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ABSTRACT 

 V N-well (VNW) biasing is a screening methodology for sub-65 nm silicon 

semiconductors that provides a means of detecting the effects of Vmin drift often 

associated with burn-in and time dependent wear-out mechanisms.  The following thesis 

explores the application of utilizing VNW biasing and manipulation of Core operating 

voltage VDD to model and predict parametric Vmin drift in embedded SRAM arrays of 

large processors.  The goal of this thesis is to quantify the overall effectiveness and 

coverage of implementing a VNW SRAM screen. 
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 CHAPTER I 

INTRODUCTION 

 

 Random access memory (RAM) is an important functional element in most 

modern semiconductor products.  RAM acts as a medium for data storage and instruction 

staging.  In many design applications, embedded RAM tends to make up a very large 

percentage of a die’s area [8].  Embedded RAM on a processor tends to be divided into 

two or more main levels of data and instruction storage types.  The first level, level 1 

(L1), tends to be small arrays with only a few kilobytes of capacity.  Typically they work 

directly with the processor’s core unit to temporarily store data to queue and pass the 

most commonly requested instructions [2].  Level 2 (L2) arrays tend to be much larger, 

on the order of one or two megabytes.  L2 arrays are usually used to stage information 

that is stored in external RAM so that internal L1 memories can have access to this data 

more readily [2].  Embedded RAM has played a vital role in increasing the speed and 

capability of modern processors.  Some of the most significant improvements in 

processor performance over the past two decades have come from increasing the 

available RAM in the L2 cache, or by internalizing the memory onto the processor [2]. 

  A popular type of RAM used in large processors today is called SRAM, or static 

random access memory.  Each bit of memory in an SRAM cell is typically composed of 

six metal-oxide semiconductor (MOS) transistors.  Two inverters are cross-coupled 

together to produce a bi-stable state machine.  Two transistors, known as pass-gates, are 

used as a switch to either apply or read a voltage from the cell structure with a driver or 



Texas Tech University, Brian Heasley, December 2010 

 

2 

sense amplifier.  Figure 1.1 shows a typical configuration used for a six transistor SRAM 

bit.   

 

Figure 1.1  6T SRAM Transistor Configuration [3] 

 

An advantage of the SRAM cell lies in its highly scalable and repeatable 

structure, which allows very large and very dense SRAM arrays to be designed.  An 

SRAM array is a collection of many rows and columns of SRAM bit cells.  A row can be 

selected using a multiplexer that is wired to the gates of the pass-gates.  Columns can be 

selected by enabling a sense amp attached to the pass-gates’ sources.  By enabling the 

row, or word line (WL), the desired sense amps are able to read the state of the SRAM 

cell through the bit lines (BL).  In order to write to a cell, the bit lines attached to the 

sense amps are pre-charged to a voltage.  When the word line is then selected, this energy 

is transferred into the bit to set the new state of the cell [7]. 
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In the manufacturing and processing environment, a bit may be defective due to 

certain process conditions.  Defects may be attributed to any number of conditions 

present in the manufacturing facilities, such as dust or foreign particles present in the air.  

The particle density is an important quantity in silicon manufacturing that has a direct 

impact on yield.  Clean rooms cannot eliminate 100% of all impurities in the air; thus the 

possibility remains for particles or contaminants to fall onto a silicon wafer while it is 

being processed.  Known as a particle defect, this can disrupt the growth that is occurring 

at the site of the particle.  Often, particles fall onto an SRAM array, due to the relatively 

large nature of such arrays on processors.  In addition, SRAM cells are very dense; if a 

particle falls on an SRAM array it is likely to fall onto a functional component of the 

array.  This can result in a cell, row, column, or an entire array being nonfunctional.  A 

failure of this kind is typically discovered when the array is first tested.  This type of 

failure is categorized as a time zero failure because the defect was present at the 

beginning of testing.  Defects that completely disrupt the functionality of a part are 

known as killer defects.  Given that this failure can be a common event, designers add in 

extra rows and columns, which can be used as redundancy elements.  Redundancy 

elements can be programmed to replace nonfunctional parts of an SRAM array [7].  Time 

zero failures can be detected and repaired by utilizing the proper memory test algorithms.   

Failures can also occur as the device ages.  Electrical characteristics shift or drift 

over time as dopants used to create n-type or p-type regions in silicon slowly diffuse 

through the silicon substrate.  A moderate shift in the characteristics of a device may 

result in the device no longer operating within defined parameters.  Time dependent 

failures can be difficult and expensive to detect.  Often they are discovered through a 
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burn-in process.  Burn-in subjects a die to extreme operating temperatures and voltages 

over a long period of time.  Under these extreme conditions, device characteristics are 

expected to drift.  After the characteristics drift, a device can be re-screened in hopes that 

die that were close to being out of specifications before burn-in are then detected as fails.  

In addition, guard bands can also be implemented to help screen out potential rejects by 

testing parts at more extreme conditions than the standard operating specifications. 

The industry has a strong desire to reduce the need for the costly and time 

consuming burn-in process.  The goal of current efforts is to find methods to detect bits 

that are reliability concerns without having to stress parts for hours before reliability 

failures are electrically detectable.  An accurate and discriminating technique is required 

that can confidently be used to non-destructively predict parametric drifts in SRAM cells. 

