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(57) ABSTRACT 

A ?eld-effect transistor and a method for its fabrication are 
described. The transistor includes a monocrystalline channel 
region extending from a monocrystalline body region of a 
semiconductor substrate. First and second source/drain 
regions laterally adjoin opposite sides of the channel region 
and are electrically isolated from the body region by an 
underlying ?rst dielectric layer. The source/drain regions 
include both polycrystalline and monocrystalline semicon 
ductor regions. A conductive gate electrode is formed over 
a second dielectric layer overlying the channel region. The 
transistor is formed by selectively oxidizing portions of a 
monocrystalline semiconductor substrate and then removing 
portions of the oxidized substrate. The resulting structure 
includes a body region of the substrate having overlying ?rst 
and second oxide regions, With a protruding channel region 
extending from the body region betWeen the oxide regions. 
Polycrystalline semiconductor material is then deposited 
under conditions conducive to partial epitaxial groWth. A 
planariZing process then exposes a surface structure in 
Which the ?rst and second part-polycrystalline, part-mon 
crystalline semiconductor source/drain regions laterally 
adjoin opposite sides of the monocrystalline channel region. 
Additional process steps then provide the gate dielectric and 
gate electrode regions, desired doping levels, an interlevel 
covering dielectric, metalliZation contacts, etc. 
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FIELD EFFECT TRANSISTOR HAVING 
DIELECTRICALLY ISOLATED SOURCES AND 
DRAINS AND METHOD FOR MAKING SAME 

TECHNICAL FIELD 

[0001] This invention relates generally to integrated cir 
cuit devices and their fabrication, and more particularly, to 
integrated circuit transistors and methods for their fabrica 
tion. 

BACKGROUND OF THE INVENTION 

[0002] A number of potential problems are caused by the 
high circuit element density of today’s integrated circuits. 
For example, densely packed ?eld-effect transistors have 
relatively short channel lengths, resulting in increased 
potential for punchthrough effects. Also, the correspond 
ingly shalloW drain and source junction depths can result in 
junction spiking, in Which metalliZation layers penetrate 
drain and source diffusions. The short channel lengths also 
result in higher electric ?eld strengths, Which in turn cause 
deleterious hot carrier effects. Reduced device geometries 
increase capacitive coupling betWeen source/drain regions 
and the body of the transistor, resulting in degraded device 
performance and signal transmission characteristics. In the 
case of CMOS technology, parasitic thyristors and associ 
ated latchup effects arise. These and other fundamental 
problems must be addressed by the circuit designer and 
process engineer. 

SUMMARY OF THE INVENTION 

[0003] In accordance With an embodiment of the present 
invention, a transistor is provided having ?rst, second, and 
third semiconductor regions. The ?rst region is a substan 
tially monocrystalline semiconductor region of a ?rst con 
ductivity type protruding from a body region of a semicon 
ductor substrate. Adielectric region overlies the body region 
and substantially laterally adjoins the ?rst region. The sec 
ond and third regions are semiconductor regions of a second 
conductivity type overlying the dielectric region and sub 
stantially laterally adjoining the ?rst region. The second and 
third regions include both substantially polycrystalline and 
substantially monocrystalline semiconductor material. 

[0004] In another embodiment, a ?eld-effect transistor is 
provided. The transistor includes a monocrystalline semi 
conductor body region, With a monocrystalline semiconduc 
tor channel region extending therefrom. First and second 
semiconductor source/drain regions laterally adjoin the 
channel region and are substantially electrically isolated 
from the body region. The transistor may include a dielectric 
region underlying the source/drain regions to electrically 
isolate these regions from the body region. The source/drain 
regions may include substantially polycrystalline semicon 
ductor material and substantially monocrystalline semicon 
ductor material. The transistor may include a conductive 
gate electrode region proximate to and electrically coupled 
With the channel region. The transistor may further include 
a dielectric region adjacent the channel region, With the 
conductive gate electrode region adjacent to the dielectric 
region and capacitively coupled With the channel region. 

