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Abstract

Die thickness of common, high-volume chip stacksggeabetween 50-100 pum while thinning industry aiowgards ultrathin
chips of 10 um thickness or even below. For th&t fime, the required interconnect length betweentically arranged adjacent
chip layers has therewith reached dimensions,dhatbe reasonably realized by anisotropic condei@dhesives layers (ACA).
Accordingly, a three dimensional arrangement bgra#ite stacking of ultra thin flip chips and in@sprs using anisotropic
conductive adhesive bonding technology is withiea Bounds of possibility, such that the conductieetiples are forming the
vertical interconnects between the chip-interpdesgers.

Based upon such assembly concept prototypes haverbade within a first laboratory scale feasibititydy. In combination
with polyimide thin film interposers, ultrathin lowin count ACA bonded test chips with 4-Point-Kalviand Daisy-Chain-
structures have been used to build a 4-layer fiip stack with a thickness of approximately 170 without encapsulation. First
electrical measurements have shown promising sesult

The reduction to basically one bonding technolagyetalize the chip-interposer- and the interpos&rposer connections is
one of the main benefits with a certain low-coseptial. On the other hand, issues as limited phigkage area ratio, the demand
for ultrathin chips with manifold challenges andcaming detailed electrical characterization of swbip stacks have to be
considered. Pros and cons are openly discussed.

Special attraction is provided by applying and conimy basically known packaging technologies toagb&n innovative but
somehow simple 3D flip chip assembly with certaitufe application potential.

conductive adhesives (ACAs) and thermode soldgringesses
have been evaluated and compared [11]. Among devera
advantages such as low cost and fine pitch capgbMCAs
have been found having good reliability [12]. Hendeis
widely used not only for display packaging (chipglass,
COG) but also for chip-on-flex (COF) and chip-orabd
(COB). ACA has the potential for low and ultra Ipnofile FC-
assemblies due to the availability of thin andatttin chips and
substrates in combination with thin and ultrathietah layers
such as thin bumps or UBMs (under bump metallizasianly
YRd thin substrate pads. By using thin chips (quB( contact
ickness significantly contributes to the totatkimess of a flip
hip assembly. Thus, ultra-low profile FC-assentblié appx.

1. Introduction
Electronic products as cell phones, PDAs, digitaheras
and other consumer products follow the overall dreof
maximum functional integration in the smallest pagk and
lowest packaging costs. Here, 3D-packaging is dnieo key
issues to achieve these goals. On chip integrégiesl several
stacking technologies exist. Among those die-stagkin
combination with wirebond technology still playsethmost
prominent role [1].

Developments have lately been made with vario
embedding technologies, such as Chip-In-Polymer3[2or
Chip-In-Substrate [4], that are mainly based on PC

compatible processes having a certain low-cost npiate
Higher integration levels are achieved with watfarel-
processes at which most R&D is concentrated on ugiro
Silicon-Vias (TSV). Nevertheless, several groups aorking
on other promising 3D-chip integration technologies wafer
level [5, 6].

Among performance and cost issues, more or lesst afo
the technologies focus on the smallest footprinttop/package
area ratio and the lowest profile. Further reductmf the
required area is somehow limited by the minimunp&rea and
hence beyond packaging issues. In fact, wafer itignis one of
the key wafer back-end processes for further régluatf the
package height as being one of the primary issdliesany
developments [7, 8, 9]. Die thickness of commoghhiolume
chip stacks range between 50-100 ym, but thinnmaystry
aims towards ultrathin chips of 10 pm thicknesgwen below
[10]. Albeit current possible handling, performanaed cost
issues, that arise from packaging of ultra thinpshithose
dimensions open up the development of new stack
technologies.

