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(57) ABSTRACT 

The present invention generally describes one ore more 
methods that are used to perform an annealing process on 
desired regions of a substrate. In one embodiment, an 
amount of energy is delivered to the surface of the substrate 
to preferentially melt certain desired regions of the substrate 
to remove unwanted damage created from prior processing 
steps (e.g., crystal damage from implant processes), more 
evenly distribute dopants in various regions of the substrate, 
and/or activate various regions of the substrate. The prefer 
ential melting processes Will alloW more uniform distribu 
tion of the dopants in the melted region, due to the increased 
diifusion rate and solubility of the dopant atoms in the 
molten region of the substrate. The creation of a melted 
region thus alloWs: l) the dopant atoms to redistribute more 
uniformly, 2) defects created in prior processing steps to be 
removed, and 3) regions that have hyper-abrupt dopant 
concentrations to be formed. 
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METHOD OF THERMAL PROCESSING 
STRUCTURES FORMED ON A SUBSTRATE 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application claims bene?t of US. provisional 
patent application Ser. No. 60/780,745 [APPM 5635L], ?led 
Mar. 8, 2006, Which is herein incorporated by reference. 

BACKGROUND OF THE INVENTION 

[0002] 1. Field of the Invention 
[0003] Embodiments of the present invention generally 
relate to a method of manufacturing a semiconductor device. 
More particularly, the invention is directed to a method of 
thermally processing a substrate. 
[0004] 2. Description of the Related Art 
[0005] The integrated circuit (IC) market is continually 
demanding greater memory capacity, faster sWitching 
speeds, and smaller feature siZes. One of the major steps the 
industry has taken to address these demands is to change 
from batch processing silicon Wafers in large fumaces to 
single Wafer processing in a small chamber. 
[0006] During such single Wafer processing the Wafer is 
typically heated to high temperatures so that various chemi 
cal and physical reactions can take place in multiple IC 
devices de?ned in the Wafer. Of particular interest, favorable 
electrical performance of the IC devices requires implanted 
regions to be annealed. Annealing recreates a more crystal 
line structure from regions of the Wafer that Were previously 
made amorphous, and activates dopants by incorporating 
their atoms into the crystalline lattice of the substrate, or 
Wafer. Thermal processes, such as annealing, require pro 
viding a relatively large amount of thermal energy to the 
Wafer in a short amount of time, and thereafter rapidly 
cooling the Wafer to terminate the thermal process. 
Examples of thermal processes currently in use include 
Rapid Thermal Processing (RTP) and impulse (spike) 
annealing. While such processes are Widely used, current 
technology is not ideal. It tends to ramp the temperature of 
the Wafer too sloWly and expose the Wafer to elevated 
temperatures for too long. These problems become more 
severe With increasing Wafer siZes, increasing sWitching 
speeds, and/or decreasing feature siZes. 
[0007] In general, these thermal processes heat the sub 
strates under controlled conditions according to a predeter 
mined thermal recipe. These thermal recipes fundamentally 
consist of a temperature that the semiconductor substrate 
must be heated to the rate of change of temperature, i.e., the 
temperature ramp -up and ramp -doWn rates and the time that 
the thermal processing system remains at a particular tem 
perature. For example, thermal recipes may require the 
substrate to be heated from room temperature to distinct 
temperatures of 12000 C. or more, for processing times at 
each distinct temperature ranging up to 60 seconds, or more. 
[0008] Moreover, to meet certain objectives, such as mini 
mal inter-diffusion of materials betWeen different regions of 
a semiconductor substrate, the amount of time that each 
semiconductor substrate is subjected to high temperatures 
must be restricted. To accomplish this, the temperature ramp 
rates, both up and doWn, are preferably high. In other Words, 
it is desirable to be able to adjust the temperature of the 
substrate from a loW to a high temperature, or visa versa, in 
as short a time as possible. 
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[0009] The requirement for high temperature ramp rates 
led to the development of Rapid Thermal Processing (RTP), 
Where typical temperature ramp-up rates range from 200 to 
4000 C./s, as compared to 5-l5° C./minute for conventional 
furnaces. Typical ramp-doWn rates are in the range of 
80-1500 C./ s. A draWback of RTP is that it heats the entire 
Wafer even though the IC devices reside only in the top feW 
microns of the silicon Wafer. This limits hoW fast one can 
heat up and cool doWn the Wafer. Moreover, once the entire 
Wafer is at an elevated temperature, heat can only dissipate 
into the surrounding space or structures. As a result, today’s 
state of the art RTP systems struggle to achieve a 4000 C./ s 
ramp-up rate and a 1500 C./s ramp-doWn rate. 
[0010] To resolve some of the problems raised in conven 
tional RTP type processes various scanning laser anneal 
techniques have been used to anneal the surface(s) of the 
substrate. In general, these techniques deliver a constant 
energy ?ux to a small region on the surface of the substrate 
While the substrate is translated, or scanned, relative to the 
energy delivered to the small region. Due to the stringent 
uniformity requirements and the complexity of minimiZing 
the overlap of scanned regions across the substrate surface 
these types of processes are not effective for thermal pro 
cessing contact level devices formed on the surface of the 
substrate. 
[0011] In vieW of the above, there is a need for an method 
for annealing a semiconductor substrate With high ramp-up 
and ramp-doWn rates. This Will offer greater control over the 
fabrication of smaller devices leading to increased perfor 
mance. 

