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FIELD EFFECT TRANSISTOR STRUCTURE WITH ABRUPT SOURCE/DRAIN 
JUNCTIONS 

Background of the Invention 

Field of the Invention 

The invention relates to metal-oxide-semiconductor field effect transistors (MOSFETs) 

and more particularly to transistor structures having abrupt junctions, and methods of making 

same. 

Background 

The trend of integrating more functions on a single substrate while operating at ever 

higher frequencies has existed in the semiconductor industry for many years. Advances in both 

semiconductor process technology and digital system architecture have aided in producing ~ese 

more highly integrated and faster operating integrated circuits. 

The desired result of many recent advances in semiconductor process technology has 

been to reduce the dimensions of the transistors used to form the individual circuits found on 

integrated circuits. There are several well-recognized benefits of reducing the size of transistors. 

In the case _of MOSFETs, reducing the channel length provides the capability to deliver a given 

amount of drive current with a smaller channel width. By reducing the width and length of a 

FET, the parasitic gate capacitance, which is a function of the area defined by the width and 

length can be reduced, thereby improving circuit performance. Similarly, reducing the size of 

transistors is beneficial in that less area is consumed for a given circuit, and this allows more 

circuits in a given a7a, or a smaller, less costly chip, or both. 

It has also been well known that MOSFETs can not simply be scaled down linearly. That 

is, as the width and length attributes of a MOSFET are reduced, other parts of the transistor, such 

as the gate dielectric and the junctions must also be scaled so as to achieve the desired electrical 

characteristics. Undesirable electrical characteristics in MOSFETs due to improper scaling 

include coupling of the electric field into the channel region and increased sublhreshold 

conduction. These effects are sometimes referred to in this field as short channel effects. 
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A number of methods have been developed to form ever more shallow source/drain 

junctions for MOSFETs in order to achieve proper scaling. Unfortunately, these very shallow 

junctions create source/drain extensions that have increased resistivity as compared with deeper 

source/drain junctions. In longer channel length MOSFETs with deeper source/drain junctions, 

the source/drain extension resistivity was negligible compared to the on-resistance of the 

MOSFET itself. However, as MOSFET channel lengths decrease into the deep sub-micron 

region, the increased source/drain extension resistivity becomes a significant performance 

limitation. 

What is needed is a field effect transistor structure having very short channel length and 

low source/drain extension resistivity, yet-operable to produce high drive currents without 

suffering from the short channel effects that produce significant levels of off-state current. What 

is further needed is a method of manufacturing such a structure. 

Summary of the Invention 

Briefly, a MOSFET structure includes highly. conductive source/drain extensions of a 

first conductivity type, and super abrupt junctions with a semiconductor body of a second 

conductivity type. 

In a further aspect of the inventiont a process for forming a MOSFET includes removing 

portions of the substrate to form recesses that are adjacent and partially subjacenta FET gate 

structure, and back filling the recesses with an epitaxial process. 

Brief Description of the Drawings 

Fig. 1 is a schematic cross-section of a wafer in process showing a substrate with a gate 

dielectric formed thereon, and a patterned gate electrode over the gate dielectric and a spacer 

layer formed over the surface of the wafer. : 

Fig. 2 is a schematic cross-section showing the structure of Fig'. 1, after an anisotropic 

etch of the spacer layer forms thin sidewall spacers, and the gate dielectric not covered by the· 

gate electrode or sidewall spacers is removed. 
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Fig. 3 is a schematic cross-section showing the structure of Fig. 2, after an isotropic etch 

removes portions.of the substrate, to form recesses therein, and further showing a portion of the 

gate electrode etched away. 

Fig. 4 is a schematic cross-section showing the structure of Fig. 3, after the recesses have 

been back-filled and the gate electrode thickness bui1t up. 

Fig. 5 is a schematic cross-section showing the structure of Fig. 4, after a salicidation 

operation. 

Fig. 6 is a schematic cross-section showing the structure of Fig. 3, after an alternative 

process flow in which the back-filling of the recesses includes forming a ]ayer of a first 

conductivity type followed by formation of a layer of a second conductivity type. 

Fig. 7 is a flow diagram illustrating the various operations in a manufacturing process in 

accordance with the present invention. 

