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(57) ABSTRACT 

A semiconductor device includes a substrate of a ?rst 
conductivity type, an insulating layer formed on at least a 
portion of the substrate, and an epitaxial layer of a second 
conductivity type formed on at least a portion of the insu 
lating layer. First and second source/drain regions of the 
second conductivity type are formed in the epitaxial layer 
proximate an upper surface of the epitaxial layer, the ?rst 
and second source/drain regions being spaced laterally from 
one another. A gate is formed above the epitaxial layer 
proximate the upper surface of the epitaxial layer and at least 
partially betWeen the ?rst and second source/drain regions. 
The device further includes a ?rst source/drain contact 
formed through the epitaxial layer and insulating layer, the 
?rst source/drain contact con?gured so as to be in direct 
electrical connection With the substrate, the ?rst source/drain 
region and the epitaxial layer, and a second source/drain 
contact formed through the epitaxial layer, the second 
source/drain contact con?gured so as to be in direct electri 
cal connection With the second source/drain region. 
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METAL-OXIDE-SEMICONDUCTOR DEVICE 
FORMED IN SILICON-ON-INSULATOR 

FIELD OF THE INVENTION 

[0001] The present invention relates generally to metal 
oxide-semiconductor (MOS) devices, and more particularly 
relates to techniques for fabricating an improved MOS 
device in silicon-on-insulator (SOI). 

BACKGROUND OF THE INVENTION 

[0002] PoWer MOS devices, including lateral diffused 
MOS (LDMOS) devices, are generally dif?cult to manufac 
ture in SOI, although the bene?ts of using an SOI process to 
enhance the high-frequency performance of discrete or 
integrated LDMOS devices, particularly in a radio fre 
quency (RF) range of operation (e.g., above one gigahertZ), 
are knoWn. 

[0003] In an article by J. Cai et al., “A Partial SOI 
Technology for Single-Chip RF PoWer Ampli?ers,” IEEE 
IEDM, pp. 40.31-40.34, 2001, a process is described for 
building an RF LDMOS device in partial SOI by employing 
multiple trench and dielectric etching to form thin “Walls” of 
silicon, and then oxidiZing these Walls to form one layer of 
SOI under the drain region of the RF LDMOS device and 
aWay from the channel region. This methodology, hoWever, 
undesirably forces a signi?cant portion of the lightly-doped 
drain (LDD) region of the device to be in contact With the 
p-type substrate, and thus does not alloW the on-resistance of 
the device to be reduced by increasing the doping of the 
LDD region. Furthermore, fabricating the RF LDMOS 
device using the partial SOI process is dif?cult to manufac 
ture and is therefore costly. 

[0004] In another article, authored by S. Matsumoto et al., 
“A Quasi-SOI PoWer MOSFET for Radio Frequency Appli 
cations Formed by Reversed Silicon Wafer Direct Bonding, 
IEEE Transactions on Electron Devices, Vol. 48, No. 7, pp. 
1448-1453, July 2001, a process is described in Which after 
an LDMOS device is fabricated but before metaliZation, a 
thick oxide layer is deposited on the device Wafer and a 
second Wafer is bonded to the device Wafer. The device 
Wafer is then inverted and thinned substantially so that only 
the top region remains. More processing is then done to 
build the dielectric oxide on top of the active portion of the 
device, and then metaliZation is added. The source, drain and 
gate terminals are brought out only from an upper surface of 
the device Wafer. In an RF LDMOS device formed using this 
process, the doping in the LDD region signi?cantly affects 
the breakdown voltage, and thus the doping concentration of 
the LDD region cannot generally be increased Without also 
reducing the breakdoWn voltage. Therefore, like in the 
previously described methodology, the on-resistance gener 
ally cannot be reduced in an LDMOS device formed using 
this process. Moreover, the fabrication process is dif?cult 
and costly to implement. 

[0005] There exists a need, therefore, for techniques for 
forming an MOS device capable of improved performance 
and reliability that does not suffer from one or more of the 
above-noted de?ciencies associated With conventional MOS 
devices. 

SUMMARY OF THE INVENTION 

[0006] In accordance With one aspect of the invention, an 
MOS device includes a semiconductor substrate of a ?rst 
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conductivity type, an insulating layer formed on at least a 
portion of the substrate, and an epitaxial layer of a second 
conductivity type formed on at least a portion of the insu 
lating layer. First and second source/drain regions of the 
second conductivity type are formed in the epitaxial layer 
proximate an upper surface of the epitaxial layer, the ?rst 
and second source/drain regions being spaced laterally from 
one another. A gate is formed above the epitaxial layer 
proximate the upper surface of the epitaxial layer and at least 
partially betWeen the ?rst and second source/drain regions. 
The device further includes a ?rst source/drain contact 
formed through the epitaxial layer and insulating layer, the 
?rst source/drain contact con?gured so as to be in direct 
electrical connection With the substrate, the ?rst source/drain 
region and the epitaxial layer, and a second source/drain 
contact formed through the epitaxial layer, the second 
source/drain contact con?gured so as to be in direct electri 
cal connection With the second source/drain region. 

[0007] The present invention provides techniques for 
forming a semiconductor device having enhanced perfor 
mance and reliability, particularly in a high frequency range 
of operation (e.g., above about one gigahertZ). The unique 
semiconductor arrangement alloWs an on-resistance of the 
device to be substantially reduced Without signi?cantly 
reducing the breakdoWn voltage. Additionally, this arrange 
ment bene?cially prevents triggering of a parasitic bipolar 
transistor associated With the MOS device. The techniques 
of the present invention can be advantageously employed to 
fabricate an integrated circuit (IC) device, for example, an 
LDMOS device, using conventional semiconductor fabrica 
tion process technology, such as, but not limited to, CMOS, 
bipolar, etc. Consequently, the cost of manufacturing the IC 
device is not signi?cantly increased. 