SUMMARY OF THE INVENTION 

[0012] The present invention generally provide a method 
of thermally processing a substrate, comprising positioning 
a substrate on a substrate support, and delivering a plurality 
of electromagnetic energy pulses to ?rst area on a surface of 
a substrate that is in thermal communication With a ?rst 
region of the substrate, Wherein delivering a plurality of 
electromagnetic energy pulses comprises delivering a ?rst 
pulse of electromagnetic energy to the surface of the sub 
strate, delivering a second pulse of electromagnetic energy 
to the surface of the substrate, and adjusting the time 
betWeen the start of the ?rst pulse and the start of the second 
pulse so that the material contained in the ?rst region melts. 
[0013] Embodiments of the invention further provide a 
method of thermally processing a substrate, comprising 
positioning a substrate on a substrate support; and delivering 
electromagnetic energy to a surface of a substrate that is in 
thermal communication With a ?rst region and a second 
region of the substrate, Wherein delivering electromagnetic 
energy comprises delivering a ?rst amount of electromag 
netic energy at a ?rst Wavelength to preferentially melt a 
material contained in the ?rst region rather than the second 
region, and delivering a second amount of electromagnetic 
energy at a second Wavelength to preferentially melt the 
material contained in the ?rst region rather than the second 
region, Wherein the delivering a second amount of electro 
magnetic energy and the delivering a ?rst amount of elec 
tromagnetic energy overlap in time. 
[0014] Embodiments of the invention further provide a 
method of thermally processing a substrate, comprising 
positioning a substrate on a substrate support, delivering 
electromagnetic energy to a ?rst area on a surface of a 
substrate that is in thermal communication With a ?rst region 
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and a second region of the substrate, Wherein delivering 
electromagnetic energy comprises delivering a ?rst amount 
of electromagnetic energy at a ?rst Wavelength to preferen 
tially melt a material contained in the ?rst region rather than 
the second region, and delivering a second amount of 
electromagnetic energy at a ?rst Wavelength to preferentially 
melt the material contained in the ?rst region rather than the 
second region after the ?rst amount of electromagnetic 
energy, and delivering electromagnetic energy to a second 
area on the surface of the substrate that is in thermal 
communication With a third region and a fourth region of the 
substrate, Wherein the second area is generally adjacent to 
the ?rst area and delivering electromagnetic energy com 
prises delivering a ?rst amount of electromagnetic energy at 
a ?rst Wavelength to preferentially melt a material contained 
in the third region rather than the fourth region, and deliv 
ering a second amount of electromagnetic energy at a ?rst 
Wavelength to preferentially melt the material contained in 
the third region rather than the fourth region after the ?rst 
amount of electromagnetic energy. 
[0015] Embodiments of the invention further provide a 
method of thermally processing a substrate, comprising 
delivering an amount of electromagnetic energy to a ?rst 
area on a surface of a substrate to cause a material in one or 

more regions Within the ?rst area to melt, and delivering an 
amount of electromagnetic energy to a second area on the 
surface of the substrate to cause a material in one or more 

regions Within the second area to melt, Wherein the ?rst area 
and the second area on the surface of the substrate are 
generally adjacent to each other. 
[0016] Embodiments of the invention further provide a 
method of thermally processing a substrate, comprising 
positioning a substrate on a substrate support, and delivering 
electromagnetic energy to a surface of a substrate that is in 
thermal communication With a ?rst region and second region 
of the substrate, Wherein delivering electromagnetic energy 
comprises adjusting the shape of a pulse of electromagnetic 
energy as a function of time to preferentially melt the 
material contained in the ?rst region. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0017] So that the manner in Which the above recited 
features of the present invention can be understood in detail, 
a more particular description of the invention, brie?y sum 
mariZed above, may be had by reference to embodiments, 
some of Which are illustrated in the appended draWings. It is 
to be noted, hoWever, that the appended draWings illustrate 
only typical embodiments of this invention and are therefore 
not to be considered limiting of its scope, for the invention 
may admit to other equally effective embodiments. 
[0018] FIG. 1 illustrates an isometric vieW of an energy 
source that is adapted to project an amount of energy on a 
de?ned region of the substrate described Within an embodi 
ment herein; 
[0019] FIGS. 2A-2F illustrate a schematic side vieW of a 
region on a surface of a substrate described Within an 