Detailed Description 

Overview 

Conventional source/drain junction formation is accomplished by an ion implantation 

operation that is seJf-aligned to the gate e]ectrode, or alternatively, aligned to sidewall spacers 

that are adjacent to the gate electrode. Reasonable transistor performance has been achieved in 

this way for many generations of semiconductor process .technology. However, as transistor 

scaling has brought FET channel lengths down into the deep sub-micron region, the changes to 

source/drain junction depth and doping concentration required to achieve desirable eJectrical 

performance of FETs have increased the parasitic resistance associated with the FET 

source/drain terminals to the point where this parasitic resistance is significant compared to the 

on-resistance of the PET. In this field, the parasitic resistance is sometimes referred to as 

external resistance. More particularly, simultaneously obtaining the very shallow junction depth, 

high source-drain extension doping concentration, and abrupt change in doping profile between 

the body and source/drain junctions, all required for desirable electrical performance in deep 

submicron FETs has become extremely difficult to achieve with conventional processes. 
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An illustrative embodiment of the present invention provides a PET with highly 

conductive source/drain extensions and abruptjunctions. Methods of fom~.ing the FET structure 

of the present invention include isotropically etching the substrate adjacent to, and partially 

underneath, the gate dielectric layer of a FET, and selectively depositing bilayers of in-situ doped 

material of a first conductivity type, and a second conductivity type. 
. . 

FETs embodying the present' invention include back-filled source and drain terminals. In 

this way, the doping concentration of the source/drain terminals can be controlled by controlling 

the gas mixture, temperature, and pressure, in a reaction chamber. With the precise control of 

doping concentration of the material being deposited, the embodiments of the present invention 

include microelectronic devices having very abrupt juncti6ns. Furthermore, particular 

embodiments of the present invention may eliminate high-energy ion implantation of the 

source/drain junctions. Formation of the source/drain junctions in this way also provides 

increased margin for the process thermal budget, since a high temperature operation· is not 

required to activate the dopants, or to thermally in-diffuse the dopants into the tip portion of the 

source/drain terminals. 

Terminoloe;y 

The terms, chip, integrated circuit, monolithic· device, semiconductor device, and 

microelectronic device, are often used interchangeably in this field. The present invention is 

applicable to all the above as they are generally understood in the field. 

The terms metal line, trace, wire, conductor, signal path and signaling medium are all 

related. The related terms listed above, are generally. interchangeable, and appear in order from 

specific to general. In this field, metal lines are sometimes referred to as traces, wires, lines, 

interconnect or simply metal. Metal lines, generally aluminum (Al), copper (Cu) or an alloy of 

Al and Cu, are conductors that provide signal paths for coupling or interconnecting, electrical 

circuitry. Conductors other than metal are available in microelectronic devices. Materials such 

as doped polysilicon, doped single-crystal silicon (often referred to simply as diffusion, 
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regardless of whether such doping is achieved by thermal diffusion or ion implantation), titanium 

(Ti), molybdenum (Mo), cobalt (Co), nickel (Ni) and tungsten (W) and refractory metal silicides 

are examples of other conductors. 

The terms contact and via, both refer to structures for electrical connection of conductors 

from different interconnect levels. These terms are sometimes used in the art to describe both an 

opening in an insulator in which the structure will be completed, and the completed structure 

itself. For purposes of this disclosure contact and via refer to the completed structure. 

Epitaxial layer refers to a layer of single crystal semiconductor material. 

The term "gate" is context sensitive and can be used in two ways when describing 

integrated circuits. As used herein, gate refers to the insulated gate terminal of a three terminal 

FET when used in the context of transistor circuit configuration, and refers to a circuit for 

realizing an arbitrary logical function when used in the context of a logic gate. A FET 'can be 

viewed as a four terminal device when the semiconductor body is considered. 

Polycrystalline silicon is a nonporous fonn of silicon made up of randomly oriented 

crystallites or domains. Polycrystalline silicon is often formed by chemical vapor deposition 

from a silicon source gas or other methods and has a structure that contains large-angle grain 

boundaries, twin boundaries, or both. Polycrystalline silicon is often referred to in this field as 

polysilicon, or sometimes more simply as poly. 

Source/drain terminals refer to the terminals of a FET, between which conduction occurs 

under the influence of an electric field, subsequent to the inversion of the semiconductor sutface 

under the influence of an electric field resulting from a voltage applied to the gate tenninal. 

Source/drain terminals are typically formed in a semiconductor substrate and have a conductivity 

type (i.e., p-type or n-type) that is the opposite of the conductivity type of the substrate. 

