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Interlayer Dielectric Material HSG-255 with Low Dielectric Constant for ULSI
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Higher performance large scale integrated circuits (LSIs) require copper (Cu) instead
of aluminum (Al) as a wiring metal because of its superior electrical conductivity.
These circuits also require lower dielectric constant (k<3.0) dielectrics to decrease line-
to-line capacitance. Interconnections with Cu wiring are already being mass produced;
however, the introduction of low-k dielectrics, especially porous ones, is being delayed.
Poor mechanical strength in the porous low-k materials is responsible for the delay,
causing such problems as delamination and cohesive fracture of themselves during the
chemical mechanical polishing (CMP) and packaging processes. We have developed a
siloxane based spin-on type low-k material named HSG-255 with a higher mechanical
strength and a better adhesion to other layers, by optimizing the siloxane skeleton
composition and by developing a new pore introduction technology. The applicability of

HSG-255 to the wafer and packaging processes has been demonstrated.
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Applicability to the Cu-CMP process was a key
point for selecting interlayer dielectric (ILD) films
with a low dielectric constant for Cu interconnection.
pgoooboO0o0oooOo0ooooooooooboobooooo
oooooooog
oo
OO0 O0O0O0OoOoooodse-255000
omg 2.1 CMPOOODOODOOODOODOOOOOO
. 0ooooooooooooooooooooooooono
' ooo Jgooooodoooouoggoooocu-ecMPOODOOOO
om

—>

oooo

OOO0Ocu-CcMPOOOODOODODDODOODOOODOODOCUOODOOOOO
ooo0ooo0o0oo0o0o00000o0o0oo00o0oo00oo0o0oo0o0oo0o0o0o00o0
ooooooooooooooooaon

Fig. 2 Cu-CMP apparatus
Interlayer dielectrics were subjected to high mechanical stresses of down
force and shear force during the Cu-CMP process.
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Fig. 4 Relationship between Young’ s modulus or dielectric constant of porous
low-k material and its Cu-CMP performance

Low-k materials as interlayer dielectrics that demonstrate no cohesive
fracture have Young' s modulus of over 4GPa.
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Fig. 3 Defect modes caused by the Cu-CMP
process

Interlayer dielectrics with low mechanical strength
and poor adhesion delaminated or fractured.
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Fig. 5 Relationship between peel strength or dielectric constant of porous low-
k material and Cu-CMP performance

A low-k material that has over 0.3 N/mm peel strength passed Cu-CMP
without delamination or cohesive fracture.
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Fig. 6 Relationships between Young’'s modulus, dielectric constant, and
porosity

With increasing porosity, the dielectric constant decreases gradually, but
Young’ s modulus decreases far steeply.
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Fig. 7 Scheme for improving mechanical strength of porous low-k material
High mechanical strength was achieved by 0 improving the strength of
siloxane skeleton and O developing a new method of introducing pores.
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Table 1 Film properties of HSG-255

HSG-255 has easily exceeded the targets for Young's modulus and peel
strength to achieve Cu-CMP performance.
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Fig. 8 Relationship between down force and delamination rate in the CMP
process for interlayer dielectrics of various Young's moduli

HSG-255 passed Cu-CMP without delamination or cohesive fracture even at
a 30 kPa down force.
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Fig. 9 Surface view of Cu/HSG-255 interconnection
No delamination and cohesive fracture were observed on whole the surface.
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Fig. 10 Cross-sectional SEM of Cu/HSG-255 interconnection (line/space :120
nm/120 nm)

The profile was good, and no voids in the low-k films were observed.
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Fig. 11 Wiring capacitance distribution of Cu/HSG-
255 interconnection

Wiring capacitance for HSG-255 is 13% less than
that for the conventional SiOC.
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Fig. 12 Cross-sectional SEM of Cu/HSG-255
interconnection

The profile was good, and no voids in the low-k films
were observed.
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Fig. 13 Dicing results of 2-level interconnection for
HSG-255
No delamination and cracks were observed.
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