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Interposer and method of making same -
-;_-_.'i?;;ﬁ_ackground of the Inventiosi:
Field of the Invention |

The invention relates to connections between integrated circuits and a
supporting substrate such as a printed circuit board. More particularly, the
present invention relates to an interposer for couplmg an integrated circuit to a
supporting substrate.

Background _

Integrated circuits have been manufactured for many years.
Com)entionally, such manufacturing involves integrating various active and
passive circuit elements into a piece of semiconductor material, referred to as a
die, and the die is encapsulated into a ceramic or plastic package. These
packages are then typically attached to a printed circuit board by connecting
pins, arranged along the periphery of the package. An electronic system can be
formed by connecting various integrated circuit packages to a printed circuit
board.

As advances in semiconductor- manufactur_ing technology led to
substantially increased numbers of _tranSis_to_rs on each'integrated circuit, it
became possible to correepondingly increase the functionality of each integrated
circuit. In tum, mcreased functionality resultéd in the need to increase the
number of mput/output (I/O) connections between the integrated circuit and the
rest of the electronic system of which the integrated circuit was a part. One
adaptation designed to address the increased need for I/0 connections was to
simply add additional pins to the package. Unfortunately, adding pins to the
package increased the area consumed by the package. A further adaptation
designed to address the increased need for YO connections without consuming
an-unacceptably large amount of area was the development of pin grid array
(PGA) and ball grid array (BGA) packages. In such a package, a large number
of I/O connection terminals are disposed in a two dimensional array over a
substantial portion of a major surface ef the package. These PGA and BGA
packages typically contain an integrated circuit die, and are attached to a
‘supporting substrate such as a printed circuit board.
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Although PGA and BGA packages provide a space-sa\}ing solution for
integrated circuits needing a large number of I/O connections, the materials from
which they are manufactured typically do not provide a good match with the
material of the integrated circuit die in terms of their respective coefficients of
thermal expansion.

What is needed is a structure suitable for electrically and mechanically

“ coupling an integrated circuit to a supporting substrate wherein the structure has
thermal expansion characteristics well-matched to the integrated circuit. What is
further needed is a method of manufacturing such a structure.

Summary of the Invention

Briefly, a structure suitable for connecting an integrated circuit to a
supporting substrate wherein the structure has thermal 'expan'sion characteristics
well-matched to the integrated circuit is an interposer. The integrated circuit and
the interposer are comprised of bodies that have substantially similar
coefficients of thermal expansion. The interposer has a first surface adapted to
electrically and mechanically couple to the integrated circuit. ' The interposer has
a second surfacé adapted to electrically and mechanically couple to a
supporting substrate. Electrically conductive vias provide signal pathways
between the first surface and the second surface of the interposer.

In a further aspect of the present of invention, various circuit elements |
may be incorporated into the interposer. These circuit elements may be active,
passive, or a combination of active and passive elements.

.Brief Description of the Drawings

Fig. 1 is a schematic side-view of a silicon-based integrated circuit die
coupled to an OLGA package by solder bumps, and the OLGA package coupled
to a printed circuit board by solder balls.

Fig. 2 is a schematic cross-section of an OLGA package.

Fig. 3 is a schematic cross-section of a silicon-based interposer in
accordance with the present invention.

Fig. 4 is another schematic cross of a silicon-based interposer that shows
a number of connection terminals.
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Fig. 5 is a schematic cross-section of a silicon-based interposer in
accordance with the present invention that shows integrated decoupling
capacitors. '

Fig. 6 is a schematic cross-section of a silicon-based interposer in
accordance with the preéent invention that shows integrated transistors.

Figs. 7-10 show various stages of manufacturing of a silicon-based
interposer in accordance with a first illustrative embodiment of the present
invention, wherein deep-vias are formed prior to chip-side interconnect
formation. |

Fig. 7 is a schematic cross-section of an interposer after a deep-via has
been etched therein. _

Fig. 8 is a schematic cross-section showing the interposer of Fig. 7 after
~ an insulating layer is formed on the sidewalls of the deep-via, and the deep-via
is filled with an electrically conductive material.

_ Fig. 9 is a schematic cross-section showing the interposer of Fig. 8 after
further metallization operations. .

Fig. 10 is a schematic cross-section showing the interposer of Fig. 9 after
still further metallization operations. _

Figs. 11-14 show various stages of manufacturing of a silicon-based
interposer in accordance with a second illustrative embodiment of the present
invention, wherein deep-vias are formed subsequent to chip-side interconnect
formation.

| Fig. 11 is a schematic cross-section of an interposer with a first layer of
metallization formed on the chip-side of the interposer.:

Fig. 12 is a schematic cross-section showing the interposer of Fig. 11
after additional layers of chip-side metallization are formed.

Fig. 13 is a schematic cross-section showing the interposer of Fig. 12
after a deep-via is formed through the body of the interposer, and an insulating
layer is formed on the sidewall surface of the deep-via.

Fig. 14 is a schematic cross-section showing the interposer of Fig. 13
after the deep-via is filled with an electrically conductive material.



