8 August 2005 1 H GH PERFORMANCE SI LI CON CONTACT FOR FLIP CH P FIELD OF THE
| NVENTI ON This invention relates to integrated circuitry interconnect

lines, 5 in particular, to through-wafer, integrated circuitry interconnect
lines. DISCUSSION OF THE E AA . D ART Sem conductor devices are typically

fabricated on a wafer which is subsequently tested and seggéeéggz'ago

I ndi vidual dies or chips. Individual dies are then packaged.*Packaged
chips are then assenbled to together, typically on a printed circuit board
(PCB), and electrically interconnectﬁd to performa desired function. The
el ectrical interconnection of separately fabricated chips generally takes
pl ace externally of the individual chips. Wile PCB techniques are useful
for bringing together separately fabricated and assenbl ed chi ps, doing so
15 brings with it sone problens which are not so easily overcone. For
exanpl e, PCBs consune a |arge amount of physical space conpared to the
circuitry of the chips which are nounted to them It is desirable to reduce
t he amount of physical space required by such PCBs. Further, assuring the 8

August 2005 HIGH PERFORMANCE SILICON CONTACT FOR ELIP CHIP

EIELD OF THE INVENTION

This invention relates to integrated circuitry interconnect lines,

5 in particular, to through-wafer, integrated circuitry interconnect lines.
DISCUSSION OF THE RELATED ART

Semiconductor devices are typically fabricated on a wafer which

is subsequently tested and separated into individual dies or chips.

Individual dies are then packaged. Packaged chips are then assembled

10 togcthcr,. typically on a printed crcuit board (PCB), and electrically
interconnected to perform a desired function. The electrical
interconnection of - separately fabricated chips generally takes place

externally of the individual chips. While PCB techniques are useful for

bringing together separately fabricated and assembled chips, doing so

15 brings with it some problems which are not so easily overcome. For
example, PCBs consﬁmc a large amount of physical space compared to the

circuitry of the chips which are mounted to them. It is desirable to reduce

the amount of physical space required by such PCBs. Further, assuring the



-2 electrical integrity of interconnections between chi ps nounted on PCBs
is a challenge. Mreover, in certain applications, it is desirable to
reduce the physical length of electrical interconnections between devices
because of concerns with signal |oss or dissipation and interference with
and by other s integrated circuitry devices. A continuin hal 1 in the
senicgnductor indust?y is to find. ynem4 i nnovati ve, and g?%?@ﬁgﬁpggays of
form ng electrical connections with and between circuit devices which are
fabricated on the sanme and on different dies. Relatedly, continuing
chal | enges are posed to find and/or 10 inprove upon the packagi ng
techniques utilized to package integrated circuitry devices, particularly
as devi ce di nensions continue to shrink. 8 AuJugust 2005 -3 SUMVARY OF THE

| NVENTI ON The present invention provides coaxial interconnect |ines which
are nore reliable and better accommodate reduced circuitry dinensions and
a nethod of form ng such coaxial interconnect |lines. 5 A sem conductive
substrate is provided which includes front and back surfaces, and a hole

whi ch extends through the substrate and between
clectrical integrity of interconnections between chips mounted on PCBs is a

challenge. Moreover, in certain applications, it is desirable to reduce the
physical length of electrical interconnections between devices because of
concerns with signal loss or dissipation and interference with and by other

5 integrated circuitry devices.

A continuing challenge in the semiconductor industry is to find
new, innovative, and cfficient ways of forming electrical connections with
and between circuit devices which are fabricated on the same and on
different dies. Relatedly, continuing challenges are posed to find and /or

10 improve upon the packaging techniques utilized to package integrated

circuitry devices, particularly as device dimensions continue to shrink.



the front and back surfaces. The hole is defined in part by an interior
wall portion. Conductive material is fornmed proximate at | east sone of the
interior wall portion. This conductive material provides an outer coaxi al
to line conponent. Subsequently, a layer of dielectric material is forned
within the hole, over and radially inwardly of the conduct

L ye Lal. A
second conductive material is then formed within the hole %égg&§?§6$adially
inwardly of the dielectric material layer. The latter conductive materi al
constitutes an inner conductive coaxial |ine conponent. 15 In a preferred
I npl ementation, the inner conductive coaxial line conponent is fornmed by
formng a fast conductive nmaterial within the hole. A second naterial is
formed over the first material, with at |leagt the 8 August 2005 -a second
materi al being a seed |ayer. Subsequently, a netal-containing |ayer is
el ectropl ated onto the seed | ayer. The substrate nmay be used as a chip
carrier, or the substrate may have circuit conponents fabricated thereon

and itself be formed an s integrated circuit chip. BRI EF DESCRI PTI ON OF THE
DRAW NGS The above advantages and features of the invention will be nore

The present invention provides coaxial interconnect lines which
are more reliable and better accommodate reduced circuitry dimensions

and a method of forming such coaxial interconnect lines.

