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ABSTRACT 

 

A yield of 99% is a very demanding yet achievable target in the semiconductor 

industry. High volumes and fierce competition call for constant yield management. 

Continual monitoring of trends and process improvements aim to achieve such high 

yields. This thesis outlines a systematic approach to problem solving intended to serve as 

a guide to diagnose and solve yield issues. It also helps identify dead-ends to make 

pragmatic decisions in view of return on investment. An example problem of yield loss of 

an Analog to Digital Converter test is discussed to illustrate the procedure. Further, the 

steps taken to bring its yield up to a satisfying figure are explained. 
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CHAPTER 1 

 INTRODUCTION 

 

The semiconductor industry is very fast-paced and cyclic in nature. Most products 

have short life spans ranging between 6 months and 6 years. Competition is a very 

important factor in deciding pricing. Prices must be reduced drastically in short time 

spans to meet competitive market demands. Hence, it is imperative that profits are 

maximized early in the product’s life, while balancing the company’s short-term 

commitments and long-term objectives.  

Yield Management has thus emerged as a prime area of interest. However, in 

today’s world, imperfections in design, tolerances of components, limitations of testers 

and many other factors of mass production can cause problems that must be addressed. 

Further, not all devices produced are alike, and the characteristics of these devices may 

have a wide distribution. Hence, various statistical tools and methods are used to monitor, 

evaluate, analyze and control the process to assure that a maximum number of good 

products is produced. 

Statistics in its singular meaning does not refer to collections of data, but denotes 

the art and science of collecting, interpreting and drawing inferences from special sets of 

data called samples. [1] Data should be processed and presented in the form of 

meaningful information for everybody to see and understand what it is indicating. Upon 

identification of current and potential problems, measures are taken to set priorities and 

allocate resources to resolve them. 
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This work is written to serve as a guideline for yield management in the 

semiconductor field. It is a step-by-step approach to identify current and potential yield 

loss issues and to find the most pragmatic solution to them. The yield problem of an 

Analog to Digital Converter test has been used as a vehicle to illustrate each step. Each 

chapter describes the generic procedure to follow in the pipeline to get closer to the 

answer. It also indicates the steps taken in the case of the illustrated example. 

Chapter 2 highlights the importance of converting data into information and 

describes various tools used to represent data. It also explains how to deduce information 

from data and to know when to raise an alarm. Chapter 3 stresses on the importance of 

containing a problem. It highlights how important it is to stop a problem from spreading 

to other domains, more importantly, to the customer. The goal of Chapter 4 is to help 

identify the root cause of a problem and to determine various alternatives that could solve 

a problem. This chapter will also familiarize the reader with concepts like fishbone 

diagrams that visually display the many potential causes for a specific problem or effect. 

Different alternatives to solve the problem are then analyzed to determine the best 

solution. This decision-making process is explained in Chapter 5. 

However, it is better to prevent a problem from occurring than to fix it when it 

occurs. Total quality management aims at long-term success not only by satisfying a 

target but also by doing it consistently. Chapter 6 gives the bigger picture of bettering the 

overall process with an introduction to six sigma. A healthy process keeps operational 

costs down, increases return on investment and achieves increased profitability and 

customer satisfaction. 
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CHAPTER 2 

TRANSFORMING DATA INTO INFORMATION 

 

Semiconductor manufacturing is a high volume environment. There are over 

hundred processes involved to convert silicon into packaged integrated circuits. A 

process is defined as a sequence of operations and events involving time, space and 

resources that yield an output, as shown in Figure 2.1. A process typically aims to 

achieve a result. It encompasses the purpose, structure, roles of individual contributors 

and their sequence, leaving plenty of room for freedom of implementation.  

 

                              

 
 
 
 

Process 

OUTPUTS 

 Complete a task 

Perform a service 

People 

Material 

Policies 

Stimuli 

INPUTS

Equipment 

Figure 2.1 Block diagram of a process 

 

The broad processes in semiconductor manufacturing are design and simulation, 

die fabrication, wafer testing, packaging and final testing. Numerous parameters govern 

each process. With increased network connectivity and availability of inexpensive data 

 3
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storage devices, massive amounts of data for different parameters are being collected and 

archived daily.  

Different kinds of data collected include: 

1) Yield data reflecting the overall quality of the devices 

2) Functional and parametric test data 

3) Process control data (e.g. leakage data from control structures on a wafer)  

4) Inline data for items such as the thickness of layers 

5) Equipment and advance process control data like temperature and pressure [2] 

With such tremendous amounts of data available, it is surprisingly difficult to extract the 

necessary information in time of need. Hence, the need to represent data in the form of 

meaningful information arises.  

For effective and efficient analysis, the data used must be accurate, up-to-date, 

reliable and compatible with analysis tools. Subsequent sections of this chapter introduce 

various forms of summarizing, representing and interpreting data, mostly from 

Automated Test Environment (ATE). The ATE is a very high-speed, automated test 

environment suited for testing high volumes of devices. ATE tests are used to distinguish 

between good and bad devices after production. Good devices are either processed 

further or shipped to the customer, while the bad ones are scrapped. 

 

2.1 Measures of Central Tendency and Variability 

Measurements for data collection of various parameters are usually automated in 

the semiconductor industry. Because of the realities of mass production, a parameter in a 

step is typically measured only once. Experience shows that measurements of the same 
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parameter for various devices differ, even if slightly. This disparity in measurements does 

not imply that the measurements are wrong, or even that the devices are bad. In fact, it 

leads to two terms: accuracy and precision. Accuracy is the tendency of the 

measurements to center around the actual/target/nominal value of the parameter. 

Precision is the closeness of the measured values with respect to one another. Precision 

has nothing to do with the actual or target value of the parameter. Loss occurs with 

inaccuracy and imprecision. However, their contributions to loss must be identified and 

controlled separately for effective corrective actions. Different measures of central 

tendency are discussed below. 

 

2.1.1 Mean 

Mathematically, the mean or average is defined as the sum of all the 

measurements divided by the total number of measurements. The mean gives an idea of 

the number around which the data seems to be clustered or centered. The closer the mean 

is to the target value, the more accurate the measured values are. 

 

2.1.2 Variance and Standard Deviation 

Variance is the average of the sum of squares of the differences of individual 

measurements from their mean. A simple summation of deviations would cancel, because 

positive and negative differences would average to zero. Standard deviation is hence 

defined as the square root of variance, and is represented by δ. It gives the ‘standard’ 

distance of the measurements from their mean. It is a relative value and indicates the 
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spread of the data with respect to its mean. The smaller the standard deviation of the 

values, the more precise they are.  

The mean and standard deviation are important statistics in understanding how 

well the device adheres to the ‘specification limits’. Specification limits, also called 

‘specs’, are the lower and upper bounds for parameters, within which a device must 

operate to meet the customer’s requirements. Typically, for catalog parts, the 

manufacturer decides the specs, while for custom parts, specs are defined by the 

customer. 

However, these statistics are susceptible to reflecting wrong values because of 

readings called ‘outliers’. An outlier is a measurement far away from the rest of the data, 

and is defined in section 2.1.3. Outliers could arise due to defective devices, gross errors 

in measurement or some other mechanism. They can significantly change the value of the 

statistical parameter and can be misleading. However, though it is important that they be 

identified and removed before the calculations, they should not be ignored. They could 

hint towards process instability, excursion or other issues that might need to be resolved. 

 

2.1.3 Box Plots 

A useful graphical form of representing data that shows the smallest and largest 

measurement and the full range of the data is called a box plot, as shown in Figure 2.2. 

This plot has a ‘box’ centered at the center of the data that confines the central portions of 

the observations. The full range of the data is indicated by horizontal lines called 

‘whiskers’ on each end of the box. The smaller the width of the box and its whiskers, the 

more precise the data is. 
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                            Figure 2.2 Outlier Box Plot 

 

The box plot gives the ranges in which 10%, 25%, 50%, 75% and 90% of the data 

values exist. The three middle values are called quartiles. The widths of different parts of 

the box indicate variance and skew. If fs = upper fourth – lower fourth, any observation 

that is more than 1.5fs from either end of the box to the outside may be considered an 

outlier.  Outliers should preferably be excluded from calculations of mean and variance, 

as they significantly alter the values of statistical parameters. 

