
FILE NO. VISL-27, 175 PATENT Express Mail No. EV
769161 182 US A METHOD FOR INCLUSION OF PSYCHOLOGICAL
TEMPERAMENT IN AN ELECTRONIC EMULATION OF THE HUMAN
BRAIN TECHNICAL FIELD OF THE INVENTION [0001] The
present invention pertains in general to artificial
intelligence and, more particularly, to the modeling
of temperament and personality. CROSS REFERENCE TO
RELATED APPLICATIONS [0002] This is a continuation
application ofpending U.S. SerialNo. 11/030,452, filed
on January 6, 2005, entitled METHOD FOR INCLUSION OF
PSYCHOLOGICAL TEMPERAMENT IN AN ELECTRONIC EMULATION
OF THE HUMAN BRAIN (Atty. Dkt. No. VISL-27,019, which
claims the benefit of Provisional Applications, Serial
Nos. 60/534,641, 60/534,492, and 60/534,659, filed
January 6, 2004. ADVANTAGES OF THE INVENTION [0003]
This invention provides a well-defined and simplified
way to model human-like thought, emotional,
behavioral, cognitive and conjectural processes, and
an alternative to the colder and impersonal behaviors
of traditional models for Artificial Intelligence
(AI). The methods of this invention are compatible
with many traditional approaches to AI, but are based
on models of temperament and personality. Together
they are a cohesive system of processing and memory to
accurately emulate human thought, decisions and
behavior.BACKGROUND OF THE INVENTION [0004] In
previous decades, various methods have been proposed
and constructed to emulate human-like behavior, many
which were bio-mimetic. That is, they were suggested
by the underlying human biological elements of the
human brain. While these have been successful in part,
they have failed to permit accurate emulation of the
brain on a large scale. Some bio-inspired concepts
such as fuzzy logic have made relatively few inroads
into commercial markets. Fuzzy logic and rules-based
applications have been very niche-like and limited,
although within those niches, fuzzy logic has
performed quite well. Neither have proven amenable to
implementation on brain-level scales, however. [0005]
Throughout this document, "brain emulation" and "brain
model" have been used interchangeably as needed to
best convey intent. [0006] Some approaches of a prior
system have depended upon bio-inspired neural
networks, such as shown in Figure 1. [0007] In a
neural network, for example, a set of neurons 1 and 2
are assumed to be stimulated by some external means
95, each neuron typically representing a fact. It
fires in proportion to the present state of
recognition of that fact. They may be connected to
other neurons 3 and 4, with the connections implying a
specific relationship between them. Interposed in the
connections between the neurons may be a set of
weights 5 which control the influence of the 'input'
neurons 1 and 2 over the 'output' neurons 3. [0008]
Finally, various forms of control such as inhibitors
may be implemented, such as for neuron 4. In this
case, the firing on neuron 2 may inhibit the influence
of upper neuron 13 upon output neuron 4, as indicated
by inhibitor 6. The implementation may either be
within neuron 4 or may precede it. The organization
and interconnect of the network dictates that certain
present input conditions 95 will yield the desired
output results 96.[0009] Another popular form of a
prior system involves the use of a system of rules,
such as depicted in Figure 2. In this case, a set of
input conditions 95 are acted upon by a set of rules
7, to produce a set of pre-defined desired output
results 96. The rules translate the set of input
conditions into a set of signals that depicts the
desired results. A set of feedback paths 97 are
further compared with the inputs 95 to modify the
rules 7, permitting the outputs 96 to converge on the
desired results. These are typically referred to as
"first principles" systems. [0010] While rules-based
systems tend to produce the desired results, they can
be very complex and require enormous amounts of
computing power. Many hundreds of thousands of rules
may be generated, and the results are not always
accurate. Typical applications such as text-to-speech
that use rules-based mechanisms do not have good
accuracies unless extensive operator-specific training
is used. Inaccurate results and excessive
computational power have prevented pervasive
applications of rules-based systems.SUMMARY OF THE
INVENTION [0011] This invention incorporates
temperament, emotion, feeling, personality and prior
experiences to accurately emulate a human's thought
and decision processes. Without these, it is highly
unlikely that any system or neural network can
accurately emulate real human beings. [0012] Certain
assumptions are made by any underlying model of the
human brain, including this one, to enable or simplify
the understanding and implementation of brain
function. Such a model may suggest specific approaches
to implementation. However, its accuracy to the
original biological elements of the brain or to
precise psychological behavior does not necessarily
affect the claims of the present invention. [0013] In
considering an emulation of the human brain, certain
structures or elements might be imagined which may
have no (or only passing) equivalence to a biological
counterpart, but which greatly simplify the emulation.
One such set of elements is the Brain Parameter, or
parameter, as used throughout this patent. Parameters
are controlling elements that define the present
emotional and mental process state of the brain. Such
parameters are used here to define states, conditions,
moods and other matters of import, and are similar in
electronic hardware to I/O ports, or in software to
state variables. [0014] Unlike other approaches to the
emulation of human thought, this invention readily
permits the influence of cultural, religious and
political views and beliefs that are unique to the
personality being emulated. [0015] This invention is
bio-mimetic in that the concept of learning, and of
interpreting new information, takes place in the
context of the moment. To mimic this and other
functions of memory processes in the human brain, a
number of special dedicated memories and lists are
used. [0016] A contextpool memory holds present
situational context and is the center for analytic 



and thought processes of this invention. It is the
context pool for the moment. A reinforcement memory
holds propositions, 'facts' and experiential
relationships that have yet to be reaffirmed.
Information that has been reaffirmed over a
(typically) 21-day interval is committed to
permanentmemory, the long term memory. Finally,
specialized/ t memory is maintained for use with motor
skills, particularly to time-dependent or repetitive
tasks. [0017] The remainder of the invention is
composed of various working blocks that implement
certain functions of the brain. The
analyzer/correlator implements basic thought
processes, handles the vagaries of emotion and
implements a system of deference that places the
pseudo-person within the context of social, political
and religious structure. Use of an event queue and
memory simplifies the analytical and control
functions. [0018] The primaiy language of
implementation is English, but almost any human
language of choice may also be used with the same
methods and internal structures. To 'bootstrap' the
learning processes, the invention also includes a
grammatical and lexical parser for English sentences
and sentence fragments. [0019] The invention is
capable of being trained using English prose to
establish vocabulary, specific sets of experiences,
knowledge for specific areas of expertise, and factors
effecting both temperament and personality. [0020]
Multiple instances of this invention can be used as a
collection of emulated people in communication, for
example, through an electronic or optical network. It
is also suitable for controlling an external
mechanical skeleton or other robotic mechanics.
Finally, it is suitable for use as one in a set of
trained electronic 'people' who comprise the trained
crew, for example, in an Unmanned Arial Vehicle
(UAV).BRIEF DESCRIPTION OF THE DRAWINGS [0021] For a
more complete understanding of the present invention
and the advantages thereof, reference is now made to
the following description taken in conjunction with
the accompanying Drawings in which: Figure 1
illustrates Traditional Neural Networks (Prior Art);
Figure 2 illustrates Rules-Based Systems (Prior Art);
Figure 3 illustrates Influence Inclusion - An example
of weighted random influence; Figure 4 illustrates
Implementation of the Brain Emulation - Block diagram
of brain emulation; Figure 5 illustrates Language
Grammar Sample - Example of natural language grammar
description; Figure 6 illustrates Example Parser
Diagnostic Trace - Example trace of grammar parsing;
Figure 7 illustrates Example Relational Between
Neurons; Figure 8 illustrates Organization of Neuron
Tables - General organization of neuron memory lists;
Figure 9 illustrates Table of Neurons - Internal
organization of a neuron; Figure 10 illustrates
Example Relational Record - Contents of inter-neuron
relationship record; Figure 11 illustrates Event Queue
and Memory - Organization of the event processor;
Figure 12 illustrates Content of an Event - General
internal contents of an event record; Figure 13
illustrates A Deference Table - Example table of
orders of deference; Figure 14 illustrates The
Layered-Temperament Personality; Figure 15 illustrates
Characteristic Traits of the Temperaments; Figure 16
illustrates The Four Composite Temperament Models;
Figure 17 illustrates Typical Temperament-Weighting of
Parameters; Figure 18 illustrates Implementation of
Pressure or Trauma; Figure 19 illustrates
Network-Connected Brain Emulation; Figure 20
illustrates Example Battleforce Simulation Cluster;
and Figure 2 1 illustrates Example Integrated
Battleforce Simulation System.DETAILED DESCRIPTION OF
THE INVENTION [0022] The system of the present
disclosure distills the temperament, personality and
instantaneous state of a human individual into a
series of Brain Parameters. Each of these has a value
varying from zero to 100 percent, and is loosely
equivalent to a single neuron. These parameters
collectively define the state of the person's being
and specify matters of temperament and personality.
Some parameters are fixed and seldom if ever change,
while others change dynamically with present
conditions. [0023] Relationships between parameters,
if any, are pre-established. The Parameters are
connected with the rest of the brain model in such a
manner as to alter the decision processes, decision
thresholds and the implied personal interests of the
underlying model they become a part of. [0024] The
exact list of Parameters and their definitions are not
germane to the system of the present disclosure, and
may include more or fewer parameters in any given
implementation thereof. Numerous parameters define
certain tendencies specific to certain temperaments.
Some define the present emotional state, such as sense
of confidence in a decision. Others are place-holders
that define such things as the present topic of
conversation or who the first, second or third persons
in the conversation are. Yet others define physical
parameters such as orientation within the environment,
sense of direction, timing and the like. [0025] Some
brain Parameters may be loosely arranged in a
hierarchical fashion, while others are not, such that
altering any one parameter may affect others lower in
the hierarchy. This arrangement simplifies the
implementation of personality. [0026] Example
Parameters. Table 1 illustrates a few of several
hundred such parameters by way of example. The
'Choleric' parameter, 202 for example, is 'above'
others in the hierarchy, in that altering the
percentage of Choleric temperament affects the value
of many other parameters. For example, it affects the
Propensity to Decide 222. Each can be treated as a
neuron that may be interconnected with other
(non-parameter) neurons. The parameter neurons may
serve in a role similar to an I/O port in a digital
computer.[0027] The below table is not a complete set
of parameters, but is a representative set of
parameters useful for the explanations that follow. 



