
PACKAGE INTERCONNECTS BACKGROUND 100011Wafer level packaging has been
proposed to stack wafers together to produce extremely dense electronic
packages 'Through silicon via (TIN) process is one of the techniques used
in wafer level packaging. It enables the production of small form factor
devices and stacking of wars to provide integration. Although TSV may
provide higher reliability arid less parasitic effect, it, however,
requires long processing time to etch deep vias; for example. having a
depth of about 1 50 p.m Furthermore, ISA/ is a relatively expensive
technique and also produces high stinch may impact yield. This reduces
throughput and leads to an increase In the manufacturing cost of the &Y.)
es. [00021It is  desirable to provide packages with increased density, high
reliability and low manufacturin2 cost. ARY 10003]A method for forming a
device is presented. The method includes providing a support substrate
having first and second major surthces. The method further includes forming
an interconnect through the first and second major surfaces in the support
substrate. The imerconnect has first and second portions. The flrsi portion
extends from one of the first or second major surfaces and the second
portion extends from other of the first and second major
surthcesinterconnect includes partial via plug having a conductive material
in a first portion of the interconnect. The via plug has a bottom at about
an interface of the first and second portions. The second portion ol the
interconnect is heavily doped with dopants of a first polarity typo.
190041In one embodiment, method for thinning a semiconductor package is
disclosed. The         eludes providing a support substrate having first
and second major surfaces. The method also includes forming an interconnect
through the first and second major surfaces in the 



support substrate. The interconnect has first and second portions. The
first portion extends from one of the first or second major surfaces an.d
the second portion extends from other of the first and second major
surfaces. The ntereonneet includes a partial via plug having a conductive
material in a first portion of the interconnect. The via plug has a. bottom
at about an interface of the first and second portions. The second portion
of the interconnect is heavily doped with dopants of a first polarity type.
The method further includes providinn a semiconductor device over the
support substrate. 100051In another embodiment, a device is disclosed. The
device includes a support substrate having first and second major surfaces.
The device also includes an interconnect through the first and second major
surfaces in the support substrate. The interconnect has rirSi and second
portions. The first portion extends from one of the first or second major
surfaces and the second portion extends from other of the first and second
major surfaces. The interconnect includes a partial via plug having a
conductive material in a first portion of the interconnect. The via plug
has a bottom at about an interface of the first and second portions and the
second portion of the iklieletirtEleet is heavily doped with depa.nts of a
first polarity type. [0006]These embodiments, along with other advantages
and features herein disclosed, will become apparent through Terence to the
following description and the accompanying drawings. Furthermore, it is to
be understood that the features of the various embodiments described herein
are not mutually exclusive and can. exist in various combinations and
permutations. BRIEF DESCRIPTION OF THE DRAWINGS [0007]In the drawings, like
reference characters generally refer to the same parts throughout tile
different views. Also, the drawings are not necessarily to scale, emphasis
instead generally being placed. upon illustrating the principles of the
invention. In the following description, various embodiments of the resent
invention are described with reference to the following drawings, in which:
100081Figs,show^s-sectional views of various embodiments of a device;
[00091Fins, 2a-b show a cross-sectional and plan views of an embodiment of
an 



interconnect: 1001.0]Fig, 3 shows a circuit model of a  embodirnent of an
interconnect; and [0011]Figs. =lack show an embodiment of a process for
formirw DETAILED DESCRIPTION [00121The ctnbodmtents generally relate to
devices. The devices may be far example. semiconductor devices In other
embodiments, the devices may be hybrid types of devices which include
MIIIVIS and semiconductor or IC devices. The MUMS devices may be various
types of IVIEMS devkies, such as Rh MENIS, inertial MEMS or BioNIENIS.
Other types of MI.INIS devices may also be used. lin particular, the
embodiments relate to interconnects which facilitate packaging of the
devices. The embodiments may be employe; in, for example, wafer levelaging
techniques. The devices may be incorporated into, for example, products
such   ceelerometers, gyroscope or resonators, Other t' Ties of products
may also be useful 100131Fins, lad show: cross-sectional views of a portion
of various embodiments of a device 100. The portion may, For example, be
half of the device. Referring to Fig. I a, a support substrate 120 is
provided. The support substrate may serve as a handle substrate or handler
wafer. For example. the handier substrate may he a package or a part of a
package of the device. In the case of a handler wafer, it may be used far
wafer ley.) packaging. in some embodiments, the support substrate may be a
rnicroe1ectromechanieai system (MENIS) device. The support substrate
includes first and second major substrate surfaces 122 and 124. The first
rm.jor surface, forpie, 1S; a top surface while the second major surface is
a bottom surfaceexample, the top surface may provide a surface on whjch a
semiconductor or IC device is mounted. [00141In one embodiment the support
substrate comprises a semiconducitc later :I, such  semiconductor
materials, such as silicon-germanium (SiGe), germanium (Ge),
gallium-arsenic (GaAs) or any other suitable semiconductor materials,
including subsequently developed materials, may also be used to serve as
the support structure. The thickness of the handler substrate, for example,
may range from about 150 to 725 pm for a 200 mm walCr. Providing handler
substrates with other thicknesses may also be useful. 



