CONFIDENTIAL

HAMAMATSU

PHOTON IS OUR BUSINESS

2013.09.17

Copyright © Hamamatsu Photonics K.K. All Rights Reserved.



C

C

CONFIDENTIAL

2013.09.17

HAMAMATSU

PHOTON IS OUR BUSINESS

Copyright © Hamamatsu Photonics K.K. All Rights Reserved.



CONFIDENTIAL

2013.09.17

HAMAMATSU

PHOTON IS OUR BUSINESS

Copyright © Hamamatsu Photonics K.K. All Rights Reserved.



CONFIDENTIAL

2013.09.17

HAMAMATSU

PHOTON IS OUR BUSINESS

Copyright © Hamamatsu Photonics K.K. All Rights Reserved.



HAMAMATSU
Y B T A B 7o
. =T B

ﬂﬂ"flﬂf““ﬂl 2013 09 17 Copyright © Hamamatsu Photonics K.K. All Rights Reserved.




CONFIDENTIAL

Protocathode
p

.
4

- Pa

I""‘ = \\ Focusine
I

» ™ Electrode

",

\

sJynodes

I,
\\\._f?."!-:-am*

ot
\-\.

2013.09.17

HAMAMATSU

PHOTON IS OUR BUSINESS

=—Dynode-1 (750V)

© =—TDynade-2 (BS0YV

=—Dyrode—-3 (950W)

=—ynode-4 {1050V

Copyright © Hamamatsu Photonics K.K. All Rights Reserved.



Protocathode
p

.

\ ™ Electrode

I

¥

sJynodes

I,
\\\._f?."!-:-am*

ot
\-\.

CONFIDENTIAL 2013.09.17

HAMAMATSU

PHOTON IS OUR BUSINESS

=—Dynode-1 (750V)

© =—TDynade-2 (BS0YV

=—Dyrode—-3 (950W)

~—{ynode=-4 (1050V)

Copyright © Hamamatsu Photonics K.K. All Rights Reserved.



\ﬂ\
R §
™ Iynodes
M

_Phatuqath?de

Electrode

HAMAMATSU

PHOTON IS OUR BUSINESS

Photoelec tron

r

%, =—Dynode-1 (750V>

& =—Dynode-2 (8307

S, %, s =—Dynode-3 (950W)

= yvnode-4 {1050V?3

CONFIDENTIAL

2013.09.17

Copyright © Hamamatsu Photonics K.K. All Rights Reserved.



CONFIDENTIAL

HAMAMATSU

PHOTON IS OUR BUSINESS

Fhoton Photoelectron

-

[

) Protocathode

7=

1 3 Fﬂf""Q'ﬂE"! LU
© =—Tlynade-2 (8BS0

—=—[yrode-3 (930V)

=—ynode-4 {1050V

Electrode
D
", \Jyhodes

~ Anode

>~

-/

Copyright © Hamamatsu Photonics K.K. All Rights Reserved.

2013.09.17



ccccCC

CONFIDENTIAL

2013.09.17

HAMAMATSU

PHOTON IS OUR BUSINESS

Copyright © Hamamatsu Photonics K.K. All Rights Reserved.



HAMAMATSU

PHOTON IS OUR BUSINESS

TRRGET LA

45

40 I?;'
/-

[E1LF]

29

“""‘:-‘-""'-l-...,_'

[#]
:
z
o
=
£

.’d’

T

20 +
15 f

ol

=3
-
L

QE QUANTUM EFFICIENCY(%)

4]
200 250 300 350 400 450 500 550 600 &850 FOO

WAVELENGTH(nm)

GGNHDE““M 2013 09 17 Copyright © Hamamatsu Photonics K.K. All Rights Reserved.




HAMAMATSU

SSSSSSSSSSSSSSSSSSS

Quantum efficiency : QE

CONFIDENTIAL

Eﬁ@ﬁ s A A/

—F ZXFLEX

{ - —RET X\ s
- (~10-4/8Z H L)

_'\

EFIEED
(44 /—K)

Copyright © H

2013.09.17

AT LA

amamatsu Photonics K.K. All Rights Reserved.



