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Abstract

ISE-TCAD is used to discuss random telegraph noise (RTN) on different
VLSI devices in this report. We abandon-the old method of 2-Dimensional
uniform doping in devices and introduce a concept of 3-Dimensional
“ atomistic ” doping. We successfully simulated single charge characteristic in
devices, including most representative percolation behavior.

We also predict single charge behavior in MOSFETs with different
dimension, doping concentration and electron density. Besides, we offer
explanations to the influence of bulk voltage and pocket implant on single
charge behavior.

At last we do a discussion on high k CMOS and SONOS flash memory
with single charge behavior. We find out no matter on what devices, single

charge statistical behavior is the same. They all follow percolation theory.
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Figure Captions

2.1 (a) Traps start to capture and emit electrons when Er is close to
Er.

(b)A two-level drain current waveform caused by capture and

emission in an oxide defects. 1., T and Ald present capture

time, emission time and current degradation respectively.

2.2 RTN amplitude recorded with cumulative probability is distributed

exponentially and smaller cell has larger o.

2.3 There is a critical path that most current percolates through it.

2.4 Here is the simulation flow of computing RTN amplitude.

2.5 Simulation with uniform doping ~does not behave like the
measurement.

2.6 (a) Substrate uniform doping cannot create percolation path.

(b) Different trap position-along channel length.

2.7 Max RTN amplitude in substrate uniform doping is located in the

middle of channel.

2.8 (a) 3-D “atomistic” simulation describes RTN amplitude
characteristic well.

(b) A critical path is generated by random dopants.

2.9 (a) (W=L)" well describes the dependence of o.
(b) W' is in good agreement with the simulation.

(c) N.™* well describes RTN amplitude characteristic.

(d) n? agrees with standard deviation property.

2.10 RTN amplitude versus drain current (a) Measurement
(b)Simulation
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3.5

Percolation effect turns into number fluctuation in strong inversion

from the top view of the device.

RTN amplitude changes with different bulk voltage.

(a) Smaller RTN amplitude is observed in higher V.

(b) Electrons are pulled away from positive V.

(a) Here is the top view of the channel.
(b) Electron density along channel direction is sown with different
V3.

(a) Simple sketch stands for pocket implant.

(b) Here exhibits pocket concentration dependence of c.

(a) RTN amplitude distribution is plotted without pocket along L.
(b) RTN amplitude distribution is plotted with pocket along L.

(a) RTN amplitude distribution is plotted along L.
(b) RTN amplitude distribution-is plotted along W.

(a) Charges are trapped in oxide under positive gate bias.

(b) Here shows typical characteristic of BTI behavior.

Experiment data are distributed exponentially.

(a) Flow chart of BTI simulation is shown here.

(b) Here compares between measurement and simulation.

Here exhibits (a) W=L and (b) W dependence of G.

(a) Threshold voltage distribution in fresh state is shown here.

(b) Threshold voltage distribution in stress state is shown here.
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Here plots a staircaselike evolution of a read current with retention

time.

Electrons are tunneling from nitride because of thin bottom oxide.

(a) Three V;retention traces versus cumulative retention with two,
three, and six P/E cycles.
(b) An average of 50 retention traces follows tunneling front

model.

Distribution of a single-program charge loss induced AV is plotted
in this figure.

(a) Simulation of V; retention loss characteristic in three cells is
shown here.

(b) An average of Vqretention loss simulations follows tunneling
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Monte-Carlo-simulated Vt retention distribution at a retention time
of 10°s and 10° s.
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Chapter 1

Introduction

Due to the reduction in device geometries advances aggressively, single charge
induced threshold voltage fluctuation becomes more and more important. In extreme case,
multi-level-circuit might be read failure caused by several electrons loss. That’s why we
focus on single charge phenomenon in this report.

2D uniform doping is not suitable because devices are getting smaller and smaller
now. It is inappropriate to regard that dopants are still arranged uniformly. In some case,
there are only tens of dopants in substrate region. We do have reason to believe that the
position of dopants play an important role:in-devices’ electrical characteristic. Therefore,
introduction of 3D atomistic simulation is inevitable.

There are five chapters in this report. Chapter 1 is an introduction to help readers fit
in our discussion as soon as possible. Basic. RTN mechanism is presented in chapter 2, we
also make a prediction of single charge behavior on different dimension, doping
concentration and electron density. Bulk voltage effect and pocket implant’s influence on
RTN are also discussed here. In chapter 3, Bias temperature instability effect is studied.
We do researches on retention loss in SONOS flash memory in chapter 4. Last but not

least, our conclusion is in the last chapter.



