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(54) Title: COAXIAL THROUGH-SILICON VIA
o
—- (57) Abstract: A through-silicon via (TSV) structure forming a unique coaxial or triaxial interconnect within the silicon substrate

40. The TSV structure is provided with two or more independent electrical conductors 50, 60 insulated from another and from the
, substrate. The electrical conductors can be connected to different voltages or ground, making it possible to operate the TSV struc-

ture as a coaxial or triaxial device. Multiple layers using various insulator materials can be used as insulator, wherein the layers
are selected based on dielectric properties, fill properties, interfacial adhesion, CTE match, and the like. The TSV structure over-

¾ comes defects in the outer insulation layer that may lead to leakage. A method of fabricating such a TSV structure is also de-
scribed.



Coaxial Through-Silicon Via

TECHNICAL FIELD

[001] The present invention relates generally to a semiconductor structure and method

of fabricating the same, and more particularly, to a structure and method of forming an

interconnect coaxial and triaxial through-silicon via (TSV) device.

BACKGROUND

[002] Typical electronic systems may comprise a variety of electronic components

fabricated specifically for a particular function. Sometimes it is impossible for these

various components to be fabricated on the same substrate due to material or processing

differences or performance issues. It is therefore usually necessary to package the

separate components and then connect them externally to function together as a system.

[003] Usually components are connected using wire bonding or C4 flip chip packages.

With microelectronics constantly scaling downward in size, the limits of direct scaling

may soon be reached. Along with scaling of devices, there is an additional issue related

to scaling the interconnects in order to accommodate such devices and their increasing

densities.

[004] Device speeds and therefore product performance is becoming limited by the

interconnects between the various circuits involved in an overall product. For example,

a CPU interfacing with memory or I/O circuits may become performance limited by the

length and performance of the wires connecting them. The same issues also drive

increased power requirements as well as heat dissipation limitations.



[005] Traditional coaxial connections are described, e.g., in US Patent No. 6,410,431 to

Bertin et al, in which an outer and annular cylinder and inner cylinder are filled with

electrically conducting material, and the middle annular cylinder is filled with an

electrically insulating material. The method of forming this structure involves sequential

processing steps for each discrete portion of the coaxial structure.

[006] FIG. 1 is a top-down view of prior art through-chip conductors 40C and 40D for

low inductance chip-to-chip integration cited previously. Referring to conductor 40C, two

concentric features 40A and 152 are formed separately using the following processes:

lithography, etching, deposition, surface polish or planarization. Bertin's structure, as

described in the aforementioned patent, is provided with an outer conductor that is

electrically connected to the Si substrate in which it resides at the same potential as the

aforementioned Si substrate. In the second embodiment, shown in conductor 40D, two

individual features referenced as 40A are illustrated surrounded by feature 152.

[007] In a conventional TSV, isolation from the signal to the substrate and/or adjacent

structures is generally determined by the thickness and properties of the sidewall

passivation. In the prior art, it is normally a thin oxide, preferably Ιµιη or less. When it

is manufactured by sub-atmospheric chemical vapor deposition (SACVD), also referred

to as a high aspect ratio process (HARP), which in this case refers to an oxide deposition

process typically CVD, it enables a non-thermal oxide to be deposited in a trench or via.

However, the film quality may be rather poor. With a dielectric constant of about 5 to 7,

as compared to approximately 4 for a good tetraethylorthosilicate (TEOS) film, SACVD

is considered a good choice in view of it being conformal at low temperature (430°C). In

addition, a furnace oxidation cannot be used after the devices are built due to its high

temperature, above 1000°C.

[008] It is known that coaxial conductors work best in the aforementioned situations.

An advantage of a coaxial structure over other types of transmission lines is that in an

ideal coaxial conductor, the electromagnetic field carrying the signal exists only in the

space between the inner and outer conductors. This allows coaxial conductor to be



installed next to conductive materials without the power losses that occur in other

transmission lines, and provides protection of the signal from external electromagnetic

interference.

[009] Accordingly, there is a need for a solution in the form of a coaxial TSV fabricated

such that the center conductor provided with an outer shield, all of which are constructed

using conventional CMOS processes.

SUMMARY

[0010] In accordance with a first aspect of the present invention, a structure and a method

of manufacturing a TSV coaxial or triaxial via in a silicon substrate are described.

[0011] In another aspect of the invention, the structure has two or more independent

electrical conductors which are insulated with respect to each other and to the silicon

substrate. The two electrical conductors are set at different potentials, and at a different

potential than the silicon substrate, making it possible to operate the inventive structure as

a TSV coaxial. The two independent conductors are formed concurrently, as will be

described hereinafter. Multiple layers using various insulator materials can be used as

insulators. The layers can be selected based on the dielectric properties, fill properties,

interfacial adhesion, CTE match, and the like. The structure thus described overcomes

any defects in the outer insulation layer that may lead to leakage.

