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Description

BACKGROUND

[0001] The present invention relates to methods for
forming via openings in semiconductor substrates,
Group III nitride epitaxial layers. More particularly, the
invention relates to the use of such vias to form monolithic
microwave integrated circuits (MMICs) in silicon carbide
(SiC).
[0002] The present invention relates to the manufac-
ture of via openings ("vias") in integrated circuits (ICs),
and in particular relates to a method of forming such vias
in devices on a silicon carbide substrate in order to take
advantage of silicon carbide’s electronic, thermal, and
mechanical properties in the manufacture and use of
monolithic microwave integrated circuits.

MMICs

[0003] In its most basic sense, a monolithic microwave
integrated circuit is an integrated circuit; i.e., a circuit
formed of a plurality of devices; in which all of the circuit
components are manufactured on top of a single semi-
conductor substrate, and which is designed to operate
at microwave frequencies. As is generally the case with
integrated circuits, the advantage of placing the device
and circuit components on a single substrate is one of
saving space. Smaller circuit size offers numerous ad-
vantages for electronic circuits and the end-use devices
that incorporate such circuits. In general, the end-use
devices can be smaller while offering a given set of func-
tions, or more circuits and functions can be added to de-
vices of particular sizes, or both advantages can be com-
bined as desired. From an electronic standpoint, integrat-
ed circuits help reduce or eliminate problems such as
parasitic capacitance loss that can arise when discrete
devices are wire-bonded to one another to form circuits.
These advantages can help integrated circuits operate
at improved bandwidths as compared to circuits that are
"wired" together from discrete components.
[0004] Wireless communications systems represent
one area of recent and rapid growth in integrated circuits
and related commercial technology. Such systems are
exemplified, although not limited to, cellular radio com-
munication systems. One estimate predicts that the
number of wireless subscribers for such phones will con-
tinue to grow worldwide and will exceed 450 million users
in the immediate future. The growth of such technologies
will require that devices are smaller, more powerful and
easier to manufacture. These desired advantages apply
to base, relay and switching stations as well as to end
user devices such as the cellular phones themselves.
[0005] As recognized by those of ordinary skill in this
art, many wireless devices, and in particular cellular
phone systems, operate in the microwave frequencies
of the electromagnetic spectrum. Although the term "mi-
crowave" is somewhat arbitrary, and the boundaries be-

tween various classifications or frequencies are likewise
arbitrary, an exemplary choice for the microwave fre-
quencies would include wavelengths of between about
3,000 and 300,000 microns (m), which corresponds to
frequencies of between about 1 and 100 gigahertz (GHz).
[0006] As further known by those of ordinary skill in
this art, these particular frequencies are most conven-
iently produced or supported by certain semiconductor
materials. For example, although discrete (i.e., individu-
al) silicon (Si) based devices can operate at microwave
frequencies, silicon-based integrated circuits suffer from
lower electron mobility and are generally disfavored for
frequencies above about 3-4 GHz. Silicon’s inherent con-
ductivity also limits the gain that can be delivered at high
frequencies.
[0007] Accordingly, devices that operate successfully
on a commercial basis in the microwave frequencies are
preferably formed of other materials, of which gallium
arsenide (GaAs) is presently a material of choice. Gallium
arsenide offers certain advantages for microwave circuits
and monolithic microwave integrated circuits, including
a higher electron mobility than silicon and a greater in-
sulating quality.
[0008] Because of the frequency requirements for mi-
crowave devices and microwave communications, sili-
con carbide is a favorable candidate material for such
devices and circuits. Silicon carbide offers a number of
advantages for all types of electronic devices, and offers
particular advantages for microwave frequency devices
and monolithic microwave integrated circuits. Silicon car-
bide has an extremely wide band gap (e.g., 2.996 elec-
tron volts (eV) for alpha SiC at 300K as compared to 1.12
eV for Si and 1.42 for GaAs), has a high electron mobility,
is physically very hard, and has outstanding thermal sta-
bility, particularly as compared to other semiconductor
materials. For example, silicon has a melting point of
1415 °C (GaAs is 1238 °C), while silicon carbide typically
will not begin to disassociate in significant amounts until
temperatures reach at least about 2000 °C. As another
factor, silicon carbide can be fashioned either as a sem-
iconducting material or a semi-insulating material. Be-
cause insulating or semi-insulating substrates are often
required for MMICs, this is a particularly advantageous
aspect of silicon carbide.
[0009] Advances in semiconductor electronics have in-
creased the availability of wide-band gap materials, such
as silicon carbide (SiC) and the Group III nitrides (e.g.
GaN, AlGaN and InGaN). The potential for producing
transistors operating at high frequencies, including the
microwave band, has therefore become a commercial
reality. Such higher frequency devices are extremely
useful in a number of applications, some of the more
familiar of which are power amplifiers, wireless transceiv-
ers such as cellular telephones, and similar devices. See
generally, commonly assigned U.S. Patent Number
6,507,046.
[0010] The wide bandgap characteristics of silicon car-
bide and the Group III nitrides enable device manufac-
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turers to optimize the performance of semiconductor
electronics at frequencies that traditional materials can
not withstand. The high frequency capabilities of these
wide bandgap materials present opportunities for devel-
opment of high frequency, high power semiconductor
electronic devices on a scale that will meet the needs of
a growing industry.
[0011] Wide band gap epitaxial layers of significant in-
terest include the Group III nitrides that are capable of
withstanding operation at microwave frequencies. Wu
and Zhang explain the operation of these wide bandgap
epitaxial layers U.S. Patent No. 6,586,781. Of particular
importance to Wu and Zhang are high electron mobility
field effect transistors, known as HEMTs. HEMTs, as
shown in No. 6,586,781, comprise an upper epitaxial lay-
er of semiconductor material on an insulating layer.
Source, drain and gate contacts are fabricated on the
upper epitaxial layer. The HEMT takes advantage of the
physical phenomenon that occurs when two chosen ma-
terials of different band gaps are placed in contact with
one another in an electronic device. The upper epitaxial
layer in an HEMT typically has a wider bandgap than the
insulating layer underneath it, and a two dimensional
electron gas (2DEG) forms at the junction between the
upper epitaxial layer and the insulating layer. The 2DEG
formed at this junction has a high concentration of elec-
trons which provide an increased device transconduct-
ance. The 2DEG serves as the channel of an HEMT. This
channel is open and closed depending on the bias of the
signal applied to the gate electrode.
[0012] HEMTs are useful in applications that require
high power output from a high frequency input signal.
HEMT devices can generate large amounts of power be-
cause they have high breakdown fields, wide bandgaps
(3.36 eV for GaN at room temperature), large conduction
band offset, and high saturated electron drift velocity. The
same size GaN amplifier can produce up to ten times the
power of a GaAs amplifier operating at the same frequen-
cy. See No. 6,586,781.
[0013] The 2DEG of a high electron mobility transistor
is essentially an electron rich upper portion of the un-
doped, smaller bandgap material under the wider band-
gap epitaxial layer. The 2DEG can contain a very high
sheet electron concentration on the order of 1012 to 1013

carriers/cm2. See U.S. Patent No. 6,316,793. Electrons
from the wider-bandgap semiconductor transfer to the
2DEG, allowing a high electron mobility in this region. Id.
A major portion of the electrons in the 2DEG is attributed
to pseudomorphic strain in the AlGaN; see, e.g., P.M.
Asbeck et al., Electronics Letters, Vol. 33, No. 14, pp.
1230-1231 (1997); and E. T. Yu et al., Applied Physics
Letters, Vol. 7 1, No. 19, pp. 2794-2796 (1997).
[0014] High power semiconducting devices, such as
the above described HEMT, operate in a microwave fre-
quency range and are used for RF communication net-
works and radar applications. The devices offer the po-
tential to greatly reduce the complexity and thus the cost
of cellular phone base station transmitters. Other poten-

tial applications for high power microwave semiconduc-
tor devices include replacing the relatively costly tubes
and transformers in conventional microwave ovens, in-
creasing the lifetime of satellite transmitters, and improv-
ing the efficiency of personal communication system
base station transmitters. See U.S. Patent No.
6,316,793.
[0015] Accordingly, the need exists for continued im-
provement in high frequency, high power semiconductor
based microwave devices. One significant improvement
described in detail herein is the development of a means
for fabricating HEMT devices as part of a monolithic mi-
crowave integrated circuit (MMIC).
[0016] MMICs are fabricated with backside metallic
ground planes, to which contacts must be made from
various points in the MMIC, for example at transmission
line terminations. Traditionally, this has been accom-
plished by wire bonds. Although wire bonding techniques
can be used for other devices that operate at other fre-
quencies, they are disadvantageous at microwave fre-
quencies in silicon carbide devices. In particular, wires
tend to cause undesired inductance at the microwave
frequencies at which silicon carbide devices are capable
of operating. For frequencies above 10 GHz, wire bond-
ing simply must be avoided altogether. Accordingly, such
wire bonding is desirably-and sometimes necessarily-
avoided in silicon carbide-based MMICs.
[0017] The use of conductive vias (i.e., via openings
filled or coated with metal) to replace wire bonds is a
potential solution to this problem. To date, however,
opening vias in silicon carbide has been rather difficult
because of its extremely robust physical characteristics,
which, as noted above, are generally advantageous for
most other purposes. MMICs that incorporate HEMTs
and other semiconductor devices require the additional
step of opening vias through the Group III nitride epitaxial
layers on the silicon carbide substrate without disrupting
device integrity. The invention described herein achieves
the opening of conductive vias through the silicon carbide
substrate and through the Group III nitride epilayers by
utilizing etching techniques tailored to the chemical com-
position of the substrate and the epilayers.