A screening methodology for 65 nm lower power/high performance parts has 

been shown to identify SRAM bits that fail during burn-in [3].   Referred to as N-well or 

back-bias screening, implementing this screening methodology improves the reliability of 

SRAM arrays nearly tenfold.  The goal of this thesis is to determine and quantify the 

effectiveness of N-well biasing methodology by correlating measured and predicted drift 

data to actual SRAM failures found after high temperature and high voltage stress.  The 

analysis serves to answer three questions. First, are all time dependent failures detectible 

at pre-stress through the use of N-well biasing?  Second, how pessimistic are the results 

of the N-well screen?  Third, do variations in VDD help to make the N-well screen less 

pessimistic?  To answer these questions, large SRAM arrays are screened using the back-

biasing methodology.  Failing bit addresses are collected, and the parts are subjected to 

burn-in stress.  After stress, failing bit addresses are collected and compared with those 
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that were collected at pre-stress.  A device manufactured by Texas Instruments utilizing 

the C021 processing node is used for this study.  The device is a large dual core processor 

that incorporates a 2 MB L2 SRAM cache.  The device has smaller L1 cache arrays; 

however, they are not analyzed in this study. 

The thesis is presented in three sections.  The first reviews the literature and 

theoretical models for N-well biasing as well as review CMOS technology and wear-out 

mechanisms associated with the technology.  Second, the test method is discussed and the 

procedures outlined.  Finally, an analysis of the data is conducted.  Conclusions and 

suggestions for future studies are included. 
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CHAPTER II 

MECHANISMS OF TIME-DEPENDENT FAILURES IN CMOS TECHNOLOGY 

2.1.   The CMOS Design 

Originally developed in the 1960’s, CMOS technology exhibits characteristics 

such as high noise immunity, low power dissipation and controlled rise, fall and 

propagation times that make it ideal for logic driven devices [4].  Figure 2.1 is the most 

basic CMOS inverter circuit consisting of one NMOS transistor and one PMOS 

transistor. 

 

 

Figure 2.1 Basic CMOS Inverter [4] 

  

The inverter acts simply as a switch, driving Vout to VDD or VSS depending on the 

voltage applied at Vin and is the basic building block for all CMOS designs.  Ideally, the 

inverter has no channel resistance and no leakage or sub-threshold current in the 

transistors.  However, real silicon implementations do not allow these ideal conditions to 

be completely true.  Figure 2.2 shows a simple diagram of a typical CMOS inverter’s 

VDD 

VSS 

Vout Vin 
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cross section implemented in silicon.  The SiO2 layer acts as the main dielectric for the 

circuit, isolating transistors and gates.  If this layer is not controlled to very tight 

specifications, then vital characteristics such as gate threshold voltage are unpredictable. 

It also is the site of many common wear-out mechanisms that affect CMOS circuits. 

Variations in SiO2 in gate regions have directly measurable effects on a transistors 

threshold voltage. 

 

 

Figure 2.2  CMOS Inverter Cross-sectional Diagram 

  

 Gate thickness is an important characteristic in determining the threshold voltage 

of MOS transistors.  The threshold voltage is given as: 

 

 [4] (1) 

 

In equation 1, tox is the gate thickness.  Other characteristics that are controllable 

during manufacturing to change threshold voltage are NA, the doping concentration of the 
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channel and Qfc, the fixed oxide charge due to impurities.  However, even if a device is 

manufactured to the tightest specifications, its threshold voltage changes over time due to 

a number of phenomena.  A general assumption about semiconductor transistors is that 

during the lifetime of the chip, certain transistor properties remain constant.  These 

properties, however, have a tendency to slowly shift throughout the lifetime of the device.  

Hot carrier injection and negative bias temperature instability are two such wear-out 

mechanisms that affect a device throughout its lifetime.  These phenomena work to affect 

important transistor parameters such as threshold voltage and transconductance.  The 

following sections outline the cause and effects of these two events. 

2.2.   Kinetic Embedding of Charges in the Gate Oxide 

The charge trapped in the gate oxide Qfc is not permanently set after the gate has 

been fabricated.  Under certain conditions, this value can change through the lifetime of 

the transistor.  Hot carrier injection is one means by which impurities can become 

embedded in the gate oxide through a process called impact ionization [11].  Hot carrier 

injection in an interesting phenomenon because it is more likely to occur under normal 

operating temperatures than at higher temperatures; unlike other wear-out mechanisms 

that are amplified or caused by high temperatures.  As temperatures decrease, the 

distance that charge carriers can travel before encountering obstacles is increased.  Ions in 

an electric field accelerate and gain more kinetic energy than ions accelerated through a 

medium where collisions are more likely.  Thus, ions accelerating at lower temperatures, 

on average, have more kinetic energy, and the chance of impact ionization occurring is 

increased [5].  
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During impact ionization, a charge carrier collides with atoms in the oxide.  The 

force of impact causes the weak covalent SiO2 bonds to break.  During this process, 

additional charge carriers can be freed and accelerated through the medium [11].  After 

the ions have lost most of their kinetic energy from random collisions with other atoms, 

they tend to stay where they are [5].  In the case of a transistor with a strained silicon 

oxide interface, the already stressed bonds will more readily break, causing a charge trap 

to be formed [11].  If enough carriers are embedded around this trap, the transistor no 

longer behaves as designed due to a shift in Qfc and subsequently a shift in the threshold 

voltage.  Hot carriers in other regions will also negatively affect the performance of a 

transistor. 

