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(57) ABSTRACT 

High power transistors are provided. The transistors include 
a source region, a drain region and a gate contact. The gate 
contact is positioned between the Source region and the drain 
region. First and second ohmic contacts are provided on the 
Source and drain regions, respectively. The first and second 
ohmic contacts respectively define a source contact and a 
drain contact. The source contact and the drain contact have 

respective first and second widths. The first and second 
widths are different. Related methods of fabricating transis 
tors are also provided. 
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ASYMETRIC LAYOUT STRUCTURES FOR 
TRANSISTORS AND METHODS OF FABRICATING 

THE SAME 

STATEMENT OF GOVERNMENT INTEREST 

0001. This invention was made with Government support 
under contract number N00014-02-C-0250 awarded by the 
Department of the Navy. The Government has certain rights 
in this invention. 

FIELD OF THE INVENTION 

0002 The present invention relates to microelectronic 
devices and more particularly to transistors, for example, 
metal-semiconductor field-effect transistors (MESFETs). 

BACKGROUND OF THE INVENTION 

0003 Electrical circuits requiring high power handling 
capability while operating at high frequencies such as radio 
frequencies, S-band and X-band have in recent years 
become more prevalent. Because of the increase in high 
power, high frequency circuits there has been a correspond 
ing increase in demand for transistors that are capable of 
reliably operating at radio frequencies and above while still 
being capable of handling higher power loads. 

0004 Metal-semiconductor field effect transistors (MES 
FETs) have been developed for high frequency applications. 
The MESFET construction may be preferable for high 
frequency applications because only majority carriers carry 
current. The MESFET design may be preferred over MOS 
FET designs because the reduced gate capacitance permits 
faster Switching times of the gate input. Therefore, although 
all field-effect transistors utilize only majority carriers to 
carry current, the Schottky gate structure of the MESFET 
may make the MESFET more desirable for high frequency 
applications. 

0005. In addition to the type of structure, and perhaps 
more fundamentally, the characteristics of the semiconduc 
tor material from which a transistor is formed also affects the 
operating parameters. Of the characteristics that affect a 
transistor's operating parameters, the electron mobility, 
saturated electron drift velocity, electric breakdown field and 
thermal conductivity may have the greatest effect on a 
transistors high frequency and high power characteristics. 
0006 Electron mobility is the measurement of how rap 
idly an electron is accelerated to its saturated velocity in the 
presence of an electric field. In the beyond, semiconductor 
materials which have a high electron mobility were pre 
ferred because more current could be developed with a 
lesser field, resulting in faster response times when a field is 
applied. Saturated electron drift velocity is the maximum 
Velocity that an electron can obtain in the semiconductor 
material. Materials with higher saturated electron drift 
Velocities may be preferred for high frequency applications 
because the higher velocity translates to shorter times from 
Source to drain. 

0007 Electric breakdown field is the field strength at 
which breakdown of the Schottky junction and the current 
through the gate of the device Suddenly increases. A high 
electric breakdown field material may be preferred for high 
power, high frequency transistors because larger electric 
fields generally can be supported by a given dimension of 
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material. Larger electric fields allow for faster transients as 
the electrons can be accelerated more quickly by larger 
electric fields than by smaller. 
0008. Thermal conductivity is the ability of the semicon 
ductor material to dissipate heat. In typical operations, all 
transistors generate heat. In turn, high power and high 
frequency transistors usually generate larger amounts of heat 
than Small signal transistors. As the temperature of the 
semiconductor material increases, the junction leakage cur 
rents generally increase and the current through the field 
effect transistor generally decreases due to a decrease in 
carrier mobility with an increase in temperature. Therefore, 
if the heat is dissipated from the semiconductor, the material 
will remain at a lower temperature and be capable of 
carrying larger currents with lower leakage currents. 
0009. To provide increased power handling capabilities, 
transistors with a larger effective area have been developed. 
However, as the area of a transistor increases, the transistor, 
typically, becomes less Suitable for high frequency opera 
tions. One technique for increasing the area of a transistor 
while still providing for high frequency operations is to use 
a plurality of transistor cells that are connected in parallel. 
Such may be provided using a plurality of gate fingers, thus, 
the source to drain distance may be kept relatively small 
while still providing for increased power handling capabil 
ity. When a plurality of parallel transistor cells are connected 
in parallel on a single chip, the cells are, typically, evenly 
spaced Such that the gate-to-gate distance between adjacent 
cells (referred to herein as “pitch' or “gate pitch') is 
uniform. 

0010 When such multi-cell transistors are used in high 
frequency operations, they may generate a large amount of 
heat. As a device heats up, performance of the device 
typically degrades. Such degradation may be seen in gain, 
linearity and/or reliability. Thus, efforts have been made to 
keep junction temperatures of the transistors below a peak 
operating temperature. Typically, heatsinks and/or fans have 
been used to keep the devices cool so as to ensure proper 
function and reliability. However, cooling systems may 
increase size, electrical consumption, costs and/or operating 
costs of systems employing Such transistors. 
0011. As discussed above, conventional FETs may be 
interdigitated structures with multiple unit cells, each unit 
cell having a source, a drain and a gate. The pitch may 
determine a temperature rise of the FET. In other words, a 
wide pitch may be provided to reduce the amount of the 
temperature rise of the FET. However, FETs having wide 
pitches may also experience higher drain to source capaci 
tances (C), which may not provide desirable device char 
acteristics. In particular, high Source to drain capacitances 
may be undesirable in wide bandwidth amplifiers. Accord 
ingly, further improvements may be made with respect to 
existing FET devices such that they may provide lower drain 
to source capacitances (C) without sacrificing other per 
formance characteristics of the device. Such as thermal 
device characteristics. 

SUMMARY OF THE INVENTION 

0012 Some embodiments of the present invention pro 
vide unit cells of high power transistors. The unit cells 
include a transistor having a source region, a drain region 
and a gate contact. The gate contact is positioned between 
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the Source region and the drain region. First and second 
ohmic contacts are provided on the source and drain regions, 
respectively. The first and second ohmic contacts respec 
tively define a source contact and a drain contact. The Source 
contact and the drain contact have respective first and 
second widths. The first and second widths are different. 

