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Introduction

In Part | of this article, the use of semi-additive metallization processes (SAP) to create circuit features in the
dimension ranges required in semiconductor packaging substrates was described. Performance
optimization of an SAP metallization process was demonstrated, based on data for a widely used current
generation build-up dielectric material dielectric ABF-GX13 (Ajinomoto Build-up Film, a product of Ajinomoto
Fine-Techno Co., Inc.).

The overall process sequence used in SAP shown again in Figure 1.

Figure 1: Semi-Additive Metallization Process Flow (SAP)
Lamination & Laser Via Formation — Dry Film Patterning

Adhesion Promotion & Via Cleaning | Electrolytic Copper Platmg

Electroless Copper Plating Dry Film Stripping_& Flash Etching

The performance drivers presented in the ITRS (International Technology Roadmap for Semiconductors),
sponsored by the semiconductor industry associations in Japan, Korea, Europe, Taiwan and the US,
inevitably demand the introduction of new materials with improved physical and electrical properties. The
ITRS roadmap [1] is based on projections of semiconductor device dimensions, electrical performance and
power consumption. From these basic parameters, future requirements for system signal transmission
speed, interconnect wiring density (both within the semiconductor die and its associated package) and
thermo-mechanical reliability for future generations of semiconductor devices are derived.

While the formats of the data tables in the ITRS 2009 Roadmap Assembly and Packaging Chapter [2] and
the 2008 Update [3] relating to semiconductor packages differ somewhat, the overall trends described in the
two documents remain broadly unchanged. The 2008 Roadmap Update provides a concise table,
summarizing key performance attributes and performance milestones for a variety of types of
semiconductor package substrates and offering a valuable guide to the nature of future needs.

The requirements listed in the 2008 Update may be divided into four categories: routing density (i.e. via
diameters and line/space dimensions), electrical properties (i.e. dielectric constant and loss tangent),
mechanical properties (i.e. Tg and coefficients of thermal expansion) and surface finishes. For Flip Chip-Ball
Grid Array (FC-BGA) packages, the 2008 roadmap update projects future requirements for circuit feature
dimensions of 8 micron line / space by 2014, with 6 micron line / space needed by 2017.

A summary of feature dimensions and other key attributes for FC-BGA packaging substrates from the 2008
ITRS Roadmap Update is provided in Table 1.
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Table 1: Selected Data from the ITRS 2008 Roadmap Update for High-End Cost/Performance Build-Up
Packages for FC-BGA Applications (Tables 4c&d and AP5A)

Year| 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017

On-Chip Local Clock Frequency for
High-Performance Products (GHz)

5.06 5.45 5.88 6.33 6.82 7.34 7.91 8.52 9.18 9.89

Line/Space ( m) 15/15 12/12 12/12 10/10 10/10 10/10 8/8 8/8 8/8 6/6
Blind Via Diameter (um) 50 50 50 50 50 50 50 40 40 40
Through Hole Diameter (um) 150 100 100 100 100 100 100 80 80 80

Dielectric Constant of Build-up Layer

(@ 1GHz) 3.2 31 3.0 3.0 3.0 <3.0 <3.0 <3.0 <3.0 <3.0

Lo Tt @i B D L 0.017 | 0.014 | 0009 | 0009 | 0.009 | <0.009 | <0.009 | <0.009 | <0.009 | <0.009

(@ 1GHz)

Coeffl(:lent_of Thermal Expansion of 145 145 145 145 145 10 10 8 8 8
Core Material (ppm/ C)

Minimum Core Thickness (um) 400 400 200 200 200 200 200 200 200 200

From these Roadmap projections, it is clear that new build-up dielectric materials, with enhanced electrical
and mechanical properties, will be required to meet both immediate and longer-term needs. In addition,
these materials must allow reliable formation of progressively finer circuit features. However, from a
semiconductor substrate manufacturer’s point of view, this presents major challenges. If processing of next
generation build-up materials requires substantially different process equipment or materials, substantial
additional costs will be incurred. In order to meet the continuing industry targets for cost reduction, it is vitally
important to identify ways to continue to use as much as possible of the existing manufacturing
infrastructure.

