Cleaning Options for

Loppe

ith the evershrinking
dimensions of nano-
electronic devices,
copper and  low-k
materials have been
successfully integrated
to produce viable pro-
ducts on 300 mm wafers. However, these
changes have brought a host of challenges,
including significant manufacturing yield
issues at 90 and 65 nm geometries. As pro-
duction processes move down to the 45 nm
node and beyond, the need to preserve
copper/low-k and copper/ultralow-k advan-
tages becomes even more critical.

Various wafer-cleaning chemistries and
technologies have been developed to
work in 90 nm and below processes.
Many developments have been in wet
and supercritical cleans. End users can re-
alize the highest yields by conducting a
thorough analysis of methods and prac-
tices available to develop reliable and ro-
bust wafer-cleaning solutions for copper
and ultralow-k integration.

Stripping and residue removal
The major cleaning technologies for pho-
toresist (PR) stripping and etch/ash resi-

The shift from copper/low-k to cop-
per/ultralow-k dielectric stacks has
led to a need for cleaning chemis-
tries that preserve and restore k
value. Successful cleans have been
demonstrated, including one-step
removal of ash residues/sacrificial
ARC.
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An untreated copper/low-k structure (left) and post-wet clean with CLk-222 (55°C, 30 min, right) shows efficient
removal of ash residues and the sacrificial antireflective coating.

due removal can be classified into four
categories:

® Dry cleans

e Supercritical cleans

e Wet cleans

e Alternative technologies (e.g., cryogenic
aerosols, laser cleans)

Dry cleans have made steady progress
in removing selected homogeneous mate-
rials; unfortunately, they have difficulties
in cleaning inhomogeneous residues and
removing particles. In addition, high-en-
ergy, plasma-based dry cleans generally
require a hard mask to prevent excessive
damage of sensitive low-k dielectrics.

Somewhat successful in etch/ash resi-
due removal, metal ion removal and
porous low-k repair, supercritical cleans
require new equipment and are less effi-
cient in bulk resist and bottom antireflec-
tive coating (BARC) removal. Their im-
plementation into production has been
delayed, as the associated costs of imple-
menting new equipment are highly ineffi-

cient, without a guarantee of significant
yield increases.

Wet cleans have advanced and deliv-
ered proven performance for processing at
90 and 65 nm nodes. They include organ-
ic-solvent-based, aqueous-based or semi-
aqueous PR strippers and etch/ash residue
cleaners. Integrating wet cleans with new
processing tools, such as single-wafer
processors, as well as mix-and-match/com-
bining wet cleans with selected dry cleans
further enhance wet cleans’ capabilities.
Wet and/or dry cleans are expected to per-
form to 32 nm and below.

Both wet and supercritical cleans are
more proven and commonly used than al-
ternative technologies, such as cryogenic
aerosols and laser cleans. Generated from
a precision blend of argon and nitrogen
gases, cryogenic aerosols travel to the
wafer surface at high velocities. In theory,
the gases dislodge particles on impact,
and a laminar flow field carries away the
particles. Laser cleaning is designed to re-
duce particles from a wafer’s surface with-
out water or chemicals and with no
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wetability limitations or haz-
ardous wastes.

Preserving k value
One of the major culprits for

Processes for k Restoration
(2000 A Film, k=2.5)

(lack of surface tension) and
enhanced ultralow-k compat-
ibilities. Organic solvents or

sensitive low-k dielectric dam-

age comes from high-energy

ashing processes. Unlike the

etching processes in which
PRs may act as a protective lay-

er, dry ashing of PRs and/or
sacrificial ARC (SARC) with

B Porous CDO % change of dielectric proprietary chemical blends
Process conditions capacitance (pF) | constant, k (estimated) .
are frequently used as modi-
Reference, untreated 94.4+0.9 — fiers to improve cleaning per-
NMP, 60°C, 30 min 124.3 £9.7 +(31.6 £10) formance.
NMP, 60°C, 30 min/RP 1* 95.8 +2.1 +(1.0£2.2) Successful  back-end-of-
Aqueous wet clean A, line supercritical cleans of 90
50°C, 30 min/RP 2* 98.9+2.5 +(4.8+2.6) and 65 nm wafers using both
Organic solvent-based bench-top and 300 mm tools
wet clean B, 60°C, 30 min/RP 3* 95.1+0.9 +(0.8 £0.9) have already been conduct-