[0015]The support substrate may be doped with &pants having a polarity
type, For example, the subsrate may be doped with p-type or I type dopants.
P-type dopants can include boron (B), aluminum (Al), indium (in) or a
combination thereof, while n-type dopauts can include phosphorus (P),
arsenic (As), antimony (Sb) or a combination thereof. in other embodiments,
the substrate may be an intrinsic substrate. 10016]In one embodiment, the
handler substrate may be a heavily doped substrate. in one embodiment, the
substrate comprises a heavily doped n-type (riF) substrate, Providing a
heavily doped p-type (p1-) substrate may also be useful. The dopant
concentration of the substrate should be sufficient to provide a low sheet
resistance. The dopant concentration, in nit.. embodiment, should be
sufficient to provide a sheet resistance of about 0.05 Q cm or lower.
Providing a substrate having other sheet resistance values may also be
useful. 10017]The first and second major substrate surfaces are provided
with first and second surface dielectric layers 132 and 134. The dielectric
layers, for example, may be silicon oxide. Other types of dielectric
materials, such as silicon nitride, may also be used to serve as the
dielectric layer. it is understood that the first and second dielectric
layers need not be formed of the same material. [0018]The first substrate
surface includes first contact pads 146 formed on first conductive traces
140. The arrangement or layout of the first contact pads facilitates, for
example, electrical coupling to contacts cif. a semiconductor device which
is mounted on the first substrate surface. For example, the first contact
pad layout facilitates connections to contacts of a flip chip. The  first
contact pad layout may also be used to facilitate connections to other
types of chip via wire bondirw techniques. The second substrate surface
includes second contact pads 156 formed on second conductive traces 150.
Package contacts 160, such as conductive contact balls are formed on the
second contact pads. The package contacts, for example, may comprise solder
balls. Other types of packagi- contacts may also be useful. The arrangement
or layout of the second contact pads may form a ball arid array (BOA)
format. Providing other types of contact pad layouts to provide other
package con tacts configurations may also be useful. The contact pads and
conductive traces may be fatmed from a conducti vernateriah such as copper
or copper alloy. Forming conductive trees and contact ads using other types
of conductive materials may also be useful, The co luetive traces and
contact pads are isolated from the support substrate by the surfhce
dielectric layers. [00191Interconnects t 70 are disposed in the
substrateprovide electrical connections 



between the last and second conductive traces on the first and second major
surfaces. This allows the first contact pads to he electrically coupled to
the second contact pads and package contacts, The electrical traces may
serve as redstribution layers to facilitate the desired first and sixioiiid
contact pad ay outs on the first and second surfaces. 100201An interconnect
generally' provides an electncai conneeton between respective first and
second contact pads. 'l'hc interconnect.nil- example, provides electrical
connections to both surfaces of Me substrate. ln some cases,interconnect
may provide an interconnection to more than one contact pads on a surface.
For example, some contact pads may be common contacts on a surface.
[00211In anc embodiment, an interconnect  - isolated from other parts oldie
support substrate by an interconnect dielectric layicr 166. The
interconnect dielectric layer, for example, may be silicon oxide. Other
types of dielectric material may also be useful to serve as the
interconnect dielectric layer. In one embodiment, the interconnect
dielectric layer surrounds the interconnect and extends from the first to
the second major surface of the substrate. 10022lThe interconnect may have
a rectangular cross-sectional shape. The diameter of the cross-section may
be, for example, about 40 urn Providing an interconnect having other
cross-sectional shapes or sizes may also be useful. 100231The interconnect,
in o le embodiment, comprises a doped region of the substrate. In one
embodiment, the interconnect is a heavily doped interconnect region. For
example, the interconnect is a heavily doped interconnect region with
&pants of a first polarity type. The first polarity type may be n--type,
forming a heavily doped n-type (n+) interconnect reiTion. Providing a
heavily doped p-type (sr) interconnect region may also be useful. The
dopant concentration of the heavily doped region should be sufficient to
provide a low sheet resistance. The dopant concentration, in one
embodiment, should be sufficient to provide a sheet resistance of about 



0.05 n em or towel Providing a doped region having other sheet resistance
values may also be uscfM. 100241The terconneet, in one embodiment, may have
the same dopant type and concentration as the support substrate For xa
iple, the substrate comprises a heavily doped substrate with dopimts of the
first polarity YPe, in one embodiment, the substrate may he an if doped
substrate for a il interconnect. In other embodiments, the support
substrate may have different polarity type dopants of different dopant
concentration than the interconnect region. For example, the substrate may
be intrinsic or doped with different. dopants or different doping
concentration than the interconnect. In such cases, the interconnect may be
separately doped by, thr example, ion implantation using an implant mask.
00251The interconnect includes first and second portions 171 and 172. The
first portion is from one of the major surfaces and the second portion is
from the other of the major surfaces of  the substrate. An interface 173
of1-st and second portions ot the interconnect is disposed wihin the
substrate. t00261The first portion of the interconnect includes at least
one partial conductive via plug  176, The Partial conductive via pine has a
surface end extending from one of the major surfaces of the substrate. The
partial conductive via plug has a surface end and an inner end. The surface
end of the partial via is, for example. about co-planar with a surface of
the support substrate. The surface end, in one embodiment, is coupled to
the conductive trace on the surface of the substrate. The inner end of the
partial conductive via plug is disposed at about the interface 173 of the
first and second portions of the interconnect. As such, the partial
conductive via plug does not extend from e major surface to the other major
surface. 100271As shown, the first portion is an upper portion of the
interconnect For example,the 



