
(19) United States 
US 20020004294A1 

(12) Patent Application Publication (10) Pub. No.: US 2002/0004294 A1 
GARDNER ct al. (43) Pub. Date: Jan. 10, 2002 

(54) DOPANT DIFFUSION-RETARDING BARRIER 
REGION FORMED WITHIN POLYSILICON 
GATE LAYER 

(76) Inventors: MARK I. GARDNER, CEDAR 
CREEK, TX (US); ROBERT 
DAWSON, AUSTIN, TX (US); H. JIM 
FULFORD, J R., AUSTIN, TX (US); 
FREDERICK N. HAUSE, AUSTIN, 
TX (US); MARK W. MICHAEL, 
CEDAR PARK, TX (US); BRADLEY 
T. MooRE, AUSTIN, TX (US); 
DERICK J. WRISTERS, AUSTIN, 
TX (US) 

Correspondence Address: 
WILLIAM W HOLLOWAY 
SKJERVEN MORRILL MACPHERSON 
FRANKLIN & FRIEL 
25 METRO DRIVE SUITE 700 
SAN JOSE, CA 951101349 

( * ) Notice: This is a publication of a continued pros 
ecution application (CPA) ?led under 37 
CFR 1.53(d). 

(21) Appl. No.: 09/177,043 

(22) Filed: Oct. 22, 1998 

Publication Classi?cation 

(51) Int. Cl.7 ............... .. H01L 21/8234; H01L 21/4763; 
H01L 21/3205 

(52) US. Cl. ......................... .. 438/585; 438/592; 438/560 

(57) ABSTRACT 

A diffusion-retarding barrier region is incorporated into the 
gate electrode to reduce the doWnWard diffusion of dopant 
toWard the gate dielectric. The barrier region is a nitrogen 
containing diffusion retarding barrier region formed 
betWeen tWo separately formed layers of polysilicon. The 
upper layer of polysilicon is doped more heavily than the 
loWer layer of polysilicon, and the barrier region serves to 
keep most of the dopant Within the upper layer of polysili 
con, and yet may alloW some of the dopant to diffuse into the 
loWer layer of polysilicon. The barrier region may be 
formed, for example, by annealing the ?rst polysilicon layer 
in an nitrogen-containing ambient to form a nitrided layer at 
the top surface of the ?rst polysilicon layer. The barrier 
region may alternatively be formed by depositing a nitrogen 
containing layer, such as a silicon nitride or titanium nitride 
layer, on the top surface of the ?rst polysilicon layer. The 
thickness of the nitrogen-containing layer is preferably 
approximately 5-15 A thick. Any nitrogen residing at the top 
of the gate dielectric may be kept to a concentration less than 
approximately 2%. The present invention is particularly Well 
suited to thin gate dielectrics, such as a those having a 
thickness of approximately 25-60 A, When using a p-type 
dopant, such as boron. 
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DOPANT DIFFUSION-RETARDING BARRIER 
REGION FORMED WITHIN POLYSILICON GATE 

LAYER 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This patent document is related to the following 
cornrnonly-assigned, copending US. patent applications, 
Which are each incorporated herein by reference in its 
entirety: 

[0002] US. patent application Ser. No. 09/086,296, 
entitled “COMPOSITE GATE DIELECTRIC LAYER 
INCORPORATING DOPANT DIFFUSION-RETARDING 
BARRIER LAYER,” narning as inventors Mark I. Gardner, 
Robert DaWson, H. Jim Fulford, Jr., Frederick N. Hause, 
Mark W. Michael, Bradley T. Moore, and Derick J. Wristers; 

[0003] US. patent application Ser. No. 08/837,581, 
entitled “COMPOSITE GATE ELECTRODE INCORPO 
RATING DOPANT DIFFUSION-RETARDING BARRIER 
LAYER ADJACENT TO UNDERLYING GATE DIELEC 
TRIC,” narning as inventors Mark I. Gardner, Robert DaW 
son, H. Jim Fulford, Jr., Frederick N. Hause, Mark W. 
Michael, Bradley T. Moore, and Derick J. Wristers; and 

[0004] US. patent application Ser. No. 09/086,050, 
entitled “MULTI-LAYER GATE ELECTRODE INCORPO 
RATING DOPANT DIFFUSION-RETARDING BARRIER 
LAYER,” narning as inventors Mark I. Gardner, Jon Cheek, 
Robert DaWson, H. Jirn Fulford, Jr., Frederick N. Hause, 
Mark W. Michael, Bradley T. Moore, Thomas E. Spikes, Jr. 
and Derick J. Wristers. 

