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(57) ABSTRACT 

An embedded passive structure, its method of formation, 
and its intergration onto a substrate during fabrication are 
disclosed, In one embodiment the embedded passive struc 
ture is a thin ?lm capacitor (TFC) formed using a thin ?lm 
laminate that has been mounted onto a substrate. The TFC’s 
capacitor dielectric and/or loWer electrode layers are pat 
terned in such a Way as to reduce damage and improve cycle 
time. In one embodiment, the capacitor dielectric has a high 
dielectric constant and the substrate is an organic packaging 
substrate. 

1718 

1716 
1714 
1712 

1724 



Patent Application Publication Dec. 28, 2006 Sheet 1 0f 5 US 2006/0289976 A1 

}102 108 

.. , 1 0 108 

110/‘ 

\\\\\ \ w / \. \\\\\ 111 118 113 
4/ \> 

1 
114 

FIG. 3 
116 1 

118 



Patent Application Publication Dec. 28, 2006 Sheet 2 0f 5 US 2006/0289976 A1 

106 124 § ‘ \\‘ 111 \ 118 \ 3\> >\\114 
110 

\\\\\\i J 
1 _6 1 

FIG. 6 



Patent Application Publication Dec. 28, 2006 Sheet 3 0f 5 US 2006/0289976 A1 

700 

/ 
( Fm F7011 |_701—| v 

V//////////////////%l912///% FIG. 7 



Patent Application Publication Dec. 28, 2006 Sheet 4 0f 5 US 2006/0289976 A1 

1206‘ 

1206 124 

'-'////////‘A // 

///// ///////, 



Patent Application Publication Dec. 28, 2006 Sheet 5 0f 5 US 2006/0289976 A1 

1722 1718 

1710 
1708 
1706 

1 704 

1726 

FIG. 17 



US 2006/0289976 A1 

PRE-PATTERNED THIN FILM CAPACITOR AND 
METHOD FOR EMBEDDING SAME IN A 

PACKAGE SUBSTRATE 

FIELD OF THE INVENTION 

[0001] Embodiments of the present invention relate gen 
erally to semiconductor technology and more speci?cally to 
semiconductor packaging. 

BACKGROUND OF THE INVENTION 

[0002] The demand for increased mobility in consumer 
electronics is pressuring manufacturers to scale electronic 
technologies (e.g., semiconductor devices) to ever smaller 
dimensions. At the same time, the demand for increased 
functionality, speed, noise elimination, etc., is forcing manu 
factures to increase the number of passive components (e.g., 
capacitors and resistors) used by consumer electronic 
devices. Passive component integration has traditionally 
been accomplished by mounting them onto package and/or 
printed circuit board (PCB) substrate surfaces. Restricting 
the location of the passive components to the substrate’s 
surface hoWever can limit the passive components’ opera 
tional capabilities (due to their inherent distance from the 
semiconductor device) and the substrate’s scalability. 

[0003] One Way manufacturers are attempting to address 
this is by embedding the passive components in the sub 
strate, a technique referred to as embedded passive technol 
ogy. This frees up surface real estate and facilitates substrate 
miniaturization. Speed and signal integrity also improves 
because embedded components provide a more direct path 
through Which the IC signals propagate. 

[0004] One particular area of interest With respect to 
embedded passive technology has been the incorporation of 
thin ?lm capacitors (TFCs) into organic packaging (e.g., 
bismaleimide triaZine resin, etc.) substrates. Among the 
various materials being considered for use as capacitor 
dielectrics are high-k ceramic materials. HoWever, high-k 
ceramic materials can require processing at high tempera 
tures (e.g., furnace annealing at 600-800 degrees Celsius) in 
order to achieve their high dielectric constant properties. At 
these temperatures, organic packaging substrates can melt. 

