
RESISTOR FABRICATION FIELD OF THE INVENTION The present invention relates
generally to the field of electrical devices. More particularly, the
present invention relates to the field of resistor fabrication. BACKGROUND
OF THE INVENTION Typical microwave electrical devices have bonding pads on
the top of the device to provide connections to external circuitry. Bonding
wires are connected to these bonding pads to provide these connections.
These bonding wires are typically fragile. They are susceptible to breaking
when subjected to relatively high external forces or when placed under high
pressure. Other prior microwave electrical devices have beam leads on the
top of the device to provide connections to external circuitry. These beam
leads, however, are also relatively fragile. The frailty of bonding wires
or beam leads has a number of drawbacks. For example, resistors are
typically used in air bag devices to protect people when involved in a
motor vehicle collision. Resistors provide an explosive trigger when
injected with a relatively high current, igniting explosive material to
activate the air bag. Resistors thus provide a vital role for air bag
devices. In manufacturing air bag devices, resistors are subjected to
relatively high external forces and pressure. A slurry is typically packed
around the resistor in a relatively high pressure environment that can
cause the bonding    



-2- wires or beam leads attached to the resistors to break. Such breakage
can result in the air bag not activating when needed in a collision. Air
bag devices may be provided with circuitry to continually monitor the
resistors, ensuring they are properly connected to activate the air bag.
The bonding wires or beam leads of the resistors may break after
installation of the air bag device in an automobile or even after the sale
of the automobile to a customer. This leads to increased costs for the
manufacturer as new air bag devices must be reinstalled. Redundant bonding
wires or beam leads may be used to better ensure the resistors will
activate the air bag. For example, 4 or 6 or 8 bonding wires may be
connected to a single bonding pad of a resistor in hope that one of the
bonding wires will not break when the slurry is packed around the resistor.
This redundancy technique may reduce the number of faulty air bag devices
at the time of manufacture. The bonding wires or beam leads may
nevertheless break after installation or sale of the air bag device.    -3
- BRIEF SUMMARY AND OBJECTS OF THE INVENTION One of the objects of the
present invention is to provide an electrical apparatus that is relatively
durable and reliable. Another object of the present invention is to provide
an electrical apparatus with a durable and reliable contact interface. A
further object of the present invention is to provide an electrical
apparatus with a contact interface that can withstand external forces. 



A further object of the present invention is to provide an electrical
apparatus with a sidewall contact interface. A further object of the
present invention is to provide for a resistor apparatus with a sidewall
contact interface that is both durable and reliable and that can withstand
external forces. A method for fabricating an electrical apparatus with a
wafer having a substrate is described. The substrate has a first side and a
second side. A resistive region is formed over the first side of the
substrate. A trench having a sidewall is formed over the first side of the
substrate. A contact layer having a first material is formed over the
sidewall of the trench and over a portion of the resistive region. The
wafer is separated through the trench. An electrical apparatus that
includes a substrate having a top side, a first sidewall, and a second
sidewall is also described. The apparatus includes a resistive region
formed over the top side of the substrate. The apparatus includes a first
contact layer having a first material formed over a first portion of the
resistive region and over a portion of the first sidewall of the substrate,
and a second contact layer having a second    -4 - material formed over a
second portion of the resistive region and over a portion of the second
sidewall of the substrate. Other objects, features, and advantages of the
present invention will be apparent from the accompanying drawings and from
the detailed description that follows below. 



-5 - BRIEF DESCRIPTION OF THE DRAWINGS The present invention is illustrated
by way of example and not limitation in the figures of the accompanying
drawings, in which like references indicate similar elements and in which:
Figure 1 illustrates a top view of a resistor module; Figure 2 illustrates
a cross-sectional side view along line 2-2 of the resistor module of Figure
1; Figure 3 illustrates, in flow diagram form, one method used in
fabricating the resistor module of Figure 1; Figure 4 illustrates a
cross-sectional side view of a wafer used to fabricate the resistor module
of Figure 1; Figure 5 illustrates a cross-sectional side view of the wafer
of Figure 4 after a mesa structure has been formed over the wafer; Figure 6
illustrates a cross-sectional side view of the wafer of Figure 5 after a
mask layer has been formed over the wafer; Figure 7 illustrates a
cross-sectional side view of the wafer of Figure 6 after the substrate of
the wafer has been sawed; Figure 8 illustrates a cross-sectional side view
of the wafer of Figure 7 after the substrate of the wafer has been etched;
Figure 9 illustrates a cross-sectional side view of the wafer of Figure 8
after the mask layer has been removed; Figure 10 illustrates a
cross-sectional side view of the wafer of Figure 9 after a patterned
contact layer has been formed over the wafer; 



