Development and test of TAB bonded micro-cables
for silicon detectors in a Compton prostate probe.
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Abstract— This contribution describes the work made towards
packaging optimization in the frame of the development of an
endorectal probe for imaging the prostate. This application is
based on the concept of electronic collimation for single gamma
detection taking advantage of the Compton scattering of the
photons in a stack of 1mm thick silicon pad detectors and their
later absorption in an external detector. This concept allows to
remove the mechanical collimators used in the usual gamma
cameras and, therefore, provides the possibility of improving both
sensitivity and resolution.
Packaging of the silicon sensors and their associated electronics
is of paramount importance in this application. To address
this important aspect of the device we have explored the Tape
Automated Bonding (TAB) technique for the connection of the
silicon sensors to the readout electronics and for routing the
signals to the outside. TAB offers an elegant solution not only
for a flexible and compact interconnection between the readout
ASICs and the sensors but also for ASIC selection and testing
prior to the assembly of the detector and their associated readout
electronics.

I. I NTRODUCTION

P

ROSTATE cancer is the second most common cause of
cancer-related deaths in men. The lifetime risk of being
diagnosed with prostate cancer is 1 in 14. Although nuclear
imaging techniques offer one of the best ways of determining
the extent of cancer and in following its response to therapy,
however present instrumentation is not adequate for prostate
imaging. An improved imaging technology for sensitive detection of early stage prostate cancer, improved guided biopsy and
follow up of the response to treatment is necessary. Compton
imaging offers the possibility of significantly improve current
state–of–the–art prostate imaging [1].
The development of a prostate probe based on this principle
would dramatically improve current PET or SPECT performance. Some work has already been done on this subject
as shown in [5][6] and the results are encouraging [7]. The
principle is to scatter via the Compton effect the initial gamma
ray in a stack of finely segmented silicon sensors and measure
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Fig. 1. A possible realization of an intra-rectal prostate probe. The core of
the device is a stack of densely packed silicon sensors where the incoming
photon will Compton scatter.

the scattered gamma ray in a second detector which could be
an advanced camera head developed for SPECT. A possible
realization of such a probe is shown in Fig. 1. The core of such
a system would be a stack of densely packed silicon sensors,
the probe, that could be as close as 1 cm from the prostate.
Near field operation would provide excellent resolution and an
increased sensitivity due to the higher solid angle subtended
by the prostate.
Packaging of the silicon sensors and their associated electronics is of paramount importance in this application. To address this important aspect of the device we have explored the

Fig. 2.

TABed chip in a testing frame.

Fig. 3. TABed module. The silicon pad sensor (left) is connected to the
readout ASICs which are placed in a hybrid where all the passive components
are also TABed.

Tape Automated Bonding (TAB) technique. This technology
consists of connecting (using a special ultrasonic bond wedge)
directly the pads of an object to aluminum traces printed, at
the appropriate design, on a kapton flex (cables) and carrying
the electronic signals to the next connection pads.
TAB offers an elegant solution not only for a flexible
and compact interconnection between the readout ASICs and
the sensors but also for ASIC selection and testing prior
to the assembly of the detector and their associated readout
electronics. Micro–cables permit to stack silicon detectors one
on top of each other to form a detection volume filled with
more than 90% of active detector. The gap between detectors
can be as thin as the micro–cable plus a glue layer.
A. Micro-cable Technology
The micro-cable technology described here was originally
developed by SRTIIM1 as a low-mass interconnect system
for use in space electronics, with micro-cables with minimum
pitch of 150–200 µm and bus assemblies with up to 10 layers.
A micro-cable is made up of a polyimide foil with aluminum
traces. Bonding windows are etched in the polyimide foil, so
as to be able to press the traces through these windows and
bond them directly to the bonding pads beneath.
The technique is similar to Tape Automatic Bonding (TAB)
but with several important differences. In TAB, traditionally,
1 Scientific Research Technological Institute of Instrument Engineering
(SRTIIM), Kharkov, Ukraine.

Fig. 4. Top: Device to hold the frame with the TABed chip. Bottom: The
chip frame and the clamp board are connected to a board that will distribute
the DAQ signals.

(1) copper is used instead of aluminum producing more rigid
and, hence, fragile traces, (2) gold bumps are used on the pads
and all connections are gang bonded in one go while microcables are bump–less, and (3) the polyimide foils are much
thicker and the required bond forces are much higher than in
the micro-cables.
II. C ONSTRUCTION OF A FIRST TAB MODULE
A silicon module prototype has been built using this technology and TABed. The module was made with a 500 µm
thick silicon pad detector, manufactured by SINTEF [4],
with 8×32, 1.4×1.4 mm2 pads which were readout by two
VATAGP ASICs from IDEAS. The module implements three
different micro–cable designs: one for the silicon sensor, one
for the readout chip, Fig. 2, and another one for the hybrid
circuit, where even the passive components are TABed. Each
micro–cable is TABed to the respective component (detector,
chip or hybrid) and then assembled together as shown in Fig. 3.
The micro-cables had 12 µm thick aluminum traces on a
12 µm thick polyimide flex. The trace pitch for the readout
chip input pads was 140 µm and there were 256 traces from
the silicon detector to the readout chips.
Having three different micro–cable designs allowed us to
select the ASICs prior to the final assembly. A chip quality
selection was made testing several TABed chips in a dedicated
test system. The system consisted of a clamp board, see Fig.4
top, holding the ASIC frame shown in Fig. 2. The clamp was
housed in an intermediate board in charge of the distribution
of acquisition signals and data (Fig. 4 bottom). We used

Fig. 5. CR-RC1 shape (left) of a pulse of amplitude 1. Ideally the system
will sample at the peak. If this is not the case, one may get amplitude values
from anywhere between the threshold value, in this particular case 0.1, and
the peak value, yielding an amplitude distribution as shown at the right.

the same VME based, customized data acquisition system as
in [5][6]. The setup allowed to test most of the ASIC features
comprising both the analogue and the digital circuitries.
Once the ASICs were selected the module was assembled:
the sensor flex was TABed to the ASIC flex and the latter
TABed as well to the hybrid flex. In order to characterize
the chips and determine the module performance, we used
an 241 Am source. Although some of the trigger lines could
not be addressed and the data was taken with the wrong
timing, however the readout of the TABed module worked
successfully.

