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Abstract: The Cosmic Ray Energetics And Mass (CREAM) experiment isgdesl to measure the energy
spectra from protons to iron, and thus study compositiomgia to understand the source and acceleration
mechanisms of the high-energy cosmic rays. The instrunsgriinned for a launch in 2014 to the International
Space Station (ISS). Two new detectors being developed REAM are the Top/Bottom Counting Detectors
(TCD and BCD). They consist of 500 500 x 5 mn? and 600x 600 x 10 mn? plastic scintillators, respectively,
and light produced in each detector is read out with a 20 byilRdis photo-diode (PD) array. The TCD is
located between the carbon target and the calorimeterhaBi@D is located below the calorimeter. The T/BCD
configuration provides the capability for electron separafrom protons, a redundant energy trigger for the
calorimeter, and a cosmic-ray trigger for test and calibrabn the ground. Scintillation light is produced when
particles pass through the scintillators, and a PD pulsenified by VLSI charge amp/hold circuits. The VA-
TA analog ASIC chip is used for the front-end readout eledt® The VA ASIC chip contains 32 channels
each with a charge sensitive preamplifier-shaper circuh high dynamic range, sample and hold, multiplexed
analog readout, and calibration functions. The TA ASIC duaptains 32 channels of low power fast triggers. The
trigger from each channel is ORed to a common trigger outpugrgy information in two dimensions from the
segmented PDs above and below the calorimeter provides rsidistinguish between electrons and protons.
The design, construction and performance of T/BCD are ptede
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1 Introduction
The Cosmic Ray Energetics And Mass on the Interna- instrument Rack
tional Space Station experiment (ISS-CREAM) [1] that is 85D

Distribution

the energy spectral features from'i@V to >10'° eV Eaciiorios
and composition that might be related to the supernova ac-
celeration limit. The ISS-CREAM instrument as shown in
Fig.[ consists of a Silicon Charge Detector (SCD) to iden-
tify incident cosmic rays, a sampling tungsten/scintifat

planned for a launch to the ISS in 2014 aims to measure powir'“c&'[’

. . CAl/Target BSD CAL Mounting Plate
calorimeter for energy measurement of all nuclei, a seg- Support Bracket
mented Top/Bottom Counting Detector for e/p separation,
and a Boronated Scintillator Detector (BSD) for additional Fig. 1: ISS-CREAM instrument.

elp separation and detecting neutron signals. In this paper
the design, construction and performance of T/BCD are de-

scribed. photo-diode has been chosen to convert scintillation light
to electric current, and electron-hole pairs are also pro-
; ; duced by penetrating cosmic rays. The charge signals are
2 Design of Top and Bottom Counting amplified by VLSI charge amp/hold circuits. As shown in
Detectors Fig.[d, the TCD is located between the carbon target and
The T/BCD are designed to measure scintillation light prothe calorimeter, and the BCD is located below the calorime-
duced when particles pass through plastic scintillator (EXer. This configuration enables electron/proton (e/p) sepa
200) that is produced by Eljen Technologies. The silicontion by the difference between electromagnetic and hadron-



electron

Photo-PIN diode sensor /

proton

Plastic scintillator

Calorimeter

Photo-PIN diode sensor Plastic scintillator

Fig. 2: Operational principle of the T/BCD.

ic showers (Fig.2). The TCD and BCD each has a total 0
400 PDs and the PDs cover 5806500 mnt and 600x 600
mm?, respectively. Energy information in two dimension-
s from the segmented PDs above and below the calorim
ter provides a means to distinguish electrons from proton-
s. Figure[ B shows exploded views of both detectors. Th
dimensions of the T/BCD enclosures are 30635 x 30
mm® and 950x 651 x 33 mn¥, respectively. In the case

of the TCD, the electronic components are on the opposit
side of the PD array and the plastic scintillators. The con:=
nections between the T/BCD electronics and common ISS:

CREAM electronics are shown schematically in Elg. 4.
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Fig. 3: Exploded view of the (a) TCD, and (b) BCD.
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650 um thick, and n-type silicon wafers. Figureé 5 shows
both sides of the fabricated silicon wafer. There are 18 PDs
for the T/BCD and test patterns such as 1.0 xm.0 cm
PDs and PD pixel arrays.

We measure leakage current and bulk capacitance of
the fabricated PDs with a Keithley 6517 picoammeter and
an HP 4277A LCZ meter as a function of reverse bias
voltages, respectively. Measurement results are shown in
Fig.[8. From bulk capacitance measurement, the full deple-
tion voltage is found to be below -200 V and the optimal
operating voltage is determined to be -250 V. The leakage
current is below 20 nA/ciat the operating voltage. A sta-
Pility test for leakage current is being performed at the op-
erating voltage.