The basic idea for the described stacking concaptheen
derived from the basic fundamentals gathered fravesl
projects dealing with handling, assembly and rdlistof thin
chips and thin interconnects. Here, mainly anigutro
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20 um height or even below are within the realmpaxsfsibility.
For the first time, the required interconnect léngietween
vertically arranged adjacent chip layers has thithereached
dimensions, that can be reasonably realized byotojsc
conductive adhesives layers (ACA) as describedvbelo

2. Concept
The basic stacking concept is schematically fatstl in
figure 1 [13].
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Figure 1: stacking concept and assembly order
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It is mainly characterized by an alternate stacldaguence of
substrates or interposers (1), Flip Chips (4) witierconnects
(7) and ACA layers (5) including conductive parl(6). The
interposers are double sided substrates with niayalrs on
both sides (2), vias (8) and at least one inteni@hg layer (3).
Figure 1b) shows a possible assembly order of dheponents.
On a first base interposer a first chip is mountétth any flip
chip technology. A second interposer is then laages bonded
with anisotropic conductive adhesive onto the ficdtip-
interposer module. Flip chip assembly of a secohnig evith
any kind of flip chip technology follows, such treatchip stack
including the minimum number of two ICs, is reatizéOther
levels may follow to raise the number of chips. TMegtical
interconnections between the levels are realizedriigotropic
conductive adhesive and the interposer vias inctydbad
metallizations (z-axis). User-defined routing oé tthip 1/Os is
possible due to manifold interposer layout optigrs y-, z-
axis). This stacking concept mainly benefits fromudtra low
flip chip profile (except for the top level), sutthat the vertical
distance between the interposer levels may mechiiniand
electrically mostly be bridged by anisotropic coaiie
adhesive, respectively electrically conductive igles. The
minimum size of the conductive particles is selécteich that a
typical ACA interconnection, providing electrical n&
mechanical interconnection, between the interpasemsached.
The possible minimum size of the particles depamutsn the
flip chip assembly thickness as well as from thektiness of the
bottom metallizations of the next level interpos€he latter
may contribute to bridge the gap up to a certaiergxas long
as similar structures directly above the chip ie thwer level
are avoided. In this case, the necessary partiataeter may be
beneficially reduced in terms of a higher pad dgnsi pitch
reduction. However, in this regard, thickness oé ttop
metallizations of the interposer of the lower leigelrrelevant,
if all pads, including flip chip pads, have the sathickness.

Preferably, compliant particles should be usedllitmvafor
sufficient deformation especially in the centeraarehere the
chips are located. Here, in comparison with thépbery, the
gap is reduced about the degree of the flip chigermbly
height, resulting in a higher necessary degree afigbe
deformation in case of compliant particles. Undefable
particles are expected to damage the chip or/amdl Iegel
interposer as long as a certain flip chip assertibibkness can
not be avoided. The necessary particle deformatiegree
depends upon the ratio of the particle diameterthadlip chip
assembly thickness, such that a lower ratio requérehigher
deformation degree, considering that the thicknetsthe
bottom metallizations of the next level interpossan be
neglected.

Due to the ultra low height of the flip chip asséyrlarge-
area application of ACA across the overall moduleluding
the flip chip is possible.

The ACA additionally provides a certain chip embieddas
well as spacer functionality, keeping the interpssgithin the
necessary distance. Both mean an expansion ofréwopsly
used benefits of ACA.

Basically, the technology is not limited to a certa
maximum thickness of the internal flip chip assemiflut in
terms of reasonable peripheral interconnectionhpiietween
the interposer levels, its application requiregdain minimum
thinness. Lower flip chip profiles permits the retion of the
size (diameter) of the electrically conductive s, which, in
turn, directly increases the possible periphertdraonnection
density, decreasing the minimum interconnectionchpit

respectively. Total flip chip assembly thicknessE20 - 50 um Figure 2: stack layout

are the estimated reasonable maximum limit formtiagority of
possible applications. Additionally, matched paidkhesses, as
mentioned above, may contribute to obtain higher
interconnection densities between the interposeide

Certain attraction is provided by the fact, tha¢ tmain
assembly process can be reduced to a sequence athip
processes of the same type. So, once good chipsinposers
are selected, the main task is to optimize thedtijp processes
up to a sulfficient yield.
Within a first experimental approach the feasipildf such
stacking concept has been investigated

3. Experimental
3.1. Layouts
Stack Layout

The complete chip stack consists of a total nunafdour
ICs (test chips 5 x 5 mfhand four Pl-interposer fan-out levels
(10 x 10 mm), which are alternately stacked (figure 2).