WO 01/01486 _ PCT/US00/14588

Figs. 15-16 are common to both the process illustrated in Figs. 7-10, and
the process illustrated in Figs. 11-14. :

Fig. 15 is a schematic cross-section of an interposer in aécordance with
the present invention after the chip-side and board-side layers of metallization
have been polished back, and plated.

Fig. 16 is a schematic cross-section showing the interposer of Fig. 15
after formation of the Pb/Sn pattems that are used for chip-side solder bumps
and board-side solder balls. | |

Fig. 17 is a flow diagram illustrating a process in accordance with the
present invention. | ' '

Figs. 18-21 show various stages of manufacturing of a silicon-based
interposer in accordance with a third illustrative embodiment of the present
invention, wherein deep-vias are formed with a two stage process that results in
sioped sidewalls in a first portion of the deep-vias.

Fig. 18 is a schematic cross-section of an interposer after a deep-via with
sloped sidewalls has been etched therein.

Fig. 19 is a schematic cross-section showing the interposer of Fig. 18
after an insulating layer is formed on the sidewalls of the deep-via, and an
electrically conductive material is formed in the deep-via.

Fig. 20 is a schematic cross-section showing the interposer of Fig. 19
after further metallization operations.

Fig. 21 is a schematic cross-section showing the interposer of Fig. 20
after still further metallization operations.

Detailed Description

Overview

Recent approaches to forming a connection between a' silicdn integrated
circuit and a printed circuit board include the use of packages or interposers.
These packages and inte'rpOSers provide, among other things,_ a space
transformation function. That is, because the process used to manufacture
integrated circuits and printed circuit boards result in substantially different
interconnect pitches, the packages and interposers are therefore required to

connect the narrow pitch 1/O connection terminals of an integrated circuit with
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the relatively larger pitch |/O connection terminals of the printed circuit board.
Typical packages and interposers are formed from materials substantially
different from the_materials that form the silicon inte'grate.d circuit. Problems
associated with conventibnal package and interposer Qonnection schemes
include the difference in interconnect pitch required for éonnecting to the
integrated circuit and the substrate, and the constraints on capacitance,
resistance and inducta_nt_:_e placed on the connections as they pass through the
package or interposer between the integrated circuit and thé substrate. With
respect to the interconnect pitch, typical requirements lf_o'r present day
manufacturing include a tight piich, typically less than _zoou,'for interfacing with
the integrated circuit, and coarse pitch, approximately 1mm, for interfacing to a
substrate such as p_rinted_circuit board. ' '

~ With presently available technologies, Organic Land Grid Array (OLGA)
packages cannot be used to- make transistors. Additionally, the temperature
constraints of OLGA packages are not conducive to forming dielectrics having a
high dielectric constant, such as for example barium strontium titinate
(BaSrTiO3). Barium strontium titinate is also referred to as BST. Capacitors
formed with materials having a high dislectric constant are well suited for use as
decoupling capacitors. OLGA packages are also limited in terms of the
interconnect pitch that can be achieved. A C4 bump pitch of greater than 200u
has been needed when silicon integrated circuit die have been attached to
OLGA packaging substrates because of the mismatch in their respective
coefficients of thermal expansion. The use of silicon wafers for both integrated
circuit die and interposer, in accordance with the present invention, substantially
reduces this difference, and thereby reduces the mechanical stress that the C4
bumps would otherwise experience. This reduction of'mechanical stress
enables the use of smaller bumps and tighter pitches. In terms of present day
manufacturing techniques, interconnect 'pitch on OLGA packages are limited to
approximately 225 or larger. '

lilustrative embodiments of the present invention use silicon-based
interconnect technology to make an interposer, which in tumn, may be used to
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replace OLGA or oth‘er types of packages for connecting silicon-based
integrated circuits to substrates such as prinfed circuit boards.  Interposers in
accordance with the present invention can easily achieve the tight and coarse
interconnect pitches, as well as the resistance, capacitance, and inductance
requirements for interconnects formed on or in an interposer. Providing the
space transform function from tight interconnect pitch at the chip to the relatively
coarse interconnect pitch at the printed circuit board, or other type of supporting
substrate, or circuit substrate, is also sometimes referred to as fanout. _
Additionally, embodiments of the presént invention enable the integration of
circuit elements, into the interposér. _ _

The use of a silicon substrate for forming the interposer allows the
integration of passive circuit elements, such as capacitors, and active circuit
elements, such as transistors, on the interposer. These circuit elements can
augment those that are used on an integrated circuit, and importantly, can be
optimized separately from those of the integrated circuit. Capacitors integrated
into the interposer may be used as decoupling capacitors.

Terminology

The terms, chip, integrated circuit, monolithic device, semiconductor
device, and microelectronic device, are often used interchangeably in this field.
The present invention is applicable to all the above as they are generally
understood in the field.