Hot charge carriers are introduced by increasing the electric fields across different 

parts of the transistor.  Large electric fields within a device are not unheard of, 

considering that industrial trends aggressively push for increased miniaturization, while 

applied voltage levels are lowered more gradually.  Depending on the location where the 

electric fields are applied, one can introduce hot carriers into the channel or Si-SiO2 

interface from a number of sources.  An increase in the substrate bias results in substrate 

carriers becoming embedded in the gate oxide or channel regions.  If the drain and gate 

voltages are significantly higher than the source biasing, hot carriers from the channel are 

injected into the gate oxide [11].  Increased carriers in the gate oxide increase the 

threshold voltage of the transistor, thus lowering the Ion current and transconductance.  
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2.3.   Diffusion of Charge into the Gate Oxide  

 Negative Bias Temperature Instability (NBTI) is a reliability issue that becomes a 

concern for microelectronic circuits, especially with feature sizes smaller than 130 nm.  

NBTI is responsible primarily for degradation of transconductance and threshold voltage. 

Sub-130 nm PMOS transistors are highly susceptible to the effects of NBTI.  NBTI is 

caused by hole interactions at the Si-SiO2 interface [1,9].  The majority charge carriers 

for PMOS transistors are holes; therefore, an inversion layer of holes is created near the 

Si-SiO2 interface when the gate is biased.  Also present at the Si-SiO2 interface are Si-H 

bonds to fill any gaps that would be present due to dangling Si, the result of lattice 

mismatch during processing [10].  When placed in an electric field and high 

temperatures, the Si-H bonds disassociate in the presence of holes.  The freed hydrogen 

diffuses through the SiO2.  The hydrogen finds defects in the oxide layer and form charge 

traps.  The traps result in a net change in the oxide charge Qfc.  As with HCI, this change 

in Qfc directly influences the transistor’s threshold voltage.  Other bonds, such as Si-O, 

found at the oxide interface are also susceptible to becoming dissociated and generating 

traps in the oxide.   

The parametric shifts caused by trap generation can be modeled with a Reaction-

Diffusion model [10].  Because the reaction’s main method of transport is diffusion, the 

process of NBTI is understood to be slow, normally taking years for sufficient 

degradation to actually bring devices out of operating ranges.  However, fluctuations in 

Vt can be observed within days of operation under stressing conditions [1]. 
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NTBI also exhibits a self-annealing property.  The method of self-annealing is 

also believed to be controlled mainly through diffusion [10].  Figure 2.3 shows the 

changes in Vt as the gate is stressed and relaxed.   

 

Figure 2.3 Self Annealing seen as Vt Fluctuations [1] 

 

This self-annealing is due in part to the hydrogen reforming with dangling Si 

atoms.  However, this property becomes less prevalent as the oxides are continually 

stressed and hydrogen becomes less influenced by proximity to the dangling Si [1].  

Eventually the hydrogen atoms can move far enough from the Si-SiO2 interface that the 

self-annealing property will altogether diminish [10]. 
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2.4.   SRAM Failures and Repairs 

   SRAM defects can originate from a number of sources, ranging from particle 

and processing faults to time-dependent wear-out leading to mechanical failure of the 

circuit.  Although the exact source of a failure is difficult to know (a time intensive and 

destructive de-processing analysis is required), it is possible to hypothesize from the 

nature of the failure to determine the source.  This is a process known as fault modeling 

[8]. 

SRAM failures manifest in ways that give clues into the type of failure that 

occurred.  All failure types can be categorized as two distinct groups, soft and hard [7].  

The inability to change the state of a cell in an array is known as a hard fail.  For 

example, a defect causing an open circuit may prevent a single bit or an entire row or 

column from reading anything other than a logical one or zero.  A soft fail, on the other 

hand, may occur due to undesired changes in the data stored in the cell.  For example, a 

cell that is unable to retain the value that has been written to it is a soft fail.  A data 

retention failure may be caused by excessive leakage in one of the transistors.  Stored 

data can also be susceptible to interference from a number of outside sources, such as 

cosmic radiation and alpha particles, which may negatively affect the performance of a 

bit [8]. 

In order to detect failures, every bit in an array is methodically tested in order to 

highlight failures in the array [7].  Some failures, such as stuck at faults, when a bit is 

stuck at a particular value, can be detected by writing a state to a cell and then reading 

and comparing the results.  If the expected state and the read state differ, this may be a 

stuck at fault.  To fully test for stuck at faults, each bit must have both possible states 
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written and read to ensure that the bit is capable of changing states.  This is a relatively 

basic memory test algorithm that is commonly used to test SRAM arrays.  This basic 

algorithm is easily augmented to make a more robust screen, such as adding test coverage 

for addressing, transition and coupling faults [8].  Table 2.1 below gives a small set of 

memory test algorithms commonly used and the types of faults that they detect. 

Table 2.1 Memory Test Algorithm Coverage [7] 

 

 

 In modern applications, to repair failing bits an MBIST engine must test each bit 

in an array and determine if bits meet specified operating criteria.  If failing bits are 

detected, a repair solution is calculated. The solution tells the memory controller which 

rows or column containing a failing bit are to be replaced with available redundancy 

elements.  This repair solution must be permanently saved within the unit so that it is able 

to access this information when it is powered down, or reset.  For the device in this 

experiment, this is done through the use of e-fuse farms.  An e-fuse is a small fuse that 

can be ‘programmed’ by permanently damaging the trace by running a large current 
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through it that changes the resistance of the path, essentially blowing open a fuse.   The 

solution is blown into a set of e-fuse registers, which memory controllers can access to 

determine repair mapping.   

