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Abstract. Lead-free Biz5SmgssTi3012 (BSmT) thin films were grown on Pt/Ti0,/Si0,/Si(100)
substrates using the method of metal-organic sol decomposition. The BSmT film capacitor with a top
Pt electrode showed significantly improved values of the remanent polarization (2P;) and the
nonvolatile charge as compared to those of the Bis.LacTi30,2 (BLT; x=0.75) film capacitor, recently
known as the most promising candidate for nonvolatile memories. 2P; value of the BSmT capacitor
was 52 pC/em” at an applied voltage of 12 V while the net nonvolatile switching charge was as high as
20 pC/em® and remained essentially constant up to 4.5x10' read/write switching cycles at a
frequency of 1 MHz. In addition to these, the capacitor demonstrated excellent charge-retention
characteristics with its sensing margin of 17 uC/cm2 and a strong resistance against the imprinting
failure.

Introduction

There have been extensive research efforts to enhance the reliability of perovskite-based ferroelectric
thin films for use in nonvolatile ferroelectric random access memory (NVFRAM) devices. Among
these ferroelectrics, lead zirconate titanate (PZT) is known to be the most important candidate for
NvFRAM applications. However, it shows a serious degradation of ferroelectric properties after
being subjected to ~107 read/write switching cycles. Although the fatigue problem of PZT-based
capacitors can be solved by using metal oxide electrodes, these electrodes are difficult to be prepared
and increase leakage current [1,2]. Also, the PZT-based oxides can cause an environmental problems
related to lead-containing oxide. Some lead-free perovskites such as strontium bismuth tantalate
(SrBi;Ta;09, SBT) and lanthanum-modified bismuth titanate (BizasLag 751302, BLT) showed
superior fatigue resistances as compared to Pt/PZT/Pt capacitors [3-5].

As one of the lead-free ferroelectrics, the BLT film is of particular interest. This is not only
because it can be crystallized at low processing temperatures possibly below 650°C, which is
compatible with Si-based IC technology, but also because it shows larger spontaneous polarizations
than those of SBT-based films. However, the BLT film prepared by the PLD method was
characterized by a mixed orientation of gramns |5,6]. The mixed orientation tends to increase
bit-to-bit variability in a capacitor for high-density ferroelectric memory devices [6]. More recently,
highly c-axis oriented BLT films having fatigue-free characteristics were grown on
Pt/Ti/Si0~/Si(100) substrates using metal-organic sol decomposition {7]. The highly c-axis oriented
capacitor showed a well-saturated polarization-electric field (P-E) switching curve with its remanent
polarization (2P;) of 27 pC/em? at an applied voltage of 10 V [7]. Notwithstanding the fatigue-free
characteristics, the 2P, value (or more relevantly, the nonvolatile switching charge) of the highly
oriented BLT film needs to be substantially improved to ensure the reliability of devices (i.e.,
sufficient sensing margin) and to apply the capacitor to high-density NVFRAM.

According to the proposition made by Park and co-workers [5], the fatigue-free behavior of BLT
can be attributed to the enhanced stability of oxygen in the Ti-O octahedron layer, which is caused by
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the substitution of lanthanum for bismuth located at near the Ti-O octahedron layer. Accepting this
proposition, one does expect that the substitution of a stable trivalent cation will enhance the fatigue
resistance provided that it stabilizes the oxygen in the octahedron layer and its ionic size is similar to
that of bismuth having a high-volatility. In addition to this expectation, one could further control the
component of the spontaneous polarization parallel to the c-direction by suitably aligning the texture
of a given film. We indeed found that the direction and the magnitude of 2P, of highly c-axis oriented
bismuth titanate-based films were very susceptible to the substitution of lanthanides for bismuth
[8-10] : 2P; parallel to the c-axis increased from 4~5 puC/em? for BisTiz0y; to 26~28 nClem? for
BiszsLag 75Ti3012.  Thus, one would expect to obtain bismuth titanate-based thin films having both
fatigue-resistance characteristics and large remanent polarizations by suitably substituting stable
trivalent ions for volatile bismuth ions that tend to destabilize the oxygen ions located at the Ti-O
octahedron layer.

