100
XENONNT 3" PMT 500

https://www.hamamatsu.com/jp/ja.html

https://www.hamamatsu.com/eu/en.html -



PHOTON FAIR 2023

HAMAMATSU

PHOTON IS OUR BUSINESS

PHOTON IS OUR BUSINESS

PHOTON FAIR 2023
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Product introduction for PMTs
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Agenda

m Fast Time Response PMT R13xxx series and R16768-100
m Hemisphere PMT R14374(3” PMT), R14688(8"” PMT)

m R12699-406-M4(2" FP-PMT)

m RO9880 Series (TO-8 PMT)



Agenda

m Fast Time Response PMT R13xxx series and R16768-100

HAMAMATSU
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HAMAMATSU
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Fast Time Response PMT R13xxx Series (1)

® Fast Time Response PMT R13xxx Series Spec. Comparison

RT3
Size 1" 1-1/8" 1-1/2" 2" 3" @ R15608
Effective Area Min.[mm] © 22 ® 25 ® 34 ® 46 ® 65 R13408 —)
Range [nm] 300 - 650 = (] & 3
Spectral Peak : ¥ 1 W
Response Wavelength 420 : )
[nm] '
Photocathode Material BA
Window Material K
Dynode Structure / Stages L/8 L/8 L/8 L/8 L/10
Luminous Typ.
Cathode [uA/Im] 95 95 95 95 85
Characteristics Blue Sensitivity 10 10 10 10 95
Index. Typ. '
Luminous Typ. e/
[A/Im] =0 R13478 R13449
Gain Typ. 5.3E+405 5.3E405 5.3E+405 3.2E405 9.4E+06
Dark Current
(After 30 min.) Typ. 3 3 3 10 15
[nA] R
Anode -Main Feature
Characteristics Dark Current -
(After 30 min.) Max. 30 30 30 50 100 . FaSt Tlme Response
[“A] ] L] L]
— -High Time Resolution
Rise Time Typ. 0.9 0.9 12 5 19
[ns] ' ' ' '
T.T.S. (FWHM) Typ.
130 170 190 230 400 .
oo Mainly Used for TOF
g viation
Pulse Li i 10 10 20 30 30 1 1 1
e [mA] experiment, radiation
monitoring.




HAMAMATSU
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Fast Time Response PMT R13xxx Series (2)

® R13478 & R16768-100 Spec. Comp. ® R134/8 & R16768-100 TTS Data Comparison
e T.T.S. (FWHM)
Effective Area Min.[mm] D 22 D 12 104 . . . . .
Range [nm] 300 - 650 160 - 650 - ! ! ! ! !
Spectral Peak 1 FWHM
Response Wﬂ‘;ﬂ'ﬂl}ﬂ'ih 420 350 | R16768-100 70 ps, R13478 130 ps
nm ~ -
Photocathode Material BA SBA - SUPPLY VOLTAGE: 1500 V
Window Material K 0 103
Dynode Structure / Stages L/8 L/8 h
Luminous Typ. Ei
Cathode [uA/Im] > 0 - 1%
Characteristics Blue Sensitivity 10 125 - | ¥
Index. Typ. ) 8 ; "il
Luminous Typ.
[A/Im] >0 180 w102 4 ,H_
Gain Typ. 5.3E+05 1.5E+06 > = ;‘ X
= =
Dark Current 5 . tf %
(After 30 min.) Typ. 3 3 m :.}gf i M
[na] o g W
Am}d? . Dark Current 101 ot _:. 2o
Characteristics ]
(After 30 min.) 0 0 -
Max.
[nA]
Rise Time Typ. 0.9 0.9
[ns]
T.T.5. (FWHM) Typ. 130 70 100
[ps] _ 1 08 06 04 02 0 02 04 06 08
Pulse Linearity 2 % Deviation 10 10
[mA] TIME (ns) 18