Module fan-out of base interposer
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The layout is designed, such that the electricaksg is
exclusively gained from the bottom pads of thetfibmse
interposer. Each chip can individually be measuvgdch
means, that all necessary 1/Os (40 each chip) aparately
routed (Figure 2, A-B). To a certain extent, tHiewas for a pad
enlargement between adjacent interposer levelfioAgh this
is not considered absolutely necessary, it may owgrthe
electrical contact (DC) due to a higher number rapped
particles. Successful measuring of the chip intemects (4-
Point, Daisy-Chain) certainly requires adequateatgen of the
necessary vertical interconnects down to the basesl.|
Additionally, there are several test structuresharacterize the
interposer interconnects separately. This includestepped
circumferential Daisy-Chain which is located at duges of the
module (Figure 2, C-D) as well as several 4-poietvif
structures. One each of such structures is peafipearranged
at the edges of each quadrants (Figure 2, E-F)reakewo of
the total eight structures have the same pad siaels. Lengths
of the pad edges are 150, 200, 250 and 400 pum.é&;¢he
contact resistivity between thé' {base) and the"2interposer
can be measured. Additionally, similar test streessuall having
identical pad sizes (250 pm edge length), are éocédn the
corners of each quadrant to detect the contactstiasi
between the St and 2% (G-H), 2¥ and & (I-J) as well as

seed layer for plating. Due to this approach, tb€igh needs to
care for a continuous path of a line to a moultdélated. The
following process is an iterating sequence of Ppliaption
(SpinON, Dry, Dry etching), via-formation (Au plagj) and Au
sputtering (metallization), such that each integpds realized
in accordance with the stack layout.

seed layer for plating on
| | temporary wafer substrate

1% layer PI
(SpinOn-Dry-Dry etching)

1% vias
(Au plating)

1st Au metallization
(Sputtering & wet etching)

2" layer P
(SpinOn-Dry-Dry etching)

2" vias
(Au plating)

between the '8and 4" (K-L) interposer levels. As well, to gain
electrical access to the advised structures in tipper

interposer levels, functional interconnections Iestw the

involved lower levels are required. A total numlodr76 test

structures can be measured, requiring ca. 520coteects

between interposers 1-4.

Interposers/Substrates

Each of the four interposers consists of three riayaf
polyimide and comprises electroplated Au vias betwéwvo-
level metallisation of sputtered Au. This is thenimum
number of layers necessary for the realization af test
patterns. Most of the chip stacking application$ get along
with only one metal layer, considering th¥ tnetal layer only
necessary for the specific interposer charactayighiPoint test
patterns with overlapping conductor lines. Duedst savings,
here, the design of all four interposer levels basn arranged
on one wafer (one set of masks only). The totakinéss of the
substrate is around 12 um, 5 um of polyimide far finst and
third layer and 2 um for the layer in between. Thetal line
thickness is in the range of 100 to 300 nm, in ptdekeep the
high flexibility of the substrate. Although this &t considered
necessary for the present stacking technologyxptieds the
broad range of possible applications of such satestr Thicker
metallizations are possible if needed. Deformataralyses
were performed to evaluate the grade of plastiordedtion
depending on bending radius for different materialsd
thicknesses. The minimum aperture width in a 5 okt
polyimide layer is around 10 um, the lines and spaaf the
metal lines can be in the range of 1 or 2 um, déipgnon the
lithography limitations. Due to the substrate apgiion, line
width and spacing of a few tens of microns is ugeith. 50 um
lines/space). The process steps are graphicallgtidited in
figure 3.

The polymide used here is non-photodefinable, edayers
are patterned by dry etching. The advantage is Ite
shrinkage, the lack of photo initiators and theimum feature
size, which can be achieved by dry-etching. Theifitérposers
are manufactured on a temporary wafer substrate |atea
released. As the approach for plating bases onrefgating
from the bottom of a mould, the manufacturing stawith a
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2" Au metallization
(Sputtering & wet etching)

3" Jayer PI
(SpinOn-Dry-Dry etching)

3" vias
(Au plating)