embodiment herein; 
[0020] FIG. 3A illustrate a graph of concentration versus 
depth into a region of a substrate illustrated in FIG. 2A that 
is Within an embodiment herein; 
[0021] FIG. 3B illustrate a graph of concentration versus 
depth into a region of a substrate illustrated in FIG. 2B that 
is Within an embodiment herein; 
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[0022] FIG. 3C illustrate a graph of concentration versus 
depth into a region of a substrate illustrated in FIG. 2C that 
is Within an embodiment herein; 
[0023] FIGS. 4A-4G schematic diagrams of electromag 
netic energy pulses described Within an embodiment herein; 
[0024] FIGS. 5A-5C illustrate a schematic side vieW of a 
region on a surface of a substrate described Within an 

embodiment herein; 
[0025] FIG. 6A illustrate methods of forming one or more 
desired layers on a surface of the substrate described Within 
an embodiment contained herein; 
[0026] FIGS. 6B-6D illustrate schematic side vieWs of a 
region of a substrate described in conjunction With the 
method illustrated in FIG. 6A that is Within an embodiment 
described herein; 
[0027] FIG. 6E illustrate methods of forming one or more 
desired layers on a surface of the substrate described Within 
an embodiment contained herein; 
[0028] FIGS. 6F-6G illustrate schematic side vieWs of a 
region of a substrate described in conjunction With the 
method illustrated in FIG. 6E that is Within an embodiment 
described herein; 
[0029] FIG. 7 illustrates a schematic side vieW of a region 
on the surface of a substrate described Within an embodi 

ment herein; 
[0030] FIG. 8 illustrates a schematic side vieW of a region 
on the surface of a substrate described Within an embodi 
ment herein. 
[0031] FIG. 9 illustrates a schematic side vieW of system 
that has an energy source that is adapted to project an 
amount of energy on a de?ned region of the substrate 
described Within an embodiment herein. 

DETAILED DESCRIPTION 

[0032] The present invention generally improves the per 
formance of the implant anneal steps used in the process of 
manufacturing a semiconductor devices on a substrate. Gen 
erally, the methods of the present invention may be used to 
preferentially anneal selected regions of a substrate by 
delivering enough energy to the selected regions to cause 
them to re-melt and solidify. 
[0033] In general the term “substrates” as used herein can 
be formed from any material that has some natural electrical 
conducting ability or a material that can be modi?ed to 
provide the ability to conduct electricity. Typical substrate 
materials include, but are not limited to semiconductors, 
such as silicon (Si) and germanium (Ge), as Well as other 
compounds that exhibit semiconducting properties. Such 
semiconductor compounds generally include group III-V 
and group II-VI compounds. Representative group III-V 
semiconductor compounds include, but are not limited to, 
gallium arsenide (GaAs), gallium phosphide (GaP), and 
gallium nitride (GaN). Generally, the term semiconductor 
substrates include bulk semiconductor substrates as Well as 
substrates having deposited layers disposed thereon. To this 
end, the deposited layers in some semiconductor substrates 
processed by the methods of the present invention are 
formed by either homoepitaxial (e.g., silicon on silicon) or 
heteroepitaxial (e. g., GaAs on silicon) groWth. For example, 
the methods of the present invention may be used With 
gallium arsenide and gallium nitride substrates formed by 
heteroepitaxial methods. Similarly, the invented methods 
can also be applied to form integrated devices, such as 
thin-?lm transistors (TFTs), on relatively thin crystalline 
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silicon layers formed on insulating substrates (e.g., silicon 
on-insulator [SOI] substrates). 
[0034] In one embodiment of the invention, an amount of 
energy is delivered to the surface of the substrate to pref 
erentially melt certain desired regions of the substrate to 
remove unWanted damage created from prior processing 
steps (e.g., crystal damage from implant processes), more 
evenly distribute dopants in various regions of the substrate, 
and/or activate various regions of the substrate. The prefer 
ential melting processes Will alloW more uniform distribu 
tion of the dopants in the melted region, due to the increased 
diffusion rate and solubility of the dopant atoms in the 
moltent region of the substrate. The creation of a melted 
region thus alloWs: 1) the dopant atoms to redistribute more 
uniformly, 2) defects created in prior processing steps to be 
removed, and 3) regions that have hyper-abrupt dopant 
concentrations to be formed. The gradient in dopant con 
centration in a region that has a hyper-abrupt dopant con 
centrations is very large (e.g., <2 nm/decade of concentra 
tion) as the concentration rapidly changes from one region 
to another in the device. 

