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Apparatus and methods are provided for high density pack 
aging of semiconductor chips using silicon space transformer 
chip level package structures, Which alloW high density chip 
interconnection and/or integration of multiple chips or chip 
stacks high l/O interconnection and heterogeneous chip or 
function integration. 
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APPARATUS AND METHODS FOR 
CONSTRUCTING SEMICONDUCTOR CHIP 

PACKAGES WITH SILICON SPACE 
TRANSFORMER CARRIERS 

GOVERNMENT LICENSE RIGHTS 

[0001] This invention Was made With Government support 
under Contract No. H98230-04-C-0920, NBCH3039004 
awarded by the DARPA (Defense Advanced Projects 
Agency) The Government has certain rights in this invention. 

TECHNICAL FIELD OF THE INVENTION 

[0002] The present invention relates generally to micro 
electronic packaging of semiconductor chips and, more spe 
ci?cally, apparatus and methods for high density packaging 
of semiconductor chips using silicon space transformer chip 
level package structures. 

BACKGROUND 

[0003] Advances in semiconductor chip fabrication and 
packaging technologies have enabled the development of 
highly integrated semiconductor chips and compact chip 
package structures or electronic modules. For example, sili 
con integrated circuit chips can be fabricated With high inte 
gration density and functionality to form What is referred to as 
SoC (System on Chip). With SoC designs, the functionality of 
a complete system (e.g., computer) is integrated on a single 
silicon die. SoC solutions may not be practical or achievable 
for chip-level integration When given systems design requires 
the use of heterogeneous semiconductor technologies to fab 
ricate the necessary system integrated circuits. 
[0004] In addition, When fabricating thinned IC devices, 
packages, IC stacks or package stacks, the thinned compo 
nents may be fragile to handle and lead to yield losses if 
broken or damaged and may become non planar due to 
stresses such as circuits, Wiring or vias causing the thinned 
component to bend orboW. In some cases, the boW or bending 
can foe excessive and make handling or assembly dif?cult or 
impossible Without added costs of mechanical handlers, tem 
porary adhesives or ?gures and release processes. 
[0005] In this regard, SIP (System In a Package) or SOP 
(System On a Package) techniques are used to integrate vari 
ous die technologies (e.g., Si, GaAs, SiGe, SOI) to form a 
complete system Which approximates SoC performance. By 
Way of example, a SOP module can be constructed by mount 
ing a plurality of semiconductor chips to a chip carrier sub 
strate to form a ?rst level (or chip level) package structure. In 
conventional packaging technologies, chip level carrier sub 
strates are constructed using organic laminate build up or 
ceramic carrier substrate technologies. Typically, ?rst level 
package having conductive through-vias (and other conduc 
tive Wiring) Which provide I/O and poWer interconnects 
betWeen IC chips on the top-side of the carrier and I/O con 
tacts on a next level packaging structure coupled to the bot 
tom-side of the chip carrier. 
[0006] As the number of circuits on a single chip is 
increased or as need rises to interconnect chips With much 
higher density I/O, or for miniaturization or for heteroge 
neous chip integration, or for integration of chips and stacked 
chips, the need arises for neW packaging Which can support 
higher Wiring density and smaller form factors. As the num 
ber of circuits on a chip increase, higher density I/O packag 
ing is typically needed or for heterogeneous chip or chip stack 

Nov. 20, 2008 

integration. HoWever, there are disadvantages associated With 
organic and ceramic carrier technologies including, for 
example, high fabrication costs and inherent limitations the 
practical integration density, I/O density, poWer density, etc, 
that may be achieved using organic or ceramic carriers, as is 
knoWn in the art. It is believed that inherent limitations and 
high fabrication costs associated With ceramic and organic 
carrier technologies may limit the ability or desire to use such 
carrier technologies to meet the increasing demands for 
higher density and higher performance and loW cost packag 
ing solutions. 