 

2.2 Grouping of Data 

When dealing with large amounts of data, it is useful and convenient to group the 

data into meaningful sections. This grouping just doesn’t end with good and bad. Tested 

devices are grouped into ‘bins’ in order to facilitate understanding the failure mechanism 

behind bad units. A Bin is a category into which devices with similar quantitative or 
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qualitative properties are grouped. It typically refers to a collection of similar tests that 

are used to categorize the devices being tested. Bins are also used to accommodate 

devices with different variation of performance around the average value. They are 

sometimes used to sort between different levels of quality to distinguish between 

excellent and mediocre devices. Customarily, Bin1 is reserved for good devices, i.e., 

devices that pass all tests in the ATE are assigned to Bin1.  

 

2.2.1 Datalogs 

A datalog is a list of test results generated by a test program arranged by bins. It 

usually includes a test category, test name, lower and upper test limits, the measured 

value of the test parameter for a device, and the device’s Pass/Fail result based on 

comparison of the measured value against the limits. Datalogs also list raw parametric 

measurements of different tests to which a device is subjected and help identify and 

quantify the defective areas of the device.  

 

2.2.2 Lot Summaries 

Lot summaries include an assortment of information about a ‘Lot’ of devices after 

testing. A lot is a collection of a fixed number of wafers, or packaged units. A lot 

summary includes the lot number, product number, operator number, program revision 

number, tester type, tester number, etc., apart from the percentage of the devices in each 

bin. This report doesn’t list the parametric measurements of each device. Instead, it gives 

a larger picture of yield. Yield is defined as the ratio of the number of good devices to the 
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total number of devices tested. Similarly, yield loss in a particular bin is defined as the 

ratio of the number of devices in that bin to the total number of devices tested.  

 

2.2.3 Histograms 

Grouping eases the task of quantifying the number of devices or parameters 

falling into each category. When the same device is tested many times, or when multiple 

devices are tested, it is often helpful to see how many devices pass or fail on the whole. If 

the devices fail, it would help to know how many fails occur in each category or bin. The 

count for each entity is termed its ‘frequency’. Histograms are graphs that represent each 

category by a bar whose height is proportional to the frequency or count of entries falling 

into it. They also represent the sample size. Large sample size makes the histogram more 

trustworthy.  
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Figure 2.3 A histogram showing normal distribution 
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The shape of the histogram gives an idea of concentration of data in certain 

categories. The common Gaussian/Normal/bell-shape is shown in Figure 2.3. A Gaussian 

shaped histogram means that the data is centered about a central mean value, with a 

certain variance given by the spread of the data around this central value. Non-normal 

distributions are common too, though their shape is similar to a bell.  
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Figure 2.4 A histogram showing bimodal distribution 

 

Another common shape is bimodal in nature, as shown in Figure 2.4. On a single 

device looped many times to examine repeatability, this shape requires attention. For a 

parameter tested for many devices of a population, a bimodal plot could mean poor 

design, errors in the fabrication process or an inconsistent test program. In any case, the 

problem must be identified and resolved.  

Plotting histograms can easily identify outliers. They tend to fall totally away 

from the majority of the population of the data, and have already been defined in section 

2.3.1. Outliers are highlighted in Figure 2.5. Sometimes, a small cluster next to a large 

 10
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concentration could mean one particular defective sample set, typically indicating 

fabrication errors.  
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  Figure 2.5 A histogram showing outliers 

 

2.2.4 Pareto Charts 

The Pareto principle states that for a majority of the phenomena, 80% of the 

consequences stem from 20% of the causes. This principle can be interpolated to 

understand that 20% of the total causes to a problem are vital, and the remaining 80% are 

trivial. A Pareto diagram is a graphical method of organizing data in decreasing order of 

frequency, such that the vital few are highlighted in comparison with the trivial many.  

 

 

 11
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Figure 2.6 Pareto chart 

 

A Pareto chart can be thought of as a histogram arranged with categories in 

decreasing order of frequency, as shown in Figure 2.6. In a Pareto chart of bins, Bin1, the 

good devices, would typically be the first.  The remaining bins are arranged in decreasing 

order of their respective yield loss percentages. A yield-loss Pareto chart does not include 

Bin1 for two reasons. First, devices in Bin1 contribute to yield, and not to yield loss. 

Second, the percentage of Bin1 devices is typically much higher than devices in other 

bins, and hence, excluding Bin1 will depict percentages of other bins on a closer scale. 

The first item on a yield-loss Pareto chart is the biggest contributor to yield loss and 

deserves the highest attention. The second on the chart has the next largest contribution to 

yield loss. Bins are thus arranged in decreasing order of their percentage yield loss. Yield 

loss is also referred to as ‘fallout’.  

 

 12
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2.2.5 Wafer maps 

A useful piece of information to know 

after testing wafers is the location of good and 

bad dies.  A wafer map is a color-coded 

pictorial representation of the locations of good 

and bad die on a tested wafer. Each failure bin 

has a distinct color to enable identification of 

any patterns of failures that could hint at 

specific fabrication process errors, design errors  

or even tester or prober errors.          Figure 2.7 A prototype of a wafer map 

A sample wafer map is shown in Figure 2.7. 

Similar patterns over many wafers could help catch systematic errors like 

misalignment of masks. Consistency of patterns over a single lot could mean processing 

problems, like uneven doping. If all dies fail the same bin, it suggests a tester problem, or 

even a test program issue. Sometimes, a particular tester could give erroneous results for 

a particular device and a particular test program revision. In such cases, an option is to 

exclude the tester from testing that device temporarily till the exact root cause is found. 

Smeared continuity failures could indicate planarity issues or dirty probe tips. However, 

solid conclusions can only be drawn upon close examination of parametric data.  

 

2.3 Inferences about Populations 

The population size for any parameter in the semiconductor industry is extremely 

large. Although an enormous amount of data is available, it is practically impossible to do 

 13
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statistical analysis on all of the data to draw conclusions. Instead, a sufficiently large 

sample size, such as a few hundred thousand units, is used to get a fairly accurate 

estimate of the population parameters. If limited data is available from certain 

experiments, statistical equations are used to calculate the sample size required to get a 

reasonable estimate of the population.  

Because of the large sample size, statistical software packages specially designed 

for retrieving and analyzing the data are employed. The distribution of each parameter is 

plotted, and its mean and standard deviation are calculated. Its shape is indicative of the 

accuracy and precision of the values. A normal shape like the one to the left in Figure 2.8 

is desirable. A bimodal shape like the one to the right is a cause for concern. The tighter 

the distribution, i.e., the lower the standard deviation, the more in-control the process is. 

 

 

    Figure 2.8 (from left to right) Population distributions: normal and bimodal 

 

The range of the distribution is compared against the lower and upper test limits 

and specification limits. A rule of thumb is that test limits at wafer-level are tighter than 

limits at final test, which are tighter than specification limits by an allowance called 
 14
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‘guardband’, denoted by δ. Guardband is depicted in Figure 2.9. A decent guardband 

between these three limits is important to allow for small errors, tolerances and 

uncertainties in the testing of various parameters by different testers in different 

environments.  

 15

 

Lower Spec Limits Upper Spec Limits 

Lower Final Test Limits 

Lower 
Probe  
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Probe  
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Upper Final Test Limits 

δ

Figure 2.9 Guardband 

 

2.3.1 Process Capability 

An important statistic calculated from the distribution of every parameter is its 

‘Process Capability’. Process capability, Cp, is a measure of the inherent variation in the 

process used to manufacture the device. It is defined as the ±3σ variation of a parameter 

about its mean. Cp indicates how tight the distribution is with respect to the limits. 