WO 95/34083 Figure 11 illustrates a cross-sectional side view of the wafer
of Figure 10 after the underside of the substrate of the wafer has been
thinned; Figure 12 illustrates a cross-sectional side view of the wafer of
Figure 12 after the wafer has been separated; Figure 13 illustrates, for an
alternative embodiment, a cross- sectional side view of the wafer of Figure
11 after a patterned contact layer has been formed over the underside of
the wafer; Figure 14 illustrates, for an alternative embodiment, a cross-
sectional side view of the wafer of Figure 13 after the wafer has been
separated; Figure 15 illustrates a top view of a resistor module; and
Figure 16 illustrates a cross-sectional side view along line 16-16 of the
resistor module of Figure 15.    -7- DETAILED DESCRIPTION The following
detailed description sets forth a specific embodiment or embodiments in
accordance with the present invention for resistor fabrication. In the
following description, numerous specific details are set forth such as
specific materials, processing sequences, etc., 



in order to provide a thorough understanding of the present invention. It
will be evident, however, to one of ordinary skill in the art that the
present invention may be practiced without these specific details. In other
instances, well-known processing steps, equipment, etc., have not been
described in particular detail so that the present invention is not
unnecessarily obscured. Figure 1 illustrates a top view of a resistor
module 100, which is one embodiment of the present invention. Figure 2
illustrates a cross- sectional side view along line 2-2 of resistor module
100. Resistor module 100 is also referred to as an apparatus, an electrical
apparatus, and a device, for example. Resistor module 100 includes
substrate 106. Substrate 106 may be a silicon (Si) substrate, for example,
that includes a N-- substrate region. A variety of other types of
semiconductor substrates may also be used in practicing the present
invention. Resistor module 100 also includes a resistive region 103.
Resistive region 103 is also referred to as a resistive layer. Resistive
region 103 is electrically coupled to two contact regions 141-142.
Resistive region 103 may be created, for example, using an ion implant
process. Resistive region 103 may be an N semiconductor region 103 over an
N--    -8- semiconductor region 106, for example. Semiconductor region 103
serves as a resistive material and may have any suitable resistivity value.
Resistive region 103 has a relatively low resistivity as compared to that
of 



substrate 106. Resistive region 103 resides in a mesa structure 104 of
resistor module 100. Mesa structure 104 is rectangular in shape from a top
view of resistor module 100, as illustrated in Figure 1. Contact regions
141-142 are also referred to as contact layers. Contact regions 141-142
extend from resistive region 103 on the top side of resistor module 100
over a sidewall at respective ends of resistor module 100. Contact regions
141-142 are the connection points for resistor module 100 to external
circuitry. Contact regions 141-142 both have a relatively large surface
area to help ensure good contact to external circuitry. Contact regions
141-142 may be comprised of titanium-tungsten (Ti-W) and nickel (Ni) for
one embodiment. Ni is preferable as Ni is well-suited for soldering. These
Ni contact layers may be subsequently coated, for example, with a thin
layer of gold (Au). Such a coating may serve to prevent the corrosion or
oxidation of the Ni contact layers without destroying the soldering ability
of Ni. For another embodiment, gold (Au) may be used in place of Ni.
Contact regions 141-142 may include other conductive materials as well. For
example, aluminum (Al) or copper (Cu) may be used. Indium titanium oxide
(ITO) or gold tin oxide (ATO) may also be used. Other metals or
combinations of materials including metals may also be used.    -9- The
bottom side of resistor module 100 may be substantially planar and flat.
Contact regions 141-142 may extend below the bottom 



side of substrate 106, may be substantially flush with the surface of the
bottom side of substrate 106, or may extend only partially along the
sidewalls of resistor module 100. Resistor module 100 may be attached
across circuit gaps using either solder or conductive epoxy. Resistor
module 100 can be configured to be a replacement for present beam lead or
bonding wire devices. Alternatively, resistor module 100 can be made
smaller or larger to address a custom requirement. The design of resistor
module 100 allows the device to be made relatively small. The fact that
contact regions 141-142 have relatively high surface areas helps to improve
the durability and reliability of connections to resistor module 100. The
connection scheme with respect to resistor module 100 helps to improve the
ability of resistor module 100 to withstand relatively high external
forces. Resistor module 100 may thus be used as a trigger for air bag
devices. The connections to resistor module 100 can be made relatively
resistant to breakage when slurry is packed around resistor module 100 in a
relatively high pressure environment. Resistor module 100 may be used for
other purposes as well. Resistor module 100 may be used as an RF resistor,
for example. Figure 3 illustrates, in flow diagram form, one method used in
fabricating a resistor module. The method of Figure 3 may be used to
fabricate resistor module 100 for example. To better explain the method
-10- 