Agenda

N
m Hemisphere PMT R14374(3"” PMT), R14688(8" PMT)
N

HAMAMATSU
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Hemisphere 3" PMT R14374 Series

HAMAMATSU

PHOTON IS OUR BUSINESS

® R14374 ® V-Gain ® TTS Comparison Data
R12199 R14374
(Dlscontlnued) V ::,;};Ng 108 TPMHBO932EB TFWHBD‘Q?STB | ‘ ‘ {\\ ‘ ‘ | |
5 3 . : j 0.9 |- SUPPLY VOLTAGEH+ — R12199 ]
) NI R WA
—— \ - PHOTO- 1E+07 !! F = 0.7 ’ |
= 3 i CATHODE/ A ' |'
: : I /f' «w 08 i
"51'9|i 20 2 2 - /' E 05 R12199 i" i R14374
; 3 z 10° 7 2 | 1 @8ns) ([ (1.3 ns) [|
14 PIN BASE © 7 © o4 |
JEDEC L7 ) ! \
No. B14-38 mm /’ 0a / .' i
: 10° ,// 0.2 / \
$56.5 + 0.5 ,/ : , \
7 /
: = 0.1 ]
® R12199/R14374 Spec. Comparison P 1250 V LY |
4 [ 1= 1 876543210123 458678
Tvp;i:mﬂ R12199 3|" R14374 10500 600 700 800 9001000 1200 1500
Effective Area Min. [mm] O 72 SUPPLY VOLTAGE (V) TIME (ns)
Spectral Range [nm] 300 to 650
response Peak Wavelength [nm] 420 . =
Photocathode material BA M a N Featu I"e
Window material K = =
Dynode structure / Stages C&LF / 10 ‘H 1] h Gain
Cathode Luminous Typ. [uA/Im] 90 R . . .
characteristics Blue sensitivity index Typ. 11 H Ig h TI me ReSOI Utl on
Luminous Typ. [A/Im] 900
Gain Typ. 1.0E+07
Anode Dark current (After 30 min) Typ. [nA] 50 I
characteristics Rise Time Typ. [ns] 3 2.9 Ma N Iy U Sed fo I H E P
Transit Time Typ. [ns] 35 35 1
T.T.S. (FWHM) Typ. [ns] 2.8 1.3 experl ment 20




Hemisphere 8" PMT R14688 Series (1)

HAMAMATSU

PHOTON IS OUR BUSINESS

| R5912 |

-

® R5912 & R14688 Specification Comparison

| R14688 |

Parameter R5912 R14688 Unit
Diameter 202 dia. mm
Effective area (Min.) 190 dia. mm
Spectral response 300 to 650 nm
Photocathode BA/SBA -
Gain 1.0 x 107 -
o | 1o mo | v
Rise time 3.6 2.2 ns
Electron transit time 54 37 ns
T.T.S. (FWHM) 2.4 1.0 ns

Main Feature
-High Gain
-Large Size with High Time Resolution

Mainly Used for HEP Experiment

21



HAMAMATSU

Hemisphere 8" PMT R14688 Series (2)

PHOTON IS OUR BUSINESS

® R5912 & R14688 Gain Comparison Data ® R5912 & R14688 TTS Comparison Data
108 1200 I I i i i
,"' SUPPLY VOLTAGE : 1730 V
f;’" LIGHT SOURCE - PLP (410 nm)
VT TA 1000 |~ REPETITION RATE : 10 kHz .
5912 series LA FULL ILLUMINATION
107 A * » R14688 SERIES
i i = 800 % « CONVENTIONAL TYPE |
A = V¥  (R5912 SERIES)
.r"f f"ﬁf 8 . E:f
% 106 )44 Ly 600 i
i = FWHM:22ns & |3 %
7 — = = J 8 .
4 J,-ff R14688 series < ;4-_—::"::_ FWHM: 1.0 ns
f../’ 400 R
1054 IR
200 3
104 D—.—J
500 1000 1500 2000 -0 8 6 4 2 0 2 4 6 8 10
SUPPLY VOLTAGE (V) TIME (ns)

