N

N

Assembly and validation of the SSD silicon microstrip
detector of ALICE
M. Bregant, O. Borysov, L. Bosisio, P. Camerini, G. Contin, F. Faleschini, E.

Fragiacomo, N. Grion, G.V. Margagliotti, S. Piano, et al.

» To cite this version:

M. Bregant, O. Borysov, L. Bosisio, P. Camerini, G. Contin, et al.. Assembly and validation of the SSD
silicon microstrip detector of ALICE. TIME 2005 -1st Workshop on Tracking in High Multiplicity En-
vironments, Oct 2005, Zurich, Switzerland. pp.18-21, 10.1016/j.nima.2006.05.024 . in2p3-00110937

HAL Id: in2p3-00110937
https://hal.in2p3.fr /in2p3-00110937
Submitted on 7 Nov 2006

HAL is a multi-disciplinary open access L’archive ouverte pluridisciplinaire HAL, est

archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

destinée au dépot et a la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche francais ou étrangers, des laboratoires
publics ou privés.


https://hal.in2p3.fr/in2p3-00110937
https://hal.archives-ouvertes.fr

IN2p3-00110937, version 1 - 7 Nov 2006

Assembly and validation of the SSD silicon microstrip detector of

ALICE

M. Bregant ! O. Borysov®¢, L. Bosisio®?, P. Camerini P, G. Contin?, F. Faleschini #,
E. Fragiacomo?®, N. Grion?®, G.-V. Margagliotti ®?, S. Piano?, I. Rachevskaia®, R. Rui ®"

aIstituto Nazionale di Fisica Nucleare (INFN), Sezione di Trieste, Italy
b Dipartimento di Fisica, Universita di Trieste, Italy
Con leave from Bogolyubov Institute, Kiev, Ukraine

A.P. de Haas 4, R. Kluit ¢, P.G. Kuijer ¢¢, G.J.L. Nooren ¢, C.J. Oskamp ¢,
A.N. Sokolov?, A. van den Brink ¢

d Utrecht University, The Netherlands
¢NIKHEF, The Netherlands

F. Agnese!, D. Bonnet !, O. Clausse!, M. Imhofff, C. Kuhnf, F. Littel !, J.R. Lutzf,

S.Plumerif, M.H. Sigward f, C. Wabnitz’, V. Zeter{
f Institut de Recherches Subatomiques-IReS - IN2P38/CNRS Strasbourg, France

M. Oinonen 8, J. Aaltonen®, I. Kassamakovlf., S. Nikkinen®, Z. Radivojevic®?,
H. Seppanen ", M. Osterberg®,

& Helsinki Insititute of Physics, University of Helsinki, Finland
h Blectronics Research Unit, Department of Physical Sciences, University of Helsinki, Finland
i Nokia Reseach Center, Helsinki, Finland

V. Antonova ¥, V. Borshchov*, A. Listratenko*, M. Protsenko ¥, J. Kostyshin ¥,
I. Tymchuk®, G. Zinovjev/,
I Department of High Energy Density Physics, Bogolyubov Institute for Theoretical Physics, National Academy of Sciences

of Ukraine, Kiev, Ukraine
kScientific and Technological Research Institute of Instrument Engeneering, Kharkov, Ukraine.

Abstract

The Silicon Strip Detector (SSD) forms the two outermost layers of the Inner Tracking System (ITS) of ALICE.
The SSD detector consists of 1698 double-sided silicon microstrip modules. The electrical connection between
silicon sensor and the front-end electronics is made via TAB-bonded aluminium-polyimide cables (chip-cables).
The module assembly is challenging because of the module geometry and the use of chip-cables. This article
describes the assembly procedure and the test protocol used.
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1. Introduction

ALICE [1] is one of the four experiments that will
be installed at the Large Hadron Collider (LHC)
at CERN. The ALICE detector has been designed
to operate in the high track density environment
which is typical of relativistic heavy ions physics.
The Inner Tracking System (ITS, [2]) consists of six
layers of silicon detectors: the two innermost layers
are Silicon Pixel Detectors (SPD), the two inter-
mediate layers are Silicon Drift Detectors (SDD)
and finally, the two outermost layers are Silicon
Strip Detectors (SSD). In this paper the SSD de-
tector assembly will be described from the initial
production phase up to the final quality controls
of modules.

