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Abstract 

The silicon strip detector (SSD) modules cover the two 
outermost layers of Inner Tracking System of ALICE. The 
SSD collaboration performs the module assembly in 
several locations in Europe. Mass production of the SSD 
modules was launched during autumn 2004 and presently 
all the sites are producing the SSD modules successfully. 
The bonding yield of spTAB interconnections is 
approaching close to 100%. This paper describes the 
assembly phases and bond process development for SSD 
modules, including discussion on the most probable root-
causes of failures and the long-term reliability of the 
interconnections.  

I. INTRODUCTION 

The two outer layers of the Inner Tracking System 
(ITS) of the ALICE experiment [1] at the CERN Large 
Hadron Collider are made of silicon strip detector (SSD) 
modules. Altogether 1698 SSD modules will be installed in 
the ITS during 2006. Due to material budget and 
geometrical reasons bumpless single-point Tape Automated 
Bonding (spTAB) technique [2, 3] has been chosen to join 
the SSD components together. Description of an SSD 
module can be found in previous contributions to this 
proceeding series [3-6]. In total, the 1698 modules contain 
20376 front-end chips with altogether 2.6 million channels 
and over 7 million bonds. 

Since the ALICE experiment will take data for more 
than 10 years the assembly project requires careful process 
tuning for reliable final products. In addition, long-term 

reliability investigations allow for estimating the magnitude 
of the maintenance needs during the ALICE era.  

II. ASSEMBLY PHASES 

The SSD module assembly takes place in four locations 
in Europe: Kharkov/Ukraine, Helsinki/Finland, 
Strasbourg/France and Trieste/Italy. All the Al-polyimide 
flexes [7] are manufactured in Ukraine under supervisory 
of SRTIIE institute in Kharkov [8]. In addition, assembling 
of the so-called subhybrids is made in this institute. The 
three other sites take care of the final SSD module 
assembly and of chips and sensors production. The 
Netherlands group in Utrecht & NIKHEF plays a very 
strong role in the quality controlling of the assembly 
processes.  

All the components are tested before assembly and the 
results are fed in the production database. Assembly 
process is characterized by 4 larger phases (Fig. 1). At first, 
subhybrids – containing passive SMD components on a 
flex - are assembled by using gluing and spTAB technique. 
Secondly, each HAL25 front-end chip is assembled into 
framed chips by spTABbing a so-called chipcable on its 
pads and later the active area of the chip & cable 
combinations is cut out for hybrid assembly. Eventually, 2 
hybrids and, particularly, the input leads of the chipcables 
are bonded on silicon strip sensor. The assembly contains 
large amount of auxiliary operations: compound protection 
of the bonds, electrical testings and protection of sensor 
bonds by gluing. Finally, the geometry of the ITS requires 
the hybrids to be folded on top of the sensor.

 



                          

      

                                          

 

 
Figure 1: Assembly phases of the ALICE SSD module production. 

 

III. SINGLE-POINT TAPE AUTOMATED 
BONDING IN SSD MODULES 

A. Components and interconnections 

In the components used, thin traces made of pure Al on 
a polyimide flex act as conductors. The Al traces can be 
ultrasonically bonded into Al pads on a Si die (chip-to-flex) 
or on another polyimide flex (flex-to-flex) through etched 
openings in the polyimide (Fig 2). Due to the ribbon shape 
and the softness of the Al traces extremely low bonding 
force can be applied for the SSD components (down to 10 
cN). In Table 1 relevant properties of the components are 
given. 

The technique has potential also in the field of 
microelectronics, where extremely thin and bendable dies 
and interconnections are required. So far, TAB 
interconnections have been used, for instance, in smart 
cards, LCD screens and inkjet printers.  

 

 

 

 
Figure 2: 3D image of three spTAB interconnections.  Bonds are 
made through opening etched in the polyimide base. The bond 

tool – when pressing the Al towards the bond pad - leaves a 
specific mark on the lead. The image has been recorded by Laser 

Scanning Microscopy.
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Table 1: Properties of the components used in the SSD modules concerning the ALICE spTAB process. Three chipcable  versions are used per 
module. This explains the number of bonds at the output zone (54 or 57).  

Property Sensor zone  Chip input zone Chip output  zone Subhybrid zone All 

Conductor width (µm) 36 36 36 80  

Conductor thickness (µm) 14 14 14 14  

Polyimide thickness (µm) 12 12 12 12  

Contact pad dimensions (µm) 50 x 220 63 x 120 95 x 95 140 x 720  

Pitch of contact pads (µm) 95 80 125 250  

Bonds / component 1540 128 54 or 57 198  

Amount of components 1698 20376 20376 3396  

Amount of bonds (total) 2.61E+6 2.61E+6 1.12E+6 6.72E+5 7.02E+6 

 