HAMAMATSU

ooooooooooooooooo

-0

O m
,le
LU

ccCccC

u

CONFIDENTIAL

}% / <

HE L~
EA

Ty VI=(1-R (P
SN (V) ( ) (1 1/kL) >

f f f f

R R&SHRET

k FTOERNER

PvERRIND S5 65, EFE LN
LI FICEhEE & h B

L :FhEEEFOF% 05 e E

Ps:ZEICEL -BEFODEPHIC
I & h A5

v HEDIRENE

—> EA

Copyright © Hamamatsu Photonics K.K. All Rights Reserved.
2013.09.17



Hamamatsu
"Bialkali Climbing P
Has Now l?.ieana:l'alel::iE =

"4  / Y
3% QE"!
Abwarys beon & lnader 7 Photonc Do
perlommance, Hamamatsy has now
developad & PMT with & guanium efficsncy
Q) of 437%. in all kinda of high-precisscn
lght meaasuromaonts, high sonsinaty snd
Thagh OE ne abeclutely casentm] slemonts
i axtending detecton ket and unkocking
rew knowledge For Hamamats, however,
this 4% OF is st one mone siep along
the road. Aiming lor the poak

ol PMIT paricemance wil apen up
s of new poasbiites

CONFIDENTIAL

2013.09.17

QUANTUM EFFICIENCY

HaMAMATSY

50 TPMHBOTTEEA
a5 Ulra Bialkali — (JBA-43%
40 f |
35 ] ??—Eﬁ“ - SBA:35%
» , \\\

// Current Bialkaii\\
25 T — ~ \ STD:26%
ol L \\
N \
10 /
5
) o —
200 250 300 350 400 450 500 550 600 650 700

nm

Copyright © Hamamatsu Photonics K.K. All Rights Reserved.



UBA
100 — —[GaAsP:RT411-40
N — — |GaAs:R7411-50
Cs_Te/X \ \\ //
| \
/ . (S-20)
\NJ 1 g s e
10 Il N\ Extended Red Multialkali (S-25)
. iH—= \ NS 1
= AVA\\i e
LIOJJ ij \ \ \ \ INP/InGaAs
| /”“\\\ \ \ ‘//'
1 N ) | ) | \\ p—
L e i 1 D N\
] \ —4\‘)(
\ : \ \\
(S-1)
\ /// VN 7
. |

100 200 300 400 500 600 700 800 900 1000 1100 1200 1300 1400 1500 1600 1700
(nm)

co"HnE"-"Al 2013 09 17 Copyright © Hamamatsu Photonics K.K. All Rights Reserved.




CONFIDENTIAL

2013.09.17

HAMAMATSU

PHOTON IS OUR BUSINESS

Copyright © Hamamatsu Photonics K.K. All Rights Reserved.



HAMAMATSU
PHOTON IS OUR BUSINESS

Copyright © Hamamatsu Photonics K.K. All Rights Reserved.

2013.09.17

CONFIDENTIAL




HAMAMATSU

ooooooooooooooooo

GGNHDE““M 2013 09 17 Copyright © Hamamatsu Photonics K.K. All Rights Reserved.




HAMAMATSU

PHOTON IS OUR BUSINESS

{3 Treatment of PMT parts #%/5 Evaporation F1E Sealing
{Washing of buib) " ! ;

7\ b

{1t Finishing
N

GONHBE“TIAI 2013 09 17 Copyright © Hamamatsu Photonics K.K. All Rights Reserved.




HAMAMATSU

PHOTON IS OUR BUSINESS

GONHBE“TIAI 2013 09 17 Copyright © Hamamatsu Photonics K.K. All Rights Reserved.




HAMAMATSU

ooooooooooooooooo

N W

cﬂNHDEN"Al 2013 09 17 Copyright © Hamamatsu Photonics K.K. All Rights Reserved.




HAMAMATSU

PHOTON IS OUR BUSINESS

GGNHDE““M 2013 09 17 Copyright © Hamamatsu Photonics K.K. All Rights Reserved.




HAMAMATSU

PHOTON IS OUR BUSINESS

CONFIDENTIAL

2013.09.17

Copyright © Hamamatsu Photonics K.K. All Rights Reserved.