BACKGROUND OF THE INVENTION 

[0005] 1. Field of the Invention 

[0006] The present invention is related to the manufacture 
of insulated gate ?eld effect transistors, and more particu 
larly to the structure and doping of gate electrode structures 
therein. 

[0007] 2. Description of the Related Art 

[0008] An insulated-gate ?eld-effect transistor (IGFET), 
such as a rnetal-oxide serniconductor ?eld-effect transistor 

(MOSFET), uses a gate electrode to control an underlying 
surface channel joining a source and a drain. The channel, 
drain and source are located in a semiconductor substrate, 
With the channel being doped oppositely to the drain and 
source. The gate electrode is separated from the sernicon 
ductor substrate by a thin insulating layer (i.e., a gate 
dielectric layer) such as an oxide. The operation of the 
IGFET involves application of an input voltage to the gate 
electrode, Which sets up a transverse electric ?eld in the 
channel in order to modulate the longitudinal conductance of 
the channel. 

[0009] In typical IGFET processing, the source and drain 
are formed by introducing dopants of a second conductivity 
type (P or N) into the semiconductor substrate of a ?rst 
conductivity type (N or P) using a patterned gate electrode 
as a mask. This self-aligning procedure tends to improve 
packing density and reduce parasitic overlap capacitances 
betWeen the gate electrode and the source/drain regions. 
Polysilicon (also called polycrystalline silicon, poly-Si, or 
just “poly”) thin ?lrns are typically used as the gate elec 
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trode. Since polysilicon has the same high melting point as 
a silicon substrate, it can be deposited prior to source and 
drain formation. The polysilicon is anisotropically etched 
through openings in a photoresist mask to provide a gate 
electrode which forms a mask during formation of the 
source and drain by ion implantation. Photolithography is 
used to create patterns in the photoresist mask that de?ne the 
gate electrode. 

[0010] The gate electrode is typically doped by the same 
type of ion implantation as are the source and drain. For 
example, boron is frequently irnplanted to form the source 
and drain in a P-channel IGFET, and the boron is also 
implanted into the gate electrode of the IGFET to create a 
P-type polysilicon gate electrode. HoWever, because boron 
is such a “light” atorn (i.e., loW atomic mass), boron 
implanted into the polysilicon gate electrode can easily 
diffuse along the grain boundaries of the polysilicon and into 
the gate oxide, and may diffuse ultirnately into the under 
lying channel region. The presence of boron in the channel 
affects the device parameters of the IGFET, especially the 
threshold voltage, and the presence of boron in the gate 
oxide can affect the reliability of the IGFET. Both effects are 
trernendously undesirable. 

[0011] A number of techniques have been utiliZed to 
reduce diffusion of dopants, especially boron, into the gate 
dielectric and into the underlying channel. One such method 
is disclosed by Fang, et al, in a paper entitled “LoW 
Ternperature Furnace-GroWn ReoxidiZed Nitrided Oxide 
Gate Dielectrics as a Barrier to Boron Penetration,”IEEE 
Electron Device Letters, Vol. 13, No. 4, April, 1992, Which 
includes a nitridation of a partially groWn gate oxide, 
folloWed by an additional oxidation step. Polysilicon is then 
deposited on the reoxidiZed nitrided oxide and etched to 
form gate electrodes. 

[0012] Other similar methods are disclosed by Joshi, et al 
in a paper entitled “Oxynitride Gate Dielectrics for P+ 
polysilicon Gate MOS Devices, ”IEEE Electron Device 
Letters, Vol. 14, No. 12, December, 1993, which compares 
several sirnilar methods of forming oxynitride gate dielec 
trics. 

[0013] While such methods are helpful in reducing boron 
penetration into the channel, the desired gate oxide thickness 
continues to decrease. The effectiveness of earlier tech 
niques rnay dirninish With decreasing gate oxide thickness. 
Accordingly, there is a need for improved techniques for 
reducing dopant penetration (especially boron) into the gate 
oxide and into the channel region. 

