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In the smart card industry the trend exists to add functionality to the card. In the
frame of the EC funded RTD project “CARBINE” [1] work is performed towards the
integration of a flexible display into the smart card. As the display substrate material,
PES (polyether sulphone) is used in a first approach because of its high thermal stability,
but in a later stage it should be possible to use also cheaper materials like PET (polyester)
with lower thermal and chemical stability. One of the options is to put the Si display
driver chip on one of the display substrates using flip-chip technology. The main
technological difficulties to overcome are the limited thickness of the assembly (max.
0.7mm for the entire smart card) and the temperature compatibility of the flip-chip
assembly process with the display materials used (LCD, flexible display substrates). The
consequence is that adhesive flip-chip technologies, conventionally used on glass display
substrates, are not possible in this case, because they normally use anisotropic conductive
adhesives (ACAs) with a curing temperature of 180°C minimum. Attempts are made,
also within “CARBINE” to use anyhow suitable ACAs as the interconnection material,
but at moment this technology exhibits specific difficulties like e.g. damage of the ITO
transparent conductor on the flexible substrate, due to the thermocompression [2].

An alternative 1s to wuse isotropic conductive adhesive (ICA) as the
interconnection material. Until recently ICA based flip-chip technologies were limited to
small chips with large contact area and pitch. This is due to the occurrence of large
mechanical stresses at the ICA joints during the conventional processing sequence where
an underfill material is applied after curing of the ICA interconnection [3]. We have
developed a new ICA/NCA flip-chip technology, based on the no-flow underfill soldered
flip-chip technology [4], which eliminates the drawbacks of the conventional ICA flip-
chip technology. This process is shown in the figure below. It consists of following steps

e Application (e.g. stencil printing) and pre-curing (drying) of the ICA (a);
e Application of the NCA, e.g. by dispensing (b);
e Placement of the chip and thermocompression of the chip to the substrate (c).
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The new technology exhibits absence of high thermal stresses at the ICA joints
and is cost-effective because no time consuming capillary underfill step is necessary. A
large variety of ICA and NCA materials can be used, making the technology suitable for
a wide temperature range, where the minimum processing temperature is determined by
the curing temperature of the adhesives. Furthermore chips with hard electroless NiAu
bumps can be used; no expensive soft electroplated Au bumps are necessary. The
presence of the ICA between the bumps and the ITO prevents the ITO from cracking
during thermocompression. For the development of the process 3mm x 3mm passive
interconnection test chips with 25 I/O, in both area array and peripheral bond pad
configuration, were mounted on a PES+ITO substrate. The test chip wafers were thinned
down to 150um or 250um after bumping, and prior to dicing. The properties of the
interconnection test chips are in agreement with those expected for the final display
driver chip. For the assembly ICA and NCA materials from Namics Corporation were
used. The figures below show some photographs of the assemblies and a cross section.

PES _SOmm X S0mm test sul?strate Assembled area “array” chip (seen . 1
with 4 assembled test chips through PES substrate) Assembled “peripheral” chip

Electrical evaluation of the assembly was done by measurement of the contact
resistance using precise 4-point resistance measurement structures. The graph below
shows the distribution of the measured contact resistances for 8 mounted chips. It is seen
that the contact resistance is normally below 5Q, which is small, compared to the sheet
resistance of the ITO (45Q/0O). Processing steps and measurement results will be more
thoroughly discussed in the full paper.
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The conclusion is that the developed ICA/NCA flip-chip technology forms a cost

effective and feasible solution for the assembly of Si display drivers onto plastic PES
substrates. It is expected that the technology can also be applied on cheap PET substrates.
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