wo 2015/175023 A1 || NN NP0 0O AR

(43) International Publication Date

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

19 November 2015 (19.11.2015)

(10) International Publication Number

WO 2015/175023 A1l

WIPOIPCT

(51

eay)

(22)

(25)
(26)
(30)

1

(72

74

International Patent Classification:
HOS5K 1/02 (2006.01) HO5K 3/42 (2006.01)
HO5K 3/40 (2006.01) HO5K 1/11 (2006.01)

International Application Number:
PCT/US2015/011216

International Filing Date:

13 January 2015 (13.01.2015)
Filing Language: English
Publication Language: English
Priority Data:
14/280,223 16 May 2014 (16.05.2014) US

Applicant: XILINX, INC. [US/US]; Attn: Legal Dept.,
2100 Logic Drive, San Jose, CA 95124 (US).

Inventors: MAHONEY, David, M.; 2100 Logic Drive,
San Jose, CA 95124 (US). MARDI, Mohsen, H.; 2100
Logic Drive, San Jose, CA 95124 (US).

Agents: CARTER, Lois, D. et al.; Xilinx, Inc., Attn: Legal
Dept., 2100 Logic Drive, San Jose, CA 95124 (US).

(84)

(81) Designated States (uniess otherwise indicated, for every

kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
Bz, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
HN, HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KN, KP, KR,
KZ, LA, LC, LK, LR, LS, LU, LY, MA, MD, ME, MG,
MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ, OM,
PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA, SC,
SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN,
TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

Designated States (uniess otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ,
TZ, UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU,
TJ, TM), European (AL, AT, BE, BG, CH, CY, CZ, DE,
DK, EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,
LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK,
SM, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ,
GW, KM, ML, MR, NE, SN, TD, TG).

[Continued on next page]

(34

Title: TRANSMISSION LINE VIA STRUCTURE
401
412 \V 410
N
N e
406 8 408 [
7 A
N
M/ N W~
4 212 | bl 210 | 402
-] 9 5
] N )
3 % /‘53~214
N7 I 7N

FIG. 4B

(57) Abstract: In a transmission line via structure, a plurality
of sub-structures (406) are stacked in a via (401 ) through the
substrate (402) along a longitudinal axis thereot. Each of the
sub-structures includes a center conductor portion (410), an
outer conductor portion (412), and at least one dielectric sup-
port member (210). The center conductor portion extends
along the longitudinal axis. The outer conductor portion is
disposed around the center conductor portion. The dielectric
support member(s) separate the outer conductor portion and
the center conductor portion and provide a non-solid volume
(214) between the outer conductor portion and the center con-
ductor portion. Conductive paste (408) is disposed between
the center and outer conductor portions of successive ones of
the plurality of sub-structures to form an outer conductor and
a center conductor.



WO 2015/175023 A1 IWATE 00T VT 0 O

Published:
—  with international search report (Art. 21(3))



10

15

20

25

30

WO 2015/175023 PCT/US2015/011216

TRANSMISSION LINE VIA STRUCTURE

TECHNICAL FIELD
The disclosure generally relates to semiconductor devices and processes

and, in particular, to transmission line via structures in semiconductor devices.

BACKGROUND

Some electronic devices employ signals with a high enough frequency
that their wave nature must be taken into account and the length of wires or
traces on a printed circuit board (PCB) cannot be ignored. To propagate such
high-frequency signals, PCBs include transmission line traces between
electronic components. In order to route transmission line traces from one side
of the PCB to another, a transmission line via is necessary having an impedance
that matches the transmission lines. One type of transmission line via is a
coaxial via that has an outer ground conductor that surrounds a center signal

conductor with a solid dielectric between.

SUMMARY

In an example, a transmission line via structure in a substrate is
described. The transmission line via structure includes a plurality of sub-
structures stacked in a via through the substrate along a longitudinal axis
thereof. Each of the sub-structures includes a center conductor portion, an outer
conductor portion, and at least one dielectric support member. The center
conductor portion extends along the longitudinal axis. The outer conductor
portion is disposed around the center conductor portion. The dielectric support
member(s) separate the outer conductor portion and the center conductor
portion and provide a non-solid volume between the outer conductor portion and
the center conductor portion. Conductive paste is disposed between the center
and outer conductor portions of successive ones of the plurality of sub-structures
to form an outer conductor and a center conductor.

In another example, a method of forming a transmission line structure in a
substrate includes forming a via in the substrate extending between top and
bottom surfaces thereof along a longitudinal axis. An outer conductor is formed
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on a wall of the via. A dielectric structure is established in the via. The dielectric
structure includes dielectric support members disposed along the longitudinal
axis with sacrificial material therebetween. A center via is formed in the
dielectric structure. A center conductor is formed in the center via. The
sacrificial material is removed from the dielectric structure providing a non-solid
volume between the center conductor and the outer conductor.