Pl pattern release from
wafer substrate

Figure 3: thin film process steps

Before sputtering, depending on the applicatiorheatbn
layers like Ti or Cr maybe used, but not prefemedhis results
in extra efforts for patterning the lines. A predtment of the
surface normally is sufficient for meeting adhesion
requirements. The metal lines are patterned byetatting the
sputtered Au. A special Au etch can be used, fastlendercut
in case of minimum pitch requirements. If pitchnist critical,
iodine-based solutions may be used. If adhesioersayre
employed, etching solutions need to be used, wiel least
undercut in combination with Au. Least undercuthie range of
layer thickness can thus be achieved. Finally, theaer
geometry of the substrate is defined in a photstesask and
then dry etched again down to the initial seedrlaymally, the
polyimide patterns are released from the substiidie. design
concept comprises supporting bars, which keep atems in
the wafer configuration, which facilitates the himgl in
following steps. For separation of the individuavites, those
supporting bars are removed by Laser or just cut ou

The major achievements in the manufacturing sequane
the fine-tuning and adoption of curing steps ofhepolyimide
level, the plating of Au at low-stress and highigrstability in
curing steps, fine pitch patterning of polyimidedanetal lines,
good adhesion of plated and sputtered metal, wdlsdh comes
along with specific design approaches and rules Tost
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important achievement is the adhesion and reltgbibf thickness (figure 5) and the wiring density (lirspsce:
electrodes or pads for bonding applications. Tleeifip design 250um/200um). Nevertheless, there is potential ffother
for bonding pads interlocks the polyimide layerdween the reduction of the particle diameter.

plated material. In this concept, the pads are @upg by at

least one other plated pattern in the second palgntevel

interlocking the pad in the first or third level pblyimide. This
secures that the pad is not failing or falling otithe foil. If the
pad is formed like a plated plug reaching througho the
three polyimide levels, mechanical impact on thi dod its
integrity is very low.

ICs
Following chip test layout has been used: Figure 5: ACA particle size (30 um) against chip thickness

- Silicon, 5 x 5 mm2, (20 pm)
- test patterns for electrical measurements of 4

Daisy-Chain and 8 Four-Point-Kelvin-structures, Assembly
- 176 1/Os total, 40 10s used As mentioned above, the assembly process is amaiiée
- chip thickness 10 — 12 pm stacking sequence of interposers and flip chipsidigg ACA
- pitch 100 um technology, whereas the flip chip assembly basigadises the

bigger challenge.

Generally, large-area application of ACA is done the
substrate or interposer respectively. The ACA bogdirocess
Wafer bumping / thinning requires a certain pressure to trap electricallyndoative

c b for ACA technol ith q Earticles between the bumps and the substrate linatiain to
ommon bumps for technology are either made by, 5 electrical contact. Applied heat on theding tool and

mec“?*?ica' stud bu_mp bonqling [14] or vari(_)us Che‘micchuck is needed to cure the adhesive. Here, ACPbkas
deposition technologies, ranging from evaporationptating dispensed, followed by an optimized flip chip bargiprocess.
processes. Here, electroless nickel depositiorbbas used, aScentral demands include complete filing of the gand

it benefits from its low cost potential [15, 16]hd standard marainal spreadina of ACA bevond the chip edaegYx¥he
electroless nickel UBM for high reliability has lsidkness of 5 formger is pmainlygimportant % give suffiI():ientg mg,(.dyrraal

pm but only a minimum of 1 pum is necessary to hawosed su : e :

. . . ) pport for the chip considering the following log@ssembly)
and v0|d_free nickel layer [.17]' The used test stiad a final steps as well as to achieve necessary electriagthc The
Ni(Au) thlckpesg of 3 pm.(Flgure_ 4)- . latter corresponds to the basic need to prevent fretting the

Wafer thinning to a final chip thickness of 10-ith has nearhy pad structures that are essential for tieeconnections
been made by an external supplier. to the next interposer level and to keep an utiva (flip chip-)
profile (figure 6).