SUMMARY OF THE INVENTION 

[0007] Exemplary embodiments of the invention generally 
include apparatus and methods for high density packaging of 
semiconductor chips using silicon space transformer chip 
level package structures, Which alloW high density chip inter 
connection and/or integration of multiple chips or chip stacks 
nigh I/O interconnection and heterogeneous chip or function 
integration, and Which alloW packaging of thinned IC chips 
using thinned Si package(s) in Ways that realiZe loW cost 
handling and assembly, and reduce the non-planarity of the Si 
package(s), thinned IC or IC stack and/or module assembly. 
[0008] In one exemplary embodiment of the invention, a 
silicon space transformer package structure includes a planar 
silicon substrate having a thickness of less than about 150 
microns betWeen ?rst and second opposing planar surfaces.A 
plurality of conductive through-vias are formed in the planar 
silicon substrate to provide vertical electrical connections 
extending through the silicon substrate betWeen the ?rst and 
second opposing planar surfaces. A Wiring layer is formed on 
the ?rst planar surface of the silicon substrate, Which includes 
a ?rst pattern of electrical contacts and integrated circuit 
components and redistribution Wiring. A second pattern of 
electrical contacts are formed on the second surface of the 
silicon substrate. The redistribution Wiring and conductive 
through vias provide space transform, electrical connections 
betWeen the ?rst pattern and second pattern of electrical con 
tacts. 

[0009] In various exemplary embodiments of the invention, 
the ?rst pattern of electrical contacts may be an area array of 
contacts having a pitch P1 and the second pattern of electrical 
contacts may be an area array of contacts having a pitch P2, 
Where P2>P1, or the ?rst pattern of electrical contacts may a 
perimeter array of contacts having a pitch P1 and the second 
pattern of electrical contacts is an area array of contacts 
having a pitch P2, Where P2>P1. 
[0010] In another exemplary embodiment of the invention, 
the silicon space transformer package may further comprise a 
plurality of passive devices formed on the ?rst planar surface 
of the silicone substrate and electrically connected to the 
Wiring layer. 
[0011] In another embodiment of the invention, the Wiring 
layer of the silicone space transformer package may be a 
multilayer structure comprising three or more metalliZation 
levels. The Wiring layer may comprise poWer and ground 
Wiring levels. 
[0012] The silicon space transformer package may further 
comprises an open cavity formed therein betWeen the ?rst and 
second opposing surfaces, in Which separate electrical and 
optical devices can be disposed for high-density packaging or 
Which provide an optical channel to enable optical commu 
nications betWeen optical components disposed on opposing 
sides of the silicon space transformer structures. 
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[0013] In yet another exemplary embodiment of the inven 
tion, an electronic apparatus includes a ?rst level package 
structure and a second level package structure. The ?rst level 
package structure includes a silicon space transformer chip 
carrier structure and an IC (integrated circuit) chip ?ip chip 
mounted on a ?rst surface of the silicon space transformer 
chip carrier structure using an ?rst pattern of electrical con 
tacts With pitch P1. The second level package substrate 
includes a second pattern of electrical contacts With pitch P2, 
Wherein P2>P1, formed on a mounting surface thereof. The 
?rst level package structure is mounted to the mounting sur 
face of the second level package substrate With the silicon 
space transformer chip carrier structure providing space 
transforming electrical interconnect ions betWeen the ?rst 
pattern of electrical contacts and the second pattern of elec 
trical contacts on the mounting surface of the second level 
package structure. 
[0014] In another exemplary embodiment of the invention, 
a method is provided for fabricating a semiconductor package 
structure beginning With a silicon substrate having a thickness 
t1 betWeen ?rst and second opposing planar surfaces. A pat 
tern of conductive vias is formed to a depth d beloW the ?rst 
surface of silicon substrate, Which is less than the thickness t1 
of the silicon substrate. A Wiring layer is formed on the ?rst 
surface of the silicon substrate, Wherein the Wiring layer 
comprises a ?rst pattern of electrical contacts and redistribu 
tion Wiring that provides electrical connections betWeen the 
?rst pattern of electrical contacts and the conductive vias. A 
glass handler substrate is bonded to the Wiring layer on the 
?rst surface of the silicon substrate. The second surface of the 
silicon substrate is then recessed to expose bottom portions of 
the blind conductive vias and reduce the thickness t1 of the 
silicone substrate to a thickness t1', Where t1' is less than about 
150 microns to about l-lO um. An insulating layer is then 
formed on the recessed second surface of the silicon substrate 
With the bottom portions of the conductive vias exposed. 
Electrical contacts are then formed on the exposed bottom 
portions of the conductive vias to provide a second pattern of 
electrical contacts. The second pattern of electrical contacts 
are bonded to a third pattern of electrical contacts on a second 
package substrate layer and the mechanical glass handler 
substrate is removed. 