 

σ6
)( LSLUSLCp −

=       Eq. 2.3.1 (a) 

where USL is the Upper Spec Limit, LSL is the Lower Spec Limit, σ is the 

standard deviation of the parameter. 

 

 δ  δ  δ  
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   Figure 2.10 Distribution that is not tight wrt limits 

 

Figure 2.10 shows a distribution that is not tight with respect to the limits. Ideally, 

the distribution should be tightly centered between the limits, as in Figure 2.11. A large 

Cp value means that the process is stable enough to result in good quality and high yield. 

A value of Cp > 2 is good, while Cp < 2 is a cause of concern. 

 

  

Figure 2.11 Tight distributions wrt limits: (left to right): centered, non-centered 

LSL LSL USL LSL USL USL 
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The ‘Process Capability Index’, Cpk measures the process capability with respect 

to the distribution being centered between the limits. Cpk is defined for both the lower 

limit and the upper limit differently.  

 

CpkUpper =
(USL −μ)

3σ
     Eq. 2.3.1 (b) 

 

CpkLower =
(μ − LSL)

3σ
      Eq. 2.3.1 (c) 

where USL is the Upper Spec Limit, LSL is the Lower Spec Limit, σ is the 

standard deviation and μ is the mean of the parameter. 

The overall Cpk for the process for the parameter of interest is the lesser of the 

lower and upper Cpks. For a stable process, it is desired that the Cpk be greater than 2, 

though a value of 1.5 is acceptable. A Cpk of 2 means that 99.9999998% of the measured 

values for the parameter lie within the limits. A process with Cpk less than 1.33 is worth 

looking into.  

 17
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2.4 Identifying the problem 

A Product Sustaining Engineer (PSE) regularly uses many data analysis tools to 

monitor various parameters associated with a device. Monthly yield trends are an 

important indication of the health of the device and the well being of its associated 

processes. The yields are represented as Pareto charts and are tracked to note: 

1. A problem that deserves attention 

2. A small issue that could lead to a potentially large problem 

3. The response of an earlier issue to its treatment 

The biggest advantage of a Pareto chart is that it not only arranges problems in 

decreasing order of magnitude but also quantifies them.  

 Problems are prioritized based on category, impact, urgency and status. Knowing 

the limitation of resources and time, a small exercise helps determine priority: 

1. How big is the problem? Quantify it in terms of monetary loss and time. What are 

the other implications to the problem? For example, will it stop production or 

substantially affect some vital process and cause a bottleneck? 

2. What/who get(s) affected by the problem? For example, it could affect the 

customer, the Fab, etc. 

3. What will take to solve it in terms of man-hours, time, money, etc.? For example, 

does it require a new hardware or software implementation? 

4. Is there a temporary fix that could stop the problem from aggravating further? 

5. What are the benefits by solving it? For example, the solution could save material, 

money, etc. 

6. What are the ramifications if the problem is ignored?  
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7. Who is in the ‘Critical Path’? Critical path is the longest-duration step in the task. 

Activities in the critical path cannot be delayed without delaying the task as a 

whole. A person in the critical path of a task has to prioritize the task, since 

everyone else is waiting on the concerned person to attend to it.  

 

 Identification of already known problems is key to saving time and resources. If a 

problem of this sort was seen in the history of the device or of analogous devices, it is 

wise to research how it was fixed in the past and assess whether that solution applies to 

this problem, even if a few changes are required. 

 An example yield problem that required attention was that of an Analog to Digital 

Converter (ADC) linearity test at probe. It had 2.15% fallout on an average, showing up 

second on the Bin-wise yield loss Pareto chart for device ‘Pluto’, as shown in Figure 

2.12. On the X-axis are listed various bins, with their Bin numbers and a short 

description. On the Y-axis are their corresponding fallouts. Please note that Bin1 has 

been excluded from the yield loss Pareto chart, as explained in section 2.2.4. One 

question that an intellectual person might find challenging is: If Bin 23 is first on the 

Pareto with a yield loss of 8.61%, then why is Bin 54 with a mere 2.15% getting priority? 

The reason is that Bin23 is being resolved through a separate effort. With the drive to 

continuously improve the output, multiple problems are addressed simultaneously.  
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Figure 2.12 Bin-wise yield loss Pareto of device Pluto 

 

            Money is a very important criterion in setting priorities. After all, companies are 

driven by profit. For the device Pluto running at about a million units per month, a fallout 

of 2.15% would account for a loss worth hundreds of thousands of dollars per annum. 

Thus, the problem had high priority. The method adopted to resolve yield loss of the 

ADC test will be used as an example throughout this work to illustrate the use of various 

methods employed to find a solution to any generic yield issue. 
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CHAPTER 3 

 CONFINING THE PROBLEM 

 

In the real world, not everything is right the first time. Problems do occur. The 

problems could be related to capacity, quality, delinquency, timing, operations or 

maintenance. In order to draw an effective plan of action, the gravity of the problem must 

to be understood. There is immense financial impact in many cases. In some situations, 

however, the problem could lead to breach of trust of long-time customer relationships, 

causing a substantial loss of business. Hence, an extremely important step of problem-

solving is to keep the problem from exacerbating.  

Confining a problem becomes necessary in two cases. First, when the cause of the 

problem is unknown and it is feared that the problem will worsen if nothing is done. 

Second, when the cause of the problem is known, but its resolution will take time. 

However, before deciding to confine a problem, a reasonable forecast of the time 

involved is vital for good planning. A good estimate of the time for things to get normal 

not only helps to know how long to confine the problem but also helps make a 

contingency plan. In certain cases, reserves can be used from buffers; in other cases, short 

cuts may be employed as a temporary fix, but in many cases, due diligence is the only 

resort. With all the constraints imposed, good practice is to maintain a certain level of 

transparency with the customer in recognizing, evaluating and proposing solutions to 

issues.  

Most real world problems do not conform to the neat academic boundaries that define 

and separate different bodies of knowledge [5]. It is important to note that problems in 
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one domain are very likely to be associated with other domains as well. Hence, confining 

problems in the probabilistic world calls for judgments, common sense and expertise not 

particularly related to the specific problem. In addition, it calls for the assessment of 

correlation, causation and trade-offs.  

 

3.1 Confinement Guidelines 

Being confined is not an intrinsic property of a system but a constraint that can be 

imposed on it. Certain guidelines for efficient containment are listed below: 

1. Define the constraints properly. Specify metrics like quantity, lot number, wafer 

number, equipment number (e.g. tester number, interface board number), time, 

etc. Improper instructions could lead to ineffective containment action. 

2. In case of partial confinement, specify the exact area of confinement. For 

example, if only one tester must be excluded, the instructions must specify the 

isolation of the particular tester with the specified number. 

3. Communicate the exclusion to all the concerned parties. Use standard modes like 

Conditional Reject Tags, travelers, etc. to indicate isolation. The higher 

management may not be informed about minor internal issues; however, 

significant matters of quality, qualification, test-platform change, change of Fab, 

etc. must be transparent to the customer.  

4. If a process is excluded, then all of its sub-processes/ sub-systems are also 

isolated. This is the law of transitivity. 

5. A confined system cannot be part of the regular supply chain used for normal 

production.  
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6. Confinement must be enforced to ensure minimal or no ‘leakage’, i.e., no escape. 

Total enforcement might in some cases be uneconomical; in this case, the 

tolerance levels should be determined and communicated. 

7. If possible, propose an alternative such that the throughput is minimally affected. 

 

3.2 Advantages of confining 

There are certain advantages to confining a problem to its domain: 

1. Confining a problem adds to the safety of the process as a whole: it prevents 

possible damage by defective equipment, contamination, etc. 

2. Confining a problem helps identify the root cause sooner. If upon isolating a 

certain problem area, the problem subsides or vanishes, then it is probably the 

root cause. Even if the smoking gun is not found, there are good prospects that the 

area to explore will be narrowed.  

