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ABSTRACT 

The theory and experiment of low voltage testing outlier screening methods will 

be proposed in this paper. Including an active study of maximum operating frequencies 

in comparison to there minimum voltage operating conditions. The objective of this 

paper is to discuss the possibility of using low voltage testing and outlier screening 

methods to reduce bum in time of large scale Integrated Circuits (IC's). In today's ever 

growing semiconductor market the need for test time reduction and test cost is ever 

present. By decreasing test overhead a company has the ability to lower product cost and 

manufacturing time and at the same time increasing potential profit and revenue. 
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CHAPTER 1 

INTRODUCTION 

It is possible for a weak Integrated Circuit (IC), also known as a "walking 

wounded" to pass current testing techniques but still degrade the IC's performance, 

reduce noise margins, and draw excess supply current [1]. These so called walking 

wounded are potential reliability issues and possible customer returns. Because of such 

potential failures current production techniques implement a bum in process in which 

units are submitted to stress for a period of time and then tested in hopes that these weak 

IC's can degrade to the point that they fail at normal operating conditions. Due to the 

need to reduce test time and test overhead it is not always possible to implement a long 

duration bum in so the need to screen these outliers and walking wounded with out the 

need for bum in or at least reduced burn in duration is very necessary. 

This paper will discus possible test methods to screen resistive path and delay 

defects using minVDD, or Very Low Voltage (VLV) [2], and Maximum Frequency 

(FMax) data from many different types of test including Built-in Self-Test (BIST), Ram 

Test, Functional Test, and Scan Chain testing. 



CHAPTER 11 

DEFECT TYPES 

In today's semiconductor market, it is necessary to develop innovative means to 

test chips and to verify their reliability as well as functionality. The need for this is to 

ensure that all chips that are sold to the customer will function per the data specifications 

given for the device. In order to understand the types of test used in today's 

manufacturing it is necessary to understand the types of defects that are commonly 

present that need to be screened out during the testing process. 

Figure 2.1 shows what is commonly known as a bath tub curve. The curve 

demonstrates the probability of failures of a given device versus the time the device is in 

existence. This curve can be broken into three regions the first being the early life fail or 

infant mortality region. The second region is the functional region where there are little 

to no failures. It would be at this point that all units are shipped to the customer in order 

to maximize the customer's use of the chip and not chance any reliability issues. The last 

region of the curve is known as the ware out region or end of life region. It is at this 

point that the chips may break down or are no longer functional. 



Product Life Time 
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Figure 2.1: Bath Tube Curve [7] 

All types of flaws can be categorized into two types of defects; hard or reliability 

defects also known as flaws. Hard defects will cause catastrophic failure in an integrated 

circuit. Hard defects would cause a unit to fail at nominal operating conditions. Hard 

defects by nature are easy to screen by just testing to see if the unit itself is able to pass 

all types of test at nominal operating conditions. Hard fails due to there ease of detection 

will not be the focus of this paper. Instead the focus will be directed on the second 

variety of defects known as reliability defects or flaws. 

Flaws are defects that do not cause chip malfunctions at normal operating 

conditions. Chips that contain flaws are weak. These weak chips might become 

intermittent or early life failures [4]. It is because of this type of mechanism that testing 

is needed to screen out these defective units so that they do not get shipped to customers 

and put into systems. There are five types of defects, referenced here, that could cause 



reliability issues. They are Metal Shorts, Gate Oxide Shorts, Threshold Voltage Shifts, 

Tunneling Opens and High resistance Interconnects. 

2.1 Metal Shorts 

A metal short is simply what its name implies, a metal shard shorting out two 

nodes. These shorts can come in all sizes and resistances. Figure 2.2 shows an example 

of a short between multiple interconnects caused by poor photo resist. Figure 2.3 is an 

example of a short caused by an alien particle. Figure 2.4 is an example of a short 

between metal layers possibly caused by poor polishing technique. 

Figure 2.2: Metal Line Shorts and Break [7] 
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Figure 2.3: Short From Alien Particle [7] 

Figure 2.4: Short Between Two AL Layers [7] 

A simple way to model a short like those in Figures 2.2, 2.3, and 2.4 is to represent the 

short as a resistor [4]. Figure 2.5 shows a short modeled as a resistor (Rl) between two 

I N I 

inverter chains. 
I N 2 

R1 

B 

OUTl 

0UT2 

Figure 2.5: Resistive Short Two Inv. 



Suppose logic "0" is applied to INI and logic " 1 " is applied to IN2. Because of the metal 

short a current path exists between node A and node B. Figure 2.6 shows how this would 

look at the transistor level. 
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Figure 2.6: Inv. Chain with Short 

The resistive current path created by Rl causes the voltages at node A and node B 

to no longer be Vdd and Gnd respectively. Instead the voltages at these nodes will be 

some intermediate voltage level. If we assume that the transistor, PI, can be modeled as 

a resistance called Rpl and the transistor, N3, can be modeled as a resistance Rn3 then 

the voltage at node A could be calculated using a voltage divider mle. 

K =• 1̂ ' ^^«3 • Vdd Equation 2.1 



Because of this metal short it is possible that the resistance is small enough to 

cause the inverter chain to function improperly. If Vdd decreased it is easy to see that the 

impact of the resistance caused by the metal short would increase. The metal short is not 

only limited to causing voltage issues it is also possible the short could cause timing 

issues as well. 

Even though the above is only one simple example of what a metal short could 

cause, it does illustrate the need to screen out such defects from the manufacturing line. 

Metal short defects mn the possibility of passing normal operational tests at nominal 

conditions but fail later on in life and cause a potential problem for the customer. 

2.2 Gate Oxide Shorts 

Gate oxide shorts can be modeled as shorts from the gate to the drain or source of 

a transistor. For example take the inverter chain in Figure 2.7 the NMOS transistor N2 

has a short from the gate to the source. 



I N I OUTl 

Figure 2.7: Inverter with Gate Oxide Short 

The short in Figure 2.7 is represented by resistor R2. If a logic "0" is applied to INI a 

current path is created from PI to ground through the short R2. If PI is represented by a 

resistance of Rpl then the voltage at node C can be written as a voltage divider as seen in 

Equation 2.2. 

y = '-—•Vdd Equation 2.2 

Because of this short the voltage at the input of the second inverter is no longer Vdd but a 

value less than Vdd. Because of this the second inverter is weakly driven and has excess 

delay [4]. 

A similar gate oxide short could be represented as a resistor from the gate to drain 

of P2. In this case if a logic " 1 " is applied to INI the voltage at node C could be 

calculated by a voltage divider by representing Nl as a resistance Rnl as seen in 

Equation 2.3. 



V ^ 3 • Vdd Equation 2.3 

In this case there is an added resistance in the output on the first inverter that causes the 

second inverter to be weakly driven and also have excess delay. 

It is possible for there to be gate oxide shorts that will not cause catastrophic 

failure of a circuit as seen above. Instead these failures only cause problems as the 

supply voltage Vdd is decreased causing the impact of the short resistance to not drive 

the next stage with the right logic value. It is because of flaws like oxide shorts that 

circuits can pass at optimal conditions but be reliability issues at lower than optimal 

conditions. Figure 2.8 and 2.9 show physical examples of gate oxide shorts 

-tsr^.'H-J. 

Figure 2.8: Gate Oxide Short to the N+ Diffusion [7] 



Figure 2.9: Gate Oxide Pin Hole Causing Cell-Word Line Leakage in Memory [7] 

2.3 Threshold Voltage Shifts 

If a transistor has a larger threshold voltage than expected, its transconductance is 

smaller [4]. Transconductance is defined as the change in drain current divided by the 

change in the gate-source voltage. Equation 2.4 illustrates the transconductance of a 

mosfet device 

8. 
dir 
dV. 

gs 

Equation 2.4 
VDS,const 

where Gm is the transconductance. Id is the drain to source current and Vgs is the 

Voltage from gate to source. Gm represents the sensitivity of the device: for a high Gm, 

a small change in the Vgs results in a large change in Id [22]. And for a small Gm as 

10 



seen when the threshold voltage (Vth) increases a large change in Vgs is necessary for a 

change in Id as seen in Equation 2.5. 

W 
Sm - MnCox T^^«^ ~^"' ^ Equation 2.5 

Where Un is mobility of electrons. Cox is the capacitance of the oxide, W is the width of 

the gate and L is the length of the gate. As a result of the increase in Vth the transistor 

has a lower drive capability and causes an excessive delay during transition. The speed 

of a logic circuit is also known as the propagation delay. Equation 2.6 shows as the 

threshold voltage increases that the propagation delay (tp) increases as well. 

CVdd 
tr, ; 7 Equation 2.6 
" ^l^C„^{WlL){Vdd-Vj' 

Where C, in Equation 2.6, is the equivalent load capacitor of a transistor. 

MinVdd of a circuit is defined as the minimum supply voltage at which the circuit 

can still function correctly [4]. Another way to define MinVdd is the point at which the 

supply voltage causes the propagation delay to become infinite. As seen in Equation 2.6 

when Vth equals Vdd the propagation delay becomes infinite. Because of the increase in 

Vth the propagation delay will become infinite at a much higher supply voltage. An 

increase in MinVdd could cause intermittent fails but allow the part to pass at optimal 

operating conditions. 
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2.4 Tunneling Opens 

A tunneling open is a thin layer of oxide that resides mostly in the vias and 

contacts [4]. Current can flow through the thin layer of oxide, however, the magnitude of 

the current decreases exponentially with the voltage [4]. Figure 2.10 shows the delay of 

both a good chip and tunneling open verses the voltage applied. 