Parameter Description Table 1 - General Examples of
Brain Parameters[0028] In traditional models of the
human brain, facts are simplistically represented as a
single neuron, each of which may 'fire' at some level
of 0..100%. The degree of firing is construed as an
indication of the present recognition of that fact.
These neurons are interconnected by weighted links,
based upon the relationship and experience between
connected neurons. [0029] Example Decision-Related
State Parameters. Some of the key state parameters
used in the decision process are detailed below. Some
are set by personality traits, some by the context of
the moment and are described elsewhere. Several have
baseline values established by the Propensity to
parameters. [0030] Activity Threshold 237 is the
minimum percentage of full-scale that a neuron must
fire before it is considered a candidate for inclusion
in short-term memory. [0031] Base Decision Threshold
250 is a personality-based starting basis for the
decision threshold. Long-term training and learning
experience can raise or lower the base value. [0032]
Correlating Facts 235 is true if the correlator
portion of the analyzer is presently correlating
facts, usually in support of an analyzer decision.
[0033] Hottest Node 236 points to the hottest-firing
neuron in the context pool (short-term memory). The
analyzer uses it for scaling decision thresholds.
[0034] Importance for Action 215 is the relative
importance of making a decision. It is initially based
on the propensity for importance of action, and can be
scaled up down by the analyzer as the result of recent
decisions. [0035] Need for Completeness 260 indicates
the relative need for complete (and quality) facts,
prior to making a decision. Incomplete facts will
cause the Conjector to make suitable guesses, but the
resulting 'facts' will be of lower quality. [0036]
Urgency for Action 216 represents the urgency (not the
importance) of making a decision. Higher levels of
urgency make lower quality of information (and
decisions) acceptable.IP [0037] Example
Temperament-Based Propensity Parameters. A typical set
of basic brain Parameters which indicate various
propensities based upon temperament are given in Table
2, including representative contribution ratios (given
as a percentage). This set of values is by no means
complete and is given for the sake of description of
the mechanisms of this invention. Other Temperament
Parameters may be identified and included in this
list, without altering the methods and claims of this
patent. [0038] The specific percentages given in Table
2 are representative and typical values used, but are
subject to 'tweaking' to improve the accuracy of the
psychological model. Other values may be used in the
actual implementation. Further, the list is
representative and is not complete, but serves to
demonstrate the system of the present disclosure.
[0039] It has been observed (and incorporated into
Table 2) that, generally, many of these parameters
reflect traits shared primarily by two of the
temperaments, with one of the two being greater. That
same parameter may also be shared minimally by the
remaining two temperaments. 210 211 212 213 214 215
216 217 218 219 220Table 2 - Examples of Temperament
Parameters [0040] The system of the present disclosure
presumes the use of a node that defines the desired
underlying temperament, and additional nodes that
define the desired percentages of the four
temperaments. Table 2 is a chart of the selected
typical tendencies for each of the temperaments, with
each numeric value giving the approximate likelihood
of the given trait to be demonstrated by the four
temperaments, as a percentage. [0041] The percentages
given are by way of example, although they may
approximate realistic values. The altering of these
values by no means alters the means and methods of
this patent, and they may be adjusted to better
approximate temperament traits. The list is by no
means complete and is given as a set of representative
parameters for sake of example. [0042] In many, but
not all, cases, the overall impact of a temperament is
given by the product of the temperament's percentage,
as pre-selected to produce the desired personality,
and the percentage of likelihood given for each
propensity from Table 2. This is demonstrated in
Figures 4 and 5. These may be augmented by additional
variations due to the Gender 201 parameter, accounting
for differences in response by male or female
gender.[0043] Detail of Some Temperament-Based
Propensity Parameters. The samplings of parameters in
Table 2 are described below, by way of example of how
such parameters are specified and applied. The
described settings and applications of these
parameters are necessarily subjective, and the
relative weightings of these and all other parameters
described in this document are approximate and
exemplary. One skilled in the art will realize that
they may be altered or adjusted without altering the
means of the system of the present disclosure. [0044]
The Propensity for Amusement 210 is the tendency to be
amused. The higher values lower the threshold of what
is found to be amusing, triggering amusement sooner.
The triggering of amusement may be reflected in the
appropriate facial expressions, as provided for in the
underlying brain model and skeletal mechanics, if any.
[0045] The Propensity for Completeness 211 s a measure
of the personality's tendency to need complete facts
before making a decision, and is based solely on
temperament selection. It is naturally highest for the
Melancholy and naturally lowest for the Sanguine or
Choleric. While it is normally not altered, the
underlying brain model (analyzer) can raise or lower
this parameter 



based upon training or learning. [0046] The Propensity
for Determination 212 is the tendency for the brain
emulation to be determined, and sets the baseline
value for the sense of determination. Over time, it
can be permanently altered by achievement (or failure
to achieve) targets or goals. [0047] The Propensity
for Enjoyment 213 is a measure of the tendency to find
enjoyment in issues of life. It is naturally
moderately higher for the Sanguine, and is impacted
(either way) with a very long time constant (20 days)
by the achievement of goals, the completion of plans,
and by positive relationship experiences. [0048] The
Propensity for Fun 214 defines the tendency of the
temperament to make decisions based on the sense of
feel-good. It is temperament dependent, tends to be
highest for the Sanguine, and heavily influences the
impact of Rhythm Influence.[0049] The Propensity for
Importance of Action 215 is a measure of the
temperament's tendency to find action important,
whether or not all the facts needed for decision are
available and with high confidence. It is naturally
highest for the Choleric and naturally lowest for the
Melancholy and Phlegmatic. While it is normally not
altered, the underlying brain emulation can raise or
lower this parameter based upon training or learning.
[0050] The Propensity for Urgency of Action 216 is a
measure of the personality's tendency to find action
important, at the expense of strong consideration or
analysis of the facts. It is naturally highest for the
Sanguine and naturally lowest for the Phlegmatic.
While it is normally not altered, the underlying brain
emulation can raise or lower this parameter based upon
training or learning. [0051] The Propensity for
Patience 217 is a measure of the overall tendency for
patience. The level is normally high for a Phlegmatic
and low for a Sanguine, but is also significantly
affected by (long term) experience history. Growth is
in this trait parameter is very slow and is an
iterative process. High levels of Patience 217 cause
suppress early termination of action, when faced with
repeated failure to meet short- or long-term goals.
[0052] The Propensity for Rhythm Influence 28 is a
temperament-dependent parameter, and may be altered
up- or downward by hyperactivity. It controls the
relative effect of rhythm on the decision process. Its
baseline value is relatively higher for the Sanguine.
[0053] The Propensity for Stability 219 is a
temperament -dependent parameter that defines the
tendency towards stability. When the value is high,
decisions will tend to be made that lead to no net
change, in the sense of foot-dragging. It also implies
a tendency to procrastinate, and is a strength (or
weakness) of the Phlegmatic personality. High levels
of Stability 219 lead to strong loyalty towards the
context-dependent authority. [0054] The Propensity to
Analyze 220 (is determined by temperament and is not
affected by other properties, except by external
command. Even then, its effect is short term and is
rapidly trends back to the base tendency. When very
high, there is a marked tendency to analyze and
correlate facts before making decisions, and the
confidence-based decision thresholds based on the
outcome are normally raised.[0055] The Propensity to
Care-Take 221is a temperament-dependent parameter,
tending highest in the Phlegmatic and Sanguine. It
increases the interest in acquiring people-related
facts for short-term memory. The impact of this
parameter is established, for example, by altering the
parameters of the Clutter Filter for the context pool
or short term memory. [0056] The Propensity to Decide
222 is a parameter that is highest for the Choleric
and Sanguine temperaments, and influences (increases)
the willingness to make decisions with a minimum of
facts. For the Choleric, decisions subsequently proven
inferior may be altered, while for the Sanguine, the
results tend to be ignored. Parameter 222 also
increases the tendency to revise decisions as
higher-quality facts are available, and decreases the
stability in decisions and the tendency to foot-drag.
[0057] The Propensity to Follow the Plan 223 defines
is the (current) level of tendency to follow a plan.
Its core value comes from personality traits, but is
altered by such variables as stress, urgency, and
external pressure. When pressure is high, as per
Trauma parameter 230, there is increased tendency to
ignore the plan and to revert to personality
profile-based responses. This is accomplished in a
manner such as demonstrated, for example, in Figure 5.
[0058] The Propensity to Plan 224 is a measure of the
tendency and desire to work out a plan prior to a
project or task, and is a function of the temperament
profile. If Propensity 34 is high, work on the task
will be suspended until a plan of steps in the task is
worked out. The propensity to plan does not imply a
propensity to follow the plan, per 223. [0059] The
Propensity to Procrastinate 225 is a measure of the
tendency to procrastinate, deferring decisions and
action. The primary value derives from the temperament
per Table 2, and is and is then a fixed parameter but
which may be gradually altered by experience or
training. While procrastination is largely a
characteristic of the Phlegmatic, it also occurs in
the Melancholy decision-making process, in the absence
of complete facts, and is normally very low for the
Choleric.[0060] The Propensity to Second-Guess 226 is
a measure of the tendency to reevaluate decisions,
even quality decisions, and possibly to evaluate them
yet again. Temperament-dependent as shown in Table 2,
it is highest in the Melancholy and typically lowest
in the Choleric. [0061] The Propensity to Stability of
Action 227 is a measure of the tendency to maintain
the status quo. Largely a Phlegmatic trait, it
influences (increases) the tendency to foot-drag, and
is implemented by a decreased willingness to alter
plans. It may be connected to the underlying brain
emulation or model as a part of the clutter or
interest filter at the input of the context pool,
short term memory or analyzer, suppressing new plans
or suggestions that abort existing or active plans.
[0062] Propensity to Rest Hands on Hips 228 is a
largely Melancholy trait whose more positive values
increases the tendency of any attached mechanical
skeleton to find a resting place for its hands,
primarily on the hips or in the pockets. This
parameter provides a control value to the underlying
brain emulation or model, which itself is responsible
for the motor skill issues that carry out this
tendency. That emulation or model actually determines
whether or not this tendency is carried out. 