[0008] These and other features and advantages ofthe 
present invention Will become apparent from the folloWing 
detailed description of illustrative embodiments thereof, 
Which is to be read in connection With the accompanying 
draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0009] FIG. 1 is a cross-sectional vieW illustrating at least 
a portion of an LDMOS device in Which the techniques of 
the present invention may be implemented. 

[0010] FIG. 2 is a cross-sectional vieW illustrating at least 
a portion of an SOI Wafer structure in Which the techniques 
of the present invention are implemented. 

[0011] FIG. 3 is a cross-sectional vieW depicting at least 
a portion of an exemplary LDMOS device, formed in 
accordance With an illustrative embodiment of the present 
invention. 

[0012] FIGS. 4-6 are cross-sectional vieWs depicting steps 
in a semiconductor fabrication process Which may be used 
in forming an exemplary MOS device, in accordance With an 
illustrative embodiment of the present invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0013] The present invention Will be described herein in 
the context of an illustrative MOS integrated circuit fabri 
cation technology suitable for forming discrete RF LDMOS 
transistors, as Well as other devices and/or circuits. It should 
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be appreciated, however, that the present invention is not 
limited to the fabrication of this or any particular device or 
circuit. Rather, the invention is more generally applicable to 
techniques for forming a semiconductor device in partial 
SOI having improved performance and reliability. 

[0014] Although implementations of the present invention 
are described herein With speci?c reference to an LDMOS 
device and a complementary metal-oxide-semiconductor 
(CMOS) fabrication process, it is to be appreciated that the 
techniques of the present invention are similarly applicable 
to other fabrication processes (e.g., bipolar) and/or the 
formation of other devices, such as, but not limited to, an 
MOS ?eld-effect transistor (MOSFET), a bipolar junction 
transistor (BJT), a vertical diffused MOS (DMOS) device, 
an extended drain MOSFET device, etc., With or Without 
modi?cations thereto, as Will be understood by those skilled 
in the art. Furthermore, although the invention Will be 
described herein in the context of an n-channel MOS device, 
it is Well understood by those skilled in the art that a 
p-channel MOS device could be formed by simply substi 
tuting opposite polarities to those given for the n-channel 
embodiment, and that the techniques and advantages of the 
present invention Will similarly apply to the alternative 
embodiment. 

[0015] It is to be understood that the various layers and/or 
regions shoWn in the accompanying ?gures may not be 
draWn to scale, and that one or more semiconductor layers 
and/or regions of a type commonly used in such integrated 
circuit structures may not be explicitly shoWn in a given 
?gure for ease of explanation. This does not imply that the 
semiconductor layer(s) and/or region(s) not explicitly shoWn 
are omitted in the actual integrated circuit structure. 

[0016] FIG. 1 illustrates a cross-sectional vieW of at least 
a portion of a semiconductor Wafer 100 that can be modi?ed 
to implement the techniques of the present invention. The 
Wafer 100 includes an LDMOS device formed on a substrate 
102. The LDMOS device includes a source region 106 and 
a drain region 108 formed in an epitaxial layer 104 of the 
Wafer 100. The LDMOS device further includes a gate 110 
formed above a body region (P-body) 112 of the device. The 
body region 112 is at least partially formed betWeen the 
source and drain regions. An n-type drift region is generally 
formed in the epitaxial layer 104 of the LDMOS device 
Which may comprise a ?rst LDD region (ldd1) 114 and a 
second LDD region (ldd2) 116 formed betWeen the body 
region 112 and drain region 108. The source region 106 in 
the LDMOS device may include a p-type enhancement 
region 118 formed in the epitaxial layer 104 adjacent to the 
source region 106 and extending laterally opposite the body 
region 112. The enhancement region 118 may be electrically 
connected to the source region 106 by a conductive layer 
130, Which may comprise, for example, a silicide. An oxide 
layer 124 is generally formed on an upper surface of the 
Wafer 100 to electrically isolate the source, drain and gate 
areas of the device as Well as to protect the device. 

[0017] The LDMOS device further includes a drain con 
tact 120 and a source contact 122, each of Which may be 
formed through the oxide layer 124 and electrically con 
nected to the drain region 108 and source region 106, 
respectively. Electrical connection to the source region 106 
may also be made from a bottom surface of the substrate 102 
via one or more trench sinkers 128 formed through the 
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epitaxial layer 104 Which provide a loW-resistance (e.g., less 
than about 8 ohms per square) electrical path betWeen the 
source region 106 and the substrate 102. A gate contact 126 
is also included for providing an electrical connection to the 
gate 110. 

[0018] In many applications, for example, poWer applica 
tions and applications in Which high-frequency operation is 
desired, such as in a radio frequency (RF) range (e.g., above 
1 gigahertZ (GHZ)), it is desirable to minimiZe the on 
resistance, RDS, associated With the MOS device. In an 
LDMOS device, since the on-resistance is dominated pri 
marily by the characteristics of the LDD region, one knoWn 
methodology for reducing the on-resistance is to increase the 
doping concentration of the LDD region. HoWever, increas 
ing the doping concentration of the LDD region also unde 
sirably reduces the breakdoWn voltage of the device and 
increases hot carrier degradation in the device. In order to 
alloW the on-resistance of the LDMOS device to be reduced 
Without signi?cantly reducing the breakdoWn voltage of the 
device, a unique partial SOI semiconductor structure is 
proposed, Which Will be described in detail herein beloW. 

