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(57) ABSTRACT 

CMOS devices formed With a Silicon On Insulator (SOI) 
technology With reduced Drain Induced Barrier Lowering 
(DIBL) characteristics and a method for producing the same. 
The method involves a high energy, high dose implant 
through openings in a masking layer and through channel 
regions of the p- and n-Wells, into the insulator layer, thereby 
creating a borophosphosilicate glass (BPSG) diffusion 
source Within the insulation layer underlying the gate 
regions of the SOI Wafer substantially betWeen the source 
and drain. Backend, high temperature processing steps 
induce diffusion of the dopants contained in the diffusion 
source into the p- and n-Wells, thereby forming asymmetric 
retrograde dopant pro?les in the channel under the gate. The 
method can be selectively applied to selected portions of a 
Wafer to tailor device characteristics, such as for memory 
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SOI CMOS DEVICE WITH REDUCED DIBL 

RELATED APPLICATIONS 

[0001] This application is a continuation of US. applica 
tion Ser. No. 10/801993 ?led Mar. 16, 2004 which issued 
(issue date unknown) as US. patent (patent number 
unknown). 

BACKGROUND OF THE INVENTION 

[0002] 
[0003] The invention relates to the ?eld of semiconductor 
devices and fabrication processes and, in particular, to 
CMOS devices formed in a silicon-on-insulator (SOI) tech 
nology with improved avoidance of short channel effects, 
such as reduced drain induced barrier lowering (DIBL) and 
a method for fabricating the same, including arrays of 
memory cells with peripheral logic circuits. 

[0004] 2. Description of the Related Art 

1. Field of the Invention 

[0005] There is an ever-present desire in the semiconduc 
tor fabrication industry to achieve individual devices with 
smaller physical dimensions. Reducing the dimensions of 
devices is referred to as scaling. Scaling is desirable in order 
to increase the number of individual devices that can be 
placed on a given area of semiconductor material and to 
reduce the unit cost and the power consumption of indi 
vidual devices. In addition, scaling can result in performance 
increases of the individual devices as the charge carriers, 
having a ?nite velocity, have a shorter distance to travel and 
less bulk material has to accumulate or dissipate charges, 
thus leading to increased operating frequency. Thus, the 
trend in the industry is to scale towards thinner device 
regions and gate oXides, shorter channels, and lower power 
consumption. 
[0006] However, scaling often creates some performance 
drawbacks. In particular, a known category of performance 
limitations known as short channel effects arise as the length 
of the channel of CMOS devices is reduced by scaling. One 
particular short-channel effect in CMOS devices, known as 
Drain Induced Barrier Lowering (DIBL) is mainly respon 
sible for the degradation of sub-threshold swing in deep 
sub-micron devices. DIBL is a reduction in the potential 
barrier between the drain and source as the channel length 
shortens as illustrated in FIG. 1 re?ecting known prior art. 
When the drain voltage is increased, the depletion region 
around the drain increases and the drain region electric ?eld 
reduces the channel potential barrier which results in an 
increased off-state or leakage current between the source and 
drain. 

[0007] In CMOS devices, a retrograde channel dopant 
pro?le can be effectively used to control DIBL. In a CMOS 
process, n-type and p-type wells are created for NMOS and 
PMOS devices. In a conventional diffusion process, dopant 
concentration pro?les in these n- and p-type wells are at a 
peak near the surfaces and decrease in the depth direction 
into the bulk as illustrated in FIG. 2. A retrograde pro?le is 
one in which the peak of the dopant concentration pro?le is 
not at the surface but at some distance into the bulk as shown 
in FIG. 3. Such retrograde pro?les are helpful in deep 
sub-micron CMOS devices since they reduce the lowering 
of the source/drain barrier when the drain is biased high and 
when the channel is in weak inversion. This limits the 
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amount of subthreshold leakage current ?owing into the 
drain. A lower level of subthreshold leakage current pro 
vides improved circuit reliability and reduced power con 
sumption. 

[0008] Aretrograde dopant pro?le also typically results in 
a lower dopant concentration near the surface of the wafer 
which reduces junction capacitances. Reduced junction 
capacitances allow the device to switch faster and thus 
increase circuit speed. Typically, retrograde pro?le dopant 
implants are done after formation of the gate. A halo (or 
pocket) implant is another known method used in deep 
sub-micron CMOS devices to reduce DIBL. 

[0009] However in some applications, such as in an SOI 
process, it is dif?cult to create a retrograde pro?le due to the 
thinness of the silicon layer and the tendency of the dopants 
to diffuse. SOI processes employ a buried insulating layer, 
typically of silicon dioxide with a very thin silicon (Si) ?lm 
(typically <1600 overlying the oXide in which the active 
devices are formed. One dif?culty encountered in SOI 
processes is that increasing the Si ?lm thickness to facilitate 
forming a retrograde pro?le will increase the eXtent to which 
the devices formed therein get partially depleted. SOI 
devices also suffer from ‘?oating body’ effects since, unlike 
conventional CMOS, in SOI there is no known easy way to 
form a contact to the bulk in order to remove the bulk 
charges. 

[0010] Another dif?culty is that when as-implanted retro 
grade dopant pro?les diffuse during subsequent heat cycles 
in a process, they tend to spread out and lose their ‘retro 
grade’ nature to some eXtent. In SOI, since the silicon ?lm 
is very thin, creating and maintaining a true retrograde 
dopant pro?le is very difficult. This is true even while using 
higher atomic mass elements like Indium (In) for NMOS 
and Antimony (Sb) for PMOS as channel dopants. Diffu 
sivity of these dopants in silicon is known to be comparable 
to lower atomic mass elements like boron (B) and phospho 
rus (P), when the silicon ?lm is very thin, as in an SOI 
technology. Moreover, leakage current levels are known to 
increase when Indium is used for channel dopants (See 
“Impact of Channel Doping and Ar Implant on Device 
Characteristics of Partially Depleted SOI MOSFETs”, Xu et 
al., pp. 115 and 116 of the Proceedings 1998 IEEE Interna 
tional SOI Conference, October, 1998 and “Dopant Redis 
tribution in SOI during RTA: A Study on Doping in Scaled 
down Si Layers”, Park et al. IEDM 1999 pp. 337-340, 
incorporated herein by reference). 

