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(57) ABSTRACT 

A method of fabricating a CMOS integrated circuit and inte 
grated circuits therefrom includes the steps of providing a 
Substrate having a semiconductor Surface, forming a gate 
dielectric layer on the semiconductor Surface and a polysili 
con including layer on the gate dielectric. A portion of the 
polysilicon layer is masked, and pre-gate etch implant of a 
first dopant type into an unmasked portion of the polysilicon 
layer is performed, wherein masked portions of the polysili 
con layer are protected from the first dopant. The polysilicon 
layer is patterned to form a plurality of polysilicon gates and 
a plurality of polysilicon lines, wherein the masked portion 
includes at least one of the polysilicon lines which couple a 
polysilicon gate of a PMOS device to a polysilicon gate of an 
NMOS device. Fabrication of the integrated circuit is then 
completed, wherein the integrated circuit includes at least one 
first region formed in the masked portion lacking the first 
dopant in the polysilicon gates from the pre-gate etch implant 
and at least one second region formed in the unmasked por 
tion having the first dopant in the polysilicon gates from the 
pre-gate etch implant. 
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DIFFERENTIAL POLY DOPING AND 
CIRCUITS THEREFROM 

FIELD OF INVENTION 

0001. The present invention relates generally to semicon 
ductor processing, and more particularly to CMOS process 
ing flows and devices therefrom which utilize doping differ 
entials to improve circuit performance. 

BACKGROUND 

0002 An n- poly pre-gate doping mask has traditionally 
been used to achieve dopant levels above levels provided by 
the n+ Source? drain implant in n-doped polysilicon to 
improve NMOS transistor performance in CMOS integrated 
circuits. In such a flow, following polysilicon deposition, an 
n-poly pre-gate etch doping mask is used for protecting/ 
covering the poly regions corresponding to the PMOS gate 
area, and n-type dopant (e.g. Por AS) is implanted into the 
polysilicon layer corresponding to the NMOS gate area. An 
optional dopant anneal may follow the n+ poly pre-gate etch 
implant to activate the dopant. Agate etch step then follows to 
define the n-type and p-type doped polysilicon gates for the 
respective NMOS and PMOS transistors. 
0003. As known in the art, TOXINV (which may also be 
called inversion TOX), refers to the loss of inversion charge 
and therefore transconductance due to inversion-layer quan 
tization and polysilicon-gate depletion effects. Quantum 
mechanic considerations dictates that the density of inversion 
electrons peaks at approximately 1 nm below the polysilicon 
Surface, which effectively reduces the gate capacitance and 
therefore the inversion charge in the case of an oxide dielec 
tric to those of an equivalent oxide dielectric about 0.4 nm 
thicker than the physical gate dielectric (e.g. oxide). Simi 
larly, depletion effects occur in polysilicon in the form of a 
thin space-charge layer near the dielectric interface which 
acts to reduce the gate capacitance and inversion-charge den 
sity for a given gate drive condition. The percentage of gate 
capacitance attenuation is known to become more significant 
as the dielectric thickness is reduced. For example, for a 
polysilicon doping level of 10cm, a 2-nm oxide dielectric 
loses about 20% of the inversion charge at 1.5-V gate voltage 
because of the combined effects of polysilicon gate depletion 
and inversion-layer quantization. Using n-type dopant in 
n-type polysilicon for NMOS transistors above levels pro 
vided by source/drain implantation is known to provide a 
reduced TOXINV, which in turn improves NMOS perfor 
aCC. 