[0015] The secondpackage substrate layer may be a second 
silicon substrate having a thickness t2 betWeen ?rst and sec 
ond opposing planar surfaces and a second pattern of conduc 
tive vias formed to a depth d2 beloW the ?rst surface of second 
silicon substrate, Which is less than the thickness t2 of the 
second silicon substrate, Wherein the third pattern of electri 
cal contacts are electrically connected to exposed end por 
tions of respective conductive vias in the second pattern of 
conductive vias, Wherein prior to removing the glass handler 
substrate, the method further includes recessing the second 
surface of the second silicon substrate to expose bottom por 
tions of the second pattern of conductive vias and reduce the 
thickness t2 of the second silicone substrate to a thickness t2' 
, Where t2' is less than about 150 microns to about l-lO um. 
forming an insulating layer on the recessed second surface of 
the second silicon substrate With the bottom portions of the 
second pattern of conductive vias exposed, and forming elec 
trical contacts on the exposed bottom portions of the conduc 
tive vias to provide a further pattern of electrical contacts. 

[0016] In another exemplary embodiment, prior to bonding 
the second pattern of electrical contacts to the third pattern of 
electrical contacts on the second package substrate layer, the 
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method further includes etching an open cavity through the 
silicon substrate from the recessed second surface to the ?rst 
surface thereof, etching a closed end cavity in the ?rst surface 
of the second silicon substrate doWn to a depth beloW the 
depth d2 of the second pattern of conductive vias, aligning the 
open cavity and closed end cavity When bonding the ?rst and 
second silicon substrates; and opening the closed end cavity 
during recessing the second surface of the second silicon 
substrate. 
[0017] These and other exemplary embodiments, aspects, 
features and advantages of the present invention Will be 
described or become apparent from the folloWing detailed 
description of exemplary embodiments, Which is to be read in 
connection With the accompanying draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0018] FIG. 1 is a schematic side-vieW of a semiconductor 
package that is constructed using a silicon space transformer 
package structure according to an exemplary embodiment of 
the invention. 
[0019] FIG. 2 is a schematic side-vieW of a semiconductor 
package that is constructed using a silicon space transformer 
package structure according to another exemplary embodi 
ment of the invention. 
[0020] FIG. 3 is a schematic side-vieW of a semiconductor 
package that is constructed using a silicon space transformer 
package structure according to another exemplary embodi 
ment of the invention. 
[0021] FIG. 4 is a schematic side-vieW of a semiconductor 
package that is constructed using a silicon space transformer 
package structure according to another exemplary embodi 
ment of the invention. 
[0022] FIGS. 5A, 5B and 5C are schematic high-level illus 
trations of silicon space transformer package structures hav 
ing open cavities for optical communications applications, 
according exemplary embodiments of the invention. 
[0023] FIGS. 6A~6J schematically illustrate a method for 
fabricating a silicon space transformer package structure 
according to an exemplary embodiment of the invention. 
[0024] FIGS. 7A~7E schematically illustrate a method for 
fabricating a silicon space transformer package structure 
according to an exemplary embodiment of the invention. 