There are a number of occasions throughout the part’s test history when repair 

solutions may be generated.  These include (but are not limited to) testing while the part 

is still in wafer form, testing the part in a packaged form before additional stress, and 

testing the part after stress at various temperatures.  When memory repairs are performed, 

a significant amount of test time is required while failing memory addresses are collected.  

The addresses are used to calculate a repair solution which in turn is blown into e-fuse 

registers.  Afterwards, the memory arrays are re-tested to insure the solution worked.  

The test time for this varies depending on the size of the arrays and complexity of the 

algorithm used [8], but when a part requires a repair, the MBIST test time is more than 

doubled.  Therefore, from a test time perspective it is very advantageous to perform all 

repairs that a part requires as early as possible and preferably at one insertion.  From a 

quality perspective, it is important to identify and correct all possible reliability concerns 

before the final product is used in an application.   

The effects of some time dependent wear mechanisms may not be electrically 

detectable using standard methods of memory test.  However, it may be possible to 

emulate these effects by manipulating certain characteristics of MOSFETS used in 

MBIST solutions.  A common attribute affected by wear is the threshold voltage, which 

is also a characteristic that can be affected slightly by externally applied bias conditions.  

By implementing the same tests used to identify failing bits normally, but under bias 

conditions that mimic the long term effects of NBTI, it can become possible to identify 
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and repair out a bit that may be a reliability concern.  The following chapter outlines the 

principles behind this method and how it attempts to emulate the effects of fluctuations in 

gate threshold voltage that would be seen as aging due to normal wear mechanisms.   
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CHAPTER III 

PREDICTING VMIN DRIFT BEFORE BURNIN 

 

Detecting a potential reliability failure early in the production flow can help to 

prevent a bad part from being built and tested or optimize a repair solution that might 

otherwise not have been realized.  Moreover, being able to detect all bad bits at a single 

insertion in the test flow lowers the number of units requiring multiple SRAM repair 

insertions.  This chapter presents the models used for determining the minimum amount 

of stress and the amount of Vth shift that is required to match estimated NBTI 

degradation.  These values are used to help identify the stress and screen conditions used 

in the experiment. 

3.1.   Basis for Back Bias Screening 

VNW screening provides a reliable method to improve MBIST yield.  In this test, 

each bit’s PMOS transistors are weakened by elevating the N-well biasing.  The 

weakening of the transistor is due to a change in the threshold voltage due to the body 

effect, as described by equation (2). 

  




  fSBfthth VVV 220   [4] (2) 

  An increase in VSB, the difference between the cell voltage supply VDD and the 

N-well biasing voltage VNW, causes an increase in threshold voltage for the PMOS 

transistors.  Figure 3.1 shows a range of potential threshold voltage increases for a given 
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value of VSB, as well as two typical values for the body effect coefficient.  This model is 

used to determine an appropriate VSB in order to obtain a desired Vth shift. 

 

Figure 3.1 Theoretical Vth shifts due to body effect 

 

A sufficient increase in the threshold voltage can result in undesired behavior.  At 

the transistor level, this means that a PMOS transistor with VNW>VDD bias applied has 

significantly higher sub-threshold leakage current at a given gate voltage than when the 

VNW=VDD.  When applied to an SRAM cell, the high sub-threshold leakage can prevent 

the cell from holding a state at a high enough voltage level to be read correctly.  This can 

result in a data retention failure, or a simple read failure.  From this model, we can 

ascertain the required N-well biasing needed to cause a desired change in Vth.  In order to 

understand the required degree of change in Vth, we turn to the drift characterization 

model for the device. 
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3.2.   Aligning Body Effect with Burn-in Results 

From NBTI alone, a PMOS’s threshold voltage can shift 100 mV over a period of 

10 years [2].  By manipulating the body effect, we are able to create a 100 mV increase in 

threshold voltage.  A theoretical shift of 100 mV for Vth is obtainable with VSB equal to 

500 mV.  Thus, bits that may not work after 10 years of operation due to the effects of 

NBTI should then be marked as failures when MBIST is performed.  To connect the body 

effect model with real life stressing conditions, a look at characteristic shifts through time 

is required.  Figure 3.2 below shows the Vmin drift model for the L2 SRAM array 

stressed with ambient temperature at 125 °C and core voltage at 1.4 V.   

L2 Vmin Drift Trend
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Figure 3.2 L2 Vmin Drift Model through 600 Hours of BI [6] 
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For the model, the desired 100 mV shift from 50% of the devices can be obtained 

after 24 hours of stress.  To help increase the odds that the complete sample of units 

reaches the shift target, all parts go through a total of 48 hours of stress. 