of Figure 3, Figures 4-12 will be used to illustrate the various steps of
the method of Figure 3. Figure 4 illustrates a cross-sectional side view of
a wafer used to fabricate the resistor module of Figure 1. For one
embodiment, a semiconductor substrate is provided to perform the method of
Figure 3. This substrate is illustrated, for example, in Figure 4 as
substrate 300. Substrate 300 may be a silicon (Si) substrate, for example,
that includes a N-- substrate region. A variety of other types of
semiconductor substrates may also be used in practicing the present
invention. Substrate 300 may be used to fabricate any suitable number of
resistor structures 100 that may depend, for example, on the size of
substrate 300. Figures 4-12 illustrate the fabrication of three resistor
modules using substrate 300. This number of devices is exemplary and has
been chosen to provide for a clearer understanding of the present
invention. For step 200 of Figure 3, substrate 300 is used to fabricate a
resistor structure. For one embodiment, an ion implant process is used to
fabricate a resistor structure. This is illustrated in Figure 4. Substrate
300 is implanted with a desired number of ions to create region 302 on the
surface of substrate 300. The number of ions implanted into substrate 300
determines the level of resistivity for region 302. Substrate 300 may then
be annealed to activate the ions. Region 302 has a relatively low
resistivity as compared to that of substrate 300. An ion implant may be
used to create an N semiconductor region 302 over an N-- semiconductor
region 300, for example. N   



- 11 - semiconductor region 302 may have a resistivity in the range of
approximately 1-4 ohms, for example. Substrate 300 may be subjected to any
suitable ion implant process and may be used to create a region 302 having
any suitable resistivity value. Resistive region 302 is also referred to as
a resistive layer. For one embodiment, a mesa structure 304 may be formed
over substrate 300, as illustrated in Figure 5. Figure 5 illustrates a
cross- sectional side view of the wafer of Figure 4 after mesa structure
304 has been formed over the wafer. Mesa structure 304 includes resistive
region 303. Mesa structure 304 may be formed using a suitable etch
technique to remove portions of resistive region 302 from each region of
substrate 300 from which a resistor module will be fabricated. Mesa
structure 304 is rectangular in shape from a top view, as illustrated in
Figure 1. Mesa structure 304 may have other shapes as well. Resistive
region 303 of mesa structure 304 remains from resistive region 302 after
substrate 300 has been etched. Resistive region 303 is also referred to as
a resistive layer. For another embodiment for step 200 of Figure 3, the
resistive region may be formed by forming a patterned mask layer over
substrate 300 and subjecting the wafer to a suitable ion implant process to
create resistive regions in exposed portions of substrate 300. This mask
layer may include any suitable material such as photoresist, for example,
and may be formed using any suitable technique. The mask layer prevents
covered portions of substrate 300 from being doped and may be removed using
any suitable technique. 



-12- Suitable ohmic contacts may be formed over portions of the resistor
structure where the resistive region is to be contacted. For example,
suitable ohmic contacts may be formed over portions of resistive region 103
that are to be contacted by contact regions 141-142 as illustrated in
Figures 1-2. Suitable ohmic contacts may be formed after the resistor
structure has been formed for step 200 of Figure 3. For one embodiment
where mesa structure 304 with resistive region 303 has been formed for the
resistor structure, suitable ohmic contacts may be formed after resistive
region 302 has been formed over substrate 300 and just prior to the
formation of mesa structure 304. Any suitable ohmic contact technique may
be used. For example, ohmic contact material such as nickel, palladium
silicide, or platinum silicide, for example, may be deposited over the
wafer and patterned using suitable photolithography and etch techniques,
for example. The ohmic contact material may depend, for example, upon
whether resistive region 302 has been doped with boron or phosphorous. For
step 205 of Figure 3, the wafer is subjected to a saw-and-etch process to
form trenches over the wafer. For one embodiment, a mask layer is first
formed over the wafer and patterned into mask regions 311, 313, and 315 as
illustrated in Figure 6. Figure 6 illustrates a cross- sectional side view
of the wafer of Figure 5 after a mask layer including mask regions 311,
313, and 315 has been formed over the wafer. 