Fig. 6. Signal before and after correcting for the wrong timing. One can
clearly appreciate the 60 keV 241 Am peak after unfolding the data.

A. Data analysis
In order to unfold the data and obtain the real amplitude of
the pulse we followed the following procedure. The VATAGP
chip has a CR-RC1 shaping stage with a peaking time of
1 µs. When sampling out of time the amplitude measured
will not coincide with the peak value but, rather, will have
any value between the threshold at which the chip is operated
and the peak value. From that one can obtain the amplitude
distribution, as shown in Fig. 5, assuming the sampling time
follows a random, uniform distribution. From the amplitude
distribution one can evaluate the probability of measuring a
value V, from a pulse with a peak amplitude of V0 , if the
threshold is set at T: P (V |V0 , T ). When histogramming the
values measured when sampling out of time, the bin contents
will be:
X
h(Vi ) =
P (Vi |Vj , T )f (Vj )
(1)
Vj >Vi

where f (V ) is the histogram of the real amplitude distribution.
One can see that the bin contents of the measured signal
distribution will have its own contribution when sampling at
the peak, plus the contribution of any higher pulse sampled
out of time. Equation 1 is a linear system that can be easily
solved to get the real amplitude distribution.
Fig. 6 shows the signal measured by our system before and
after unfolding the data to correct for the timing problem. On
the corrected data the 60 keV 241 Am peak is clearly visible and
its value at the peak allows to obtain the conversion betwen
ADC counts and energy with which the noise can be quantified
in units of energy.
Fig. 7 shows the noise across the channels. There is a clear
structure that is correlated with trace length, meaning that the
trace capacitance dominates the noise of the system. Out of
the peaks, the noise stays at about 1.7 keV.

Fig. 7. Noise across the channels. One can appreciate the structure in the
noise due to the trace length.

This measurements demonstrate that the micro-cable technology is adequate for connecting the silicon sensors and their
associated electronics in our Compton probe design. The test
also raised a number of issues that needed to be addressed in
order to have a working system with the required performance.
First, in order to reduce the impact of the trace length on the
noise we need to control the capacitance and, second, given
the fragility of the micro–cables, the design should allow for
some level of re-workability at least in the development phase.
Those aspects were taken into account in the design of a new
version of the micro-cables.
III. N EW MICRO - CABLE DESIGN
A new cable, see Fig. 8, has been designed that tries
to address the aforementioned problems and, also, aims at
reducing the trace pitch to 47 µm in a single layer to match
the input pad pitch of the next readout ASIC (VATAGP3 from
IDEAS) to be used in the Compton probe modules. This is a
reduction of almost a factor 3 on the standard process pitch
and is, therefore, a technological challenge.
The silicon sensor will have the same layout, that is, 8×32,
1.4×1.4 mm2 pads. The detector signals will be routed to one

Fig. 8. New TABed module. The detector is at the left of the picture, that shows in the blow–up a detail of how the cable is bonded to the sensors. The
center of the picture shows the additional 3 cm of cable used to fanout, and at the right the connection to the ASICs is shown. The micro cable can be either
TABed or wire bonded to the ASICs.

of the long sides of the detector and brought to the ASICs.
The goal is to stack several silicon sensors in order to increase
the detection volume. However, in our design the hybrids
are thicker than the sensors and this is why the micro–cable
implements an intermediate section, 3 cm long, between the
sensor and the ASICs that will allow to fan out using the
micro–cable flexibility.
In order to reduce the trace capacitance, the trace width
has been reduced and a dielectric insert is glued to the
polyimide. Also the pitch has been incremented to 175 µm
in the intermediate section. The new cable has 8 µm thick,
17 µm wide aluminum traces, the polyimide is 10 µm thick
and the dielectric insert is about 40 µm thick.
In addition, the new cable has been designed so that it can be
either TABed of wire–bonded to the ASICs. This configuration
should allow for repairing or debugging the system during the
testing phase.
Fig. 8 shows a sensor TABed to this new micro–cable. One
can distinguish three regions. On the left, there is the sensor.
The pads are TABed in groups of four, as shown in the blowup by the detector on the picture. In the bonding zone the
aluminum traces are 40 µm wide and the depth of the windows
is about 60 µm. The center shows the intermediate region and,
at the right one can see the ASIC side. There the traces are
fanned in from a pitch of 175 µm to the final 47 µm. In the
zoom of that region one can distinguish two bonding pads,
30 µm wide, in each trace. The inner one can be used to TAB
and the outer one for wire bonding. This design will allow to
use wire bonding in the first stages of the development and
will ease any repair or debugging needed.

IV. C ONCLUSION
This paper describes the work made towards packaging
optimization in the frame of the development of an internal
Compton probe for imaging the prostate. The probe will
be made of a stack of densely packed silicon sensors and,
therefore, packaging in one of the major issues.
For that we have investigated the micro–cable technology.
We have built a first prototype module and the results are
encouraging. However, a number of issues have been raised
when testing that prototype that have been addressed in an
improved design of the micro–cables. The new micro–cable
has been built and TABed to a silicon sensor. New tests need
to be carried out in order determine the final performance and
start building the first TABed stack of silicon sensors.
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