[0019] FIG. 2 illustrates a cross-sectional vieW of at least 
a portion of a semiconductor Wafer 200 in Which the 
techniques of the present invention are implemented. The 
Wafer 200 comprises a substrate 202 Which is commonly 
formed of single-crystal silicon (e.g., having a <100> or 
<111> crystal orientation), although suitable alternative 
materials may also be used, such as, but not limited to, 
germanium (Ge), gallium arsenide (GaAs), etc. Addition 
ally, the substrate is preferably modi?ed by adding an 
impurity or dopant to change the conductivity of the material 
(e.g., n-type or p-type). In a preferred embodiment of the 
invention, the substrate 202 is of p-type conductivity and 
may thus be referred to as a p+ substrate. Ap+ substrate may 
be formed by adding a p-type impurity or dopant (e.g., 
boron) of a desired concentration (e.g., about 5x1018 to 
about 5x1019 atoms per cubic centimeter) to the substrate 
material, such as by a diffusion or implant step, to change the 
conductivity of the material as desired. 

[0020] The Wafer 200 further includes an insulating layer 
204 formed on at least a portion of the substrate 202. The 
insulating layer 204 may comprise, for example, an oxide 
(e.g., silicon dioxide), nitride (e.g., silicon nitride), or an 
alternative insulating material. Insulating layer 204 may be 
formed of a desired thickness (e.g., about 0.4 micron to 
about 2 microns) using, for example, a conventional oxide 
groWth or deposition process, although alternative method 
ologies for forming the insulating layer may be employed, as 
Will be knoWn by those skilled in the art. An epitaxial layer 
206 is preferably formed on at least a portion of the 
insulating layer 204. By introducing selected types of impu 
rities (e.g., boron, phosphorous, arsenic, etc.) into the epi 
taxial layer 206, a resistivity of the epitaxial layer can be 
modi?ed as desired. The thickness of the epitaxial layer is 
typically about 4 to 6 micrometers, although the present 
invention is not limited to any particular thickness of the 
epitaxial layer. Because the epitaxial layer 206 typically 
comprises silicon, the arrangement of the Wafer 200 may be 
referred to as an SOI structure. 

[0021] In a preferred embodiment of the invention, the 
epitaxial layer 206 is doped With an n-type impurity (e.g., 
arsenic or phosphorus). The doping concentration of the 
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epitaxial layer 206 is preferably signi?cantly higher (e.g., 
about 2><1016 to about 2><1017 atoms per cubic centimeter) in 
comparison to the doping concentration of a conventional 
epitaxial layer or LDD region, Which is typically about 1016 
to about 1017 atoms per cubic centimeter. The doping con 
centration of the epitaxial layer 206 can thus be substantially 
matched to the doping concentration of a traditional LDD 
region. By substantially increasing the doping concentration 
of the epitaxial layer 206 in this manner, the epitaxial layer 
can serve as the LDD region for the LDMOS device, thereby 
eliminating the need for an additional LDD implant and 
drive-in step. 

[0022] In an alternative embodiment ofthe invention, the 
SOI structure maybe formed using a Wafer bonding process. 
As Will be understood by those skilled in the art, the Wafer 
bonding process typically involves providing a ?rst Wafer 
comprising a p-type substrate and a second Wafer compris 
ing an n-type substrate. An insulating layer, preferably 
comprising an oxide or nitride (e.g., silicon dioxide or 
silicon nitride), is subsequently formed (e.g., groWn or 
deposited) on an upper surface of the ?rst and/or second 
Wafers. It is to be appreciated that the insulating layer need 
only be formed on one of the Wafers, although each Wafer 
may include the insulating layer. The second Wafer is then 
inverted so that the tWo Wafers are joined together at their 
respective insulating layers, such that the p-type substrate of 
the ?rst Wafer forms the substrate 202 and the n-type 
substrate of the second Wafer forms the epitaxial layer 206 
of the SOI structure depicted in FIG. 2. 

[0023] If the epitaxial layer is formed relatively thin (e.g., 
about 0.5 micron), the insulating layer 204 may be formed 
as a buried insulating layer, such as, for example, by using 
a separation by implantation of oxygen (SIMOX) process. 
During the SIMOX process, rather than forming the insu 
lating layer 204 on the substrate 202 and forming the 
epitaxial layer on the insulating layer, the epitaxial layer 206 
is formed directly on at least a portion of the substrate 202, 
such as by using a conventional epitaxy process. Then, 
oxygen or nitrogen ions are implanted through the epitaxial 
layer 206 to form a layer Within the silicon Wafer. A high 
temperature furnace (e.g., at a temperature of about 1000 
degrees Celsius) completes the formation of the buried 
insulating layer 204 (e.g., comprising silicon dioxide or 
silicon nitride, respectively) to form the SOI Wafer structure 
shoWn in FIG. 2. 

[0024] The term “Wafer” is often used interchangeably 
With the term “silicon body,” since silicon is typically 
employed as the semiconductor material comprising the 
Wafer. It should be appreciated that although the present 
invention is illustrated herein using a portion of a semicon 
ductor Wafer, the term “Wafer” may include a multiple-die 
Wafer, a single-die Wafer, or any other arrangement of 
semiconductor material on Which a semiconductor structure 
may be formed. 

