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Introduction to Wafer Manufacturing and Cost Analysis

In the semiconductor industry, understanding the costs associated with wafer
fabrication is essential for optimizing production processes, maximizing
yields, and ensuring profitability. The parameters provided-such as wafer
diameter, cost, number of dies, and defect density—are fundamental factors
that influence overall manufacturing efficiency and product quality. This
article offers a comprehensive analysis of these parameters, exploring how
they impact wafer yield, die quality, and cost per die, with a focus on
practical applications and industry insights.

Basic Parameters and Their Significance
Wafer Diameter and Its Impact on Production

The diameter of a wafer directly influences the number of dies produced per
wafer. Larger wafers can accommodate more dies, thereby potentially reducing
the cost per die, assuming other factors remain constant.

- 15 cm diameter wafer: Equivalent to approximately 150 mm, a common size in
semiconductor fabrication.

- Area calculation: The wafer’s surface area is critical for calculating the
total number of potential dies and defect distribution.

Cost of a Wafer

- Given cost: $12 per wafer.

- Implication: This cost includes raw materials, processing, and other
manufacturing expenses. The goal is to maximize the number of high-quality
dies per wafer to reduce the cost per functional die.

Number of Dies per Wafer
- 84 Dies: Indicates the die size and layout efficiency.

- Yield considerations: Not all dies are defect-free; the defect density
affects the usable dies.



Defect Density
- 0.020 defects/cm?: A measure of the average number of defects per unit
area.

- Impact: Higher defect density reduces usable dies, increasing the cost per
functional die.

Calculating Wafer Area and Die Dimensions

Step 1: Determine the Wafer Area

Using the formula for the area of a circle:

\[ \text{Area} = \pi \times r~2 \]

where r is the radius of the wafer:

\[ r = \frac{\text{diameter}}{2} = \frac{15\,cm}{2} = 7.5\,cm \]
So,

\[ \text{Area} = \pi \times (7.5)"2 \approx 3.1416 \times 56.25 \approx
176.71\,cm"*2 \]

Step 2: Calculate Die Size
Given:

- Total number of dies per wafer: 84
- Total wafer area: 176.71 cm?

Assuming uniform die sizes and no edge loss, the approximate die area:

\[ \text{Die Area} = \frac{\text{Wafer Area}}{\text{Number of Dies}} =
\frac{176.71}{84} \approx 2.106\,cm™2 \]

The side length of each die (assuming square dies):
\[ \text{Die Side} = \sqrt{2.106} \approx 1.45\,cm \]

This provides an approximate die dimension, essential for yield and defect
calculations.

Understanding Defects and Their Effect on Yield

Defect Density and Expected Defects per Die



Given:
\[ \text{Defect Density} = 0.020\, \text{defects/cm}"2 \]
The expected number of defects per die:

\[ \text{Expected Defects per Die} = \text{Defect Density} \times \text{Die
Area} \]

\[ = 0.020 \times 2.106 \approx 0.042\, \text{defects per die} \]

On average, each die has about 0.042 defects, implying most dies are defect-
free.

Calculating the Probability of a Die Being Defect-Free

Assuming defects follow a Poisson distribution, the probability \( P 0 \) of
zero defects per die:

\[ P 0 = e~{-\lambda} \]
where \( \lambda \) is the expected number of defects per die:
\[ PO = e"{-0.042} \approx 0.959 \]

This indicates approximately 95.9% of dies are defect-free and usable.

Yield Estimation and Its Implications
Die Yield Calculation
The die yield, considering defect density, can be approximated as:

\[ Y = \text{Probability of defect-free die} = e”~{-\text{Defect Density}
\times \text{Die Area}} \]

\[ Y \approx 0.959 \text{ or } 95.9\% \]

Effective Number of Good Dies per Wafer

Given 84 dies are produced per wafer:

\[ \text{Usable Dies} = 84 \times 0.959 \approx 80.6 \]
Rounding down, approximately 80 usable dies per wafer.
Cost per Good Die

Total wafer cost:



\[ \$12 \]
Cost per usable die:
\[ \frac{\$12}{80} = \$0.15 \]

This is a simplified estimate, but it effectively illustrates the
relationship between defect density, yield, and cost efficiency.

Strategies to Improve Wafer Yield and Cost Efficiency

Reducing Defect Density

- Enhanced Cleanroom Protocols: Minimize particulate contamination.

