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workpiece and contact the portion of the conductive plating
base. A voltage applied to the conductive plating base enables
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material on the portion of the conductive plating base to
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FORMING THROUGH-SUBSTRATE VIAS BY
ELECTROFILLING

[0001] This application claims the priority under 35 U.S.C.

§119(e)(1) of co-pending provisional application Ser. No.
61/389,388 filed Oct. 4, 2010 and incorporated herein by
reference.

[0002] This invention was developed under Contract
DE-AC04-94A1.85000 between Sandia Corporation and the

S. Department of Energy. The U.S. Government has certain
rights in this mvention.

FIELD

[0003] The present work relates generally to the formation
ol conductive vias and, more particularly, the formation of
conductive vias in through holes 1n a substrate used as a
connection layer 1n a multi-layer structure.

BACKGROUND

[0004] Via filling 1s commonly used 1n the semiconductor
industry to provide electrical connection layers between other
adjacent layers 1n a multi-layered structure. Depending on the
type of multi-layered structure involved, the connection layer
substrate may be, for example, an mtegrated circuit die, a
semiconductor waler, a printed circuit board, etc. The sub-
strate 1s provided with through holes that are filled with elec-
trically conductive vias to permit the desired electrical con-
nection between adjacent layers.

[0005] Some conventional approaches to via filling employ
techniques that fill the through holes in the connection layer
substrate  with conductive pastes. Other conventional
approaches employ techniques for reflowing soft metals into
the through holes. The conventional approaches are adequate
for filling vias of relatively low aspect ratio (the length-to-
diameter ratio of the through holes) 1n a relatively thin sub-
strate, but they present difficulties, such as bonding and her-
meticity problems, as the substrate thickness and/or aspect
ratio increases. The conventional approaches also 1mpose
limits on via packing density (i.e., the achievable lateral spac-
ing between vias).

[0006] Itis desirable in view of the foregoing to provide for
via filling techniques that overcome conventional limitations
such as those mentioned above.

BRIEF DESCRIPTION OF THE DRAWINGS

[0007] Theinvention 1s best understood from the following
detailed description when read in connection with the accom-
panying drawing. It 1s emphasized that, according to common
practice, the various features of the drawing are not to scale.
On the contrary, the dimensions of the various features are
arbitrarily expanded or reduced for clarnty. Included in the
drawing are the following figures:

[0008] FIG. 11s an exploded view drawing of an example
fixture for use 1n electrofilling through holes 1n a substrate to
form vias according to example embodiments of the present
work.

[0009] FIG. 2 cut-away side plan drawing illustrating an
example fixture similar to the type shown in FI1G. 1, immersed
in an electroplating solution for an electrofilling operation
according to example embodiments of the present work.
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[0010] FIG. 3 1s a bottom plan drawing of the top plate of
the example fixture of FIG. 1 according to example embodi-
ments of the present work.

[0011] FIG. 4 illustrates example operations according to
example embodiments of the present work.

DETAILED DESCRIPTION

[0012] The present work recognizes that conventional limi-
tations such as described above may be avoided by using an
clectroplating process to produce the desired conductive vias.
Example embodiments provide for filling an array of through
holes 1 a connection layer substrate by electroplating. A
conductive plating base 1s maintained in intimate contact with
the area of the substrate that contains the array of through
holes, such that the through holes are covered at one end by
the conductive plating base. The substrate (also referred to
herein as a workpiece) with the covered through holes 1s
immersed in an electroplating solution. The conductive plat-
ing base 1s sealed from exposure to the electroplating solution
except where 1t covers the ends of the through holes. The
conductive plating base remains electrically accessible exter-
nally of the electroplating solution, thereby permitting appli-
cation of an electroplating voltage to the conductive plating
base. While maintained at the electroplating voltage, the con-
ductive plating base i1s cooperable with the electroplating
solution to carry out an electroplating operation that deposits
a solid conductive material on the conductive plating base and
thereby fills the array of through holes with the solid conduc-
tive material, producing the desired vias. Such via filling by
clectroplating operation 1s also referred to herein as electro-
f1lling.