[0025] FIG. 3 depicts at least a portion of an exemplary 
LDMOS device formed on an SOI Wafer 300, in accordance 
With an illustrative embodiment of the invention. The SOI 
Wafer 300 may be formed in a manner consistent With the 
formation of the SOI Wafer 200 previously described in 
connection With FIG. 2, although alternative SOI structures 
maybe similarly employed. Speci?cally, the Wafer 300 pref 
erably comprises a substrate 302 Which may be formed, for 
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example, by heavily doping single-crystal silicon With a 
p-type impurity or dopant (e.g., boron) of a desired concen 
tration (e.g., about 5><1018 to about 5><1019 atoms per cubic 
centimeter). A ?rst insulating layer 304, Which may com 
prise, for example, an oxide (e.g., silicon dioxide), is formed 
on at least a portion of the substrate 302. An epitaxial layer 
306 having a conductivity type opposite the conductivity 
type of the substrate 302 is formed on at least a portion of 
the ?rst insulating layer 304. In a preferred embodiment of 
the invention, the epitaxial layer 306 is doped With an n-type 
impurity or dopant (e.g., arsenic or phosphorus) of a desired 
concentration (e.g., about 1017 to about 1018 atoms per cubic 
centimeter). 
[0026] The characteristics of the epitaxial layer 306 (e.g., 
thickness, doping level, etc.) can affect the current density 
and/or poWer dissipation in the device. For instance, a 
thickness of the epitaxial layer 306 can be adjusted to 
compensate for heat dissipation in the device. Thus, as the 
thickness of the epitaxial layer 306 is increased, the ability 
to dissipate heat in the device improves. Additionally, by 
increasing the doping concentration in the epitaxial layer 
306, an on-resistance, RDS, associated With the device can be 
bene?cially reduced Without signi?cantly reducing the 
breakdoWn voltage of the device. Since transconductance 
associated With the LDMOS device is inversely proportional 
to the on-resistance, reducing the on-resistance of the device 
bene?cially increases the transconductance, thereby improv 
ing the high-frequency performance of the device. 

[0027] The exemplary LDMOS device further includes a 
source region 310 and a drain region 314 formed in the 
epitaxial layer 306 of the Wafer 300, such as by an implant 
or diffusion process. The source and drain regions are 
preferably doped, such as by an implant process, With an 
impurity (e.g., boron, phosphorus, arsenic, etc.) of a knoWn 
concentration level to selectively change the conductivity of 
the material as desired. Preferably, the source and drain 
regions 310, 314 have a conductivity type associated there 
With Which is opposite a conductivity type of the substrate 
302. In a preferred embodiment of the invention, the source 
and drain regions 310, 314 are of n-type conductivity. 

[0028] It is to be appreciated that, in the case of a simple 
MOS device, because the MOS device is symmetrical in 
nature, and thus bidirectional, the assignment of source and 
drain designations in the MOS device is essentially arbitrary. 
Therefore, the source and drain regions may be referred to 
generally as ?rst and second source/drain regions, respec 
tively, Where “source/drain” in this context denotes a source 
region or a drain region. In an LDMOS device, Which is 
generally not bidirectional, such source and drain designa 
tions may not be arbitrarily assigned. 

[0029] A body region 308 and a drift region, Which may 
comprise an LDD region 312, are formed proximate an 
upper surface of the exemplary LDMOS device, just beneath 
an interface betWeen the silicon epitaxial layer 306 and a 
second insulating layer 324, Which in a preferred embodi 
ment is formed of an oxide (e.g., silicon dioxide (SiOZ), 
etc.), although other suitable insulating materials maybe 
used (e. g., silicon nitride). Since the epitaxial layer 306 often 
comprises silicon, the interface betWeen the epitaxial layer 
306 and the second insulating layer 324 may be referred to 
as a silicon/oxide interface. The body region 308 is formed 
at least partially beloW and adjacent to the source region 310 
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While the LDD region 312 extends laterally from drain 
region 314 toward the body region. The body region 308 
may be formed of a material having the same conductivity 
type as the substrate, preferably p-type in the exemplary 
LDMOS device, and may therefore be referred to as a 
p-body. The LDD region may be formed of a material having 
the same conductivity type as the source and drain regions, 
preferably n-type, although the relative doping concentra 
tion of the LDD region compared to the source and drain 
regions is typically loWer. 

[0030] The exemplary LDMOS device further includes a 
gate 320 formed above at least a portion of the body region 
308 and proximate the silicon/oxide interface of the Wafer 
300. The gate may comprise, for example, polysilicon 
material, although alternative suitable materials (e.g., metal) 
may be similarly employed. The gate 320 is electrically 
isolated from an active area of the Wafer via the second 
insulating layer 324. Since the insulating layer under the 
gate 320 preferably comprises an oxide (e.g., silicon diox 
ide), the portion of the second insulating layer 324 under the 
gate 320 may be referred to herein as gate oxide. 

[0031] A shielding electrode 322, Which may be referred 
to herein as a dummy gate, is preferably formed in the 
exemplary LDMOS device betWeen the gate 320 and the 
drain region 314. The dummy gate 322, Which may com 
prise, for example, polysilicon, is spaced laterally from the 
gate 320 and is preferably substantially non-overlapping 
relative to the gate. Although not shoWn, the dummy gate 
322 in the exemplary LDMOS device, When used, is pref 
erably electrically connected (e.g., strapped) to the source 
region 310, such as by forming a conductive layer (e.g., 
aluminum, gold, etc.) betWeen the dummy gate and the 
source region. Like the gate 320, the dummy gate 322 is 
preferably formed on the second insulating layer 324 for 
electrically isolating the dummy gate from an active region 
of the Wafer 300. 