[0011] As CMOS devices are scaled ever smaller, balanc 
ing the threshold voltage and drive currents between the 
PMOS and NMOS devices which employ different doping 
species becomes increasingly challenging. There is also a 
challenge in obtaining desired device characteristics with 
aggressively scaled memory arrays, for eXample, where a 
portion comprises memory device circuits and a portion 
comprises interface logic circuits. Thus, from the foregoing 
it can be appreciated that there is an ongoing need for a 
method of fabricating aggressively scaled SOI CMOS 
devices while reducing short channel effects such as DIBL 
without degrading overall device performance or requiring 
compensating implants, such as at the source and drain. 
There is a further need for reducing DIBL in deep sub 
micron CMOS devices without incurring signi?cant addi 
tional processing steps and high temperature processing to 
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manage manufacturing costs and process yield. There is also 
a need for processing methods that provide the ?exibility to 
address the challenges of obtaining desired device charac 
teristics among n-type and p-type devices employing differ 
ent dopant species Which are aggressively scaled, such as by 
providing asymmetric device characteristics. 

SUMMARY OF THE INVENTION 

[0012] The aforementioned needs are satis?ed by the 
invention Which in one embodiment is a method for creating 
semiconductor transistor devices on a silicon-on-insulator 

(SOI) structure including a buried oXide (BOX) layer and an 
active layer above the BOX layer, the method comprising 
implanting n-type or p-type dopants into the active layer to 
create n-Wells or p-Wells respectively and so as to form 
device regions in the active layer, forming gate stacks on the 
device regions so as to de?ne underlying channel regions, 
implanting dopants into the n-Wells or p-Wells so as to form 
source and drain regions such that the gate stacks substan 
tially inhibit penetration of the dopants into the channel 
regions, forming a masking layer With openings at least 
partially over the gate stacks and so as to mask remaining 
regions of the SOI structure not underlying the gate stacks, 
implanting ?rst additional dopants through the openings 
such that the additional dopants come to reside Within the 
BOX layer underlying the channel regions so as to create 
localiZed borophosphosilicate glass (BPSG) diffusion 
sources Within the BOX layer, implanting second threshold 
adjust dopants into the n-Wells and p-Wells to change a 
threshold voltage of the resulting transistor devices, and 
processing the SOI structure so as to induce the diffusion 
sources to establish retrograde dopant pro?les in the channel 
regions having a peak concentration near the BOX. 

[0013] In one embodiment, the openings of the mask layer 
are grouped to overlie only a portion of the SOI structure. 
The openings can be formed to overlie a central portion of 
the SOI structure and openings are not formed in a periph 
eral portion of the SOI structure. One embodiment further 
comprises forming a ?rst set of the transistor devices adja 
cent the openings and de?ning an array of memory cells 
having a ?rst set of transistor device characteristics and 
forming a second set of the transistor devices not underlying 
the openings de?ning peripheral logic access and control 
circuits having a second set of device characteristics. In one 
embodiment, the memory cells comprise DRAM cells. 

[0014] In one embodiment, processing the SOI structure 
so as establish the retrograde dopant pro?les comprises 
forming a passivation layer With attendant high temperature 
processing. 

[0015] In one embodiment, the second threshold adjust 
dopants are implanted before forming the masking layer and 
in another the second threshold adjust dopants are implanted 
through the openings in the masking layer. 

[0016] In one embodiment, the openings are formed to be 
asymmetric With respect to the source and drain regions such 
that asymmetric diffusion sources and asymmetric retro 
grade dopant pro?les are formed and, in this embodiment, 
the asymmetric, retrograde dopant pro?les can de?ne asym 
metric device characteristics for the transistor devices. 

[0017] Another embodiment is a method for creating 
semiconductor transistor devices on a silicon-on-insulator 
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(SOI) structure including a buried oXide (BOX) layer and an 
active layer above the BOX layer, the method comprising 
implanting n-type or p-type dopants into the active layer to 
create n-Wells or p-Wells respectively and so as to form 
device regions in the active layer, forming gate stacks on the 
device regions so as to de?ne underlying channel regions, 
implanting dopants into the n-Wells or p-Wells so as to form 
source and drain regions such that the gate stacks substan 
tially inhibit penetration of the dopants into the channel 
regions, forming a masking layer With asymmetric openings 
at least partially over the gate stacks and so as to mask 
remaining regions of the SOI structure not underlying the 
gate stacks, implanting ?rst additional dopants through the 
openings such that the additional dopants come to reside 
Within the BOX layer underlying the channel regions so as 
to create asymmetric borophosphosilicate glass (BPSG) 
diffusion sources Within the BOX layer, and processing the 
SOT structure so as to induce the diffusion sources to 

establish asymmetric retrograde dopant pro?les in the chan 
nel regions having a peak concentration near the BOX. 

[0018] In one embodiment, the openings of the mask layer 
are grouped to overlie only a portion of the SOI structure. In 
one embodiment, the openings are formed to overlie a 
central portion of the SOI structure and openings are not 
formed in a peripheral portion of the SOI structure. 

[0019] One embodiment comprises forming a ?rst set of 
the transistor devices adjacent the openings and de?ning an 
array of memory cells having a ?rst set of transistor device 
characteristics and forming a second set of the transistor 
devices not underlying the openings de?ning peripheral 
logic access and control circuits having a second set of 
device characteristics. In one embodiment, the memory cells 
comprise DRAM cells. 