22
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s R12699-406-M4(2” FP-PMT)



2" Square Flat-Panel-PMT R12699-406-M4(1)

HAMAMATSU
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® Specification

® QE Curve

Type Mame

R12699-406-M4

Slze

2" O

Effective Area Min. [mm]

48.5 x% 48.5

Spectral
FESPOTSS

Range
[mm]

160 to 650

Paak
Wavelength
[mmi]

400

Photocathode material

Window material

Cathode
characteristics

Luminous Typ.

[uaflm]

Blue sensitivity index
Typ.

10

Anode
characteristics

Luminous Typ.
[A/im]

140

Gain
Typ.

1.5E+06

Dark current
per channel
Typ.
[na]

1.5

Dark current
in total

Typ.
[ma]

1000

100

<C
£
c
=9 — <
|_ g " e
@ 2 N
Gz 10 A\
wu X
50 A\
Zi =
g u L)
<L
o g 1 5 t
= i
1

E: :
T2 \
~=C .
< ' \
8 0.1 T
5 =
z [~ —— CATHODE RADIANT SENSITIVITY ~

[~ - = = QUANTUM EFFICIENCY :

0.01 | | | | | | \

100 200 300 400 500 600 700 800 900

WAVELENGTH (nm)

Rise Timea
Typ.
[ns]

1.2

T.T.5. [FWHM)
Typ.
[ns]

.41

Pulse Linearity

2 % dewviation
[

B

Storage

temperature
[]

-110 ko +50

Operating amblent temperatura

[l

-110 ko +50

® Gain Curve

107 pRkiE

4
108 ,/
,’
,/
=z
= /
© /
108 /
i
i
7
i
/
100
500 600 700 800 800 1000 1100 1200
SUPPLY VOLTAGE (V)

Main Feature:

Operable at Cryogenic temperature
down to -110°C

Low Radioactivity, Small height
Wide Effective area

Mainly Used for dark matter experiment

24



HAMAMATSU

2" Square Flat-Panel-PMT R12699-406-M4(2)

®R12699-406-M4 Cathode Linearity at low temperature

R12699-406-M4 Cathode Linearity

5
0 \
o
T =
®©-10
\ ‘./ =
¢ | 14.8+/-0.5mm 2
—25C
-15
K-40 U Th 60Co total —-1oe
[mBqg/sample] [mBq/sample] [mBg/sample] [mBg/sample] [mBq/sample] I
R12699-406-M4 |  20.0 0.0 0.0 0.0 20.0 B — 7 : o 00 T000 10000
. : 5~23 2~6 2~3 -
Minimum
detectable value Cathode current [nA]

-The value “0.0” shows that we could not
measure the radioactive component correctly
because of detection limit.

25
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m RO9880 Series (TO-8 PMT)



TO-8 PMT R9880 Series (1)