The terms metal line, trace, wire, conductor, signal path and signhaling
medium are all related. Thé'related terms listed above, are generally
interchangeable, and appear in order from specific to general. In this field, metal
lines are sometimes referred to as traces, wires, lines, interconnect or simply
metal. Metal lines, generally aluminum (Al), copper (Cu) or an alloy of Al and
Cu, are conductors that provide signal paths for coupling or interconnecting,
electrical circuitry. Conductors other than metal are available in microelectronic
devices. Materials such as doped polysilicon, doped single-crystal silicon (often
referred to simply as diffusion, regardiess of whether such doping is achieved by
thermal diffusion or ion implantation), titanium (Ti), molybdenum (Mo), cobalt
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(Co), nickel (Ni) and tungsten (W) and refractory metal silicides are examples of
other conductors.

The terms contact and via, both refer to structures for electrical
connection of conductors from different interconnect levels. These terms are
sometimes used in the art to describe both an opening in an insulator in which
the structure will be completed, and the completed structure itself. For purposes
of this disclosure contact and via refer to the compléted structure. -

The expression, low dielectric constant material, refers to materials
having a lower dielectric constant than oxides of silicon. For example, organic
polymers, nanofoams, silicon based insulators containing organic polymers, and
fluorine containing oxides of silicon have lower dielectric constants than silicon !
dioxide. : ) i

The letter k, is _often used to refer to dielectric constant. Similarly, the
terms high-k, and 'Iow-k., are used in this field to refer to high dielectric constant
and low dielectric constant respectively.

The term intralayer dielectric as used in this field is understood to refer to
the dielectric material disposed between interconnect lines on a given
interconnect level. Thai is, an intralayer dielectric is found between adjacent
interconnect _Iines, rather than vertically above or below those interconnect lines.

Epitaxial layer refers to a layer of single crystal semiconductor material.

. The term “gate” is context sensitive and can be used in two ways when
describing integrated circuits. As used herein, gate refers to the insulated gate
terminal of a three terminal FET when used in the context of transistor circuit
configuration, and refers to a circuit for realizing an arbitrary logical function
when used in the context of a logic gate. A FET can be viewed as a four

terminal device when the semiconductor body is considered.

Polycrystalline silicon is a nonporous form of silicon made up of randomly
otiented crystallites or domains. Polycrystalline silicon is often formed by
chemical vapor deposition from a silicon source gas or other methods and has a
structure that contains large-angle grain boundaries, twin boundaries, or both.
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Polycrystalline silicon is often referred to in this field as'ﬁolysilicon, or sometimes

more simply as poly.

Source/drain terminals refer to the terminals of a FET, between which
conduction occurs under the influence of an electric field, subsequent to the
inversion of the semiconductor surface under the influence of an electric field
resulting from a voltage applied to the gate terminal. Generally, the source and
drain terminals are fabricated such that they are geometrically symmetrical.
With geometrically symmetrical source and drain terminals it is common to
simply refer to these terminals as source/drain terminals, and this nomenclature
is used herein. Designers often désignate a particular source/drain terminal to
be a “source” or a “drain” on the basis of the voltage to be applied to that
terminal when the FET is operated in a circuit.

The term vertical, as used herein, means substantially perpendicular to a
surface of an object. _

Refering to Fig. 1, a conventional arrangement is shown wherein a
silicon-based integrated circuit die 102 is attached to an OLGA package 104.
Solder bumps 106 are used to provide electrical connection between integrated
circuit die 102 and OLGA package 104. Solder bumps 106 are sometimes
referred to as C4 bumps because this style of interconnection is used in
controlled collapse chip connection (i.e., C4) packaging. QLGA package 104 is
attached to printed circuit board 108 by'soldei" balls 110. Solder balls 108
provide electrical connection between OLGA package 104 and printed circuit
board 108. In this way electrical connection between integrated circuit die 102
and printed circuit board 108 is made through OLGA pabkage 104.

Fig. 2 is a schematic cross-sectional view of OLGA 104. It can be seen
that solder bumps 106 are electrically COnnectéd to solder balls 110 by
interconnections 112. Interconnections 112 are typically metal lines on one or
more interconnect levels. When more than one interconnect level is used,
connections between metal lines on the various layers are typically achieved
through the use of vias. | -
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Fig. 3 is a schematic cross-sectional view of one embodiment of an
interposer 115 in accordance with the present invention. lnferposer 115
includes a body portion 116, solder bumps 106, solder ball 110, interconnections
118, insulating material 120, and deep-via 122. In this illustrative embodiment,
body portion 116 is a silicon substrate. Typically this silicon substrate is similar
to the substrate used to produce integrated circuit die 102 which will be attached
to interposer 115. Interconnections 118 may be formed from a metal such as
copper, and may be form___ed by a damascene process, a dual damascene metal
process, a subtractive meal prdcess, or any other suitable method of forming |
conductive interconnections. Solder bumps 106 are adapted for connection to
integrated circuit die 102. Solder balls 110 are adapted for connection to printed
circuit board 108. Deep-via 122 is an electrically conductive .pathway between a
first side and a second s:de of interposer 115. The slde of interposer 115 that is
populated with solder bumps 106 may be referred to as the chip-side, or
altematively as the top-side, or front-side. The side of interposer 115 that is
populatéd with solder'balls 110 may be referred to as t_hé board-side, or
altematively the bottom-3|de or back-side. _

Fig. 4 is another schemat:c cross-sectional view of an interposer 115 in
accordance with the present invention. In this view it can be seen more clearly
that a plurality of solder balls_ may be includ_ed;as part of interposer 115.
Additionally, it can be seen that the chip-side interconnei:iion pitch is tighter than
that of board-side ihtefcb_nnection pitch. Although no particular relationship
between the pitch of the chip-side and board-side intéfconriections is required by
the present invention_,' it IS typical that the pitch of the chip-side interconnections
is tighter, that is, smaller, than the pitch of the board-sidé. interconnections.