[0035] Use of the techniques described herein alloWs 
junctions to be formed that contain higher dopant concen 
trations than conventional devices, since the common nega 
tive attributes of the formed junctions, such as an increase in 
the concentration of defects in the substrate material by the 
increase in doping level, can be easily reduced to an accept 
able level by use of the processing techniques described 
herein. The higher dopant levels and abrupt changes in the 
dopant concentration can thus increase the conductivity of 
various regions of the substrate, thus improving device 
speed Without negatively affecting device yield, While mini 
miZing the diffusion of dopants into various regions of the 
substrate. The resultant higher dopant concentration 
increases the conductivity of the formed device and 
improves its performance. Typically, devices that are formed 
using an RTP process, Will not use a dopant concentration 
greater than about 1><10l5 atoms/cm2, since the higher 
dopant concentrations cannot readily diffuse into the bulk 
material of the substrate during typical RTP processes and 
Will instead result in clusters of dopant atoms and other types 
of defects. Using one or more of the embodiments of the 
anneal process described herein, much more dopant (up to 
5-10 times more dopant, i.e., 1><10l6 atoms/cm2) may be 
successfully incorporated into the desired substrate surface, 
since regions of the substrate are preferentially melted so 
that the dopants Will become more evenly distributed 
throughout the liquid before the lique?ed regions solidify. 
[0036] FIG. 1 illustrates an isometric vieW of one embodi 
ment of the invention Where an energy source 20 is adapted 
to project an amount of energy on a de?ned region, or a 
anneal region 12, of the substrate 10 to preferentially melt 
certain desired regions Within the anneal region 12. In one 
example, as shoWn in FIG. 1, only one or more de?ned 
regions of the substrate, such as anneal region 12, are 
exposed to the radiation from the energy source 20 at any 
given time. In one aspect of the invention, multiple areas of 
the substrate 10 are sequentially exposed to a desired 
amount of energy delivered from the energy source 20 to 
cause the preferential melting of desired regions of the 
substrate. In general, the areas on the surface of the substrate 
may be sequentially exposed by translating the substrate 
relative to the output of the electromagnetic radiation source 
(e. g., conventional X/Y stage, precision stages) and/ or trans 
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lating the output of the radiation source relative to the 
substrate. Typically, one or more conventional electrical 

actuators 17 (e. g., linear motor, lead screW and servo motor), 
Which may be part of a separate precision stage (not shoWn), 
are used to control the movement and position of substrate 
10. Conventional precision stages that may be used to 
support and position the substrate 10, and heat exchanging 
device 15, may be purchased from Parker Hanni?n Corpo 
ration, of Rohnert Park, Calif. 
[0037] In one aspect, the anneal region 12 is siZed to 
match the siZe of the die 13 (e.g., 40 “die” are shoWn in FIG. 
1), or semiconductor devices (e.g., memory chip), that are 
formed on the surface of the substrate. In one aspect, the 
boundary of the anneal region 12 is aligned and siZed to ?t 
Within the “kurf’ or “scribe” lines 10A that de?ne the 
boundary of each die 13. In one embodiment, prior to 
performing the annealing process the substrate is aligned to 
the output of the energy source 20 using alignment marks 
typically found on the surface of the substrate and other 
conventional techniques so that the anneal region 12 can be 
adequately aligned to the die 13. Sequentially placing anneal 
regions 12 so that they only overlap in the naturally occur 
ring unused space/boundaries betWeen die 13, such as the 
scribe or kurf lines, reduces the need to overlap the energy 
in the areas Where the devices are formed on the substrate 
and thus reduces the variation in the process results betWeen 
the overlapping anneal regions. This technique has advan 
tages over conventional processes that sWeep the laser 
energy across the surface of the substrate, since the need to 
tightly control the overlap betWeen adjacently scanned 
regions to assure uniform annealing across the desired 
regions of the substrate is not an issue due to the con?ne 
ment of the overlap to the unused space betWeen die 13. 
Con?ning the overlap to the unused space/boundary 
betWeen die 13 also improves process uniformity results 
versus conventional scanning anneal type methods that 
utiliZe adjacent overlapping regions that traverse all areas of 
the substrate. Therefore, the amount of process variation, 
due to the varying amounts of exposure to the energy 
delivered from the energy source 20 to process critical 
regions of the substrate is minimized, since any overlap of 
delivered energy betWeen the sequentially placed anneal 
regions 12 can be minimized. In one example, each of the 
sequentially placed anneal regions 12 are a rectangular 
region that is about 22 mm by about 33 mm in siZe (e.g., area 
of 726 square millimeters (mm2)). In one aspect, the area of 
each of the sequentially placed anneal regions 12 formed on 
the surface of the substrate is betWeen about 4 mm2 (e.g., 2 
mm><2 mm) and about 1000 mm2 (e.g., 25 mm><40 mm). 
[0038] The energy source 20 is generally adapted to 
deliver electromagnetic energy to preferentially melt certain 
desired regions of the substrate surface. Typical sources of 
electromagnetic energy include, but are not limited to an 
optical radiation source (e.g., laser), an electron beam 
source, an ion beam source, and/or a microWave energy 
source. In one aspect, the substrate 10 is exposed to a pulse 
of energy from a laser that emits radiation at one or more 
appropriate Wavelengths for a desired period of time. In one 
aspect, pulse of energy from the energy source 20 is tailored 
so that the amount of energy delivered across the anneal 
region 12 and/or the amount of energy delivered over the 
period of the pulse is optimiZed to enhance preferential 
melting of certain desired areas. In one aspect, the Wave 
length of the laser is tuned so that a signi?cant portion of the 
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radiation is absorbed by a silicon layer disposed on the 
substrate 10. For laser anneal process performed on a silicon 
containing substrate, the Wavelength of the radiation is 
typically less than about 800 nm, and can be delivered at 
deep ultraviolet (UV), infrared (IR) or other desirable Wave 
lengths. In one embodiment, the energy source 20 is an 
intense light source, such as a laser, that is adapted to deliver 
radiation at a Wavelength betWeen about 500 nm and about 
11 micrometers. In either case, the anneal process generally 
takes place on a given region of the substrate for a relatively 
short time, such as on the order of about one second or less. 
[0039] In one aspect, the amount of energy delivered to the 
surface of the substrate is con?gured so that the melt depth 
does not extend beyond the amorphous depth de?ned by the 
amorphiZation implant step. Deeper melt depths facilitate 
the diffusion of dopant from the doped amorphous layers 
into the undoped molten layers. Such undesirable diffusion 
Would sharply and deleteriously alter the electrical charac 
teristics of the circuits on the semiconductor substrate. In 
some anneal processes, energy is delivered to the surface of 
a substrate for a very short time in order to melt the surface 
of the substrate to a sharply de?ned depth, for example less 
than 0.5 micrometers. The exact depth is determined by the 
siZe of the electronic device being manufactured. 