HAMAMATSU

PHOTON IS OUR BUSINESS

® Specification
Parameter Value Unit -
Suffix 09 | 116 | 113 | 110 | =210 | 04 | 01 | 20 | — Main Feature
Dvnod Structure Metal channel —
ynode  ISiages 10 = -Small and compact
Maximum | Supply voltage between anode and cathode 1100 \ Effective Area .
ratings Average anode output current in total #'| 0.01 0.1 mA ® 8 mm ¢ FaSt t|me
; Min. 80 100 350 ; H H
Luminous Typ. | — 105 135 200 500 | MM response, h|gh gain
Cathode Blue sensitivity index Typ. — 13.5 15.5 — —
Red / White ratio Typ. —_ 0.2 0.45 —
Radiant itivity 2 Typ. 35 110 130 77 78 AW H
a |‘an sensitivity hm % L - Ly m Ma|n|y used for
Luminous Tvp. | — 210 270 | 400 1000 | M fl
Gain Vp. 2.0x10° — __”l"”""!"!l‘!lmml“}lll"" uorescence
i ; Typ. | 0.1 1 10 10 30 4 i
Anode Dark current Max| 1 10 100 nA ey ' , ,3% i : Obse rvatlon 7
Rise time Typ. 0.57 iati i i
Time response | Transit time Typ. 2.7 ns radlatlon monltorlng
TTS. Typ. 0.2 etc
Operating ambient temperature -30 to +50 °C T
Storage temperature -30 to +50 °C
® Spectral response range chart
No. -09 -116 -113 -110 -210 -04 -01 -20 Unit H
., — 210 o o Extended green photocathode type of R9880 is
I_Sepsic;t;asle E::Ee 160;:0320 160 to 700 | 185 to 700 | 2304?0700 185 to 870 | 230 to 870 2306130920 :: under development and W|” be released in 2024.
Window material Quartz [ w ] K uw | K —

NOTE: (1) Photocathode materials
SBA: Super bialkali, UBA: Ultra bialkali, MA: Multialkali, ERMA: Extended red multialkali

Spectral response range chart

-09 NN I
P -116 - '

113 I Y M

-110 I D

Unit:mA/W
Il more than 120
1o 120

100 nm 200 nm 300 nm 400 nm 500 nm 600 nm 700 nm 800 nm 900 nm 1000 nm

We have a variety in accessories for R9880, like
E10679 series, E13643(D-type), C16138(DA-
type) and PMT modules.

27




CATHODE RADIANT SENSITIVITY (mA/W)

HAMAMATSU

TO-8 PMT R9880 Series (2)

® CsTe Spectral response ® SBA/UBA Spectral response ® MA/ERMA Spectral response
100 : 1000 : , : : : 1000 ,
— 09 4 E—HE —| EG Photocathode (-300) | :—-g:
J-__ - — —
7 N = - 110 Target (?E curve | — - oo
F" Bl \ é — -210 g
N E P e, N / E
—_ 10 . - = - 100 —— = __ 100
2 : ' > 8 S % > & = -
> i > > 71 NN s > y A R— —
2 Al EQ Y s e P MR = 7] ~ \
LU l\. % L £ ly \"‘\A \ U)g !L;"--/J"'_ -\\ \
O ' &5 O e XY & O (17 171\ )
T . o L A4 i o NU4 N AN o
L 1 T — b 10 3= -~ L 10 trf - = :
w et =z W e A S—% ELU — — —- —
= \ <=2 14 o <= ‘ —
= A 22 i N op i1 .
z P Tz .' A\ Tz T UAH
5 v \ w > ; B ) = 5 . BT
S 04 —— 0©° 1 - 2 o© 1 : :
= L F_: e E I ==
\‘ \\ ,q: L] l'l .{ LI L
~ N\ [ IR ] T[T
| —— CATHODE RADIANT SENSITIVITY _Y, \ | —— CATHODE RADIANT SENSITIVITY X | —— CATHODE RADIANT SENSITIVITY 2111
=== QUANTUM EFFICIENCY b = iC.'UAN'I'lUM EFII=IGIEN(|3"( | ‘. = == QUANTUM EFFICIENCY ', . \
DJU%DD 200 300 400 500 100 200 300 400 500 600 700 800 100 200 300 400 500 600 700 800 900 1000
WAVELENGTH (nm) WAVELENGTH (nm) WAVELENGTH (nm)

28



Product introduction for MPPCs
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MPPC Introduction HAMAMATSU

/ Radiation \ / \

Medical x|

detection

\\\\\\\\\\\\\\

Multi-Pixel Photon Counter

‘

o .‘-:\'m

\cademic | = Focus on in this presentation

» NUV Sensitivity MPPC
» VUV Sensitivity MPPC

iper- i de e
3 St
, UNiV. 10KYE, -
n;s( 7 { g
1 SRR
€ o
hiWy/ndip.in2p3.fr/ndip08/Presentations/4\Wednesday/A-Midi/39-Y okoyama.pdf
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NUV sensitivity MPPC