[0063] Again, parameters in Table 2 are directly
controlled by one or more of the four underlying
temperament selection parameters. They are scaled by
percentages such as those also given by example in
Table 2. They are then distributed by the brain model
to the appropriate control points, filters and
selectors within the underlying brain emulation or
model. [0064] Inclusion of Parameter Influence.
Throughout the brain emulation, there are many places
at which a parameter may or may-not influence the
outcome of a decision. The likelihood of the parameter
contributing to the decision in some cases are often
statistically based. One method of accomplishing this
is shown in Figure 3. A random number between 0 and
100% is generated by 421 and is compared by 422
against the parameter in question. If the parameter
value exceeds the sum of a base threshold parameter
423 and a random number, inclusion is enabled.[0065]
This type of logic is frequently used in the clutter
filter discussed elsewhere. [0066] Derived Brain
Parameters . Many parameters derive from the basic
Temperament Parameters of Table 2. These values may be
a combination of temperament parameters, but as
adjusted for learning, training, experience and
present conditions. As with other brain nodes and
parameters, most of these are expressed in a range of
0.. 100%, in units suitable to the technology of
implementation. [0067] A typical set of these derived
parameters is given in Table 3. Each of these has an
additional (signed) value to be added to it which is
further adjusted on the basis of learning or training.
The list is by no means complete, and is given for the
sake of description of the mechanisms of this
invention. Many of these relate to matters of emotion,
its measure and expression. These, as may all
parameters, may be monitored externally to measure the
emotional state of the emulated brain. Table 3 -
Examples of Derived Brain Parameters [0068] These
parameters may be derived from temperament, context,
environmental and current-condition parameters, for
example, although other means will become obvious
during thisdiscussion. The parameters of Table 3 are
exemplary. Most parameters in this table decay over
time to the values shown at the right. These decay
targets are nominal and may be altered through
preemptive training. They derive from temperament
percentages in a similar manner to for Table 2. The
list is by no means exhaustive or complete, and others
will also become obvious during this discussion [0069]
The current derived parameter values are distributed
to the appropriate control points, filters and
selectors within the brain emulation or model. In some
cases, they control decision or stability thresholds,
or establish the statistical settings, such as per 42
of Fig. 3, for current- interest filters in the
emulated brain, and to other such brain emulation
functions. The composite impact of these temperament
and temperament-derived parameters determines the
composite personality of the emulated brain. [0070]
The Base Decision Threshold parameter 250 is the
starting basis for many decisions. It is the typical
starting decision threshold, and is a measure of
confidence or information completeness that must be
obtained before a decision will be made. The threshold
is given as a percentage, 0..100%, whose application
depends upon the types of decisions being made. In
some places it is used as an absolute threshold, or
may specify a figure of confidence in the present
facts, a figure that must be exceeded before a
decision may be made. [0071] The Concentration Ability
parameter 251 is a measure of the ability to
concentrate. A more positive value raises the
threshold of attention to outside distractions, those
unrelated to the issues in short term (or current
context) memory in the underlying brain model or
emulation. It is used by both the analyzer 30 and the
clutter filter 40. [0072] Docility 252 is a measure of
the overall propensity for stability during external
emotional pressure. It contains a long-term filter
that decays back to the base value. Positive Docility
252 greatly increases the threshold of attention to
emotional trigger events. Docility 252 can be altered
over moderate periods of time, but tends to return to
its temperament-defined static value. When this value
falls lower than its average setting, there is an
increasing tendency to ignore learned responses and to
revert to personality profile-based responses.[0073]
Hyperactivity 253 is a measure of current levels of
hyperactivity, as would be normally defined by someone
skilled in the art. It is established by a
programmable value and subsequently augmented by
temperament percentages. Hyperactivity is also
influenced by Docility 252 and current emotional
stress. These sources are the primary determiners for
the base value of hyperactivity, but long-term
training or experience can alter the value. Choleric
and Sanguine temperaments have relatively higher
values, while Melancholy and Phlegmatic values are
quite low. [0074] The impact of Hyperactivity 253 is
implemented, for example, by introduction of
(typically negative) random variations in the
magnitude of selected decision thresholds. It also
alters the time constants of task-step performance and
present rhythm parameters, with additional ultimate
impact upon the performance of motor tasks. [0075]
Filter Organizational Detail 255 specifies the
filtering of organizational detail from incoming
information, context pool or short-term memory for the
brain emulation. A value below 100% removes the
greatest percentage of detail. [0076] Filter Human
Interest 256 specifies the filtering of human-interest
data from the incoming information, context pool or
short-term memory in the emulated brain. 100% removes
most human-interest information. The value will be
highest for Choleric models and lowest for Sanguine
temperaments. [0077] Filter Relational Detail 258
specifies the filtering of detail about
inter-relationships between facts from the incoming
information, context pool or short-term memory. 100%
removes most detail. The value is highest for
Phlegmatic and Sanguine models and lowest for the
Melancholy models. Higher levels inhibit the
correlation of distant facts that are nonetheless
related. Lower levels encourage also encourage the
analyzer 30 to spawn events to event memory 14. This
has the effect of iteratively revisiting the same
information to analyze short-term memory for better
correlation of data.[0078] Filter Technical Detail 259
specifies the filtering of technical detail from the
incoming information, context pool or short-term
memory for the brain emulation. 100% removes most 



detail. The value is highest for Choleric and Sanguine
models, and lowest for Melancholy models. [0079] The
Need for Completeness parameter 260 establishes the
required level of completeness of information before
making a decision. A higher value of completeness
increases the likelihood of deferring a decision until
all the facts are available, sometimes stymieing or
stalling a decision . Other parameters related to
importance and urgency can alter this parameter. The
need for completeness can be altered by a decision of
the analyzer 30, and upon external command to the
brain emulation, such as through 93. [0080] As the
context pool (short-term memory) shrinks over time
because of rest, the need 260 drifts backwards to the
value set by the propensity for completeness. The need
also reverts to the propensity value after a decision
has been made. 100% implies the highest need for
completeness. It is highest for Melancholy and lowest
for Choleric and Sanguine models. [0081] Patience With
Detail 261 is thf resent level of patience. Its
baseline value derives from the propensity for
patience. It is affected by present conditions and can
be commanded to rise. It largely alters decision
thresholds, and values near 100% imply comfort with
detail. The value is dynamic and tends highest for the
Melancholy and lowest for Sanguine and Choleric.
[0082] Procrastination Level 262 is a measure of
thepresent level of procrastination. Its base value is
set by the propensity to procrastinate, is increased
by uncertainty, and decreased by impatience.
Procrastination defers decisions and postpones actions
that are not otherwise inhibited by circumstances.
Decision choices are implemented in a manner similar
to 42 of Fig. 3. Higher values of this level postpone
decisions, even in the presence of hard facts (high
sense of certainty). [0083] While procrastination is
largely a characteristic of the Phlegmatic, it also
occurs in the Melancholy decision-making process in
the absence of complete facts. It is normally very low
for the Choleric.[0084] As noted, the parameters
described in the preceding tables in no way constitute
a complete set of obvious ones, which total in the
hundreds. Selected parameters have been presented by
way of illustrating the internal processes and
considerations for the brain emulation of the present
invention. [0085] Implementation of the Brain
Emulation. One implementation of the underlying
functional model of the brain is diagrammed in Figure
4. Three primary elements of the model are
analyzer/correlator 30, the context pool memory 10,
and the English semantic analyzer 50. [0086]
Throughout the descriptions, English is always used
where the processing of external communications are
involved, whether in complete sentences or in sentence
fragments. Internally, the system is essentially
language independent, except where linguistics,
phonics, the spelling of words or the shape of letters
used in the language are involved. For ease of initial
implementation, English was used, but essentially
identical processes can be applied to any human
language of choice. The choice of language in no way
limits the invention for purposes of this patent.
Indeed, the methods of this patent can be applied to
autonomously translate one human language to another.
[0087] Referring to Figure 4, various elements are
controlled or modified by the state parameters
previously discussed. In particular, the Clutter
Filter 40 plays a central role in determining what
types of information are actually considered in the
brain. As are most other blocks in the figure,
operation of the analyzer/correlator 30 is controlled
or heavily influenced by personality state parameters
22. These same parameters may themselves by the
results of analyzer 30, in many cases. [0088] The flow
of external information enters through the semantic
analyzer 50. This distills content and intent from
both English sentences and sentence fragments, and
formats the distillate for inclusion into short-term
memory 10. [0089] Concept of the Neuron Used Here.
This invention makes no attempt to replicate the
biological neuron, axion and dendron, their
arrangement or interconnections, or their redundancy.
Rather, the term neuron in this patent describes the
means toremember a single fact or experience.As
suggested bio-mimetically, the existence of a single
fact is represented simplistically by a single neuron,
while the implications of that fact are contained in
the arrangement of interconnects between neurons.
[0090] In the biological neuron, there is an in-place
'firing' of a neuron when the associated fact is
recognized. When, for example in a fox's brain, a
specific neuron represents a common rabbit, the firing
of a biological neuron implies recognition of that
rabbit. The degree of firing (or output) represents
the degree of certainty with which the rabbit is
recognized. [0091] There is no such equivalent
in-place firing of the neuron in the emulation or
brain model of this invention. In a digital
implementation, the entire long-term memory 12 (where
facts, relationships and experiences are stored) could
be composed of read-only or slow flash memory, because
recognition does not involve a change of the neuron's
state in that memory. [0092] As an alternative process
used here, recognition takes place by the existence,
recognition or correlation of data within the context
poolmemory 10. Any reference to a 'firing neuron' is
to be construed as placement of a reference to
(address-of) that neuron into context pool 10, along
with a current firing level for it. [0093] Neurons and
Reference Indices. Every neuron records two types of
information. The existence of a specific fact is
implied by the fact that a neuron to represent that
was defined at all. Experiences are implied by the
relationships and linkages formed between neurons.
Individual neurons are emulated by some fixed-size
base information, and a variable number of relational
connection records, as shown in Figure 9. Relational
conditions may be conditional, predicated upon the
state of other neurons, and reference the ID indices
of both their target neurons and condition triggers.
[0094] All neurons have a unique address, but it may
be change from time to time as memory is reorganized.
Further, the very existence of some neurons is
tentative. They may disappear unless reinforced over a
period of time, and are located in the reinforcement
memory 11. Because their precise locations are
unstable, references of one neuron by another could be
problematic.Further, the relative size of a neuron can
vary widely, depending upon the inter-relationships
and context with other neurons. [0095] To handle these
matters gracefully, a unique and unchanging index is
allocated for each 