0004 CMOS logic gates are used in a wide variety of 
CMOS circuits and are all generally based on the static 
CMOS inverter. FIG. 1 a schematic of a conventional static 
CMOS inverter circuit 10. Both transistors in the inverter 
circuit 10 are generally enhancement-mode MOSFETs; 
NMOS 12 with its source grounded, and PMOS 11 with its 
Source connected to Vdd. Their respective gates are con 
nected together to form the input, shown as A, generally 
coupled together using a polysilicon line 15, and their drains 
are connected together to form the output, shown as Q. Dur 
ing their respective source/drain implants, the gate electrode 
of the PMOS 11 is doped p+, while the gate of the NMOS 12 
is doped n+. A silicide or other shunting layer is generally 
used to short the n+/p+diodeformed by the polysilicon line 15 
coupling the gates of PMOS 11 and NMOS 12. 
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0005. As known in the art, the inverter is used in other 
logic gates, such as for NOR and NAND structures, by com 
bining inverters in a partially series, partially parallel struc 
ture, and in other circuits such as certain latches. Regarding 
latches, for example, a master-slave D flip-flop includes a 
CMOS inverter to invert the enable input applied to the master 
for application to the slave. 
0006 Moreover, certain high density circuits having a 
large number transistors from complex microprocessor inte 
grated circuits to signal processing and communication cir 
cuits generally include CMOS inverters. For example, the 
Arithmetic and Logic Unit (ALU) for a Microprocessor gen 
erally includes CMOS logic gates, including a plurality of 
CMOS inverters. 
0007 Another example of an integrated circuit that 
includes CMOS inverters is a static ram (SRAM), which 
generally uses a pair of cross coupled inverters in the bit cells. 
For example, for integrated circuits that include conventional 
5T or 6T SRAM cells, the PMOS load (pull-up) and NMOS 
driver (pull-down) transistors share a common polysilicon 
gate. 
0008. Yet another example of an integrated circuit that 
uses CMOS inverters is a dynamic RAM (DRAM). The sense 
amplifier in a DRAM is typically essentially a pair of cross 
connected inverters between the bit lines. That is, the first 
inverter is connected from the + bit line to the -bit line, and 
the second is connected from the -bit line to the + bit line. 
0009. With the pre-gate doping provided by a n+ poly 
pre-gate etch mask on circuits which include CMOS inverters 
such as most SRAMs, the PMOS load transistor can experi 
ence significant cross-diffusion from gain boundary dopant 
diffusion by the n-type (e.g. Phosphorous) dopant implanted 
into the polysilicon for the NMOS. As a result, the SRAM 
PMOS load transistors can suffer an increase in TOXINV. 
resulting in performance degradation including IDs. 
Depending on variability in TOXINV, transistor performance 
and parameters such as VTVTs can vary locally, includ 
ing within cells. Variation of SRAM load transistor perfor 
mance in a cell can also increase Substantially, leading to 
degraded cell Stability and possible impairment in function. 
0010 Regarding SRAMs, scaling is known to degrade 
stability. Scaling can also exacerbate the p- polysilicon 
counter doping problem described above. For example, when 
design rules shrink, the pre-etch n-poly mask edge to n-well 
boundary spacing generally shrinks. 

