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APPARATUS AND METHOD FOR CONTROLLING 
DIFFUSION 

TECHNICAL FIELD 

[0001] This invention relates to semiconductor devices 
and semiconductor device fabrication. Speci?cally this 
invention relates to a method and apparatus of doping 
semiconductor regions and diffusion of dopants during semi 
conductor processing. 

BACKGROUND 

[0002] As the minimum feature siZe achievable in semi 
conductor manufacturing decreases, impurity diffusion rates 
of dopants become a signi?cant impediment for achieving 
the desired device structures and corresponding perfor 
mances. Unfortunately there are only a limited number of 
possible solutions for this problem. As the minimum feature 
siZe decreases, the number of devices that can be formed in 
a given area increases With the inverse square of this feature 
siZe While dopant diffusion rates remain constant. As the 
areal density of devices is raised, both the device siZe and 
inter-device distances must shrink accordingly. In addition, 
as device areas have been shrunken laterally, optimal dopant 
diffusion depths have been substantially decreased. 

[0003] Using current processing methods, dopant diffu 
sion depth is largely affected by annealing operations, typi 
cally performed subsequent to an implant step. Thermal 
annealing is performed for a number of reasons, including 
activation of implanted dopant ions. Annealing also causes 
diffusion of the dopant species. Depending on the device 
design requirements and processes, the resulting redistribu 
tion of the as-implanted dopant ions can be unacceptably 
large. 
[0004] What is needed is a method to control diffusion of 
dopant species in a matrix lattice. What is also needed is a 
device With a sharper diffusion gradient of dopant elements. 
What is also needed is a device capable of Withstanding 
higher processing temperatures for longer periods of time 
Without unacceptable diffusion of dopant elements. 

SUMMARY 

[0005] A method of reducing a dopant diffusion rate in a 
doped semiconductor region is shoWn. The method includes 
selecting a plurality of dopant elements. Selection of a 
plurality of dopant elements includes selecting a ?rst dopant 
element With a ?rst atomic radius larger than a host matrix 
atomic radius and selecting a second dopant element With a 
second atomic radius smaller than a host matrix atomic 
radius. The method further includes selecting amounts of 
each dopant element of the plurality of dopant elements 
Wherein amounts and atomic radii of each of the plurality of 
dopant elements complement each other to reduce a host 
matrix lattice strain. The method further includes introduc 
ing the plurality of dopant elements to a selected region of 
the host matrix and annealing the selected region of the host 
matrix. 

[0006] A method of forming a doped semiconductor 
region is further shoWn, including forming a ?rst conduc 
tivity type doped semiconductor Well, including introducing 
a ?rst dopant element and a second dopant element to a 
selected region of a semiconductor surface. The method also 
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includes forming a second conductivity type doped semi 
conductor region substantially Within the ?rst type doped 
semiconductor Well, including introducing a third dopant 
element and a fourth dopant element. The method also 
includes annealing the selected region of the semiconductor 
surface and controlling a diffusion rate of the ?rst and 
second dopant elements by selecting a combination of 
dopant elements that minimiZe lattice strain in the selected 
region of the semiconductor surface. The method also 
includes controlling a diffusion rate of the third and fourth 
dopant elements by selecting a combination of dopant 
elements that minimiZe lattice strain in the selected region of 
the semiconductor surface. 

[0007] Methods of forming devices such as a transistor, a 
memory device, and an information handling system are 
also included in embodiments as described in the speci?ca 
tion beloW. 

[0008] A semiconductor junction is also shoWn, including 
a ?rst conductivity type semiconductor region, Wherein the 
?rst conductivity type semiconductor region includes a ?rst 
plurality of dopant elements chosen to minimiZe a host 
semiconductor lattice stress. The semiconductor junction 
also includes a second conductivity type semiconductor 
region located substantially Within the ?rst conductivity type 
semiconductor region, Wherein the second conductivity type 
semiconductor region includes a second plurality of dopant 
elements chosen to minimiZe the host semiconductor lattice 
stress. 

[0009] Adevice such as a transistor, a memory device, and 
an information handling system may also be formed accord 
ing to the speci?cation beloW. 

[0010] These and other embodiments, aspects, advan 
tages, and features of the present invention Will be set forth 
in part in the description Which folloWs, and in part Will 
become apparent to those skilled in the art by reference to 
the folloWing description of the invention and referenced 
draWings or by practice of the invention. The aspects, 
advantages, and features of the invention are realiZed and 
attained by means of the instrumentalities, procedures, and 
combinations particularly pointed out in the appended 
claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0011] FIG. 1A shoWs a prior diffusion pro?le Within a 
doped semiconductor region. 

[0012] FIG. 1B shoWs a diffusion pro?le Within a doped 
semiconductor region according to one embodiment of the 
invention. 

[0013] FIG. 2A shoWs a model of an undistorted semi 
conductor material according to one embodiment of the 
invention. 

[0014] FIG. 2B shoWs a model of a doped semiconductor 
material according to one embodiment of the invention. 

[0015] FIG. 2C shoWs another model of a doped semi 
conductor material according to one embodiment of the 
invention. 

[0016] FIG. 3 shoWs an example of semiconductor device 
according to one embodiment of the invention. 
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[0017] FIG. 4 shows a How diagram according to one 
embodiment of the invention. 

[0018] FIG. 5 shoWs an information handling system 
according to one embodiment of the invention. 

[0019] FIG. 6 shoWs a block diagram of a processing unit 
according to one embodiment of the invention. 

[0020] FIG. 7 shoWs a block diagram of a memory device 
according to one embodiment of the invention. 

