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(57) ABSTRACT 

Aintegrated circuit device and method for manufacturing an 
integrated circuit device includes forming a patterned gate 
stack, adjacent a storage device, to include a storage node 
diffusion region adjacent the storage device and a bitline 
contact diffusion region opposite the storage node diffusion 
region, implanting an impurity in the storage node diffusion 
region and the bitline contact diffusion region, forming an 
insulator layer over the patterned gate stack, removing a 
portion of the insulator layer from the bitline contact diffu 
sion region to form sidewall spacers along a portion of the 

(*) Notice: _ _ _ _ _ 

patterned gate stack ad]acent the bitlme contact diffusion 
This is a publication of a continued pros 
ecution application (CPA) ?led under 37 
CFR 1_53(d)_ region, implanting a halo implant into the bitline contact 

diffusion region, Wherein the insulator layer is free from 
(21) Appl, No; 09/257,817 blocking the halo implant from the second diffusion region 

and annealing the integrated circuit device to drive the halo 
(22) Filed: Feb. 25, 1999 implant ahead of the impurity. 
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BITLINE DIFFUSION WITH HALO FOR 
IMPROVED ARRAY THRESHOLD VOLTAGE 

CONTROL 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention generally relates to inte 
grated circuits and more particularly to controlling the 
threshold voltage of semiconductor devices using halo struc 
tures. 

[0003] 2. Description of the Related Art 

[0004] Conventional integrated circuit device structures 
are continuously being reduced in siZe to increase process 
ing speed and decrease manufacturing cost. Conventional 
methods of reducing the siZe of such devices shrink all the 
dimensions of the device proportionally. 

[0005] HoWever, as the channel length in the metal oxide 
semiconductor ?eld effect transistors (MOSFETs) is reduced 
to increase speed, a “short-channel” effect often occurs 
Which severely degrades the device characteristics. More 
speci?cally, the short channel effect is an undesirable 
decrease in the threshold voltage of the gate as the channel 
length is reduced. Additionally, the scalability of the planar 
MOSFET in this environment is severely limited by reli 
ability imposed constraints on minimum gate insulator 
thickness and poor physical attributes such as excessive 
buried strap outdiffusion, for trench storage DRAMS active 
area and gate conductor (GC) critical dimension 
control, gate conductor-deep trench (GC-DT) overlay toler 
ance, shalloW trench isolation (STI) recess and geometry 
control. 

[0006] One speci?c manifestation of the scalability diffi 
culties of planar dynamic random access memory (DRAM) 
MOSFETs is degradation of the retention time tail, due to 
increased junction leakage resulting from the very high 
channel doping concentrations Which are required to sup 
press the short-channel effects. 

[0007] Therefore, there is a conventional need for a 
method and structure Which overcomes these scalability 
problems to produce more consistent threshold voltages. 

SUMMARY OF THE INVENTION 

[0008] It is, therefore, an object of the present invention to 
provide a structure and method for manufacturing an inte 
grated circuit device including forming a transistor, adjacent 
a storage device, to include a storage node diffusion region 
adjacent the storage device and a bitline contact diffusion 
region opposite the storage node diffusion region, implant 
ing an impurity in the storage node diffusion region and the 
bitline contact diffusion region, forming an insulator layer 
over the transistor, patterning a mask over the transistor to 
expose the bitline contact diffusion region, removing a 
portion of the insulator layer from the bitline contact diffu 
sion region to form sideWall spacers along a portion of the 
transistor adjacent the bitline contact diffusion region, 
removing the mask, implanting a halo implant into the 
bitline contact diffusion region, Wherein the insulator layer 
is free from blocking the halo implant from the second 
diffusion region and annealing the structure to drive the halo 
implant ahead of the impurity. 
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[0009] The implanting of the impurity includes patterning 
a ?rst mask over the transistor to expose the storage node 
diffusion region, implanting the impurity into the storage 
node diffusion region using a ?rst doping concentration, 
removing the ?rst mask, patterning a second mask over the 
transistor to expose the bitline contact diffusion region, 
implanting the impurity into the bitline contact diffusion 
region using a second doping concentration, Wherein the 
second doping concentration is higher than the ?rst doping 
concentration and removing the second mask. The second 
doping concentration is approximately 10 times the ?rst 
doping concentration. 

