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ABSTRACT 

One of the semiconductor industry's biggest concerns is yield. Product 

development engineers have the responsibility of improving yield and must use 

various tools to ensure that any yield issues are promptly corrected. This study 

outlines some of the tools that product engineers use, namely that of identifying 

possible device sensitivities through correlation and regression analysis. 
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CHAPTER 1 

INTRODUCTION 

1.1 OVERVIEW OF PRODUCT DEVELOPMENT ENGINEERING 

 The gauntlet that a semiconductor device must go through, from design to 

fabrication, to assembly, and ultimately to the end customer is one that is composed of 

many different people, including design engineers, process engineers, FAB 

technicians, test and product engineers, and more than 150 processing steps [1]. 

Product development engineers (PDEs) have the responsibility of owning a device and 

are responsible for any issues that may arise related to the yield of such a device.  

 

 Product development engineers take part in new product development, cost 

reduction, capacity expansion and yield enhancement projects [2]. More specifically, 

PDEs  supporting a FAB are concerned with device yield and investigate root causes 

that affect yield [3]. PDEs use several resources to identify yield issues, these 

resources may be statistical analysis software, visual defect inspection, electronic 

wafer maps, inline inspections, physical and electrical failure analysis requests, and 

others [4]. The yield that FAB PDEs are concerned with is called wafer sort yield, or 

multiprobe yield, and is given by: 

                  
               

                                  
  [4] (1.1) 
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1.2 OVERVIEW OF IC FABRICATION PROCESS 

 The fabrication of integrated circuits (ICs) is a complex process that can be 

divided into five general stages of manufacturing, these are: wafer preparation, wafer 

fabrication, wafer test/sort, assembly and packaging, and final test [4].  

 Wafer preparation is the first stage, here, the silicon is extracted from silicate 

minerals or silicon dioxide, purified and processed to produce a semiconductor grade 

silicon ingot. Once the ingot is grown, it is sliced into wafers which are then lapped, 

polished, inspected, and sold to the microchip fabrication facilities. The second stage 

is wafer fabrication where the semiconductor devices are grown, the bare wafer serves 

as the substrate. At this stage, the wafers undergo several processing steps such as 

cleaning, layering, patterning, etching, and doping; these processes may be performed 

in a fully automated FAB in which the wafers are handled by robotic means, in older 

FABs the wafers may still be handled by humans. A sample schematic of a 

semiconductor device process is shown in figure 1.2.1. Wafer test/sort is the third 

stage of the IC fabrication process, at this stage the individual die on the wafer are 

tested by automated test equipment and the failing die are identified to prevent them 

from being packaged during assembly. The fourth stage is assembly and packaging, 

where the individual die are sliced off the wafers and the bond pads are electrically 

attached to the assembly package, the die is then hermetically sealed in a plastic or 

ceramic package. Final test is the fifth stage where the functionality of the chips is 

tested and then sent on to the customer [4]. Figure 1.2.2 gives a short summary of the 

five stages of IC fabrication. 
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Figure 1.2.1 Sample Schematic of a Semiconductor Device Process [5] 

 

 
 

Figure 1.2.2 IC Fabrication Summary [4] 
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1.3 WAFER LEVEL TESTING 

 The complex processes through which devices are grown on a wafer lead to 

defects that can damage the device or limit its performance, due to this nature, devices 

on the wafer must be tested. Wafer-level testing consists of testing each device, or a 

sample of devices, on the wafer to verify that the device performance is within the 

required specifications, and to ensure functionality and reliability. The two wafer level 

tests are the wafer electrical test and the wafer sort tests. 

