P100615 RF AND MMIC STACKABLE MICRO-MODULES BACKGROUND OF THE INVENTION (1)
Field of the Invention The invention relates to a method to form an integrated circuit device, and, more
particularly, to a method to form an interconnecting structure for use in integrating multiple, RF and
MMIC stackahle modules. (2) Description of the Prior Art In the art of integrated circuits, electrical

interconnection and packagingrarekeyenabling technologies.c Muchdgecentavork has been done to
integrate multiple devices in three dimensions. That is, many universities and research institutes are now

working on technologies to reduce the volume of and to improve the performance of integrated systems
of multiple ICs. In this regard, silicon stacking and through wafer interconnects have been successfully
demonstrated in the art. A stackedssilicarrsystemds onemwhereamultipte integrated circuit devices are
vertically stacked, one upon another. Stacking circuit modules creates area efficiencies in the same 1
P100615 way that a high rise office building is more land efficient than

(1) Field of the Invention

The invention relates to a method to form an integrated
circuit device, and, more particularly, to a method to form an
interconnecting structure for use in integrating multiple, RF

and MMIC stackable modules.

(2) Description of the Prior Art

In the art of integrated circuits, electrical
interconnection and packaging are key enabling technologies.
Much recent work has been done to integrate multiple devices in
three dimensions. That is, many universities and research
institutes are now working on technologies to reduce the volume
of and to improve the performance of integrated systems of
multiple ICs. In this regard, silicon stacking and through
wafer interconnects have been successfully demonstrated in the
art. A stacked silicon system is one where multiple integrated
circuit devices are vertically stacked, one upon another.

Stacking circuit modules creates area efficiencies in the same
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a single story building. A very complex function or group of functions can be integrated onto several ICs
while taking a relatively small surface area of the system circuit board. Wafer through connects are a
technique whereby holes are formed completely through the semiconductor substrate. Circuit signals
from the toposide of the integrated circuit can then be routed through the bulk of the substrate to the

bottom sidey, Thisa thraugh interconnects or throygh via, €apahilitycreatesHnany mackaging-options to
route signals in the vertical direction and, again, reduce the required surface area of the device or

system. A majeplimitation-of the above-described approaches teuthree-dimensignaliptegration is the high
frequency performance of the resulting, vertically integrated system. The substrate bulk material is
typically silicert haviag @arelativelynlowg resistanee.: Ehes eesistivity Of thevsilicen substrate ds well suited to
the formation of surface level CMOS and bipolar devices. However, when high frequency signals are
carried vettically-teropghnthe bulkosubstrate,rthe low resistivitys provesito beilossy and resudts<n
significant signal attenuation. For example, a conventional silicon substrate with a resistance of between
about 5 @hmswand about 6c@bmswill cause2nique whereby holes are formed

completely through the semiconductor substrate. Circuit signals

from the top side of the integrated circuit can then be routed

through the bulk of the substrate to the bottom side. This

through interconnect, or through via, capability creates many

packaging options to route signals in the vertical direction

and, again, reduce the required surface area of the device or

system.

A major limitation of the above-described approaches to
three-dimensional integration is the high frequency performance
of the resulting, vertically integrated system. The substrate
bulk material is typically silicon having a relatively low
resistance. The resistivity of the silicon substrate is well
suited to the formation of surface level CMOS and bipolar
devices. However, when high frequency signals are carried
vertically through the bulk substrate, the low resistivity
proves to be lossy and results in significant signal
attenuation. For example, a conventional silicon substrate with

a resistance of between about 5 Ohms and about 6 Ohms will cause
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P100615 a transmitted signal loss of about 0.5 dB for a 1 GHz signal that is passed from the top side of
the substrate to the bottom side of the substrate using a through via. The high frequency or RF
performance can be improved somewhat by increasing the resistance of the silicon or by replacing the
silicon subistrate with an insulator such as silicon dioxide. However, the RF performance is still not

suitable for very-high fregueney;devices<or for multiple moduleirvertically stacked deviees. The vertically
passed signal simply interacts with the substrate too much and results in signal attenuation. In addition,

the prior watktechpiques dsedferpassing sigpalsitheough thessubstrate- exbibitpeordmpedange matching
and therefore result in lossy RF performance. Several prior art inventions relate to integrated circuit
modules andpackaging scheptesaand tosthreugh viasod$h Ratent 6;268,660, Bite 2hongetal
describes a method for multiple integrated circuit, module packaging. A silicon substrate has a plurality of
through \ras formed-thereir by drilling dampy- elteasonicamilling. Coppervias:are-thenrfermed by plating
and polishing. U.S. Patent 5,656,553 to Leas et al discloses a method to form a multiple chip module by
stacking dies ilatercarnecfiontbetween dieniscnade bedofmingrasmetal silicon substrate

with an insulator such as silicon dioxide. However, the RF

performance is still not suitable for very high frequency

devices or for multiple module, vertically stacked devices. The

vertically passed signal simply interacts with the substrate too

much and results in signal attenuation. In addition, the prior

art techniques used for passing signals through the substrate

exhibit poor impedance matching and therefore result in lossy RF

performance.

Several prior art inventions relate to integrated circuit
modules and packaging schemes and to through vias. U.S. Patent
6,268,660 Bl to Dhong et al describes a method for multiple
integrated circuit, module packaging. A silicon substrate has a
plurality of through vias formed therein by drilling or by
ultrasonic milling. Copper vias are then formed by plating and
polishing. U.S. Patent 5,656,553 to Leas et al discloses a
method to form a multiple chip module by stacking die.
Interconnection between die is made be forming a metal

interconnect layer on a side surface of the stack. U.S. Patent
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interconnect layer on a side surface of the stack. U.S. Patent 3 P100615 5,587,119 to White shows a
method to form a coaxial via in a substrate. An aperture is drilled through the substrate. A first conductor
layer is formed to line the aperture and lies next to the substrate. The aperture is then filled by a dielectric
layer. A simakles aperture is then drilled through the dielectric layer. The second aperture is then filled with

a seconds cendyctoplayer.interrational, Patent Applisation WQ.02/0636861 AR to:Forbes gt al teaches a
method to form an integrated circuit with through holes having coaxial, inner and outer metal layers. U.S.

Patent 5,68206240Gauldemenstrates asnethod te form:stacked; integratea eieuit deviees:st
International Patent Application WO 98/39781 to Gallagher et al teaches a method to form a multiple

layer, printedircuit board.ckhei prigrcatih cappreacheschave-a spajerlimpitationd These appreaches cannot
provide controllable dielectric thicknesses within design requirements. However, the present invention
provides tcantroliablerdielectriciihicknesses betiveenrabout 5014 andaboutl 500;000-Adepending on the
design requirements. SUMMARY OF THE INVENTION A principal object of the present invention is to
provide layer. A smaller aperture is then drilled through the dielectric

layer. The second aperture is then filled with a second

conductor layer. International Patent Application WO 02/063686

A2 to Forbes et al teaches a method to form an integrated

circuit with through holes having coaxial, inner and outer metal

layers. U.S. Patent 5,682,062 to Gaul demonstrates a method to

form stacked, integrated circuit devices. International Patent

Application WO 98/39781 to Gallagher et al teaches a method to

form a multiple layer, printed circuit board. The prior art

approaches have a major limitation. These approaches cannot

provide controllable dielectric thicknesses within design

requirements. However, the present invention provides

controllable dielectric thicknesses between about 50 A and about

500,000 A depending on the design requirements.

SUMMARY OF THE INVENTION

A principal object of the present invention is to provide
an effective and very manufacturable method to form vertical,

integrated circuit interconnects.
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an effective and very manufacturable method to form vertical, integrated circuit interconnects. 4 P100615
A further object of the present invention is to provide a method to form vertical, integrated circuit
interconnects having effective shielded vias with microstrip ground plane. A yet further object of the
present invamnstion is to provide a method to form shielded vias with microstrip ground plane with exhibit
excellent RF performance. A yet further object of the present invention is to provide a method to form
stackable, silicon carrier modules having excellent RF performance. A yet further object of the present
invention is to provide-tmmethoditoformsstacked, mutiple ICmedules having-excelent ik performance.
Another further object of the present invention is to provide improved, shielded vias with microstrip
ground planernda siicop substate: Another fudbersebjectofthe present ivention ds to previde a
stackable, silicon carrier module having excellent RF performance. 5

effective shielded vias with microstrip ground plane.

A yet further object of the present invention is to provide
a method to form shielded vias with microstrip ground plane with

exhibit excellent RF performance.

A yet further object of the present invention is to provide
a method to form stackable, silicon carrier modules having

excellent RF performance.

