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interconnect to function for prolonged time periods (over
1000 hours) at much higher temperatures (500 Q.
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lateral area including the contact metal layer and regions
with the patterned photoresist. When the patterned photo -
resist is removed (e.g. using a liquid chemical solvent
dissolution process) along with the metals that resided on
top of the photoresist, the contact metal layer and protective
layer remain in regions on the first and second semiconduc-
tor devices where there was no overlying photoresist at the
time that contact metal layer and protective layers were
deposited. A first interconnect metal layer is deposited and
patterned. The first interconnect metal layer electrically
connects the first semiconductor device to the second semi-
conductor device via the contact metal layer and the pro-
tective layer.

A second insulating layer is deposited over the substrate
lateral area including first interconnect metal layer. A third
via is pattern etched through part of the second insulating
layer to the first interconnect metal layer. A second inter-
connect metal layer is deposited and patterned including into
the third via deposited over the patterned first interconnect
metal layer such that the third via is filled with the second
interconnect metal layer. A third insulating layer is deposited
over the substrate lateral area including the second inter-
connect metal layer to complete an integrated circuit.

In aspects of the innovation, an integrated circuit device
has a plurality of layers. The layers include a substrate, a first
semiconductor device deposited onto a portion of the sub-
strate, and a second semiconductor device deposited onto a
second portion of the substrate such that the second semi-
conductor device is spaced from the first semiconductor
device to facilitate intended electrical functionality. A first
insulating layer that is deposited and then patterned onto part
of the first semiconductor device, part of the second semi-
conductor device, and the substrate.

A contact metal layer that is patterned onto the part of the
first semiconductor device and the part of the second semi-
conductor that is not covered by the patterned first insulating
layer. A protective layer that is patterned onto the contact
metal layer. A first patterned interconnect metal layer that
electrically connects the first semiconductor to the second
semiconductor via the patterned contact metal layer and the
patterned protective layer. A second insulating layer that is
patterned over the substrate lateral area including part of the
first interconnect metal layer, wherein the second insulating
layer patterning leaves a second via. A second interconnect
metal layer that is deposited and patterned over the substrate
lateral area including over the remaining part of the first
interconnect metal layer such that the second via is filled
with the second interconnect metal layer. A third insulating
layer that is deposited and patterned over the substrate
lateral area including over the patterned second interconnect
metal layer.

In aspects, the innovation provides substantial benefits in
terms of integrated circuits that can function over long
periods at high temperatures. One advantage resides in using
the same photoresist pattern for patterning a dielectric via
with a combination of dry and wet etching as well as liftoff
patterning of a 500 C durable SiC metal -semiconductor
contact and a 500 C durable protective metal over layer.
Another advantage resides in deposition and subsequent
successful liftoff patterning of successful 500 C prolonged -
durability SiC ohmic contact layers (e.g., Ti and Hf dem-
onstrated) and oxidation -resistant high temperature protec-
tive cap metal without pre -deposition thermal "bake" sample
treatment and with abundant photoresist on the sample.

Another advantage resides in deposition and use of highly
dense and uniform and 500 C durable TaSi2 films using
close -proximity UHV sputter deposition process and appa-

4
ratus. Yet another advantage resides in the use of hafnium as
a durable high temperature ohmic contact to heavily doped
ion implanted 4H SiC. Still further advantages are appar-
ent and will become apparent to those skilled in the art.

5 The following description and drawings set forth certain
illustrative aspects and implementations. These are indica-
tive of but a few of the various ways in which one or more
aspects may be employed. Other aspects, advantages, or
novel features of the disclosure will become apparent from

to the following detailed description when considered in con-
junction with the drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

15 The accompanying drawings, which are incorporated in
and constitute a part of the specification, illustrate various
systems, methods, and other embodiments of the disclosure.
Illustrated element boundaries (e.g., boxes, groups of boxes,
or other shapes) in the figures represent one example of the

20 boundaries. In some examples one element may be designed
as multiple elements or multiple elements may be designed
as one element. In some examples, an element shown as an
internal component of another element may be implemented
as an external component and vice versa.

25 FIG. 1 illustrates a prior art "first level' interconnect that
is implemented in microscopic dimensions.

FIG. 2 illustrates a prior art addition of a "second level'
interconnect on top of "first level' interconnect that is
implemented in microscopic dimensions.

30 FIGS. 3-12 illustrate diagrams of intermediary steps in a
fabrication process of an integrated circuit device according
to aspects herein.

