
;ope3ezwL"n,6bTIN  BACKSIDE CONTACT FOR INTEGRATED CIRCUIT AND METHOD OF
FORMING SAME TECHNICAL FIELD This invention relates generally to
semiconductor fabrication technology, and, more particularly, a backside
contact for an integrated circuit device and a method for fabricating the
backside contact. BACKGROUND ART There is a constant drive within the
semiconductor industry to increase the operating speed of integrated
circuit devices, e.g., microprocessors, memory devices, and the like. This
drive is fueled by consumer demands for computers and electronic devices
that operate at increasingly greater speeds. This demand for increased
speed has 10 resulted in a continual reduction in the size of semiconductor
devices, e.g., transistors. That is, many components of a typical field
effect transistor (FET), e.g., channel length, junction depths, gate
dielectric thickness, and the like, are reduced. For example, all other
things being equal, the smaller the channel length of the FET) the faster
the transistor will operate. Thus) there is a constant drive to reduce the
size) or scale, of the components of a typical transistor to increase the
overall speed of the transistor, as well as integrated circuit devices
incorporating such 15 transistors. Additionally) reducing the size, or
scale, of the components of a typical transistor also increases the
density) and number, of the transistors that can be produced on a given
amount of wafer real estate, lowering the overall cost per transistor as
well as the cost of integrated circuit devices incorporating such
transistors. In the fabrication of integrated circuits) many layers are
formed atop one another in "sandwich" fashion. These layers include
semiconductor materials, insulating materials, and conductive materials,
for example, metals. 20 A common integrated circuit may contain as many as
ten to twenty different layers, and as many as six or seven of those layers
may be metal layers. Generally, the metal layers are patterned to form
electrical interconnects, or conductors, that carry electrical power for
distribution throughout the integrated circuit, as well as signals, for
example, control signals, address signals and data signals. Figure 1
illustrates a cross-section of a simple form of an integrated circuit
device. A semiconductor 25 substrate 10, which may be silicon or other
suitable material, forms the foundation upon which the integrated circuit
will be built. Transistors may be formed atop the substrate 10 and, for
example, such a transistor may comprise a gate 11. Thelgate 11) which is
typically separated from the semiconductor substrate by a thin insulating
layer (not shown), may comprise a conductive material, such as a doped
polycrystalline silicon, or polysilicon. As is well known in the art of
semiconductor device fabrication, a polysilicon material may be deposited
or otherwise 30 formed over the surface of the substrate 10 (typically
separated therefrom by a thin oxide layer) and thereafter patterned to form
transistor gates. Overlaying the substrate 10 and the gate 11 may be a
dielectric) or insulating, layer 12, for example, a layer of silicon
dioxide. Commonly in the fabrication of semiconductor integrated circuits,
above the insulating layer 12 will be formed a layer of electrically
conductive material that is patterned and etched to form conductive 35
interconnects 13 and 14. Typically) the conductive interconnects will be
formed from a metal. The interconnect 13 may be electrically coupled to the
gate 11 by a conductive material 15) for example) a motel. As is well
understood in the field of semiconductor integrated circuit fabrication, a
via may be formed through the dielectric layer 12, and the via may be
filled with a conductive material, for example, a metal, before or during
the formation of the conductive layer used to form the interconnects 13 and
14. Thus, electrical interconnections may be made between 10 conductive
layers at different levels of the integrated circuit device.     Amended
Page Overlaying the interconnects 13 and 14 will be a second dielectric, or
insulating, layer 16. As in the case of layer 12, layer 16 may comprise a
silicon dioxide or other suitable material. Also, layers 12 and 16, as well
as additional dielectric layers discussed below, may be formed on the
integrated circuit by any suitable known technique, for example, CVD,
spin-on techniques, etc. Atop the dielectric layer 16, another conductive
layer, again, for example, metal, may be formed and patterned to create
further interconnects 20 and 21. As illustrated in Figure 1, interconnects
14 and 20 may be electrically coupled by way of conductive material 19
through a via. Overlaying the interconnects 20 and 21 is yet another
dielectric, or insulating, layer 22, which may also comprise a suitable
insulating material, for example, silicon dioxide. Additional conductive
layers and dielectric layers may be formed atop the insulating layer 22 to
form, for example, interconnects 23, 24, 26 and 29, and dielectric layers
25 and 28. When fabrication of the integrated circuit is essentially
complete, contact pads, for example pad 31, will be formed atop the
integrated circuit. These contact pads will be coupled to various points in
the integrated circuit, for example, interconnect 13 by way of path 32 and
lead 33. Path 32 may be formed by etching through at least some of the
layers overlaying the substrate 10. For example, as illustrated in Figure
1, path 32 is etched through each of the dielectric layers 16, 22, 25 and
28 to facilitate an electrical connection between lead 33 and contact 31
and the interconnect 13. Likewise, throughout the integrated circuit
device, similar paths 32 may be etched through various of the layers of the