1.3.1 WAFER ELECTRICAL TEST [4] 

 The wafer electrical test, also known as in-line parametric test or testprobe, is 

performed before the wafer sort test; its purpose is to monitor the FAB processes and 

the performance of individual components such as diodes, transistors, resistors, and 

capacitors. This test is performed on special test pattern structures known as process 

control monitors (PCMs) that are commonly located in the scribe regions of the wafer; 

this is desirable because it saves wafer area that can be used to instead produce useful 

die. Examples of PCMs are shown below; figure 1.3.1 shows how the PCMs may be 

arranged on the scribes of the wafer, figure 1.3.2 shows an example of a test structure 

with the individual component shown on the inset.  
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Figure 1.3.1 Example of Test Structure Placement [6] 

 

Figure 1.3.2 Test Structure Example 
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 Different structures are used to measure a wide range of parameters related to 

the processing of the wafer, some of these structures are discrete transistors, contacts 

or via strings, capacitor arrays, and resistivity structures. The parameters that can be 

monitored with the aforementioned test structures are transistor properties, critical 

dimensions, film thickness, oxide integrity, and contact resistance; table 1.3.1 shows a 

summary of these test structures and parameters. The importance of test structures is 

evident in that the process steps that were used to create the test structure are the same 

process steps that created the individual die throughout the wafer; therefore, placing 

and monitoring test structures at certain regions on the wafer can give early warnings 

about problems in the process flow and prevent bad wafers from continuing down the 

production line. 

Table 1.3.1 Summary of Test Structures and Measurements [4] 

 

1.3.2 WAFER SORT TEST [4], [7] 

 Wafer sort test, also known as electrical sort, wafer probe, or multiprobe test is 

performed at the end of the wafer fabrication; it is the final test that is conducted at the 
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wafer level. Multiprobe test differs from the electrical test in that each device on the 

wafer is tested to verify good and bad die, the good die will be assembled and 

packaged, whereas the bad die will be identified and will not be packaged. After 

assembly and packaging the good die will undergo final test. Multiprobe test is a very 

important and major stage; the yield at multiprobe can help product engineers identify 

potential problems that may be related to a process in the fabrication chain, thus 

multiprobe tests can be correlated to testprobe tests which monitor the FAB processes. 

Multiprobe testing is done on automated test equipment (ATE) similar to that shown 

in figure 1.3.3 below; ATE consists of a test program, tester with workstation, probe 

interface board (PIB), probe card, and prober.  

 

Figure 1.3.3 Example of Automated Test Equipment [ 
http://www.jmcserv.com/Photo_Configs/Comp_testers/teradynea585.JPG] 
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 The prober is a machine that moves and positions the wafer in order to make 

electrical contact with the probe card; the probe card consists of small probes that 

make contact with a die, and the probe card is connected to the tester via the probe 

interface board. Probe cards are specific to the type of device that is being tested; 

figure 1.3.4 shows a probe card and prober.  

 

Figure 1.3.4 Example of Prober and Probe Card [ 
http://proberworld.com/shopping/shopimg/parts-03_3.jpg], [http://www.eds-

prober.com/pt_img/4090u_front.jpg] 

 Once wafers are tested at multiprobe a wafer map can be created. A wafer map 

is an electronic image that shows the location of both failing die and good die; figure 

1.3.5 shows an example of such a wafer map. A wafer map is a great tool to help 
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identify patterns on wafers that may point to process or test set up issues. As seen from 

figure 1.3.5, a wafer map will identify each failing die according to the failed test, 

such technique is called binning. 

 

Figure 1.3.5 Example of a Wafer Map [7] 

 Ideally, 100% of the die on the wafer will be tested, however, in order to 

reduce testing time sometimes the wafer may be sample probed depending on the FAB 

and device. An example of a sample probed wafer is shown in figure 1.3.6 where the 

sampled test sites are dark green colored. 
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Figure 1.3.6 Example of Sample Probed Wafer at Multiprobe 

1.4 TEST PARAMETERS AND TYPES 

1.4.1 TESTPROBE TEST PARAMETERS [4], [8–13] 

 As was discussed in previous sections, testprobe tests monitor the processes in 

the FAB. In this section we discuss several of these test parameters. Leakage current is 

a reverse current of minority carriers that travels opposite of the forward current; gate 

leakage is one of particular interest, very thin gate oxides can suffer from this 

phenomenon and is a problem in CMOS circuits. Collector-emitter leakage is a 

concern in bipolar transistors; crystalline defects are the cause of leakage issues, as 

well as the cause of issues in other parameters such as minority carrier lifetimes, gate 