Fig. 5 is another schemaﬁc c'ross-sectional view of an interposer 115 in
accordance with the present invention. In this view it can be seen that
capacitors 130 and 134 are mtegrated into interposer 115 Capacxtor 130
includes a pair of metal plates and a dielectric layer 132 The metal plates are
essentially the same as metal interconnects 118. This metal can be pattemed
into any desired shape, although typically capacitor 130 has rectangular plates.

Dielectric material 132 may be a high dielectric constant material such as barium
9
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strontium titinate. CapaCitor 134 includes the subs’trate': or body portion 116 as
one plate, and a second plate which may be formed of a conductive material
such as, but not limited to, a metal or doped polysilicon. A dielectric layer 136
may be a high dielectric constant material or it may be an oxide of silicon. No
particular dielectric material, or dielectric thickness is required by the present
invention. By placing decoupling capacitors closer to the integrated circuit die
than would otherwise be possible with conventional packages and interposers,
the undesirable parasitic inductance associated with the leads of the
conventional arrangement is substantially reduced.

Fig. 6 is another schematic cross-sectional view of an interposer 115 in
accordance with the present invention. In this view it can be seen that
transistors 140 are integrated into interposer 115. Transistors 140 are insulated
gate field effect transistors (FETs) and include source/drain terminals 142, gate
electrodes 144, and gate dielectrics 145, as shown in Fig. 6. Transistors 140
may be n-channel FETs or-p-channel FETs. Those of skill in the art and having
the benefit of this disclosure will recognize that combinations of n-channel and
p-channel FETs may be fabricated on substrate 116. The present invention
does not require any particular electrical characteristics or physical dimensions
- for FETs 140. The present invention enables the integration of a variety of
passive and active circuit elements into interposer 115.

By.inte_grating various active and passive circuit elements into the
interposer, it is possible to include circuit functionality into the interposer. For
example, electrostatic discharge (ESD) protection circuits may be included on
the interposer, thereby reducing the burden of incorporating all of such
protection circuitry on the integrated circuit die which will be attached to the
interposer. Similarly, othertypes of circuit functionality may be incorporated into
the interposer. Examples -i_nclude, but are not limited to, cache memory circuits,
I/O buffer circuits, power regulation circuits, voltage level shifting circuits. Those
skilled in the art and having the benefit of this disclosure will recognize that
many circuit functions may be integrated into an interposer that offers active and
passive circuit element in accordance with various embodiments of the present

invention.
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Transistors integrated into the interposer, may be, but do not need to be,
made with the same manufacturing process as that used to produce the
transistors formed on the integrated circuit die. For example, transistors on the
integrated circuit dis, and the circuits formed with them, may be designed to
operate at a first range of voltages, whereas the transistors on the interposer,
and the circuits formed with them, may be designed to operate at a second
range of voltages. Similaﬂy,_vaﬁous ones of thé electrical characteristics of the
ci.rcuit elements on the interposer may be different from the electrical
characteristics of the circuit elements of the integrated die. Examples of
electrical characteristics _df_ field effect transistors that may differ between the -
interposer and the ihtegrated circuit die include, but are not limited to, threshold
voltage, gate dielectric breakdown voltage, carrier mobility, o_f'ffstate leakage
current, junction leakage-current, and junction capacitance. Since such
electrical characteristics are strong functions of the physical design of the
transistors it is possible to tailor the circuit eleménts of the integrated circuit die
and the interposer separately. For example, circuiits on the interposer may be
designed to operate at higher voltages than circult on the integrated circuit die.

Referring to Figs. 7-10, a process embodying the present invention is
described. In this illustrative embodiment, deep-vias are formed through the
substrate prior to top-side (i.e., chip-side) metallization operations.

As shown in Fig. 7, a silicon substrate 202 has a silicon dioxide (SiOy)
layer 204 and a SiO; layer 206 formed on opposing surfaces. In this particular
embodiment, SiO; layers 204 and 206 are thermally grown to a thickness of
approximately 0.5u. A silicon nitride (SisN,) layer 208, typically about 0.2y thick,
is then formed superjacent SiO, layer 206. SisN, layer 208 may be formed by a
plasma enhanced chemical vapor deposition (PECVD)-'oper'a'tion. A masking
layer for etching deep—viés, is then formed and patterned over the exposed
surface of SiO, layer 204. The exposed portions of SiO, layer 204 are then
etched, which exposes corresponding pottions of silicon substrate 202. The
exposed portions of silicon substrate 202 are then eiched to form deep-via ,
openings 209 as shown in Fig. 7. It should be un'derstoo_d that although one
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deep-via opening is shown for purposes of illustrati Fig. 7, a plurality of

such deep-via openings are typically formed when manufacturing interposers in
accordance with the present invention. The etch of deep-via opening 209 stops
when SiO, layer 206 is reached. In other words, SiO layer 206 acts as an etch
stop layer during the formation of deep-via openings 209.

