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We fabricated an AC-coupled single-sided silicon strip sensor and an DC-coupled double-sided
silicon strip sensor on a 5-in. 380-µm-thick wafer. The single-sided strip sensor has a size of 3.2 cm
× 3.2 cm and 64 implanted and readout strips with a strip pitch of 500 µm. On the other hand, the
double-sided strip sensor has an active size of 5.6 cm × 3.0 cm and 512 readout strips with a strip
pitch of 50 µm. Two low-noise analog ASIC VA1 and VA1TA chips were used for signal readout of
the single-sided strip and the double-sided strip sensors, respectively. The data acquisition system
was based on a 12-bit 64-MHz Flash analog-to-digital converter (FADC) and control software for
the PC-Linux platform. The signal-to-noise ratios of the sensor were measured with radioactive
sources and a 45-MeV proton beam of the MC-50 cyclotron at Korea Institute of Radiological and
Medical Sciences (KIRAMS). The performance results of the manufactured AC-coupled single-sided
silicon strip detector and DC-coupled double-sided silicon strip detector are presented.
PACS numbers: 29.40.Wk
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I. INTRODUCTION

We measured the signal-to-noise ratio (SNR) of each
strip channel of the single-sided silicon strip detector
(SSSD) by using a 90 Sr beta source and a 45-MeV proton beam from the MC-50 cyclotron at the Korea Institute of Radiological and Medical Science (KIRAMS)
in Seoul, Korea [2]. We also used a 210 Po radioactive
source to measure the pulse height of a single channel of
the double-sided silicon strip detector (DSSD). This measurement was possible due to self-trigger functionality of
the VA1TA 3 [3] chips on the double-sided strip sensor
hybrid board. The readout electronics of the DSSD are
well described in Ref. 4. We present the measurement
results for the SNRs and the pulse height spectra of a
silicon strip detectors by using radioactive sources and a
proton beam.

Due to the high intrinsic precision and the high speed
properties of a silicon material, the silicon detector has
been used in various applications, such as medical imaging detectors, radiation detectors, and positioning detectors in space science and experimental particle physics.
High technology, modern equipment, and deep expertise
are required to design and fabricate good quality silicon
sensors. Only a few facilities in the world can develop
silicon sensors that meet the requirements of sensor performances. That is one of main reasons that the silicon
sensor is so expensive, and it takes time to receive the
silicon sensor once it is ordered.
We designed and fabricated AC-coupled single-sided
and DC-coupled double-sided silicon strip sensors and
developed front-end electronics and a DAQ system to
read signals. The silicon strip sensors were fabricated on
a 5-in. n-type silicon wafer which had an <100> orientation, a high resistivity (>5 kΩ·cm), and a thickness
of 380 µm. Since the design and the fabrication of the
double-sided silicon strip sensor are describe elsewhere
[1], we only describe the AC-coupled single-sided strip
sensor in the following section in detail.
∗ E-mail:

II. CONCEPTS OF A SINGLE-SIDED
SILICON STRIP DETECTOR
The silicon sensor is fully depleted by applying a reverse bias voltage [5]. One of advantages for full depletion is that silicon bulk can be used as the active sensor
volume. When charged particles pass through a silicon
bulk, electron-hole pairs are produced and are collected
in the electrodes by the electric field. The high reso-
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Table 1. Specifications of the fabricated AC-coupled
single-sided silicon strip sensor.
high resistivity (>5 kΩ·cm),
<100> and n-type silicon wafer
sensor area (µm2 )
sensor thickness (µm)
number of implanted strips
strip pitch (µm)
implanted strip width (µm)
readout strip width (µm)

35000 × 35000
380
64
500
400
420

lution of the silicon strip detector is achieved by dividing a large-area diode into many small strips and reading charge signals out separately. The position of the
charged particle is then determined by the location of
the strip showing the signal.
The specifications of the fabricated AC-coupled singlesided silicon strip sensors are shown in Table 1. The
sensor has 64 readout channels with 500-µm pitch, and
the active area is 3.2 cm × 3.2 cm with a thickness of
380 µm. The designed and fabricated silicon strip sensor has a capacitively coupled readout structure which
provides an advantage of shielding the electronics from
the sensor’s leakage current. In the AC-coupled sensor
design, the capacitors of the sensor were made by separate implantation and metalization of the strips. Meanwhile, the biasing resistors of the sensor were made in
polysilicon. The thickness of the SiO2 layer, the width,
and the thickness of the polysilicon were optimized to
provide the required capacitance and biasing resistance,
respectively [6]. The DC pads were also built for the
leakage current measurement. The design, fabrication
and electrical characteristics measurements of the fabricated AC-coupled silicon strip sensors are described in
Ref. 7.
We used a good sensor for the SNR measurement. To
be considered as a good sensor, we required the leakage
current of the sensor to be less than 10 nA/strip at the
full depletion voltage. From the capacitance measurement as a function of reverse bias voltage, the sensor
was shown to be fully depleted at 46 volts. The leakage current of a single (double)-sided strip sensor was
measured to be about 1.4 (<10) nA at 60 volts.
Two low-noise analog ASICs, VA1 prime2 (VA1TA 3)
chips, were used for analog signal readout of the SSSD
(DSSD). We developed a VA-Hybrid board, a VAInterface board, and a VA-Control board [8, 9] to read
the signal out of the SSSD. Since an architecture of the
VA1TA 3 with a trigger capability is different from that
of the VA1 prime2, we developed different sets of readout electronics for the DSSD, which are described in Ref.
4. The serially clocked signals of the readout channels
were read out for each event with a 12-bit 64-MHz Flash
analog-to-digital converter (FADC) [10]. The FADC was
located in a VME crate, and digitized data were read out

