
METHOD AND APPARATUS TO REDUCE THERMAL VARIATIONS WITHIN AN
INTEGRATED CIRCUIT DIE USING THERMAL PROXIMITY CORRECTION TECHNICAL
FIELD    [0001] The present disclosure relates generally to devices
and methods of fabrication of semiconductor devices, and more
particularly to the fabrication of integrated circuits and reducing
temperature variation (and its effects) within a semiconductor
integrated circuit die.  BACKGROUND     (0002] In conventional
semiconductor integrated circuit processing, various front-side
annealing techniques, such as rapid thermal processing (RTP), flash
lamp (FL) and laser spike annealing (LSA), are commonly utilized to
activate dopants and remove defects for ultra-shallow ion-implented
junctions. During performance of these annealing processes,
temperature variations occur at different points or areas within the
integrated circuit die. Temperature variations within are due
primarily to differences in thermal absorption and emission caused by
different film stacks at different locations. Various publications
have shown that different materials on the front-side give rise to
emissivity variations that can lead to significant local variations
in temperature (e g., incident light is absorbed/reflected
differently depending on film composition), 



(0003] At larger device dimensions, these temperature variations have
little or no effect. However, as device dimensions shrink, the impact
of these temperature variations has an increased effect on device
performance by affecting electrical response. Variations in device
performance within a die have been observed and are attributed to
temperature non-uniformity when the wafer (andundergoes front-side
annealing schemes.These temperature variations not only result from
differences in film stack materials, but also result from the pattern
density across the die, In addition., when annealing duration is
reduced, diffusion lengths are similarly reduced which leads to
increased temperature non-uniformity.     [0004] Accordingly, there
is a need for an improved fabrication process (and resulting devices)
that reduces temperature variations within an integrated circuit die
and/or minimizes their impact on device performance.  



SUMMARY     [0005] In accordance with one embodiment, there is
provided method of forming an integrated circuit die. The method
includes determining a location of interest withi.n an integrated
circuit design and defining an effective thermal area for the
location or interest. An effective temperature is estimated at the
location of interest based on a given anneal process to be performed
and compared to a target temperature associated with the given anneal
process. Thermal proximity correction is performed when the estimated
effective temperature does not meet the target temperature,
[0006] In accordance with another embodiment, there is provided an
integrated circuit die comprising a device structure formed at a
pre-determined location on the die, and one or more dummy structures
formed within a pre-defined effective thermal area surrounding the
transistor structure and operable for purposely affecting temperature
at the pre-determined location during a thermal anneal. process,
[0007] In yet another embodiment, there is provided a method of
esignina an integrated circuit to reduce thermal variations generated
within the integrated circuit die during an anneal process. The
method includes providing an integrated circuit design including a.
transistor with source/drain regions,   An effective thermal area
about the transistor is defined and an effective temperature at the
location the transistor is estimated based on a given anneal process
intended to be performed during fabrication of the integrated circuit
die based on the initial integrated circuit desion. The estimated
effective temperature is compared to a target temperature associated
with the given anneal process and, if the estimated effective
temperature does not meet the target temperature, the integrated
circuit design is modified to incorporate thermal. proximity
correction.      [0008] In another, embodiment, there is provided a
method of fabricating an integrated circuit die. The method includes
c)roviciincan initial integrated circuit design, performing a th
proximity correction process on the initial integrated circuit design
to reduce thermal variations in a predetermined thermal anneal
process durino fabrication of the integrated circuit die, modifying
the initial integrated circuit design to generate a modified
integrated circuit design, and fabricating the integrated circuit in
accordance with the modified integrated circuit design. 



[0009] In still another embodiment, there is provided an integrated
circuit. die comprising a first transistor structure formed at a
first predetermined location on the die the first transistor
structure having source/drain regions, a gate  electrode and a
channel region, and a. second. transistor structure formed at a
second pre-determined location on the die, the second transistor
structure having source/drain regions, a gate electrode and. a
channel region. At least one dimension of the second transistor
structure is substantially different from a. corresponding dimension
of the first transistor structure and the performance of the first
transistor structure and the performance of the second transistor
structure is substantially uniform as a result of temperature
variation, at the first and second transistor structures during
annealing.     [0010] Other technical features may be readily
apparent to one skilled in the art from the following figures,
descriptions, and claims.  BRIEF DESCRIPTION OF THE DRAWINGS
[0011] For a more complete understanding of the present disclosure,
and the advantages thereof, reference is now made to 