first portion is formed from he upper (or first) surface of the substrate.
In other embodiments, the first portion may be a lower portion of the
interconnect. For example, the first portion is formed from the lower (or
second) surfipeci of the substrate. [00281The conductive via plug or plugs,
in one embodiment. comprises polysilicon doped with dopams of the same
polarity type as the huetregion. For example, the polysilicon plug is doped
with first polarity type dopa ts The first polarity type may be n-type(n)
or p PC (p), in one embodiment, the conductive via plug comprises
polysilicon heavily doped with &pants of the first polarity type. For
example, the conductive via plug may heilly doped n--type (ii') or p-type
(p') polysilicon via plug. The use ofpolysilicon enables a via first
approach and is useful in high temperature processing. In other
embodiments, the conductive via plug may comprise conductive materials,
such as copper (Cu), tungsten. (W) or aluminum (Al). Providing other types
of conductive materials ma.y also be useliti. The materials may be selected
depending on the temperature used in the process.  [00291The second portion
of the interconnect comprises the substrate material heavily doped with the
first polarity typo dopants. The heavily doped portion of the intercofarm
an electrical connection between the partial conductive via plugs and. the
substrate material of the interconnect region. This creates electrical
connections between the first and second electrical traces on the first and
second substrate surfaces without the need of through contact plugs which
extend from one major surface to the other major surface of the support
substrate. 10030]Fin lb shows another embodiment of a device 100. The
device is similar to that described in Fig. Ia. Similar reference numerals
designate similar elements. Similar elements may not be discussed in
letail. As shown a support substrate 120 is provided. The support
substrate, for example, comprises a semiconductor material and serves as a
handler substrate. In one embodiment, the support substrate comprises a
cavity substrate havinc, a cavity 128. The cavity substrate, for example,
may be used to form MEMS devices such as RI; MEMS or inertial MEMS. Forming
other types of MEMS devices may also be useful. The MEWLS devices, for
example, are incorporated into products such as microphones, pressure
sensor or energy harvesters The l'AEMS devices may also be used in other
types of products. 10031]In one embodiment, the cavity substrate includes a
roam or bulk substrate 121 haying 



a cavity 128 and a surfae,e substrate 123. The bulk substrate may
optionally be separated by a buried dielectric layer 126. Such a
configuration, for example, creates a crystalline on insulator (COI)
substrate, such as silicon on insulator substrate (501). Other types of COI
substrates may also be useful. The COI substrate may include features and
device layers which form. a. MEMS device, The support substrate includes
first contact pads 146 and first conductive traces 140 on a first major
surface 122, second contact pads 156 with package contacts 160 and second
conductive traces 150 on a second ma1or surface 124 and interconnects 170,
as described in Fig.  1(1032)Figs. 1c-d. show other embodiments of devices
[00. The devices, as shown, include support substrates, similar to that
shown Tugs. la-b. Similar reference numerals designate similar elements,
Similar elements mayiscussed in detail. Referring to Figs. lc-d,  support
substrate 120 is provided. The support substratex, pie, comprises a
semiconciuctor materialand serves as a handler substrate, in some
enihodiiinents, the handler substrate may include a cavity substrate with a
cavity 128, as shown in Fig. ld. The support substrate may be a .1\4EMS
device The support substrate includes first contact pads 146 and first
conductive.s 140 on a first major stirlhee 122, second contact pads 156
with package contacts 160 and second conductive traces 150 on a second
maior surface 124 and interc( 'meets 170. [00331In one embodiment a
semiconductor device 110 is mounted on the first surldce of the support
substrate, hi one embodiment, the semiconductor device may be attached to
the support substrate using eutectic bond 182 The eutectic bond may
comprise materials such as Al, Cu, Au, A.0 In, Sn, Ge, solder, Si or a
combination thereof In some embodiments, the eutectic bond may comprse
AI-Cie orEutectic bonding canas an interconnect between the support
substrate and semiconductor device. A.dditionall he eutectic bonding may
.form a. hermetic seal between the support substrate and semiconductor
device, serving as an hermetic bond. In other embodiments, the
semiconductor device may be attached to the support substrate using
adhesive bonds such as BCB, SUM or SLIM with Si nano particles. Providing
other adhesives or bonding methods such as Glass Fritalso be useful,
depending onrocess requirements. 