HAMAMATSU

PHOTON IS OUR BUSINESS

For Cherenkov light detection

Atmospheric Cherenkov light detection

cherenkov
telescope
array

https://www.cta-observatory.org/about/how-cta-works/

—

EM Calorimeter
Csl(Tl), waveform sampling electronics

KL and muon detector wads Yo g
Resistive Plate Counter (barrel outer —— 3
Scintillator + WLSF + MPPC u ‘ /
Belle I (end-caps , inner 2 barrel layers) : ~ iy = -
'- 0.0 e : ]
[ 4 T ey e— {

LA

~—

& |
—

—= : j Particle Identification
electrons (7 GeV) = S ( ‘ o Time-of-Propagation counter (barrel) \
[Tf

Prox. focusing Aerogel RICH (forward)

Vertex Detector N
2 layers Si Pixels (DEPFET) + /) ~ g
4 layers Si double sided strip DSSD '/

4 -

Central Drift Chamber

Smaller cell size, long lever arm

positrons (4 GeV)

https://indico.inp.nsk.su/event/20/contributions/958/attachments/554/639/ INSTR20_Belle2ARICH.pdf

© Hamamatsu Photonics K.K. and its affiliates. All Rights Reserved 31



HAMAMATSU
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NUV sensitivity MPPC: development themes

0 High NUV sensitivity

@ Pile-up suppression
O Large active area and small dead space with NUV transmissive window

Cherenkov spectrum in atmosphere Pile-up phenomenon

= Cherenkov Speélmn\ N | N I o T |
100 | —— NSB spectrum pulse
2 80
g Without pileup
>
§ 60
< 40
\
m [\
M S 3 pules
300 400 500 600 700 2 pulses
Wavelength (nm) _
. With pileup
C. R.Benn and S. L. Ellison, New Astron.Rev.,42,503 (1998). *photon equivalent
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y High NUV sensitivity for Cherenkov light detection

HAMAMATSU
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Purpose

‘ Improvement of NUV sensitivity

conventional

Approach

Improving wafer processing
for lattice defects reduction
In the photoelectric conversion layer

Effect

Increase number of carriers
which reaches to the avalanche layer

| :
process Improved process
Q I«
RSy 1. S
N A
|
JE— I Q 1
—\ 7 | \ 7 Photoelectric
. —: ) conversion layer
3y :
T e :
2 \
I O.&Q:O‘ < Avalanche layer
i
trapped 1 no trapping
|
|

33



HAMAMATSU

y High NUV sensitivity for Cherenkov light detection ~ rarenss ovn susness

== Improved process

60% _
— conventional process

50%

40%

Sensitivity at 350 nm improved by 1.16 times

530%

» As a good side effect, the improved process
also reduced terminal capacitance
(56pF/mm?—36pF/mm?)

20%

10%

45% to 52% at 350nm

O% -~ | | | | | |
200 300 400 500 600 700 800 900

Wavelength[nm]

34



_ _ HAMAMATSU
Pile-up Suppression for Cherenkov light detection

Purpose Waveforms with pile-up

‘ suppression of output pile-up Trigger threshold (1.5 p.e.

Approach Mp\\J "

making the waveform sharper by false-positive by pile-up
adjusting quenching resistor and
reducing terminal capacitance

Waveforms without pile-up
Trigger threshold (1.5 p.e.)

|
Effect k — M\ j \

a lower trigger threshold can be used
to take weaker Cherenkov light events
(=event derived from lower energy particles can be observed)

No false-positive

35



Amplitude [a.u.]