2. The SSD detector

The ALICE Silicon Strip Detector is formed by
two concentric cylindrical layers whose radii are
384mm and 434mm, respectively. Each layer is
formed of about one-meter long carbon fibre lad-
ders, which overlap in azimuth. There are a total
of 72 ladders: layer five counts 34 ladders, each
populated with 22 modules, while layer six counts
38 ladders, each populated with 25 modules [3]. In
each ladder, modules overlap along the Z-direction.

A module is composed of a double-sided silicon
microstrip sensor read by two hybrid circuits, each
populated by 6 front-end chips (see fig. 1). The sen-
sor is 300 pm thick and has a 35 mrad stereo angle,
which is obtained by tilting the implanted strips of
7.5mrad on the p-side, and of 27.5 mrad on the n-
side. There are 768 strips on each side with a pitch
of 95 ym. Each hybrid is obtained by connecting 6
HAL25 chips [4,5] to an aluminium-on-polyimide
hybrid circuit (flex), which is supported by a stiff-
ener of carbon fibre. The flex hosts power lines as
well as digital and analog lines needed for driving
and reading the chips. Electrical connections, chip-
to-sensor (128 connections) and chip-to-flex (~55
connections), are made by means of a chip-cable
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Fig. 1. A SSD-module in the so-called flat configuration.
Bottom (Top), a hybrid is connected to the sensor rear
(front) face. The chips do not appear since they are hidden
by the chip-cables.

[6]. A chip-cable consists of a network of 14 um
thick aluminium traces supported by a 10 ym poly-
imide foil. Chip-cables fit in a plastic frame in or-
der to facilitate both their handling and testing.
They are connected via a Tape Automatic Bond-
ing (TAB) technique; that is the traces are directly
bonded to the component pads without any addi-
tional wire. The HAL25 chip has been developed by
LEPSI [7] in a 0.25 pm CMOS technology. HAL25
is 11mm long, 3.8 mm wide and it is as thin as
150 pm in order to minimise the mass of the detec-
tor. HAL25 is a mixed analogue/digital chip, de-
signed to be radiation tolerant, and to stand a wide
range input range of about £ 300,000 electrons.

3. Assembly procedure

The SSD detector consists of 1698 modules.
However, the overall number of SSD modules to
be produced is about 2000 modules (including
spares), which means 4000 hybrids, 24 - 10 chips
and chip-cables connected for a total of ~ 107
TAB-bonds. These large numbers require an effi-
cient assembly procedure and an exhaustive test
protocol. The module production is shared among
three sites: Helsinki, Strasbourg and Trieste.

In order to keep the material budget as low
as possible, the connections are made by using
24 pm  thick aluminium/polyimide chip-cables.
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Fig. 2. The figures sketches the assembly procedure of a hybrid pair on a sensor.

This choice also facilitates the folding of hybrids
on top of the sensor (see fig. 2). However, there
are some drawbacks related to the TAB-bonding
technique. For example, the damaged parts of a
module are difficult to exchange, and the parts to
be assembled must be carefully aligned.

The first assembly step is joining chips to chip-
cables, thus forming tabbed chips. Tabbed chips
are then mounted on a sub-hybrid to make a hy-
brid, and finally two of them are micro-connected
to a sensor. Sub-hybrids are the only parts which
are pre-assembled having SMDs mounted on them.

The amount of pieces to be arranged calls for an
industrial process, which in Trieste is accomplished
in collaboration with a private company [8]. The
Trieste’s approach will hereafter be described. The
parts to be assembled are hosted in separate jigs,
which however can be composed in order to build a

module. The newly formed module is then tested.
All the bonding operations are performed using a
Palomar 6300 bonder, operating at 60 kHz.

The production is organised such as to divide the
complex process of module assembly and testing in
handy sub-processes. The sub-processes are largely
automated to speed-up the production rate; how-
ever a number of operations are manually made by
operators. Two separate sets of jigs have been de-
signed and machined: one is used to connect chip-
cables to chips, the other is for the assembly of hy-
brids and modules. The first of the two sets consists
of two coupled holders (see fig. 3): one hosts a chip
the other hosts a framed chip-cable. Both holders
have mechanical references to roughly align a sin-
gle component, and a vacuum system to keep it
firmly in position. The coupled holders fit in a four
axis (z,y, z,0) aligning system, where an operator
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Fig. 3. Exploded view of the jig used to connect chip-cables
to chips. A chip is initially accomodated in the lower holder
(A) while a chip-cables, in its frame (C), is sandwiched
between the cable holder (B) and the mask (D), which
keeps the cable flat. The whole system is subsequently
aligned by means of a specific tool.

completes the alignment by drifting the chip holder
guided by a microscope. The matching required be-
tween chip-cable pads and chip pads (better than
5 pm) can be achieved in less than a minute. Vac-
uum and mechanical locks keep steadily in posi-
tion the chip and chip-cable holders which can be
removed from the alignment station and stored on
the bonder feeding buffer.