oxide integrity, and threshold voltages. Typical leakage measurements are in the order 

of pA. Gate oxide breakdown voltage is a measure of how strong and how high the 

quality of the gate oxide is, typical value is around 10V. Saturation current measures 
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the drain current with the maximum gate voltage applied, known gate, drain and 

substrate voltages are applied, typical measurement values are 20mA. Threshold 

voltage measurement measures the gate threshold voltage required to turn on the 

transistor and start drawing current from the drain to the source, threshold voltage is a 

parameter that is highly sensitive to the channel region dopant concentration which is 

controlled by ion implantation. Typical threshold voltage measurements are between 

.2V to 1V, if the testprobe data gives suspicious measurements this could indicate a 

potential problem at the ion implantation process, if the yield at multiprobe was to 

drop, then we could look for a correlation and regression between multiprobe and the 

testprobe measurements and investigate what problems occurred at implantation. 

Breakdown voltages are also important parameters that need to be monitored, these 

breakdown voltages are drain to source breakdown voltage for CMOS; for bipolar 

transistors, they are collector-base junction, collector-emitter junction, collector-

substrate junction, and emitter-base junction breakdown voltages. Sheet resistivity is 

also an important parameter, for example, if the sheet resistivity is out of specification 

then this could point out to a problem at implantation, diffusion, or annealing; sheet 

resistivity is given in ohms per square. Other parameters such as capacitance 

measurements are also useful. 

1.4.2 WAFER SORT TEST TYPES [4], [14] 

 There are generally 3 types of tests performed at multiprobe, these are DC 

tests, output checks, and functional tests. DC tests are normally carried out first to 
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check basic requirements such as continuity, opens/shorts, and leakage tests; since 

these tests take less time to run compared to the later tests, bad die can be quickly 

eliminated from continuing on to more time consuming tests. Continuity consists of 

verifying that the probe needles are in good contact with the bond pads of the die, 

opens/shorts tests verify whether opens or shorts are present in the die, leakage tests 

measure the amount of reverse leakage current since leakage current can slow down a 

transistor's switching time and disturb logic levels. Output checks verify that the 

output signals have the correct expected output voltage matching a logic 1 or logic 0. 

Functional tests vary for different types of die; functional tests confirm whether or not 

the die performance meets the datasheet specifications such as clock speed, access 

time, voltage levels, current loading conditions, frequency, IO timings, functionality, 

and so on. 
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CHAPTER 2 

STATISTICAL ANALYSIS, COST, AND SOFTWARE OVERVIEW 

2.1 STATISTICS IN MANUFACTURING [7] 

 Statistical data analysis plays a part in many industries, this is equally true for 

the semiconductor industry where statistics are often used for continuous process 

improvement. Many mixed-signal measurements display the Gaussian distribution; 

this is due to random sources of variation such as noise and crosstalk from within the 

device under test and the tester equipment itself. The central limit theorem states that a 

set of large numbers of statistically independent random variables, usually greater than 

30, will tend to form a Gaussian distribution; an illustration of this important 

phenomenon is shown in figure 2.1.1 below. 
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Figure 2.1.1 Illustration of Central Limit Theorem [ 
http://wiki.math.toronto.edu/TorontoMathWiki/images/0/00/MAT1000DanielRuedt.p

df] 

 The probability density function of this Gaussian distribution is described by: 

      
 

    
 

       

      [7] (2.1) 

 Where σ = the standard deviation 

  μ = the mean 

 Statistical Process Control (SPC) is a method for continuous process 

improvement in any industry, specifically for semiconductor manufacturing, it can be 

used to monitor the consistency and quality of devices and device parameters over 

time and identify excessive variations that can alert engineers to a possible problem. 

An example of a generic SPC chart is shown in figure 2.1.2, where parameters that 
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may come from natural process variation are in the common cause variation zone, and 

parameters in the special cause variation may be affected by unnatural variations, or 

changes that need to be investigated [15]. SPC charts can be used to monitor device 

parameters or process parameters. 