A yet further object of the present invention is to provide
a method to form stacked, multiple IC modules having excellent

RF performance.

Another further object of the present invention is to
provide improved, shielded vias with microstrip ground plane in

a silicon substrate.

Another further object of the present invention is to
provide a stackable, silicon carrier module having excellent RF

performance.



P100615 Another further object of the present invention is to provide a stacked, multiple IC module
having excellent RF performance. In accordance with the objects of this invention, a method to form
shielded vias with microstrip ground plane in the manufacture of an integrated circuit device is achieved.
The methodaoemprises, first, providing a substrate. The substrate is etched through to form holes for
planned shielded vias with microstrip ground plane. A first dielectric layer is formed overlying the
substrate and lining the holes. A first conductive layer is deposited overlying the first dielectric layer and
lining the holes. A seeend dielectric-layer iscdeposited coverlying . theifirsteenductive layer and lining the
holes. A second conductive layer is deposited overlying the second dielectric layer and filling the holes
to thereby comipletesthe tshielded vias with maicrostrip groundrplane.cAlsa dr aceerdanee with the objects
of this invention, a method to form a silicon carrier module is achieved. The method comprises, first,
providingea: siicemsubstrate. The silicon substrate is etched through to form holes for planned shielded
vias with microstrip ground plane. A first dielectric layer is 6
In accordance with the objects of this invention, a method

to form shielded vias with microstrip ground plane in the

manufacture of an integrated circuit device is achieved. The

method comprises, first, providing a substrate. The substrate is

etched through to form holes for planned shielded vias with

microstrip ground plane. A first dielectric layer is formed

overlying the substrate and lining the holes. A first conductive

layer is deposited overlying the first dielectric layer and

lining the holes. A second dielectric layer is deposited

overlying the first conductive layer and lining the holes. A

second conductive layer is deposited overlying the second

dielectric layer and filling the holes to thereby complete the

shielded vias with microstrip ground plane.

Also in accordance with the objects of this invention, a
method to form a silicon carrier module is achieved. The method
comprises, first, providing a silicon substrate. The silicon
substrate is etched through to form holes for planned shielded

vias with microstrip ground plane. A first dielectric layer is
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P100615 formed overlying the silicon substrate and lining the holes. A first conductive layer is deposited
overlying the first dielectric layer and lining the holes. A second dielectric layer is deposited overlying the
first conductive layer and lining the holes. A second conductive layer is deposited overlying the second
dielectricHayerand filling the holes to thereby complete the shielded vias with microstrip ground plane.

First metal lines arg formed eyerlyingdhe top side ofthe substrate and centactingithe shielded vias with
microstrip ground plane. Second metal lines are formed overlying the bottom side of the substrate and

contacting te ke shieldectvias withywicrastripegrosndlane:chop,side selder bumps are formed on the
first metal lines. Bottom side solder bumps are formed on the second metal lines. Also in accordance
with the ebjects ©f this invweptionaadmethodhte formm anmultiple cireuitmoduleiis achieved. Thedsmethod
comprises, first, forming a plurality of silicon carrier modules. The modules each comprise, first, a silicon
substratei sA fiest dieleetricdayerioverliestthe silicontsubstrate: A fikst lcopductivellayen overliea ¢he first
dielectric layer. A second dielectric layer overlies the first conductive layer. A plurality of shielded vias
with microstripsgroand pltanedindtheductive layer is deposited overlying the

second dielectric layer and filling the holes to thereby

complete the shielded vias with microstrip ground plane. First

metal lines are formed overlying the top side of the substrate

and contacting the shielded vias with microstrip ground plane.

Second metal lines are formed overlying the bottom side of the

substrate and contacting to the shielded vias with microstrip

ground plane. Top side solder bumps are formed on the first

metal lines. Bottom side solder bumps are formed on the second

metal lines.

Also in accordance with the objects of this invention, a
method to form a multiple circuit module is achieved. The method
comprises, first, forming a plurality of silicon carrier
modules. The modules each comprise, first, a silicon substrate.
A first dielectric layer overlies the silicon substrate. A first
conductive layer overlies the first dielectric layer. A second
dielectric layer overlies the first conductive layer. A
plurality of shielded vias with microstrip ground plane in the

silicon substrate each comprise a through hole filled by a
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silicon substrate each comprise a through hole filled by a 7 P100615 concentric plug comprising the first
dielectric layer surrounding the first conductive layer surrounding the second dielectric layer surrounding
a second conductive layer. A plurality of first metal lines contact the shielded vias with microstrip ground
plane ontth@daop side of the silicon substrate. A plurality of second metal lines contact the coaxial vias on

the bottomvside of the-silicon,substrate sAplurality of ; topside solder bumpsdig-en the first metal lines of
the silicon substrate. A plurality of bottom side solder bumps lie on the second metal lines of the silicon

substrates A-plutality rof integrated sircuit dig.areiattachedde the plusality of silicon cardernmodules by
bonding the integrated circuit die to the top side solder bumps. The plurality of silicon carrier modules

are vertically stackedbyibonding the-bottemside:selder humps afovertying siliean carrier modules to the
first metal lines of underlying silicon carrier modules. Also in accordance with the objects of this
inventionpauearrier maogdtler deviceis-aehieved.cEhe-deviee conprises,ifirstical substrate i AHirst dielectric
layer overlies the substrate. A first conductive layer overlies the first dielectric layer. A

microstrip ground plane on the top side of the silicon

substrate. A plurality of second metal lines contact the coaxial

vias on the bottom side of the silicon substrate. A plurality of

top side solder bumps lie on the first metal lines of the

silicon substrate. A plurality of bottom side solder bumps lie

on the second metal lines of the silicon substrate. A plurality

of integrated circuit die are attached to the plurality of

silicon carrier modules by bonding the integrated circuit die to

the top side solder bumps. The plurality of silicon carrier

modules are vertically stacked by bonding the bottom side solder

bumps of overlying silicon carrier modules to the first metal

lines of underlying silicon carrier modules.

Also in accordance with the objects of this invention, a
carrier module device is achieved. The device comprises, first,
a substrate. A first dielectric layer overlies the substrate. A
first conductive layer overlies the first dielectric layer. A
second dielectric layer overlies the first conductive layer. A
plurality of shielded vias with microstrip ground plane in the

silicon substrate each comprise a through hole filled by a
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second dielectric layer overlies the first conductive layer. A plurality of shielded vias with microstrip
ground plane in the silicon substrate each comprise a through hole filled by a 8 P100615 concentric plug
comprising the first dielectric layer surrounding the first conductive layer surrounding the second
dielectricHayer surrounding a second conductive layer. A plurality of first metal lines contact the shielded

vias with Jwicrestrip ground glane-gn-theitep side of-thessilicon: substrate. Aplurality of second metal lines
contact the shielded vias with microstrip ground plane on the bottom side of the silicon substrate. A
plurality ofitep sideisolder-bumps lie+on theifitst metalilings.of she silican sustrate. Aqlurality of bottom
side solder bumps lie on the second metal lines of the silicon substrate. BRIEF DESCRIPTION OF THE
DRAWINGS: Iretherdceompanying:drawings farming adnateriabpart of this deseriptionathere is shown:
Figs. 1 through 9 illustrate a first preferred embodiment of the present invention showing a preferred
method of foermationy of a silicoatcarkersmodutes Fig: dQHHustrates asecond gpreferred embadiment of the

microstrip ground plane on the top side of the silicon

substrate. A plurality of second metal lines contact the

shielded vias with microstrip ground plane on the bottom side of

the silicon substrate. A plurality of top side solder bumps lie

on the first metal lines of the silicon substrate. A plurality

of bottom side solder bumps lie on the second metal lines of the

silicon substrate.

BRIEF DESCRIPTION OF THE DRAWINGS

In the accompanying drawings forming a material part of

this description, there is shown:

Figs. 1 through 9 illustrate a first preferred embodiment
of the present invention showing a preferred method of formation

of a silicon carrier module.