10034)The semiconductor device for example, is a flip chip. The hp chip
includes chip contacts 116 on a contact surface. The chip contacts can he
arranged in, for example, rows such as single or dual in line flip chip. in
other embodiments, the chip contacts may be arranged in BOA format.
Arranging the chip contacts other contigttrations univ also be useful. The
chip contacts are mated to the first contact pads on the support substrate
[0035]In other embodiments, the semiconductor device may be other types of
semiconductor devices. For example, the semiconductor device may include
bond pads. The bond pads may he coupled to the first contact pads of the
support substrate by, thr example, wire bonds. Other techniques for
coupling a semiconductor device to the support substrate may also be
useful. 10036jFigs. 2a-b show cross-sectional and plan views of an
embodiment of an interconnect 170 in greater detail. The interconnect
extends from the first and second major surfaces 122 and 124 of the
substrate 120. The interconnect, for example, provides electrical
connection between elements, such as electrical traces, on the first and
second major surfaces. An interconnect dielectric 166 surrounds the
interconnect to isolate the interconnect from other parts of the support
substrate, [0037]The interconnect, as shown, comprises a rectangular
cross-sectional shape. Other cross-sectional shapes for the interconnect
may also be useful. The diameter of the cross-section of the interconnect
maybe about 40 um. Other sizes for the interconnect may also be useful.
10038]The interconnect is heavily doped with dopants. in one embodiment,
the interconnect is heavity doped with dopants of a first polarity type.
The interconnect includes first and second portions 171 and 172. The first
portion, as shown, is from the first major surface and the second portion
is from the second major surface of the substrate. An interface 173 of the
first and second portions of thc interconnect is disposed within the
substrate. [0039]The first portion of the interconnect includes at least
one partial conductive via plug, 176. In one embodiment, the first portion
includes a plurality of partial conductive via plugs '1761-176j. The
partial via plugs have surface ends extending from the major surface and
inner ends at about the interface of the first and second portions of the
interconnect, The via plugs, for example, may have a rectangular
cross-sectional shape as shown in Fig. 2a. Providing other shapes or a
combination of different criss-sectional shapes may also be useful. The
cross- 



sectional shape selected should facilitate limning void free via plugs. For
example, the cross-sectional shape facilitates forming polysilicon via
plugs or via plugs of other conductive materials. The cross-section of the
via plug may, for example, have a dimension of shout Other dimensions fr,r
the crosssection may also be useful. 10040]'1 he via plugs may be arranged
in an array confipiration. For example, the it mugs may be arranged in a Ni
x N matrix. As shown in Fig. 2b, the via plugs are arranged in a 5 X 5 (M.
5 and N = 5) matrix. It is understood that N need not equal to M, Other
configurations of the -via plugs may also be useful. For example, a row
need not have the same number of via plugs as other rows or a column need
not have the same number of via plugs as other rows. [0041]The partial via
plugs, in one embodiment, comprise polysilicon. inc ply5llcoiI is heavily
doped with dopants of the first polarity type. The dopant concentration of
the first polarity type,ample., depends on the equipments capability. The
use of potysilicon facilitates compatibility with front end processes. For
example, by being compatible with front end processes, high temperature
processes may be employed. 100121In other embodiments, the partial via
plugs comprise other types 0 conditctive, materials, such as copper, copper
alloy, aluminum, tungsten and/or a comhnation thereof. Other types of
conductive inatenas may also be used, denendinc. on the process and
temperature requirements. 100431Its understood that via plugs of different
interconnects need not comprise the same          For example, some
ini.creon.nects may be formed from lopeL nob/silicon while others are
formed from other types of conductive matcrialt Similarly, in some cases,
via plugs of an interconnect need not all comprise the same material.
10044]The location of the interface of the first and second portions, for
example, determines 



the depth of the partial via plugs. The depth of the via plugs, for
example,may range from about 2 pm to 200 tm, For example" the depth of the
via plugs may be about 80 inn. Other depths for  the via plugs may also be
useful. The dimensions of the via plugs, such as cross-sectional, size and
depth may depend on design requirements, such as resistance of the via
plug. The resistance, for example, may depend on the material,
concentration of do pants (if applicable), cross-sectional size and depth
of the via plug. in addition, the overall resistance of the interconnect is
taken into consideration regarding the design of the interconnect. '!'his
includes, lbr eNampie, resistance of the via plugs, number of via plugs as
well as the substrate material and doping concentration. [00451As shown,
the first portion containing the via plug or via plugs is disposed in an
upper portion of the interconnect. For example, the first portion is from
the upper (or first) surface of the substrate. In other embodiments, the
first portion may be a lower portion of the interconnect. For example, the
first portion is formed from the lower surface (or second) surface of the
substrate. Furthermore, it is understood that all the interconnects of the
support substrate need not have the same via plug layout. For example,
different interconnects may be provided with different via plug layouts,
depending on, for example, design requirements. [0046Fig.3 shows a circuit
model of an embodiment of an interconnect 170. The various resistance
components between a first end 141 and a second end of 151 of the
interconnect are represented. The first end is part of the first portion
171 of the interconnect and the second end is part ollhe second portion 172
of the interconnect. [0047]In one embodiment, the first portion of the
interconnect eludes a plurality of first resistance components R - R.;
coupled in parallel. The first resistance components correspond to via
plugs 1761 --- 176. In the case where the first portion includes a single
plug, the first portion includes a single first resistance component. The
first resistance component or components are coupled in series with a
second resistance component in the second portion of the interconnect. The
second resistance component corresponds to the resistance of the substrate
material R "b. For example, the second resistance component corresponds to
the resistance of the second or lower  portion of the thU imereonnect.
Theresistance between the first and second ends of the 