 

Figure 2.1.2 Example of an SPC Chart [15] 

 Ultimately, the purpose of the SPC methodology is to achieve six-sigma 

quality standards for each parameter of a device. The six-sigma concept was 

introduced at Motorola in 1986 by Bill Smith and has been in use by several leading 

organizations since [16]. A parameter meeting six-sigma quality standards is one that 

has a standard deviation no greater than 1/12 of the difference between upper and 

lower specification limits and the center of the distribution is less than 1.5σ away from 

the center of the upper and lower limits. Achieving six-sigma quality standards means 

that your process will produce a failure rate of less than 3.4 defective parts per million, 

this is why six-sigma standards is desired. The natural variation of the process used in 

manufacturing a product is called the process capability and is defined as the ±3σ 

variation of the parameter around the mean. The process capability is used to define 
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two very important process stability numbers known as Cp and Cpk. Cp is the process 

potential index and indicates the tightness of a parameter's measurement distribution 

relative to the upper specification limit (USL) and the lower specification limit (LSL); 

a Cp value greater than 2 is adequate to achieve a stable process that produces high 

yield and high quality. Cp is given by: 

    
       

  
  [7] (2.2) 

 Where USL = Upper Specification Limit 

  LSL = Lower Specification Limit 

  σ = the standard deviation 

 The second important process stability number is Cpk, it is the process 

capability index, and it measures how centered the distribution is in between the 

specification limits. Cpk must be greater than or equal to 1.5 in order to achieve six-

sigma standards and is given by: 

              [7] (2.3) 

 Where   
     

           
  

 and T = specification target 

        μ = the mean measured value 

 When there is only an USL or a LSL, then Cpk is the same as Cp and the 

equations simplify to: 

        
     

  
  [7] 

(2.4) 
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  [7] (2.5) 

2.2 COST OF TESTING AND PACKAGING 

 One of the motivations in the semiconductor industry is to reduce cost and 

increase profit while still providing quality devices to its customers. Here we only take 

a look at some of the costs involved in the manufacturing of semiconductor devices, 

there are other costs that are not taken into consideration, such as floor space, 

electricity, personnel, and others. In production testing, a semiconductor manufacturer 

pays between three to five cents per second of test time, this can add up to a 

substantial amount over the course of a year; a way to reduce this cost is to perform 

multisite testing in which more than one device is tested simultaneously on the same 

test head [7]. Another considerable cost is that of packaging; package costs range from 

one to seven cents per pin depending on the market [17]. More recent data for 

packaging costs for several different market segments can be seen on table 2.2.1 [18]. 

Low-end, low-cost packaging include consumer electronics such as household 

appliances, toys, and low-end phones. Mobile device packaging includes smart 

phones, portable personal devices, and portable video systems. Cost-performance 

packaging are PCs, game consoles, and small business routers and servers. High-end 

performance includes high performance servers, routers and computers. Harsh 

environment include automotive, aerospace, and military applications [18]. It is 

understood that there will be some overlap between these categories.  
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Table 2.2.1 Packaging Costs for Different Market Segments [18] 

 

2.2.1 CORRELATION AND REGRESSION [19–21] 

 A typical production cycle time for a semiconductor device is over 6 weeks 

[1]. Given the cost of testing and packaging semiconductor devices, it is desirable to 

detect faulty devices as early as possible in the process flow and prevent these devices 

from continuing on to the costly steps of testing, assembly and packaging. It is here 

that correlation and regression analysis can be utilized to help engineers identify 

possible problems and device sensitivities. Ideally correlations can be performed 

between equipment, processes, testprobe, multiprobe, and final test data [22]. These 

correlations can be used in order to identify problems further up the chain before 

faulty devices  get to packaging and final test. In this paper we are only concerned 

with correlating multiprobe and testprobe data to identify possible device sensitivities; 

by this, we mean that we are examining whether process parameters measured at 

testprobe have an effect on multiprobe tests when testprobe parameter measurements 

vary. Correlation is the relationship between two or more variables, in particular, 

linear correlation measures the strength of the linear relationship between two 

variables, the Pearson correlation coefficient, R, is given by: 
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     [19] (2.6) 

 Where, 

                  
     [19] (2.7) 

                 
      [19] (2.8) 

                     
       [19] (2.9) 

 Sxx, Syy, and Sxy are called the sum of products of deviations. If R is equal to 

one, then it indicates a perfect positive linear correlation; if R is equal to negative one, 

then it indicates a perfect negative linear correlation; if R is equal to zero then there is 

no linear correlation, these instances are illustrated in figure 2.2.1. 