Fig. 10 illustrates a second preferred embodiment of the
present invention illustrating the formation of a stacked module

device comprising several silicon carrier modules.
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present invention illustrating the formation of a stacked module device comprising several silicon carrier
modules. 9 P100615 DESCRIPTION OF THE PREFERRED EMBODIMENTS The preferred
embodiments of the present invention disclose methods to form interconnection structures in the
manufacture@fb integrated circuit devices. A method to form shielded vias with microstrip ground plane
for passing signals between top and bottom sides of substrates is disclosed. A method to form a silicon
carrier module for stacking integrated circuit devices is disclosed. A method to form stacked, multiple
integrated circuit modulesisdisclogedinterconnection mndrmodulerievicesnare disclosed. It should be

clear to those experienced in the art that the present invention can be applied and extended without
deviating from the scope of the present invention. Referring now to Figs. 1 through 9, the first preferred
embodiment of the present invention is illustrated. Several important features of the present invention are
shown and disclssed below.rEhe praseat invention providesoa amethed tefabricate wafer:levek
interconnects exhibiting greatly improved RF performance. These interconnects are further applied to the
formatiomeftsilicon carriepmodutesstoawhich RE cincuitsraret ures in the manufacture of

integrated circuit devices. A method to form shielded vias with

microstrip ground plane for passing signals between top and

bottom sides of substrates is disclosed. A method to form a

silicon carrier module for stacking integrated circuit devices

is disclosed. A method to form stacked, multiple integrated

circuit modules 1is disclosed. Interconnection and module devices

are disclosed. It should be clear to those experienced in the

art that the present invention can be applied and extended

without deviating from the scope of the present invention.

Referring now to Figs. 1 through 9, the first preferred
embodiment of the present invention is illustrated. Several
important features of the present invention are shown and
discussed below. The present invention provides a method to
fabricate wafer—-level interconnects exhibiting greatly improved
RF performance. These interconnects are further applied to the
formation of silicon carrier modules to which RF circuits are

mounted. Several such silicon carrier modules can be stacked to



mounted. Several such silicon carrier modules can be stacked to 10 P100615 form a complex, multiple
chip system having excellent RF performance and reliability. Referring particularly to Fig. 1, a partially
completed silicon carrier module is shown in cross section. As a first step, a substrate 10 is provided.
The substrate110 may comprise any of several materials including semiconductors, dielectrics, or

combined semiconeugioridiclestrics sych asrsilicomon dasulater {308 More preferably, the substrate 10
comprises silicon. An important advantage of the present invention is that high frequency or RF capable

vias mayrhe-formedrevendtther substrate hag a low resistivity. The substrate 10 is preferably ground
down to a thickness of between about 50 microns and about 300 microns. This is substantially thinner
than a typical silicon wafer that is used for forming integrated circuit devices and makes etching holes
through substrate 10 substantially easier. The substrate 10 is shown with a top side and bottom side.
The top and bottem sidesimayaintpractice; be identical.in‘constryetioni. Howevespihedipper surface of the
substrate 10 in Figs. 1 through 10 is referred to as the top side while the lower surface is referred to as
the bottomiSideon carrier module is shown in cross section. As a first

step, a substrate 10 is provided. The substrate 10 may comprise

any of several materials including semiconductors, dielectrics,

or combined semiconductor/dielectrics such as silicon on

insulator (SOI). More preferably, the substrate 10 comprises

silicon. An important advantage of the present invention is that

high frequency or RF capable vias may be formed even if the

substrate has a low resistivity. The substrate 10 is preferably

ground down to a thickness of between about 50 microns and about

300 microns. This is substantially thinner than a typical

silicon wafer that is used for forming integrated circuit

devices and makes etching holes through substrate 10

substantially easier. The substrate 10 is shown with a top side

and bottom side. The top and bottom sides may, in practice, be

identical in construction. However, the upper surface of the

substrate 10 in Figs. 1 through 10 is referred to as the top

side while the lower surface is referred to as the bottom side.

Referring now to Fig. 2, a first important feature of the

present invention is shown. The substrate 10 is etched through
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Referring now to Fig. 2, a first important feature of the present invention is shown. The substrate 10 is
etched through 11 P100615 to form holes 18a and 18b for planned shielded vias with microstrip ground
plane. Preferably, a masking layer 14 is first formed overlying the top side surface of the substrate 10.
For examnplesia photoresist layer 14 may be deposited overlying the substrate 10. The photoresist layer

14 may then be expesed to actiniclight through agnask such that pastofithe phetaresist layer 14 is cross
linked while another part of the photoresist layer 14 is not cross linked. The photoresist layer 14 is then

developed: Asaskesuft, thepatterp of the, mask is transferred, rassa pasitive p& a negative image, to the
masking layer 14. Alternatively, the masking layer 14 may comprise a material, such as silicon nitride,
that is patterediusing al phatolithographic processu The hwles 18a and i8btaretpseferably oetched using
either a dry process or a wet process. Dry processing, such as reactive ion etching, laser drilling, or
microblastingwertcal wallsy isccapable ofl ngar-anigotrepic etchimgo As tshawnfor thei left side hole 18a,
the dry etching process can create a perpendicular cross section. Wet etching, such as PAECE, is
typically mores consteain@d tafotloming oresist layer 14 may then be exposed to

actinic light through a mask such that part of the photoresist

layer 14 is cross linked while another part of the photoresist

layer 14 is not cross linked. The photoresist layer 14 is then

developed. As a result, the pattern of the mask is transferred,

as a positive or a negative image, to the masking layer 14.

Alternatively, the masking layer 14 may comprise a material,

such as silicon nitride, that is patterned using a

photolithographic process. The holes 18a and 18b are preferably

etched using either a dry process or a wet process. Dry

processing, such as reactive ion etching, laser drilling, or

microblasting vertical walls, 1is capable of near anisotropic

etching. As shown for the left side hole 18a, the dry etching

process can create a perpendicular cross section. Wet etching,

such as PAECE, is typically more constrained to following

specific etching directions as shown by the sloped sidewalls of

the right side hole 18b. In the remaining cross sections of the

preferred embodiment, the vertical profile hole is shown and is

labeled as 18 for simplicity. Note that the holes 18a and 18b

are etched completely through the substrate 10.
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specific etching directions as shown by the sloped sidewalls of the right side hole 18b. In the remaining
cross sections of the preferred embodiment, the vertical profile hole is shown and is labeled as 18 for
simplicity. Note that the holes 18a and 18b are etched completely through the substrate 10. 12 P100615
Referringen@wito Fig. 3, other important features of the present invention are shown. A first dielectric
layer 26 is formed overlying the top side and bottom side of the substrate 10 and lining the holes 18. The
first dielectric layer 26 preferably comprises silicon oxide and, more preferably, is formed by a chemical
vapor depositiom (VD) of silicen oxider iAjternatively.dhe first dielestricdayer 26:-maybe-formed by

thermal oxidation of the substrate 10. The first dielectric layer 26 provides an insulating barrier between
the substrateskhh andrthe subsequentlyforwmed shieldedsvias withemicrostripgreund glare. It is important
that the substrate 10 be isolated from the shielded vias with microstrip ground plane so that all of the
electric fieldr({=field) emergyris containecbinsthe«ias and ds prevented from enteringiibe sabstrate 10. The
first dielectric layer 26 is preferably formed to a thickness of between about 100 A and about 20,000 A.

10 and lining the holes 18. The first dielectric layer 26

preferably comprises silicon oxide and, more preferably, is

formed by a chemical vapor deposition (CVD) of silicon oxide.

Alternatively, the first dielectric layer 26 may be formed by

thermal oxidation of the substrate 10. The first dielectric

layer 26 provides an insulating barrier between the substrate 10

and the subsequently formed shielded vias with microstrip ground

plane. It is important that the substrate 10 be isolated from

the shielded vias with microstrip ground plane so that all of

the electric field (E-field) energy is contained in the wvias and

is prevented from entering the substrate 10. The first

dielectric layer 26 is preferably formed to a thickness of

between about 100 A and about 20,000 A.

As an optional feature, a first barrier layer 30 is next
deposited overlying the first dielectric layer 26 and lining the
holes 18. The first barrier and adhesion layer 30 is used to
form a diffusion barrier between the first dielectric layer 26
and the subsequently formed first conductive layer 34. The is an

important feature if the first conductive layer 34 comprises a
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As an optional feature, a first barrier layer 30 is next deposited overlying the first dielectric layer 26 and
lining the holes 18. The first barrier and adhesion layer 30 is used to form a diffusion barrier between the
first dielectric layer 26 and the subsequently formed first conductive layer 34. The is an important feature
if the firstrcondsictive layer 34 comprises a 13 P100615 metal, such as copper, that will diffuse into the

first dielegtricJayers26-if that layes26-comprses; silicon oxides T heqfirst bawier layer 30 preferably
comprises Ta, Ti, TaN, TiN, TiW, or CrCu. If used, the first barrier layer 30 is preferably deposited by a

CVD proegssito thickness ©f betveen about 50 Aeand abeutp,0004 A first eenductivedayer 34 is next
deposited overlying the first dielectric layer 26, and the first barrier layer 30, if used, and lining the holes
18. The firsiconductive layer 34 forms:the shietding fayerof thencoaxiakvias., The first zconductive layer
34 preferably comprises a metal layer, such as copper or aluminum. Alternatively, the first conductive
layer 34 may, camprise copper, nickek; o gotd. Thedfirst econductive ilayer 34 is-preferably deposited by a
physical vapor deposition (PVD), plating, or a combination process. The first conductive

preferably deposited by a CVD process to a thickness of between

about 50 A and about 5,000 A.