[0020] In one embodiment, processing the SOI structure 
so as establish the asymmetric retrograde dopant pro?les 
comprises forming a passivation layer With attendant high 
temperature processing. 

[0021] One embodiment further comprises implanting 
second threshold adjust dopants into the n-Wells and p-Wells 
to change a threshold voltage of the resulting transistor 
devices. In one embodiment, the second threshold adjust 
dopants are implanted before forming the masking layer and 
in another the threshold adjust dopants are implanted 
through the openings in the masking layer. In one embodi 
ment, the asymmetric, retrograde dopant pro?les de?ne 
asymmetric device characteristics for the transistor devices. 

[0022] Yet another embodiment is a method for creating 
semiconductor transistor devices on a silicon-on-insulator 

(SOI) structure including a buried oXide (BOX) layer and an 
active layer above the BOX layer, the method comprising 
implanting n-type or p-type dopants into the active layer to 
create n-Wells or p-Wells respectively and so as to form 
device regions in the active layer, forming gate stacks on the 
device regions so as to de?ne underlying channel regions, 
implanting dopants into the n-Wells or p-Wells so as to form 
source and drain regions such that the gate stacks substan 
tially inhibit penetration of the dopants into the channel 
regions, forming a masking layer With openings at least 
partially over the gate stacks and so as to mask remaining 
regions of the SOI structure not overlying the gate stacks, 
implanting ?rst additional dopants through the openings 
such that the additional dopants come to reside Within the 
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BOX layer underlying the channel regions so as to create 
borophosphosilicate glass (BPSG) diffusion sources Within 
the BOX layer, and processing the SOI structure so as to 
induce the diffusion sources to establish retrograde dopant 
pro?les in the channel regions having a peak concentration 
near the BOX. 

[0023] In one embodiment, the openings of the mask layer 
are grouped to overlie only a portion of the SOI structure. In 
one embodiment, the openings are formed to overlie a 
central portion of the SOI structure and openings are not 
formed in a peripheral portion of the SOI structure. 

[0024] One embodiment comprises forming a ?rst set of 
the transistor devices adjacent the openings and de?ning an 
array of memory cells having a ?rst set of transistor device 
characteristics and forming a second set of the transistor 
devices not underlying the openings de?ning peripheral 
logic access and control circuits having a second set of 
device characteristics. In one embodiment, the memory cells 
comprise DRAM cells. 

[0025] In one embodiment, processing the SOI structure 
so as establish the retrograde dopant pro?les comprises 
forming a passivation layer With attendant high temperature 
processing. 
[0026] One embodiment further comprises implanting 
second threshold adjust dopants into the n-Wells and p-Wells 
to change a threshold voltage of the resulting transistor 
devices. In one embodiment, the second threshold adjust 
dopants are implanted before forming the masking layer and 
in another the threshold adjust dopants are implanted 
through the openings in the masking layer. 

[0027] In one embodiment, the openings are formed to be 
asymmetric With respect to the source and drain regions such 
that asymmetric diffusion sources and asymmetric retro 
grade dopant pro?les are formed and the asymmetric, ret 
rograde dopant pro?les can de?ne asymmetric device char 
acteristics for the transistor devices. 

[0028] Afurther embodiment is a semiconductor transistor 
device comprising a semiconductive substrate, an insulative 
layer buried Within the semiconductive substrate, an active 
layer of semiconductive material above the insulative layer, 
a gate structure formed on the active layer, and source and 
drain regions formed in the active layer Wherein the insu 
lative layer is provided With a dopant diffusion source 
localiZed under the gate structure betWeen the source and 
drain regions and Wherein the dopant diffusion source is 
diffused into the active layer so as to de?ne a retrograde 
dopant pro?le in the active layer under the gate stack 
substantially betWeen the source and drain regions. 

[0029] In one embodiment, the retrograde dopant pro?le 
has a peak concentration substantially adjacent the interface 
of the insulative layer and the active layer. In one embodi 
ment, the retrograde dopant pro?le provides the transistor 
device With improved resistance to drain-induced barrier 
loWering (DEBL). In one embodiment, the retrograde 
dopant pro?le in the active layer is asymmetrically posi 
tioned With respect to the source and drain regions. In one 
embodiment, the active layer further comprises threshold 
adjust dopants positioned substantially betWeen the source 
and drain regions and under the gate structure. In one 
embodiment, the insulative layer With dopant diffusion 
source comprises borophosphosilicate glass (BPSG). These 
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and other objects and advantages of the present invention 
Will become more fully apparent from the folloWing descrip 
tion taken in conjunction With the accompanying draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0030] FIG. 1 is a graph illustrating prior art concerning 
DIBL as the relation of threshold voltage (VT) to drain 
source voltage (VDS) for various sub-micron channel 
lengths; 
[0031] FIG. 2 is a graph illustrating prior art of a typical 
diffusion based dopant pro?le in CMOS devices; 

[0032] FIG. 3 is a graph illustrating prior art of a retro 
grade dopant pro?le in CMOS devices; 

[0033] FIG. 4 is a section vieW of the starting material of 
the SOI CMOS With reduced DIBL, a SIMOX Wafer; 

[0034] FIG. 5 is a section vieW of the SIMOX Wafer With 
n- and p-type Wells formed therein and a threshold voltage 
adjust implant into the Wells; 

[0035] FIG. 6 is a section vieW of the SIMOX Wafer With 
gate stacks formed on the n- and p-Wells With source and 
drain implants; 

[0036] FIG. 7 is a section vieW of the SIMOX Wafer With 
a mask level positioned thereon With asymmetric openings 
in the mask level substantially over gate stacks of the PMOS 
devices, but Which are offset toWards the source side and a 
high dose, high energy implant into the buried oXide (BOX) 
forming a borophosphosilicate glass (BPSG) structure under 
the PMOS gate stacks and offset toWards the source; 

