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1. ABSTRACT

Technological advances have alowed chemical management systems to meet the
increasingly strict purity specifications for semiconductor process chemicals. Careful
selection of system wetted materials has reduced metal extraction to analysis detection
capabilities. Research on flow hydraulics hes led to a better understanding of the
behavior of particles in chemical delivery systems. A chemica management system
installed a Motorola APRDL/MOS 13, assembled with high purity components, uses
severa advanced flow control techniques to minimize particulate contamination. This
systems, which combines Advanced Stabilized Distributiona, fab-wide distribution and
sartup Stabilization, delivers chemicals with very low particle concentrations (£ 1
particle/ml 2 0.2 mm) and has negligible metallic extractables.

2. INTRODUCTION

The processes used to produce microcircuits with critical dimensions below 0.5 mm are
extremely sendtive to contamination. Both elemental contaminants, especially metallic
species, and particulate contaminants are very detrimental to device yield and reliahbility.
One source of these contaminants is the chemicals used in the cleaning, etching and
stripping processes used to produce the devices.

Advances in chemical management technology have kept pace with the increasingly
strict purity specifications for process chemicals. Careful selection of system wetted
materials has reduced metal ion contamination [1]. Improved measurement tools and
research on the effects of flow hydraulics on filter performance have led to a better
understanding of the behavior of particles in chemical delivery systems [2]. Chemical
delivery systems with Advanced Stabilized Distribution and startup stabilization have
been designed to minimize particulate contamination through control of chemical flow.

Chemical delivery systems with Advanced Stabilized Distribution maintain a constant
flow rate through system filters a al times. Both internal stabilization and fab-wide
distribution can be maintained. In fab-wide distribution, chemical flows continuoudy
through the system filters, past the fab points of use and back to a supply tank. When
internal filter stabilization is used, chemical flowsthrough the system filters and is
returned to the supply tank. Chemical is supplied to the fab points of use through aline
that branches from this loop downstream of the system filters. There is no flow
through the branch except during a chemical demand.
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Startup stahilization is used to control particulate contamination when a chemical
delivery system is shut down for maintenance or for another reason. The system filters
are subjected to a hydraulic shock upon startup, releasing a very large number of
particles into the chemical [3]. Startup stabilization prevents these particles from
reaching the points of use. The chemical is polished, that is, particles are removed by
recirculating it through the system filters, prior to release to the fab.

Dedlivery systems incorporating both Advanced Stabilized Distribution and startup
stahilization were designed to deliver the high purity chemicals needed to manufacture
PowerPC® chips & Motorola APRDL/MOS 13. The chemicals delivered by these
sysems were 49% hydrofluoric acid, 37% hydrochloric acid, 29% ammonium
hydroxide, 30% hydrogen peroxide, 96% sulfuric acid and isopropyl acohol.
Specifications for contaminant levels in incoming chemicals ranged from < 1 ppb to
<10 pph. The systems were required to add < 1 ppb of total metallic contaminants to
the delivered chemical. Particle specifications at the points of use ranged from < 2 to
< 5 paticlesml (3 0.20 mm).

3. SYSTEM METALLIC EXTRACTABLES

Each system was tested using the Dynamic Extractiona technique over a one-week
period during which no chemical entered or exited the syssem. Concentrations of 34
elements were measured during this time using a combination of inductively coupled
plasma-mass spectroscopy (ICP-MS) and graphite furnace atomic absorption (GFAA).
Tota elemental concentrations in the chemicals were essentialy invariant over time.
All the systems were able to achieve the specification of < 1 ppb of total metals added
within three days of initial chemical contact and were predicted to add < 0.1 ppb of
total metals within one month [4]. The systems typically met specification within one
day, asshownin Table 1. The major element extracted was iron.

