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As the semiconductor industry strives to meet the challenges of tomorrow’s packaging needs,
there is little doubt that flip chip technology will play a major role. Meeting the requirements
of improved reliability, lower costs, higher density and hybrid-speed circuitry in smaller packag-
ing space necessitates a radical change from conventional chip-and-wire connections to a flip

chip interconnect technology.

Flip chip packaging offers these advantages:

Smaller size and weight

Reduction of process and system costs

Enhanced electrical performance through shorter signal pathways
Enhanced thermal dissipation

Increased number of I/Os per device for higher circuit density

Ability to use peripheral or array bond pad configuration in design

While flip chip bonding (FCB) today represents a small fraction of total interconnects made,
the use of FCB is expanding in many packaging types, including MCMs. FCB applications will
continue to increase as more reliability data is generated, until a time in the not-too-distant
future when flip chip interconnection will achieve a dominant position in the industry. The
concept of a lower-inductance interconnect which significantly reduces assembly and packag-

ing costs while enhancing overall reliability and increasing signal speeds cannot be overlooked.

Solder Versus No-Solder

Solder bump flip chip has been the dominant technique to effect FC interconnects for the past
two decades. Today, however, this conventional technology is being challenged by solderless
bump technology. Unique processes and polymers have recently been developed which rival,

and in some applications improve, the reliability of solder bump flip chips.

Most notable among the solderless FC concepts is the conductive Polymer Flip Chip process,
also known as the PFC process. This technology marries polymeric conductors and dielectrics
with fine-pitch screen printing and stencil techniques and allows manufacturers to bump IC
devices at considerably lower costs compared to solder methods. The PFC process encompasses

only two process steps and offers numerous advantages:
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A comparison of assembly bonders for thermoset, B-stage and thermoplastic bumps
is shown in Figure 4. Accurate FC attachment is made using flip chip aligner/bonder
equipment. The use of a thermoplastic to form polymer bumps may be considered
the ideal solution for polymer bumping, but may not be feasible for all applica-
tions, depending on maximum temperatures that the chips in the package can
tolerate. Figure 5 shows electrical data for resistor networks made using thermoset
and thermoplastic conductive polymer bumps. Electrical performance for both

interconnect materials is equivalent with wire-bonded resistors.

Current stencil-printing techniques used for bump formation are capable of pro-
ducing 75-micron diameter bumps, 50 microns high, with 125-micron centers. New
process technologies and materials now under development will yield 50-micron
bumps on 100-micron centers in the near future. As circuit density continues to
increase, flip chip devices will eventually have to be placed on 100-micron centers
as the number of peripheral bond pads increases. Eventually, bond pads will have

to be staggered, or arrayed, to accommodate even higher numbers of I/Os.

The final step in completing the flip chip process is to underfill the chip (Figs. 6
and 7), thereby making a permanent connection. The underfill material selected
may vary depending on the chip size, package seal temperature and cure temper-
ature required for polymerization of the underfill. In general, however, the best
underfill materials have the following characteristics:

B Low viscosity to enhance “wicking” under the chip

B Solventless to eliminate void formation under the chip

B Superior moisture resistance

B Noncorrosive to semiconductors and interconnect bumps

B Low outgassing

B Low CTE to minimize thermal fatigue of bumps

B High modulus for dimensional stability
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The Process

The PFC bumping process is a totally additive technique in which wafers are first coated with a
dielectric passivating layer using screen-printing techniques. Conductive bumps are then
applied to the metal bond pads using stencil-printing techniques. The process utilizes fine-
resolution screen printers, with vision systems, which offer completely automatic alignment
and printing (Fig. 1). These new-generation printers, such as shown in fig. 2 (Fig.2), offer
registration accuracies of +10m and utilize laser technology to inspect bumps for coplanarity.
Uniformity of bump height is essential for achieving high yields of electrical interconnects

when chips are flipped onto circuit substrates.

The two-step PFC process offers a simple production methodology for producing “bumped”
semiconductor die in large volumes, with rapid throughput and lower costs than alternative
bumping techniques. There is no need for expensive evaporation equipment or mask aligners,
as required for many solder bumping techniques, and the bumps are formed in one step as
opposed to deposition of several layers of metal. A cross-sectional comparison of PFC and sol-
der bumps is shown in Figure 3. The need for fewer metal layers, when using PFC, results in

fewer process variables and lower costs.