DETAILED DESCRIPTION OF EXEMPLARY 
EMBODIMENTS 

[0025] Exemplary embodiments of the invention as dis 
cussed herein generally include apparatus and methods for 
high density packaging of semiconductor chips using silicon 
space transformer chip level package structures. For instance, 
FIGS. 1~4 and 5A~5C are high-level schematic illustrations 
of various chip package structures in Which high-density chip 
level packaging may be realiZed using one or more thinned 
silicon space transformer substrate layers. As explained in 
further detail beloW, silicon space transformer package struc 
tures according to exemplary embodiments of the invention 
may utiliZe state of the art silicon manufacturing techniques 
Which folloW CMOS back-end-of line design rules to realiZe 
loW-cost fabrication of silicon space transformer package 
structures having high density Wiring and conductive 
through-via interconnects Which provide space transforma 
tion using one or more thinned silicon space transformer 
substrate layers for high I/ O density packaging of one or more 
IC chips. A silicon space transformer package structure may 
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have conductive through-vias that permit electrical connec 
tions to extend (Z-direction) through the one or more thin 
silicon space transformer substrate layers and multilevel Wir 
ing structures formed on surfaces of one or more of the thin 
silicon space transformer substrate layers to provide redistri 
bution of electrical interconnections (x-y direction) betWeen 
top-side and bottom-side l/O contacts on the one or more 

silicon space transformer substrate layers. The space trans 
formation may be from an area array pitch to another area 
array pitch of same or different pitch, or from a perimeter 
array to an area array of contacts, or from a custom l/O 

footprint to another custom l/O footprint of I/O contact and 
such space transformation may be designed to provided fan in 
distribution Wiring, fan out distribution Wiring, or a combi 
nation thereof. The space transformation Wiring may include 
signal, poWer and/ or ground Wiring. 
[0026] Exemplary structures and methods for constructing 
semiconductor chip packages using silicon space transformer 
package structures Will noW be described more fully With 
reference to the accompanying draWings. It is to be under 
stood that the thickness and dimensions of the semiconductor 
package components, structures, layers, regions, etc., as 
depicted in the ?gures are not draWn to scale, but are merely 
depicted for ease of illustration and exaggerated for clarity. It 
is to be further understood that When a layer is described as 
being “on” or “over” another layer or substrate, such layer 
may be directly on the other layer or substrate, or intervening 
layers may also be present. Moreover, elements that are simi 
lar or the same Will be denoted by the same reference numeral 
throughout the draWings. 
[0027] FIG. 1 is a schematic side-vieW of a semiconductor 
package (10) that is constructed using a silicon space trans 
former package structure according to an exemplary embodi 
ment of the invention. The semiconductor package (10) gen 
erally comprises a stacked structure comprising an integrated 
circuit (IC) chip (11), a silicon space transformer substrate 
(12) and a package substrate (13). The thinned IC chip (11) is 
?ip-chip mounted to the silicon space transformer substrate 
(12) using a high density pattern of solder bumps (e.g., micro 
C4s) (15), and the silicon space transformer substrate (12) is 
mounted to the package substrate (13) using a loWer density 
pattern of solder C4bumps (15). The silicon space trans 
former substrate (12) comprises a Wiring layer (1211) formed 
on a top-side surface of a thinned silicon substrate (12b) and 
a plurality of conductive through-vias (120) formed in the 
silicon substrate (12b). The thinned silicon substrate (12b) 
has a thickness of about 150 microns or less, preferably in a 
range of less than about 70 microns to about l-lO microns. 
The Wiring layer (1211) comprises a footprint of contact pads 
corresponding to the micro bumps (14) and redistribution 
Wiring, Which provide electrical connections to the conduc 
tive through vias (120). 
[0028] The Wiring layer (1211) and conductive through vias 
(12c) provide space transforming interconnections betWeen 
the top-side contacts (14) and bottom-side l/O contacts (15) 
of the silicon space transformer substrate (12). For example, 
the chip (11) may be formed having a perimeter array of I/O 
and poWer contacts/pads formed on an active surface of the 
chip (11), Whereby the silicon space transformer substrate 
(12) provides a space transformation from the perimeter array 
of contacts (14) to an area array of contacts (15). In such case, 
the silicon space transformer substrate (12) can be the same 
siZe (footprint area) of the chip (11) Whereby the Wiring layer 
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(1211) and conductive through vias (120) can redistribute the 
perimeter array contacts (14) to the area array contacts (15). 
[0029] The package substrate (13) may be an organic sub 
strate, a ceramic substrate, a silicon substrate, etc. that pro 
vides a ?rst level package structure, Which can be electrically 
and mechanically mounted to a second level package such as 
a printed circuit board or printed Wiring board, etc. The active 
surface of the silicon space transformer substrate (12) can 
include high-density top-die interconnect Wiring (12a) and 
can also serve to support local integrated passive elements 
and/or active circuit technology depending on the application 
design. 
[0030] FIG. 2 is a schematic side-vieW of a semiconductor 
package (20) that is constructed using a silicon space trans 
former structure according to another exemplary embodi 
ment of the invention. The semiconductor package (20) is 
similar to that of FIG. 1 in that the package (20) comprises a 
stacked structure including the integrated circuit (IC) chip 
(11), silicon space transformer substrate (12) and a package 
substrate (13) as depicted in FIG. 1. The exemplary electronic 
package (20) further includes a second silicon space trans 
former substrate (16) disposed betWeen the ?rst silicon space 
transformer substrate (12) and the package substrate (13). 
The second silicon space transformer substrate (16) may 
comprise a Wiring layer (1611) formed on a top surface of a 
thinned silicon substrate (16b) and a plurality of conductive 
through-vias (160) formed in the silicon substrate (16b), pas 
sive circuit components, active circuit components. 
[0031] FIG. 2 is an exemplary embodiment of a semicon 
ductor package Where a silicon space transformer package 
structure comprises a stacked structure of ?rst and second 
thinned silicon space transformer substrates (12) and (16). 
The stacked structure of silicon space transformer substrates 
(12) and (16) serves various functions. For instance, the addi 
tional Wiring layer (1611) and conductive through-vias (160) 
of the second silicon space transformer substrate (16) may 
provide additional space transforming interconnections 
betWeen the bottom-side contacts (15) of the ?rst space trans 
former substrate (12) and bottom-side l/O contacts (17) of the 
silicon space transformer substrate (16). Moreover, the addi 
tion of the second silicon space transformer substrate (16) 
provides added strength in that the chip (11) and stacked 
carriers (12) and (16) can be formed as a stand alone ?rst level 
package structure (chip module) that can be mounted to the 
package substrate (13) as part of a second level package 
structure or system board. 