In forming mask regions 311, 313, and 315, any suitable mask material may
be used and may be formed and patterned over the wafer    - 13 - using any
suitable technique. Mask regions 311, 313, and 315 may comprise
photoresist, for example, that has been spun-on and patterned with
photolithography techniques. Other suitable mask materials, including other
photosensitive materials, may also be used here and may be formed and
patterned over the wafer using any suitable technique. Mask regions 311,
313, and 315 define scribe line regions 312 and 314 over the surface of the
wafer. Scribe line regions 312 and 314 traverse the length of the wafer and
run substantially parallel to one another. Scribe line regions 312 and 314
define where the wafer will be separated. The wafer is sawed along scribe
line regions 312 and 314 to create pits 322 and 324 as illustrated in
Figure 7. Figure 7 illustrates a cross- sectional side view of the wafer of
Figure 6 after the substrate of the wafer has been sawed. Scribe line
regions 312 and 314, as defined by mask regions 311, 313, and 315, may
serve as a guide in sawing pits 322 and 324. For another embodiment, the
mask layer is not initially patterned into mask regions 311, 313, and 315.
Rather, the mask material is formed over the wafer and then sawed to define
mask regions 311, 313, and 315 while creating trenches 322 and 324. The
wafer is not entirely separated here in sawing the wafer to create pits 322
and 324, as illustrated in Figure 7. Each [err] 322 and 324 



may have any suitable depth and width. After creating pits 322 and 324,
substrate 300 is etched in scribe line regions 312 and 314 as defined by
mask regions 311, 313, and 315 to create trenches 332 and 334. This is
illustrated in Figure 8. Figure 8    -14- illustrates a cross-sectional
side view of the wafer of Figure 7 after the substrate of the wafer has
been etched. Any suitable etch technique and chemistry may be used here to
create trenches 332 and 334. For another embodiment, pits 322 and 324 are
not created at all. Rather, trenches 332 and 334 are created by etching
substrate 300 in scribe line regions 312 and 314 as defined by mask regions
311, 313, and 315. For this embodiment, any suitable etch technique and
chemistry may be used here to create trenches 332 and 334 using mask
regions 311, 313, and 315 as a mask. After trenches 332 and 334 have been
formed, mask regions 311, 313, and 315 are removed from the wafer as
illustrated in Figure 9. Figure 9 illustrates a cross-sectional side view
of the wafer of Figure 8 after mask regions 311, 313, and 315 have been
removed. Any suitable technique may be used here to remove mask regions
311, 313, and 315. For step 210 of Figure 3, a patterned contact layer
including contact regions 341-342 is formed over the wafer. This is
illustrated in Figure 10. Figure 10 illustrates a cross-sectional side view
of the wafer of Figure 9 after a patterned contact layer has been formed
over the wafer. Contact regions 341-342 are also referred to as contact
layers. 



For one embodiment, contact regions 341-342 are formed by first forming a
conductor layer over the wafer. For example, titanium- tungsten (Ti-W) may
be sputter deposited over the wafer. This Ti-W layer may serve to provide
for a diffusion barrier layer for contact regions 341-342. Other diffusion
barrier materials may also be used. Gold (Au) is then sputter deposited
over the Ti-W layer. This Au layer    - 15 - may serve to facilitate the
pattern plating of gold (Au) or nickel (Ni), for example, in forming
contact regions 341-342. Alternatively, any suitable material or
combination of materials may also be used in place these Ti- W and/or Au
layers. For example, nickel (Ni) may be used in place of Au here to
facilitate the pattern plating of Ni, for example, in forming contact
regions 341-342. Furthermore, any suitable technique may be used to form
the conductor layer here. A patterned mask layer, for example comprising
photoresist, may then be formed over the wafer. This patterned mask layer
is used in pattern plating gold (Au) or nickel (Ni), for example, over the
underlying barrier and conductor layers to create contact regions 341-342.
After this pattern plating process, the patterned mask layer is removed.
Portions of the underlying barrier and conductor layers that are exposed on
the surface of the wafer may then be removed by etching, for example,
leaving contact regions 341-342 as illustrated in Figure 10. Nickel (Ni)
contact regions are preferable as Ni is well-suited for soldering. These Ni
contact regions may be subsequently coated, for 