Referring to Fig. 8, it can be seen that subsequent to the formation of
deep-via opening 209, that portion of SiO, layer 206 superjacent to deep-via
opening 209 is etched. SisN, layer 208 acts as an etch stop layer for the etch of .
SiO, layer 206. An oxide layer 210 is then grown on the inner surfaces of deep-
via opening 209. In the illustrative embodiment of the present invention
described in conjunction with Fig. 8, oxide layer 210 is approximately 0.5u thick.
Oxide layer 210 may also be referred to as a sidewall oxide layer. Subsequent
to the formation of oxide layer 210, a barrier layer and a copper seed layef are
sputter deposited into deep-vié opening 209. The sputtered barrier layer may be
Ta or TaN, having a thickness in the range of 10-50nm. The sputtered.seed
layer is Cu, having a thickness in the range of 100-300nm thick. Altematively, |
the copper seed layer may be formed by a chemical vapor deposition (CVD). A
CVD operation for the formation of the copper seed layer may provide better
sidewall coverage.

A copper layer 212 is then electroplated resulting in deep-via 209 being
substantially filled with copper, and a copper layer being disposed over the
backside of the interposer. The backside of the interposer at this stage of
processing includes SiO, layer 204, and the barrier and copper seed layers that
‘were formed on SiO, layer 204, as well as the copper that has been '
electroplated thereon.

Referring now to Fig. 9, a SiO; layer 214 is deposited to a thickness of
approximately 5u and disposed superjacent to silicon nitride layer 208. A
masking layer (not shown), typically comprising photdres_ist, is then formed and
patterned superjacent to SiO; layer 214. The pattemn used is one which
corresponds to trenches which are to be formed in oxide layer 214 and nitride

layer 208 to facilitate a damascene copper metallization operation. Once the
12
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patierned masking layer is formed, exposed portions of ot(ide layer 214 are
etched. This in turn exposes portions of nitride layer 208. The photoresist
masking layer may then be removed. The exposed portions of nitride layer 208
are then etched. A copper barrier layer and a copper'seﬂed layer are then
deposited over the chip'—side surface of the interposer. inctuding into the trench
formed by the etching of the oxide layer 214 and mtrlde layer 208 described
above. A copper layer 215 is electroplated over the copper seed layer. Copper
layer 215 substantially fllls the trench and covers the surface of the barrier layer
deposited over oxide Iayer 214. A planarization operatton is then performed |
which polishes copper Iayer 215 back such that excess copper and the
correspondmg underlyrng portions of the barrier layer are removed from the
surface of oxide layer 214 This plananzatlon/pohsh back operation is typically
achieved by chemical mechamcal polishing (CMP) leferent slurry chemistries
may be used for pollshmg the copper and the barrier Iayer in order to optlmrze
the polishing operation. Subsequently, a suhcon mtnde tayer 216 is deposited
over copper layer 215 and oxide layer 214 as shown in Flg 9. Silicon nitride
layer 216 is typrcally formed by a PECVD operation and formed to a thickness
of approximately 0.1p.

Fig. 10 shows the structure of Fig. 9 after additio_n_el insulative and dual
damascene conductive layers are formed and pattem_efd--bn the top-side of the
interposer. An oxide layer 218 is deposited supsrjacent .to_ nitride layer 216.
Oxide layer 218 forms'_art inter-layer dielectric (ILD) and m the illustrative
embodiment is formed to a thickness of approximately 10p. in accordance with
conventional dual damascene processing, a masking Ieyer foran ILD via
opening is pattemed, and the ILD via opening is then etched in oxide layer 218.
The ILD via opsning masking layer is then removed. A masking layer for a
metal-2 (M2) trench is then pattemed, and an M2 trench i is etched in oxide layer
218. The M2 trench masklng Iayer is then removed and the portion of silicon
nitride layer 216 that is exposed at the bottom of the ILD via opening is then
etched, exposing an underlylng layer of copper. A copper barrier layer and a
copper seed layer are _then sputtered into the M2 trench_and ILD via opening. A
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copper layer 220 is =then el'ectrbplaté'd onto the coppei' seed layer. Copper layer
220 fills the ILD via opening and the M2 trench, andfd:ms over oxide layer 218.

Referring to i:igs. 11-1 4, an alternative process e'mbodying the present
invention is described. In this illustrative embodiment, deep-vias are formed
through the substrate subsequent to top-side (i.e., chip-side) metallization
operations.