Temperature Control of the Substrate During the Anneal 
Process 

[0040] In one embodiment, it may be desirable to control 
the temperature of the thermally substrate during thermal 
processing by placing a surface of the substrate 10, illus 
trated in FIG. 1, in thermal contact With a substrate sup 
porting surface 16 of a heat exchanging device 15. The heat 
exchanging device 15 is generally adapted to heat and/or 
cool the substrate prior to or during the annealing process. 
In this con?guration, the heat exchanging device 15, such as 
a conventional substrate heater available from Applied 
Materials Inc., Santa Clara, Calif., may be used to improve 
the post-processing properties of the annealed regions of the 
substrate. In general, the substrate 10 is placed Within an 
enclosed processing environment (not shoWn) of a process 
ing chamber (not shoWn) that contains the heat exchanging 
device 15. The processing environment Within Which the 
substrate resides during processing may be evacuated or 
contain an inert gas that has a loW partial pressure of 
undesirable gases during processing, such as oxygen. 
[0041] In one embodiment, the substrate may be preheated 
prior to performing the annealing process so that the energy 
required to reach the melting temperature is minimiZed, 
Which may reduce any induced stress due to the rapid 
heating and cooling of the substrate and also possibly reduce 
the defect density in the resolidi?ed areas of the substrate. In 
one aspect, the heat exchanging device 15 contains resistive 
heating elements 15A and a temperature controller 15C that 
are adapted to heat a substrate disposed on a substrate 
supporting surface 16. The temperature controller 15C is in 
communication With the controller 21 (discussed beloW). In 
one aspect, it may be desirable to preheat the substrate to a 
temperature betWeen about 20° C. and about 750° C. In one 
aspect, Where the substrate is formed from a silicon con 
taining material it may be desirable to preheat the substrate 
to a temperature betWeen about 20° C. and about 500° C. 
[0042] In another embodiment, it may be desirable to cool 
the substrate during processing to reduce any interdiifusion 
due to the energy added to substrate during the annealing 
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process and/or increase the regroWth velocity after melting 
to increase the amorphiZation of the various regions during 
processing, such as described in conjunction With FIG. 8. In 
one con?guration, the heat exchanging device 15 contains 
one or more ?uid channels 15B and a cryogenic chiller 15D 

that are adapted to cool a substrate disposed on a substrate 
supporting surface 16. In one aspect, a conventional cryo 
genic chiller 15D, Which is in communication With the 
controller 21, is adapted to deliver a cooling ?uid through 
the one or more ?uid channels 15B. In one aspect, it may be 

desirable to cool the substrate to a temperature betWeen 
about —240° C. and about 20° C. 

[0043] The controller 21 (FIG. 1) is generally designed to 
facilitate the control and automation of the thermal process 
ing techniques described herein and typically may includes 
a central processing unit (CPU) (not shoWn), memory (not 
shoWn), and support circuits (or I/O) (not shoWn). The CPU 
may be one of any form of computer processors that are used 
in industrial settings for controlling various processes and 
hardWare (e.g., conventional electromagnetic radiation 
detectors, motors, laser hardWare) and monitor the processes 
(e.g., substrate temperature, substrate support temperature, 
amount of energy from the pulsed laser, detector signal). The 
memory (not shoWn) is connected to the CPU, and may be 
one or more of a readily available memory, such as random 

access memory (RAM), read only memory (ROM), ?oppy 
disk, hard disk, or any other form of digital storage, local or 
remote. Software instructions and data can be coded and 
stored Within the memory for instructing the CPU. The 
support circuits (not shoWn) are also connected to the CPU 
for supporting the processor in a conventional manner. The 
support circuits may include conventional cache, poWer 
supplies, clock circuits, input/output circuitry, subsystems, 
and the like. A program (or computer instructions) readable 
by the controller determines Which tasks are performable on 
a substrate. Preferably, the program is softWare readable by 
the controller and includes code to monitor and control the 
substrate position, the amount of energy delivered in each 
electromagnetic pulse, the timing of one or more electro 
magnetic pulses, the intensity and Wavelength as a function 
of time for each pulse, the temperature of various regions of 
the substrate, and any combination thereof. 