[0010] The implanting may be an angled ion implantation 
and a geometry of the transistor, the insulator layer and the 
bitline contact diffusion region alloWs ions applied at an 
angle up to approximately 30° to the normal of a surface of 
the bitline contact diffusion region to reach the bitline 
diffusion region. 

[0011] The method may also include forming support 
devices, Wherein the implanting of the impurity includes 
implanting the impurity into source and drain regions of the 
support devices, and Wherein the implanting of the halo 
implant includes implanting selected ones of the support 
devices With the halo implant. The invention also forms a 
patterned insulator layer over the transistor and the support 
devices (the patterned insulator layer including bitline con 
tact openings, support source openings and support drain 
openings) and simultaneously deposits a conductor in the 
bitline contact openings, the support source openings and 
the support drain openings, Wherein the conductor may be 
tungsten. 

[0012] The invention forms a P-type halo Which surrounds 
the N+bitline diffusion region. Since the threshold voltage 
and short-channel effects of the array MOSFET are domi 
nated by the halo, the normally implanted channel doping 
concentration may be greatly reduced, Which alloWs the 
invention to achieve improved array threshold voltage (VT) 
control Without increased node diffusion leakage. Further 
more, the invention alloWs the use of tungsten studs, Which 
are normally only used in the supports, to be used in the 
array, as Well. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0013] The foregoing and other objects, aspects and 
advantages Will be better understood from the folloWing 
detailed description of preferred embodiments of the inven 
tion With reference to the draWings, in Which: 

[0014] FIG. 1 is a schematic diagram of a cross-sectional 
vieW of a semiconductor device; 

[0015] FIG. 2 is a schematic diagram of a cross-sectional 
vieW of a semiconductor device; 

[0016] FIGS. 3 is a schematic diagram shoWing a cross 
sectional vieW of a stage of development of a semiconductor 
device; 
[0017] FIG. 4 is a schematic diagram shoWing a cross 
sectional vieW of a stage of development of a semiconductor 
device; 
[0018] FIGS. 5A-5C are schematic diagrams shoWing a 
cross-sectional vieW of a stage of development of a semi 
conductor device; 
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[0019] FIGS. 6A-6C are schematic diagrams showing a 
cross-sectional vieW of a stage of development of a semi 
conductor device; 

[0020] FIGS. 7A-7C are schematic diagrams showing a 
cross-sectional vieW of a stage of development of a semi 
conductor device; 

[0021] FIGS. 8A-8B are schematic diagrams shoWing a 
cross-sectional vieW of a stage of development of a semi 
conductor device; and 

[0022] FIG. 9 is a How diagram illustrating a preferred 
method of the invention. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS OF THE INVENTION 

[0023] Referring noW to the draWings, and more particu 
larly to FIG. 1, a MOSFET device having a gate 10, gate 
oXide layer 11, source region 12 and drain region 13 is 
illustrated. When reducing the siZe of the MOSFET, the 
dimension of the oXide thickness 11 and the junction depth 
15 can preferably be decreased and the depletion region 16 
can preferably be effectively reduced by increasing the 
substrate doping. 

[0024] When the channel length 14 is reduced, a “halo 
implant”20, as shoWn in FIG. 2, is preferably used to control 
the short channel effect. As mentioned above, the short 
channel effect is an undesirable decrease in the threshold 
voltage of the gate 10 as the channel length 14 is reduced. 
The halo implant 20 is a ring-shaped structure Which is 
positioned betWeen the source 12 and drain 13 and beloW the 
oXide layer 11. 

[0025] The halo implant 20 reduces the short channel 
effect by surrounding the source-drain 12, 13 extensions to 
prevent electrical ?eld line penetration. The halo implant 20 
introduces a lateral nonuniformity, Which is essential for 
controlling the short-channel effect. 