[0032] FIG. 3 is a schematic side-vieW of a semiconductor 
package (30) that is constructed using a silicon space trans 
former structure according to another exemplary embodi 
ment of the invention. The semiconductor package (30) is 
similar to that of FIG. 1 in that the package (30) comprises a 
stacked structure including the integrated circuit (IC) chip 
(31), silicon space transformer substrate (32) and a package 
substrate (33). The IC chip (31) is ?ip-chip mounted to the 
space transformer substrate (32) using a pattern of high den 
sity micro C4s (35), and the silicon space transformer sub 
strate (32) is electrically and mechanically mounted to the 
package substrate (33) using a loWer density array of C4s 
(35). The silicon space transformer substrate (32) comprises 
a Wiring layer (3211) formed on a top surface of a thinned 
silicon substrate (32b) and a plurality of conductive through 
vias (320) formed in the silicon substrate (32b). 
[0033] The semiconductor package (30) differs from the 
package (10) of FIG. 1 in that the silicon space transformer 
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substrate (32) has a larger area footprint than the chip (31). In 
this regard, the chip (11) may be formed having an area array 
of I/O and poWer contacts/pads formed on an active surface of 
the chip (31), Whereby the silicon space transformer substrate 
(32) provides a space transformation from the high-density 
area array of contacts (34) to a loWer density area array of 
contacts (35). In such case, the footprint of the space trans 
former substrate (32) can be larger in area than the chip (11) 
to provide the necessary area to redistribute the area array 
contacts (34) to larger pitch area array of contacts (35). The 
package substrate (33) may be an organic substrate, a ceramic 
substrate, a silicon substrate, etc. that provides a ?rst level 
package structure, Which can be electrically and mechani 
cally mounted to a second level package such as a printed 
circuit board or printed Wiring board, etc. 
[0034] FIG. 4 is a schematic side-vieW of a semiconductor 
package (40) that is constructed using a silicon space trans 
former structure according to another exemplary embodi 
ment of the invention. Similar to the exemplary embodiments 
of FIGS. 1~3 discussed above, the electronic package (40) 
generally comprises a stacked structure comprising an inte 
grated circuit (IC) chip (41), a silicon space transformer sub 
strate (42) and a package substrate (43). The IC chip (41) is 
?ip-chip mounted to the space transformer substrate (42) 
using a high density array of micro C4s (44) , and the space 
transformer (42) is mounted to the package substrate (43) 
using a loWer density array of C4s (45). The silicon space 
transformer substrate (42) comprises a Wiring layer (4211) 
formed on a top-side surface of a thinned silicon substrate 
(42b) and a plurality of conductive through-vias (420) formed 
in the silicon substrate (42b). The thinned silicon substrate 
(12b) has a thickness of about 150 microns or less, preferably 
in a range of about 70 microns to about 10 microns. 