Chapter 2
Discussion of RTN Characteristic

2.1 Introduction

As a result of impressive downscaling of device dimension, the cells with nanometric
size only have a few dopants and driving carriers in silicon-based substrate [2.1]. It might
cause multi-level-cell read failure by only several electrons trapping/detrapping. This
would be a prominent issue in designing devices. Therefore, we start from the most
common phenomenon, random telegraph noise, to begin our research.

In this chapter, we will simply explain the meaning of random telegraph noise (RTN),
and then introduce its most important.characteristic, percolation effect and number
fluctuation. We would make a prediction -of RTN’s influence on different device
dimension, doping concentration and electron density subsequently. At last, we use our
simulation result to give an explanation the effect-of bulk voltage and pocket implant on

RTN amplitude.

2.2 Percolation Effect and Number Fluctuation

We would like to start from introducing RTN mechanism in the beginning, as shown
in Fig. 2.1, there are obvious two current level in the picture. High current level stands
that the trap in oxide is empty state with smaller threshold voltage. On the contrary, low
current level states that there is an electron trapped in the oxide defect causing high
threshold voltage [2.2]. According to Fermi-Dirac statistics [2.3], we know that the
behavior of trapping and detrapping is most probable when trap energy is close to Fermi
level. There are three important parameters shown in Fig. 2.1, 1., T and Ald. t.is called

capture time which means how long would be taken for capturing an electron for the trap
2



in oxide. t.stands for emission time that we understand it as the time for the oxide defect
to emit an electron. Ald is the current difference between two level caused by the capture
and emission of single electron. In our 3D atomistic simulation, we focus on Ald. Here is

definition of RTN amplitude in our report:

Al

d
Eq (2.1)
I4 stands for high current level. We use it to normalize RTN amplitude.
We do hundreds of measurement on high k CMOS and analyze our data between

different dimensions. We find out two important rules in our experiment shown in Fig. 2.2.

First, all dimensions follow exponential form [2.4]:

1 AI/ttrap
f(A Vttrap) = _exp(_ —)
o o Eq (2.2)
And its cumulative form:
NG
f(AVttrap) = exp(_—)
o Eq (2.3)

It should be noticed that we change the parameter AV, into Al4 with the assumption
of fixed g, for the convenience of comparing experiment data and simulation result.
Second, there is a clear separation between the two dimensions. It is obvious that the
devices with smaller width get larger RTN amplitude with same probability. In other
words, it can be understood that small dimension devices have larger ¢ by Eq 2.3 [2.5].
Both phenomena would be explained later.

Electrons would like to avoid substrate dopants because of their low local potential
from source to drain as shown in Fig. 2.3. Therefore, there might form a path that most
electrons would flow through it called critical path [2.6]. We can imagine that if the oxide

trap locates at the critical path, larger RTN amplitude is predictable since more electrons



are affected by this charge. On the contrary, smaller RTN amplitude is a result of oxide
defect residing in low electron density region [2.7]. This kind of behavior that oxide traps’
location interacts with random dopants’ position determining RTN amplitude is called
percolation effect.

Before starting our discussion, we would like to introduce the simulation flow of
RTN amplitude. Building a device including dimension and doping profile is the first
thing we have to do. And then what we should do is determining a constant current to
extract the threshold voltage with empty traps. We calculate Ald from threshold voltage
with filled state subsequently. At last, we get RTN amplitude from Eq (2.1). The full
simulation process can be seen at Fig. 2.4.

We need to know whether the atomistic doping is necessary or not, so we try to
simulate RTN amplitude distribution with-uniform doping. As shown in Fig. 2.5, there are
huge differences between our simulation and experiment. First, it is not exponential
distribution in our simulation. Second, the maximum RTN amplitude of experiment data
is much larger than simulation. Uniform doping totally failed to simulate single charge’s
behavior. We can find out there is no critical path in this case shown in Fig 2.6 (a). RTN
amplitude seems to be merely determined by its position. It seems that RTN might be
largest in the middle of channel since its coulomb force can influence most electrons. To
check this phenomenon, we make traps reside in the middle of channel width, and
calculate their RTN amplitude from source end to drain end as shown in Fig 2.6(b). In Fig
2.7, it can be noticed that the largest RTN amplitude really locates on the middle of
channel length [2.7]. Besides, it also is the maxima value of uniform doping in Fig. 2.5.
We can be told that RTN amplitude is truly controlled by defect’s location in this case. We
called this kind of phenomenon number fluctuation.