[0026] As shoWn in FIG. 3, halos are also useful in bitline 
contact depletion regions of deep trench dynamic random 
access memory cells. More speci?cally, FIG. 3 illustrates a 
deep trench (DT) capacitor 300, a transistor 301 controlling 
access to the deep trench capacitor 300, and an opening 302 
in Which a bitline contact (CB) Will be formed. The transistor 
301 includes a gate conductor (GC) and a nitride cap (NIT) 
304 Which are bordered by insulating spacers 305. The 
structure also includes a bitline contact diffusion region 306, 
a Well region 307, a storage node diffusion region 308 and 
a conductive strap 309 connecting the deep trench capacitor 
300 to the storage node diffusion region 308 of the transistor 
301. A shalloW trench isolation region 310 isolates transis 
tors outside the active area. The entire structure is covered 
With an insulator such as boron phosphorous silicate glass 
(BPSG) 311 Which includes an underlying insulator layer 
312. 

[0027] The processes and materials used to form such a 
deep trench capacitor/transistor structure are Well knoWn to 
those ordinarily skilled in the art and Will not be discussed 
in detail. Brie?y, such processes include various deposition, 
masking, and etching techniques Which deposit and remove 
portions of different layers to produce the structures illus 
trated in FIGS. 3. 
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[0028] In order to achieve a halo implant around the 
bitline contact diffusion region 306, an angled implant 313 
is used to alloW the implanted material to travel as far under 
the gate conductor 303 as possible to increase the area of the 
halo implant around the diffusion region. In the eXample 
shoWn in FIG. 3, the angled implantation of a P-type species 
(e.g., boron, indium, etc.) could be made into the bitline 
contact (CB) opening 302 in the array to form a halo 
surrounding the bitline diffusion. The halo implant diffuses 
at a faster rate than the bitline diffusion implant (e.g., N+type 
species, preferably arsenic, etc.) When annealed. Therefore, 
if the halo implant can be deposited as far as possible under 
the gate conductor 303, during the annealing process the 
halo implant species Will diffuse ahead of the bitline diffu 
sion region species and form a halo that surrounds the 
diffusion region 306. To the contrary, if the halo implant 
does not reach suf?ciently under the gate conductor 303, it 
Will not diffuse into the Well region 307 suf?ciently to 
provide the needed control of the threshold voltage. 

[0029] The difficulty With using an angled implant With 
the inventive structure shoWn in FIG. 3 is that shadoWing 
from the transistor/BPSG structure 311 Which limits the 
implant to very steep angles (e.g., typically less than 15°). 
The steep implantation angle prevents the implanted species 
from suf?ciently diffusing ahead of the bitline diffusion 306 
material. 

[0030] One aspect of the invention performs the angled 
implantation of the halo species before the insulating layer 
311 is formed (as shoWn in FIG. 6A). This alloWs the 
implant angle to be substantially increased (e.g. 30°). There 
fore, With the invention, a stronger halo is formed beneath 
the bitline contact diffusion region 306 of the transistor 301. 

[0031] Another aspect of the invention forms the implant 
in the bitline contact diffusion region 306 separately from 
the storage node diffusion region 308 to alloW a heavier 
doping in the bitline contact diffusion region 306. The 
heavier doping of the bitline contact diffusion region 306 
alloWs alternative contact materials, (instead of polysilicon) 
such as tungsten, to be used in the bitline contact opening, 
Without risking eXcess junction leakage from the bitline 
diffusion region 306. A higher concentration N+dopant in 
the bitline diffusion alloWs the use of metal contact studs 
(i.e., tungsten) Without punching through to the P-Well. 
Further, by alloWing a lighter doping Within the node dif 
fusion region 308, the amount of diffusion leakage is 
reduced in that region, Which improves data retention time. 
Furthermore, the inventive process alloWs diffusion contacts 
Which are borderless (e.g., self-aligned) to the gate conduc 
tor, to be used in the supports as Well as in the array. 