[0035] FIG. 4 illustrates details of an exemplary embodi 
ment of the Wiring layer (4211) Which comprises a multilayer 
metallization structure that provides high-density space 
transforming electrical connections betWeen the micro 
bumps (44) and the conductive through vias (420) as Well as 
integration of passive components Within the silicon space 
transformer substrate (42). More speci?cally, in FIG. 4, the 
Wiring layer (4211) comprises a plurality of metallization lev 
els M1, M2, M3 that are formed in one or more layers of 
dielectric/insulating material (47) to provide Wiring such as 
for signal, voltage and ground interconnections. For instance, 
the metallization layer M1 is formed to provide contact pads 
that enable electrical connection betWeen the Wiring and the 
conductive through vias (420), The metallization layer M2 
provide ground Wiring to provide ground redistribution of 
loWer pitch ground contacts (4511) on the bottom-side of the 
silicon carrier (42) to tighter pitch ground contacts (4411) on 
the topside of the silicon space transformer substrate (42). 
The metallization layer M3 provides voltage Wiring to pro 
vide poWer redistribution of loWer pitch voltage contacts 
(45b) on the bottom-side of the silicon space transformer 
substrate (42) to tighter pitch voltage contacts (44b) on the 
topside of the silicon space transformer substrate (42). More 
over, the same metallization layers M1 and/or M2 or addi 
tional metallization layers may be used to form I/O Wiring and 
or electrical shielding patterns. 

[0036] Moreover, in the exemplary embodiment of FIG. 4, 
trench-based decoupling capacitors (48) are integrally 
formed as part of the silicon substrate (42b) Whereby chip 
ground and voltage connections (44, 45) betWeen the silicon 
carrier (42) and chip (41) and connected to the trench-based 
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capacitors via interlevel contact plugs betWeen the metalliza 
tion level Wiring and device terminals on the surface of the 
silicon substrate (42b). In this embodiment, chip itself may 
contain a vastly greater number of I/O and poWer/ground 
connections than may be effectively handled by standard 
?rst-level packaging at present. The BEOL Wiring and con 
ductive through vias permit ef?cient area array signal, poWer 
and round interconnection through the thinned silicon space 
transformer packages. 
[0037] The structures of FIGS. 1-4 are illustrative of semi 
conductor chip packages according to exemplary embodi 
ments of the invention Which may be constructed using sili 
con carrier fabrication technologies Which folloW CMOS 
back-end-of line design rules that enable loW-cost fabrication 
of silicon carriers having high density Wiring and through via 
interconnects Which are suf?cient to support high-density I/O 
SOP packaging solutions. Silicon space transform chip pack 
age structures may be constructed using one or more thinned 
silicon space transformer substrate layers that are fabricated 
starting With a bulk silicon Wafer having an initial bulk thick 
ness of betWeen 700 to 800 microns, Which is thinned to less 
than about 150 microns thick and preferably, less than 70 to 
l-lO microns. 

[0038] One signi?cant advantage in using silicon carrier 
packages for high density packaging of silicon chips, for 
example, is that the silicon package substrates layers (or 
carriers) and the thinned chip have the same or similar CTE 
(coef?cient of thermal expansion). In this regard, during ther 
mal cycling, the expansion and contraction between the sili 
con carrier packages and silicon chips is matched, thereby 
minimizing the stresses and strains that may be generated in 
the contacts (e.g., solder balls) betWeen chip and substrate, 
thereby alloWing high-density micro bump interconnections 
to scale to smaller sizes. 