example, with a thin layer of gold (Au). Such a coating may serve to
prevent the corrosion or oxidation of the Ni contact regions without
destroying the soldering ability of Ni. The contact material conforms to
the contour of the surface of the wafer. Particularly, contact regions
341-342 are formed along the sides and bottom of trenches 332 and 334,
respectively, as illustrated in Figure 10. Contact regions 341-342 each
traverse the length of the wafer.    -16- Each contact region 341-342 also
overlies an end portion of the resistive region, exposing a center portion
of the resistive region. For one embodiment, each contact region 341-342
overlies a portion of resistive region 303 at each end of mesa structure
304, respectively, exposing a center portion of resistive region 303.
Contact regions 341-342 are electrically coupled to resistive region 303.
Contact regions 341-342 may extend to neighboring mesa structures to the
left or right, respectively, of mesa structure 304. Contact regions 341-342
may include other conductive materials as well. For example, aluminum (Al)
or copper (Cu) may be used. Indium titanium oxide (ITO) or gold tin oxide
(ATO) may also be used. Other metals or combinations of materials including
metals may also be used. Furthermore, contact regions 341-342 may be formed
using any suitable technique. For example, a layer of the material or
materials used to create contact regions 341-342 may be deposited over the
wafer and subsequently patterned to create contact regions 341-342. 



Photolithography and etch techniques, for example, may be used here to
pattern contact regions 341-342. For step 215 of Figure 3, the backside or
underside of the wafer is thinned as illustrated in Figure 11 as compared
to the wafer illustrated in Figure 10. Figure 11 illustrates a
cross-sectional side view of the wafer of Figure 10 after the underside of
the substrate of the wafer has been thinned. The underside of substrate 300
may be thinned here using any suitable technique. For example, the
underside of substrate 300 may be    -17- sandblasted. The underside of
substrate 300 may also be etched using a suitable etch technique and
chemistry. The underside may be thinned to the extent that the bottom side
of contact regions 341-342 is exposed through the underside of substrate
300, as illustrated in Figure 11. This thinning may serve to separate
substrate 300 into substrate regions 305, 306, and 307. Each substrate
region 305, 306, and 307 traverses the length of the wafer. Alternatively,
the underside may also be thinned such that the bottom side of contact
regions 341-342 is not exposed through the underside of substrate 300.
Substrate 300 will then be separated as discussed below. For step 220 of
Figure 3, the wafer is separated into resistor modules, as illustrated in
Figure 12. Figure 12 illustrates a cross-sectional side view of the wafer
of Figure 11 after the wafer has been separated. The wafer may be
separated, for example, by sawing the wafer. 



The sawcut may have any suitable width. Other techniques may also be used
to separate the wafer and include, for example, using a laser scribe. The
wafer is separated through, for example, trenches 332 and 334. The wafer is
also separated along scribe line regions that run substantially orthogonal
to trenches 332 and 334, separating semiconductor region 306 into separate
resistor modules along the length of the wafer. Contact regions 341-342 are
also separated for each resistor module fabricated from semiconductor
region 306. Resistor modules may be similarly fabricated by separating
semiconductor regions 305 and 307.    WO 95/34083 - 18 - The reference
numerals used in Figure 12 correspond to those used for Figures 1-2 above.
The bottom side of resistor module 100 may be substantially planar and
flat. Contact regions 141-142 may extend below the bottom side of substrate
106, may be substantially flush with the surface of the bottom side of
substrate 106, or may extend only partially along the sidewalls of resistor
module 100, depending upon the extent substrate 300 has been thinned for
step 215 of Figure 3. For an alternative embodiment, a patterned contact
layer including contact regions 351-352 is formed over the underside of the
wafer to fabricate resistor module 100. This is illustrated in Figure 13.
Figure 13 illustrates, for this alternative embodiment, a cross-sectional 



side view of the wafer of Figure 11 after contact regions 351-352 have been
formed over the underside of the wafer. With respect to the method of
Figure 3, contact regions 351-352 may be formed over the underside of the
wafer, for example, after step 215 of Figure 3. Contact regions 351- 352
are also referred to as contact layers. For one embodiment, contact regions
351-352 are formed by first forming a conductor layer over the underside of
the wafer. For example, titanium-tungsten (Ti-W) may be sputter deposited
over the underside of the wafer. This Ti-W layer may serve to provide for a
diffusion barrier layer for contact regions 351-352. Other diffusion
barrier materials may also be used. Gold (Au) is then sputter deposited
over the Ti-W layer. This Au layer may serve to facilitate the pattern
plating of gold (Au) or nickel (Ni), for example, in forming contact
regions 351 -352.    -1 9- Alternatively, any suitable material or
combination of materials may also be used in place these Ti-W and/or Au
layers. For. example, nickel (Ni) may be used in place of Au here to
facilitate the pattern plating of Ni, for example, in forming contact
regions 351-352. Furthermore, any suitable technique may be used to form
the conductor layer here. A patterned mask layer, for example comprising
photoresist, may then be formed over the underside wafer. This.patterned
mask layer is used in pattern plating gold (Au) or nickel (Ni), for
example, over the underlying barrier and conductor layers to create contact
regions 351- 352. After this pattern plating process, the patterned mask
layer is 