SUMMARY 

(0011. This Summary is provided to comply with 37 C.F.R. 
S1.73, requiring a Summary of the invention briefly indicating 
the nature and substance of the invention. It is submitted with 
the understanding that it will not be used to interpret or limit 
the scope or meaning of the claims. 
0012. A method of fabricating a CMOS integrated circuit 
includes the steps of providing a substrate having a semicon 
ductor Surface, forming a gate dielectric layer on the semi 
conductor Surface and a polysilicon including layer on the 
gate dielectric. A portion of the polysilicon layer is masked, 
and pre-gate etch implant of a first dopant type into an 
unmasked portion of the polysilicon layer is performed, 
wherein masked portions of the polysilicon layer are pro 
tected from the first dopant. The polysilicon layer is patterned 
to form a plurality of polysilicon gates. The polysilicon layer 
is patterned to form a plurality of polysilicon gates and a 
plurality of polysilicon lines, wherein the masked portion 
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includes at least one of the polysilicon lines which couple a 
polysilicon gate of a PMOS device to a polysilicon gate of an 
NMOS device. Fabrication of the integrated circuit com 
pleted, wherein the integrated circuit includes at least one first 
region formed in the masked portion lacking the first dopant 
in the polysilicon gates from the pre-gate etch implant and at 
least one second region formed in the unmasked portion 
having the first dopant in the polysilicon gates from the pre 
gate etch implant. The first dopant type can comprise an 
n-type dopant, Such as phosphorous or arsenic. 
0013 The method can further comprise the step of rapid 
thermal annealing in a temperature range from 1000 to 1070° 
C. for less than 10 seconds to activate the first dopant from the 
pre-gate etch implant step before the patterning step. 
0014. In one embodiment the polysilicon gates in said 
unmasked portion of the circuit have at least a 20% higher 
dose of the first dopantas compared to the polysilicon gates in 
the masked portion, such as at least a 30% higher dose. The 
patterning step can define a plurality of polysilicon lines, 
wherein the CMOS integrated circuit can comprises an 
SRAM having a plurality of memory cells formed in the 
masked portion, the memory cells comprising cross coupled 
inverters having PMOS loads and NMOS drivers coupled by 
one of the polysilicon lines. 
0015 The completing step can include the step of n+ 
source/drain implanting the NMOS device using a phospho 
rous dose between 2x10" and 5x10" cm at an energy 
between 2 and 8 KeV. wherein the pre-gate etch implanting 
can comprises a phosphorous dose of 5x10" and 5x10' 
cm at an energy between 2 and 8 KeV or an arsenic dose 
between 5x10' and 5x10" cm at an energy between 20 
and 40 KeV. 

0016. A method of fabricating a CMOS integrated circuit 
comprises the steps of providing a Substrate having a semi 
conductor Surface, forming a gate dielectric layer on the semi 
conductor Surface and a polysilicon comprising layer on the 
gate dielectric. A portion of the polysilicon layer is masked. A 
pre-gate etch phosphorous implant is performed into an 
unmasked portion of the polysilicon layer, wherein masked 
portions of said polysilicon layer are protected from the phos 
phorous implant. The polysilicon layer is patterned to form a 
plurality of polysilicon gates and polysilicon lines. Fabrica 
tion of the integrated circuit is completed, wherein the inte 
grated circuit comprises an SRAM having at least one 
memory region formed in said masked portion lacking said 
phosphorous in said polysilicon from said pre-gate etch 
implant and at least one non-memory region formed in said 
unmasked portion having phosphorous in polysilicon from 
said pre-gate etch implant. 
0017. A CMOS integrated circuit comprises a substrate 
having a semiconductor Surface, a gate dielectric layer on the 
semiconductor Surface and a plurality of polysilicon gates 
and a plurality of polysilicon lines on the gate dielectric layer 
the polysilicon gates and lines in a first region of the circuit 
have a lower dose of a first dopant type as compared to the 
polysilicon gates and lines in a second region of said circuit 
which have at least a 20% higher dose of the first dopant type. 
The circuit includes a plurality of PMOS devices including 
respective ones of the plurality of polysilicon gates and a 
plurality of NMOS devices including respective ones of the 
plurality of polysilicon gates, wherein at least one of the 
plurality of PMOS or NMOS devices includes some devices 
formed in the first region and some devices formed in the 
second region, and the circuit includes at least one CMOS 
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inverter. The CMOS integrated circuit can comprise a 
memory formed in the first region, Such as an SRAM having 
a plurality of memory cells comprising cross coupled invert 
ers having PMOS loads and NMOS drivers coupled by one of 
the polysilicon lines. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0018. A fuller understanding of the present invention and 
the features and benefits thereof will be accomplished upon 
review of the following detailed description together with the 
accompanying drawings, in which: 
0019 FIG. 1 is a schematic of a conventional static CMOS 
inverter circuit. 
0020 FIG. 2 is a flow diagram illustrating a method of 
fabricating a CMOS semiconductor device having differen 
tial polysilicon doping according to an embodiment of the 
invention. 
0021 FIG. 3 is a schematic diagram of an integrated cir 
cuit showing logic gates in certain regions of the circuit hav 
ing a lower polysilicon doping level as compared to polysili 
con doping in the other portions of the circuit in which 
devices therein have a higher relative polysilicon doping 
level, according to an embodiment of the invention. 
0022 FIG. 4 is a schematic diagram of an integrated cir 
cuit comprising a differential 6T static random access 
memory (SRAM) cell and WL and BL drivers, according to 
an embodiment of the invention, wherein the 6T cell is 
formed in a first region of the circuit having a lower polysili 
con doping level as compared to the WL and BL drivers and 
other non-memory circuitry which are formed in a second 
region of the circuit having a higher relative polysilicon dop 
ing level. 

