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Status of silicon pixel detector for PHENIX experiment toward

RHIC Run-14
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The silicon vertex tracker (VTX) was installed in the
PHENIX experiment in 2010, and it successfully col-
lected approximately 5 billion events of Au+Au colli-
sions at

√

s
NN

= 200 GeV in the 2011 RHIC run (Run-
11) at Brookehaven National Laboratory (BNL). The
main function of the VTX is the separation of heavy
flavor (HF) hadrons, charm and bottom, with the mea-
surement of the distance of closest approach of single
electrons from their decays. The nuclear modification
factor and azimuthal anisotropy for HF were measured,
and analysis results have already been reported1).

The VTX is composed of two inner silicon pixel de-
tectors and two outer silicon strip detectors. The sil-
icon pixel ladder is the basic component of a silicon
pixel detector. The ladder consists of four silicon sen-
sor modules, two readout buses, and a cooling support.
The I/O pads of the silicon sensor module are electri-
cally connected to that of the readout bus via alu-
minum bonding wires that are encapsulated in epoxy
resin. The silicon sensor module is an assembly of a sil-
icon pixel sensor and four readout chips bump-bonded
with 25-µm-diameter bumps to the silicon sensor. Dur-
ing Run-11, a small fraction of bump bonds were de-
fected due to thermal stress. In addition, some bond-
ing wires were broken due to a thermal stress caused
by the difference in the thermal coefficient between the
encapsulation and the readout bus. The active area
of a VTX was decreased to 60% because of defected
bump bonds and broken bonding wires. The solutions
for these issues are to change the operation tempera-
ture from 0 degree to the room temperature to avoid
thermal stress, and to use a different type of encapsu-
lation. The operation temperature was changed from
that used in the physics run in 2012.

After the shutdown of the physics run in 2013,
the VTX was dis-assembled at BNL to replace the
encapsulation with a different type of encapsulation.
All pixel ladders that had broken wires were sent to
HAYASHI WATCH-WORKS CO., LTD. where pixel
ladders had been mass produced. In total, 15 pixel lad-
ders had been repaired with the yield of almost 100%
during 6 months. A small fraction of dead area (< 1%)
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was remained because of the damage to I/O pads dur-
ing repair process.

The repaired ladders were electrically tested at
RIKEN before being shipped to BNL, and the fi-
nal electrical test was performed at BNL before the
reassembly of the VTX. The following are the test
items.

(1) Current consumption of a pixel ladder.
(2) Optimization of a reference voltage for DACs on

the readout chip of a pixel module.
(3) Bias voltage dependence of the leakage current

for a silicon pixel sensor.
(4) Response of the pixel ladder to a β source (90Sr).

No issue was found in all tests. Figure 1 shows the
typical response of a pixel ladder to the β source.

Fig. 1. Response of pixel ladder to a β source. The hori-

zontal and vertical axes represent z and φ direction in

the PHENIX coordinate, respectively. Low gray-levels

represent low number of hits.

Since some pixel ladders had faulty bump bonds,
there is a small fraction of unfixable dead area(< 1%)
in the pixel ladder, and the configuration of pixel lad-
ders in the VTX affects physics data. The optimiza-
tion of the performance of the pixel detectors had been
done by arranging the configuration based on the test
results at BNL.

The reassembly of the VTX had been successfully
performed at the end of 2013. As a results of the re-
pair work, the active area of the VTX was significantly
improved to about 90%. Final optimization of opera-
tion parameters for pixel ladders is ongoing. We will
collect 200 GeV Au+Au collision data with around 10
times more statistics than that collected in Run-11.
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Construction of PHENIX Silicon Pixel Tracker
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The PHENIX experiment is upgraded with a central
silicon vertex tracker1) to enhance its physics capabil-
ities in nearly full azimuthal coverage over |η| < 1.2.
The main goal of the upgrade is to track the produc-
tion vertex of charged particles with the resolution of
50µm. The central vertex tracker consists of four lay-
ers, two layers of silicon pixel type and two layers of
silicon strip type. The tracker has been constructed in
2009 and has been producing fruitful physics results.
During the operation before 2012, the heat cycle during
its operation resulted in about 30% of inactive area on
the constructed silicon pixel type. In this paper, we
will report the status of repairing such the damaged
pixel-type tracker and new construction.

The silicon pixel tracker consists of 10 ladders for
inner layer and 20 ladders for outer layer. Each lad-
der is made of mainly three components; a supporting
thermo-plate, four hybrid sensor, and a readout bus.
The hybrid sensor is made of a silicon sensor plate and
four readout chips, with 32×256 readout pixels whose
each size is 50 × 425µm. All the three components
are glued each other by epoxy resin with the thickness
of 100µm ± 30µm while the relative distance between
two hybrid sensor is kept within 15µm accuracy, which
is smaller than the estimated electron-drift diffusion
of 20µm. They are electrically connected by 25µm

alminum bonding-wire. The wires are encapsulated by
soft silicon resin in order to prevent any damage from
an accidental contact during construction and from vi-
bration caused by the electrical altenative current of
10MHz through the wire and the PHENIX magnetic
field. For the damaged ladder, the electrical connection
together with the silicon encapsulation are redone after
old bonding-wires and old silicon resin are cleaned.

While entire construction procedure, the readout
test by the PHENIX readout system2) using electri-
cal pulse and 0.546MeV beta-ray from Sr90 are per-
formed three times; before the encapsulation, before
the transportation from Wako to RHIC, and before the
installation. The main goal of the test is to ensure the
electrical connection between the sensor hybrids and
the readout bus and to measure the ratio of the active
pixels to all pixels. The threshold during the test is set
at about 3,000 e− while the nominal noise of the hybrid
sensor is expected to be 200e−. When a minimum ion-
ization particle penetrates the silicon sensor with the
thickness of 200µm, 14,000 electrons are estimated to
be created and collected by pixel pads. The distribu-
tion on the pixel pad surface depends on where the
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electron and hole pairs are created. If we assume the
average distance from pixel pads to such the electrons
is 100µm that is in the middle of pixel sensor thick-
ness, the 14,000 electrons distributes on pixel pads like
gaussian distribution with 100µm sigma from a naive
estimate. Because one pixel pad has 50 × 425µm, two
pixel pads is expected to be more than the threshold
on average.

Fig. 1. Number of fired pixels per event in 500k beta-ray

events by Sr − 90 radio active source.

Figure 1 depicts the number of fired pixels per hit.
The average of the number of pixels is 2.1, which is
consistent with the above estimate. This fact enables
us to measure the accurate rate of the active pixel to
all pixel by this beta-ray test. Because some beta-ray
enters the silicon sensor with angles due to scattering
in materials between the radioactive source and the
silicon sensor, some gamma-ray produce wider distri-
bution, that is also observed in the figure.

After reparing procedure of 15 ladders, the selected
ones were installed3) with <10% inactive pixels, which
is caused by due to faulty bump-bonding between the
silicon sensor plates and readout chips. For futher im-
provement, new construction procedure with improved
bump-bonding already started. All hybrids sensor4)

and readout buses are under gluing. At least seven
new ladders will be ready for installation before next
run of RHIC starting in the beginning of 2015.
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