DETAILED DESCRIPTION 

[0021] In the following detailed description of the inven 
tion, reference is made to the accompanying draWings Which 
form a part hereof, and in Which is shoWn, by Way of 
illustration, speci?c embodiments in Which the invention 
may be practiced. In the draWings, like numerals describe 
substantially similar components throughout the several 
vieWs. These embodiments are described in sufficient detail 
to enable those skilled in the art to practice the invention. 
Other embodiments may be utiliZed and structural, logical, 
and electrical changes may be made Without departing from 
the scope of the present invention. The terms Wafer and 
substrate used in the folloWing description include any 
structure having an exposed surface With Which to form a 
device or integrated circuit (IC) structure. The term substrate 
is understood to include semiconductor Wafers. The term 
substrate is also used to refer to semiconductor structures 
during processing, and may include other layers, such as 
silicon-on-insulator (SOI), etc. that have been fabricated 
thereupon. Both Wafer and substrate include doped and 
undoped semiconductors, epitaxial semiconductor layers 
supported by a base semiconductor or insulator, as Well as 
other semiconductor structures Well knoWn to one skilled in 
the art. The term conductor is understood to include semi 
conductors, and the term insulator or dielectric is de?ned to 
include any material that is less electrically conductive than 
the materials referred to as conductors. 

[0022] The term “horizontal” as used in this application is 
de?ned as a plane parallel to the conventional plane or 
surface of a Wafer or substrate, regardless of the orientation 
of the Wafer or substrate. The term “vertical” refers to a 
direction perpendicular to the horiZontal as de?ned above. 
Prepositions, such as “on”, “side” (as in “sideWall”), 
“higher”, “loWer”, “over” and “under” are de?ned With 
respect to the conventional plane or surface being on the top 
surface of the Wafer or substrate, regardless of the orienta 
tion of the Wafer or substrate. The folloWing detailed 
description is, therefore, not to be taken in a limiting sense, 
and the scope of the present invention is de?ned only by the 
appended claims, along With the full scope of equivalents to 
Which such claims are entitled. The term host matrix refers 
to a material as used in a composite structure such as a 

semiconductor matrix With dopant impurities. One example 
of a host matrix includes, but is not limited to, a semicon 
ductor Wafer. The term host lattice refers to a structure or 
regular pattern of atoms Within the host matrix. 

[0023] FIG. 1A shoWs a semiconductor substrate 100 With 
a junction 110 formed in a portion of the semiconductor 
substrate 100. In one embodiment, the junction 110 is 
formed Within a Well region or pocket 112 that is also formed 
in a portion of the semiconductor substrate 100. Using prior 
methods, the junction is formed by introducing a dopant 
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element to a ?rst region 114 using processes such as ion 
implantation. Processes such as ion implantation force high 
energy ions into a surface of the semiconductor substrate 
100 or pocket 112. A microstructure of the surface, after 
implantation, is damaged and the ions are not electrically 
activated Within the region of the semiconductor substrate 
100 or pocket 112. 

[0024] To remove the damage from ion implantation, and 
to activate the ions, an annealing process is performed. 
Annealing also drives diffusion of the dopant element from 
the ?rst region 114 to a diffused region 116. Using prior 
methods, the diffused region 116 yielded an unacceptable 
depth 117 as shoWn in FIG. 1A. 

[0025] FIG. 1B shoWs a semiconductor substrate 100 With 
a junction 120 formed in a portion of the semiconductor 
substrate 100. Similar to FIG. 1A, in one embodiment, the 
junction 120 is formed Within a Well region or pocket 122 
that is also formed in a portion of the semiconductor 
substrate 100. Using novel methods that Will be described 
beloW, dopant elements are introduced to a ?rst region 124. 
FolloWing an annealing procedure, dopant elements are 
driven by diffusion from the ?rst region 124 to a diffused 
region 126. As shoWn by FIG. 1B, the diffused region 127 
shoWs a steeper diffusion pro?le With a smaller diffusion 
depth 127. It should be noted that FIGS. 1A and 1B are 
diagrams for illustration of differences betWeen junctions in 
prior con?gurations in contrast to junctions after using the 
methods described beloW. FIGS. 1A and 11B are not 
necessarily draWn to scale. 

[0026] Diffusion is normally thought of as occurring by 
the random motion of atoms With the energy being thermal, 
With the driving force being a function of temperature and 
concentration. Therefore the higher the temperature, the 
more rapid the diffusion rate. HoWever, it has been discov 
ered that the rate of diffusion of one element in another is a 
function of not only temperature but other factors such as 
crystal defects, in a specimen. For example, the rate of 
diffusion at grain boundaries may be over an order of 
magnitude greater than that in the bulk material. 

[0027] FIG. 2A shoWs one embodiment of a host semi 
conductor lattice 200. The lattice 200 is made up of a 
number of host atoms 210 that are held together by bonds 
212. Although a tWo dimensional lattice is shoWn for illus 
tration, one of ordinary skill in the art Will recogniZe that the 
concepts illustrated in FIGS. 2A-2C apply to three dimen 
sional lattices. In one embodiment, the host semiconductor 
lattice 200 is made up of silicon atoms. Although a silicon 
host semiconductor lattice 200 is used as an example, other 
host semiconductor lattice compositions such as gallium 
arsenide, etc. are Within the scope of the invention. In one 
embodiment, the host semiconductor lattice 200 is struc 
tured in a regular patterned crystalline form. In a crystal, the 
bonds 212 are arranged in a regular pattern throughout the 
lattice 200. For illustration purposes, the bonds 212 are 
shoWn With equal bond lengths 214. 