 

Figure 2.2.1 Illustration of Correlation Coefficient Values [ 
www.microbiologybytes.com/maths/graphics/correlation.gif] 

 Regression analysis is used to find a mathematical equation that describes the 

relationship between two or more variables. Here we are only concerned with a linear 

regression model which will give a straight line relationship between two variables, 

namely, testprobe and multiprobe. The least squares method is used to obtain the least 

squares regression line given by: 

         [20] (2.10) 
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 Where, 

   
           

 
        

 
     

   

    
  

        
 
    

    [19] (2.11) 

            [20] (2.12) 

 Having this regression line, we can use it to estimate values of the dependent 

value based on the values of the independent value for desired parameters. In this 

paper, testprobe data will be the independent value and multiprobe data will be the 

dependent value. 

2.3 STATISTICAL ANALYSIS SOFTWARE OVERVIEW  

 The statistical analysis software used in this work is called Mbayse. Mbayse is 

a homegrown software developed by National Semiconductor which was acquired by 

Texas Instruments in 2011. This is a two-software package made up of Mbayse and 

Rstats. 

2.3.1 MBAYSE 

 Mbayse is the software that accesses the stored data, here one can apply filters, 

sort data, view wafer maps, run different macros, and other functions. Figure 2.3.1 

shows an example of the Mbayse main screen. 
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Figure 2.3.1 Mbayse Main Screen 

2.3.2 RSTATS 

 Rstats is the tool within Mbayse that produces the common plots such as time, 

box, histogram, and cumulative probability plots; it also outputs the summary statistics 

of the data being analyzed. Figure 2.3.2 shows the main screen of a Rstats analysis 

along with examples of common Rstats plots. 
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Figure 2.3.2 Rstats Screen Example 

2.3.3 PROCEDURE 

 A total of 18 devices were examined in this study using the Mbayse software, 

in this section the generic procedure is outlined. The first step in the procedure is to 

open the appropriate databases containing the testprobe and multiprobe data in 

Mbayse, once this is done we can prepare the data by applying desired filters such as a 

date range, specific lot numbers, or specific wafer numbers. After the data is filtered, 

we can select the desired tests, or all tests, we then sort the data in the order that we 

want it to appear in the plots. The next step is very important, using the multi-site 

correlation macro in Mbayse we can obtain a correlation and regression between the 

testprobe and multiprobe data. As discussed in previous sections, multiprobe test is 
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performed on each device on the wafer, whereas testprobe test is performed at specific 

sites, generally 5 or 6 sites,  on the wafer. Obviously, we cannot directly obtain a one 

to one data point between testprobe and multiprobe data; this is where the multi-site 

correlation macro comes into place. We create a "user defined area" on the wafer map, 

numbered 1-5, around the testprobe sites; the multi-site correlation macro, then 

computes an average value for the multiprobe data present within these user defined 

areas and creates a one to one data point between testprobe and multiprobe, see figure 

2.3.3 below. 

 

Figure 2.3.3 Example of User Defined Areas 

 The multi-site correlation macro then outputs the data into Rstats where we can 

then publish a correlation matrix to an HTML output which can then be viewed by 
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other Texas Instruments' employees; a sample of this HTML output correlation matrix 

is shown in figure 2.3.4 where the numbers are the correlation coefficients. 