And then we use an efficient 3-D “atomistic” simulation technique to study the

random dopant-induced drain current degradation [2.8], a good conformity is shown in
4



Fig 2.8(a). Both distribution and max value is in good correspondence between
experiment and simulation. With inspection on the surface of channel in Fig 2.8(b), we
find out there is a critical path from source to drain. It matches our assumption in

percolation theory, so we believe that this simulation has its value in this report.

2.3 geometry, doping and inversion dependence of ¢

The threshold voltage variation statistical spread, namely, o, is the key point to
handle random telegraph noise reliability issues for in the future technology node. An
accurate prediction is very crucial, it can help us to design the programming window. It
also provides the probability of overlapping to guide the design of error correction
systems [2.5].

The scaling trend of RTN instabilities was investigated by applying ISE-TCAD
simulation to a MOSFET device by changing channel length, channel width, doping
concentration, and electron density, in the case of assuming discrete dopants randomly
placed in substrate according to a uniform distribution [2.9] [2.10]. The scaling trend for
o assuming W=L is well described by a power-law (W=L)"- as shown in Fig. 2.9(a). The
dependence is stronger than the 1/(WL)"> dependence proposed in [2.11]. In Fig. 2.9(b),
we also investigate the dependence of o of W, finding out W is in a good agreement with
simulation result. Simulation points out that the (W=L)"" can be decomposed by W' and
L. It means that width has a stronger impact on o than channel length [2.12] [2.13]. Fig.
2.9(c) shows that a larger average substrate doping results in an increase of ¢ because the
possibility of obtaining larger randomness in local potential is increased by a larger
number of dopants. This enhances the percolation effect which is responsible for the
behavior of exponential distribution, giving rise to a 0.3 dependence of ¢ on doping

concentration. Smaller o is observed while electron density increases in Fig. 2.9(d)



because of decreasing the influence range of local potential by strong inversion.
Reciprocal of square root dependence well describes the dependence of o on electron
density. The reason’s accuracy would be discussed in next paragraph. It should be noticed
that we substitute electron density with drain current because electron density is not
controllable in our simulation. We assume electron velocity is constant in different
inversion condition and drain current can be treated as electron density in Eq 2.4. Here n
means electron density and v represents for electron velocity.
Id = qny Eq (2.4)

We would like to do some discussion about the relationship between RTN
amplitude and drain current. It can be seen that RTN amplitude becomes smaller when
drain current increases in our experiment as shown in‘Fig. 2.10(a). Same phenomenon can
be observed in our simulation, we also.see that RTN amplitude converges gradually to a
value in large drain current in Fig.2.10 (b). It 1s reasonable to make a hypothesis that
percolation effect is dominant in small Iyand number fluctuation is dominant in large Ig.
Our point can be affirmed in Fig. 2.11, critical path disappears when channel is in strong
inversion.

In summary, RTN scaling can be described by the following compact expression

with these main cell parameters:
N 0.3
o oc——
W \/n_L Eq (2.5)

2.4 Vg effect on RTN amplitude

Since our explanation of RTN amplitude is determined by electron density affected



by coulomb force of oxide charge. We would like to manipulate the number of electrons
in channel surface. Adding Vg is a method used to control the electron distribution in
substrate. Fig 2.12 shows our experiment result, smaller RTN amplitude is observed in
high Vg state. We get same conclusion in this simulation, a reasonable explanation is that
electrons are pulled away from channel surface by positive Vg as shown in Fig. 2.13. For
getting more proof, we cut a line from source to drain to observe the variation of electron
density distribution. Fig. 2.14 tells us that electron density gradually decreases while Vg
becomes larger. Under the condition of fixed current, number of electrons should be
constant. The only explanation of less electron density in channel surface is that they are

pulled away by positive V.