[0028] Although in one embodiment, all bonds 212 are 
substantially the same length 214, other embodiments are 
included Where bond lengths 214 vary Within the lattice 200 
to form an energetically favorable atomic stacking arrange 
ment in the host lattice 200. In describing a lattice 200, as 
illustrated in FIG. 2A, individual atoms 210 can be 
described as hard spheres that can be stacked a number of 
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Ways. A number of regular patterns of atomic stacking are 
therefore possible, some With equal bond lengths 214 and 
some With repeating variations in bond lengths 214, depend 
ing on the atomic composition and solid phase of the host 
matrix. 

[0029] Dopant elements used to form the junctions in a 
silicon transistor are substantial (i.e., occupy lattice sites 
normally occupied by Si atoms). Since the radii of dopant 
ions differ from that of a silicon host matrix, the resulting 
differences in siZe imparts strain to the doped silicon region. 
This strain becomes especially large as the dopant concen 
tration is raised to the levels needed to form the necessary 
junctions. 
[0030] FIG. 2B illustrates the host matrix 200 from FIG. 
2A With the addition of a dopant atom 220. As discussed 
above, the dopant atom 220 is located in a substitutional 
lattice site. The dopant atom 220 causes lattice strain, thus 
distorting the regular pattern of the host lattice 200 that 
existed When the dopant atom 220 Was not present. Host 
atom 230 has been moved from an unstrained position on 
line 232 to a strained location, thus distorting bonds 234 and 
236. As can be seen from the Figure, other host atoms and 
bonds are similarly distorted. The effect of lattice strain is 
not limited to the host atoms directly adjacent to the dopant 
atom 220. Host atom 240 has been moved from an 
unstrained position on line 242 to a strained location, thus 
distorting bonds 244 and 246. 

[0031] Although FIG. 2B shoWs a dopant atom 220 With 
an atomic radius that is larger than the atomic radius of the 
host matrix atoms, a dopant atom 220 With an atomic radius 
that is smaller than the atomic radius of the host matrix 
atoms causes similar lattice distortion. Instead of the bonds 
such as 234 and 236 being compressed, the bonds adjacent 
to a smaller dopant atom are stretched, thus causing host 
lattice distortion. It has been discovered that such dopant 
induced strains provide a driving force to cause enhanced, 
non-random diffusion effects. To reduce unWanted diffusion, 
it therefore folloWs that the net lattice strain in a junction 
should be at or near Zero. In one embodiment, this can be 
achieved by using tWo or more dopants of the same type in 
each junction With at least one of the dopants having an 
atomic siZe smaller and one larger than silicon. The per 
centages of each being so chosen that the net siZe effect 
approaches Zero. 

[0032] FIG. 2C shoWs the host matrix 200 from FIGS. 
2A, and 2B With the addition of multiple dopant atoms. In 
one embodiment, the multiple dopant atoms include a ?rst 
dopant atom 250 With an atomic radius 251 that is larger that 
at atomic radius 211 of host atoms 210. In one embodiment, 
the multiple dopant atoms further include a second dopant 
atom 260 With an atomic radius 261 that is smaller that the 
atomic radius 211 of host atoms 210. In one embodiment, the 
multiple dopant atoms include P-type dopant atoms. In one 
embodiment, the multiple dopant atoms include N-type 
dopant atoms. Examples of suitable N-type dopant atoms 
include, but are not limited to, arsenic (As), phosphorous 
(P), Bismuth (Bi), and Antimony (Sb). Examples of suitable 
P-type dopant atoms include, but are not limited to, Alumi 
num and Boron Although FIG. 2C shoWs a host 
lattice 200 With tWo different dopant atoms, other embodi 
ments include more than tWo different dopant atoms. 

[0033] In one embodiment, a speci?c proportion of dopant 
atoms is further chosen for introduction to the lattice 200. 
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When a speci?c combination of multiple dopant atoms is 
used at a speci?c proportion, strain in the lattice 200 is 
reduced signi?cantly. As shoWn in FIG. 2C, the larger radius 
251 of the ?rst dopant atom 250 complements the smaller 
radius 261 of the second dopant atom 260. In contrast to the 
lattice distortion shoWn in FIG. 2B, atoms in the lattice, 
including both host matrix atoms and dopant atoms, are 
substantially lined up as in the unstressed state of FIG. 2A. 
Dopant atom 260 is shoWn along substantially undistorted 
lines 264 and 268, and dopant atom 261 is shoWn along 
substantially undistorted lines 266 and 268. Although 
selected bonds such as bond 262 in the doped lattice 200 of 
FIG. 2C may be shorter or longer than host matrix bonds 
212, a center to center spacing 265 is approximately equal 
to the length of host matrix bonds 212. 

[0034] Although FIG. 2C shoWs the larger ?rst dopant 
atom 250 bonded adjacent to the smaller second dopant 
atom 260 this speci?c con?guration is for illustration only. 
When multiple dopant atoms are selected and introduced to 
the host lattice 200 in the correct proportions, lattice strain 
is minimiZed regardless of Which host lattice sites the 
multiple dopant atoms are located on. Small dopant atoms 
do not necessarily have to be directly bonded to large dopant 
atoms. On a macroscopic scale, an average lattice strain is 
reduced due to the siZe of dopant atoms selected and the 
proportion in Which they are introduced. 