e following descriptions taken in conjunction with the accompanying
drawings, wherein like numbers designate like objects, and in which:
[0012] FIGURE 1 is a diagram. illustrating thermal variations across
different types of materials on an integrated circuit     [0013]
FIGURE 2 depicts a location X representing a location within an
integrated circuit die and an effective thermal radius r beyond which
thermal effects are assumed to be negligible;     [0014] FIGURE 3
Illustrates a process 300 for determining whether thermal proximity
correction should be performed for a given location of interest
within an integrated circuit die;     [0015] FIGURE 4A is a block
diagram illustrating an integrated circuit die 100;     [0016] FIGURE
49 illustrates the integrated circuit die shown in FIGURE 4A with
added dummy. structures;     [0017] FIGURE SA illustrates
source/drain region and channel geometries of two transistors shown
in FIGURE 411; and 



[0018] FIGURES 5B and 5C illustrate examples of possible
modifications to the two transistor geometries shown in FIGURE 411.
DETAILED DESCRIPTION     (0019] The present disclosure introduces
various devices and methods to minimize or suppress local temperature
variations (and the effects of such variations) within an integrated
circuit die, These devices and methods may be implemented throughout
the fabrication process (and methods implemented in the design
process prior to actual fabrication in), and may be introduced or
performed at mask level during reticle design. These devices and
methods may he generally described, either individually or
collectively, as thermal proximity correction,     [0020] The overall
method(s) of the present disclosure may be generally described as
determining or defining an effective thermal area around a given
location (within a given integrated circuit design) and identifying
the thermal properties of structures wit. h - n the effective thermal
area that will impact  temperature at the given boat 



during the annealing process),      effective (estimated) temperature
at the given location calculated based on the identified thermal
char.. acoeristics exhibited within the defined effective thermal
area-If the estimated temperature is less than or greater than a
pre-defined target temperature (or range of temperature), one or more
thermal 



proximity correction techniques are implemented.In one embodiment,
dummy structures are added to the integrated circuit  structures are
modified to account for the local temperature variation. will be
appreciated, a comb on of both embodiments may also be implemented.
[0021] Referring to FIGURE 1, there is depicted a diagram
iJ.lustratina thermal vari.ations across different types of materi on
an integrated circuit die' illustrated, different film mater laTh
typically present on an integradied circuit die reflect/absorb
incident light differently. As shown using three conventional film
materials (silicon, oxide, and polysilico as an example, each
material absorbs a given amount of incident light, and thus,
correspondingly reflects light. Absorption of more lightsuits in a
higher temperature within the material,Thus, a structure having
differenc materials 



subject to the applied light results in non-uniform temperature
variations within the die at different points or locations,
[0022] The ..dagram positioned below the example die cross-section
illustrates the effective temperature T of the different materials in
response to a given amount of incident light. The temperature T is
the temperature at a given point in the silicon substrate (or other
type f semiconductor substrate) below the surface of each material.
Temperature variation is due mainly to different thermal absorption
and emission characteristics of the  materials. As described
previousli, various annealing techniques (e.g., RTP, Flash, are
utilized for dopant activation and defect removal in shallow
junction, or for some other desired function related to diffusion and
diffusion junctions (i.e., 'Junction engineering). These techniques
utilize light in order to raise the temperature of the die to provide
the desired annealing result, e.g., dopant activation, out diffusion,
defect removal in diffusion junctions, and the like.     [0023] Now
referring to FIGURE 2, there is illustrated location. X representing
a location within an integrated circuit die . For example, the
location X may represent any type of semiconductor device structure
structuras), such as transistor structure. In one embodiment, an
effective thermal area 200 surrounding location X is defined by the
circle 202 having radius r.     [0024] Though the effective thermal
area 200 is shown as a circle with radius r, the area about location
X may take other shapes and is not limited to a circular area. In
general, the effective thermal. area 200 about location X is defined
as an area within which thermal properties (e.g,, emissivity,
absorption coefficient, reflectivity) will substantially affect or
impact the temperature of location X ing the above-described
annealing process(es). Thus, beyond the radius r thermal effects  