5 A semiconductive substrate is provided which includes front and
back surfaces, and a hole which extends through the substrate and between
the front and back surfaces. The hole is defined in part by an interior wall
portion. Conductive material is formed proximate at least some of the
intedior wall portion. This conductive material provides an outer coaxial

10 line component. ‘Subscqucntly, a layer of dielectric material is formed
within the hole, over and radially inwardly of the conductive material. A
second conductive material is then formed within the hole over and radially
inwardly of the dielectric material layer. The latter conductive material

constitutes an inner conductive coaxial line component.

ts In a preferred implementation, the inner conductive coaxial line
component is formed by forming a first conductive material within the

hole. A sccond material is formed over the first material, with at least the



dearly understood fromthe follow ng detail ed description which is provided
in connection with the acconpanying drawings. 10 Figure 1 is a
cross-sectional view of a sem conductor wafer fragnment at one processing
step in accordance with the invention; Figure 2 is a cross-sectional view
of the sem conductor wafer fragnment at a processing St6pm§§35%ﬂé88g to
that shown by Figure 1; Figure 3 is a cross-sectional vie oy

sem conductor water is fragnment at a processing step subsequent to that
shown by Figure 1; 8 August 2005 -5 5 Figure 4 is a cross-sectional view of
the sem conductor wafer fragnment at a processing step subsequent to that
shown by Figure 3; Figure 5 is a cross-sectional view of the sem conductor
waf er fragnment at a processing step subsequgnt to that shown by Figure 4,
Figure 6 is a cross-sectional view of the sem conductor wafer fragnent at
an alternate processing step subsequent to that shown by Figure 5; Figure
7 is a cross-sectional view of the sem conductor wafer fragnment at a
processi ng step subsequent to that shown by Figure 6;

second material being a seed layer. Subsequently, a metal-containing layer

is electroplated onto the seed layer.

The substrate may be used as a chip carrier, or the substrate may
have circuit components fabricated thereon and itself be formed 2n

5 integrated circuit chip.
BRIEE DESCRIPTION OF THE DRAWINGS

The above advantages and features of the invention will be more
clearly understood from the following detailed description which is

provided in connection with the accompanying drawings.

10 Figure 1 is a cross-sectional view of a semiconductor wafer

fragment at onc processing step in accordance with the invention;

Figure 2 is a cross-sectional view of the semiconductor wafer

fragment at a processing step subsequent to that shown by Figure 1;

Figure 3 is a cross-sectional view of the semiconductor wafer

15 fragment at a processing step subsequent to that shown by Figure 1;



10 Figure 8 is a cross-sectional view of the sem conductor wafer fragnent

at a processing step subsequent to that shown by Figure 7; Figure 9 is a

cross-sectional view of the sem conductor wafer fragnment of Figure 8

including circuit devices fabricated on the wafer; Figure 10 is a

cross-sectional view of the sem conductor wafer 15 fragrreghuof Ei.gqure 8
Gust 2048

including integrated circuit chips nmounted on the wafer; st 2005
-6 Figure 11 is a processor based system enpl oyi ng the through- hol e,
coaxi al interconnections in accordance with an exenplary enbodi nent of the
present invention. DETAI LED DESCRI PTI ON OF THE | NVENTI ON 5 Exenpl ary

enbodi nent of the present invention will be described below in connection
with the drawi ngs. Qther enbodinments may bg.utilized and. structural or

| ogi cal changes may be nmade wi thout departing fromthe spirit or scope of
the present invention. Al though exenplary process conditions for formng
various material |ayers are to described below, these are only
representative and are not nmeant to be considered as limting the

invention. Like itens are referred to by |ike _
Figure 4 is a cross-scctional view of the semiconductor wafer

fragment at a processing step subsequent to that shown by Figure 3;

Figure 5 is a cross-sectional view of the semiconductor wafer

fragment at a processing step subsequent to that shown by Figure 4;

5 Figure 6 is a cross-sectional view of the semiconductor wafer

fragment at an alternate processing step subsequent to that shown by

Figure 5,

Figure 7 is a cross-sectional view of the semiconductor wafer

fragment at a processing step subsequent to that shown by Figure 6;

10 Figure 8 is a cross-sectional view of the semiconductor wafer

fragment at a processing step subsequent to that shown by Figure 7;

Figure 9 is a cross-sectional view of the scmiconductor wafer

fragment of Figure 8 including circuit devices fabricated on the wafer;

Figure 10 is a cross-sectional view of the semiconductor wafer
15 fragment of Figure 8 including integrated circuit chips mounted on the

wafer; and



ref erence nuneral s throughout the drawi ngs. The term "substrate" used in
the foll owi ng description nay include any sem conductor-based structure
that has an exposed is sem conductor surface. Sem conductor-based structure
must be understood to include silicon, silicon-on insulator (SA),

silicon-on sapphire (SOS), doped and undoped sem conduct o%%,u ngf?ﬁgi al
| ayers of silicon supported by a base sem conductor structu g1 'S ation,
and ot her 8 August 2005 -7. 5 sem conductor structures. The

sem conduct or - based structures need not be silicon-based. The sem conduct or
could be silicon-germanium germanium or gallium arseni de. Wien reference
Is made to substrate in the foll ow ng description, previous process steps
may have been utilized to formregions or jynctions in or over the base
sem conductor or foundation. Referring to Figure 1, a sem conductor wafer
fragnent is indicated generally at 10 and includes a sem conductor
substrate 12. Substrate 12 includes a first or front surface 14 and a
second or back surface 16. In one aspect, substrate 12 is a sem -conductor
structure to having first and second outwardly-facing surfaces 14, 16, at

| east one of Figure 11 is a processor based system employing the through-

hole, coaxial interconnections in accordance with an exemplary

embodiment of the present invention.
DETAILED DESCRIPTION OF THE INVENTION

5 Exemplary embodiment of the present invention will be
described below in connection with the drawings. Other embodiments
may be utilized and structural or logical changes may be made without
departing from the spirit or scope of the present invention. Although
excmplaty process conditions for forming various material layers are

10 described below, these are only representative and are not meant to be
considered as limiting the invention. Like items are referred to by like

reference numerals throughout the drawings.