 

Not all problems are confinable. The ADC test problem is a good example of a 

problem that does not warrant confinement. Yield loss in this case occurred because of 

over-kill. Over-kill is scrapping of good devices because of the current operating 

circumstances. In case of device Pluto, the bad (Bin54 failed) units were already being 

weeded out by production testing. Hence, the problem was contained. On the other hand, 

confining is a critical process is some cases. Certain lots with heavy Electrical Over 

Stress (EOS) are kept on hold, i.e., even tested good units are not shipped to the customer 

until either the root cause is identified or they are proved not to be potentially bad.  
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Confinement is not a requirement. Confinement could unnecessarily impose 

restrictions and prevent administering a better solution to the problem. Instead of 

excluding an area from use, an analysis of the root causes of the problem, and thereby its 

resolution, will be beneficial in the long term. Discretion should be used to arrive at a 

collective decision upon weighing different options. 
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CHAPTER 4 

 ROOT CAUSE ANALYSIS 

 

Root cause analysis is a problem-solving approach that attempts to find the 

underlying cause for a problem rather than finding a temporary obvious fix. The concept 

is simple. A band-aid cannot be used to fix a leaky roof. Though it might seem like a 

hairline crack, unless the broken pipe or running hose is detected and repaired, the effects 

could be catastrophic. By digging deep enough to find the root cause, not only can the 

problem be fixed but also prevented from reoccurring. Typically, a problem has more 

than one cause, and hence, root cause analysis is an analytically structured iterative 

procedure that helps to determine the causes of the problem. Subsequent sections of this 

chapter describe various methods that can be employed to arrive at the causes(s) of a 

problem., with a major focus on yield related problems. 

 

4.1 5 Whys 

Various tools used to systematically lead to the root cause of a problem. 5 Whys is 

one such technique that helps peel each layer of complexity to identify the problem area 

to research. The biggest advantage of this method is that it is non-statistical. The method 

consists of asking ‘Why’ repeatedly until the answer is obtained. The practice is to 

question the answer of the previous Why as the next Why. 
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In the case of the A2D converter test problem: 

1. Why is there yield loss? 

Because there is about 2.15% fallout on an average for Bin54. 

2. Why is there fallout in Bin54? 

Because A2D linearity tests are failing. 

3. Why are the A2D linearity tests failing? 

Because the tests ENCA/B DNLmin, DNLmax, INLmin, INLmax are failing. 

4. Why are these tests failing? 

Because the values of these tests for some devices exceed the limits. The distribution 

of the values measured for these tests is not centered between limits and has a few 

outliers.  

5. Why are devices out of limits despite an acceptable Cpk of about 1.5?  

Don’t know yet!  

 

 Sometimes it is not possible to find answers to all five Whys spontaneously. They 

might require some research or experimentation. Sometimes, just three Whys could give 

a convincing answer; other times many more may be required, depending on the 

complexity of the problem. Nonetheless, this technique gives a direction for work. It 

could also highlight interdependence and interplay of causes to help design experiments. 
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4.2 Flowcharts 

A flowchart is a pictorial step-by-step representation of a process. The start and 

end points of a process along with the intermediate steps are depicted in a flowchart. A 

high-level flowchart for semiconductor manufacturing is shown in Figure 4.1. It helps 

define broad processes and outline their inputs and outputs. After design and fabrication 

are done, the resulting wafers are tested using a prober on the ATE. Individual dies are 

cut and packaged before final test. 

 

            

Start 

Design 

Fabrication 

Wafer testing 

Packaging 

Final Test 

Ship  

Figure 4.1 A high-level flowchart of semiconductor manufacturing 

 

Cross-functional flowcharts have different lanes describing the flow in different 

organizational units and their interrelationship in contributing to the process as a whole.   

Once the broad components constituting the entire process are identified, the area(s) that 

could be causing the problem may be identified. A more elaborate and exhaustive tool is 

the fishbone diagram. 

 27
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4.3 Ishikawa Analysis / Fishbone diagram 

Another name for a ‘Cause and Effect diagram’, the fishbone diagram is an 

analysis tool that exhaustively lists various causes that could lead to an effect. Each cause 

is listed without regard to its probability of responsibility towards the event. The structure 

of this pictorial method resembles the skeleton of a fish, hence the name fishbone 

diagram. The issue to be studied is the head of the fish, and each bone is a major category 

contributing to it.  

Typically, the major categories are: 

The 4 Ms: Methods, Machines, Materials, Manpower  

The 4 Ps: Place, Procedures, People, Policies 

The 4 Ss: Surroundings, Suppliers, Systems, Skills  [4] 

 

Next, factors within each category are identified and listed in the diagram. Factors 

under every sub-category are also identified and listed. Thus, a comprehensive list is 

generated. The most likely causes are identified later by collecting data to quantify their 

gravity.  

A fishbone diagram for yield loss in the semiconductor field is attempted in 

Figure 4.2. The items don’t necessarily appear in any order relevant to the probability of 

their contribution to yield loss. However, most of the items are considered in the 

detection procedure.  
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4.4 Process of Elimination 

After fabrication, devices are te  a prober on the ATE. A 

nt 

t. 

s of 

POE). 

istorical yield data from the database gives tester-wise, prober-wise and probe card 

s of 

sted at the wafer level using

‘Prober’ is an instrument with thin needle-like probes that are used to reach to differe

test points on a wafer. Hence, the wafer-level test mode is referred to as ‘probe’ for shor

‘Final Test’ is testing of devices after the individual die are cut and packaged. In the 

example A2D converter problem, final test and packaging are not considered as cause

the problem because the yield loss is at probe. The method of considering each 

alternative and ruling out the improbable ones is called Process of Elimination (

This method makes the pool of possibilities smaller by removing factors that don’t 

contribute to our parameter of interest.  

 

H

(Interface Board)-wise fallout for every bin. A statistical calculation on the proportion

fallout for each of the different testers, probers and probe cards shows that none of them 

stands out as a prominent cause of yield loss in each sub category with 95% confidence. 

The fact that the Probe Interface Board (PIB) passes its diagnostic tests suggests that the 

root cause is not the interface board.  
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    Figure 4.3 Concentration diagram of fails over 29 wafers: No location dependence. 

 

 Location data (X and Y coordinates) for Bin 54s over 29 wafers were 

superimposed and plotted. The graph in Figure 4.3 is a concentration diagram. Light blue 

color indicates one fail in that location. Dark blue, orange and red denote two, three and 

four fails on that particular location, respectively. The fails seem to be spread all over the 

area of the wafer. Hence, systematic fabrication errors of the wafer, including mask 

alignment problems, focus problems in photolithography, etc. were regarded not to have 

a significant contribution to the fails. Certain analysis tools can be used to identify any 

pattern that cannot be discerned by eyeballing. Mathematical analysis can help analyze 

the fails and understand probable patterns consistent amongst quadrants or other smaller 

areas of the wafer. Autocorrelation of a wafer is one such tool. However, in this case, no 

complex analysis was performed on the concentration plot of failures.  

 31
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 The next thing to consider is systematic errors on a die resulting from 

imperfections in design. A detailed study of raw data obtained from the failure 

mechanism of Pluto (Bin54) was needed. A bench setup was a preferred mode of 

troubleshooting in this case. . Bench setups are more convenient for experimentation and 

gathering data of choice. They offer better control of the setup and variables, and thereby, 

are more effective in isolating the problem area. Consistent results from an alternate 

mode of testing will also add credibility to the automated tester and help rule out another 

element from the list of probable factors. Unlike on the ATE, which costs money for 

every second of engineering time spent, as much time as required can be spent on the 

bench. Moreover, the ATE setup is very complicated at probe level and time consuming 

to set up every time experimentation is required.  

 A thing to note here is that though bench setup is a more convenient alternative 

for troubleshooting, routine production tests cannot be run on the bench setups because of 

the high cost of personnel that would have to be employed to manage and control the 

bench equipment. Also, the time taken to test devices in the ATE is in the order of a 

couple of seconds, while that on the bench would be in the order of hours, raising 

throughput and other capital and maintenance issues.  