[0012] In still another aspect of the invention, three independent conductors insulated

from one another and the substrate can be implemented to form a triaxial TSV structure.

[0013] In yet another aspect of the invention, an integrated circuit (IC) through-silicon

via (TSV) structure is provided that includes a substrate having at least one of the TSVs,

and parallel insulated conductive lines spanning the length of the TSV, the TSV



substantially extending from a top surface of the substrate to a bottom surface thereof, the

conductive lines making electrical contact with interconnect wires.

[0014] In yet another aspect of the invention, a method of forming an IC TSV on a

substrate is provided that includes etching at least one annular via within the substrate

leaving exposed a central post; conformally forming a dielectric film covering a) an outer

circumference on an outer circumference of the TSV sidewalls, b) an inner circumference

covering the sidewall of the central post, and c) a dielectric film deposited substantially

upon a top surface of an underlying active layer; conformally depositing a liner and a

seed for copper plating and a conformal plated copper layer, forming an inner or signal

conductor and an outer conductor or shield; conformally depositing a barrier layer

covering the copper inner conductor and the outer conductor; filling any remaining via

space with polyimide and curing it; and planarizing the top surface and the bottom

surface until the copper conductors are separated from one another.

[0015] The conductive lines can be connected to active layers provided with interconnect

wires or passive circuitry formed on the substrate, attaching the coaxial or triaxial

structures thus formed to interconnect wiring set at different voltages. The structure thus

formed provides a solution in the form of a coaxial TSV fabricated such that the center

conductor and outer shield are formed concurrently, providing a significant capacitance

reduction. Any insulator may be used to fill the central region, as long as it has

acceptable levels of breakdown voltage (Vbd), and leakage current (J) at operating

conditions.

[0016] The multiple layers can be used as insulators, e.g., material A, followed by

material B, and the like, wherein the layers are selected based on their dielectric

properties, fill properties, interfacial adhesion, CTE match, and the like. The insulator

(e.g., photosensitive polyimide insulator, PSPI) may be filled from either side of the

wafer, the backside filling preferably done after a backside thinning process.



[0017] The present invention overcomes any defects in the outer insulation layer which

may lead to leakage.

BRIEF DESCRIPTION OF THE DRAWINGS

[0018] The present invention will be understood and appreciated more fully from the

following detailed description of the invention, taken in conjunction with the

accompanying drawings of which:

[0019] FIG. 1 is a top-down view of prior art etched annular vias;

[0020] FIGs. 2 and 3 illustrate respectively a top down view and a perspective view of an

annular via etched into a substrate;

[0021] FIGs. 4 and 5 respectively show a top down and a cross-sectional view of the

annular via after deposition of a (HARP) dielectric layer;

[0022] FIG. 6 illustrates a liner and seed deposition topped by a conformal copper plate,

in according to an embodiment of the invention;

[0023] FIG. 7 illustrates the next fabrication step showing the annular coaxial TSV

having a reverse liner or barrier deposition set to protect the plated copper;

[0024] FIGs. 8 and 9 depict the step of filling the trench with photosensitive polyimide

insulator (PSPI) followed by etch back of the PSPI on the upper surface;

[0025] FIG. 10 illustrates removing the barrier/liner, copper and liner using a chemical-

mechanical planarization (CMP);



[0026] FIG. 11 is a side view of the coaxial TSV showing a backside thinning and etch to

expose the bottom of the vias;

[0027] FIG. 1 shows the coaxial structure after dielectric backside deposition and

patterning;

[0028] FIG. 13 illustrates the final coaxial structure after backside CMP, according to the

present invention; and

[0029] FIGs. 14 and 15 respectively show a top-down and a perspective view of a triaxial

structure, according to another embodiment of the present invention.

DETAILED DESCRIPTION

[0030] The accompanying drawings, which are incorporated in and which constitute part

of the specification, illustrate the presently preferred embodiments of the invention

which, together with the general description given above and the detailed description of

the preferred embodiments given below serve to explain the principles of the invention.

[0031] It will be appreciated that for simplicity and clarity of illustration, elements shown

in the drawings have not necessarily been drawn to scale. For example, dimensions of

some of the elements may be exaggerated relative to other elements for clarity.

[0032] FIG. 2 depicts a top-down view of an annular via 30 etched into silicon substrate

40. The active built layers 45 are not shown in the plan view for clarity. The structure is

provided with a center post 40a made of the same substrate material as defined by the

etch. The width of the central post is of the order of 6µιη.