B. Equipment 

Due to need for fast and standardized production 
scheme for the SSD modules, a decision was made to aim 
for fully automated ultrasonic (US) bonding process. Both 
university laboratories performing the assembly – Helsinki 
and Strasbourg – have chosen a similar bonder for this 
purpose: F & K Delvotec 6400. Main reason for the 
selection was the need to maintain very precise alignment – 

within few µm - between the components during the bond 
process. The movable bondhead in the bonder serves this 
purpose very well since the component location is fixed. In 
addition, the bonder is capable of performing bonds with 
low force - around 10-15 cN. All bonders operate with 60 
kHz ultrasonic frequency. In addition, a semiautomatic 
bonder Kulicke & Soffa 4523AD featuring a 60 kHz 
ultrasound generator is used in Helsinki for bonding the 
tabbed HAL25 chips into subhybrid flexes.  
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Figure 3: Examples of the typical results of the bond pull tests. Left: Bond pull strengths for chip bonds as a function of US power and with 

two typical “Programmed deformation” machine parameters (F & K Delvotec 6400). Right: Bond pull strength surface for hybrid bonds (K & 
S 4523AD). BF = bond force, USP = ultrasonic power, pull force = bond pull strength in gf.   

 

IV. BOND QUALITY ASSURANCE 

A. Pull tests 

Typical results obtained via the manual, gramometer-
made, pull tests for chip bonds are shown in Fig. 3 (left). The 
plot as a function of US power was obtained with F & K 

Delvotec and with two preset deformation requirement of the 
Al trace by using bond force = 10 g (machine units) and US 
time 10 – 90 ms (US power stopped when the required 
deformation was reached). Each point is a result of 4 
individual bonds. 

Bond process parameters for chip and hybrid bonds have 
also been cross-checked with the Labview-controlled pull 
tester described in ref. [9]. The right plot in Fig. 3 shows the 



results of bonds on subhybrid zone made with K & S 4123 
AD bonder [10]. The US time was selected to be 3.5 machine 
units (~65 ms) and the bond force and US power was varied. 
Maximum bond pull strength until failure of about 15 gf (1 
grams-force = 1 cN) was obtained and high quality bonds 
with ~12 gf strength were obtained within fairly wide bond 
process window – a typical feature of 60 kHz bonding 
machines.    

Both methods give consistent results: typically the bond 
pull strength for a high quality bond reached 6 - 9 gf for bonds 
on chip/sensor and 12 - 15 gf for bonds on subhybrid zone. 
The larger bond pull strengths for the bonds on the subhybrid 
zone compared to chip/sensor bonds can be explained by 
larger width of the Al traces.  

B. Bond breaking mechanisms and strengths 

Nondestructive Scanning White-Light Interferometer 
(SWLI) [11] has been used to study bond breaking 
mechanisms and correlation between bond pull strength and 
bond height (Fig. 4). The results have been plotted in Fig. 5 
for chipcable input bonds onto chip [9]. 

 

 

   
Figure 4: Left: SWLI scan of a bond. Right: profile of the bond along 
the line indicated in the left scan. The bond height can be measured 

between a) the lowest point of the bond and b) the bond pad. 
 

Heel break type of bond failure occurs when the bond 
interface holds larger pull force than the wire/trace. This leads 
to breaking of the wire/trace under pulling, usually from the 
deformed interface between the bonded and the untouched 
material.  In Fig. 5, these are shown as open circles. Under 
excess of bond force or US power, heel breaks are 
characterized by low pull strengths and low bond heights. On 
the other hand, too low bond parameters induce too weak or 
even unattached bonds leaving the trace partially or 
completely lifted off from the bond pad. Under pull force test 
such a bond shows also small strength. This behavior 
corresponds to lift-off cases with small bond pull strength but 
large bond height in Fig. 5 (closed circles).  

Maximum pull strength of about 8 gf was obtained with 
bond heights of 3 µm. Taking 6 gf as acceptance limit for a 
high quality bond, “pass height” for a chipcable input bond is 
about 3 ± 1 µm. The error bars given can be understood based 
on the above discussion: beyond the error limits the above-
described effects are more pronounced. The region of 
maximum pull strength is characterized by mixture of both 
lift-offs and heel breaks partly also due to difficulties to 
distinguish one from another type. Particularly, in these bonds 
a large part of Al trace is left attached on the pad after peeling 

the cable off. This seems to be a characteristic feature for a 
high quality spTAB interconnection within our application.  
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Figure 5: Bond height measured with the SWLI technique versus the 

measured bond pull strength for chipcable input bonds [9]. 

Due to the low bonding forces applied the spTAB 
technique is very sensitive to pad/lead contaminations. In 
addition, the bonding quality has been observed to be very 
sensitive to variations in the chipcable geometry: flatness and 
bonding window sizes. During the mass production 
practically all of the observed bonding failures seem to be lift-
off type and induced by contaminations or cable geometry. 
For the sole industrial production site in Trieste, precautions 
for these are taken by using optical scanning of the 
microcables [12].  

C. Electrical tests 

Electrical functionality test for front-end chips [13] 
provides indirect information on the bond quality. However, 
one chiptest takes 30 s of time and for bond quality 
confirmation during mass production this is too much. 
Therefore, a special setup was prepared at IReS, Strasbourg 
for all the production sites, relying on the test of the 
protection diodes functionality in the front-end chips to check 
the electrical connections. This allows immediate testing of 
the connections to the bonded chip within <5 seconds.  