A first conductive layer 34 is next deposited overlying the
first dielectric layer 26, and the first barrier layer 30, if
used, and lining the holes 18. The first conductive layer 34
forms the shielding layer of the coaxial vias. The first
conductive layer 34 preferably comprises a metal layer, such as
copper or aluminum. Alternatively, the first conductive layer 34
may comprise copper, nickel, or gold. The first conductive
layer 34 is preferably deposited by a physical vapor deposition
(PVD), plating, or a combination process. The first conductive
layer 34 is preferably between about 500 A and about 10,000 A

thick.

As another optional feature, a second barrier layer, not
shown, may be deposited overlying the first conductive layer 34
and lining the holes 18. The second barrier layer is used to
form a diffusion barrier between the first conductive layer 34

and the subsequently formed second dielectric layer 38. The
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layer 34 is preferably between about 500 A and about 10,000 A thick. As another optional feature, a
second barrier layer, not shown, may be deposited overlying the first conductive layer 34 and lining the
holes 18. The second barrier layer is used to form a diffusion barrier between the first conductive layer 34
and the subsequently formed second dielectric layer 38. The 14 P100615 barrier is an important feature

if the first.condustive layen 34.comprises armetal-suchras gepper: that wilk diffuse.jatorthes second
dielectric layer 38 if that layer 38 comprises silicon oxide. The second barrier layer, not shown, preferably

comprisesofb AiNeEa.aTaN EW, onCrCu 4f useth dhe seeend harrier dayerisgreferably gleposited by a
CVD process to a thickness of between about 50 A and about 5,000 A. A second dielectric layer 38 is
next depesiteshoverlying: the-first conductie layer-34 and ihe second-barrief tayer sif usedn and lining the
holes 18. The second dielectric layer 38 forms the internal insulator of the shielded vias with microstrip
ground planed & he Second dielectrie tayer 381 preferably comptises silicert oxidelor polyimidesddowever,
the second dielectric layer 38 may also comprise other insulators,

Ti, TiN, Ta, TaN, Tiw, or CrCu. If used, the second barrier

layer is preferably deposited by a CVD process to a thickness of

between about 50 A and about 5,000 A.

A second dielectric layer 38 is next deposited overlying
the first conductive layer 34 and the second barrier layer, if
used, and lining the holes 18. The second dielectric layer 38
forms the internal insulator of the shielded vias with
microstrip ground plane. The second dielectric layer 38
preferably comprises silicon oxide or polyimide. However, the
second dielectric layer 38 may also comprise other insulators,
such as silicon nitride, silicon oxynitride, or metal oxides.
The second dielectric layer 38 is preferably deposited using a
CVD process or a plating process to a thickness of between about
50 A and about 500,000 A. The thickness of the second dielectric
layer 38 is varied in accordance with the via design. This

variance in thickness is required to achieve less signal losses.

Referring now to Fig. 4, another important feature of the

present invention is illustrated. A second conductive layer 46
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such as silicon nitride, silicon oxynitride, or metal oxides. The second dielectric layer 38 is preferably
deposited using a CVD process or a plating process to a thickness of between about 50 A and about
500,000 A. The thickness of the second dielectric layer 38 is varied in accordance with the via design.
This vari@ncel in thickness is required to achieve less signal losses. Referring now to Fig. 4, another

important featureof the (presentiipventionis illustrated. A second-conductive layer 46415 P100615 is
deposited overlying the second dielectric layer 38 and filling the holes 18 to thereby complete the shielded
vias with rmicrestsipgreund plane: Theseecand €enductivellayer 46, formsi theisignak cenductor for the

completed shielded vias with microstrip ground plane. The second conductive layer 46 may comprise a
metal layer, suchtasieoppes o aluminue. Imeaespreferred embodiment, theysecord cenductive layer 46
comprises copper that is deposited by electroplating. In another preferred embodiment, the second
conductivenlayer 46 compsises @ conductiverfidl matesiad such as conduactiveisilverpaste, conductive
copper paste, conductive gold paste, conductive nano silver and gold pastes. If a conductive fill material
is used for theosecond conductive layee 46T thensanyoextessimatetiabmayayer 46 may

comprise a metal layer, such as copper or aluminum. In one

preferred embodiment, the second conductive layer 46 comprises

copper that is deposited by electroplating. In another preferred

embodiment, the second conductive layer 46 comprises a

conductive fill material such as conductive silver paste,

conductive copper paste, conductive gold paste, conductive nano

silver and gold pastes. If a conductive fill material is used

for the second conductive layer 46, then any excess material may

be removed from the second dielectric layer 38 surface using a

planarization operation, such as chemical mechanical polishing

or plasma etching or wet etching, to confine the material 46 to

the vias.

The resulting vias are shown in top view in Fig. 5. Each
via can be seen to comprise a through hole filled by a
concentric plug comprising the first dielectric layer 26
surrounding the first conductive layer 34 surrounding the second
dielectric layer 38 surrounding a second conductive layer 46.

The resulting vias are shielded vias with microstrip ground
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be removed from the second dielectric layer 38 surface using a planarization operation, such as chemical
mechanical polishing or plasma etching or wet etching, to confine the material 46 to the vias. The
resulting vias are shown in top view in Fig. 5. Each via can be seen to comprise a through hole filled by a
concentriel glagy comprising the first dielectric layer 26 surrounding the first conductive layer 34

surroundingsthe secand sdielectriclayer38 surrounding aisecond-conductivie layes 46y ithe resulting vias
are shielded vias with microstrip ground 16 P100615 plane. The second conductive layer 46 is the signal

carrying material s-The second-dietectrici layer88 is-an intet-conducior insulater.-Thenfirst eanductive layer
34 is the shielding layer. In the preferred embodiment, the first conductive layer 34 is further coupled to
ground. In:tBis way, the first conduetives layer S4dacts as @graund shield to;surodnd and 4g eenfine the
E-field of the signal conducted on the second conductive layer 46. As an important feature, the shielded
vias with micrastrip graund planenraredonmed such that the silicon substrate 10:gees 1wt lie between the
signal conductor 46 and the ground conductor

further coupled to ground. In this way, the first conductive

layer 34 acts as a ground shield to surround and to confine the

E-field of the signal conducted on the second conductive layer

46.

As an important feature, the shielded vias with microstrip
ground plane are formed such that the silicon substrate 10 does
not lie between the signal conductor 46 and the ground conductor
34. In prior art embodiments of through vias, each vias only
comprises a single conductor. Therefore, some vias are dedicated
to signals and other vias are dedicated to grounding. In an
attempt to provide ground shielding in the prior art, a signal
via may be surrounded by grounding vias in a technique called
ground-signal—-ground (GSG) interconnecting. GSG offers only
limited improvement in the high frequency capability through
vias, however, because a small area of the silicon substrate 10
always lies between the signal and ground vias. Part of the high
frequency E-field energy of the RF signal on the signal via is
therefore coupled into the substrate 10 and results in signal

loss.



34. In prior art embodiments of through vias, each vias only comprises a single conductor. Therefore,
some vias are dedicated to signals and other vias are dedicated to grounding. In an attempt to provide
ground shielding in the prior art, a signal via may be surrounded by grounding vias in a technique called
ground-signadiground (GSG) interconnecting. GSG offers only limited improvement in the high frequency
capability through vias, however, because a small area of the silicon substrate 10 always lies between
the signal and ground vias. Part of the high frequency E-field energy of the RF signal on the signal via is
therefore coupled,intethessubstrate 4Qandresults irvsignall lossa 17 £10064 5By-cemparison, the novel,

coaxial vias of the present invention insure that the E-field is trapped inside of the via between the first
and secongheonduetive. layers=34 and 46 d his- fesults is dessredieldienergydessto thessubstrate 10 and,
further, results in higher frequency/lower loss performance of the through vias. Simulations reveal that
the novelyshielded wias with- microstripsgrovind planeimethod of thespresent inventioen exhibits far less RF
signal attenuation than comparable SGS systems. For example, the shielded vias with

results is less E-field energy loss to the substrate 10 and,

further, results in higher frequency/lower loss performance of

the through vias. Simulations reveal that the novel, shielded

vias with microstrip ground plane method of the present

invention exhibits far less RF signal attenuation than

comparable SGS systems. For example, the shielded vias with

microstrip ground plane demonstrates a loss of about -0.5dB at

about 40 GHz while GSG losses vary from about -1.75dB at 40 GHz
for a 50 um ground pitch to about -3.7 dB at 40 GHz for a 200 um

ground pitch.