Etching and Etchants

[0018] Etching is a process that removes material (e.g.,
a thin film on a substrate or the substrate itself) by chem-
ical or physical reaction or both. There are two main cat-
egories of etching: wet and dry. In wet etching, chemical
solutions are used to etch, dry etching uses a plasma.
Silicon carbide does not lend itself rapidly to wet etching
because of SiC’s stability and high bond strength. Con-
sequently, dry etching is most often used to etch silicon
carbide.
[0019] In dry etching, a plasma discharge is created
by transferring energy (typically electromagnetic radia-
tion in the RF or microwave frequencies) into a low-pres-
sure gas. The gas is selected so that its plasma-state
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etches the substrate material. Various fluorine-contain-
ing compounds (e.g., CF4, SF6, C4F8) are typically used
to etch silicon carbide and different plasma reactor sys-
tems may also use gas additives such as oxygen (O2),
hydrogen (H2), or argon (Ar). The plasma contains gas
molecules and their dissociated fragments: electrons,
ions, and neutral radicals. The neutral radicals play a part
in etching by chemically reacting with the material to be
removed while the positive ions traveling towards a neg-
atively charged substrate assist the etching by physical
bombardment.
[0020] Reactive ion etching (RIE) systems typically
use one RF generator. The RF power is fed into one
electrode (the "chuck," on which the wafers are placed),
and a discharge results between this electrode and the
grounded electrode. In such systems, the capacitive na-
ture of RF energy coupling limits the density of the plas-
ma, which in turn leads to lower etch rates of silicon car-
bide. In RIE systems, plasma density and ion energy are
coupled and cannot be independently controlled. When
RF input power increases, plasma density and ion energy
both increase. As a result, RIE systems cannot produce
the type of high density and low energy plasma favorable
for etching vias in silicon carbide.
[0021] In inductively coupled plasma (ICP) systems,
two RF generators are used. One feeds RF power to a
coil wrapped around the non-conductive discharge
chamber. The second feeds power to the electrode
(chuck) on which the wafers are placed. In such systems,
the inductive nature of the RF energy coupling increases
the efficiency of energy coupling and hence the density
of the plasma. Additionally, the plasma density can be
independently controlled by the coil RF power, while the
ion energy can be independently controlled by the chuck
RF power. Thus, ICP systems can produce the high den-
sity and low energy plasmas that are favorable for etching
vias in silicon carbide.
[0022] Etches are performed on selected areas of the
wafer by masking areas of the wafer that do not need to
be etched. The ratio of the etch rate of the substrate (the
material to be etched) to the etch rate of the mask material
is referred to as the "selectivity" of the etch. For deep
etches and faithful pattern transfer, high selectivity etch-
es are desired.
[0023] Etches generally proceed in both the vertical
and horizontal directions. The vertical direction can be
measured as etch depth in the unmasked areas, while
the horizontal direction can be measured as undercut
under the mask areas. The degree of anisotropy is ex-
pressed by how much the ratio of the horizontal etch rate
to the vertical etch rate deviates from unity. When the
etch rate in the vertical direction is much greater than the
rate in the horizontal direction, the etch is called aniso-
tropic. The reverse characteristic is referred to as being
isotropic. Because of silicon carbide’s high bond
strength, it does not etch without ion bombardment in the
horizontal direction. As a result, dry etches of silicon car-
bide are generally anisotropic.

[0024] In contrast, etches of silicon (Si) in ICP systems
are generally isotropic. This results from silicon’s low
bond strength, because of which it readily etches in the
horizontal direction. Silicon etches can be made aniso-
tropic by using the Bosch process that alternates a dep-
osition step for sidewall protection and an etch step.
[0025] The use of ICP (inductively coupled plasma)
and ECR (electron cyclotron resonance) sources for SiC
etching have resulted in higher etch rates as compared
to RIE (reactive ion etch). Both ICP and ECR systems
use lower operating pressure (e.g., 1 to 20 milliTorr),
higher plasma density (1011 to 1012 cm-3) and lower ion
energies compared to RIE systems. The combination of
these parameters result in high etch rate of SiC and min-
imal erosion of the etch mask. RIE systems use higher
pressure (10 to 300 milliTorr) lower plasma density (1010

cm-3) and higher ion energies to break SiC bonds and
etch; however, the detrimental effects of high ion ener-
gies and low plasma density include mask erosion and
lower etch rate.
[0026] As reported in the scientific literature by McDan-
iel et al., Comparison of Dry Etch Chemistries for SiC, J.
Vac. Sci. Technol. A., 15(3), 885 (1997), scientists have
been successful in etching SiC using an electron cyclo-
tron resonance (ECR) plasma. Scientific studies have
determined that higher ion density ECR discharges of
CF4/O2 or SF6/O2 results in a much higher etch rate than
RIE. In contrast with RIE, there have been no observed
benefits to adding oxygen to either NF3 or SF6 during
ECR etching.
[0027] Previous attempts at using plasma chemistries
for high-density plasma etching of SiC include the use of
chlorine (Cl2), bromine (Br2), or iodine (I2)-based gases.
However, the use of fluorine-based gas has produced
much higher etch rates. For example, Hong et al., Plasma
Chemistries for High Density Plasma Etching of SiC, J.
Electronic Materials, Vol. 28, No. 3, 196 (1999), discuss-
es dry etching of 6H-SiC using a variety of plasma chem-
istries which include sulfur hexafluoride (SF6), chlorine
(Cl2), iodine chloride (ICl), and iodine bromide (IBr) in
high ion density plasma tools (i.e., ECR and ICP). These
efforts have achieved etch rates of around 0.45
mm/minute (4500 Å/minute) with SF6 plasmas. Alterna-
tively, Cl2, ICl, and IBr-based chemistries in ECR and
ICP sources resulted in lower rates of .08 mm/minute
(800 Å/minute). It was found that fluorine-based plasma
chemistries produced the most rapid, and hence most
desirable, etch rates for SiC under high-density plasma
conditions. Unfortunately, the fluorine-based chemistries
displayed a poor selectivity for SiC with respect to pho-
toresist masks.
[0028] Wang et al. reported in Inductively Coupled
Plasma Etching of Bulk 6H-SiC and Thin-film SiCN in
NF3 Chemistries, J. Vac. Sci. Technol. A, 16(4) (1998),
the etching characteristics of 6H p+ and n+ SiC and thin-
film SiC0.5N0.5 in inductively coupled plasma NF3/O2 and
NF3/Ar discharges wherein etch rates of .35 m/minute
(3,500 A/minute) were achieved.
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[0029] In further scientific literature, Cao et al., Etching
of SiC Using Inductively Coupled Plasma, J. Electro-
chem. Soc., Vol. 145, No. 10 (1998), discusses plasma
etching in an ECR plasma using CF4 and O2 gas at flow
rates of 20 standard cubic centimeters per minute (sccm)
and 9 sccm, respectively, attained an etch rate in SiC of
about .05 mm/minute (500 Å/minute). The process result-
ed in a 14 mm deep trench having a smooth bottom sur-
face. Further, the low chamber pressure (i.e., 7mTorr)
minimized micromasking effects during the deep etch
trenching. During the Cao et al. investigation, substrate
bias was maintained at 10 V and the coil power was main-
tained at 700 W.
[0030] In view of the technologies discussed above, a
primary objective of SiC via etching is finding a process
in which SiC is etched at a reasonable rate while erosion
of the etch mask is kept to a minimum. The factors af-
fecting this objective are the choice of mask material,
plasma chemistry, plasma density, and ion energy. A
secondary objective when etching vias in SiC is obtaining
smooth etch surfaces.
[0031] Therefore there is a need for a process in which
SiC may be etched at a reasonably rapid rate while ero-
sion of the etch mask is minimized.
[0032] There is also a need for a method for etching a
via in SiC of sufficient depth and at a reasonable rate
which results in a smooth surface at the bottom of the
via trench.
[0033] Another need is for an etching method that ef-
ficiently etches Group III nitride epilayers without etching
the contacts on a semiconductor device or any exposed
silicon carbide.
[0034] A further need exists for a technique that suc-
cessfully incorporates the use of appropriate vias in semi-
conducting silicon carbide substrates to facilitate the
manufacture of silicon carbide based MMICS and the
end-use devices that can be formed with the silicon car-
bide-based MMICS.
[0035] US-A-2004/0241970 describes a method of
fabricating an integrated circuit by forming an epitaxial
layer of a group III nitride on one side of a silicon carbide
substrate, forming ohmic contacts on the side of the epi-
taxial layer remote from the substrate and forming con-
ductive vias through the substrate and epitaxial layer to
said contacts from the side of the substrate remote from
said contacts.
[0036] The present disclosure provides a method as
detailed in claim 1. Advantageous features are provided
in dependent claims.
[0037] The present invention provides a method of fab-
ricating a silicon carbide based transistor that eliminates
the need for electrical connection by wire bonding in an
integrated circuit. The etching of vias favourably differ-
entiate between the silicon carbide, the semiconductor
epitaxial layer or layers, the masking material and the
contacts of a semiconductor device.
[0038] The epitaxial layers comprise Group III nitride
semiconductor material on the second surface of the sil-