Sometimes, source/drain terminals are referred to as junctions. Generally, the source and drain 

terminals are fabricated such that they are geometrically symmetrical. Source/drain terminals 

may include extensions, sometimes referred to as tips, which are shallower than other portions of 

the source/drain terminals. The tips typically extend toward the channel region of a FET, from 
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the main portion of the source/drain terminal. With geometrically symmetrical source and drain 

terminals ·it is common to simply refer to these terminals as source/drain terminals, and this 

nomenclature is used herein. Designers often designate a particular source/drain terminal to be a 

"source" or a "drain" on the basis of the voltage to be applied to that terminal when the FET is 

operated in a circuit. 

Substrate, as used herein, refers to the physical object that is the basic workpiece that is 

transformed by various process operations into the desired mforoelectronic configuration. A 

substrate may also be referred to as a wafer. Wafers, may be made of semiconducting, non­

semiconducting, or combinations of semiconducting and non-semiconducting materials. 

The term vertical, as use_d herein, means substantially perpendicular to the surface of a 

substrate. 

Referring to.Figs. 1..:.6, an illustrative embodiment of the present invention is described. 

As shown in Fig. l,.a wafer is processed in known ways to form a thin film layer over a patterned 

gate electrode and over a gate dielectric layer that has been disposed on the top surf ace of the 

wafer. More particularly, as shown in Fig. l, a substrate 1.02 has a gate dielectric layer 104 

disposed over the surface thereof, and a patterned gate electrode 106 is formed over gate 

dielectric layer 104. In the illustrative embodiment, substrate 102 is a silicon wafer, gate 

dielectric layer 104 is a silicon dioxide layer, and gate electrode 106 is formed from polysilicon. 

Although gate dielectric layer 104 is typically a thin layer of oxidized silicon, the thickness and 

chemical make-up of the gate insulator layer may be varied within the scope of the invention. 

Those skilled in the art and. having the benefit of this disclosure will recognize that 

although field oxide regions are not shown in the Figures, the operations and structures shown 

and described herein, are compatible with various field oxide isolation architectures. Examples 

of field oxide isolation architectures include sha11ow trench isolation regions in a surface of a 

substrate, and the older local oxidation of silicon, which formed non-planarized oxide isolation 

regions. 
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A thin film layer 108 is deposited over the surface of gate electrode 106 and the portions 

of gate diClectric layer 104 not already covered by gate electrode 106. Thin film layer 108 may 

also be referred to as a spacer layer because spacers adjacent to the side walls of gate electrode 

106 are formed from layer 108 in subsequent processing operations. It is preferable for spacer 

layer 108 to have etch characteristics that are different from the etch characteristics of substrate 

102 and gate electrode 106. The material for spacer layer 108 could be any dielectric material 

including. but not limited to. nitride, oxynitride. and oxide. In the illustrative embodiment. 

subsequent to the polysilicon etch that forms gate electrode 106, a thin layer of silicon nitride is 

deposited over the surface of the substrate to form spacer Jayer 108. In one embodiment, the 

silicon nitride. layer is approximately 20 nm thick, and is formed in a vertical diffusion furnace. 

However. the thickness of the nitride layer is not a limitation of the invention and it may be made 

any practical thickness, for example, in a range of from 2 nm to SO nm thick. This nitride layer 

will be used to provide the needed selectivity during a subsequent epitaxial backfill operation. 

Similarly, the spacer layer may be formed of another material such as, for example, silicon 

dioxide. Silicon dioxide has a dielectric constant that is lower than the dielectric constant of 

silicon nitride, and this is advantageous in terms of lowering parasitic capacitance between the 

gate electrode and other nearby circuit nodes. 

Referring to Fig. 2. spacer layer 108 is etched anisotropically using, for example, 

cQnventional dry etch chemistries for silicon nitride. Subsequent to this etch operation. no 

significant amount of residual silicon nitride remains in the source/drain regions. In the 

illustrative embodiment, this anisotropic etch operation leaves a nitride layer approximately 

150nm thick (when measured along a vertical axis) along the sidewalls of polysilicon gate 

electrode 106. Typically, the vertical height (i.e .• thickness) of this layer is approximately equal 

to the thickness of gate electrode 106. These post-etch nitride structures are referred to as 

spacers. As can be seen in Figs. 1-2, that portion of silicon nitride spacer layer 108 that is 

superjacent to the top surface of gate electrode 106 is removed by the spacer layer etch operation. 

