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Multi Pixel Photon Counter (MPPC)

A pixelated photon detector manufactured by Hamamatsu Photonics

 MPPC consists of 2D array of mm
Geiger-mode APD pixels.

« Each pixel can count a photon
at same time.

 MPPC outputs signal from all pixels
as a summation.

(Properties)
« High Gain (>10°)
« Good Photon Detection
Efficiency (~15% with 1600 pixel)
« Compact (package size ~ a few mm)

« Low Cost photon  _\/hias (~80 V)
. oy P Q hi E field

Insensitive to magnetlc field %rels‘?s"tgr ng strength,
 Dark count exists : D+

(because of thermal electrons) P p-
« Secondary photons from avalanche f,

make crosstalk. I n++

Ldepth 2

* Input vs output is non-linear 1



" MPPC Radiation Experiments

We are developing and studying the 1600-pixel MPPC
with R&D photon-sensor group of KEK and Hamamatsu
Photonics for the SCECAL readout.

Knowing radiation resistivity is important to estimate the life time
of the calorimeter under the environment at the ILC.

For this far, we have performed radiation tests of MPPC with
gamma-ray and neutrons, and measured important properties.

The Measured Properties
Gain
Leakage Current
Noise Rate
Crosstalk Probability
Hot spots
Response Curve

(The dose at SCECAL is under estimation now. ) 3



.Gamma-ray Radiation

Dose amount %0Co Source-
10 Gy/h for 3 hours —30 Gy ‘
10 Gy/h for 6 hours —60 Gy
10 Gy/h for 12 hours —120 Gy
(Gy=100 rad=J/kq)
Prospective damage
Charge accumulation
on the oxidized layer.

Radiation source ~15TBq 69Co
Source

Oxidized

\ f Quenching

Radiated MPPC Sample
Type : ILC-11-0125M

Size : Tmm X 1Tmm
1600 pixel (25 4 m pitch)



.Gain measurement

Set Up (Gain) An example of ADC distribution
ADC 91600 :
c -
Q 1400~ d
Eunn:— ; '
Thermo-static E 1000 |
Chamber g a0l
7 E FEP [
DS |7 2 “°F [|1pe
Voltage I':'"'ﬂ \ MPPC Voltage 400 | 5 P
Source Source 200
o~ '1'36"1'1'13"1'1'16"1':50' 120" 1snc1su ST
ADC counts
. dxS§ Q C
Gain =—— (mes — VO) p.e. : photo-electron

e e

S: ADC resolution

Q: charges gained by geiger-mode

e: elementary charge

V,i.s: Bias Voltage

C: pixel capacitance

V,: Breakdown Voltage(Threshold of geiger-mode)
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. Gamma-ray(current : during radiation)

The current was measured by an ammeter.

-t
]

® 120 Gy radiated sample

Time [hour]

< “L:
=
E- 0.2:: . -— _E
Zo1st: @ 30 Gy radiated sample s ¢ P4
& 016 @ 60 Gy radiated sample 5 : Ammeter Over-range
3 oraf : | O [
012 PN rgdseriraiprtertt
C: : : - - —
on —> B_i 12 hours radiation
w0sb: O Nrs radiation ; : [
TR . 4_:
04 € . —) : g
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u.uzg » - |
T T S AU A S 21—
0 - 1 2 3 - 4 5 6" 7 _

The current has increased drastically.
(about 90 Gy)



.Gamma-ray(leakage current : after radiation)

— 04 -
3“5: ® 120 Gy radiated sample
5 E
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2 0.5 The leakage current has
© C .
s o0z decreased by time.
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W47.20 %

-
o
X

10

Leakage Current [pA]

10"
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600Gy N |
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(at 40hour)
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The leakage current have
Increased by gamma-ray radiation.




NoiseRate measurement

(Crosstalk Probability measurement)

Set Up (Noise Rate/Crosstalk Probability)
Thermo-static
Chamber
Voltage
CAMAC
IEI Scaler
MPPC Ch.1
Ch.2
1MHz
Clock [ !Hz __ |Gate "
Generator Generator Inhibit

Scaler count(>0.5 p.e. Thr.)

time [s]

NoiseRate [Hz] =

Crosstalk Probability = Scaler count(>1.5 p.e. Thr.)