icon carbide substrate, respective platinum contacts may
define source, gate, and drain regions of the device there-
in. The etching steps follow a masking pattern that results
in a via extending from the bottom, first surface of the
silicon carbide substrate to a respective source, drain, or
gate contact. Metallizing the respective vias results in a
conductive pathway through the substrate and epitaxial
layers to the contacts and eliminates the need for con-
necting the contacts to external circuitry by wire bonding.
[0039] These and other objects and advantages of the
invention, and the manner in which the same are accom-
plished, will be more fully understood when taken in con-
junction with the detailed description and drawings in
which:
[0040] Figures 1 through 13 are cross-sectional dia-
grams illustrating the method of forming a via through a
silicon carbide substrate in accordance with the present
invention; and
[0041] Figure 14 is a scanning electron micrograph
(SEM) of a via formed in a silicon carbide substrate ac-
cording to the present invention. DETAILED DESCRIP-
TION OF THE PREFERRED EMBODIMENTS
[0042] In a first aspect, the invention is a method of
forming vias in particular materials, silicon carbide and
Group III nitrides, that enables integrated circuits, and
particularly monolithic microwave integrated circuits, to
be formed on silicon carbide substrates with epitaxial lay-
ers on the substrate. The invention allows the devices to
be connected to external circuitry in a manner that re-
duces the inductance problems that are characteristic of
such MMICS when wire bonding is used to form electrical
contacts for high frequency devices and circuits.
[0043] Figures 1 through 11 illustrate in sequential
fashion the basic steps of the method aspects of the
present invention. These will be described somewhat
generally, following which particular experimental details
will be set forth. Because much of the background of
MMICs and their function is well understood in this art,
these will not be described in particular detail other than
as necessary to highlight the invention. In the same man-
ner, certain process steps are generally well understood
so that where appropriate, these will be simply named
rather than described in detail. The novel and non-obvi-
ous features of the invention, however, are set forth here-
in in sufficient detail to provide those referring to the spec-
ification with the ability to carry out the invention success-
fully and without undue experimentation.
[0044] Figure 1 is a cross sectional view of a silicon
carbide substrate 20 with a semiconductor device fabri-
cated thereon as indicated by the brackets 21. The device
portion includes at least one epitaxial layer 29 on the
second surface 28 of the silicon carbide substrate. Al-
though Figure 1 shows one epitaxial layer 29, the inven-
tion described herein applies equally to devices formed
in a plurality of epitaxial layers on a silicon carbide sub-
strate. As stated above, the purpose of the present in-
vention is to form a via through the SiC substrate 20 and
the epitaxial layer 29, and to use the via to provide an
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electrical path through the substrate 20 and to a contact
25. For descriptive purposes, Figures 1 through 11 illus-
trate a single via to one contact of a single device. It will
nevertheless be understood that the method of the in-
vention, and the resulting structure, are more typically
applied to forming numerous vias to numerous devices
that form a circuit. In particular, the method is particularly
adept for forming conductive vias to the source 22, gate
23, and drain 24 regions of transistors formed in silicon
carbide. Certain of the method steps of the invention are,
however, most clearly set forth by simplifying the illustra-
tions.
[0045] Accordingly, Figure 1 is meant to illustrate in
broad fashion a silicon carbide substrate 20 with a sem-
iconductor device fabricated thereon as indicated by the
brackets 21. Representative semiconductor devices in-
clude high electron mobility transistors (HEMTs) with ap-
propriate source 22, gate 23, and drain 24 regions. For
microwave frequency devices, the source 22, gate 23,
and drain 24 regions are all formed in a wide band gap
material such as silicon carbide, or certain of the Group
III nitrides such as aluminum nitride (AlN), gallium nitride
(GaN), and related binary, ternary, and tertiary Group III
nitride compounds such as AlGaN and InAlGaN. The in-
vention, therefore, encompasses devices that include a
plurality of wide band-gap epitaxial layers on a silicon
carbide substrate.
[0046] The device 21 is formed on a silicon carbide
substrate 20 that has a first surface 27 and a second
surfaces 28.
[0047] Figure 2 illustrates the same substrate 20 and
corresponding device 21 as Figure 1, but with a conduc-
tive contact 25 in place on the uppermost surface 26 of
the epitaxial layer. Those familiar with devices such as
MESFETS and HEMTs will immediately recognize that
an exemplary device may also include a contact to the
gate region 23 and another to the drain region 24. As just
noted, however, such contacts are not shown in Figures
1-11 for the purpose of simplifying the presentation of
the relevant information. Accordingly, Figure 2 simply
shows the conductive contact 25 to the source region 22
of the illustrated device. It will be understood that when
the device is formed entirely in a single portion of silicon
carbide, the entire portion can be considered the sub-
strate 20.
[0048] The conductive contact 25 of the invention here-
in is preferably formed of platinum. Conventional metals
may be used for any of the contacts in a particular em-
bodiment.
[0049] Alternatively, and without departing in any man-
ner from the invention, the substrate can also include one
or more epitaxial layers ("epilayers") in which the device
portion 21 is formed. In such embodiments, the surface
26 would refer to the uppermost surface (in the orientation
of Figures 1-4) of the epitaxial layer. Those familiar with
the growth of semiconductor materials, and particularly
the growth of silicon carbide, will recognize that the use
of a substrate and an epitaxial layer (or layers) even