removed. Portions of the underlying barrier and conductor layers that are
exposed on the surface of the wafer may then be removed by etching, for
example, leaving contact regions 351-352 as illustrated in Figure 13.
Nickel (Ni) contact regions are preferable as Ni is well-suited for
soldering. These Ni contact regions may be subsequently coated, for
example, with a thin layer of gold (Au). Such a coating may serve to
prevent the corrosion or oxidation of the Ni contact regions without
destroying the soldering ability of Ni. Contact regions 351-352 are formed
along the underside of trenches 332 and 334, respectively, as illustrated
in Figure 13. Contact regions 351-352 each traverse the length of the
wafer. For one embodiment, portions of contact regions 351-352 form a
durable and reliable surface-to-surface bond with exposed portions of
contact regions 341-342, respectively, when contact regions 351-352 are
formed over the underside of the wafer. Here, the material used for    -20
- contact regions 341-342 that is exposed on the underside of the wafer
after thinning is preferably the same as the material used for contact
regions 351-352 that is to come in contact with contact regions 341-342.
For one embodiment, titanium-tungsten (Ti-W) is used as the first layer for
each contact region 341-342 and 351-352. As a result, a durable and
reliable intermetallic surface-to-surface bond is formed between contact
regions 341 and 351 and between contact regions 342 and 352 for this
embodiment. For other embodiments, another material in place of 



Ti-W may be used in creating these bonds. Using the same material here may
facilitate the formation of a durable and reliable bond between contact
regions 341-342 and 351-352, respectively. For still other embodiments, the
materials used to bond contact regions 341-342 with contact regions 351-352
may be different. Contact regions 351-352 may include other conductive
materials as well. For example, aluminum (Al) or copper (Cu) may be used.
Indium titanium oxide (ITO) or gold tin oxide (ATO) may also be used. Other
metals or combinations of materials including metals may also be used.
Furthermore, contact regions 351-352 may be formed using any suitable
technique. For example, a layer of the material or materials used to create
contact regions 351-352 may be deposited over the wafer and subsequently
patterned to create contact regions 351-352. Photolithography and etch
techniques, for example, may be used here to pattern contact regions
351-352. For step 225 of Figure 3 for this alternative embodiment, the
wafer is separated into resistor modules, as illustrated in Figure 14.
Figure 14    - 21 - illustrates, for this alternative embodiment, a
cross-sectional side view of the wafer of Figure 13 after the wafer has
been separated. The wafer may be separated, for example, by sawing the
wafer. The sawcut may have any suitable width. Other techniques may also be
used to separate the wafer and include, for example, using a laser scribe.
The wafer is separated through, for example, trenches 332 and 334. 



The wafer is also separated along scribe line regions that run
substantially orthogonal to trenches 332 and 334, separating semiconductor
region 306 into separate resistor modules along the length of the wafer.
Contact regions 341-342 and 351-352 are also separated for each resistor
module fabricated from semiconductor region 306. Resistor modules may be
similarly fabricated by separating semiconductor regions 305 and 307.
Contact regions 341-342 that have bonded with contact regions 351-352 form
wrap-around contact regions as illustrated in Figure 14. Bonded contact
regions 341 and 351 and bonded contact regions 342 and 352 are separated in
separating the wafer and create a wrap-around contact region for separate
resistor modules fabricated from the wafer. For this alternative
embodiment, resistor module 100 is a leadless monolithic device that is
configured for surface mounting, for example, over a printed circuit board.
Contact regions 151-152 are the connection points for resistor module 100
to external circuitry. Contact regions 151- 152 are both relatively flat on
the underside of resistor module 100. Contact regions 151-152 are also both
relatively large. These features    -22 - help to ensure good contact to
external circuitry. Contact regions 151-152 are also referred to as contact
layers. Because of contact regions 141-142 and 151-152, resistor module 100
provides for more durable and reliable connections to external circuitry.
As contact regions 141-142 and contact regions 151-152 form 



wrap-around contact regions that have relatively higher surface areas, a
more durable and reliable connection may  be made to resistor module 100.
Such a connection can better withstand relatively high external forces as
compared to prior bonding wires or beam leads. Figure 15 illustrates a top
view of a resistor module 400, which is another embodiment of the present
invention. Figure 16 illustrates a cross-sectional side view along line
16-16 of resistor module 400. Resistor module 400 is also referred to as an
apparatus, an electrical apparatus, and a device, for example. The method
of Figure 3 may be similarly used to fabricate resistor module 400.
Resistor module 400 differs from resistor module 100 in its fabrication of
a resistor structure for step 200 of the method of Figure 3. The above
discussion pertaining to resistor module 100 that is not inconsistent with
the below discussion for resistor module 400 applies for resistor module
400, as well. Resistor module 400 includes substrate 406, resistive region
403, and contact regions 441-442. Resistive region 403 is also referred to
as a resistive layer. For step 200 in fabricating resistor module 400, a
resistive region 403 is patterned over substrate 406 to form the resistor
structure.    -23 - Resistive layer 403 is rectangular in shape from a top
view of resistor module 400, as illustrated in Figure 15. Resistive layer
403 may have other shapes as well. 