SUMMARY OF THE INVENTION 

[0014] The present invention irnproves upon the previous 
techniques for retarding dopant diffusion into the gate 
dielectric by incorporating a diffusion barrier region Within 
a layer of polysilicon. The barrier region is a nitrogen 
containing, diffusion-retarding barrier region. The portion of 
the polysilicon layer above the barrier region is doped more 
heavily than the portion beloW, and the barrier region serves 
to keep most of the dopant Within the upper portion. The 
barrier region nevertheless allows some of the dopant to 
diffuse into the loWer portion, Which ensures that the poly 
silicon layer forrns a gate electrode Which is a single 
contiguous electrical node rather than an insulating portion 
due to polysilicon depletion effects. 
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[0015] The barrier region is formed by implanting a nitro 
gen-containing material, such as elemental nitrogen or 
molecular nitrogen, so that a region is formed Within the 
polysilicon layer. The thickness of the nitrogen-containing 
region may be chosen for its ability to conduct current 
therethrough While retaining its ability to retard dopant 
diffusion, and may be chosen to be approximately 5-15 A 
thick. 

[0016] By use of this invention, any nitrogen residing at 
the top of the gate dielectric may be kept to a concentration 
less than approximately 2%. The dopant concentration at the 
?rst polysilicon layer bottom surface may exceed approxi 
mately 1><1021 atoms/cm3. The present invention is particu 
larly Well suited to thin gate dielectrics, such as a those 
having a thickness less than approximately 60 A When using 
a p-type dopant, such as B, BF2, and other similar com 
pounds of boron and ?ourine (e.g., BFX). 

[0017] In one embodiment for a semiconductor manufac 
turing process, a method of fabricating a gate electrode 
structure for an insulated gate ?eld effect transistor includes 
the steps of: (1) forming a polysilicon layer on an underlying 
gate dielectric layer, the polysilicon layer having top and 
bottom surfaces, the bottom surface forming an interface 
With said gate dielectric layer; (2) implanting a nitrogen 
containing material to form a nitrogen-containing diffusion 
retarding barrier region Within the polysilicon layer; (3) 
introducing a dopant into at least a portion of the polysilicon 
layer disposed betWeen the barrier region and the top 
surface, resulting in a greater dopant concentration imme 
diately above the barrier region than immediately beloW; 
and (4) removing regions of the polysilicon layer to form a 
gate electrode for the IGFET. 

[0018] In another embodiment, the method includes the 
additional step of implanting a nitrogen-containing material 
to form a second nitrogen-containing diffusion-retarding 
barrier region above and spaced apart from the ?rst nitrogen 
containing diffusion-retarding barrier region. 

[0019] In yet another embodiment of the present inven 
tion, a semiconductor gate electrode structure for an insu 
lated gate ?eld effect transistor includes: (1) a polysilicon 
layer formed on an underlying gate dielectric layer, the 
polysilicon layer having respective top and bottom surfaces, 
the bottom surface forming an interface With said gate 
dielectric layer; (2) a ?rst nitrogen-containing diffusion 
retarding barrier region formed Within the polysilicon layer; 
and (3) a dopant Within the polysilicon layer having a greater 
dopant concentration immediately above the diffusion bar 
rier region than immediately beloW. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0020] The present invention may be better understood, 
and its numerous objects, features, and advantages made 
apparent to those skilled in the art by referencing the 
accompanying draWings. 

[0021] FIGS. 1A-1D are cross-sectional vieWs illustrating 
a semiconductor process How in accordance With the present 
invention. 

[0022] FIG. 2 is a cross-sectional vieW illustrating a 
doping pro?le associated With the process How depicted in 
FIGS. 1A-1D. 
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[0023] FIG. 3 is a cross-sectional vieW of a structure 
incorporating tWo barrier regions in accordance With another 
embodiment of the present invention. 

[0024] In the draWings, depicted elements are not neces 
sarily draWn to scale, and like or similar elements may be 
designated by the same reference numeral throughout the 
several vieWs. 