In selecting appropriate trivalent cationic species for this purpose, one has to consider various
physicochemical factors. Among these, the following three factors seem to be most appropriate : (i)
the stability of perovskite phase, (ii) the ionic radius, and (iii) the Curie-Weiss temperature. Among
rare-earth lanthanides, samarium (Sm) seems to satisfy all of the three criteria. Its ionic radius of
1.00A in the Ahrens’ scale is compatible with that of Bi (0.93 A) [11]. The Curie-Weiss temperature
of Bi; 158mogsTi3012 is estimated to be 470°C, which is high enough to be used in ferroelectric
memory devices that require a stability of polarization switching against thermal agitation [11]. In
view of these, the main purpose of the present study is to develop highly c-axis oriented Sm-modified
bismuth titanate (BSmT) films having fatigue-free characteristics as well as improved remananent
polarizations along the unique c-direction.

Results and Discussion

The BSmT films were fabricated on Pt/Ti0,/SiO,/Si(100) substrates using the method of
metal-organic sol decomposition (MOSD). The precursor sol for the coating was prepared by
dissolving appropriate amounts of bismuth acetate [Bi(CH;COO);], samarium acetate hydrate
[(Sm(CH;CO0);-2H,0], and titanium isopropoxide {Ti[(CH3),CHO]s} in acetic acid solution at
room temperature in a glove box being flushed with nitrogen gas. The dried amorphous films were
crystallized by thermal annealing in oxygen ambient at various temperatures ranging between 400 and
680°C for 1 h.

As-annealed films were specular, crack-free, dense, and adhered well on the substrates used.
Microstructural examination using a field-emission scanning electron microscope (FE-SEM) showed
only fine-sized, uniform grains in the films. The chemical composition of the BSmT film was
determined using energy dispersive x-ray and electron microprobe techniques. The stoichiometry of
the BSmT film annealed at 680°C was Bi:Sm:Ti=3.15:0.85:3. In order to fabricate capacitors, top Pt
clectrodes were deposited using a rf magnetron sputter. A typical area of the top electrode was 10™
cm’. The ferroelectric and dielectric measurements were performed on the BSmT capacitors using a
RT6000S ferroelectric tester and a HP4194A impedance analyzer equipped with a micrometer probe
station.

Figure 1 shows the XRD 6-26 scan results of the BSmT films annealed at various indicated
temperatures for 1 h. All the XRD patterns of the BSmT films could be identified and indexed using
the XRD data of the perovskite BisTi30;2 (BT) phase complied in the JCPDS card. This indicates that
the BSmT maintains a psudo-tetragonal-layered structure similar to the perovskite BT even under
extensive modifications by samarium. The most prominent feature of the XRD patterns in Fig. 1 is
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Fig. 1 Out-of-plane and in-plane orientation of BSmT films grown on Pt/T10,/S10,/S1(100)
substrates : XRD 6—20 scan results of the BSmT films annealed at various indicated temperatures
ranging between 400 and 680°C for 1 h.

that the BSmT film annealed at 680°C shows a highly c-axis oriented preferential growth with a
minor fraction of (117) orientation. The degree of the (00/)-type preferential growth, as estimated
using Lotgering’s orientation factor [12], is 96 % for the film annealed at 680°C. Four XRD patterns,
separated one from another by 90°, should appear in the result of ¢ scan provided that the tetragonal
BSmT film with c-axis orientation has a homogeneous in-plane orientation.