?Pile-up Suppression for Cherenkov light detection

HAMAMATSU

PHOTON IS OUR BUSINESS

Conventional MPPC
FWHM: about 90ns

MPPC with R, and C, optimization

FWHM: about 7ns

100ns
>

S

Wy

6x6mm?, 75um pixel

(average waveform)

plitude [a.u.]

Am

10ns

(measurement result)

- 6x6mm?, 75um pixel:

36



HAMAMATSU

/.
J Large active area and small dead space with NUV transmissive window

Purpose

‘ Realizing large photosensitive area coverage with small dead space

Approach

Applying Through Silicon Via (TSV) technology to eliminate the dead space

To protect device surface without compromising NUV sensitivity,
attach quartz window on MPPC using NUV transmissive resin

Effect

Minimize light detection loss caused by dead space



A
& Large active area and small dead space with NUV transmissive window

HAMAMATSU

SSSSSSSSSSSSSSSSS

TYEP1

TYEP 2

NUV transmissive resin v Quartz is attached by resin
TSVMPPC  Quartz over the entire surface

N

> Robust structure

connector

v Quartz is attached by resin
N\UV {ransmissive resin only on four corners of the surface

TSV-MPPC quartz -
. > Low crosstalk & high PDE

connector
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Summary of MPPCs for NUV detection i

. _ ¢ .

60%

50%
40% |
w
030%
a

!
20% | !

10%

0%

200 300 400 500 600 700 800 900
Wavelength[nm]

Hamamatsu produces
high NUV sensitive, low pile-up, and MPPC
for Cherenkov light detection applications.

39



VUV sensitivity MPPC

HAMAMATSU

PHOTON IS OUR BUSINESS

for experiments utilizing liquid Xe as scintillation material

900 | Liquid Xenon y Detector | JitoRitiaes
A ey "“>‘,

oyt oy } : COBRA SC Magnet
f# s )

12x12mm? 4092 MPPC A‘ ~ $1
+ 668 PMTs O3 A4
Downstream L e ( Upstream
up to 7x107/s

oo e
Gamma-ray (y) \ (x2.3 higher rate)
Radiative Decay
Counter
Further reduction

of radiative BG

Pixelated Positron
Timing Counter
30ps resolution w/ multiple hits

Positron

(e* Cylindrical Drift Chamber
Single volume
small stereo celis
more hits

“The liquid xenon detector for the MEG II experiment to detect 52.8 MeV gamma-ray
with large area VUV-sensitive MPPCs”,

NIM A 1046 (2023) 167720

https://doi.org/10.1016/j.nima.2022.167720

DARWIN

top sensor array
B (955 PMTs, electronics,

outer cryostat copper + PTFE panels)

inner cryostat top electrode

field cage frames (Titanium)

(copper, 92 rings)
TPC reflector
support structure (PTFE, 24 panels)

(PTFE, 24 pillars)

bottom electrode
. frames (Titanium)
7

bottom sensor array

11i01iilllern

A

pressure vessel

“Sensitivity of the DARWIN observatory to the neutrinoless double beta decay of 136Xe”,
Eur. Phys. J. C (2020) 80:808
https://doi.org/10.1140/epjc/s10052-020-8196-z
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VUV sensitivity MPPC: development themes =

0 Tolerance for humidity (suppress degradation of sensitivity)
The humidity tolerance should be high for long term reliability

? Product packaging with low Rl contamination

reduce false events by undesired RIs in product material

O Low Dark Count Rate (DCR) at liquid Xe temperature

lower DCR leads to lower event threshold —> more event collection

41



y Improvement of humidity tolerance for Lxe experiments e
Purpose
VUV-MPPC has no protection layer for moisture protection
» after long-term storage, sensitivity degradation is observed
Construction of detectors for physical experiments takes 1+ years
» humidity tolerance of MPPC itself is important e———
Approach 0. : .. ® .
. . o0g’ 00°°
Reduction of defects on Si surface y p4 .0.0

by improving the Si processing

Effect

Sensitivity degradation is suppressed.