The back bias test is believed to return pessimistic results. That is to say, even 

after ten years of operation, not all the bits that were marked as failures in this fashion 

actually fail.  Since SRAM arrays have only a finite number of redundancy elements, 

repairing bits that are not going to fail increases the likelihood of running out of repair 

elements before a device has completed all reliability testing.  This increases the risk of 

rejecting units due to a mismanagement of available repair elements if additional repairs 

are required.  By knowing the amount of Vth drift that can be emulated through an 

MBIST N-well screen, we can explore the effects of increasing the main power supply 

voltage to a high level to determine if any relationship exists that may help reduce the 

pessimistic nature of the N-well screen.  Correctly predicting and guarding against the 

effects NBTI and other wear mechanisms have on a part help to increases the in use life a 

of a component and reduce field failures. 
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CHAPTER IV 

EXPERIMENT SETUP AND RESULTS 

 

This chapter presents the sample dataset, method of analysis and findings of the 

experiment.  The first section states the testing conditions such as voltage levels and 

temperature, as well as present aliases for sets of conditions that are referenced 

throughout this chapter.  The second section states the methods of analysis that are 

utilized and how data is analyzed to arrive at the conclusions presented later.  Finally, the 

third section presents the data collected throughout the execution of the experiment.   

4.1.  Dataset 

The dataset for the experiment consists of thirty eight units with functioning 

MBIST engines.  The self-test engine is utilized to test and produce bitmaps that contain 

failing bit identification information for each unit.  Units are first tested at 95 °C at 

nominal conditions.  The bitmaps are collected at the voltage levels described in Table 

4.1 below.  The numbers identified under ‘Screen’ are used to refer to the biasing 

conditions described in the remaining columns. 
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Table 4.1 Experiment VDD and VNW Biasing Conditions 
Screen Bias Conditions 

Screen VDD (mV) VNW (mV) 

0 870 870 

1 870 1400 

2 870 1800 

3 850 1420 

4 900 1470 

5 950 1520 

6 1000 1570 

7 1050 1620 

8 1100 1670 

9 1150 1720 

10 1200 1770 

11 1250 1820 

 

For each bitmap collected, VDD and VNW are held at the indicated voltage for the 

duration of the MBIST test.  The memories are tested with a standard 17N March 

algorithm.  After the units have time zero bitmaps collected at these conditions, the 

population is submitted to burn-in stress. 

 Burn-in is conducted at an oven temperature of 125 °C and core voltage at 1.4 V.  

After eight hours of stress, bitmaps are collected at nominal conditions (screen 0).  Units 

continue stress for an additional 40 hours.  Characterization data suggest that a total of 48 

hours of stress is required to induce approximately 110 mV of Vmin degradation.  

Bitmaps are collected at normal conditions to generate the 48 hour read point data.   

4.2.  Analysis 

Analysis of the data is performed through two approaches.  The first is to examine 

the fail rate for bits and the relative success rates of a screen correctly predicting those 

failing bits on the whole of the population.  Analysis for failing bits utilizes a contingency 

table with the number of passing bits omitted for simplicity.  The false positive rate and 

the screen catch rate (the percentage of all bits that were correctly identified by the given 
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screen out of all bits that failed after stress) is compared among all the screens tested.  

Each failing bit was categorized into one of four possible categories based on screen 

pass/fail and burn-in pass/fail information.  Bits that passed at the 48 hour read point 

(T48) and pass under the screen conditions (true positives) are omitted for clarity.  This 

number is typically around 16777200 bits for each unit tested, with only a very small 

number or zero bits fitting into the next three categories.  False positives, or type I errors 

are considered as bits that failed after burn-in stress that passed the pre-burn-in screen.  

False negatives, or Type II errors, are bits that failed at the pre-burn in screen conditions 

that did not fail at T48.  The final category is true negatives, which represent bits that 

failed after T48 and were correctly predicted to fail with a screen.  The data has been 

cleaned to ignore hard fails, bits that failed at T0 with no additional VNW biasing applied, 

so that the true effectiveness of the screen can be observed.  The following contingency 

tables show the sum of each type of fail for the full population of units, the observed 

frequency, expected frequency, false positive rate and screen catch rate for each screen.  

False positive rate and screen catch rates together help quantify the pessimism of the 

screens.   

Data is analyzed by categorically defining and separating units into four groups 

based on when and how many repairs performed.  For example, a unit with 10 bits 

repaired based on data generated by a screen would count as one unit repaired at screen.  

The data is arranged to show the number of units in the sample needing repairs or not 

needing repairs.  For this analysis, four categories exist.  The first category is defined as a 

unit needing MBIST repair after burn in stress that was already repaired due to the N-

well screen.  The second category is defined as a unit repaired due to the results of a 
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screen that did not need to be repaired because no failing bits were present at post burn-

in.  The third category is defined as a unit with repaired bits due to the screen results that 

did not need additional repair after burn-in.  The final category is a unit that received no 

MBIST repairs either at post burn in or at the time of the screen.  Another category is 

possible, but the occurrence was not seen in this experiment.  This category is described 

as a unit that did not repair as a result of the screen but needed a repair at post burn-in. 

These two approaches are used to quantify the effectiveness of each screen in the 

hopes that a screen which reduces the number of repairs performed and maximizes 

MBIST coverage is discovered.   If a seemingly better technique is observed it would be 

necessary to conduct a larger experiment to verify the findings of this study.   