^ I nun 

\ oltage 

\ 

Figure 2.10: Delay Versus Voltage [4] 

Figure 2.10 demonstrates that at lower voltages the delay of a tunneling open is 

much greater than that at higher voltages. Therefore, it is quite possible for a chip to 

operate at a nominal voltage that is high enough to cause the tunneling open effect to be 

minimal. Because of this delay, tunneling opens often cause chips to operate at slower 

frequencies than intended. Because of this the MinVdd of a good chip and that of a 

tunneling open is the same. This is because tunneling opens only cause delay errors. But 

the maximum frequencies of the chips at these lower voltages would be different. The 

chip with the tunneling open would operate at a much lower maximum frequency at a 

lower voltage than that of a good chip. Figure 2.11 demonstrates the different current 
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densities versus the voltage across a tunneling open for several different thicknesses of 

oxide. 
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Figure 2.11: Tunneling Current Density for Different Oxide Thickness (calculated) [5] 

The maximum current density decreases as the oxide material increases. The 

above graph was calculated from Equation 2.7 

Equation 2.7 [5] •'FN " '^ox '^ 

where Eox is the electric field across the oxide and in the case of a metal/oxide/silicon 

structure a = 9.992x10^ AV"̂  and p = 2.635x10^ Vcm"' [5]. 

Diagnosis of tunneling opens is important to improve process problems and hence 

increase yield [6]. Chips with tunneling opens are hard to identify since they pass at 

speed tests at nominal voltages [6]. It is because of flaws like tunneling opens that the 

importance of outlier analysis and speed to MinVdd comparisons is necessary. 
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2.5 High Resistive Interconnects 

High resistive interconnects are interconnects that connect one circuit to another 

but instead of having normal resistance have increased resistance that can be due to many 

factors. High resistance interconnects can be caused by various mechanisms such as 

electron migration, stress voids, or defective vias. To model a highly resistive 

interconnect a resistor can be added to any interconnect to model its added resistance. 

Figure 2.12 is an inverter chain with a highly resistive interconnect between the output of 

the first inverter and the input of the second inverter. 

Vdd 

I I 

•4 < 

I N I 

R4 

-Wv— 

ZAS, P2 

A 

^q 
N l 

OUTl 

Hq N2 

Figure 2.12: Highly Resistive Contact 

A logic state of "0" is applied to INI, and PI is modeled as a resistance Rpl, and 

N2 is modeled as a resistance of Rn2 then the input voltage to the second inverter could 

be calculated by using a voltage divider. Equation 2.8 is the equation used to calculate 

the voltage at node A. 

R. 
V,= • Vdd Equation 2.8 
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As R4 increases the voltage seen at node A decreases. This model demonstrates 

that the added resistance of a defective interconnect can easily cause the input voltage of 

the second stage inverter to become lower than intended and cause a possible error with 

the circuit. In addition to driving the voltage down the added resistances of a defective 

interconnect will also add increased RC delay. The effects of this added resistance can be 

modeled in a simple circuit comprised of a resistor, capacitor, and a voltage source as 

shown in Figure 2.13. 

Vdc 

t = 0 R 

-AW-

Figure 2.13: RC circuit example 

If the switch closes at time zero then the time needed to fully charge the capacitor can be 

calculated using the following Equation 2.9. 

Vc{t) = Vdc{\ - e''!"'^) Equation 2.9 

Equation 2.9 demonstrates that as the value of R increases the rise time of the exponential 

Equation decrease. So for a large R it takes longer to charge the capacitor. 

Because of the increase in resistance of defective interconnects the speed of a 

given circuit will slow down accordingly. So not only will the minimum operating 

voltage decrease so will the maximum operating frequency. 

15 



By understanding the types of reliability flaws that are encountered in the 

semiconductor manufacturing process. The need to develop test to screen out these 

defective units becomes more and more necessary. 
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CHAPTER III 

TESTING TYPES 

There are several types of tests used in today's manufacturing process to eliminate 

potential reliability issues and defective parts. Of these testing techniques there are four 

that are most commonly used in today's semiconductor market. The common techniques 

for detecting flaws and defective devices are bum-in, IDDQ testing, high voltage stress. 

Scan Chain Testing, Built In Self Testing, and low voltage testing. 

3.1 Bum-in Testing 

Bum-in testing is also known as accelerated life testing. The purpose of burn-in 

testing is not to expose defects but to identify potential early life failures. By taking into 

account the bath tub curve shown in Figure 2.1. The objective of bum-in is to remove all 

of the potential infant mortality failures. Bum-in is effective for failure mechanisms that 

have either a large voltage acceleration factor or a large temperature activation energy 

[4]. 

In essence the purpose of bum-in is to simulate the field environment and then 

accelerate the stress of the environment onto the chip. There are several different types 

of bum-in test. Temperature Cycle (T/C), High Temperature Shelf Life (HTSL), and 

High Temperature Operating Life (HTOL). These are just some of the many types of 

accelerated life tests that can be used on integrated circuits. Many times these test are 

known as qualification test because they are used to prove that a part or process will have 
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the lifespan that is included in the data sheet of that device. The purpose of using bum-in 

in the qualification process is for the company to ensure to its customers that the devices 

that it sells will last the lifespan noted. 

Temperature Cycle test also known as temperature cycling is the process of taking 

a unit and exposing it to a high temp for a period of time and then cycling it to a low 

temp for a period of time. This test the ability of the device to withstand the mechanical 

stress occurred when a unit cycles from an extreme low temp to a high temp. Because no 

electrical energy is used this test only stresses the mechanical elements of the device, any 

failure of a temperature cycling test is known as a fatigue failure. Temperature cycling 

testing is used only to accelerate mechanical failures. 

High temperature shelf life testing exposes a device to a high temperature 

normally in the 180 to 220 degrees Celsius for an extended period of time. HTSL testing 

only exposes flaws that have a large activation energy. The only type of energy that is 

exposed to these units is thermal energy. In most cases the types of flaws that are 

exposed by HTSL are mechanically related. For example poor adhesion of solder bumps 

would be a typical type of fail seen during HTSL testing. 

High Temperature Operating Life testing places units in an oven at a high temp 

environment and then applies electrical signals to the device. High Temperature 

Operating Life testing is the most common type of bum-in testing that is done in today's 

semiconductor manufacturing process. Also known as solid-state testing High 

Temperature Operating Life (HTOL) testing subjects devices to two types of stress. Both 

temperature and electrical stress. Because of this wide range of stress this test is the most 

18 



common because it mns the chance of identifying most types of flaws seen in current 

semiconductor devices. 

Bum-in is not always the best solution for removal of defective units. Bum-in is a 

very time consuming and expensive step in production of integrated circuits. In today's 

market where price wars are very evident it may be impossible for a company to spend 

the time and overhead necessary to do proper bum-in on devices. Because of the cost 

and time of this test it is necessary to develop screening methods that can detect failures 

with out the need for burn-in. 

3.2 IDDQ Testing 

IDDQ stands for quiescent idd, or quiescent power-supply current. IDDQ testing 

refers to the integrated circuit testing method based upon measurement of steady state 

power-supply current [7]. Current IC's are designed using Complementary Metal Oxide 

Semiconductor or CMOS for short. In steady state when all switching transients are 

settled-down, a CMOS circuit dissipates almost zero static current [7]. This can be 

compared to the current that would be drawn by a gate oxide short like that shown in the 

inverter in Figure 3.1 where R represents the resistance of the short. 

19 
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Figure 3.1: Dual Inverters with a Resistive Short 

With the addition of the resistive short there becomes a current path between the supply 

vohage and ground. Equation 3.1 calculates the current to be the supply voltage divided 

by the series resistance of the PI represented by Rpl and that of the short R. 

Vdd 
/ = 

R + R 
Equation 3.1: current approximation 

pi 

Comparing the steady state supply current of the dual inverter chain with the defect with 

that of a normal inverter chain with no defect its easy to see that the current of the 

defective circuit would be much greater than that of the non defective circuit. 

In essence this is the idea behind IDDQ testing. IDDQ is the idea that units with 

physical defects will draw more quiescent current than that of defect free devices. This is 

not necessarily tme for all types of physical defects. Figure 3.2 is a physical defect that is 

causing an open in a metal trace. In this case IDDQ would not be able to detect this 

defect alone because the open would decrease the current by removing the current path. 

20 



Figure 3.2: Physical Defect Causing Open in Metal Traces [7] 

In the case of defects that reduce current it would limit the usefulness of IDDQ 

testing. But even with these problems IDDQ testing has many advantages. For one it is a 

very inexpensive test to implement in production. It could take months to develop 

complex functional testing pattems where as IDDQ can be implemented with as little as 

10 to 100 vectors. Figure 3.3 shows test cost versus test coverage. As, shown in Figure 

3.3, IDDQ plays a substantial role in decreasing test cost when it is used in conjunction 

with current test methods. 
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Figure 3.3: Test Quality Versus Cost with or with out IDDQ [7] 

In the last couple of years with minimum feature size shrinking to 0.25 uM and 

below, concern has been expressed if IDDQ testing will continue to be useful [7]. The 

theory behind IDDQ testing is that defect free die will draw significantly less current than 

that of a defective die. As minimum feature size decreases the inherent leakage of mosfet 

devices commonly used in most IC's becomes larger. If it happens that the leakage of a 

devices is as large as the current drawn by an defect the ability to distinguish between 

good die and defective die becomes extremely difficult. To combat this growing problem 

of leakage, many studies have been done that use what is called a neighborhood analysis 

technique that looks at a die and its neighboring die and decides if its IDDQ value is an 

outlier by comparing it to its neighbors. Because of the shrinking evolution of the IC 

industry many professionals believe that IDDQ testing may become outdated. Table 1 
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compares the loff current of many different feature sizes. Table 1 demonstrates that the 

smaller the size, loff increases exponentially. 