FIG. 13 illustrates a completed integrated circuit device
according to aspects herein.

35 FIG. 14 illustrates a scanning electron micrograph close-
up of the cross-section of FIG. 13.

FIG. 15 shows a cross-sectional micrograph of a specific
embodiment of the structure of FIG. 13.

FIG. 16 illustrates a method for fabricating an integrated
40 circuit device.

DETAILED DESCRIPTION

Embodiments or examples illustrated in the drawings are
45 disclosed below using specific language. It will nevertheless

be understood that the embodiments or examples are not
intended to be limiting. Any alterations and modifications in
the disclosed embodiments and any further applications of
the principles disclosed in this document are contemplated

5o as would normally occur to one of ordinary skill in the
pertinent art. Described herein are examples of systems,
methods, and other embodiments associated with intercon-
nection of semiconductor devices in extreme environment
microelectronic integrated circuit chips.

55 The following process interconnects a semiconductor
device to facilitate fabrication of complex integrated circuits
that durably function beyond extreme temperatures for
extended time periods. FIG. 3 illustrates in two semicon-
ductor devices 302 and 304 residing on a substrate 306. In

60 some embodiments, the semiconductor devices are on a
microscopic scale. In some embodiments, the semiconduc-
tor used is silicon carbide (SiC). For explanation purposes,
a top view and a cross-sectional side view of said devices are
illustrated. The top view is meant to show the top layers of

65 the cross sectional view, however for disclosure purposes,
some underlying layers may be depicted. It is appreciated
that either semiconductor device 302, 304 can be a transis-
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tor, resistor, diode, detector, or other semiconductor device.
In some embodiments, the top surfaces of the semiconductor
devices 302, 304 are heavily doped in selected contact via
regions (described in detail infra) to facilitate subsequent
formation of ohmic metal -semiconductor (e.g. SiQ con-
tacts. In some embodiments, heavy doping in a semicon-
ductor device can also reside in regions where there are no
contacts and/or no vias (described in detail infra).

In some embodiments, the two semiconductor devices
302, 304 are patterned and doped to provide semiconductor
device electrical functionality. In an experimental embodi-
ment, the semiconductor devices 302, 304 are 4H SiC
junction field effect transistors (JFETs) and 4H SiC resis-
tors. It is appreciated that the semiconductor devices 302,
304 can employ different arrangements. For example, semi-
conductor device 302 can be one end of a JFET, while
semiconductor device 304 could be one end of a resistor.
Alternatively, semiconductor device 302 can be one end of
a JFET and semiconductor device 304 can be one end of a
different JFET. In another example, semiconductor device
302 can be one end of a resistor, and semiconductor device
304 can be one end of another resistor.

It is appreciated that such JFET and resistor devices
usually have more than one ohmic metal -semiconductor
contact. For illustrative simplicity one ohmic contact region/
end of each such device are illustrated in the figures instead
of an entire JFET or resistor structure.

At this stage of the fabrication, a substrate lateral area that
includes the semiconductor devices 302, 304 are covered by
a first layer (or layers) of a dielectric insulating material 308.
It is appreciated that depositing or covering refers to cov-
ering the substrate lateral area. The depositing covers all
existing features regardless of the underlying structure over
the substrate lateral area of a substrate chip/wafer.

The first dielectric 308 provides for electrical insulation
for the circuit. The first dielectric 308 can insulate the
semiconductor devices 302, 304 and substrate 308 from
interconnect layers to be formed as described infra. In some
embodiments, the first dielectric 308 is selected to maximize
insulation while minimizing formation of physical cracks
due to thermally -induced stresses over the entire operating
temperature range of the IC. In some embodiments, the first
dielectric 308 is comprised of an approximately 400 mano-
meter layer thick silicon dioxide (SiO2) that is grown via
thermal oxidation of SiC and resides beneath an approxi-
mately 1 micrometer thick SiO2 deposited at 720 C by
low-pressure chemical vapor deposition (LPCVD) using a
tetraethyl orthosilicate (TEOS) precursor.

FIG. 4 illustrates the photolithographic pattern definition
of photoresist 402 that will define uncovered regions 404
and 406 devoid of photoresist where vias can form via plug
contacts to the semiconductor devices 302, 304.