Selective Melting 

[0044] In an effort to minimiZe inter-diffusion betWeen 
various regions of a formed device, remove defects in the 
substrate material, and more evenly distribute dopants in 
various regions of the substrate, one or more processing 
steps are performed on various regions of the substrate to 
cause them to preferentially remelt When exposed to energy 
delivered from an energy source during the anneal process. 
The process of modifying the properties of a ?rst region of 
the substrate so that it Will preferentially melt rather than a 
second region of the substrate, When they are both exposed 
to about the same amount energy during the annealing 
process, is hereafter described as creating a melting point 
contrast betWeen these tWo regions. In general, the substrate 
properties that can be modi?ed to alloW preferential melting 
of desired regions of the substrate include implanting, driv 
ing-in and/or co-depositing one or more elements Within a 
desired regions of the substrate, creating physical damage to 
desired regions of the substrate, and optimiZing the formed 
device structure to create the melting point contrast in 
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desired regions of the substrate. Each of these modi?cation 
processes Will be reviewed in turn. 

[0045] FIGS. 2A-2C illustrate cross-sectional vieWs of an 
electronic device 200 at different stages of a device fabri 
cation sequence incorporating one embodiment of the inven 
tion. FIG. 2A illustrates a side vieW of typical electronic 
device 200 formed on a surface 205 of a substrate 10 that has 
tWo doped regions 201 (e.g., doped regions 201A-201B), 
such as a source and drain region of a MOS device, a gate 
215, and a gate oxide layer 216. The doped regions 201A 
201B are generally formed by implanting a desired dopant 
material into the surface 205 of the substrate 10. In general, 
typical n-type dopants (donor type species) may include 
arsenic (As), phosphorus (P), and antimony (Sb), and typical 
p-type dopants (acceptor type species) may include boron 
(B), aluminum (Al), and indium (In) that are introduced into 
the semiconductor substrate 10 to form the doped regions 
201A-201B. FIG. 3A illustrates an example of the concen 
tration of the dopant material as a function of depth (e.g., 
curve Cl), from the surface 205 and into the substrate 10 
along a path 203 extending through the doped region 201A. 
The doped region 201A has a junction depth Dl after the 
implant process, Which may be de?ned as a point Where the 
dopant concentration drops off to a negligible amount. It 
should be noted that FIGS. 2A-2F are only intended to 
illustrate some of the various aspects of the invention and is 
not intended to be limiting as to the type of device, type of 
structure, or regions of a device that may be formed using 
the various embodiments of the invention described herein. 
In one example, the doped regions 201 (e.g., source or drain 
regions in a MOS device) can be a raised or loWered relative 
to the position of the gate 215 (e.g., gate in a MOS device) 
Without varying from the scope of the invention described 
herein. As semiconductor device siZes decrease the position 
and geometry of structural elements of the electronic devices 
200 formed on the surface 205 of a substrate 10 may vary to 
improve device manufacturability or device performance. It 
should also be noted that the modi?cation of only a single 
doped region 201A, as shoWn in FIGS. 2A-2E, is not 
intended to be limiting as to the scope of the invention 
described herein and is only meant to illustrate hoW embodi 
ments of the invention can be used to manufacture a semi 
conductor device. 