DETAILED DESCRIPTION 

0023 The present invention is described with reference to 
the attached figures, wherein like reference numerals are used 
throughout the figures to designate similar or equivalent ele 
ments. The figures are not drawn to scale and they are pro 
vided merely to illustrate the instant invention. Several 
aspects of the invention are described below with reference to 
example applications for illustration. It should be understood 
that numerous specific details, relationships, and methods are 
set forth to provide a full understanding of the invention. One 
having ordinary skill in the relevant art, however, will readily 
recognize that the invention can be practiced without one or 
more of the specific details or with other methods. In other 
instances, well-known structures or operations are not shown 
in detail to avoid obscuring the invention. The present inven 
tion is not limited by the illustrated ordering of acts or events, 
as Some acts can occur in different orders and/or concurrently 
with other acts or events. Furthermore, not all illustrated acts 
or events are required to implement a methodology in accor 
dance with the present invention. 
0024. Embodiments of the invention enable selective use 
of a pre-gate etch n+ or p- poly mask for NMOS or PMOS 
transistor performance improvement in one portion of the 
circuit, while blocking the pre-gate etch n+ orp+ poly implant 
to another portion of the circuit. No added pattern levels are 
generally needed. The invention is broadly applicable to 
CMOS integrated circuits, particularly those that include 
polysilicon lines coupling the polysilicon gates of NMOS and 
PMOS transistors, such as in conventional CMOS inverters 
and other logic gates. 
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0025 FIG. 2 is a flow diagram illustrating a method of 
fabricating a CMOS semiconductor device having differen 
tial polysilicon doping, according to an embodiment of the 
invention. In step 202, fabrication begins and includes the 
step of providing a Substrate having a semiconductor Surface, 
and generally includes the steps of well formation and isola 
tion processing. Substrates can be semiconducting or dielec 
tric, or variants such as semiconductor on insulator (SOI). A 
gate dielectric layer (e.g. silicon dioxide, oxynitride or a 
high-k dielectric) is formed in Step 204. Such as grown or 
deposited, on the semiconductor Surface. In step 206 a poly 
silicon comprising layer is formed on the gate dielectric layer. 
A portion of the polysilicon layer is masked in step 208. A 
pre-gate etch implant is performed in step 210 to provide 
dopant into an unmasked portion of the polysilicon layer, 
wherein masked portions of the polysilicon layer are pro 
tected from the pre-gate etch implant dopant. In the case of an 
n-type pre-gate etch implant, dopant for the pre-gate etch 
implant can comprises at least one of phosphorous and 
arsenic. For example, the pre-gate etch implant can comprise 
a phosphorous dose between 5x10" and 5x10" cm at an 
energy between 2 and 8 KeV or an arsenic dose between 
5x10' and 5x10" cm at an energy between 20 and 40 KeV 
(energy generally a function of poly thickness). 
0026. In step 212, an optional anneal, such as in one 
embodiment 950° C. RTA anneal for a few seconds, is per 
formed to activate the pre-gate etch implanted dopant before 
the poly patterning step. The polysilicon layer is then pat 
terned in step 214 to form a plurality of polysilicon gates and 
generally a plurality of polysilicon lines. 
0027 Fabrication is then completed in step 216, such as in 
the exemplary manner described below. Upon completing 
fabrication of the integrated circuit, the integrated circuit 
comprises at least one first region formed in the masked 
portion during the pre-gate etch poly implant (and thus lacks 
the pre-gate n+ or p- poly implant dose) and at least one 
second region formed in the unmasked region during the 
pre-gate etch poly implant and thus the polysilicon therein 
includes the pre-gate n+ or p- poly implant. 
0028 Regarding the exemplary manner for completion of 
fabrication, a thin offset layer (e.g., an silicon dioxide or 
silicon nitride layer) is formed generally conformally over the 
patterned polysilicon gate and then etched using a generally 
anisotropic dry etch to leaving a thin offset spacer material on 
lateral edges of the gate. An extension region implant is then 
performed to form extension regions. For example, lightly 
doped, medium doped or heavily doped extension region 
implants are performed in the NMOS and PMOS regions, 
respectively. A thermal process such as a rapid thermal anneal 
can then be employed to activate the extension region 
dopants, which causes the extension regions to diffuse later 
ally slightly underneath the offset spacer toward the channels. 
Sidewall spacers are then formed on the gate structures. The 
sidewall spacers are substantially thicker than the offset spac 
ers, thereby resulting in the Subsequently formed source? 
drain regions to be offset from lateral edges of the gate. 
Source/drain regions are then formed in the NMOS and 
PMOS regions of the device. In one embodiment, the n+S/D 
implant can comprise a phosphorous implant, Such as using a 
dose between 2x10" and 5x10 cm at an energy between 
2 and 8 KeV. The respective poly gates are also generally 
implanted during the respective S/D implants. Subsequently, 
other features and/or components of the device can be 
formed. For example, Subsequent steps can include silicida 