Referring to Fig. 3, a plurality of recesses in substrate 102 are produced by using an 

isotropic dry etch process in a parallel plate RF plasma etching system. A mixture of sulfur 
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hexafluoride (SFJ and helium (He); at process conditions that favor isotropy are employed. 

Such conditions include high pressure and low RF power density. In one epibodiment of the 

present invention, a process pressure of approximately 900 mT. a gap of 1.1 cm, an RF power of 

100 W. a He flow of 150 seem, and a, SF6 flow of l 00 seem is used. RF power may be varied in 

a range, for example, of 50 W to 200 W, and the process pressure may be varied but should be 

greater than approximately 500 mT. This etch process is highly selective and is characterized by 

a silicon etch rate that is much greater than the etch rate of the silicon dioxide that forms gate 

dielectric layer 104. Similarly, the etch rate of silicon substrate 102 is much greater than the etch 

rate of the silicon nitride that forms sidewall spacers 108. The electrical .characteristics of gate 

dielectric layer 104 are not adversely affected by the etch process that forms the recesses in 

substrate 102. 

As can be seen in Fig. 3,' the recesses include a portion that underlies gate dielectric layer 

104. In the i11ustrative embodiment, substrate 102 is etched isotropically such that the lateral 

etch creates a recessed area that reaches underneath not only the spacer but also partially 

underneath a region defined by overlying gate electrode 106. 

Note that, since si1icon nitride spacer layer 108 was removed from the top surface of 

polysilicon gate electrode 106, the etch that forms the recess also etches the top surface of 

polysilicon gate electrode 106, thereby reducing its height as shown in Fig. 3. 

Those skilled in the art and having the benefit of this disclosure will recognize that the 

operations and structures disclosed above are applicable to, the formation of both n-channel FETs 

(NFETs) and p-channel FETs (PFETs). PFETs and NFETs are structurally similar, however the 

relative placement of p-type and n-type dopants is differe~t. Th,at is, a PFET includes p-type 

source/drain terminals in an n-type body, and an NFET includes n-type source/drain terminals in 

a p-type body. 

The illustrative embodiment is described in terms of the formation of a PFET. It should 

be recognized that the present invention applies to the structure and manufacture of NFETs as 

well. Referring now to Fig. 4, an epitaxial film of boron doped Si 110 is formed using SiH2Cl2 
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based chemistry such that the deposition is high1y selective to nitride spacer 108, i.e., the film of 

boron doped Si 110 does not form on, nor adhere to, silicon nitride spacer ~08. However, the 

recesses are substantially filled by this deposition operation. The recess may be comp1ete1y fil1ed 

by this operation. No ex-situ cleaning operations are performed. This is because an externa1 wet 

clean would tend to damage thin gate dielectric layer 1()4. In an alternative embodiment, boron 

doped SiGe may be used in place of boron doped Si to form the film that fills the recess. 

Typically, epitaxial film 110 is deposited such that its top surface is above the plane of the 

original surface of substrate 102. This can be seen in Fig. 4 by comparing the relative positions 

of gate dielectric Jayer 104, which was formed on the original surface of substrate 102, with the 

top surface of Si layer 110. As is further shown in Fig. 4, an epitaxial film of boron doped Si 

110 is also formed on top of gate electrode 106. In this way the thickness of polysilicon gate 

electrode 106 is increased from its post-etch dimensions. 

Still referring to Fig. 4, boron doped Si film 110 is formed by a selective deposition. A 

selective deposition of silicon, or a silicon alloy such as silicon germanium, forms silicon, or the 

silicon alloy, on the exposed silicon surfaces. For examp1e, a se1ective deposition of boron 

doped silicon creates Si film 110 on the exposed surfaces of silicon substrate 102, and 

polysilicon gate electrode 106. A silicon film can be selectively deposited by heating the wafer 

to a temperature of approximately 600 °C to 900 °C, providing a deposition gas comprising 

dichlorosilane (SiH2Cl:J, and hydrogen (H2). More particularly, an n-type silicon can be 

selectively deposited at a temperature of approximately 750°C, with approximately 10 slm H2, 

approximately 30 seem HCl, approximately 100 seem SiH
2
CI

2, and approximately 180 seem PH3, 

at approximately atmospheric pressure. Such process conditions can deposit a layer 

approximately 50 nm thick in approximately 6 minutes. A p-type silicon can be selectively 

deposited at a temperature of approximately 800°C, with approximately 20 slm H2, 

approximately 70 seem HCI, approximately 120 seem SiH2Cl2, and approximately 75 seem B2H6• 

