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« Multi Pixel Photon Counter MPPC

What's M PPC?

Solid state photon counter having ‘&1
Multi pixelated Geiger-mode APDs Qv/l

with self-quenching resistance

\
Ghe MPPC (Multi-Pixel Photon Counter) isdeveloped by HAMAMATSU PHOTONICSK. K.

and it isone of the products of Si-PM (Silicon Photo multiplier) family which was originally
developed in Russia.

HAMAMATSU MPPC isdesigned as a photon counting device based on structuresof a S
APD which was adopted by CERN (CMYS).

\I—IAM AMATSU named this product M PPC which isatrademark.

S




The candidates of namein SIPM faimily

SIPM (Silicon Photo Multiplier)
SIPMT (Silicon Photo Multiplier Tube)

MRSAPD (Metal Resistive Semiconductor APD)
SPM (Silicon Photo Multiplier)

MPGM APD (Multi Pixel Geiger-mode APD)
AMPD (Avalanche Micro-pixel Photo Diode)
SSPM (Solid State Photo Multiplier)

GM-APD (Geiger Mode APD)

SPAD (Singe Photon Avalanche Diode)

M PPC : Multi Pixel Photon Counter
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What is the structure of MPPC
to Improve the performances
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Photo Absorption coefficient of Silicon

10°F \ 102
s €

105 10-1 —
a -
= | 3
- i —
i T
QO 10 1 =
™ - )
L B =
o L
O s _|
O 100 10 %
= = -
O _ n
o O
T 102} 102 o

I ]

% . <C
T I > \

10! 10°

200 400 600 800 1000 1200

WAVELENGTH (um)



105

Electron (a) /
104

103
/ / . Holes (£8)

10°

[ONIZATION RATE ()

v /

1 2 3 4 5 S rd 8 910
ELECTRIC FIELD (> 10° VWV/cm)

T

lonization coffient for avalanche Multiplication



JU DU o »

[ ] e
.- i
. I g
S : o :‘-.ﬁ .-. .
:.."- . b W e .
a0 -I_"‘ e
“  €electron-2 i
electron = o4 %
B >
|l 2 . - e
= o~ - i
” s e o —=| holes ~ holes
' '
_ M=8 _ M=8
Time Time

(a) (b)

Schematic represantation of the carrier-multiplication process, where the multiplication factor is 8:(a) carrier
impact ionization takes place lor both carriers; (b) only electron impact ionization takes place.



CMS(CERN) APD
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E field strength

N+

Hamamatsu Reverse Structure APD for CM S

APD structure used in the electromagnetic Calorimeter of CMS.
The p/n junction is formed in an epitaxial layer with 50y m thickness.
Bias 350 to 400V to get gain 50
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What arethe characteristics of M PPC

1 ﬁ 1600 pixel

0—“1066 200 500 400 500 600
MPPC signal (ADC counts)
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- Specification of 1mmC

Bl Flectrical and optical characteristice (Ta = 25°C)

1600

200

'MPPC

1100

S hip size 15x15 mm
“ffective active area 1 x1 mm
Number of pixels 1600 4100 100 —
Yixel size 2D x 25 20 x 50 100 x 100 um
seometric efficiency 30.8 61.5 78.5 %
A=Ap 400 nm
sensitivity |Quantum efficiency 70 min. %
PDE 25 o0 65 %
Operating voltage F711X10 FO0+10 FJOX10 b4
3ain 2 T5E+05 f_D0E+05 2 40E+06 —
Jark count 100 270 400 Kcps
[erminal capacitance 30 pF
[ime resolution {(FWHM) 250 220 250 ps
[emp coefficient of bias voltage o0 mV/C

The last letter of each product number indicates which type of packaee is used. {U : Gan . G : Geramic)

]: The figures in PDE (Photon Detection Efficiency) include cross—talk and after pulse.
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- Blasvs. Gan
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- Blasvs. Dark count
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Photon Detection Efficiency PDE
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- Output signal of MPPC
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Photon counting by pulse height Photon counting by output charge
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Energy Resolution
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MPPC: 50mm pitch, 3mm square
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Galn uniformity
400 pixel, 100 samples
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PDE uniformity
400 pixel, 100samples

PDE Delta V : 400pixel 100samples
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1600 pixel Microscopic view

S10362-11-025U ( 2006.12)

HANANATCI | Cdd Cbomdm I -
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L aser Scan in One Pixel

* Pin-point scan YAG laser (A =532 nm) with spot size ~ 1 um.
 Variation of photon sensitivity and gain in one pixel are evaluated.
* Observed variation is 2 ~ 5 % Iin a sensitive area

for the 100 / 400 / 1600 pixel MPPCs.

1600 pixel Sensitivity 1600 pixel Gain Variation ~ 3 %
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Time resolution at center in different pixel
MPPC: MPPC:1mm2 50U m pitch

FWHM (ps) | FWTM (ps)

1 199 393
2 197 389
3 209 409
4 201 393

J 195 383
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Time resolution in one pixel
MPPC:1mm2 50U m pitch
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Package Developments




Plastic PKG 1mmO x 1ch.

HANANATCI |

CAls A CA,Antn s



SMD PKG 1ImmO x 1ch.

HANANATCI |

CAls A CA,Antn s



SMD PKG 3mmO x 1ch.
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HANANATCI | Cdd Cbomdm I -



CERAMIC PKG 3mmO x 1ch.

HANANATCI | Cdd Cbomdm I -



CERAMIC PKG 3mmO x 4ch.
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HANANATCI | Cdd Cbomdm I -



- MPPC’ sfuture plan

Increase reproducibility and uniformity
Large sensitive area, Array and Matrix
Enhance PDE

Suppress after pulse and cross talk
Quenching resistance optimization
Package development (small, cheap, rugged)

Custom design ( pitch, package, array)

Active area:
1 %1 mm 3 %3 mm 5x 5 mm

(Aircady SN New [N Dcvip.
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Al optical separation and Trench
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M PPC Module

Featur es

-Employs a Geiger-mode multi-pixel APD(M PPC)
-Integrates a signal readout circuit ideal for MPPC
-Built-in high-voltage circuit and temper atur e-compensated

circuit
-Threetypes of output:

analog, compar ator, pulse calculation value

-USB interface for easy handling: driven by USB bus power
-Compact and light weight



Power (
Output-3 ( pulse calculation value)

MPPC Module bl ock diagram m

MPPC MODULE
HIGH-VOLTAGE

VOLTAGE GENERATOR

CONTROLLER
MICROCOMPUTER INTERFACE
TEMPERATURE ’
SENSOR

CURRENT-TO-VOLTAGE COUNTER

CONVERSION AMP COMPARATOR

ANALOG QUTPUT DIGITAL QUTPUT

/ N

Output-1 (analog out) Output-2 (comparator out )
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Characterlstlcs(anal 0(=2 ltput)

Fiber Phaton
Oscilloscope

|_ Optical Atteruato MPPC Module

Trigeer

C10507-11-025U | C10507 11-050U

'''''
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Characteristics(temperature
stability of Gain)

|Gain temperature characteristics |
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