Table 3.1: Characteristics of Various Technologies [7] 

Technology 

0,8 

0.6 

0.5 

0.35 

0.25 

0.18 

Vdd (V) 

5 

5 - 3,3 

5-2.5 

3.3-2.5 

3.3 - 1.8 

2.5 l.S 

T™(A) 

150-100 

100-80 

90-70 

80-60 

70-30 

55-35 

V, (V) 

0.8-0.7 

0.75-0.65 

0.7-0.6 

0.65-0.55 

0.6-05 

0.55-0,45 

hi( (pA/nm) 

f̂MOS ?MOS 

0.01-0.05 

0.05 - 0.5 

O.I -2 

0.5 -10 

6-60 

40-600 

0.005 - 0.02 

0.01 - 0.2 

0 ,1 - i 

0.1 -10 

0.5 - 24 

20-300 

IDDQ testing can significantly improve defect coverage if it is able to distinguish 

between a good die and a bad die. In most cases this is done by collecting IDDQ 

measurement of good die for comparison purposes. Following the law of large numbers, 

the distribution of this measured current is expected to be Gaussian [7]. Due to 

comparison IC's with IDDQ measurements that fall with in 3 standard deviations of the 

mean are considered to be defect free die. But considering the fact that supply currents 

for small feature IC's are increasing drastically it is possible that 3 standard deviations of 

the mean can encompass even the defective devices. 

History has proven IDDQ testing as being a very cost effective way of testing 

devices for defects. But due to the increase pressure put on IDDQ testing due to 

increases in power consumption of devices as well as the inherent leakage, the future of 

EDDQ testing is unknown. 
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3.3 High Voltage Stress Testing 

Voltage stress testing is useful for detecting a variety of gate oxide defects, 

ranging from pinholes to contamination to excessive thinning. Other circuit elements, 

such as vias and bulk, are also stressed, but oxide defects are the customary targets [9]. 

Figure 2.6 and Figure 2.7 show physical examples of some typical defects that are being 

targeted by voltage stress testing. 

High Voltage testing will subject a device to a high voltage for a period of time. 

The voltage applied is dependant upon the defect that is present. For some defects the 

necessary increase in operating voltage is minimal to cause the defect to activate and 

cause the device to fail. Many studies have been done to calculate the necessary voltage 

and length of time necessary to get high defect coverage. One of the physical effects of 

high voltage testing is that the increase in voltage causes the die temperature to increase 

accordingly. This increase in temperature can cause defects in semiconductor IC's to 

become more apparent. 

Reliability problems can normally be associated with chemical and physical 

reactions that happen during the testing process. These reactions can be forced to occur 

at specific temperatures. In theory each of these reactions has an activation energy; this 

energy level can be calculated two ways, either empirically or theoretically. The standard 

equation to relate the rate of chemical reactions to temperature is the Arrhenius equation 

shown in Equation 3.2. 

t = t„ X e 
k^T Equation 3.2 [9] 
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Where t is a temperature dependant rate constant, interpretation of To depends on the 

reaction, Ea is activation energy, kb is the Boltzmann's constant, and T is absolute 

temperature [9]. 

The Arrhenius equation can be used to compare normal operating temperature to 

that of a stress condition. By doing this an acceleration factor can be calculated Equation 

3.3 shows the equation obtained by comparing the operational temperature to that of a 

stress condition. 

AF = e "" '"' '""- Equation 3.3 [9] 

Where AF is the Acceleration Factor, Tuse is the temperature at normal operating 

condition and Tstress is the temperature at stress conditions. 

In many cases the activation energy can be affected by the change in electric field 

thus the need for high voltage stress. The time to failure of a gate dielectric is an 

important factor to consider when stressing units. The goal is to activate as many defects 

as possible while not causing new defects to form. One of the factors that needs to be 

taken into consideration while developing a high voltage stress test is verification that the 

test time does not exceed the time a good devices takes to fail. Equation 3.4 calculates 

the time to failure of a gate oxide breakdown. 

TF = t„x e '" Equation 3.4 [9] 

where To is a temperature dependent prefactor and G(T) is a temperature dependent field 

acceleration factor [9]. Table 3.2 shows the maximum operating voltage for several 

thicknesses of gate oxide. 
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Table 3.2: Maximum operating voltage for various oxi 
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During IC manufacturing the gate dielectric may be thinner than the nominal 

oxide thickness. These transistors or devices with the thinner oxide can decrease the life 

time of the entire device and need to be screened out. Thin oxides are not the only types 

of flaws that are seen in the dielectric. Hot Carrier Injection (HCI) is also a problem, 

leading to damage at material interfaces and degrade transistor parameters [9]. The 

general form of HCI degradation calculations is shown in Equation 3.5 [9]. 

TF = A* r" • e " M ^ kBT Equation 3.5 [9] 

where I is substrate current during stress for n transistors and peak gate current during 

stressing for p transistors [9]. Activation energy is typically -O.leV to -0.2eV [9]. 

Because the parameters of transistors can easily affect the performance of most IC's it is 

required to develop tests that accelerate such flaws. 

Because Electric Field is dependent upon the voltage applied and the thickness of 

the oxide the electric field at a gate can be calculated using Equation 3.6. 

P ^ J L Equation 3.6 [9] 
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where X is the oxide thickness. Equation 3.6 can be substituted back into the Equati 

3.4 giving the time to failure shown in Equation 3.7. 

G{T)V 

Equation 3.7 [9] 

ion 

TF =t xe '̂ 

Once the time to failure is found the acceleration factor of a stress test which can be 

calculated in Equation 3.8 [9]. 

A T7 — J-fty y^'^ stress ~*use ) 

/\r — nt Equation 3.8 [9] 

Values for y are dependent upon the oxide thickness which are shown in table 3.3 [9]. 

Table 3.3: Voltage Dependency versus oxide thickness [9] 
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The arguments above show that increases in operating voltage, for example high 

voltage stress can accelerate defect chemistry and cause fatal flaws in integrated circuits. 

But the voltages and durations must be calculated so that good transistors show little to 

no degradation in order to ensure that good devices do not develop new defects caused 

from high voltage stress testing. High Voltage Testing can be a very useful tool in 

detecting possible reliability issues in current production techniques increasing test 

coverage for little loss in test time and cost. 
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3.4 Built-in Self-Test TRTST) 

When referring to Built in Self Testing (BIST) many different testing 

methodologies come to mind. The purpose of BIST testing is to simplify the testing of 

high level integrated circuits. In this paper will discuss two types of BIST testing, built in 

self test in testing system memories and scan chains. Scan chain testing will be discussed 

in a later section. 

The idea behind BIST is simple, because of the complexity of integrated circuits 

in production today it is impossible to create enough contacts at the package level to 

interact with the silicon to ensure high test coverage. This is where BIST comes into play 

the purpose of BIST testing is to give the manufacturing the ability of having that test 

coverage while doing a lot of the testing in the silicon of the Device Under Test (DUT). 

Application of test sequences to embedded memories using off-chip testers results in a 

high test time and test cost due to the large size of embedded memories [10]. 

A memory BIST unit consists of a controller to control the flow of test sequences 

and other components to generate the necessary test control and data [10]. This 

controller can be designed one of two ways, which are either a Finite State Machine 

(FSM) or a microcode based controller. FSM controllers are the hardware realization of 

a selected memory test algorithm [10]. This means that the algorithm for the controller is 

hard wired in the hardware and can't be changed. There are several disadvantages to this 

type of controller the first being that the test algorithm itself can not be altered in any way 

with out redesigning the controller itself. And if a change is need the cost to correct and 

implement such changes can be quite substantial. But on the other hand in comparison to 
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a microcode based control the FSM controller is the smallest. This means that of the two 

options the FSM will consume the least amount of logic overhead. 

Now in a microcode controller the test algorithm will be written as a set of 

supported instmctions in the internal memory of the BIST controller. This has several 

advantages the first being that a microcode controller can be used to implement many 

different types of test algorithms including marching pattems such as 13n and 6n. And in 

many cases the instmction memory of the BIST controller can be programmed on the fly 

meaning that many algorithms can be loaded while one or more algorithms are still 

testing. This options means that it is possible to get the most efficient test coverage with 

respect to test time because of the ability to change algorithms on the fly. One of the 

main disadvantages of the microcode based BIST test is the need for a large overhead of 

logic to support this type of embedded memory testing in comparison to the needs of a 

FSM based controller. In most cases the most common use of BIST is using the 

microcode fashion. 

A microcode BIST can be split into seven major components: program memory, 

sequencer, address generator, data generator, redundancy calculator, cycle generator and 

the clock generator [11]. A block diagram of a microcode BIST is shown in Figure 3.4 

[11]. 
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Figure 3.4: High Level Block View of BIST [11] 

The program memory is the location of all of the instmctions of a particle test 

algorithm is stored. These instmctions will called by the sequencer were the majority of 

the work of the BIST takes places. The Data Generator will generate the necessary data 

from the programmed instmctions to be written to the memory under test. The Address 

Generator will determine from the programmed instmctions what address that needs to be 

written or read from. The Cycle Generator is quite like a place keeper for the sequencer. 

In most modem testing algorithms, a combination of read-and-write instmction will be 

sent to the cache. The cycle generator holds place of the commands for the sequencer. 

Redundancy Calculators are used in the case that there are redundant rows or columns of 

memory for the purpose of repair. The redundancy calculator will keep track of the 

failing locations of the memory block and then assign a repair column or row, depending 
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on the design of the cache and failure, to replace the faulty memory cell. The Clock 

Generator will make sure that the correct clock cycle and multiple of the system clock are 

used to insure that the proper timing of the BIST test is used. 