though made of the same material, provides a method
of (in most circumstances) gaining an improved crystal
lattice in the epitaxial layers (epilayers) as compared to
the substrate.
[0050] The fabrication of epilayers on a substrate is
well understood in the art. The invention herein includes
at least one and preferably a plurality of epitaxial layers
made of semiconductor material other than silicon car-
bide. Group III nitride epilayers on a silicon carbide sub-
strate are especially advantageous. The Group III nitride
epilayers provide a wide band gap material in which a
semiconductor device capable of operating at microwave
frequencies may be formed. Epitaxial layers of particular
interest include layers of gallium nitride for forming an
HEMT therein. Other Group III nitride layers are particu-
larly suitable for forming HEMTs therein. These other epi-
taxial layers include layers of InGaN, layers of InAlGaN,
a combination of epitaxial layers made of AlGaN and
GaN, and a combination of layers made of AlGaN, AlN,
and GaN for forming HEMTs therein. The epilayers in-
clude a lower surface 29 in contact with the second sur-
face 28 of a silicon carbide substrate 20 and an upper-
most surface 26 for forming device contacts thereon.
[0051] The Group III nitride semiconductor materials
are especially advantageous for forming the channel re-
gion of an HEMT. An HEMT according to an example not
part of the invention includes a Group III nitride semicon-
ductor material forming a barrier layer on a Group III ni-
tride semiconductor channel layer as shown in HEMT 50
of Figure 12. The barrier layer 54 of the HEMT 50 has a
bandgap energy that is greater than the bandgap energy
of the channel layer 52 so that the junction of the barrier
layer 54 and the channel layer 52 yields a two dimen-
sional electron gas. The two dimensional electron gas
conducts a controllable current from the source 58 to
drain 60 in the HEMT. The HEMT may also include a
spacer layer 56, formed of a Group III nitride such as
aluminum nitride, between the channel 52 and barrier 54
layers to optimize device performance.
[0052] Certain embodiments of HEMTs may have var-
ious configurations for the source 58, gate 59 and drain
60 contacts. Figure 12 illustrates one example
in which the source 58 and drain 60 contacts may be
platinum deposits on the Group III nitride channel layer
52, and the gate contact 59 is a platinum deposit on the
Group III nitride barrier layer 54. In an HEMT formed with
a barrier layer 54 of AlGaN on a GaN channel layer 52
on a silicon carbide substrate 51, the gate contact 59
may be a platinum contact placed on the AlGaN layer
because platinum exhibits rectifying behavior on AlGaN.
The source and drain contacts 58, 60 of this embodiment
may then be deposits of platinum that extend all the way
to the GaN layer because platinum is ohmic on GaN.
[0053] Other materials and positions for the source,
gate, and drain contacts are possible in a transistor, de-
pending upon the application at hand. Figure 13 illus-
trates another embodiment in which the source 78, gate
79, and drain 80 contacts are made of appropriate ma-
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terials that are ohmic or rectifying as needed on the bar-
rier layer 77 of an HEMT 70. Figure 13, therefore, shows
an HEMT 70 formed with an AlGaN barrier layer 77 on
a channel layer 76 of GaN on a silicon carbide substrate
75. The source 78, gate 79, and drain 80 contacts of
Figure 13 are made of materials that give the appropriate
ohmic or rectifying current response on the AlGaN barrier
layer 77. The gate contact 79 may be formed of titanium,
platinum, chromium, alloys of tungsten and titanium, or
platinum silicide and achieve a rectifying current re-
sponse on the AlGaN barrier layer 77. The source and
drain contacts 78, 80 may be formed of alloys of titanium,
aluminum, and nickel and achieve the desired ohmic re-
sponse on the AlGaN barrier layer 77. The invention here-
in, therefore, requires only that source and drain contacts
be formed so that the source and drain contact material
exhibits ohmic behavior when placed on an epitaxial layer
made of a semiconductor material other than silicon car-
bide. Likewise, the gate contact must be formed of a con-
tact material that exhibits rectifying behavior when placed
on an epitaxial layer made of a semiconductor material
other than silicon carbide.
[0054] The placement of contacts on a silicon carbide
based transistor requires considerations other than sim-
ple conductivity. The contact must respond appropriately
when a current is conducted across it in a controlled cir-
cuit, as discussed above. The contact must also be con-
ducive to standard fabrication techniques that are com-
patible with the remaining portions of the device. The
invention herein emphasizes these considerations with
the additional advantage of placing contacts on a tran-
sistor that are made of appropriate materials serving as
electrical conduits and etch stops in the fabrication of
conductive vias. Accordingly, Figure 2 shows a conduc-
tive etch stop material, which may be indium-tin-oxide
("ITO"), or preferably platinum, in the form of a contact
25 placed at a predetermined position on the uppermost
surface 26 of the epitaxial layer 29. As shown in greater
detail below, the contact 25 has physical qualities that
enable it to serve as an endpoint of a conductive via
through the device. By serving the dual purpose of elec-
trical contact and etch stop, the contact 25 alleviates the
need for an extra etch stop material being added to the
manufacturing process.
[0055] Figure 3 illustrates that in order to provide a high
quality contact for the devices utilizing an indium-tin-ox-
ide contact 25, the contact 25 is typically further coated
with a noble metal 30 which in preferred embodiments
is typically gold. The noble metal 30 would not be nec-
essary for devices utilizing a platinum contact as the etch
stop.
[0056] At this point, one of the particular advantages
of the invention can be highlighted: the use of conductive
ITO, or platinum as the case may be, as the etch stop
eliminates the need to add and remove another etch stop
material before and after the etch step respectively. In-
stead, the ITO or platinum is simply incorporated into the
device or circuit before the via is etched. Because the

ITO or platinum etch stop does such double duty, fewer
materials need be introduced into the process environ-
ment, and fewer process steps are required. As known
those familiar with semiconductor manufacturing tech-
niques, processes using fewer steps and fewer materials,
yet producing the desired structures, are generally ad-
vantageous. Furthermore, eliminating a foreign etch stop
material that would otherwise have to be both added and
then removed, is particularly advantageous.
[0057] Figure 4 illustrates that in preferred embodi-
ments, the device, particularly the uppermost epitaxial
layer and the source 22, the gate 23, and the drain 24
regions, are covered with a protective polymer layer 31
which in preferred embodiments is a polyimide. The poly-
imide layer 31 protects the device underneath, and pro-
vides a leveling effect for the precursor for appropriate
handling in the following manufacturing steps.
[0058] Figure 5 illustrates that in a next step, the pol-
ymer-coated uppermost surface 26 of the epitaxial layer
29 is mounted on a platen 32. The platen 32 is preferably
formed of silicon carbide, in this case for its mechanical
and thermal properties rather than its electronic advan-
tages. Typically, a mounting adhesive 33 is used to fix
the polyimide coated surface 31 to the platen 32. The
mounting adhesive can be any appropriate material that
will keep the polyimide-coated device and substrate fixed
to the silicon carbide platen 32 during the subsequent
processing steps while both withstanding those steps
and avoiding any interference with them. Such adhesives
are generally well known in the art and will not be de-
scribed in detail herein.
[0059] Figure 6 illustrates that in the next step of the
preferred method, the semiconductor substrate 20 is
ground and polished until it is substantially transparent.
The grinding and polishing are carried out for at least
three reasons. First, because etching through silicon car-
bide is difficult under any circumstances, minimizing the
thickness of the silicon carbide substrate 20 helps facil-
itate the overall etching process. Second, by grinding and
polishing the substrate 20 until it is substantially trans-
parent, an appropriate optical path can be defined from
the first surface 27 of the substrate 20 to the metal contact
25 so that appropriate positions for the vias can be
aligned and etched to the contact 25 in the desired man-
ner, as described herein with respect to the remaining
drawings. Third, the resulting thinner substrate (i.e., less
mass) offers thermal advantages for the resulting device
or MMIC.
[0060] According to the present invention, when etch-
ing a via the front side etch stop pads should be conduc-
tive so that the multiple layers forming the integrated cir-
cuit will be connected, thereby allowing the circuit to per-
form its desired function. Further, the etch mask on the
backside of the sample is preferably transparent to permit
optical alignment (including visual alignment) of the sam-
ple with the front side etch stop.
[0061] Figure 7 illustrates that in the next steps of the
preferred method of the invention, the first surface 27 of
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the substrate 20 is coated with a layer 34 of indium-tin-
oxide (ITO). The ITO is selected and incorporated for at
least two reasons. First, the ITO layer 34 can be formed
to be transparent, so that the method of the invention can
incorporate typical microlithography and masking tech-
niques used in semiconductor design and manufacture.
Second, and as discussed in the Experimental section
to follow herein, the ITO provides a good masking mate-
rial for SiC because the desired etchants discriminate as
between SiC and ITO in a manner that is both desired
and necessary during the etching process.
[0062] In another embodiment, the layer 34 on the sub-
strate’s first surface 27 can comprise magnesium oxide
(MgO), which offers the same advantages-selectivity and
transparency-as ITO. As known to those familiar with
MgO, it can be produced in a very dense form with a very
high melting point (2800 °C).
[0063] The ITO layer 34 is then coated with an appro-
priate photoresist layer 35. Photoresist compounds are
generally well known in the art and will not be otherwise
discussed in detail herein, other than to note that an ap-
propriate photoresist material should be compatible with
deposition on the ITO layer 34 and should provide an
appropriate level of definition when exposed and devel-
oped. The exposed photoresist layer 35 provides a guide
for etching the ITO layer 34, the substrate 20, and the
epitaxial layer 29.
[0064] Figure 8 illustrates the precursor structure after
the photoresist 35 has been masked, exposed, and de-
veloped, steps which can otherwise be carried out in con-
ventional fashion provided they are consistent with the
remainder of the process and materials. Opening the
photoresist forms a defined opening 36 in the photoresist
layer 35 through which the ITO layer 34 can be appro-
priately opened and then, as illustrated in Figure 9, the
appropriate via 37 can be formed. In preferred embodi-
ments of the invention, the ITO layer is etched with a
reactive ion etch using with boron trichloride (BCl3) chem-
istry.
[0065] As Figure 9 illustrates, the invention herein is a
method of fabricating a semiconductor device with a via
that is formed by etching steps to provide a conductive
path from the first surface 27 of the substrate to the source
22, gate 23, or drain 24 regions of the device. The con-
ductive path eliminates the need for wire bonding when
the semiconductor device is incorporated into an inte-
grated circuit because the contacts are electrically ac-
cessible through the via. The semiconductor device with
the conductive via is fabricated by forming at least one
epitaxial layer 29 of a wide bandgap semiconductor ma-
terial other than silicon carbide on a silicon carbide sub-
strate 20. The substrate preferably has first and second
surfaces on opposite sides, and the at least one epitaxial
layer 29 comprises a lower surface 38 in contact with the
second surface 28 of the silicon carbide substrate 20 and
an uppermost surface 26 for fabricating semiconductor
device components thereon. Source 22, gate 23, and
drain 24 regions of the device are defined by placing re-