 

 

 

 

 

 



Texas Tech University, Poorvaja Kamalapuri, May 2007 
 

 33

4.5 Bench Testing 

 The task at hand was to duplicate the ADC linearity test of the ATE on the bench 

with the aim to find any flaws in the device that could be causing it to malfunction. The 

first step was to understand the test procedure and criteria in the ATE. The ADC of 

concern has a resolution of 8 bits with a minimum voltage [VREF (neg)] of 0 V and a 

maximum voltage [VREF (pos)] of 3.3 V. Hence, the ADC has 2^8 = 256 codes, each 

separated by 3.3/256 = 12.89 mV, the LSB size. Further, according to the specs, the first 

and last 4% of the codes, i.e., the first and last 10 codes are ignored in the calculations. 

The test requires that the Differential Non Linearity (DNL) and the Integral Non 

Linearity (INL) be within ±0.95 LSB. Note that these limits are at probe. For final test, 

however, according to good guardbanding practice, the limits would be wider (±0.98 

LSB).  

 The test procedure to test linearity is the Histogram Method. The input analog 

voltage to the ADC is increased in steps of about 1 mV from 0.0 V to 3.3 V, and then 

decreased back again to 0.0 V. The number of hits per code is determined. A ‘hit’ is the 

event of occurrence of a digital code. The input voltage ramp on the bench is event-

driven, i.e., the input voltage is increased in steps of 1mV, the output code is recorded 

twice, and then, the input voltage is increased again. When for a certain input voltage, its 

corresponding output digital code is obtained, the code is said to have been ‘hit’.  The 

total number of hits for each code is determined. If a code has no hits, it is said to be a 

‘missing code’. 
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4.5.1 Differential Non Linearity and Integral Non Linearity 

 Differential Non Linearity is explained based on transfer characteristics of an 

ADC, as shown in Figure 4.4. DNL is defined for each code using the Best-fit method as: 

 

DNLm =
(ActualCodeHits− AverageCodeHits)

AverageCodeHits
,  Eq. 4.5.1 (a) 

where m = 2n – 2 (zero code and full scale code)  

and n is the total number of codes (= 8 in this case). [5] 

 

  

 Figure 4.4 Non-ideal ADC transfer characteristics: DNL [5] 

 

 Differential Non Linearity, also known as Differential Linearity Error, is a 

measure of the tendency of the device to hit a code either more or less times than the 

average. The lowest possible value for DNL is -1, which means a missing code. A DNL 

of +1 for a code means that that particular code is being hit twice as many times as the 

 34
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average. A DNL more than 1 indicates the tendency of the device to output that particular 

code repeatedly. A periodic pattern in the DNL plot is highly suspicious and when 

systematic, can indicate either a design flaw or a fabrication error. 

Integral Non Linearity for each code is the cumulative sum of DNLs until that code. It is 

shown in Figure 4.5 and is given by equation 4.5.1 (b).  

 

INLm = DNLm
i= 0

m−1

∑ ,  Eq. 4.5.1 (b) 

where m = 2n – 2 (zero code and full scale code) 

and n is the total number of codes (= 8 in this case).  [5]    

  

 Figure 4.5 Non-ideal ADC transfer characteristics: INL [5] 

 

 Integral Non Linearity, also known as Integral Linearity Error, is the integral of 

the DNL curve. While DNL is a measure of the consistency of step sizes from one code 

 35



Texas Tech University, Poorvaja Kamalapuri, May 2007 
 

to another, INL is a measure of accumulated errors in step sizes. Ideally, the INL curve 

would vary about zero, because positive errors in DNL of one code would be 

compensated by negative DNL errors of adjacent codes. However, if consecutive codes 

show the same trend (either positive or negative) in DNLs, the corresponding INLs 

reflect this ongoing trend by exhibiting an upward or downward bias, as shown in Figure 

4.6. Hence, it is important to test for both DNL and INL.  
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   Figure 4.6 Trend of INL with DNL 
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4.5.2 Bench Setup 

 The bench setup, referred to as ‘bench’ for short, was employed to duplicate the 

ADC linearity test performed in the ATE. Because the outputs of the ADC of Pluto are 

not readily accessible as pins, patterns are used to first set the Device Under Test (DUT) 

in engineering mode in order to access the outputs of the ADC through a serial bus 

interface, and subsequently, to carry out the test. A programmable pattern generator 

(HP4156) generates the clock and data signals used to communicate with the DUT 

through the bus. These patterns are written into an internal register of the DUT from 

which the ADC gets control and data signals for its operation. A logic analyzer is used to 

read the contents of this register that also stores the outputs from the ADC in accordance 

with the timing diagram. A simplified block diagram of the setup is shown in Figure 4.7.  

   

Pattern  
Generator Register 

 in DUT 

Logic  
Analyzer 

Buffer

TRISTATE 

 

 Figure 4.7 Simplified block diagram of the bench setup for ADC test 
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 The output of the ADC is fed to another block of the device and is not available 

for our study. Hence, engineering mode is established to facilitate reading the outputs of 

the ADC into the same register that is used for input. ‘TRISTATE’ acts as a disable 

signal for the buffer connecting the pattern generator to the DUT. During the input cycle, 

the register contains the value of the input voltage fed by the pattern generator. During 

the output cycle, the register in the DUT holds the output digital code. The buffer is tri-

stated by the TRISTATE signal to disconnect the pattern generator from feeding patterns 

to the DUT. The logic analyzer now displays the output code of the ADC that is 

contained in the register of the DUT. The pattern generator is programmed to read back 

the data from the logic analyzer when a Trigger signal is high. The pattern generator is 

also programmed to record the output codes into a Microsoft Excel spreadsheet, from 

which the number of hits, and thereby, the DNL and INL values, are calculated.  

 

4.5.3 Bench Test Results 

An Average of 55 hits per code was achieved by taking multiple readings at every 

input voltage, as against 20 hits per code in the ATE. This was done to give a better 

chance for each code to be hit.   
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  Figure 4.8 Average of 55 hits per code on bench 

  

The graph in Figure 4.8 indicates that some codes are hit much more than the average of 

about 55, while some codes are hit as few as 38 times. The first and last 10 codes (4% of 

256) are not considered in the analysis, as directed by the customer specs.  Data from 

over 90 dies that failed the production test were recorded, and their corresponding DNLs 

and INLs were calculated, plotted and compared to the limits ±0.95 LSB.  
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Figure 4.9 is a plot of the DNL values in terms of LSBs for all the codes of a 

single die. Note that the values of the first and last 10 codes are ignored. It is seen that the 

DNL varies about 0 in both positive and negative directions. Hence, the INL also varies 

about 0, as shown in Figure 4.10 
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   Figure 4.9 DNL plot for a bench-tested die 
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   Figure 4.10 INL plot for a bench-tested die 



Texas Tech University, Poorvaja Kamalapuri, May 2007 
 

 To check if the DNLs and INLs in a die follow any regular pattern, 

autocorrelation was performed. Any trends or regularity in fails show up as peaks in an 

autocorrelation curve. Similarities in trends or fails amongst various die can be observed 

in their cross-correlation curve. Any patterns of more/less hits for particular codes show 

up as peaks in the cross-correlation plot.  

 

 

Figure 4.11 (left) Autocorrelation plot of DNLs of a die 
        (Right) Cross correlation plot of DNLs of 2 different dies 

 

 A series with no significant patterns has just one big central peak in the 

autocorrelation curve. The autocorrelation curve for the DNL values of the ADC of a die 

shown in Figure 4.11 has only the central large positive and negative peaks because the 

data itself is both positive and negative. This shows that there is no regular pattern 

exhibited by the DNL values of a single ADC. Cross correlation of the DNL values from 

different dies as seen in Figure 4.11 did not exhibit any regular pattern. Though some 

peaks stood out from the rest, there was no consistency in the position of peaks for cross 
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correlation curves over many dies. Hence, it was concluded that there was no systematic 

design error causing the ADC fails.  