[0005] In accordance With an embodiment of the present 
invention, a method of fabricating an integrated circuit 
device is provided. The method includes forming a substan 
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tially monocrystalline semiconductor substrate having a 
body region and a protruding region extending from the 
body region. An electrical isolation region is then formed 
Which overlies the body region. An additional semiconduc 
tor region is formed Which overlies the isolation region and 
laterally adjoins the protruding region. Forming the electri 
cal isolation region may include forming a dielectric layer 
overlying the body region and laterally adjacent to the 
protruding region. The formation of the additional semicon 
ductor region may include formation of a substantially 
polycrystalline semiconductor layer or may include forma 
tion of a substantially monocrystalline semiconductor epi 
taxial region. The formation of the body region and the 
protruding region may be accomplished by selectively 
removing portions of the semiconductor substrate. The 
removal of portions of the semiconductor substrate may 
include selective oxidation of portions of the semiconductor 
substrate. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0006] FIG. 1 is a cross-sectional vieW depicting a ?eld 
effect transistor in accordance With an embodiment of the 
present invention. 

[0007] FIGS. 2-6 are cross-sectional vieWs depicting 
selected steps during fabrication of the transistor depicted in 
FIG. 1. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0008] In the folloWing description, certain speci?c details 
are set forth in order to provide a thorough understanding of 
various embodiments of the present invention. HoWever, 
one skilled in the art Will understand that the present 
invention may be practiced Without these details. In other 
instances, Well-knoWn features associated With integrated 
circuit transistors—as Well as the processes for their fabri 
cation—have not been shoWn or described in detail, to avoid 
unnecessarily obscuring the description of the embodiments 
of the invention. 

[0009] FIG. 1 depicts a transistor 100 in accordance With 
an embodiment of the present invention. In this embodi 
ment, the transistor 100 is a ?eld-effect transistor formed on 
a semiconductor substrate 102. The substrate 102 is prefer 
ably a lightly doped monocrystalline silicon, but may be any 
of a variety of suitable semiconductor materials, such as 
germanium, diamond, silicon carbide, silicon-germanium 
alloy, or gallium arsenide, as appropriate for desired device 
characteristics. The transistor 100 includes a monocrystal 
line semiconductor channel region 104, Which is a protrud 
ing portion of the substrate 102 and extends from a body 
region 106 of the substrate. For purposes of this description, 
and as Will be clear to those skilled in the art, the term 
“channel region” shall mean that semiconductor region in 
Which, for example, a conducting channel can be induced or 
depleted in an enhancement or depletion mode ?eld-effect 
transistor, respectively. Further, the term “body region” shall 
mean that semiconductor region or portion of the substrate 
that is substantially contiguous With, underlying, and/or 
proximate to the channel region. 

[0010] The channel region 104 is positioned betWeen and 
contiguous With source/drain regions 108, Which overlie 
electrical isolation regions such as dielectric regions 110, 
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Which substantially electrically isolate the source/drain 
regions from the body region 106 of the substrate 102. The 
source/drain regions 108 are preferably formed from silicon, 
but may be any of a Wide variety of suitable semiconductor 
materials, Whether substantially the same as or otherWise 
matched to the selected material from Which the channel 
region 104 is made. The channel region 104 itself may 
extend laterally to include regions 105 that partly overlap the 
dielectric regions 110. The source/drain regions 106 may 
include monocrystalline semiconductor regions 107 and/or 
polycrystalline semiconductor regions 109. 

[0011] The source/drain regions 108 and the channel 
region 104 are of relative conductivity types appropriate to 
the particular transistor type. In the case of an insulated gate 
enhancement mode ?eld-effect transistor, for example, the 
source/drain regions 108 and the channel region 104 are of 
opposite conductivity types. The dielectric regions 10 are 
preferably silicon-dioxide, but may be silicon-nitride or 
other suitable insulating materials deposited or otherWise 
formed on or Within the surface region of the body region 
106 of the substrate 102. The dielectric regions 110 sub 
stantially electrically isolate the source/drain regions 108 
from the underlying body region 106. 