interconnect can be defined by Equation I as fbilows: Rtoo)"'-mation [0
481The variables of Equation I, Ro is the total resistance of the
interconnect; Illpiug is the resistance of a via plug; N is the number of
via plugs in the first portion; and Rsui, is the resistance of the second
portion of the interconnect. 10049}Equation 1 assumes that the resistance
of the via plugs are all the same resistance. In the case where via plugs
are not all the same resistance, the total resistance may be determined by
modify' Equation 1 accordingly. For example, one of more via plugs of a via
layout may have different cross-sections tipm other via plugs. 100501in
addition resistance is defined by hquation2 as follows pL (Equa2) 



100511The variabics for Equation p is the resistivity of thematerial; e
length of the resistor; and A is the cross-sectional area of the resistor,
100521Based on Equations I and 2, an interconnect having a total resistancc
may be obtained according to an exemplary analytical calculation as shown
in the following Table 1.  Table!: Suhst.rau Via plug 100 p (12.cm) 0.001 



0.001 L. (um)) (um) 10040 8 R()  0.8 0.2 [0053jTherefore, the desired total
resistance of the interconnect may be obtained by modifying the variables
of Equations 1 and 2, [0054]As described, interconnects can be formed with
the desired resistance requirements without the need to form through vias.
Forming deep vias in crystal me material, such as silicon, requires long
etching time. This negatively impacts throughput time, resulting, in
increased manufacturing cost. As such, providing intercormeets using
partial vias increases manufacturing efficiency and reduces cost while
satisfying performance or design requirements. 100551Figs. 4a-k
showcross-sectional viewsiif an embodiment oJa process 400 for forming
device. Referring to Fig. 4a, a support substrate 120 is provided. The
substrate includes first and second major surfaces 122 and 424. the support
substrate may serve as a handier substrate or handler wafer. For example,
the handler substrate may be a package or a part of a package of the
device. In the case of a handler water, it may be used tar wafer I -vet
packaging. 100561The support substrate, in one embodiment, comprises a
semiconductor material, such 



as a crystalline material. For example, the support substrate comprises
silicon, Other types of semiconductor materials, such as silicon-germanium
(SiGe), germanium (Ge), gallium-arsenic (GaAs) or any other suitable
semiconductor materials, including subsequently developed materials, may
also be used to serve as the support structure. [0057]The initial thickness
of the support substrate, in one embodiment, is Greater than a final
thickness of the support substrate. For example, the initial thickness of
the support substrate may be from about 400- 725 Inn and the final
thickness of the support substrate may  he from about 50 --- 2001,013,
Other thicknesses or thickness ranges may also be useful. By providing a.
support substrate having a thicker than desired thickness facilitates
processing, The substrate may be thinned by, for example, grinding to
provide a support substrate with the final and desired thickness, 10058iin
one embodiment, the support substrate is heavily doped with donants of he
first polarity type. In one embodiment, the handler substrate mayit heavily
doped p-twe (p ) or a heavily doped n-type 014) substrate. P-type dopants
can include boron (B), aluminum (Al), indium On) or a combination thereof,
while rutype do pants can include phosphorus (12), arsenic (As), antimony
(Sb) or a eombuiation thereof In one embodiment, the substrate is an n'
substrate. The dopant concentration of the substrate should be sufficient
to provide a low sheet resistance. 'I he dopant concentration,in one
embodiment, should be sufficient to provide a shee resistance of about 0.05
U em or lower, Providing a substrate having oilier sheet resistance values
may also he useful. in other embodiments, the substrate may he an intrinsic
substrate. [0059]The support substrate, in one embodiment. .omprises a
cavity substrate. The e ty substrate includes128. The cavity substrate, lbr
example, may be used to form MEMS devices, Providing a non-cavity substrate
Which forms a MEN'S device may also be useful, In other embodiments, the
support substrate may serve as a package or package strueure. of a 



device. [00601In One embodiment, the cavity substrate includes a main or
bulk substrate 121 with a cavity 128. The surface of the bulk substrate
without the cavity, for exampi CP.s lb second surface of the support
substrate. A surface substrate 123 is disposed on the bulk substrate with
the cavity"A top surface of the surface substrate, for example, serves as
the first surface of the support substrate, The substrates may comprise
ikon. Other types of crystalline material ma.y also be useful. 11. is
understood that the bulk and surface substrates need not be formed form the
same type of mate 1-  [00611A buried dielectric layer 126 may optionally be
provided between the bulk and surface substrates. The buried dielectric
layer may be, for example, silicon oxide. Other types of dielectric
materials may also be used to form the buried dielectric layer. The initial
thickness of the bulk substrate may he om about 50025 pm and the final
thickness of the bulk substrate may be from about 50 --- 200 p.m, the
thickness of the buried dielectric layer may be from about 0.5 to 4 p.m and
the thickness of the surface substrate may range from about 2 50 p.m, For
example, the thickness of the surface substrate may he front about 2 38
p.m, Other thicknesses for the different layers of the support substrate
may also be useful. Such a configuration, for example, creates a
crystalline on insulator (COI) substrate, such as silicon on insulator
substrate (S01). The COT substrate may include features and device layers
which form a MEMS device. O062]in Fig, 4b, the support substrate is
patterned to form an interconnect isolation trench 46.5. In one embodiment
the interconnect isolation trench is patterned from the first surface of
the support substrate, Patterning of substrate may be achieved using mask
and etch tee:illicit  s For example, a hard mask, such as silicon oxide,
may be employed. Other types of hard masks may also be useFul. The hard
mask may be patterned to form an opening corresponding to interconnect
dielectric. To pattern the hard mask, a soft mask, such as a photoresist,
may be used. The photoresist is selectively exposed and developed to form
an opening to expose the hard mask corresponding to the interconnect
isolation trench. To improve lithographic resolution, an anti-reficetive
coati (ARC) can be provided beneath the photoresist. The pattern of e soft
mask is transferred to the hard mask by, for example, a reactive ion etch
(RIB,) to expose the surface of the support substrate. [00631A deep RIB
(ORIEL) is employed to form the interconnect isolation trench. The 