[0033] FIG. 3 is a cross-sectional view of FIG. 2 showing an active layer 45. In a

preferred embodiment, the substrate 40 and the center post 40a are preferably made of

silicon employing conventional lithography applicable to Damascene structures. Layer(s)

45 represent(s) active layers that include, among others, wiring levels of any

semiconductor IC or passive circuitry constructed on the substrate 40. At the present

juncture, the active layer shorts the top surface of the annular via 30.

[0034] FIGs. 4 and 5 are respectively top-down and cross-sectional views of the annular

via 30 after depositing on all exposed surfaces electrically insulating material, such as

TEOS (tetraethyl orthosilicate) or Harp (High Aspect Ratio Process) insulator outer wall

70b, insulator inner wall 70a, and insulator top surface. The purpose of this layer is to

electrically isolate the substrate from any conductive material, and is used to fill the via

and reduce the migration of conductive material into the substrate.

[0035] The insulator outer wall 70 is preferably formed by a dielectric film covering the

sidewalls of via outer circumference 70. The insulator inner wall 70a is preferably made

of a dielectric film covering the central post 40a of the via. The insulator inner wall 70a is

a dielectric film that is deposited substantially upon the top surface of the underlying

active build layer(s) 45. Any insulator may be used to fill the central region, as long as it

has acceptable levels of breakdown voltage (Vbd), and leakage current (J) at operating

conditions. A preferred insulator such as PSPI (photosensitive polyimide) may be filled

from either side of the wafer. However, the backside filling is preferably performed once

the backside thinning has been completed.

[0036] Referring to FIG. 6, there is shown a liner and seed conformal deposition required

for Cu plating and a conformal plated Cu layer, preferably to a demonstrated thickness of

2µιη. The conductor 50 represents what is to become the inner or signal conductor.

Similarly, element 60 become the outer conductor or shield. Element 55 represents a

conductive layer, preferably made of copper, and is referred as the Cu overburden which



subsequently is removed in a later process step. It is worth noting that thus far the inner

and outer walls still remain connected to one another.

[0037] FIG. 7 shows the next step in the process where protective or barrier layer 95 is

deposited, and is preferably made of Ta/TaN or TaN which is deposited conformally

covering the copper inner signal conductor 50, the Cu overburden 55 (Fig. 6 ), and outer

conductor 60, that is intended to protect the Cu from future process operations.

[0038] FIG. 8 depicts the process steps of filling the remaining via space with polyimide

or any other non-conductive filler, followed by curing it. This step will be referred

henceforth as PSPI fill.

[0039] FIG. 9 illustrates the now totally filled via following the removal of any excess

polyimide from the top surface, while leaving the polyimide within the via. This can be

accomplished with oxygen plasma, commonly known as an ash process.

[0040] FIG. 10 shows the structure after performing a chemical-mechanical polish

(CMP) operation to the top surface of the structure to remove the Cu overburden 55

including the upper portion of the barrier/liner material 95, while making the entire

structure(s) substantially planar. While the top surfaces of the TSVs are now separated

from each other, the TSVs still remain connected to one another at the respective bottoms

of the TSVs.

[0041] FIG. 11 depicts the first process performed on the backside 200 of the substrate,

opposite from the active side. This process can be achieved by first filing the substrate (or

wafer). In an embodiment of the invention, the backside 200 of the substrate is

substantially thinned out using a combination of mechanical grinding, chemical and dry

etching in order to expose the bottom portion of the vias which include the center post

40a, inner dielectric 70a, inner conductor 50, the middle dielectric fill 80, outer conductor



60 and the outer wall insulator 70. Note that at this point, the inner and outer conductors

remain interconnected.

[0042] FIG. 1 illustrates the addition of a conformal dielectric layer 250 deposition on

the backside of the substrate. A dielectric diffusion barrier is preferably used to avoid

copper contamination of the silicon.

[0043] FIG. 13 depicts the structure following the CMP performed on the backside of the

substrate 40 intended to remove any protruding portions of the vias, leaving the dielectric

250 and the via structures substantially planar. It further also removes the bottom portion

of the conductive materials in the vias such that the inner conductor 50 is now electrically

isolated from the outer conductor 60.