Scaler count(>0.5 p.e. Thr.)

|—|22lfi)<103
N E
Elzoo—_n s 8 8
C -
180—
£k
160—
- - T
QO 140 0
(&) - 0.5p.e.
GL) 120:— .
© 100 1.5 p.e.
QO 8o
) soF . l
402_ * a8 8 e e
— -
20— M
C i ) .
o | 1 | 1 | 1 1 1 | 1 | 1 | 1 1
20 40 60 80 100 120

An example of Threshold curve

Discri Threshold [mV]

Ii " [ 1 photo-electron

2 photo-electron

20.0mve M4.00ns A Chl -22.d4mvy

_ 6 Dec_2006
ii+¥ 160.000ps 23:48:56



. Gam Ma-ray(Noiserate / Crosstalk Probability)

'ﬁ'1200_ ]
i - 1 MHz (goal of SCECAL)
31000_.—. ..................................................................
[1]
5 L
X
L 800—
Q B [
< L
600~ : :
: The noiserate have increased by
“or ) . gamma-ray radiation.
200 = *
: L .| |-| : |l - |.| . * |. 1 |

——— 55— | radiated before after
WelVoo WM 130Gy @ @
60 Gy | ]

-
=
(4]
28]
th

o
ho

e
-
=~}

0.16
0.14

Crosstalk Probability
e
R

o
i~
[

: For almost all points, there seem no
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.Gamma-ray(Hot spot pictures)

We took infrared pictures
to see the hot spots.

(Hot spot : The spot which
always let out noise.)

120 Gy radiated (zoomed)

There seem hot spots have
increased by gamma-ray radiation,

The black squares are the sensitive areas.
The white lines are the oxidized layer with
bias lines.

The hot spots only appeared on

the oxidized layer. y



.Response Curve measurement

Set Up (Response Curve) DG

Progrgﬁggable (0.25pC/count)
Clock _®_ Gate Gate
Generator Generator 120
1kHz  Switch Ped and Sig timing ns
Thermo-static
Chamber
= > Ch.1
. f// MPPC Ll
Eunctuon E - \Sfoltage
enerator N ource
|| N
16rs > Ch.2
= High
\/oltage
340V

Ped Timing Sig Timing

Ch1l 30.0mve M40.0ns A L -580mv Ch1 50.0mve M40.0ns A L -580mv

W10.40% W10.40 %

Output = ADCmeang,, — ADCmean,,,,

12



. Gamma-ray(Response Curve)

—2500
3 2200r
g L .
3 2000 — o
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= B .."
1000 o
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500 +° @® 60 Gy radiated
- ® 120 Gy radiated
0 5001000 500 2000 2500 3000 3500

Input [p.e.]
The response curves have not changed
by gamma-ray radiation.



.Neutron Radiation

Flux
3.1 %X 108 neutron/cm?
3.1 X109 neutron/cm? Radiation test location
3 1 % 101° neutron/cm?2 The reactor YAYOI
3.1 x 10" neutron/cm? (Fast neutron source reactor

Prospective damage
Increasing lattice defect
In silicon bulk

Radiated MPPC Sample
Type : $10362-11-025MK
Size : 1Tmm X 1mm
1600 pixel (25 4 m pitch)

14
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. NeUtrOn(Leakage Current)

E- 2.5 - W
= I~ e
T | |
c — il &
E 2 " " "
E = W | | ]
Q : - - LA )
g'-l' 1.5 w . Ly
E B il am
e L “ " wie
= — - " on
Ul .: .l .:
i w - ams radiated before after
N s o _:;:" 108/cm? ® ®
0.5 v " T8 109/cm?2 W O
- . 10%/cm2 A A
a4 bk L dabd I. | | | | | | | 1 1011 /Cm2 v v

4 _ 5 6
AV =V~ -Vl [V]

The leakage current have
Increased by neutron radiation.
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. NeUtrOn(Noise Rate / Crosstalk Probability)
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There seem no significant changes
on the crosstalk probability by radiation.
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. NeUtrOn(Hot spot pictures)

10" /cm? radiated (zoomed)
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There seem hot spots have increased by neutron radiation.
The hot spots only appeared on the sensitive area. 18



. Neutron(response Curve)
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The response curves have not changed

by neutron radiation.
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.Summary

MPPC Radiation Resistivity Study

(Gamma-ray & Neutron radiation)
- The leakage current and the noiserate are increased.
(For the gamma-ray radiation, the threshold may be 90Gy.)
- There seem no significant changes on the gain
and the crosstalk probability.
- The response curves have not changed by radiation.

Even though the dark noise increased by
radiation, the MPPC still working as photon-
counting device.

Plan
 The estimation of dose at SCECAL.

-More radiation tests with estimated dose. 20



Back Up



R&D Status of the 1600 pixel MPPC

Performance status
Gain 10°~10° OK
Photon Detection Eff. ~0.2 for 1600 pix. MPPC OK
Dark Noise Rate ~ 100 kHz OK
Photon counting Great OK
Bias voltage ~70V OK
Size Compact OK
Dynamic range Determined by # of pixels and recovery time underway
Cost Expected to be < $10 Negotiating
Long-term Stability Unknown Not checked
Robustness Unknown, presumably good underway
B field Expected to be Insensitive Not checked
Timing resolution Expected to be 0.1~1 ns Not chekced




The Scintillator-Tungsten ECAL

* A PFA calorimeter designed for the GLD
detector.