BIST testing can greatly increase the efficiency of today's large embedded 

memories used in many applications in IC's. With proper design and implementation the 

fault coverage of memory testing can be increased while decreasing test time and cost. 

Unfortunately the implementation of a memory BIST system will consume more 

overhead due to the increase need in design and die size. But if done properly the BIST 

can be a very valuable tool in the integrated circuit production plan. 

3.5 SCAN Chain Testing 

Scan chain testing is a simple BIST, in which D flip flops are cascaded in long 

chains to encompass as much area of the die as possible. In Many cases these chains of 

flip flops are used to duplicate the logic value at many different nodes in the IC. These 

chains of flip flops work very simply, there is an input pin and an output pin, data is 

scanned in on the input pin and then scanned out on the output pin. The idea behind such 

scan chains is that they consume very little logic overhead but can cover a large die area. 

Also such chains are very helpful in debugging issues with a manufacturing process. A 

schematic and diagram of the scan chains is shown in Figure 3.5 [12]. 
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Figure 3.5: A BIST Stmcture Using Scan Path Technique, (a) A scan path technique, (b) 
Shift Register Latch (SRL). (c) A scan path with three SRL's. 

The shift register latch contains two latches LI and L2. Li's output is L2's input 

in a Shift register like configuration. Each register will only store value when its inputted 

clock signal retums to low state from a high state. In several cases the input to a flip flop 

will be from some extemal node in the IC that is not accessible from the package. This is 

very helpful because once all the data at a certain test point is trapped in a shift register it 

can then be shifted out by just toggling the shift register from high to low. This data can 
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then be collected by some extemal test source and be analyzed by an engineer. In many 

cases when a new IC design is released it does not perform as expected. By 

implementing scan chain test methodology into your design it is quite easy for an 

engineer to get a better idea as to what part of a large scale IC is trouble causing. 

In normal chains that do not shadow nodes in the IC they are used for defect 

detection. This is done in many cases by scanning in a 00110011 repeating binary pattem 

into the input and checking the output. By using the 00110011 pattern, you cover every 

possible transition that a flip flop could go through. All four transitions are used, a zero 

to one, one to zero, zero to zero, and one to one transitions are covered. In the majority 

of defects in an IC will cause the output or input of a flip flop to have a direct path to 

either ground or power. This will cause what is know as a stuck at fault. 

A stuck at fault will be one of two varieties, either a stuck at low or a stuck at 

high. In the case that the output of a defective signal is completely stuck at a low 

potential this is what is called a Stuck At Low (SAL) fault. In the opposite case where a 

defective signal is stuck at a high position this is what is known as a Stuck At High 

(SAH) fault. Because the fault model of a scan chain is relatively simple, this is why it 

has great usefulness in debugging failures. 

In the case of a stuck at fault, the device can be powered down and then powered 

on. This achieves filling all the flip flops with random information. Now let us assume 

that in the middle of chain there is a defect that is causing a stuck at low fault. Once data 

begins to scan into the defective chain random data will be scanned out until the signal 

becomes stuck at low. At this point an engineer can go back and physically count the 
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number of clock cycles necessary to reveal the stuck at low fault. From this information 

it would be quite possible for an engineer to determine an exact flop that is causing 

problems or at least a range of flops that could be possible trouble locations. From this 

point it is very easy for an engineer to do physical failure analysis with a high confidence 

of the location of the defect. 

The use of scan chains as detection for physical location of defects is quite 

valuable to physical failure analysis and the need for process improvements. By resulting 

in the flop range of flops it is possible for a person to debug a very large die size device 

to a very small area. Instead of looking for a, needle in a hay stack, an engineer now has 

the ability to go directly to the problem. Also the ability to have large area of a die 

covered while not consuming a large overhead makes scan chains an invaluable resource 

to testing modem large scale Integrated Circuits. 

3.6 Very Low Voltage Testing 

In the presence of non-terminal flaws, flaws that don't cause malfunction at 

normal operating condition, it is necessary to develop means to remove ICs with such 

weak characteristics in order to preserve the reliability of a product. In weak ICs the flaw 

is not damaging enough to cause the device to fail functionally at nominal voltage or to 

cause it to fail at all operating conditions. So in order to detect weak ICs, the operating 

condition need to be changed to induce malfunction in these defective ICs [13]. 

Very Low Voltage (VLV) testing is designed as an altemative to bum-in to detect 

weak IC's in the production process of integrated Circuits. Most current integrated 
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circuits operate at a nominal voltage that is much higher than the minimum possible 

voltage for proper functionality. A logic circuit will function correctly at a reduced speed 

as long as the output voltage of a logic circuit is sufficient to switch the transistors in the 

driven gates. This means that, for a logic gate to perform its correct logic function, the 

minimum power supply voltage only needs to be slightly higher than the largest 

magnitude of the threshold voltage of the transistors in the gate. 

The rise time of a circuit refers to the time it takes for a signal to go ninety percent 

of the way between a low state and a high state. The rise time of an inverter circuit (see 

Figure 3.6) is dependent upon the operating voltage as seen in Equation 3.9 [13] 

VDD 
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Figure 3.6: Inverter Circuit 
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Equat ion 3.9 [13] 
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where CL is the load capacitance and beta is the transistor gain factor. In order for the 

inverter to switch from a low state to a high state it is necessary to have a rise time 

greater than 0 and less than infinite. If we solve the Equation 3.9 for the minimum 

voltage is can be shown that the minimum operating condition for the inverter is very 

close to the threshold voltage as shown in Equation 3.10. 

20 
minjVp ,̂} > max{— | V, |} , all transistors in the inverter. Equation 3.10 [13] 

As Vdd Approaches Vt the slower the propagation delay becomes. Figure 3.7 

demonstrates how different supply voltages and threshold voltages affect the delay seen 

in an inverter chain. 
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Figure 3.7: Normalized propagation delay increase for an inverter chain at different 
VDD's 

Hao and McCluskey [13] showed that a three stage inverter chain operating at 0.7 

volts and the largest threshold voltage of all the transistors are 0.68 volts. Even though 
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the delay of the inverter is much shorter at higher voltage the correct logic function is still 

attainable. Figure 3.8 shows Hao and McCluskey [13] results. 
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Figure 3.8: CMOS inverter chain operating at low voltage [13] 

In reality, the minimum operating voltage of a large-scale CMOS device can not 

be pushed to the limit shown above. This is because of the noise margins experienced in 

large scale CMOS devices. In practice most large scale devices will experience 

minimum supply voltages around twice the threshold voltage. 

The effectiveness of Very Low Voltage testing of devices can be used for several 

purposes. It can be a simple low cost replacement for burn in time, which requires large 
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overhead. It is also possible to use VLV testing as a solution for testing customer retums. 

In many cases parts that failed in the field would retum and pass on a tester. This can 

occur because the tester environment did not represent the environment in which the 

device originally failed. So by implementing a VLV test scheme to a devices production 

tesfing plan it is quite possible for the reliability of a device to be greatly increased. VLV 

testing does not detect all defects instead it is aimed at detecting those devices that are 

going to show a high probability of being a field or intermittent failure. By screening 

such devices in a cost efficient manor it is possible to decrease overhead and decrease 

total cost of a device. 
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CHAPTER IV 

EXPERIMENT SETUP 

The Purpose of the experiment described below is to gain knowledge and possible 

screening methods using minimum supply voltage information. Four factors are going to 

be studied in this experiment. Minimum Supply Voltage (Vmin) boundaries, Vmin with 

respect to fmax and other parametric measurements and Vmin drifts over time. In order 

to study the above an experiment had to be designed in order to best collect information. 

Four areas need to be explored in order to correctly develop an experiment. These areas 

are material selection, testing methods, read points, and analysis techniques. 

4.1 Material Selection 

In this study a device with a very large scale die size was selected. In the range of 

130 mm^ and 160 mm^ was the die size of the device with 60 to 80 million transistors on 

each device. The device was a micro processor with a large level two (L2) cache in the 

order of one megabyte. 

For this experiment a total of four different lots of material were selected. A lot 

of material is 24 total wafers that all receive the same process during the manufacturing 

stage. Due to test time constraints not all wafers from all four lots could be selected. So 

for two of the four lots only two wafers of the 24 were selected. For a single lot only one 

wafer was selected. The last lot a random sample of all wafers was selected. A random 
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sample of 7 units was taken from the four lots to be used as control units through out the 

experiment. 

The four lots that were selected were selected because they represented all corners 

of the process. Comers refer to the distribution of I drives of the p type and n type 

transistors. For example the four corners of the distribution would be weak n type and 

weak p type, weak n type and strong p type, strong n type and weak p type, and strong n 

type and strong p type. Figure 4.1 shows a graphical representation of the location of 

these wafers. 
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Figure 4.1: Comer Lots Representation 

In addition to selecting material that represented all spectmms of the process 

variation, the material was selected from lots that had a high number of die that needed 
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repair on the L2 cache. This was done because previous studies showed high repair rates 

also showed to have an increase in the number of potential reliability fails. By attempting 

to increase the probability of the reliability fail in theory there would be more fails in 

which to study. It was necessary to pick the corner lots in order to ensure that all parts of 

the processing spectmm were represented in order to not skew the end results. With 

proper selection of material a small sample of data should be all that is necessary to 

properly represent the affects of minimum supply testing characteristics. For this study a 

total of 300 units were selected across the four lots. 