[0032] FIG. 4 illustrates the structure shoWn in FIG. 3 
before the formation of the insulating layers 311, 312, 
similar items are given similar reference numbers. Thus, the 
gate stack has been patterned and a gate conductor sideWall 
oXide has been groWn. 

[0033] A resist 41 is formed over the structure and pat 
terned (using conventional Well knoWn techniques) to 
eXpose the areas above the storage node diffusion region 
308. A light doping implant 40 is made into the opening to 
dope the storage node diffusion region 308. For eXample, the 
transistor 301 may comprise an N-type ?eld effect transistor 
(NFET) and the doping of the storage node diffusion region 
301 could be performed With an N+type material. The light 
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doping implant could comprise, for example, a phosphorous 
dose between 2><1013 cm-2 and 1><1014 cm-2 at an energy 
betWeen 5 and 25 kev. Alternatively, arsenic may be 
implanted. Astorage node diffusion surface concentration of 
approximately 5><1018 cm_3—5><1019 cm'3 is desired. 

[0034] Optionally, the photo-resist 41 may be opened over 
the support NFETs prior to the storage mode implant to 
provide more lightly doped source-drain extensions in the 
support NFETs for hot-electron immunity. If a light dose 
arsenic implant is used for the storage node doping, the 
bitline contact area may be left uncovered by the photo 
resist. The bitline contact Will receive the node implant and 
Will also subsequently receive the higher dose N+implant 
Which is masked from the node. Only the support PMOS 
FETs are masked during this modi?ed node implant step. 
This simpli?es the masking requirements, since noW only a 
non-critical block mask is needed over the PMOSFETs. 
Note that this option may only be used if arsenic is used for 
the node implant, since phosphorus Would cover up the 
subsequent boron halo. 

[0035] The photoresist 41 is stripped and, as shoWn in 
FIG. 5A, a thin (i.e. 20 mn) nitride barrier 50 is deposited. 
A second photoresist mask 51 is deposited and patterned to 
expose the bitline diffusion region 306. As shoWn in Figures 
SB and 5C the N-type support ?eld effect transistors (NFET) 
are exposed by the photoresist 51 and the P-type support 
?eld effect transistors (PFET) are protected by the photore 
sist 51. 

[0036] The nitride barrier 50 not protected by the photo 
resist 51 is etched in, for example, a reactive ion etching 
(RIE) process. The etching process is selected to remove 
material from horiZontal surfaces at a much faster rate than 
it removes material from vertical surfaces. Therefore, the 
etching process alloWs nitride spacers 53 to remain on the 
side Walls of the gate conductor stacks 301, 54 adjacent the 
bitline diffusion region 306 and on the NFET support 
devices 55. Optionally, an isotropic chemical deposition etch 
(CDE) may be used to completely remove the nitride liner 
from the bitline diffusion region. This alloWs an even more 
effective penetration of the subsequent boron halo under the 
edge of the gate. Then, nitride spacers are formed on the gate 
conductor edges. 

[0037] A shalloW N+type implant 52 (e.g., preferably As, 
since it is a sloW diffuser) is made into the openings in the 
photoresist pattern 51. This implant is substantially heavier 
than the ?rst implant made to the storage node diffusion 
region 308. For example, the heavier implant is as much as 
10 times heavier than the previous light implant and could 
provide a surface doping concentration in the range of 
1x10 to 1><1021 cm'3 and is preferably 1><102O cm_3. This 
provides a shalloW bitline diffusion 306 in the array and 
shalloW source/drain (S/D) diffusions in the NFET supports. 

[0038] Alternatively, as Would be Well knoWn by one 
ordinarily skilled in the art given this disclosure, plasma 
immersion doping or gas phase doping may be used to 
implant the N+type implant. Since these techniques are less 

directional than ion implantation, any active area sideWall exposed during the etching of the nitride barrier 50 

Will also become N+doped. This active area doping Will 
protect against diffusion to P-Well shorts, and alloW metal 
contacts, such as tungsten studs, to be used in the array. 
Further, the residual nitride 50 remaining on the active area 
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sideWalls after the etching Will also provide protection 
against diffusion to P-Well shorts, thus alloWing the NFET 
55 source/drain diffusion regions and the bitline contact 
diffusion regions 306 to be formed by standard ion implan 
tation. 