- Advanced Process Control: Use real-time monitoring and adjustments.

- Material Quality: Source high-purity silicon and other materials.
Increasing Die Size or Number of Dies

- Optimized Layout: Maximize the number of dies per wafer through efficient
patterning.

- Smaller Dies: Reduce die size to increase the number of dies per wafer, but
consider performance trade-offs.

Improving Manufacturing Processes

- Process Standardization: Consistent procedures reduce variability.

- Equipment Maintenance: Prevent defects caused by equipment malfunction.
- Defect Inspection and Repair: Detect and repair defects early.

Industry Standards and Benchmarks

Typical Wafer Sizes and Yields

- Common wafer sizes: 150 mm (15 cm), 200 mm, 300 mm.

- Yields: Typically range from 90% to 98%, depending on process maturity and
defect control.

Cost Trends

- Larger wafers generally reduce the cost per die.

- As technology advances, defect densities tend to decrease, improving
yields.

Application-Specific Considerations

- High-performance chips often require smaller dies with higher defect



tolerances.
- Consumer electronics prioritize high yields and cost efficiency.

Conclusion: Balancing Cost, Yield, and Quality

Understanding the interplay between wafer size, defect density, die size, and
manufacturing costs is crucial for optimizing semiconductor fabrication. The
example of a 15 cm diameter wafer with a cost of $12, containing 84 dies and
a defect density of 0.020 defects/cm?, demonstrates that careful calculations
can predict yield and help identify areas for improvement. By implementing
advanced process controls, reducing defect densities, and optimizing die
layouts, manufacturers can significantly enhance yields and reduce costs per
functional die, ultimately supporting the production of high-quality
semiconductor devices at competitive prices.
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Note: This article provides a foundational understanding based on simplified
assumptions. Real-world manufacturing involves complex factors including edge
effects, process variations, and equipment efficiency, which should be
considered for detailed planning and analysis.

Frequently Asked Questions

What is the total number of defects expected on a 15
cm diameter wafer with a defect density of 0.020
defects/cm2?

The wafer has an area of approximately 176.7 cm? (m x (7.5 cm)?). Multiplying
by 0.020 defects/cm? gives roughly 3.53 defects per wafer.



How does the defect density impact the yield of the
dies on the wafer?

Higher defect density increases the likelihood of defects within individual
dies, potentially reducing the overall yield by causing more defective dies
to be discarded.

Given the wafer costs $12 and contains 84 dies, what
is the approximate cost per die?

The cost per die is approximately $0.14 ($12 divided by 84 dies).

How many defective dies can be expected per wafer
based on the defect density?

Assuming defects are uniformly distributed and each die is about 1.96 cm?,
roughly 0.039 defects are expected per die (0.020 defects/cm? x 1.96 cm?).
With 84 dies, about 3 to 4 defective dies are anticipated per wafer.

What factors could be optimized to reduce defect
density on the wafer?

Process improvements such as cleaner fabrication environments, better
equipment calibration, and optimized process parameters can help reduce
defect density.

If the cost of the wafer remains the same, how does
an increase in defect density affect the cost per
functional die?

An increase in defect density leads to more defective dies, reducing the
number of functional dies per wafer and thus increasing the effective cost
per usable die.

Additional Resources
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Introduction

In the semiconductor manufacturing industry, understanding the intricacies of
wafer costs, yield, and defect densities is crucial for optimizing production
and ensuring profitability. The phrase “Assume A 15 Cm Diameter Wafer Has A



Cost O0f 12, Contains 84 Dies, And Has 0.020 Defects/cm2. Assume A”
encapsulates a typical set of parameters used in wafer-level analysis,
modeling, and quality control assessments. This article delves into this
specific scenario, exploring its implications, calculations, and significance
within the broader context of semiconductor fabrication.

The Significance of Wafer Dimensions and Cost

Wafer Diameter and Its Impact on Production

A 15-centimeter (cm) diameter wafer, roughly equivalent to 150 millimeters
(mm), is a common size in certain manufacturing contexts. While newer fabs
increasingly adopt larger wafers (e.g., 200 mm or 300 mm), the 150 mm wafer
remains prevalent in research, specialty, and lower-volume production.

The wafer diameter directly impacts:

- Surface Area: Larger wafers provide more area for die fabrication,
improving economies of scale.