The term “substrate” used in the following description may

include any semiconductor-based structure that has an exposed

15 semiconductor  surface. Semiconductor-based structure must be
understood to include silicon, silicon-on insulator (SOI), silicon-on

sapphire (SOS), doped and undoped semiconductors, epitaxial layers of

silicon supported by a base semiconductor structure foundaton, and other



whi ch is capable of supporting fabricated integrated circuitry. Substrate
12 my be fornmed of a nonocrystalline silicon wafer. Referring to Figure
2, a plurality of holes or passageways 18, 20, and 22 are forned within
substrate 12 between front and back surfaces 14, 15 16. Each hol e or
passageway is defined, at least in part, by a respective jnteri

portion 19, 21, and 23. The illustrated interior wall portégﬂgugg@ﬂéaltute
interior hole surfaces which join with first and second surfaces 14, 16.
Hol es 18, 20, and 22 can be forned through any suitable 8 August 2005 -s
processi ng techni ques, with one being described below with reference to
Figures 3 and 4. Referring to Figure 3, substrate 12 is shown at a
processing step which is applied to the Figigre 1 construction and which
precedes the 5 Figure 2 construction. A |ayer 24 of masking material, such
as photoresist, is fornmed over front surface 14 and is suitably patterned
to define a plurality of openings 26, 28, and 30. Openings 26, 28, and 30
are formed over a substrate area in which holes 18, 20, and 22 (Figure 2)

are to be forned. An alkaline etch can be c_onducteg |ch I s effactive to
forma 10 pattern ofemicandyeror souctaresn Hhe semicondygtor-haged SFUCKSRATHMRY v,
maski ng

be silicon-based. The semiconductor could be silicon-germanivm,
germanium, or gallium arsenide. When reference is made to substrate in
the following description, previous process steps may have been utilized to

5 form regions or junctions in or over the base semiconductor or foundation.

Referring to Figure 1, a semiconductor wafer fragment is

indicated generally ar 10 and includes a semiconductor substrate 12.

Substrate 12 includes a first or front surface 14 and a second or back

surface 16. In one aspect, substrate 12 is a semi-conductor structure

to having first and second outwardly-facing surfaces 14, 16, at least one of
which is capable of supporting fabricated integrated circuitry. Substrate 12

may be formed of a monocrystalline silicon wafer.

Referring to Figure 2, 2 plurality of holes or passageways 18, 20,

and 22 arc formed within subsm;c 12 berween front and back surfaces 14,

15 16. Each hole or passageway is defined, at least in part, by 2 respective
interior wall portion 19, 21, and 23. The illustrated interior wall portions

constitute interior hole surfaces which join with first and second surfaces

14, 16. Holes 18, 20, and 22 can be formed through any suitable



material |ayer 24 is stripped away. Referring to Figure 4, a through wafer
silicon trench etch is next perforned to formholes 18, 20 and 22, using a
hi gh density | ow pressure (HDLP) reactive ion etching (RIE) at a rate of
about 2.2 mmn. using 15 SF~/ O FR A photoresi st can be used as a mask for

this etching. Continuous etching/passivation cycles are u I eve
ani sotropic, high aspect ratio trenches. In one enbodi mn?%q’géér@ﬁgry

aspect ratios can be 8 August 2005 -9 5 10 greater than about 100. Mbre
preferably, aspect ratios can be greater than about200. Referring to Figure
5, outer conductive sheaths 50 are formed w thin holes or passageways 18,
20, and 22 and over respective interior wall portions 19, 21, and 23.
Sheaths 50 are preferably fornmed by depositigg a |ayer 54 of

met al -contai ning material over the substrate, within the holes and over
the respective wall portions 19, 21, and 23 thereof. Any suitable nethod
of providing such netal -containing | ayer can be utilized. An exenplary

met hod i ncludes a | ow pressure chem cal vapor deposition

processing techniques, with one being described below with reference to

Figures 3 and 4.

Referring to Figure 3, substrate 12 is shown at a processing step

which is applied to the Figure 1 construction and which precedes the

5 Figure 2 construction. A layer 24 of masking material, such as photoresist,
is formed over front surface 14 and is suitably patterned to define 2

plurality of openings 26, 28, and 30, Openings 26, 28, and 30 are formed

over a substrate area in which holes 18, 20, and 22 (Figure 2) are to be

formed. An alkaline etch can be conducted which is effective to form a

10 pattern of pre-defined etch pits 32, 34, and 36. Subsequently, masking

material layer 24 is stripped away.

Referring to Figure 4, a through wafer silicon wench etch is next

performed to form holes 18, 20 and 22, using 2 high density low pressurc

(HDLP) reactive ion ctching (RIE) at a rate of about 2.2 pm/min. using

15 SF,/CJF, A photoresist can be used as a mask for this ctching.
Continuous etching/passivation cycles are used to achieve anisotropic, high

aspect ratio trenches. In one embodiment, exemplary aspect ratios can be



(LPCVD) of tungsten in a self-limting process which provides a tungsten
filmby silicon reduction. Accordingly, silicon material w thin holes 18,
20, and 22 is replaced by tungsten atons in R W6 reaction gas, with a
reaction product SiF4 being punped out or otherw se renmoved fromthe

deposition chanber. Subsequently, such can be foll owed bygsi /|
pol ysilane 15 reduction of the WF6 until a desired conduct%riupﬁ&?lgﬁéss S

reached. In a preferred enbodi nent, the thickness of |layer 54 is about 0.3

mto about 0.5 m Deposition rates in accordance with the above are
dependent upon the tenperature and the reaction gas flow rate. Exenplary
deposition 8 August 2005 -to rates are 1 micron per mnute,
of about 300C. and with a flowrate of WI, ,g.at 4 sccmin a cold wall CVD
reactor. Referring to Figure 6, a dielectric material layer 56 is forned
over layer 54 and within holes 18, 20, and 22. Portions of |ayer 56 are 5
thereby forned radially inwardly of interior wall portions 19, 21, and 23
and outer conductive sheath 50. An exenplary dielectric material is Si Q2.