- bump metallurgy 3 pm Ni(Au)

3.2 Technologies, Materials

Figure 4: 3 um Ni(Au) bump

ACA

To simplify the stacking process it is reasonableltioose
ACA technology for both, the interposer as welfasthe flip
chip bonding steps. Nevertheless, flip chip bondiray also be
performed with flip chip thermode solder processes,well chip
having potential for ultra thin interconnects [1Bj.either case,

a) widespread ACA b) controlled spreading

due to bending and warping of thin and ultrathis,|@inimum chip

bonding forces have to be applied for planarity and

interconnection issues. Adhesives are of pasteilior fborm

either. Two types of ACA have been used. For tie d¢hip . .
¢) ACA z-axis overlap d) ACA levelling

assembly commercially available ACP has been u3gdn(Au ™/ i
coated polymer balls, ACA I). Bonding of the integprs Figure 6: spreading of ACA

requires the formulation of an ACA, such that theneral

conditions, as e.g. adequate particle size, compgiaand snap  Accordingly, the tolerances of the ACA distributiare very
cure properties, can be kept. The used ACA has temposed low compared with standard ACA-technolgy. Contrdlle
of commercially available NCP loaded with conduetivspreading of ACA, as shown in Figure 4b), is batelpchieve.
particles. An ACA with Ni(Au) coated polymer ballsaving a This is mainly traced back to the fact of the uttra bondline
diameter of 30 um, has been mixed, using standakihgn below the chip (~10 um), respectively the very sraalume
equipment (ACA Il). This has been considered being that needs to be filled with ACA. What's worse, esguting of
reasonable particle size, well adapted to thedtijp assembly ACA beyond the chip edges is even supported du¢hé¢o
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demand for a low profile across the entire planiguife 4d),
such that formation of excessive ACA along z-akigjre 4c)
must be prevented. Standard dispensing accurapgciedly
minimum amount of adhesive in combination with @bex
flow properties of ACA, is beyond the present regurients.
Use of common ACF (Anisotropic Conductive Film)asly
little better than ACP, as it reveals slightly di#nt but
basically the same challenges. Controlled ACA itistion,
using commercially available material, as showtrigure 4b)
has been achieved within a laboratory scale onlse Of a
matched flip chip tool geometry lead to the necsstavelled
ACA surface as depicted in Figure 4d). Currertigth issues
are the bottlenecks, complicating the assembly dfigher
number of modules. In this respect, the technologil

definitively benefit from waverlevel-ACA as it isxpected to
have the potential for an optimized distribution aifhesive.
First experiments have shown promising results @@ee 4.
Packaging Options). Nevertheless, prototypes efdéscribed
stacking technology have been assembled, whersiagla Flip

Chip Bonder Suess Microtec FC15Mhave been used. A total

of seven assembly steps (4x flip chip, 3x interppseach
including an ACA dispensing step, are necessary tha
complete formation of the package.

3.3 Results

Functionality
The top view of the complete module is shown inifegg7a).

a) top view b) detail

chip bump rows

c) x-Ray/CT side view
Figure 7: chip stack module

d) detail x-Ray/CT sidewie

Widespread ACA from the last flip chip assemblyp(to

level) is the reason for the partially matt-finidhsurface.
Outside, due to the optical transparencies of thia uhin
interposers and adhesive layers, the lower interpasd ACA
levels can be seen from the top up to a certaianexfigure
7b). The four chip levels are clearly indicatedthy chip bump
rows, made visible by x-Ray inspection (figure @y.),

Figure 8 contains the complete measurement dataebf
the prototypes. After each assembly step (7 ir,tiitam left to
right) a set of measurements (framed blue) is adtledto the
stack layout. Hence,
performance after each assembly step can be degnilp to
know, no statistics have been applied due to thenlomber of
modules. The relatively large number of light grééghlighted
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possible change of the ebadtri

measurement structures after tiepfocess step (framed dark
green) indicates the predominant final electricaictionality of
the test structures. Beyond a set of failed intemeats between
the £ and 2¢ interposer (Flex I-1l), only a few additional
structures in the higher levels have failed (markeahge, 4-
Point-Kelvin R > 500 mOhm). Even though, averagkies of
passed test structures change in the course @irtloess, none
of them significantly degrades or even fails. Intfahe chip 4-
Point-Kelvin- and Daisy-Chain-resistivities stay latevely
constant. The average final chip 4-Point resistivianges
between ca. 60-275 mOhm whereas an increase frgml ¢h
chip IV can be observed. The interposer test sirast have
shown a relatively constant average final 4-Pogsgistivity
(equal pad length 250 pm) between ca. 15-170 mCHex (-
Il, Flex II-1ll, Flex IlI-1V). 7/8 of the stepped iccumferential
Daisy-Chain (Flex I-1V) is fully functional.