are assumed to he negligible. In addition, the shape and extent of
the effective- thermal area 200 may also depend on other structural
factors e.g., proximity to the edge of a die, or composition of other
types ofacen. structures, e) will be appreciated, the shape,
dimensions and extent of the effective thermal area 200 may vary.
[0025] Now referring to FIGURE 3, there is shown a process 300 for
determining whether thermal proximity correction should be performed
for a given location of interest location X) within an integrated
circuit die 100. The location of interest is determined (step 302)
and the effective thermal area 200 about the location of Interest is
defined or determined (step 304), The effective thermal. area 200 is
an area within whir:I-. thermal properties 9., emissi absorption
coefficient, reflectivity) of the stack material will substantially
affect or impact the temperature of the location of interest (during
the above-described annealing process (es) As an example, radius r is
a function of properties of thermal conduction, annealing temperature
and duration of annealing. The types and composition of stack
niat.erials may vary, and may be any material,: utilized in the
fabrication of integrated circuith, as is known to those skilled in
the art. Calculation of the thermal conduction such material is a
function of-temperature andmaterial-  dependent properties, as
readily understood,     [0026] With knowledge of both the topology of
the structures and stack materials within the effective thermal area
200 (to be formed in the integrated circuit die 100) and their
various thermal characteristics, the effective (or estimated)
temperature of the location of interest is calcu ted step 306). This
may be implementer using 20/30 simulation of thermal absorption and
thermal conduction within the area 200. As will be appreciated,
different materials exhibit different absorption and thermal
conduction characteristics. These of ordinary skill in the art may
readily ascertain these characteristics for typical materials and
device structures that would be formed within the area 200. The
dimensions, shapes and thermal conduction properties of the material
film stacks on the underlying semiconductor substrate within the
effective thermal area arc factors that affect the calculation of the
effective temperature of the location of interest. [0027] For
example, the integrated circuit design for the die 



100 is known prior to actual fabrication.From this, the overlying
topology of materialsand dimensions) that will be formed and exist on
the die 100 (and within. area 200) at the time of performing the
annealing process (es) is also known. This information may be
extracted from the underlying integrated  circuit design information
(e.g., design files) and utilized for the calculations. While these
calculations could be performed manual based on the topology
information on individual iccations of interest, a software
application or program (i.e,, simulation) may be developed by a
person of skill in the art to extract the necessary information and
perform the calculations.     [0028] The calculated effective
(estimated) temperature of the location of interest is compared to a
pre-defined target temperature or range of target temperatures (step
308), If the estimated temperature falls outside the pre-defined
target temperature range (or below a threshold and/or above a
threshold) an action is performed to reduce the impact of this
variation in temperature from, the target temperature (step 310).
Such an action or process may be referred to as thermal proximity
correction (TPC). In response to TPC, the actual temperature of
locatof interest should reach the desired target 



temperature (or range) during annealing.This effectively eliminates
or reduces the potential impact of the temperature variation on the
device at the location of interest, If the estimated temperature
falls within the target range (or meets the proper threshold), no
further action is necessary for the particular location of interest.
[0029] As will be appreciated, the process 300 provides for a  method
of designing an integrated circuit. Prior to s K.) 302, an original
integrated circuit design is provided or. generated. From this
design, the location of interest within the design is identified and
the noted steps are performed. Performance of the TPC process (step
310) includes modifying the original integrated   



including, or in accordance with, the modified design having thermal
proximity correction. Understandably, this process may be performed
across the entire die or within one or more selected areas of the
integrated circuit design. Thus, there may exist multiple different
locations of interest and the method or process 300 may be performed
for each location of interest.     [0030] The target temperature is
the temperature desired during the annealing process intended to
accomplish the annealing result. The defined temperature range (or
single threshold) will usually be dependent on the electrical
response sensitivity for a particular product.This sensitivity varies
from product to product (e.g., a temperature range ofdegrees Celsius
variation might have minimal device impact Lor one product, but this
may lead to a few 96 variation in device performance in another
product thus the range may be tighter for the other  