spective contacts at predetermined positions on the up-
permost surface of the epitaxial layer 29 or layers.
[0066] A mask is then applied to the first surface 27 of
the silicon carbide substrate 20. The mask is aligned on
the photoresist layer 35 to define points that will be
opened by developing the photoresist layer using con-
ventional means. Masking the first surface of the silicon
carbide substrate defines predetermined locations for a
plurality of conductive vias opposite from and aligned with
the predetermined positions for the contacts connected
to the source 22, gate 23, and drain 24 regions.
[0067] Next, a plurality of conductive vias are etched
through the silicon carbide substrate 20 and through the
epitaxial layer, or epitaxial layers 29, to provide conduc-
tive paths from the first surface of the silicon carbide sub-
strate 27 to each respective contact on the source 22,
gate 23, or drain 24 region.
[0068] The inventors herein have developed a series
of steps to conveniently and accurately etch all of the
layers necessary in fabricating semiconductor devices
on a silicon carbide substrate.
[0069] First, the transparent ITO layer 34 is etched
within the region defined by the mask with a first reactive
ion etch. In one embodiment, the first reactive ion etch
is carried out using boron trifluoride as the etchant.
[0070] The silicon carbide substrate 20 is etched next
with an etchant that removes silicon carbide but does not
remove the material other than silicon carbide forming
the epitaxial layer 29 on the second surface 28 of the
substrate 20. Etching of the silicon carbide, therefore,
stops at an epitaxial layer 29 on the substrate 20. In one
embodiment, the step of etching the silicon carbide sub-
strate includes etching within the region defined by the
mask with an inductively coupled plasma. The inductively
coupled plasma etching of the silicon carbide substrate
is typically carried out in fluorine chemistry using sulfur
hexafluoride (SF6) as the etchant.
[0071] Third, the epitaxial layer 29, or layers, are
etched with an etchant that removes the material other
than silicon carbide, forming the epitaxial layer 29, but
does not remove the silicon carbide or the materials used
to form source, gate, or drain contacts, so that etching
the epitaxial layer 29 stops at each respective source,
gate, and drain region. The step of etching the epitaxial
layer, or layers, preferably includes etching within the
region defined by the mask with a second reactive ion
etch. In one embodiment, chlorine chemistry is used to
etch the epitaxial layers in the reactive ion etch.
[0072] Upon completion of the etching process, the
method herein includes grinding off the transparent layer
34 to ensure metal adhesion to the backside of the sub-
strate when installing the overall device in a circuit. The
first surface 27 of the silicon carbide substrate 20 is then
subject to further inductively coupled plasma etching in
a fluorine chemistry, after grinding off the transparent lay-
er, to repair any damage to the substrate caused by grind-
ing.
[0073] The steps of the etching process yield precursor
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products at certain points in the method described herein.
The invention, therefore, includes circuit precursors at
different levels of fabrication and etching. For example,
one circuit precursor includes a polished silicon carbide
substrate 20 having respective first and second surfaces
27 and 28, at least one Group III nitride epitaxial layer 29
on the second surface 28 of a silicon carbide substrate
20, an uppermost surface 38 of the epitaxial layer 29 for
forming electrical contacts thereon, a semiconductor de-
vice 21 in the epitaxial layer 29, respective contacts, one
of which is shown by example 25 on the uppermost sur-
face 26 for defining source 22, gate 23, and drain 24
regions for a semiconductor device 21 in the epitaxial
layer 29, a polymer coating covering the entire epitaxial
layer 29 including the contacts, and a transparent layer
34 selected from the group consisting of indium-tin-oxide
and magnesium oxide on the first surface of the polished
transparent substrate.
[0074] A circuit precursor may include at least one via
extending from the layer of photoresist 35 on the silicon
carbide substrate 20, through the silicon carbide sub-
strate, to the second surface 28 of the substrate under
the epitaxial layers. Alternatively, a circuit precursor ac-
cording to this invention may comprise at least one via
extending through the silicon carbide substrate 20 and
through the at least one epitaxial layer 29, from the first
surface of the substrate all the way to the contacts, shown
in the figures by example contact 25.
[0075] In a particularly advantageous step, the method
of the invention incorporates the original conductive con-
tact 25 as the etch stop. In one preferred embodiment,
the conductive contact 25 is made of platinum for each
respective source, gate and drain, which may serve as
a useful etch stop in etching the epitaxial layers. The
reactive ion etch utilizing chlorine chemistry, described
above for etching the epitaxial layers, does not etch plat-
inum. The platinum contact of the semiconductor device,
therefore, serves as the etch stop. In this manner, the
method of the invention avoids using additional steps-
and (often just as importantly) additional materials-to add
and then remove a separate etch stop. Again, it is to be
understood that although the Figures illustrate only one
via, such is for the purpose of clarifying the illustrations,
and the invention is advantageously used for opening
multiple vias.
[0076] Figure 10 illustrates that in preferred embodi-
ments, the via is metallized to provide a conductive path
from the first surface of the substrate to each respective
source, gate, and drain contact. In a preferred embodi-
ment, the via is first sputter-coated with three layers of
metal: titanium, platinum, and gold ("Ti/Pt/Au"), in that
order, along the floor and walls of the etched trench. This
coating is designated as 40 in Figure 10. The coating 40
is then electroplated with a noble metal 41, preferably
gold, to form the complete contact from the first surface
27 of the substrate 20 through the substrate to the lower
surface of the epitaxial layer 26, and more particularly to
the contact 25 which is part of the device portion 21. In