4.2 Testing Techniques 

The purpose of this experiment was to collect data to use for analysis and possible 

development of outlier screening methods. Minimum supply voltage searches were to be 

implemented on many different test types. Because of the complexity of the device under 

study it was necessary to collect data using many different tests because with just a single 

test insertion and test type would likely not test 100 percent of the device under question. 

The following tests were used: Functional, BIST, 6 scan chains, and memory test. 

Due to the complexity of complete functional testing only a simple functional test was to 

be implemented in the case of collecting minimum supply voltages for each device. This 

functional test was essentially a very simple branch execute command in which involved 

the use of pulling instmctions from the cache and mnning simple mathematical 

expressions. 
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The BIST test incorporated an intemal marching algorithm to test the large on 

chip L2 cache. The purpose of collecting minimum voltage specs on this test was to 

compare how the BIST minimum supply voltage compared to regular inline memory test 

patterns used on Automatic Test Equipment (ATE) to test the L2 cache. It was thought 

that if there was a large difference between the two minimum supply voltages then there 

is a high likely hood of a potential failure in the device. 

The device in question had a total of 6 different scan chains intemal on the device. 

It was necessary to collect minimum supply voltages on all chains in order to get the 

largest possible test coverage allowed. In most cases, there were two chains that would 

test with larger minimum supply voltages than the other four chains. In theory, one 

would expect that a device that showed a lower Vmin on any chain separate from the two 

limiting chains then the device would be suspect. In addition, any device that showed a 

large difference between the two limiting chains would also be suspect. Data was 

collected in order to study the comparison of each scan chain. 

Now look at exactly how the minimum supply voltage is tested. First understand 

that there is an entirely different set of test vectors on an ATE for each test in question. 

The Vmin of a device for a specific test can be tested by using one of two different search 

techniques. The first technique is known as a binary search and the second technique is 

known as a linear search. Figure 4.2 respresents a schmoo plot of a DUT. 
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Figure 4.2: Schmoo Plot Example 

The stars on the plot represent test insertions in which the test in question passed 

the periods represent test insertions in which the test failed. The general trend of the 

graph is very typical for most tests done on today's IC's. In the case of a binary search, a 

set frequency or period for the test would be set and never changed. Then the tester 

would start at a predetermined minimum voltage and then at a predetermined maximum 

voltage. The range of the voltage should be large enough in order that the maximum 

voltage selected is in the passing region and the minimum voltage selected is in the 

failing region. After the first two test insertions the ATE will then half the voltage 

difference and then test in between the minimum and maximum voltage. If this test 

passed, then the ATE would half the distance between the last known failing voltage and 

last passing voltage. In the case that third insertion fails, then the ATE would then half 

the distance between the last insertion and the last known good insertion. The ATE will 

continue to half the distance until the closest functional voltage is found. Please note that 
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for a specific binary search a resolution is set in which the tester will only determine the 

minimum operating voltage by the given resolution. 

For a linear search, a minimum voltage in the failing region is preset and then the 

ATE test at that point. The Test engineer will also set a minimum resolution for the test 

in question. At this point the ATE will increase the minimum voltage starting point by 

the resolution and test again. The ATE will continue to test until the minimum working 

supply voltage is found. 

One of the main advantages of using a binary search instead of a linear search is 

the test time required to converge on the minimum operating voltage. In most cases a 

binary search will find the vmin of a certain device and certain test using fewer test 

insertions than that of the linear search. But the complexity of the binary search is 

greater than that of the linear search. In the case of the experiment being described a 

linear search was chosen because of the small amount of devices being studied. 

4.3 Read Points 

In order to study the potential reliability issues of weak devices it is necessary to 

develop means to stress the weak components into become hard failure. A hard failure is 

a fail mechanism that fails at the nominal operating condition. In this experiment, the 

stress must cause the weak device to fail at either the low or high supply voltage 

specifications for the device. The stress type to be used will be a High Temperature 

Operafing Life test. This test will be broken down into small durations with test data 

being collected in between. Four total read points were to be implemented. Each read 
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pomt will incorporate vmin search tests on all of the tests described above in addition to 

normal production testing methods. Each read point will take place at ninety degrees 

Celsius. The resolution for these minimum supply voltage tests was set at 20 mV. The 

first read point would take place at time zero right after the devices had been assembled. 

The first read point will incorporate a high voltage stress to the device. In order 

to be able to track the Vmin of a device it was necessary to remove all possible stress on 

the device other than the burn in stress itself. Because of this high voltage stress a high 

resolution vmin search will be done both prior too and after the high voltage stress. This 

will enable one to first look at how high voltage stress affects the minimum supply 

voltage of a device as well as remove the high voltage stress variable from the next read 

point. 

The second read point will be after an eight hour duration of HTOL bum in. 

Eight hours of HTOL burn in is equivalent to .08 years of a devices operation. After the 

second read point the material will go back for an additional twelve hours of HTOL bum 

in. At this point a third read point will occur at time equal to twenty total hours or .2 

years of operation. After the third read point the material will go back into the ovens for 

twenty four more hours of HTOL bum in. At this point a grand total of 0.44 years of 

operation have been simulated during the bum in test. 

Each separate read point will allow the units to be retested and failures will be 

collected and analyzed. If any failure is not hard meaning that the device can still 

function under certain circumstances then it will not be screened out of the population 
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and continue back into the burn in environment, but it will be noted and reported in the 

results. 

4.4 Analysis Techniques 

Linear Regression is going to be used as a technique to analyze the outcomes of 

this study. Linear regression is the use of summarizing data into a single linear function. 

In short linear regression will take a sample of data and fit a linear line that best 

represents the trend of the sample taken. 

Linear regression is the ability to take to variable and determine a best fit linear 

line to represent the sample taken. Linear regression is very useful in predicting the 

future outcome of material with out actually having to sample it. In this study the use of 

least mean squares will be used. 

Assume that the regression curve of Y on x is linear, that is, where for any given 

X, the mean of the distribution of the Y's is given by a -I- Px. In general, Y will differ 

from this mean, denote this difference by e, as seen in Equation 4.1 [23]. 

Y = a + px-\-£ Equation 4.1 

Thus, 8 is a random variable and choose a so that the mean of the distribution of this 

random variable is equal to zero [23]. 

The procedure of finding the equation of the line which best fits a given set of 

paired data, called the method of least squares, yields values for a and b (estimated of a 

and P) [23]. Before calculating the least squares estimators, it is necessary to look at 
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some notations for the sums of squares and sums of cross-products as shown in Equations 

4.2,4.3 and 4.4. 

^xx - Yj^^i ~ •̂ ')̂  Equation 4.2 
1=1 

n 

"̂ .vv = Z! ̂ y> ~ >')̂  Equation 4.3 
1=1 

n 

^xy=Y, (x, - x)iyi - y) Equation 4.4 

To obtain the final equation for the best fit line shown in Equation 4.5. 

5 
a= v-bx And b = -^ Equation 4.5 

XX 

Once the best fit line is obtained the error of the line needs to be calculated. In 

order to do this the actual collected value is subtracted from the estimated value for all 

points collected. This sum is called the Residual Sum of Squares or the error sum of 

squares as shown in Equation 4.6. 

Residual Sum of Squares = ^ ( j , - a -bx.)^ = Sy^- ^ Equation 4.6 

(=1 ' « 

The use of linear regression can be very helpful in order to approximate the future 

actions of non sampled parts of a population. As like with all statistics they can only be 

as good as the data that derived them. Be careful to first look at the data and determine 

weather the approximation is helpful or deceiving. 

47 



CHAPTER V 

ANALYSIS 

The first step to analyze the results of the experiment is to look at the data 

collected as a whole. It is necessary to look at all of the data points from all three read 

points. In order to understand the trends of the vmin test versus time scatter plots were 

constmcted for each vmin value collected. Built in self test. Functional Test, sram test, 

and all six scan chains vmin test were evaluated in this study in addition the maximum 

operating frequency of the functional test was studied as well. 

5.1 Population Versus Time 

Functional Minimum voltage versus time scatter plot is shown below in Figure 

5.1. The initial outliers circled in red were rejects from that test point. Because these 

units failed at the initial test point they were removed from the population and did not 

continue on into the bum-in test. 
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Figure 5.1: Functional Vmin Versus Time 

The red vertical lines indicate the entire spread of the data range. The boxes 

indicate the quartiles of the data collected. The center red horizontal line indicates the 

mean of the population. The green diamond is a 95 percent confidence interval of the 

mean. This means that there is a 95 percent chance that the tme mean of the population 

is inside the diamond shown. 

The bum-in test durations causes the entire population of functional vmin values 

to increase as time progresses. For example the mean of the 44 hour test was greater than 

that of the 0, 8, and 20 hour read points. The points circled in blue show the suspect die 

that tested to be considerably greater than that of the population. In general die like these 

will be screened from production testing by setting a upper and lower limit to the search 
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value in the case of the die that was tested in this experiment these dies were not removed 

in order to see if die with higher vmin would shift more that die with lower vmins as bum 

in duration continued. 

In the experiment both Built in self testing and normal straight line marching ram 

test algorithms were tested. Figures 4.2 and Figure 4.3 demonstrate the similarities of 

these two tests. There are some slight differences but at the zero time test both test 

showed similar numbers of outlier die that were initially screened out. That are shown 

circled in red. 

I Oneway Analysis of vminL2 By Time ] 
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Time 

Figure 5.2: Vmin L2 versus Time 

50 



Figure 5.3: BIST Vmin versus Time 

Both the BIST test and the L2 test removed four initial outliers. Also the L2 and 

the BIST test share the same increase in vmin data that was seen in the functional test. 

But unlike that of the functional test the BIST and L2 test had a lower general vmin than 

that of the functional test. 