[0005] One technique for addressing this involves mount 
ing a pre-fabricated TFC laminate that has already been 
annealed onto the organic substrate. ShoWn in FIG. 1 is an 
example illustration of such a TFC laminate 102, Which 
includes a high-k ceramic material 108 superimposed 
betWeen conductive ?lms 106 and 104. In FIG. 2, the 
conductive ?lm 106 portion of the TFC laminate 102 has 
been patterned to de?ne loWer electrode structures 110. In 
FIG. 3 the partially patterned TFC 102 is then mounted to 
a substrate 118 that includes polymer build-up layers 111, 
114 and copper build-up layer 112. The copper build-up 
layer 112 connects With underlying conductive structures 
(not shoWn) by Way of via portions 113. Next, as shoWn in 
FIG. 4, the conductive ?lm 104 is thinned and patterned to 
form upper electrode portions 121. Then, as shoWn in FIG. 
5, via openings 122 are formed thru the high-k ceramic 
material, the polymer build-up layer 111, and in some cases, 
portions of the loWer electrode structures 110, to expose 
underlying portions of copper build-up layer 112. Finally, as 
shoWn in FIG. 6, a conductive material is deposited in the 
vias and over the surface of the TFC Where it is then thinned 
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and patterned to form upper electrodes 126, biasing inter 
connects 128 for the loWer electrodes, I/O interconnects 130, 
build-up interconnect structures, and/or the like. 

[0006] The use of this integration scheme hoWever is not 
Without its problems. More speci?cally, any one of the 
processes used to pattern the loWer electrodes 110, the upper 
electrode portions 121, and/or the via openings 122 can 
damage the hi-k ceramic dielectric 108 and thereby impact 
the functionality of the TFC. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0007] FIGS. 1-6 illustrate cross-sectional vieWs shoWing 
formation of an embedded passive component in an organic 
substrate using conventional methods. 

[0008] FIGS. 7-17 illustrate cross-sectional vieWs shoW 
ing formation of an embedded passive component in an 
organic substrate using an embodiment of the present inven 
tion. 

[0009] For simplicity and clarity of illustration, elements 
in the draWings have not necessarily been draWn to scale. 
For example, the dimensions of some of the elements may 
be exaggerated relative to other elements for clarity. Where 
considered appropriate, reference numerals have been 
repeated among the draWings to indicate corresponding or 
analogous elements. 

DETAILED DESCRIPTION 

[0010] In the folloWing detailed description, an embedded 
passive structure and its method of formation are disclosed. 
Reference is made to the accompanying draWings Within 
Which are shoWn, by Way of illustration, speci?c embodi 
ments by Which the present invention may be practiced. It is 
to be understood that other embodiments may exist and that 
other structural changes may be made Without departing 
from the scope and spirit of the present invention. 

[0011] The terms on, above, beloW, and adjacent as used 
herein refer to the position of one layer or element relative 
to other layers or elements. As such, a ?rst element disposed 
on, above, or beloW a second element may be directly in 
contact With the second element or it may include one or 
more intervening elements. In addition, a ?rst element 
disposed next to or adjacent a second element may be 
directly in contact With the second element or it may include 
one or more intervening elements. 

[0012] In one embodiment, a thin ?lm laminate for use in 
the fabrication of embedded passives and its method of 
formation are disclosed. In one embodiment, the formation 
of embedded passive structures using a prepared thin ?lm 
laminate mounted on a substrate is disclosed. Aspects of 
these and other embodiments Will be discussed herein With 
respect to FIGS. 7-17, beloW. The ?gures, hoWever, should 
not be taken to be limiting, as they are intended for the 
purpose of explanation and understanding. 

[0013] ShoWn in FIGS. 7-11 are steps illustrating the 
formation of a thin ?lm laminate that can be used to form 
embedded passive components, such as for example, thin 
?lm capacitors (TFCs) for use inside a packaging substrate, 
a PCB substrate, or the like. More speci?cally, FIGS. 7-11 
illustrate formation of TFC laminate in such a Way as to 
pre-pattem the laminate’s capacitor dielectric and/or the 
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capacitor electrodes so as to have a speci?c orientation prior 
to mounting the TFC laminate onto the substrate’s surface. 
The term “substrate” as used herein, is intended to encom 
pass any type of packaging substrate, PCB substrate, etc., 
Which can be used to accommodate embedded passive 
components. 