The second set of jigs is formed of a hybrid
holder, an aligning base and two module holders.
The hybrid holder is equipped with seven separate
vacuum lines to keep in position a sub-hybrid and
six tabbed chips. The sub-hybrid position is de-
fined by mechanical references. In the hybrid build-
ing phase, the hybrid holder is placed on the align-
ing base, where also a dummy sensor sits. Mechan-
ical references maintain the sub-hybrid parallel to
the sensor and at the right distance from the sen-
sor pads, while the alignment in the orthogonal
direction is made visually. Once this procedure is
accomplished, the operator glues the six tabbed
chips on the sub-hybrid by using the dummy sen-
sor pads as reference. The alignment is done chip-

by-chip; once achieved, the position is held firmly
by a vacuum system. When all the six tabbed chips
are aligned, the hybrid holder is removed from the
aligning base and then stored to allow the glue to
cure. Finally the holder is shifted to the bonder
for interconnecting the tabbed chips to the sub-
hybrid. In the last phase, two hybrids are mounted
on a sensor in two steps according to the scheme of
fig. 2. In the first step a sensor is accommodated in
the first module holder and a hybrid is connected,
thus forming a half-module. In the next step, the
half-module is initially flipped up side down and
then accommodated on the second module holder
and finally the second hybrid is aligned and inter-
connected. In both steps, the hybrid holders keep
the hybrid face down while mechanical references
maintain the system aligned. Once a fine alignment
is reached, vacuum and mechanical locks hold the
hybrid in position. The system is ultimately shifted
to the bonder feeding buffer.

4. Quality protocol

The quality of each operation is constantly mon-
itored since the final goal is to keep the amount of
defective module channels below 2%. The quality
protocol is applied to all the components:

— sensors are tested at the INFN-Trieste laborato-

ries [9];

— chip wafers are tested on a sample basis before
thinning and dicing;

— sub-hybrids are tested by the producer;

— chip-cables are dimensionally checked using the

optical system described in [10].

The quality of bonds is monitored via visual in-
spection and destructive pull-tests on samples. An
acceptance test is done at each step of the pro-
duction. The large amount of tests needed along
with the necessity to compare the output from the
three production sites call for an automated test.
For this purpose, a so called TestBox and software
were developed [11]. The TestBox is coupled to a
PC, which is equipped with two ADC cards. The
TestBox generates all the signals necessary to test
asingle HAL25 chip as well as the six daisy chained
chips which form a hybrid. Chips are connected to



the TestBox via a “chip-adapter”, a clamshell unit

designed to fit tabbed chips. The hybrids are con-

nected to the TestBox via a pitch adapter. A soft-

ware program, written in LabView, runs a com-

plete series of tests and saves the results in a report

file. The test procedure is articulated as follows:

— the system automatically recognises, via JTAG,
wheter a tabbed chip or a hybrid (or nothing) is
connected;

— the JTAG registers are checked and a boundary
scan is performed;

— the current consumption is checked;

— the pedestal and noise of each input channel are
measured;

— the gain of each channel is tested by using the
chip internal pulser;

— a search for open inputs and short-circuited in-
puts is performed;

— the bad channels are spotted by setting a thresh-
old to the pedestal, noise and gain values.

The full test takes 30 seconds for a chip, and
about a minute for a hybrid. Care must be taken
in selecting the correct thresholds, in order to have
stable and reproducible results.

A distinct test set-up was developed for auto-
matic module testing. The system makes a com-
plete test of a module, which includes an I-V
curve, automatic definition of depletion voltage
and search for open channels, for short-circuited
bonds and for sensor-related defects (broken AC,
etc.). A full test takes about 10 minutes.

5. Conclusions

An assembly procedure and a test protocol have
been set up for the ALICE silicon strip modules.
At present, the production has reached quota 1000
modules. Production yields are > 90% for tabbed
chips (chips are just tested on a sample basis before
dicing), > 95% for hybrids and > 90% for mod-
ules (~ 75% before repairing). The collaboration
between the Istituto Nazionale di Fisica Nucleare
(INFN), Trieste and a private company (MIPOT)
has been successful.
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