Fig. 6 shows the yields of individual chip bonds during the 
mass production sessions in Helsinki. These results were 
obtained via the diode tests immediately after the first go with 
the automatic bonding machine. Average yield for individual 
bonds – defined as (Bonds - Bond failures)/Bonds * 100 % - 
reached 99.74 %. The dip during March-May 2005 – with 
only 92 % bonding yield - was related to a new production 
facility starting up its chipcable manufacturing. The same 
problems were observed also in other bonding centers and the 
origin was revealed to be partly contamination and partly too 
narrow openings in the cables. The TAB technique allows for 
correcting the bonding failures fairly easily: correction 
efficiencies of >80% can be easily reached but depending on 
the failure root cause. Low force and US power applied in this 
gentle process can most likely remove only brittle Al2O3 



layers always present on the Al surfaces, but not likely the 
other contaminants.  

Similar yields have been observed in other assembling 
sites in Strasbourg and Trieste, as well. Based on these results,  

one can conclude the whole ALICE SSD collaboration has 
tuned the automatic bonding processes well enough to be able 
to produce high quality spTAB interconnections. 
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Figure 6: Bonding yield determined using diode tests along with the mass production phase in Helsinki for chip bonds. Each dot corresponds 
to 10 - 90 chips. The empty gaps between the sessions have been used mostly to produce the full modules with the same bonding machine.   

 

D. Long-term reliability tests via thermal cycling 

Long-term reliability of the spTAB interconnections and 
assemblies has been studied with thermal cycling chambers at 
SRTIIE / Kharkov, in the Finnish Meteorological Institute 
(FMI) / Helsinki and at the Helsinki Institute of Physics 
(HIP). The method described in [14] was used to estimate the 
time-to-first-failure (TTFF) for the bonds and assemblies. The 
results are given in Table 2. 

In general, the interconnection failures on compound-
protected framed chips under thermal cycles were noticed to 
commence always from the end of the bond row and 
successively proceed towards the center. This observation 
indicates thermal stresses to be responsible for these failures 
since the thermal expansion-based stresses are the largest at 
this position. The behavior is well known in the 
microelectronics industry [15].  

The Coffin-Manson exponent m is an experimental 
quantity that defines the acceleration factor (AF) for failures 
by the relation AF = (∆Ttest/∆Tpract)

m [13]. For Al-Al wire 
bonds, this has been determined to be m = 3.5 under thermal 
cycling [16, see also 14]. In the case of framed chips it was 
noticed that the only failures induced by cycling are the bond 
failures. Therefore, before more detailed experimental 
information on m is available, we adopt the value m = 3.5 for 
the TTFF estimation for both bonds and framed chips.  

Table 2: Results of the long-term reliability studies of the ALICE 
assemblies. The estimates have been obtained requesting 60% 

confidence level (TTFF = time-to-first-failure). 

 Chip 
bonds 

Framed 
chips 

Subhybrids Subhybrids 

test location FMI/ 

HIP 

FMI/ 

HIP 

SRTIIE HIP 

samples 4732 26 2 6 

∆Ttest (°C) 100 100 160 65 

Ncycles >782 >782 >150 >389 

m 3.5 3.5 2 2 

TTFF(years) >> 20 >> 20 > 9.6 > 12.3 

 

Analysis can also be performed for subhybrids. The 
analysis of the results is more challenging due to lack of 
complete knowledge of the failure modes to determine the 
applicable Coffin-Manson exponent. The exponent has been 
estimated to be 3-5 for hard metals and 6-9 for brittle 
materials whereas soft metals like solders, the value is 1-3 
[14]. For conservative lifetime estimate for the flexible 
subhybrids we adopt the value m = 2.         

The chip bonds and chips will most likely last the whole 
ALICE running period. However, during the tests it was also 
noticed that bonds with smaller pull strength will fail earlier. 



Two experiments on subhybrids show more or less consistent 
results: over ~10 year lifetime. The analysis for hybrids and 
full SSD modules is presently under way although - as much 
more complicated objects - identifying of their failure modes 
is much more challenging task.  Also, it should be noted that 
experimental information on the Coffin-Manson exponents 
for all the observed failure modes would be desirable. 
Therefore, reliability studies as a function of applied stress 
would be needed. 

V. STATUS OF THE ALICE SSD MODULE 
ASSEMBLY 

Until the end of July 2005, altogether 13600 framed chips, 
1600 hybrids and 420 modules have been produced in three 
sites summing up to 3.45 million bonds. Auxiliary operations 
like complete testing and folding of the modules have been 
taken in use in all the sites during summer 2005. Installation 
of the SSD modules in ladders is foreseen to start during 
autumn 2005.  

All these operations challenge the quality of the SSD 
module interconnections. By careful investigations on the 
interconnection quality of the components the collaboration 
paves the way for successful operations with the complete 
Inner Tracking System of ALICE and for future maintenance 
tasks.  
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