As shown in Fig. 11, a silicon substrate 202 has a silicon dioxide (SiO,)
'Iay'er 204 and a silicon dioxidé (SiO,) layer 206 formed on opposing surfaces. In
this particular embodiment, SiO; layers 204 and 206 are thermally grown to a
thickness of approximately 0.5u. A silicon nitride (SiaNg) layer 208, typically
about 0.2y thick, is then formed superjacent SiO; layer 206. SisN, layer 208
may be formed by a plasma enhanced chemical vapor deposition (PECVD)
operatibn. A SiO: layer 214 may then be formed as an inter-layer dielectric. In
this illustrative embodiment SiO, layer 214 is deposited over SizsN4 layer 208 to a
thickness of approximately 5u. A masking layer (not shown), typically a
photoresist layer is then formed over SiO; layer 214 and pattemed so as to
expose those portions of SiO; layer 214 that are to be removed to form trenches
for a damascene metal procéss. After patterning the photoresist, the exposed
portions of SiO, layer 214 are etched. Silicon nitride layer 208 serves as an etch
stop layer for this SiO; etch operation. Subsequent to the SiO, etch operation
the photoresist is removed. A copper barrier layer and copperiseed layer are
then sphtter deposited onto the bhip-side surface of the interposer. The barrier
layer is typically a material such as Ta or T.aN,.which are electrically conducfive,
present a migration barrier to copper, and act as an adhesion layer for the
copper. Copper is then electroplated onto the seed layer such that the trenches
are filled with copper and a copper layer is also formed over the remaining
portions of the chip-side surface. That portion of copper formed outside the
trenches is considered to be excess. A chemical mechanical polishing operation
is then performed to remove the excess copper. Thfs .results in the individual
copper interconnect lines 215 as shown in schematic cross-section in Fig. 11. A

SizN4 layer 216 is then deposited over the chip-side surface of the interposer.
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SizN,4 layer 216 is typically formed by a PECVD operation and is typically formed
to a thickness of approximately 0.1p. Si3N4 layer 216 serves as an efch stop
layer for subsequent via fom'latlon operatlons and also acts as a barrier to
copper mlgratlon '

With respect to the removal of the excess copper described above, since
the excess copper is dlsposed upon a barrier layer which potentially has
different chemical and mechamcal propertles the CMP conditions including, but
not limited to, slurry chemlstry, down-force rotation speed temperature and so .
on, may be varied as between the copper layer and the barrier layer to achieve
the desired result. | “

F|g 12 shows the structure of Flg 11 after further processing operations
are performed in order to produce an additional level of metal interconnect lines.
In this illustrative embodlment a dual damascene metalhzatlon process is used
to form the additional interconnect lines and vias between interconnect levels.
Those skilled in the art _and havmg the benefl_t_ of this d_lsolosure will appreciate
that several levels of interc_:o'r_mect' may be fabricated in t_h_is fashion. In this
illustrative embodirnent a SiO. tayer 218 is-deposited oVer SigN, layer 216 to a
thickness of approxnmately 10u to form an mter-layer drelectnc (ILD). A first
masking layer (not shown), typically a photoresust Iayer is then formed over SiO,
layer 218 and pattemed soasto expose those portions of SiO; layer 218 that
are to be removed to fo.rr_n via openings for a dual damascene metal process.
After patterhing the phdtores_ist, the exposed portions of ;SiC_)g layer 218 are
‘efched. Silicon nitride layer 216 serve._s as an eich stop layer for this SO, etch
operation. Subsequent to the SiO; etch operation the 'photoresist is removed. A
second masking layer (not shown) is formed over S|02 layer 218 and patterned
so as to expose those portions of SiO, layer 218 that are to be etched to form
trenches for the metal interconnect I_mes. The trench etch removes the exposed
SiO; to a depth that substantially correspohds to the desired thickness of the
metal interconnect Iines. The second r_rlasking Iayer__is then removed. Those
portions of silicon nitri_de layer 216 that are exposed at th_e bottom of the via
openings are then etched, thereby exposing the underlying copper interconnect
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lines 215. A copper'__ barrier layer and copper seed layer are then sputter
deposited onto the cth-SIde surface of the interposer; ;Copper is then
electroplated onto thé seed layer such that the vias and trenches are filled with
copper and a copper layer is also formed over the remaining portions of the
chip-side surface. That portion of copper formed outside the trenches is
considered to be excess.

Fig. 13 shows the structure of Fig. 12 after further processing operations
are performed in ordér to produce a deep-via opening 209. A masking layer,
such as photoresist (not shown), is formed and patterned on the backside (i.e.,
board side) of the interposer so as to expose those portions of oxide layer 204
that are to be removed for the formation of deep-vias 209. The exposed
portions of oxide layer 204 are then etched thereby exposing portions of silicon
substrate, or body, 202, of the interposer. Deep-via opening 209 is then etched
through silicon substrate 202 with oxide layer 206 acting as an etch stop layer.
Although shown in croés-section, deep-via openings 209 are not limited to any
particular shape, and may be circular, rectangular, or have some complex: =
polygonal shape when the openings are viewed from the back-side surface.
Subsequent to the formation of deep-via opening 209, a layer of SiO, 210 is
formed on the exposed inner surfaces, also referred to as the sidewalls, of deep-
via opening 209. SiO; layer 210 in the illustrative embodiment is approximately
0.5 thick; and may be deposited by a chemical vapor deposition (CVD)
process. Portions of oxide layer 206 that are exposed by deep-vias 209 are
then etched. As can be seen in Fig. 13, removing the exposed portions of oxide
layer 206 exposes corresponding portions of silicon nitride layer 208. The
exposed portions of silicon nitride layer 208 are then etched so as to expose
corresponding portions of copper layer 215.