[0014] In FIG. 7, a cross-sectional vieW of patterned resist 
members 704 overlying a thin ?lm conductive material 702 
is shoWn (base layer). The patterned resist members 704 can 
be formed using conventional lithographic processes. The 
resist is patterned in such a Way that exposed regions of 
underlying conductive material 702 correspond With the 
pattern of a subsequently de?ned capacitor dielectric (FIG. 
9). 
[0015] The conductive ?lm 702 Will subsequently be used 
to form a TFC capacitor electrode layer. The conductive ?lm 
702 is also used as the base material for forming the TFC’s 
capacitor dielectric and opposing capacitor electrodes (not 
shoWn in FIG. 7). Conductive ?lm 702 can be a free 
standing conductive layer or alternatively it can be sup 
ported by other layers, materials or structures. Typically, the 
conductive ?lm 702 includes metal materials, such as cop 
per, nickel, or the like. Typically, the conductive ?lm 702 is 
metal foil layer having a thickness of 50-300 microns. In one 
non-limiting embodiment the conductive ?lm 702 is a nickel 
foil material having a thickness of approximately 100 
microns. At this thickness, the metal foil itself can function 
as a foundation for the deposition and patterning of subse 
quent capacitor dielectric and capacitor electrode layers. 

[0016] Turning noW to FIG. 8, a cross-sectional vieW of 
the structure shoWn in FIG. 7 is illustrated folloWing for 
mation of a dielectric ?lm 802, 804 over the resist members 
704 and over the conductive ?lm 702. The dielectric ?lm 
portions 802 and 804 are deposited contemporaneously. The 
raised portions 802 of the dielectric ?lm (i.e. portions 
overlying the resist members 704) are temporary and Will 
subsequently be removed. The recessed portions 804 of the 
dielectric ?lm (i.e., portions overlying the conductive ?lm 
702) are permanent and Will subsequently be used to form 
the TFC’s capacitor dielectric. 

[0017] Any number of materials can be used to form the 
dielectric ?lm 804, 802. For example, it can include high 
dielectric constant (high-k) materials such as barium titinate 
(BaTiO3), strontium titinate (SrTiO3), barium strontium 
titinate (BaSrTiO3), or the like. For the purposes of this 
speci?cation and as used by one of ordinary skill, barium 
titinate and barium strontium titinate are commonly also 
referred to as BT and BST, respectively. The dielectric ?lm 
804, 802 can be deposited using conventional physical vapor 
deposition (PVD)(i.e., evaporation, sputtering, etc.), chemi 
cal vapor deposition, spin-on processes, laser ablation, ion 
plating, plasma spray processes, or the like. In one embodi 
ment, the dielectric 804,802 is a sputtered ceramic dielectric 
material. In one embodiment the dielectric 804,802 is a 
sputtered BST layer having a thickness in a range of 
approximately 0.1 microns to approximately 1.0 microns 
and deposited at a temperature less than approximately 200 
degrees Celsius. 

[0018] Turning noW to FIG. 9, a cross-sectional vieW of 
the structure of FIG. 8 is shoWn after removal of resist 
members 704 and raised portions 802 of the capacitor 
dielectric ?lm. The remaining structures 804 de?ne a pat 
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terned capacitor dielectric layer. In accordance With one 
embodiment, the open regions 902 provide locations Where 
subsequently formed vias can be positioned. The resist 
members 704 and raised portions 802 can be removed using 
a conventional resist lift-off method, for instance, using an 
organic solvent based resist remover such as acetone, an 
oxygen plasma, combinations thereof, or the like. The use of 
such lift-olf methods is considered conventional to one of 
ordinary skill. 

