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Top view of InP solar neutrino detector

(1 module)
5cm 1em
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Side view of InP solar neutrino detector

Csl scintillator
(3cm X 6cm X 31cm) InP detector

(5cm X 5cm X 300um)

Si photodiode circuit
(1cm X 3cm) substrait

InP detector
(5cm X 5cm X 300um)

Csl| scintillator
(5¢m thickness with
Si photodiode)
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'y
| u : mobility [m2v-1s-1]
- v : carrier velocity [ms-1]
Tpe E : electric field [vm~1]
d k\l Xo Vo[volts] d : thickness of SI InP
h f ®,.- Xg : range of electron

E=Vy/d v=uE=uV,y/d

drift length : La=tv=ptVy/d T . carrier lifetime [s]
e/h creatrion energy : e

charge Qtotal[ C]= (electron energy)/eenXe

Ldxoo  Qobs[C]= f (dE/dx)/een €™/ dx xe
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Vertical Gradient Freeze (VGF) #ik

Comparison of ViGF, LEC and HIF srowih

method — VGF Grovah Method
5l Walors W g
=L Walers Vs E L g il
EPD iCry=ial Delecis Lo E.
= i
[ e Bd=lium g t
Unilormity Poar I_
Homeler Scule Up Poar 'rf_

T i da b Fan, T{~CS)

specifications as given by AXT

o 7
resisb vy 1.1 - 2.2 x 10 2em
mobility 2600-2T00 cnr'rvs
thickness 3501325 pm

Fe concentration

2006412815H TRISEELRFIAMERERRMAE 6
.-



VCZELEDINPERIZKLAEHES

http://www.sel.co.jp/sc/technical/inp.html
. _LEC | . VCZ | -

5 BEF v ¢

{|| g LY — | |
- |l

A InPHEEBEE
¥ F R Ia 7 E (EPD) L
> LEC &(~50,000cm2) >107Qcm—— —HHY
> VGF 1{K(—5,000cm2) >107Qcm— #EH/L=1LD
> [VCZ 1 (=5,000cm2) >107¢ cm

L #Ry0Rs

2006412815H TRISEELRFIAMERERRMAE 7
.-




FFER [MQ]

Wik (1Al

-5.0 -
,// [uAl
-10.0 [[“ ]]
[uA]
-15.0
-100 -80 -60 =40 -20 0 20
InPTRE(X] B R
000.00 [
)N, T~
-\\
— i
\:\ )

R O T

InPTFIRA4R V-I¢ 25°C

e

L

Dark current can be

50
RE [C]

vrr"‘/%/ -, reduced by lowering the

temperature.
I[A]=T?%exp(-E /2kgT)

0.02uA for 6mm InP
~ @100V and -40degree

mmmmmmm

(presented by Hamamatsu Photonics)

2006%12H15H ITHRISEELARFIBATRERZTAR 8
.-



RIVFHAENZLBINPFERIEH IR

7mm squere
0.2mm O.ZmT
< <Y ‘+_

Au-Zn/Au(0.03-1.0um)
/ [Cr-Aul  SiN(0.18um)
/

i B

<—1InP(200/5001m)

\ Ti-Au (0.5-1.0um)

[Au-Ge/Ni-Au]

2006412815H TRISEELRFIAMERERRMAE 9
.-



IS
4
St
%
| I
LL

FSATARGENZESINP:

2006412815H TRISEELRFIAMERERRMAE 10
.-



o EARTFTE

O -10°CUFTri#R%E Z*n
LAl R ‘ﬂMM IHIIIL AL 'fIM' "mm
0 EBEELICEHE e 0 s e
AERKL TS, D e N
FU, BERmIREME
(CCE)AEKRLT
LNB

-13 B
detected charge [G]*10 detected charge [C] x10
o~ om 7] Eo- om ]

events/sec/0. 1fC
=
I
events/sec/0. 1fC

o
o
o
or
Wi |-
l_n

events/sec/0. 1fC

b -
: =
d FUTZRENEUT i 11 -
NBEEZBND MRV
- ||illll|||n - :
0 508 01513 0 005 0.1 015,
detected charge [c] * detected charge [C] *10

2006412815H TRISEELRFIAMERERRMAE 11
.-



INAT AEBEEIKRFHE

d NAT7REXE®D

BN = LY BT |-

I3 (CCE) |

MEIIZEIET § R S

2
O RYTREASE E / )

—y
o
I
O\J
C)
o

(ZEEBlT A=
EEZbNS

-2
10

(Cf Ld:MTVO/d) 0 0510 15 20 25 30 35 20 45"'E

k

Observed Charge [C]

5.0

x10

2006412815H TRISEELRFIAMERERRMAE
.-

12



FSATAR

A+

Tl A

@ [6mm x 6mm x 0. 2mm -77°C]