0013 In further embodiments of the present invention, 
the first width may be less than an average width of the first 
and second widths and the second width may be greater than 
the average width of the first and second widths. In certain 
embodiments of the present invention, the second width may 
be less than an average width of the first and second widths 
and the first width may be greater than the average width of 
the first and second widths. 

0014. In still further embodiments of the present inven 
tion, the source region and the drain region may have 
respective third and fourth widths that are different. The 
Source contact and the source region may be split into first 
and second portions such that a portion of a surface of an 
epitaxial layer may not be disposed beneath the Source 
contact or the Source region or the drain contact and the 
drain region may be split into first and second portions such 
that a portion of the surface of the epitaxial layer may not be 
disposed beneath the drain contact or the drain region. 
0015. In some embodiments of the present invention, the 
Source contact may be split into at least first and second 
portions such that a portion of a Surface of the Source region 
is not disposed beneath the source contact. In other embodi 
ments of the present invention, the drain contact may be split 
into at least first and second portions such that a portion of 
a Surface of the drain region is not disposed beneath the 
drain contact. 

0016. In further embodiments of the present invention, 
the transistor may be a metal semiconductor field effect 
transistor (MESFET). The MESFET may be a silicon car 
bide (SiC) MESFET, a gallium arsenide (GaAs) MESFET or 
a gallium Nitride (GaN) HEMT. 
0017 Still further embodiments of the present invention 
provide unit cells of high power transistors. The unit cells 
include a transistor having a source region, a drain region 
and a gate contact. The gate contact may be provided 
between the source region and the drain region. First and 
second ohmic contacts are provided on the source and drain 
regions, respectively. The first and second ohmic contacts 
respectively define a source contact and a drain contact. The 
Source contact is split into at least first and second portions 
Such that a portion of a Surface of an epitaxial layer may not 
be disposed beneath the Source contact or the drain contact 
is split into at least first and second portions such that a 
portion of the surface of the epitaxial layer may not be 
disposed beneath the drain contact. 
0018. In some embodiments of the present invention, the 
Source contact may be split into at least first and second 
portions such that a portion of a Surface of the Source region 
is not disposed beneath the source contact or the drain 
contact may be split into at least first and second portions 
Such that a portion of a Surface of the drain region is not 
disposed beneath the drain contact. 
0019. In further embodiments of the present invention, 
the source contact may be split and the Source and drain 
contacts may have respective first and second widths. The 
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first width may be less than an average of the first and second 
widths and the second width may be greater than the average 
of the first and second widths. In other embodiments of the 
present invention, the first width may be greater than an 
average of the first and second widths and the second width 
may be less than the average of the first and second widths. 
In still other embodiments of the present invention, the first 
and second widths may be equal. 

0020. In still further embodiments of the present inven 
tion, the drain contact may be split and the source and drain 
contacts may have respective first and second widths. The 
first width may be less than an average of the first and second 
widths and the second width may be greater than the average 
of the first and second widths. In other embodiments of the 
present invention, the first width may be greater than an 
average of the first and second widths and the second width 
may be less than the average of the first and second widths. 
In still other embodiments of the present invention, the first 
and second widths may be equal. 

0021. Some embodiments of the present invention pro 
vide high power transistors. The high power transistors 
include a plurality of unit cells each having a source region 
and a drain region. A plurality of gate electrodes of the unit 
cells are provided. The plurality of gate electrodes are 
provided between respective source and drain regions of the 
unit cells. A plurality of source electrodes are provided on 
the source regions of the unit cells. A plurality of drain 
electrodes are provided on the drain regions of the unit cells. 
The plurality of source electrodes and the plurality of drain 
electrodes have respective first and second widths. The first 
width is less than an average width of the first and second 
widths and the second width is greater than the average 
width of the first and second widths. 

0022. Further embodiments of the present invention pro 
vide high power transistors. The high power transistors 
include a plurality of unit cells each having a source region 
and a drain region. A plurality of gate electrodes of the unit 
cells are provided. The plurality of gate electrodes are 
provided between respective source and drain regions of the 
unit cells. A plurality of source electrodes are provided on 
the source regions of the unit cells. A plurality of drain 
electrodes are provided on the drain regions of the unit cells. 
The plurality of source electrodes and the plurality of source 
regions are split into at least first and second portions such 
that a portion of a Surface of an epitaxial layer may not be 
disposed beneath the Source electrodes or the source regions 
or the plurality of drain contacts and the plurality of drain 
regions are split into at least first and second portions such 
that a portion of the surface of the epitaxial layer may not be 
disposed beneath the drain electrodes or the drain regions. 

0023. While the present invention is described above 
primarily with reference to MESFETs, other types of tran 
sistors as well as methods of fabricating transistors and, in 
particular, MESFETs are also provided. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0024 FIG. 1 is a plan view of a transistor according to 
Some embodiments of the present invention. 

0025 FIG. 2 is a cross section taken along the line A-A 
of FIG. 1. 
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0026 FIGS. 3A through 3E are cross sections illustrat 
ing processing steps in the fabrication of transistors accord 
ing to embodiments of the present invention illustrated in 
FIGS. 1 and 2. 

0027 FIG. 4 is a plan view of transistors according to 
further embodiments of the present invention. 
0028 FIG. 5 is cross-section taken along the line B-B' of 
FIG. 4 

0029 FIG. 6 is a cross-section illustrating processing 
steps in the fabrication of transistors according to embodi 
ments of the present invention illustrated in FIGS. 4 and 5. 