Apr. 16, 2009 

tion (e.g. CoSi or NiSi) of the S/D region and the poly silicon 
gate. Electrically conductive contacts can be formed through 
a pre-metal dielectric (PMD) layer and portions of the stress 
inducing liner to provide electrical connection for the tran 
sistor terminals. Generally, contact formation comprises 
forming openings in the PMD layer through suitable masking 
and etching processes, followed by deposition of conductive 
material (e.g., tungsten or other Suitable materials), and Sub 
sequent planarization (e.g., chemical mechanical polishing, 
etc.). One or more metallization levels are layers can then be 
formed to provide electrical interconnection of the various 
electrical components in the device, wherein each metalliza 
tion level includes an inter-level or inter-layer (ILD) dielec 
tric formed over a preceding level, with vias and/or trenches 
formed therein and filled with a conductive material. 
0029 FIG. 3 is a simplified schematic diagram of an inte 
grated circuit 310 showing several logic gates in a certain 
regions of the circuit 340 and 341 having a lower n+ polysili 
con doping level as compared to n+ polysilicon doping level 
in the remaining regions of the circuit 350 in which various 
devices therein have a higher relative n+ polysilicon doping 
level, according to an embodiment of the invention. Inte 
grated circuit 310 can comprise a wide variety of CMOS 
circuits, including, but not limited to, a microprocessor, a 
signal processor, a communication circuit, or a memory cir 
cuit, such as a DRAM or SRAM. For example, region 340 
shown in FIG.3 includes 2 input NAND gate 361 and inverter 
362, while region 341 includes inverter 363. 2 input NAND 
gate 361 and inverter 362 both include PMOS and NMOS 
gates tied together using a common polysilicon line. 
0030) Regions 340, 341 and 350 all receive the same 
dopant dose in the polysilicon therein during the source/drain 
implant. However, while polysilicon in region 350 receives 
the n+ pre-gate etch implant, polysilicon in regions 340 and 
341 are masked during the n+ pre-gate implant and thus do 
not receive the n+ pre-gate implant. As a result, the total n+ 
dose in the n-type polysilicon in region 350 being the com 
bination of the n+ pre-gate etch implant and n+ S/D dose is 
generally at least 20% higher as compared to the dose in 
n-type polysilicon in regions 340 and 341 which receive only 
the n+ S/D dose. In certain embodiments, the difference can 
be 25%, 30%, 40%, 50%, or more than 50%. Doping level 
differences can be determined using several methods, includ 
ing scanning capacitive microscopy. 
0031. In one specific embodiment of the invention, the 
integrated circuit comprises an SRAM. FIG. 4 is schematic of 
an integrated circuit 400 including a conventional differential 
SRAM 6T cell 100 formed in a region of the circuit 160 and 
non-memory region 140. The n+ dose in n-type polysilicon in 
non-memory region 140 is at least 20% higher as compared to 
the dose in n-type polysilicon in memory cell region 160. 
Non-memory portions of the SRAM 140 generally operate at 
relatively higher power as compared to the memory cell 
region 160. The non-memory region typically handles inter 
facing with external devices (data in and out of the chip), 
power management, Voltage regulation, and the like. 
0032. Non-memory region 140 is shown including BL 
driver 141 and WL driver 142 where the higher n+ dose in 
n-type polysilicon can be used. Bit cells 100 as illustrated, 
comprises a data storage cell or latch 102, generally including 
a pair of cross-coupled inverters, for example, inverter 112, 
and inverter 114, the latch 102 operable to store a data bit 
state. FIG. 4 illustrates that the bit is stored in the latch 102 at 
the data nodes or first and second latch nodes 104 and 106, 
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respectively, having a high or “1” state and a low or “0” state, 
respectively. Cell 100 also comprises a pair of wordline pass 
transistors 116,118 to read and write the data bit between the 
cross-coupled inverters 112,114 and bit lines BL 130, BL-bar 
132, when enabled by wordline 134. 
0033 Respective inverters 112, 114 comprise a p-type 
MOS (PMOS) pull-up or load transistor Q1120, Q2 122 and 
an n-type (nMOS) pull-down transistor Q3 124, Q4126. Pass 
gates (e.g., transistors) Q5116, Q6118 are n-channel as well, 
which generally Supply higher conductance as compared to 
p-channel transistors. Pass transistors 116,118 are enabled by 
wordline 134 and accessed by bit lines 130, 132 to set or reset 
the SRAM latch 100. Inverters 112, 114 of the SRAM 
memory cell 100 are connected together to a Vdd drain power 
supply line 140 and a Vss source power supply line 150. 
0034. In general, SRAM cells are more stable and have 
better data retention where the respective pMOS (120, 122) 
and NMOS (124, 126) transistors are balanced and matched 
within the two inverters (112, 114). However, as dimensions 