Such process conditions can deposit a layer approximately 50 nm thick in approximately 155 

seconds. 
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· A silicon germanium aUoy can be selectively deposited by heating the wafer to a 

temperature between approximately 700 °C and 750 °C, providing a deposition gas mix 

comprising dichlorosi1ane at a rate of between approximate1y 10 to 100 seem. 1 % hydrogen 

diluted germane (GeH4) at a rate of between approximately 10 to 200 seem, and hydrogen at a 

rate of approximate1y 20 slm into a CVD chamber maintained at a pressure between 

approximately 50 to 760 torr. A dopant gas such as diborane, phosphine, or arsine, can be 

included in the process gas mix if a doped silicon or silicon alloy film is desired. 

A highly doped (>5x 1020 atoms/cm) n-type silicon germanium epitaxial film can be 

selectively deposited onto silicon surfaces by thermal chemical vapor deposition utilizing a 

deposition gas mix comprising approximately 10 to 200 seem GeH4, approximately 10 to 100 

seem dichlorosilane, 10 to 40 slril Hi. l to 200 seem PH3, and 15 seem HCI, while maintaining 

the substrate at a temperature between 700°C and 750 °C and maintaining a deposition pressure 

of approximately 165 torr during film deposition. Stich a process will form a substantially 

uniformly doped n-type silicon germanium epitaxial film. Similarly, a p-type silicon germanium 

alloy can be formed by decomposition of approximate1y·20 seem of dichlorosilane, 

approximately 80 seem germane, approximately 20 slm H2 and a p-type dopant source, such as 

approximately 1 -200 seem of B2H6 at a temperature of approximately 740°C. In order to 

increase the selectivity of the deposition process, approximately 10 seem of HCI can be added to 

the gas mix. Such process conditions can deposit a layer approximately 50 nm thick in 

approximately 75 seconds. 

Those skilled in the art and having the benefit of this disclosure, will recognize that, the 

deposition operation is such that selectivity to oxide in field oxide regions, or shallow trench 

isolation regions is also achieved. 

Fig. 5 shows the FET structure ofFig .. 4 after further processing operations are 

performed. Conventional processing may be used to form additional sidewall spacers 112 that 

are disposed along opposing sidewall spacers 108. Furthermore, conventional processing may be 

used to form salicided regions 114 over the top surfaces of doped Si regions 110, that is, the 
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source/drain extension regions and polysilicon gate electrode 106. It should be noted that the 

structure of the present invention is advantageous in the formation of salicided source/drain 

extensions. For example, when a metal such as nickel, which diffuses in silicon relatively easily, 

is used to form a nickel salicide layer, lateral diffusion of nickel atoms is stopped by nitride side 

wall spacers 108 and the nickel atoms therefore do not penetrate into the channel region where 

they would otherwise adversely affect the electrical characteristics of the MOSFET. It can be 

seen in Fig. 4, that the thickness of Si 110 and the depth of salicide layer 114 can be varied with 

the scope of the invention and still benefit from the structure's metal atom diffusion barrier 

characteristics. 

Referring to Fig. 6, in a further alternative embodiment of the present invention, a layer 

of phosphorous doped Si 111 is epitaxially formed, prior to an in-situ epitaxial formation of 

boron doped Si 110. Those skilled in the art and having the benefit of this disclosure will 

appreciate that other n-type dopants may be used in place of phosphorous. Arsenic is an example 

of an alternative n-type dopant. 

Since the doping concentration of the single crystal epitaxial layer is a function of the gas 

mixture, temperature, and pressure, in an epitaxial reaction chamber, it is possible to first form a 

highly doped Si layer (or Si1.xGex• x=O to 0.3) 111 of a first conductivity type (e.g., n-type by 

doping with phosphorous). Then without exposing the wafer to the atmosphere, changing the 

gas mixture, temperature, and pressure, such that a highly doped Si layer 110 of a second 

conductivity type (e.g., p-type by doping with boron) is formed .immediately superjacent Si layer 

111. In this way, the recesses in substrate 102 are filled with a bi-layer of single crystal silicon 

{or Si,_,.Ge,., x=O to 0.3) having a very abrupt junction. 