H(VGR)IZLD v &6 S

1|+ -

@® [6mmx6mmx0.5mm -77°C]

T 1T T T o Frrrrprrrryrrrrrrrrprrror Q-IO
E 10 mBa 3 g 1 » 7 o S ol s 1 & | 500
o 1 o W o = .
h‘a E Ihun .‘5 ‘;-3
a 1 4 6 A D 81 I3
> 1 %10 4 STE w £ \
-E‘ 1 |II.""NIHII.I | 5 E : ‘E | ! Nm"‘i 3 E 1 | I
o - L 1 @ . } -
5 10 '|"|‘I"n||i|\||m'+ i ERG 310" | {&°
Y ||'|\w||| P ] 2 l‘
2 T 3 M
i k ¥ W Wb
5 . \MH\ L - AL T
10 0 05 1.0 1.5 1410 0 1 5 14 10 0 10 20 30 40 5.0_.'510 0 1.0 20 30 40 5.0_15
x 10 x10 x 10 x10
detected charge [C] detected charge [C] detected charge [C] detected charge [C]
« & kLU
=) S
‘E T T T 5__-’1 TTT T[T I T T[T TITT ||||||||__/
; 1 24 Am E S l\, IS?CS E
£ | - E ™ /
0 ] 8 1 |'*.|‘ ] sz =
Sol -. bl | e | RBE—Y
o E ] 'I E
® 3 ;\ ]
22 @ -2 |' w ]
10 Uy ‘ | 3
3 ‘ DL I M
10 rurid LrrerurelLrnirrd Lol
0 5 14 10 9072030 a0 50,
x10 x10
detected charge [C] detected charge [C]
2006%£12H15H

FRISFEELARFAMAARERME
.-

13



NILFIAENVCDIZKD Y #EILEHE(CT)

v _spectra from '“Ba L spectra from *Co
- . .
Hamamatsu 83584 1 Hamamatsu S3584

122keV

t b 1]
\ :
R

hﬁlh" |I||| t / E

o
%]

bt
| I"'ll 136keV
t

number of events
=
|

number of events

’ e,

| | 3
bl s‘HM\MHWwMW..; wNWNM | \‘H

0 02 04 06 08 1 0 1 2 1 4 16 1.8 2. 14 0 0.2 04 06 08 10 1.2 14 16 18 2.0_14
observed charge [C] X10° observed charge [C] x10
S 3mmX3mmX0. 2mm “\g oooy  mmX3mmX0. 2mm
fg 1 N 200V with peltier coller 4%10'1 ’M’W L with peltier coller
@ " (Temp : -56°C) 2 H (Temp : -56°C)
f | \
2. 1 -
= |H ‘ 81keV7 E.10 }"/IOOV pe peak
%10_2 M ‘ ‘ M"HH M q’ l
| HMMW Mg P
0 02 04 06 08 1.0 1.2 14 16 1.8 2014 0 02 04 06 08 1.0 1.2 14 16 1.8 2.0_14
observed charge [C] * 0 observed charge [C] x10

2006412815H TRISEELRFIAMERERRMAE 14
.-



NILFIAENVCDIZLD ¥ EILEHE(2)

7y spectra from *Am .y spectra from ™ Am

Hamamatsu 83584 800; } Hamamatsu 83584
] 700 E

* Log scale

—_
o
w

600 [

—_
o
i)
—+
1

500 |- t 3

400 ; P é

3 ty 1

I e

ro v d v v bev s 1S b v b by v b v b e by
0 0.6 09 10, 0 01 02 03 04 05 06 07 08 09 1044
observed charge [c] x10° observed charge [C] x10

3 3mmX3mmX0. 2mm
3 with peltier coller
(Temp : -56°C)

—_
o

number of events
number of events

. 3mmX3mmXO0. 2mm
1 e with peltier coller
- (Temp : -56°C)

event rate [events/sec/fc]
event rate [events/sec/fc]
[\%]
[¥)]

1 4
10 i_.___,____zoov 2 t GOI(EV'Y
t 1.5 %+(/////;1e.peak
162 I 1 +
! 200V
‘ ‘ 0.5 */
- il t
10 0....I....I..*..I....I....I.\||\||\|I\||\I||||I||||
0 0.1 0.3 05 06 07 08 09 1044 0 01 02 03 04 05 06 07 08 09 1D13
observed charge [C]X10 observed charge [C]’(]O

2006412815H TRISEELRFIAMERERRMAE 15
.-



(1)

FSATARSEN(NVCZ)IZED v RICEH

e spectra from '*Ba

event rate [events/sec/fc]