[0019] Turning noW to FIG. 10, a cross-sectional vieW of 
the structure of FIG. 9 is illustrated folloWing formation of 
patterned resist members 1006 and conductive ?lm 1002, 
1004 over the substrate. Like the portions 802 of the 
capacitor dielectric layer in FIG. 8, those portions 1004 of 
the conductive ?lm that are formed over the resist members 
1006 are subsequently removed. Remaining conductive ?lm 
portions 1002 de?ne a patterned layer of ?rst (loWer) 
capacitor electrodes for the TFC. The resist members can be 
formed using conventional resist patterning processes. The 
conductive ?lm 1002, 1004 can be deposited using a PVD 
process, combination PVD and electroplating or electroless 
plating processes, or the like. The conductive ?lm 1002, 
1004 can include materials such as copper, nickel, platinum, 
and the like. The conductive ?lm 1002, 1004 typically has 
a thickness in a range 5-40 microns. In one embodiment, the 
conductive ?lm 1002, 1004 is copper, has a thickness in a 
range of approximately l0-20 microns, and is deposited 
using a combination of conventional sputter deposition and 
electroplating processes. 

[0020] Next, as shoWn in FIG. 11, the resist members 
1006 and conductive material portions 1004 are removed. 
The removal forms openings 1104, 1106, and de?nes pat 
terned conductive regions 1102. The patterned conductive 
regions 1102 overlie portions of the capacitor dielectric 804 
and the conductive ?lm 702. Here, the patterned conductive 
regions 1102 de?ne loWer electrodes in the TFC laminate 
that have a speci?c orientation that facilitates formation of 
TFC structures on substrates. In one embodiment, the ori 
entation is such that it accommodates the placement of vias 
during the formation of a conductive build-up layer on a 
packaging substrate. The resist members 1006 and conduc 
tive material 1004 can be removed using a conventional 
resist lift-off process, for instance using an organic solvent 
based resist remover such as acetone, an oxygen plasma, 
combinations thereof, or the like. 

[0021] In accordance With one embodiment, the combina 
tion of the conductive ?lm 702, the patterned capacitor 
dielectric 804, and the patterned conductive regions 1102 
forms a pre-fabricated, pre-pattemed loWer electrode and 
capacitor dielectric TFC laminate 1100 that can be used to 
de?ne embedded passive structures over a substrate. To the 
extent that the TFC laminate 1100 includes a high-k ceramic 
dielectric layer such as BST, BT, or the like, it can noW be 
annealed at a temperature, for instance, in a range of 
approximately 500-900 degrees Celsius in order to adjust the 
dielectric constant accordingly. Alternatively, the annealing 
can take place at an earlier stage of the TFC fabrication 
process, for example prior to formation of resist members 
1006. 

[0022] Turning noW to FIG. 12, the TFC laminate 1100 is 
next mounted to a substrate 1200. Typically the TFC lami 
nate 1100 is mounted so that the patterned conductive 
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regions (lower electrode) 1102 contact the substrate 1200 as 
shown in FIG. 12. In one embodiment, as here, the substrate 
1200 is a packaging substrate, but one of ordinary skill 
appreciates that other substrates types, for example PCB 
substrates could equally incorporate one or more of the 
embodiments herein. 

[0023] The substrate 1200 shoWn here includes polymer 
build-up layers 1202 and 1203 and a conductive build-up 
layer that includes interconnects 1206 and vias 1204. Poly 
mer build-up layers can be formed, for example, using a 
dielectric material, such as an Ajinomoto Build-Up Film 
(ABF). Interconnects/vias can be formed, for example, using 
copper. The use and formation of build-up layers is knoWn 
to one of ordinary skill. Underlying the vias 1204 and 
build-up dielectric ?lm 1202 includes layer(s) 1208. Typi 
cally, layer(s) 1208 includes an organic core material as 
knoWn to one of ordinary skill and/or additional dielectric 
and conductive build-up layers. 

[0024] To improve adhesion betWeen the TFC laminate 
1100 and the substrate 1200, the TFC laminate 1100 and 
substrate can be joined after roughening the conductive 
regions 1102 and prior to curing the build-up layer 1203. The 
conductive region 1102 can be roughened using chemical 
etching, sputter etching, and/or the like processes. One of 
ordinary skill appreciates that the fragile nature of the TFC 
laminate 1100 and its relative alignment to the underlying 
substrate 1200 can be important considerations With respect 
to mounting the TFC 1100 onto the substrate 1200. 