 Some production-tested good dies were also tested for comparison. The plot in 

figure 4.12 plots the DNLmax values for production-tested good (‘good’) dies in green and 

production-tested bad (‘bad’) dies in red. In contrary to the ATE, the bench showed that 

all dies tested had DNLs and INLs well below the limits (±0.95 LSB), i.e., all dies passed 

on the bench. Also, there was no marked difference between the values for ‘good’ and 

‘bad’ dies.   
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  Figure 4.12 Bench test DNLmax plot for ‘good’ and ‘bad’ die 

 

Some differences between the bench test and the ATE are: 

1. The sampling rate to measure the output ADC code repeatedly to get multiple hits 

is limited by the speed of the equipment. While the ATE samples at 6.2 MHz, the 

bench samples at 2.5 MHz. 
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2. The ATE averages 20 hits per code, while the bench achieves about 55 hits per 

code. 

3. The bench setup takes multiple readings of code at the same input voltage, and 

hence, noise gets averaged out. Also, the ATE is noisier than the bench 

environment. Since there are many instruments switching on and off 

simultaneously in the ATE, and many instruments are grounded together, the 

ATE is more prone to noise. If this noise is large enough, it can cause the outputs 

to change significantly and cause failures. 

4. The ATE ramps input voltage at 200 KHz (which is beyond the specification limit 

of 35 KHz, but the device has been characterized and known to work reliably- this 

was done for test-time reduction).  The input voltage ramp on the bench is event-

driven, i.e., the input voltage is increased in steps of 1mV, the output code is 

recorded twice, and then, the input voltage is increased again. 

 

 Though minor, these test procedure differences could cause the bench test setup to 

indicate that the devices are good. In order to understand the discrepancy of results 

between test bench and ATE, and to know which is trustworthy, it is wise to explore the 

domain in which the problem is prevalent- the ATE.  
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4.6 Further Experiments 

  Making small logical changes and observing their impact on a problem can help 

identify the few potential causes of the problem. In order to identify the relationship 

between various factors that contribute to the problem, few experiments were performed 

for the A2D converter test. This exercise was a systematic method of making planned 

changes to the different parameters of a system in order to assess its response, and 

thereby, to deduce the interaction between different factors.  Table 4.1 summarizes the 

experiment: 

Table 4.1 Changing various parameters on ATE 
Experiment 

 
  Observation 

 
Mean code hits: increased from 20 to 55.  
 

Not much effect on DNL/ INL/ 
Test time. 
 

Input voltage ramp for same no: of hits (20):  

Default (200KHz)(10,250 samples at 6.2MHz):

Slow (133KHz)(15,250 samples at 4.15MHz): 

Fast (242KHz)(8,250 samples at 7.5MHz): 

DNLmax:    Total Test time: 

0.51            4.12s 

0.6              4.54s 

0.9              4.17s 

 

Binned bad die. Fast Ramp: 
                        Slow Ramp: 
 

All Failed. 
Majority failed.  
 

Re-test binned bad die. 
 

Estimate: 50% of the devices 
pass.  
 

 
 

Table 4.1 shows that though the mean code hits were increased to equal those 

achieved on the bench, the increase didn’t have any effect on the DNLs or INLs. Hence, 

it was understood that the number of code hits was not a significant contributor to the 
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difference in results between bench and ATE. Though the change in the frequency of 

input ramp altered the test time notably, it didn’t seem to affect DNL markedly. The most 

substantial observation of the experiment was that re-testing binned bad dies passed them 

about 50% of the time. This clearly points towards test-instability on the ATE.  

Encouraged by the previous encounter on the ATE, another experiment was set up 

to re-test a different wafer to see if this finding was consistent. A wafer with 91 Bin54s 

was picked. The original production test wafer map is shown in Figure 4.13. A ‘Bin-

based reprobe’ was run on the wafer. Bin-based reprobing is a feature of the prober that 

only tests dies from a specified bin on a previously tested wafer. It was observed that out 

of the 91 previously tested bad units, only 3 binned out as Bin54 this time, as shown in 

figure 4.14. Manual re-test of the remnant Bin54s also binned them good. More 

experimentation, in fact, seems to point towards the fact that the devices might actually 

be good.  
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Figure 4.13 Production-tested wafer: 91 Bin54s (dark blue) 

 

 

Figure 4.14 Bin-based reprobed wafer: 3 Bin54s (dark blue)  

 46
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To ensure that this finding was not confined to two wafers, a fresh wafer was re-

tested with the original production test program. The changes with respect to the code 

hits and input ramp were disregarded, because they didn’t seem promising enough to 

recover the yield loss. The results of re-test of this new wafer were consistent with the 

earlier findings and are summarized in Table 4.2.  

 

Table 4.2 Re-test results on wafer 

Initial run: Production testing. Bin54s 78 

Re-test: Bad that turned good 62 

Re-test: Good that turned Bad 20 

Re-test: Bad that remained Bad 14 

Re-test: Overall improvement in count of Bin54s 34 

 

The essence of Table 4.2 is that on an average, about 50% of the dies are 

recoverable on re-test. Hence, if the devices are indeed good, as suggested by successive 

tests, the loss caused by over-kill can be recovered. 

The next step in the diagnosis procedure was to get Bin54s assembled and 

packaged through a Special Work Request (SWR). This was done to find an alternative to 

setting up a prober for the experiment. Packaged devices can be tested with a probe 

program using a Spider Card to interface with a Probe Interface Board (PIB), apart from 

the final test program with a Device Interface Board (DIB).  
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Packaged Bin54 devices were tested with the Probe program using a Spider Card. 

Surprisingly, all devices passed. When tested with the Final Test program, they all 

passed. In both cases, the program was consistent in result even after looping it over 100 

times on many devices. The consistency supports the bench test results that the devices 

are good. However, to make sure, these packaged devices were tested on the bench again, 

and they were all tested good. For assurance, the devices were tested in their customer 

application. The devices are motor drivers for printer applications. Hence, a printer 

containing these devices was bought, and the corresponding parts in it were replaced with 

the packaged Bin54 devices. No anomalies were observed. The printer ran without any 

glitches. 

Hence, it was established that the devices were good. However, it was not 

understood why the devices failed in the ATE, though they were later proved good. It 

was hypothesized that noise could be a major factor in contributing to the failure. Noise is 

much higher in the probe environment for automated testers, especially because the ultra-

thin probe tips make feeble contact with the tiny bond pads. Because the effect of noise 

might be a little difficult to quantize in the actual production environment, modeling is a 

good alternative. 

 

4.7 Recreating the problem  

Sometimes in situations where the cause cannot be definitively determined, an 

alternative method is employed: the failure mode is duplicated. The process of recreating 

the problem could inadvertently lead to the identification of its root cause. This method is 

inherently complex in that it involves imitating the exact same signature as the original 
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problem. The procedure could involve several trial and error steps. However, 

categorizing the different factors and using a top-down approach could help substantially. 

 

4.7.1 Noise Modeling 

Noise frequencies of 60Hz and its harmonics are typical in the test environment. 

Hence, noise of varying amplitude and frequencies of 60Hz and 120Hz were injected into 

an ideal ADC. The aim was to determine the level of noise that would make an ideal 

ADC fail in test conditions similar to the ATE. 

A model of a noise-prone 8-bit ADC was simulated in Simulink, duplicating the 

conditions of test in the ATE. As shown in figure 4.15, an ideal 8 bit ADC with the same 

negative and positive reference voltages, and hence the same step size as device Pluto, 

was fed with a noisy input ramp voltage.  

 

          

Figure 4.15 Model of Noisy ADC 

 

The slope of the ramp and the simulation time were adjusted to obtain the same 

input signal frequency and mean code hits as in the ATE. An additional source of noise 

with variable frequency and amplitude was used to induce noise into the ideal ADC. 

Assuming that 60Hz and its harmonics are the most prominent sources of noise in the 
 49
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production environment, different amplitudes of noise at these frequencies were induced 

into the ideal ADC. The DNLs and INLs were calculated and tabulated as in Table 4.3. 