[0035] In a tWo dopant atom embodiment, the proportions 
of dopant atoms can be chosen by the folloWing formula: 

x=(Rh_Rs)/[(R1_Rh)+(Rh_Rs)] 

[0036] Where: 

[0037] Rh=the atomic radius of a host atom 

[0038] R1=the atomic radius of the dopant atom 
that is larger than the host atom 

[0039] Rs=the atomic radius of the dopant atom 
that is smaller than the host atom 

[0040] x=the fraction of large dopant atoms to 
introduce to the host lattice 

[0041] 1—x=the fraction of small dopant atoms to 
introduce to the host lattice 

[0042] For example, if the host atom has a relative radius 
of 2, the large dopant atom has a relative radius of 6, and the 
small dopant atom has a relative radius of 1, then “x” Would 
equal 0.20 and “1-x” Would equal 0.80. A resulting dopant 
proportion Would include one large dopant atom for every 
four small dopant atoms. Similarly, if three or more dopant 
atoms are used, the proportion of dopant atoms that are 
larger than the host matrix atoms should compensate for the 
proportions of dopant atoms that are smaller that the host 
matrix atoms, While taking into consideration the relative 
siZes of the dopant atoms and the host matrix atoms. 

[0043] In one embodiment for making an N-type junction, 
both arsenic and phosphorous (P) are used as dopants. 
To compensate for the atomic radii of the dopant atoms, 
approximately 36.37 percent of the dopant concentration is 
phosphorus and approximately 63.63 percent of the dopant 
concentration is arsenic. In one embodiment for making a 
P-type junction, both boron (B) and aluminum are used 
as dopants. To compensate for the atomic radii of the dopant 
atoms, approximately 23.68 percent of the dopant concen 



US 2004/0121524 A1 

tration is boron and approximately 76.32 percent of the 
dopant concentration is aluminum. 

[0044] In one embodiment, introduction of the multiple 
dopant atoms to the host lattice 200 includes an ion implan 
tation process. As discussed above, following ion implan 
tation, there is damage to the host lattice that must be 
repaired. Further, the implanted dopant atoms must be 
activated to realiZe their desired electrical properties. In one 
embodiment, an anneal step is performed following intro 
duction of the dopant atoms to the host lattice. In one 
embodiment, a rapid thermal anneal process is used folloW 
ing introduction of the dopant atoms to the host lattice. By 
choosing a combination of multiple dopant atoms, intro 
duced to a host lattice at a speci?c proportion as described 
above, the post anneal doped region exhibits signi?cantly 
reduced lattice strain. The reduced lattice strain signi?cantly 
reduces unWanted enhanced, non-random diffusion effects. 

[0045] One advantage of methods described above is that 
the methods effectively reduce the rate of diffusion of the 
doping elements in very shalloW junctions so that they can 
be exposed to a higher time temperature envelope Without 
excessive degradation of the structure. Another advantage of 
methods described above is that the methods sharpen a 
junction pro?le by reducing diffusion rates at current anneal 
times and temperatures. A further advantage of methods 
described above is that solubility in doped regions Will be 
increased. Thus alloWing for a higher maximum doping 
level. 

[0046] FIG. 3 shoWs one example of a device that is 
formed using the methods described above. FIG. 3 shoWs a 
transistor 300 formed in a semiconductor substrate 310. 
Other devices apart from transistors may also be formed 
using the methods described above. In one embodiment, the 
transistor is further formed in a doped pocket 320. The 
transistor 300 includes a ?rst source/drain region 330, a 
second source drain region 332, and a channel region 334 
separating the ?rst and second source/drain regions 330, 
332. A gate 338 is formed over the channel region 334, With 
a gate oxide 336 separating the channel region 334 from the 
gate 338. 

[0047] In one embodiment, the ?rst and second source/ 
drain regions 330, 332 are formed using the multiple dopant 
implant methods described above. In one embodiment 
including a doped pocket 320, the doped pocket 320 is also 
formed using the multiple dopant methods described above. 
In one embodiment, the doped pocket 320 is formed using 
multiple dopant atoms of a type that is complementary to the 
source/drain regions. In one embodiment, the source/drain 
regions 330/332 include P-type dopant atoms, and the 
pocket 320 includes N-type dopant atoms. In one embodi 
ment, the source/drain regions 330/332 include N-type 
dopant atoms, and the pocket 320 includes P-type dopant 
atoms. 

[0048] The folloWing is an example of process conditions 
in one embodiment of an N-type junction in a P-type pocket. 
Where the desired junction depth is approximately 500 
Angstroms and the pocket depth is approximately 2,000 
Angstroms, the P pocket Would be constructed using a 135 
KEV aluminum and a 60 KEV boron deposition. If the total 
concentration of the pocket Was to be 1020, then a 0.7632>< 
1020 aluminum deposition Would be used and a 0.2368><102O 
boron deposition Would be used. The 500 Angstrom N-type 
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junction Would be constructed using a 40 KEV phosphorus 
and a 70 KEV arsenic deposition. It the total concentration 
of the diffusion Was to be 5x102‘), then the phosphorus 
concentration Would be 1.82><102O and the arsenic concen 
tration Would be 3.18><1020. 

[0049] Diffusion of dopant atoms in a junction is signi? 
cantly reduced When both a pocket and a region Within a 
pocket are formed using multiple dopant atoms that are 
selected and proportioned as described in embodiments 
above. Junctions can be used to form devices that include, 
but are not limited to transistors, capacitors, etc. 

[0050] FIG. 4 shoWs a How diagram of a method of 
fabricating a junction in a semiconductor device. A ?rst How 
400 includes operations for forming a region using multiple 
dopant atoms to reduce lattice strain as described in embodi 
ments above. A second How 410 is included in one embodi 
ment to include forming a doped region Within another 
doped region. Both methods are effective to signi?cantly 
reduce diffusion rates of dopant elements during processing 
steps such as annealing. 