[0013] Electrofilling capabilities according to the present
work provide manufacturable solutions that have several
advantages over conventional techniques. Examples of these
advantages include: acceptable quality vias packed much
more densely (smaller lateral spacing between vias) than
possible with conventional techniques; acceptable quality
vias with much higher aspect ratios than possible with con-
ventional techniques; and acceptable quality vias through
thicker substrates than possible with conventional tech-
niques. Some example embodiments produce 100 micron
diameter vias 1n a 675 micron thick, 6-inch silicon water, for
an aspect ratio of nearly 7:1. Some example embodiments
produce 75 micron diameter vias at a 75 micron center-to-
center spacing, for a pitch of 150 microns. However, the via
aspect ratios and pitches currently achievable according to the
present work are limited only by the capabilities of currently
available fabrication technologies to form via through holes
in substrates. In general, the techniques of the present work
are capable of filling vias with aspect ratios beyond 100:1 and
pitches less than 5 microns.

[0014] Some example embodiments provide a fixture that
may be used to electrofill conductive vias into densely packed
arrays of high aspect ratio through holes 1n connection layer
substrates of various thicknesses. The electrofilling process
provides electrical conductivity at one end of each substrate
through hole, to facilitate via filling by metal deposition dur-
ing an e¢lectroplating operation. In some example embodi-
ments, the fixture provides for intimate contact between a
compliant, sacrificial metal fo1l (conductive plating base) and
a surface of the substrate, in the area of the substrate that
contains the through holes. The metal fo1l covers the through
holes at one end. The intimate contact 1s maintained by com-
pressing the substrate and the foil together.




US 2012/0080318 Al

[0015] Some example embodiments include one or more
shim/spacer elements to facilitate the compression, and gas-
kets to seal the conductive fo1l from all electroplating solution
except that which {ills the through holes. This sealing pro-
vides appropriate chemical isolation of the conductive foil
from the electroplating chemuistry. It the foil 1s exposed to the
clectroplating solution other than at the covered ends of the
through holes, all exposed areas of the foil will plate with
metal, disadvantageously inhibiting the electrofilling of the
through holes. In some example embodiments, the fixture
(detailed examples of which are described below) includes
components made of materials such as Polyvinylidene Fluo-
ride (PVDF), Tetlon and Viton. Such materials are desirably
highly resistant to acids, bases and solvents, and are well
suited for use 1n various types of conventional electroplating

baths.

[0016] FIG. 1 diagrammatically illustrates 1 exploded
view an example fixture assembly for use 1n electrofilling vias
according to example embodiments of the present work. The
example assembly of FIG. 1 includes a top plate 11 and a base
plate 12, which may serve to function as a workpiece holder,
with a stack of five distinct fixture layers sandwiched ther-
cbetween. In some example embodiments, the top plate 11
and base plate 12 are made of PVDEF. The base plate 12 1s
designed to mount on a support structure 13 within a standard
clectroplating bath, and provides ngidity for placement of the
fixture 1n the bath during plating, as well as during loading
and unloading the fixture. The base plate 12 has a groove 14
(rectangular-shaped in the example of FIG. 1) machined
therein from the top. The area of the groove 14 1s larger than
the area ol the workpiece (1.e, the substrate with through holes
to be electrofilled) 15. The base plate 12 further may include
a plurality of drilled and tapped holes, located adjacent the
periphery of the groove 14 as shown 1n FIG. 1. These holes
may desirably be used to attach the top plate 11 to the base
plate 12 after the component layers of the fixture stack are
placed and aligned. One skilled 1n the art will understand that
other fastening methods, such as for example clamps, may be
used as well.

[0017] The first layer in the fixture stack 1s a spacer 16
(made from Teflon in some example embodiments) having
generally the same shape and size as the groove 14 1n the base
plate 12. This spacer 16 may be provided to compensate for
total thickness variations of the fixture stack. The spacer 16
has various thicknesses 1n various example embodiments,
depending on the thickness of the workpiece 15 relative to the
depth of the groove 14 i the base plate 12. As such, the
thicker the workpiece, the thinner the spacer 16, and vice-a-
versa.