Two of the six scan chain scatter plots are shown in Figures 5.4 and 5.5. Like that 

of the functional and BIST and L2 test the scan chains also show an increase in vmin as 

the bum-in duration increases. 
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Figure 5.4: Scan chain 0D5 Vmin versus Time 

I Onsway Analysis of VtiiinQDa By TimB 
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Figure 5.5: Scan chain OD9 Vmin versus Time 
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Notice the two outliers in Figure 5.5 at the 8 and 44 hour read points that are 

circled in blue. These suspect die are likely to be potential reliability failures. 

When dealing with large scale CMOS devices the maximum operating frequency 

is important. In many cases a single design will sale chips at different frequencies based 

upon how fast the part operated during testing. In many cases, the faster chips would be 

more expensive and generally create a higher profit margin for the company. 

Because of the practice of selling faster parts for more a company had to be able 

to verify that the unit that tested at one speed during production would not slow down and 

operate at another later down the road. Because of this the speed degradations of parts as 

they are tested in accelerated life test like that of burn in must be taken into consideration 

in order for a company to verify that a unit will continually perform at the speed in which 

it is sold under. Figure 5.6 shows the maximum functional frequency of the units with 

respect to there time in bum-in. 

I O n e w a y Ana^^sis at S) jBedPHEHI1 Ety T imo 

a 2o 

Time 

Figure 5.6: Functional Fmax versus Time 
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The mean of the maximum operating frequency of a population tends to decline 

as burn-in durations increase. Because of this engineers must make sure that the final 

selling speed of a unit is guard banded enough to verify that during the lifetime of a 

particular unit that it will not drop below the operating frequency specified. 

5.2 Individual Units Versus Time 

In many cases a single die will show a greater change in either frequency or vmin 

than that of the population but never move outside the normal distribution of values for 

the population. Because of this it is necessary to look at the change of individual dies 

over time. To study this every single test was compared to the test at the read point 

previous. Then a linear regression was applied in the case of an outlier or a die that 

showed a greater change in either vmin or maximum functional frequency that die would 

have the greatest error from the predicted linear line. This study was done to isolate 

suspect die from the population and to watch if the suspect die would continually trend to 

change at a greater rate thus making the die a reason for reliability concem. 

The first test under comparison will be the maximum frequency functional test. 

This test had the highest resolution of the other test in order to have greater understanding 

of the maximum frequency. The need to understand the degradation of Fmax is 

necessary in order to make sure that units that are sold at one speed will continue to work 

at that speed. In Figures 5.7, 5.8, and 5.9, the comparison of the maximum frequency 

versus the previous read point is shown. The outlier unit or the units that showed a larger 

decrease or increase from one read point to another are circled in red. 
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Figure 5.7: 8-Hour Fmax versus 0-Hour Fmax 

The linear regression of Figure 5.7 retums a prediction equation shown in 

Equation 5.1. 

SHourF max Pr ediction = 21.69 + 0.98 • OHourF max Equation 5.1 

With an R squared value of .919 the model is relatively a good fit to the data collected. 
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Figure 5.8: 20-Hour Fmax versus 8-Hour Fmax 

When comparing Figure 5.8 to Figure 5.7 the number of suspect die circled in red 

has decreased dramatically. Two of the outlying dies from Figure 5.7 were removed at 

that read point because they failed to pass all the tests. The one outlying die from Figure 

5.8 is also an outlying die from Figure 5.7. This is an example of a unit that shows a 

large initial degradation in maximum operating frequency will continue to decrease at a 

rate greater than that of the population. But at the 44-hour read point, we see that the unit 

is question has slowed down its degradation rate and has joined in the normal population. 
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Because of this odd behavior it is hard to determine weather or not this unit is a tme 

reliability fail. The unit's location is circled in blue in Figure 5.9. 
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Figure 5.9: 44-Hour Fmax versus 20-Hour Fmax 

There are no outlying die in Figure 5.9. Unfortunately, the suspect die from 

Figure 5.8 did not continue to degrade at a rate such that it would be an outlier in Figure 

5.9. The linear regression model is shown in Equation 5.2 and the R squared value is 

.997 a very good fit. 

Pr edictedAAHourF max = 4.018 -I- 0.996 • lOHourF max Equation 5.2 

Minimum supply voltage testing of BIST was also compared from one read point 

to another trying to isolate die that showed large change in Vmin from one read point to 
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another. In Figures 5.10, 5.11, and 5.12, the results of the minimum voltage BIST testing 

is shown. 

IO H owvmtnBl a* vs B Ho tar VrHnBlst 

Figure 5.10: 8-Hour VminBIST versus 0-Hour VminBIST 

The die circled in red in Figure 5.10 are die that showed a large increase in 

minimum supply voltage BIST test during the 8 hour bum in insertion. In theory one 

would expect these die to continue to show a larger change in Vmin than that of the 

population. But in the experiment this did not happen. These die only showed a large 

change between 0 to 8 hours but did not continue to change drastically in the following 

two read points as seen in Figures 5.11 and 5.12. 
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Figure 5.11: 20-Hour VminBIST versus 8-Hour VminBIST 

The suspect die from Figure 5.10 did not continue to show any strange behavior at 

the next read point. Instead two more suspect die were located at the 20 hour read point 

and are shown in Figure 5.11 circled in red. Unfortunately, these die as well only showed 

odd behavior at the 20 hour read point but not at the later read point as seen in Figure 

5.12. 
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Figure 5.12: 44-Hour VminBIST versus 20-Hour VminBIST 

The minimum supply voltage testing of the BIST test did not yield any tme 

suspect potential failures. It did identify false fails because these units only showed odd 

behavior at one test point but did not continue to show the same odd behavior at later test 

points it is hard to consider these die as potential reliability issues based upon the results 

of the Vmin BIST test. 

The Vmin Testing of the L2 also did not yield any suspect die at all. The entire 

population left a linear relationship from one read point to another. The results of the L2 

minimum supply voltage testing are shown in Figures 5.13, 5.14, and 5.15. 
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Figure 5.13: 8-Hour VminL2 versus 0-Hour VminL2 

Figure 5.13 shows no outlying die but the deviation of each read point is quite 

large. There is a little concem because of the wide distribution it would probably be 

necessary to repeat the above test with a higher resolution in hopes of better 

understanding why there is such a wide distribution. Unfortunately time did not allow for 

this in the experiment at hand. 
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Figure 5.14: 20-Hour VMinL2 versus 8-Hour VminL2 

During the next read point, the large distribution of values is decreased. But once 

again there are no outiying die. There are a few die that did seem to have a slight larger 

difference but this is no need for any concem. Due to the resolution of our test it is 

necessary that outlying die be extreme and not just showing a little or slight change from 

one read point to another. The 44-hour results are shown in Figure 5.15. 
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Figure 5.15: 44-Hour VminL2 versus 20-Hour VminL2 

The 44-hour results show an almost completely linear relationship with no 

outiying die. The only odd thing that did occur is that the BIST results differed quite a 

lot from that of the L2 results. Because of the odd behavior and inconsistency of the 

BIST results when compared to that of the L2 the BIST results are not a good test in 

which to isolate potential failing die. This is quite possible an explanation as to why 

some outiying die from the BIST test did not continue to show the same odd behavior 

that made them outiiers in the first place. It could be possible that due to the added 

complexity of the BIST test that it causes possible false minimum supply voltage 

readings. Though this theory can not be proven at this time it is a possible situation that 

can explain the odd behavior of some die during the BIST test. 
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The results of the function test will be shown in Figures 5.16, 5.17, and 5.18. 

Like the results of the L2 minimum supply voltage testing the functional test did not yield 

any outiiers. The results of the 8-hour read point are shown in Figure 5.16. 

Figure 5.16: 8-Hour VminFunc versus 0-Hour VminFunc 

Like that of the Figure 5.13, the functional test showed a very wide distribution of 

die at each vmin voltage. Retrying this test at a higher resolution in hopes of better 

understanding the behavior of this test. The results of the 20-hour read point are shown 

in Figure 5.17. 
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Figure 5.17: 20-Hour VminFunc versus 8-Hour VminFunc 

The results of the 20-hour read point yield an extremely linear relationship with 

the previous read point. Once again the results are much like that of the L2 minimum 

supply voltage testing. The results of the final read point are shown in Figure 5.18. 
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Figure 5.18: 44-Hour VminFunc versus 20-Hour VminFunc 

The results of the minimum supply voltage testing of the functional test did not 

yield any die to be suspect. Because of this it is hard to discount the results of this test. 

The results of the OD8 scan chain will be discussed in detail. Because this chain 

is the limiting factor for the entire scan chains it is necessary to study the test because it 

had the highest minimum supply voltage test for all of the scan chains. The results of the 

8-hour read point are shown in Figure 5.19. 
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Figure 5.19: 8-Hour VminOD8 versus 0-Hour VminOD8 

The comparison of the initial read point and the read point after 8 hours of 

accelerated life test have some odd results. The one die circled in red show an outlying 

die that would be suspect to cause a reliability fail. The die circled in blue just shows a 

very odd cluster of die at the low end of the 0D8 vmin values. Unlike that of the rest of 

the die these die do not completely follow the general linear trend seen. It may be that 

these die are reliability fails but due to the large number of these die it would be helpful 

once again to repeat the test with a higher resolution to better understand these die in 

question. The results of the 20 hour read point are shown in Figure 5.20. 
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Figure 5.20: 20-Hour VminOD8 versus 8-Hour VminOD8 

As seen in Figure 5.20, there are two suspect die seen. Notice that the large group 

of die seen in Figure 5.19 at the low end of the distribution has seemed to disappear. The 

top outiying die is the same die that was circled as an outiier in Figure 5.19. At this point 

due to the continually larger decrease in minimum supply voltage, it would be possible to 

isolate this die and determine it to be a possible reliability failure. The other outiier die is 

new at this read point. If this die continues to exhibit odd behavior it too can be isolated 

as a reliability failure. The next set of results is shown in Figure 5.21. 
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Figure 5.21: 44-Hour VminOp8 versus 20-Hour VminOD8 

The results shown in Figure 5.21 show no outlying die. Even the die that showed 

odd behavior at both the 8 hour and 20 hour read points is no longer changing at a greater 

rate than that of the entire population. Because of the results in the above figure it is not 

possible to conclude that the outlying die from Figure 5.20 are reliability fails. Because 

the die did not increase its vmin from one read point to another the unit is no longer a 

possible reliability failure. 