[0051] Semiconducting Wafers, semiconductor devices, 
and IC’s created by the methods described above may be 
implemented into memory devices and information handling 
devices as shoWn in FIG. 5, FIG. 6, and FIG. 7 and as 
described beloW. While speci?c types of memory devices 
and computing devices are shoWn beloW, it Will be recog 
niZed by one skilled in the art that several types of memory 
devices and information handling devices could utiliZe the 
invention. 

[0052] Apersonal computer, as shoWn in FIGS. 5 and 6, 
includes a monitor 500, keyboard input 502 and a central 
processing unit 504. The processor unit typically includes 
microprocessor 606, memory bus circuit 608 having a 
plurality of memory slots 612(a-n), and other peripheral 
circuitry 610. Peripheral circuitry 610 permits various 
peripheral devices 624 to interface processor-memory bus 
620 over input/output (I/O) bus 622. The personal computer 
shoWn in FIGS. 5 and 6 also includes at least one transistor 
having a gate oxide according to the teachings of the present 
invention. 

[0053] Microprocessor 606 produces control and address 
signals to control the exchange of data betWeen memory bus 
circuit 608 and microprocessor 606 and betWeen memory 
bus circuit 608 and peripheral circuitry 610. This exchange 
of data is accomplished over high speed memory bus 620 
and over high speed I/O bus 622. 

[0054] Coupled to memory bus 620 are a plurality of 
memory slots 612(a-n) Which receive memory devices Well 
knoWn to those skilled in the art. For example, single in-line 
memory modules (SIMMs) and dual in-line memory mod 
ules (DIMMs) may be used in the implementation of the 
present invention. 

[0055] These memory devices can be produced in a vari 
ety of designs Which provide different methods of reading 
from and Writing to the dynamic memory cells of memory 
slots 612. One such method is the page mode operation. 
Page mode operations in a DRAM are de?ned by the method 
of accessing a roW of a memory cell arrays and randomly 
accessing different columns of the array. Data stored at the 
roW and column intersection can be read and output While 
that column is accessed. Page mode DRAMs require access 
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steps Which limit the communication speed of memory 
circuit 608. A typical communication speed for a DRAM 
device using page mode is approximately 33 MHZ. 

[0056] An alternate type of device is the extended data 
output (EDO) memory Which alloWs data stored at a 
memory array address to be available as output after the 
addressed column has been closed. This memory can 
increase some communication speeds by alloWing shorter 
access signals Without reducing the time in Which memory 
output data is available on memory bus 620. Other alterna 
tive types of devices include SDRAM, DDR SDRAM, 
SLDRAM and Direct RDRAM as Well as others such as 
SRAM or Flash memories. 

[0057] FIG. 7 is a block diagram of an illustrative DRAM 
device 700 compatible With memory slots 612(a-n). The 
description of DRAM 700 has been simpli?ed for purposes 
of illustrating a DRAM memory device and is not intended 
to be a complete description of all the features of a DRAM. 
Those skilled in the art Will recogniZe that a Wide variety of 
memory devices may be used in the implementation of the 
present invention. The example of a DRAM memory device 
shoWn in FIG. 7 includes at least one transistor having a gate 
oxide according to the teachings of the present invention. 

[0058] Control, address and data information provided 
over memory bus 620 is further represented by individual 
inputs to DRAM 700, as shoWn in FIG. 7. These individual 
representations are illustrated by data lines 702, address 
lines 704 and various discrete lines directed to control logic 
706. 

[0059] As is Well knoWn in the art, DRAM 700 includes 
memory array 710 Which in turn comprises roWs and col 
umns of addressable memory cells. Each memory cell in a 
roW is coupled to a common Wordline. Additionally, each 
memory cell in a column is coupled to a common bitline. 
Each cell in memory array 710 includes a storage capacitor 
and an access transistor as is conventional in the art. 

[0060] DRAM 700 interfaces With, for example, micro 
processor 606 through address lines 704 and data lines 702. 
Alternatively, DRAM 700 may interface With a DRAM 
controller, a micro-controller, a chip set or other electronic 
system. Microprocessor 606 also provides a number of 
control signals to DRAM 700, including but not limited to, 
roW and column address strobe signals RAS and CAS, Write 
enable signal WE, an output enable signal OE and other 
conventional control signals. 

[0061] RoW address buffer 712 and roW decoder 714 
receive and decode roW addresses from roW address signals 
provided on address lines 704 by microprocessor 606. Each 
unique roW address corresponds to a roW of cells in memory 
array 710. RoW decoder 714 includes a Wordline driver, an 
address decoder tree, and circuitry Which translates a given 
roW address received from roW address buffers 712 and 
selectively activates the appropriate Wordline of memory 
array 710 via the Wordline drivers. 

[0062] Column address buffer 716 and column decoder 
718 receive and decode column address signals provided on 
address lines 704. Column decoder 718 also determines 
When a column is defective and the address of a replacement 
column. Column decoder 718 is coupled to sense ampli?ers 
720. Sense ampli?ers 720 are coupled to complementary 
pairs of bitlines of memory array 710. 
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[0063] Sense ampli?ers 720 are coupled to data-in buffer 
722 and data-out buffer 724. Data-in buffers 722 and data 
out buffers 724 are coupled to data lines 702. During a Write 
operation, data lines 702 provide data to data-in buffer 722. 
Sense ampli?er 720 receives data from data-in buffer 722 
and stores the data in memory array 710 as a charge on a 
capacitor of a cell at an address speci?ed on address lines 
704. 