neuron created. References between neurons use this
permanent index to inter-reference each other. If a
neuron is deleted (in reinforcement memory 11), the
index is reclaimed for later reuse. A specific bit
within the index value indicates whether it refers toO
a normal permanent neuron or to the reinforcement
memory 11. A fixed subset of the indices to the
reinforcement memory 'tentative' neurons are also be
reserved, used to indicate information block type and
format within the context pool 10. [0096] Neurons in
the reinforcement memory 11that have been reinforced
over a period of time are made permanent by the
analyzer/correlator 30. The analyzer then moves them
to permanent memory 12 and alters all references to
its index to show that it has been so moved.
References within that neuron may themselves not
survive the reinforcement process, and may be deleted
during the transfer. Refer to Table 4 for data stored
with the individual neuron. [0097] Content of Neural
Reference Structures. The analyzer/correlator
repeatedly scans context pool memory 10 for both
unprocessed information and for activities suspended
while awaiting occurrence of certain events or
conditions. It also updates brain parameters both to
keep them current and to check for relevant changes of
substance. [0098] Within the context pool, information
is organized into variable-sized blocks, with all of
it pre-classified or typed prior to submission. Some
blocks contain inferred intent from sentences. Others
contain commands, propositions, conjecture and other
miscellaneous material. In its degenerate form, a
'block' may simply be a reference to a single neuron,
and its firing level.Table 4 - Neuron Structural
Content [0099] Individual neurons are emulated by some
fixed-size base information, and a variable number of
relational connection records. The latter may be
conditional, predicated upon the state of other
neurons, and reference the ID indices of both their
target and conditional neurons. [0100] Context
PoolMemory 10. The core of all emulation occurs in the
context pool (short term) memory 10 and the
analyzer/correlator 30. All information of immediate
awareness to the emulator resides in that context
pool. Neuron-like firing is implied by the very
existence within the context pool of a reference to a
neuron from long-term memory 12. Information (blocks)
enter the context pool serially, as it were, but are
processed in parallel by the analyzer 30. [0101]
Referring the context pool 10 in Fig. 4, data flows
from right to left, as it were. Unless reinforced, all
neuron data in the pool gradually 'leaks away' or dies
away during its travel, aging it. Should the context
pool fill, oldest (or left-most) data is simply lost,
a case of information overload. Any data remaining in
the context pool that has aged without reinforcement
can eventually decay to a zero-firing state, at which
point it is simply removed from the pool.[0102] Data
may be placed into the context pool from a number of
sources, the initial one of which is often the
semantic analyzer 50. Except for inputs from the
analyzer 30, all context pool information is filtered
by a clutter filter 40, which largely keeps irrelevant
or non-interesting data from reaching the context
pool. [0103] Data in the context pool take the of form
block-like structures of predefined format. A block
arriving from the semantic analyzer 50, for example,
contains the intent of a sentence, independent clause
or sentence fragment. A one-word reply to a question
is fully meaningful as such a fragment. Such a
sentence block may contain references to a speaker,
the person spoken to, and possibly, references to the
person or object discussed. Many combinations of this
and other sentence data are possible. [0104] Blocks
from analyzer 50 frequently includes the purpose of
the sentence, such as query (and expected type of
answer), command, factual declarations, observations
and the like. This type of data is discrete and
readily identifiable by the semantic parse. [0105]
Other implied emotional information may be inferred
from use of superlatives, exclamatories, and tone (if
derived from an auditory analyzer 60). Auditory
sources yield the speaker's nominal fundamental
frequency and infer stress or emotional excitement by
short or long-term pitch deviations accompanying
spoken speech. [0106] The length of the context pool
is determined empirically by the application, but is
nominally sufficient to handle a number of hours of
intense study, or approximately a day of casual
interaction. To put sizes into context, this
represents roughly a megabyte of conventional digital
storage, although selected size does not alter the
means or methods of this patent. During sleep times
(or emulated extended rest), the context pool 10
gradually drains, with neural firings gradually fading
to zero. As neural references fade to zero, they are
removed from the context pool, as suggested
bio-mimetically. [0107] New information may be
introduced during sleep by the dreamer block 75.
Dreamer-derived information created during deep sleep
decays rapidly when awake, at ratesdifferent from
normal context pool data decay. If the sleep time is
insufficient, yet-active neural firings remain into
the following wake cycle, and are handled as
previously described. [0108] Language Syntax Analyzer
50. A language semantic analyzer 50 accepts
communications in the natural language of
implementation, English, for example. It breaks down
sentences, clauses, and phrases to derive intent and
purpose from the sentence. It uses the context of the
current conversation or interaction by polling the
analyzer 30, long-term memory 12 and reinforcement
memory 11. Access to present context is obtained
indirectly from the context pool via analyzer 30.
Interpretation of language words is weighted by the
presence of their associated neurons in the context
pool, yielding context-accurate interpretations.
[0109] While language semantic analyzer 50 could be
hard-coded in logic, it is beneficial for many
applications that it be implemented as an embedded
processor. This method is not required for the
purposes of this invention, but is a convenience for
the parse and interpretation of languages other than
the initial design language. [0110] Because all humans
are essentially the same regardless of their national
language and its grammar or semantics, the parameters
described herein remain constant, while semantic
analyzer language 50 language description script would
change. [0111] For convenience, statements emitted by
analyzer 30 through interface 98 are created in
analyzer 30. However, this function could be separated
into a separate unit for convenience in altering the
language of choice from English. [0112] For a given
language, semantic analyzer 50 recognizes a set of
words that are an 



essentially invariant part of the language, such as
with and for, in English. These play a substantial
role in defining the grammar for the language. Nouns,
verbs and adjectives readily change with the ages, but
the fundamental structural words that make up the
underlying grammar rarely do.[0113] In addition to
these invariant 'grammar' words, the structure of
sentences, clauses and phrases define the remainder of
the grammar. Analyzer 50 uses this overall grammar to
interpret the intent of the communications. [0114]
Computer languages (non-natural languages) are often
parsed by separate lexical and grammar parsers, using
such commercial tools as Lex and Yacc. These were
deemed burdensome and unwieldy for parses within the
system of the present disclosure. For natural
languages, an alternative parser {Lingua, a commercial
parser and not the subject of this invention) was
created. Using Lingua, a highly complete description
of English grammar was defined and serves as the basis
for language semantic analyzer 50. The intellectual
property contained therein is a definition of English
grammar itself, although it is also not the subject of
this invention. [0115] In the prior art, custom
analyzers using large corpuses or dictionaries of
words have also been employed for the parsing of
English text. Unlike them, semantic analyzer 50 makes
use of context-dependent information for a more
accurate rendering of intent from the text. [0116]
Semantic analyzer 50 takes in natural language
sentences, clauses, phrases and words, and emits
blocks of decoded neuron references and inferred
intent. In large measure, the non-changing and
fundamental grammar words are discarded after they
have served their purpose in the parsing. Similarly,
structural constructs within sentences are often
discarded after their implications have been gleaned.
Finally, pronoun references such as he and it are
replaced by references to neurons representing the
resolution targets, such as "David Hempstead" or
"rabbit". [0117] The semantic analyzer indirectly
references both long term 12 and the "21-day"
reinforcement memory 11, and can extract relational
information from either, to determine meaning and
intent of specific words. It places greater weight on
words whose neural references are already firing
within the context pool 10. [0118] The definitions of
English (or other natural language) grammar are
contained in a definition file in a variant of the
Baccus-Nauer Format (BNF). Refer to Fig. 5 for an
example fragment of such a definition. The example was
implemented using the Lingua compiler, a commercial
product of Neuric Technologies. An example of
diagnostic results obtained fromparsing the sentence,
"The table failed." is given in Fig. 6, showing the
iterative nature of the parser used in the commercial
Lingua product. [0119] It can readily be seen by one
skilled in the art that the language analyzer 50 can
be implemented variously without detracting from its
placement and efficacy in the system of the present
disclosure. [0120] Sentence Blocks. For sentence
processing, context pool 10 data may be blocked into
inferred facts and data. Preprocessing in semantic
analyzer 50 will have already converted sentence
fragments into complete sentences, or will have
flagged the fragments for expansion by the Conjector.
[0121] Each sentence block is usually a complete
sentence, with subject and predicate. Implied you
subjects have had the subject resolved and appropriate
neuron reference substituted. The implied It is
prefix, that turns a noun-clause (e.g., an answer to a
question) into a full sentence, would also have been
added as needed. All sentence blocks are standardized
in form, with inferred sentence information reordered
into that form. [0122] The blocks are of variable
length, with flags that indicate the sentence data
being stored. Some of this information is gleaned from
state parameters. The sentence type dictates which
items are optional. Types include Declaration,
Question, Exclamation, Observation, Accusation, Answer
to Query, and yet others. Other sentence data may
include the following (and other) information: Subject
Subject Person: (1st, 2nd or 3rd) Subject Count:
(Singular, Plural) Subject Gender: (Male, Female,
Object) Action or Step to Take Verb Object (including
Person, Count, Gender) Target of Action (including
Person, Count, Gender)[0123] AUnoun-like items also
contain the person, count, and gender flags. These
sentence blocks are interpreted by the
analyzer/correlator 30 and the conjector 70 as
commands for interpretation. Some of these are
described in the discussion about Table 7 contents.
[0124] The Sentence Recognition Process. Regardless of
whether the sentence was obtained through written text
or from auditory speech, recognition and understanding
of sentence content is roughly the same. The greatest
differences are the additional cross-checks,
validations, and filters imposed on spoken speech. For
extracting intent from sentences, a general
communications triad is defined: The speaker, the
person/object spoken to (e.g., the receiver of
commands), and the person, object or subject spoken
of. Most of this information can be inferred from
sentence content, from the present context pool 10,
and from state parameters 20 and 23. [0125] The basic
process is: 1. Parse - Parse the sentence using
language grammar rules, such as in Figure 5. 2.
Extract the Triad Corners - Identify shifts in the
communications triad, if any. For identified shifts,
advise correlator 30 by suitable command notif er in
the context pool 10. 3. Extract any Qualifiers -
Compile qualifier clauses. If a definitive sentence,
store the compilation, but otherwise evaluate the
clause's probability to a single neuron, extracting
both neuron references and data sufficient to create
additional relational connections 1252. 4. Extract
Structural Elements Extract key structural elements,
discarding semantic information. Store the data in
appropriate blocks or neuron references for use by the
correlators 30 and 75. 5. Compile Definitives -
Compile any definitive sentences into relational and
qualifier 