Referring now to Fig. 6, the partially complete device is
again shown in cross section. As an important feature in the
formation of a silicon carrier module, first metal lines 50 are
formed overlying the second dielectric layer 38. The first metal
lines 50 comprise, for example, aluminum or copper. The first
metal 50 is preferably deposited and patterned using
conventional processes that are well known in the art. The first
metal lines 50 provide top side access to the signal that is

conducted through the vias 46. In addition, it is possible to
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microstrip ground plane demonstrates a loss of about -0.5dB at about 40 GHz while GSG losses vary
from about -1.75dB at 40 GHz for a 50 m ground pitch to about -3.7 dB at 40 GHz for a 200 m ground
pitch. Referring now to Fig. 6, the partially complete device is again shown in cross section. As an
importantfeature in the formation of a silicon carrier module, first metal lines 50 are formed overlying the

second dielectre Jayer38: Thedisstimetal linestd0-camprse «fer example, aluminym oricopper. The first
metal 50 is preferably deposited and patterned using conventional processes that are well known in the

art. The first sefahlines 20 pravide-toprside aseess:tosthe signal that is conducted through the vias 46. In
addition, it is possible to 18 P100615 integrate the deposition of the first metal 50 with the via 46 in a
single electroplating process. Referring now to Fig. 7, as other important features in a silicon carrier
module, the second metal lines 51 may be formed using a conventional process for depositing and
patterning metakdines asris knowntin thei art. The secend metallinesSin preferahly eemprise a metal,
such as copper or aluminum, that is deposited using, for example, a PVD process. The second metal

silicon carrier module, the second metal lines 51 may be formed

using a conventional process for depositing and patterning metal

lines as is known in the art. The second metal lines 51

preferably comprise a metal, such as copper or aluminum, that is

deposited using, for example, a PVD process. The second metal

51 is then preferably patterned using a photolithographic

process as described above. In addition, it is possible to

integrate the deposition of the second metal 51 with the via 46

in a single electroplating process.

Referring now to Fig. 8, a first passivation layer 54 1is
formed overlying the first metal lines 50 and the second
dielectric layer 38 of the top side of the substrate 10. The
first passivation layer 54 is then patterned to expose the
underlying first metal lines 50 where contacts to the first
metal layer 50 are planned. Similarly, a second passivation
layer 56 is formed overlying the second metal lines 51 and the
second dielectric layer 38 of the bottom side of the substrate
10. The second passivation layer 56 is then patterned to expose

the underlying second metal lines 51 where contacts to the
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51 is then preferably patterned using a photolithographic process as described above. In addition, it is
possible to integrate the deposition of the second metal 51 with the via 46 in a single electroplating

process. Referring now to Fig. 8, a first passivation layer 54 is formed overlying the first metal lines 50
and the secosd dielectric layer 38 of the top side of the substrate 10. The first passivation layer 54 is

then pattgenediia expose the undeslyingfirsbmetaldines bOawherescontacts te themfirst metal layer 50 are
planned. Similarly, a second passivation layer 56 is formed overlying the second metal lines 51 and the

second dielectric dayes3816fithe bottoms side 0f the substrate v10.chhe-seconsh passivation layer 56 is then
patterned to expose the underlying second metal lines 51 where contacts to the 19 P100615 second
metal layenbiare planned. dbedisstand secondpassivationdayers 54 antha6 prefetably gemprise
plasma enhanced, CVD deposited silicon nitride as is known in the art. Referring now to Fig. 9, as
important additional features, bumps 62 and 70 are formed to provide external access to the finish
silicon carrier module 80. The bumps 62 and 70 preferably comprise under bump metallurgical (UBM)
layers 58 and 66<Fhreseing now to Fig. 9, as important additional features,

bumps 62 and 70 are formed to provide external access to the

finish silicon carrier module 80. The bumps 62 and 70 preferably

comprise under bump metallurgical (UBM) layers 58 and 66. These

UBM layers 66 may comprise a variety of metals that are

specially formed to provide excellent solder bonding, or

wetting, and to provide optimal thermal conductive profiles. For

example, the UBM layers 58 and 66 comprise TiNiCuAu, TiNiAu,

NiAu, electroplated Cu, TiWCu, or CrCuNi. Alternatively, the UBM

layer 58 may be combined with the first metal layer 50 or the

UBM layer 66 may be combined with the second metal layer 51 to

reduce processing steps.

After the UBM layers 58 and 66 are formed, then solder
bumps 62 and 70 are formed. The solder bumps 62 and 70
preferably comprise a solder-based material. However, non-—
solder-based bump materials could be used. If solder is used,
then the bump 62 and 70 may be formed by, first, applying a bump
material to the top surface and/or bottom surface of the

substrate 10. The bump material is then melted sufficiently to
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UBM layers 66 may comprise a variety of metals that are specially formed to provide excellent solder
bonding, or wetting, and to provide optimal thermal conductive profiles. For example, the UBM layers 58
and 66 comprise TiNiCuAu, TiNiAu, NiAu, electroplated Cu, TiWCu, or CrCuNi. Alternatively, the UBM
layer 58 mayole combined with the first metal layer 50 or the UBM layer 66 may be combined with the

second metaklayenl 1oy reduce pracessing-steps. Afterthe WUBMdayers 58-andi66 are farmed; then
solder bumps 62 and 70 are formed. The solder bumps 62 and 70 preferably comprise a solder-based

material. itoweyver cronresolder-basedbump snaterialscovld be tised. If soldes issused,dthen the bump 62
and 70 may be formed by, first, applying a bump material to the top surface and/or bottom surface of the

substratenl@:hl he-bump materiatis then meltedi sufficiently t0,20 P100645 casesflawing of the bump
material 62 and 70. The solder material bonds, or wets, to the first and second metal lines 50 and 51
much betterithan te the passivatiorlayer 54 A aresult,dhe hsoldenmaterial 62 ahd=7(1adhkeres to the
UBM layers 58 and 66 and does not adhere to the passivation layer 54. Solder pads or balls 62 and 70
are thereby dormed: Ingeneralesalderbumps62ssivation layer 54. Solder pads or

balls 62 and 70 are thereby formed. In general, solder bumps 62

and 70 are formed on both sides for good wetting and

interconnection properties. However, it is also possible to only

form solder bumps on only a single side of the module since

solder bumps may be available for bonding from another module in

the stack.

In the completed silicon carrier module 80, note that a
continuous signal path is shown from the top solder pad 62 on
the left side to the bottom solder pad 70 on the left side.
Likewise, a continuous signal path is shown from the top solder
pad 62 on the rights side to the bottom solder pad 70 on the
right side. Further, in the target application, a RF integrated
circuit device may be bonded to silicon carrier module 80. For
example, an RF integrated circuit device, not shown, may be
bonded to the two solder pads on the top side of the carrier 80.
The shielded vias with microstrip ground plane 46 provide signal
access to this RF device from the solder pads 70 on the bottom

side of the carrier 80. Further, the signal access from the top
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and 70 are formed on both sides for good wetting and interconnection properties. However, it is also
possible to only form solder bumps on only a single side of the module since solder bumps may be
available for bonding from another module in the stack. In the completed silicon carrier module 80, note
that a cantineicus signal path is shown from the top solder pad 62 on the left side to the bottom solder

pad 70 on the leftsidec Likewise, a¢ontinupousisignal path-is shownframthedepsolder pad 62 on the
rights side to the bottom solder pad 70 on the right side. Further, in the target application, a RF integrated

circuit deyicedqnay be handedtto silicontcarriermadule80;or example.an R integrated circuit device,
not shown, may be bonded to the two solder pads on the top side of the carrier 80. The shielded vias
with micrestsipgrouad plane 46, provide:signakaceess toothis RF device from the solder pads 70 on the
bottom side of the carrier 80. Further, the signal access from the top 21 P100615 side to the bottom side
of the carrier is capable of high frequency operation with minimal signal loss due to E-field energy leakage
into the substrate 10. Referring now to Fig. 10, a second preferred embodiment of
Referring now to Fig. 10, a second preferred embodiment of

the present invention is illustrated. In this embodiment, a

stacked, multiple IC module 100 is illustrated. The multiple

module IC (MMIC) shown comprises a plurality of the silicon

carrier modules MODULE 1, MODULE 2, and MODULE 3. Each of the

modules is constructed essentially as shown in the first

embodiment of the present invention. A plurality of integrated

circuit devices 90a, 90b, and 90c are stacked together in the

MMIC. 1In this case, DEVICE 1 90a is bonded to the top side

solder pads 62 of MODULE 1, DEVICE 2 90b is bonded to the top

side solder pads 62 of MODULE 2, and DEVICE 3 90c is bonded to

the top side solder pads 62 of MODULE 3. Alternatively, DEVICE 1

and DEVICE 2 may be in a single module.