[0032] The dummy gate 322 can be formed concurrently 
With the gate 320 in the same processing step. In this 
manner, the dummy gate 322 is preferably self-aligned to the 
gate 320. The thickness of the second insulating layer 324 
(e.g., silicon dioxide) beneath the gate 320 and dummy gate 
322 may be substantially the same. Thus, like the gate 320, 
the dummy gate 322 is preferably formed in close relative 
proximity (e.g., 200 nanometers to the silicon/oxide 
interface of the Wafer 300. It is to be appreciated, hoWever, 
that the relative thicknesses of the second insulating layer 
324 under the gate 320 and dummy gate 322 need not be the 
same. Furthermore, although the siZe and shape of the 
dummy gate 322 relative to the gate 320 may be substan 
tially the same, the con?guration of the gate and/or dummy 
gate are not limited to the precise siZe or shape shoWn, but 
may be formed in alternative con?gurations, as Will be 
understood by those skilled in the art. 

[0033] The dummy gate 322 bene?cially reduces hot 
carrier injection (HCI) effects proximate the silicon/oxide 
interface in the vicinity of the comers of the gate 320. A 
dummy gate suitable for use in conjunction With the present 
invention can be found, for example, in a related US. 
application Ser. No. 10/623,983 entitled “Shielding Struc 
ture for Use in a Metal-Oxide-Semiconductor Device,” ?led 
on Jul. 15,2003, Which is incorporated by reference herein. 
Because the dummy gate 322 is tied to substantially the 
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same voltage potential as the substrate 302, the dummy gate 
and substrate effectively act as electrical shielding regions 
through the second insulating layer 324 and ?rst insulating 
layer 304, respectively, thus exploiting a phenomena knoWn 
as reduced surface ?eld (RESURF) effect. By diffusing the 
drift region With an appropriate doping pro?le and/or adjust 
ing a thickness of the drift region, the exemplary LDMOS 
device can be con?gured such that the reverse-biased junc 
tions betWeen the body region 308 and source region 310, 
and betWeen the body region and the substrate 302, sub 
stantially deplete the entire drift region of charge carriers. 
This condition generally creates a relatively uniform electric 
?eld in the drift region Which effectively maximiZes the 
breakdoWn voltage associated With the device, in at least one 
aspect, by substantially eliminating peaks in the electric ?eld 
that Would otherWise initiate carrier ioniZation Which may 
lead to premature avalanche breakdoWn. The structure of the 
present invention essentially doubles the effectiveness ofthe 
RESURF phenomena in the device by providing tWo elec 
trical shielding regions, as previously stated. Consequently, 
this phenomena may be referred to herein as a double 
RESURF effect. 

[0034] A source contact 316 and a drain contact 318 may 
be formed on an upper surface of the Wafer 300, such as, for 
example, by conventional photolithographic patterning and 
etching, for providing an electrical connection to the source 
region 310 and drain region 314, respectively. The source 
and drain contacts may comprise a metal, such as, for 
example, aluminum or gold. Agate contact (not shoWn) may 
also be formed on the upper surface of the Wafer 300, or in 
an alternative location, for providing an electrical connec 
tion to the gate 320. If a distance betWeen the source contact 
316 and the gate 320 is signi?cant (e.g., greater than about 
a feW micrometers), then the exemplary LDMOS device 
may further include an enhancement region (not shoWn) of 
a conductivity type opposite that of the source region 310 
formed proximate an upper surface of the Wafer 300 and 
extending laterally from the body region 308 in a direction 
opposite the drain region 314, as may be traditionally 
employed. 

[0035] An important aspect of the present invention is the 
unique formation of the source contact 316. As apparent 
from the ?gure, the source contact 316 may be provided by 
forming a trench through the second insulating layer 324, 
epitaxial layer 306 and ?rst insulating layer 304 to at least 
partially expose the substrate 302. The trench is then ?lled 
With a conductive material, such as, for example, gold or 
aluminum. The source contact 316 itself thus advanta 
geously provides a loW-resistance electrical connection 
betWeen the epitaxial layer 306, the substrate 302 and the 
source region 310. As an added bene?t, the source contact 
316, by effectively shorting the epitaxial layer 306, substrate 
302 and source region 310 together, prevents triggering of a 
parasitic npn bipolar transistor (not shoWn) associated With 
the LDMOS device. The parasitic npn transistor is formed 
Whereby the p-type substrate 302 functions as a base of the 
parasitic transistor, the n-type epitaxial layer 306 functions 
as a collector and the n-type source 310 functions as an 
emitter. 

[0036] FIGS. 4-6 depict steps in an illustrative method 
ology Which may be used in forming the exemplary LDMOS 
device shoWn in FIG. 3, in accordance With one embodi 
ment of the present invention. The illustrative methodology 
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Will be described in the context of a conventional CMOS 
compatible semiconductor fabrication process technology. It 
is to be understood that the invention is not limited to this or 
any particular methodology for fabricating the device. Fur 
thermore, as previously stated, the various layers and/or 
regions shoWn in the ?gures may not be draWn to scale and 
certain commonly used semiconductor layers may have been 
omitted for ease of explanation. 