preferred embodiments, the photoresist and indium-tin-
oxide layer 34 and the photoresist layer 35 are both re-
moved prior to the step of sputter coating with the Ti/Pt/Au
coating 40 and the electroplating with the gold 41. The
device precursor is then removed from the platen 32 and
the protective polyimide layer 31 is stripped to produce
the resulting device illustrated in Figure 11.
[0077] Figure 14 is an SEM micrograph of a 100 micron
diameter via hole etched in a 4 mil (1000 mil = 1 inch)
silicon carbide wafer according to the present invention.
Although Figures 1-13 are drawings and Figure 14 is a
photograph, by way of comparison, the top surface illus-
trated in Figure 14 corresponds to the first surface 27 in
the drawings. As understood by those of skill in this art,
the ability to put vias of this diameter in silicon carbide
substrates of this thickness, makes broadband, high fre-
quency MMICS possible in desirable silicon carbide sub-
strates.
[0078] The invention is a method of etching vias, typ-
ically (although not necessarily limited to) about 25 to
200 microns in diameter through a silicon carbide sub-
strate, 100 to 200 microns thick. The inventive etch proc-
ess yields an etch rate of between about 0.5 and 0.8
microns per minute (m/min.), a selectivity to the etch mask
of 150, and anisotropy of 90 to 99%.
[0079] The central issue of etching vias in silicon car-
bide is finding an etch process which etches silicon car-
bide-a material of high stability and high bond strength-
a reasonable rate (e.g., 0.5 m/min) while minimizing the
erosion of the etch mask.
[0080] The invention satisfies these diametrically op-
posing requirements by the choice of mask material,
plasma parameters, and chemistry.
[0081] In the invention, indium-tin-oxide ("ITO") is the
preferred etch mask for vias in silicon carbide for several
reasons. First, ITO is stable and does not etch in the
fluorine chemistry that is most efficient and preferred for
etching silicon carbide. Second, unlike other hard metal
masks, ITO does not sputter at the ion energies that are
sufficient to break silicon carbide bonds, and thus can
etch silicon carbide. Third, ITO is also transparent, which
allows the etch mask to be aligned through the wafer to
the edge pads. Fourth, ITO may also be used for the etch
stop, because it is conductive and a can serve as the
material on which the etch stops.
[0082] As noted above, one of the best etch masking
materials for vias etches in silicon carbide is Indium-Tin-
Oxide (ITO). The ITO etch mask is patterned as follows.
The wafer is first blanket coated with ITO, then with pho-
toresist. The photoresist is exposed through a mask with
UV light and the exposed areas harden, thus transferring
the mask pattern onto the photoresist. The photoresist
acts as a mask in the subsequent etch of the ITO in the
chlorine chemistry, thus transferring the pattern of the
photomask onto the ITO. The ITO then acts a mask in
the subsequent etch of the silicon carbide vias in fluorine
chemistry.
[0083] An inductively coupled plasma (ICP) is used in
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the invention to generate a high density SF6 plasma to
etch vias in silicon carbide for several reasons. First
achieving a high etch rate in the silicon carbide while
minimizing the erosion of the etch mask requires a high
density and low energy plasma. The use of ICP is critical
for this purpose because it allows a high density plasma
to be generated, and it permits the independent control
of plasma density by adjusting the coil power and ion
energy by adjusting the chuck power. A high coil power
(600-1500 W with about 800 W preferred) is selected to
maximize plasma density.
[0084] An important point of the invention is the use of
a chuck power in the ICP system that maximizes the etch
rate of the silicon carbide while keeping the erosion of
the ITO or MgO etch mask minimal. As the chuck power
is increased in an ICP system, the etch rate of the silicon
carbide increases; this increase, however, is much more
drastic at low chuck powers than at high chuck powers.
As the chuck power is increased the erosion rate of the
ITO or MgO etch mask is minimal and does not increase
initially; at higher chuck powers, however, it increases
rapidly. Thus, the invention incorporates the recognition
that a chuck power can be selected that on one hand
maximizes SiC etch rate and on the other hand maximiz-
es the difference in the etch rates of SiC and ITO etch
mask. In preferred embodiments, this chuck power level
is determined to be between about 1 to 2 watts of power
per square centimeter (Wcm-2) presently being pre-
ferred.
[0085] In preferred embodiments, the invention incor-
porates sulfur hexafluoride (SF6) chemistry to etch vias
in silicon carbide, because it is deemed to be the most
efficient of the fluoride chemistries for such purpose. The
invention does not use any gas additive, as it tends to
slow down the etch rate of the silicon carbide and speeds
up the mask erosion by sputtering. The invention uses
SF6 at a pressure of 1 to 5 milliTorr (mT), with about 3
mT being preferred. Similarly, the gas is supplied at a
rate of between about 5 and 100 standard cubic centim-
eters per minute (sccm), with about 10 sccm being pre-
ferred.
[0086] In further investigations employing the use of
SF6, it was determined that SF6 yielded a higher SiC to
ITO mask selectivity (approximately 150:1) than NF3 or
CF4 (approximately 70:1). As discussed above, conven-
tional methods of etching SiC included the use of NF3 or
SF6 diluted with Ar and CF4/O2. Upon investigation, how-
ever, the addition of Ar or O2 to SF6 or NF3 reduced the
etch rate in SiC and increased mask erosion due to the
lower percentage of fluorine and greater ion bombard-
ment. Thus, the use of SF6 without additional gases is
preferable in achieving the increased etch rate and high
selectivity with respect to an ITO mask of the present
invention.
[0087] The etch rate of a via can be increased by rais-
ing the temperature of the substrate or thin film applied
thereon. Elevations in temperature may be achieved by
halting the flow of helium to the backside of the sample,

which serves to cool the sample. Otherwise, the backside
pressure is maintained at between about 1 and 10 torr.
The chemical reactions affecting the etch rate (e.g.,
breaking of molecular bonds) can also be increased by
increasing the gas flow and chamber pressure.
[0088] An increase in the chemical reactions affecting
the via etch results in an increased lateral etch and, thus,
sidewall slope of the via. The increase in the chemical
reactions also leads to an increase in the etch rate and
erosion of the ITO mask. Further, spiking and surface
imperfections may result from the enhanced chemical
reactions.
[0089] As exemplified by the referenced cited in the
Background, the equipment and processes used to gen-
erate inductively coupled plasmas are generally well-
known and well-understood in this art. Accordingly, the
techniques described herein can be carried out by those
of ordinary skill in this art, and without undue experimen-
tation.

Experimental:

[0090] In preferred embodiments, the present inven-
tion also comprises a method of dry etching a via in SiC
using sulfur hexafluoride chemistry in an inductively cou-
pled plasma (ICP). In a particular embodiment of the in-
vention, the dry etching was conducted in a Model 790
ICP system manufactured by Plasma-Therm Incorporat-
ed.
[0091] In this system, the wafer is placed on a He-
cooled chuck in the process chamber, the wafer is
clamped and subsequently the process chamber is evac-
uated to 10-5 Torr with a turbo and mechanical pump.
Five to twenty cubic centimeter per minute electronic
grade sulfur hexafluoride is injected into the process
chamber and a butterfly valve above the turbo pump is
throttled to achieve the operating pressure of 2 to 5 mT.
Subsequently, power is applied to generate a plasma.
This system uses two radio frequency (RF) power sourc-
es. One is connected to the chuck and is used to control
energies of ions reaching the substrate and is set be-
tween 1 to 2 W/cm2. The second RF source is connected
to a three turn inductor coil wrapped around the ceramic
process chamber. The second RF source provides the
main plasma generating power, controls plasma densi-
ties and is set between 800 and 1200 W.
[0092] Prior to etching the via, the SiC substrate is coat-
ed with ITO, then patterned with photoresist using stand-
ard photolithography. The ITO is then dry etched in chlo-
rine chemistry in which the photoresist is the etch mask.
Vias are subsequently etched in SiC in fluorine chemistry
in which the ITO is the etch mask. The via dry etch proc-
ess is highly anisotropic, with SiC etch rate of 0.5 to 0.8
micron/min, and selectivity to the etch mask of 100 to 150.
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Claims

1. A method of fabricating a silicon carbide based high
electron mobility transistor (HEMT) that eliminates
the need for electrical connection by wire bonding in
an integrated circuit, the method comprising:

forming at least one epitaxial layer (29) of a sem-
iconductor material other than silicon carbide on
a silicon carbide substrate (20; 51), the substrate
having first and second surfaces (27, 28) on op-
posite sides of the substrate, and the epitaxial
layer comprising a lower surface (38) in contact
with the second surface (28) of the silicon car-
bide substrate and an uppermost surface (26)
for fabricating semiconductor device compo-
nents thereon;
forming a source contact (78) and a drain con-
tact (80) at predetermined positions on the epi-
taxial layer from material that exhibits ohmic be-
haviour when placed on the epitaxial layer;
forming a gate contact (79) at a predetermined
position on the epitaxial layer from material that
exhibits rectifying behaviour when placed on the
epitaxial layer; and
forming a plurality of conductive vias (37)
through the silicon carbide substrate and
through the epitaxial layer to provide conductive
paths from the first surface of the silicon carbide
substrate to each respective source, gate and
drain contact, characterized in that forming the
epitaxial layer comprises:

forming a GaN channel layer (76) on the
silicon carbide substrate (51);
forming an AlGaN barrier layer (77) on the
channel layer, wherein the source, drain,
and gate contacts are formed entirely over,
and directly on, the barrier layer which has
a band gap energy that is greater than the
band gap energy of the channel layer;
and said vias are formed by the steps of:

masking the first surface of the silicon
carbide substrate to define predeter-
mined locations for said conductive vi-
as opposite from the predetermined po-
sitions for the source, gate and drain
contacts;
etching the silicon carbide substrate
with an etchant that removes silicon
carbide but does not remove the sem-
iconductor material of the epitaxial lay-
er so that the etching removal of silicon
carbide stops at the epitaxial layer; and
thereafter etching the epitaxial layer
with an etchant that removes the sem-
iconductor material of the epitaxial lay-

er but does not remove silicon carbide
or the materials forming the source,
gate, or drain contacts so that etching
of the epitaxial layer stops at each re-
spective source, gate, and drain con-
tact.

