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  Table 1. Assembly�and�packaging�–�difficult�near-term�challenges.

To focus the industry on research that will yield the high-
est payback, the iNEMI Roadmap team identified the criti-
cal areas across the industry. Many of these research needs 
(Table 1) cut across multiple package technologies, so they 
address a large portion of the market. A few key examples 
are discussed below.

Low�K�copper�interconnect. To improve device perfor-
mance, the industry has transitioned to copper interconnect 
with low K dielectrics. The low K/Cu transition has created 
the need for research into new copper wirebonding processes, 
and wafer probe techniques that enable direct contact to 
copper metal structures. Low K materials also have created 
a problem with packaging because of the lower strength of 
these materials. Lower force bonding and development of 
low-stress die-to-package interconnect are needed to reduce 
the risk of die damage during assembly and temperature 
cycling. There is also a need for additional reliability research 
to further understand the interactions between new die struc-
tures and lead-free solder interconnections, and to develop 

package designs that will help reduce this risk.
Wafer-level� packages.� WLPs, which provide complete 

protection and an interconnect structure for direct mount of 
the die to a system board, are being developed to reduce size 
and cost. For this technology to reach its full potential, manu-
facturers must develop high-reliability WLP-to-substrate con-
nections that can support area array pitches below 100 µm. If 
this type package is to be broadly adopted, it will be necessary 
to reduce cost by eliminating expensive underfill processes. 

Thin� packaging� and� die� stacking.� These technologies 
have been developed to increase density, particularly in mem-
ory applications. However, both types require wafer thinning 
advancements. Today, the thinning of 300-mm wafers below 
100 µm leads to significantly increased breakage during 
handling. The reliability of these thin die, which use lower 
strength low K dielectric materials, is also a concern. Industry 
trends will drive the need to thin below 50 µm in some con-
figurations. At this thickness, many die structures are domi-
nated by the properties of the die metal and dielectric.
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Impact of BEOL, including Cu/low k on 
packaging 

Wafer-level CSP

Coordinated design tools and simulators to
address chip, package, and substrate 
co-design 

Embedded components 

Thinned die packaging 

Close gap between chip and substrate
– improved organic substrates 

summary of issues

n Direct wirebond and bump to Cu or improved barrier systems bondable pads
n  Bump and underfill technology to assure low K dielectric integrity including lead-free solder 

bump system
n Improved fracture toughness of dielectrics
n Interfacial adhesion
n Reliability of first-level interconnect with low K 
n Mechanisms need to be developed to measure critical properties
n Probing over copper/low K

n Reductions in I/O pitch for small die with high pin count
n Solder joint reliability and cleaning processes for low stand-off 
n Wafer thinning and handling technologies
n Compact ESD structures
n TCE mismatch compensation for large die

n Mixed signal co-design and simulation environment
n Rapid turnaround modeling and simulation 
n  Integrated analysis tools for transient thermal analysis and integrated thermal mechanical analysis
n  Electrical (power disturbs, EMI, signal and power integrity associated with higher frequency/
    current and lower voltage switching)
n System level co-design is needed now 
n EDA for “native” area array is required to meet the Roadmap projections 
n Models for reliability prediction

n Low-cost embedded passives: R, L, C 
n Embedded active devices
n Quality levels required not attainable on chip

n Wafer-level embedded components
n Wafer/die handling for thin die
n Different carrier materials (organics, silicon, ceramics, glass, laminate core) impact
n Establish infrastructure for new value chain
n Establish new process flows
n Reliability
n Testability
n Different active devices
n Electrical and optical interface integratio

n Increased wireability at low cost
n Improved impedance control and lower dielectric loss to support higher frequency applications
n Improved planarity and low warpage at higher process temperatures
n Low moisture absorption
n Increased via density in substrate core
n Alternative plating finish to improve reliability
n  Solutions for operation temp up to C5 interconnect density scaled to silicon (silicon I/O density 
   increasing faster than the package substrate technology)
n Production techniques will require silicon-like production and process technologies after 2005
n Tg compatible with Pb-free solder processing (including rework @260˚C) 