[0039] At this point, a P-type halo doping maybe intro 
duced by using an ion implantation into the areas not 
protected by the resist 51. The ion implantation also forms 
halos in the support NFETs for short-channel effect control. 
The resist 51 is then stripped. More speci?cally, the halo 
doping could comprise any Well knoWn P-type dopant, 
preferably a loW energy boron implant made into the silicon 
not protected by the nitride liner. Further, the energy level of 
the implant is selected to alloW the suf?cient lateral straggle 
to form a halo. For example, if boron is used as an impurity, 
the energy level is preferably in the range of 5 kev to 15 kev. 
To the contrary, if BF2 is used, the energy is preferably 10-25 
kev. As stated earlier, With the optional removal of the nitride 
liner from the bitline side, the formation of the boron halo 
is more effective. 

[0040] In a preferred embodiment, the resist 51 is stripped 
prior to the halo implant. In this case the stack height is 
favorable for forming halos 60 by using angled ion implan 
tation, as shoWn in FIGS. 6A-6C. An implant angle of 
greater than 30° With respect to the normal to the surface is 
possible, since the removal of the resist 51 results in a 
relatively short stack height 301. The nitride barrier 50 does 
not block the implant from reaching the bitline contact 
diffusion region 306, since it had been previously removed. 
This alloWs the P-type halo impurity to be implanted beyond 
the edge of the source/drain diffusion regions of the NFET 
support devices 55 and the bitline contact diffusion regions 
306. The angled implantation of the P-type impurity facili 
tates the formation of the halo. 

[0041] Normally practiced anneals (such as BPSG re?oW 
anneal) should be adequate to controllably drive the P-type 
impurity (e.g., boron) ahead of the N+impurity (e.g., 
arsenic), to Widen the halo. Since boron diffusion is greatly 
enhanced by the presence of interstitials, and is a much 
faster diffuser than arsenic, the boron Will be driven ahead of 
the arsenic. An optional furnace anneal may also be used if 
more boron diffusion is needed. An rapid thermal anneal 
(RTA) is then used to annihilate excess interstitials and 
“freeze” the halo pro?le 60 as shoWn in FIGS. 6A and 6B. 

[0042] As shoWn in FIGS. 7A-7C, a neW resist 70 is 
formed and patterned to cover the active area and the N-type 
support ?eld effect transistors 55 and to expose the P-type 
support ?eld effect transistors 56. As discussed above, an 
etching process, such as reactive ion etching, is used to form 
the nitride sideWall spacers 73 along the sideWalls of the 
P-type support devices 56. Then, a P-type impurity 71, is 
implanted to dope the source/drain regions 72 of the P-type 
support ?eld effect transistors 56. 

[0043] The photoresist 70 is then removed and, as shoWn 
in FIGS. 8A and 8B an insulator glass such as BPSG 80 is 
deposited, re?oWed, planariZed and patterned. Then a TEOS 
layer (not shoWn) is deposited. The pattern in the insulator 
80 includes openings for contacts to the diffusion regions in 
the active area 306, 308 and in the support devices 83. 

[0044] The openings in the insulator 80 are ?lled With a 
conductive material (such as tungsten) to form the bitline 
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contact 81 and the source and drain contacts 82 of the 
support devices. A key feature of the invention is that the 
same material (e.g., tungsten) can be utilized for the bitline 
contact 80 as Well as the support source/drain contacts 82. 
This eliminates the need for separate deposition and pla 
nariZation processes that are required if different materials 
are used for the bitline contacts 81 and the support source/ 
drain contacts 82. This also allows borderless diffusion 
contacts in the support device. As mentioned above, because 
of the high concentration of N+implant into the bitline 
contact, the tungsten bitline contacts 81 can be utiliZed With 
the inventive structure, thereby simplifying the manufactur 
ing process of such integrated circuit devices. 