are reduced to Scale down devices, as noted above, in struc 
tures such as inverters that use poly coupling PMOS gate to 
NMOS gates, dopant in n+ poly (particularly in the case of 
phosphorous) can diffuse to counterdope p+ doping in the p-- 
poly gates. The counterdoping can vary significantly, even 
locally, such as within a bit cell mainly due to grainboundary 
diffusion effects. In the 6T cell, for example, counterdoping 
can cause imbalance in the pMOS load transistors, leading to 
degraded Stability and may be unstable enough to not be able 
to retain the desired bit state, during either or both the read or 
write operations. 
0035 Applied to inverter comprising SRAMs, such as 5T 
or 6T SRAMs, through use of an appropriate mask, the pre 
gate n+ poly implant can be blocked for NMOS transistors in 
the SRAM cells (pass transistor issue above), and allowed to 
reach the polysilicon outside the SRAM cell region (e.g. 
controller or driver and logic region). Modification in the 
pre-gate n-poly pattern for these embodiments of the inven 
tion can be such that whenever SRAM layer is drawn, the 
n-poly implant is blocked from that region. Blocking n-poly 
implants in NMOS transistors whenever they are in the 
SRAM bit cell allows keeping n-poly implants in non 
memory NMOS transistors thereby utilizing its potential of 
improving NMOS transistor performance through reduction 
of inversionTOX. Keeping the pre-gate n-poly implant out of 
the bit cell region eliminates or at least reduces induced cross 
diffusion problems for the PMOS (load/pull-up) transistor in 
SRAM bit cell. Thus, embodiments of the invention provide 
a yield and performance enhancer without degrading non 
memory (e.g. logic) NMOS transistor performance. 
0036 Embodiments of the invention also allow scaling of 
Source/drain sidewall in the region receiving the pre-gate etch 
poly implant, since the NMOS transistors do not have to 
solely rely on N-type doping coming from N type S/D 
implants. For circuitry having NMOS and PMOS gates 
coupled by polysilicon, such as the memory cell area of 
SRAMS, design rules (such as spacing of n-poly maskedge to 
n-well boundary) can be made tighter to enable shrinks for 
improved density. 
0037 Although the invention has generally been 
described relative to SRAMs, as noted above, the invention is 
not limited to SRAMS since the invention is generally appli 
cable to any CMOS circuit that has NMOS and PMOS gates, 
such as those having NMOS and PMOS gates coupled by 
polysilicon. For example, as noted above, the invention is 
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generally applicable to a wide variety of CMOS circuits 
including microprocessors, signal processing, communica 
tion circuits and memory comprising circuits other than 
SRAM, such as DRAM. 
0038. The invention is also not limited to the use of silicon 
wafers, and may be implemented in association with the 
manufacture of various semiconductor devices, SRAM 
memory devices, or other such devices, wherein the design 
and optimization of an SRAM cell is an issue, where cell 
access is to be limited only to the memory area being used, 
and wherein the various aspects thereof may be applied. 
0039. Although the invention has been illustrated and 
described with respect to one or more implementations, 
equivalent alterations and modifications will occur to others 
skilled in the art upon the reading and understanding of this 
specification and the annexed drawings. In particular regard 
to the various functions performed by the above described 
components (assemblies, devices, circuits, systems, etc.), the 
terms (including a reference to a “means') used to describe 
Such components are intended to correspond, unless other 
wise indicated, to any component which performs the speci 
fied function of the described component (e.g., that is func 
tionally equivalent), even though not structurally equivalent 
to the disclosed structure which performs the function in the 
herein illustrated exemplary implementations of the inven 
tion. In addition, while a particular feature of the invention 
may have been disclosed with respect to only one of several 
implementations, such feature may be combined with one or 
more other features of the other implementations as may be 
desired and advantageous for any given or particular applica 
tion. Furthermore, to the extent that the terms “including, 
“includes”, “having”, “has”, “with', or variants thereofare 
used in either the detailed description and/or the claims, such 
terms are intended to be inclusive in a manner similar to the 
term "comprising.” 
0040. The Abstract of the Disclosure is provided to com 
ply with 37 C.F.R.S 1.72(b), requiring an abstract that will 
allow the reader to quickly ascertain the nature of the techni 
cal disclosure. It is submitted with the understanding that it 
will not be used to interpret or limit the scope or meaning of 
the following claims. 