DESCRIPTION OF THE PREFERRED 

EMBODIMENT(S) 
[0025] FIGS. 1A-1D shoW cross-sectional vieWs of suc 
cessive process steps for forming a gate electrode in accor 
dance With a ?rst embodiment of the present invention. In 
FIG. 1A, a layer of polysilicon 104 is shoWn disposed upon 
a gate dielectric 102, Which in turn is disposed on a 
semiconductor substrate 100 suitable for integrated circuit 
manufacture. For example, substrate 100 includes a phos 
phorus-doped N-Well formed in a P-type planar epitaxial 
surface layer (not shoWn) With a <100> orientation and a 
resistivity of 12 ohm-cm. Preferably, the epitaxial surface 
layer is disposed on a P+ base layer (not shoWn). A blanket 
layer of gate dielectric 102 (e.g., silicon dioxide, silicon 
oxynitride, nitrided silicon dioxide, etc.) is formed on the top 
surface of substrate 100 preferably using tube groWth at a 
temperature of 700-1,000° C. in an 02 containing ambient. 
Gate dielectric 102 has a preferred thickness in the range of 
25 to 200 A. Thereafter, a ?rst layer of polysilicon 104 
preferably is deposited by loW pressure chemical vapor 
deposition (LPCVD) on the top surface of the gate dielectric 
102. Polysilicon 104 is deposited undoped and has a pre 
ferred thickness in the range of 100-300 A. 

[0026] Continuing With this exemplary process sequence, 
a nitrogen implant 105 is performed to create a nitrogen 
barrier region 106 Within the polysilicon 104. For example, 
elemental nitrogen (N) may be implanted using an energy of 
5-30 keV and at a dose of 5><101“-5><1015 atoms/cm2. Alter 
natively, molecular nitrogen (N2) may also be implanted 
using an energy of 10-60 keV and at a dose of 5x10 -5>< 
1015 atoms/cm2. An anneal may optionally folloW the nitro 
gen implant. Such an anneal may be performed using a rapid 
thermal processing (RTP) step, using a tube anneal, or other 
similar methods. For example, an RTP anneal may be 
performed for a time in the range of 10-60 seconds at a 
temperature in the range of 900-1050° C. The resulting 
structure is shoWn in FIG. 1B. An upper portion 108 of 
polysilicon layer 104 is shoWn disposed betWeen the barrier 
region 106 and the top surface of the polysilicon 104. A 
loWer portion 107 of polysilicon layer 104 is shoWn dis 
posed betWeen the barrier region 106 and the bottom surface 
of the polysilicon 104 (at the interface With the gate dielec 
tric 102). The polysilicon 104 is formed With a thickness in 
the range of 300-2500 A. 

[0027] Aphotoresist layer (not shoWn) is next applied and 
a gate mask used to image the gate electrode features into the 
photoresist. The polysilicon region 108, barrier region 106, 
and polysilicon region 107 are then anisotropically etched to 
de?ne a gate electrode 120. A light dose of a ?rst dopant 
(e.g., boron) is implanted into the semiconductor substrate 
100 to provide a lightly doped source region 110 and a 
lightly doped drain region 112. The ?rst dopant is also 
implanted into the gate electrode 120 Wherein the polysili 
con 108 is lightly doped. For instance, the structure is 
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subjected to ion implantation of boron at a dose in the range 
of 5><1013 to 1><1014 atoms/cm2 and an energy in the range of 
2 to 80 kiloelectron-volts. As a result, the lightly doped 
source region 110 and the lightly doped drain region 112, 
both substantially aligned With the gate electrode 120, are 
formed at and beloW the surface of substrate 100. Lightly 
doped source and drain regions 110, 112, respectively, are 
doped P- With a dopant concentration in the range of about 
5><1017 to 5><1018 atoms/cm3, and a junction depth in the 
range of 0.01 to 0.15 p 

[0028] Spacers 114, 116 are then formed at the edges of 
the gate electrode 120. The resulting structure is shoWn in 
FIG. 1C, Which shoWs spacers 114, 116 formed adjacent to 
the gate electrode 120, and shoWs lightly-doped source 
region 110 and lightly-doped drain region 112 formed Within 
the substrate 100. 

[0029] Continuing With the process sequence, a boron 
implant 118 is neXt performed to form P+ regions in both 
source and drain regions. The resulting structure is shoWn in 
FIG. 1D, Which shoWs P+ source region 122 and P+ drain 
region 124 formed Within the substrate 100 and outWard of 
the spacers 114, 116, as is Well knoWn in the art. For 
eXample, the boron implant 118 may be performed at a dose 
in the range of 2.0><1015 to 8.0><1015 atoms/cm2 and an 
energy in the range of 2 to 20 kiloelectron-volts. As a result, 
the heavily doped source region 122 and the heavily doped 
drain region 124, both substantially aligned With the spacers 
114, 116, are formed at and beloW the surface of substrate 
100. Heavily doped source and drain regions 122, 124, 
respectively, are doped P+ With a dopant concentration in the 
range of about 5><1019 to 5><1020 atoms/cm3, and a junction 
depth in the range of 0.01 to 0.1 p. The presence of spacers 
114, 116 and the gate electrode 120 serve to prevent the 
boron implant from reaching the channel 101 underlying the 
gate electrode 120 and from reaching the lightly doped 
source and drain regions 110,112. 