[0012] FIG. 1 depicts the transistor 100 as an insulated 
gate ?eld-effect transistor, With a gate electrode 112 capaci 
tively coupled by a gate dielectric layer 114 With the channel 
region 104. In one embodiment, the gate electrode 114 
partially laterally overlaps the dielectric regions 10, corre 
sponding to the regions 105 of the channel region 104 Which 
partly overlap these dielectric regions. Those skilled in the 
art Will appreciate, hoWever, that a number of alternative 
gate electrode geometries and con?gurations may be 
employed. An interlevel dielectric 116 covers substantially 
all of the transistor 100, With electrical connections to the 
source/drain regions 108 provided by conductive electrodes 
such as patterned metal contacts 118. A related transistor 
architecture and fabrication process is described in US. Pat. 
No. 5,668,025, issued Sep. 16, 1997, the speci?cation of 
Which is incorporated herein by reference. 

[0013] FIGS. 2-6 highlight certain process steps used for 
fabrication of the transistor 100 of FIG. 1. FIG. 2, for 
example, depicts the semiconductor substrate 102 With a 
dielectric layer 120 such as silicon dioxide having been 
groWn thereon. A patterned mask layer 122 such as silicon 
nitride overlies the dielectric layer 120 for use in further 
process steps. As shoWn in FIG. 3, the dielectric layer 120 
is groWn to considerably greater extent on those portions of 
the substrate 102 not covered by the mask layer 122. One 
example implementation of the process steps depicted in 
FIGS. 2 and 3 is the groWth of LOCOS ?eld oxide on a 
silicon substrate patterned With an oxide/nitride active stack. 

[0014] As a consequence of the selective groWth of the 
dielectric layer Within and on the surface of the substrate 
102, the resulting structure of the substrate includes the body 
region 106 from Which a protruding region 103 extends. As 
shoWn in FIG. 4, removal of the mask layer 122 and 
portions of the dielectric layer 120, by any of a variety of 
suitable methods, then exposes portions of the protruding 
region 103, While leaving some remaining portions of the 
dielectric layer 120 overlying the body region 106. Selective 
oxidation of the substrate 102, folloWed by removal of 
portions of the oxidiZed substrate is one particular example 
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of, more generally, selective removal of portions of the 
substrate. Those skilled in the art Will appreciate that a Wide 
variety of alternative methods (as appropriate to silicon or 
other semiconductor substrates) may be employed to form 
the structure in Which the protruding region 103 extends 
from the body region 106 of the substrate 102. 

[0015] Referring to FIG. 5, additional semiconductor 
material 124 is deposited, groWn, or otherWise formed on the 
remaining portions of the dielectric layer 120 and the 
protruding region 103. The additional semiconductor mate 
rial 124 is formed under such conditions as to promote 
selective epitaxial crystal groWth in some regions and for 
mation of polycrystalline structures in other regions. If the 
additional semiconductor material is silicon, it is [,preferably 
formed With a thickness of approximately 1000A, or more 
generally in the range 400-4000A, and in a temperature 
range of 800-1000° C. Alternatively, high temperature, laser 
or electron-beam annealing and recrystalliZation methods 
may be employed. In this Way, the additional semiconductor 
material 124 includes substantially monocrystalline semi 
conductor regions 125 that partially laterally overlap the 
dielectric layer 120. 

[0016] The formation rate, time, temperature and other 
parameters associated With the formation of the additional 
semiconductor material 124 are selected to ensure that the 
regions 125 of the additional semiconductor material have 
the same monocrystalline structure as the substrate 102 
itself. The additional semiconductor material 124 may also 
include portions 127 that have a substantially polycrystalline 
structure. The siZe and extent of the monocrystalline regions 
125 are controlled by selection and control of the formation 
parameters. In one embodiment, the formation parameters 
are controlled so that the monocrystalline regions 125 
extend only a short distance over the dielectric layer 120. In 
an alternative embodiment, the formation parameters are 
controlled so as to enlarge the siZe of the monocrystalline 
region 125 so it Will extend essentially over the entire 
dielectric layer 120. When both monocrystalline regions 125 
and polycrystalline regions 127 are present in the additional 
semiconductor material 124, transition regions 129 exist 
betWeen the monocrystalline and polycrystalline regions. 
Selection and control of formation parameters alloWs selec 
tion of the location of the transition regions 129, as desired. 
The location of the transition regions 129 Will likely be 
symmetrical With respect to the monocrystalline regions 
125, but need not be so. 