4.3.   Observations by Individual Bits  

The results of screen 1 show good coverage of failing bits.  In all, 35 bits shifted 

out of specifications after the 48 hour burn in session.  Of these 35 bits, 31 were detected 

at T0 using this screen.  89 bits were marked as reliability concerns at T0 but did not fail 

at T48.  This screen shows the best results in terms of overall coverage of failing bits as 

well as minimizing the number of repaired bits.  The N-well screen at these conditions is 

clearly pessimistic, with the false positive rate (FPR) of 74.17%.  The screen catch rate 

(SCR) is 88.57%.   
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Table 4.2 Contingency Table for Screen 1 
VDD:870:VNW:1400 B/I Pass B/I Fail Totals 

Screen Pass observed   4 4 

  expected   1.1290   

  o-e   2.8710   

  observed %   3.23%   

Screen Fail observed 89 31 120 

  expected 86.1290 33.8710   

  o-e 2.8710 -2.8710   

  observed % 71.77% 25.00%   

 Totals 89 35 124 

 False positive rate 74.17%   

 Screen catch rate 88.57%   

 

  

Screen 2 shows similar results. The number of bits marked for repair has 

dramatically increased.  

 

Table 4.3 Contingency Table for Screen 2 
VDD:870:VNW:1800 B/I Pass B/I Fail Totals 

Screen Pass observed   4 4 

  expected   0.7254   

  o-e   3.2746   

  observed %   2.07%   

Screen Fail observed 158 31 189 

  expected 154.7254 34.2746   

  o-e 3.2746 -3.2746   

  observed % 81.87% 16.06%   

 Totals 158 35 193 

 False positive rate 83.60%   

 Screen catch rate 88.57%   

 

 Screen 2 results in the same number of bits being successfully marked as 

reliability concerns as in the previous screen.  This screen marks 31 bits correctly 

identified as fails, four bits not marked for repair, and 158 bits that did not need to be 

marked for repair.  In this screen, the false positive rate is 83.6%. 



Texas Tech University, Brian Heasley, December 2010 

 

25 

 Screen 3 shows the effects of a slight decrease in VDD while maintaining a 570 

mV VSB offset.  With this small reduction in VDD, failing bits begin to pass through the 

screen.  The catch rate for this screen is 82.86%.  The false positive rate for this screen is 

79.86%. 

 

Table 4.4 Contingency Table for Screen 3 
VDD:850:VNW:1420 B/I Pass B/I Fail Totals 

Screen Pass observed   6 6 

  expected   1.4000   

  o-e   4.6000   

  observed %   4.00%   

Screen Fail observed 115 29 144 

  expected 110.4000 33.6000   

  o-e 4.6000 -4.6000   

  observed % 76.67% 19.33%   

 Totals 115 35 150 

 False positive rate 79.86%   

 Screen catch rate 82.86%   

 

In screen 4 a small increase in VDD seems to trigger drastic change in the coverage 

provided.  The screen catch rate for this screen is 77.14%.  The number of unnecessary 

repairs has also dropped significantly to 61.43%.   

 
Table 4.5 Contingency Table for Screen 4 

VDD:900:VNW:1470 B/I Pass B/I Fail Totals 

Screen Pass observed   8 8 

  expected   3.5897   

  o-e   4.4103   

  observed %   10.26%   

Screen Fail observed 43 27 70 

  expected 38.5897 31.4103   

  o-e 4.4103 -4.4103   

  observed % 55.13% 34.62%   

 Totals 43 35 78 

 False positive rate 61.43%   

 Screen catch rate 77.14%   
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4.4.   Observations by Bit as VDD Increases above Normal Operating Conditions  

The next set of tables highlight the results of increasing VDD greatly over typical 

operating conditions while maintaining a fixed VSB.  As the cells are operated farther 

from the device’s minimum operating conditions, fewer bits are affected by the 

weakening of the PMOS load transistor through elevated VNW biasing.  The overall 

number of bits tagged for repair drops significantly, while the number of failing bits 

missed by the screens increase.  Table 4.  shows the effectiveness of the screen after 48 

hours of stress. 

Table 4.6 Contingency Table for Screen 5 
VDD:950:VNW:1520 B/I Pass B/I Fail Totals 

Screen Pass observed   18 18 

  expected   12.6000   

  o-e   5.4000   

  observed %   36.00%   

Screen Fail observed 15 17 32 

  expected 9.6000 22.4000   

  o-e 5.4000 -5.4000   

  observed % 30.00% 34.00%   

 Totals 15 35 50 

 False positive rate 46.88%   

 Screen catch rate 48.57%   

 

 More screens were performed with increasing increments of 50 mV; however, the 

results for each show similar effectiveness.  While the higher VDD lowers the total 

number of bits being marked for repair, it also greatly reduces the effectiveness of the 

screen in predicting cells that may be reliability concerns.  The results of these screens 

are available in Appendix A. 

The final screen performed with VDD held at 1.25 V finds very few bits that 

should be repaired, while even fewer of the bits detected in the screen fell out after the 

stress period.   It is also of interest to note that, although not represented in these tables, 
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the number of hard fails is greatly reduced for these screens performed at higher voltages.  

This suggests that performing a VNW screen is most effective when implemented at 

minimum voltage conditions. 