[0037] FIG. 8 is a section vieW of the SIMOX Wafer With 
a similar mask level, but With asymmetric openings sub 
stantially over the NMOS gate stacks, but offset toWards the 
drain side and a corresponding implant into the buried oXide 
(BOX) forming a borophosphosilicate glass (BPSG) struc 
ture under the NMOS gate stacks, offset toWards the drain; 

[0038] FIG. 9 is a section vieW of the SOI CMOS devices 
With conductive and passivation layers in place With the 
dopants entrained Within the BPSG outdiffused into the n 
and p-Wells thereby forming a retrograde, asymmetric 
dopant pro?le Within the Wells that reduces DIBL; 

[0039] FIG. 10 illustrates another embodiment With a 
mask level similar to that of FIG. 7, but With substantially 
symmetric openings in the mask level and a high dose, high 
energy implant into the buried oXide (BOX) forming a 
borophosphosilicate glass (BPSG) structure under the 
PMOS gate stacks and a threshold adjust implant into the 
channel region; 

[0040] FIG. 11 is a graph illustrating the net dopant 
concentration in the channel (gate) region of a SOI CMOS 
according to aspects of the invention as a function of depth 
into the substrate from the surface to the buried oXide layer; 

[0041] FIG. 12 is a graph illustrating the net dopant 
concentration in the source/drain regions of a SOI CMOS 
according to aspects of the invention as a function of depth 
into the substrate from the surface to the buried oXide layer; 
and 

[0042] FIG. 13 is a top vieW of an array of memory cells, 
such as DRAM cells, With peripherally disposed logic 
circuits formed employing embodiments of the SOI CMOS 
With reduced DIBL. 
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DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

[0043] Reference Will noW be made to the drawings 
Wherein like numerals refer to like structures or processes 
throughout. FIG. 4 is a section vieW of one embodiment of 
a method 100 of forming SOI CMOS With reduced DIBL 
130 (FIG. 9) shoWing the starting SOI material, a Separation 
by IMplanted OXygen (SIMOX) Wafer 102. The SIMOX 
Wafer 102 is Well knoWn in the art and comprises a silicon 
substrate 104 in Which a layer of the substrate 104 is 
converted to a buried silicon dioxide (BOX) 106 layer With 
a heavy oxygen implant and subsequent anneal. An epitaxial 
layer 110 of Si approximately 500 A to 2500 A thick is then 
groWn on top of the BOX layer 106. The BOX layer 106 of 
the SIMOX Wafer 102 provides electrical insulation betWeen 
the active region provided by the epitaxial layer 110 and the 
bulk silicon of the substrate 104. Thus, active devices 
formed in the epitaxial layer 110 are electrically isolated 
from the semiconductive substrate 104. The SIMOX Wafer 
102 also provides physical structure as Well as reactive 
material for formation of the SOI CMOS With reduced 
DEBL 100 in a manner that Will be described in greater 
detail beloW. 

[0044] In the description of the SOI CMOS With reduced 
DIBL 100 that folloWs, a single CMOS 130 structure com 
prising PMOS 132 and NMOS 134 (FIG. 9) devices Will be 
used to illustrate the invention. It should be appreciated that 
the process herein described for one CMOS 130 structures 
also applies to forming a plurality of SOI CMOS With 
reduced DIBL 100 structures. It should also be appreciated 
that the invention herein described can be modi?ed by one 
skilled in the art to achieve a PMOS 132, an NMOS 134, or 
other technology employing the methods herein described 
Without detracting from the spirit of the invention. It should 
also be understood that FIGS. 4-10 are illustrative and 
should not be interpreted as being to scale. 

[0045] The method of forming the SOI CMOS With 
reduced DIBL 100 also comprises creating n-Well 112 and 
p-Well 114 regions as shoWn in FIG. 5. The n-Well 112 and 
p-Well 114 regions are created, in this embodiment, by 
implanting a dose of approximately 1e13/cm2 of P @ 
approximately 60 keV to create the n-Well 112 and a dose of 
approximately 1e13/cm2 of B @ approximately 30 keV to 
create the p-Well 114. The n-Well 112 and p-Well 114 are then 
driven at a temperature of approximately 800° C. for a 
period of approximately 30 minutes. The n-Well 112 and 
p-Well 114 provide regions for the subsequent formation of 
the PMOS 132 and NMOS 134 devices that comprise a 
CMOS 130 structure (FIG. 9). 

[0046] In one embodiment, the method of forming the SOI 
CMOS With reduced DIBL 100 also comprises threshold 
voltage (Vt) adjust implants 116, 120 as shoWn in FIG. 5. 
The threshold voltage adjust implants 116, 120 adjust the 
threshold voltage of the PMOS 132 and NMOS 134 devices 
respectively either upWards or doWnWards in a manner 
knoWn in the art. The threshold voltage adjust implants 116, 
120 comprise, in this embodiment, a PMOS gate adjust 116 
implant of BF2 at a dose of approximately 5e12 to 1e13 @ 
approximately 25-35 keV and an NMOS gate adjust 120 
implant of Arsenic at a dose of approximately 5e12 to 1e13 
@ approximately 35-50 keV. The PMOS gate adjust 116 and 
the NMOS gate adjust 120 modify the dopant concentration 
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near the surface of the epitaxial layer 110 in the gate region 
of the PMOS 132 and NMOS 134 devices so as to adjust the 
resultant threshold voltage of the PMOS 132 and NMOS 
134 devices to a desirable level. 