[0037] FIG. 4 depicts a cross section of at least a portion 
of an exemplary Wafer 400 in Which the techniques of the 
present invention may be implemented. The exemplary 
Wafer 400 utiliZes an SOI structure, Which may be formed in 
a manner consistent With the SOI structure shoWn in FIG. 2, 
that includes a substrate 402, a ?rst insulating layer 404 
formed on at least a portion of the substrate, and an epitaxial 
layer 406 formed on at least a portion of the ?rst insulating 
layer 404. The substrate 402 is preferably a p-type substrate 
having a high impurity concentration (e.g., about 5x1018 to 
about 5x1019 atoms per cubic centimeter), although an n+ 
type substrate may alternatively be employed. The ?rst 
insulating layer 404 preferably comprises an oxide (e.g., 
silicon dioxide) of a desired thickness (e.g., about 0.4 
micrometers to about 2 micrometers for a conventional 
0.35-micrometer CMOS process), although alternative insu 
lating materials (e.g., silicon nitride) and thicknesses may be 
used. The epitaxial layer 406 preferably comprises n-type 
silicon having a signi?cantly higher impurity doping con 
centration (e.g., about 2><1016 to about 2><1017 atoms per 
cubic centimeter) compared to a traditional epitaxial layer or 
LDD region. 

[0038] A p-body region 422 may be formed in the epi 
taxial layer 406 such as, for example, by using a deep 
diffusion or implant step. During the diffusion step, a p-type 
impurity (e.g., boron) 414 of a knoWn concentration level is 
preferably used. At least a portion of the body region 422 
Will form a body region of the exemplary LDMOS device. 
An LDD region 424 may also be formed in the epitaxial 
layer 406, such as, for example, by using a diffusion or 
implant process. During this diffusion step, an n-type impu 
rity (e.g., phosphorous or arsenic) 416 of a knoWn concen 
tration level is preferably used. The LDD region 424 is 
formed proximate an upper surface of the Wafer 400 and 
spaced laterally from the p-body region 422. Since the 
epitaxial layer 406 is more heavily doped, at least compared 
to a conventional LDMOS device, the need for a second 
LDD diffusion or implant step, as is traditionally performed, 
can be eliminated. 

[0039] A gate 410 is formed on an upper surface of a 
second insulating layer 408, Which may comprise an oxide 
(e.g., silicon dioxide). The gate 410 may be fabricated from 
a polycrystalline silicon (polysilicon) layer formed over the 
thin (e.g., about 300-400 angstroms) insulating layer 408, 
such as, for example, using a chemical vapor deposition 
(CVD) technique. The second insulating layer 408 under the 
gate 410 is often referred to as gate oxide. The polysilicon 
layer is generally patterned using, for example, a conven 
tional photolithographic process, folloWed by an etching 
step (e.g., dry etching) to form gate 308, as Will be under 
stood by those skilled in the art. Adummy gate 412 may also 
be fabricated on at least a portion of the second insulating 
layer 408. The dummy gate 412, if used, is preferably spaced 
laterally from the gate 410 in a direction opposite the p-body 
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region 422 and is non-overlapping relative to the gate. Like 
the gate 410, the dummy gate 412 may comprise polysilicon 
material. 

[0040] A source region 418 is formed in the p-body region 
422 and a drain region 420 is formed in the LDD region 424. 
The source and drain regions 418, 420 may be formed, for 
example, by diffusing or implanting an n-type impurity (e. g., 
arsenic or phosphorous) of a knoWn concentration level into 
respective regions 422, 424 of the device. The source region 
418 preferably uses a peripheral end of the gate 410 to at 
least partially de?ne the source region, and thus the source 
region may be considered to be self-aligned With the gate. 

[0041] FIG. 5 illustrates the formation of at least one 
source contact opening 426 through the second insulating 
layer 408, source region 418, epitaxial layer 406 and ?rst 
insulating layer 404, to at least partially expose the substrate 
402. LikeWise, at least one drain contact opening 428 is 
formed through the LDD region 424, drain region 420, and 
epitaxial layer 406, stopping at the ?rst insulating layer 404. 
The contact openings 426, 428 may be formed as shalloW 
trenches by selectively patterning the second insulating layer 
408, for example, using a conventional photolithographic 
process, folloWed by an etching step. 

[0042] During the photolithographic patterning process, a 
layer of photoresist (not shoWn) is ?rst deposited on the 
upper surface of the Wafer 400 to prevent the second 
insulating layer 408 from being removed in a subsequent 
etching process. The photoresist is then exposed to light 
(e.g., ultra violet) in a manner Which alloWs the photoresist 
to be removed in areas of the Wafer in Which the opening 426 
is to be formed. During the etching process, Which may 
comprise, for example, an anisotropic dry etch, the ?rst 
insulating layer 404 is preferably used as an etch stop. It is 
to be understood that alternative etching techniques may be 
similarly employed for forming the contact openings, such 
as, but not limited to, reactive ion etching (RIE), Wet 
etching, etc. The opening 426 in the source region is then 
exposed by photoresist and the oxide at the bottom of the 
opening forming the ?rst insulating layer 404 is removed, 
thereby exposing the substrate 402. It is to be appreciated 
that the contact openings 426, 428 may be formed using an 
alternative methodology, such as, for example, a conven 
tional v-groove process. 

[0043] Any organic material remaining on one or more 
side Walls and bottom Wall of the trenches 426, 428 are 
preferably removed, such as by using an etching process 
(e.g., dry or Wet etching). In this manner, the epitaxial layer 
406 Will be exposed through at least a portion of sideWall 
432 of the trench 426. LikeWise, the source region 418 and 
substrate 402 Will be at least partially exposed through 
sideWall 430 and bottom Wall 434, respectively, of the trench 
426. The drain region 420 is at least partially exposed 
through a sideWall 436 of trench 428. 