In this article, we will describe qualification of the optimized SAP metallization process, described in Part 1
of the article, for metallization of two next generation build-up materials. The performance results achievable
with these new materials have been found to be very comparable to those obtained with current generation
materials. Even though the newer materials provide substantially smoother surfaces after adhesion
promotion (facilitating formation of finer line space structures), metallization adhesion values are maintained
at high levels. Most importantly, the same process conditions can be used for all three of the materials tested,
allowing the use of a single metallization line and process sequence for the SAP metallization operation.

Next Generation Build-Up Materials

The two next generation build-up dielectric materials whose process characteristics have been compared
with those of ABF-GX13 were ABF-GX92 and ABF-GZ22. Physical and electrical properties of these three
materials are compared in Table 2




Table 2: Physical and Electrical Properties of ABF Materials GX13, GX92 and GZ22
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ABF Material Designation

GX13

GX92

GZ22

Material Type

Epoxy-Phenolic

Cyanate Ester-

Epoxy
Coefficient of Thermal Expansion
X-Y Direction 25-150 °C (by Tensile TMA) 46 39 31
(ppm/°C)
Coefficient of Thermal Expansion
X-Y Direction 150-240°C (by Tensile TMA) 120 117 88
(Ppm/°C)
Ty (Tensile TMA) 156 153 166
Tg (DMA) 177 168 192
Young's Modulus (GPa) 4.0 5.0 6.2
Tensile Strength (MPa) 93 98 117
Elongation (%) 5.0 5.6 3.5
Dielectric Constant
(@1MHz | @1GHz /| @5.8GHz) S eked 8.2 3.2
Loss Tangent
(@1MHz /| @1GHz / @ 5.8 GHz) 0.016 / 0.012 0.017 0.010
Water Absorption after 1 hour at 100 C 11 10 0.6

(Delta wt%)




VacPAa0aaad0c3cP004aRAUUG2328cBO0AUO0R?

As the initial letters of the material designation suggest, GX92 belongs to the same base material family as
GX13, with both materials based on epoxy-phenolic type resin systems. Maodifications to the formulation of
GX92 have allowed its electrical properties, in particular the dielectric constant to be improved. Reduction in
dielectric constant is one of the key factors allowing an increase in propagation speed of electrical signals.
In addition, the X-Y direction coefficient of thermal expansion (CTE) is reduced and the Young's Modulus
and Tensile Strength are increased, when compared to the GX13 material. Reductions in coefficient of
thermal expansion lessen the mechanical stresses created between the silicon die and package substrate
caused by temperature changes, such as those occurring during power on / off cycles.

ABF-GZ22 uses a higher performance platform, a cyanate ester-epoxy resin system. For this material,
further improvements in loss tangent are achieved and physical properties, including both Tg and CTE, are
enhanced.

While the water absorption properties of GX13 and GX92 are very similar, the water absorption of GZ22 is
reduced by about 50%. Designers are particularly interested in reductions in moisture pickup, as the
electrical properties of a dielectric material are often changed significantly between the “dry” and “wet” states.
In high performance systems, operating with narrow system margins, these changes can be enough to
completely degrade functionality. Such problems may appear as a system that requires an extended time
at operating temperature, during which time moisture is driven back out of the dielectric, before proper
operation is restored.

For all three materials, use of appropriate sized particulate filler materials allows adjustment of both physical
and electrical properties, while also providing an additional means to control surface morphology during
adhesion promotion processing.

The data in the following section illustrates, the next generation materials maintain excellent performance,
even at much reduced surface roughness. The reduced roughness translates to lower electrical loss due to
the improved smoothness of the conductors subsequently formed on the dielectric surface. Additional
benefits are obtained through the reduced duration of the flash etching step (due to increased ease of
removal of residual electroless copper from the smoother dielectric surface). This allows feature dimensions
to be maintained more accurately and reduces the risk of feature undercut.

SAP Metallization Process Characterization

Surface Morphology

The impact of the differences in build-up material formulation can most easily be seen by comparing the
evolution of surface morphology during the adhesion promotion steps of the SAP metallization process,
using identical processing parameters for all three materials. Figure 2 shows a series of SEM images,
recorded at 3500x magnification, starting with the surface of the material immediately after the lamination
operation and ending with the surface after completion of the post-permanganate neutralization step.