Table 1. Time required for chemical delivery systems to achieve selected extraction
rates

Chemical Timeto< 1 ppbtotal Timeto< 0.1 ppb total Main elements
metals added (days)  metals added (days) extracted

29% Ammonium hydroxide <1 <1 None
37% Hydrochloric acid 3 31 Iron

49% Hydrofluoric acid <1 <1 None
30% Hydrogen peroxide <1 <1 None
70% Nitric acid <1 <1 None
96% Sulfuric acid 2 16 lron
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4. SYSTEM PARTICLE CONCENTRATIONS

Particle concentrations were measured at the end of the distribution loop using an on-
line laser optical particle counter. When the systems were operated under normal
conditions, particle concentrations were well below design specifications, as shown in
Table 2. Concentrations ranged from < 0.1 to 1.0 particle/ml (3 0.20 mm).

Table 2. Particle concentrations in delivered chemical under typical operating
conditions

Chemical Typical concentration Specification
(#ml 3 0.2 M) (#ml 3 0.2 M)
29% Ammonium hydroxide 05 <3
37% Hydrochloric acid <01 <2
49% Hydrofluoric acid <01 <2
30% Hydrogen peroxide 10 <2
96% Sulfuric acid <01 <5
Isopropy! alcohol 1.0 <2

Experiments were performed a APRDL/MOS 13 to verify the effect of startup
stahilization on particle concentrations at the points of use. Three chemicals, sulfuric
acid, isopropyl acohol and ammonium hydroxide, were monitored for particle
concentrations after startup. The duration of the startup stabilization time was varied
from O to 20 minutes. Figure 1 presents the peak particle concentrations at the end of
the distribution loop as a function of startup stabilization time. For al three chemicals,
the peak concentration decreased as the startup stabilization time increased.

In addition, the length of time during which the particle concentrations were above
specification decreased with longer startup Stabilization time (Figure 2). These data
indicate that chemical specifications can aways be met for ammonium
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Figure 1. Effect of Stabilization time on maximum particle concentrations
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Figure 2. Effect of stahilization time on time for particle concentrations to drop below
specification
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hydroxide and isopropyl alcohol with a ten-minute delay in chemical availability
following system startup. The startup stabilization time required for sulfuric acid is
approximately 40 minutes.

5. CONCLUSION

The chemica management systems a Motorola APRDL/MOS 13 incorporate
advanced particle and meta control features. The particle control features maintain
congtant flow through the system filters at al times (Advanced Stabilized Distribution)
and prevent particles released during startup from reaching the points of use (Startup
stahilization). Meta control is accomplished by proper selection of system materials.
These systems consistently deliver chemicals with < 1 particle/ml (3 0.20 mm) and add
<1 ppb total meta ions within three days of chemical contact.

REFERENCES

1. D.C. Grant, T. Lemke, G. Duepner, D. Wilkes and N. Powell, “Measurement of Inorganic
Contaminant Extraction from Huid Handling Components by Dynamic Extraction,” J of the IES,
39(2):29-37, 1995.

2. D. Dedl and D.C. Grant, “Chemical Ddivery Systems. Past, Present and Future,” Contam-
ination Contral and Defect Reduction in Semiconductor Manufacturing 111, D.N. Schmidt, Ed.,
Proceedings Val. 94-9, The Electrochemical Society, Pennington, N.J,, pp. 167-179, 1994,

3. D.C. Grant and S. Clifford, “Why Multiple Tank Turnovers Are Insufficient for Attaining
Maximum Particle Purity in Chemical Delivery Systems,” Proceeding of the Semiconductor Pure
Water and Chemicals Conference, Chemical Section, sponsored by Balazs Analytical Laboratory,
Sunnyvale, California, pp. 103-121, 1993

4. D.C. Grant, L. Clark, D. Winkdman, T. Lemke and N. Powell, “Qualification of Elemental
Extraction from Chemical Delivery Systems Using the Dynamic Extraction Technique”
Proceedings of the 13th ICCCS Mesting, The Hague, The Netherlands, 1996.

Advanced Stahilized Distribution is atrademark of FSI International, Chaska, Minnesota.
PowerPC is aregistered trademark of Motorola, Austin, Texas.

oo

CTA Publication #25 in Proceedings of the Third Interational Symposium on Ultra
Clean Processing of Slicon Surfaces, Sept. 1996
4