 

Figure 2.3.4 Sample HTML Correlation Matrix Output 

 Figure 2.3.5 shows a sample correlation and regression plot generated by 

Mbayse; the testprobe data is taken to be the independent variable and the multiprobe 

data is the dependent variable. The graph displays summary statistics such as average, 

standard deviation, maximum and minimum values, and Cpk, where applicable. The 

graph also shows the correlation coefficient, sample size, linear regression equation, 

and upper and lower test limits. Our goal is to identify if any of these devices have 

good correlations between multiprobe and testprobe; this will then help to determine  

which multiprobe tests are sensitive to testprobe tests, thereby giving some insight into 

which process steps may be responsible for issues at multiprobe since testprobe 
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monitors FAB processes. This is only one of the tools that PDEs use, sometimes, there 

may not necessarily be any correlation between testprobe and multiprobe. Even if 

there is a correlation, it may not be useful at all; correlation and regression analysis is 

one of the starting points in identifying possible issues at multiprobe. 

 

Figure 2.3.5 Sample Mbayse Correlation and Regression Plot 
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CHAPTER 3 

RESULTS AND RELATED WORK 

 Some of the results of the correlation and regression analysis performed on the 

devices will be shown in the first section of this chapter. The second section of this 

chapter gives an account of how correlation and regression analysis was useful in 

identifying the testprobe parameter that was responsible for the sudden low yield of a 

production device. Section three gives a brief overview of a yield loss event. 

3.1 CORRELATION AND REGRESSION RESULTS 

 This section summarizes the results from conducting correlation and regression 

analysis between testprobe and multiprobe for the 18 chosen devices. The number of 

testprobe tests ranged from 150 to 300 tests and the number of multiprobe tests ranged 

from 300 to 1000 tests, depending on the device; this produced a substantial amount of 

data. 

 Figure 3.1.1 shows a good correlation between high output voltage (VOH) and 

sheet resistivity, with a negative correlation coefficient. The graph also shows that the 

distribution is not centered between the UTL and LTL on the y-axis giving a Cpk of 

1.43, this could potentially cause a yield issue since we are reminded that in order to 

achieve six sigma quality standards we must maintain a Cpk above 1.5. In this 

particular graph the distribution is near the LTL and if the sheet resistivity were to 

increase, we could see yield fallout which could be traced to the process responsible 
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for sheet resistivity. Figure 3.1.2 shows a similar situation, but the VOH is correlated 

to a drive current.  

 

Figure 3.1.1 VOH vs Sheet Resistivity 
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Figure 3.1.2 VOH vs Drive Current 

 Figure 3.1.3 shows the correlation between the minimum integral nonlinearity 

(INL) code and leakage current. We again see that Cpk is below 1.5 due to the 

distribution not being centered between the UTL and LTL in the y-axis. 
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Figure 3.1.3 Min INL Code vs Leakage Current 
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 Figure 3.1.4 gives the correlation between deglitch time and leakage current. 

 

Figure 3.1.4 Deglitch Time vs Leakage Current 

 Figure 3.1.5 displays the low level input current (IIL) versus sheet resistivity, 

notice that in this graph we have test limits for both testprobe and multiprobe tests. If 

the sheet resistivity were to vary significantly we can see that the low level input 

current would be affected, especially if the sheet resistivity were to drop near its LTL, 

then IIL would begin to approach its UTL.  
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Figure 3.1.5 IIL vs Sheet Resistivity 

 Table 3.1.1 summarizes the findings for the devices as "no correlations", 

"weak correlations", "no significant correlations", and "some useful correlations". "No 

correlations" and "weak correlations" did not offer strong enough correlation 

coefficients, generally their correlation coefficients were below 0.7. "No significant 

correlations" means that there may have been correlations with high correlation 

coefficients, but due to wide test limits or lack of sensitivity to the testprobe 

parameter, these correlations may not affect yield. Figure 3.1.6 illustrates how the 

VOL is not very sensitive to sheet resistivity in this particular device, hence the 

testprobe limits will be exceeded much sooner than the multiprobe limits and 
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multiprobe yield will not be affected; in a case like this, the wafer may be scrapped at 

testprobe if it presents a reliability issue and the wafer may not even proceed to the 

multiprobe stage. The "some useful correlations" category means that the devices 

showed some good correlations and some of these correlations may be labeled as 

"sensitive" parameters in which multiprobe yield may be affected if the testprobe 

parameter shifts. 
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Table 3.1.1 Device Summary 
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Figure 3.1.6 Example of No Significant Correlation 

3.2 CORRELATION AND REGRESSION APPLICATION 

 In this section we examine a device that had a low yield occurrence and 

demonstrate how correlation and regression analysis can be used in troubleshooting 

yield issues. 