The photo response over the wavelength range from 350
nm to 1100 nm is measured at the Korea Research Insti-
fute of Standards and Science (KRISS) [3] and the quan-
um efficiency is obtained to be 60 75 % for the wave-
ength range from 400 to 450 nm, which is a wavelength
range of the plastic scintillator. The Signal-to-NoiseiRat
éSNR) of the PD is also measured usingar radioactive
Source. The measured SNR is better than 70 with commer-
ial electronics. The radiation hardness of the PD is also
ested by using a 45 MeV proton beam at the Korea Insti-
tute of Radiological and Medical Sciences (KIRAMS) [4].
The PD sensor is exposed to 1.¥810' protons/cm,
which corresponds to- 5000 rad. The leakage current is
increased up to about 50 nA/éraut the quality of the PD
sensor does not change in our criteria for the best sensor
(< 100nA/cnt)

4 Readout Electronics

The readout electronics consists of two mother boards and
4 daughter boards for each TCD and BCD as shown in
Fig.[4. On the mother board, there is an FPGA chip in ad-
dition to the VA-TA (VA32HDR-TA32CG3) : Viking chip-

s from the IDEAS company. The VA has 32 channels and
each channel consists of a charge sensitive preamplifier, a
slow shaper, and a sample-and-hold circuit. The output of
all channels is connected to the multiplexer and the analog
signals are serially clocked out. Noise and dynamic range
of the VA are~ 3100 erms and~ 13 pC, respectively.
The TA is 32 channel low power fast triggering ASIC chip
to be used with a matching VA circuit in the front. Each

channel includes a fast CR-RC 75 ns shaper followed by a
level-sensitive discriminator, whose threshold is exdéyn
adjustable. Whenever a signal in any of the channels is ris-
ing above the threshold, the wire-or'ed output will cause
a chip-global trigger. Therefore VA-TA chips receive the
charge signal from the PD, perform signal amplification

Power Input & Housekeeping
(D-SUB)

Fig. 4: Schematic diagram of the T/BCD.

3 Silicon Photo-Diode

Silicon photo-diodes (PD) each with an active area of 2.0
cm x 2.0 cm are custom developed for the T/BCD. The
PD is coupled with the plastic scintillator and is designed
to be a back-illuminated photo-sensor to increase the light
detection ared [2]. The PD detects incoming light that is
converted from the scintillator. The PD is operated by full
depletion bias voltage. Therefore the PD can detect not . .
only scintillation light, but also incoming charged palgic F19-5: Photograph of the photo-diodes on 6-inch and 650
The PD is fabricated on 6-inch, high resistivitg100>, MM thickness silicon wafer.
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followed by shaping, and provide a trigger signal. 16 bitFig. 8: Signal flows in the T/BCD readout electronics and
Analog to Digital Converter (ADC) digitizes the sample- ISS-CREAM common electronics.
and-hold signals of the VA-TA. Commands from the Spar-
sification and Command boards pass through the FPGA
and control the VA-TA, ADC, and Digital to Analog Con- ic showers. Both detectors consist of EJ-200 plastic $cinti
verter (DAC). The TA sends trigger signals to the triggeriator and an array of 400 photo-diodes. The PDs are fabri-
module. FiguréI8 shows signal flows of the T/BCD readoutcated for the T/BCD and assembled with the plastic scintil-
electronics. lator, which cover 500 mnx 500 mm and 600 mnx 600

The prototype readout electronics with the VA-TA and mm, respectively.
the PD that is coupled with the plastic scintillator is test-  The custom developed PD, each with actual size of 2.3
ed with radioactive sources for exampl€Am and®*Sr.  ¢m « 2.3 cm shows good electrical characteristics. The
Using the***Am source, the peak hold delay time is stud-jeakage current is below 20 nA/@nat operating voltage.
ied and the DAC value for the hold delay is found to be e Signal-to-Noise Ratio is measured to be better than 70
115 DAC. Figuré B shows a pulse height distribution of oneyith commercial electronics and radiation hardness is also
channel, which is taken by using tR&'Am source. The ogieq using a proton beam. The VA-TA Viking chip from
threshold for trigger and ho_Id delay time are set to be 304pEAS is used at the core of the front-end electronics. The
DAC and 115 DAC, respectively. The left-hand peak is duéys a5 'arge dynamic range, low noise, and low power
to the pedestal and the right-hand peak is due to the S'gn%@nsumption(v 3 mWichannel). The TA provides the self-
A trigger efficiency study using the'Sr source and a cal- o aring functionality. The charge signals from the PD
ibration test with input charge from 0 DAC to 6000 DAC are processed by the VA and then digitized by a 16 bit
?,\r/ﬁ;r)] tp _rogre?s. t'lh'o prot\./id?StgeCn;zigE\l/Jlm iotn izingt)hpaét:\?lls ADC. The prototype readout electronics with the VA-TA

rigger to the entire 1SS- system, the ‘ . , S

of the T/BCD should be greater than 5. For achieving thi aggr?:gsl:e% tlar]yafj;sinzoruarg%ig;\t/z tshoeufcl:iss“scuf%%ma;g:j has

oal, we need to study how to reduce the noise of the syg; T . .
?em y y OSr. The peak hold delay time is found. Trigger efficiency
' and calibration tests are in progress.
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Fig. 9: Pulse height distribution of one channel on the pro-
totype readout electronics. Left peak is a pedestal and righ
peak is a signal by alpha ofP4'Am source.
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