high-energy plasma frequently
results in significant increases
of the k value, offsetting the
low-k advantages. The introduction of hard
mask to protect low-k material adds process
steps and increases the effective dielectric
constant (k.g). Chemical reactions, such as
silanol capping with HMDS silylation,
have been used to “repair” low-k mat-
erials;! however, these repaired materials
do not have the identical structures and
properties as the original low-k dielectrics.
Alternative approaches using soft ash or re-
ducing ash offer partial relief, but still have
considerable drawbacks in maintaining
low-k integrity and delivering required per-
formances.

A number of benefits can be realized if
modern wet cleans are used in copper/low-
k integrations. First, modern wet cleans of-
ten use low-energy processes, limiting
chemical effects/modifications at or near
the surface. Also, a wide range of chemis-
tries is available to develop suitable wet
stripping/cleaning of PRs and ARCs, with
minimal or virtually no damage to inter-
connect structures. Compatible wet-clean
chemistries for ultralow-k and copper repre-
sent one of the most promising options for
current and future technology generations.

Recently, enabling wet-clean chemis-
tries have been developed. These chemis-
tries address three key requirements of
copper/ultralow-k integration:

e Stringent compatibility requirements of
highly sensitive and/or porous ultralow-k
dielectrics.

e Lfficient removal of SARC (used for ad-
vanced lithography and patterning aid).

e Compatibility with special metal stacks
in some schemes, such as copper/CoWP
and copper/CoWB for reducing electromi-
gration.Z The commercial products cover a
wide range of solvent matrices/platforms.
Successful cleans have been demonstrat-
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*RP 1, RP 2 and RP 3=Restoration protocol #1, #2 and #3 (with intermediate rinses and baking
at atmospheric or reduced pressure). CD0=Carbon-doped oxide.

ed in many applications, including one-
step clean of bulk PR/hardened PR
shell/etch residue/SARC and one-step re-
moval of ash residues/SARC (Figure).

Restoring ultralow-k

One of the major challenges for ultralow-
k integration is maintaining/restoring k
after PR stripping and residue cleans. Fre-
quently, cleaning processes result in sig-
nificant increases of k values.

Porosity often increases significantly
when moving from low-k to ultralow-k ma-
terials. Unfortunately, ultralow-k materials
more readily trap moisture and chemicals.
Thus, cleaning processes not only are re-
quired to maintain the basic chemical and
physical integrity of each dielectric, but al-
so provide efficient ways of removing
trapped moisture and chemicals.

Recent studies have shown that both se-
lected aqueous-based and organic-solvent-
based wet cleans can deliver excellent sub-
strate compatibilities and maintain/restore
the crucial k g (Table). Soaking of a porous
low-k film in simple organic solvents, such
as 1-methyl-2-pyrrolidinone (NMP), can
considerably raise its capacitance. Various
restoration protocols (RPs) are developed
to restore capacitance (C; thus, k since C
is proportional to k) after wet cleans. Some
of these RPs could be lengthy and mainly
involve alternate rinses and baking. In
general, k restorations from aqueous-based
wet-clean treatments are easier than
restorations from organic-solvent-based
chemical processes.

Supercritical cleans

The utilization of supercritical fluid (SC-
CO,)-based technology in wafer cleaning
presents a number of advantages, includ-
ing excellent mass-transfer phenomena

ed. Although the implemen-
tation of this new technology
is expected to be further de-
layed, its unique properties and capabili-
ties continue to draw interest for clean-
ing applications in future technology
nodes.

Conclusions
Significant advances have been achieved
in several areas of wafer-cleaning tech-
nologies, including wet cleans, dry cleans
and supercritical fluid technology.
Coupling new chemistry developments
with advanced processing tools, wet cleans
show great potential to extend their proven
performance to sub-65 nm generations.
While delivering required substrate com-
patibilities, they are able to provide satis-
factory cleaning of PR, hardened shell,
etch/ash residues and ARCs. Further-
more, good progress has been achieved in
preserving the crucial kg of sensitive,
porous, low-k dielectrics. Wet cleans are
expected to be able to meet the cleaning
needs for 45 nm nodes and beyond. ©
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