DRIB, for example, etches through the surface substrate, buried dielectric
layer and a portion of the bulk substrate. Other echniques for pattentirat
the support substrate to form the interconnect  isolation trench are also
useful. After patterning the support substrate, the various mask layers may
be removed to expose the surface of the support substrate. [00641lii one
embodiment, the DRIE Forms the interconnect isolation trench. The DR1E may
form isolation 'cinches with a sidewallprofile or angle of about l0". For
example: the DR1E may form isolation trenches with a sidewall angle of
alat, xt 89"  0.5j'. Other sidewall angles may also be useful tor the
isolation trenches. Re-entering profiles should be avoided for the trench
since this may cause voids in the trench fill material. 160651The isolation
trench:, fi,ir example, surrounds the interconnect. The thickness of the
trench may be about 2 urn. Other thicknesses may also be useful. The
thickness may depend on different factors, for example, aspect ratio
capability of the BRIE and/or electrical isolation requirements. ForThie,
the minimum width may be determined by the desired depth of the trench and
aspect ratio capability of the DruE. The depth of the isolation trench
should be at least as or deeper than the final thickness of the support
substrate. Preferably, the isolation    ch is deeper than the En hiekness
increase .proeessina window. For example, the depth of the trench may be
slightly deeper than 80 i.un for a support substrate with a 1-inal
thickness of about 80 tm. Although only one interconnect isolation trench
is formed for one interconnect, it is tinCk, . stood that additional
Interco'enches may be forined for additional interconnects. [0066]Referring
to Fig. 4e: the interconnect isolation trench is filled with a dielee
material. The isolation trench, [hr example, is filled with silicon oxide.
The silicon oxide may be deposited by UPCVD or wet thermal oxidation These
deposition techniques are contbrmal.  Other techniques for filling the
dielectric material may also be useful, Excess dielectric material over the
substrate is removed to form the interconnect dielectric 166. Removing the
excess material, in one embodiment, comprises a plartarizing process, such
as chemical mechanical polishing (CMP). Other types of pianarizing
processes may also he usethl. The planarizing process forms a planar top
surface between the dielectricand support substrate surtacc, 



After the planarizing process, the substrate surfaces may be coated with
first and second surface dielectric layers 432 and 434. The surface
dielectric layers may comprise silicon oxide. Other types of dielectric
materials may also he useful. [0067]in Fig. 4d, the substrate is patterned
to form partial via.s 4751-475i, Patterning of the substrate may be
achieved using mask and etch techniques. For example, a hard mask, such as
silicon oxide as he employed. Other types of hard masks may also be useful.
The hard mask may he patterned to form openings corresponding to the
partial vias. To pattern the hard mask, a soft mask, such as a photorestst
may be used. The photorcsist is selectively exposed and developed to fermi
openings to expose the hard mask corresponding to the partial vias. To
improve lithographic resolution, an antireflective coati (ARC) can be
provided beneath the photoresist. The pattern of the soft mask is
transferred to the hard mask by, for example, reactive ion etch (RIE) to
expose the suriace of the support substrate. 100681A deep RE (DRIP), for
example, is employed to form the partial vias, In one embodiment, the DRIP
forms the vias with a sidewall profile or angle of about 90'. For example,
the DRIP may form vias with a sidevyati angle of about 89'  0.5. Other
sidewall angles may also be useful for the vias. Re-entering profiles
should be avoided for the vias since this may cause voids in the via fill
material. [0069]The depth of the vias is at about the interface of the
first and second portion of interconnect. In the case where a buried
dielectric layer separates the surface substrate and bottom or bulk
substrate, the interface of the first and second portion is disposed below
the buried dielectric layer in the bulk substrate. For example, the
interface or depth or the vias may be about 3 --- 10 um into the bottom
substrate. Other depths may also be useful. The depth of the vias, ibr
example, may depend on factors, such as depth of the buried dielectric
layer, desired total resistance of the interconnect, and/or the final
thickness of the support substrate.  10070]In some embodiment, a single
partial via may be formed for the interconnect, In one embodiment, the
cross-see:ion of the partial vias may be rectangular in shape. Other
cross-sectional shapes may also be useftil. The diameter of the cross
section may be about 1 Other sizes thr thecross-section of the partial vias
may also be useful. It is also understood that not all partial vias of the
layout have the same cross-seetio I shape and/or size. 