[0044] The step of filling the trench with PSPI followed by planarization can be formed

by exposing using the same annular mask and develop, The initial photolithography can

advantageously use a positive resist. The expose and develop steps that follow form the

TSV image in the photoresist. PSPI is typically a negative resist (and must be in this

case). Since the same mask is used with opposite tone resists, the features will be

negative with respect to one another. Therefore, by using the same mask with PSPI, a

pillar of PSPI will be formed over the TSVs, and followed by RIE to remove the very top

of the PSPI, while leaving PSPI inside the trench. In an alternate approach, once the Cu

has been protected, one can etch the non-photo sensitive polyimide, i.e., a polyimide

which is patterned with the use of a resist (i.e., because it is not light sensitive surface),

and is followed by CMP planarization.

[0045] With the backside thinning completed, a dielectric layer is deposited (FIG. 12,

250) and polished (FIG. 13), thereby completing the formation of a coaxial TSV.



[0046] The final structure of the coaxial TSV ends with its two ends independent of one

another, operating with a voltage and ground respectively attached to the inner and outer

ends of the coaxial. The construction of the coaxial has describes ensures that the inner

and outer conductive walls of the coaxial avoid generating any cross-talk noise.

[0047] FIGs. 14 and 15 respectively illustrate a planar and a cross-section view of

another embodiment of the invention, namely, a triaxial via which is formed using the

same process flow as was previously described for the coaxial via. The structure is

converted into a unique triaxial via by etching a hole within what was the center post

(FIG. 5, 40a) at the same time the annular is etched. This results in a three conductor via

with 50a as the inner or signal conductor, 52 as the middle or inner shield conductor and

60a as the outer shield conductor, all of which are electrically independent of each other.

[0048] As previously illustrated, the process flow is exactly the same as for the

aforementioned coaxial structure. The main difference resides in a pattern being etched at

the beginning of the process. Patterning the structure at the first lithography step with a

third recess enables forming a third conductor in the substrate. It is worth noting that

additive concentric rings may be added to a fourth and a fifth conductor. The number of

additional conductor rings added is limited by available space on the substrate.

[0049] The structure thus defined can be manufactured using techniques and materials

that are compatible with CMOS technology.

[0050] In one embodiment of the invention, a desired resist pattern is first created using

lithography, It is followed by etching, e.g., reactive ion etch (RIE) to remove the silicon

from unprotected areas, forming the outermost wall of the coaxial structures, and defining

the inner wall of the annulus.



[0051] For illustrative purposes, the outer diameter could range from 10 to 50µιη, while

the inner would be 5 to 25µιη. This is followed by a conformal insulator deposition in the

range of 0.20 to 2.00µιη thickness. In the next step, a barrier liner is deposited which

typically comprises TaN/Ta with thicknesses ranging from 50 to 500A. This is followed

by seed deposition, preferably by Cu ranging from 0.01 to Ιµιη. The wafer is then sent

through a Cu electroplating bath to deposit plated Cu that covers the walls but does not

fill the annular region completely. Typically, the plating process is stopped when the

unfilled annular region is within range of 1 to 5 µιη. This is followed by deposition of a

second barrier layer, e.g., Ta/TaN with thicknesses ranging from 50 to 500A.

[0052] The next step consists of depositing a polymer, e.g., a polyimide or a

photosensitive polyimide, such as fluorinated polyimide, polyorganohydrosilane,

polyphenylenes, polysiloxanes, copolymers of divinylsiloxane and bisbenzocyclobutene,

polybenzil, polyarylethers and polytetraflurorethylene. The polyimide is preferably cured

according to manufacturer specifications. The polymer is then removed from the

uppermost surface, preferably using a plasma ash or similar process. This exposes the

Barrier 21 Cu/ Barrier 1, which are subsequently removed from the uppermost surface of

the wafer by a polish or CMP polish or other similar processes.

[0053] The wafer is then back-side thinned to expose the bottom of the TSVs such that

they protrude from the back surface. The amount of protrusion should be equal to or be

greater than the thickness of the two barrier layers, added to the copper, and added to the

via insulating layer. The next step is to depose an insulator or insulators, e.g., nitride/

oxide/nitride. It is followed by a polish or chemical-mechanical polish (CMP) step that

removes the nitride/oxide/nitride, and the bottom of the TSV, such that the inner and

outer conductors are now electrically isolated.

[0054] With the coaxial disclosure, the isolation mentioned above applies only to the

outer shield. The isolation to the inner conductor is now defined by the film (PSPI) that

resides between the inner conductor and the outer conductor. This film can be thicker,



i.e., 2 µηι or more, and have a better dielectric constant, e.g., 3.3 = k, for HD-4004

manufactured by DuPont.

[0055] Furthermore, it is advantageous to employ a lower k value material as the

insulating layer that separates the conductors, since this helps reducing the capacitance,

and, thereby, allows the signals to travel faster through the TSV.