In all bumping processes the final bump is formed on a bond pad that has a conductive,
nonoxidizing, metal layer which is deposited over barrier metals. The dielectric polymer can
serve several purposes: as an alpha barrier over memory die, as a secondary or environmental
protective layer, or as a means of protecting photosensitive devices. The dielectric polymer is
not absolutely essential for formation of the conductive bumps on bond pads, and need not
be used if photoemittor or photodetector devices are to be mounted in flip chip packages. The
dielectric is capable of forming 6-8 mil-diameter openings on a wafer or substrate. Lasers can
be used to form smaller diameter openings as required by the application. The combination of
low coefficient of thermal expansion, excellent moisture resistance and excellent thermal prop-
erties makes the dielectric polymer attractive as a secondary passivation or buffer layer. It is
also possible to formulate thermally conductive dielectrics which can function as a heat sink on

the flip chip.

The electrically conductive bumps can be formed by thermosetting polymers, B-stage-

able thermosetting materials or thermoplastic conductive polymers. Silver is typically

Metal Bond Pad used as the filler metal in order to achieve the best electrical and thermal conductivi-
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ty. Thermoplastic conductive polymers offer the advantages of not having to be cured
and eliminating the need for printing conductive paste onto circuit substrates, unlike

thermosetting polymers which yield fully cured bumps that will not “re-wet” when

Metal Bond Pad heated. When using thermosetting materials an additional printing step is required in
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production to deposit a layer of wet conductive paste on the circuit before the flip

chips can be attached.

The use of a thermoplastic to form the bumps requires no deposit of paste to the circuit sub-
strate conductive pads, but instead only heating of the substrate when the chips are flipped,
aligned and then contacted to the heated substrate. The thermoplastic melts or re-wets onto
the circuit conductor pads, and the mechanical and electrical interconnects are made. Full
bond strength and electrical conductivity are established as the substrate cools below the melt

temperature of the thermoplastic.




Low capital equipment cost and few process steps

Low processing temperatures (less than 160° C)

Ability to bump in wafer or single-chip form

No lead, flux or CFC-containing solvents

No cleaning of processed parts {reduced environmental concerns)

Polymer bumps are more compliant (less brittle) than metallurgical bumps
Electrical and thermal performance comparable to solder

Allows for IC design using either array or peripheral patterns

Ability to process parts on “low-temperature” substrates

Low-temperature reworkability in MCM packages

The PFC process has been under development for several years, and companies are now devoting
considerable development efforts to using it in their new package designs. Many manufacturers

are currently evaluating devices or modules fabricated using this solderless bump technology.

Of course, developing a process is only one part of the solution; the performance and reliabili-
ty of any new technology will determine its eventual breadth of application. The following
findings have substantiated the reliability of solderless bump interconnects created during the
PFC process:

B Contact resistance of conductive polymer bumps, 50u high on gold, has been

repeatedly measured in the 15-25 milliohm range.

M Bali shear data, generated by pushing 50p high bumps in gold, exceeds 60 grams for
110p-diameter bumps.

M Thin-film Resistor circuits, Au/Nichrome, interconnected using conductive polymer
bumps, demonstrate electrical stability comparable to Au wire before and after

thermal-shock and thermal-cycling testing.

Bl Conductive polymer bumps, in these same resistor circuits, have interconnect
resistances which are 50 percent lower than comparable devices fabricated with 1.0

mil Au wire.

B High-frequency circuits have been fabricated, using polymer bumps, which operate at
18 GHz.

M Inductance of polymer bumps in the 0.2-4.0 nH range.

Though reliability data is only now beginning to be amassed, and all design rules necessary for
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using the PFC process are not yet fully established, it appears that solderless bump technology BUMP

for flip chip is destined to become a reality. Initial reliability data is outstanding, and the number

of potential applications for the use of this technology continues to grow throughout the world.

Research efforts for establishing known good die (KGD) are progressing. This is also a critical
parameter for flip chip technology, because “burned-in” die affect the long-term reliability of
a package and drastically lower the need for rework. This in turn reduces cost and waste and

improves overall circuit reliability.

PFC solderless bump processing makes available to the industry a low-cost, low-temperature inter-
connect technology for FC which offers all of the advantages of solder bump technology but elimi-

nates the need for high temperature substrates, costly cleaning, and environmental concerns.