DETAILED DESCRIPTION OF THE 
INVENTION 

0030) The invention is described more fully hereinafter 
with reference to the accompanying drawings, in which 
embodiments of the invention are shown. This invention 
may, however, be embodied in many different forms and 
should not be construed as limited to the embodiments set 
forth herein. Rather, these embodiments are provided so that 
this disclosure will be thorough and complete, and will fully 
convey the scope of the invention to those skilled in the art. 
In the drawings, the size and relative sizes of layers and 
regions may be exaggerated for clarity. It will be understood 
that when an element or layer is referred to as being “on”, 
“connected to’ or “coupled to another element or layer, it 
can be directly on, connected or coupled to the other element 
or layer or intervening elements or layers may be present. In 
contrast, when an element is referred to as being “directly 
on,”“directly connected to’ or “directly coupled to another 
element or layer, there are no intervening elements or layers 
present. As used herein, the term “and/or includes any and 
all combinations of one or more of the associated listed 
items. Like numbers refer to like elements throughout. 
0031. It will be understood that although the terms first 
and second are used herein to describe various regions, 
layers and/or sections, these regions, layers and/or sections 
should not be limited by these terms. These terms are only 
used to distinguish one region, layer or section from another 
region, layer or section. Thus, a first region, layer or section 
discussed below could be termed a second region, layer or 
section, and similarly, a second region, layer or section may 
be termed a first region, layer or section without departing 
from the teachings of the present invention. 

0032. Furthermore, relative terms, such as “lower” or 
“bottom' and “upper' or “top.” may be used herein to 
describe one element's relationship to another elements as 
illustrated in the Figures. It will be understood that relative 
terms are intended to encompass different orientations of the 
device in addition to the orientation depicted in the Figures. 
For example, if the device in the Figures is turned over, 
elements described as being on the “lower side of other 
elements would then be oriented on “upper sides of the 
other elements. The exemplary term “lower, can therefore, 
encompasses both an orientation of “lower and “upper.” 
depending of the particular orientation of the figure. Simi 
larly, if the device in one of the figures is turned over, 
elements described as “below' or “beneath' other elements 
would then be oriented “above' the other elements. The 
exemplary terms “below' or “beneath’ can, therefore, 
encompass both an orientation of above and below. 
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0033 Embodiments of the present invention are 
described herein with reference to cross-section illustrations 
that are schematic illustrations of idealized embodiments of 
the present invention. As such, variations from the shapes of 
the illustrations as a result, for example, of manufacturing 
techniques and/or tolerances, are to be expected. Thus, 
embodiments of the present invention should not be con 
Strued as limited to the particular shapes of regions illus 
trated herein but are to include deviations in shapes that 
result, for example, from manufacturing. For example, an 
implanted region illustrated as a rectangle will, typically, 
have rounded or curved features and/or a gradient of implant 
concentration at its edges rather than a binary change from 
implanted to non-implanted region. Likewise, a buried 
region formed by implantation may result in Some implan 
tation in the region between the buried region and the 
Surface through which the implantation takes place. Thus, 
the regions illustrated in the figures are schematic in nature 
and their shapes are not intended to illustrate the precise 
shape of a region of a device and are not intended to limit 
the scope of the present invention. 

0034. The terminology used herein is for the purpose of 
describing particular embodiments only and is not intended 
to be limiting of the invention. As used herein, the singular 
forms “a”, “an and “the are intended to include the plural 
forms as well, unless the context clearly indicates otherwise. 
It will be further understood that the terms “comprises' 
and/or "comprising,” when used in this specification, specify 
the presence of stated features, integers, steps, operations, 
elements, and/or components, but do not preclude the pres 
ence or addition of one or more other features, integers, 
steps, operations, elements, components, and/or groups 
thereof. 

0035. Unless otherwise defined, all terms (including tech 
nical and scientific terms) used herein have the same mean 
ing as commonly understood by one of ordinary skill in the 
art to which this invention belongs. It will be further 
understood that terms, such as those defined in commonly 
used dictionaries, should be interpreted as having a meaning 
that is consistent with their meaning in the context of the 
relevant art and will not be interpreted in an idealized or 
overly formal sense unless expressly so defined herein. 

0036) As used herein the term “ohmic contact” refers to 
contacts where an impedance associated therewith is Sub 
stantially given by the relationship of Impedance=V/I, 
where V is a voltage across the contact and I is the current, 
at Substantially all expected operating frequencies (i.e., the 
impedance associated with the ohmic contact is Substantially 
the same at all operating frequencies) and currents. 

0037 Embodiments of the present invention will now be 
described in detail below with reference to FIGS. 1 through 
6 that illustrate various embodiments of the present inven 
tion and various processes of fabricating embodiments of the 
present invention. Transistors, for example, a metal-semi 
conductor field effect transistors (MESFETs), according to 
Some embodiments of the present invention, may be pro 
vided having reduced drain to source capacitance (C) 
without having Substantially increased temperatures. In par 
ticular, in some embodiments of the present invention, a first 
width of one of a drain or a source contact may be narrower 
than a second width of the other of the drain or the source 
contact, which may reduce the C of the transistor. The 
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average width of the one of the source contact or drain 
contact may be reduced by a certain amount to provide the 
first width and the average width of the other of the source 
or drain may be increased by the same amount to provide the 
second width. Thus, the average pitch, i.e., a distance 
between a gate contact of a first unit cell of the transistor and 
a gate contact of a second unit cell of the transistor, may be 
maintained. Since the overall pitch is maintained, the tem 
perature of the device may not increase and the C be 
reduced. In further embodiments of the present invention, 
one of the source contact or the drain contact may be split 
into first and second portions exposing a Surface of a Surface 
of the substrate between the contact portions. The absence of 
metal between the contact portions, may provide a reduced 
C and also allow the temperature of the device to be 
maintained. Details with respect to embodiments of the 
present invention will be discussed further herein. 
0038. As further discussed herein, transistors according 
to some embodiments of the present invention may be useful 
in, for example, high efficiency linear power amplifiers. Such 
as power amplifiers for base stations using complex modu 
lation schemes such as code division multiple access 
(CDMA) and/or Wideband CDMA (WCDMA). Transistors 
according to further embodiments of the present invention 
may be used in wide bandwidth hybrid and Microwave 
Monolithic Integrated Circuit (MMIC) amplifiers, particu 
larly those that use silicon carbide (SiC) MESFETs. 
0039) Referring now to FIG. 1, a plan view of transistors, 
for example, MESFETs according to some embodiments of 
the present invention will be discussed. As illustrated in 
FIG. 1, a plurality of unit cells are provided on a substrate 
10. Each unit cell includes a drain contact 22, a gate contact 
24 and a source contact 20, the gate contacts 24 are situated 
between the source contacts 20 and the drain contacts 22. 
The source contacts 20, the gate contacts 24 and the drain 
contacts 22 are interdigitated. As further illustrated in FIG. 
1, a first width W1 of the drain contacts 22 are narrower than 
a second width W2 of the source contacts 20. Thus, the first 
width W1 is less than an average width (W1, W2) and the 
second width W2 is greater than the average width (W1, 
W2). 
0040. In some embodiments of the present invention, the 
width of a conventional (average width) drain contact may 
be reduced by a certain amount, X, to provide the first width 
W1 of the drain contact 22. Similarly, the width of a 
conventional Source contact may be increased by the same 
amount x to provide the second width W2 of the source 
contact 20. For example, if conventional drain and Source 
contacts have a width of 20 um, the width of the drain 
contact may be reduced by 5 um to yield a first width W1 of 
15 lum. Similarly, the width of the conventional source 
contact may be increased by 5 um to yield a second width 
W2 of 25 lum. Thus, the net change in the pitch, i.e., the 
distance between a first gate contact 24 and a second gate 
contact 24 of first and second unit cells, respectively, may be 
close to Zero. In some embodiments of the present invention, 
an average pitch of the device may be from about 20 um to 
about 100 um, but typically from about 20 um to about 80 
lm. 