[0017] Subsequently, a polishing or other suitable pla 
nariZing process is performed to produce the structure 
shoWn in FIG. 6, in Which a surface portion of the protrud 
ing region 103 is exposed together With ?rst and second 
remaining portions of the semiconductor material 124 lat 
erally adjoining the protruding region. Further processing of 
the remaining portions of the semiconductor material 124 
Will form the source/drain regions 108 and regions 105 of 
the channel region 104, and the remaining portions of the 
dielectric layer 120 form the dielectric regions 110, shoWn 
in the transistor 100 of FIG. 1. 

[0018] Additional process steps (Well knoWn to those 
skilled in the art) are performed to provide threshold voltage 
adjust implants, formation of the gate dielectric 114 and gate 
electrode 112, appropriate doping of the source/drain 
regions 108, interlevel dielectric 116, and metalliZation 
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contacts 118 shown in FIG. 1. Doping of the semiconductor 
material 124 might include, in the case of CMOS applica 
tions (not shoWn), regions that are doped N-type and P-type, 
as Well as undoped intrinsic regions suitable for providing 
resistors. Source/drain implantation could be done as a 
tWo-step process, using sideWall dielectrics for self-aligned 
masking of the second implant, as is conventionally done to 
form lightly-doped drain (LDD) regions. 

[0019] The siZe and eXtent of the gate dielectric 114 and 
gate electrode 112 shoWn in FIG. 1 may be selected accord 
ing to a variety of desired design parameters and device 
characteristics. In one embodiment, for eXample, the gate 
dielectric 114 and electrode 112 eXtend laterally for a 
selected distance beyond the protruding region 103 (see 
FIG. 6) of the substrate 102 to assure formation of the 
source/drain regions 108 exclusively overlying the dielectric 
regions 110. 

[0020] The siZe and eXtent of the gate dielectric 114 and 
gate electrode 112 may also be selected according to the 
location of the transition region 129 from the monocrystal 
line portion 125 to the polycrystalline portion 127 of the 
additional semiconductor material 124. The gate electrode 
112 may be substantially aligned With the transition region 
129 betWeen the monocrystalline regions 125 and polycrys 
talline regions 127 of the additional semiconductor material 
124. In this case, the source/drain regions 108 are essentially 
formed in polycrystalline material only and the channel 
region 104 is in monocrystalline material, With polycrystal 
line source/drain regions laterally abutting and directly 
adjacent to a monocrystalline channel region. In a further 
embodiment, a portion or a majority of the source/drain 
regions 108 may be formed in monocrystalline material 
positioned over the dielectric regions 110. A portion of the 
channel region 104 may itself be over the dielectric regions 
110. In still other embodiments a smaller channel region 
may be desired, in Which case the gate electrode 112 does 
not eXtend so far as to overlap the dielectric regions 110. 

[0021] The above-described structure of the transistor 100 
and the process steps for its fabrication can be readily 
adapted to a Wide variety of applications, such as CMOS, 
DMOS, JFET, and BiCMOS technologies. Such adaptations 
Will be apparent to those skilled in the art, and are therefore 
not shoWn or described. Adaptations to CMOS applications 
may be particularly advantageous. In such case, the body 
region 106 described above is formed in a Well region. 
Threshold voltage adjust implants are provided to the chan 
nel region 104, and the electrical function of the Well regions 
is less important than in current CMOS architectures. In 
accordance With described embodiments of the present 
invention, the electrical function of the CMOS Well regions 
is substantially only to provide back biasing. Thus, the depth 
and doping of the Wells is less critical than in conventional 
CMOS processes, and such parameters can be optimiZed for 
other applications-such as to optimiZe gain and breakdoWn 
characteristics of bipolar devices in BiCMOS or bipolar/ 
CMOS/DMOS processes. 

[0022] The device structure of the above-described 
embodiments could be used for one of the device types in a 
CMOS integrated circuit. For example, PMOS devices could 
be constructed in accordance With above-described embodi 
ments, Whereas NMOS devices could be constructed con 
ventionally. Substantial removal of the just the PMOS 
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devices from the substrate is suf?cient to inhibit latchup 
effects, and the PMOS and NMOS devices could be partly 
overlapped to provide signi?cant advantages in density. Still 
further advantages in density are provided by improved 
tolerance to contact misalignment. Conventional process 
design rules selected to avoid misaligned contacts to active 
areas and to polysilicon-over-active areas may be consider 
ably relaXed in embodiments of the present invention. 

