• 2 Barrier CMP processes performances were investigated: POR process B was compared to process B1

• CMP performances were compared by quantifying bonding yield on 3 different test masks with different design rules:

• Heterogeneous Mask 1 with pitch and density variations • Mask II, with fixed density and pitch variation • Mask III, with density variation and fixed pitch

• While we will not give precise process conditions, we will talk about a method to quantify bonding yield

What we will talk about

Qualitative Estimation of Bonding Performance
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Qualitative Estimation of Bonding Performance  HR-SAM Images obtained for C1 Cu CMP Process show that white pixels ratio is significantly decreased and, also, their radial distribution on the wafer is significantly improved  Hybrid bonding quality is highly ameliorated by changing from C Cu CMP process to C1

Cu CMP process and CMP process signature is evidenced  From mask design perspective, at die scale, white pixels ratio seems reduced for C1 Cu CMP process but is difficult to conclude at this stage Qualitative Estimation of CMP Process Impact on Bonding Quality Barrier CMP  Concerning barrier process conditions, comparing B to B1 is difficult, once again: HR-SAM images show comparable white pixels ratio and distribution so choosing the most performant Barrier CMP process in terms for bonding quality is not obvious 

  . BALAN, Y.EXBRAYAT, D.SCEVOLA • While BEOL CMP is a mature process, CMP for 3D hybrid bonding is much more challenging: Cu pad size is bigger while topography constraints are much more aggressive in order to avoid critical bonding voids • Quantifying CMP process performance is done by estimating final topography at different scales, with different metrology techniques • Correlation between topography amplitude and Scanning Acoustic Microscopy (SAM) images is done in order to improve bonding yield Intro | 6 CAMP2021 | V. BALAN, Y.EXBRAYAT, D.SCEVOLA • While BEOL CMP is a mature process, CMP for 3D hybrid bonding is much more challenging: Cu pad size is bigger while topography constraints are much more aggressive in order to avoid critical bonding voids • Quantifying CMP process performance is done by estimating final topography at different scales, with different metrology techniques • Correlation between topography amplitude and Scanning Acoustic Microscopy (SAM) images is done in order to improve bonding yield • In this work, we developed a image analysis method in order to have a direct quantification of the bonding yield from SAM images and propose best CMP process Intro | 7 CAMP2021 | V. BALAN, Y.EXBRAYAT, D.SCEVOLA • Improve a CMP process for Hybrid Bonding  Quantify Bonding Performance • CMP Process performances are investigated through High-Resolution Scanning Acoustic Microscopy HR-SAM • 3 Cu CMP processes performances were studied : standard, POR process C was compared to new consumables processes C1 & C2

•

  HR-SAM image of bonded wafers after POR CMP • Mask I: pitch & density variation | 10 Qualitative Estimation of Bonding Performance • Process signature impact both at • Wafer level  radial non-uniformity can be seen on the extracted band from the wafer image, indicating CMP process non-uniformity: bonding quality non-uniformity is quantified by white, unbonded zones, giving information on CMP process performance • Die-Level  we can clearly see that some white squares are repetitive  corresponding Cu arrays with a certain density and/or pitch are not bonded, giving information on mask design performance NU% | 11 Qualitative Estimation of CMP Process Impact on Bonding Quality Cu CMP (1)



  Changing for another Cu CMP process conditions, Cu C2, the HR-SAM Image show comparable white pixels ratio and distribution: the hybrid bonding quality seems equivalent  choosing the most performant CMP process is difficult in this case



  *  Surface Analysis Script  Radius Band Extraction  Image Thresholding  White Pixels Extraction  White / Black Pixels Ratio Unbonded %Area  CMP Process Performance * Rasband, W.S., ImageJ, U.S. National Institutes of Health, Bethesda, Maryland, USA, https://imagej.nih.gov/ij/, 1997-2018. 3/ FIJI  Surface Analysis Script  Die Extraction  Image Thresholding  White Pixels Extraction  White / Black Pixels Ratio Unbonded %Area Mask Design Impact 1/ High Resolution SAM Image Acquisition 4/ Unbonded Arrays Identification using die layout file  Design Rules While C1 Cu CMP process do show significant reduction of Unbonded %Area, meaning better bonding performance, C2 Cu CMP process lead to slight increase of white, unbonded pixel ratio: bonding performance of C2 process is worse Changing the Barrier CMP Process, from B to B1, helps to reduce Unbonded %Area  HR-SAM Image Analysis  Detect CMP process performance  Choose best process for bonding Similar Unbonded %Area at die scale for the 3 Cu CMP processes  White pixel distribution highlight repetitive unbonded Cu arrays  Mask design importance in terms of pitch & density Changing Barrier CMP process from B to B1 show significant white pixels reduction Barrier CMP have local impact, at Die scale, allowing to increase bonding process window in terms of density and pitch Center Die POR

  

  

  

  

  

  

  

  

  

Die Scale Quantification of Bonding Quality Unbonded Cu Arrays Identification  Based on mask design file (left-side), unbonded Cu arrays were identified and counted on HR-SAM Image (middle)  Graph on right-side shows that, for these specific conditions, a large number of Cu-arrays (white bar on graph) were not bonded:

 ~ 56% unbonded arrays (white bar)  ~38 bonded arrays (black bar)  ~6% mixed (grey bar) : these arrays, on limit between bonded/unbonded are important to focus on for CMP process optimization