IOP SClence jopscience.iop.org

Home Search Collections Journals About Contactus My IOPscience

Readout electronics for a Hybrid Avalanche Photon Detector

This article has been downloaded from IOPscience. Please scroll down to see the full text article.

2011 JINST 6 C12051
(http://iopscience.iop.org/1748-0221/6/12/C12051)

View the table of contents for this issue, or go to the journal homepage for more

Download details:
IP Address: 193.2.4.4
The article was downloaded on 15/04/2013 at 13:13

Please note that terms and conditions apply.



http://iopscience.iop.org/page/terms
http://iopscience.iop.org/1748-0221/6/12
http://iopscience.iop.org/1748-0221
http://iopscience.iop.org/
http://iopscience.iop.org/search
http://iopscience.iop.org/collections
http://iopscience.iop.org/journals
http://iopscience.iop.org/page/aboutioppublishing
http://iopscience.iop.org/contact
http://iopscience.iop.org/myiopscience

’ inst PUBLISHED BY IOP PUBLISHING FORSISSA

REcEIVED: November 18, 2011
AccePTED December 2, 2011
PuBLISHED: December 20, 2011

ToprPICAL WORKSHOP ON ELECTRONICS FOR PARTICLE PHYSICcS 2011,
26-30 SEPTEMBER 2011,
VIENNA, AUSTRIA

Readout electronics for a Hybrid Avalanche Photon
Detector

A. Seljak, @01 | Adachi, ¢ H. Ikeda,? K. Hara, ¢ T. lijima, € S. Iwata,  S. Korpar, 9°

P. Krizan, "P E. Kuroda, ' R. Pestotnik, P S. Nishida, ¢ T. Sumiyoshi f and H. Takagaki
aCosylab d.d.,
Teslova ulica 30, Ljubljana, Slovenia
bJozef Stefan Institute,
Jamova cesta 39, Ljubljana, Slovenia
CKEK, High Energy Accelerator Research Organization,
1-1 Oho, Tsukuba, Ibaraki 305-0801 Japan
dJapan Aerospace Exploration Agency,
3-1-1 Yoshinodai, Chuo-ku, Sagamihara-shi, Kanagawa 2%, Japan
®Nagoya University,
Nagoya 464-8601 Japan
fTokyo Metropolitan University,
1-1 Minami-Osawa, Hachioji-shi, Tokyo 192-0397 Japan
9Faculty of Chemistry and Chemical Engineering, Universitiaribor,
Smetanova 17, S1-2000 Maribor, Slovenia
PFaculty of Mathematics and Physics, University of Ljub§an
Jadranska 29, SI-1000 Ljubljana, Slovenia

E-mail: Andrej.Seljak@ijs.si

ABSTRACT. This article presents the development of readout eleicsdior a Hybrid Avalanche
Photon Detector (HAPD), the baseline photon sensor for #ileB Ring Imaging Cherenkov De-
tector (RICH). The HAPD sensor with the readout electroeitable will enable position sensitive
detection of single photons. An overview of the RICH readsystem is given.
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1 Introduction

The successful physics program of the Belle experiment & KEsukuba, Japan, resulted in an
upgrade of the KEKB machine and of the Belle detector. The diitne Belle 1l experiment is
to collect about 40 times larger sample of B mesons which vallow measurements of rare
decays of B and D mesons with unprecedented precision. Ifothrd direction (given by the
center-of-mass direction of the products), the proximigusing RICH with an aerogel radiator
will efficiently separate kaons from pions up to a particlennemtum of 4 GeVc [1].

The RICH consists of an aerogel radiator, an expansion wland a position sensitive de-
tector of single photong?]. To maximize the kaon-pion separation efficiency, the detés area
of approximately 4 rirequires position sensitive single photon sensors withigegity of about
5x 5mn?. The sensor and the readout electronics for the RICH detheie to fit into a limited
available space of about 25 cm in length between the centfatkdamber and the electromagnetic
calorimeter. They should operate in a 1.5 T magnetic fielggrmdicular to the detector plane and
should sustain elevated radiation levels. In ten years efatjpn a fluence of 28 cm 2 of 1 MeV
equivalent neutrons is expected in the detector area.

2 Photon detector and readout electronics

A 144 channel Hybrid Avalanche Photon Detector (HAPD) is@andidate for the sensor of single
photons (R, 3]). Itis 76 x 76 mn? in area with 67% of active area. The total amplification of the
sensor is of the order of 50000. In order to fit the electroe@dout into the available volume
which extends 50 mm behind the HAPD sensor, the readoutmsystes designed on a 12 layer
FR4 glass-reinforced epoxy laminate (figuieg) [4].

The SA02 readout board has 4 SA02 ASIC chilsahd an HAPD connector on the top side,
while the FPGA (Xilinx Spartan 6), used for data processing @mmunications, is placed on the
bottom side between the two extension connectors (figuré he power for the electronics and
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Figure 1. SA02 board and Plug in board.

bias voltage for the APDs are fed to the laminate via two iedelent connectors, while the high
voltage is connected directly to the HAPD.