FIG. 5 and FIG. 6 illustrates the removal of the first
dielectric 308 in the uncovered regions 404, 406 by photo -
resist -patterned etching to form intermediary vias 502, 504,
and final (first and second) vias 602, 604 through the first
dielectric 308, which exposes selected SiC surfaces of the
underlying SiC devices 302, 304. In some embodiments, the
lateral dimensions of the vias 502, 504, 602, 604 are
preferably less than 10 micrometers. In other embodiments,
the etching can be accomplished using a combination of dry
and/or wet etching, wherein the etching removal of the first
dielectric 308 takes place in regions 404, 406 not protected
by the overlying patterned photoresist 402.

FIG. 5 illustrates the results of a dry reactive ion etching
(RIE) process to remove most (e.g. approximately 90%) of
the first dielectric layer 308 to form intermediary first and

6
second vias 502, 504. The RIE process can provide for steep
(e.g. approximately vertical) sidewalls (e.g. an anisotropic
etch) that reproduces the lateral pattern of the photoresist
402 in the etched oxide dielectric, but RIE is not able to stop

5 etching without undesirably altering/damaging the semicon-
ductor device 302, 304 surface if the RIE was permitted to
remove all the oxide reaching the semiconductor 302, 304
surface. FIG. 6 illustrates removal of the remainder of the
first dielectric layer 308 using a wet buffered oxide etch

io (BOE). When the BOE finishes the via etch by removing the
remaining (approximately 10%) of initial oxide thickness, it
stops at the semiconductor device 302, 304 surface. In some
embodiments, the BOE leaves a damage-free SiC surface on
the semiconductor devices 302, 304 to facilitate subsequent

15 reproducible good ohmic contact formation.
In some embodiments, BOE etching can undercut the

lateral photoresist pattern (i.e., make the lateral size of a via
larger than the photoresist pattern, as indicated in FIG. 6 in
simplified fashion) as BOE etching of oxide is more isotro-

20 Pic in nature. However, removing approximately 0.1
microns of material (i.e., the last 10% of oxide thickness
because the RIE removed the preceding 90% of oxide
thickness) minimizes this effect as BOE etch times are kept
relatively short compared to times for a wet BOE for 100%

25 of the via etch. To ensure that liquid BOE reaches the bottom
of the via for full desired etch depth (e.g. to overcome
microscopic -feature liquid surface tension effects known in
the art that might have prevented this), the BOE liquid
solution with the wafer immersed can be subjected to

30 ultrasonic agitation during the BOE wet etch.
FIG. 7 illustrates a deposition of thin high temperature

durable ohmic contact metal layer 702 followed by thin
protective layer of oxidation -resistant high temperature
durable interconnect metal 704. In some embodiments, the

35 wafer (with the first dielectric 308 and photoresist 402
pattern still present) is loaded into a vacuum metal deposi-
tion system to deposit the metal layers 702, 704. In some
embodiments, the metal layers 702, 704 are deposited with-
out breaking the vacuum between the deposition of the two

40 or more metal layers. In some embodiments, to minimize
native oxide formation that occurs on the freshly exposed
SiC surface in room air, this loading preferably takes place
less than 1 hour after the BOE wet etch is completed and
quenched with deionized water rinsing.

45 In some embodiments, an ultrahigh vacuum (UHV) sput-
ter deposition can be employed. In other embodiments, the
high temperature durable ohmic contact metal 702 deposited
can be made of Titanium or Hafnium. The high temperature
durable ohmic contact metal layer 702 can be approximately

50 50 nanometers in thickness. It is appreciated that other
metals, metal alloys, and multi -level metal/alloy stacks
deposited with other vacuum metal deposition methods
could be used provided they can be patterned by liftoff and
yield desired electrical and physical ohmic contact proper -

55 ties. For example, the following metals can also be
employed as thin high temperature contact metals 702:
Vanadium, Chromium, Zirconium, Niobium, Molybdenum,
Tantalum, and Tungsten. It is appreciated that compounds of
silicides and carbides of these metal elements could also be

60 employed as high temperature contact metals 702 with
different compound phases and deposition and annealing
techniques. The metal deposition process does not damage/
degrade the photoresist to the degree that successful subse-
quent "liftoff patterning" removal of the photoresist and

65 metal that resided on top of said photoresist is precluded.
In some embodiments, to preserve the photoresist liftoff

integrity, the target -to -substrate distance used for the UHV
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system, wherein the vacuum is unbroken during depositing
the contact metal layer and the protective layer.

18. The method of claim 17, wherein the substrate is not
heated while the substrate is in the vacuum metal deposition
system. 5

19. The method of claim 12, wherein the contact metal
layer and the protective layer are deposited using a ultrahigh
vacuum sputter deposition technique.
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