 

Table 4.3 Effect of noise on DNLs and INLs of an ideal ADC 

 
Noise 
Freq 

Noise 
Amp DNL min DNL max INL min INL max 

0 0 -0.099 0.102 0.002 0.455 
60 Hz 10 mV -0.599 0.503 -0.336 0.760 
60 Hz 15 mV -0.800 0.703 
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-0.998 0.906 
60 Hz 20 mV -0.699 1.004 -0.225 1.340 
60 Hz 100 mV -0.899 0.916 -1.097 2.701 
120 Hz 20 mV -0.699 0.804 -0.871 0.759 
120 Hz 50 mV -0.698 0.711 -1.151 1.528 
180 Hz 15 mV -0.699 0.705 -0.698 0.845 
180 Hz 20 mV -0.699 0.706 -0.730 1.030 

 

Low frequency noise (60 Hz) with low amplitude (15mV) was noticed to 

significantly alter the number of code hits of a known good ADC and to cause its INL 

values to go beyond the acceptable level. This value of noise seems high, but not 

unrealistic in the ATE. Noise is a function of the tester, grounding and the power 

conditioner. To summarize, noise could be an important factor in causing the fails. 

 

4.8 Determining the solutions 

The next step to problem-solving is to identify solutions to the problem. Solutions 

are specific implementations or actions that check the root causes of the problem. When 

implemented correctly, solutions not only solve the problem but also prevent it from 

occurring again.  
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A problem can be resolved in many ways. A temporary fix can be employed to 

stop the problem from worsening further. Upon analysis of the root causes, there could be 

many ways to resolve the problem. The alternatives could range from addition of 

hardware/ software implementations to change in the existing system to proposing an 

entirely new method. Every alternative has certain pros and cons associated with it. 

Making the right decision for long-term benefits is discussed in the following chapter. 
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CHAPTER 5 

 DECISION MAKING 

 

Decision theory is a study of the strategies and techniques employed to achieve 

goals. It optimizes the use of men, machines, materials, methods and money to 

accomplish a larger objective. Decision making is a complex process of choosing 

between alternative courses of action using cognitive methods. This process includes 

defining and analyzing alternatives and then making and reviewing the decision, as 

shown in figure 5.1. Decision making involves the use of analytical tools, optimization 

techniques, statistics and even human behavioral dimensions. Hence, it calls for a 

thorough understanding of the root cause(s) of the problem, knowledge of the resources 

and limitations, inventiveness and imagination.  

 

    

Figure 5.1 Decision making process 

 52
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The objectives to be achieved through a decision should be clearly defined. The 

goal could be to achieve throughput as high as 99% or zero defects. Clarity in the purpose 

paves a correct decision path. However, decision making is complicated by the existence 

of many objectives. Some of these objectives could be conflicting, e.g., the company’s 

responsibilities towards the society could affect profits. Also, objectives of all units must 

be consistent with the objectives of the higher units in the organizational hierarchy. A 

critical part of the decision process is to define ‘Value Criteria’ based on these objectives. 

From a broad perspective, the aim of every decision is to maximize the benefits to the 

company in the long run. 

Decisions at various levels of hierarchy are associated with different time 

horizons. The secret to making good decisions is to be able to predict the future impact of 

a decision. Hence, an important part of making decisions is the ability to forecast the 

future trend. A forecast is an unbiased estimation of what is expected to occur based on 

what occurred in the past. Though forecasting is not planning, it is an indispensable input 

to planning and decision making. Many mathematical methods and models are used to 

incorporate the trend, seasonal, cyclic and random effects on parameters and to predict 

their values in the future. The shorter the time horizon, the more valid are data around it, 

the more specific and accurate will be the decisions. The farther the time horizon, the 

more the uncertainty and more the risk.  
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5.1 Knowledge Based Decisions 

An effective forecast mechanism gives a good estimate of parameters. Better 

knowledge of parameters helps make better decisions. Decision making with four distinct 

kinds of decision situations is discussed as follows: 

1. Decision Making Under Certainty: This case is the simplest and occurs when 

there is complete and accurate knowledge of the consequences of each alternative. 

The decision involves evaluating the outcome of each ‘Strategy’ or alternative 

and selecting the one that best meets the objective. 

 

2. Decision Making Under Conflict: In this case, an opposing force, like 

bargaining or competition, tends to have an adverse effect on the natural states of 

parameters. Decisions are made to determine optimum strategies depending on 

the degree of conflict. Typical applications include war strategy, bidding, product 

pricing, etc. 

 

3. Decision Making Under Risk: This case applies when the information of the 

probabilities of the alternatives is known. The best decision is then the alternative 

with the optimum expected value (maximum profit or minimum cost).  

 

4. Decision Making Under Uncertainty: This case is the worst of all cases where 

information available is the least. In this case, either all the alternatives are not 

known or the probabilities associated with them are not known. In the former, 

more research must be conducted to understand the various possible alternatives. 
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In the latter case, many numerical methods exist that help determine the 

probability associated with each alternative. Once the probabilities are 

determined, the best decision is the alternative with the optimum expected value, 

as in case 3. In practice, almost all decisions fall under this category.  

 

Figure 5.2 Effect of knowledge on confidence of decisions 

 

Figure 5.2 depicts the effect of knowledge in adding confidence to a decision. 

With decreasing levels of knowledge, uncertainty of decisions increases, and vice versa.  

 

5.2 Decision Criteria 

 Certain criteria form the basis for the decision process, especially when 

probabilities cannot be assigned to different alternatives. 

 

1. Maximin Criteria: This is a pessimistic approach that selects the alternative 

whose worst outcome is at least as good as the worst outcome of every other 

alternative. [6] 
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2. Maximax Criteria: This is an optimistic choice method that selects the 

alternative whose best outcome is at least as good as every other alternative. [6] 

 

3. Minimax Criteria: When dealing with loss, this criterion minimizes the 

maximum loss, i.e., the alternative whose greatest loss is as small as or smaller 

than the greatest loss of every other alternative is chosen. [7] 

 

5.3 Methods of Analysis 

 Analyzing alternatives is an important part of the decision making process, 

because it highlights the information necessary to reach a decision apart from the 

consequences of selecting an alternative. Different analysis methods are described in this 

section with the aim to maximize profits.  

 

1. Profit and Cost Comparison: When all the data is known, the costs (to be) 

incurred from every alternative are subtracted from the (proposed) revenues 

generated, and the (anticipated) profits are compared. The alternative with the 

maximum profits is selected. Though extremely simple in principle, this method 

has its own risks, because every transaction must to be analyzed with only two 

factors: cost and revenue.  
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2. Break-even analysis: Break-even 

analysis is a graphical method to 

determine the point, in terms if 

either time or quantity of units 

produced, when the additional 

revenue generated equals the cost 

incurred.  

Figure 5.3 Break-even chart 

Figure 5.3 shows a Break-even chart. It is in reality two charts, 

superimposed on one another: the expense chart and the income chart plotted 

against total sales. Total expense is the sum of fixed and variable costs. The 

break-even chart is used to determine the number of units to be sold or the time 

before the sales compensate for the costs incurred on the decision, and actually 

begin to generate profits. If the quantity or time is acceptable, then the decision is 

made. 

 

3. Incremental Analysis: Incremental analysis is employed when there are a large 

number of alternatives. It is a study of the change in cost upon increase in the 

value of one variable by one unit. The optimum value of a variable controlling an 

alternative is such that the decision as a whole incurs the least costs. If this value 

of the variable is plausible, then that alternative is selected. 
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4. Sensitivity Analysis: Sensitivity analysis is a means to determine the change in 

optimum decisions with change in the data of the problem. It not only shows how 

the decision changes with the data but also shows the value by which the optimal 

function varies. This method is especially useful in cases where there is inexact 

information about the problem. This method is best for effective allocation of 

limited resources.  

 

5. Decision Trees: A graphical method of analyzing multi-phase probabilistic 

alternatives is the use of decision trees, as shown in Figure 5.4. Decision trees 

depict possible combinations of alternatives and events as branches of a tree. The 

tree is set up chronologically from left to right. 