2.5 Pocket implant effect on RTIN amplitude

To improve punch through phenomenon and short channel effect [2.14] [2.15],
people tend to add pocket implant around source and drain. In our view, it can be regarded
as high local doping concentration shown in Fig. 2.15(a). We also do the prediction with
different pocket concentration like section 2.3. A similar result like before, pocket implant
concentration would result in a 0.3 dependence of . Only difference is that simulation
data is a little away from fitting curve as shown in Fig. 2.15(b). To investigate the effect
of pocket implant, we plot position along channel length and channel width versus RTN
amplitude. We can see that pocket implant make RTN amplitude much larger than before
in Fig. 2.16(a) and Fig. 2.16(b). It can be attributed to larger disuniformities in channel
inversion in presence of a larger number of dopants. This enhances the percolation effect
which is responsible for the o of RTN amplitude distribution. Fig 2.17 proves correctness
of the explanation in another way, RTN amplitude along width direction remains the same

whether there is pocket implant or not.
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Fig.2.1 (a) Traps start to capture and emit electrons when Er is close to Er.
(b)A two-level drain current waveform caused by capture and emission in an oxide
defects. 1., t. and Ald present capture time, emission time and current

degradation respectively.
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Fig. 2.2 RTN amplitude recorded with cumulative probability is distributed exponentially

and smaller cell has larger c.
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Fig. 2.3 There is a critical path that most current percolates through it.
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Fig. 2.5 Simulation with uniform doping does not behave like the measurement.
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Fig 2.6 (a) Substrate uniform doping cannot create percolation path.

(b) Different trap position along channel length.
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Fig. 2.8(a) 3-D “atomistic” simulation describes RTN amplitude characteristic well.

(b) A critical path is generated by random dopants.
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Fig. 2.9 (a) (W=L)™"" well describes the dependence of o.

(b) W' is in good agreement with the simulation.
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inversion from the top view of the device.
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Fig. 2.13(a) Small RTN amplitude is observed in high V3.
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Chapter 3
Single charge induced V, variation in high
Kk COMS

3.1 Introduction

The larger, micrometer-sized FET devices were considered identical in terms of
electrical performance in the past CMOS technology [3.1]. Now with the continuous
scaling of transistor dimensions, the reliability degradation of circuits has become an
important issue [3.2]. Besides, high-dielectric-constant (high k) materials have replaced
Si0; as gate dielectric in CMOS devices.[3.3]. Due to an increasing electric field across
the oxide, the generation of interface traps under bias: temperature instability (BTI) in
MOS transistors has become one of-the most critical reliability issues that determine the
lifetime of CMOS devices [3.4] [3.5].

Now as CMOS devices scale toward atomic dimensions, device parameters become
statistically distributed. We know that design of any digital circuit is based on the
presumption that transistor parameters will remain bounded by a certain margin during the
projected lifetime of the IC, so understanding these distributions will be important for

correctly predicting the reliability of future deeply downscaled technologies [3.1].

3.2 BTI effect in high k CMOS

We would like to explain the mechanism of BTI briefly in the beginning of this
section. Oxide traps generation is ascribed to breaking of SiH bonds at the SiO2/Si
substrate interface by a combination of electric field, temperature, and holes [3.6]. Trap

energy would be pulled down by positive gate bias, it would be more probable to be
26



trapped in oxide defects as shown in Fig. 3.1(a). To enhance transistor performance
without scaling gate oxide, it is normal to increase oxide field which results in more trap
energies lower than Fermi-level in same gate bias. This is one of reasons why BTI issue
becomes more and more important. Fig 3.1(b) is our experiment data, it is clear that each
drain current drop is different and abrupt. It implies that BTI stress induced I4 might be
affected by random dopants and oxide defects as we discussed in chapter 2. Therefore, we
plot our experiment data in Fig. 3.2 and find out the individual BTI relaxation steps are
exponentially distributed in amplitude just like RTN behavior we discussed before. Before
starting the simulation, number of stress charge in our experiment should be recorded by
counting steps of drain current degradation in our stress time. The next step we need to do
1s making a criterion of const current to decide the threshold voltage and calculate each
state’s drain current. The entire flow chart is in depicted in Fig. 3.3 (a). We would get
different delta 14 with each stress electron like the-measurement in Fig. 3.1(b). Fig 3.3 (b)
is the comparison between measurement and simulation, it turns out that RTN amplitude
distribution is in a good agreement with experiment. Both of their RTN amplitude is
distributed exponentially, the fact tell us that the behavior of BTI obey percolation theory,
too.

The good fitting result proves the correctness of our simulation method and makes
sure the figure we provide subsequently is believable. Based on the similarity behavior
between random telegraph noise and bias temperature instability, we cannot stop
wondering whether other properties would like RTN or not.