. [00711As tin0Fig. 4e, a conductive material 476 is deposited on the
substrate, filling the partial virts. Prior to filling the partial vias,
native oxide and post etc.h layers which may be produced by the +eli to
form the partial vias should be avoided or removed. Removal of such layers
may be achieved by for example, a clean or wet etch process . 1011721In one
embodiment, the partial vias are filled with polysilicon to form via plugs
I761 - 176i. The filling of the partial vias with polysilican may be
achieved by, for example, chemical vapor deposition (CND). Other techniques
for filling the partial vias may also be useful. In one embodiment, the
partial vias are filled with heavily doped polysilicon. In one embodiment,
the ftVlEIS are filled with heavily doped polyinlieon with first polarity
type dopants. The heavily doped polysilicion may be in-situ doped. The
doping concentration of the ipolysiliC011 may be about 2e20 atm/cm3. As
shown, the polysilicon also con he Ho om ofsupport substrate For example,
the polysil icon coats the dielectric layer on he bottom of e support
substrate, forming a bottom polysihcon layer 477. 10073]In other
embodiments, the partial vim are filled withtypes of conductive material.
For example, the partial vias may be filled with a metallic mal.crial or an
alloy. Such materials may include, for example, copper, copper alloy,
tungsten, aluminum or a -lionibination thereof. Depending on process
requirement, the conductive material may also coat the bottom of the
support substrate, 100741in Fig. 41, excess conductive material over he
suthice of the support substrate is 



removed, leaving a via pad 179 coupled to the via plugs. Removal of the
excess conductive  material may be achieved with an etch hack process,
using, for example, an etch mask. The etch mask protects the conductive
material where the via pad is formed, allowing the unprotected conductive
material to he removed. The etch hack process may remove the conductive
material selective to the surface dielectric layer 432. 100751As shown in
Fig. 4g, a dieleciric layer 433 is formed on the first surface dielectric
layer. The dielectric layer increases the thickness of the first surface
dielectric layer 432 and is used to isolate the via. in one emboditnent,
the dielectric layer comprises silicon oxide. The silicon oxide may be
formed by, for example, PECVD. Other types of dielecuic materials or
deposition techniques may also be employed. In one embodiment, the
dielectric layer 433 may be the same material as the first surface
dielectric layer. Providing dielectric layers of different dielectric
materials may also be useful. 190761Referring to Fig, 4h, a contact opening
478 is fined in the dielectric layer 4.33to expose the via pad. The contact
opening may be formed using mask and etch techniques. For example, a soft
mask may he patterned by exposure to an exposure source through a reticle
and developed to remove unwanted mask material to create an opening. The
pattern of the soft mask is transferred to the dielectric layer RIE to
create the opening to expose the via pad [0077]A conductive trace 140 is
formed on the dielectric layer over the first surface of the support
substrate,as shown in Fig. 4i. The conductive trace, lin example, may be
formed by depositing a conductive material on the dielectric layer and
filling the co tact opening. The conductive material may be, for example,
copper or copper alloy. The conductive material may be deposited by PVD.
For example, the conductive material may be deposited by sputtering or
evaporation. Other types of conductive materials or deposition techniques
may also be useful. The conductive layer may he patterned, using for
example mask and etch techniques, to fool conductive traces, including a
first contact pad 146 and a second contact pad 148. The patterned
conductive layer, -filtr example, serves as a RM. to provide connection
between the contact kid and interconnect. 100781Referring to Fig. 4j, a
semiconductor device 220, such as a UwIOS device is attached 



to the support substrate. Providing other types of device is also seful. In
one embodiment, the semiconductor device is attached to the first surface
of the support substrate using eutectic bond. The eutectic bond may
comprise materials such as Al, Cu Au, Ag" In, Sn, fie, solder or Si. in
other embodiments, the semiconductor device may be attached to the support
substrateMg. adhesive bonds such as Bell, SUS or 5U8 with Si nano
particles. Providing other adhesives or bonding methods such as Glass Felt
may also be useful, depeninuc on the process requirements. [0079jThe
semiconductor device includes substrate. having first! second major
surfaces. The first major surface 222 forms the top Sll face of the
semiconductor device, whereas the second major surface 224 forms the bottom
surface of the semiconductor device. A dielectric layer 234 is formed below
the second major surface of the semiconductor device. A conductive layer is
formed below the dielectric layer. The conductive layer may be patterned,
using for example mask and etch techmques, to form conductive traces,
including a First 246 and _ _ a second contact pact 248. Theconductive
nductive traces oi-  --Lb mieonductor device, for  example, provide
electrical connection between the contact pads and the interconnect of the
support substrate. 100801As shown Fig. 4i the support substrate is thinned
to the desired thickness by removing materials From thed surface The
attached semiconductor device on top of the support substrate, therefore,
serves as support for thinning the support substrate. The conductive layer
and surface dielectric layer on the second substrate surface of the support
si.thstrale. for example, are removed by an etch. For example., a dry or
wet etch may be employed to remove the conductive layer and surface
dielectric layer on the second substrate surface of the support substrate.
The support substrate is lelthinned by grinding. A lief the support
substrate has 