[0023] Those skilled in the art Will appreciate a number of 
advantages achieved in accordance With the above-de 
scribed embodiments of the present invention. For eXample, 
problems associated With latchup are essentially negligible, 
since the source/drain regions 108 (and even portions of the 
channel region 104) of the transistor 100 are physically 
separated from the body region 106 (i.e., the corresponding 
Well region in CMOS devices) of the substrate 102 by the 
dielectric regions 110. Also, prior art problems associated 
With junction spiking are avoided, since the source/drain 
regions 108 overlie the dielectric region 10. In this case, any 
penetration of the metal 118 through the source/drain 
regions 108 is stopped by the dielectric material 110, and 
shorting to the body region 106 of the substrate 102 is 
prevented. The relatively sloWer drift velocity of carriers in 
polycrystalline semiconductor material ameliorates hot car 
rier effects. The dielectric separation of the source/drain 
regions (and portions of the channel region 104) from the 
substrate signi?cantly reduces capacitive coupling effects. 
Punchthrough is largely avoided, since signi?cant depletion 
regions cannot form in the substrate. A further advantage is 
provided by the ready etchability of polycrystalline semi 
conductor material-alloWing the lateral spacing betWeen 
source/drain regions of adjacent transistors to be consider 
ably reduced, and thereby improving circuit element density. 
Circuit element density may also be increased due to the 
requirement that only the protruding region 103 need be 
photolithographically de?ned in the substrate 102, in con 
trast to conventional de?nition of active areas intended to 
include channel, source, and drain regions. 

[0024] It Will be appreciated that, although embodiments 
of the invention have been described above for purposes of 
illustration, various modi?cations may be made Without 
deviating from the spirit and scope of the invention. For 
eXample, While the above-described embodiments relate to 
?eld-effect transistor structures, those skilled in the art Will 
appreciate that bipolar and other types of transistors may be 
encompassed Within the scope of the invention. Accordingly, 
the scope of the invention is not limited by the disclosure of 
the particular embodiments, and terms used in the folloWing 
claims should not be construed to limit the invention to these 
embodiments. Instead, the scope of the invention is deter 
mined entirely by the folloWing claims. 

Claims 

1. A transistor, comprising: 

a substantially monocrystalline semiconductor substrate 
having a body region and a ?rst semiconductor region 
protruding from the body region, the ?rst semiconduc 
tor region being of a ?rst conductivity type; 

a dielectric region overlying the body region of the 
substrate and substantially laterally adjoining the ?rst 
semiconductor region of the substrate; and 
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second and third semiconductor regions of a second 
conductivity type overlying the dielectric region and 
substantially laterally adjoining the ?rst serniconductor 
region, the second and third serniconductor regions 
including substantially polycrystalline and substan 
tially rnonocrystalline semiconductor material. 

2. A transistor according to claim 1, further comprising 
?rst, second, and third conductive electrodes coupled With 
the ?rst, second, and third serniconductor regions, all respec 
tively. 

3. A transistor according to claim 2 Wherein the dielectric 
region is a ?rst dielectric region, and further comprising a 
second dielectric region overlying the ?rst serniconductor 
region, and Wherein the ?rst conductive electrode overlies 
the second dielectric region and is capacitively coupled 
therethrough With the ?rst serniconductor region. 

4. A ?eld-effect transistor, comprising: 

a rnonocrystalline serniconductor body region; 

a rnonocrystalline serniconductor channel region eXtend 
ing from the body region; and 

?rst and second semiconductor source/drain regions 
adjoining ?rst and second portions of the channel 
region and substantially electrically isolated from the 
body region. 

5. A transistor according to claim 4, further comprising an 
electrical isolation region positioned betWeen the source/ 
drain regions and the body region. 

6. A transistor according to claim 4, further comprising a 
dielectric region positioned betWeen the source/drain 
regions and the body region. 

7. A transistor according to claim 4 Wherein the source/ 
drain regions include substantially polycrystalline sernicon 
ductor material. 