The modules are then stacked using the solder pads 70 on
the bottom sides of each module and pads 58 on the first metal
lines 50 of the top sides of each module. In this case, MODULE 1
is bonded to MODULE 2, MODULE 2 is bonded to MODULE 3, and
MODULE 3 is bonded to a base substrate 92. By forming a large

array of shielded vias with microstrip ground plane 46, top side
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the present invention is illustrated. In this embodiment, a stacked, multiple IC module 100 is illustrated.
The multiple module IC (MMIC) shown comprises a plurality of the silicon carrier modules MODULE 1,
MODULE 2, and MODULE 3. Each of the modules is constructed essentially as shown in the first
embodinmEnb@ithe present invention. A plurality of integrated circuit devices 90a, 90b, and 90c are

stacked tegether inthes MMIC.Jdpdhiscasen DEMICESL 90a is banded to the tep side, solder pads 62 of
MODULE 1, DEVICE 2 90b is bonded to the top side solder pads 62 of MODULE 2, and DEVICE 3 90c

is bonded ta the top side solderpadsh? o MORWYLE & Alternativety: PEVIEE b andBEVICEZ may be
in a single module. The modules are then stacked using the solder pads 70 on the bottom sides of each
module andpadssh8 an the fiest metak lines 50 of ther topysides of each smoadite.dnthiscase, MODULE 1
is bonded to MODULE 2, MODULE 2 is bonded to MODULE 3, and MODULE 3 is bonded to a base
substrates82.'By:-formtirg adargeuarray of shietded-vias withanicrastep groundiplane 46; tog side 22
P100615 solder pads 62, and bottom side solder pads 70 on each of the silicon carrier modules, the
stackabley multiplerchip systemil@0 sprevites arargerprumber othigh ffequehcycintercernect paths

losses than the prior art through vias. The carrier modules,

even where constructed of silicon substrates, can be used for RF

and MMIC devices integrated into system package applications

with little degradation in performance.

The advantages of the present invention may now be
summarized. An effective and very manufacturable method to form
vertical, integrated circuit interconnects is achieved. The
method provides vertical, integrated circuit interconnects
having effective shielded vias with microstrip ground plane. The
shielded vias with microstrip ground plane exhibit excellent RF
performance. A method to form stackable, silicon carrier
modules having excellent RF performance is achieved. The
stackable, silicon carrier modules are further used in a method
to form stacked, multiple IC modules having excellent RF
performance. A stackable, silicon carrier module having
excellent RF performance is achieved. A stacked, multiple IC

module having excellent RF performance is achieved.
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between the various levels of the stack. The shielded vias with microstrip ground plane interconnects
create far lower insertion losses than the prior art through vias. The carrier modules, even where
constructed of silicon substrates, can be used for RF and MMIC devices integrated into system package
applicationsoanith little degradation in performance. The advantages of the present invention may now be
summarized. Aneffectiverandvenyananufacturable smethadte forg) vertical Jntegrated:cireyit
interconnects is achieved. The method provides vertical, integrated circuit interconnects having effective
shielded yiag with;micrestsip groung planes T hen shieldeshvigs withasicsesteip geeund, plangexhibit
excellent RF performance. A method to form stackable, silicon carrier modules having excellent RF
performanee isachieved TEhe: stackabte; silicon canierdnedules are further used in a method to form
stacked, multiple IC modules having excellent RF performance. A stackable, silicon carrier module
having excellent RF performance is achieved. A stacked, multiple IC module having excellent RF
performance is achieved. 23 P100615 As shown in the preferred embodiments, the novel methods and
devices of the présent inventionprovide anreffective andarticularly shown and

described with reference to the preferred embodiments thereof,
it will be understood by those skilled in the art that wvarious
changes in form and details may be made without departing from

the spirit and scope of the invention.
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manufacturable alternative to the prior art. While the invention has been particularly shown and described
with reference to the preferred embodiments thereof, it will be understood by those skilled in the art that
various changes in form and details may be made without departing from the spirit and scope of the
inventionP 246100615 What is claimed is: 1. A method to form shielded vias with microstrip ground plane
in the manufactune-ef ansintegratee-circuit device, said method comprising: providing a substrate; etching
through said substrate to form holes for planned shielded vias with microstrip ground plane; forming a
first dielectricilayer-oveilying sajdsubstratesand lkining saic-holes;depasiting a;first canductive layer

overlying said first dielectric layer and lining said holes; depositing a second dielectric layer overlying said
first condustive layer and dioingrsaid holes; depesiting assecond conduetive-layekaverlyinrg said second
dielectric layer and filling said holes to thereby
comprising:
providing a substrate;
etching through said substrate to form holes for
planned shielded vias with microstrip ground plane;
forming a first dielectric layer overlying said
substrate and lining said holes;
depositing a first conductive layer overlying said
first dielectric layer and lining said holes;
depositing a second dielectric layer overlying said
first conductive layer and lining said holes;
depositing a second conductive layer overlying said

second dielectric layer and filling said holes to thereby

complete said shielded vias with microstrip ground plane.

2. The method according to Claim 1 further comprising the
steps of:

forming first metal lines overlying said top side of
said substrate and contacting said shielded vias with

microstrip ground plane;
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complete said shielded vias with microstrip ground plane. 2. The method according to Claim 1 further
comprising the steps of: forming first metal lines overlying said top side of said substrate and contacting
said shielded vias with microstrip ground plane; 25 P100615 forming second metal lines overlying the
bottom sieleoefssaid substrate and contacting to said shielded vias with microstrip ground plane; forming

top side solder bumps ep:said first metal lines;andi forming-hetton side solderbumps oxnisaid second
metal lines. 3. The method according to Claim 2 wherein said step of forming first metal lines further

comprises the stepssefi depogiting atfisstmetal layes overlying saidhtop side «of said secend.dielectric
layer and contacting said shielded vias with microstrip ground plane; and patterning said first metal layer
to form said firstn metaklinesy and wheteinisaid step of forming second metal lines further
forming top side solder bumps on said first metal
lines; and

forming bottom side solder bumps on said second metal

lines.

3. The method according to Claim 2 wherein said step of
forming first metal lines further comprises the steps of:

depositing a first metal layer overlying said top side
of said second dielectric layer and contacting said
shielded vias with microstrip ground plane; and

patterning said first metal layer to form said first
metal lines;
and wherein said step of forming second metal lines further
comprises the steps of:

depositing a second metal layer overlying said

bottom side of said second dielectric layer and contacting
said shielded vias with microstrip ground plane; and

patterning said second metal layer to form said second

metal lines.
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comprises the steps of: depositing a second metal layer overlying said bottom side of said second
dielectric layer and contacting said shielded vias with microstrip ground plane; and patterning said
second metal layer to form said second metal lines. 26 P100615 4. The method according to Claim 2
wherein saidstep of forming top side solder bumps further comprises: depositing a first passivation layer

overlying said first metal lines and said secand diglectricilayer prierte: saidstep of fasming top side
solder bumps; patterning said first passivation layer to form top side pad openings that reveal underlying

said first metal lines; farminga firstunder bumpumetalurgical layer opngaid Jisst:metal lines exposed by
said top side pad openings; and wherein said step of forming bottom side solder bumps further
comprises the steps ofiddepesiting.a second passivation layes overying sait: segond metalkdines and said
second dielectric layer; patterning said second passivation layer to form
first metal lines and said second dielectric layer prior to
said step of forming top side solder bumps;
patterning said first passivation layer to form top
side pad openings that reveal underlying said first metal
lines;
forming a first under bump metallurgical layer on said
first metal lines exposed by said top side pad openings;
and wherein said step of forming bottom side solder bumps
further comprises the steps of:
depositing a second passivation layer overlying said
second metal lines and said second dielectric layer;
patterning said second passivation layer to form
bottom side pad openings that reveal underlying said second
metal lines; and
forming a second under bump metallurgical layer on

said second metal lines exposed by said bottom side pad

openings.

