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Wafer Bonding: Why?

3D Stacked CMOS Image Sensor Back-Illuminated (BI) CIS Process CIS and Logic Chip-on-Chip Integration
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Bonding Technology

Figure 1. Bonding Technology Evolution [figure adopted from semi analysis]
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Hybrid Bonding

Figure 2. Cu-Cu hybrid bonding with dielectric layer
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Wafer to Wafer Bonding

Figure 3. Wafer-level bonding vs die-wafer bonding
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Problem Statement

Figure 4. Defect identification in bonded wafers



Bonding Layer Inspection with EIS

➢ Analyzer: 10-100MHz frequency sweep

➢ Pulse: Voltage induced current source

➢ Probe: Connected to magnets

➢ Magnetic force

• Consistent contact force

• Consistent alignment

Figure 5: Experimental set up for EIS measurements
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Probe Design

Defect

Flat magnet

Flat magnet

Defect

Area of 

interest

Defect

Area of 

interest

(b)

(a)
Defect

Ball magnet

Flat magnet

Bonded 

Wafers

Bonded 

Wafers

𝒂 =
𝟑 𝟑𝑭𝑹

𝟒𝑬
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Hertzian contact theory
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Characterization Technique

Magnets provide consistent contact force → stable 𝑅𝑐ontact 
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Annealing Effects on Bonding Layer

Figure 6: Color-coded impedance maps of pre-and post-

annealing SiCN bonded wafers.

Before Annealing

After Annealing
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Center-to-Edge Bonding Quality Variation

Figure 7: Bonding quality variation from center-to-edge with extracted resistance values along four different directions with 12 measurement points each direction.
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Near Infrared Imaging
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10 um

Figure 8: Analysis of bonding layer on aberrant spot: (a) detailed inspection on the anomalous point #7 

with 3x3 grid map (b) defect modes detected on the points with high impedance
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Wafer level bonding layer assessment

Statistical Sampling

19, 37, 61 Points

Polar Grid

Radial Degradation

Figure 9: Bonding quality assessment through advanced sampling. (a) A 37-point testing scheme is adopted for better 

statistical accuracy in quality analysis and (b) Polar plots depicting bonding quality along the radial direction where theta (in 

degrees) and the radial parameter (in MΩ) represent the angular position of the points respectively.
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Summary

EIS 
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Defect 

mapping

Process 

Improvement

High Yield

Wafer-Wafer Bonding Die-Wafer Bonding
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