[0025] Next, referring to FIG. 13, the conductive ?lm 702 
is thinned and then patterned to partially form the upper 
electrode layer structures 1302. Thinning can be accom 
plished using, for instance, a Wet etch process, a dry etch 
process, a polishing process, combinations thereof, or the 
like. To the extent that the conductive ?lm 702 is nickel, 
thinning can be accomplished by etching it With a Wet 
etchant, such as ferric chloride (FeCl3) prior to patterning. In 
one embodiment, the conductive ?lm 702 is thinned to 
betWeen approximately 10-20 microns. 

[0026] Thinning facilitates patterning of upper electrode 
layer structures 1302 by reducing the amount of conductive 
material that must be removed. Thinning at this point in the 
processes may be advantageous because during earlier 
stages of TFC laminate 1100 fabrication, the thicker con 
ductive ?lm is stronger and less susceptible to physical/ 
chemical damage during formation of the patterned capaci 
tor dielectric and patterned loWer electrode structures. 

[0027] After thinning, the conductive ?lm 702 is patterned 
With resist and then etched to de?ne the partially formed 
upper electrode layer structures 1302. Etching can be 
accomplished using Wet or dry etch processes. In one 
embodiment, the partially formed upper electrode layer 
structures 1302 are etched using a ferric chloride solution. 
As can be seen in FIG. 13, unlike conventional TFC 
processing Which exposes portions of the capacitor dielectric 
to a potentially damaging etch process While de?ning the 
partially formed electrodes (FIG. 4), here the problem can 
been overcome by selectively limiting the formation of 
openings 1304 to pre-patterned regions Where there is no 
capacitor dielectric to damage. 

[0028] Next, shoWn in FIG. 14, the substrate is patterned 
to de?ne via openings 1402 that extend through polymer 

Dec. 28, 2006 

build-up layer 1203 and expose portions of the underlying 
conductive interconnect structures 1206. The vias can be 
patterned using, for instance, a laser drilling process, a 
conventional photolithography/etch patterning process, or 
the like. In one embodiment, patterning is accomplished 
using a C02 laser or the like. 

[0029] As can be seen in FIG. 14, unlike conventional 
TFC processing Which exposes portions of the capacitor 
dielectric to a potentially damaging laser drilling or etch 
process While forming the via openings (FIG. 5), here the 
problem has been overcome by selectively limiting the 
formation of the via openings 1402, 1404 to the pre 
pattemed regions Where there is no capacitor dielectric to 
damage. That is, problems associated With damaging the 
capacitor dielectric during the process of de?ning via open 
ings 1402, 1404 are signi?cantly reduced because the 
capacitor dielectric has been strategically removed from 
regions that can be exposed to etchants and/or the laser via 
drilling process. In addition, because there is no ceramic 
dielectric layer portions that have to be removed during the 
formation of the via openings, conventional etch processes 
and/or loWer poWer lasers (as opposed to the more expensive 
high-poWer laser drilling processes) can be used to form the 
via openings. 

[0030] In addition, because the loWer electrode layer 1102 
has also been pre-patterned and conductive material 
removed from regions Where via 1404 is to be formed, laser 
drilling process and/or etch rate and etch uniformity during 
formation of the via opening can be improved. That is, by 
removing regions of loWer electrode layer 1102 from loca 
tions Where via 1404 is to be formed, the type of material(s) 
Which must be removed to form the via openings is more 
consistent from via-to-via across the substrate. This has the 
potential to reduce the amount of damage to underlying 
structures by reducing their overall time of exposure to the 
process that forms the via openings (i.e. overetch time can 
be reduced). In addition, it can also improve cycle time 
because obstructions (i.e., the portions of the loWer elec 
trode) Which can impede the etch or laser ablation process 
have been removed. 