[0064] During a read operation, DRAM 700 transfers data 
to microprocessor 606 from memory array 710. Comple 
mentary bitlines for the accessed cell are equilibrated during 
a precharge operation to a reference voltage provided by an 
equilibration circuit and a reference voltage supply. The 
charge stored in the accessed cell is then shared With the 
associated bitlines. A sense ampli?er of sense ampli?ers 720 
detects and ampli?es a difference in voltage betWeen the 
complementary bitlines. The sense ampli?er passes the 
ampli?ed voltage to data-out buffer 724. 

[0065] Control logic 706 is used to control the many 
available functions of DRAM 700. In addition, various 
control circuits and signals not detailed herein initiate and 
synchroniZe DRAM 700 operation as knoWn to those skilled 
in the art. As stated above, the description of DRAM 700 has 
been simpli?ed for purposes of illustrating the present 
invention and is not intended to be a complete description of 
all the features of a DRAM. 

[0066] Those skilled in the art Will recogniZe that a Wide 
variety of memory devices, including but not limited to, 
SDRAMs, SLDRAMs, RDRAMs and other DRAMs and 
SRAMs, VRAMs and EEPROMs, may be used in the 
implementation of the present invention. The DRAM imple 
mentation described herein is illustrative only and not 
intended to be exclusive or limiting. 

Conclusion 

[0067] Devices and methods described above include 
advantages such as effective reduction in the rate of diffusion 
of the doping elements in very shalloW junctions. The 
junctions can be exposed to a higher time temperature 
envelope Without excessive degradation of the structure. 
Another advantage of devices and methods described above 
is that the methods sharpen a junction pro?le by reducing 
diffusion rates at current anneal times and temperatures. A 
further advantage of devices and methods described above is 
that solubility in doped regions Will be increased. Thus 
alloWing for a higher maximum doping level. 

[0068] Diffusion of dopant atoms in a junction is further 
reduced When both a pocket and a region Within a pocket are 
formed using multiple dopant atoms that are selected and 
proportioned as described in embodiments above. Junctions 
can be used to form devices that include, but are not limited 
to transistors, capacitors, etc. 

[0069] Although speci?c embodiments have been illus 
trated and described herein, it Will be appreciated by those 
of ordinary skill in the art that any arrangement Which is 
calculated to achieve the same purpose may be substituted 
for the speci?c embodiment shoWn. This application is 
intended to cover any adaptations or variations of the present 
invention. It is to be understood that the above description 
is intended to be illustrative, and not restrictive. Combina 
tions of the above embodiments, and other embodiments 
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Will be apparent to those of skill in the art upon reviewing 
the above description. The scope of the invention includes 
any other applications in Which the above structures and 
fabrication methods are used. The scope of the invention 
should be determined With reference to the appended claims, 
along With the full scope of equivalents to Which such claims 
are entitled. 

What is claimed is: 
1. Amethod of reducing a dopant diffusion rate in a doped 

semiconductor region comprising: 

selecting a plurality of dopant elements; including: 

selecting a ?rst dopant element With a ?rst atomic 
radius larger than a host matrix atomic radius; 

selecting a second dopant element With a second atomic 
radius smaller than a host matrix atomic radius; 

selecting amounts of each dopant element of the plurality 
of dopant elements Wherein amounts and atomic radii 
of each of the plurality of dopant elements complement 
each other to reduce a host matrix lattice strain; 

introducing the plurality of dopant elements to a selected 
region of the host matrix; and 

annealing the selected region of the host matrix. 
2. The method of claim 1, Wherein the plurality of dopant 

elements include a plurality of N-type dopant elements. 
3. The method of claim 1, Wherein the plurality of dopant 

elements include a plurality of P-type dopant elements. 
4. The method of claim 1, Wherein annealing the selected 

region of the host matrix includes rapid thermal annealing. 
5. The method of claim 2, Wherein the ?rst dopant element 

includes arsenic and the second dopant element 
includes phosphorous 

6. The method of claim 2, Wherein the ?rst and second 
dopant elements are selected from a group consisting of 
arsenic (As), phosphorous (P), antimony (Sb), and bismuth 
(Bi). 

7. The method of claim 1, Wherein introducing a plurality 
of dopant elements further includes introducing a third 
dopant element. 

8. The method of claim 7, Wherein the ?rst, second, and 
third dopant elements are selected from a group consisting 
of arsenic (As), phosphorous (P), antimony (Sb), and bis 
muth (Bi). 

9. The method of claim 3, Wherein the ?rst dopant element 
includes aluminum and the second dopant element 
includes boron 

10. The method of claim 2, Wherein selecting a combi 
nation of dopant elements that minimiZe lattice strain 
includes selecting a combination of approximately 63.63 
percent arsenic and approximately 36.37 percent phos 
phorous 

11. The method of claim 3, Wherein selecting a combi 
nation of dopant elements that minimiZe lattice strain 
includes selecting a combination of approximately 76.32 
percent aluminum and approximately 23.68 percent 
boron 

12. A method of forming a doped semiconductor region 
comprising: 
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forming a ?rst conductivity type doped semiconductor 
Well, including introducing a ?rst dopant element and 
a second dopant element to a selected region of a 
semiconductor surface; 

forming a second conductivity type doped semiconductor 
region substantially Within the ?rst type doped semi 
conductor Well, including introducing a third dopant 
element and a fourth dopant element; 

annealing the selected region of the semiconductor sur 
face; 

controlling a diffusion rate of the ?rst and second dopant 
elements by selecting a combination of dopant ele 
ments that minimiZe lattice strain in the selected region 
of the semiconductor surface; and controlling a diffu 
sion rate of the third and fourth dopant elements by 
selecting a combination of dopant elements that mini 
miZe lattice strain in the selected region of the semi 
conductor surface. 