Figure 8: 4-layer stack, electrical data

After the final assembly step operation of >90%haf test
structures has been achievel @art of data of block “Flex I-
II” reasonably excluded, also sAealyss).
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Analysis

The set of non-functional test structures charagtey the
interconnections between th& and 2° interposer (Flex I-11) is
simply traced back to the fact that essential paalge been
covered with ACA from the previous flip chip assdynbtep, I:l
such that the interconnection to the next levetrippser has I:l
failed. As this only affects the pads directly ltathclose to the
chip, this issue is limited to such single eighPdint-Kelvin
patterns between the*'land 2° interposer only (figure 9).
Therefore, the effect of different pad sizes on dmntact a) b)covered with ACA

resistivity between the interposer levels could have been Figure 9: ACA spreading and pad covering on Interposer
studied.

Selected cross-sections are depicted in figure 10.

170pm
a) ACA interposer interconnects, cross-section A-B b) ACA flip chip interconnects, cross-sectiorbC-
c¢) Daisy-Chain interposer |-\ cross-section E-F
__ChipIV_
ACAII
30um Polymer/Au
H y! —
__Chip i _
1) LA Ty .-.}} Lan
e A B .
-_Chipll _
d) layers in detail close to the chip edges e) AliAchip interconnects f) cross-section positon

Figure 10 cross sections of the chip stack module

The locations of the cross-sections can be sedigime 1ll), having typical ACA interconnections (detaitsfigure 10e),

10f). The highly coplanar assembly has a finalkhéss of 170 are embedded between the ACA layers or interposers

pum (figure 10a), b)). Thickness tolerance from feftight (I=10

respectively (figure 10b). Nearly the same distartmetween the
mm) is less than 5um. The chips in the lower thesels (I, I,

chips have been reached. The top ACA layer, makomgact

DEVICE PACKAGING CONFERENCE, MARCH 8-11, 2010, SCUSDALE, AZ 6



between level Il and 1V, is compressed to a sliglitigher
extent than particles between level I-lll, whichshaeen
considered the reason for the chip Daisy-Chainurfed
(compare figure 8, chip 4). Obviously, the accidéptapplied
(over-) load has caused chip cracking such thajlesirfar in

Chip/Interposer-area ratio

The present technology demonstrator module has
chip/interposer-area ratio of %. There is a largeeptial for
miniaturization, considering that part of the aisetaken by only
interposer characterizing test structures at thgeese of the

excess deformed, ACA particles has locally industeelss peaks final chip/interposer-area ratio. Additionally, aiitg relaxed

(figure 11).

a) cracked Si
Figure 11 chip cracking

b) crack inducing ACA particl

interposer interconnection pitch (lines/space: 260/um) has
been chosen. Here, further reduction in combinatwth even
smaller ACA particles (<30 um diameter) seems (bssi

For each application, the final possible chipfiptser-area
ratio needs to be separately identified, as it ddpeupon
several parameters as e.g. chip size, number &f (¢@nmon,
separate), chip interconnection pitch, chip thidsheaumber of
levels and flip chip ACA distribution.

Interposers
As described above (2. Concept), for the majoofy
applications, the stacking technology is presumébiited to a

Apart from that, by using adapted bonding paramsetéeasonable maximum flip chip assembly thicknes{s@um)

(lower three levels) with hence less deformationtta ACA
particles above the chips, the chips apparently stagood
conditions. ACA particles, interconnecting the iptasers show
moderate deformation and good contact (Figure 1Paiticles
with a diameter of 30 um easily bridge the necgssmp
between the interposer levels. Figure 10c) revpal$ of the
stepwise circumferential Daisy-Chain structure witdication
of the signal path. Details of the iterating layaguence of
Flex/ACAI/Chip/ACAIl are shown in figure 10d).