In another example, a method of forming a transmission line structure in a
substrate includes forming a via in the substrate extending between top and
bottom surfaces thereof along a longitudinal axis. A plurality of sub-structures
are formed, each of the plurality of sub-structures including an outer conductor
portion separated from an center conductor portion by dielectric support
members and including sacrificial material between the dielectric support
members. The plurality of sub-structures are stacked in the via with conductive
paste between the outer and center conductor portions of successive ones of the
dielectric sub-structures to form an outer conductor and a center conductor. The
sacrificial material is removed from each of the plurality of sub-structures
providing a non-solid volume between the center conductor portion and the outer

conductor portion.

BRIEF DESCRIPTION OF THE DRAWINGS

So that the above recited structures and methods can be understood in
detail, a more particular description may be had by reference to particular
examples, some of which are illustrated in the appended drawings. Itis to be
noted, however, that the appended drawings are purely exemplary in nature and
are therefore not to be considered limiting in scope, for the invention may admit
to other equally effective embodiments.

Fig. 1 is a cross-section of an electronic device;

Figs. 2A and 2B show a portion of a PCB having a transmission line via;

Figs. 3A and 3B show a dielectric support member;

Figs. 4A and 4B show a portion of a PCB having a transmission line via;

Fig. 5 is a flow diagram depicting a method of forming a transmission line

via in a substrate;
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Figs. 6A through 6C show cross-sections of a substrate after different
steps of the method shown in Fig. 5;

Fig. 7 is a cross-section of a substrate shown another example of forming
a dielectric structure in the method shown in Fig. 5;

Fig. 8 is a flow diagram depicting a method of forming a transmission line
via in a substrate; and

Fig. 9 is a cross-section of a substrate after steps of the method shown in
Fig. 8.

To facilitate understanding, identical reference numerals have been used,
where possible, to designate identical elements that are common to the figures.
It is contemplated that elements of one example may be beneficially

incorporated in other implementations.

DETAILED DESCRIPTION

Transmission line via structures are described. In an example, a coaxial
via structure is formed in a substrate, such as a printed circuit board (PCB). The
coaxial via structure includes an outer conductor disposed around a center
conductor. One or more dielectric support members are disposed in the via to
support the center conductor and separate the center conductor from the outer
conductor. No solid material is disposed between dielectric support members
along the longitudinal axis of the via. Rather, the volume between dielectric
support members is filled with air. The dielectric support members can be made
such that the dielectric structure is substantially air. Using a substantially air-
based dielectric allows for reduced size vias as compared to solid dielectric
transmission line vias. This can improve PCB routing and conserves PCB real
estate.

In an example, high aspect ratio vias can be formed by first forming
coaxial sub-structures. Each sub-structure includes an outer conductor portion
around a center conductor portion. Dielectric support member(s) support the
center conductor. The sub-structures can be stacked in the via with conductive
paste electrically coupling the outer and center conductor portions, as well as
mechanically securing the sub-structures to one another. Vias with a center

conductor having a length-to-diameter ratio of greater than 30:1 can be created.
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In examples described herein, a dielectric structure substantially
comprising air can be formed by alternately stacking dielectric support members
and sacrificial material. The dielectric support members can include bores
through which the sacrificial material can be removed. The volume left after
removal of the sacrificial material fills with air.

Fig. 1 is a cross-section of an electronic device 100 according to an
example implementation. The electronic device 100 includes a substrate 102,
such as a printed circuit board (PCB) or the like. The PCB 102 includes
transmission line vias 104 extending between a top surface 110 and a bottom
surface 112 of the PCB 102. The transmission line vias 104 can be coupled to
transmission line(s) 106 on either or both of the top and bottom surfaces 110 and
112 (e.g., four transmission lines 106 are shown). The transmission line(s) 106
can be coupled to various electronic components 108 mounted to the PCB 102
(e.g., two electronic components 108 are shown). In an example, the
transmission line(s) 106 comprise 50 Ohm transmission lines, and the
transmission line vias 104 are tuned close to 50 Ohm transmission lines to
minimize discontinuity at the connection to the transmission lines 106.