13. The method of claim 12, Wherein the ?rst conductivity 
type doped semiconductor Well includes an N-type doped 
semiconductor Well, and the second conductivity type doped 
semiconductor region includes a P-type doped semiconduc 
tor region. 

14. The method of claim 12, Wherein the ?rst conductivity 
type doped semiconductor Well includes a P-type doped 
semiconductor Well, and the second conductivity type doped 
semiconductor region includes an N-type doped semicon 
ductor region. 

15. The method of claim 13, Wherein: 

the ?rst dopant element includes phosphorous (P); 

the second dopant element includes arsenic the third dopant element includes aluminum and 

the fourth dopant element includes boron 16. The method of claim 15, Wherein: 

the ?rst dopant element includes approximately 36.37 
percent phosphorous (P); 

the second dopant element includes approximately 63.63 
percent arsenic 

the third dopant element includes approximately 76.32 
percent aluminum and 

the fourth dopant element includes approximately 23.68 

percent boron 17. The method of claim 13, Wherein: 

the ?rst dopant element includes aluminum the second dopant element includes boron (B); 

the third dopant element includes phosphorous (P); and 

the fourth dopant element includes arsenic 18. The method of claim 17, Wherein: 

the ?rst dopant element includes approximately 76.32 
percent aluminum 

the second dopant element includes approximately 23.68 
boron (B); 

the third dopant element includes approximately 36.37 
percent phosphorous (P); and 
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the fourth dopant element includes approximately 63.63 
percent arsenic 

19. A method of forming a transistor comprising: 

forming a pair of source/drain regions spaced apart by a 
channel region; including: 

introducing a plurality of dopant elements to selected 
regions of a semiconductor substrate, including a 
?rst dopant element and a second dopant element; 

annealing the selected regions of the semiconductor 
surface; and 

controlling a diffusion rate of the plurality of dopant 
elements by selecting a combination of dopant ele 
ments that minimiZe lattice strain in the selected 
region of the semiconductor surface. 

forming a gate adjacent to the channel region. 
20. The method of claim 19, Wherein the plurality of 

dopant elements include a plurality of N-type dopant ele 
ments. 

21. The method of claim 19, Wherein the plurality of 
dopant elements include a plurality of P-type dopant ele 
ments. 

22. The method of claim 20, Wherein the ?rst dopant 
element includes arsenic and the second dopant ele 
ment includes phosphorous 

23. The method of claim 21, Wherein the ?rst dopant 
element includes aluminum and the second dopant 
element includes boron 

24. The method of claim 19, Wherein introducing a 
plurality of dopant elements further includes introducing a 
third dopant element. 

25. A method of forming a memory device comprising: 

forming a number of memory cells on a semiconductor 
substrate, Wherein forming each memory cell includes: 

introducing a plurality of dopant elements to a selected 
region of a semiconductor substrate, including a ?rst 
dopant element and a second dopant element; 

annealing the selected region of the semiconductor sur 
face; 

controlling a diffusion rate of the plurality of dopant 
elements by selecting a combination of dopant ele 
ments that minimiZe lattice strain in the selected region 
of the semiconductor surface; 

forming a number of bitlines coupled to each memory 
cell; 

forming a number of Wordlines coupled to each memory 
cell; and 

forming a number of sourcelines coupled to each memory 
cell. 

26. The method of claim 25, Wherein the plurality of 
dopant elements include a plurality of N-type dopant ele 
ments. 

27. The method of claim 25, Wherein introducing a 
plurality of dopant elements further includes introducing a 
third dopant element. 
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28. A method of forming an information handling system 
comprising: 

forming a processor; 

forming a memory device, including: 

forming a number of memory cells on a semiconductor 
substrate, Wherein forming each memory cell 
includes: 

introducing a plurality of dopant elements to a 
selected region of a semiconductor substrate, 
including a ?rst dopant element and a second 
dopant element; 

annealing the selected region of the semiconductor 
surface; 

controlling a diffusion rate of the plurality of dopant 
elements by selecting a combination of dopant 
elements that minimiZe lattice strain in the 
selected region of the semiconductor surface; 

forming a number of bitlines, Wordlines and source 
lines coupled to each memory cell; and 

forming a bus coupled betWeen the processor and the 
memory device. 

29. The method of claim 28, Wherein the plurality of 
dopant elements include a plurality of N-type dopant ele 
ments. 

30. The method of claim 28, Wherein introducing a 
plurality of dopant elements further includes introducing a 
third dopant element. 

31. The method of claim 28, Wherein forming a memory 
device includes forming a DRAM memory device. 

32. A semiconductor junction, comprising: 

a ?rst conductivity type semiconductor region, Wherein 
the ?rst conductivity type semiconductor region 
includes a ?rst plurality of dopant elements chosen to 
minimiZe a host semiconductor lattice stress; and 

a second conductivity type semiconductor region located 
substantially Within the ?rst conductivity type semi 
conductor region, Wherein the second conductivity type 
semiconductor region includes a second plurality of 
dopant elements chosen to minimiZe the host semicon 
ductor lattice stress. 

33. The semiconductor junction of claim 32, Wherein the 
?rst plurality of dopant elements includes arsenic and 
phosphorous 

34. The semiconductor junction of claim 33, Wherein the 
?rst plurality of dopant elements further includes a third 
dopant element. 