[0018] The next layer 1n the fixture stack 1s bottom seal 17
(a Viton gasket in some example embodiments) having gen-
crally the same shape and size as the spacer 16 and the groove
14. This bottom seal 17 seals to the base plate 12, and to the
next layer of the stack, a conductive (1n some example
embodiments, copper) foil electrode 18. The bottom seal 17
desirably has suificient flexibility to maintain sealing against
the conductive fo1l 18 as the foil conforms to an adjoiming
surface of the workpiece 15. The conductive fo1l 18 has gen-
crally the same shape as the bottom seal 17 beneath 1it.
Although not shown strictly to scale 1n FI1G. 1, the conductive
to1l 18 may desirably be slightly dimensionally smaller than
the bottom seal 17, to permit the seal 17 to seal around
peripheral edges of the foil 18 and prevent undesired expo-
sure of the foil to the electroplating solution.
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[0019] The fo1l 18 serves as the cathode of the via electro-
filling process and, as such, 1s desirably maintained at a suit-
able electroplating voltage. To this end, the foil 18 may desir-
ably include a portion (not explicitly shown in FIG. 1) that
extends outwardly from one end of the fixture stack. This
extension of the foil 18 may serve as a contact portion 21,
shown diagrammatically in FIG. 2, which permits electrical
access to the fo1l externally of the electroplating solution 25.

[0020] Referring againto FI1G. 1, a chip locator template 19
(made of Teflon in some example embodiments), with a cut-
out opening 22 having generally similar dimensions to the
workpiece 15, 1s stacked on the foil 18. The template 19 has
generally the same shape and peripheral dimensions as the
spacer 16 and bottom seal 17, and generally the same thick-
ness as the workpiece 15. The cutout 22 serves to locate the
workpiece 15 on top of the foil 18. The workpiece 15 (a
semiconductor die 1n the example of FIG. 1) 1s placed 1nto the
cutout 22 1n the template 19. In the example of FIG. 1, the
template 19 1s designated as a chip locator because, in this
example, it locates the die (or chip) on the foil 18. In some
example embodiments, the total height of the spacer 16, the
bottom seal 17, the o1l 18, and the workpiece 15/template 19
desirably exceeds the depth of the groove 14 by about 2-3
mm.

[0021] The final layer 1n the stack 1s a top seal 20 (a Viton
gasket in some example embodiments). This top seal 20 has
generally the same shape and dimensions as the top plate 11,
and 1s thus dimensionally larger than the bottom seal 17. The
top seal 20 provides sealing against the top plate 11 and the
base plate 12, and provides sealing against the bottom seal 17.
Recalling that the bottom seal 17 may be desirably dimen-
sionally larger than the foil 18, one skilled in the art waill
understand that the seals 17 and 20 may cooperate as a seal
apparatus to provide a seal structure 1n a generally surround-
ing relationship to the fo1l 18. The top seal 20 also has a small
cutout opening to expose to the electroplating solution only
the area of the workpiece 15 that contains the through holes
(two of which are shown at 26 1n FIG. 2). Accordingly, the
cutout 1n the top seal 20 may desirably be dimensionally
smaller than the workpiece 15 1n a number of example
embodiments, as shown in FIG. 1. The top seal 20 has a
plurality of through holes that respectively align with corre-
sponding holes 1n the base plate 12 when the fixture stack 1s
assembled.

[0022] The top plate 11 has a cutout opening 23 that coop-
crates with the smaller cutout in the top seal 20 to permait
clectroplating solution to {ill the workpiece through holes.
Although the cutout 23 1s shown larger than the cutout in the
top seal 20 1n the example of FIG. 1, 1t 1s contemplated that
these two cutouts may be the same size 1n some example
embodiments. The top plate 11 further desirably includes a
plurality of through holes that respectively align with the
through holes 1n the top seal 20 and corresponding holes in the
base plate 12 when the fixture 1s assembled. As shown 1n FIG.