5.3 Data Comparison 

In addition to locating outliers due to there change from one read point to another 

it is possible to locate outiiers when two or more parameters are compared. Past work 

[15] has shown that the relationship of maximum operating frequency to the minimum 

supply voltage can be an effective way of identifying potential reliability failures. In this 
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section all minimum supply voltage data is going to be compared to its respective 

maximum frequency in hopes of identifying potential outliers. 

In this experiment there were four read points were data was collected. So at each 

read point it will be necessary to compare the maximum functional operating frequency 

to each minimum supply voltage taken for each test. 

The minimum supply voltage data for the BIST test is shown in Figures 5.22, 

•5.23, 5.24, and 5.25. The zero hour data is shown in comparison to the zero hour 

maximum frequency data shown in Figure 5.22. Figures 5.23, 5.24, and 5.25 have the 8, 

20, and 44 hour data, respectively. 
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Figure 5.22: 0-Hour VminBIST versus 0-Hour Fmax 

The die circled in red in Figure 5.22 are die that were rejects at that read point and 

were removed from the population and did not continue on into the bum in testing. The 

die circled in blue is an outlier that passed all test and did continue on into the bum in 
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testing. If this die continues to show odd behavior at other read points, it will be removed 

as a potential reliability failure. 

8 Hour VminBIST vs 8 Hour Fmax 
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Figure 5.23: 8-Hour VminBIST. 8-Hour Fmax 

The die in Figure 5.23 circled in blue is the same die from Figure 5.22 that was an 

outlier die. The other die circled in red is new outiier die that was not realized in the 

previous Figure 5.22. The three red die circled in purple are die that failed at that read 

point. This dies unfortunately do not seem to have any relationship of the VminBIST to 

there failure at the 8 hour read point. Because of these failures the objective is to find a 

means to remove these die from the population before the 8-hour read point in order to 

shorten burn in duration. These die will always be represented by red dots in future read 
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points because they are the only failures that were seen in this test. One of these die 

because it was a hard failure was removed from the population. The other two die which 

still functioned just did not meet specification were left in the population in hopes 

understand them. Figure 5.24 shows the results from the 20-hour read point. 
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Figure 5.24: 20-Hour VminBIST versus 20-Hour Fmax 

The four die circled in red are die that starting to drift a way from the population. 

If these die continue to move away from the population may become reason to be 

removed as potential reliability failures this will be determined at the 44 hour read point 

data shown in Figure 5.25. 
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Figure 5.25: 44-Hour VminBIST versus 44-Hour Fmax 

Still the same two die are showing to be outiiers. At this point remove the die as 

potential reliability issues. Unfortunately, these die did continue to pass all test at all read 

points. One would have hoped that these die would have failed test points at later read 

points in order to constitute removing the die from the population. The two rejects from 

the 8 hour read point are still circled in purple and show no relationship between max and 

BIST testing. 

The results of the functional vmin in comparison to the maximum operating 

frequency will be discussed in Figures 5.26, 5.27, 5.28, and 5.29. The zero-hour results 

will be shown in Figure 5.26 and the 8, 20 and 44 hour results will be shown in Figures 

5.27, 5.28 and 5.29, respectively. 
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Figure 5.26: 0-Hour VminFUNC versus 0-Hour Fmax 

In Figure 5.26, the die circled in red are outiying die that were also rejects at time 

zero and were removed from the population and did not go into bum in testing. The die 

in blue is a good die that seems to be a reject and runs a likely hood of being a potential 

reliability failure. The three die circled in purple are the only three rejects at the 8 hour 

read point. Unfortunately these die are not outiiers here. If they were it would be 

possible to develop means to screen these die in hopes of reducing the duration of bum in 

testing. The 8-hour results are shown in Figure 5.27. 
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Figure 5.27: 8-Hour VminFUNC versus 0-Hour Fmax 

The die circled in blue in Figure 5.27 is the same outiying die from Figure 5.26 

this die continues to be an outlier even at later read points. The three die circled in purple 

are the three rejects that occurred at this 8-hour read point. Unfortunately these die 

failures do not seem to share any correlation between Fmax and minimum supply voltage 

of the functional test. 
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Figure 5.28: 20-Hour VminFUNC versus 20-Hour Fmax 

The die circled in blue in Figure 5.28 is the same die that has been an outiier at 

both the 0-hour and 8-hour read points. The new die circled in red is a die that became an 

outiier only at this read point. These die are possible reliability fails but if these die do 

not fail further into the burn in durations it will be difficult to verify them as reliability 

issues. The final 44-hour read point is shown in Figure 5.29. 
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Figure 5.29: 44-Hour VminFUNC versus 44-Hour Fmax 

Unfortunately, the die circled in blue that was an outiier at all read points 

continued to pass the entire test even at the 44-hour read point. It is the opinion of the 

author that this die would eventually become a failure if the die was allowed to continue 

in the bum in duration. Unfortunately the experiment was only taken out to 44 total 

hours of bum in. The two other die circled in red are die that became outiiers later in the 

experiment. Similar to the die circled in blue that had these die been bumed in for a 

longer duration would be come potential reliability issues. 

For the L2 sram minimum voltage data will be represented in Figures 5.30, 5.31, 

5.32, and 5.33. The next section will compare the BIST test to the L2 normal inline 

patterns test. For now the correlation between maximum frequency and the L2 inline 

pattems is being explored. 
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Figure 5.30: 0-Hour VminL2 versus 0-Hour Fmax 

In Figure 5.30, the units circled in red are rejects from the 0-hour test insertion. 

These units were removed from the population and did not continue on into the bum in 

test. The three units circled in purple are the three units that failed at the 8 hour test 

insertion. Unfortunately these units do not appear to behave any different than the 

population when comparing VminL2 to Fmax. It will be impossible to identify these 

units with out the bum in from the figure shown above. The results for the 8-hour read 

point will be shown in Figure 5.31. 
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Figure 5.31: 8-Hour VminL2 versus 8-Hour Fmax 

The 8-hour read point comparison of the L2 with respect the maximum operating 

frequency did not yield any outiiers nor did it separate the 8 hour fails from the normal 

population. It will be hard to use the L2 data as a possible screen for reliability fails due 

to the fact that it did not separate the actual fails from that of the normal population. Like 

the other test both VminFUNC and VminBIST the VminL2 test did not show a difference 

between the actual population and that of the units that failed at the 8 hour read point. 

One of the three units that failed at the 8 hour read point was removed from the 

population due to hard failure. The other two units only showed marginality in the test 

and did not perform at the required speed or voltage. The results for the 20-hour read 

point will be shown in Figure 5.32. 
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Figure 5.32: 20-Hour VminL2 versus 20-Hour Fmax 

The 20-hour read point like that of the 8 hour read point shows to have no 

outliers. The 8-hour failures that continued into the burn in test are circled in purple and 

these units still show no difference from the population at the 20-hour L2 read point. The 

results of the 44-hour read point are shown in Figure 5.33. 
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Figure 5.33: 44-Hour VminL2 versus 44-Hour Fmax 

Like that of the 20-hour read point the 44 hour read point fails to show any 

outliers. As well the 8-hour rejects do not seem to separate from the population. From 

this data we can conclude that the L2 test is not a suitable test for removing outlying 

potential failures when it is compared to Fmax. 

There were six total scan chains that were tested in this experiment in order to 

save time only one of the six chains results are going to be presented for this part. The 

chain with the limiting Vmin value was chosen. The limiting chain is the chain with the 

highest minimum supply voltage for the majority of devices in the population. The 

results for the OD8 chain will be shown for all read points in Figures 5.34, 5.35, 5.36, 

and 5.37 for the 0-hour, 8-hour, 20-hour, and 44-hour read point, respectively. 
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Figure 5.34: 0-Hour VminOD8 versus 0-Hour Fmax 

The area in Figure 5.34 circled in red is the area in which several outiying die 

placed. Inside of this outlying area are the three die that failed from the 8-hour read 

point. Unfortunately in addition to the failing die from the 8-hour period about 10 

percent of the entire population is represented in this area. One can not discount all of 

these outiiers as being reliability fails because it would cause yield to go way down. It is 

necessary to explore why these devices are behaving different from the 90 percent of the 

population that is not shown a large difference. The results from the 8-hour read point 

for the 0D8 scan chain are in Figure 5.35. 
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Figure 5.35: 8-Hour VminOD8 versus 8-Hour Fmax 

Once again at the 8-hour read point a large area of outiier die. This time though 

one of the three reject die from the 8-hour read point moved into the population or die. 