Figure 2 represents hysteresis loops of the capacitor measured with various applied voltages
ranging between 3 V and 12 V. The film was annealed at 680°C for 1 h and its thickness, as estimated
using cross-sectional FE-SEM, was 280 nm. The values of 2P, and E. increase steeply as the voltage
increases from 3 V to 10 V. However, the values of those do not change much over the voltage of 10
V. This means that the capacitor is saturated at the voltage over 10 V. The 2P, value of the capacitor is
52 uC/cm2 at an applied voltage of 12 V. This value is significantly higher than 2P, of 27 uC/cm2 for
the highly c-axis oriented Bi; 25Lag 75Ti301» capacitor, recently reported as a fatigue-free ferroelectric
capacitor [7]. The coercive field (E¢) of the BSmT capacitor is in the vicinity of 100 kV/cm at an
applied voltage of 10 V, which is within the allowed limit for practical applications to NVFRAM
devices. More importantly, these values, i.e., 2P, and E., were constant throughout the whole area of
the film (with an electrode area of 10" ¢m?), which presumably resulted from the homogeneity of the
grain orientation in the present MOSD-derived film. These features of the ferroelectric properties can
possibly remove the problems associated with the bit-to-bit variability in a film capacitor for
high-density NvFRAM applications.

The relative dielectric permittivity [¢'(w)] and the dissipation factor [€"(®)/e'(w) = tand] of the
capacitor were measured at 25°C as a function of frequency. As shown in Fig. 3, the relative
permittivity and the dissipation factor are 387 and 0.054 at a frequency of 1 MHz, respectively. These
values are comparable to those of PZT, SBT, and BLT capacitors [3,5,15]. Although the dielectric
permittivity decreases steadily with increasing frequency, there is no sudden change in its value up to
1 MHz. The dielectric loss (tan8) improves slightly but shows little change with increasing frequency
up to 1 MHz. All these indicate that the observed P-E hysteresis behavior of the BSmT capacitor is
originated from the ferroelectric polarization switching of bound charges, not from the response of
freely moving charges.
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Fig. 2 Hysteresis loops of the capacitor measured with various applied voltages ranging between 3 V

and 12 V. The corresponding film was thermally annealed at 680°C for 1 h. The size of the top Pt

electrode was 107 cm?,
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Fig. 3 The relative dielectric permittivity and the dissipation factor of the Pt/BSmT/Pt capacitor as a
function of frequency. The corresponding film was thermally annealed at 680°C for 1 h.

The fatigue-free characteristics of the BSmT capacitor are summarized in Fig. 4. The capacitor
shows little change both in the switching polarization (P ) and in the non-switching polarization (Pys)
up to 4.5x10" read/write cycles. The values of the nonvolatile charge [i.e., (+Pgy)—=(+Ppns) or
(=Psw)—(=Pyns)] are approximately 20 puC/cm’, and these values remain essentially constant
throughout the switching cycles. The P-E curves of Fig. 4(a) were obtained at an applied voltage of 5
V before and after the electrical fatigue test using a fatigue voltage of 3 V. The values of 2P, and E,
before the fatigue test were 27 uC/cm? and 79 kV/em, respectively, at an applied voltage of 5 V. After
being subjected to 4.5x10' cycles, these were still retained at 25 pC/cm® and 76 kV/cm. Besides, the
P-E curves do not show any noticeable asymmetric behavior resulting in imprint failures, even after
being subjected to 4.5x10' switching cycles.

The charge-retention characteristics of the BSmT capacitor are summarized in Fig. 5 by plotting
the switching polarization (+Psy) and the non-switciing polarization (£Py) as a function of relaxation
time. The sensing margin, as defined by Ppy = (+Pgy) — (£Pys), of the capacitor was 17 p.C/cm2 and
remained essentially constant up to 10* sec after applying a writing pulse, demonstrating an excellent
charge-retaining ability of the BSmT capacitor. Compared with the reported sensing margin of a
highly c-axis oriented SBT capacitor (6 pnC/cm?) and that of a SrBiy(Ta,Nb),0y capacitor (11 uClem?),
this is a substantial improvement [14,15]. In addition to this, |- P\,w| was essentially the same as +Py,,
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and +Pys.

throughout the relaxation (retaining) time, and the same trend was also observed for l— P,

This indicates that the BSmT capacitor has a strong resistance against the imprinting failure.

