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Abstract

In spite of the substantial progress made in the last
decade, the GaAs|C industry isstill far from reaching the high
manufacturing yields established by the Si fabs. High volume
applications that target the large consumer electronics market
bring a new challengeto the ordinary GaAs manufacturing line
and the lure to be more “ Si-like” is the mativation for many
new process developments. However, adopting S methods often
requires a hard rethinking of the traditional paradigms
established in the early years of GaAs IC processing. By
implementing an all-sputtered metallization process in
conjunction with CO, snow metal lift-off, we believe we
overcame one such paradigm. We demonstrate that
evaporation is not the only suitable method for lift-off
patterning and show that sputtering could represent an
attractive alternative. In this paper we will discuss some of the
benefits and difficultiesthat come from using sputtering asthe
metal deposition method of choice in a high volume GaAs
manufacturing line.

INTRODUCTION

Over the last decades, the semiconductor industry
stuck to a very aggressive trend of continuously increasing
the wafer size. Driven by the need to accommodate larger
and larger wafers, the batch-style processing lost its
popularity because of the increased footprint required for the
tools and also because of the extra time required to handle
the wafers. Single-wafer, cassette-to-cassette processing
proved to be the better solution for a large number of
applications. In the particular case of 111-V metallization, the
most prevalent batch processing technique is evaporation,
mainly performed in large dome systems. However, this
method doesn’'t suit itself for single wafer processing so
most cassette-to-cassette cluster metallization tools are based
on sputtering. The single-wafer sputtering tools generally
employ a load-lock system and the deposition takes place in
a relatively small, well controlled chamber. This
configuration offers several advantages over the typical e
beam batch evaporation:

a) Higher vacuum levels are easier to maintain

b) Increased deposition repeatability

c) Less particles generated by melting metals or

by exposed moving mechanisms
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d) Integrating pre-metallization, in-Situ processing
steps is straightforward (e.g. adding extra
modules for sputter etch clean)

€) Reclaiming precious metalsis more efficient

f) Lessextensive manual wafer handling

S industry has adopted sputtering as the metallization
method of choice for numerous applications and batch
evaporation is hardly employed at all. In contrast, sputtering
could not be adopted easily by the 111-V industry mainly
because it was considered unsuited for the lift-off patterning
method. The need to increase the wafer size to 150 mm
brought new processing challenges and a so made us rethink
this past limitation. During this development effort we
learned that actually sputtering and lift-off patterning could
beintegrated into arobust and efficient process. In this paper
we will present data that demonstrates reduced defectivity
levels with the introduction of sputtering metals. The lift-off
integration issue will be analyzed along with new equipment
developments that made it possible. Potential problems
associated with stress and microstructural differences will
also be discussed.

DEFECTIVITY

One particular advantage of sputtered metallization
is the improvement in defectivity levels compared to an
evaporator. Evaporators and their associated tooling
typically contribute high particle counts plus a high density
of metal “splashes’ as the melt spits. Comb and meander
tests graphically demonstrate the reduction in defectivity
seen by moving to an all-sputter lift-off process, Figures 1
and 2. For these tests, Ti/P/Au comb and meander
structures were deposited by sputtering and evaporation and
then patterned by lift-off. Resist removal and post resist
clean up followed the same procedure in both cases. Data
was normalized to a metric called Relative Quality (RQ),
representing the number of sites passing the test. Figure 1
shows RQ for the meander structure for evaporated and
sputtered metal, demonstrating a 52% increase in good die
for the sputtered metal. Figure 2 shows a similar benefit for
the sputtered comb structures with a 72% increase in good
die. We believe that the improved comb data for sputtered
metal is due to much-reduced particles and therefore reduced
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shorts. The high meander RQ is due to the absence of metal
spits and therefore no opens. This trend is also confirmed by
our SPC particle check tests that are performed regularly in

the manufacturing line. In this respect, the sputtering tools
performance is net superior to their evaporation equivalents
employed on the 100-mm line.
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Figure 1. Relative quality, meander structures patterned by lift-off. 52%

increase in RQ by sputter vs. evaporation
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Figure 2. Relative quality, comb structures patterned by lift-off. 72%

increase in RQ by sputter vs. evaporation
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METAL LIFT-OFF

