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GRR (gauge repeatability & reproducibility) Analysis of Effects of 
Measurement Queue Time on SiO2 Thickness

• In chip production, process engineers rely on metrology tools to
monitor and optimize layer properties against facility changes,
tool hardware decay and wafer variations. To ensure accurate
measurement results, metrology capability should be evaluated
based on gauge repeatability and reproducibility (GRR).

• Unlike usual GRR methods, this project takes measurement
queue time as reproducibility factors and investigates the
effects on SiO2 thickness results. It can be further applied to
assist critical queue time control and measurement
improvement in wafer fabrication.

GRR Success Criteria and Performance Evaluation GRR Root Cause Analysis 

Introduction Methods & Objectives

In this project, ellipsometry measurement capability is adequate within 6 hours after SiO2 generation. Measurement is stable, and
the metrology tool can differentiate between different parts. Based on the current GRR capability, we can tighten the tolerance by
40% with a competitive P/T ratio of 15%. With the help of the JMP platform, this project demonstrates a quick GRR analysis flow for
queue time control workflow in wafer fabrication, and evaluation and improvement of metrology capability in semiconductor
industry.

GRR analysis of thickness measurement follows the flow as shown below:

• Data collection: SiO2 thickness data were collected based on MSA design

• GRR performance evaluation: 4 success criteria of GRR performance are compared; main effect and
crossed GRR models are conducted to assess P/T ratio, interaction effects and misclassification risks

• Xbar-S Chart analysis for GRR root cause analysis: repeatability and reproducibility variations are
studied to improve GRR performance from metrology tool, sample selection and queue time effects

• Figure of Merits for process capability simulation: current process capability and future
improvement plan are discussed

Results
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Figure of Merit: ICC, P/T and Process Capability 



GRR Data Sampling

1. Sampling Plan 2. MSA Design and Data Collection

• Part: 15 parts ~ 15 coupons from a SiO2 wafer 
• Repeatability: 4 repeats for one part one time
• Reproducibility: 0 & 3 & 6 hour 
• Tolerance spec: LSL-USL = 97-103 Å for each part

Repeats: No Part handling 
Replicates: Part handling  

180 

Rules for Fast Repeat
• Sequence following Queue time (0,3,6)
• 15 parts at the same Queue time
• 4 repeats within the same Part



3. GRR Performance Evaluation of Thickness Measurement under Queue Time Effects 

GRR Success Criteria and Performance Evaluation

P/TV = 31.58%

Tolerance = 6

P/T   = 8.88%

1. GRR Success Criteria

3.1 Main Effect GRR (w/o interaction) 3.2 Crossed GRR (with interaction) 

2. Misclassification Risk
» Queue Time * Part Interaction Variation < 1% 

» P/T ratio is preferred to evaluate the GRR performance on tolerance

• P/T ratio < 10%: adequate GRR measurement capability

• P/TV ratio > 30%: selected GRR samples are too tight

» All Misclassification rates: 0%

» Calculated Alpha and Beta risks are not reliable, why?

• Parts are all good: 100% (all 15 parts measured in 99.6-100.6)

Alpha risk: Producer Risk

Beta risk: Customer Risk

3.3 Misclassification Risks 



GRR Performance Root Cause Analysis

1. Repeatability & Reproducibility Xbar-S Chart

» Measurement is stable within Stdev. Control Limits with one OOC point only (Part #3 at 3 Hours)

» GRR Stdev by Part Plot: < 3%, weak special variation (GRR Repeatability)

• L1&15: high STD; L8: lower STD. Thickness is affected more at wafer edge due to internal stress

» The metrology tool is adequate to detect the part-part variation across three Queue Time levels (> 50% points are beyond the control limits)

» Group Mean of Thickness by Queue Time (blank tests needed)

• Thickness AVG increases by 0.2Å as Queue time increases from 0 to 6HR and long-term GRR reproducibility degradation risk is very low

» Group Pattern of Thickness by Queue Time

• Three curves are parallel in Queue time (Reproducibility) and little Part*Queue Time interaction is observed

2. Short-term Degradation Risk

» Degradation is insignificant compared to spec

* 0/3/6 HR



EMP/ICC, P/T and Process Capability

1. EMP ICC and P/T Plot

When Cp >= 2, P/T < 0.3 
=> Tighten Spec until Cp=1.33

When Cp <= 1.33, P/T < 0.3 
=> Improve Process Part-Part Capability   

(Reduce ICC) until Cp = 2

When Cp <= 1.33, P/T > 0.3 
=> Improve GRR < 0.3 (also improve Cp)

Iteratively and continuously improve the 
Process Capability and Measurement 
Capability

2. Continuously improve GRR and PpK

Based on what tolerance will 
process become less capable?

What about the P/T ratio,
alpha and beta risks with 
tightening spec?

Move horizontally ICC = 0.9

P/T = 0.16
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