Alternately, dielectric layer 56 can conprise a nitri de-cog:}cai ni ng,l ayer,
such as Si 3N4, whigrtatersthen ehmu d@0p Mercrpreferablys sPET PE0S (3R e BratGiien

portions 19, 21, and 23. An oxide-containing |ayer is forned over the
nitride about 200.

Referring to Figure 5, outer conductive sheaths 50 are formed
within holes or passageways 18, 20, and 22 and over respective interior wail
portions 19, 21, and 23. Sheaths 50 are preferably formed by depositing a
layer 54 of metal-containing material over the substrate, within the holes
and over the respective wall portions 19, 21, and 23 thercof. Any suitable
method of providing such metal-containing layer can be udlized. An
cxcmplaiy method includes a low-pressure chemical vapor deposition
(LPCVD) of tungsten in a self-limiting process which provides a tungsten
film by silicon reduction. Accordingly, silicon material within holes 18, 20,
and 22 is replaced by tungsten atoms in a WF reaction gas, with a reaction
product SiF, being pumped out or otherwise removed from the depositon

. chamber. Subscquently, such can be followed by silane or polysilane
reduction of the WF, until a desired conductor thickness is reached. Ina
preferred embodiment, the thickness of layer 54 is about 0.3 um to about
0.5 pm. Deposition rates in accordance with the above arc dependent

upon the temperature and the reaction gas flow rate. Exemplary deposition

at tenperatures



10 containing layer to provide a dielectric SiON |layer within the hole. In
a preferred inplenentation, the nitride layer is forned by chem cal vapor
deposition, and the oxide |ayer by exposing the substrate to oxidizing
conditions. Specifically, in the preferred inplenentation, dielectric

| ayers 56 constitute a reoxidized LPCVD nitride filmwhic forrrs%tpge
An exe ng/t cessi ng

Illustrated 15 and preferred SiON dielectric |ayer.

i npl ementation includes in-situ nitridation in an ammoni a at nosphere at

950C. Low pressure chem cal vapor deposition of nitride at 700C. takes

pl ace with dichlorosilane and anmonia unti |

August 2005 -11 dianmeter is filled. Subsequently, reoxidation of the

nitride takes place at a

to Figure 7, a first layer of conductive nmaterial 58 is fornmed over

dielectric layer 56 and within each respective hole 18, 20, and 5 22.

preferred aspect,

which is formed through suitable chem cal vapor deposition techniques.

Accordingly, such first conductive material is forned oveg%g%d adial l'y
,-aﬁ‘éj“’ﬁk}.‘ A

i nwar dl'y of di el ect rates areal enicrah peaFERUtSAtREMPEAEE) byt
second | ayer of conductive material 60 is fornmed over the substrate 12

10

15

flow rate of WF, at 4 sccm in a cold wall CVD reactor.

Referring to Figure 6, a dielectric material layer 56 is formed
over layer 54 and within holes 18, 20, and 22. Portions of layer 56 arc
thereby formed radially inwardly of interior wall portions 19, 21, and 23
and outer conductive sheath 50. An exemplary dielectric material is $iO,.
Alternately, dielectric layer 56 can comprise a nitride-containing layer, such
as Si,N,, which is disposed proximate respective interior wall portions 19,
21, and 23. An oxide-containing layer is formed over the nitride-
containing layer to provide a dielectric SION layer within the hole. Ina
preferred implementation, the nitride layer is formed by chemical vapor
deposition, and the oxide layer by exposing the substrate to oxidizing
conditions. Specifically, in the prt.:fcrrcd implementation, dielectric layers
56 constitute a reoxidized LPCVD nitride film which forms the illustrated
and preferred SiON  diclectric layer. An cxemplary processing
implementation includes in-situ nitridation in an ammonia atmosphere at
950°C. Low pressure chemical vapor deposition of nitride at 700°C. rakes

place with dichlorosilane and ammonia untl about two-thirds of the hole

about two-thirds of the hole 8

tenperature of betygen 900C. to 950C. Referring

In a
such first conductive material constitutes polysilicon



to and first material 58. In one aspect, second conductive material 60
conprises a netal material which is different fromthe first conductive
material 58. In a preferred aspect, second conductive material 60
constitutes a copper seed layer which is formed over first conductive
material 58. Such material or filmcan be deposited througg suitqﬁ# 15
sputtering or evaporation techniques. Mechani cal masks can BYOYEY 0ged to
define with nore particularity the area over which the preferred copper-
seed | ayer is deposited. Second nmaterial 60 is preferably deposited over
front and back surfaces 14, 16 to a thickness of about 20 to about 40 nin.
Next, a nmetal |ayer, preferably a copper layer is electroplated onto seed 8
August 2005 -12 layer 60 to formlayer 62 whiich conpletely fills in holes
18, 20 and 22. Preferably, layer 62 is formed to a thickness of about 2-3
ni. Referring to Figure 8, layers 54, 55, 58, 60 and 62 are planarized
relative to substrate 12 and isolated within respective holes 18, 5 20, and
22. Such can be acconplished by any suitable processing techniques.