In various examples described herein, the transmission line vias 104
comprise coaxial vias having a non-solid dielectric structure between the ground
and signal conductors. The non-solid dielectric structure can include dielectric
support structures supporting the signal conductor and separating the signal
conductor from the ground conductor. The volume between support structures
can be occupied by air. The dielectric support structures can be minimized such
that the dielectric between the ground and signal conductors is substantially an
air dielectric. With air as the dielectric, the overall size of the transmission line
vias 104 can be reduced as compared to vias with a solid dielectric. Reduced
size vias can provide for improved routing and reduced real estate on the PCB
102.

Figs. 2A and 2B show a portion 202 of a PCB having a transmission line
via 201 according to an example implementation. Fig. 2A shows a top view of
the PCB portion 202, while Fig. 2B shows a cross-section view taken along the
line 2B-2B. Referring simultaneously to Figs. 2A and 2B, the transmission line

via 201 includes an outer conductor 204 around a center conductor 206. The
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center conductor 206 extends between top and bottom surfaces 216 and 218 of
the PCB portion 202 along a longitudinal axis of the transmission line via 201. A
plurality of dielectric support members 210 are disposed in the via 201 to support
the center conductor 206 in the via and separate the center conductor 206 from
the outer conductor 204. A volume 214 between each of the dielectric support
members 210 contains air. Thus, the dielectric between the center conductor
206 and the outer conductor 204 is a non-solid dielectric that comprises
dielectric support members 210 and air. The dielectric support members 210
can include a plurality of bores 212 therein. As described below, the bores 212
can be used to remove sacrificial material during manufacture of the via 201 to
form the volume 214 between the dielectric support members 210. Conductive
bond pads 208 can be formed on the PCB portion 202 coupled to the center
conductor 206 or formed as part of forming the center conductor 206, as
described below.

Figs. 3A and 3B show a dielectric support member 210 according to an
example implementation. Fig. 3A shows a top-view of the dielectric support 210,
and Fig. 3B shows a side view. Referring simultaneously to Figs. 3A and 3B,
The dielectric support member 210 comprises a cylinder or disc of dielectric
material, such as plastic (e.g., acrylonitrile butadiene styrene (ABS),
polyethelene, etc.), polyimide (e.g., KAPTON or like materials), or the like. The
dielectric support 210 includes a central bore 302 through which the center
conductor of the transmission line via passes. The dielectric support 210 further
includes the plurality of bores 212 around the central bore 302. As described
herein, the bores 212 can be used to remove sacrificial material during
manufacture. In an example, an edge 304 of the dielectric support member 210
is thicker than the inner portion of the dielectric support member 210. For
example, the edge 304 can include a rib on the top and/or bottom of the support
member 210. The edge 304 facilitates mounting of the dielectric support
member 210 in the transmission line via.

Figs. 4A and 4B show a portion 402 of a PCB having a transmission line
via 401 according to an example implementation. Fig. 4A shows a top-view of
the transmission line via 401, and Fig. 4B shows a cross-section view taken

along the line 4B-4B. Elements of Figs. 4A and 4B that are the same or similar
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to those of Figs. 2A and 2B are designated with identical reference numerals.
Referring simultaneously to Figs. 2A and 2B, the transmission line via 401
includes a plurality of sub-structures 406 stacked in the via 401 along a
longitudinal axis thereof. Each of the sub-structures 406 includes a center
conductor portion 410 extending along the longitudinal axis of the via 401, and
an outer conductor portion 412 disposed around the center conductor portion
410. Each of the sub-structures 406 includes at least one dielectric support
member 210 that support the center conductor portions 410 and separate the
center conductor portions 410 from the outer conductor portions 412. The
dielectric support members 210 can be configured as described above.

The transmission line via 401 further includes conductive paste or
adhesive (referred to as conductive paste 408 herein) disposed between the
center and outer conductor portions 410 and 412 of successive ones of the sub-
structures 406. In this manner, the outer conductor portions 410 electrically
combine to form an outer conductor, and the inner conductor portions 412
electrically combine to form an inner conductor. In an example, the via 401 can
include a further outer conductor 414 formed around the outer conductor
portions 410. As described above, the volume 214 between dielectric support
members 210 contains air. By forming the via 401 from sub-structures 406, a
high-aspect ratio via can be formed. The ratio of the length of the center
conductor to its diameter can be greater than 30:1.

Fig. 5 is a flow diagram depicting a method 500 of forming a transmission
line via in a substrate according to an example implementation. The method 500
can be understood with reference to Figs. 2A-B, 6A-6C, and 7, as described
below. The method 500 can be used to form the transmission line via 201 as
shown in Figs. 2A-B and described above. The method 500 begins at step 502,
where a via is formed in the substrate extending between top and bottom
surfaces thereof along a longitudinal axis. For example, a hole can be drilled
through the substrate using a laser drill or like type of drill used in
semiconductor/electric device manufacturing processes. At step 504, an outer
conductor is formed on the wall of the via. For example, conductive material can
be electroplated on the sidewall of the via. The conductive material can include

Cu, Al, Au, or like type of metal or any alloys of such metals. Fig. 6A shows a
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cross-section of a substrate (e.g., the PCB portion 202 shown in Figs. 2A and
2B) having a via 601 and an outer conductor 204 formed on the wall of the via
601.