0041. It will be understood that although embodiments of 
the present invention are discussed herein as having a drain 
contact that is narrower than a source contact, embodiments 

May 4, 2006 

of the present invention are not limited to this configuration. 
For example, in some embodiments of the present invention, 
the source contact may be narrower than the drain contact 
without departing from the teachings of the present inven 
tion. 

0042. While embodiments of the present invention illus 
trated in FIG. 1 include four gate electrodes (fingers) 24, 
two source electrodes 20 and three drain electrodes 22, other 
numbers of these electrodes may be utilized. Furthermore, 
other MESFET or semiconductor device configurations may 
also be utilized. For example, devices such as those 
described in commonly assigned U.S. patent application Ser. 
No. 09/567,717, filed on May 10, 2000 entitled Silcon 
Carbide Metal-Semiconductor Field Effect Transistors and 
Methods of Fabricating Silicon Carbide Metal-Semiconduc 
tor Field Effect Transistors: United States Patent Publication 
No. US 2003/0075719, filed on Oct. 24, 2001 entitled Delta 
Doped Silicon Carbide Metal-Semiconductor Field Effect 
Transistors Having a Gate Disposed in a Double Recess 
Structure; and Ser. No. 10/304.272, filed Nov. 26, 2002 
entitled; and United States Patent Application Publication 
No. 2004/0099888, filed on Nov. 26, 2003, entitled Tran 
sistors Having Buried P-Type Layers Beneath The Source 
Region And Methods Of Fabricating The Same, the disclo 
sures of which are incorporated herein as if set forth fully, 
may be utilized in embodiments of the present invention. 
Furthermore, embodiments of the present invention are not 
limited to MESFETs, but may be utilized with other devices. 

0043 Referring now to FIG. 2, a cross-section along the 
A-A of FIG. 1 will be discussed. FIG. 2 illustrates a unit 
cell of transistors according to Some embodiments of the 
present invention. While embodiments of the present inven 
tion are discussed herein with reference to SiC MESFETs, 
the present invention should not be construed as limited to 
such devices. Embodiments of the present invention may be 
Suitable for use in any semiconductor device where a 
more/relatively uniform junction temperature is desired or a 
peak junction temperature is to be maintained without an 
increase in drain to source capacitance (C) and multiple 
unit cells of the device are present. Thus, for example, 
embodiments of the present invention may be suitable for 
use in non-silicon carbide devices, such as gallium nitride 
(GaN), gallium arsenide (GaAs) and/or silicon (Si) devices. 
Accordingly, embodiments of the present invention may 
provide, for example, SiC MESFETs, SiC MESFET 
MMICs, GaN HEMTs, GaN HEMT MMICs, GaAs MES 
FETs, GaAs MESFET MMICs, GaAs HEMTs, GaAs 
HEMT MMICs, GaAs pHEMTs, GaAs pHEMT MMICs 
and the like. 

0044 As illustrated in FIG. 2, a unit cell of MESFETs 
incorporating embodiments of the present invention may 
include a first epitaxial layer 12 of p-type conductivity 
grown on a single crystal bulk silicon carbide substrate 10 of 
either p-type or n-type conductivity or semi-insulating. The 
substrate 10 may include 6H, 4H, 15R or 3C silicon carbide. 
The first epitaxial layer 12 is disposed between the substrate 
10 and an n-type epitaxial layer 14. An optional metalliza 
tion layer 32 may be formed on the backside of the substrate 
10, opposite the first epitaxial layer 12. 

0045. It will be understood that the first epitaxial layer 12 
may be a p-type conductivity silicon carbide epitaxial layer, 
an undoped silicon carbide epitaxial layer or a very low 

Page 11 of 16



US 2006/009 1498A1 

doped n-type conductivity silicon carbide epitaxial layer 
without departing from the teachings of the present inven 
tion. If a low doped silicon carbide epitaxial layer is utilized, 
in certain embodiments, the doping concentration of the first 
epitaxial layer 12 may be less than about 5x10" cm. If an 
undoped or n-type first epitaxial layer 12 is utilized, then in 
certain embodiments, the Substrate 10 is a semi-insulating 
silicon carbide substrate. If an undoped or n-type first 
epitaxial layer 12 is utilized, a high quality channel layer 
may be formed without the buffer layer having any signifi 
cant electrical effect on the transistor. 

0046. As further illustrated in FIG. 2, n' regions 13 and 
17 are provided that respectively define the source region 

-- . . and the drain region of the device. As used herein, “p'+' or 
“n” refer to regions that are defined by higher carrier 
concentrations than are present in adjacent or other regions 
of the same or another layer or substrate. The source and 
drain regions 13 and 17 are typically of n-type conductivity 
silicon carbide and have carrier concentrations that are 
greater than the carrier concentration of the first epitaxial 
layer 14. For the source and drain regions 13 and 17, carrier 
concentrations of about 1x10" cm may be suitable, but 
carrier concentrations as high as possible are preferred. As 
illustrated in FIG. 2, a width W5 of the source region 13 
may be greater than a width W6 of the drain region 17. 