[0047] The method of forming the SOI CMOS With 
reduced DIBL 100 also comprises formation of gate stacks 
122 as shoWn in FIG. 6. In this embodiment, the gate stack 
122 comprises sideWalls 124, a gate oxide 126, a nitride 
layer 136, and polysilicon 140. The sideWalls 124 comprise 
silicon dioxide that is groWn and subsequently anisotropi 
cally etched in a knoWn manner to create the structures 
illustrated in FIG. 6. The sideWalls 124 electrically isolate 
the gate stack 122 from subsequently formed source/drain 
conductive layers and facilitates formation of source/drain 
extensions 146 in a manner that Will be described in greater 
detail beloW. The gate oxide 126 in this embodiment com 
prises a layer of silicon dioxide approximately 50 A thick. 
The gate oxide 126 electrically isolates the n-Well 112 and 
p-Well 114 regions of the epitaxial silicon 110 from overly 
ing conductive layers that Will be described in greater detail 
beloW. The nitride layer 136 comprises a layer that is 
substantially silicon nitride approximately 450 A thick 
emplaced in a knoWn manner. The nitride layer 136 inhibits 
subsequent migration of subsequently placed dopants from 
the polysilicon layers 140. 

[0048] The method of forming the SOI CMOS With 
reduced DIBL 100 also comprises formation of the source 
142 and drain 144 as shoWn in FIG. 6. The source 142 and 
drain 144 are formed by implanting BF2 With a dose of 
approximately 2e15/cm2 @ approximately 15 keV for the 
PMOS 132 and As With a dose of approximately 2e15/cm2 
@ approximately 10 keV for the NMOS 134. As can be seen 
from FIG. 6, the implantation of the source 142 and drain 
144 is partially masked by the gate stack 122, including the 
sideWalls 124, and results in source/drain extensions 146. 
The source/drain extensions 146 are loWer concentration 
regions of the source 142 and drain 144 that partially extend 
under the sideWalls 124. The source/drain extensions 146 
reduce the peak electric ?eld under the gate stacks 122 and 
thus reduce hot carrier effects in a knoWn manner. 

[0049] The method 100 also comprises forming mask 
levels 150, 151 as shoWn in FIGS. 7 and 8. The mask levels 
150, 151 comprise photoresist layers formed, in this embodi 
ment, With openings at least partially overlying the gate 
stacks 122 in a Well knoWn manner. Mask level 150 is 
formed, in this embodiment, With openings over the gate 
stacks 122 over the n-Wells 112 With the openings biased 
toWards the source side as shoWn in FIG. 7. Thus, in this 
embodiment, the openings extend substantially to the side 
Wall 124 on the source side, but not fully to the sideWall 124 
on the drain side such that the mask layer 150 exposes the 
medial portion, but masks the outer portion of the gate stack 
122 on the drain side. Thus, the openings in the mask layer 
150 are asymmetric With respect to the source 142 and drain 
144. 

[0050] The method 100 also comprises doping the poly 
silicon 140 such that the polysilicon 140 becomes heavily 
p-type doped polysilicon 141 for the PMOS 132 device. In 
this embodiment, the doping to form the doped poly 141 
comprises approximately 2e15/cm2 of Boron or BF2 @ 
approximately 3 keV. 

[0051] In a complementary manner, mask level 151 is 
formed, in this embodiment, With openings at least partially 
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overlying the gate stacks 122 over the p-Wells 114 With the 
openings biased towards the drain side as shoWn in FIG. 8. 
Thus, in this embodiment, the openings extend substantially 
to the sideWall 124 on the drain side, but not fully to the 
sideWall 124 on the source side such that the mask level 151 
exposes the medial portion, but masks the outer portion of 
the gate stack 122 on the source side. The polysilicon 140 of 
the NMOS 134 is doped With approximately 2e15/cm2 of 
arsenic or phosphorus @ approximately 10 keV or 2 keV 
respectively to form n-type doped polysilicon 143 for the 
NMOS 134. The doped polysilicon 141, 143 provides a 
reduced Work function for the gates of the PMOS 132 and 
NMOS 134 (FIG. 9) and thus a loWer contact resistance and 
corresponding faster device response. 

[0052] The method also comprises localiZed high energy, 
high dose implants to form an n-type diffusion source 152 
and a p-type diffusion source 154. The implants are made 
into and through the n-Well 112 and p-Well 114 through the 
openings in the mask levels 150, 151 respectively as shoWn 
in FIGS. 7 and 8. The n-type diffusion source 152 and 
p-type diffusion sources 154 comprise borophosphosilicate 
glass (BPSG). The n-type diffusion source 152 and p-type 
diffusion source 154 implant parameters should be tailored 
in such a Way that the resultant n-type diffusion source 152 
and p-type diffusion source 154 dopant pro?les mainly 
reside in the BOX layer 106, extend adjacent the upper 
surface thereof, and substantially inWard of the overlying 
source and drain regions. Also, as the openings in the mask 
levels 150, 151 of this embodiment are asymmetric With 
respect to the source and drain, the resulting diffusion 
sources 152, 154 are also asymmetric. 

[0053] In one embodiment, the n-type diffusion source 
152 implant comprises a localiZed implant of phosphorus 
through the opening in the mask level 150 and through the 
n-Well 112 of approximately 2.0e14/cm2 (220 keV into the 
BOX layer 106. The p-type diffusion source 154 implant 
comprises a localiZed implant of boron through the opening 
in the mask level 151 and through the p-Well 114 of 
approximately 2.0e14/cm2 (100 keV into the BOX layer 
106. In this embodiment, the ?nal n-type diffusion source 
152 and p-type diffusion source 154 dopant concentrations 
in the BOX 106 are preferably at least 1020 cm_1. The 
diffusion sources 152, 154 provide asymmetric sources of 
dopants that are localiZed under channel region de?ned 
under the gate stacks 122 in the BOX 106 and biased or 
offset toWards the source or drain. The diffusion sources 152, 
154, in this embodiment, also extend minimally under the 
source 142 and drain 144. 