- Cost per Wafer: The manufacturing cost often correlates with wafer size, as
larger wafers require more materials and complex equipment.

- Yield Considerations: Larger wafers may present more challenges in defect
management but can result in higher overall yields per wafer.

Calculation of Wafer Surface Area

The surface area (A) of a circular wafer:

\[A = \pi r"2\]

where:

- \( r\) = radius = diameter / 2 =15 cm / 2 = 7.5 cm

Thus:

\[A = \pi \times (7.5)"2 \approx 3.1416 \times 56.25 \approx 176.71\,
\text{cm}"2\]

This area forms the basis for defect density and yield calculations.
Cost per Wafer and Cost per Die
Given:

- Wafer Cost = $12
- Number of Dies per Wafer = 84

The cost per die before considering defects:



\[\text{Cost per die} = \frac{\text{Wafer Cost}}{\text{Number of Dies}} =
\frac{12}{84} \approx \$0.1429\]

However, this simplistic calculation doesn't account for defects, which
impact yield and overall costs.

Defect Density and Its Implications
Understanding Defect Density

The defect density (D) is given as 0.020 defects/cm?. This metric indicates
the average number of defects per unit area on the wafer surface.

Total expected defects per wafer:

\ [
\text{Total defects} = D \times A = 0.020 \times 176.71 \approx 3.534

\1]

On average, each wafer has approximately 3.5 defects, which can cause some
dies to be defective depending on their location and size.

Distribution of Defects Among Dies

Assuming defects are randomly and uniformly distributed, the probability that
a given die is defect-free depends on the die size relative to the total
wafer area and the defect density.

Yield Calculation: From Defects to Usable Dies
Classical Yield Models

The most straightforward approach for estimating die yield in the presence of
defects is the Poisson model, which assumes defect distribution is random and
independent.

The probability of a die being defect-free:

\ [
Y = e”{-\lambda}
\1]

where \(\lambda\) is the expected number of defects per die:

\ [
\lambda = D \times \text{Die Area}

\]



Calculating Die Area

Assuming that each die is a square for simplicity (though actual die shapes
vary), the side length:

\ [
\text{Die side} = \sqrt{\frac{\text{Total Die Area}}{\text{Number of Dies}}}

\1

Total die area:

\ [

\text{Total die area} = \frac{A}{\text{Number of Dies}} = \frac{176.71}{84}
\approx 2.105\, \text{cm}"2

\1]

So, each die:

\ [
\text{Die side}
\1]

\sqrt{2.105} \approx 1.45\, \text{cm}

and die area:

\ [
\text{Die area}

\1]

(1.45)72 \approx 2.10\, \text{cm}"2

Expected Number of Defects per Die

\ [

\lambda = D \times \text{Die area} = 0.020 \times 2.10 \approx 0.042
\1

Die Yield Estimate

Using the Poisson model:

\ [

Y = e~{-\lambda} = e"~{-0.042} \approx 0.959

\1]

Thus, approximately 95.9% of the dies are expected to be defect-free.
Expected Good Dies per Wafer

Number of good dies:

\ [
\text{Good dies} = \text{Total dies} \times Y \approx 84 \times 0.959 \approx
80.58



\]

rounded to approximately 81 good dies per wafer.

Practical Yield and Cost Analysis
Adjusted Die Count Accounting for Defects

Since some dies are defective, the effective number of usable dies per wafer
is about 81.

Cost per Good Die
Total wafer cost: \$12
Number of good dies: approximately 81

\ [
\text{Cost per good die} = \frac{12}{81} \approx \$0.148

\1]

This slight increase over the initial per-die cost accounts for defect-
related yield loss.

Yield Impact on Manufacturing Economics

The small defect density (0.020 defects/cm?) indicates high-quality wafer
fabrication, with minimal yield loss. Nonetheless, even small defect
densities can significantly impact overall manufacturing capacity and costs,
especially at scale.

Broader Context and Industry Significance
Manufacturing Challenges at 15 cm Diameter

While smaller than the industry-standard 200 mm (20 cm) and 300 mm (30 cm)
wafers, 15 cm wafers still pose unique challenges:

- Equipment Compatibility: Many fabrication tools are optimized for larger
wafers, necessitating adaptation.

- Yield Management: Uniform defect distribution and defect control are
critical for maintaining high yields.

- Process Control: Stringent process controls are necessary to keep defect
densities low.