0047 Ohmic contacts 20 and 22 may be formed on the 
second epitaxial layer 14 and are spaced apart so as to 
provide a source contact 20 and a drain contact 22. As 
illustrated ohmic contacts 20 and 22 may be provided on the 
implanted Source and drain regions 13 and 17, respectively. 
A Schottky gate contact 24 is formed on the second epitaxial 
layer 14 between the source contact 20 and the drain contact 
22. As illustrated, optional metal overlayers 26, 28 and 30 
are formed on the drain and source contacts 22 and 20 and 
the Schottky gate contacts 24, respectively. A passivation 
layer 40 may also be provided. As further illustrated in FIG. 
1, according to Some embodiments of the present invention, 
a first width W1 of the drain contact 22 is narrower than a 
second width W2 of the source contact 20. In some embodi 
ments of the present invention, the drain contact 22 may 
have a width of from about 10 to about 20 um and the source 
contact may have a width of from about 25 to about 35 um. 

0.048. The gate contact 24 may be formed of chromium, 
platinum, platinum silicide, nickel, and/or TiWN, however, 
other metals such as gold, known to one skilled in the art to 
achieve the Schottky effect, may be used. The Schottky gate 
contact 24 typically has a three layer structure. Such a 
structure may have advantages because of the high adhesion 
of chromium (Cr). For example, the gate contact 24 can 
optionally include a first gate layer of chromium (Cr) 
contacting the second epitaxial layer 14. The gate contact 24 
may further include an overlayer of platinum (Pt) and gold 
30 or other highly conductive metal. 
0049 Processing steps in the fabrication of transistors 
according to some embodiments of the present invention 
illustrated in FIGS. 1 and 2 will now be discussed with 
respect to FIGS. 3A through 3E. As seen in FIG. 3A, a first 
epitaxial layer 12 may be grown or deposited on a substrate 
10. The substrate 10 may be a semi-insulating substrate, a 
p-type substrate oran n-type substrate. The substrate 10 may 
be very lightly doped. If the substrate 10 is semi-insulating 
it may be fabricated as described in commonly assigned U.S. 
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Pat. No. 6,218,680 to Carter et al. entitled "Semi-insulating 
Silicon Carbide Without Vanadium Domination', the dis 
closure of which is hereby incorporated by reference herein 
as if set forth in its entirety. Other techniques for providing 
semi-insulating Substrates may also be used. The buffer layer 
12 may be of p-type conductivity silicon carbide having a 
carrier concentration of about 3.0x10" cm or less, but 
typically 1.0x10" cm or less. Alternatively, the buffer 
layer 12 may be n-type silicon carbide or undoped (not 
intentionally doped) silicon carbide. As further illustrated in 
FIG. 3A, a second epitaxial layer 14 is grown or deposited 
on the first epitaxial layer 12. 

0050. As illustrated in FIG. 3B, a mask 50 may be 
formed for implanting n regions 13 and 17 that respectively 
define a source region and a drain region. The Source and 
drain regions 13 and 17 are typically formed by ion implan 
tation of for example, nitrogen (N) or phosphorus (P), 
followed by a high temperature anneal. Suitable anneal 
temperatures may be from about 1100 to about 1600°C. The 
ion implantation may be performed on the regions which are 
not covered by the mask 50 to form n' regions 13 and 17 as 
illustrated in FIG. 3C. Thus, the ions are implanted in 
portions of the second epitaxial layer 14 to provide highly 
doped regions of n-type conductivity, for example, n-type 
conductivity SiC., having higher carrier concentrations 
greater than the second epitaxial layer 14. Once implanted, 
the dopants may be annealed to activate the implant. 

0051. As illustrated in FIG. 3C, an insulator layer 40, for 
example, an oxide layer on a Surface of the device. The 
insulator layer 40 may be grown or deposited over the 
exposed surface of the existing structure, i.e. on the source 
and drain regions 13 and 17 and the second epitaxial layer 
14. It will be understood that in some embodiments of the 
present invention a mesa may be provided around the 
perimeter of the MESFET. The mesa may have sidewalls 
defined by the substrate 10, the first epitaxial layer 12 and 
the second epitaxial layer 14 that define the periphery of the 
transistor. The mesa may extend past the depletion region of 
the device to confine current flow in the device to the mesa 
and reduce the capacitance of the device. The mesa may be 
formed by reactive ion etching the above described device, 
however, other methods known to one skilled in the art may 
be used to form the mesa. Furthermore, if a mesa is not 
utilized the device may be isolated using other methods such 
as proton bombardment, counterdoping with compensating 
atoms or other methods known to those skilled in the art. 

0.052 Referring now to FIG. 3D, contact windows 41 
and 42 may be etched through the insulator layer 40 to 
expose a portion of a Surface of the Source region 13 and 
drain region 17. As illustrated, the window 42 for that 
exposes the surface of the drain region 17 has a first width 
W1, which is narrower than a second width W2 of the 
window 41 that exposes the surface of the source region 13. 
Nickel may then be evaporated to deposit the source and 
drain contacts 20 and 22, respectively. The nickel may be 
annealed to form the ohmic contacts 22 and 20 as illustrated 
in FIG.3E. Such a deposition and annealing process may be 
carried out utilizing conventional techniques known to those 
of skill in the art. For example, the ohmic contacts 22 and 20 
may be annealed at a temperature of from about 650° C. to 
about 1200° C. for about 2 minutes. However, other times 
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and temperatures may also be utilized. Times from about 30 
seconds to about 10 minutes may be, for example, accept 
able. 

0053 FIG. 3E illustrates the formation of the gate con 
tact 24 and the overlayers 28, 30 and 26. For example, a 
contact window (not shown) may be opened in the insulator 
20 and a layer of chromium may be deposited in the window. 
Typically, the chromium layer is formed by evaporative 
deposition. The gate structure may then be completed by 
deposition of platinum and gold. As will also be appreciated 
by those of skill in the art, the overlayers 28 and 26 may be 
formed either before or after formation of the gate structure. 
In fact, if a titanium/platinum/gold structure is utilized, the 
platinum and gold portions of the overlayers may be formed 
in the same processing steps as the platinum and gold 
portions 30 of the gate structure. Accordingly, the overlayers 
28 and 26 may be formed prior to the formation of a gate 
contact or after the formation of a gate contact. As further 
illustrated, a substrate contact 32 may be provided on the 
backside of the substrate 10. 