[0054] The method 100 of forming the SOI CMOS With 
reduced DIBL 130 then comprises formation of a conductive 
layer 156 (FIG. 9). In this embodiment, the conductive layer 
156 comprises a layer of metallic silicide (titanium silicide 
or cobalt silicide) emplaced in a Well knoWn manner. The 
conductive layer 156 is placed so as to be in physical and 
electrical contact With the source 142, the drain 144, and the 
doped polysilicon 141, 143 of the gate stacks 122. The 
conductive layer 156 interconnects the PMOS 132 and 
NMOS 134 With other circuit devices on the SIMOX Wafer 
102 in a knoWn manner. 

[0055] The method of forming the SOI CMOS With 
reduced DIBL 100 then comprises formation of a passiva 
tion layer 160 (FIG. 9) overlying the structures previously 

Sep. 22, 2005 

described. In this embodiment, the passivation layer 160 
comprises a layer of oxide, BPSG, or polysilicon approxi 
mately 3000 A thick formed in a knoWn manner. The 
formation of the passivation layer 160 involves a high 
temperature process. 

[0056] The n-type diffusion source 152 and the p-type 
diffusion source 154 previously implanted into the BOX 
layer 106 in the manner described serve as solid-sources for 
dopant diffusion. When the passivation layer 160 is formed 
on the SIMOX Wafer 102 With attendant heat steps, dopants 
contained in the n-type 152 and the p-type 154 diffusion 
sources Will outdiffuse into the epitaxial silicon 110, creating 
thin, highly doped retrograde pro?le regions 162, 164 as 
shoWn in FIG. 9. The retrograde dopant pro?les 162, 164 are 
also asymmetric betWeen the source and drains Which pro 
vides asymmetric device characteristics for the PMOS 132 
and NMOS 134. In the case of the p-Well 114, the retrograde 
pro?le region 162 Will comprise boron and, in the n-Well 
112, the retrograde pro?le region 164 Will comprise phos 
phorus. The retrograde pro?le regions 162, 164 Will act as a 
punchthrough inhibition layer to control DIBL. The retro 
grade dopant pro?le regions 162, 164 are also localiZed 
under the channel/gate stack and do not signi?cantly 
increase the concentration in the source or drain regions, 
thus avoiding undesirable effects such as increased junction 
leakage, series resistance, and/or hot carrier effects. 

[0057] FIG. 10 illustrates other embodiments of the 
invention, but Which advantageously employ many of the 
processes, structures, and materials as previously described. 
These common aspects Will not be repeated for brevity and 
ease of understanding. In the embodiment shoWn in FIG. 10, 
the method 100 is performed as previously described, hoW 
ever a mask level 150‘ is formed that is substantially similar 
to the mask level 150 except that in this embodiment, the 
mask level 150‘ has openings that are substantially symmet 
ric With respect to the source 142 and drain 144. The 
openings still substantially overlie only the gate stacks 122 
and mask remaining portions of the SOI structure 102. 
Diffusion sources 152‘, 154‘ are formed as previously 
described to form sources of dopants that are localiZed under 
the channel region de?ned under the gate stacks 122 in the 
BOX 106 and also extending minimally under the source 
142 and drain 144, but Which are substantially symmetric 
therebetWeen. In certain embodiments, a mask level 151‘ can 
also be formed and corresponding processes performed as 
previously described With respect to the mask level 151, but 
With general symmetry betWeen the source and drain. 

[0058] The embodiment of FIG. 10 also comprises thresh 
old voltage (V) adjust implants 116‘, 120‘. The threshold 
adjust implants 116‘, 120‘ are similar to the implants 116, 
120 as shoWn in FIG. 5, except that in this embodiment, the 
implants 116‘, 120‘ are performed through the opening in the 
mask levels 150(150‘), 151(151‘). The threshold voltage 
adjust implants 116‘, 120‘ adjust the threshold voltage of the 
PMOS 132 and NMOS 134 devices respectively either 
upWards or doWnWards, but are more localiZed to the 
channel region. The threshold adjust implants can be either 
asymmetric With respect to the source and drain When 
preformed through opening in the mask levels 150, 151 or 
substantially symmetric When preformed through the mask 
levels 150‘, 151‘. 

[0059] The threshold voltage adjust implants 116‘, 120‘ 
comprise, in this embodiment, a PMOS gate adjust 116‘ 
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implant of BF2 or boron at a dose of approximately 5e12 to 
1e13/cm2 @ approximately 10-50 keV and an NMOS gate 
adjust 120‘ implant of Arsenic at a dose of approximately 
5e12 to 1e13/cm2 ( approximately 10-30 keV. The PMOS 
gate adjust 116‘ and the NMOS gate adjust 120‘ modify the 
dopant concentration near the surface of the epitaxial layer 
110 in the gate region of the PMOS 132 and NMOS 134 
devices so as to adjust the resultant threshold voltage of the 
PMOS 132 and NMOS 134 devices to a desirable level. An 
advantage of the threshold adjust implants 116‘, 120‘ is that 
they are more localiZed to the channel regions Where desired 
With remaining areas masked, thus reducing possible unde 
sirable effects on other regions of the SOI structure 102. 
Thus, the openings in the mask levels 150(150‘), 151(151‘) 
can be advantageously employed to perform ?rst and second 
implants that target localiZed regions and mask the remain 
der of the SOI structure 102. 

[0060] FIG. 11 shoWs the net dopant pro?le in a vertical 
outline in the middle of the channel region. The boron 
concentration increases from 9.0e17/cm3 to 2.0e18/cm3, 
Which is nearly a 120% increase, at the BOX 106/silicon 
substrate 104 interface. FIG. 12 shoWs the dopant pro?le in 
the source 142 and drain 144 regions. The source 142 and 
drain 144 implants in this embodiment of the SOI CMOS 
With reduced DIBL 130 reach close to the BOX layer 106 as 
can be seen from FIG. 12. As such the source 142 and drain 
144 implants Will compensate the outdiffused dopants from 
the n-type 152 and p-type 154 diffusion sources in the 
retrograde pro?le regions 162, 164 close to the interface of 
the BOX 106 and the silicon substrate 104. This Will reduce 
the junction capacitance of the SOI CMOS With reduced 
DIBL 130 even further as compared to a process With halo 
implants. 