« Sandwich structure with Scintillator(2mm)-
Tungsten(3mm) layers.

» Adopt well-understood plastic scintillator
technique.

« Scintillator stirp structure (1 x 4.5 cm)

« Aiming to reduce number of readout
channels while keeping granularity of

1x1cm.
particles « Utilize extruded scintillator production
technique.
Scintillator strip + Strip clustering is a key issue.
(4.5x1x0.3cm) » Full MPPC (Multi-Pixel Photon Counter)

%‘ readout.
\

* Number of readout ~ 10 M channels

WLS f|ber1 600 pixel MPPC




.Radiation exeperiment location

Gamma-ray
Research Laboratory for Nuclear Reactors
(Tokyo Institute of Technology)

Neutron

The reactor YAYOI Fenrgy Spectrum

Em e
(Fast neutron source reactor 5 . R
of the University of Tokyo) .
10 ' ]

Flux (for 1MeV conversion) 0¥ |
1.2% 108 1MeV-neutrons/cm? 105 Al
1.2x10° 1MeV -neutrons /cm? 4 |
1.2 X 101° 1MeV -neutrons /cm? 10 _
1.2x 10" 1MeV -neutrons /cm? 10° 107 10° 10° w0 10

10
E iMeY)



.ADC distribution

Some ADC distributions of radiated samples
are too noisy to evaluate the gain.

Ex.)  The ADC distributions of
gamma-ray 120 Gy radiated sample

| ADC distribution | ADCdist
Entries 10000
500 Mean 116.8
B L BMS 12.53
AV= 1.9V |

400 f— }
300 :— { \ lL
200 :— 1‘ J

100—

I | Pk S

0_1 | L I 1 1 1 | I 1 L ‘ L L I 1 Lo Lot I Il ] L I 1
20 40 60 80 100 120

O.K.

140 160 180

| ADC distribution |

ADCdist

Entries 10000

180[—
160 f—
140 ‘—
120 f—
100 ‘—

sof-
60 ‘—
40 :—
20

2008 AV = 2.8V

0_ [ PRI NI [l

Mean 127.3
RMS 30.84

il i
|J~LJL1F|: . JL
| [ 1 11_1[{“;1_1_1{]’;1._. Ay j)

1 I L Il 1 1 1 i |
100 150 200 250



.Threshold Curve

Some threshold curves of radiated samples are too noisy to
evaluate the noiserate. Ex.) neutron radiated sample
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.Linearity(neutron)

Response curve (zoomed)
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The linearity seems to be up to over 250 p.e.



.AfterPuIse(neutron)

AfterPulse

Caused by trapped avalanching

electrons at lattice defect.

Pulse shape of MPPC when fired 1600pix (with laser)

-0

-0.05

Oscilloscope Output (Gain norm.)[mV]

0.1—
n black not radiated (3lines)
o 15:_ red 108/cm? radiated
U blue 10%/cm? radiated
: pink 10'%cm? radiated
0.2— green 10""/cm? radiated
T S R T R—
time [ns]

There seem no after-pulse increase by neutron radiation



.Additonal Meaurement
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.Additonal Meaurement

— 0.05
<
7p.045
€

0.04
g
50.035
O
@
2 0.03
i
X0.025

@

-1 0.02
0.015

0.005

Leakage Current [-uA]

0.01

|IIII|IIII|UII|IIII|IIII|IIII|IIII|IIII|IIII

@® 108/cm?radiated

o

5

10 15 20 25 30 35 40 4
Time [days]

1]

1.8
1.6
14
1.2

0.8
0.6
0.4
0.2

=_LII|III|III|III|III|III|III|III|III|III

® 10'9cm? radiated

10 15 20 25 30

1 | 1111 | | N |
35 40 45
Time [days]

Leakage Current [-uA]

Leakage Current [-uA]

e
w

o
]
A

=_IILI|IIII|IIII|IIII|IIII|IIII

e
()

0.15

01

0.05

20
18
16
14
12
10

@® 10°%cm? radiated

10 15 20 25 30

1 | 1111 | | N |
35 40 45
Time [days]

S N A O

@® 10""/cm? radiated

10 15 20 25 30

1 I | | 1111
35 40 45
Time [days]




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /KOR <FEFFd5a5c0c1b41c0020c778c1c40020d488c9c8c7440020c5bbae300020c704d5740020ace0d574c0c1b3c4c7580020c774bbf8c9c0b97c0020c0acc6a9d558c5ec00200050004400460020bb38c11cb97c0020b9ccb4e4b824ba740020c7740020c124c815c7440020c0acc6a9d558c2edc2dcc624002e0020c7740020c124c815c7440020c0acc6a9d558c5ec0020b9ccb4e000200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee563d09ad8625353708d2891cf30028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f003002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c4fbf65bc63d066075217537054c18cea3002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f3002>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