[0030] Further processing steps in the fabrication of 
IGFETs typically include forming a thick oXide layer over 
the active regions, forming contact WindoWs in the oXide 
layer above the drain, source and gate electrode, forming 
appropriate interconnect metalliZation in the contact Win 
doWs, and forming a passivation layer. These further pro 
cessing steps are conventional and need not be repeated 
herein. Likewise the principal processing steps disclosed 
herein may be combined With other steps readily apparent to 
those skilled in the art. 

[0031] The preferred doping pro?le Within the gate elec 
trode 120 as a result of the boron implant 118 is shoWn in 
FIG. 2. The bulk of the dopant is implanted into the 
polysilicon region 108, Which is above the barrier region 
106. Only a small amount of the dopant is preferably 
implanted into the region of the barrier region 106 or into the 
polysilicon region 107 layer beloW the barrier region 106. 
Through subsequent heat treatment operations (e. g., implant 
anneal steps) the barrier region 106 retards the doWnWard 
diffusion of the boron and helps prevent boron from reaching 
the gate dielectric 102/polysilicon 104 interface. Alterna 
tively, the dopant pro?le may eXist entirely Within the upper 
layer of polysilicon 108. In either case, the barrier region 
106 retards the doWnWard diffusion of dopant toWard the 
gate dielectric 102 and toWard the channel region 101. 

[0032] In another embodiment generally folloWing the 
sequence depicted in FIGS. 1A-1D, the barrier region 106 
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may be formed by depositing a nitrogen-containing layer, 
such as silicon nitride or titanium nitride, onto the top 
surface of polysilicon 104. Suitable conditions for deposit 
ing a layer of silicon nitride are loW pressure chemical vapor 
deposition (LPCVD), plasma deposition and deposition by 
sputtering. Suitable conditions for depositing a layer of 
titanium nitride are loW pressure chemical vapor deposition, 
plasma deposition and deposition by sputtering. Such a layer 
of titanium nitride is electrically conductive and thus helps 
ensure a good electrical connection betWeen polysilicon 
region 107 and polysilicon region 108. 

[0033] FIG. 3 is a cross-sectional vieW of a multi-layer 
structure incorporating three polysilicon layers, With a sepa 
rate barrier region betWeen each adjacent pair of polysilicon 
layers. A blanket layer of gate dielectric 102 (e.g., silicon 
dioXide, silicon oXynitride, nitrided silicon dioXide, etc.) is 
formed on the top surface of substrate 100 as before, 

preferably to a thickness in the range of 25 to 200 Thereafter, a ?rst layer of polysilicon region 107 is deposited 

on the top surface of the gate dielectric 102. Polysilicon 
region 107 is deposited undoped and has a preferred thick 
ness in the range of 100-300 

[0034] Continuing With the exemplary process sequence, a 
?rst nitrogen anneal is performed to create a nitrogen barrier 
region 106 on the top surface of the polysilicon region 107. 
A second layer of polysilicon 108 is then deposited on the 
top surface of the barrier region 106, preferably to a thick 
ness of 100-300 A second nitrogen anneal is performed 
to create a second nitrogen barrier region 130 on the top 
surface of the polysilicon 108. A third layer of polysilicon 
132 is then deposited on the top surface of the barrier region 
130, preferably to a thickness of 300-2500 

[0035] Aphotoresist layer (not shoWn) is neXt applied and 
a gate mask used to image the gate electrode features into the 
photoresist. The polysilicon region 132, barrier region 130, 
polysilicon region 108, barrier region 106, and polysilicon 
region 107 are then anisotropically etched to de?ne a gate 
electrode (not shoWn). Next, LDD regions, spacers, and 
source/drain regions are formed in a manner similar to that 
described before. Speci?cally, a light dose of a ?rst dopant 
(e.g., boron) is then implanted into the semiconductor sub 
strate 100 to provide a lightly doped source and drain 
regions (i.e., LDD regions, not shoWn). This ?rst dopant is 
also implanted into the undoped polysilicon region 132, 
possibly also into the undoped polysilicon 108, and possibly 
into the undoped polysilicon region 107, Wherein each is 
lightly doped. For instance, the structure is subjected to ion 
implantation of boron at a dose in the range of 5><1013 to 
1x10 atoms/cm2 and an energy in the range of 2 to 80 
kiloelectron-volts. Spacers are then formed at the edges of 
the gate electrode as before, folloWed by a boron implant 
(not shoWn) to form P+ regions in both source and drain 
regions, as before. 