Exenpl ary techni ques include abrasion of the substrate.as by cheni cal
mechani cal pol i shi rdjametenisdilled. Subscguensly, regxidaton Péfar’ég‘}lgidédx{‘?lp k9 1ines
such as

temperature of berween 900°C. to 950°C. -

Referring to Figure 7, a first layer of conductive material 58 is

formed over diclectric layer 56 and within each respective hole 18, 20, and

5 22. In a preferred aspect, such first conductive material constitutes
polysilicon which is formed through suitable chemical vapor deposition
techniques. Accordingly, such first conductive material is formed over and

radially inwardly of dielectric material layer 56 within holes 18, 20, and 22.

A second layer of conductive material 60 is formed over the substrate 12

10 and first material 58. In onc aspect, second conductive material 60
comprises a metal material which is different from the first conductive

material 58. In a preferred aspect, second conductive material 60

constitutes a copper seed layer which is formed over first conductive

material 58. Such material or film can be deposited through suitable

15 sputtering or evaporation techniques. Mechanical masks can be utilized to
define with more particularity the area over which the preferred copper-

seed layer is deposited. Second material 60 is preferably deposited over

front and back surfaces 14, 16 to a thickness of about 20 to about 40 nm.

Next, a metal layer, preferably a copper layer is electroplated onto seed-



coaxial integrated circuitry interconnect lines is described. A 10
sem conducti ve substrate is provided which includes front and back
surfaces, and a hole is forned which extends through the substrate and
between the front and back surfaces. The hole is defined in part by an

interior wall portion. Conductive material is forned prOX|§ah5,§Q0bgast
sone of the interior wall portion to forman outer conductive ?ayer
Subsequently, a layer of dielectric material is fornmed within the hoIe,

over and radially inwardly of the conductive material. A second conductive
material is then formed within the hole over and radially inwardly of the
dielectric material layer. The latter conductive material constitutes an

i nner 8 August 2005 -13 conductive coaxial |k fie conponent. In a preferred

i npl ementation, the inner conductive coaxial |ine conponent is fornmed by
formng a first conductive material wthin the hole. A second conductive
material is fornmed over the first conductive material, wth at |east the
second material 5 being a seed | ayer. Subsequently, a netal -containing

| ayer is electroplated onto the seed |layer. Referring to Figures 9 and 10,

substrate 12 may al Bypersifppoform laydsr62c cimplerely s heleseld, £9gand 22.
multi-layer wiring patterns and may be

Preferably, layer 62 is formed to a thickness of about 2-3 pm.

Refetring to Figure 8, layers 54, 55, 58, 60 and 62 are
planarized relative to substrate 12 and isolated within respective holes 18,
20, and 22. Such can be accomplished by any suitable processing
techniques. Exemplary techniques include abrasion of the substrate as by

chemical mechanical polishing.

Hence, a method of forming integrated circuitry lines such as
coaxial integrated circuitry interconnect lines is described. A
semiconductive substrate is provided which includes front and back
surfaces, and a hole is formed which extends through the substrate and
berween the front and back surfaces. The hole is defined in part by an
interior wall portion. Conductive material is formed proximate at least
some of the interior wall portion to form an outer conductive layer.
Subsequently, a layer of diclectric material is formed within the hole, over
and radially inwardly of the conductive material. A second conductive
material is then formed within the hole over and radially inwardly of the

dielectric material layer. The latter conductive material consttutes an inner




encapsul ated by encapsulant 68 in a single integrated package. In such an
10 inplenmentation nultiple exterior termnals 70 are provided for
connecting interior packaged conductors to an external circuit. In
addition, substrate 12 may be a carrier which is used to nount, support
and interconnect other integrated circuit chips 66 nounteg MQWEE: a8 OF
both of the surfaces 14, 16. 15 Figure 11 illustrates a processor system
102, including central processing unit (CPU 112, RAM and ROM nenory
devices 108, 110, input/output (1/0O . devices 104, 106, floppy disk drive
114 and CD ROM drive 116. Al of the above conponents conmunicate with
each other over one or nore bus systens 118. One or nore of the central
processing unit 8 August 2005 -14 (CPU) 112,,3RAM and ROM nenory devi ces
108, 110 are fabricated on substrate 12 or as I C chips which are nounted
on a substrate 12 carrier, as illustrated in Figures 9 and 10, with

t hrough- hol e, coaxial interconnections in accordance with the invention.
In addition, RAM 108 may be 5 constructed as one or nore nenory nodul es
each containing one or nore nenory circuits containing coaxial

i nt er connect i ons f atmnductiveckdaxial line component. In a preferred implementation, the

inner conductive coaxial line component is formed by forming a first
conductive material within the hole. A second conductive material is
formed over the first conductive material, with at least the second material
5 being a seed layer. Subsequently, a metal-containing layer is electroplated

onto the seed layer.

Referring to Figures 9 and 10, substrate 12 may also support
fabricated circuit devices 64 and multi-layer wiring patterns and may be
encapsulated by encapsulant 68 in a single integrated package. In such an

10 implementation multiple exterior terminals 70 are provided for connecting
interior packaged conductors to an external circuit. In addition, substrate
12 may be a carrier which is used to mount, supporrt and interconnect other

integrated circuit chips 66 mounted over onc or both of the surfaces 14,

16.