[0045] A ?oWchart representation of the invention is 
shoWn in FIG. 9. More speci?cally, item 90 shoWs the 
masking of the bitline contact regions 306 and the support 
devices 55. In item 91, the storage node diffusion region 308 
is lightly doped. In item 92, the storage node diffusion region 
308 is masked and, in item 93 a more heavy doping is 
applied to the bitline contact diffusion region 306 and the 
N-type support devices 55. In item 94, the halo 60 is formed 
in the bitline contacts diffusion region 306 and the N-type 
support devices 55. The transistor 301 and the N-type 
support devices 55 are masked and the P-type support 
devices receive their source and drain implants, as shoWn in 
the items 95 and 96. Finally, in item 97, the insulator BPSG 
layer 80 and the contacts 81, 82 are formed. 

[0046] Thus, the invention forms a P-type halo 60 Which 
surrounds the N+bitline diffusion region 306. Since the 
threshold voltage and short-channel effects of the array 
MOSFET are dominated by the halo, the normally implanted 
channel doping concentration may be greatly reduced, 
Which alloWs the invention to achieve improved array 
threshold voltage (VT) control Without increased node dif 
fusion leakage. Furthermore, the invention alloWs the use of 
tungsten studs, Which are normally only used in the sup 
ports, to be used in the array as Well. In addition the 
invention also alloWs the support NFET source-drain eXten 
sion diffusions (grading of lateral pro?le) to be made at same 
time as storage node diffusion. This improves hot-electron 
immunity. 
[0047] While the invention has been described in terms of 
preferred embodiments, those skilled in the art Will recog 
niZe that the invention can be practiced With modi?cation 
Within the spirit and scope of the appended claims. 

What is claimed is: 
1. A method for manufacturing an integrated circuit 

device including a storage device, a storage node diffusion 
region adjacent said storage device, a patterned gate stack 
adjacent said storage node diffusion region, and a bitline 
contact diffusion region adjacent said patterned gate stack 
and opposite said ?rst substrate region, said method com 
prising: 

implanting an impurity in a substrate to form said storage 
node diffusion region and said bitline contact diffusion 
region; 

forming an insulator over said patterned gate stack; 

removing a portion of said insulator from above said 
bitline contact diffusion region to form a sideWall 
spacer along a portion of said patterned gate stack 
adjacent said bitline contact diffusion region; 
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implanting an angled halo implant into said bitline contact 
diffusion region, Wherein said insulator is free from 
blocking said halo implant from said bitline contact 
diffusion region; and 

annealing said integrated circuit device to drive said halo 
implant ahead of said impurity. 

2. The method in claim 1, Wherein said implanting of said 
impurity comprises: 

patterning a ?rst mask to eXpose a ?rst substrate region 
adjacent said storage device; 

implanting an impurity into said ?rst substrate region to 
form said storage node diffusion region using a ?rst 
doping concentration; 

removing said ?rst mask; 

patterning a second mask to eXpose a second substrate 
region on a side of said patterned gate stack opposite 
said ?rst substrate region; 

implanting said impurity into said second substrate region 
to form said bitline contact diffusion region using a 
second doping concentration, Wherein said second dop 
ing concentration is higher than said ?rst doping con 
centration; and 

removing said second mask. 
3. The method in claim 2, Wherein said second doping 

concentration is approximately 10 times said ?rst doping 
concentration. 

4. The method in claim 1, Wherein said implanting com 
prises an angled ion implantation and a geometry of said 
patterned gate stack, said insulator and said bitline contact 
diffusion region alloWs ions applied at an angle up to 
approximately 30° to the normal of a surface of said bitline 
contact diffusion region to reach said bitline contact diffu 
sion region. 

5. The method in claim 1, further comprising forming 
support devices, 

Wherein said implanting of said impurity includes 
implanting said impurity into source and drain regions 
of said support devices, and 

Wherein said implanting of said halo implant includes 
implanting said halo implant into selected ones of said 
support devices. 