integrated circuit device to contact selected electrical interconnects at
the various metal, or conductive, layers. The contact pad 31, lead 33 and
path 32 may facilitate the supply of electrical power to the integrated
circuit, or they may provide a route for signals into and out of the
integrated circuit. For example, DC voltages may be applied to various
portions of the integrated circuit by means of contact pads 31, leads 33
and paths 32. Also, data input and output signals, address signals and a
variety of control signals may be applied to or retrieved from the
integrated circuit by means of contact pads 31, leads 33 and paths 32. As
illustrated in Figure 1, electrical paths 32 between the contact pads 31
and the various metal layers are routed from the top surface 34 of the
integrated circuit device, down through the various dielectric layers, to
the particular conductive layer or interconnect to be contacted. As
integrated circuits become more complex, they become more dense.
Consequently, the space between devices, including interconnects, on the
integrated circuit becomes smaller. Moreover, as more and more conductive
layers are used in the fabrication process, the routing of the contact
paths 32 to the selected layer or interconnect becomes more complex and
constricted. In addition, although efforts have been made to reduce power
consumption, many modern devices require more electrical current than did
their predecessors, and these larger electric currents are typically
transported by way of the electrical paths 32. To exacerbate the situation,
electrical power typically must be routed to the lowest metal layers in the
integrated circuit. In those situations, routing of the contact paths 32
presents numerous problems. For example, because of the small space between
adjacent devices and interconnects in the integrated circuit, the
cross-section of the electrical path 32 must be small. As the integrated
circuits become more complex and utilize more layers, the length of the
electrical path 32 becomes longer. As the cross-section of the electrical
path 32 decreases and its length increases, it presents a greater
resistance to the flow of current, resulting in, among other things, more
heat generated. -2    



Amended Page EP-A-0 926 723 discloses a process for forming front-back
through contacts in micro-intc;grated electronic devices which comprises
the steps of: farming a through hole from the back of a semiconductor
material body; forming a hole insulating layer of electrically isolating
material laterally covering the walls of the through hole; 5 forming a
through contact region of conductive material laterally covering the hate
insulating layer inside the hole and having at least one portico extending
on top of the lower surface of the body; forming a protective layer
covering the through contact region; and forming a connection structure
extending on top of the upper surface a f the body between and in
electrical contact with the through contact region and the 1 U electronic
component. US-A-6 075 712 discloses a flip-Chip having electrical contact
pads on the backside of" the chip; A semiconductor substrate vas a first
surface and a second surface opposite the first surface. Circuit elements
art formed within the first surface A plurality of bump contacts arc
located on the first surface and connected to the 15 circuit elements. Bond
pads that are also connected to circuit elements are located within or on
the second surface The present invention is directed to overcoming, or at
least reducing the effects of; one or more of the problems set forth above,
but in a different manner from that disclosed in either of the above two
documents. 20 SUMMARY OF THE INVENTION According to a first aspect of the
present invention there is provided xt semiconductor device, comprising a
semiconductor substrate; having a .first surface, a second, backside,
surface, and a backside contact on the second Surface, characterised in
that the device comprises: a dielectric; Layer farmed over at least a
portion of the 2~ first surface of the substrata; a first conductive layer
formed over at feast a portion of the dielectric layer; a second conductive
Layer comprising the backside contact formed over at least a portion of the
second surface of the substrate; and a connector coupling the first and
second conductive layers by way of an opening through the semiconductor
substrate and the dielectric layer. 30 According to a second aspect of the
present invention there is provided a method for forming a backside contact
for a semiconductor device, characterised by  



Amended Page steps, comprising: forming a dielectric layer over a first
surface of a semiconductor substrate; forming a conducive interconnect over
the dielectric layer; farming an opening in the substrate and in the
dielectric layer to expose at least a portion of the conductive
interconnect; and filling the opening with a conductive material to provide
electrical contact with the conductive interconnect.     Amended Page BRIEF
DESCRIPTION OF THE DRAWINGS The invention may be understood by reference to
the following description taken in conjunction with the accompanying
drawings, in which: Figure 1 is a simplified illustration of a
cross-section of a conventional integrated circuit; and Figures 2-8
illustrate schematically in cross-section various embodiments of a backside
contact and methods for forming the backside contact according to the
present invention. While the invention is susceptible to various
modifications and alternative forms, specific embodiments thereof have been
shown by way of example in the drawings and are herein described in detail.