What is claimed is: 
1. A method of fabricating a CMOS integrated circuit, 

comprising the steps of 
providing a Substrate having a semiconductor Surface; 
forming a gate dielectric layer on said semiconductor Sur 

face and a polysilicon comprising layer on said gate 
dielectric layer; 

masking a portion of said polysilicon layer; 
performing a pre-gate etch implant of a first dopant type 

into an unmasked portion of said polysilicon layer, 
wherein masked portions of said polysilicon layer are 
protected from said first dopant, 

patterning said polysilicon layer to form a plurality of 
polysilicon gates and a plurality of polysilicon lines, 
wherein said masked portion includes at least one of said 
polysilicon lines coupling a polysilicon gate of a PMOS 
device to a polysilicon gate of an NMOS device, and 

completing fabrication of said integrated circuit, wherein 
said integrated circuit comprises at least one first region 
formed in said masked portion lacking said first dopant 
in said polysilicon gates from said pre-gate etch implant 
and at least one second region formed in said unmasked 
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portion having said first dopant in said polysilicon gates 
from said pre-gate etch implant. 

2. The method of claim 1, wherein said first dopant type 
comprises n-type dopant. 

3. The method of claim 2, wherein said n-type dopant 
comprises phosphorous. 

4. The method of claim 2, wherein said n-type dopant 
comprises arsenic. 

5. The method of claim 1, further comprising the step of 
rapid thermal annealing in a temperature range from 1000 to 
1070° C. for less than 10 seconds to activate said first dopant 
from said pre-gate etch implant step before said patterning 
step. 