0054. In some embodiments of the present invention, the 
ohmic contacts may be the same or similar to contacts 
discussed in commonly assigned U.S. patent application Ser. 
No. , filed Jul. 6, 2004, entitled Silicon-Rich Nickel 
Silicide Ohmic Contacts for SiC Semiconductor Devices, 
the disclosure of which is incorporated herein by reference 
as if set forth in its entirety. 
0055 As further illustrated in FIG. 3E, according to 
Some embodiments of the present invention, the drain con 
tact 22 is narrower than the source contact 20. The first width 
W1 may be less than an average width (W1, W2) and the 
second width W2 may be greater than the average width 
(W1, W2). Although embodiments of the present invention 
are discussed herein as having a narrow drain contact, 
embodiments of the present invention are not limited to this 
configuration. For example, in further embodiments of the 
present invention, the source contact 20 may be narrower 
than the drain contact 22 without departing from the teach 
ings of the present invention. 
0056 Referring now to FIG. 4, a plan view of transistors, 
for example, MESFETs, according to further embodiments 
of the present invention will be discussed. As illustrated in 
FIG. 4, a plurality of unit cells are provided on a substrate 
10. Each unit cell includes a drain contact 22, a gate contact 
24 and a source contact 20, the gate contacts 24 are situated 
between the source contacts 20 and a drain contacts 22. The 
Source contacts 20, the gate contacts 24 and the drain 
contacts 22 are interdigitated. As further illustrated in FIG. 
4, the drain contacts 22 have first C and second D ends, one 
of which is split. Thus, the drain contact 22 is split into first 
A and second B portions such that a portion E of a surface 
of the first epitaxial layer is not disposed beneath the drain 
contact 22. It will be understood that the drain 22 may be 
split into three or more portions without departing from the 
teachings of the present invention. In some embodiments of 
the present invention, the drain region 17 may also be split 
as illustrated in FIG. 5. However, embodiments of the 
present invention are not limited to the configuration illus 
trated in FIG. 5. For example, in some embodiments of the 
present invention, the drain region 17 may not be split 
without departing from the scope of the present invention. 
0057. In some embodiments of the present invention, a 
width W3 of the split drain contact 22 may be equal to a 

May 4, 2006 

width W4 of the source contact 20, narrower than the width 
W4 of the source contact 20 or wider than the width W4 of 
the source contact 20 without departing from the scope of 
the present invention. Furthermore, some embodiments of 
the present invention may combine the teachings of the first 
and second embodiments of the present invention. For 
example, a split drain contact 22 may be provided having a 
width W3 wider than an average width (W3, W4) and a 
source contact 20 may be provided having a width narrower 
than an average width (W3, W4) without departing from the 
teachings of the present invention. 

0058. It will be understood that although embodiments of 
the present invention are discussed herein as having a drain 
contact that is split, embodiments of the present invention 
are not limited to this configuration. For example, the Source 
contact may be similarly split without departing from the 
teachings of the present invention. Furthermore, the contact 
may be split into three or more pieces without departing 
from the teachings of the present invention. 

0059 Referring now to FIG. 5, a cross-section taken 
along the B-B' of FIG. 4 will be discussed. Like reference 
numerals refer to like elements throughout. Thus, common 
elements discussed above with respect to FIGS. 1 through 
3E will not be discussed further herein. In particular, as 
illustrated in FIG. 5 the epitaxial layer 14 is exposed 
through the drain region 17 the drain contact 22. 

0060 Embodiments of the present invention illustrated in 
FIGS. 4 and 5 may be fabricated using methods discussed 
above with respect to FIGS. 3A through 3E. However, the 
mask 50 of FIG. 3B may be adapted to implant a split drain 
region 17 as illustrated in FIGS. 5 and 6. Furthermore, the 
contact window 42 for the drain contact 22 has two portions 
as illustrated in FIG. 6 such that a portion of the drain region 
is not disposed beneath the drain contact 22. 

0061 As briefly discussed above, an average width of 
one of the source contact or drain contact may be reduced by 
a certain amount to provide the first width and the average 
width of the other of the source or drain may be increased 
by the same amount to provide the second width. Thus, the 
average pitch, i.e., a distance between a gate contact of a first 
unit cell of the transistor and a gate contact of a second unit 
cell of the transistor, may be maintained. Since the overall 
pitch is maintained, the temperature of the device may not 
increase and the C be reduced. In further embodiments of 
the present invention, one of the source contact or the drain 
contact may be split into first and second portions exposing 
a surface of a surface of the substrate between the contact 
portions. The absence of metal between the contact portions, 
may provide a reduced C and also allow the temperature of 
the device to be maintained. 

0062) The concepts proposed here were experimentally 
verified by fabricating test structures with different drain 
layer configurations. For example, the C. measured at 3.5 
GHz is summarized in Table 1 below and illustrates a 
reduction in the C according to some embodiments of the 
present invention. 
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TABLE 1. 

Drain Width Capacitance 
(microns) (femto farads) 

60 232 
2O 200 
10 18O 

Split drain, 216 
10 Lim 

Split drain, 232 
20 m 

0063 Although the present invention is described above 
with respect to particular MESFETs having particular layers 
and regions, it will be understood that embodiments of the 
present invention are not limited to the above described 
MESFETs. For example, embodiments of the present inven 
tion may be incorporated into devices described in com 
monly assigned U.S. Pat. No. 6,686,616 entitled Silicon 
Carbide Metal Semiconductor Field Effect Transistors to 
Allen et al.; U.S. patent application Ser. No. 10/786,962, 
entitled Semiconductor Devices Having Thermal Spacers: 
and U.S. patent Ser. No. 10/734,398, entitled Non-Uniform 
Gate Pitch Semiconductor Device, the disclosures of which 
are hereby incorporated herein by reference as if set forth in 
their entirety. Although the present invention is described 
above with reference to SiC MESFETs, the present inven 
tion is not limited to SiC MESFETs. For example, MESFETs 
according to embodiments of the present invention may be, 
for example, SiC MESFET MMICs, GaN HEMTs, GaN 
HEMT MMICs, GaAs MESFETs, GaAs MESFET MMICs, 
GaAs HEMTs, GaAs HEMT MMICs, GaAs pHEMTs, 
GaAs pHEMT MMICs and the like. 
0064. In the drawings and specification, there have been 
disclosed typical preferred embodiments of the invention 
and, although specific terms are employed, they are used in 
a generic and descriptive sense only and not for purposes of 
limitation, the scope of the invention being set forth in the 
following claims. 