[0031] Next, referring to FIGS. 15 and 16, a conductive 
material 1502 has been deposited in via openings 1404. This 
can be accomplished using a conventional electroplating, 
electroless plating, PVD process, or the like. Suitable mate 
rials for forming conductive ?ll material 1502 include 
copper, aluminum, or the like. In one embodiment the 
conductive material includes copper. In one embodiment, 
the conductive ?ll material is deposited by ?rst globally 
depositing a seed layer of copper (e.g., a layer of copper 
having a thickness less than approximately one micron) 
using an electroless plating or PVD process folloWed by 
deposition of a full thickness copper material using an 
electroplating process. As shoWn in FIG. 15, the deposition 
typically also deposits conductive material 1502 over the 
surface of the partially formed upper electrode layer struc 
tures 1302. After the conductive material 1502 completely 
?lls the via openings 1402 and adequately covers the surface 
of the substrate, the combination stack of conductive mate 
rial 1502 overlying the partially formed upper electrode 
layer structures 1302 is then thinned and patterned to de?ne 
the completely formed upper electrode and associated struc 
tures (upper conductive structures). Thinning can be accom 
plished using, for instance, a Wet chemical etch process, a 
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dry etch processes, a chemical mechanical polishing pro 
cesses, and/or the like. Patterning can be accomplished using 
a conventional lithographic and etch patterning process, a 
lift-off process, or the like. 

[0032] For the purpose of simplicity of illustration of 
understanding, the structure of FIG. 15 has been redraWn in 
FIG. 16 to shoW the combination stack of conductive 
material 1502 and partially de?ned upper electrode layer 
structures 1302 as unitary conductive structures 1602, 1604, 
and 1606. As can be seen in FIG. 16, the unitary conductive 
structures de?ned by the combination of conductive material 
1505 and partially de?ned upper electrode layer structures 
1302 form an I/O interconnect structure 1606, an intercon 
nect structure 1604 that is coupled to a loWer capacitor 
electrode, and an interconnect structure 1602 that is coupled 
to an upper capacitor electrode. One of ordinary skill appre 
ciates that other integration schemes for forming the upper 
conductive structures could also include, for example, com 
plete removal of the upper conductive ?lm 702 (instead of 
thinning and patterning to form partially de?ned upper 
electrode layer structures 1302) folloWed by a seed layer 
deposition, the full thickness conductive layer deposition, 
and pattering to de?ne the conductive structures 1602, 1604, 
1606. 

[0033] Embodiments of the present invention are not 
necessarily limited to only the formation of structures such 
as 1602, 1604, and 1606. Any number of other interconnect 
features associated With the formation of build-up layer 
technology can be accommodated using one or more of the 
integration schemes disclosed herein. In other Words, using 
one or more of the embodiments disclosed herein, any one 
of the conductive structures 1602, 1604, 1606 can be incor 
porated into processes used to form conductive build-up 
layer interconnects. So for example, in those regions of the 
TFC laminate corresponding to regions Where only conduc 
tive build-up layer interconnects and/or vias are to be 
formed, pre-patteming processes can be used to remove 
capacitor dielectric and loWer electrode layer materials. And 
then, after the laminate is mounted, portions of conductive 
?lm 702 can be cleared aWay from interconnect and/or via 
regions during the etch process to form the openings 1304 
(FIG. 13). In this Way, one or more of the embodiments 
disclosed herein can be seamlessly integrated into existing 
build-up layer technology process ?oWs. 