product).. As will be appreciated, the threshold for initiating TPC
may be a single threshold that is slightly below (or above) a
specified target temperature. Target temperature(s) depend on the
anneal process implemented (arid are readily known to those in the
art). As will be appreciated, the threshold may be the actual target
temperature(s) or some percentage thereof.     [0031] The location of
interest may he a specific point or may be a point somewhere within a
small area corresponding to a given. structure ) be eventually Formed
on the integrated circuit die. For example, one location of interest
may be within the area encompassing source/drain and/or channel
regions of a field-effect transistor (FET).     [0032] While any
methods or means that result in TPC for an integrated circuit die may
be perfutmed in accordance with the teachings of the present
disclosure, two specific example embodiments of TPC are described
below.     [0033] in one embodiment, the TPC is implemented by adding
one or more dummy structures within the effective thermal area 200.
The added dummy structure (s) assist in thermal absorption and
conduction such that the resulting temperature at the location of
interest reaches the target temperature during annealing. These
structures are added purposely to affect temperature at the location
of interest during anneal, and these structures are  the underlying
electrical circwithin the integrated circuit).The type, shape and
dimensions of the duy 



structure (s) are determined based on known thermal properties of
these characteristics, and nay be determined by simulation.
(00341 Now turning to FIGURE 4A, there is illustrated the integrated
circuit die 100 (original design for fabrication). The die 100
includes a first transistor structure  (reference numeral 400) and a
second transistor structures Y (reference numeral 410). Additional,
structures 420 may also be provided. These structures 400, 410, 420
represent structures that would be fabricated within the die 100 in
accordance with an initial or original integrated circuit design.
[0035] Transistor X and transistor Y (if fabricated) are
substantially identical transistors, but have varying performance due
co differences in the pattern density within each transistor's
respective thermal conductive area (see, FIGURE 2 and accompanying
description) Transistor X exhibits a different transistor performance
as compared to transistor Y due to the temperature of the transistor
structure (e.g., diffusion regions) not achieving a target
temperature during the anneal process. This may result from the
various structure and materials within transistor X's effective
thermal area preventing  attainment of the desired target temperature
during anneal.     [0036] It will be understood that while transistor
X is described as having degraded performance as compared to
transistor Y., the transistor Y may exhibit the degraded performance
as compared to transistor X (or both transistor X and transistor Y
may exhibit degraded performance as compared to some other transistor
structure) . However, for illustrative purposes and the example
described herein, the transistor X has a degraded performance As will
be appreciated, the pro ss 300 of FIGURE 3 has been performed and the
estimated temperature of the location of incerest (transistor X)
would not meet the target temperature for the given anneal process.
As a result, TPC is performed.     [0037] Now turning to FIGURE 4B,
there is illustrated the integrated circuit die 100 as set forth in
FIGURE 4. but with the inclusion of dummy structures 430 within the
effective ther are.: of transistorDepending on its type, shape and 



dimensions (which may vary), each dummy structureA')fl will have a
"thermal signature" or predetermined thermal properties that can be
advanageousiy used to fabricate an integrated circuit with dummy
structure(s) to reduce the impact of temperature variations on device
performance (of active structures).The dummy structure (s) could be
as simple as an area of oxide or other material, or may be dummy
transistor structures similar to the  structures surrounding
transistor Y (or may resemble the underlying structure (s) of
structures surrounding transistor Y that exist at the %.-me of
annealing, e,g., not a complete transistor).in any embodiments, the
dummy structure(s) fabricated within the effective thermal area of
transistor provide a desired structure that assists in achieving a
temperature at transistor X that meets the desired target temperature
of an applied anneal ptocess,Thus, an original 



integrated circuit design undergoes the process 3Q3, and if TPC is
necessary, the design is modified to include one or more dummy
structures 340 within the thermal area of transistor X, and the
integrated circuit is fabricated with the added dummy structure(s),
[0038] The dummy structure (a) 430 change the pattern density around
transistor X to more c:Losely resemble the pattern density arc md
transistor Y. This results in a more uniform performance of the
transistors X, Y. The introduction of the dummy structures 430
assists in providing for a more uniform pattern density, which
results in a more uniform device performance of active structures. In
other words, the dummy structure(s) 430 are thermal conduction
modifying structures that modify the thermal properties of a given
area (200) within the die 100 that increase the temperature achieved
at the location of interest   (location X) during the anneal process
(that would not otherwise be attainable with the current integrated
circuit design).     [0039] Hn an alternative embodiment of TPC, one
or more dimensions of transistor X and/or transistor Y may be
modified to account for the local temperature variation. In this
embodiment, the no dummy structures are introduced, and the design of
the   graded transistor structure is modified and fabricated with
modified dimension (s) Thus, an original integrated circuit design
undergoes the process 300, and if TIC is necessary, the design
dimensions of the transistor (i.e., at the location of interest) is
modified prior to fabri n. Various dimensions that may be changes
include transistor gate length and/or width. 