15 Figure 11 illustrates a processor system 102, including central
processing unit (CPU) 112, RAM and ROM memory devices 108, 110,
input/output (1/0). devices 104, 106, floppy disk drive 114 and CD ROM
drive 116. All of the above components corﬁmunicatc with each other over

one or more bus systems 118. One or more of the central processing unit



accordance with the invention. Al though the invention has been descri bed
above in connection wth exenplary enbodi nents, it is apparent that many
nodi fications and 10 substitutions can be nmade w thout departing fromthe
spirit or scope of the invention. Accordingly, the invention is not to be
considered as |imted by the foregoing description, but ig onlﬁé%bgited by
the scope of the appended clains. 15 8 August 2005 What is éPQV s 1l A
met hod of forming coaxial integrated circuitry interconnect |ines
conprising: providing a substrate having front and back surfaces; formng a
hole with sidewalls extending through said substrate fromsaid front to
sai d back surface; formng an outer conductive coaxial sheath on said
sidewalls; formng a coaxial dielectric |ayas-radially inward and over said

out er conductive coaxial sheath; and formng an inner coaxial line radially
inward and over said coaxial dielectric |layer wherein formng an inner
coaxial line further conprises formng an inner conductive |layer, formng

a seed | ayer over said inner

(CPU) 112, RAM and ROM memory devices 108, 110 are fabricated on
substrate 12 or as IC chips which are mounted on a substrate 12 carrier, as
illusrrated in Figures 9 and 10, with through-hole, coaxial interconnections
in accordance with the invention. In addition, RAM 108 may be
5 constructed as one or more memory modules each containing one or more
memory circuits containing coaxial interconnections fabricated in

accordance with the invention.

Although the invention has been described above in connection

with exemplary embodiments, it is apparent that many modifications and

1o substitutions can be made without departing from the spirit or scope of the
invention. Accordingly, the invention is not to be considered as limited by

the foregoing description, but is only limited by the scope of the appended

claims.



conductive layer, and electroplating a netal on said seed |ayer. 2. The

met hod of claim 1l wherein said outer conductive coaxial sheath is a
tungsten sheath. 3. The nethod of claim2 wherein said outer

conducti vecoaxi al sheath is formed by | ow pressure chenicab Y AP 2005
deposition. 16 8 August 2005 4. The nethod of claim 3 whePEHUFURLAM
deposition is perforned at a rate of about 1 mcron per mnute. 5. The

met hod of claim 3 wherein said outer conductive coaxial sheath is formed to
a thickness of about 0.3 mto about 0.5 m 6. The nethod of claim1 wherein
said coaxial dielectric layer conprises silicon dioxide. 7. The method of
claim1l wherein said coax el ic layer is formed to a thickness of
about 0.5 mto about 0.8&gﬁkng?ﬁ#ﬁgiﬁﬁthod of claiml wherein said coaxial
dielectric |layer conprises a nitride containing |layer. 9. The net hod of
claim8 wherein said nitride containing layer is formed by | ow pressure
chem cal vapor deposition. 10. The nethod of claim1 wherein said inner
conducti ve

1. A method of forming coaxial integrated circuitry

interconnect lines comprising:

providing a substrate having front and back surfaces;

forming a hole with sidewalls extending through said substrate

from said front to said back surface;

forming an outer conductive coaxial sheath on said sidewalls;

forming a coaxial dielectric layer radially inward and over said

outer conductive coaxial sheath; and

forming an inner coaxial line radially inward and over said coaxial
dielectric layer wherein forming an inner coaxial line further comprises
forming an inner conductive layer, forming a seed layer over said inner

conductive layer, and electroplating a metal on said seed layer.

2. The method of claim 1 wherein said outer conductive

coaxial sheath is a tungsten sheath.

3. The method of claim 2 wherein said outer

conductivecoaxial sheath is formed by low pressure

chemical vapor deposition.



| ayer is a polysilicon layer. 11. The nmethod of claim1l wherein said seed
| ayer-is fornmed to a thickness of about 20 nm40 nm 12. The net hod of
claiml1l wherein said netal is copper. 13. The nmethod of claim 1l wherein
said el ectroplated netal is about 2-3 thi ck. 14. The ne uS2dplsai m 1

further conprising the act 17 8 August of fabri cati ng Crrcuit devices
on said substrate. 15. Th od ofhc ai m 1 fu:{ h]ée ‘ie ..t he, act of
nounting integrated ci rcw‘t ch iof <Al ¥ rel%s dfh RBdSof

claim15 further conprising the act of encapsul ating said integrated
circuit chip and <ff d gt a nare offgbouhl aueran®er BiMEGi try i nt er connect |ine
conprising: a substrate having front and back surfaces; a hole with
sidewal I s extending through said substrate fromsaid front to said back
surface; an outer conductbve cBlaxinathodhdaddinf dminerkinraidaiutersiodduetives; a
coaxial dielectric layer fornmed radially inward and over said

coaxial sheath is formed to a thickness of about 0.3 pm to about 0.5 pm.

6. The method of claim 1 wherein said coaxial dielectric

layer comprises silicon dioxide.

7. The method of claim 1 wherein said coaxial dielectric

layer is formed to a thickness of about 0.5 pm to about 0.8 pm.

8. The method of claim 1 wherein said coaxial dielectric
layer comprises a nitride containing layer.

9. The method of claim 8 wherein said nitride
containing layer is formed by low pressure chemical vapor deposition.

10. The method of claim 1 wherein said inner conductive

layer is a polysilicon layer.
11.  The method of claim 1 wherein said seed layer is
formed to a thickness of about 20 nm-40 nm.

12. The method of claim 1 wherein said metal is copper.

13. The method of claim 1 wherein said electroplated metal

is about 2-3 pm thick.