[0044] FIG. 6 illustrates an exemplary methodology for 
forming source and drain contacts of the LDMOS device. 
Although not shoWn, a silicide layer is preferably formed on 
the sideWalls and bottom Wall of each of the trenches, so as 
to substantially line the trenches. The silicide layer may be 
formed, for example, using a deposition process (e.g., 
CVD), although alternative techniques may be used, as Will 
be knoWn by those skilled in the art. With regard to the 
source contact opening, the silicide layer facilitates a loW 
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resistance electrical connection betWeen the substrate 402, 
epitaxial layer 406 and source region 418, Which are gen 
erally comprised of silicon, and a conductive material 438 
deposited in the source contact opening 426 shoWn in FIG. 
5. Likewise, With regard to the drain contact opening, the 
silicide layer facilitates a loW-resistance electrical connec 
tion betWeen the drain region 420 and a conductive material 
440 deposited in the drain contact opening 428 shoWn in 
FIG. 5. The characteristics of the silicide layer make it able 
to form a bond With the silicon and With the conductive 

material, Which may be a metal (e.g., gold, aluminum, etc.). 
The conductive material 438, 440 is deposited in the corre 
sponding contact opening so as to substantially ?ll the 
opening, thereby forming the source and drain contacts, 
respectively. 

[0045] As previously explained, an important aspect of the 
present invention is that the source contact 438 provides a 
local loW-resistance electrical connection betWeen the sub 
strate 402, the source region 418 and the epitaxial layer 406, 
effectively preventing the triggering of the parasitic bipolar 
npn transistor created by the p-n junctions betWeen the 
p-substrate 402 and n-epitaxial layer 406, and betWeen the 
p-substrate and n-source region 418. Moreover, this local 
connection is made through the ?rst insulating layer 404 
Without substantially disrupting the continuity of the ?rst 
insulating layer proximate the drain and source regions. 
Consequently, since substantially no portion of the epitaxial 
layer 406 proximate the drain region 420 is in direct contact 
With the substrate 402, at least the portion of the epitaxial 
layer proximate the drain region can be more heavily doped, 
thereby eliminating the need for an additional LDD region 
and the corresponding process steps required to formed such 
additional LDD region. 

[0046] Using the techniques described herein for forming 
a semiconductor device in partial SOI, the on-resistance of 
the device can be advantageously reduced Without signi? 
cantly reducing the breakdown voltage associated With the 
device, and Without signi?cantly increasing the cost of 
manufacturing the device. Additional advantages of the 
present invention include, but are not limited to, enabling 
easier integration of the device With other active and/or 
passive components to implement, for example, an inte 
grated RF ampli?er, signi?cantly reducing the drain-to 
source (output) capacitance of the device, reducing drain 
leakage current, especially at high temperatures (e.g., above 
about 200 degrees Celsius), reducing source parasitics, 
especially source resistance, and improving a linearity ofthe 
device by reducing the voltage dependence of the drain-to 
source output capacitance. Both the value and voltage 
dependence of the output capacitance may be reduced 
signi?cantly using the methodologies of the invention set 
forth herein, thereby improving a high-frequency perfor 
mance, linearity, and/or efficiency of the device. 

[0047] Although illustrative embodiments of the present 
invention have been described herein With reference to the 
accompanying draWings, it is to be understood that the 
invention is not limited to those precise embodiments, and 
that various other changes and modi?cations may be made 
therein by one skilled in the art Without departing from the 
scope of the appended claims. 
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What is claimed is: 
1. A semiconductor device, comprising: 

a substrate of a ?rst conductivity type; 

a ?rst insulating layer formed on at least a portion of the 
substrate; 

an epitaxial layer of a second conductivity type formed on 
at least a portion of the ?rst insulating layer; 

?rst and second source/drain regions of the second con 
ductivity type formed in the epitaxial layer proximate 
an upper surface of the epitaxial layer, the ?rst and 
second source/drain regions being spaced laterally 
from one another; 

a gate formed above the epitaxial layer proximate the 
upper surface of the epitaxial layer and at least partially 
betWeen the ?rst and second source/drain regions; 

a ?rst source/drain contact formed through the epitaxial 
layer and ?rst insulating layer, the ?rst source/drain 
contact con?gured so as to be in direct electrical 
connection With the substrate, the ?rst source/drain 
region and the epitaxial layer; and 

a second source/drain contact formed at least partially 
through the epitaxial layer, the second source/drain 
contact con?gured so as to be in direct electrical 
connection With the second source/drain region. 

2. The device of claim 1, Wherein the ?rst source/drain 
contact is con?gured so as to prevent triggering of a parasitic 
bipolar transistor associated With the device, the parasitic 
bipolar transistor including a base-emitter region formed 
betWeen the substrate and the ?rst source/drain region, and 
a base-collector region formed betWeen the substrate and the 
epitaxial layer. 

3. The device of claim 2, Wherein the ?rst source/drain 
contact prevents triggering of the parasitic bipolar transistor 
by substantially shorting the epitaxial layer, the substrate 
and the ?rst source/drain region together. 

4. The device of claim 1, further comprising a shielding 
structure formed proximate the upper surface of the epitaxial 
layer and betWeen the gate and the second source/drain 
region, the shielding structure being electrically connected 
to the ?rst source/drain region, the shielding structure being 
spaced laterally from the gate and being substantially non 
overlapping relative to the gate. 