5. The method according to Claim 1 further comprising the

steps of:
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bottom side pad openings that reveal underlying said second metal lines; and forming a second under
bump metallurgical layer on said second metal lines exposed by said bottom side pad openings. 5. The
method according to Claim 1 further comprising the steps of: 27 P100615 depositing a first barrier layer
overlyingrsaidifirst dielectric layer prior to said step of depositing a first conductive layer; and depositing

a second barrier layer guerlying said first- copductivedayer prigrde said-stepiofdepgsiting said second
dielectric layer. 6. The method according to Claim 1 wherein said first dielectric layer comprises silicon

oxide. 7. The methedeaceording 4g £aipr-1 whereinsaidiseeend dielectiiclayer egmprises siticon oxide. 8.
The method according to Claim 1 wherein said second dielectric layer comprises platable polyamide. 9.
The method accesdingde Glaim 4 ywherednsaid second conductive layer comprises copper.

depositing a second barrier layer overlying said first

conductive layer prior to said step of depositing said

second dielectric layer.

6. The method according to Claim 1 wherein said first

dielectric layer comprises silicon oxide.

7. The method according to Claim 1 wherein said second

dielectric layer comprises silicon oxide.

8. The method according to Claim 1 wherein said second

dielectric layer comprises platable polyamide.

9. The method according to Claim 1 wherein said second

conductive layer comprises copper.

10. The method according to Claim 1 wherein said

conductive layer comprises gold paste, copper paste, silver

paste, or silver and gold paste.
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10. The method according to Claim 1 wherein said conductive layer comprises gold paste, copper paste,
silver paste, or silver and gold paste. 28 P100615 11. The method according to Claim 1 and further
comprising planarizing said second conductive layer to remove excess said second conductive layer
while leavingssaid second conductive layer in said holes. 12. The method according to Claim 1 wherein

said substrate comprises siliconod3.athe methed accerdingtoiClaim lavhenein said:fissticondyctive layer
is coupled to ground. 14. The method according to Claim 1 wherein said second dielectric layer is

between about 0 A-and abeut 500,000 Ac dbaAdnetheddteferm asiliconcardenmedules saidl method
comprising: providing a silicon substrate; etching through said silicon substrate to form holes for planned
shielded vias with: micrestriprground plane; viorming-a first tielectdeJayer averlyingesaich silicon substrate
and lining said holes; depositing a first conductive layer overlying said

conductive layer in said holes.

12. The method according to Claim 1 wherein said substrate

comprises silicon.

13. The method according to Claim 1 wherein said first

conductive layer is coupled to ground.

14. The method according to Claim 1 wherein said second

dielectric layer is between about 50 A and about 500,000 A.

15. A method to form a silicon carrier module, said method
comprising:

providing a silicon substrate;

etching through said silicon substrate to form holes
for planned shielded vias with microstrip ground plane;

forming a first dielectric layer overlying said
silicon substrate and lining said holes;

depositing a first conductive layer overlying said

first dielectric layer and lining said holes;
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first dielectric layer and lining said holes; 29 P100615 depositing a second dielectric layer overlying said
first conductive layer and lining said holes; depositing a second conductive layer overlying said second
dielectric layer and filling said holes to thereby complete said shielded vias with microstrip ground plane;
forming firstometal lines overlying said top side of said substrate and contacting said shielded vias with

microstrip ground planefesming: secondynetal lines everying the bottemcside- 16f said substrate and
contacting to said shielded vias with microstrip ground plane; forming top side solder bumps on said first

metal lines; andforming batiomside solger bumps ani said secand metak dines. 16. The method
according to Claim 15 wherein said step of forming first metal lines further comprises the steps of:

depositing a first metaldayersaverlyingsaid top sideo otisaid isecond ghetecttie tayer andscontacting said
shielded vias with microstrip ground plane; and
second dielectric layer and filling said holes to thereby
complete said shielded vias with microstrip ground plane;
forming first metal lines overlying said top side of
said substrate and contacting said shielded vias with
microstrip ground plane;
forming second metal lines overlying the bottom side
of said substrate and contacting to said shielded vias with
microstrip ground plane;
forming top side solder bumps on said first metal
lines; and

forming bottom side solder bumps on said second metal

lines.

16. The method according to Claim 15 wherein said step of
forming first metal lines further comprises the steps of:
depositing a first metal layer overlying said top side
of said second dielectric layer and contacting said
shielded vias with microstrip ground plane; and
patterning said first metal layer to form said first

metal lines;
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patterning said first metal layer to form said first metal lines; 30 P100615 and wherein said step of
forming second metal lines further comprises the steps of: depositing a second metal layer overlying said
bottom side of said second dielectric layer and contacting said shielded vias with microstrip ground
plane; and @atterning said second metal layer to form said second metal lines. 17. The method according

to Claim 15 wherein said step-0fs forming top side solderhyumps-turther semprises.depositing.a first
passivation layer overlying said first metal lines and said second dielectric layer prior to said step of

forming top side-soelderi bumps;pattaraing said first passivation layer to form top side pad openings that
reveal underlying said first metal lines; forming a first under bump metallurgical layer on said first metal
lines exposed by said topside pad @peningsy randiwherein saidrstep of forming bettamside salder bumps
further comprises the steps of:

side of said second dielectric layer and contacting said

shielded vias with microstrip ground plane; and

patterning said second metal layer to form said second

metal lines.

17. The method according to Claim 15 wherein said step of
forming top side solder bumps further comprises:

depositing a first passivation layer overlying said
first metal lines and said second dielectric layer prior to
said step of forming top side solder bumps;

patterning said first passivation layer to form top
side pad openings that reveal underlying said first metal
lines;

forming a first under bump metallurgical layer on said
first metal lines exposed by said top side pad openings;
and wherein said step of forming bottom side solder bumps
further comprises the steps of:

depositing a second passivation layer overlying said
second metal lines and said third dielectric layer;

patterning said second passivation layer to form
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depositing a second passivation layer overlying said second metal lines and said third dielectric layer;
patterning said second passivation layer to form 31 P100615 bottom side pad openings that reveal
underlying said second metal lines; and forming a second under bump metallurgical layer on said
second neretad ines exposed by said bottom side pad openings. 18. The method according to Claim 15

further comprisipg ttherstepsief: depositing afiyst barsier layes overlying said first gielectsicdayer prior to
said step of depositing a first conductive layer; and depositing a second barrier layer overlying said first
conductive layerprientoisai@d step-efdepositing said second dielectric layer. 19. The method according to
Claim 15 further comprising attaching an integrated circuit device to said top side solder bumps. 20. The
method according to Clairtimwherein saictfirsh cenductive layerds coupled4o groeund: on

said second metal lines exposed by said bottom side pad

openings.

18. The method according to Claim 15 further comprising
the steps of:

depositing a first barrier layer overlying said first
dielectric layer prior to said step of depositing a first
conductive layer; and

depositing a second barrier layer overlying said first
conductive layer prior to said step of depositing said

second dielectric layer.

19. The method according to Claim 15 further comprising
attaching an integrated circuit device to said top side

solder bumps.

20. The method according to Claim 15 wherein said first

conductive layer is coupled to ground.

21. A method to form a multiple circuit module, said method
comprising:
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21. A method to form a multiple circuit module, said method comprising: 32 P100615 forming a plurality of
silicon carrier modules, said modules each comprising: a silicon substrate; a first dielectric layer overlying
said silicon substrate; a first conductive layer overlying said first dielectric layer; a second dielectric layer
overlyingrsaidifirst conductive layer; a plurality of shielded vias with microstrip ground plane in said

silicon substrate each ¢emprising-a threugh hole filled;by aconcentriciplug gomprising saidfirst dielectric
layer surrounding said first conductive layer surrounding said second dielectric layer surrounding a

second conductivedayers aeluraliteffirskmetal lines contacting said shielded vias with microstrip
ground plane on the top side of said silicon substrate; a plurality of second metal lines contacting said

a silicon substrate;

a first dielectric layer overlying said silicon
substrate;

a first conductive layer overlying said first
dielectric layer;

a second dielectric layer overlying said first
conductive layer;

a plurality of shielded vias with microstrip
ground plane in said silicon substrate each comprising
a through hole filled by a concentric plug comprising
said first dielectric layer surrounding said first
conductive layer surrounding said second dielectric
layer surrounding a second conductive layer;

a plurality of first metal lines contacting said
shielded vias with microstrip ground plane on the top
side of said silicon substrate;

a plurality of second metal lines contacting said
shielded vias with microstrip ground plane on the
bottom side of said silicon substrate;

a plurality of top side solder bumps on said

first metal lines of said silicon substrate; and
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shielded vias with microstrip ground plane on the bottom side of said silicon substrate; a plurality of top

side solder bumps on said first metal lines of said silicon substrate; and 33 P100615 a plurality of bottom
side solder bumps on said second metal lines of said silicon substrate; attaching a plurality of integrated
circuit dieetoosaid plurality of silicon carrier modules by bonding said integrated circuit die to said top side

solder bumps; and vertically stagking-said plusality of silicor carriesromedules y-bongding said bottom side
solder bumps of overlying said silicon carrier modules to said first metal lines of underlying said silicon

carrier modules. 22. The-methodaccordingteLlaim 24 wherein said asfinst wnglee bump metallurgical
layer is between said first metal layer and said top side solder bumps and wherein a second under bump

metallurgical layer is betweethsaid secend metal- {ayer andsaig-bottomeside:seldesbumps. 23. The
method according to Claim 21 wherein said first conductive layer is coupled to ground. 24. A carrier
module device, saitkdevice-eampyising: silicon carrier modules by bonding said
integrated circuit die to said top side solder bumps; and
vertically stacking said plurality of silicon carrier
modules by bonding said bottom side solder bumps of

overlying said silicon carrier modules to said first metal

lines of underlying said silicon carrier modules.