It should be understood, however, that the description herein of specific
embodiments is not intended to limit the invention to the particular forms
disclosed) but on the contrary, the intention is to cover all
modifications, equivalents, and alternatives falling within the spirit and
scope of the invention as defined by the appended claims. MODES) FOR
CARRYING OUT THE INVENTION Illustrative embodiments of the invention are
described below. In the interest of clarity, not all features of an actual
implementation are described in this specification. It will of course be
appreciated that in the development of any such actual embodiment, numerous
implementation-specific decisions must be made to achieve the developers'
specific goals, such as compliance with system-related and business-related
constraints, which will vary from one implementation to another. Moreover,
it will be appreciated that such a development effort might be complex and
time-consuming, but would nevertheless be a routine undertaking for those
of ordinary skill in the art having the benefit of this disclosure.
Illustrative embodiments of a backside contact and methods for fabrication
of such a contact according to the present invention are shown in Figures
2-8. Although the various regions and structures of a semiconductor
integrated circuit are depicted in the drawings as having very precise,
sharp configurations and profiles, those skilled in the art recognize that,
in reality, these regions and structures are not as precise as indicated in
the drawings. Nevertheless, the attached drawings are included to provide
illustrative examples of the present invention. In general, the present
invention is directed to the manufacture of a semiconductor integrated
circuit device. As will be readily apparent to those skilled in the art
upon a complete reading of the present application, the present method is
applicable to a variety of technologies, for example, NMOS, PMOS, CMOS, and
the like, and is readily applicable to a variety of devices, including, but
not limited to, logic devices, memory devices, and the like. -3     Figure
2 illustrates a cross-section of a portion of an integrated circuit device.
A substrate 110 has formed atop it a gate 111 of a conductive material, for
example, doped polysilicon. Typically) the gate 111 is separated from the
substrate 110 by a thin insulating layer (not shown), e.g , a gate device.
Formed over the gate 111 is a dielectric layer 112, for example, silicon
dioxide. The dielectric layer 112 may be formed using a variety of known 5
materials and techniques, such as CVD) spin-on techniques, etc. Atop the
layer 112, another conductive layer) for example metal) may be deposited or
otherwise formed. Using well known patterning and etching techniques,
conductive traces, or interconnects, 113 and 114 may be formed. These
interconnects 113 and 114 may function as electrically conductive pathways)
or interconnections, between various portions of the integrated circuit
device. To facilitate interconnection between adjacent conductive layers or
interconnects, a via may ba etched through the 10 dielectric layer 112 and
filled with a conductive material 115 to complete electrical connection
between a gate 111 and an interconnect 113. The formation of multiple
dielectric and conductive layers over the substrate 110, as well as the use
of vies to facilitate interconnection between various conductive layers, is
well known and understood by those of ordinary skill in the art of
semiconductor fabrication. 