P (uClecm?)®] (a
200 .1 J 100 200
> E (kV/cm)
O:1cycle
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Fig. 4 Electrical fatigue characteristics of the Pt/BSmT/Pt capacitor before and after being subjected
to 4.5x10'" read/write cycles at a frequency of 1 MHz : (a) P-E hysteresis loops measured at an
applied voltage of 5 V before and after the switching cycle, and (b) the fatigue test results determined
using a fatigue voltage of 3 V, and a measuring voltage of 5V at a frequency of 1 MHz.
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Fig. 5 Charge-retention characteristics of the Pt/BSmT/Pt capacitor at 85°C plotted as a function of
time after the application of a writing pulse.
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Summary

In conclusion, the fatigue-free Bis ;sSmg gsTi3012 (BSmT) thin films characterized by a preferential
c-axis orientation were successfully grown on Pt/Ti0»/Si0,/Si(100) substrates for the first time. The
BSmT capacitor fabricated using a top Pt electrode showed well-saturated P-E curves with the
remanent polarization (2P;) of 52 uC/em? at an applied voltage of 12 V. More importantly, the
capacitor did not show any significant fatigue up to 4.5x10" switching cycles at a frequency of 1
MHz. In addition to these, the capacitor demonstrated excellent charge-retention characteristics with
a resistance against the imprinting failure.
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Abstract. The effects of the fourth elements, i.e., Ni and Co, on microstrudeamtures of
Sn-3wt%Ag-0.5wt%Cu lead-free solder and Cu joints were investigahedlinterfacial phases of
Sn-3Ag-0.5Cu/Cu joints are typical §3n; scallops. Sn-3Ag-0.5Cu (-0.1wt%X;XNi and Co)/Cu
joints form very fine Sn-Cu-Ni and Sn-Cu-Co scallops at interfibe. growth kinetics of total
ternary compound layers was examined. The apparent activation sreg§ie Cu-Ni and Sn-Cu-Co
layers were 64 and 112 kJ/mol, respectively.

Introduction

Among various lead-free alloys that have been proposed and have beemeelxiaansively in the
past decade, Sn-Ag-Cu ternary alloy takes a major part andastl lead-free solder in industries.
There are, however, other requirements from the formation of sddititirc cracks, cavities or the
lift-off phenomenon [1]. Such solidification defects are formed by ipedl time difference in
solidification and by large undercooling. Further alloying of fourth eleisi to Sn-Ag-Cu can
improve microstructure, for instances, by being nucleation siteslfdifieation resulting in uniform
solidification without defects. In a previous study [2], we reportecetfexts of small addition of
fourth elements such as Fe, Ni, Co, Mn and Ti on microstructural pexenndercooling, and
tensile properties in Sn-3wt%Ag-0.5wt%Cu ternary alldfie effective elements for improving
solderability are Ni and Co. Thus, Ni and Co were selected asditoying additives. The purpose of
the present work was to characterize the interfacial readtetmgeen the Sn-3Ag-0.5Cu (-0.1wt%X;
X = Ni and Co) and Cu substrate during the reflow process, and to ineghgareaction layer
growth kinetics during thermal aging.

Experimental Procedure

The fourth alloying elements examined were Ni and Co. The amount added wilaat fix& wt% for
all alloys. Hereatfter, those alloys are simply called SAC-0.1Ni and@ACo. Sn-3Ag-0.5Cu alloy
ingots were melted at 80T for two hours in a vacuum with the fourth alloying elements and
guenched with water. The alloys were re-melted at°80for 1 hour in a crucible and cast into steel
mould. The cooling rate of the final ingots was abof8C8&, equivalent to the practical soldering
conditions adopted in industries.