  A significant multiprobe yield loss of was observed in a 24 wafer lot, the 

wafer maps are shown in figure 3.2.1 color mapping the bins, bin 1 is the "good die" 

bin, the other bins are test failures; as we can see bin 14 was the affected bin.  
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Figure 3.2.1 Bin Failures (Courtesy of Moid Khan) 

 The top three failing bins for the last year on this device are shown in figure 

3.2.2, where the problematic lot is indicated by the black ellipse. Here we can see that 

bin 14 accounts for a significant yield loss over this time period; the ENGR bin can be 

ignored as it is not related to multiprobe yield; this serves as confirmation that this 

device had not had major multiprobe yield issues in the last year. 
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Figure 3.2.2 Top Three Failing Bins (Courtesy of Moid Khan) 

 Figure 3.2.3 shows that once the sheet resistivity drops below approximately 

445 Ohms/square, the bin 14 failures start to increasingly fail, bin 14 is a current 

measurement at multiprobe. 
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Figure 3.2.3 Bin 14 Failures vs Sheet Resistivity (Courtesy of Moid Khan) 

 It was found that boat position 1 was producing low sheet resistivity values, 

this is indicated in the ellipse on figure 3.2.4. Here, the graph shows that the sheet 

resistivity increases with boat position. 

 

Figure 3.2.4 Furnace Boat Position vs Sheet Resistivity (Courtesy of Moid Khan) 
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 An experimental lot was processed with slight changes in the implant dose, and 

restricted to run in boat position 3, the correlation and regression results can be seen in 

figure 3.2.5 where the failing lot and the experimental lot data are shown. Note that in 

this graph, the multiprobe data is on the x-axis and the testprobe data is on the y-axis. 

We can clearly see that the failing lot failed the LTL of the multiprobe test, while still 

within the testprobe test limits. We can see that with the decrease in implant dose, the 

multiprobe test measurements shift from baseline. From these observations we can 

recommend three actions to prevent this problem. Option one is to optimize the boat 

positions to give a more uniform sheet resistivity, this is the preferred option. Option 

two is to restrict the use of boat position 1 on this family of devices. Option three is to 

decrease the implant dose by 3.4% for this device family to make sure that the sheet 

resistivity does not go below approximately 450 Ohms/sq; however, if this option is 

chosen, we may run the risk of exceeding the multiprobe UTL, this is the least 

preferred option. 
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Figure 3.2.5 Sheet Resistance vs Current Measurement 

3.3 CONTAINMENT OF YIELD LOSS DEVICES 

 In this section we give an overview discussion over a yield issue that arose and 

needed to be contained quickly.  

3.3.1 INITIAL PROBLEM AND IDENTIFICATION 

 As mentioned previously, PDEs use various tools to monitor yield and observe 

patterns. Wafer maps produced from multiprobe tests are great visualization tools that 

help PDEs identify unusual patterns; take for example the "fist" pattern seen in figure 

3.3.1 and figure 3.3.2, this particular pattern called for some concern. 
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Figure 3.3.1 "Fist" Pattern 

 

Figure 3.3.2 "Fist" Pattern on Several Wafers 
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 Visual inspections are other means of troubleshooting yield issues, a visual 

inspection through a microscope of the pattern displayed on the wafer map revealed 

the defect shown in figure 3.3.3, figure 3.3.4 shows a SEM image. 

 

Figure 3.3.3 Visual Defect Through Microscope 

 

Figure 3.3.4 SEM Image (Courtesy of Cartel Smith) 
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 After the initial defective lot, other lots of this device family had undergone 

multiprobe testing and were also showing very similar patterns and defects. It was 

found that after a certain date, lots of this device were having the same issue; from a 

meeting it was brought up that a resist change had taken place at a photoresist coating 

operation, this matched up with the data indicating the date of the bad lots. Figure 

3.3.5 shows that the affected lots were photoresist coated starting on June 21, it is 

important to note that not all devices in this family were affected by this resist change. 