After formation of the conductive layer used to form interconnects 113 and
114, and before completion of 15 the integrated circuit fabrication
process, a backside contact 146 (see Figure 3) may be formed according to
the present invention. The backside contact 146 may be formed either before
or after the interconnects 113 and 114 have been patterned and formed from
their conductive layer. As illustrated in Figure 2, a photoresist or other
suitable material may be used to form a mask 140 on a backside surface 141
of the substrate 110. The farm "backside" as used in this specification
refers to that surface of the substrate 110 opposite the surface of the 20
substrate 110 on which the typical dielectric and conductive layers are
formed. 'Ihe photorosist or outer masking material may be patterned
utilizing well known techniques to form an opening 142 in the mask 140. Any
of a variety of known techniques for accomplishing an anisotropic etch may
thereafter be utilized to form an opening 144 through the portion of the
substrate 110 and the dielectric layer 112 underlying the opening 142 in
the mask 140. For example, to etch though the silicon substrate, a
combination of hydrogen bromide (HBr), chlorine (Cl) 25 and oxygen (02) or
a combination of SF6 and argon will be appropriate. For an etch through the
dielectric layer 112) for example, a silicon dioxide material, a
combination of CF4, CHF3 and argon will provide an appropriate etch
environment. Alteratively) a combination of other fluorocarbon-containing
gases will work. These etching chemistries, as well as other appropriate
chemistries end techniques) are wall known to and understood by those of
ordinary skill in the art. The opening 144 will have sidewalls 143 that ere
substantially perpendicular to the surface 30 141 of the substrate 110. The
anisotropic etch will be continued until the opening 144 reaches the
conductive interconnect 114. Referring to Figure 3, following the
anisotropic etch to form the opening 144, the mask 140 will be removed from
the surface l41 of the substrata 110. An insulating film may be formed
along the sidewalk 143 of the opening 144) particularly in the vicinity of
the exposed substrate, and over the surface 141 of the substrate 110. 35 To
form this insulating film, for exempla, a selective deposition or growth
step may be used in an oxidizing ambient or a thin insulating film may be
deposited. These and other appropriate techniques for forming the
insulating layer along the sidewalk 143 and over the surface 141 are well
known to and understood by those of ordinary skill in the art. Using any of
a number of wall-lmown techniques, such as deposition techniques, a
conductive material may be formed over the surface 141 of the substrate 110
and in the opening 144, thereby 40 forming a conductive layer on the
surface 141 of the substrata 110. Thereafter, utilizing well known
deposition and patterning techniques, a backside contact 146 may be formed)
facilitating electrical connection of the -4     interconnect 1 I4 to the
backside contact 14b by way of the conductive material filling the opening
144 through the substrate I10 and the dielectric layer I12) The conductive
material used to flit the opening 144 and form the contact I46 may be any
suitable conductive material, for example) tungsten, aluminum or copper.
When copper is to be used, the bottom surface of the metal interconnect 114
may be used as a catalytic surface for the electrolyses 5 deposition of the
copper. Barrier layers comprised of, for example, titanium, titanium
nitride) or other refractory metal or refractory metal nitride may also be
formed in the opening 144 prior to forming the conductive material therein.
In addition, before the opening 144 is filled with a conductive material,
the undersurface 1I6 of the interconnect 114 should be cleaned For exempla,
a directional etch) known as a pre-clean etch or RF pre-clean, may be used.
A directional sputter etch in an argon plasma ambient would clean the
undersurface 116 10 appropriately. The cross-section of the opening I44 may
be of any desirable shape or size. Figure 4 illustrates an alternative
method for forming the backside contact 146. A photoresist or other
suitable masking material may be used to form a mask 140 on the backside
surface 141 of the substrate 110, and the mask 140 is patterned to form an
opening 142 therethrough. An isotropic etch process is performed through
the opening 142 to create an opening 14$A in the substrate l 10. Because
this step is isotropic in nature, the etching 15 undercuts the masking
layer 140 to form tapered facet edges 149A in the substrate 110. In the
specific embodiment illustrated in Figure 4, the isotropic etch step is
performed long enough to form the opening 148A, but it is not performed so
long as to etch entirely through the substrate 110. Rather, the depth 147A
of the opening 148A in the substrata 110 is less than the thickness of the
substrata 110 in the vicinity of the opening 148A. In another embodiment)
illustrated in Figure S, the isotropic etch may be continued until the
opening 148B 20 extends substantially entirely through the substrata 110.
In this particular embodiment) the opening 148B and, thus, the tapered
facet edges 149B, extend substantially entirely through the substrata 110
but do not substantially encroach upon the insulating layer 112. In other
words) in this embodiment, the depth 147B of the opening 148B is
approximately equal to the thickness of the substrate 110 in the vicinity
of the opening 148B. Also in this specific embodiment, because the depth
147B of the opening 148B is greater than the depth 147A of the opening 148A
in 25 Figure 4) the width of the opening 148B is also greater than the
width of the opening 148A in Figure 4. Thus) the tapered facet edges 149B
are formed in the embodiment, as illustrated in Figure 5. As examples, a
dry plasma process using NF3 or CF4 would be appropriate. Alternatively) a
wet chemical process using a combination of HN03 and HF for Si etching or a
combination of NH4F, HF and water for SiO2 etching would be appropriate.