EGADS

Evaluating Gadolinium's Action on Detector Systems
HEUZ L% ANT=200b DT AL TIZLHEER
PMTs

Pre-treatment

system
Main water

circulation system

0.2% HHY = Lk

iy
A

84 FHPDTMHLER 240201 FPMT Transparency
measurement

PO Ui () by UDEAL

2013.09.17

CONFIDENTIAL

HAMAMATSU

PHOTON IS OUR BUSINESS

Copyright © Hamamatsu Photonics K.K. All Rights Reserved.



HAMAMATSU

sssssssssssssssss

Super-K Hyper-K
25 11,129 99,000

o~

Letter of Intent: The Hyper-Kamickande Experiment, huep:/farxiv.org/abs/| 109 i’.;!ﬁ 2 [hep-ex]

anHBE"TIAl 2013 09 17 Copyright © Hamamatsu Photonics K.K. All Rights Reserved.




HAMAMATSU

PHOTON IS OUR BUSINESS

ﬂﬂ“flﬂf““ll 2013 09 17 Copyright © Hamamatsu Photonics K.K. All Rights Reserved.




[

HV

c:

CONFIDENTIAL

(FH¥T—=) NS RFoH A

2013.09.17

HAMAMATSU

ooooooooooooooooo

Copyright © Hamamatsu Photonics K.K. All Rights Reserved.



HAMAMATSU

PHOTON IS OUR BUSINESS

- - -
i e i o
z

G PMT /

ﬂﬂ“flﬂf““ll 2013 09 17 Copyright © Hamamatsu Photonics K.K. All Rights Reserved.




HAMAMATSU

PHOTON IS OUR BUSINESS

100 = B LA o !
10 BRI (R
= 1000 ¢ Supply voltage: 1 000velt
E Spot size: g 15mm
EE 100 - :'.I?\PM_ T
I ==
"‘_’é 1
& 10 -
B " e
BE H Eee
i3 B ~
23 . —=
8 — —
Ha4G —

g o1 b o1 Fine Mesh Dynade -

't — ®TRIT0 B=0" ——1-1/2inch l6stage  —

u 1 | -&R5ods S=0° :

: ] ﬁt 0.01
'_M' reocathrde Rudbert Senaliely | —1 N o 0.2 04 0.6 0 i 1.2 14 16
vor m!ﬁ-nem‘_ v . A B B R RE(T]
200 300 400 500 600 T00 BOO
VWavelangth [nm]

anHBE"-"Al 2013 09 17 Copyright © Hamamatsu Photonics K.K. All Rights Reserved.




CONFIDENTIAL

2013.09.17

HAMAMATSU

PHOTON IS OUR BUSINESS

UPMT®

Copyright © Hamamatsu Photonics K.K. All Rights Reserved.



HAMAMATSU

ooooooooooooooooo

GONHBE“TIAI 2013 09 17 Copyright © Hamamatsu Photonics K.K. All Rights Reserved.




HAMAMATSU

PHOTON IS OUR BUSINESS

ALLIN ONE

W T B P ]

ﬂﬂ"flﬂf““ll 2013 09 17 Copyright © Hamamatsu Photonics K.K. All Rights Reserved.




CONFIDENTIAL

HAMAMATSU

ooooooooooooooooo

N ava vy

Copyright © Hamamatsu Photonics K.K. All Rights Reserved.

2013.09.17



e Ny - T T T I
|
: Si L Cathode/ :
| | Glass Plate Dry Etching :: Electron Emission !
;

!

I ] :
|
: _ > T ;
: Direct 1] | Dicing
: Bonding 1 | P
| . Vacuulm . [
I . I Package g \

I [ /
: ] =g
| [ Glass Plate . : : : \
| > |
: I ;

] :
I — — — = MEMS Process | = = — = — | PMT Process - —

CONFIDENTIAL

2013.09.17

Copyright © Hamamatsu Photonics K.K. All Rights Reserved.



CONFIDENTIAL

2013.09.17

HAMAMATSU




HAMAMATSU

PHOTON IS OUR BUSINESS

CONFIDENTIAL

2013.09.17

d X mm

Copyright © Hamamatsu Photonics K.K. All Rights Reserved.



HAMAMATSU

PHOTON IS OUR BUSINESS

GONHBE“TIAI 2013 09 17 Copyright © Hamamatsu Photonics K.K. All Rights Reserved.