3 Hamamatsu 83584
10 _
£ | = T o viow T Tiar seal]
3 * " l 3mmX3mmX0. 2mm |
c * H*ipwﬂ r T 500_‘} + cooled by Drylce]
§o WL T -
= ‘HHHN il E ] 400JHHH+ m Temp @ -79°C
A Wl e
603" 0'4 o608 1'0 P 6 13 '%_8_14 ”E 300} Hﬂm 81lkeV g .
r_“: ________ | - observed charge [C] * _aé : 1[ } \l HI} p.e peak
4 oy | 3mmX3mmX0. 2mm = e i i
CE 1 cooled by Drylce — ;
L i (Temp : -79°C) j j
TpLT _Adoov 10k Back b 1
R ' scattering #, . ]
10'1 : Hht}w"'}m:mhﬂh _o_ PP BRI B .|....|HH|.+.H.+.+|++. H+M‘+|+j+__*f
| il f'| H - 02 03 04 05 . 06---" 074,
| | MM | T L obsérved charge [C] X107
Iy e

0 02 04 06 08 1.0 1.2 14 1.6 18 2014
observed charge [€] X 10

2006412815H TRISEELRFIAMERERRMAE 16
.-



FSAT AR TS

1I(VC2)IZ&5 v #RILEE

(2)

y _spectra from *'Co

102

10

number of events

! !H

|||

0 02 04 o6 08 'IO 12 . -+a” 16 18 20

F

Hamamatsu S3584 |

event rate [events/sec/fc]

140;_ ’ ||H| cooled by Drylce ]
2 1200 emp Kk

1 l -5 mmuw HHHWHH, Eias ;.Zez. sg/ag
Wil s Wm g f;me | ;
mem, e
(Temp : z79‘%) 40;— \5~1OXSI Y } ||||| .
400V 20:_ Back ||}l )
074 qc‘;g}:terlol;\a 05 'o.e,MH+ 67—'—-'-"’08

0 02 04 0.6 08 10 1.2 14 16 18 20 4
observed charge [¢] X190

2006%F12H15H

THISEE LR ARERERRHE
.-

17



VCZFRE

H 2R EVGFH&E

Hgr D LEER

E 10 133 Ba E 1 M":: N'ﬁ*f{'ww 57 CO
2 A W,
3 o o f
3 " 6mmX6mmX0. 2mm VOF (400V)| 3 “ i GomXGmmXO. 2mm VCF (400V)
5 " 3mmX3mmX0. 2mm VCZ (200V) = s intensity 1MBg
2, ' ' 3 16 y SmmX3mmX0. Zmm VCZ (200V)
2 ! © | intensity 3MBqg
e }Tﬁ?{#ﬂgﬂw E } | }
|5 ' Hﬂiﬂfﬂ*fﬂhﬁ#“ I
2i0!| | Ty 4 :
'MMMHH ‘
| | Hm w W!H | 162
b
. | H | M ‘
| w4
0 02 04 06 08 10 12 14 16 18 204, 002 04 06 08 10 12 14 16 18 2044
observed charge [¢] X 1° observed charge [C] *
2006412H15H 18

THISEE LR ARERERRHE
.-



HOREBEDARGRJLERHT

1 r 133 7l .
v spectra from "Ba vy spectra from simulation
108
3mmX3mmXO. 2mm aE
E cooled by Drylce -" 81keV
o £l Temp : -79°C . ] p. e. peak
O Bias : 400V / enoton
;“"‘ ¢ *h ] :
55 : § 107 " 356keV
'E;mz I' ﬂgta ‘*2 p.e. peak
i g, 3 e
2 '}m;h-wl-iﬁl!: i 2 10 1y
10 | NﬁWPWU e
| b
| ".!.M | |
1 "Ml LI L
il 0 02 04 06 08 10 12 14 16 18 20,

0 02 04 06 08 10 12 14 16 18 2.0_144

X observed charge [6] *'°
observed charge [C]

v spectra from “Co Y ..S.p.e.‘?.t.'?..f.r.‘?".‘.,S.i.'?".'.',?t,i?"
: 3mmX3mmX0. 2mm I
i Ny, 4 ?‘;r"m'fd W rales L el
w02 [ i o ' p.e. pea
! Bias : 400V ,‘//
g | £ ' E. resol = 5%
8 | - Data 102! o _
2 M . Iy
Tl i . A
510 | ‘ I £
LI | : *|
2 I =10 [ !
l .
' 070304 06 08 10 13 14 16 18 20,

0 02 04 06 08 10 12 14 16 18 2.0144
107

x 107
observed charge [C] * observed charge [C]

2006412815H TRISEELRFIAMERERRMAE
.-



ut product{E® LLER

1
_ VGFERD2EZIEED
< utlEZ D
Ng 10° L
— "= Sumitomo SI-1nP (VCZ)
o I
o L
= o AXT SI-InP (VGF)
o
’I::':. I
5 100}
[ ] [ ]
AXT SI-InP reported by
NIMA 466 (2001) 47
10_7 A T B R R T B B
-70 -60 -50 -40 -30 -20 -10
temperature [°C]
2006%12A 150