4. Packaging Options
Waferlevel ACA

As aforementioned, application of the standard Aftécess
for the flip chip assembly is critical, especialthe ACA

whereas the interposer thickness is basically utgdn Hence,
there is principally a wide range of possible typémterposers
as long as the main requirements (e.g. double-sitsdl layers
with vias and targeted interconnection pitch) acdfilied.
Neverthelss, as shown, the chosen thin film intsepo
technology, by far, facilitates the lowest stacéfipes due to the
possibility of ultra thin substrate generation (g29. Here,
exclusively noble Au metallizations, fairly goodrfadhesive
technology, have been applied. Considering furtteemection
of the module, e.g. by using a ball grid array &aplon the
bottom side of the base interposer, other platiagenels as Ni
or Cu can also be used.

The current test modules have been assembled tkirgia
single chips and single interposers using a flip dbonder. In

application of common materials with common disjreps €M of process optimization and higher throughphip-on-
equipment having limited accuracy. Due to the fdcit the (thinfilm-) V\_/afer and (thinfilm-) wafer-on-(thinfih-) wafgr also
entire area below the chip needs to be filled @nathe hand and S€8M Possible whereas both approaches may bewefit ACA

preferably ACA flow beyond the chip edges shouldaleided
on the other hand, the process tolerances aretigy Here,
application of ACA on waferlevel is considered theost
promising technology, as, more or less, the optamabunt and
distribution of adhesive can be reached.

application on waferlevel.

5. Conclusions
Within a feasibility study, prototypes of an uttran IC stack
with a total thickness of 170 um including 4 flipig levels,

First developments of waferlevel-ACA have showhave been assembled. Special attraction is prowigeitie fact

promising results (figure 12).

a) chip left b) chip center ¢) chip right
Figure 12 waferlevel-ACA distribution after bonding, Si
thickness 600pum

A thin bondline below the chip (5 pm particle diger
together with a relatively small volume of ACA witin even
shape along the chip edges could have been reatlerd,
beyond further developments at Fraunhofer 1ZM, sslvether
groups are working on the development of waferl&@A,
generally expected to have many advantages [1210,

DEVICE PACKAGING CONFERENCE,

that the assembly is reduced to a simple altemdtip chip
stacking sequence of chips and PI thin film intsgye by using
ACA technology only. This is made possible by tise of ultra
low profile flip chip assemblies (10-20 um), sudmatt the
vertical distance to the next level may be bridgganisotropic
conductive adhesive. Simple DC test structuresditKelvin,
Daisy-Chain) have shown the basic electrical fumzlity of
this concept. Main current issues, such as handhng
assembly of ultrathin ICs are expected to meet wiihoming
technologies such as waferlevel ACA. To be basethat the
assembly of a higher number of modules is plangadhg the
opportunity for further studies such as procesgeisspossible
yield and reliability. Additionally, estimation ahe electrical
performance, especially the frequency behavior andent
carrying capacities will show the possible rangamgflications.

Acknowledgements

The authors would like to thank Jérg Gwiasda, BattDtto
and Barbara Pahl for their help, support and vatab
discussions.

MARCH 8-11, 2010, SCUSDALE, AZ

a



References 17 Ostmann, A., Motulla, G.Stromlose Wafer- metallisierung

1.

Karneoz, M., 3-D Packaging, Where All technologies fur die Kkostengiinstige Flip Chip Montdge ISHM
Come Togethgr IEEE/SEMI International Electronics Conference 1996, Munich, Oct. 14-15, 1996

Manufacturing Technology Symposium, 2004 18 Pahl, B., Loeher, Th., Kallmayer, Ch., aschenhee, R.,
Aschenbrenner, R., Ostmann, A., Neumann, A.cliReH., Reichl, H., Ultrathin Soldered Flip Chip Interconnections
.Process Flow and Manufacturing Concept for Embedded on Flexible Substratés Proc. of the IEEE Electronics
Active Devices Proc. Of the IEEE Electronics Packaging Components and Technology Conference, 2004, ppd £24
Technology Conference, 2004, pp. 605 — 609, Singapo 1250, 2004, Las Vegas, NV