5. The device of claim 4, Wherein the shielding structure 
is formed substantially concurrently With the gate. 

6. The device of claim 4, further comprising a second 
insulating formed under at least a portion of the gate and the 
shielding structure. 

7. The device of claim 6, Wherein the second insulating 
layer formed under the gate and the shielding structure are 
of different thicknesses relative to one another. 

8. The device of claim 1, Wherein the device comprises a 
diffused MOS (DMOS) device. 

9. The device of claim 1, Wherein the device comprises a 
laterally diffused MOS (LDMOS) device. 

10. The device of claim 1, Wherein the ?rst source/drain 
region comprises a source of the device and the second 
source/drain region comprises a drain of the device. 

11. The device of claim 1, Wherein the epitaxial layer is 
doped With an impurity having a concentration in a range of 
about 2><1016 to about 2><1017 atoms per cubic centimeter. 
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12. The device of claim 1, wherein the ?rst conductivity 
type is p-type and the second conductivity type is n-type. 

13. The device of claim 1, Wherein the substrate, ?rst 
insulating layer and epitaxial layer are formed by a Wafer 
bonding process, Whereby a ?rst semiconductor Wafer is 
provided comprising a substrate of the ?rst conductivity type 
and a second semiconductor Wafer is provided comprising a 
substrate of the second conductivity type, at least one of the 
?rst and second semiconductor Wafers further comprising at 
least a portion of the ?rst insulating layer formed on the 
respective substrates, the second semiconductor being 
inverted and joined to the ?rst semiconductor Wafer at the 
?rst insulating layer. 

14. A method of forming a metal-oxide-semiconductor 
device in a semiconductor Wafer, the method comprising the 
steps of: 

forming a ?rst insulating layer on at least a portion of a 
semiconductor substrate of a ?rst conductivity type; 

forming an epitaxial layer of a second conductivity type 
on at least a portion of the ?rst insulating layer; 

forming a gate on an upper surface of the semiconductor 

Wafer; 
forming a body region of the ?rst conductivity type in the 

epitaxial layer proximate the upper surface of the 
epitaxial layer, the body region being formed at least 
partially under the gate; 

forming ?rst and second source/drain regions of the 
second conductivity type in the epitaxial layer, the gate 
being formed above and at least partially betWeen the 
?rst and second source/drain regions; 

forming a ?rst source/drain contact through the epitaxial 
layer and ?rst insulating layer, the ?rst source/drain 
contact being con?gured such that the ?rst source/drain 
contact is in direct electrical connection With the sub 
strate, the ?rst source/drain region and the epitaxial 
layer; and 

forming a second source/drain contact at least partially 
through the epitaxial layer, the second source/drain 
contact being con?gured such that the second source/ 
drain contact is in direct electrical connection With the 
second source/drain region. 

15. The method of claim 14, further comprising the step 
of forming a shielding structure proximate the upper surface 
of the epitaxial layer and betWeen the gate and the second 
source/drain region, the shielding structure being electrically 
connected to the ?rst source/drain region, the shielding 
structure being spaced laterally from the gate and being 
substantially non-overlapping relative to the gate. 

16. The method of claim 15, further comprising the step 
of forming a second insulating layer under at least a portion 
of the gate and the shielding structure. 

17. The method of claim 16, Wherein the second insulat 
ing layer formed under the gate and the shielding structure 
are of different thicknesses relative to one another. 
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18. The method of claim 14, Wherein the step of forming 
the ?rst source/drain contact comprises the steps of: 

forming a ?rst trench through the epitaxial layer and ?rst 
source/drain region to at least partially expose the ?rst 
insulating layer; 

removing the ?rst insulating layer proximate a bottom 
Wall of the ?rst trench to at least partially expose the 
substrate; and 

substantially ?lling the ?rst trench With an electrically 
conductive material. 

19. An integrated circuit including at least one semicon 
ductor device, the at least one semiconductor device com 
prising: 

a substrate of a ?rst conductivity type; 

a ?rst insulating layer formed on at least a portion of the 
substrate; 

an epitaxial layer of a second conductivity type formed on 
at least a portion of the ?rst insulating layer; 

?rst and second source/drain regions of the second con 
ductivity type formed in the epitaxial layer proximate 
an upper surface of the epitaxial layer, the ?rst and 
second source/drain regions being spaced laterally 
from one another; 

a gate formed above the epitaxial layer proximate the 
upper surface of the epitaxial layer and at least partially 
betWeen the ?rst and second source/drain regions; 

a ?rst source/drain contact formed through the epitaxial 
layer and ?rst insulating layer, the ?rst source/drain 
contact con?gured so as to be in direct electrical 
connection With the substrate, the ?rst source/drain 
region and the epitaxial layer; and 

a second source/drain contact formed at least partially 
through the epitaxial layer, the second source/drain 
contact con?gured so as to be in direct electrical 
connection With the second source/drain region. 

20. The integrated circuit of claim 19, Wherein the ?rst 
source/drain contact is con?gured so as to prevent triggering 
of a parasitic bipolar transistor associated With the device, 
the parasitic bipolar transistor including a base-emitter 
region formed betWeen the substrate and the ?rst source/ 
drain region, and a base-collector region formed betWeen the 
substrate and the epitaxial layer. 

21. The integrated circuit of claim 19, further comprising 
a shielding structure formed proximate the upper surface of 
the epitaxial layer and betWeen the gate and the second 
source/drain region, the shielding structure being electrically 
connected to the ?rst source/drain region, the shielding 
structure being spaced laterally from the gate and being 
substantially non-overlapping relative to the gate. 