constituents, storing the relational associations (if
any) with the relevant fact neurons. This is done
indirectly by submitting an appropriate directive to
the context pool 10. * [0126] The above basic process
is exemplary of a portion of the typical activity for
parsing a sentence and generating information or
command blocks for inclusion in the context pool 10.
[0127] Clutter Filter 40. Clutter filter 40 acts to
limit entry of certain types of information into
context pool 10. Information entering the context pool
must pass through the clutter filter, except for that
emitted by analyzer 30. The purpose of the filter is
to remove extraneous neurons, suchas language or
grammatical tokens and non-significant gesture
information. The clutter filter follows preset
heuristics which may either be fixed or adaptable.
[0128] The result of the filter is to maximize the
consideration of relevant information and to minimize
'mental clutter' and things of little interest to the
personality being modeled. Choleric temperaments, for
example, do not thrive on human-interest information
as the Sanguine does. Data so identified may be
removed in keeping with current parameter conditions.
This may occur during the course of conversational
exchange, during which time semantic analyzer 50 or
other sources flags the data on the basis of the topic
of discussion. [0129] The clutter filter is a
substantial contributor to the emulation differences
in right-brained and left-brained activity, second in
this only to the work of analyzer/correlator 30.
[0130] During interaction with the outside world, a
large number of neurons are referenced from memory and
submitted to the context pool 10 for analysis,
correlation, conjecture and dreaming. The filter
considers the type and groupings of neurons being
submitted, as well as some of the inhibitor factors,
and may opt to discard them instead forwarding them to
the context pool 10. During normal (non-sleep)
activity, outputs from the dreamer 75 are given very
low priority, unless overall levels of neural firings
in the context pool 10 are very low. [0131] Neural
phrase results from the analyzer 30 always enter
short-term memory directly, bypassing the clutter
filter. By the nature, analyzer/correlator governs
overall thought (and memory) processes and normally
does not produce clutter. [0132] The filter also
prioritizes incoming information. Entire contents of
answers to questions are also likely to be passed
through, whereas the same material might not
ordinarily be. [0133] The primary basis of
determination of what constitutes 'clutter' is the
personality parameters 20, a subset of the state
parameters 22. (In Figure 4, they are shown separately
from other parameters for emphasis and clarity, but
are essentially are the same.) Logic such as that of
Figure 3 demonstrates one means by which the clutter
determination may be made. It will beobvious to one
skilled in the art that the clutter filter as
described here can be augmented with additional rules
and heuristics without altering the basic inventions
of this patent. [0134] Analyzer/Correlator 30 The
analyzer/correlator 30 is the heart of the emulated
brain, and is the primary center of activity for
thought processes. It is also the primary means for
updating of all dynamic brain parameters and is the
only means for initiating permanent storage of
information. [0135] Decisions are normally based upon
'solid' facts, information of high confidence or
firings. Generally speaking, higher perceived quality
of the source information yields higher quality
decisions. In the absence of good information,
analyzer 30 uses information from conjector 70,
although results using the latter are also of lower
quality. [0136] Thought and decision processes are
performed by the analyzer block, with supporting
prompts and suggestions from conjector 70 and dreamer
75 blocks. The heart of the analyzer's work is done in
context pool memory 10, such that all processes are
performed within the context of the moment. [0137]
Entry of a neuron reference into the context pool
memory 10 initiates a sequence of events unique to the
neuron and its associated relational (experiential)
linkages, or 'relationals'. Detailed later, these
often make use of the event queue memory 14 to handle
the implications of their connections. [0138] Initial
Activity Upon Awakening. When awakened in the morning,
the rested mind (that is, the context pool 10) is
usually quite empty. Thoughts and cares of the past
day are gone, or are so diminished as to not be
readily recalled. Fragments of sentences, fleeting
observations and incomplete or illogical ideas of the
previous day have been purged, the mind uncluttered.
This is the context upon awakening. [0139] Daily
activity in this brain emulation begins in a similar
way. The initial tendency is to resort to routine,
established lists of actions, usually by the timed
fulfillment of events from the event queue 14.
Activity can also be started by other external means
in both human life and in thisbrain emulation. Table 5
lists some example ways that activity begins in the
morning, but the list is of course by no means
inclusive: Table 5 - Example Start-of-Day Activity
Indicators [0140] Any of the above conditions places
blocks of neuron references that take the form of
sentences, event-based commands and other information
to be processed. One skilled in the art will recognize
that the analyzer/correlator 10 can be implemented as
hard-coded logic, a form of command interpreter, or as
an embedded processor without altering the means of
this invention. [0141] Outcomes of Analyzer/Correlator
Activity. As a consequence of its operation,
analyzer/correlator 10 may include any of the
activities of Table 6. The list is indicative of the
types of outcomes and is not all-inclusive, but may be
extended for the convenience of implementation. One
skilled in the art shall realize that this does not
alter the means of this patent.METHOD OF SEPARATING A
MOLD FROM A SOLIDIFIED LAYER DISPOSED ON A SUBSTRATE
CROSS-REFERENCE TO RELATED PATENT APPLICATIONS [0001]
The present application is a divisional patent
application of united States patent application number
11/047,428, filed January 31, 2005, entitled CHUCKING
SYSTEM FOR NANOMANUFACTURING and having Daniel A .
Babbs, Byung-Jin Choi and Anshuman Cherala listed as
inventors; and a divisional of United States patent
application number 11/047,499, filed January 31, 2005,
entitled METHOD OF RETAINING A SUBSTRATE TO A WAFER
CHUCK, and having Byung- 



Jin Choi, Anshuman Cherala and Daniel A . Babbs listed
as inventors, the entirety of which applications are
incorporated by reference herein. STATEMENT REGARDING
FEDERALLY SPONSORED RESEARCH OR DEVELOPMENT [0002] The
U.S. Government has a paid-up license in this
invention and the right in limited circumstances to
require the patent owner to license others on
reasonable terms as provided by the terms of
N66001-01-1-8964 and N66001-02-C-8011 awarded by the
Defense Advanced Research Projects Agency (DARPA) .
BACKGROUND OF THE INVENTION [0003] The field of the
invention relates generally to nanofabrication of
structures . More particularly, the present invention
is directed to a method of separating a template from
a solidified layer disposed on a substrate in an
imprint lithography process. Nano-f abrication
involves the fabrication of very small structures,
e.g., having features on the order of nano-meters or
smaller. One area in which nano-fabrication has had a
sizeable impact is in the processing of integrated
circuits. As the semiconductor processing industry
continues to strive for larger production yields while
increasing the circuits per unit area formed on a
substrate, nanofabrication becomes increasingly
important. Nano-fabrication provides greater process
control while allowing increased reduction of the
minimum feature dimension of the structures formed.
Other areas of development in which nano-fabrication
has been employed include biotechnology, optical
technology, mechanical systems and the like.[0004] An
exemplary nano-f abrication technique is commonly
referred to as imprint lithography. Exemplary imprint
lithographic processes are described in detail in
numerous publications, such as United States published
patent application 2004/0065976 filed as United States
patent application 10/264,960, entitled, "Method and a
Mold to Arrange Features on a Substrate to Replicate
Features having Minimal Dimensional Variability" ,-
United States published patent application
2004/0065252 filed as United States patent application
10/264,926, entitled "Method of Forming a Layer on a
Substrate to Facilitate Fabrication of Metrology
Standards"; and United States published patent
application 2004/0046271 filed as United States patent
application 10/235,314, entitled "Functional
Patterning Material for Imprint Lithography
Processes," all of which are assigned to the assignee
of the present invention. [0005] The fundamental
imprint lithography technique disclosed in each of the
aforementioned United States published patent
applications includes formation of a relief pattern in
a polymerizable layer and transferring a pattern
corresponding to the relief pattern into an underlying
substrate. To that end, a template is employed
spaced-apart from the substrate with a formable liquid
present between the template and the substrate and in
contact therewith. The liquid is solidified to form a
solidified layer that has a pattern recorded therein
that is conforming to a shape of the surface of the
template in contact with the liquid. The template is
separated from the solidified layer such that the
template and the substrate are spaced-apart. The
substrate and the solidified layer are then subjected
to processes to transfer, into the substrate, a relief
image that corresponds to the pattern in the
solidified layer. During separation of the template
from the solidified layer, the recorded pattern may be
damaged. It is desired to provide improved separation
techniques that minimize the damage to the recorded
pattern. SUMMARY OF THE INVENTION [0006] The present
invention is directed towards a method of separating a
mold, included in a template, from a layer disposed on
a substrate. The method includes, inter alia, applying
a separation force to the template to separate the
template from the layer, and facilitating localized
deformation in the substrate to reduce the magnitude
of separation force required to achieve separation. It
isbelieved that, by reducing the separation forces,
damage to the recorded layer may be minimized. These
embodiments and others are described more fully below.
BRIEF DESCRIPTION OF THE DRAWINGS [0007] Fig. 1 is a
cross-sectional view of a template in contact with an
imprinting layer, and undergoing separation therefrom
in accordance with the prior art; [0008] Fig. 2 is a
cross-sectional view of a template undergoing
separation from an imprinting layer, disposed upon a
substrate, in accordance with one embodiment of the
present invention; [0009] Fig. 3 is a cross-sectional
view of a template undergoing separation from an
imprinting layer, disposed upon a substrate, in 