Desirable electrical characteristics may be obtained in this way by having a relatively 

lightly doped substrate 102 of a first conductivity type, highly doped source/drain terminals 110 

of a second conductivity type, and a highly doped region 111 of the first conductivity type 

disposed between source/drain terminals 110 and lightly doped substrate 102. Due to the nature 

of the selective deposition process {described above), highly doped regions 110, 111, are not 
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only highly doped in the source/drain extension regions~· but also in the·tip-to-gate overlap 

region. The term tip, is generally used to refer to that portion of the· source/drain junction that is 

subjacent to the gate and adjacent to the channel portion of a FET. 

In conjunction with Fig. 7, the operations of fabricating a FET on a wafer in accordance 

with an Ulustrative embodiment of the present inventi~n·are described. An operation (block 202) 

is performed wherein a spacer layer is formed over a patterned gate electrode. In an illustrative 

embodiment of the present invention, the gate electrode is comprised of polysilicon that has 

previously been deposited over a gate dielectric layer. The gate dielectric is typically oxidized 

silicon. In the illustrative embodiment having an oxide gate dielectric and a polysilicon gate 

electrode, the spacer layer is typicaUy silicon nitride. Those skilled in the art and having the 

benefit ofthis disclosure wil1 recognize that the invention is not limited to the combination of an 

oxide dielectric and polysilicon gate electrode. By way of example and not limitation, the gate 

dielectric layer may consist' of an oxide layer and a nitride layer in combination. Similarly, by 

way of example and not limitation, the gate electrode may be formed from a metal rather than 

polysilicon. 

After the spacer layer has been formed, it is subjected to an anisotropic etch (block 204) 

in which sidewall spacers are formed. During the anisotropic etch, portions of the spacer ]ayer 

that are superjacent the top surf ace the gate electrode and the top· surface of the wafer are 

removed. The remaining portion of the spacer layer disposed along the opposing vertical 

sidewalls of the gate electrode. 

Recesses are formed in the wafer (block 206) at locatfons where the source/drain 

terminals of the FET will be located. The recesses are formed by the isotropic etch of the wafer. 

As is understood in this field, an isotropic etch operation wiH remove material from the wafer 

surface both vertically and laterally. The etch chemistry and conditions are preferably chosen 

such that the etch is highly selective and preferentially etches the wafer rather than the side wall 

spacers or the gate dielectric layer. In the illustrative embodiment, wherein the wafer is sllicori, 
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the gate dielectric is an oxide of silicon, the gate electrode is polysilicon and the side wall spacers 

are silicon nitride, a plasma etch with sulfur hexafluoride (SF,) and helium (He) is used. 

After the recesses are formed, the wafer is typically placed in an epitaxial reactor and a 

first layer of doped crystalline material is fonned (block 208). The crystalline material may be, 

for example, p-type silicon, p-type silicon gennanium, n-type silicon, or n-type silicon 

germanium. Typically, the conductivity type of th~ first layer matches the conductivity type of 

that portion of the wafer where the FET is being fabricated. Those skilled in the art will 

recognize that various portions of the wafer may be doped and/or counterdoped so as to form 

wells within which FETs may be formed. For example, n-channel FETs (NFETs) are formed 

within a·p-type region of the wafer, whereas p-channel FETs (PFETs) are formed within an n­

type region of the wafer. 

After the first layer is formed, a second layer of doped crystalline material is formed 

(block 210). The second layer is typically formed without exposing the first Ia:yer to the 

atmosphere. That is, the second layer and first layer are formed in a continuous in-situ operation, 

in the same reaction chamber simply by changing the gas mixture, temperature, and pressure in 

the epitaxial reactor. The crystalline material may be, for example, p-type silicon, p-type silicon 

germanium, n-type silicon, or n-type silicon germanium. Typically, the conductivity type of the 

second layer is chosen to be opposite that of the first layer. In this way, extremely abrupt 

junctions can be obtained. 

For example, a gate structure of a PFET is formed in a region of a n-type portion of a 

silicon wafer, and after the source/drain recesses are formed, a first layer of n-doped (e.g., 

phosphorous) silicon germanium is formed in the recesses, and then a second layer of p-doped 

(e.g., boron) silicon germanium is formed over the first layer. Both the first and second layers 

have doping concentrations that are substantially higher than the doping concentration of the n­

type portion of the silicon wafer, which forms the body terminal of the PFET. More particularly, 

the first and second layer are substantially free of counterdopants, whereas the a-type region of 
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the wafer typically contains botlt n-type and p ... type dopailts. · A gate structure may be a gate 

electrode or a gate electrode and adjacent side wall spacers. 