CONFIDENTIAL

2013.09.17

HAMAMATSU

PHOTON IS OUR BUSINESS

Copyright © Hamamatsu Photonics K.K. All Rights Reserved.



PMT

HAMAMATSU

ooooooooooooooooo

—
PMT.:H6533

~

J9O758

J—

\_

_/

CONFIDENTIAL

2013.09.17

Copyright © Hamamatsu Photonics K.K. All Rights Reserved.



CONFIDENTIAL

2013.09.17

HAMAMATSU

ooooooooooooooooo

H6533mod(linch)

Copyright © Hamamatsu Photonics K.K. All Rights Reserved.



HAMAMATSU

PHOTON IS OUR BUSINESS

o
8 Rise-Time | 1.1nsec
Fall-Time | 4.5nsec
TT.S 1.0nsec

P.H.D

J

% Signal+Dark | |
Dark
80
70
60
2 o P.H.D
3
40
30 i |
20
10
0
0 200 400 600 800 1000
Channel Number
J9758
Decay-Time | 0.50nsec o %

FWHM 0.25nsec
H6533
Rise-Time | 0.69nsec
Fall-Time | 2.08nsec
T.T.S 0.16nsec

Dark
CE

Copyright © Hamamatsu Photonics K.K. All Rights Reserved.

CONFIDENTIAL 2013.09.17




CONFIDENTIAL

2013.09.17

HAMAMATSU

PHOTON IS OUR BUSINESS

Copyright © Hamamatsu Photonics K.K. All Rights Reserved.



HAMAMATSU

PHOTON IS OUR BUSINESS

Jp.hamamatsu.com

Copyright © Hamamatsu Photonics K.K. All Rights Reserved.



	最先端の光センサー開発
	光電子増倍管の進歩
	発表内容
	発表内容
	１）光電子増倍管（光センサー）とは？
	なぜ光電子増倍管（真空管）か？とその要素技術
	なぜ光電子増倍管（真空管）か？とその要素技術
	なぜ光電子増倍管（真空管）か？とその要素技術
	なぜ光電子増倍管（真空管）か？とその要素技術
	用途
	発表内容
	究極の量子効率（ＱＥ）=１００％を目指して
	量子効率（ＱＥ）を上げるには？
	高感度バイアルカリ光電面のＱＥ
	各種光電面の量子効率（ＱＥ）
	発表内容
	光電子増倍管の品種
	光電子増倍管の部品構成
	光電子増倍管の作製工程
	発表内容
	光電子増倍管（ＰＭＴ）とＨＰＤ　動作原理
	８インチＨＰＤの特性と、２０インチＨＰＤ（開発中）
	試作した８インチＨＰＤ防水モジュールの構造
	トピックス・・・8インチＨＰＤの実証試験
	ハイパーカミオカンデ採用を目指し、開発中
	発表内容
	ガス増幅型光検出器（Ｇａｓ-ＰＭＴ）とは？
	Ｇａｓ-ＰＭＴの構造
	Ｇａｓ ＰＭＴ用のＭＰＧＤを用いた評価管
	発表内容
	光電子増倍管　長所と短所
	テクノロジー
	μPMTの構造と動作原理
	ウェハプロセスは・・・
	加工したΦ6インチシリコン基板
	カスタマイズ可能
	高感度光センサー「光電子増倍管」がμサイズに・・・
	発表内容
	8インチ光増強管の試作
	試作した8吋光増強管
	８吋光増強管の特性
	以上、究極を目指し開発しています。
	スライド番号 43
	予備資料
	ハイブリッドフォトディテクター�（８/２０インチＨＰＤ）
	応用展開
	Ｇａｓ-ＰＭＴ
	ＰＭＴとＧａｓ-ＰＭＴの比較
	世界最小の光電子増倍管（μＰＭＴ）
	ユニフォミティ
	分光感度
	時間特性　（時間応答性）
	APPLICATION:�µTAS(Total Analysis System)
	μＰＭＴのポジション
	光増強管
	PHD特性
	ダーク大の主原因；A,B,C
	シミュレーション
	２０インチＰＭＴの電子軌道シミュレーション