accordance with a second embodiment of the present
invention; [0010] Fig. 4 is a cross-sectional view of
a template mounted to a template holder in accordance
with the present invention; [0011] Fig. 5 is a top
down view of a wafer chuck demonstrating a first
embodiment of differing vacuum sections that may be
provided in accordance with the present invention;
[0012] Fig. 6 is a top down view of a wafer chuck
demonstrating a second embodiment of differing vacuum
sections that may be provided in accordance with the
present invention; [0013] Fig. 7 is a top down view of
a wafer chuck demonstrating a third embodiment of
differing vacuum sections that may be provided in
accordance with the present invention; [0014] Fig. 8
is a side view of the wafer chuck and substrate shown
in Fig. 3 being subject to a release scheme in
accordance with an alternate embodiment; [0015] Fig. 9
is a top down view of one embodiment of the wafer
chuck shown in Fig. 2 ; [0016] Fig. 10 is a
cross-sectional view of the wafer chuck shown in Fig.
9 taken along lines 10-10; [0017] Fig. 11 is a
cross-sectional view of a wafer chuck shown in Fig. 10
having a substrate disposed thereon; [0018] Fig. 12 is
a cross-sectional view of a second embodiment of the
wafer chuck, shown in Fig. 2 , having a substrate
disposed thereon; [0019] Fig. 13 is a cross-sectional
view of a template in contact with an imprinting
layer, disposed upon a substrate, wherein the
substrate is subjected to a pushing force;[0020] Fig.
14 is a simplified top down plan view showing a
template having a plurality of air nozzles arranged
locally to exert a pushing force; [0021] Fig. 15 is a
simplified top down plan view showing a template
having a plurality of air nozzles arranged as an array
to exert a pushing force; [0022] Fig. 16 is a
simplified top down plan view showing a template
having a plurality of trenches disposed therein to
facilitate release of air located between a template
and an imprinting layer; [0023] Fig. 17 is a side view
of a template shown in Fig. 16; [0024] Fig. 18 is a
simplified top plan down view showing a template
having a plurality of holes disposed therein to
facilitate release of air located between a template
and an imprinting layer ; and [0025] Fig. 19 is a side
down view of the template shown in Fig. 17. DETAILED
DESCRIPTION OF THE INVENTION [0026] Referring to Fig.
1 , a template 10 is shown in contact with an
imprinting layer 12. Typically, template 10 may be
comprised of fused silica and imprinting layer 12 may
be formed from any material known in the art.
Exemplary compositions for imprinting material 12 are
disclosed in United States patent application number
10/763,885, filed January 24, 2003, entitled Materials
and Methods for Imprint Lithography, which is
incorporated by reference. Imprinting layer 12 may be
positioned on a substrate 14 , with substrate 14
having a thickness t ' associated therewith. Substrate
14 may be formed from virtually any material including
silicon, fused silica, metal or compound materials
typically associated with the manufacture of
integrated circuits. Template 10 comprises a surface
16 having a plurality of features disposed thereon,
with the plurality of features comprising a plurality
of protrusions 18 and recessions 20. The plurality of
protrusions 18 and recessions 20 form a pattern to be
transferred into imprinting layer 12, forming a relief
image therein. More specifically, template 10 contacts
imprinting layer 12 such that the material of
imprinting layer 12 ingresses into and fills the
plurality of recessions 20 to form imprinting layer 12
with a contiguous structure across surface 16 of
template 10, wherein typically the atmosphere
surrounding template 10, and imprinting layer 12 may
be saturated with a gas, such as helium. Template 10
may be connected to an imprint head 11 . The imprint
head 11 may be adapted to move along the X-, Y-,
and/or Z-axes, thereby generating separation force Ps
by moving template 10 along the Z-axis away from
substrate 14. To that end, substrate 14 typically
remains in a fixed position with respect to the Z-axis
while imprint head 11 undergoes movement. [0027]
Imprinting layer 12 may be formed from a
photo-sensitive material such that when exposed to an
actinic component, the same is polymerized and
cross-linked to form a solidified material. The
actinic component may include ultraviolet wavelengths,
thermal energy, electromagnetic energy, visible light
and the like. The 



actinic component employed is known to one skilled in
the art and typically depends on the material from
which imprinting layer 12 is formed . [0028]
Solidification of imprinting layer 12 occurs after
template 10 makes contact therewith and the imprinting
layer 12 fills the plurality of recessions 20.
Thereafter, template 10 is separated from imprinting
layer 12. In this manner, the relief image is recorded
into imprinting layer 12 with a pattern corresponding
to the pattern of template 10. [0029] Separation of
template 10 from solidified imprinting layer 12 is
achieved by application of a force P8, to template 10.
The separation force F3, is of sufficient magnitude to
overcome adhesion forces between template 10 and
solidified imprinting layer 12 and the resistance of
substrate 14 to strain (deformation) . It is believed
that deformation of a portion of substrate 14
facilitates separation of template 10 from solidified
imprinting layer 12 . Wafer chuck 22 may retain
substrate 14 during separation using any number of
well known straining forces, Fc, e.g., electrostatic
forces, magnetic forces, vacuum forces and the like. A
s a result, the direction of separation force F is
typically opposite to that of the direction of the
straining force Fc . Typically, wafer chuck 22 is
supported by a stage 23 that facilitates movement
along X , Y and/or Z axes. An exemplary imprint
lithography system is sold under the tradename
IMPRIO(tm) 100 available from Molecular Imprints, Inc.
of Austin, Texas. [0030] As shown in Fig. 1 , a
magnitude of the strain (deformation) of substrate 14
is a function of the separation "force F applied and
typically results in the formation of strained
region24 in which substrate 14 is spaced from wafer
chuck 22 a distance d . Strained region 24 is
typically generated proximate to a region of
imprinting layer 12 in contact with template 10,
referred to as the processing region. [0031] However,
it is desired to minimize the magnitude of the
separation force Fs necessary to achieve separation of
template 10 and solidified imprinting layer 12. For
example, minimizing the magnitude of the separation
force P3 facilitates alignment processes so that
template 10 and substrate 14 may be properly aligned,
as well as allow an increased ratio of template
patterning area versus total template area.
Additionally, minimizing the separation force F3
necessary to achieve separation of template 10 and
solidified imprinting layer 12 reduces the probability
of structural comprise of template 10, substrate 14,
and solidified imprinting material 12. [0032]
Furthermore, deformation of substrate 14 creates
potential energy in strained region 24 that is
transformed into kinetic energy upon separation of
template 10 from solidified imprinting layer 12 .
Specifically, after separation of template 10 from
solidified imprinting layer 12 , the separation force
Fs upon substrate 14 approaches zero. The straining
force Fc and the elasticity of the material from which
substrate 14 is formed causes strained region 24 to
accelerate toward chuck 22, such that strained region
24 typically collides with wafer chuck 22. It is
believed that the collision of strained region 24 with
wafer chuck 22 has the deleterious effect of
compromising the structural integrity of substrate 14
and the solidified imprinting layer 12 formed thereon.
This makes problematic, inter alia, alignment between
substrate 14 and template 10. [0033] Referring to Fig.
2 , the present invention attenuates, if not prevents,
the aforementioned deleterious effects associated with
separation of template 10 from solidified imprinting
layer 12 . This is achieved by reducing, for a given
substrate 14, template 10, and solidified imprinting
layer 12, the magnitude of the separation force F3
necessary to achieve separation between template 10
and solidified imprinting layer 12. To that end, wafer
chuck 122 is configured to control a magnitude of the
strain (deformation) to which substrate 14 is
subjected, particularly during separation. Wafer chuck
122 generates a straining force F0 from a plurality of
independently generated forces F1 and F2 . This
facilitates providing a straining force Fc that may
vary in direction and magnitude across substrate14.
For example, the magnitude of variable forces F2 may
be substantially less than the magnitude of chucking
forces F1. A s a result, when template 10 is subjected
to a separation force F3, chucking forces F1 may be
associated with a non- strained region 26 of substrate
14, and variable forces F2 may be associated with
strained region 24 of substrate 14 . [0034] In this
example, forces F1 and F2 are both along directions
substantially opposite to the direction of the
separation force F3. Separation force Fs may be
generated by movement of an imprinting head 11 to
which template is connected, as discussed above 