6. The method of claim 1, wherein said polysilicon gates in 
said unmasked portion of said circuit have at least a 20% 
higher dose of said first dopant as compared to said polysili 
congates in said masked portion. 

7. The method of claim 6, wherein said polysilicon gates in 
said unmasked portion of said circuit have at least a 30% 
higher dose of said first dopant as compared to said polysili 
congates in said masked portion. 

8. The method of claim 1, wherein said patterning step 
defines a plurality of polysilicon lines, and wherein said 
CMOS integrated circuit comprises an SRAM having a plu 
rality of memory cells formed in said masked portion, said 
memory cells comprising cross coupled inverters having 
PMOS loads and NMOS drivers coupled by one of said 
polysilicon lines. 

9. The method of claim 1, wherein said pre-gate etch 
implanting comprises a phosphorous dose of 5x10' and 
5x10" cm at an energy between 2and8 KeV or an arsenic 
dose between 5x10' and 5x10 cm at an energy between 
20 and 40 KeV. and said completing step comprises n+ 
Source/drain implanting said NMOS device using a phospho 
rous dose between 2x10" and 5x10" cm at an energy 
between 2 and 8 KeV. 

10. A method of fabricating a CMOS integrated circuit, 
comprising the steps of 

providing a Substrate having a semiconductor Surface; 
forming a gate dielectric layer on said semiconductor Sur 

face and a polysilicon comprising layer on said gate 
dielectric; 

masking a portion of said polysilicon layer; 
performing a pre-gate etch phosphorous implant into an 
unmasked portion of said polysilicon layer, wherein 
masked portions of said polysilicon layer are protected 
from said phosphorous implant; 
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patterning said polysilicon layer to form a plurality of 
polysilicon gates and polysilicon lines, and 

completing fabrication of said integrated circuit, wherein 
said integrated circuit comprises an SRAM having at 
least one memory region formed in said masked portion 
lacking said phosphorous in said polysilicon from said 
pre-gate etch implant and at least one non-memory 
region formed in said unmasked portion having said 
phosphorous in said polysilicon from said pre-gate etch 
implant. 

11. A CMOS integrated circuit, comprising: 
a Substrate having a semiconductor Surface; 
a gate dielectric layer on said semiconductor Surface and a 

plurality of polysilicon gates and a plurality of polysili 
conlines on said gate dielectric layer, wherein said poly 
silicon gates and lines in a first region of said circuit have 
a lower dose of a first dopant type as compared to said 
polysilicon gates and lines in a second region of said 
circuit which has at least a 20% higher dose of said first 
dopant type; 

a plurality of PMOS devices including respective ones of 
said plurality of polysilicon gates, and 

a plurality of NMOS devices including respective ones of 
said plurality of polysilicon gates, 

wherein at least one of said plurality of PMOS or NMOS 
devices includes some devices formed in said first region 
and some devices formed in said second region and said 
circuit includes at least one CMOS inverter. 

12. The circuit of claim 11, wherein said first dopant com 
prises an n-type dopant. 

13. The circuit of claim 11, wherein said first region com 
prises at least one of said polysilicon lines coupling a poly 
silicon gate of one of said PMOS devices to a polysilicon gate 
of one of said NMOS devices. 

14. The circuit of claim 11, wherein said first dopant type 
comprises n-type dopant. 

15. The circuit of claim 14, wherein said n-type dopant 
comprises phosphorous. 

16. The circuit of claim 11, wherein said polysilicon gates 
and lines in said second region have at least a 30% higher dose 
of said first dopant as compared to said first region. 

17. The circuit of claim 11, wherein said CMOS integrated 
circuit comprises a memory formed in said first region. 

18. The circuit of claim 17, wherein said memory com 
prises an SRAM having a plurality of memory cells compris 
ing cross coupled inverters having PMOS loads and NMOS 
drivers coupled by one of said polysilicon lines. 
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