6. The method in claim 5, further comprising: 

forming a patterned insulator over said patterned gate 
stack and said support devices, said patterned insulator 
including bitline contact openings, support source 
openings and support drain openings; and 

simultaneously depositing a conductor into said bitline 
contact openings, said support source openings and 
said support drain openings. 

7. The method in claim 6, Wherein said conductor com 
prises tungsten. 

8. A method for manufacturing an integrated circuit 
device including a storage device, a storage node diffusion 
region adjacent said storage device, a patterned gate stack 
adjacent said storage node diffusion region, and a bitline 
contact diffusion region adjacent said patterned gate stack 



US 2001/0046745 A1 

and opposite said storage node diffusion region, said method 
comprising: 

patterning a ?rst mask to expose a ?rst substrate region 
adj acent said storage device; 

implanting an impurity into said ?rst substrate region to 
form said storage node diffusion region using a ?rst 
doping concentration; 

removing said ?rst mask; 

patterning a second mask to expose a second substrate 
region on a side of said patterned gate stack opposite 
said ?rst substrate region; 

implanting said impurity into said second substrate region 
to form said bitline contact diffusion region using a 
second doping concentration, Wherein said second dop 
ing concentration is higher than said ?rst doping con 
centration; 

removing said second mask; 

implanting a halo implant into said bitline contact diffu 
sion region; and 

annealing said integrated circuit device to drive said halo 
implant ahead of said impurity. 

9. The method in claim 8, Wherein said implanting of said 
halo implant comprises: 

forming an insulator over said patterned gate stack; and 

removing a portion of said insulator from said bitline 
contact diffusion region to form a sideWall spacer along 
a portion of said patterned gate stack adjacent said 
bitline contact diffusion region; 

Wherein said implanting of said halo comprises implant 
ing an angled halo implant into said bitline contact 
diffusion region, Wherein said insulator is free from 
blocking said halo implant from said bitline contact 
diffusion region. 

10. The method in claim 8, Wherein said second doping 
concentration is approximately 10 times said ?rst doping 
concentration. 

11. The method in claim 8, Wherein said implanting 
comprises an angled ion implantation and a geometry of said 
patterned gate stack, said insulator and said bitline contact 
diffusion region alloWs ions applied at an angle up to 
approximately 30° to the normal of a surface of said bitline 
contact diffusion region to reach said bitline contact diffu 
sion region. 

12. The method in claim 8, further comprising forming 
support devices, 

Wherein said implanting of said impurity includes 
implanting said impurity into source and drain regions 
of said support devices, and 

Wherein said implanting of said halo implant includes 
implanting selected ones of said support devices With 
said halo implant. 

13. The method in claim 12, further comprising: 

forming a patterned insulator over said patterned gate 
stack and said support devices, said patterned insulator 
including bitline contact openings, support source 
openings and support drain openings; and 
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simultaneously depositing a conductor into said bitline 
contact openings, said support source openings and 
said support drain openings. 

14. The method in claim 13, Wherein said conductor 
comprises tungsten. 

15. A method for manufacturing an integrated circuit 
device including a patterned gate stack, a ?rst diffusion 
region on a ?rst side of said patterned gate stack and a 
second diffusion region on a second side of said patterned 
gate stack, said method comprising: 

implanting an impurity to form said ?rst diffusion region 
and said second diffusion region; 

forming a patterned insulator over said patterned gate 
stack, said patterned insulator exposing said second 
diffusion region; 

implanting an angled halo implant into said second dif 
fusion region, Wherein said patterned insulator is free 
from blocking said halo implant from said second 
diffusion region; and 

annealing said integrated circuit device to drive said halo 
implant ahead of said impurity. 