In general, the increased non-directionality of the
sputtered metal will increase the sidewall coverage of the
patterned resist in relation with its evaporated counterpart.
This makes the traditional solvent lift-off process more
difficult. As a result, this has been the main barrier in
utilizing sputtered metallization in fabricating GaAs IC’s.
Superior sidewall coverage prevents solvent penetration to
dissolve the photoresist layer, resulting in longer solvent
soak cycle times, increased solvent usage, or inconsistent
lift-off.

However, several recent equipment developments have
addressed this issue, and have opened up the potential for
use of sputtering processes in place of evaporative.
Directional sputtering and the use of efficient backside
wafer cooling, followed by a CO, snow liftoff process
have made sputtered metal processes reliable. The CO,
snow lift-off removes the unwanted metal from the wafer
by initiating a thermal expansion mismatch between the
metal layer and the photoresist. This causes the metal to
crack and delaminate at the photoresist interface. The
loosened metal is then carried off the wafer surface by the
CO, snow.

New metallization challenges faced by the Si industry,
like the need for high aspect ratio via bottom fill, sparked
off developments in directional sputtering, (e.g. long
throw, collimation, ionized sputtering) [1, 2]. The same
approach was applied to sputtering metals for lift-off
patterning and an example of such a structure is presented
in Figure 3. This example shows a profile with reduced
sidewall metal coverage that is suited for lift-off.

Directionally sputtered metal is more difficult to lift off
than evaporated metal, using a conventional solvent liftoff.
But, through the use of CO, snow lift-off, this problem has
been overcome.
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Figure 3. Cross sectional SEM image of
sputtered metal line prior to lift-off
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METALS MICROSTRUCTURE DIFFERENCES

By switching the metal deposition method to
sputtering, the growth of the metal films is dramatically
changed. In relation with evaporation, sputtering metal
deposition involves a higher kinetic energy flux of neutral
and charged species. Furthermore, the presence of the
sputtering gas during the deposition opens up the
possihility that gas molecules could get incorporated into
the metals grain matrix. This will modify the
microstructure of these films and this difference will
translate into altered electrical and mechanical properties.
However, we were able to find solutions to these problems
but integrating an all-metals sputtering system had to take
into account the new, microstructurally different material.
For example, the stress of the as-deposited sputtered metal
is generally more compressive than the stress of the
evaporated metal films and this could have great
implications on the mechanical integrity of the whole IC
thin film stack. Figure 4 illustrates the stress comparison
between evaporated Au and sputtered Au.
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Figure 4. Stress comparison of as-deposited Au
films

This stress difference could be correlated with the
microstructure of evaporated Au in comparison with
sputtered Au. The TEM cross-sections presented in Figure
5 show the anisotropical columnar grain structure of the
sputtered material. In contrast, a closer to equilibrium and
potentially more stable Au film can be noticed in the
equiaxial grain microstructure obtained by evaporation.

CONCLUSIONS

We've established that single-wafer sputtering can be
integrated successfully along with lift-off patterning and to
the best of our knowledge, this is the first such system
reported. In doing that, we've demonstrated improved
yields by lowering the defectivity levels along with
reliable lift-off. Also, some difficulties associated with
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controlling the microstructure and stress of the sputtered
films were presented.

Evaporated

Figure 5. TEM cross-sectional micrographs
of evaporated and sputtered Au films
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ACRONYMS

IC: Integrated Circuit

RQ: Relative Quality

SEM: Scanning Electron Microscopy
TEM: Transmission Electron Microscopy
CO,: Carbon Dioxide
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