[0061] The dopants contained Within the retrograde pro?le 
regions 162, 164 Will also create recombination centers near 
the BOX 106/silicon substrate 104 interface. These recom 
bination centers are an added bene?t in the SOI CMOS With 
reduced DIBL 130 since the recombination centers tend to 
reduce the ?oating body effects in the SOI CMOS With 
reduced DIBL 130. 

[0062] Hence, the process of the illustrated embodiments 
provides a method 100 With Which a localiZed retrograde 
doping pro?les 162, 164 can be created in thin semiconduc 
tor active areas such as the active areas used in silicon-on 

insulator (501) applications and, more particularly, substan 
tially in the channel, underneath the gate. The process of the 
illustrated embodiment does not signi?cantly add to the 
processing of the device as only discrete implantation steps 
are required and the diffusion is obtained through thermal 
processing of the device Which is part of standard processes. 
Thus, localiZed retrograde pro?les 162, 164 can be created 
in a manner that does not signi?cantly increase the process 
ing costs of the device. 

[0063] The method 100 also provides the ability to readily 
create asymmetrical PMOS 132 and NMOS 134 devices that 
offer bene?ts in tailoring threshold voltages and other device 
characteristics. By biasing or offsetting the diffusion sources 
152, 154 toWards either of the source or drain, the resultant 
dopant pro?les as the diffusion sources 152, 154 are asym 
metric betWeen the source and drain. The method also 
provides the advantage that single mask layers 150, 151 
(150‘, 151‘)provide openings for both doping the polysilicon 
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140 to form doped poly 141, 143 for improved contact 
characteristics as Well as forming the diffusion sources 152, 
154 Which provide the asymmetric PMOS 132 and NMOS 
134 Which reduces the need for additional masking steps. 

[0064] Advantages offered by asymmetric devices include 
creation of transistors With different threshold voltage and 
saturation current characteristics compared to symmetric 
devices Without requiring any additional mask level, thus 
simplifying and speeding the production process. They can 
also provide more ?exibility to the circuit designer. In 
high-level circuit designs, Where devices operate in a uni 
directional mode, e.g., there is a Well de?ned ‘source’ (loW 
potential) and ‘drain’ (high potential), a punchthrough stop 
(or halo) implant can be formed only in the source region. 
This improves the performance of the device by keeping a 
loW off-state leakage (due to reduced drain-induced barrier 
loWering—DIBL) and high on-state current (due to high 
channel mobility in the drain region and loW parasitic 
resistance in the drain overlap region). 

[0065] An additional advantage is that the method 100 
improves reliability of the devices 132, 134 by creating a 
slightly larger overlap area in the drain region compared to 
source region. This aspect inhibits formation of deep-deple 
tion regions in the drain side, due to trapped high energy 
electrons in the overlying gate oxide. This aspect improves 
transconductance (mobility) after electrical stress. Yet 
another advantage is that the drain junction diode is graded 
to improve (reduce) drain leakage current. The lack of a halo 
in the drain side results in a loWer boron concentration under 
the n+region in an NMOS device (opposite for PMOS) and 
therefore a more graded junction. With a halo this junction 
is more abrupt and therefore results in a higher electric ?eld. 

[0066] FIG. 13 is a top vieW of a further embodiment of 
the invention. In particular, FIG. 13 is a top vieW of an array 
170 of memory cells, such as DRAM cells surrounded With 
a peripheral array of logic circuits. A typical DRAM 
memory cell comprises a single transistor, such as an NMOS 
134, and a storage capacitor interconnected in a Well knoWn 
circuit. The gate of the NMOS 134 is typically connected to 
a Word line and the source or drain of the NMOS 134 is 
connected to a bit line. Peripheral logic circuits 172 provide 
the access functionality for read and Write operations to the 
individual DRAM cells via interconnection to the various 
Word and bit lines. A particular advantage of DRAM 
memory is that the DRAM memory cell is simple and 
compact and results in high memory density per unit area. 
DRAM circuits are typically near the leading edge of 
technology and employ some of the most aggressive scaling 
to reduce device siZe and increase the memory capacity. 
Thus, DRAM is an application that is particularly demand 
ing for limiting short channel effects, such as DIBL. 

[0067] As previously described, the method 100 can be 
utiliZed solely for NMOS 134 devices and FIG. 13 shoWs an 
example of such an application to DRAM memory. In 
particular, FIG. 13 shoWs a method 200 of creating SOI 
NMOS With reduced DIBL 134. In this embodiment, the 
mask level 151 With the corresponding openings is limited 
to the extent of the SIMOX Wafer 102 to be used to form 
NMOS devices 134, in this embodiment generally the cen 
tral portion. The peripheral logic circuits 172 are masked by 
a mask level 174 lacking the opening of the mask level 151 
and the implants and processes previously described are 
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performed With use of the mask levels 151, 174 to provide 
the retrograde pro?le region 164 to the NMOS devices 134 
of the DRAM cells, but not to the peripheral logic circuits 
172. In various aspects of the invention, the mask level 151 
is biased toWards the source 142 or drain 144 to create 
asymmetric NMOS devices 134 or is generally symmetric 
and centered over the gate stack. 122 of the NMOS devices 
134. This aspect of the invention provides additional ?eX 
ibility in the manufacture of NMOS devices 134 to be 
formed With optimiZed characteristics for a particular appli 
cation, such as the present DRAM eXample. 

[0068] Although the preferred embodiments of the present 
invention have shoWn, described and pointed out the fun 
damental novel features of the invention as applied to those 
embodiments, it Will be understood that various omissions, 
substitutions and changes in the form of the detail of the 
device illustrated may be made by those skilled in the art 
Without departing from the spirit of the present invention. 
Consequently, the scope of the invention should not be 
limited to the foregoing description but is to be de?ned by 
the appended claims. 

