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Abstract: Sonocrystallization, a process that uses sound waves to control the formation and growth of crystals, is gaining attention in
the chemical mechanical planarization (CMP) process for semiconductor manufacturing. CMP is a polishing technique used to smooth
and flatten the surfaces of wafers during chip production. One of the main challenges in CMP is the need for high-performance
polishing slurries—liquid mixtures that contain abrasive particles and chemicals. The size and uniformity of these particles are critical,
as they directly impact how evenly the wafer is polished and how well it performs. Sonocrystallization offers a unique solution by using
ultrasound to produce particles with highly uniform sizes. This improves the polishing efficiency and reduces defects on the wafer
surface, leading to more reliable chips. Additionally, the technique allows for better control over slurry composition, making it easier to
tailor slurries for advanced semiconductor materials, such as those used in 3D chips or next-generation transistors. As semiconductor
devices become smaller and more complex, sonocrystallization in CMP slurries is emerging as a promising innovation to meet the
industry's high standards for precision and performance.
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1. Introduction 2.3 CMP Performance Evaluation
Polishing tests were conducted using 300 mm silicon wafers.

Chemical Mechanical Planarization (CMP) is a critical step re c ¢
Key performance indicators (KPIs) included:

in semiconductor manufacturing that ensures the smooth

and uniform topography of wafers. The process relies on « Material removal rate (MRR)
slurries containing abrasive particles suspended in a « Surface roughness (Ra)
chemically reactive solution. The uniformity and size « Defect density (particles/cm?)

distribution of these particles play a crucial role in
achieving defect-free surfaces. However, conventional
slurry preparation methods often result in inconsistencies
that affect wafer performance.

3. Results and Discussion

3.1 Particle Size Distribution

Sonocrystallization, which applies ultrasound waves to
control nucleation and crystal growth, has emerged as a
promising method for producing uniform abrasive particles.
This study explores the impact of sonocrystallization on
CMP slurry composition, its effect on polishing efficiency,
and defect reduction.

2. Methodology
2.1 Sonocrystallization Setup

An ultrasonic crystallization reactor was used to produce
abrasive particles for CMP slurries. The setup included:

« Ultrasonic transducer operating at 20 kHz

« Temperature-controlled reaction chamber

« Continuous agitation to maintain uniform condition

2.2 Slurry Preparation

The following experimental conditions were optimized:

e Precursor Solution: Alumina (Alz:Os) and silica (SiO2)
suspensions

« Sonication Duration: 5 to 30 minutes

« Power Intensity: 100 to 500 W/cm?

e Temperature Range: 25-65°C

« Surfactants and Stabilizers: Polyacrylate dispersants

Dynamic Light Scattering (DLS) analysis showed that

sonocrystallized particles exhibited:

« Narrower size distribution (D50: 100 nm, PDI: 0.05)
compared to conventional slurry (D50: 150nm, PDI:
0.15)

« Improved colloidal stability, reducing aggregation over
time
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3.2 Surface Quality Improvement

Atomic Force Microscopy (AFM) and Scanning Electron

Microscopy (SEM) revealed:

o A 35% reduction in surface roughness (Ra reduced from
0.8 nm to 0.52 nm)

« Reduced micro-scratches and defects on wafer surfaces
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Figure 2: Surface Roughness (Ra) nm of conventional vs
sonocrystllized slurry

3.3 Material Removal Rate (MRR) Enhancement

CMP  tests showed that

sonocrystallization achieved:

e MRR increase of 20% compared to conventional
slurries

« Enhanced uniformity in planarization across the wafer

slurries  prepared via
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Figure 3: Material Removal Rate (nm/min) of conventional
vs sonocrystllized slurry

3.4 Compatibility with Advanced Semiconductor
Materials

Slurries were tested on SiQ:, W (tungsten), and low-k

dielectric materials, demonstrating:

« Consistent polishing performance for 3D NAND and
FinFET architectures

» Reduced erosion and dishing effects

Table 1: Defect density of conventional vs sonocrystallized

particles
Method Defect Density (particles/cm?2)
Conventional 320
Sonocrystallized 208

4. Conclusion

This study demonstrates that sonocrystallization is a viable

method for improving CMP slurry performance in

semiconductor manufacturing. The key benefits observed

include:

e Superior particle uniformity, leading to improved
polishing precision

« Enhanced material
throughput

« Lower defect rates, contributing to higher chip yields

removal rates, optimizing

Future research will focus on further refining
sonocrystallization parameters to optimize performance
for next-generation semiconductor materials. Adoption
of this method in industrial settings could significantly
improve wafer yields and manufacturing efficiency.
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