[0046] FIG. 2B illustrates a side vieW of the electronic 
device 200 shoWn in FIG. 2A during a process step that is 
adapted to selectively modify the properties of a discrete 
region (e. g., modi?ed area 210) of the substrate 10, Which in 
this case is a region containing a single doped region 201A, 
to create a melting point contrast. After performing the 
modi?cation process a melting point contrast Will be created 
betWeen the modi?ed area 210 and unmodi?ed areas 211. In 
one embodiment, the modi?cation process includes the 
step(s) of adding a material to a layer as it is being deposited 
on the surface of the substrate, Where the incorporated 
material is adapted to form an alloy With the substrate 
material to loWer the melting point of a region 202 Within the 
modi?ed area 210. In one aspect, the incorporated material 
is added to the deposited layer during an epitaxial layer 
deposition process. 
[0047] In another embodiment, the modi?cation process 
includes the step of implanting (see “A” in FIG. 2B) a 
material that is adapted to form an alloy With the substrate 
material to loWer the melting point of a region 202 Within the 
modi?ed area 210. In one aspect, the modi?cation process is 
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adapted to implant the alloying material to a depth D2, as 
shoWn in FIG. 2B. FIG. 3B illustrates an example of the 
concentration of the dopant material (e.g., curve Cl) and 
implanted alloying material (e.g., curve C2) as a function of 
depth, from the surface 205 and through the substrate 10 
along a path 203. In one aspect, Where the substrate 10 is 
formed from a silicon containing material and the implanted 
alloying materials that may be used include, for example, 
germanium (Ge), arsenic (As), gallium (Ga), carbon (C), tin 
(Sn), and antimony (Sb). In general, the alloying material 
can be any material that When heated in the presence of the 
substrate base material causes the melting point of the region 
202 in the modi?ed area 210 to be loWered relative to the 
unmodi?ed areas 211. In one aspect, a region of a silicon 
substrate is modi?ed by the addition of betWeen about 1% 
and about 20% of germanium to reduce the melting point 
betWeen the modi?ed and un-modi?ed area. It is believed 
that the addition of germanium in these concentrations Will 
loWer the melting point of the modi?ed areas versus the 
un-modi?ed areas by about 300° C. In one aspect, the region 
202 formed in a silicon substrate contains germanium (Ge) 
and carbon (C), so that a SixGeyCZ alloy Will form to loWer 
the melting point of the region 202 relative to the unmodi?ed 
areas 211. In another aspect, a region of a silicon substrate 
is modi?ed by the addition of about 1% or less of arsenic to 
reduce the melting point betWeen the modi?ed and un 
modi?ed area. 

[0048] In another embodiment, the modi?cation process 
includes the step of inducing some damage to the substrate 
10 material in the various modi?ed areas (e.g., modi?ed area 
210) to damage the crystal structure of the substrate, and 
thus make these regions more amorphous. Inducing damage 
to the crystal structure of the substrate, such as damaging a 
single crystal silicon substrate, Will reduce the melting point 
of this region relative to an undamaged region due to the 
change in the bonding structure of atoms in the substrate and 
thus induce thermodynamic property differences betWeen 
the tWo regions. In one aspect, damage to the modi?ed area 
210 in FIG. 2B is performed by bombarding the surface 205 
of the substrate 10 (see “A” in FIG. 2B) With a projectile that 
can create damage to the surface of the substrate. In one 
aspect, the projectile is a silicon (Si) atom that is implanted 
into a silicon containing substrate to induce damage to the 
region 202 Within the modi?ed area 210. In another aspect, 
the damage to the substrate material is created by bombard 
ing the surface With gas atoms, such as argon (Ar), krypton 
(Kr), xenon (Xe) or even nitrogen (N2), using an implant 
process, an ion beam or biased plasma to induce damage to 
region 202 of the modi?ed area 210. In one aspect, the 
modi?cation process is adapted to create a region 202 that 
has induced damage to a depth D2, as shoWn in FIG. 2B. It 
is believed that a dislocation or vacancy density of betWeen 
about 5><l0l4 and about l><l016/cm2 may be useful to create 
the melting point contrast betWeen a modi?ed area 210 
versus an unmodi?ed area 211. In one aspect, FIG. 3B 
illustrates an example of the concentration of the dopant 
material (e.g., curve Cl) and defects density (e.g., curve C2) 
as a function of depth, from the surface 205 and through the 
substrate 10 along a path 203. 
[0049] It should be noted that While FIGS. 2A-2B illus 
trate a process sequence in Which the modi?cation process 
is performed after the doping process, this process sequence 
is not intended to be limiting as to the scope of the invention 
described herein. For example, in one embodiment, it is 
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desirable to perform the modi?cation process described in 
FIG. 2B prior to performing the doping process described in 
FIG. 2A. 
[0050] FIG. 2C illustrates a side vieW of the electronic 
device 200 shoWn in FIG. 2B that is exposed to radiation 
“B” emitted from the an energy source, such as optical 
radiation from a laser. During this step the modi?ed area(s) 
(e.g., modi?ed area 210) and unmodi?ed areas (e.g., 211) 
disposed across the substrate 10 are exposed to an amount of 
energy Which causes the region 202 in the modi?ed area(s) 
210 to selectively melt and resolidify after the pulse of 
radiation “B” has been applied, While the unmodi?ed areas 
211 remain in a solid state. The amount of energy, the energy 
density and the duration that the radiation “B” is applied can 
be set to preferentially melt the regions 202 by knowing the 
desired depth of the region 202, the materials used to create 
the region 202, the other materials used to form the elec 
tronic device 200, and the heat transfer characteristics of the 
components Within the formed electronic device 200. As 
shoWn in FIGS. 2C and 3C, upon exposure to the radiation 
“B” the remelting and solidi?cation of the region 202 causes 
the concentration of the dopant atoms (e.g., curve Cl) and 
alloying atoms (e.g., curve C2) is more uniformly redistrib 
uted in the region 202. Also, the dopant concentration 
betWeen the region 202 and the substrate bulk material 221 
has a sharply de?ned boundary (i.e., a “hyper-abrupt” junc 
tion) and thus minimiZes the unWanted diffusion into the 
substrate bulk material 221. In the embodiment, discussed 
above, in Which damage is induced into the substrate 10 to 
improve the melting point contrast the concentration of 
defects (e.g., curve C2) after resolidi?cation Will preferably 
drop to a negligible level. 