been thinned to the desired thickness, the interconnect which is surrounded
by the interconnect dielectric is exposed. [0081]A surface dielectric layer
134 is formed on the second surface 124 of the support substrate, as shown
in Fig 4k. A contact opening 578 is formed in the dielectric layer 134 to
expose the interconnect. The contact opening may be formed using task and
etch techniques For example, a soft mask may be patterned by exposure to an
exposure source through, a reticle and developed to remove unwanted mask
matedal to create an opening. The pattern of the soft mask is transferred
to the dielectric layer TUE to create the opening to expose the substrate.
109821A conductive trace 540 is formed on the dielectric layer 134 over the
second surface of the support substrate. External contacts, such as contact
balls may be formed at the contact openings. 100831The process continues,
for example, to form contact opening to the interconnect, second conductive
trace, and second contact pad on the second support surface. A package
contact ball may be formed on the second contact pad. The, process follows
by dicing the support substrate having the semiconductor device thereover
into individual package [0084]The invention may he embodied in other
specific forms without departing from the spirit or essential
characteristics thereof The foregoing embodiments, therefore, are to be
considered in all respects illustrative rather than limiting the invention
described herein. Scope of the invention is thus indicated by the appended
claims, rather than by the foregoing description, and all changes that come
within the meaning and range of equivalency of the claims are intended to
he embraced therein.  What is claimed is: _,AIMS 



A method for forming a device corn providincasupport substrate having first
and second major scos; and forming an interconnectugh the first and second
major surfaces in the support substrate, the interconnect having first and
second portions the first portion extends from one of the first or ccond
major surfaces and the second portion extends from other of the first and
second major surthces, whcrcznforming the interconnect includes        tug
a partiffi via plug comprising a conduci.ive m ierial in a first portion of
the interconnect, the via plug having a bottoni. at about an interface of
the lirst and second portions, and       providing the second portion of
the interconnect with a heavily doped second portion with dopants of a
first polarity type. The method of claim I wherein the conductive material
comprises polysiliec n. The method of claim 2 wherein the polysilicon is
doped with dopants ol tue first polarity type.  4. The method of claim I
wherein the first polarity type is t PC  5. The method of claim I further
comprises forminii, an isolation trench surrounding the interconnect to
isolate the nterconnect from portions of the support substrate. 



6. The method of cla n 5 comprises hum the isolation trench with a
dielectric material, wherein the dielectric material fills the isolation
trench and over the first major surface of the support substrate.  7. The
method of claim 6 comprises removing excess dielectric material over the
support. substrate to form a planar first surfa.ce dielectric layer over
the first major surface of the support substrate.  8. The method of claim I
wherein the partial via plug is calmed by deep reactive ion et  9. The
method of claim I wherein forming a partial via plug comprising patterning
the support substrate to form a partial via; depositing a conductive
material on the support substrate and filling the )itvia; and
removing excessive conductive material over the support substrate leaving a
via pad coupled to the partial via plug.  10. The method ofclaim 9
comprises forming a dielectric layer over the first surface dielectric
layer.  11. The method of claim 10 comprises forming a contact opening in
thece c layer to expose the via pad.  12. The method of claim 11 comprises
forming a conductive trace on the dielectric layer and coupied to the via
pad. 



13. The method of chum I ern .ises attaching a CM conductor device
oversupport substrate.  14. A method for forming a semiconductor package
comprising: providing a support substrate having first and second major
surfaces;       forming an interconnect through the first and second major
surfaces in the support substrate, the interconnect having first and second
portions, the first portion extends thorn one of the first or second major
surfaces and the second portion extends from other of the first and second
major surfaces. wherein forming the interconnect includes       forminL, a
partial vial-in:a comprising a conductive material in a. first portion
ofthe interconnect. the ,ia plug having a bottom at about an interface of
the first and second portions, and       providing the second portion oldie
interconnect with a heavily doped second portion with &pants of a first
polarity type; and providing a semiconductor device over the support
substrr  15. A device comprising: a support substrate having first and
second major surfaces; an interconnect through the first and second major
surfaces incuppor substrate, the 



interconnect having first and second portions, the first portion extends
from one of the first or second major surfaces and the second portion
extends from other of the first and second major surfaces, wherein the
interconnect includes         a partial via plug comprising a conductive
material in a first portion of the interconnect, the via plug having a
bottom it about an interface of the first and second portions and       the
second portion of the interconnect is heavily doped with dopants of a first
polarity type. The device of claim 15 wherein the conductive material
comprises polysilicoi  17. The device of claim 16 wherein the poly-silicon
is doped with dopants of the first polarity type.  18. The device of claim
15 wherein the first polarity type is a type.  19. The device of claim 15
comprises an isolatjon trench surrounding the interconnect to isolate the
interconnect from portions of the support substrate. 20.The device of claim
19 wherein the isolation trench includes a dielectric mateui 