In the following, we do a prediction of changing the channel length and channel
width simultaneously. 20 nanometer, 30 nanometer and 40 nanometer are involved in this
simulation in Fig 3.4(a). We notice that (W=L)"~ well describes the dependence of o like
RTN. With the curiosity, width dependence with fixed channel is investigated. After 20

nanometer, 30 nanometer and 60 nanometer simulation, we realize that the dependence of
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o follows the power-law in the form of W' in Fig. 3.3(4). It turns out that both BTI
stressed induced drain current variation and geometry dependence of o follows random
telegraph noise mode such as exponential distribution and power law.

At last we would like to discuss the change of threshold voltage distribution caused
by BTI stress. There is a small difference compared to first paragraph in section 3.2. We
calculate drain current with fix threshold voltage at fresh state before and now the
constant current is fixed with stressed charges in oxide defects. It could be taken for
granted that threshold voltage increases in the condition of more charges trapped in oxide
layers. Besides, we observe the standard deviation of threshold voltage distribution in
both fresh state and stress state. Larger o is obtained in the stress state as shown in Fig.

3.5, it means that there should leave more space for designing devices.
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Fig. 3.1(a) Charges are trapped in oxide under positive gate bias.

(b) Here shows typical characteristic of BTI behavior.
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Fig. 3.3(a) Flow chart of BTI simulation is shown here.

(b) Here compares between measurement and simulation.
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Chapter 4
Single charge induced V, variation in
SONOS Flash Memory

4.1 Introduction

In recent years, the scaling of SONOS flash memory advances aggressively, as a
result of tiny dimension of nitride layer, it would not be surprised that fewer program
electrons can be stored. Therefore, a single charge loss might play a significant role in the
reliability issue [4.1]. It can not only induce huge variation in read current but also result
in a read failure. There are two main single charge phenomena in this report. One is called
random telegraph noise arising from:single electron emission and capture at an interface
trap site discussed in chapter 2 in-detail [4.2]. The other is discrete program charge
retention loss caused by single charge vertical loss with the help of traps in oxide [4.3]
[4.4].

The amplitude distribution of RTN in a floating gate flash memory is proven to be
exponential due to percolation effect caused by random dopants in the substrate induced
local potential variation [4.2], [4.5], [4.6]. We would like to investigate whether single
charge loss in a SONOS flash induced threshold voltage distributes exponential or not.
Understanding the behavior of retention loss is crucial for predicting the reliability of

future deeply downscaled technologies.

4.2 Measurement Condition

In this section, the first thing should be investigated is the characteristic of threshold

voltage variation in SONOS flash memory. To measure AV, induced by single charge loss
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from nitride layer, our experiment decomposed into two phase: retention phase and read
phase. Retention phase is used to let electron jump from traps in nitride, so there is no
voltage bias in gate, source, drain and bulk. Read phase helps us to know drain current
condition, drain bias is 0.1 volt and gate voltage is biased at subthreshold region to
amplify the effect of retention loss. The time intervals in the retention phase and read
phase are 1s and 0.1s. The SONOS devices in our experiment have 70 nanometer channel
length and 80 nanometer channel width. The oxide/nitride/oxide layer thickness is 8nm,
7nm and 2.5nm, respectively. Thick bottom oxide with better retentivity is not suitable in
our case [4.7]. Thinner bottom oxide can help us to collect more electrons loss from
SONOS. We choose 2V as program window and achieve this goal by using

Fowler-Nordheim program. By the way, FN is used in our erase, too.

4.3 Retention Loss in SONOS Flash Memory

Fig 4.1 shows a typical behavior-of read current-versus retention time. Abrupt jumps
caused by single electron emission are clearly observed. Most convincing explanation is
electrons tunneling from nitride with thin bottom oxide. Variation of threshold voltage
range from several millivolt to tens of millivolt, it is reasonable to doubt that single
charge loss follows percolation effect.

To obtain threshold voltage variation, we measure V; retention in different devices
and different P/E cycles. Fig 4.3 shows V;retention traces at a cycle number of 2, 3 and 6
which are obtained from drain current versus retention time multiplied by a subthreshold
swing at read phase. It is not hard to see that single charge induced threshold voltage
varies greatly from cycle to cycle. Fig 4.3(b) presents an average of 50 retention traces in
ten different devices with different P/E cycles. It turns out that average V, retention loss is

in proportion to logarithm retention time. This characteristic can be well described by

35



tunneling front model in ultra thin oxide [4.8].