Fig. 14 shows the structure of Fig. 13 after further processing operations
are performed in order to produce copper layer 212 which fills deep-via opening
209, and also covers oxide layer 204 on the backside of the interposer. As
indicated in Fig. 14, those portions of silicon nitride layer 208 that are exposed
by deep-via opening 209 are removed by etching. A copper barrier layer and
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copper seed layer are then sputter deposited into deep-via opening 209.
Copper is then electroplated into deep-via opening 209 and onto the backside
surface of the interposer. '

Figs. 15-16 illustrate processing operation that are common to both the
processes shown and described in connection with Figs. 7-10 (the deep-via first
process) and with Figs. 11-14 (the deep-via last procesé_,_).

Referring to Fig. 15, excess copper on the boardf-sji_de'of the interposer is
removed by CMP. As will be appreciated by those skilled in the art, a two step
CMP process may be used wherein a first slurry chemistry is used to remove
copper and a second slurry chemistry is used to remové the barrier layer.
Similarly, excess copper, as well as, the unneeded portions of the barrier layer
on the chip-side of the inte_rposér are removed by CMP. The remaining exposed
copper is then subjected to an electroless Ni/Au plating__o"peration such that
Ni/Au layers 224 are fonmed on both the chip-side and the board-side of the
interposer. The electro_l_esé chemistry provides a selective deposition on the
exposed metal surfaces. - '

Fig. 16 shows the structure of Fig. 15 after sevefél additional processing
operations are performed in order to produce the'scréeh printed eutectic solder
that is used to attach a'rj integrated circuit die to the intérpdser, and the
interposer to the circuit substrate. More paniciJIarIy, the structure shown in Fig
15, is subjected to a Pb/Sn sputter deposition ope'ratioﬁ on' its backside, i.e., its
board-side. The Pb/Sn -la;\yer formed by this sputter is then patterned, with
conventional lithographic methods, to form solder ball precursor structure 226.
Subsequently, a polyimidé layer 228 is formed on the chip-side of the interposer
as illustrated in Fig. 16. P_olyimide layer 228 is then patterned, with conventional
lithographic methods, to eﬁpose portions Ni/Au layers 224. Another Pb/Sn
sputter deposition operation is performed to produce a .:layer of Pb/Sn covering
the top-side, i.e., chip-side of the interposer. The _chip-_sid_e layer of Pb/Sn is
then patterned to form: t_h_é..solder bump precursor structure 230 as illustrated in
Fig. 16. Those skilled in the art and having the benefit of this disclosure will
recognize that the ord_eririgof certain process operations may be varied and still
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achieve the desired's_tructure. All such variations in the ordering of the process

operations are considered to be within the scops of the present invention.

Fig. 17isa flbw.'diagram ilIustrating a process in aécoi'dance with the
present invention. An integrated circuit and an interposer are coupled 302. In
accordance with the principles of the preseht' invention, the interposer and the
integrated circuit have substantially similar coefficients of thermal expansion. In
particular embodiments, the Iint'erposer and the integrated circuit have
substrates, also referred to as bodies, that are made from substantially the same
material. As an example, the interposer and the integrated circuit may both be
fabricated from silicon substrates. In the case where the interposer is made
from a material such as silicon, various circuit elements, including but not limited
to, capacitors and transistors, may be formed therein by convenitional
semiconductor manufacturing methods. A circuit substrate, for example a
printed circuit board, and the interposer are also coupled 304. The interposer
provides a mechanical connection between the integrated circuit and the circuit
substrate. Additionally, the interposer provides conductive signal pathways
through its body so as to electrically couple the integrated circuit with the circuit
substrate.

Another alternative embodiment of the present invention is described in
conjunction with Figs. 18-21 which show various stages of manufacturing of a
silicon-based interposer, wherein deep-vias are formed with a two stage process
that resuits in sloped sidewalls in a first portion of the deep-viaé.. The process of
forming this interposer structure is similar to the one described in connection
with the embodiment shown in Figs 7-10, except that the deep-vias are formed
with a portion of their sidewalls being sloped, rather than substantially vertical.