[0034] Subsequent processing is considered conventional 
to one of ordinary skill. So, for example, referring to FIG. 
17, Which shoWs the relative positional relationships of 
conductive build-up layers 1712, 1714, 1716, 1724, polymer 
build-up layers 1704, 1706, 1708, 1710, 1726, an organic 
core material 1702, a semiconductor die 1720, under?ll 
material/?llets 1722, die-to-package interconnects 1718, and 
package-to-PCB interconnects 1728, if TFC structures simi 
lar to one or more of those disclosed in FIGS. 7-16 Were 

incorporated into, for instance, the conductive build-up layer 
1714 (TFC structures not shoWn), then additional conduc 
tive build up layer 1716 and polymer build-up layers 1708 
and 1710 could additionally be formed overlying them using 
conventional methods. FolloWing the formation of the 
desired number of build-up layers, the semiconductor die 
can be attached to the package substrate using conventional 
die attach re?oW methods, bump interconnects 1728 could 
be attached to the package substrate using conventional 
methods (eg ball grid array (BGA) re?oW methods), and 
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then the integrated package that includes the passive TFCs 
could be mounted to a PCB, a mother board, or the like, for 
use by the electronic device. 

[0035] In at least one of the embodiments disclosed 
herein, a TFC laminate’s capacitor dielectric and its method 
of formation are disclosed. The capacitor dielectric is pre 
pattemed in such a Way that makes it less susceptible to 
damage from etch and/or laser ablation processes used to 
de?ne the capacitor structure. In an alternative embodiment, 
a TFC laminate’s capacitor electrode and its method of 
formation are disclosed. The capacitor electrode is pre 
pattemed in such as Way that improves etch/laser ablation 
uniformity during processes used to form via openings. In an 
alternative embodiment, the integration of a TFC laminate 
having pre-pattemed capacitor dielectric structures and/or 
pre-pattemed electrode layer structures onto a substrate is 
disclosed. In an alternative embodiment, the formation of 
thin ?lm capacitors in build-up layers of a packaging sub 
strate is disclosed 

[0036] The various embodiments described above have 
been presented by Way of example and not by Way of 
limitation. Thus, for example, While embodiments disclosed 
herein teach the formation of embedded capacitors in build 
up layer of a packaging substrate. Other passive structures, 
such as for example inductors, resistors, etc., can similarly 
be formed and/or accommodated using one or more of the 
embodiments disclosed herin. Also, these passive compo 
nents can be formed in any number of substrate types that 
can accommodate the incorporation TFC laminates. 

[0037] Having thus described in detail embodiments of the 
present invention, it is understood that the invention de?ned 
by the appended claims is not to be limited by particular 
details set forth in the above description, as many apparent 
variations thereof are possible Without departing from the 
spirit or scope thereof. 

What is claimed is: 
1. An embedded passive device in a substrate comprising: 

a ?rst conductive layer overlying a polymer build-up 
layer; 

a dielectric layer overlying the ?rst conductive layer; 

a second conductive layer overlying the dielectric layer; 
and 

a via that extends from the second conductive layer 
through the polymer build-up layer and electrically 
couples to an underlying interconnect, Wherein the via 
extends through an opening patterned in the dielectric 
layer. 

2. The embedded passive device of claim 1, Wherein: 

the ?rst conductive layer is further characterized as a ?rst 
electrode layer; 

the dielectric layer is further characterized as a capacitor 
dielectric layer; 

the second conductive layer is further characterized a 
second electrode layer; and 

a combination of the ?rst electrode layer, the capacitor 
dielectric layer, and the second electrode layer forms an 
embedded capacitor structure in the substrate. 
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3. The embedded passive device of claim 2, Wherein the 
capacitor dielectric layer includes a ceramic dielectric mate 
rial. 

4. The embedded passive device of claim 3, Wherein the 
ceramic dielectric material is selected from the group con 
sisting of strontium titinate, barium strontium titinate, and/ or 
barium titinate. 

5. The embedded passive device of claim 4, Wherein the 
substrate is further characterized as an organic substrate. 

6. The embedded passive device of claim 5, Wherein a 
core of the substrate includes bismaleimide triazine resin. 

7. The embedded passive device of claim 5, Wherein the 
second conductive layer comprises a material selected from 
the group consisting of copper and nickel. 

8. The embedded passive device of claim 5, Wherein the 
?rst conductive layer comprises a material selected from a 
group consisting of copper, platinum, and nickel. 

9. The embedded passive device of claim 3, Wherein the 
via extends through an opening patterned in the ?rst con 
ductive layer. 