The SA02 ASIC chip packed in a LTCC BGA package, measures 1xmBmm and has
36 input channels. It is responsible for the digitizationsafnals from the HAPD sensor. Each
channel line consists of a charge sensitive preamplifieAjC& second order shaper circuit and
one bit comparator for digitalization. Its output is a singinded 1.65 V signal, with the width
equal to time over threshold. Threshold levels are equalfahannels, but channel offsets can be
set individually in steps of 3 mV. The ASIC has a separatelsiogtput for monitoring signals at
different stages in the front end. The amplification factbthe charge sensitive preamplifier and
the shaping time allow adjustments to optimize the signabise ratio.

A supplementary Plug in board (figute 2) provides firmware boot, control, monitoring and
acquired data transmission from the SA02 board, where th€Sprotocol is used for communi-
cation over the Ethernet network][

The detector works as a single photon counter. The implesdergiadout core on the FPGA
consists of bit shifting serial input serial output (SIS@gisters for each of the 144 channels and
supplementary logic for communication and data transfee digitized analog signals are fed to a
state transition detection circuit. The detected evemsraroduced in the SISO shift register with
adjustable shifting clock. At trigger event, the last foitslstored in the SISO registers are sent to

the data acquisition system.
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Figure 3. Thermal image of an SA02 board.

For operation the SA02 board requires several differentMoltages to power the FPGA and
ASIC chips. The power consumption of both electronic boami®unts to about 1 W, of which
300 mW is due to the Ethernet controller. Most of the powerligsidated on the ASIC chips. At
an ambient temperature of 25, we made an infrared image of the SA02 board in the thermal
equilibrium state (figure). The figure shows the temperature distribution on the beatid the
maximum temperature on the ASICs chips. With no cooling piéer the surrounding air, the
maximum temperature on the SA02 board reaché€36
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Figure 4. An ASIC response (blue trace) to the the attenuated sigmagted by FPGA (green trace).

For internal tests, the SA02 board incorporates a variatlglitude step generator. One of
the FPGA outputs is fed trough a digitally controlled resistnd a 0.1 pF capacitor into the SA02
ASIC. The amplified and shaped signal response is shown irefigu

3 Bench test — Single photon measurements

The test measurements with single photons are made by liggimitted from a blue LED. With
the collimated beam, we scanned the surface of the HAPD, tadwm the computer controlled
translation stage. The high voltage and bias voltages ®HAPD are set to the manufacturer’s
nominal values. A signal generator generates a triggembign the readout electronics and the
LED at a rate of about 1 kHz. Blue light, emitted from the powentrolled LED, is fed into the
box using a multimode optical fiber. The frame with the optiiteer and the collimator is attached
to the translation stage 1 cm away form the detector’s seirfac

We first verified the operation of an arbitrary pad on the sensbere multiple photons can
be observed as seen in figuse The oscilloscope screen image shows the analog amplified an
shaped signals from the observed channel. A threshold ddhe corresponding measurement is
shown in figureb.

With the LED light emission reduced, to a level where mosihge photons are observed, an
area 10mnx 10mm of the HAPD was scanned in steps of 30@ with the light beam of about
the same width. The HAPD sensitive area is clearly seen imdigu

4 Belle Il aerogel RICH readout system

The aerogel RICH detector will consist of 456 HAPD sensolg dnalog signals will be amplified
and digitized by the SA02 board. The Merger board, built adbMirtex 5 FPGA, is intended to
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Figure 5. Accumulated of response to a multiphoton illumination.eTingle channel signals are first
amplified and shaped. Electrical signals from single, dealold triple detected photons are clearly visible.
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Figure 6. Number of detected hits as a function of the threshold.
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Figure 7. Response of the HAPD to single photons.
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Figure 8. Scheme of the Belle Il RICH readout system.

collect and process data from up to six SA02 boards (figurdhe Merger board will replace the
current Plug in board used for laboratory tests. It will bedifor loading of the FPGA firmware to
multiple SA02 boards, clock and trigger distribution, sloantrol and to perform compression on
the acquired data. In the present prototype, the Mergedeaeives the trigger and clock signals
via Ethernet cable. A small form-factor pluggable trangee(SFP) slot using fiber optic link is
used to transmit commands and send the data to the centra[GlAQ

The current version of SA02 board with the Plugin board waketkin the aerogel RICH pro-
totype with six HAPD sensors at the CERN SPS H6 beamline vdth@GeV/c pions. Preliminary
results from the beam test show good performance of theiggabebdevice.



5 Summary

We are developing readout electronics for the Aerogel RIGIthe Belle Il spectrometer. The

readout electronic system should fit in to the small gap (50) ratrthe rear end of the HAPD

sensor. It is based on the SA02 readout board which incag®faur ASIC SA02 chips and an

FPGA. The data will be transfered from six SA02 boards to tleeddr board, which will send data
via optical link to the common DAQ. The readout board perfermecording to expectations and
allows efficient detection of single photons. In the fut@eplerance to radiation and operation in
a magnetic field of the SA02 readout board will be tested. feustudy will include the design of

power supply distribution design, cabling and algorithimsdata compression.
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