That which is claimed is: 
1. A unit cell of a high power transistor comprising: 
a transistor having a source region, a drain region and a 

gate contact, the gate contact being between the Source 
region and the drain region; and 

first and second ohmic contacts on the Source and drain 
regions, respectively, that respectively define a source 
contact and a drain contact, the Source contact and the 
drain contact having respective first and second widths, 
wherein the first width and the second width are 
different. 

2. The unit cell of claim 1, wherein the first width is less 
than an average width of the first and second widths and the 
second width is greater than the average width of the first 
and second widths. 

3. The unit cell of claim 1, wherein the second width is 
less than an average width of the first and second widths and 
the first width is greater than the average width of the first 
and second widths. 

4. The unit cell of claim 1, wherein the source region and 
the drain region have respective third and fourth widths and 
wherein the third and fourth widths are different. 
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5. The unit cell of claim 1, wherein the source contact and 
the source region are split into first and second portions such 
that a portion of a Surface of a first epitaxial layer is not 
disposed beneath the Source contact or the Source region or 
the drain contact and the drain region are split into first and 
second portions such that a portion of the surface of the first 
epitaxial layer is not disposed beneath the drain contact or 
the drain region. 

6. The unit cell of claim 1, wherein the source contact is 
split into at least first and second portions such that a portion 
of a surface of the source region is not disposed beneath the 
SOurce COntact. 

7. The unit cell of claim 1, wherein the drain contact is 
split into at least first and second portions such that a portion 
of a Surface of the drain region is not disposed beneath the 
drain contact. 

8. The unit cell of claim 1, wherein the transistor com 
prises a metal semiconductor field effect transistor (MES 
FET). 

9. The unit cell of claim 8, wherein the MESFET com 
prises a silicon carbide (SiC) MESFET, a gallium arsenide 
(GaAs) MESFET or a gallium Nitride (GaN) HEMT. 

10. A unit cell of a high power transistor comprising: 
a transistor having a source region, a drain region and a 

gate contact, the gate contact being between the source 
region and the drain region; and 

first and second ohmic contacts on the Source and drain 
regions, respectively, that respectively define a source 
contact and a drain contact, wherein the source contact 
is split into first and second portions such that a portion 
of a surface of a first epitaxial layer is not disposed 
beneath the source contact or wherein the drain contact 
is split into first and second portions such that a portion 
of the surface of the first epitaxial layer is not disposed 
beneath the drain contact. 

11. The unit cell of claim 10, wherein the source contact 
is split into at least first and second portions such that a 
portion of a Surface of the source region is not disposed 
beneath the source contact or wherein the drain contact is 
split into at least first and second portions such that a portion 
of a Surface of the drain region is not disposed beneath the 
drain contact. 

12. The unit cell of claim 10, wherein the source contact 
is split, wherein the Source and drain contacts have respec 
tive first and second widths, wherein the first width is less 
than an average of the first and second widths and wherein 
the second width is greater than the average of the first and 
second widths. 

13. The unit cell of claim 10, wherein the source contact 
is split, wherein the Source and drain contacts have respec 
tive first and second widths, wherein the first width is greater 
than an average of the first and second widths and wherein 
the second width is less than the average of the first and 
second widths 

14. The unit cell of claim 10, wherein the source contact 
is split, wherein the Source and drain contacts have respec 
tive first and second widths, wherein the first and second 
widths are equal. 

15. The unit cell of claim 10, wherein the drain contact is 
split, wherein the Source and drain contacts have respective 
first and second widths, wherein the first width is less than 
an average of the first and second widths and wherein the 
second width is greater than the average of the first and 
second widths. 
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16. The unit cell of claim 10, wherein the drain contact is 
split, wherein the Source and drain contacts have respective 
first and second widths, wherein the first width is greater 
than an average of the first and second widths and wherein 
the second width is less than the average of the first and 
second widths 

17. The unit cell of claim 10, wherein the drain contact is 
split, wherein the Source and drain contacts have respective 
first and second widths, wherein the first and second widths 
are equal. 

18. The unit cell of claim 10, wherein the transistor 
comprises a metal semiconductor field effect transistor 
(MESFET). 

19. The unit cell of claim 18, wherein the MESFET 
comprises a silicon carbide (SiC) MESFET, a gallium ars 
enide (GaAs) MESFET or a gallium Nitride (GaN) HEMT. 

20. A high power transistor comprising: 
a plurality of unit cells each having a source region and a 

drain region; 
a plurality of gate electrodes of the unit cells, ones of the 

plurality of gate electrodes being between the Source 
region and the drain region of the unit cells; 

a plurality of Source electrodes on the Source regions of 
the unit cells; and 

a plurality of drain electrodes on the drain regions of the 
unit cells, the plurality of source electrodes and the 
plurality of drain electrodes having respective first and 
second widths, wherein the first width is less than an 
average width of the first and second widths and the 
second width is greater than the average width of the 
first and second widths. 

21. A high power transistor comprising: 
a plurality of unit cells each having a source region and a 

drain region; 
a plurality of gate electrodes of the unit cells, ones of the 

plurality of gate electrodes being between the Source 
region and the drain region of the unit cells; 

a plurality of Source electrodes on the Source regions of 
the unit cells; and 

a plurality of drain electrodes on the drain regions of the 
unit cells, wherein the plurality of source electrodes are 
split into at least first and second portions such that a 
portion of a Surface of a first epitaxial layer is not 
disposed beneath the source electrodes or wherein the 
plurality of drain contacts and the plurality of drain 
regions are split into at least first and second portions 
such that a portion of the surface of the first epitaxial 
layer is not disposed beneath the source electrodes. 