3, the top plate 11 may include a raised rnidge 31 provided
radially inwardly of the through holes and surrounding the
cutout 23. The top plate 11 may include another raised ridge
32 surrounding the through holes, adjacent the periphery of
the plate. Inclusion of these ridges 31 and 32 may desirably
aid 1n sealing the top plate 11 against the top seal 20.

[0023] Thetop plate 11 may be fastened to the base plate 12
by suitable elongate fasteners, as shown diagrammatically at
24 1n the example embodiment of FIG. 1, which are inserted
through the aligned holes 1n the top plate 11, top seal 20 and
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base plate 12. The fasteners 24 cooperate with the top plate 11
and the base plate 12 as a compression apparatus that com-
presses the constituent layers of the fixture stack evenly. This
compression may allow the top and bottom seals 20 and 17 to
form a fluid tight seal around the foil 18, thereby preventing
the electroplating solution from contacting portions of the fo1l
18 other than those that cover the workpiece through holes. In
some example embodiments, the elongate fasteners 24 are
screws, and the desired fixture stack compression 1s provided
by tightening the screws with a torque screwdriver. In various
example embodiments, the fasteners 24 are made oI PVDF or
other material suitable for use in electroplating chemaistries.
[0024] Theexample embodiment shown 1n FIG. 2, includes
a sumplified fixture stack for clarity, the example fixture 1s
positioned in the electroplating bath 25 such that electroplat-
ing solution fills the through holes 26 of the workpiece, and
thus contacts the foil 18 at the ends of the through holes
covered by the foil. The example fixture 1s further positioned
such that the peripheral edges of the seals 17 and 20 (see also
FIG. 1), where the contact portion 21 of the foi1l 18 emerges
from the fixture stack, are desirably outside the electroplating
solution 23. This positioning ensures that the contact portion
21 1s not exposed to the electroplating solution.

[0025] In some example embodiments, an insulated con-
ductor may be electrically connected to the foi1l 18, within the
seal formed by the seals 17 and 20 of FIG. 1. This insulated
conductor passes through the electroplating solution, safely
transierring the electroplating voltage to the foil 18. In such
embodiments, the entire fixture stack of FIG. 1 may be com-
pletely immersed 1n the electroplating solution.

[0026] In the examples described above, the workpiece 135
1s a semiconductor die substrate. However, it will be appre-
ciated that the structures and processes of the present work are
readily scalable and configurable to various substrate sizes
and shapes. For example, various example embodiments may
accommodate variously sized and shaped semiconductor
waler substrates, and various example embodiments may
accommodate variously sized and shaped printed circuit
board substrates.

[0027] FIG. 4 1llustrates example operations that may be
performed according to the present work. At 41, the conduc-
tive plating base 1s positioned to cover one end of the through
holes 1n the substrate. At 42, the substrate, with the through
holes covered at one end by the plating base, 1s immersed in
the electroplating solution, with the contact, portion of the
plating base electrically accessible outside the electroplating,
solution. At 43, the electroplating solution fills the through
holes 1n the substrate, while being prevented from contacting,
the plating base, except for those areas covering the through
holes. At 44, an electroplating voltage 1s applied to the contact
portion of the plating base to initiate via electrofilling.
[0028] FIG. 5 diagrammatically illustrates vias 31 formed
in substrate through holes according to the electrofilling tech-
niques of the present work. As shown, the conductive fo1l 18
that remains may be removed by selective etching before
planarization.

[0029] Although example embodiments of the present
work are described above in detail, this does not limit the
scope of the present work, which can be practiced in a variety
of embodiments.