2. A method according to claim 1 wherein fabricating
the gate contact (79) comprises depositing a plati-
num contact for each of the respective source, gate
and drain contacts.

3. A method according to claim 1 wherein the step of
forming the source and drain contacts (78, 80) com-
prises depositing alloys of titanium, aluminum and
nickel on the AlGaN barrier layer (77) and the step
of forming the gate contact (79) comprises deposit-
ing platinum on the AlGaN barrier layer (77).

4. A method according to claim 1 further comprising
the steps of:

covering the uppermost surface (26) of the epi-
taxial layer (29) and the source (22), gate (23)
and drain (25) with a protective polymer layer
(31); and
mounting the polymer-coated uppermost sur-
face on a platen (32).

5. A method according to claim 4 wherein, following the
step of mounting the polymer-coated uppermost sur-
face on a platen (32) the step of masking the sub-
strate (20) comprises:

grinding the first surface (27) of the substrate;
polishing a ground surface;
placing a transparent layer (34) selected from
indium-tin-oxide and magnesium oxide on the
polished surface;
placing a photoresist (35) on the transparent lay-
er; and
aligning a mask on the photoresist that develops
the photoresist to open at points aligned with
each respective source, gate and drain contact.

6. A method according to claim 5 further comprising
the step of etching the transparent layer (34) within
a region defined by the mask with a first reactive ion
etch.

7. A method according to claim 6 wherein the step of
etching the silicon carbide substrate (20) comprises
etching within the region defined by the mask with
an inductively coupled plasma; and
the step of etching the epitaxial layer (23) comprises
etching within the region defined by the mask with a
second reactive ion etch.
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8. A method of fabricating a transistor according to
claim 7 wherein:

the first reactive ion etch step is carried out on
the transparent layer (34) using boron trifluoride
as the etchant;
the inductively coupled plasma etching step is
carried out using sulfur hexafluoride as the etch-
ant; and
the second reactive ion etch step is carried out
using chlorine chemistry.

9. A method according to claim 8 further comprising
the steps of
grinding off the transparent layer (34) to ensure metal
adhesion to a backside when installing the device in
a circuit;
etching the silicon carbide substrate (20) in a fluorine
chemistry after grinding off the transparent layer to
repair any damage to the substrate caused by grind-
ing.

10. A method according to claim 9 further comprising a
step of metalizing each via (37) to provide a conduc-
tive path from the first surface of the substrate to
each respective source, gate, and drain contact.

11. A method according to claim 10 wherein the step of
metalizing the via comprises:

sputter coating the via with titanium, platinum
and gold (40); and
thereafter electroplating the sputtered layer with
gold (41).

12. A method according to claim 11 further comprising
a step of demounting the uppermost surface (26)
from the platen (32).

Patentansprüche

1. Verfahren zur Herstellung eines Siliziumkarbid-ba-
sierten Transistors mit hoher Elektronenbeweglich-
keit (HEMT), der die Notwendigkeit einer elektri-
schen Verbindung durch Drahtbindung in einer inte-
grierten Schaltung beseitigt, wobei das Verfahren
Folgendes umfasst:

Bilden mindestens einer Epitaxieschicht (29)
aus einem anderen Halbleitermaterial als Silici-
umkarbid auf einem Siliciumkarbidsubstrat (20;
51), wobei das Substrat erste und zweite Flä-
chen (27, 28) auf gegenüberliegenden Seiten
des Substrats aufweist und die Epitaxieschicht
eine untere Fläche (38) in Kontakt mit der zwei-
ten Fläche (28) des Siliciumkarbidsubstrats und
eine oberste Fläche (26) zur Herstellung von

Komponenten der Halbleitervorrichtung darauf
umfasst;
Bilden eines Source-Kontakts (78) und eines
Drain-Kontakts (80) an vorbestimmten Positio-
nen auf der Epitaxieschicht aus einem Material,
das ein ohmsches Verhalten zeigt, wenn es auf
der Epitaxieschicht angeordnet wird;
Bilden eines Gatekontakts (79) an einer vorbe-
stimmten Position auf der Epitaxieschicht aus
einem Material, das ein rektifizierendes Verhal-
ten zeigt, wenn es auf der Epitaxieschicht an-
geordnet wird; und
Bilden einer Vielzahl von leitfähigen Durchkon-
taktierungen (37) durch das Siliciumkarbidsub-
strat und durch die Epitaxieschicht, um leitfähige
Pfade von der ersten Fläche des Siliciumkarbid-
substrats zu jedem jeweiligen Source-, Gate-
und Drain-Kontakt bereitzustellen, dadurch ge-
kennzeichnet, dass die Bildung der Epita-
xieschicht Folgendes umfasst:

Bilden einer GaN-Kanalschicht (76) auf
dem Siliciumkarbidsubstrat (51);
Bilden einer AlGaN-Sperrschicht (77) auf
der Kanalschicht, wobei die Source-, Drain-
und Gate-Kontakte vollständig über und di-
rekt auf der Barriereschicht gebildet sind,
die eine Bandlückenenergie aufweist, die
größer ist als die Bandlückenenergie der
Kanalschicht;
und wobei die Durchkontaktierungen durch
folgende Schritte gebildet werden:

Maskieren der ersten Fläche des Silici-
umkarbidsubstrats, um vorbestimmte
Stellen für die leitfähigen Durchkontak-
tierungen gegenüber den vorbestimm-
ten Positionen für die Source-, Gate-
und Drain-Kontakte zu definieren;
Ätzen des Siliciumkarbidsubstrats mit
einem Ätzmittel, das Siliciumkarbid
entfernt, jedoch das Halbleitermaterial
der Epitaxieschicht nicht entfernt, so
dass die Ätzentfernung von Silicium-
karbid an der Epitaxieschicht stoppt;
und
danach Ätzen der Epitaxieschicht mit
einem Ätzmittel, das das Halbleiterma-
terial der Epitaxieschicht entfernt, je-
doch Siliciumkarbid oder die Materia-
lien, die die Source-, Gate- oder Drain-
Kontakte bilden, nicht entfernt, so dass
das Ätzen der Epitaxieschicht an jedem
jeweiligen Source-, Gate- und Drain-
Kontakt stoppt.

2. Verfahren nach Anspruch 1, wobei das Herstellen
des Gate-Kontakts (79) das Abscheiden eines Pla-
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tin-Kontakts für jeden der jeweiligen Source-, Gate-
und Drain-Kontakte umfasst.

3. Verfahren nach Anspruch 1, wobei der Schritt des
Bildens der Source- und Drain-Kontakte (78, 80) das
Abscheiden von Legierungen aus Titan, Aluminium
und Nickel auf der AlGaN-Sperrschicht (77) umfasst
und der Schritt des Bildens des Gate-Kontakts (79)
das Abscheiden von Platin auf der AlGaN-Sperr-
schicht (77) umfasst.

4. Verfahren nach Anspruch 1, das ferner folgende
Schritte umfasst:

Abdecken der obersten Fläche (26) der Epita-
xieschicht (29) und des Source- (22), Gate- (23)
und Drain- (25) Bereichs mit einer schützenden
Polymerschicht (31) und
Anbringen der polymerbeschichteten obersten
Fläche auf einer Platte (32).

5. Verfahren nach Anspruch 4, wobei nach dem Schritt
des Anbringens der polymerbeschichteten obersten
Fläche auf einer Platte (32) der Schritt des Maskie-
rens des Substrats (20) Folgendes umfasst:

Schleifen der ersten Fläche (27) des Substrats;
Polieren einer geschliffenen Fläche;
Anordnen einer transparenten Schicht (34),
ausgewählt aus Indium-Zinn-Oxid und Magne-
siumoxid, auf der polierten Fläche;
Anordnen eines Photoresists (35) auf der trans-
parenten Schicht; und
Ausrichten einer Maske auf dem Photoresist,
die den Photoresist entwickelt, um an Punkten
zu öffnen, die mit jedem jeweiligen Source-,
Gate- und Drain-Kontakt ausgerichtet sind.

6. Verfahren nach Anspruch 5, das ferner den Schritt
des Ätzens der transparenten Schicht (34) mit einer
ersten reaktiven Ionenätzung innerhalb eines Be-
reichs umfasst, der durch die Maske definiert wird.