[0056] While the present invention has been particularly described in conjunction of a

simple illustrative embodiment, it is to be understood that one of ordinary skill in the art

that the foregoing and other changes in form and detail may be made therein without

departing from the spirit and scope of the invention.

INDUSTRIAL APPLICABILITY

[0057] The present invention finds industrial applicability in the design and fabrication of

interconnect coaxial or triaxial through-silicon vias (TSV) incorporated in an integrated

circuit chip that find application in a large variety of electronic and electrical

applications.



CLAIMS

What is claimed is:

1. An integrated circuit (IC) through-silicon via (TSV) structure comprising:

a substrate 40 provided with at least one of said TSVs, and

parallel insulated conductive lines 50 spanning the length of said TSV and

extending from a top surface 70b of said substrate to a bottom surface thereof

200, said conductive lines 50 being insulated from one another and from said

substrate 40, said conductive lines 50 respectively making electrical contact with

interconnect wires.

2 . The IC structure as recited in claim 1 further comprises a center post 40a made of the

same material as said substrate 40.

3 . The IC structure as recited in claim 1, wherein said conductive lines are connected to

active layers 45 provided with interconnect wires or passive circuitry formed upon

said substrate.

4 . The IC structure as recited in claim 1, wherein said conductive lines are respectively

connected to a voltage or to ground.

5 . The IC structure as recited in claim 2, wherein said TSV is an annular via 30 having

an inner and an outer wall filled with insulating material deposited on exposed

surfaces.



6 . The IC structure as recited in claim 5 wherein said insulator outer wall is a dielectric

film covering sidewalls of said TSV outer circumference, and wherein said insulator

inner wall is a dielectric film covering said central post of said via.

7 . The IC structure as recited in claim 5, wherein said insulating material electrically

insulates said substrate from said conductive lines.

8. The IC as recited in claim 6, wherein said insulating material is a photosensitive

polyimide insulator (PSPI).

9 . The IC as recited in claim 8, wherein said PSPI is selected from a group consisting

of polyimide, benzocyclobutene or fluorinated polyimide, polyorganohydrosilane,

polyphenylenes, polysiloxanes, copolymers of divinylsiloxane and

bisbenzocyclobutene, polybenzil, polyarylethers and polytetraflurorethylene, and

photosensitive polymers.

10. The IC as recited in claim 1, wherein said center post is filled with polyimide.

11. The IC structure as recited in claim 1, wherein said TSV topside and backside

surfaces are planarized severing a connection between said conductive lines.

12. The IC structure as recited in claim 11, wherein two of said severed conductive

lines respectively connected to a voltage and to ground and coupled to said center

post form a coaxial TSV.

13. The IC structure as recited in claim 1, wherein three of said conductive lines

respectively connected to voltages and to ground and coupled to two center posts

form a triaxial TSV.

14. A method of forming an IC TSV on a substrate 40 comprising:



i) etching at least an annular via 30 within said substrate leaving exposed a central

post 40a;

ii) conformally forming a dielectric film covering a) an outer circumference 70 on

an outer circumference of said TSV sidewalls, b) an inner circumference 70a

covering the sidewall of said central post 40a, and c) a dielectric film 70b

deposited substantially upon a top surface of an underlying active layer 45;

iii) conformally depositing a liner 95 and a seed for copper plating and a

conformal plated copper layer, forming an inner or signal conductor 50 and an

outer conductor or shield 60, said barrier layer covering the copper inner

conductor and the outer conductor;

iv) filling any remaining via space with polyimide and curing it; and

v) planarizing the top surface 70b and the bottom surface 250 until said copper

conductors are separated from one another.

15. The method as recited in claim 14 wherein said step of depositing said barrier

layer is made with a material made of Ta/TaN or TaN that covers said copper inner or

signal conductor and said outer or shield Cu conductor.

16. The method as recited in claim 14, wherein said filling said remaining via space is

performed with a PSPI fill.

17. The method as recited in claim 16, wherein said step of filling said via is followed

by removing any excess polyimide from the top surface while leaving the polyimide

inside the via.

18. The method as recited in claim 17, wherein said removing of said excess

polyimide is followed by an ash process.

19. The method as recited in claim 14, wherein planarizing said front and back

surfaces of said substrate leaves said top surfaces of said TSVs separated from each



other, while leaving said TSVs remain connected to one another at the respective

bottoms of the TSVs.

20. The method as recited in claim 19, wherein following the step of planarizing said

backside of said substrate removes any protruding portions of said vias, and further

removes a bottom portion of said conductive materials in said vias leaving the inner

conductor electrically isolated from the outer conductor.
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