[0039] HoWever, silicon space transformer structures that 
are built With one or more thinned silicon substrate layers 
having integrally formed metallic Wiring, passive/ active com 
ponents, through-silicon-vias, cavities, etc, may not be able to 
maintain planarity When freestanding due to local bending 
caused by thermal stresses resulting from CTE mismatches 
betWeen the various materials and the ultra thin silicon layers. 
For example, in the exemplary package structure of FIG. 1, 
CTE mismatches betWeen the materials (dielectric and metal 
layers) forming the Wiring layer (1211) and the silicon material 
layer (12b) of the space transformer (12) can cause local 
bending of the package as a result of thermal cycling and 
temperature excursions during fabrication When, for 
example, the chip (11) is being mounted on the package (12). 
[0040] It is to foe appreciated that silicon space transformer 
package structures such as depicted in FIGS. 1-4 With one or 
more silicon package levels can be designed based on stress 
balancing techniques to minimizes the overall (global) bend 
ing of the overall package structure, minimize local bending 
along the region of the chip/silicon transformer package 
structure and/or minimize in-plane expansion betWeen the 
different package layers, and thus reduce non-planarity of the 
structures during handling, processing and assembly. It is 
important to minimize thermal stressed and maintain planar 
ity of the package structures during handling and assembly 
operations especially for thinned IC, thinned Si package(s) 
and module assembly With ceramic, organic or alternate base 
package and cooling hardWare, so as to reduce costs, enhance 
yields and improve mechanical integrity of the components 
during fabrication and normal usage. Stress balancing of 
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package structures may be achieved any number of Ways 
depending on the package architecture based on optimizing 
the thickness, materials, dimensions, thermal properties (e.g., 
CTE), mechanical properties (modulus), etc, of the Wiring 
layers, the silicone substrate layers, the thinned IC chips, the 
IC chips, through vias, dielectric layers, and thermal foot 
prints of the IC chips and/or the process conditions, etc, so as 
to achieve mechanical stress balance betWeen Si package(s) 
or the Si package(s) and thinned IC or the Si package is), 
thinned IC and module (With cooling cap, spreader ceramic or 
organic package during fabrication, assembly, usages, etc. 
[0041] For instance, a silicon space transformer structure 
formed of a single layer of silicon such as depicted in FIG. 1 
or FIG. 3, for example, may be designed such that the fron 
tside Wiring layers and bottom side passivation layer/metal 
bond pads (or bottom side Wiring layer are formed With cer 
tain dielectric and metallic materials such that the effective 
CTE and modulus (stiffness) of the metal/dielectric stacks/ 
layers on the front and back sides of the silicon substrate are 
the same or similar, so as to maintain the planarity of the 
structure. Moreover, silicon space transformer packages With 
multiple levels of thin silicon substrate layers may be 
designed to have an effective thickness/stiffness that is 
matched to an organic substrate to Which the silicon space 
transformer is mounted. With this design, despite possible 
in-plane expansion due to CTE mismatch betWeen the 
organic substrate and the silicon substrate layers, this can 
reduce or eliminate local bending package structured in the 
footprint region of the stacked silicon space transformer 
package structure in the footprint region of package structure. 
[0042] In other exemplary embodiments of the invention, 
silicon space transformer package structures can be formed 
having cavities in Which separate electrical and optical 
devices can be disposed for high-density packaging or Which 
provide an optical channel to enable optical communications 
betWeen optical components disposed on opposing sides of 
the silicon space transformer structures. FIG. 5A illustrates a 
single layer silicon space transformer package structure (50) 
having a cavity (51) etched from topside to bottom side of the 
silicon substrate. FIG. 5B illustrates a double layer silicon 
space transformer package structure (60) having a ?rst silicon 
substrate layer 6011 and a second silicon substrate layer 60b 
having respective cavities 61a and 61b that are aligned to each 
other When the layers (60a) and (60b) are stacked. FIG. 5C 
illustrates a double layer silicon space transformer package 
structure (70) having a ?rst silicon substrate layer 7011 and a 
second silicon substrate layer 70b having respective cavities 
71a and 71b that are shaped differently, but aligned to each 
other When the layers (70a) and (70b) are stacked. The cavi 
ties in the exemplary embodiments of FIGS. 5A~5C provide 
channels that permit light to pass for means of optical com 
munications such as When using photo detectors to receive 
light or VCSEL chips to send light to corresponding optical 
Waveguides, ?bers or links along With other electronic circuit 
chips that may be mounted on the silicon space transformer 
package structure or a second level package substrate on 
Which the transformer package structure is mounted. 

