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Outline

• Demands for Nanoparticle Metrology in Semiconductor 

Manufacturing

• Nanoparticle Metrology Development

– Measurement technology

– SEMI Taiwan- WG for Purity And Particle Analysis for 

Semiconductor Raw Materials

• Summary
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More ‘Moore’ Continues to Drive …

• Moore’s Law continues to drive into 2 nm technology node using 

gate-all-around (GAA)

• GAA metrology challenges: size shrinkage, new materials, 3D 

complex structure, and atomic resolution (≤ 0.1 nm) for more than 

30 key parameters
3
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Two Key Directions for Semiconductor Standards
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0.20.9 nm

Film thickness, Overlay

CDs: 3D profiles for FinFET and GAA Particle and Impurity

Nanocsale CD Metrology Nanoparticle Metrology
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On Wafer Particle Defect Inspections

5

Optical wafer defect inspection at the 10 nm technology node and beyond, 

Zhu et al, 21 April 2022, International Journal of Extreme Manufacturing

MSP (www.mspcorp.com), a division of TSI Cooperated. 

Standards for Particles on Wafer Inspections 

2 ~ 20 μm

~250 particles 128 nm

~2500 particles

➢Calibrated particles deposited on wafer

http://www.mspcorp.com/
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Metrology requirement for particles, International Technology Roadmap for Semiconductors, 2017.
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Metrology Challenges for Nanoparticles
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APMP.L-S5, 2012
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Pilot laboratories CMS/ITRI, NMIJ

Participants 

CENAM, CMS, DFM, INMETRO, INRIM, KRISS, 

LNE, METAS, NIM, NIMT, NMIA, NMISA, NMIJ, 

PTB

Methods AFM, SEM, TEM, DLS, DMA, XRD, SAXS

APMP.L-S5, 2012

Length, Dimensional Metrology, Nano particles measurements

Joint Comparison with TCMM in APMP

http://kcdb.bipm.org/../default.asp
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Other Than Size and Number Concentration?

• Size

• Size 

Distribution

• Number 

Concentration?

• Materials 

(Composition)?
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Urgent Requirements for NP

• Reference Standards

– Sizes of nanoparticles ≤ 20 nm

– Number distribution ≤ 104 #/mL

9

• Measurement Technology

– Sizes of nanoparticles ≤ 5 nm

– Number distribution ≤ 10 #/mL

– In-line calibration
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Nanoparticle Metrology in Front End Processes
CPC

Gas exchange device (GED)

Performance test
Online calibration system

Performance test

DMA

spICP-MS

Specialty gas

Gas exchange device

Particle monitoring in specialty gases 

Particle 
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Performance enhancement of DMA-CPC

Particle Monitoring in Ultrapure Reagents 

NG batch OK batch

Enhance charging efficiency ↑

Home-made Unipolar charger set-up:
Size distribution of 10 nm Au NPs

Home-made charger

Soft X ray

Condensator

Saturator

Home-made enhancer:
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Complementary information by DMA-CPC and ICP-MS

Bottle Ag Al Ca Co Cr Cu Fe K Li Mg Na Ni Pb
Total ion 

(ppt)

#1 10.6 1.9 5.2 1.2 13.8 15.6 67.1 1.9 0.1 1.4 37.9 7.6 0.7 164.9

#2 15.4 5.9 0.4 0.3 2.3 19.1 15.0 3.6 0.1 0.4 34.0 1.5 1.4 99.3

#3 9.8 0.4 1.1 0.1 1.9 7.2 2.7 1.4 0.2 0.3 27.3 0.8 1.1 54.3

#4 11.5 0.5 1.8 0.2 1.7 5.8 4.9 2.4 0.1 0.2 28.5 1.1 0.7 59.4

#5 14.7 4.5 0.1 0.1 1.5 1.8 1.1 1.4 0.2 0.2 26.6 0.2 0.7 53.1
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Particle Monitoring in Ultrapure Reagents 
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spICP-MS calibration by MDG
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Method validation

D = 
3 𝑅3∗𝐶𝑎

𝜌

Symbol Meaning

D
Particle equivalent 

diameter(nm)

ρ Particle density(g/cm3)

R Droplet diameter(µm)

Ca
Metal ion concentration

(ng/cm3)

Particle equivalent 
diameter

D = 
3 48.8 µm 3∗35.91 ng/cm3

19.32 g/cm3 = 60.0 nm

UD = 2.1 nm

Signal obtained by ICP-MS
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SEMI Inspection and Metrology Committee

WG1: Purity And Particle Analysis for Semiconductor Raw 

Materials

WG2: Advanced IC Package measurement & metrology 

technology

Semiconductor Equipment and Materials International

SEMI- Semiconductor Equipment and Materials International
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Preliminary Survey for Nanoparticle Metrology

• Questionnaire for Needs in Purity and particle analysis for 

semiconductor raw materials

15

A. Raw material B. Impurity type
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Summary 

• Raw materials

– Top 3 importance: Photoresist, specialty gas, acid

– Top 3 urgency: Photoresist, base, acid

• Impurity type

– Top 3 importance: Particle, cation, AMC-base 

– Top 3 urgency: Particle, cation, AMC-base 

• Analytical method 

– Meet expectation: cation, inorganic, AMC, 

– Not meet expectation: anion, organic molecule, Particle, 

nanobubbles
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Summary

• CMS/ITRI have established the measurement technology for 

size, number, and composition analysis of nanoparticles, 

particularly for Ultra-Fine Particles/Impurities monitoring in 

process gases and chemicals.

• CMS/ITRI have demonstrated the possibility of DMA-CPC for 

AMC monitoring by converting the gas molecule to particle.
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