Fig 4.4 plots threshold voltage variance versus cumulative probability without data
point less than 10 millivolt because of the resolution of Agilent 4155c¢. It implies that AV;
also follows Eq 2.3. The standard deviation here is about 8 mV.

Besides, we execute a simulation with uniform doping and program charge
distribution. We put a single charge in nitride layer in the center of channel length and
take it away. According to Fig. 2.7, middle of channel should be the most effective
position to induce threshold voltage variation. It turns out that maximum AVt in uniform
doping is only about 12mV. Therefore, we attribute the extreme value of threshold
voltage shift like 45mV in Fig. 4.3 to percolation effect. In other words, current
percolation paths in a SONOS cell are affected by random dopants and nitride program
charge [4.9].0nly when the oxide traps-locate at critical path would result in such a huge
value.

In addition, we introduce a Mote Carlo simulation which can take both threshold
voltage degradation and spread of V; retention loss into account. Both property like
exponential distribution and tunneling front model can be seen in this simulation. Our
simulation flow is described as follows. First, number of charge loss from nitride layer is
counted in our measurement during retention time. By the way, program charge density
calculated from number of single charge loss and nitride layer volume is 6.3e18 /cnr’. In
the part of simulating the time of electrons jumping out from nitride defects, we assume
that traps are uniformly distributed in the nitride layer and calculate charge tunneling time

t of each trapped electron by tunneling front model as follows [4.10]:

T =1, exp(a,x) Eq @.1)

To, Ol are constant and x is distance from bottom oxide surface in our case.

One thing should be noticed is the range of nitride defects location. There is a limited
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deepness in nitride layer within our retention time and we call it d. Then we generate a
uniformly random number r between zero and d. And we calculate corresponding charge
tunneling time t with the number r. This is how we determine the time that electrons jump
out of the nitride layer.
At the amplitude of threshold voltage variation, we build up its behavior with &
calculated from measurement like Eq 4.2.
fAY, ) = eXp(—m)
c Eq (4.2)
Since Eq (4.2) is a form of probability, its value must be in the interval of 0 and 1. All we
need to do is create a random number p between Oand 1. This number presents the
probability in Eq 4.2. Then AV can be calculated in the condition of knowing two-thirds
parameters in Eq 4.2. Fig. 4.5(a) is.combination of threshold voltage variation and
retention time and Fig. 4.5(b) is an average of 100 simulation data and shows that
simulated result is in good agreement with the experiment. Both of them obey tunneling

front model.

4.4 Threshold Voltage Distribution Prediction

Assuming traps uniformly distributed in the nitride layer, we can infer that average
threshold voltage retention loss exhibits logarithmic time dependence. As shown in Fig.
4.6, nitride trap density is proportion to charge tunneling time. In other words, we can
predict the number of charge loss in the future in the same time scale. It is very useful in
reliability issue. Products lifetime can be calculated with shorter period. It is not necessary
to wait for devices malfunction anymore. For example, if we know that devices lost 10
electrons in 10%s, then we can deuce that there is a great chance that 20 electrons would

jump out of nitride layer according to tunneling front model.
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In Fig 4.7, we perform the Monte Carlo analysis to a threshold voltage retention loss
distribution at two retention times, namely, 10° s and 10%s. It can be observed that the
standard deviation grows from 41.7mV to 62.6mV during three time scale. Threshold
voltage retention loss not only shifts the whole distribution but also broaden it (increase
standard deviation). It is a very bad news for flash memories, so the accuracy prediction is

so important that everyone should not ignore it.
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Chapter 5

Conclusion

In this report, a 3D atomistic simulation is used in exploring random telegraph
noise in two parts, including statistic devices property and single cell characteristic.
Geometry, doping concentration and electron density dependence of G is discussed in first
part. Then we investigate the relationship between number fluctuation and percolation
effect in second part. Pocket implant and VB effect on RTN amplitude is applied to
enhance the points we supply in chapter 1.

Later we discuss bias temperature instability induced current degradation and find
out it follows same behavior like RTN such as:percolation effect and power-law
dependence of standard deviation.

At last retention loss induced threshold voltage variation is investigated in SONOS
flash memory. We find out that percolation still exists here in the measurement. Prediction
of threshold voltage distribution is implemented in this chapter, too.

Finally, it turns out to be all single charge induced Viand I4 variation would follows

same behavior, namely, percolation effect.
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