A salicidation operation is typically performed to further reduce the sheet resistivity of 

the source/drain terminals and gate electrode. 

Conclusion 

Embodiments· of the present invention provide a field effect transistor structure having 

very short channel length and low source/drain extension resistivity, yet operable to produce high 

drive currents without suffering from the short channel effects that produce significant levels of 

off-state current. Further embodiments of the present invention provide methods of 

manufacturing such a structure. 

An advantage of parti~ular embodiments of the present invention is that source/drain 

terminals can be formed without annealing. By eliminating the high temperature step 

conventionally required to activate the dopants, thermal diffusion is avoided and the very abrupt 

junctions are maintained. 

An advantage of particular embodiments of the present invention is that the raised 

junctions formed by back fiJling, in conjunction with the side wall spacers qisposed along 

opposing vertical walls of the gate electrode, substantially prevent lateral diffusion of metal 

atoms in the transistor channel region during the salicidation operation. 

An advantage of particular embodiments of the present invention is placement of active 

dopants directly in the tip portion of the source/drain terminals. 

An advantage of particular embodiments of the present invention is that a very precise 

doping profile is achieved. 

An advantage of particular embodiments of th~ present invention. is that very shallow, 

highly doped, source/drain terminals can be formed without ion implantation of the tip portion. 

In some cases, even a deep source/drain implant, typically used to form portions of source/drain 

terminals that lie further from the channel region, may be eliminated. 
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It will be understood b; fhose skilled in the art having th~: benefit of this disclosure that 

many design choices are possible within the scope of the present invention: For example, 

structural parameters, including but not limited to, gate insulator thickness, gate insulator 

materials, gate electrode thickness, sidewall spacer material, inter-layer dielectric material, 

isolation trench depth, and SID and well doping concentrations may aU be varied from that 

shown or described in connection with the illustrative embodiments. Similarly, the operation of 

forming recesses and back filling with doped crystalline material may be repeated to tailor the 

shape and doping profile of the source/drain terminals. 

It will be understood that various other changes in the details, materials, and 

arrangements of the parts and steps which have been described and illustrated may be made by 

those skilled in the art having the benefit of this disclosure without departing from the principles 

and scope of the invention as expressed in the subjoined Claims. 
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What is claimed is: 

1. A microelectronic structure, comprising: 

a substrate having a top surface that defines a first plane; 

a dielectric disposed superjacent the top surface of the substrate; 

a gate electrode disposed superjacent the dielectric, the gate electrode having first side 

wall spacers disposed along opposing vertical walls thereof; . 

a source terminal and a drain terminal each disposed, each substantially adjacent one of 

the first side wall spacers, partially within the substrate and partially above the substrate, the 

source and drain terminals further having a portion that extends laterally so as to be subjacent at 

least a portion of the side wall spacers; 

wherein. the source and drain terminals have top surfaces that define a second plane, the 

second plane being above the first plane, and the source and drain terminals comprise a doped 

crystalline semiconductor. 

2. The structure of Claim 1, further comprising: 

a body, disposed within the substrate, having a first portion and a second portion; 

wherein the first portion is of a first conductivity type and a first doping profile, the 

second portion is of the first conductivity type and a second doping profile, and a transition 

between the first doping profile and the second doping profile is abrupt. 

3. The structure of Claim 2, wherein the first portion includes counterdopants and the 

second portion is substantially free of counterdopants. 
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12. The method of Claim 11, further comprising, prior to selectively forming the layer of the 

first material, selectively fanning a layer of a second material having the first conductivity type 

over the surface of the recess. 

13. The method of Claim 12, wherein the substrate comprises silicon doped to have the first 

conductivity type; the first material comprises doped silicon, and the second material comprises 

doped silicon. 

14. The method of Claim 12, wherein the substrate comprises silicon doped to have the first 

conductivity type; the first material comprises doped silicon germanium, arid the second material 

comprises doped silicon germanium. 

15. The method of Claim 14, wherein the second material has a thickness that is Jess than a 

thickness of the first material. 

16. The method of Claim 15, wherein the first material has a top surface that is above a plane 

defined by the surface of the substrate. 