The alloy ingots were cold-rolled and were punched to sheets pifrilicknessc 3mm diameter.
The Cu plate was used as the substrate. Cu is the most widdhybase metal for component
metallization pads, PWB pads and lead frames. The solder sheetplaged on the substrate and
they were reflowed at 26Q in air with the aid of RA type flux. They were cooled at 0@8s. All
joining samples were aged for 100, 500, 750, 1000 hours at 125, 135, 150 &ad E@D
microstructure observation, the specimens were polished withy®0B8I1,0; powders and were
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etched with 5%HCI-95%#£E1s0H solution. The microstructure of the alloys was observed primarily
by optical microscope (OM) and scanning electron microscope (SHM)elemental distribution
was evaluated by using energy dispersive X-ray analysis (EDX) aglédiyon probe microanalysis
(EPMA).

Result and Discussion

Joining microstructure

Typical interfaces of various Sn-3Ag-0.5Cu (-0.1X;=XNi and Co) alloy/Cu joints after reflow
treatment are shown in Fig. 1. The reaction layer formed betwieefn-3Ag-0.5Cu and Cu is the
scallop type Cgbrs phase that is about 16n in thickness. On the other hand, the reaction layers of
the SAC-0.1Ni and SAC-0.1Co joints with Cu are relatively thin anddladut 23 um), compared

to the Sn-3Ag-0.5Cu alloy, as shown in Fig. 1(b, c). Fig. 2 shows the three-dimamaprphology

of reaction layer for the Sn-3Ag-0.5Cu, SAC-0.1Ni, and SAC-0.1Co/Cu jdtetsdeep etching. The
scallops of SAC-0.1Ni and SAC-0.1Co are very fine comparing with Sn-3Ag-0.5Cu.

A

$n-Cui-Ca layer | '+
SBavwaigle

Fig. 1 SEM images of various Sn-3Ag-0.5Cu(-X)/Cu joints: (a) Sn-8Ag:u; (b) SAC-0.1Ni; (c)
SAC-0.1Co.

From EDX analysis, the composition of the Sn-Cu-Ni compound corresponds(@uthgi)Srs
phase. This phase is also observed for the Sn-Ag-Cu/Ni solder jom}.ef@al. reported that the (Cu,
Ni)eSns phase can be formed by substituting Ni for Cu atom in binary compounds with Sn [3]. Thus,
adding small amounts of Co and Ni can control the thickness of retetemand the Cu flux from
the Cu substrate to the solder. These fine ternary reactiors lplgsr an important role in thermal

aging.

Fig. 2 SEM micrographs showing the top view of various scallopSn&Ag-0.5Cu, (b) SAC-0.1Ni
and (c) SAC-0.1Co.

Growth kinetics of ternary compound

To investigate the reaction layer growth kinetics in SAC-0.1Ni 8A€-0.1Co solder joints, the
growth of the total reaction layer during thermal aging at 125, 135, 150 ar’€ 1ifOto 1000 h was
examined. The reaction layer growth in Sn-Pb solder/Cu jointsniergiéy assumed to occur by
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diffusion. The experimental time exponent is near 0.5 [4,5]. The diffusttig of the reaction layer
was represented by the following equation:

W = kt'/? 1) (

where W is the thickness of the reaction layer, k is a growth rate constant, andags¢heme.
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Fig. 3 Total thickness vs-%for the growth of the total reaction layer.

The total thickness of the reaction layer in SAC-0.1Ni and SAC-0diBtsjas a function of t is
shown in Fig. 3. The growth ratesskat various temperatures were determined by least squace fitt
from linear lines. The growth behaviors of Sn-Cu-Ni and Sn-Cu-Codadicate similar tendency
from 125 to 150C. At 170°C, however, k of Sn-Cu-Co layer is larger than that of Sn-Cu-Nrlay
Figure 4 shows the element mapping of interface in SAC-0.1Ni/Cu AGdOSLCo/Cu joints after
aging at 170C for 500 hours. After long-term and high temperature aging, Ni andeCtihpresent
in reaction layer, respectively, but the distribution featureguite different. The Ni compounds are
mainly distributed at interface betweensSno and CgSrs continuously, as the aspect of short-term
aging. However, the Co compounds are dispersed as patrticle for atethef reaction layer. This
dispersion observed only 17Q aging. Thus, Co compounds do not affect the reaction layer growth
at 170°C aging.