16. The method in claim 15, Wherein said implanting of 
said impurity comprises: 

patterning a ?rst mask to expose a ?rst substrate region on 
said ?rst side of said patterned gate stack; 

implanting an impurity into said ?rst substrate region to 
form said ?rst diffusion region using a ?rst doping 
concentration; 

removing said ?rst mask; 

patterning a second mask to expose a second substrate 
region on said second side of said patterned gate stack; 

implanting said impurity into said second substrate region 
to form said second diffusion region using a second 
doping concentration, Wherein said second doping con 
centration is higher than said ?rst doping concentration; 
and 

removing said second mask. 
17. The method in claim 16, Wherein said second doping 

concentration is approximately 10 times said ?rst doping 
concentration. 

18. The method in claim 15, Wherein said implanting 
comprises an angled ion implantation and a geometry of said 
patterned gate stack, said patterned insulator and said second 
diffusion region alloWs ions applied at an angle up to 
approximately 30° to the normal of a surface of said second 
diffusion region to reach said second diffusion region. 

19. The method in claim 15, further comprising forming 
support devices, 

Wherein said implanting of said impurity includes 
implanting said impurity into source and drain regions 
of said support devices, and 

Wherein said implanting of said halo implant includes 
implanting selected ones of said support devices With 
said halo implant. 

20. The method in claim 19, further comprising: 

forming a second patterned insulator over said patterned 
gate stack and said support devices, said second pat 
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terned insulator including bitline contact openings, 
support source openings and support drain openings; 
and 

simultaneously depositing a conductor into said bitline 
contact openings, said support source openings and 
said support drain openings. 

21. The method in claim 20, Wherein said conductor 
comprises tungsten. 

22. A method for manufacturing an integrated circuit 
device including a patterned gate stack, a ?rst diffusion 
region on a ?rst side of said patterned gate stack and a 
second diffusion region on a second side of said patterned 
gate stack, said method comprising: 

patterning a ?rst mask to eXpose a ?rst substrate region on 
said ?rst side of said patterned gate stack; 

implanting an impurity into said ?rst substrate region to 
form said ?rst diffusion region using a ?rst doping 
concentration; 

removing said ?rst mask; 

patterning a second mask to eXpose a second substrate 
region on said second side of said patterned gate stack; 

implanting said impurity into said second substrate region 
to form said second diffusion region using a second 
doping concentration, Wherein said second doping con 
centration is higher than said ?rst doping concentration; 

removing said second mask; 

implanting a halo implant into said second diffusion 
region; and 

annealing said integrated circuit device to drive said halo 
implant ahead of said impurity. 

23. The method in claim 22, Wherein said implanting of 
said halo implant comprises: 

forming an insulator over said patterned gate stack; and 

removing a portion of said insulator from said second 
diffusion region to form a sideWall spacer along a 
portion of said patterned gate stack adjacent said sec 
ond diffusion region, 
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Wherein said implanting of said halo implant comprises 
implanting an angled halo implant into said second 
diffusion region, Wherein said insulator is free from 
blocking said halo implant from said second diffusion 
region. 

24. The method in claim 22, Wherein said second doping 
concentration is approximately 10 times said ?rst doping 
concentration. 

25. The method in claim 22, Wherein said implanting 
comprises an angled ion implantation and a geometry of said 
patterned gate stack, said insulator and said second diffusion 
region alloWs ions applied at an angle up to approximately 
30° to the normal of a surface of said second diffusion region 
to reach said second diffusion region. 

26. The method in claim 22, further comprising forming 
support devices, 

Wherein said implanting of said impurity includes 
implanting said impurity into source and drain regions 
of said support devices, and 

Wherein said implanting of said halo implant includes 
implanting selected ones of said support devices With 
said halo implant. 

27. The method in claim 26, further comprising: 

forming a patterned insulator over said patterned gate 
stack and said support devices, said patterned insulator 
including bitline contact openings, support source 
openings and support drain openings; and 

simultaneously depositing a conductor into said bitline 
contact openings, said support source openings and 
said support drain openings. 

28. The method in claim 27, Wherein said conductor 
comprises tungsten. 

29. The method in claim 15, further comprising, after said 
forming of said patterned insulator, implanting an additional 
amount of said impurity in said second diffusion region. 