[0036] Such a multi-layer structure has several additional 
potential advantages. If, for eXample, the heavy boron 
implant is targeted to achieve an implant depth residing 
Within the polysilicon 132, then the barrier region 130 
retards some amount of dopant diffusion into the middle 
polysilicon 108, While the loWer barrier region 106 addi 
tionally retards the diffusion of dopant already Within the 
polysilicon 108 from reaching the loWer layer of polysilicon 
region 107. In other Words, the presence of tWo barrier 
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regions 130, 106 allows a heavy dopant density Within the 
upper layer of polysilicon 132 but yet reduces the amount of 
dopant reaching the loWer layer of polysilicon 107, and 
especially reduces the amount of dopant Which reaches the 
polysilicon 107/gate dielectric 102 interface. This is accom 
plished While keeping the thickness of each barrier region 
thin enough to alloW some amount of dopant diffusion 
sufficient to “dope” the polysilicon 108 and polysilicon 107 
enough to prevent undesirable polysilicon depletion effects 
Which otherWise result When the polysilicon near the gate 
dielectric interface remains undoped. 

[0037] Alternatively, the barrier regions may be produced 
at a suf?cient thickness to substantially prevent implanted 
dopant from diffusing through the barrier regions. A dopant 
may be implanted into a particular polysilicon layer (e.g., 
polysilicon 108) and remain substantially “trapped” Within 
that same layer. Other polysilicon layers may be implanted 
to different dopant densities, or even With a dopant of 
opposite conductivity type than a dopant already implanted 
into a different polysilicon layer. 

[0038] By use of this invention, the gate dielectric may be 
reduced doWn to approximately 25 A, Without serious con 
centration of boron reaching the gate dielectric. Moreover, a 
sharp doping pro?le is achieved at the nitrogen barrier 
region. The doping pro?le Within the polysilicon retains a 
much sharper pro?le than is otherWise achievable Without 
using the barrier region techniques disclosed herein. 

[0039] Additional techniques for dopant implantation into 
polysilicon gate electrodes are disclosed in copending com 
monly-assigned application entitled “Displacement of 
Implanted Pro?le for Thin Polysilicon Transistors”, naming 
inventors Mark I. Gardner, Robert DaWson, H. Jim Fulford, 
Jr., Frederick N. Hause, Mark W. Michael, Bradley T. 
Moore, and Derick J. Wristers, ?led on even date hereWith, 
and having Ser. Number (unassigned, Attorney Docket No. 
M-4000 US), Which application is incorporated by reference 
herein in its entirety. 

[0040] Although only a single FET has been shoWn for 
purposes of illustration, it is understood that in actual 
practice, many devices are fabricated on a single semicon 
ductor Wafer as Widely practiced in the art. Accordingly, the 
invention is Well-suited for use in an integrated circuit chip, 
as Well as an electronic system including a microprocessor, 
a memory, and a system bus. 

[0041] Those skilled in the art Will readily implement the 
steps necessary to provide the structures and methods dis 
closed herein, and Will understand that the process param 
eters, materials, and dimensions are given by Way of 
eXample only and can be varied to achieve the desired 
structure as Well as modi?cations Which are Within the scope 
of the invention. 

[0042] In a typical embodiment for a CMOS process the 
N-channel transistors are processed in like manner as the 
P-channel transistor discussed above, eXcept that an n-type 
dopant atom (e.g., arsenic) is implanted to form the N-chan 
nel source/drain regions. As is Well knoWn in the art, the 
P-channel transistors may be masked With photoresist during 
the n-type source/drain implant step, Which photoresist 
serves to prevent the n-type dopant from reaching the 
N-channel gate, channel, and source/drain regions. Like 
Wise, the p-type implanting step for the P-channel source/ 
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drain regions is performed While the N-channel IGFETs are 
protected. Consequently, barrier regions may be advanta 
geously formed, if desired, only Within the gate electrode of 
P-channel IGFETs Which have greater dopant diffusion than 
N-channel IGFETs. 