What is claimed is: 
1. Metal-oxide semiconductor (MOS) type transistor 

devices comprising: 

a semiconductive substrate; 

an insulative layer buried Within the semiconductive 
substrate; 

an active layer of semiconductive material above the 
insulative layer; 

a gate structure formed on the active layer; and 

source and drain regions formed in the active layer so as 
to de?ne at least one of n-type (NMOS) and p-type 
(PMOS) type devices and Wherein the insulative layer 
is provided With a dopant diffusion source localiZed 
under the gate structure betWeen the source and drain 
regions and Wherein the dopant diffusion source is 
diffused into the active layer so as to de?ne a retrograde 
dopant pro?le in the active layer under the gate stack 
substantially betWeen the source and drain regions of 
the devices. 

2. The devices of claim 1, Wherein the retrograde dopant 
pro?le has a peak concentration substantially adjacent the 
interface of the insulative layer and the active layer. 

3. The devices of claim 1, Wherein the retrograde dopant 
pro?le provides the devices With improved resistance to 
drain-induced barrier loWering (DIBL). 

4. The devices of claim 1, Wherein the retrograde dopant 
pro?le in the active layer is asymmetrically positioned With 
respect to the source and drain regions. 

5. The devices of claim 4, Wherein the asymmetric ret 
rograde dopant pro?le is graded laterally betWeen the drain 
and source regions and provides different threshold voltage 
and saturation current characteristics of the device as con 
sidered betWeen the source to drain regions and betWeen the 
drain to source regions. 

6. The devices of claim 4, Wherein the dopant diffusion 
source and the retrograde dopant pro?le are offset toWards 
the source region for PMOS devices and toWards the drain 
region for NMOS devices. 
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7. The devices of claim 1, comprising both the PMOS and 
the NMOS devices Wherein the PMOS and NMOS devices 
together de?ne complementary (CMOS) device structures. 

8. The devices of claim 1, Wherein the active layer further 
comprises threshold adjust dopants positioned substantially 
betWeen the source and drain regions and under the gate 
structure. 

9. The device of claim 1, Wherein the insulative layer With 
dopant diffusion source comprises borophosphosilicate glass 
(BPSG). 

10. Complementary metal-oxide semiconductor (CMOS) 
type transistor devices comprising: 

a semiconductive substrate; 

an insulative layer buried Within the semiconductive 
substrate; 

an active layer of semiconductive material above the 
insulative layer; 

gate structures formed on the active layer; and 

source and drain regions formed in the active layer so as 
to de?ne n-type (NMOS) and p-type (PMOS) type 
devices Which together de?ne the CMOS devices and 
Wherein the insulative layer is provided With dopant 
diffusion sources localiZed under respective gate struc 
tures betWeen the respective source and drain regions 
and Wherein the dopant diffusion sources are diffused 
into the active layer so as to de?ne corresponding 
retrograde dopant pro?les in the active layer under the 
respective gate stacks substantially betWeen the source 
and drain regions of the devices. 

11. The devices of claim 10, Wherein the retrograde 
dopant pro?les have peak concentrations substantially adja 
cent the interface of the insulative layer and the active layer. 

12. The devices of claim 10, Wherein the retrograde 
dopant pro?le provides the devices With improved resistance 
to drain-induced barrier loWering (DIBL). 

13. The devices of claim 10, Wherein the retrograde 
dopant pro?les in the active layer are asymmetrically posi 
tioned With respect to the source and drain regions. 

14. The devices of claim 13, Wherein the asymmetric 
retrograde dopant pro?les are graded laterally betWeen the 
drain and source regions and provide different threshold 
voltage and saturation current characteristics of the devices 
as considered betWeen the source to drain regions and 
betWeen the drain to source regions. 

15. The devices of claim 13, Wherein the dopant diffusion 
sources and the retrograde dopant pro?les are offset toWards 
the source regions for PMOS devices and toWards the drain 
regions for NMOS devices. 

16. The devices of claim 10, Wherein the active layer 
further comprises threshold adjust dopants positioned sub 
stantially betWeen the source and drain regions and under 
the gate structure. 

17. The device of claim 10, Wherein the insulative layer 
With dopant diffusion source comprises borophosphosilicate 
glass (BPSG). 

18. A semiconductor transistor device comprising: 

a semiconductive substrate; 

an insulative layer buried Within the semiconductive 
substrate; 
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an active layer of semiconductive material above the 
insulative layer; 

a gate structure formed on the active layer; and 

source and drain regions formed in the active layer 
Wherein the insulative layer is provided With a dopant 
diffusion source localized under the gate structure 
betWeen the source and drain regions and Wherein the 
dopant diffusion source is diffused into the active layer 
so as to de?ne a retrograde dopant pro?le in the active 
layer under the gate stack substantially betWeen the 
source and drain regions. 

19. The device of claim 18, Wherein the retrograde dopant 
pro?le has a peak concentration substantially adjacent the 
interface of the insulative layer and the active layer. 

20. The device of claim 18, Wherein the retrograde dopant 
pro?le provides the transistor device With improved resis 
tance to drain-induced barrier loWering (DEBL). 
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21. The device of claim 18, Wherein the retrograde dopant 
pro?le in the active layer is asymmetrically positioned With 
respect to the source and drain regions. 

22. The device of claim 21, Wherein the asymmetric 
retrograde dopant pro?le is graded laterally betWeen the 
drain and source regions and provides different threshold 
voltage and saturation current characteristics of the device as 
considered betWeen the source to drain regions and betWeen 
the drain to source regions. 

23. The device of claim 18, Wherein the active layer 
further comprises threshold adjust dopants positioned sub 
stantially betWeen the source and drain regions and under 
the gate structure. 

24. The device of claim 18, Wherein the insulative layer 
With dopant diffusion source comprises borophosphosilicate 
glass (BPSG). 