Substrate 406 for resistor module 400 may comprise any suitable insulative,
semi-insulative, or otherwise relatively high resistive material. Silicon
(Si) or a ceramic material, for example, may be used. To create patterned
resistive layer 403, tungsten silicide [err] for example, may be deposited
over substrate 406 and subsequently patterned, for example, using
photolithography and etch techniques. For another embodiment, an insulative
layer including silicon dioxide [err], for example, may be formed over
substrate 406 that includes silicon (Si). This insulative layer is
subsequently patterned exposing the region over substrate 406 where
resistive layer 403 is to be created. A metal, such as titanium (Ti) or
cobalt (Co), is deposited over the wafer. The wafer is then heated, causing
the metal to react with the silicon in substrate 406 to create a silicide
layer. The metal does not react with portions of substrate 406 that are
covered by the insulative layer. The metal may then be removed using an
etchant that does not attack the silicide, substrate 406, or the insulative
layer. The insulative layer may then be removed using suitable techniques.
As a result, substrate 406 is covered with a silicide layer to serve as
resistive layer 403. For this embodiment, resistive layer 403 may not be
raised over the surface of substrate 406 as illustrated in Figure 15.
Rather, silicide layer 403 may be substantially flush with the surface of
substrate 406.    -24 - Other suitable materials may also be used for
resistive layer 403. Patterned resistive layer 403 may be formed over
substrate 406 using 



other suitable techniques as well. Depending upon the process used to
create the resistor structure for step 200 of Figure 3, suitable transfer
materials including metals may be required to provide for an appropriate
ohmic contact between the resistive region and the contact regions. In the
foregoing description, the invention has been described with reference to
specific exemplary embodiments thereof. It will, however, be evident that
various modifications and changes may be made thereto without departing
from the broader spirit or scope of the present invention as defined in the
appended claims. The specification and drawings are, accordingly, to be
regarded in an illustrative rather than a restrictive sense.    -25 -
CLAIMS What is claimed is: 1.    A method for fabricating an electrical
apparatus with a wafer having a substrate, the substrate having a first
side and a second side, the method comprising the steps of: (a)   forming a
resistive region over the first side of the substrate; (b)   forming a
trench having a sidewall over the first side of the substrate; (c)
forming a contact layer having a first material over the sidewall of the
trench and over a portion of the resistive region; and 



(d)   separating the wafer through the trench. 2.    The method of claim 1,
wherein the resistive region forming step (a) includes the step of: (a)(i)
subjecting the first side of the substrate to an ion implant process, and
(a)(ii) removing portions of the substrate over the first side of the
substrate such that the resistive region is formed.    - 26- 3.    The
method of claim 1, wherein the resistive region forming step (a) includes
the step of: (a)(i) forming a patterned mask layer over the first side of
the substrate, and (a)(ii) subjecting the first side of the substrate to an
ion implant process to form the resistive region in an exposed portion of
the substrate. 4.    The method of claim 1, wherein the resistive region
forming step (a) includes the step of: (a)(i) forming a resistive material
layer having a second material over the substrate, and (a)(ii) patterning
the resistive material layer to form the resistive region. 5.    The method
of claim 4, wherein the second material includes tungsten silicide. 6.
The method of claim 1, wherein the resistive region forming step 