[0043] Various methods for fabricating silicon space trans 
former carriers Will noW be discussed in further detail beloW. 
For example, FIGS. 6A~6J are schematic diagrams that illus 
trate a method for fabricating a silicon space transformer 
package structure according to an exemplary embodiment of 
the invention. In particular, FIGS. 6A~6J illustrate a method 
for constructing a silicon space transformer package structure 
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comprising a plurality of silicon sub-package layers in Which 
a glass handler is implemented for building and subsequent 
release/removal. FIG. 6A illustrates initial steps in the exem 
plary process Where a semiconductor silicon Wafer (100) of 
thickness t is etched to form a plurality of annular trenches 
(101) to a depth d beloW a front side surface of the Wafer 
(100). Each annular trench (101) surrounds (encircles) an 
inner core (or post) (102) of substrate material. The annular 
vias (101) are etched in a pattern over the Wafer (100) except 
for a given area (10111) in Which cavities Will be subsequently 
formed for embedding of separate electronic devices (e.g., 
optoelectronic devices). The annular trenches (101) can be 
formed using conventional methods including forming an 
etch mask on the surface of the Wafer (100) and etching the 
Wafer (100) using any suitable anisotropic etching process 
such as RIE (reactive ion etching). 

[0044] Referring to FIG. 6B, folloWing the etching of the 
annular trenches (101), a barrier/adhesion layer (103) (or 
liner layer) is formed to line the exposed insulated sideWall 
and bottom surfaces of the annular trenches (101). The liner 
layer (103) may be deposited in one layer or stacked layers. 
For instance, a ?rst layer of silicon oxide or silicon nitride 
may be deposited to provide a barrier layer. For example, the 
liner (103) may include an oxide that is groWn or deposited 
using knoWn techniques, such as, thermal oxidation, CVD 
(chemical vapor deposition), or a nitride that is formed by 
CVD, etc. In another embodiment. The liner layer (103) may 
include added ?ller material such as poly-Si other material so 
that the liner layer (102) provides su?icient insulation char 
acteristics While forming a controlled stress insulator layer 
having a CTE that is more closely matched to that of the 
silicon material of the substrate (100). The liner layer (103) 
may further include an adhesion layer (or seed layer) formed 
on the barrier layer to that forms good adhesion to both the 
barrier layer metal and to a via conductor metal (e.g., tung 
sten) that is used to ?ll or plate the annular trenches (101). In 
particular, the liner layer (103) may have a seed layer formed 
by depositing one or more conformal layers of TaN, Ta, Ru, 
Ti, and /or TiN using PVD, CVD, ALD, etc. A single layer of 
TiN functions as both a barrier metal and adhesion layer. If a 
barrier metal other than TiN is utiliZed, an adhesion layer may 
be deposited including adhesion metals such as chromium, 
titanium or titanium tungsten, using knoWn techniques. 
[0045] After formation of the liner layer (103), a metalli 
Zation process is performed to over?ll the via annular 
trenches (101) With a desired conductive material (104) fol 
loWed by a planariZation process to remove excess metal at 
the top surface of the substrate (100). The metalliZation and 
planariZation process results in formation of a plurality of 
electrically isolated, close-ended conductive annular vias 
(105) as depicted in FIG. 6C, Wherein each conductive annu 
lar via (105) comprises an annular ring of conductive material 
(104) and liner layer (103) surrounding an inner core (102) of 
silicon. The annular trenches (101) may be ?lled by deposit 
ing a conformal layer of metallic material such as tungsten 
(W) and/or other conductive materials preferably having a 
CTE comparable to that of silicon. The metal deposition may 
be performed using suitable methods such as CVD or PVD, 
for example, depending on the conductive material used and 
the diameter and depth of the annular via trenches (101). 
Thereafter, planariZation may be performed using a CMP 
(chemical mechanical polishing) process to planariZe the sur 
face of the substrate (100) and remove the excess layer of 