 

 

 

Figure 5.4 An example decision tree 

 

 58



Texas Tech University, Poorvaja Kamalapuri, May 2007 
 

The tree is analyzed from right to left. The expected value of an alternative is the 

sum of its outcome multiplied by its probability. The tree is used to analyze 

different alternatives with different probabilities to determine the best decision.  

 

6. Models: A model is a synthetic mimic of reality used to capture the essence of the 

system, conveniently avoiding the nonessential details of the system. It provides a 

framework for analysis of situations, problems and systems. The inputs to a model 

are often designed to be similar to the actual inputs, and their characteristics are 

varied to see their effect on the output. Models are useful in predicting the 

outcome of conditions or decisions without actually experimenting with a real 

system.  

 

 

Figure 5.5 Decision making approaches [7] 
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Decision making is a process. The actual decision is only the conclusion of the 

process. A pictorial representation of a decision making process is given in figure 5.5, 

which lists various approaches to take in order to arrive at the decision. Note that one of 

the initial steps is problem analysis, which includes identifying various alternatives to 

solve the problem.  

 

5.4 Cost of Decision Making 

 Decision making incurs costs time and money, especially for determining 

alternatives, analyzing them and then choosing between them. A deep understanding of 

the root cause(s) of the problem requires extensive research and experimentation. 

Additional information reduces uncertainty and adds to confidence in the decision at a 

price. One should determine if one wants to incur high cost for more informed decision 

making or to make a decision with higher uncertainty and lower cost. Decisions with 

significant economic or social impact must be considered to determine if uncertainty in 

decision making is worth the risk. Wrong decisions could be expensive with long lasting 

effects. The trade-off between cost and certainty must be made.  

 Even with complete information, the cost incurred to solve a problem might often 

be much greater than the benefits obtained from solving it. For example, it might not be 

worth addressing a 0.1% fallout issue if solving it involves implementing new hardware 

interface boards costing tens of thousands of dollars. The point beyond which 

improvement in the solution is not worth the cost of achieving it is called the point of 

diminishing returns. Return on Investment (ROI) is an important aspect to consider in 
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decision making. Hence, it is to be made sure that the benefits from solving a problem are 

greater than the inputs needed to solve the problem in terms of time, man-hours, money 

and other equipment. Another aspect worth considering is the trade-off between 

confinement and cost. Complete confinement of the causes to a problem could cost much 

more than the loss due to the problem. Also, too much confining could result in overkill. 

Decision making is thus, a complex process of weighing options to achieve optimum 

results. 

 In case of the A2D converter test problem, substantial analysis suggests that noise 

is an important factor in causing the fails. Furthermore, it was established that the devices 

were indeed good, and that re-testing them saved about 50% of the fails. Hence, it was 

decided to incorporate a re-test routine in the test program in view of return on 

investment. This is an example of Maximax criterion of decision making. A big 

advantage to this solution was that it didn’t involve any further up-front investment. 

However, re-testing every die would waste test time. Hence, it was decided to re-test only 

those dies that failed Bin54.  

 

5.5 Validation of Decision 

Validation determines how well the solution to a problem actually solves the 

problem. This step of decision making is very important because it ascertains the extent 

to which the solution has been successful in abating the problem. The validation process 

involves reviewing the outcome of the implementation regularly over time to ensure that 

the solution to the problem is effective, consistent and reliable. Yield analysis tools as 

described in Chapter 2: population distributions, Pareto charts, wafer maps, etc. could be 
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used to analyze the data after implementing the solution to examine the effectiveness of 

the solution in solving the problem.  

 Yield data was collected for the A2D converter test over a period of five months 

after implementing the solution in September 2006. As expected, the fallout for Bin54 

reduced from about 2.66% in September 2006 to about 1.2% from November 2006. On 

the whole, Bin 54 fallout dropped to about half of the initial fallout. The results are 

shown in the following Pareto charts Figure 5.6 and Figure 5.7.  

 

Yield loss pareto of Pluto after implemeting re-test
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Figure 5.6 Bin wise Yield Pareto of Pluto after implementation of re-test 
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Monthly yield trend of Bin54 for Pluto
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 Figure 5.7 Monthly yield trend of Bin54 of Pluto  

 

There is a certain risk involved in the exercise of decision making. There are also 

many lessons one can learn. The proposed solution might not always solve the problem. 

Sometimes it might not be effective to the desired extent. In that case, the next best 

alternative must be pursued. Good decision making relies on effective research, analysis 

and forecasting, much of which comes from experience. 
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CHAPTER 6 

FROM PRODUCT IMPROVEMENT TO PROCESS IMPROVEMENT 

 

Testing devices produced after a long chain of processes measures the quality of 

the product. Testing bins out parts as good and bad; the good ones are shipped to the 

customer; the bad ones are trashed. Identifying and throwing away bad parts is, in fact, 

planning for bad parts. Controlled mediocrity is still mediocrity. It is inevitable to solve 

problems as and when they occur. However, though problem solving can give an insight 

into what was wrong in the process, it cannot be relied upon to achieve the highest 

quality standards. Moving to process control will change the idea behind testing from a 

technique used to separate good and bad parts to a diagnostic quality improvement tool. 

Process improvement aims at continual improvement of the process by a thorough 

understanding of the relationships between the input and output variables. 

The old philosophy of quality, as shown in figure 6.1, was for the products to lie 

within specification limits. This approach classified devices as good or bad. Being 

outside the specification limits was considered loss to the company. 

   

 

Figure 6.1 Old Philosophy of quality 
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The new philosophy of quality, however, as shown in Figure 6.2, aims at 

production meeting a target or nominal value, instead of just meeting the spec.  

   

Figure 6.2 New philosophy of quality [8] 

 

Deviation from target is loss through increased cycle time, inspection, scrap, etc. 

To minimize the loss due to deviation from the nominal value, the variability of the 

product parameters must be reduced. Measures indicative of the quality of the process are 

‘Process Capability’ and ‘Process Capability Index’, as introduced in Chapter 2. They 

quantize the tightness and centering of the distribution between the limits.  

Six sigma is a measure of quality that strives for near perfection. It is a 

disciplined, data-driven approach to eliminate defects in any process. It drives towards 

six standard deviations between the mean and the nearest specification limit. A 

quantitative description of the performance of a process, six sigma postulates that a 

process must not produce more than 3.4 defects per million units produced. Organizations 

are now striving to achieve six sigma quality standards.  
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High quality standards cannot be achieved by one individual or by one process. 

Quality is everybody’s job. Collective and continual effort for excellence yields success. 

Incentives like Ownership to employees, Zero Defects Day, etc. go a long way in 

realizing the dream to achieve zero defects. 
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CHAPTER 7 

CONCLUSION 

 

Yield management in the semiconductor industry involves both diagnosing and 

solving yield-related issues. This thesis addresses any generic yield problem that is 

causing, or has the potential to cause, monetary loss in two steps. First, a generic data 

monitoring approach has been described to identify an issue that needs attention. Second, 

a generic problem solving methodology has been developed to address the issue thus 

identified. This generic procedure aims to abate the impact and loss caused by yield 

issues and is summarized below. 

Once the problem has been identified, it must be confined to its related areas so 

that further exacerbation is prevented. Next, root cause analysis should be performed and 

various alternatives that could solve the problem must be identified. These alternatives 

must then be analyzed using numerous tools in order to make a decision based on return 

on investment. Upon implementing the solution, related data should be monitored to 

evaluate the effectiveness of the solution in abating the problem. Each step in this generic 

procedure has been described as a chapter in this work. 

These steps were applied to the yield problem of an A2D converter test, and 

satisfactory increase in throughput and profitability were obtained. However, the key to a 

healthy process is not solving problems when they occur, but to prevent problems from 

occurring. Continual process improvement should be implemented to boost the 

performance of the organization and to achieve increased customer satisfaction and 

profitability.
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