[0043] An IGFET transistor may be conceptualiZed as 
having a control terminal Which controls the How of current 
betWeen a ?rst current handling terminal and a second 
current handling terminal. Although IGFET transistors are 
frequently discussed as having a drain, a gate, and a source, 
in most such devices the drain is interchangeable With the 
source. This is because the layout and semiconductor pro 
cessing of the transistor is symmetrical. For an N-channel 
IGFET transistor, the current handling terminal normally 
residing at the higher voltage is customarily called the drain. 
The current handling terminal normally residing at the loWer 
voltage is customarily called the source. A sufficient voltage 
on the gate (relative to the source voltage) causes a current 
to therefore ?oW from the drain to the source. The source 
voltage referred to in N-channel IGFET device equations 
merely refers to Whichever drain or source terminal has the 
loWer voltage at any given point in time. For eXample, the 
“source” of the N-channel device of a bi-directional CMOS 
transfer gate depends on Which side of the transfer gate is at 
the loWer voltage. To re?ect this symmetry of most N-chan 
nel IGFET transistors, the control terminal may be deemed 
the gate, the ?rst current handling terminal may be termed 
the “drain/source”, and the second current handling terminal 
may be termed the “source/drain”. Such a description is 
equally valid for a P-channel IGFET transistor, since the 
polarity betWeen drain and source voltages, and the direction 
of current ?oW betWeen drain and source, is not implied by 
such terminology. Alternatively, one current-handling termi 
nal may arbitrarily deemed the “drain” and the other deemed 
the “source”, With an implicit understanding that the tWo are 
not distinct, but interchangeable. It should be noted that 
IGFET transistors are commonly referred to as MOSFET 
transistors (Which literally is an acronym for “Metal-Oxide 
Semiconductor Field Effect Transistor”), even though the 
gate material may be polysilicon or some material other than 
metal, and the dielectric may be oXynitride, nitride, or some 
material other than oxide. The casual use of such historical 
legacy terms as MOSFET should not be interpreted to 
literally specify a metal gate FET having an oXide dielectric. 

[0044] While the invention has been largely described 
With respect to the embodiments set forth above, the inven 
tion is not necessarily limited to these embodiments. Varia 
tions and modi?cations of the embodiments disclosed herein 
may be made based on the description set forth herein, 
Without departing from the scope and spirit of the invention 
as set forth in the folloWing claims. For eXample, the 
invention is not necessarily limited to any particular tran 
sistor process technology, or to any particular layer thickness 
or composition. Moreover, While gate dielectrics are com 
monly formed of silicon dioxide, such a gate dielectric 102 
in the above embodiments may be formed of a silicon 
oXynitride, a silicon nitride, or any other suitable insulating 
material Which may be formed in an appropriate thickness. 
Moreover, While the embodiments have been described in 
the conteXt of a P-channel IGFET formed Within an N-Well 
disposed Within a P- epitaXial layer atop a P+ substrate, it 
should be appreciated that such detailed process descriptions 
are equally applicable for N-channel IGFET fabrication, and 
for various other types of semiconductor substrates includ 
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ing a P- substrate With an N-Well, an N- substrate With a 
P-Well, and an N- epitaxial layer on an N+ substrate. 

[0045] The boron implant steps described may utilize B, 
BF, BF2, or any other source containing boron atoms such as 
BFX, and any nitrogen implant step described may utiliZe 
atomic nitrogen (N), molecular nitrogen (N2), or any other 
source containing nitrogen atoms. A given implant may be 
restricted to forming a corresponding layer Within a certain 
region (for example, such as a P-channel gate electrode) and 
excluding other regions (for example, such as an N-channel 
gate electrode). A given implant step described above may 
be performed using tWo different implant operations, each at 
a different energy, to achieve a Wider doping pro?le than 
achievable using a single implant. Accordingly, other 
embodiments, variations, and improvements not described 
herein are not necessarily excluded from the scope of the 
invention, Which is de?ned by the folloWing appended 
claims. 

What is claimed is: 
1. Amethod of fabricating a gate electrode structure for an 

insulated gate ?eld effect transistor (IGFET), said method 
comprising the step of: 

during formation of a gate electrode structure, forming a 
barrier region in said gate electrode material prior to 
introduction of a dopant into said ?eld effect transistor, 
said barrier region being a diffusion retardant region for 
said dopant. 

2. The method of claim 1 Wherein said forming step 
includes the step of: 

forming said barrier region With nitrogen-containing 
material. 