[0040] To compensate for device variations due to temperature
variations during anneal (providing more uniform device operation) ,
transistor X or transistor Y may be modified, or both may be
modified. Now turning to FIGURE 5A, there is illustrated the original
geometries of transistors X and Y (400, 410) having source/drain
regions 500 and a gate electrode 502 with a gate 503. Now turning to
FIGURE 5E, there is illustrated one example of the geometry of
transistor 400a having source regions 500a and a gate electrode 502a
with a gate 503a, and which may be utilized to increase devid,,,
operation. Now turning to FIGURE 5C, there is illustrated one example
of the geometry of transistor  400b having source/drain regions 500b
and a gate electrode 502b with a gate 503b, and which may be utilized
to decrease device operation.     [0041] 'As will be appreciated,
assuming transistor X has degraded performance (slower) as compared
to transistor Y, to compensate for this variation, the circuit design
may be modified as follows: (1) transistor X channel length may be
reduced, (2) transistor Y channel lenath may be increased, or (3)
both (1) and may be performed to match performance.     [0042] It
will be understood that process 300 could be performed on a single or
multiple locations of interest (or all structures of interest), In
another embodiment only those locations of interest critical to
overall integrated circuit functionality may be selected for this
process.     [0043] Further, the TPC method performed may also
include some combination of all or a portion of the two embodiments
described above, The order of steps or processing can be changed or
raried form that described above. It will be understood that well
known processes have not been described in detail and have been
omitted for brevity. Although spec.tf.tc steps, structures and
materials may have been described, the present disclosure may not
limited to these specifics, and others may substituted as is 



understood by those skilled in the art.      [0044] It may be
advantageous to set forth definitions of certain words and phrases
used throughout this patent document. The terms 'include" and
"comprise," as well as derivatives thereof, mean inclusion without
limitation. The term "or" is inclusive, meaning and/or. The phrases
"associated with" and "associated therewith," as well as derivatives
thereof, mean to include, he included within, interconnect, with,
contain, be contained within, connect to or with, couple to or with,
be communicable with, cooperate with, interleave, juxtapose, be
proximate to, be bound to or with, have, have a property of, or the
like.     [0045] While this disclosure has described certain
embodiments and generally associated methods, alterations and
permutations of these embodiments and methods will be apparent to
those skilled in the art Accordingly, the above description of
example embodiments does not define or constrain this disclosure.
Other changes, substitutions, and alterations are also possible
without departing from the spirit and scope of this disclosure, as
defined by the following claims.  TIALIS_CLAINED IS:        1. A
method of forming an integrated circuit die, the 



method comprising:       determining a location of interest within an
integrated circuit design;       defining an effective thermal area
for the location of interest; estimating an effective temperature at
the location of interest based on a given anneal process to be
performed; comparing the estimated effective temperature to a target
temperature associated with the given anneal process; and performing
thermal proximity correction when the estimated effective temperature
does not meet the target temperature. 



2. The method in accordance with Claim I further comprising:
forming one or more layers of material on a semiconductor substrate
to form the integrated circuit die; and       annealing the
integrated circuit die in accordance with the given anneal process.
3. The method in accordance with Claim 2 wherein the given  anneal
process includes thermally annealing the integrated circuit die using
light, 



4 The method in accordance with Claim I wherein perform thermal
proximity correction comprises:       forming one or more dummy
structures within the effective thermal area, the one or more dummy
structures operable to reduce thermal variations during annealing of
the integrated circuit       5. The method in accordance with Claim 4
wherein the one or more dummy structures affect. thermal
characteristics within the effective thermal area and cause the
location of interest to achieve the target temperature during the
given anneal. process.             The method in accordance with
Claim 5 wherein the location of interest represents a location or a
transistor structure, and the one or more dummy structures are
substantially identical to the transistor structure.       7. The
method in accordance with Claim I wherein performing thermal
proximity correction comprises: modifying one or more dimensions of
a. device structure to be  



formed at the location of interest on the integrated circuit die;
fabricating the modified structure; and       annealing the
integrated circuit die in accordance with the given anneal process.
8. The methoc, in accordance with Claim 7 wherein the device
structure is a field effect transistor having source/drain regions, a
gate electrode, andchannel region, and wherein a dimension of the
channel region is modified.        9. The method in accordance with
Claim 8 wherein a length of the channel region is modified.
The method in accordance with Claim I wherein estimating the
effective temperature comprises:       estimating the effective
temperature based on thermal characteristics of structures intended
to be formed within the effective thermal area. 