Trends in Wafer Size and Defect Density



Industry trends favor larger wafers to increase throughput and reduce costs
per die. However, larger wafers often face increased defect densities due to:

- Higher process complexity

- Increased handling and processing times

- Greater sensitivity to contamination

The defect density of 0.020 defects/cm? in this scenario is indicative of a
relatively mature manufacturing process with effective defect mitigation
strategies.

Relevance for Semiconductor Fabrication Strategy

Understanding the relationship between wafer size, defect density, and yield
enables manufacturers to optimize:

- Process parameters

- Equipment selection

- Cost management

- Product quality assurance

This case study underscores the importance of defect control in achieving
high yields and low costs, which are critical for competitive advantage.

Future Directions and Technological Developments

Advances in Defect Reduction

Emerging techniques such as in-line inspection, defect localization, and
advanced cleaning processes aim to further reduce defect densities, thereby
increasing yields.

Larger Wafers and New Materials

The industry continues to push toward larger wafer sizes (e.g., 300 mm, 450
mm) with the goal of reducing costs and increasing productivity, albeit with
increased complexity in defect management.

Modeling and Simulation

Sophisticated modeling tools enable more precise yield predictions,

incorporating defect clustering, non-uniform defect distributions, and
process variations, leading to better process control.

Conclusion

The scenario of a 15 cm diameter wafer costing \$12, containing 84 dies with



a defect density of 0.020 defects/cm? offers valuable insights into the
nuances of wafer manufacturing and yield optimization. Through detailed
calculations, it becomes evident that such parameters yield a high proportion
of defect-free dies, supporting cost-effective production. As the industry
evolves, balancing wafer size, defect control, and process efficiency remains
paramount. This case exemplifies how fundamental parameters interplay to
influence manufacturing economics and quality in semiconductor fabrication.

References

- Wolf, S., & Tauber, R. N. (2000). Silicon Processing for the VLSI Era.
Lattice Press.

- Plummer, J. D., Deal, M., & Griffin, P. (2000). Silicon VLSI Technology:
Fundamentals, Practice, and Modeling. Prentice Hall.

- Semiconductor Manufacturing Industry Reports, 2022-2023.

- International Technology Roadmap for Semiconductors (ITRS), 2021 Edition.

Assume A 15 Cm Diameter Wafer Has A Cost Of 12 Contains
84 Dies And Has 0 020 Defects Cm2 Assume A

Assume A 15 Cm Diameter Wafer Has A Cost Of 12 Contains 84 Dies And Has 0 020 Defects Cm?2
Assume A

Related Articles

e A Put Option On Dr. Pepper Snapple Group, Inc., Has An Exercise Price Of $45. The Current
Stock Price
¢ A Primary Care Physician Is A Doctor Who Treats Many Types Of Illness And Injuries. A

Specialist Is A
¢ A Student Creates A Function (r), To Model The Path Of A T-shirt Launched From A T-shirt

Cannon Using

Back to Home


https://sip.evo9x.com/ma17/assume-a-15-cm-diameter-wafer-has-a-cost-of-12-contains-84-dies-and-has-0-020-defects-cm2-assume-a.pdf
https://sip.evo9x.com/ma17/assume-a-15-cm-diameter-wafer-has-a-cost-of-12-contains-84-dies-and-has-0-020-defects-cm2-assume-a.pdf
https://sip.evo9x.com/ma17/a-put-option-on-dr-pepper-snapple-group-inc-has-an-exercise-price-of-45-the-current-stock-price.pdf
https://sip.evo9x.com/ma17/a-put-option-on-dr-pepper-snapple-group-inc-has-an-exercise-price-of-45-the-current-stock-price.pdf
https://sip.evo9x.com/ma17/a-primary-care-physician-is-a-doctor-who-treats-many-types-of-illness-and-injuries-a-specialist-is-a.pdf
https://sip.evo9x.com/ma17/a-primary-care-physician-is-a-doctor-who-treats-many-types-of-illness-and-injuries-a-specialist-is-a.pdf
https://sip.evo9x.com/ma17/a-student-creates-a-function-r-to-model-the-path-of-a-t-shirt-launched-from-a-t-shirt-cannon-using.pdf
https://sip.evo9x.com/ma17/a-student-creates-a-function-r-to-model-the-path-of-a-t-shirt-launched-from-a-t-shirt-cannon-using.pdf
https://sip.evo9x.com