This is okay because at this point the die is already a reject. And if the dies are selected 

as outiiers at the zero hour read point then the die would not have made it to the 8 hour 

read point and the need for longer bum in durations can be decreased. The results for the 

20-hour read point will be shown in Figure 5.36. 
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Figure 5.36: 20-Hour VminOD8 versus 20-Hour Fmax 

Again at the 20-hour read point there still appears to be a large area of outlying 

die. This time is seems that both of the 8 hour reject die circled in purple are outiying die 

as well. There is very littie to no linear regression to this data. It appears that the normal 

population or minimum supply voltage on the 0D8 chain has very littie correlation with 

the maximum operating frequency of the functional test. Because of this reason it is 

hard to use the relationship as a means for identifying outiiers. Also notice that all of the 

outiiers are greater than Iv on the VminOD8 scale. Because of this it is not necessary to 

use the correlation with Fmax to locate these Outliers. If need be these outiiers could be 

isolated by just setting the passing and failing regions on the minimum supply voltage 

search to one volt. The results for the 44-hour read point will be shown in Figure 5.37. 
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Figure 5.37: 44-Hour VminOD8 versus 44-Hour Fmax 

The results of the 44-hour read point and the 0D8 scan chain are very similar to 

that of the 20-hour read point. The die that are outliers at the zero hour read point will 

continue to be outliers at the 44-hour read points. Unfortunately, there are far too many 

of these outiying die to call them all reliability failures. Also only 3 of the outlying die 

actually failed any test after entering bum in. The evidence shown above is not enough 

to screen these die but it is enough to continue exploration into why these die are 

behaving so strangely in comparison to the population. 

5.4 L2 versus BIST comparison 

It is necessary to compare the minimum supply voltages of the BIST test with that 

of the normal inline L2 pattems. As a review the Built In Self Test is an intemal testing 
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algorithm used to test the on chip memory caches. The L2 test uses an external 

Automatic Test Equipment or ATE to load and mn specific patterns developed to test the 

Cache. The purpose of comparing the two is to see how well the BIST works in 

comparison to the ATE using inline patterns. The results of the comparison will be 

shown in Figures 5.38, 5.39, 5.40 and 5.41 from the read points at 0, 8, 20, and 44 hours. 

I o HfturvminLg v . o Hour vitiinEHST j 
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Figure 5.38: 0-Hour VminL2 versus 0-Hour VminBIST 

From Figure 5.38, it is easy to see that the BIST and L2 do not have that great of a 

correlation. For example the only part of the graph that appears to have a good 

correlation is the top right where the three reject die from the zero hour test are. The 

large grouping of die, around the lower left of the graph, has a bad correlation between 

L2 and BIST. But the difference is not terrible because for the most part all die that 
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showed a low BIST test also show a low L2 test but the returned values of both tests do 

not appear to be the same. The results of the 8-hour read point are shown in Figure 5.39. 

a Hour VminL2 vs. 8 Hour VminBIST 

Figure 5.39: 8-Hour VminL2 versus 8-Hour VminBIST 

The 8 hour results show a much better correlation than that of the 0 hour results. 

There are two outiying die circled in red. These die appear to not follow the general 

linear regression of the chart shown in Figure 5.39. It might be possible that die that do 

not follow the linear regression of the chart are possible reliability fails. But in the case 

here both die passed all test at the 8 hour read point. The results of the 20-hour read point 

will be shown in Figure 5.40. 
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Figure 5.40: 20-Hour VminL2 versus 20-Hour VminBIST 

At the 20-hour read point, the same two outiying die from the previous 8-hour 

read points appear. But once again these die continue to pass all of the tests so they can 

not be considered a reliability failure at this point. The results of the 44-hour read point 

will be shown in Figure 5.41. 
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Figure 5.41: 44-Hour VminL2 versus 44-Hour VminBIST 

The 44-hour read point shows a correlation on par with that of the 8-hour and 20-

hour read points. But still the same two die appear to be outiiers but continue to pass all 

of the tests at each read point. If these units continued to go further into the burn in 

duration that they would become a failure. If this was to happen it would be possible to 

isolate the die as possible early life failures. But unfortunately the scope of this 

experiment was only to 44 hours. 
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CHAPTER VI 

CONCLUSIONS 

6.1 Final Points 

The goal of the experiment was to attempt to develop means to remove failures 

from the population at an early time in the test flow. Unfortunately the results of this 

experiment did not entirely meet the goal. The results may open doors but by them 

selves are lacking in order to implement a new test in the testing scheme of large scale 

integrated circuits. After looking at the population of measurements as a whole and then 

comparing the measurement of single die outiiers can be found, but unfortunately the 

experiment did not conclusively prove that all of the outliers will become failures down 

the road. 

By looking at the initial populations there is a general trend that all of the 

minimum supply voltage tests follow. It appears that as time in the burn in test increases 

that the minimum supply voltages will increase at a dying exponential rate. This 

conclusion can be supported by looking at Figures 5.1, 5.2, 5.3, 5.4, and 5.5. At the same 

time, it appears that as time increases that the standard deviation of the population will 

decrease, with the exception of the BIST test all test confirmed this. In addition to the 

minimum supply voltage, test the maximum operating frequency test will decrease at a 

dying exponential rate like that of the minimum supply voltage test. Figure 5.6 supports 

this. Like that of the minimum supply voltage it also appears in Figure 5.6 that the 
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standard deviation of the population decreases with time as well. The results of single die 

apart from the population some other conclusions and generalizations can be made. 

When each individual test is compared to the values to the next read point 

outlying die can be seen. Unfortunately in many cases these die did not continue to 

degrade at the faster rate at even later read points. In some cases the die where seen to 

show a continuous degradation but because of the die that did not show this continuous 

increase in degradation rate it would be hard to develop a test in which to screen die and 

not mn the risk of screening good die. Also it seems that the correlation between read 

points is best between the 20-hour and 44-hour read points, respectively. This is likely 

because of the smaller increase in minimum supply voltage seen between these read 

points in addition to the decrease in standard deviation. Unfortunately during the 

duration of this test only 3 failures where seen at the 8-hour read point and no failures, 

where seen at the 20-hour and 44-hour read points. While looking at degradation it did 

not appear that the failing die acted differently then that of the population of the respected 

test. This does not mle out that the outlying die could become failures at later read points 

but for this test all data collection stopped at 44 hours. 

When the individual minimum supply voltage of each test where compared to that 

of the maximum operating frequency a correlation was seen. Table 6.1 demonstrates the 

R squared values of the individual comparisons of all possible variables. 
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Table 6.1: Time Zero R Squared Values 

LppH ^ ^ ^ iVminBIST iVminL^ VminFunc TDO Vm,nOD9 VminODS Vm,nOD7 VmmOD6 VmmOD5 

VminBIST 
yminL2 
VminFunc 
|TDO 
VminOD9 
VminODB 
VminOD7 

** 
** 
** 

VminODS :** 

U.815 
** 
** 
• * * 

** 
** 
*• 
• * * 

• » * 

0.452 
0.046 

** 
** 
** 
** 

** 

** 

0.476 0.475 
0-127 0 147 
0.275 0.16 

** 
«* 
** 
** 

** 

** 

** 
*9 

0.367 
0 

0.1 
n ni 

0,077 
** 
** 

** 

0.46 
0 007 
0 069 

0.002 
0.07 

** 
•n* 

** 

0.359 
0 005 
0.24 

0,015 
^ 0.546 

0.087 

** 

0.411 0.4 
0.04 0.032 

00341 00161 

0.622 
0.27 

0 
0,146 

** 
** 

0.552 
0.312 

0 
0 209 
0.839 

At time zero the best correlations was between maximum operating frequency (speed) 

and any of the minimum supply voltage test. When the data was analyzed outliers were 

found. Unfortunately once again the 3 rejects from the 8-hour read point did not appear 

to be outiiers in any of the comparisons at time zero or any other read point. The test did 

not continue long enough to prove or disprove that the outlying die would become 

potential failures. 

When the results of the L2 inline pattem test were compared to the results of the 

Built in Self Test (BIST) a correlation was shown. At time zero, there were several 

potential outliers of the correlation that could be seen, but as time progressed the 

correlation got considerably greater. So the outlying die at time zero did not continue to 

be outlying die as time progressed. The cause of this is probably due to the decrease in 

standard deviation seen as time increases. 

6.2 Future Work 

There are many things that could be done to continue this study and to possibly 

better its results. First, a larger sample size could be used in addition to a longer duration 

and more frequent read points. In addition if all die could be initially tested for minimum 
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supply voltages and maximum operating frequencies in order to have more die per wafer 

with values to compare neighboring die as a possible means of isolating outlying die. 

The use of a larger sample size would possibly make the correlation of data better 

and the difference of outliers greater. Because, there would be more die forming the 

population and hopefully fewer die, percentage wise, in the outlier range. By increasing 

the sample size there is a better chance of getting more failing die at each read point. It is 

necessary to get these failing die in order to compare them to the population at the earlier 

read points in hopes of showing that the failing die and the outiying die are one in the 

same. With a conclusion such as this it would be possible to make a strong argument for 

the implementation of such outiier screening test at read points. Also if the results are do 

not conclude this it might make an argument for the removal of minimum supply voltage 

searches altogether. 

By increasing the time that the population was in bum in it would have a greater 

affect, because there would be a higher likely hood of rejects at future read points. Like 

that of increasing the sample size the increase in rejects would likely make a greater 

argument for the removal of the outlying die. In addition to increase in burn in time a 

greater frequency of read points could help the argument as well. The more data more 

frequently would allow to characterize the behavior of both the good and bad die to a 

greater precision. 

If all of the die of each wafer were tested with the minimum supply voltage 

testing, it would be possible to do a neighboring die analysis on the die. By analyzing the 

neighboring die in order to predict the outcome of each die test results. A study could be 
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done in order to prove that die that defer greatiy than that of its neighbors could be 

screened as being potential outlying die. 
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