14, The method of claim 1 further comprising the act



outer coaxi al sheath; and an inner conductive coaxial line forned radially
i nwar.d and over said coaxial dielectric |ayer, wherein said inner
conductive coaxial line has electrical contacts on said front and back
surfaces of said substrate. 18. An integfated circuitry inggﬁégaqg@ l'i ne
conprising: a subs te.havin ront and back surfaces; a holFe wt

si dewal | s ext endi n‘l_ﬁ}I ﬁ?‘iﬁ‘ﬂﬁ%‘:‘é i egﬁffs‘i’r’rsé{des“sf’t&tﬁ'sai d front to said back

surface; 18 8 August 2005 an outer conductive coaxial sheath fornmed on said
sidewal I s; a coaxial dielectric layer fornmed radially inward and over said
outer coaxial sheath; and!an iHemetddeicelpipe kduxthar compasmgthedct adi al | y
inward and over said coaxial dielectric |layer, wherein said inner
conduct i ve coaxi al of megntimgpmtagratekcicuitichipeonsaidgubstiatee | ayer, a seed | ayer
provi ded over said inner conductive |ayer, and an el ectropl ated netal

| ayer on said seed |layer. 19. The interconnect |line of claim 18 wherein

sai d outer conductive sha®t h Tiguetlisrbofclaindst fntheayempridihg fHeeact
interconnect line of claim 18 wherein said outer conductive sheath is

formed to a thickngsgn@hsidiRglsaid itegale® cRARLIp and substrate.

17. An integrated circuitry interconnect line
comprising:
a substrate having front and back surfaces;

a hole with sidewalls extending through said substrate from said

front to said back surface;
an outer conductive coaxial sheath formed on said sidewalls;

a coaxial dielectric layer formed radially inward and over said

outer coaxial sheath; and

an inner conductive coaxial line formed radially inward and
over said coaxial dielectric layer, wherein said inner conductive coaxial line

has electrical contacts on said front and back surfaces of said substrate.
18. An integrated circuitry interconnect line comprising:
a substrate having front and back surfaces;
a hole with sidewalls extending through said substrate from said

front to said back surface;



0.5 m 21. The interconnect line of claim18 wherein said dielectric |ayer
conprises silicon dioxide. 22. The interconnect |ine of claim 18 wherein
said dielectric layer is formed to a thickness of about 0.5 urn to about
0.8 um 23. The interconnect line of claim 18 wherein saigd adigatieiosi C

| ayer conprises a nitride containing layer. 24. The interconnect |ine of
claim 18 wherein said 19 8 August 2005 dielectric |ayer conprises silicon

nitride. 25. The int erconaﬁsfm& b&ﬁuaive%%m'sﬁé.hm&ﬁﬁa@n%uqldewaﬁg

conductive layer is a polysilicon layer e I nterconnect |ine of claim
18 wherein said seed layer is fornmed to a thickness of about 20 nm40 nm

27. The i nt er connect i ne of ﬂ%‘i‘%ﬁfn%%lgtl fog'xlglgcara%lqcflgc{;msrﬁan?%vgrs%er

The interconnect |ine of %1% opI ated I"ayer |s
about 2-3 mthick. 29. A processor system conprising: a processor; and

outer coaxial sheath; and

an inner conductive coaxial line formed radially inward and over
said coaxial dielectric layer, wherein said inner conductive coaxial line
comprises an inner conductive layer, a seed layer provided over said inner
conductive layer, and an electroplated metal layer on said seed layer.

19. The interconnect line of claim 18 wherein said outer

conductive sheath comprises a tungsten layer.

20. The interconnect line of claim 18 wherein said outer
conductive sheath is formed to a thickness of about 0.3 um to about

0.5 pm.

21. The interconnect line of claim 18 wherein said

dielectric layer comprises silicon dioxide.

22. The interconnect line of claim 18 wherein said

dielectric layer is formed to a thickness of about 0.5 um to about 0.8 um.

23, The interconnect line of claim 18 wherein said

dielectric layer comprises a nitride containing layer.

24,  The interconnect line of claim 18 wherein said



an integrated circuit coupled to said processor, at |east one of said
integrated circuit and processor conprising: a substrate having front and
back surfaces and a hole with sidewalls extending through said substrate
fromsaid front to said back surface; conductive outer goaxigsgpgeath
formed on said sidewalls; a coaxial di e?gectri c layer forrreg ?’ég a%ly i nwar d

and over said outet. &oaxi al sheat.h; e}nd an.inner conductive coaxial |ine
formed radially i rigEaTEHaYSeampEsHs slicgnYHge. gi el ectric | ayer, said inner
conductive coaxial line conprising an 20 8 August 2005 inner conductive

| ayer, a seed l|ayer provided over said inner conductive |layer, and an

el ectropl ated netal |ayer2%n shiginigeenncsne ofglaim,d8whargmsaid angrm 29
wherein said conductive outer coaxial sheath is a tungsten sheath. 31. The
syst em of cl ai m 29conidecteye hayseis @ pohymdioar kaye. out er coaxi al sheath is forned
to a thickness of about 0.3 mto about 0.5m 32. The system of cl aim 29
wherein said coaxial dielectric |ayer conprises silicon dioxide. 33. The
system of clai m 29 wher ei p6sai TheCiatexdoahect line of claim 18 wherein said seed layer

is formed to a thickness of about 20 nm-40 nm.
27. The interconnect line of claim 18 wherein said
metal is copper.
28. The interconnect line of claim 18 wherein said
electroplated layer is about 2-3 pm thick.
29. A processor system comprising:

a processor; and

an integrated circuit coupled to said processor, at least one of

said integrated circuit and processor comprising:

a substrate having front and back surfaces and a hole with
sidewalls extending through said substrate from said front to said back

surface;