Table 4.7 Contingency Table for Screen 11 
VDD:1250:VNW:1820 B/I Pass B/I Fail Totals 

Screen Pass observed   32 32 

  expected   23.8298   

  o-e   8.1702   

  observed %   68.09%   

Screen Fail observed 12 3 15 

  expected 3.8298 11.1702   

  o-e 8.1702 -8.1702   

  observed % 25.53% 6.38%   

 Totals 12 35 47 

 False positive rate 80.00%   

 Screen catch rate 8.57%   

 

Figure 4.1 below gives a comparison of all test screens used in this experiment.  It 

is clear from this graph that increasing VDD greatly past the SRAM cells recommended 

operating conditions provide no positive effect to the screen coverage.   
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Figure 4.1 FPR vs SCR by number of fail bits 

 

 The graph shows that small increases above the SRAM cell’s operating conditions 

resulted in a very small decrease in the number of bits identified as reliability risks by the 

screen; however, the SCR also drops significantly with this change.  Also note that 

beyond 130 mV above the operating voltage, FPR rebounds to a very high ~80% level, 

with the SCR crashing to a minimum ~8% level.   

4.5.  Data by Units Needing Repairs 

Bits that required repair were not all single failures corresponding to a single unit 

in need of repair.  If a unit is likely to have MBIST fails, it is also likely to require more 

than one repair.  The following tables present the number of units in each of the 
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previously mentioned categories (in Section 4.2) for each of the screens evaluated in this 

experiment.  The data has been cleaned and any T0 fails with no extra biasing have been 

removed from this list.  Figure 4.2 shows the percentage of units from the four categories 

for each of the screens.  The tables used to generate this graph are available in Appendix 

B. 
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Figure 4.2  Percentage of Units Requiring Repairs 
 

As seen in Figure 4.2 above, a little over half of the population of units required 

repairs.  The number of units requiring only one repair based on screen data significantly 

decreases as VDD increases.  Also increasing with VDD is the number of units that do not 

completely catch all bits with the screen and require additional repair after stress.   Overall 

one can see from this data that the effectiveness, as measured by the frequency of device 
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repairs, drops dramatically as the initial N-well screen’s VDD is set near or above the 

nominal operating voltage.  
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CHAPTER V 

CONCLUSIONS 

 

The primary goal of the experiment was to quantify the effectiveness and 

pessimistic nature of the N-well screening methodology.  From the data gathered, it is 

apparent that some conditions prove much more effective at detecting reliability fails 

before stressing the parts than others.  At the same time, it is evident that indeed this 

screen can return pessimistic results in terms of number of bits marked as failing bits 

which do not actually fail. 

The screens (Screen 1 and 2) that operated with VDD at 870 mV showed the 

greatest success rate at identifying reliability fails.  However, these screens confirm the 

highly pessimistic nature of the screen.  The screen catch rate was around 85%, with the 

false positive rate around 80%.  Approximately 80% of units had MBIST repairs 

performed only once.  Between 5% and 10% of the units tested had MBIST repairs 

performed more than once.  For the VDD = 870 mV VNW = 1400 mV screen, 85% of units 

were repaired, despite the fact that 48% of the units needed repairs.  For the screen with 

VDD = 870 mV VNW = 1800 mV, all units were repaired.   

The results of the experiment fail to show any improvements through decreased 

repairs and maximized coverage of the screen by varying core and N-well voltages.  In 

fact, the higher voltage screens created the worst of the screen variations, with a very 

high percentage of the repairs performed being false positives (around 80%) a very low 

screen catch rate (around ~8%).  The number of units requiring multiple repairs is also 

the highest of all the screens after the part begins operating above 1 V, probably due to 
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the fact that in this regime, the part functions very strongly and is more immune to the 

effects of the weakened PMOS load transistor.  No improvement was seen in the FPR or 

SCR as the unit’s VDD approached VMAX and moved into a region of more stress.   

 Overall, the parts became more tolerable to the weakened PMOS load as VDD 

increased.  The increase in the threshold voltage of the transistors due to the increased 

back bias scaled at a much slower rate than the increase in VDD,  which translates into 

increased Ion when VDD,VG >> Vt . The strengthened transistors therefore outpaced the 

shifting Vt.  From these observations it can be concluded that this pessimistic nature of 

the N-well screen is something that cannot be avoided by manipulating core voltage 

levels while retaining a meaningful screen.  The data collected does not suggest that 

testing with VNW biasing provides any additional coverage at VMAX conditions.  The data 

does reaffirm that at low voltage conditions, MBIST testing with elevated VNW biasing 

can predict reliability failures through burn-in, but is somewhat pessimistic in nature.   
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APPENDIX A 

ADDITIONAL RESULTS FOR SCREENS 

The following contingency tables show the per bit results of the screens not 

directly presented in Chapter 5. 

Table A.1Contingency Table for Screen 6 
VDD:1000:VNW:1570 B/I Pass B/I Fail Totals 

Screen Pass observed   29 29 

  expected   25.3750   

  o-e   3.6250   

  observed %   72.50%   

Screen Fail observed 5 6 11 

  expected 1.3750 9.6250   

  o-e 3.6250 -3.6250   

  observed % 12.50% 15.00%   

 Totals 5 35 40 

 False positive rate 45.45%   

 Screen catch rate 17.14%   

 
 

Table A.2 Contingency Table for Screen 7 
VDD:1050:VNW:1620 B/I Pass B/I Fail Totals 

Screen Pass observed   32 32 

  expected   28.7179   

  o-e   3.2821   

  observed %   82.05%   

Screen Fail observed 4 3 7 

  expected 0.7179 6.2821   

  o-e 3.2821 -3.2821   

  observed % 10.26% 7.69%   

 Totals 4 35 39 

 False positive rate 57.14%   

 Screen catch rate 8.57%   
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Table A.3 Contingency Table for Screen 8 
VDD:1100:VNW:1670 B/I Pass B/I Fail Totals 