3. The method of claim 1 Wherein said forming step 
includes the step of: 

forming said nitrogen-containing region to be generally 
parallel to a bottom surface of said electrode structure. 

4. The method of claim 2 Wherein said forming step 
further includes the step of forming a second nitrogen 
containing barrier layer in said electrode structure. 

5. Amethod of fabricating a gate electrode structure for an 
insulated gate ?eld effect transistor (IGFET), said method 
comprising the steps of: 

forming a polysilicon layer on an underlying gate dielec 
tric layer, said polysilicon layer having top and bottom 
surfaces, said bottom surface forming an interface With 
said gate dielectric layer; 

implanting a nitrogen-containing material to form a nitro 
gen-containing diffusion-retarding barrier region 
Within said polysilicon layer; 

introducing a dopant into at least a portion of said 
polysilicon layer disposed betWeen said barrier region 
and said top surface, said dopant introduction resulting 
in a greater dopant concentration immediately above 
said barrier region than immediately beloW; and 

removing regions of said polysilicon layer to form a gate 
electrode for said IGFET. 

6. The method of claim 5 Wherein nitrogen residing in said 
gate dielectric layer just beloW said interface has a negligible 
concentration. 

7. The method of claim 5 Wherein said removing step is 
performed before said dopant introducing step. 
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8. The method of claim 5 Wherein said removing step is 
performed before said nitrogen-containing material implant 
ing step. 

9. The method of claim 5 Wherein said implanting step 
comprises: 

implanting a material chosen from the group consisting of 
elemental nitrogen (N) and molecular nitrogen (N2). 

10. The method of claim 5 further comprising the step of: 

annealing said implanted nitrogen-containing material 
after said implanting step. 

11. The method of claim 5 Wherein said dopant comprises 
boron. 

12. The method of claim 5 further comprising the steps of: 

implanting a nitrogen-containing material to form a sec 
ond nitrogen-containing diffusion-retarding barrier 
region above and spaced apart from said nitrogen 
containing diffusion-retarding barrier region. 

13. An integrated circuit fabricated using the method of 
claim 1. 

14. A system comprising: 

a microprocessor integrated circuit fabricated using the 
method of claim 1, said microprocessor integrated 
circuit coupled to a system bus for communicating With 
portions of a system external to the microprocessor 
integrated circuit; and 

an external memory sub-system coupled to said system 
bus. 

15. A semiconductor gate electrode structure for an insu 
lated gate ?eld effect transistor (IGFET), said gate electrode 
structure comprising: 

a polysilicon layer formed on an underlying gate dielec 
tric layer, said polysilicon layer having respective top 
and bottom surfaces, said bottom surface forming an 
interface With said gate dielectric layer; 

a ?rst nitrogen-containing diffusion-retarding barrier 
region formed Within said polysilicon layer; and 

a dopant Within said polysilicon layer having a greater 
dopant concentration immediately above said diffusion 
barrier region than immediately beloW. 

16. The structure of claim 15 Wherein said ?rst barrier 
region is separated from both said interface and said top 
surface. 

17. The structure of claim 15 Wherein said dopant com 
prises boron. 

18. The structure of claim 15 further comprising: 

a second nitrogen-containing diffusion-retarding barrier 
region formed Within said polysilicon layer above and 
separated from said barrier region. 

19. Amethod of fabricating a gate electrode structure for 
an insulated gate ?eld effect transistor (IGFET), said method 
comprising the steps of: 

forming a polysilicon layer on an underlying gate dielec 
tric layer, said polysilicon layer having top and bottom 
surfaces, said bottom surface forming an interface With 
said gate dielectric layer; 

implanting a nitrogen-containing material to form a nitro 
gen-containing diffusion-retarding barrier region 
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Within said polysilicon layer, said barrier region sepa 
rated from both said interface and said top surface; 

implanting a boron-containing material into at least a 
portion of said polysilicon layer betWeen said barrier 
region and said top surface, resulting in a boron doping 
pro?le exhibiting a greater doping concentration imme 
diately above said barrier region than immediately 
beloW; and 

removing regions of said polysilicon layer to form a gate 
electrode for said IGFET. 
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20. The method of claim 19 Wherein said removing step 
is performed before said boron-containing material implant 
ing step. 

21. The method of claim 19 Wherein said removing step 
is performed before said nitrogen-containing material 
implanting step. 

22. The method of claim 19 further comprising the steps 
of: 

annealing said implanted nitrogen-containing material 
after said implanting step. 

* * * * * 