Fig. 4 EPMA X-ray images of (a) SAC-0.1Ni/Cu and (b) SAC-0.1Co/Cu joint at 170 °C for 500 h.
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The Arrhenius plots of%for various solder joints are shown in Fig. 5. The apparent activation
energy was determined from a linear regression fit showgyirbFiThe linear lines in Fig. 5 can be
expressed by the following equations

k?=1.09x 10° exp (-112 kdmol*/ RT),

for SAC-0.1Co/Cu joint,

k?=8.58x 10%° exp (-64 kdnol*/ RT),

for SAC-0.1Ni/Cu joint, respectively, wheré€ ks the square of growth rate constant, R is the
universal gas constant and T is the temperature. Lee, et aledtfiat the apparent activation energy
of total Sn-Cu reaction layer growth in Sn-3.8Ag-0.75Cu/Cu joint was G#dkJand of total
Sn-Cu-Ni reaction layer growth in Sn-3.8Ag-0.75Cu/Ni-P joint was 70 &J[6). The activation
energy value of Sn-Cu-Co layer growth in SAC-0.1Co/Cu joint is fdhgan that of Sn-Cu-Ni layer
growth in SAC-0.1Ni/Cu joint and Sn-Ag-Cu ternary solder joints, as shown in Fig. 5.

350 H SAC-0.1Co/Cu
® SAC-0.1Ni/Cu
/A Sn-3.5Ag-0.75Cu/Cu
¢ Sn-3.5Ag-0.75Cu/Ni-P
o 40 4
n ‘
N &
e <&
~~
N
< AN
£ &
45 ’ _
&
L L

L L L L L L L
22 24 26 28 30 32
Temperature, T-1/10-3-K1

Fig. 5 Apparent activation energy analysis of the SAC-0.1Ni/Cu and SAC-0.1Co/Cu.syste

Some of the works reported that the degradation of the joining medhanigeerties was
significantly influenced by growth of reaction layer in lead-fezdders with various substrates
[4,7-10]. The growth of the reaction layer resulted in degradation ojothimg strength. In the
present work, the thickness of the Sn-Cu-Ni and Sn-Cu-Co scallopssiesifeam 3 to fum, and the
thickness of the G&$ns; scallops increases from 10 to @& during thermal aging at 12% up to
1000h. Thus, the addition of Ni and Co in Sn-3Ag-0.5Cu alloy affects the suppresghe reaction
layer growth and, consequently, joining mechanical properties can be improved
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Summary

In the present work, the effects of fourth element additions to S@tAgolder alloy were
investigated by microstructure analysis. And, the kinetics of thentbrof the reaction layer in
SAC-0.1Ni and SAC-0.1Co/Cu joints was determined. The results are summarizdadves fol

¢ The interfacial layers with a Cu substrate consist of Sn-Garppcompounds for Sn-3Ag-0.5Cu
alloy, and of ternary compounds such as Sn-Cu-Ni and Sn-Cu-Co for SACehdNSAC-0.1Co
alloys, respectively.

e The Sn-Cu-Ni and Sn-Cu-Co layers grow according to the parabuoljcni@aning that the
growth mechanism was diffusion reaction process.

e From the time and temperature dependence of Sn-Cu-Ni and Sn-Cue@anr&gyer thickness,
the apparent activation energies are measured to be 64 and 112 kJ/mol, respectively.
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Abstract. We developed highly precise self-aignment process using resin materials for next
generation microelectromechanical systems (MEMS), micro-opto-electro-mechanical systems
(MOEMYS) and optoel ectronic multichip modules (OE-MCMs) applications. Although liquid resins
have a characteristic as low as one tenth of the surface tension of solder in general, self-alignment
capability could be achieved by using 3-D pads for positioning boundary. In this research, we propose
the novel passive aignment mechanism in order to enhance understanding of alignment motion.
Moreover, theinfluence of viscosity on alignment motion and alignment accuracy is demonstrated by
scaled-up experiment. We could achieve highly precise alignment accuracy less than 0.4 um.