Screen Pass observed   32 32 

  expected   25.4545   

  o-e   6.5455   

  observed %   72.73%   

Screen Fail observed 9 3 12 

  expected 2.4545 9.5455   

  o-e 6.5455 -6.5455   

  observed % 20.45% 6.82%   

 Totals 9 35 44 

 False positive rate 75.00%   

 Screen catch rate 8.57%   

 
Table A.4 Contingency Table for Screen 9 

VDD:1150:VNW:1720 B/I Pass B/I Fail Totals 

Screen Pass observed   33 33 

  expected   25.1087   

  o-e   7.8913   

  observed %   71.74%   

Screen Fail observed 11 2 13 

  expected 3.1087 9.8913   

  o-e 7.8913 -7.8913   

  observed % 23.91% 4.35%   

 Totals 11 35 46 

 False positive rate 84.62%   

 Screen catch rate 5.71%   

 

Table A.5 Contingency Table for Screen 10 
VDD:1200:VNW:1770 B/I Pass B/I Fail Totals 

Screen Pass observed   32 32 

  expected   26.0465   

  o-e   5.9535   

  observed %   74.42%   

Screen Fail observed 8 3 11 

  expected 2.0465 8.9535   

  o-e 5.9535 -5.9535   

  observed % 18.60% 6.98%   

 Totals 8 35 43 

 False positive rate 72.73%   

 Screen catch rate 8.57%   
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APPENDIX B 

 EXPERIMENT DATA BY CATEGORY 

This appendix lists the tables used to create Figure 4.2.  This is per unit data and 

irrespective of the actual number of bits repaired. 

Table B.1 Unit Category VDD:870:VNW:1400 
VDD:870:VNW:1400 Number of Units 

1) multiple repairs needed 2 5.26% 

2) unnecessarily repaired 14 36.84% 

3) no additional repairs needed 16 42.11% 

4) no repairs needed 6 15.79% 

Totals 38 100.00% 

 
Table B.2 Unit Category VDD:870:VNW:1800 

VDD:870:VNW:1800 Number of Units 

1) multiple repairs needed 2 5.26% 

2) unnecessarily repaired 20 52.63% 

3) no additional repairs needed 16 42.11% 

4) no repairs needed 0 0.00% 

Totals 38 100.00% 

 
Table B.3 Unit Category VDD:850:VNW:1420 

VDD:850:VNW:1420 Number of Units 

1) multiple repairs needed 4 10.53% 

2) unnecessarily repaired 16 42.11% 

3) no additional repairs needed 14 36.84% 

4) no repairs needed 4 10.53% 

Totals 38 100.00% 

 
Table B.4 Unit Category VDD:900:VNW:1470 

VDD:900:VNW:1470 Number of Units 

1) multiple repairs needed 6 15.79% 

2) unnecessarily repaired 9 23.68% 

3) no additional repairs needed 12 31.58% 

4) no repairs needed 11 28.95% 

Totals 38 100.00% 
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Table B.5 Unit Category VDD:950:VNW:1520 
VDD:950:VNW:1520 Number of Units 

1) multiple repairs needed 11 28.95% 

2) unnecessarily repaired 1 2.63% 

3) no additional repairs needed 7 18.42% 

4) no repairs needed 19 50.00% 

Totals 38 100.00% 

 
 

 
Table B.6 Unit Category VDD:1000:VNW:1570 

VDD:1000:VNW:1570 Number of Units 

1) multiple repairs needed 16 42.11% 

2) unnecessarily repaired 0 0.00% 

3) no additional repairs needed 2 5.26% 

4) no repairs needed 20 52.63% 

Totals 38 100.00% 

 
Table B.7 Unit Category VDD:1050:VNW:1620 

VDD:1050:VNW:1620 Number of Units 

1) multiple repairs needed 16 42.11% 

2) unnecessarily repaired 0 0.00% 

3) no additional repairs needed 2 5.26% 

4) no repairs needed 20 52.63% 

Totals 38 100.00% 

 
Table B.8 Unit Category VDD:1100:VNW:1670 

VDD:1100:VNW:1670 Number of Units 

1) multiple repairs needed 16 42.11% 

2) unnecessarily repaired 1 2.63% 

3) no additional repairs needed 2 5.26% 

4) no repairs needed 19 50.00% 

Totals 38 100.00% 

 
Table B.9 Unit Category VDD:1150:VNW:1720 

VDD:1150:VNW:1720 Number of Units 

1) multiple repairs needed 17 44.74% 

2) unnecessarily repaired 1 2.63% 

3) no additional repairs needed 1 2.63% 

4) no repairs needed 19 50.00% 

Totals 38 100.00% 
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Table B.10 Unit Category VDD:1200:VNW:1770 
VDD:1200:VNW:1770 Number of Units 

1) multiple repairs needed 16 42.11% 

2) unnecessarily repaired 1 2.63% 

3) no additional repairs needed 2 5.26% 

4) no repairs needed 19 50.00% 

Totals 38 100.00% 

 
Table B.11 Unit Category VDD:1250:VNW:1820 

VDD:1250:VNW:1820 Number of Units 

1) multiple repairs needed 16 42.11% 

2) unnecessarily repaired 1 2.63% 

3) no additional repairs needed 2 5.26% 

4) no repairs needed 19 50.00% 

Totals 38 100.00% 

 