10. An embedded passive laminate for applying to a 
substrate comprising: 

a patterned electrode layer; 

a patterned capacitor dielectric layer; and 

an unpatterned electrode layer. 
11. The embedded passive laminate of claim 10, Wherein 

the patterned electrode layer comprises a material selected 
from the group consisting of copper, platinum, and nickel. 

12. The embedded passive laminate of claim 11, Wherein 
the unpatterned electrode layer comprises a material selected 
from the group consisting of copper and nickel. 

13. The embedded passive laminate of claim 11, Wherein 
the patterned capacitor dielectric layer comprises a ceramic 
dielectric material. 

14. The embedded passive laminate of claim 11, Wherein 
the patterned capacitor dielectric layer comprises a material 
selected from the group consisting of strontium titinate, 
barium strontium titinate, and/ or barium titinate. 

15. The embedded passive laminate of claim 14, Wherein 
the substrate is further characterized as an organic substrate. 

16. A method for forming embedded passive structures in 
an organic packaging substrate comprising a?ixing an 
embedded passive laminate on the organic packaging sub 
strate, Wherein the embedded passive laminate includes a 
pre-patterned capacitor dielectric layer. 

17. The method of claim 16, Wherein the pre-patterned 
capacitor dielectric layer is further characterized as a 
ceramic dielectric material. 

18. The method of claim 17, Wherein the ceramic dielec 
tric material is further characterized as being selected from 
a group consisting of strontium titinate, barium strontium 
titinate, and/or barium titinate. 

19. The method of claim 18, Wherein the substrate is 
further characterized as an organic substrate. 

20. A method for forming an embedded thin ?lm capacitor 
comprising: 

depositing a ceramic dielectric layer over a base layer of 
conductive material; 
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patterning the ceramic dielectric layer to form ?rst open 
ings that expose portions of the base layer; 

depositing a loWer electrode layer over the ceramic 
dielectric layer; and 

patterning the loWer electrode layer to form second open 
ings that expose portions of the base layer. 

21. The method of claim 20 further comprising heating 
the ceramic dielectric at a temperature in a range of 500-900 
degrees Celsius. prior to depositing the loWer electrode 
layer. 

22. The method of claim 21, Wherein the combination 
base layer, patterned capacitor dielectric, and patterned 
loWer electrode layer forms a thin ?lm capacitor laminate, 
the method further comprising: 

mounting the thin ?lm capacitor laminate over a dielectric 
layer on a substrate, Wherein the patterned loWer elec 
trode layer is positioned betWeen the base layer and the 
dielectric layer; 

removing portions of the base layer; 

forming via openings that pass through the ?rst opening 
and the second opening and that extend through the 
dielectric layer to an underlying conductive structure; 

?lling the via openings With a conductive material; and 

patterning the conductive material to form a conductive 
structure. 

23. The method of claim 22, Wherein the ceramic capaci 
tor dielectric is further characterized as a material selected 
from a group consisting of strontium titinate, barium stron 
tium titinate, and/or barium titinate. 

24. The method of claim 23, Wherein the base layer 
includes at least one of copper and nickel. 

25. The method of claim 24, Wherein the loWer electrode 
layer includes at least one of copper, platinum, and nickel 

26. The method of claim 23 Wherein the ?rst opening is 
Wider than the second opening. 

27. The method of claim 23, Wherein the second opening 
is Wider than the ?rst opening and Wherein the conductive 
structure electrically couples to portions of the loWer elec 
trode layer. 

28. The method of claim 23, Wherein the conductive 
structure is further characterized as an upper capacitor 
electrode. 

29. A method for packaging a semiconductor die com 
prising mounting the semiconductor die to an organic pack 
aging substrate, Wherein the organic packaging substrate 
includes embedded thin ?lm capacitors that have been 
formed by applying a laminate that includes a pre-patterned 
capacitor dielectric layer over build-up layers of the pack 
aging substrate. 

30. The method of claim 29, Wherein the package sub 
strate is further chartacterized as a ball grid array package 
substrate. 