7. Verfahren nach Anspruch 6, wobei der Schritt des
Ätzens des Siliciumkarbidsubstrats (20) das Ätzen
mit einem induktiv gekoppelten Plasma innerhalb
des Bereichs umfasst, der durch die Maske definiert
wird, und
der Schritt des Ätzens der Epitaxieschicht (23) das
Ätzen mit einer zweiten reaktiven Ionenätzung in-
nerhalb des Bereichs umfasst, der durch die Maske
definiert wird.

8. Verfahren zur Herstellung eines Transistors nach
Anspruch 7, wobei:

der erste reaktive Ionenätzschritt auf der trans-
parenten Schicht (34) unter Verwendung von

Bortrifluorid als Ätzmittel durchgeführt wird;
der induktiv gekoppelte Plasmaätzschritt unter
Verwendung von Schwefelhexafluorid als Ätz-
mittel durchgeführt wird; und
der zweite reaktive Ionenätzschritt unter Ver-
wendung von Chlorchemie durchgeführt wird.

9. Verfahren nach Anspruch 8, das ferner folgende
Schritte umfasst:

Abschleifen der transparenten Schicht (34), um
eine Metallhaftung an einer Rückseite zu ge-
währleisten, wenn die Vorrichtung in einer
Schaltung installiert wird;
Ätzen des Siliciumkarbidsubstrats (20) in einer
Fluorchemie nach dem Abschleifen der trans-
parenten Schicht, um Schäden am Substrat
durch Schleifen zu reparieren.

10. Verfahren nach Anspruch 9, das ferner einen Schritt
des Metallisierens jeder Durchkontaktierung (37)
umfasst, um einen leitfähigen Pfad von der ersten
Fläche des Substrats zu jedem jeweiligen Source-,
Gate- und Drain-Kontakt bereitzustellen.

11. Verfahren nach Anspruch 10, wobei der Schritt des
Metallisierens der Durchkontaktierung Folgendes
umfasst:

Sputter-Beschichtung der Durchkontaktierung
mit Titan, Platin und Gold (40); und
danach Galvanisieren der Sputterschicht mit
Gold (41).

12. Verfahren nach Anspruch 11, das ferner einen
Schritt des Demontierens der obersten Fläche (26)
von der Platte (32) umfasst.

Revendications

1. Procédé de fabrication d’un transistor à grande mo-
bilité d’électrons (HEMT) à base de carbure de sili-
cium qui élimine la nécessité d’une connexion élec-
trique par soudure de fils dans un circuit intégré, le
procédé comprenant :

la formation d’au moins une couche épitaxiale
(29) d’un matériau semi-conducteur autre que
le carbure de silicium sur un substrat de carbure
de silicium (20 ; 51), le substrat ayant des pre-
mière et seconde surfaces (27, 28) sur des côtés
opposés du substrat, et la couche épitaxiale
comprenant une surface inférieure (38) en con-
tact avec la seconde surface (28) du substrat de
carbure de silicium et une surface supérieure
(26) sur laquelle fabriquer des composants de
dispositif semi-conducteur ;
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la formation d’un contact de source (78) et d’un
contact de drain (80) à des positions prédéter-
minées sur la couche épitaxiale du matériau qui
présente un comportement ohmique lorsqu’il est
placé sur la couche épitaxiale ;
la formation d’un contact de grille (79) à une po-
sition prédéterminée sur la couche épitaxiale du
matériau qui présente un comportement de re-
dressement quand il est placé sur la couche
épitaxiale ; et
la formation d’une pluralité de vias conductrice
(37) à travers le substrat de carbure de silicium
et à travers la couche épitaxiale pour fournir des
chemins conducteurs depuis la première surfa-
ce du substrat de carbure de silicium jusqu’à
chaque contact de source, grille et drain respec-
tif, caractérisé en ce que la formation de la cou-
che épitaxiale comprend :

la formation d’une couche de canal de GaN
(76) sur le substrat de carbure de silicium
(51) ;
la formation d’une couche barrière d’AlGaN
(77) sur la couche de canal, dans lequel les
contacts de source, drain et grille sont for-
més entièrement par-dessus, et
directement sur, la couche barrière qui a
une énergie de bande interdite supérieure
à l’énergie de bande interdite de la couche
de canal ;
et lesdites vias sont formées par les étapes
de :

masquage de la première surface du
substrat de carbure de silicium pour dé-
finir des emplacements prédéterminés
desdites vias conductrices opposés
aux positions prédéterminées des con-
tacts de source, grille et drain ;
décapage du substrat de carbure de si-
licium avec un agent de décapage qui
élimine le carbure de silicium mais n’éli-
mine pas le matériau semi-conducteur
de la couche épitaxiale de telle sorte
que la suppression par décapage du
carbure de silicium s’arrête à la couche
épitaxiale ; et
décapage consécutif de la couche épi-
taxiale avec un agent de décapage qui
élimine le matériau semi-conducteur
de la couche épitaxiale mais n’élimine
pas le carbure de silicium ou les maté-
riaux formant les contacts de source,
grille ou drain de telle sorte que le dé-
capage de la couche épitaxiale s’arrête
à chaque contact de source, grille et
drain respectif.

2. Procédé selon la revendication 1 dans lequel la fa-
brication du contact de grille (79) comprend le dépôt
d’un contact de platine pour chacun des contacts de
source, grille et drain respectifs.

3. Procédé selon la revendication 1 dans lequel l’étape
de formation des contacts de source et de drain (78,
80) comprend le dépôt d’alliages de titane, d’alumi-
nium et de nickel sur la couche barrière d’AlGaN (77)
et l’étape de formation du contact de grille (79) com-
prend le dépôt de platine sur la couche barrière d’Al-
GaN (77).

4. Procédé selon la revendication 1 comprenant en
outre les étapes de :

revêtement de la surface supérieure (26) de la
couche épitaxiale (29) et de la source (22), de
la grille (23) et du drain (25) avec une couche
de polymère protectrice (31) ; et
le montage de la surface supérieure revêtue de
polymère sur un plateau (32).

5. Procédé selon la revendication 4 dans lequel, après
l’étape de montage de la surface supérieure revêtue
de polymère sur un plateau (32) l’étape de masqua-
ge du substrat (20) comprend :

le meulage de la première surface (27) du
substrat ;
le polissage d’une surface meulée ;
le placement d’une couche transparente (34)
sélectionnée parmi l’oxyde d’étain à l’indium et
l’oxyde de magnésium sur la surface polie ;
le placement d’un photorésist (35) sur la couche
transparente ; et
l’alignement d’un masque sur le photorésist qui
développe le photorésist pour qu’il s’ouvre à des
points alignés avec chaque contact de source,
grille et drain respectif.

6. Procédé selon la revendication 5 comprenant en
outre l’étape de décapage de la couche transparente
(34) dans une région définie par le masque avec un
premier agent de décapage à ions réactifs.

7. Procédé selon la revendication 6 dans lequel l’étape
de décapage du substrat de carbure de silicium (20)
comprend un décapage dans la région définie par le
masque avec un plasma couplé inductivement ; et
l’étape de décapage de la couche épitaxiale (23)
comprend un décapage dans la région définie par le
masque avec un second agent de décapage à ions
réactifs.

8. Procédé de fabrication d’un transistor selon la re-
vendication 7 dans lequel :
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la première étape de décapage à ions réactifs
est exécutée sur la couche transparente (34) en
utilisant du trifluorure de bore comme agent de
décapage ;
l’état de décapage au plasma couplé inductive-
ment est exécutée en utilisant de l’hexafluorure
de soufre comme agent de décapage ; et
la seconde étape de décapage à ions réactifs
est exécutée en utilisant une chimie au chlore.

9. Procédé selon la revendication 8 comprenant en
outre les étapes d’élimination par meulage de la cou-
che transparente (34) pour garantir une adhérence
du métal sur un côté arrière lors de l’installation du
dispositif dans un circuit ;
de décapage du substrat de carbure de silicium (20)
dans une chimie au fluor après l’élimination par meu-
lage de la couche transparente pour réparer tout dé-
gât du substrat occasionné par le meulage.

10. Procédé selon la revendication 9 comprenant en
outre une étape de métallisation de chaque via (37)
pour fournir un chemin conducteur allant de la pre-
mière surface du substrat jusqu’à chaque contact de
source, grille et drain respectif.

11. Procédé selon la revendication 10 dans lequel l’état
de métallisation de la via comprend :

la pulvérisation cathodique de la via avec du ti-
tane, du platine et de l’or (40) ; et
la dorure électrolytique consécutive de la cou-
che pulvérisée (41).

12. Procédé selon la revendication 11 comprenant en
outre une étape de démontage de la surface supé-
rieure (26) du plateau (32).
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