/ sensitive area

protective layer
blocks moisture

moisture reach
to sensitive area
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y Improvement of humidity tolerance for Lxe experiments PoTon 15 oun vusiness

25%
20%
L, 15%
% 10%
5%

0%

25%
20%
., 15%
% 10%
5%

0%

conventional process

VA=

—(0hours —100hours
= 250hours -——500hours

100 125 150 175 200 225 250
Wavelength[nm]

Improved process

| /\/\/ﬂ":\

—0hours —100hours

= 250hours =——500hours

100 125 150 175 200 225 250
Wavelength[nm]

High Temperature/High humidity test

» Temperature : 60degC

» Humidity : 90%

» Improved process keeps sensitivity to 1000hours

&

Tolerance to 1000hurs @ 60degC, 90%

corresponds to 10years @ 25deqgC, 60%

(Vapor pressure accelerating model, confidence level :60%)

Achieve required tolerance for whole construction/operation
period in physics experiments!
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? Development of low Rl MPPC for LXe experiments

HAMAMATSU

SSSSSSSSSSSSSSSSSSS

Past Prototype : Si substrate package

Pros :Low RI characteristics

Cons: Too high cost and handling difficulty

Current product : Chip on Film (CoF) package

Pros : Low cost and design flexibility

Cons: Not so great RI purity compared to Si substrate
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? CoF (Chip on film) package s starrhes

Prototype : Single channel

MPPC chip (with TSV and VUV sensitivity)
FPC (polyimide + Cu wiring)

Stiffener (polyimide) . Solder bump

(low-RI material)

Under development : Large size array




/<’
@} Low Dark Count Rate for LXe experiments

HAMAMATSU
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Development target of Dark Count Rate (DCR):
below 0.01 cps/mm?at liquid Xe temperature (160-165K)
(comparable to Photomultiplier Tube’s DCR)

Two Components of DCR:

 Higher rate for higher temperature
« Dominant at ambient temperature

Dark Count Rate (log scale)

DCR v. Temperature plot (sketch)

Tunnel
I —

Temperature

v' Electrons traversing depletion layer by quantum tunnelling

v" Invariant to temperature changes
v' Dominant at liguid Xe temperature
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y
Cj Low Dark Count Rate for LXe experiments

Difference from Standard VUV-MPPC:  standard / low DCR prototype VUV-MPPC comparison

Optimizaﬂon of wafer processing DCR as a function of temperature

102,

» Aim to reduce E field in depletion layer | bSOl T sussmoamion, A
1 >1D-2 S;)'II::D+IowDCRoptimization ’
— 1077 + spa .
DCR is reduced to 1/10 E | + SPL2
from Standard VUV-MPPC z 0% L :
at liquid Xe temperature. g " :
1071: 3 ¥
. : ¥
1 1 17 u f Kazama- d Sak -
About 0.05cps/mm? is achieved. T e T iseeat Nagoya Uiy

150 160 170 180 190 200 210
Temperature [K]
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Summary of MPPCs for VUV detection phvvstevireirberies

Impr_O\_/ement of ? low Rl PKG low DCR
humidity tolerance at low Temperature
102 DCR as a function of temperature
Prototype + STD-1

25%

+ &

STD-2
1014 -
20% | = 4+ SPL-1
£ +  SPL-2 N
,_u15% o % 100,
g =S E
10% | o
5o —~0hours = ——100hours 8 .
6 10°
——250hours —500hours : ¥ !
G% 1 1 1 1
100 125 150 175 200 225 250

-2
Wavelength[nm] 10 150 160 170 180 190 200 210
Temperature [K]

Hamamatsu produces
humidity tolerant, low RI, and MPPC
for experiments utilizing liguid Xe as scintillation material.
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PHOTON IS OUR BUSINESS

www.hamamatsu.com

© Hamamatsu Photonics K.K. and its affiliates. All Rights Reserved. 49
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