Referring to Fig. 18, a schematic cross-section of an interposer is shown
after a deep-via opening with sloped sidewalls has been etched therein. More
particularly, a silicon substrate 202 has silicon oxide layers 204, 206, about 0.5
thick, thermally grown on each major surface thereof. A layer of silicon nitride is
then deposited to a thickness of about 0.1 superjacent oxide layer 206. A
deep-via masking layer is then pattemed so as to coat oxide layer 204, except

for the areas that are to be etched to form the deep-via openings. The exposed
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portions of oxide layer 204 are then etched,-théreby-exposing portions of
substrate 202. An isotropic etch of silicon substrate 202 is ihen performed to
produce sloped sidewalls partially through silicon substrate 202 as shown in Fig.
18. An anisotropic etch is then perforrhed to complete deep-via opening 408 as
shown in Fig. 18. The cbmbinatio_n of anisotropic and isotropic eiching creates
an oxide overhang portion 410. .

Fig. 19 is a schematic cross-section showing the interposer of Fig. 18
after an insulating layer is formed on the sidewalls of the deep-via, and an
electrically conductive material is formed in the deep-via. Overhang 410 is

removed by a wet etch designed to remove half the thickness of oxide layer 204.

Since both sides of overhang 410 are éxposed to the wet etchant, the overhang
is effectively etched at twice the rate of oxide layer 204. Afte} removal of
overhang 410, a sidewall oxide 210 is grown over the sloped and vertical
portions of the deep-via sidewalls to a thickness of about 0.5u. A copper
diffusion barrier and seed layer are then sputter deposited into deep-via opening
409. Copper is then electroplated so as to substantially fill that poition of deep-
via opening 409 having substantially vertical sidewalls, to provide a conductive
coating over the sloped sidewall of deep via 409, and to provide a conductive
layer over oxide layer 204. The copper follows the sloped sidewall of deep-via
opening 409 so that a groove type structure is formed, as shown in Fig. 19.

Figs. 20-21 show the formation of two metal layers and two layers of vias.
Each of these metal and via pairs is formed by the dua'l damascene metal
process described above in connection with Figs. 9-10:and Figs. 13-14.
Congclusion '

Embodiments of the present invention provide an interposer suitable for
electrically and mechanically coupling an integrated circuit die to a substrate,
while further providing a good match of thermal expansion characteristics, tight
interconnect pitch, and integration of active and. passive circuit elements into the
interposer.-

An advantage of particular embodiments of the present invention is that
high dielectric constant materials may be easily integrated into the interposer.
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This facilitates the formation of capacitors that may be used as, among other

things, decoupling capaextors

An advantage of partlcular embodiments of the present invention is that
field effect transistors may be easily integrated into the interposer.

It will be understood by those skilled in the art and having the benefit of
this disclosure that many design choices are possible within the scope of the
present invention. For example, the bodies of the integrated circuit die and the
interposer may be formed from material other than silicon. Similarly, conductive
materials other than copper may be used to form the various interconnects on
the interposer or the integrated circuit. Another alternative includes substituting
an adhesion layer for the copper barrier layer on interposers that do not
incorporate transistors, or that have large spacings between transistors.
Examples of such adhesion layer materials include, but are not limited to, Ti and
TiN. An example of a further alternative is the use of low-k materials including,
but not limited to, fluorine doped oxides of silicon, rather than SiO, as the inter-
layer dielectric.

It will be understood that various other changes in the details, materials,
and arrangements of the parts and steps which have been described and
illustrated may be made by those skilled in the art having the benefit of this
disclosure without departing from the principles and scope of the invention as
expressed in the subjoined Clalms
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What is claimed is: ~ -

1. An assembly, comprising:

a die, the die having a body comprising a first material; and

an interposer having a first side and a second side, the die coupled to the
first side of the interposer; ' . | - _

wherein the interposer corhprises_ the first material, and the first side is
electrically and mechanically coulpled_ to the d_ie_'.

2. An assembly comprising: - _
an integrated circuit formed on a silicon substrate;
an interposer having a first surface and an opposing second surface; and
a circuit substrate; _ |
wherein the interposer is disposed between the integrated circuit and the
circuit substrate, and the interposer comprises silico

3. An electronic assembly comprising:

a die having a silicon substrate; _

an interposer having a silicon substrate with a first surface and an
opposing second surface, the first surface attached to the die by solder bumps;

and
a circuit substrate attached to the second surface by solder balls;
wherein the interposer comprises circuit elements.
4, A method of making an electronic assembly, comprising:

coupling an integrated circuit (IC) and an interposer; and

coupling a circuit substrate and the interposer;

wherein the IC and the interposer each have a body substantially
comprising the same material, and wherein coupling comprises mechanically

attaching and electrically connecting.
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5. A method of making an interposer, comprising:

forming an oxide llayer on each of a first surface and a second surface of
a substrate; o R

patterning the oxide layer of the first surface so as to expose portions of
the substrate;

isotropically etching through a first portion of the exposed substrate to
form a first portion of a deep-via opening; |

anisotropically etching through a second portion of the exposed substrate
to form a second portion of a deep-via opening;

sputtering a copper barrier and a copper seed layer into the first and
second portions of the deep-via opening;

slectroplating a conductive material over the seed layer to form a deep-
via; and

forming vias and interconnect lines over the second surface of the
substrate;

wherein at least one interconnect line is electrically coupled to at least
one deep-via.
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