22. The method according to Claim 21 wherein said a first
under bump metallurgical layer 1is between said first metal
layer and said top side solder bumps and wherein a second
under bump metallurgical layer is between said second metal

layer and said bottom side solder bumps.

23. The method according to Claim 21 wherein said first

conductive layer is coupled to ground.

24. A carrier module device, said device comprising:
a substrate;
a first dielectric layer overlying said substrate;
a first conductive layer overlying said first

dielectric layer;
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a substrate; a first dielectric layer overlying said substrate; a first conductive layer overlying said first
dielectric layer; 34 P100615 a second dielectric layer overlying said first conductive layer; a plurality of
shielded vias with microstrip ground plane in said silicon substrate each comprising a through hole filled
by a coneeatsics plug comprising said first dielectric layer surrounding said first conductive layer

surrounding said second dielegtric layer surroeunding a- secoRd conductiveilayer; aflurality of first metal
lines contacting said shielded vias with microstrip ground plane on the top side of said silicon substrate;

a plurality of seconebimetal lines gontacting said shielded vias with microstrip ground plane on the bottom
side of said silicon substrate; a plurality of top side solder bumps on said first metal lines of said silicon
substrate; and a plurality pfl bettamtsjde>solder bumps onisaidweeanchicrostrip ground
plane in said silicon substrate each comprising a through
hole filled by a concentric plug comprising said first
dielectric layer surrounding said first conductive layer
surrounding said second dielectric layer surrounding a
second conductive layer;
a plurality of first metal lines contacting said
shielded vias with microstrip ground plane on the top side
of said silicon substrate;
a plurality of second metal lines contacting said
shielded vias with microstrip ground plane on the bottom
side of said silicon substrate;
a plurality of top side solder bumps on said first
metal lines of said silicon substrate; and

a plurality of bottom side solder bumps on said second

metal lines of said silicon substrate.

25. The device according to Claim 24 further comprising:
a first passivation layer overlying said first metal
lines and having top side pad openings that reveal

underlying said first metal lines;
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metal lines of said silicon substrate. 25. The device according to Claim 24 further comprising: a first

passivation layer overlying said first metal lines and having top side pad openings that reveal underlying
said first metal lines; 35 P100615 a first under bump metallurgical layer on said first metal lines exposed
by said teposide pad openings; a second passivation layer overlying said second metal lines and having

bottom side pad openingsrthat reveal cunderlying.said second metal linesi apd assecongiunder bump
metallurgical layer on said second metal lines exposed by said bottom side pad openings. 26. The device

according to Claim-24 furthes compsisings a{irst basrierdayeyilyingdetween saicfirst dielectric layer and
said first conductive layer; and a second barrier layer lying between said first conductive layer and said
second dielectric layera2&cHe deviee accardingtol Elaim 24whekeim saigfirst dielestiic layeecomprises
silicon oxide. 28. The device according to Claim 24 wherein said second dielectric layer comprises silicon
oxide. lines and having bottom side pad openings that reveal

underlying said second metal lines; and

a second under bump metallurgical layer on said second

metal lines exposed by said bottom side pad openings.

26. The device according to Claim 24 further comprising:
a first barrier layer lying between said first
dielectric layer and said first conductive layer; and
a second barrier layer lying between said first

conductive layer and said second dielectric layer.

27. The device according to Claim 24 wherein said first

dielectric layer comprises silicon oxide.

28. The device according to Claim 24 wherein said second

dielectric layer comprises silicon oxide.

29. The device according to Claim 24 wherein said second

dielectric layer comprises platable polyamide.

30. The device according to Claim 24 wherein said second

36



29. The device according to Claim 24 wherein said second dielectric layer comprises platable polyamide.
30. The device according to Claim 24 wherein said second 36 P100615 conductive layer comprises
copper. 31. The device according to Claim 24 wherein said conductive layer comprises gold paste,
copper pasie;isilver paste, or silver and gold paste. 32. The device according to Claim 24 wherein said

substrate comprisgsisiliean; 331 Ihe devicg-accordingdg,Ldaim 24 wherein said first conductive layer is
coupled to ground. 34. The device according to Claim 24 wherein said second dielectric layer is between

about 50 A and about 500,000 A. 35. A multiple circuit module device, said device comprising: a plurality
of silicon carrier modules, said modules each comprising: a silicon substrate; a first dielectric layer
overlying said siticon substrate; actirst eonductive layeroverlyingssaith firstin said

conductive layer comprises gold paste, copper paste, silver

paste, or silver and gold paste.

32. The device according to Claim 24 wherein said

substrate comprises silicon.

33. The device according to Claim 24 wherein said first

conductive layer is coupled to ground.

34. The device according to Claim 24 wherein said second

dielectric layer is between about 50 A and about 500,000 A.

35. A multiple circuit module device, said device
comprising:
a plurality of silicon carrier modules, said modules
each comprising:
a silicon substrate;
a first dielectric layer overlying said silicon
substrate;
a first conductive layer overlying said first

dielectric layer;
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dielectric layer; 37 P100615 a second dielectric layer overlying said first conductive layer; a plurality of
shielded vias with microstrip ground plane in said silicon substrate each comprising a through hole filled
by a concentric plug comprising said first dielectric layer surrounding said first conductive layer
surroundingosaid second dielectric layer surrounding a second conductive layer; a plurality of first metal

lines contacting said shielded, vias withhmicrestsiprground plane or the tpopn side-af said silieon substrate;
a plurality of second metal lines contacting said shielded vias with microstrip ground plane on the bottom
side of said silicon substrate; aplutalityseftep side solder bumps on said first metal lines of said silicon
substrate; and a plurality of bottom side solder bumps on said second metal lines of said silicon
substrate; and a plurality of integrateckcircuit die attached toisaidaplurality oh sitieer carrier modules by
bonding said
ground plane in said silicon substrate each comprising
a through hole filled by a concentric plug comprising
said first dielectric layer surrounding said first
conductive layer surrounding said second dielectric
layer surrounding a second conductive layer;
a plurality of first metal lines contacting said
shielded vias with microstrip ground plane on the top
side of said silicon substrate;
a plurality of second metal lines contacting said
shielded vias with microstrip ground plane on the
bottom side of said silicon substrate;
a plurality of top side solder bumps on said
first metal lines of said silicon substrate; and
a plurality of bottom side solder bumps on said
second metal lines of said silicon substrate; and
a plurality of integrated circuit die attached to said
plurality of silicon carrier modules by bonding said
integrated circuit die to said top side solder bumps

wherein said plurality of silicon carrier modules are

vertically stacked by bonding said bottom side solder bumps
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integrated circuit die to said top side solder bumps wherein said plurality of silicon carrier modules are
vertically stacked by bonding said bottom side solder bumps 38 P100615 of overlying said silicon carrier
modules to said first metal lines of underlying said silicon carrier modules. 36. The device according to
Claim 35pmverein said a first under bump metallurgical layer is between said first metal layer and said

top side solder bumps and whefeinsa gecand under bump-metallurgieal layerds between said second
metal layer and said bottom side solder bumps. 37. The device according to Claim 35 wherein said first

conductive layefistcouplechtosgreandnd@riying said silicon carrier modules.

36. The device according to Claim 35 wherein said a first
under bump metallurgical layer 1is between said first metal
layer and said top side solder bumps and wherein a second
under bump metallurgical layer is between said second metal

layer and said bottom side solder bumps.

37. The device according to Claim 35 wherein said first

conductive layer is coupled to ground.
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