with respect to Fig. 1 . Additionally, wafer chuck
122, shown in Fig. 2 , may be supported by a stage 23,
as discussed above with respect to Fig. 1 . It should
be noted, however, that separation force Fs may be
generated by keeping the position of template 10 fixed
with respect to the Z-axis and moving substrate 14
along the Z-axis away from template 10 employing stage
23. Alternatively, the separation force FS may result
from the combination of moving template 10 and
substrate 14 in opposite directions along the Z axis.
For purposes of the present discussion, however, the
invention is discussed with respect to moving imprint
head 11 so that template 10 moves along the Z axis
away from substrate 14 , while substrate remains fixed
with respect to the Z axis . [0035] It should be noted
that the magnitude of forces F1 and F2 may have
virtually any value desired, so long as portions of
substrate 14 outside of strained region 24 is retained
upon wafer chuck 122 when the same is subjected to
separation force F . For example, variable forces F2
may have a magnitude approaching zero. As a result of
the magnitude of variable forces F2 being
substantially less than the magnitude of chucking
forces F1, the magnitude of the separation force F3
required to separate template 10 from solidified
imprinting layer 12 may be reduced. More specifically,
the magnitude of variable forces F2 are established to
facilitate strain (deformation) of a portion of
substrate 14 in superimposition with template 14 in
response to separation force Fs, referred to as
strained region 24. [0036] Referring to Fig. 3 ,
alternatively, straining force Fc may be varied across
substrate 14 such that the direction of variable
forces F2 may be opposite to the direction of chucking
forces F1 and commensurate with the direction of
separation force F3 . The magnitude of the variable
forces F2 may be the same, greater or lessthan a
magnitude of chucking forces F1. In this manner,
localized deformation of substrate 14 is facilitated
by variable forces F2 pushing strained region 24 away
from wafer chuck 122. This may or may not be
independent of the presence of separation force Fs .
[0037] A s mentioned above, in the present example
chucking forces F1 function to hold substrate 14 upon
wafer chuck 122 when subjected to separation force Fs.
A s a result of the direction of the variable forces
F2 being substantially the same as the direction of
the separation force F3, the magnitude of the
separation forces F3 required to separate template 10
from solidified imprinting layer 12 may be reduced.
[0038] Furthermore, as a result of variable forces F2
being in a direction substantially the same as the
direction of separation force Fs, the variable forces
F2 may reduce the impact, if not avoid collision, of
strained region 24 with template 10. More
specifically, second variable forces F2 reduce the
velocity, and thus, the kinetic energy of strained
region 24 as the same propagates towards wafer chuck
122, after separation of template 10 from solidified
imprinting layer 12. In this manner, strained region
24 comes to rest against wafer chuck 122 without
unduly compromising the structural integrity of the
same . [0039] After separation of template 10 from
solidified imprinting layer 12 , the magnitude and
direction of variable forces F2 may be changed. For
example, variable forces F2 may be provided to have
the same magnitude and direction as chucking forces
F1. Further, the change in magnitude and direction of
variable forces F2 may vary linearly during a period
of time such that the magnitude of variable forces F2
having a direction opposite to chucking forces F1
approaches zero. Upon reaching zero variable forces F2
change direction and are slowly increased to be
commensurate with the magnitude and direction of
chucking forces F1. A s a result, substrate 14 may be
subjected to a gradient of variable forces F2 that
slowly decelerate strained region 24 and gradually
increase to fixedly secure substrate 14 to wafer chuck
122. Therefore, an abrupt deceleration of substrate 14
in response to contact with wafer chuck 122, i.e., a
collision, may be avoided while minimizing the force
of impact with wafer chuck 122 . [0040] Before
separation of template 10 from solidified imprinting
layer 12 , the direction of the variable forces F2 may
be substantially the opposite as the direction of
separation force F3,as described above with respect to
Fig. 2 . However, upon separation of template 10 from
solidified imprinting layer 12, the direction of
variable forces F2 may be substantially the same as
the direction of separation force F3, as described
above with respect to Fig. 3 . [0041] Referring to
Figs. 1 and 4 , to further facilitate the separation
of template 10 from imprinting layer 12, template 10
may be subjected to a bowing force FB . More
specifically, bowing force FB may be applied along a
center region 28 of template 10 and along a 



direction opposite to that of the direction of the
separation force Fs, shown in Fig. 1 . The bowing
force FB may be applied in conjunction with, or
independent of, varying the magnitude and the
direction of the straining forces Fc, as discussed
above. To that end, template 10 may be attached to a
template chuck as disclosed in United States patent
application number 10/999,898, filed November 30,
2004, assigned to the assignee of the present patent
application and having Cherala et al. identified as
inventors, which is incorporated by reference herein.
[0042] The template chuck includes a body 31 having a
centralized throughway 33, one side of which is sealed
by a fused silicate plate 35 and a gasket 36.
Surrounding throughway 33 is a recess 37 and gaskets
38. Properly positioning template 10 upon body 31
seals throughway 33 forming a chamber, as well as
sealing of recess forming a second chamber surrounding
the centralized chamber. The centralized chamber and
the second chamber may each be provided with a desired
pressurization vis-a-vis passageways 40 and 41,
respectively. By evacuating the second chamber and
pressurizing the central chamber, bowing force FB may
be applied to template 10 without removing the same
from body 31. [0043] Referring to Figs. 1 , 5 and 6 ,
to vary the magnitude and the direction of the
straining force Fc across substrate 14, the
aforementioned wafer chuck 122 may be employed.
Furthermore, the following embodiments may be employed
in step and repeat processes, wherein an exemplary
step and repeat process is disclosed in United States
published patent application number 2004/0008334 filed
as United patent application number 10/194,414,
assigned to assignee of the present invention and
incorporated herein by reference . [0044] To that end,
wafer chuck 122 may be configured to provide a
plurality of discrete vacuum sections 30A-30z. For
purposes of the present invention, each of the
plurality of vacuum sections 30A-30z is defined as
providing one or more chucking forces of
commonmagnitude and direction., e.g., there may be one
straining force, Fc, associated w ith one of discrete
vacuum sections 30A-30z or multiple chucking forces,
each of which are substantially identical in direction
and magnitude. The number, size and shape of vacuum
sections 30A-30z may vary dependent upon several
factors. Additionally, the size and shape of any one
of the plurality of vacuum sections 30A-30z may differ
from the remaining vacuum sections of the plurality of
vacuum sections 30A-30z . For example, the size and/or
shape of one or more of the vacuum sections may be
commensurate with the size and/or shape of the region
24. A s a result, each of the plurality of vacuum
sections 30A-30z may be provided with one of a number
of shapes, including any polygonal shape, such as the
square shape as shown, as well as circular shapes
shown as 130 or annular shapes shown as 230 , in Fig.
6 . Additionally, vacuum sections may include any one
or more of irregular shapes 33 0 , shown in Fig. 7 .
[0045] Referring to Figs. 5-7, although it is possible
that each of the plurality of vacuum sections defined
on a common wafer chuck 122 have a common shape and
size, it is not necessary. Thus wafer chuck 222 may
define irregular vacuum sections 330, along with a
hexagonal vacuum section 430 , a rectangular vacuum
section 530, a circular vacuum section 130, and an
annular vacuum section 230. [0046] Referring to Figs.
2 , 5 , 7 and 8 , each of the plurality of vacuum
sections 30 -30z may be individually addressed so that
differing chucking forces may be associated with the
plurality of vacuum sections 30A-30z . In this manner,
the locus of the desired chucking forces, e.g., F1
and/or F2, may be established with great precision. It
is desired, however, to vary the straining forces Fc
associated with the plurality of vacuum sections 30A-3
0z so that substrate 14 may be along an axis that
extends across the entire area of substrate 14. To
that end, adjacent rows of said plurality of vacuum
sections 30A -30z define a straining force
differential DFC . For example, vacuum sections 30D,
3O1, 3O0, 3O , 30z, 3 O , 30P, 30v may generate
variable force F2, that is lower than chucking force
F1, generated by the remaining vacuum sections, 30A ,
30B, 30c, 30E, 30P, 30G / 30H , 30K, 30L, 30M , 3 ON ,
3 0Q , 3 0R , 3 0S , 3 0T , 3 0W , 3 OX , and 30Y .
This would enable substrate 14 to bend about axis A ,
which is facilitated by the force differential DFC
being defined between a first row consisting of vacuum
sections 30D , 3O1, 3O0, 3Ou and 30z and a second row
consisting of vacuum sections 30c, 30H / 3 ON , 3 0T
and 30y.[0047] Referring to Figs. 9 and 10, to provide
wafer chucks 122 and/ or 222 with the aforementioned
vacuum characteristics, wafer chuck 122 and 222 are
integrally formed from stainless steel or aluminum
with a plurality of spaced-apart pins 32 and 33,
defining a plurality of channels 36 therebetween.
Although shown as having a circular cross-section, e a
ch of the plurality of pins 32 and 33 may 