What 1s claimed 1s:

1. An assembly adapted for insertion 1n a bath of electro-
plating solution for an electroplating operation on a work-
piece, the workpiece having formed therein a plurality of
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through holes, wherein each said through hole has a first end
and a second end, comprising:

a workpiece holder adapted to hold said workpiece such
that said first ends of said through holes of said work-
piece permit said electroplating solution to fill said
through holes when said assembly 1s inserted in said

bath;

a conductive plating base positioned against a surface of
said workpiece and having a portion that covers said
second ends of said through holes and contacts the elec-
troplating solution that fills said through holes when said
assembly 1s mserted 1n said bath, wherein said conduc-
tive plating base 1s electrically accessible externally of
said electroplating solution when said assembly 1s
inserted 1n said bath to permit application of a voltage to
said conductive plating base to conduct an electroplating,
operation in said bath; and

a compression apparatus coupled to said workpiece holder
pressing said conductive plating base against said sur-
face of said workpiece with said portion covering said
second ends of said through holes.

2. The assembly of claim 1, wherein said electroplating
operation fills said through holes with a solid conductive
material, and wherein said workpiece 1s a connection layer
substrate for a multi-layer semiconductor apparatus.

3. The assembly of claim 2, wherein said workpiece 1s one
ol a semiconductor die, a semiconductor water, and a printed
circuit board, and wherein said solid conductive material

forms vias 1n said through holes.

4. The apparatus of claim 3, wherein said conductive plat-
ing base 1s a sacrificial copper foil.

5. The assembly of claim 1, including a sealing apparatus
that seals a further portion of said conductive plating base
from contact with said electroplating solution when said
assembly 1s inserted 1n said bath.

6. The apparatus of claim 5, wherein:

said workpiece holder includes a first plate and a second
plate; and

said compression apparatus includes a fastening arrange-
ment coupling said first and second plates of said work-
piece holder, and wherein said workpiece, said conduc-
tive plating base and said sealing apparatus are disposed
between said first and second plates.

7. The apparatus of claim 6, wherein said sealing apparatus
includes a first seal adjacent said workpiece and having
therein an opening aligned with said workpiece.

8. The apparatus of claim 7, wherein said sealing apparatus
includes a second seal adjacent said conductive plating base,
and wherein said conductive plating base and said workpiece
are disposed between said first and second seals.

9. The apparatus of claim 8, wherein said first seal 1s
adjacent said first plate, and wherein said first plate has
formed therein an opening aligned with said opening in said
first seal to permit said electroplating solution to fill said
through holes when said assembly 1s mserted in said bath.

10. The apparatus of claim 7, wherein said first seal 1s
adjacent said first plate, and wherein said first plate has
formed therein an opening aligned with said opening in said
first seal to permit said electroplating solution to fill said
through holes when said assembly 1s mserted in said bath.

11. The apparatus of claim 6, wherein said first plate and
said second plate of said workpiece holder, and said fastening
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arrangement of said compression apparatus are made of Poly-
vinylidene Fluoride (PVDF), and said sealing arrangement
includes a Viton gasket.

12. A method of filling a plurality of through holes 1n a
workpiece with a solid conductive material, comprising:

immersing the workpiece 1 an electroplating solution,
with the through holes covered at one end by a portion of
a conductive plating base; and
during said immersing,
permitting the electroplating solution to {ill the through
holes 1n the workpiece and contact said portion of the
conductive plating base, and

applying a voltage to the conductive plating base to
enable an electroplating operation that deposits the
solid conductive material on said portion of the con-
ductive plating base to thereby fill the through holes
with the solid conductive material.

13. The method of claim 12, including preventing the elec-
troplating solution from contacting a further portion of the
conductive plating base.
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14. The method of claim 13, including forcibly pressing
said portion of the conductive plating base against the work-
piece.

15. The method of claim 13, wherein said preventing
includes sealing said further portion of the conductive plating
base from the electroplating solution.

16. The method of claim 15, wherein said sealing includes
forcibly pressing a first seal against the conductive plating
base.

17. The method of claim 16, wherein said sealing includes
forcibly pressing a second seal against the first seal.

18. The method of claim 15, including forcibly pressing
said portion of the conductive plating base against the work-
piece.

19. The method of claim 18, wherein said sealing includes
forcibly pressing a first seal against the conductive plating
base.

20. The method of claim 19, wherein said sealing includes
forcibly pressing a second seal against the first seal.
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