17. The method of Claim 11, wherein the patterned structure comprises a dielectric layer and 

a conductive material disposed over the dielectric layer. 

18. The method of Claim 11, wherein etching passivates the surface of the recess. 

19. The method of Claim 11, wherein etching comprises exposing the substrate to SF11 and He 

in an RF plasma etching system. 

20. The method of Claim 11, wherein forming the first material comprises epitaxially 

depositing a layer of crystalline material. 
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4. The structure of Claim 1, wherein the gate electrode comprises polysiJicon disposed over 

the gate dielectric; and crystalli~e silicon of a first conductivity type disposed over the 

poly silicon. 

5. The structure of Claim 4, wherein the gate electrode further comprises a crystalline 

silicon of a second conductivity type. 

6. The structure of Claim l, further comprising second side wall spacers adjacent the first 

side wall spacers; and metal salicide disposed in an upper portion of the gate electrode and an 

upper portion of the source/drain terminals. · 

7. The structure of Claim 6, wherein the source/drain terminals comprise p-type silicon. 

8. The structure of Claim 6, wherein the source/drain terminals comprise n-type silicon. 

9. The structure of Claim 6, wherein the source/drain tenninals comprise p-type silicon 

gennanium. 

IO. The structure of Claim 6, wherein the source/drain terminals comprise n-type silicon 

germanium. 

11. A method of making a junction, comprising: 

a) forming a patterned structure on a surface ofa substrate, the substrate being of a first 

conductivity type; 

b) isotropically etching the substrate such that a recess in the substrate is formed, the 

recess including a portion that underlies the patterned structure, the recess having a surface; and 

c) selectively forming a layer of a first material having a second conductivity type in the 

recess. 
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21. The method of Claim 11 /wherein forming the first material comprises epitaxially 

depositing a layer of crystalline material; and forming the second material comprises epitax.iaUy 

depositing a layer of crystalline material; wherein the substrate remains unexposed to the 

atmosphere subsequent to forming the first material and prior to forming the second material. 

22. A method of making a transistor, comprising: 

forming a dielectric on a first surface of a wafer; 

forming a conductive layer overlying the dielectric; 

patterning the conductive layer and dielectric so as to form a gate structure; 

forming recesses adjacent and partially subjacent the gate structure; and 

in a continuous operation, back filling the recesses with doped crystalline material; 

wherein back filling comprises forming crystalline material of at least a first conductivity 

type. 

23. The method of Claim 22, wherein the crystalline material of the first conductivity type is 

_selected from the group consisting of p-type silicon, p-type silicon germanium, n-type silicon, 

and n-type silicon germanium. 

24. The method of Claim 22, wherein back filling further comprises forming crystalline 

material of a second conductivity type. 

25. The method of Claim 22, wherein the crystalline material of the second conductivity type 

is selected from the group consisting of p-type silicon, p-type silicon germanium, n-type silicon, 

and n-type silicon germanium. 

26. The method of Claim 25, wherein back filling comprises a selective deposition. 
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27. A method of fabricating a FET, comprising: 

forming a gate electrode having side walls over a gate insulator on a surface of a 

semiconductor substrate having a first conductivity type; 

forming first spacers along the sidewalls of the gate electrode; 

forming a recess that extends vertically down into the substrate and extends laterally 

through the substrate so as to underlie a portion of the gate electrode, the recess having a 

substrate surface; 

substantially filling the recess with a fist layer of doped crystalline material, the first layer 

having a s~cond conductivity type. 

28. The method of Claim 27, further comprising depositing the first layer of doped crystalline 

material until a vertical distance between a top surface of the first layer and the surface of the 

substrate is greater than a vertical distance between a top su_rface of the gate insulator and the 

surface of the substrate. 

29. The method of Claim 27, further comprising forming a second layer of doped crystailine 

material over the substrate surface of the recess, the second layer having the same conductivity 

type as the semiconductor substrate, and the second layer having a doping concentration that is 

greater than a doping concentration of the semiconductor substrate near the.substrate surface of 

the recess. 

30. The method of Claim 29, wherein forming a recess comprises placing the substrate in a 

parallel plate reaction chamber with a gap of approximately 1.1 cm, an RF power in the range of 
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approximately 50 W to 200 W, a pressure greater than approximat~ly 500 mT, and plasma 

etching with sulfur hexafluoride and helium. 
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