THISEE LR ARERERRHE
.-




O 3cmX3cmX0.3mm VCZ InPH#&H g8
O FSA7ARGH
O B2 BEREARINLEA
(0.11Bg~10,000%%.8)
O HEEEST/ NVITSOUREIE
(B D1% M FIEIFRST)
TRRI1SEE HHIBIFHE+E VLT YT
EHI19FEE BARIMLEAI@EZHK
— #MEN NI TBGEER

20064128 15H TRISEELRFIAMERERRMAE 21
.-



OchEV LB ZEHIFDHF

@ e 5 o :
&2} ;'_: )R IE = )

O 3mmx3mmX 200 umX9ch®DE L )LINPHEE B
FH F

J TEgEAIE &

20064128 15H TRISEELRFIAMERERRMAE 22
.-



OchE 1tz )L B&EE

2006412815H TRISEELRFIAMERERRMAE 23
.-



&8

au

ErR18EE

O VCZEMRICLAHEEHIBEFIMEL. HOTEBD ARSI
IWEETZ AT T=-F5 8. IEXDVCGFERD 2EDER
IREMEFE(>90%@400V)

A EF -FR—ILRERIRILF—c=3.0eV
a 81kth122keV0)7'|:E§,l: —H%EER(T R ILE—
SEEE o 1 5% @122keV)
BiEN10%@100keV(FWHM)IZIRIXEZE
1—m19r3{
d BZHKIZT3cmX3cmX300pumik H 23 D 14 &EEF{M
(B2 B BREAXRINLEAZED)

O MAEMAISTIIN B BREN LD FHI NG BGHEIE
XER%FIn

-

2006412815H TRISEELRFIAMERERRMAE 24
.-



il ENFRATBG

RERERET

= 350mm
[
il (i EVE‘/EOUM
650mm |
280mm 400mm
O
Ko s
650mm
630mm
it |
v / | 430m
L. — BfENOR { 280mm
i 30mm L. . 400mm
400mm // |___J [~ 1 JUTm.
= 500mm = $BIR (5nm) . —T7 ‘
650mm
20064%12815H FTRRI1SFEHRMAMERRERRTAR 25
A



AR DER () (FSATA R AHE)

241 ~
—-Sectra fronam VCZiEtH 2 DRI ERER

Hamamatsu $3584
0 AAATREETI.
VCFIZH BBI-ERET
ol | ; IRESZEN LR

||1 | i ViR y
L Nty )] O 00kevHine ro

0 01 02 03 04 05 06 07 08 09 1.

observed charge [C]*10 (VC F@ Il::ll %E-G:E)EEEEI]

200V 3mmX3mmX0. 2mm

/ cooled by Drylce L,—CL\T:)

(il

—_

(Temp : -79°C)

L aw O e/hERIRILE—IZ
h ' W{ Si?N3.65eVLy /Pl
W (HEE(T4.2eV)

o

0 01 02 03 04 05 06 07 08 09 1.0_14
observed charge [C] X

—y
S,
-

N

event rate [events/sec/fcl

"
(=]

—_
O,
w

2006412815H TRISEELRFIAMERERRMAE 26
.-



#HYELT-VCZ InPH&HES

1D 3mmx 3mm x0.2 mm NJLFHHENE
@2 3mmx 3mm xX0.2 mm FSATARAEIE
©)

@

2006412815H TRISEELRFIAMERERRMAE
.-

27



	InP半導体検出器の開発
	目的
	115Inによる太陽ニュートリノ検出
	太陽ニュートリノ観測用プロトタイプ検出器案
	半絶縁性InP半導体を用いた検出器
	Vertical Gradient Freeze (VGF) 基板
	VCZ製法のInP基板による検出器
	半導体特性の評価 
	ペルチェ冷却によるInP半導体検出器
	ドライアイス冷却によるInP半導体検出器
	温度依存性
	バイアス電圧依存性
	ドライアイス冷却（VGF)によるγ線応答性
	ペルチェ冷却(VCZ)によるγ線応答性（１）
	ペルチェ冷却(VCZ)によるγ線応答性（２）
	ドライアイス冷却(VCZ)によるγ線応答性（１）
	ドライアイス冷却(VCZ)によるγ線応答性（２）
	VCZ検出器とVGF検出器との比較
	ガンマ線のスペクトル解析
	mt product値の比較
	制動輻射BG測定実験
	９ｃｈピクセル型検出器の開発
	９ｃｈピクセル型検出器の測定
	まとめ
	制動輻射BG実験設計図
	ガンマ線の観測（３）（ドライアイス冷却型）
	制作したVCZ InP検出器