 

Figure 3.3.5 Affected Lots at Photoresist Coating (Courtesy of Dan Gan) 

3.3.2 COURSE OF ACTION AND CONTAINMENT 

 One major action in a situation like this is containment, we need to identify 

how many lots are affected, what particular devices, find out if any lots had already 

been sent on to assembly and packaging, and if so recall those lots. One of the devices 

from this family does not go through multiprobe, it goes directly to assembly and test, 

these devices were recalled back and underwent full multiprobe testing. The device 

with the most sensitivity to this resist change was set up to only be sample probed at 

multiprobe; this was temporarily changed to have the devices fully probed to reduce 
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the risk of shipping bad die. The multiprobe wafer maps were guardbanded, meaning a 

manual editing of the wafer map to make sure that no bad die were overlooked; this 

was in addition to an automated guardband rule that was put in place. 

Table 3.3.1 shows a sample of the containment and tracking of affected lots, the 

ZYWE impact is the equivalent of a wafer yielding zero yield, for example, a ZYWE 

of 3.4 means that out of a lot of, say 24 wafers, 3.4 wafers had a yield of zero. 

Table 3.3.1 Containment of Affected Lots 

 

 Experiments were conducted to investigate if the new resist could still be used 

for this device family. The wafer was spun in the reverse direction as it was coated 

with the photoresist, other wafers were photoresist coated with the old photoresist to 

verify that it indeed was the resist change that was causing the problem, and a third 

resist was also used. After these experiments, it was confirmed that the resist change 

was the culprit and the third photoresist seemed promising in resolving the problem. 
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CHAPTER 4 

CONCLUSIONS AND FUTURE WORK 

4.1 PURPOSE 

 The purpose of this study was to perform correlation and regression analysis 

on 18 devices to identify possible multiprobe sensitivities versus testprobe parameter 

measurements. The data results are stored in a directory for the PDE section to use as 

an initial point to look up possible device sensitivities if these devices suffer low yield. 

4.2 SUMMARY OF FINDINGS 

 The following multiprobe versus testprobe parameters produced useful 

correlations that were discovered during the analysis of the 18 devices. These 

correlations are significant in that if the testprobe measurements were to vary, we 

could see yield loss at multiprobe. 

  1. High-level Output Voltage (VOH) vs Sheet Resistivity 

  2. High-level Output Voltage (VOH) vs Drive Current 

  3. Minimum INL Code vs Leakage Current 

  4. Deglitch Time vs Leakage Current 

  5. Low Level Input Current (IIL) vs Sheet Resistivity 

 The degree of the strength of the correlation between multiprobe and testprobe 

is given by the correlation coefficient, R. The mathematical relationship between 
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multiprobe and testprobe is given by a linear equation, the linear regression line, in the 

form of        , as discussed on page 18. 

 The key results of the correlation and regression analysis of the parameters 

listed above are as follows. 

 1. High-level Output Voltage (VOH) vs Sheet Resistivity 

                                             

 2. High-level Output Voltage (VOH) vs Drive Current 

                                             

 3. Minimum INL Code vs Leakage Current 

                                  

 4. Deglitch Time vs Leakage Current 

                                            

 5. Low Level Input Current (IIL) vs Sheet Resistivity 

                                   

 We established that a correlation coefficient greater than .7 would be 

considered a good correlation; the correlation coefficients given above prove that these 

are good correlation results. The linear regressions give the mathematical relationship 

between the multiprobe and testprobe data. 

4.3 FUTURE WORK 

 There is still some work to finish regarding some of the yield issues 

encountered in sections 3.2 and 3.3.  
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 In regards to the issue from section 3.2, until the boat positions in the furnace 

are optimized, option two is temporarily being followed, devices from this family are 

being restricted from running in boat position 1.  

 The third photoresist from section 3.3 produced good wafers, this photoresist is 

undergoing qualification review to move this family of devices to that photoresist. 
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