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Abstract – Device and feature sizes continue to shrink, while defects dimensions generated by AMC interacting with exposed surface layers stay constant, expanding the requirements for advanced environmental monitoring and control. In this paper we discuss environmentally driven Copper line corrosion and a newly discovered mechanism for environmental contaminants transport.
Problem Statement 
Un-passivated Copper surface becomes exposed to Fab environment after Via Etch step, prior to next layer of copper deposition, as shown schematically in Fig.1
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Copper from underlying metal line becomes exposed to enviromnet after Via etch opens a connetction to future upper metal layer.
If active contaminant is present in the Fab environment during this period of exposure, opportunities exist for defect generation. One of the temporary sources of such contaminants are materials used during new tools installation and Fab expansion construction, especially ones with volatile organics, like sealants.
We detected increase in such defects during one of the expansion phases, example shown on Fig.2. Copper migration out of the underlying metal line and inclusion of additional electronegative elements (O,F,S,..) are indicative of electrochemical reaction. It should be noted that many of these elements are present at low levels in distributed form in copper lines due to electroplating chemistry and not necessarily added through external contamination. Any other trace elements, if present, are below detection level of TEM/EDX.
Additional fact that needs to be mentioned is that the issue affected only Fab bays that where in immediate proximity to expansion activity.
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Example of via defect affected wafer showing edge distribution (a). SEM inline review (b) showed that a defect present inside a via (orange dash box) with clean neighbors (white dash boxes). Cross section (c) showed that defective via is isolated. Comparing with normal good via (d), the defect via (e) had Cu loss underneath. Elemental analysis revealed that the defect is a grown Cu-X, where X designate foreing element. 
Modeling and Validation
 Modeling cartoon, based on industry knowledge, is shown on Fig.3 
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Another TEM of the Defect Of Intereset (DOI) with general discussion of potential promoters of the reaction. True theoretical understanding is still elussive. 
Standard methodology of Fab air analysis was conducted and result compared between known good and known bad areas, summary shown on Fig.4
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Clean (Top) versus affected Bay compounds. Y axis is in Arbitrary Units, compounds are grouped into relevant families. Elevation is seen across multiple groups.
At this point it should be noted that not every tool in affected bay was producing these defects, and that majority of construction work was carried out at sub fab floor and not process floor. Airflow in the Fab should carry sub fab contaminants way, so clearly there was also a different delivery mechanism at play. One of the clues we found was a correlation between the defect levels and coolant fluid used to cool Etch process chambers. Coolant fluid source is monitored for coolant levels and occasionally the fluid is topped off as needed. We noted that locations with recently added fluid exhibited higher defect levels in affected bay.
In order to validate this observation, wafers where processed through Via Etch and left in open container with coolant cup placed nearby. Defect of Interest scan was performed after some time. Results are shown on Fig. 5, indicating that the presence of the coolant is important part of the mechanism.
Discussion and Conclusion
In this work we described a case where Copper corrosion was detected under combination of three factors: advanced manufacturing node, environmental contamination during new tool installation activity and transport of contaminant to the wafer by inert coolant fluid. 
While propensity of Copper to corrode is well known, standard semiconductor processing has evolved to virtually eliminate corrosion cases in mass-production of established nodes. However as dimensions shrink and process architecture becomes more involved, using new materials and elaborate patterning schemes, new sources of environmental interaction could continue to be discovered. Additional challenge is to have a reliable real time monitoring in PPB levels.
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Defect Maps of wafers processed in clean bay tool and left open in affected and clean bays, with and without cup filled with process coolant fluid.
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Multiple Paths for Copper Corrosion

Step 1: ACOH/H20 get absorbed
on the Cu surface

Step 2: Oxidation by-products
areformed

Step 3: An electrochemical
reaction drives the diffusion of
X and Cu, forming Cux -

Corrosion can be caused by a
combination of a number of
compounds:

-Organic acids

-Fluorine

-Hydrolyzed siloxanes or esters.

- Sulfur

Multiple type of corrosion (CuO, Cus,
CuF,,...) can take place.

Step 4: The diffusion of Cu and
X produced the micro-voids
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