Thermal Isolation Techniques 

[0051] In another embodiment, the various thermal prop 
er‘ties of different regions of the formed device are tailored 
to preferentially cause the melting in one region versus 
another region. In one aspect, the melting point contrast is 
created by forming different regions of the device With 
materials that have different thermal conductivities (k). It 
should be noted that heat transferred by conduction is 
governed by the equation: 

QIkAAT/Ax 

in Which Q is the time rate of heat ?oW through a body, k is 
the conductivity constant dependent on the nature of the 
material and the material temperature, A is the area through 
Which the heat ?oWs, Ax is the thickness of the body of 
matter through Which the heat is passing, and AT is the 
temperature difference through Which the heat is being 
transferred. Therefore, since k is a property of the material 
the selection or modi?cation of the material in various 
regions of the substrate can alloW one to control the heat 
?oW into and out-of the different regions of the substrate to 
increase the melting point contrast for the various regions. In 
other Words, Where the material in a region of a substrate has 
a higher thermal conductivity than the material in other 
regions, it Will lose more thermal energy via conductive 
losses during a laser anneal process, and, hence, Will not 
reach the same temperatures that another region that has a 
loWer thermal conductivity Will reach. The regions in inti 
mate contact With the higher thermally conductive regions 
can be prevented from melting, While other regions in 
intimate contact With loWer thermal conductivity regions 
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Will reach their melting point during the laser anneal pro 
cess. By controlling the thermal conductivity of the various 
regions of the electronic device 200 the melting point 
contrast can be increased. The creation of regions having 
varying thermal conductivities may be performed by per 
forming conventional deposition, patterning and etching 
techniques in various underlying layers of the electronic 
device 200 to create these regions having different thermal 
conductivities. The underlying layers having differing ther 
mal conductivities may be formed by use of conventional 
chemical vapor deposition (CVD) processes, atomic layer 
deposition (ALD) processes, implant processes, and epi 
taxial deposition techniques. 
[0052] FIG. 2D illustrates a side vieW of the electronic 
device 200 that is has a buried region 224 that has a loWer 
thermal conductivity than the substrate bulk material 221. In 
this case the radiation “B” emitted from an energy source, is 
absorbed at the surface 205 of the substrate and is conducted 
through the substrate 10, so that the heat ?oW (Q1) in the 
region above (e.g., doped region 201A) the buried region 
224 is less than the heat ?oW (Q2) from an area that doesn’t 
have the loWer conductivity buried layer. Therefore, since 
the heat lost from the region above the buried region 224 is 
less than the other regions of the substrate, this area Will 
reach a higher temperature than the other regions of the 
device. By controlling the amount of energy delivered by the 
energy source 20 the temperature in the regions above the 
buried layer can be raised to a level that Will cause it to 
preferentially melt versus the other regions. In one aspect, 
the buried region 224 is made of an insulative material, such 
as a silicon dioxide (SiOZ), silicon nitride (SiN), germanium 
(Ge), gallium arsenide (GaAs), combinations thereof or 
derivatives thereof. So although the actual melting point of 
the substrate material in the region that is to be melted is not 
altered, there is still a quanti?able and repeatable contrast in 
thermal behavior from other regions of the substrate surface 
that alloWs it to be selectively melted. In another embodi 
ment, the buried region 224 may have a higher conductivity 
than the substrate bulk material 221, Which may then alloW 
the areas that do not have the buried layer to preferentially 
melt versus the regions above the buried layer. 

Modi?cation of Surface Properties 

[0053] In one embodiment, the properties of the surface 
over the various regions 202 of the substrate 10 are altered 
to change the melting point contrast betWeen one or more 
desired regions. In one aspect, the emissivity of the surface 
of the substrate in a desired region is altered to change the 
amount of energy transferred from the substrate surface 
during processing. In this case, a region that has a loWer 
emissivity than another region Will achieve a higher pro 
cessing temperature due to its inability to reradiate the 
absorbed energy received from the energy source 20. When 
performing an anneal process that involves the melting of 
the surface of a substrate, the processing temperatures 
achieved at the surface of the substrate can be quite high 
(e.g., ~l4l4° C. for silicon), and thus the effect of varying 
the emissivity can have a dramatic effect on the melting 
point contrast, since radiative heat transfer is the primary 
heat loss mechanism. Therefore, variations in the emissivity 
of different regions of the substrate surface may have a 
signi?cant impact on the ultimate temperatures reached by 
the various regions of the substrate. Regions With loW 
emissivity may be elevated above the melting point during 


