(a) includes the step of: (a)(i) forming a patterned layer over the first
side of the substrate, (a)(ii) forming a material layer having a second
material over the patterned mask layer, and    - 27- (a)(iii) heating the
substrate to form the resistive region in the substrate. 7.    The method
of claim 1 wherein the second material includes titanium or cobalt. 8.
The method of claim 1, wherein the resistive region includes tungsten
silicide, titanium silicide, or cobalt silicide. 9.    The method of claim
1, wherein the trench forming step (b) includes the step of etching the
substrate such that the trench is formed. 10.   The method of claim 1,
wherein the trench forming step (b) includes the steps of: (b)(i) sawing
the first side of the wafer in a region where the trench is to be formed,
and (b)(ii) etching the substrate such that the trench is formed. 11.   The
method of claim 1, wherein the first material includes nickel, gold,
copper, or aluminum. 12.   The method of claim 1, further comprising the
step of removing a portion of the substrate from the second side of the
substrate such that the electrical apparatus has a substantially planar
bottom side after the 



wafer has been separated.    - 28 - 13.  The method of claim 1, further
comprising the step of removing a portion of the substrate from the second
side of the substrate such that a portion of the contact layer formed in
the trench is exposed through the second side of the substrate. 14.  The
method of claim 13, further comprising the step of forming a second contact
layer having a second material over the second side of the substrate such
that the second contact layer is electrically coupled to the exposed
contact layer. 15.  The method of claim 14, wherein the third material
includes nickel, gold, copper, or aluminium. 16.  The method of claim 1,
wherein the separating step (d) comprises the step of sawing the wafer
through the trench. 17.  A resistor module comprising: (a)   a silicon
substrate having a top side, a left sidewall, and a right sidewall, wherein
the top side includes an etched mesa structure that is part of the silicon
substrate; (b)   an implanted resistive semiconductor region residing in
the etched mesa structure of the top side of the silicon substrate; (c)  a
left substrate metallic contact layer that contacts the implanted resistive
semiconductor region by adhering directly to a left portion of the etched
mesa structure of the silicon substrate and that also adheres to the left
sidewall of the silicon substrate; 



(d)   a right substrate metallic contact layer that contacts the implanted
resistive semiconductor region by adhering directly to a right portion
-29 - of the etched mesa structure of the silicon substrate and that also
adheres to the right sidewall of the silicon substrate. 18. The resistor
module of claim 17 wherein the left and right substrate metallic contact
layers are each comprised of titanium-tungsten. 19. The resistor module of
claim 17, further comprising: (e)   a second left substrate metallic
contact layer that covers the left substrate metallic contact layer; (f)
a second right substrate metallic contact layer that covers the right
substrate metallic contact layer. 20. The resistor module of claim 19,
wherein the second left and second right substrate metallic contact layers
are each comprised of nickel. 21. The resistor module of claim 19, wherein
the second left and second right substrate metallic contact layers are each
comprised of gold. 22. The resistor module of claim 19% further comprising;
(g)   a third left substrate metallic contact layer that covers the second
left substrate metallic contact layer; (h)   a third right substrate
metallic contact layer that covers the second right substrate metallic
contact layer. 23.  The resistor module of claim22, wherein the third left
and third right substrate metallic contact layers are each comprised of
gold. 24.  A resistor module comprising: 



(a)   a silicon substrate having a top side, a left sidewall, a right
sidewall, and a bottom, wherein the top side includes an etched mesa
structure that is part of the silicon substrate; (b)   an implanted
resistive semiconductor region residing in the etched mesa structure of the
top side of the silicon substrate;    -30 - (c)   a left substrate metallic
wrap-around contact that contacts the implanted resistive semiconductor
region by adhering to a left portion of the etched mesa structure of the
silicon substrate and that also adheres to the left sidewall of the silicon
substrate and a left portion of the bottom of the silicon substrate; (d)
a right substrate metallic wrap-around contact that contacts the implanted
resistive semiconductor region by adhering to a right portion of the etched
mesa structure of the silicon substrate and that also adheres to the right
sidewall of the silicon substrate and a right portion of the bottom of the
silicon substrate. 25. The resistor module of claim 24, wherein the left
substrate metallic wrap-around contact is further comprised of a left top
portion coupled to a left bottom portion, wherein the left top portion
adheres to the left portion of the etched mesa structure of the silicon
substrate and to the left sidewall of the silicon substrate, wherein the
left bottom portion adheres to the left portion of the bottom of the
silicon substrate; wherein the right substrate metallic wrap-around contact
is further comprised of a right top portion coupled to a right bottom
portion, wherein the 



right top portion adheres to the right portion of the etched mesa structure
of the silicon substrate and to the right sidewall of the silicon
substrate, wherein the right bottom portion adheres to the right portion of
the bottom of the silicon substrate. 26. The resistor module of claim 24,
wherein the left and right substrate metallic wrap-around contacts are each
comprised of titanium- tungsten. AMENDED  SHEET    - 31- 27.  The resistor
module of claim 24, wherein the left and right substrate metallic
wrap-around contacts are each comprised of titanium- tungsten covered with
nickel. 28. The resistor module of claim 24, wherein the left and right
substrate metallic wrap-around contacts are each comprised of titanium-
tungsten covered with gold.    