Ostmann, A., Neumann, A., Weser, S., Jung, BttcBer, 19 J.Souriau, J. Brun, R. Franniatte, A. Gas&gvglopment
L., Reichl, H., Realization of a Stackable Package Using on Wafer Level Anisotropic Conductive Film forg=Chip
Chip in Polymer technology Polytronic Conference, June  Applications”, Proc. of the IEEE Electronics Components

23. - 26. 2002, Zalaegerszeg, Hungary and Technology Conference, 2004, pp. 155 — 158

Yua Hua Chen, Jyh-Rong Lin, Shoulung Chen, Chieng 20 Kim, K.-W. Jang, H.-Y. Son, J.-H. Kim, K.-W. Raj,Wafer
Ko, Tzu-Ying Kuo, Chien-wei Chien, Shan-Pu YGHip- Level Packages (WLPs) using Anisotropic Conductive
in-Substrate PackageCiSP, Technology Adhesives (ACAs) Solution for Flip-Chip Intercortimes’,

Fritzsch, T. et al.,3-D Thin Chip Integration Technology — Proc. of the IEEE Electronic Components and Teagl
from Technology Development to ApplicatiofProc. of Conference, 2008, pp. 219 — 224

IEEE International 3D System Integration Conferenél S. C. Busch, D. F. BaldwinElip Chip Processing Using
(3DIC), September 28.-30, 2009, San Francisco, USA Wafer-Applied Underfill§ Proc. of the IEEE Electronic
Seung Wook Yoon, Lee Keng Jin Andy, V. P. Ganesh Components and Technology Conference, 2005, pp-297
Vaidyanathan Kripesh,Polymer Embedded Module for SiP 2005

Applicatior, Proc. of IEEE Electronics Packaging

Technology Conference, 2004, pp. 600 — 604, 2004

Yuji Yano et al., Three-dimensional Very Thin Stacked

Packaging technology for SiP Proc. of the IEEE

Electronics Components and Technology Confereng@? 2

San Diego, CA

. Akito Yoshida, Kazuo IshibashiDesign and Stacking of

An Extremely Thin Chip-Scale Packageroc. of the IEEE
Electronics Components and Technology Conferenpe, p
1095 — 1100, 2003, New Orleans, LA

Naotaka Tanaka et alUltra-Thin 3D-Stacked SiP Formed
Using Room-Temperature Bonding between stackedsChip
Proc. of the IEEE Electronics Components and Teldgyo
Conference, pp. 788 — 794, 2005, Orlando, FL

10 Jung, E., Neumann, A., Wojakowski, D., OstmaAn,

Landesberger, C., Aschenbrenner, R., Reichl, Mltrg
Thin Chips for Miniaturized ProductsProc. of the IEEE
Electronics Components and Technology Confereng@? 2
San Diego, CA

11 Haberland, J., Pahl, B., et al.Super Thin Flip Chip

Assemblies On Flex SubstrateRroc. of the IMAPS 39
International Symposium On Microelectronics, OctoBe-
12, 2006, San Diego, CA

12 Liu, J. et al., A Reliable and Environmentally Friendly

Packaging technology — Flip Chip Joining Using
Anisotropically Conductiev Adhesiye Transactions On

Components and Packaging technology , Vol. 22, No.

1999, pp186 — 190

13 German Patent Application No: 102009053255.2-43,

Technical University Berlin, 2009

14 Klein, M., Oppermann, H., Aschenbrenner, R.,cRigiH.

»Single Chip Bumpirig Proc. IMAPS ,98, San Diego, Ca,
Nov. 1 —4, 1998, pp. 633 — 638

15 Ostmann, A., Kloser, J., Aschenbrenner, R., liRReill.,

“Strategies For Low Cost Flip Chip AsseniblylOth

International Conf. On Flip Chip Ball Grid Arraysné

Advanced Packaging (ITAP ’'98), San Jose, Ca, Féb-1
11, 1998

16 Ostmann, A., Kléser, J., Reichl, Himplementation Of A

Chemical Wafer Bumping Procés®roc. IEPS, San Diego,
Ca, 1995

DEVICE PACKAGING CONFERENCE, MARCH 8-11, 2010, SCUSDALE, AZ 8