Those of ordinary skill in the art will know and understand these processes
as well as other processes that may be 30 used to advantage. Figure 6 shows
yet another embodiment of the present invention wherein the isotropic etch
through the opening I42 of the mask 140 proceeds entirely through the
substrate 110 and into the insulating layer 112 to form the opening 148C
having facet edges 149C. In this embodiment, the depth 147C of the opening
148C is greater than the thickness of the substrate 110 in the vicinity of
the opening 148C. The tapered facet edges 149C extend 35 into the
dielectric layer 112. Exemplary etch processes that may be used have been
discussed above and are known and understood by those of ordinary skill in
the art. Figure 7 illustrates further processing following the processing
illustrated in Figure 4. Following the isotropic etch that forms the
opening 148A in the substrate 110) an anisotropic etch is performed through
the opening 142 in the mask 140 and through the opening 148A to form an
opening 150 through the remaining portion 40 of the substrate 110 and
entirely through the insulating layer 112 to the interconnect 114. Because
this second etch step is anisotropic, the opening 150 includes sidewalls
143 that are substantially perpendicular to the surface 141 of -5
Amended Page the substrate 110. Examples of appropriate anisotropic etch
techniques were discussed above. In the embodiment illustrated in Figures 5
and 6, the anisotropic etch will form en opening 150 only through the
dielectric Layer 112 or a portion thereof. Returning to Figure 7, following
the anisotropic etch to create opening 150, the mask 140 is removed from
the surface 141 of the substrate 1 x0. 5 Referring to Figure 8, a
conductive material 151 may be used to fill the opening 150 and form the
contact 152 in a manner similar to the formation of contact 146 as
illustrated and described in connection with Figure 3 above. As described
above, a thin insulating film may be formed on the sidewalk of the opening
150 and on the surface 141 of the substrate 110. Because the material 151
used to fill the opening 150 end to form the contact 152 need not be of the
same type as the conductive material used to form the interconnect 114, a
cladding layer 



10 may be required between the two materials. A refractory metal or
refractory metal nitride may be used to coat the undersurface 116 of the
interconnect 114. The refractory metal or refractory metal nitride may then
interface between the conductive material of interconnect 114 and the
conductive material 151 of the contact 152. An alternative method for
filling the opening 150 as well as the opening 148A of Figure 7 (and the
openings 148B end 148C of Figures 5 and 6) respectively) comprises an
electropIating method wherein the 15 interconnect 114 (or other appropriate
structure on or atop the substrate 110) is coupled to an anode source while
a bath is coupled to a cathode source. The bath may include, by way of
exempla, copper sulfate and sulphuric acid. After removal of the mask 140
from the backside of the substrate 110, and after the formation of an
insulating layer (if any) on the sidewalls 143 of the opening 150 and on
the surface 141 of the substrate 110, the surface 141 of the substrate 110
may be immersed into the bath with the aforementioned anode and cathode 20
connections in place. The conductive material from the bath will plate the
underside of the interconnect 1 I4 and fill the opening 150. The plating
action will continue, to fill the opening 148A (or 148B or 148C) as the
case may be) as wall as to form a conductive layer over the surface .141 of
the substrate 110. Thereafter, as before, the conductive material may be
patterned and etched, using well-known techniques, to form the contact 152.
In preparation for forming the contact of the present invention, the
substrate wafer may be thinned using 2S any of a variety of well known
techniques. By thinning the substrate) the etch steps to form the contact
opening through the substrate may be accomplished more quickly. In general,
the backside contact may be formed before or after full top-cnd processing
of the wafer or integrated circuit. Using the backside contact and methods
of this invention, the cross-section of the contact can be enlarged as
compared to prior contacts. Further, the length of the contact from the
surface of the substrate to the interconnect of interest will generally be
shorter as compared to 30 prior contacts. Consequently, the contact will
present a lower resistance to the flow of electric current) generating less
heat that must be dissipated. Finally) packaging of an integrated circuit
employing the backside contact of this invention may be accomplished in a
manner similar to the packaging of mufti-die arrangements. The particular
embodiments disclosed above are illustrative only, as the invention may be
modified and practiced in different but equivalent manners apparent to
those skilled in the art having the benefit of the teachings 35 herein.