have virtually any cross-sectional shape desired,
including polygonal shapes and typically have a pitch
of 3 millimeters. One or more of the plurality of pins
are hollow defining a throughway 34 that extends from
a passageway 35, terminating in an opening facing
substrate 14, as shown in Fig. 11. These are shown as
pins 32, with throughway typically having a diameter
of approximately 1 millimeter to prevent bowing of the
portion of substrate 124 in superimposition therewith.
[0048] Although each of pins 32 is shown in fluid
communication with a common passageway 35, this is not
necessary. Rather, throughway 34 of each of the
plurality of pins 32 may be individually addressable
such that the volume and direction of fluid passing
therethrough per unit time is independent of the fluid
flow through throughways 34 associated with the
remaining pins 32. This may be achieved by placing one
or more of pins 32 in fluid communication with a
passageway that differs from the passageways in fluid
communication with the remaining pins 32. In a further
embodiment, throughways 34 may comprise a stepped
structure. The plurality of pins 34 may be surrounded
by a land 37 upon which substrate 14 rests. Channels
36 are typically in fluid communication with a common
passageway 39 via aperture 40. [0049] Referring to
Figs. 10 and 11, substrate 14 is retained on wafer
chuck 122 by straining force Fc generated by fluid
flow through channels 36 and/or throughways 34. To
that end, passageway 35 is in fluid communication with
a pressure control system 41 and passageway 39 is in
fluid communication with a pressure control system 43.
Both of pressure control systems 41 and 43 are
operated under control of processor 45 that is in data
communication therewith. To that end, processor may
include computer readable code operated on by the
processor to carrying out the fluid flows mentioned
with respect to Figs. 2-11. Upon being disposed upon
wafer chuck 122, one surface 47 of substrate 14,
facing wafer chuck 122, rests against pins 32 and 33.
In the presence of the straining force Fc, and the
absence of separation force Fs, an end of throughways
34 facing substrate 14 issubstantially sealed,
hermetically, by surface 47 resting against pins 32
and 33. No fluid flows between throughways 34 and
channels 36 as a result of the seal by surface 47.
[0050] Upon application of separation force F3, a
portion of surface 47 in superimposition with
solidified imprinting layer 12 becomes separated from
pins 32 and/or 33 . To facilitate this separation by
reducing a magnitude of separation force F3 required
to achieve the same, pins 32 are disposed throughout
the area of wafer chuck 122 . The fluid flowing
through throughways 34 is selected so that variable
force F2 is less than chucking force F1. Typically,
chucking force F1 is generated by operating pressure
control system 43 at full vacuum. When variable force
F2 is operated in a pressure state, it is of
sufficient magnitude to generate a pressure of
approximately 200 kilo Pascals (kPa) in the volume
disposed between strained region 24 and wafer chuck
122 . This is usually creates approximately 10 microns
of movement of substrate 14 at strained region 24. A s
a result of the seal being broken, throughways 34 are
placed into fluid communication with passageway 39 via
channels 36 and apertures 40. This further reduces the
magnitude of straining forces Fc in superimposition
with strained region 24, thereby reducing the
separation force F required to separate template 10
from imprinting layer because strain/deformation of
substrate 14 in region 24 is facilitated. [0051]
Referring to Fig. 12, in an alternate embodiment,
wafer chuck 322 may provide the aforementioned vacuum
characteristics, without use of pins 32 and 33. To
that end, a surface 49 of wafer chuck 322 includes a
plurality of apertures 50 and 52 that may be
configured to have a flow of fluid therethrough, the
magnitude and direction of which may be independent of
the flow of fluid through the remaining apertures 50
and 52. Apertures typically have a 3 millimeter pitch
and a diameter of 2 millimeters, sufficient to reduce
the probability of bowing of the portion of substrate
14 in superimposition therewith. [0052] In the present
example, apertures 50 are in fluid communication with
a common passageway 53 and apertures 52 are in fluid
communication with a common passageway 55. The
straining force Fc generated by fluid flows through
one or more of the plurality of spaced-apart apertures
50 and 52. Before separation, the portion of the
plurality of spaced-apart apertures 50 and 52 may have
fluid passing therethrough at a first flow rate, 0
seem or greater. Wereseparation force F3 present,
fluid may pass through apertures 50 and 52 at a flow
rate that differs from the first flow rate.
Specifically, the flow rate of fluid passing through
apertures 50 and 52 may vary in response to the
presence of separation force F . 



Typically the aforementioned change in flow rate is
localized to apertures 50 and 52 in superimposition
with strained region 24. The change in flow rate is
typically sufficient to reduce the magnitude of the
straining force Fc. As such, the change in flow rate
typically affects the fluid passing though only one of
apertures 52 or apertures 50. For example, the flow
rate through apertures 52, in superimposition with
strained region 24, would change so that the straining
force Fc generated thereby is reduced. The flow rate
through apertures 50 remains substantially constant.
[0053] Referring to Fig. 2 , to further assist in
separation of template 10 from imprinting layer 12,
the imprinting layer may be composed of material that
produces a gaseous by-product when exposed to
predetermined wavelengths as disclosed in United
States patent number 6,218,316 which is incorporated
by reference herein. The gaseous by-product can
produce localized pressure at the interface between
imprinting layer 12 and mold the flat surface. The
localized pressure can facilitate separation of
template 10 from imprinting layer 12 . The wavelength
of radiation that facilitates generation of the
gaseous by-product may include such wavelengths as 157
nm, 248 nm, 257 nm and 308 nm, or a combination
thereof. After generation of the gaseous by-product,
it is desired to expeditiously commence separation of
template 10 so as to minimize damage to imprinting
layer 12. Further, the gaseous by-product located
between template 10 and imprinting layer 12 may leak
out from between template 10 and imprinting layer 12,
which is undesirable. Furthermore, the separation of
template 10 from imprinting layer 12 should be
orthogonal to imprinting layer 12 to minimize
distortions of the imprinting layer 12 . [0054]
Referring to Fig. 13 to further assist in separation
of template 10 from imprinting layer 12 , a pushing
force Fp may be employed between template 10 and
substrate 14. Specifically, the pushing force Fp may
be applied proximate to substrate 14 in areas of
substrate 14 not in superimposition with template 10.
The pushing force Fp facilitates in separation of
template 10 by moving substrate 14 away from template
10. To that end, pushing force FP is directed along a
direction opposite to separation force F ; thereby
themagnitude of the separation force Fs required to
achieve separation may be reduced. The pushing force
Fp may be applied by a plurality of air nozzles 62
arranged locally, as shown in Pig. 14, or as an array
162, as shown in Fig. 15. The gas employed within the
plurality of air nozzles includes, but is not limited
to, nitrogen (N 2) . The pushing force Fp may be
applied independent or in conjunction with varying the
straining force Fc, as discussed above with respect to
Figs. 2-12. [0055] Referring to Figs. 2 , 16, and 17
to further assist in separation of template 10 from
imprinting layer 12, template 10 may comprises a
plurality of trenches 38 to decrease the vacuum
sealing effect between template 10 and imprinting
layer 12 . Trenches 66 facilitate release of air
positioned between template 10 and imprinting layer 12
when template 10 and imprinting layer 12 are in
contact, thus decreasing the vacuum sealing effect
between template 10 and imprinting layer 12. A s a
result, the magnitude of the separation force F may be
reduced, which is desired. [0056] Referring to Figs.
18 and 19, in a further embodiment, template 10 may
comprise a plurality of holes 68, wherein the
plurality of holes 68 function analogously to trenches
66, such that holes 68 function to decrease the vacuum
sealing effect between template 10 and imprinting
layer 12. [0057] The embodiments of the present
invention described above are exemplary. Many changes
and modifications may be made to the disclosure
recited above, while remaining within the scope of the
invention. The scope of the invention should,
therefore, be determined not with reference to the
above description, but instead should be determined
with reference to the appended claims along with their
full scope of equivalents .WHAT IS CLAIMED IS: 1 . A
method of separating a mold, included in a template,
from a layer disposed on a substrate, said method
comprising: applying a separation force to said
template to separate said template from said layer;
and facilitating localized deformation in said
substrate. 2 . The method as recited in claim 1
wherein facilitating further includes facilitating
localized deformation in response to said separation
force. 3 . The method as recited in claim 1 wherein
facilitating further includes facilitating localized
deformation of said substrate independent of said
separation force . 4 . The method as recited in claim
1 wherein facilitating 



further includes facilitating localized deformation of
said substrate in a region in superimposition with
said mold. 5 . The method as recited in claim 1
wherein facilitating further includes said
facilitating localized deformation of said substrate
in a region in superimposition with said mold while
avoiding deformation of areas of said substrate
outside of said region . 6 . The method as recited in
claim 1 wherein said mold is adhered to said layer by
an adhesion force with applying further including
applying said separation force with a magnitude to
overcome said adhesion force. 7 . The method as
recited in claim 1 wherein facilitating further
includes applying a vacuum to said substrate at a
plurality of spaced-apart regions, a subset of which
has a vacuum associated therewith that is less than
the vacuum associated with the remaining regions of
said plurality of spaced-apart regions .8 . The method
as recited in claim 1 wherein facilitating further
includes applying a pushing force directed against
said substrate to move said substrate away from said
template. 9 . The method as recited in claim 1 wherein
facilitating further includes applying a positive
pressure to first regions of said substrate and
applying a vacuum to second regions of said substrate.
10 . The method as recited in claim 1 wherein
facilitating further includes applying a positive
pressure to first regions of said substrate, in
superimposition with said mold, and applying a vacuum
to second regions of said substrate outside of said
first regions . 11. A method of separating a mold,
included in a template, adhered to a layer, with an
adhesion force, which is disposed on a substrate, said
method comprising: applying a separation force, having
a magnitude associated therewith, to said template;
and generating sufficient localized deformation in
said substrate to facilitate overcoming said adhesion
force with said separation force. 12 . The method as
recited in claim 11 wherein generating further
includes facilitating localized deformation of said
substrate in a region in superimposition with said
mold while avoiding deformation of areas of said
substrate outside of said region. 13 . The method as
recited in claim 11 wherein generating further
includes applying a vacuum to said substrate at a
plurality of spaced-apart regions, a subset of which
has a vacuum associated therewith that is less than
the vacuum associated with the remaining regions of
said plurality of spaced-apart regions. 14 . The
method as recited in claim 11 wherein generating
further includes applying a positive pressure to first
regions of said substrate and applying a vacuum to
second regions of said substrate.15 . The method as
recited in claim 11 wherein facilitating further
includes generating localized deformation in response
to said separation force . 16 . The method as recited
in claim 11 wherein facilitating further includes
generating localized deformation of said substrate
independent of said separation force . 17. A method of
separating a mold, included in a template, adhered to
a layer, with an adhesion force, which is disposed on
a substrate, said method comprising: applying a
separation force, having a magnitude associated
therewith, to said template; and generating sufficient
localized deformation in said substrate to facilitate
overcoming said adhesion force with said separation
force ; and applying a pushing force directed against
said substrate to move said substrate away from said
template. 18 . The method as recited in claim 17
wherein pushing further includes directing a flow of
gas against regions of said substrate outside of a
zone of said substrate in superimposition with said
mold. 19 . The method as recited in claim 17 wherein
generating further includes applying a vacuum to said
substrate at a plurality of spaced-apart regions, a
subset of which has a vacuum associated therewith that
is less than the vacuum associated with the remaining
regions of said plurality of spaced-apart regions .
20. The method as recited in claim 17 wherein
generating further includes applying a positive
pressure to first regions of said substrate and
applying a vacuum to second regions of said substrate
. 


