Development of a Large-aperture
Hybrid Photo-detector Module

Y. Kawait®, H. Nakayamaz?, A. Kusaka?, H. Kakuno?, T. Abe?,
M. Iwasaki?, H. Aiharaz, M. Tanaka3, M. Shiozawa?,
H. Kyushimas, M. Suyama?®

“The Graduate University for Advanced Studies, Hayama, Kanagawa Pref., Japan
2University of Tokyo, Tokyo, Japan
3High Energy Accelerator Research Organization, Tsukuba, Ibaragi Pref., Japan
*Institute for Cosmic Ray Research, Kashiwa, Chiba Pref., Japan
®Hamamatsu Photonics K.K., Iwata, Shizuoka Pref., Japan

26,27 Dec. 2005 Photo-sensor Workshop at KEK



FA ¥ E Y

RERBBERKFILOATTATIRED . HLOALRE
HEsEFNDHEHLEIRDORE

BELINSHFRIE..

IR Concept of Hyper Kamiokande (20 times Super K)
RELRBE o@
VBN R TR LE- R l,,48mx|50mx250mx2

' - Total mass ~ I Mton
PREE (T IV TAN U RRE) %(t

VIEEEE NG
VIBEMNEMTEIM — g

L.

aeed
C R0

g — o o] i H
| / e = i 7-‘._.‘ ‘ Lt \ J|l i
—_—N SECTION
R = 2. CR i 18 A \iard
&“ ‘fd‘é = ! i — 'r.:__‘ v I j|i‘ | i e Aceess Drill Plat form
z:_, een [T | Foid 5
i ’ e Lo e g
; sew g Bath i l s
Wy | ==
e 2 &g ‘ iner
| | r Deteclor
r Detector

@ Z/IZ... Photocathode coverage

x D HPD&{E,ﬁE%ﬁ 40% of surface A \\IM\.“.%

200,000 PMTs => prohibitive cost " i
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Photosensor Readout System

Photo sensor: “PMT”— “HPD” for the better performance and

cheaper manufacturing cost

Sampler: “FADC” — “AMC” for the faster sampling with less

power consumption

Extractor: “QDC,TDC” — “DSP” for flexibility in designing filter
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ombardment: x4500 at Photoelectron
Energy of 20keV, S/N: 67

Electron Multiplier (Avalanche Diode) Inside of Avalanche Diode

cf. Super Kamiokande Type PMT
15 Dynode Gain: x5, SIN: 2.2

m

Total Gain: 5x5x...x5 = ~107
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Bias=+70V(fixed), HV=Swept HV=+20kV(fixed), Bias=Swept
Electron Bombardment Gain AD Gain and Leakage Current
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Gain=~4500 @20kV Gain=~30 @365kV
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A 27\ JL X i & (Raw Signal)

A E-L0u05m¥f-- E... .E. ...EE... .E. ...E S .E.. ..E C
20,0000 mv | ; | | | |
45,00 ng 70,00 ng 895.00 ns
#avy [ 5.00 nsidiv repetitive
risetime 96 ps falltime (1) 4.639 ns

(118
+Width (13 3.001 ns

10mV/div, 5ns/div

HV, Bias: (10kV, 350V)
Light Source: PLP (400nm)
e Rise Time: ~ 0.9ns

e Pulse Width: ~ 3ns

cf. 20" PMT (for Super K)
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ly WViltage : 2000 [V]
X

=X
\
Rise: 10ns

| Pulse Width: 20ns

20 [midiv]

Time 20 [nsidiv]
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matched filtering

Output (Arbitrary)

HV=8.5kV, Bias=360V
Light Source: Pulsed Laser, Wavelength of 400nm
Test environmental magnetic intensity of under 0.2 gauss ‘ T W ITA N B ET TR




13-inch HPD: & A 454

(H>{oseiio Hre

H# FEIE] \ﬁtF AE

Single Photon Time Resolution

Signal Intensity vs. Time Resolution
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Light Source: Pulsed Laser, Wavelength of 400nm, ~20mm dia. spot

lluminated on photocathode
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i YEL7=13-inch HPD& K O EPMT D ELER

Single Photon TTS (0)

(@ 20mm-spot illumination on cathode)

Single Photon Resolution (S/N)

Pulse Rise Time

Response | pylse Width

Transient Time

Gain

Rated Operating Voltage

13-inch HPD 13-inch 20-inch PMT
(under development) | PMT (R3600-02 for
(R8055) | Super Kamiokande)
700ps (at 12kV,365V) IS 2ns
10 (at 8.5kV,360V) 3.4 1.6
0.9ns 6Nns 10ns
3ns 10ns 20ns
12ns
. . 100ns 110ns
(simulation, at 20kV)
1.0x10° 1.0x107 1.0x107
20kV for
Photocathode and ~ R]4Y 2kV
350V for AD
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ASIC Preamplifier
(INAR—=FFx—TF727T)

Simplified Circuit Schematics of the ASIC Preamplifier

VCC
0

Conversion
Gain: 0.5V/pC

Output

Dynamic

T "> — Range: ~2V
LA :

‘ pmtotybeAsm‘f’, wrreprmrm Multiple Input Transistors:
Preampliier 1 reduce rbb' for lower noise
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v’Low power consumption
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- Rise Time: ~1ns
(test pulse rise time of < 300ps)
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Sléw Rate: ~120V/us

50mV, 10ns/Div
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ENC [el]

e LEE: T 7T

8000

ENC

7000 Single Tr/ALnV ¢ (Cd at 70pF)
6000 / Single TrAmp | 4300 el.

5000
o Ui T A Multi Tr Amp | 3800 el.
4000 =
3000 / 1
2000 HPD,,=7T0pF vMulti TrO$h REFER
1000 v'HPD Gain 1e5& LB LT+ 5D
A
0
0 50 100 150 200 250

Cd [pF]
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e Depth: 512 (~500ns)
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Simplified Circuit Schematics of an AMC
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64-depth AMC J*x’ﬁﬂf/?)ln'xh

Test S|gnal Input f Output (with 100kHz Readout Clock)

nder 1ns samlln

E';ns/Div. 7 100us/Div.

Readout clock: Much slower
than sampling speed

Sample and Hold Trigger
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Digital Filter
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