8. A transistor according to claim 4 Wherein the source/ 
drain regions include substantially rnonocrystalline serni 
conductor material. 

9. A transistor according to claim 4, further comprising a 
conductive gate electrode region proximate to and electri 
cally coupled With the channel region. 

10. A transistor according to claim 4, further comprising: 

a dielectric region positioned adjacent to the channel 
region; and 

a conductive gate electrode region positioned adjacent to 
the dielectric region and capacitively coupled there 
through With the channel region. 

11. A ?eld-effect transistor, comprising: 

a rnonocrystalline serniconductor body region; 

a rnonocrystalline serniconductor channel region eXtend 
ing from the body region; 

a dielectric region overlying the body region and laterally 
adjoining the channel region; 

?rst and second semiconductor source/drain regions over 
lying the dielectric region and laterally adjoining oppo 
site sides of the channel region; and 

a conductive gate electrode region proximate to the chan 
nel region. 

12. A transistor according to claim 11 Wherein the dielec 
tric region is a ?rst dielectric region, and further comprising 
a second dielectric region overlying the channel region, and 
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Wherein the conductive gate electrode region overlies the 
second dielectric region. 

13. Atransistor according to claim 11 Wherein the source/ 
drain regions include substantially polycrystalline and sub 
stantially rnonocrystalline semiconductor material. 

14. A method of fabricating an integrated circuit device, 
comprising the steps of: 

forming a substantially rnonocrystalline semiconductor 
substrate having a body region and a protruding region 
extending from the body region; 

forming an electrical isolation region overlying the body 
region; and 

forming an additional serniconductor region overlying the 
body region and laterally adjoining the protruding 
region. 

15. A method according to claim 14 Wherein the step of 
forming an electrical isolation region includes the step of 
forming a dielectric region overlying the body region and 
laterally adjacent to the protruding region. 

16. A method according to claim 14 Wherein the step of 
forming an additional serniconductor region includes the 
step of forming a substantially polycrystalline serniconduc 
tor layer. 

17. A method according to claim 14 Wherein the step of 
forming an additional serniconductor region includes the 
step of forming a substantially rnonocrystalline serniconduc 
tor layer. 

18. A method according to claim 14 Wherein the step of 
forming a substantially rnonocrystalline serniconductor sub 
strate having a body region and a protruding region eXtend 
ing from the body region includes the step of selectively 
rernoving portions of the semiconductor substrate. 

19. A method according to claim 14 Wherein the step of 
forming a substantially rnonocrystalline serniconductor sub 
strate having a body region and a protruding region eXtend 
ing from the body region includes the step of selectively 
oXidiZing portions of the semiconductor substrate. 

20. A method of forming a ?eld-effect transistor on a 
monolithic semiconductor substrate, comprising the steps 
of: 

selectively oXidiZing ?rst and second regions of the 
substrate laterally separated by a third region of the 
substrate; 

removing a portion of the oXidiZed substrate, leaving 
remaining portions of the oXidiZed substrate and eXpos 
ing a portion of the third region of the substrate; 

forming an additional semiconductor material layer over 
lying the rernaining portions of the oXidiZed substrate 
and the eXposed portion of the third region, and 

removing portions of the additional serniconductor mate 
rial layer, leaving eXposed a surface portion of the third 
region and ?rst and second portions of the additional 
semiconductor material layer positioned laterally adja 
cent thereto. 

21. A rnethod according to claim 20 Wherein the step of 
removing portions of the additional semiconductor material 
layer includes the step of polishing the polycrystalline layer. 

22. A method according to claim 20 Wherein the step of 
forming an additional semiconductor material layer includes 
the step of depositing substantially polycrystalline sernicon 
ductor material on the remaining portions of the oXidiZed 
substrate and the eXposed portion of the third region. 
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23. A method according to claim 20 wherein the step of 24. A method according to claim 20 Wherein the step of 
forming an additional semiconductor material layer includes removing a portion of the oXidiZed substrate includes the 
the step of epitaXially forming substantially monocrystalline step of etching the oXidiZed substrate. 
semiconductor material on the eXposed portion of the third 
region. * * * * * 