GX92 and GZ22 materials both show a much less “mud cracked” surface morphology after the
permanganate etch step and after the neutralization step, the surfaces of these materials are smoother and
more uniform in appearance. Data for the surface roughness (Ra, nm) is overlaid on the images after
neutralization.

As illustrated by the peel strength numbers (recorded after deposition of electroless copper and then 20
microns of electrolytic copper to the dielectric surface), use of an optimized neutralizer formulation improves
adhesion by between 5 — 10%, even though the surface roughness is either slightly reduced (GX13) or
unaffected (GX92 / GZ22).
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Overall, the as-plated metallization adhesion achieved on the two next generation materials is very similar to

that obtained on the ABF-GX13 control.

Figure 2: Evolution of Surface Morphology of ABF Materials During Adhesion Promotion Process
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Effect of SAP Metallization Process Chemistries on HAST Test Performance

Figure 3 illustrates the impacts of the formulations of the conditioning step (which follows the permanganate
neutralization step) and of the electroless copper deposition bath used in the SAP process.

Performance data is shown both for as-plated samples and for samples after 50 and 100 hours of Highly
Accelerated Stress Testing (HAST) at 130&C and 85% Relative Humidity. For all three build-up materials,
the combination of an optimized conditioner step and an EDTA-based electroless copper plating bath
provide the best performance under all test conditions. This provides a another clear demonstration of the
performance benefits that can be obtained from EDTA-based electroless copper systems, compared to
baths using weaker chelates, such as tartrate.

With optimum metallization process conditions, even though the surface morphology is reduced significantly
between GX13 and GX92, from an Ra of approximately 600nm to slightly below 400 nm, an adhesion
strength of 600 N/m is maintained, even after 100 hours of HAST exposure. For the GZ22 material, with a
substantially lower Ra of 100 nm, adhesion strengths of 400N/m or greater are retained after 100 hours of
HAST exposure.

Figure 3: Effect of Conditioner and Electroless Copper Optimization on Peel Strength Before and After
HAST

ABF-GX13 ABF-GX92 ABF-GZ22
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Circuit Feature Formation

The uniform surface morphology and excellent peel strength may also be seen from the images of comb
pattern test structures with 10 micron line space features, shown in Figure 4. These structures were imaged
using a Nichigo-Morton dry film plating resist (ALPHO NIT 4015), used in combination with an i-line stepper.
The SEM images at 1000x magnification show the excellent feature shape and side wall uniformity obtained
on both the next generation materials. For the GX13 material, somewhat stronger flash etch conditions are
required to remove residual copper from the dielectric surface. This translates to some additional loss in
feature width and greater possibility of feature foot damage.

Figure 4: Formation of 10um Line / Space Comb Pattern Test Structures on ABF Dielectric Materials

ABF-GX13 ABF-GX92 ABF-GZ22

Optical Microscope
View

SEM View
x200

B R = &3 5q { o |
15kV X200 100pm T=30 RHEM 15kV X200 100pm T=30 RHEM| %200 -100pm — ' T=30 RHEM

SEM View
x1,000

ABKV". X1,000 | f0um T=80 RHEM 16kV| X1,000 tagﬁ

Dry Film: ALPHO NIT4015 {Nichigo-Morton)
Exposure: i-line 110mJicm?, MM Stepper $6P4 {Mejiro Precision)

Insulation Resistance Performance of Comb Pattern Test Structures

The comb pattern structures were used to compare the insulation resistance performance of the three
dielectric materials. Figure 5 shows the detailed design and cross sectional images of the test structures,
together with the insulation resistance measurements recorded over 100 hours HAST exposure.

While all three materials show stable performance over the full duration of the test, the next generation
materials show the best results, with GZ22 capable of achieving values slightly above 10* ohms.




Figure 5: Insulation Resistance of ABF Dielectric Materials During HAST
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Summary

A properly designed and optimized SAP metallization process is capable of delivering excellent results not
only on current generation materials but also on next generation build-up dielectric materials, such as
Ajinomoto ABF-GX92 and GZ22.

The use of a single SAP process, with capability for both current and future generation materials allows IC
substrate manufacturers to maximize the efficiency of their current manufacturing equipment, allowing the
highest possible operational efficiency.

Enabled by optimized process chemistry, next generation build-up materials will provide both the physical
and electrical properties necessary to allow industry performance goals to be attained.
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