Furthermore, no limitations are intended to the details of construction or
design herein shown) other than as described in the claims below.
Amended Pace CLAIMS: I. A semiconductor device, comprising a semiconductor
substrate (110) having a first surface, a second, backside surface (141)a
and a backside contact (146) an the second surface (l41), characterised in
that the device comprises: a dielectric layer ( 112) farmed over at least a
portion of the first surface of the substrate ( I 10); a first conductive
layer (I I4) formed over at least a portion of the dielectric layer (I I2):
IO a second conductive layer comprising the backside contact (14b) formed
over at least a. portion of the second surface ( 141 ) of the substrate ( I
1 Q); and a connector coupling the first arid second conductive layers by
way of an opening (,144) through the serniconducttor substrate (110) and
the dielectric layer (l 1?). 15 2. The semiconductor device of claim l,
wherein the opening (144) though the semiconductor substrate (110) and the
dielectric layer { 112) comprises sidewalls ( 143 ) that arc substantially
perpendicular to the second surface ( 14 ( ) of the substrate ( 110). LO 3.
The semiconductor device of claim 2, wherein the opening (144) through the
semiconductor substrate ( 110) further comprises tapered edges ( X 49 j
proximate the second surface ( 141 ) of the substrate ( 1 I 0). 4. The
semiconductor device of claim 2) wherein the sidewalls (143) extend 25
through the dielectric (I 121 layer and through at least a portion of the
semiconductor substrate ( 110). 5. The semiconductor device of any one of
claims 1 to 4, furhter comprising a cladding interface between the
connector and the first conductive layer ( 114). 



30 7    Amended Page G. A method for forming a backside contact for a
semiconductor device, characterised by steps, comprising: forming a
dielectric layer ( l I?) over a first surface of a semiconductor substrate
( 1 I A); 5 forming a conductive interconnect ( 114) aver the dielectric
layer ( 11 2 ), farming an opening (144) in the substrate (110) and in the
dielectric layer ( 1121 to expose at least a porn on of the conductive
interconnect ( 114.); and filling the opening ( L 44) with a conductive
material (150) to provide electrical contact wish the conductive
interconnect (114). l t7 7. The method of claim G, wherein forming an
opening (144) through the substrate (1 It)) and through the dielectric
layer ( 112) to expose at least a portion of the conductive interconnect (1
I4), comprises: forming a mask (I40) aver a second surface (141) of the
semiconductor 1 ~ substrate (110), the mask (140) including a mask opening
(142) therein; and anisotropically etching the substrate ( 110) and the
dielectric Layer ( 112 ) through the mash. opening ( 142). 8. The method of
claim l, further comprising isotrapically etching the substrate 2O ( 11 t?)
through the mask opening ( L42) before anisotropically etching the
substrate ( 110) and the dielectric layer (112). 9. The method of claim 6,
wherein forming an opening t 14A) through the substrate ( 110) and through
the dielectric layer ( 112) to expense at least a portion at i5 the
conductive Interconnect (1I4)) comprises: forming a mask (144) over a
second surface (141) of the semiconductor substrate t: I 1 A), the mask ( t
411) including a mask opening ( 142) therein; isotropically etching the
substrate (110) through. the mask opening ( 142); and anisotropically
etching the dielectric layer ( 112) through the mask opening. 30 8 



3 0 SEP 2003 Amended Page 1l1. The method of claim 9, further comprising
isotropically etching the dielectric; layer ( 112) before anisotropially
etching the dielectric layer ( I 1 2), 5 11. The method of any cane of
claims 6 to 10, further comprising forming a cladding interface between the
conductive intereconnect ( 114) and the conductive material ( 1 SO}. 1?.
The method of any one of claims 6 to 1l, further comprising thinning the 1
f) substrate ( 11 !1) before forming au owning ( 144) in the substrate
(110) and in the dielectric layer (112) la expose at least a. portion of
the conductive interconnect (114). 13. The method of any one of claims b to
12, further comprising forming ate insulating layer ate sidewalls ( 113) of
the opening (144) before tilling the opening  with a conductive material,
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