35. The semiconductor junction of claim 32, Wherein the 
?rst plurality of dopant elements includes aluminum and boron 

36. A transistor, comprising: 

a ?rst conductivity type semiconductor region, Wherein 
the ?rst conductivity type semiconductor region 
includes a ?rst plurality of dopant elements chosen to 
minimiZe a host semiconductor lattice stress; 

a pair of source/drain regions of a second conductivity 
type semiconductor located substantially Within the 
?rst conductivity type semiconductor region, Wherein 
the second conductivity type semiconductor region 
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includes a second plurality of dopant elements chosen 
to minimize the host semiconductor lattice stress; 

a channel region located betWeen the pair of source/drain 
regions; and 

a gate located adjacent to the channel region. 
37. The transistor of claim 36, Wherein the ?rst plurality 

of dopant elements include a plurality of N-type dopant 
elements and the second plurality of dopant elements 
includes a plurality of P-type dopant elements. 

38. The transistor of claim 36, Wherein the ?rst plurality 
of dopant elements include a plurality of P-type dopant 
elements and the second plurality of dopant elements 
includes a plurality of N-type dopant elements. 

39. The transistor of claim 38, Wherein the second plu 
rality of dopant elements includes arsenic and phos 
phorous 

40. The transistor of claim 38, Wherein the second plu 
rality of dopant elements are selected from a group consist 
ing of arsenic (As), phosphorous (P), antimony (Sb), and 
bismuth (Bi). 

41. The transistor of claim 37, Wherein the second plu 
rality of dopant elements includes aluminum and boron 
(B). 

42. The transistor of claim 39, Wherein the second plu 
rality of dopant elements includes approximately 63.63 
percent arsenic and approximately 36.37 percent phos 
phorous 

43. The transistor of claim 41, Wherein the second plu 
rality of dopant elements includes approximately 76.32 
percent aluminum and approximately 23.68 percent 
boron 

44. A memory device, comprising: 

a number of memory cells having access transistors, each 
access transistor including: 

a ?rst conductivity type semiconductor region, Wherein 
the ?rst conductivity type semiconductor region 
includes a ?rst plurality of dopant elements chosen to 
minimiZe a host semiconductor lattice stress; 

a pair of source/drain regions of a second conductivity 
type semiconductor located substantially Within the 
?rst conductivity type semiconductor region, 
Wherein the second conductivity type semiconductor 
region includes a second plurality of dopant elements 
chosen to minimiZe the host semiconductor lattice 
stress; 

a channel region located betWeen the pair of source/ 
drain regions; a gate located adjacent to the channel 
region; and 

an array of metal communication lines coupled to the 
number of memory cells. 

45. The memory device of claim 44, Wherein the ?rst 
plurality of dopant elements include a plurality of N-type 
dopant elements and the second plurality of dopant elements 
includes a plurality of P-type dopant elements. 

46. The memory device of claim 44, Wherein the ?rst 
plurality of dopant elements include a plurality of P-type 
dopant elements and the second plurality of dopant elements 
includes a plurality of N-type dopant elements. 
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47. The memory device of claim 46, Wherein the second 
plurality of dopant elements includes arsenic and 
phosphorous 

48. The memory device of claim 45, Wherein the second 
plurality of dopant elements includes aluminum and 
boron 

49. An information handling system, comprising: 

a processor; 

a memory device, including: 

a number of memory cells having access transistors, 
each access transistor including: 

a ?rst conductivity type semiconductor region, 
Wherein the ?rst conductivity type semiconductor 
region includes a ?rst plurality of dopant elements 
chosen to minimiZe a host semiconductor lattice 

stress; 

a pair of source/drain regions of a second conduc 
tivity type semiconductor located substantially 
Within the ?rst conductivity type semiconductor 
region, Wherein the second conductivity type 
semiconductor region includes a second plurality 
of dopant elements chosen to minimiZe the host 
semiconductor lattice stress; 

a channel region located betWeen the pair of source/ 
drain regions; 

a gate located adjacent to the channel region; 

an array of metal communication lines coupled to the 
number of memory cells; and 

a bus coupled betWeen the processor and the memory 
device. 

50. The information handling system of claim 49, Wherein 
the memory device includes a DRAM memory device. 

51. The information handling system of claim 49, Wherein 
the ?rst plurality of dopant elements include a plurality of 
N-type dopant elements and the second plurality of dopant 
elements includes a plurality of P-type dopant elements. 

52. The information handling system of claim 49, Wherein 
the ?rst plurality of dopant elements include a plurality of 
P-type dopant elements and the second plurality of dopant 
elements includes a plurality of N-type dopant elements. 

53. The information handling system of claim 52, Wherein 
the second plurality of dopant elements includes arsenic 
(As) and phosphorous 

54. The information handling system of claim 51, Wherein 
the second plurality of dopant elements includes aluminum 
(Al) and boron 

55. A semiconductor junction, comprising: 

a ?rst conductivity type semiconductor region, Wherein 
the ?rst conductivity type semiconductor region 
includes a plurality of ?rst conductivity type means for 
doping a semiconductor region, the plurality of ?rst 
conductivity type means chosen to minimiZe a host 
semiconductor lattice stress; and 

a second conductivity type semiconductor region located 
substantially Within the ?rst conductivity type semi 
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conductor region, wherein the second conductivity type 
semiconductor region includes a plurality of second 
conductivity type means for doping a semiconductor 
region, the plurality of second conductivity type means 
chosen to minimize the host semiconductor lattice 
stress. 

56. The semiconductor junction of claim 55, Wherein the 
plurality of ?rst conductivity type means for doping a 
semiconductor region includes arsenic and phospho 
rous 
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57. The semiconductor junction of claim 56, Wherein the 
plurality of ?rst conductivity type means for doping a 
semiconductor region further includes a third dopant ele 
ment. 

58. The semiconductor junction of claim 55, Wherein the 
plurality of ?rst conductivity type means for doping a 
semiconductor region includes aluminum and boron 
(B). 