Fig. 1. Photograph of the single-sided silicon strip sensors
and readout electronics assembly with a CsI(Tl) scintillation
crystal and a photomultiplier tube in an aluminum light-tight
box.

by using a Linux-operating PC through the VME-USB2
interface. The DAQ system and the analysis program
were written in the framework of the ROOT package
[11].

III. PERFORMANCE TESTS OF A SILICON
STRIP DETECTOR WITH A PROTON
BEAM AND RADIOACTIVE SOURCES
We used the SSSD to measure the SNRs of the 64 readout channels with a proton beam and a beta source. A
CsI(Tl) scintillation crystal and a 2-in. photomultiplier
tube (PMT) were used to trigger signal events. The ACcoupled silicon strip sensor, the readout electronics, and
a CsI(Tl) crystal with a PMT were all assembled in an
aluminum light-tight box to shield light and to reduce
electromagnetic interference. Figure 1 shows a photograph of all components inside the aluminum light-tight
box. The measurements were performed at room temperature, and the strip sensor was biased at 50 volts to
fully deplete the sensor. We used a 45-MeV proton beam
of the MC-50 cyclotron at Korea Institute of Radiological
and Medical Sciences (KIRAMS) and a 90 Sr radioactive
source for the SNR measurements. The same experimental setup and trigger conditions were used to measure the
SNRs of the SSSD by using the proton beam and the beta
source. The experimental setup is shown in Figure 2.
Figure 3 shows the pulse height spectrum with the
proton beam, which has a pedestal and a signal peak.
A broad distribution on the lower side of the pedestal is
assumed to be due to cross talk that comes from closely
spaced signal traces on the PCB and it is estimated to
be 3 ∼ 5 %. Figure 4 shows the SNRs of 64 channels of
the SSSD, and the average of SNR was measured to be
29.1 ± 2.2 for a minimum ionizing particle (MIP). We
also performed the SNR measurement by using a 90 Sr
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Fig. 2. Schematic diagram of the experimental setup.
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radioactive source with the same experimental setup as
the proton beam test. Figure 5 and 6 show the pulse
height spectra of a single strip channel and the SNRs
of all channels, respectively. The average of SNR was
measured to be 18.9 ± 0.3.
An ASIC chip with trigger capability is required for
an alpha source measurement. We used the DC-coupled
DSSD with VA1TA 3 chips to measure the pulse height
spectrum by using an alpha source. The double-sided
strip sensor and readout electronics were assembled in an
aluminum light-tight box. The strip sensor was biased
at 36 volts because few channels showed large leakage
currents at the full depletion voltage. The hit distribution of all channels for each event showed charge sharing
between closely neighboring channels due to the small
readout strip pitch. The measurement also showed that

Fig. 4. SNRs of 64 channels of the AC-coupled single-sided
strip detector for a 45-MeV proton beam.
events

Fig. 3. Hit distribution of a single channel of the ACcoupled single-sided strip detector for a 45-MeV proton beam.
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Fig. 5. Hit distribution of a single channel of the ACcoupled single-sided strip detector for a 90 Sr radioactive
source.
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the silicon strip sensors with readout electronics were
measured with a proton beam and with beta and alpha sources. The SNRs for the 45-MeV proton beam
at the KIRAMS and the 90 Sr radioactive source were
measured to be much better than 10, which is a criteria
for a good strip detector. We also measured the pulse
height spectrum of a single channel of the double-sided
silicon strip sensor with the front-end electronics by using a 210 Po radioactive source. Our experiment showed
that the measurement results for the SNR of the silicon
detector and electronics assembly could prove possible
for use as a X-ray imaging sensor.
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Fig. 6. SNRs of 64 channels of the AC-coupled single-sided
strip detector with a 90 Sr radioactive source.
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Fig. 7. Hit distribution of a single channel of the DCcoupled double-sided strip detector with a 210 Po radioactive
source. The coherent noise subtraction and charge sharing
correction was performed in the filled histogram.

coherent noises existed among all channels. Figure 7
is the pulse height spectrum of a single channel on the
p-side of the double-sided strip sensor with a 210 Po radioactive source after coherent noise and charge sharing
corrections.

IV. CONCLUSION AND DISCUSSION
The AC-coupled single-sided silicon strip sensor and
the DC-coupled double-sided silicon strip sensor were
designed and fabricated on 5-in. silicon wafers. The
front-end electronics for the SSSD and the DSSD were
built for signal readout processing, respectively. The
double-sided (single-sided) sensors and electronics (and
a CsI(Tl) crystal with the PMT) were all assembled in
an aluminum light-tight box for pulse height and SNR
measurements. The pulse height spectra and SNRs of
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