Introduction

In recent years, with the increase in demands for globa environmental conservation, green or
environment-friendly materials are being actively developed. From these environmental points of
view, two different classes of materials have been actively studied for alternatives to Pb containing
solders in electronic industries. One is Pb-free solders [1] and the other is electrically conductive
adhesives (ECAS) [2]. Especidlly, along the advances of micro fabrication, the polymeric electronic
packaging using resin materials include ECAs has been actively investigated as a key technology for
future microel ectromechanical systems (MEMS), micro-opto-electro-mechanical systems (MOEMS)
[3], and optoelectronic multichip modules (OE-MCMs) [4] applications because of their potential
advantages of low process temperature including low thermal stress during the process, fine pitch
capability, and compatibility with non-solderable ones, etc.[5,6], besides the environmental issue. In
spite of these potential advantages, unfortunately it still has been known that the resin materials do not
have self-alignment capability due to their low surface tensions [7,8]. Because of this critical
drawback, few researches have been carried out [9].

SQppIyi ng liquid Contact Wetting and spreading Self-alignment

Fig. 1 Resin self-alignment process using liquid surface tension.
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In this paper, a novel self-alignment process is presented using liquid resin with low surface
tension. Fundamental concept for achieving the self-alignment capability and principle are described.
In addition, the effect of the viscosity of liquid resin on the self-alignment capability includes aligning
motion and alignment accuracy was demonstrated by the scaled-up experiment.

Novel Resin Self-Alignment Process

In conventional solder self-alignment process [10], the chip is self-aligned by restoring forces
produced by the molten solder constrained in the pads without spreading outward beyond the
positioning boundary between metallized pad and non wettable dielectric material. However, as the
materials with low surface tension such as resin materials have a good wetting and spreading
characteristics on the surface of both metal and resin, it has been known that it isimpossible to obtain
the self-alignment capability with them. In previous work [11-13], we could achieve the
self-alignment capability evenif it usesresin materialswith low surface tension by the making the pad
3-dimensiona configuration for positioning boundary. Figure 1 shows the proposed novel
self-alignment process. This process appears as follows:

(@) Supply theliquid resin on 3-D pads of chip part or substrate.

(b) Bring the pre-aligned substrate into contact with the chip part.

(c) Pull up the chip part, it start to move toward the predetermined position.

(d) Sdf-alignment is completed.

As the chip part is mounted upward, a possibility for liquid resin to spread outward beyond pad
edge, and a more stable alignment can be achieved contrast to the earlier processes include the
conventional one.

Experimental Procedure

The interconnection material used in this study was phenoxy resin supplied by Matsusita Electric
Industrial Co. Material properties of resin materials diluted with BCA (Butyl Carbitol Acetate) were
shown in Table 1. The surface tension and viscosity values were determined by pendant drop method
and spiral viscometer (PC-1TL: Macom Co.) respectively. The size of the test vehicle was 16 mm
x 16 mm x 0.23 mm. Test vehicles have 2 x 2 area array distributed 3-D bond pads with radius of 3
mm and thickness of 1 mm.

Table 1. Materia properties of phenoxy resin as afunction of content of BCA.

Material Thinner Viscosity Speci_fic Surface Tension
[Vol.%] [Pas] gravity at 25°C[Pas]
0 27.57 1.04 0.0236
Phenoxy 5 16.50 1.03 0.0231
resin 10 11.94 1.02 0.0240
20 7.08 1.01 0.0227
25 4.55 1.01 0.0231

Since the surface state of the pad affects the wetting property of liquid resin on the pad, we
performed surface treatment, followed by polishing and degreasing. Moreover, the relative accuracy
between the chip part and the substrate was measured because it isimpossible to measure absolute
alignment accuracy of the chip part. Once the chip part was self-aligned as previously mentioned in
Fig. 1, apply specified misalignment level (1 ~ 100 um) with movable misalignment fixture. The chip
part was released and the relative motion of the chip part and the alignment accuracy were measured