a conductive outer coaxial sheath formed on said sidewalls;

a coaxial dielectric layer formed radially inward and over said

outer coaxial sheath; and

an inner conductive coaxial line formed radially inward and over

said coaxial dielectric layer, said inner conductive coaxial line comprising an



dielectric layer is formed to a thickness of about 0.5 mto about 0.8 m
34. The system of claim29 wherein said coaxial dielectric layer conprises
a nitride containing |layer. 35. The system of claim 29 wherein said coaxial

dielectric layer conprises silicon nitride. 36. The syste f Inpk 29
wherein said i nner conductive |ayer is %Odpol ysilicon | aye??gg?ﬁét?hogssyst em

of claim 29 wherein said,seed, | aver i forme 0 a t.ni.ckness, of about 20
a0 mm 35 the ByRRehoBEvE I F SestTaer bR ted Pyt spdul D SRR
| ayer is copper. | ai m 29 wherein said el ectropl at ed

39., The syst em of
netal 21 8 August mq?%?yé’la@%m&% “Zlnssa'ﬁl\SF?ﬂe]é‘K?r' 40. An integrated

circuit package conprising: a substrate supporting at |east one integrated
circuit chip, said substyate having front, d pack surfaces.and at |east a
ol o wi th SFdeval 1's —oxt Ml g PBLBPIRE S BERF B (R font & o
sai d back surface; an outer conductive coaxial sheath fornmed on said
sidewal | s; a coaxica#xiglisbeatbis & dungsiesrshpethmed radially i nward and over

31.  The system of claim 29 wherein said conductive outer

coaxial sheath is formed to a thickness of about 0.3 pm to about 0.5pm.

32. The system of claim 29 wherein said coaxial

dielectric layer comprises silicon dioxide.
33. The system of claim 29 wherein said coaxial

dielectric layer is formed to a thickness of about 0.5 pm to about 0.8 um.

34. The system of claim 29 wherein said coaxial dielectric

layer comprises a nitride containing layer.

35. The system of claim 29 wherein said coaxial

dielectric layer comprises silicon nitride.

36. The system of claim 29 wherein said inner conductive

layer is a polysilicon layer.

37.  The system of claim 29 wherein said seed layer is formed

to a thickness of about 20 nm-40 nm.

38.  The system of claim 29 wherein said electroplated

metal layer is copper.

39.  The system of claim 29 wherein said electroplated metal



sai d outer conductive coaxial sheath; and an inner conductive coaxial |ine
forned radially inward and over said coaxial dielectric layer; and a
package which encases said substrate and said at |east one chip. 41. The
integrated circuit of claim40 wherein §§id i nner coaxi al g%ﬂ§ugﬂﬂkﬁer
conprises: an inner conductive |ayer; a“seed | ayer provided over sard inner
conductive | ayer; and. an ctropl.ated netal |ayer on said seed |ayer. 42.
The integrated ci fEd IS %P“@'gi“m ﬁgc%erei n said conductive sheath is a
tungsten sheath. 43. The integrated circuit of claim40 wherein said sheath
is formed to a thickness of about 0.3 mto about 0.5 m . 44. The integrated
circuit of claima40 wheredh safiaimpgated cirput pagkageEWEISINEDOS | ayer
conprises silicon dioxide. 45. The integrated circuit of claim0 wherein
said dielectric layer is formed to a thickness of about 0.5 gmto about 0.8
m 46. The integrated ci rxsibstrofe supponting @t st @ienntegratedicietdt Chipcsaidiyer
conprises a nitride containing |ayer

substrate having front and back surfaces and at least a hole with sidewalls

extending through said substrate from said front to said back surface;
an outer conductive coaxial sheath formed on said sidewalls;

a coaxial dielectric layer formed radially inward and over

said outer conductive coaxial sheath; and

an inner conductive coaxial line formed radially inward and over
said coaxial dielectric layer; and

a package which encases said substrate and said at least one chip.

41, The integrated circuit of claim 40 wherein said inner

coaxial line further comprises:
an inner conductive layer;
a seed layer provided over said inner conductive layer; and
an electroplated metal layer on said seed layer.

42.  The integrated circuit of claim 40 wherein said

conductive sheath is a tungsten sheath.

43. The integrated circuit of claim 40 wherein said sheath is

formed to a thickness of about 0.3 um to about 0.5 pm.

44, The integrated circuit of claim 40 wherein said dielectric



47. The integrated circuit of claim40 wherein said dielectric |ayer
conprises silicon nitride. 48. The integrated circuit of claim4l wherein
said inner conductive layer is a polysilicon |ayer. 49. The integrated
circuit of claim4l wherein said seed Igyer is formed to gaRusiomess of
about 20 nm 40 nun. 50. The integrated Circuit of claim41l wherein said
netal is copper. S%y The i.ntegrated .circuit of claim4l wherein said

el ectropl ated | aye TSOURBRHT " APYHT ck.

45, The integrated circuit of claim40 wherein said dielectric

layer is formed to a thickness of about 0.5 pm to about 0.8 um,

46, The integrated circuit of claim 40 wherein said dielectric

layer comprises a nitride containing layer.

47,  The integrated circuit of claim 40 wherein said

dielectric layer comprises silicon nitride.

48.  The integrated circuit of claim 41 wherein

said inner conductive layer is a polysilicon layer.

49, The integrated circuit of claim 41 wherein said seed layer

is formed to a thickness of about 20 nm-40 nm.

50.  The integrated circuit of claim 41 wherein said metal

is copper.

51.  The integrated circuit of claim 41 wherein said

electroplated layer is about 2-3 pm thick.