11, An integrated circuit die comprising;         device structure
formed at a. predeterrained location on the die; and       one or
more dummy structures formed within a pre-defined effective thermal
area surrounding the transistor structure and operable for ,ogel
temperature determined location during a thermal anneal process.
The integrated circurt die in accordance with Claim li wherein tthe
device structure comprises a transistor including source/drain a gate
electrode and a. channel region.        13. The integrated circuit.
die in accordance with Cial I 9 wherein the one or more dumw struas
has a structure that 



resembles nether strucuure proximate a seconct tr 131 -r at the time
of performance of the thermal anneal. process.        14. The
integrated circuit die in accordance - 1. Claim wherein the one or
more dummy structures has a structure that assists in %ch1eving a
temperature at the transistor that meets a desired temperature during
the thermal anneal process.         15. The integrated. c.ircuit die
in accordance witt. Claim 11 wherein the one or more dummy structures
provides a device pattern density around the device structure more
similar to a device pattern densityaround a second device structure.
16. The integrated circuit die in accordance with Claim i wherein the
device structure  comprises a first transistor indint:, source/drain
regions a gate electrode and a channel           and the second
device structure comprises a second. transistor including
source/drain regions, a gate electrode and a channel region and
wherein i e fire transistor and the acond transistor have
substantially same di.ensions.  



17, A method of designing an integrated circuit to reduce thermal
veriatione generated within the integrated circuit die durinc an
anneal process, the method comprising::       providing an initial
integrated circuit design Lncluding a transistor with source/drain
regions; defining an effective thermal area about the transistor;
estimai-ing an effective temperature at the location the transistor
based on a given anneal process intended to be performed during
fabrication of the integrated circuit die based on the initial,
integrated circuit design;       comparing the estimated effective
temperature to a target temperature associated with the given anneal
process; and       if the estimated effective temperature does not
meet the target temperature, modifying the integrated circuit design
to inccrporate thermal proximity correction, 18.The method in
accordance with Claim 17 wherein 



modifying the integrated circuit design to incorporate thermal
proximity correction comprises:       adding one or more dummy
structures within tha effective thermal area, the one or more dummy
structures operable to reduce thermal variations during the
annealing. process,  modifying the integrated circuit, design to
incorporate theme comprises: g one or moreions or. f he trans,the
modified one or more dimensions operable to reduce thermal tions
durinq the anncess. 20,method in accordance with Claim 17 wherein 



modifying: the integrated circuit design to incorporate thermal
proximity correction compri       modifying one or more dimensions of
the transistor, the modified one or more dimensions operable to
reduce thermal variations au the annealing process,  21. A methoa of
fabricating an integrated circuit die, the d comprising: providing an
initial itegratea circuit desi. performingthermal proximity
correction process on the initial integrated circuit design. to
reduce thermal a iations in Lk -Tined thermal anneal. process during
fabrication at the integrated circuit die; 



modifying the initial ',...1 ' :'.' circuit design to generate a
mothtied int c.,it design; and fabricatingintegrated circuit. in
accordance wi7h the modified integrated circuit design.  22, An
inteqrated circuit die comprising:          first transistor
structure formed at a first pre determined location on the die the
first transistor structure having source/drain regions, a ate
electrode and a channel region; and 



a second transistor structure formed at a second predetermined
location on the die, the second transistor structure having 50U. e
Lin regions, a yate electrode and a channel region; and
at least one dimension of the second transistor structure is
substantially from a corresponding. dimension of the first transistor
structure and the performance of the first t.ransistor structure and
tha performance of the second transistor structure. is substantially
uniform as a result      temper,-Va :a on at theand second trans
structures -luring ann 