22. A method of forming a unit cell of a high power 
transistor comprising: 

forming a transistor having a source region, a drain region 
and a gate contact, the gate contact being between the 
Source region and the drain region; and 

forming first and second ohmic contacts on the source and 
drain regions, respectively, that respectively define a 
Source contact and a drain contact, the source contact 
and the drain contact having respective first and second 
widths, wherein the first and second widths are differ 
ent. 
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23. The method of claim 22, wherein the first width is less 
than an average width of the first and second widths and the 
second width is greater than the average width of the first 
and second widths. 

24. The method of claim 22, wherein the first width is 
narrower than the second width, wherein the first width is 
from about 10 to about 20 um and wherein the second width 
is from about 25 to about 35 um. 

25. The method of claim 22, wherein the second width is 
narrower than the first width, wherein the second width is 
from about 10 to about 15um and wherein the second width 
is from about 25 to about 35 um. 

26. The method of claim 22, wherein the source region 
and the drain region have respective third and fourth widths 
and wherein the third and fourth widths are different. 

27. The method of claim 22, wherein the source contact 
and the source region are split into first and second portions 
Such that a portion of a surface of a first epitaxial layer is not 
disposed beneath the Source contact or the Source region or 
the drain contact and the drain region are split into first and 
second portions such that a portion of the surface of the first 
epitaxial layer is not disposed beneath the drain contact or 
the drain region. 

28. The method of claim 22, wherein the source contact 
is split into at least first and second portions such that a 
portion of a Surface of the source region is not disposed 
beneath the Source contact. 

29. The method of claim 22, wherein the drain contact is 
split into at least first and second portions such that a portion 
of a Surface of the drain region is not disposed beneath the 
drain contact. 

30. The method of claim 22, wherein forming the tran 
sistor comprises forming a metal semiconductor field effect 
transistor (MESFET). 

31. The method of claim 30, wherein forming the MES 
FET comprises forming a silicon carbide (SiC) MESFET, a 
gallium arsenide (GaAs) MESFET or a gallium Nitride 
(GaN) HEMT. 

32. A method of forming a unit cell of a high power 
transistor comprising: 

forming a transistor having a source region, a drain region 
and a gate contact, the gate contact being between the 
Source region and the drain region; and 

forming first and second ohmic contacts on the source and 
drain regions, respectively, that respectively define a 
Source contact and a drain contact, wherein the Source 
contact is split into at least first and second portions 
Such that a portion of a surface of a first epitaxial layer 
is not disposed beneath the source contact or wherein 
the drain contact is split into at least first and second 
portions such that a portion of the surface of the first 
epitaxial layer is not disposed beneath the drain con 
tact. 

33. The method of claim 32, wherein the source contact 
is split into at least first and second portions such that a 
portion of a Surface of the source region is not disposed 
beneath the source contact or wherein the drain contact is 
split into at least first and second portions such that a portion 
of a Surface of the drain region is not disposed beneath the 
drain contact. 

34. The method of claim 32, wherein the source contact 
is split, wherein the Source and drain contacts have respec 
tive first and second widths, wherein the first width is less 
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than an average of the first and second widths and wherein 
the second width is greater than the average of the first and 
second widths. 

35. The method of claim 32, wherein the source contact 
is split, wherein the source and drain contacts have respec 
tive first and second widths, wherein the first width is greater 
than an average of the first and second widths and wherein 
the second width is less than the average of the first and 
second widths 

36. The method of claim 32, wherein the source contact 
is split, wherein the source and drain contacts have respec 
tive first and second widths, wherein the first and second 
widths are equal. 

37. The method of claim 32, wherein the drain contact is 
split, wherein the Source and drain contacts have respective 
first and second widths, wherein the first width is less than 
an average of the first and second widths and wherein the 
second width is greater than the average of the first and 
second widths. 

38. The method of claim 32, wherein the drain contact is 
split, wherein the Source and drain contacts have respective 
first and second widths, wherein the first width is greater 
than an average of the first and second widths and wherein 
the second width is less than the average of the first and 
second widths 

39. The method of claim 32, wherein the drain contact is 
split, wherein the Source and drain contacts have respective 
first and second widths, wherein the first and second widths 
are equal. 

40. The method of claim 32, wherein forming the tran 
sistor comprises forming a metal semiconductor field effect 
transistor (MESFET). 

41. The method of claim 40, wherein forming the MES 
FET comprises forming a silicon carbide (SiC) MESFET, a 
gallium arsenide (GaAs) MESFET or a gallium Nitride 
(GaN) HEMT. 

42. A method of forming a high power transistor com 
prising: 

forming a plurality of unit cells each having a source 
region and a drain region; 

forming a plurality of gate electrodes of the unit cells, 
ones of the plurality of gate electrodes being between 
the source region and the drain region of the unit cells; 
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forming a plurality of source electrodes on the source 
regions of the unit cells; and 

forming a plurality of drain electrodes on the drain 
regions of the unit cells, the plurality of Source elec 
trodes and the plurality of drain electrodes having 
respective first and second widths, wherein the first 
width is less than an average width of the first and 
second widths and the second width is greater than the 
average width of the first and second widths. 

43. A method of forming a high power transistor com 
prising: 

forming a plurality of unit cells each having a source 
region and a drain region; 

forming a plurality of gate electrodes of the unit cells, 
ones of the plurality of gate electrodes being between 
the source region and the drain region of the unit cells; 

forming a plurality of source electrodes on the source 
regions of the unit cells; and 

forming a plurality of drain electrodes on the drain 
regions of the unit cells, wherein the plurality of source 
electrodes are split into at least first and second portions 
Such that a portion of a surface of a first epitaxial layer 
is not disposed beneath the source electrodes or 
wherein the plurality of drain contacts are split into at 
least first and second portions such that a portion of the 
surface of the first epitaxial layer is not disposed 
beneath the drain electrodes. 

44. A method of designing a transistor comprising: 

increasing a first width of a source contact by an amount 
Such that the first width is greater than an average width 
of the first and a second width: 

decreasing the second width of a drain contact by the 
amount such that the second width is less than the 
average width; and 

fabricating the Source an drain contacts having the first 
and second widths, respectively. 
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