At step 506, a dielectric structure is established in the via having dielectric
support members and sacrificial material. Fig. 6B shows a cross-section of a
substrate (e.g., the PCB portion 202) having a dielectric structure with the
dielectric support members 210 and sacrificial material 602 therebetween. In an
example, the dielectric support members 210 can be formed separate from the
transmission line via. For example, the dielectric support members 210 can be
formed using any technique for forming plastic parts, such as a 3D printer,
injection molding, or the like. The dielectric structure can be formed in place by
inserting a dielectric support member 210, depositing sacrificial material 602,
inserting another dielectric support member 210, depositing another layer of
sacrificial material 602, and so on. The sacrificial material 602 can include a
dielectric material such as a water-soluble polymer. A non-limiting example of a
water-soluble polymer is poly(acrylic acid) (PAA). The sacrificial material 602 is
chosen such that it can be removed without removing or damaging the dielectric
support members 210.

At step 508, a center via is formed in the dielectric structure. For
example, a hole can be drilled through the dielectric structure. In one example,
the dielectric support members 210 can be formed with a center bore and the
only the sacrificial material 602 is drilled to form the center via. Alternatively,
both the sacrificial material 602 and the dielectric support members 210 are
drilled to form the center via. At step 510, a center conductor is formed in the
center via. For example, a conductive material can be electroplated on the side
walls of the center via. At step 512, the sacrificial material is removed from the
dielectric structure. For example, the sacrificial material can be exposed to an
etchant and drained through bores in the dielectric support members. Fig. 6C
shows a cross-section of a substrate (e.g., the PCB portion 202) having the
center conductor 206 in a center via. The sacrificial material 602 has been
removed through the bores 212, leaving a volume of air between the dielectric

support members 210.
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Fig. 7 shows a cross-section of a substrate (e.g., the PCB portion 202)
according to another example implementation. At step 506, instead of forming
the dielectric structure in place as shown in Fig. 6B, the dielectric structure can
be formed separately from the via and then inserted into the via.

Fig. 8 is a flow diagram depicting a method 800 of forming a transmission
line via in a substrate according to another example implementation. The
method 800 can be understood with reference to Figs. 4A-B and 9, as described
below. The method 800 can be used to form the transmission line via 401 as
shown in Figs. 4A-B and described above. The method 800 begins at step 802,
where a via is formed in the substrate. For example, a hole can be drilled in the
substrate. At step 804, an outer conductor can be formed on the wall of the via.
Alternatively, step 804 can be omitted. At step 806, sub-structures are formed
that have an outer conductor portion separated from a center conductor portion
by dielectric support members. The sub-structures include sacrificial material
between the dielectric support members. Fig. 9 shows a cross-section of a
substrate (e.g., the PCB substrate 402) showing the sub-structures 406 as they
are being inserted into the via 401.

At step 808, the sacrificial material is removed from the sub-structures. In
an example, the sacrificial material can be removed prior to inserting the sub-
structures into the via. In another example, step 808 can be omitted, leaving the
sacrificial material in place until a subsequent step. At step 810, the sub-
structures are stacked in the via with conductive paste between outer and center
conductor portions to form combined outer and center conductors. At step 812,
if any sacrificial material remains, the sacrificial material can be removed. For
example, the sacrificial material can be removed through bores in the dielectric
support members, as described above.

An exemplary transmission line via structure in a substrate has been
described. The structure comprises a plurality of sub-structures stacked in a via
through the substrate along a longitudinal axis thereof, and conductive paste
disposed between the center and outer conductor portions of successive ones of
the plurality of sub-structures to form an outer conductor and a center conductor.
Each of the sub-structures includes: a center conductor portion extending along

the longitudinal axis; an outer conductor portion disposed around the center
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conductor portion; and at least one dielectric support member separating the
outer conductor portion and the center conductor portion and providing a non-
solid volume between the outer conductor portion and the center conductor
portion; and

In such a transmission line via structure, one or more of the following may
apply. A portion of the non-solid volume unoccupied by the at least one
dielectric support member may be occupied by air. Each of the at least one
dielectric support member may comprise a disc of dielectric material having a
plurality of bores therethrough. For each of the at least one dielectric support
member, an edge of the disc that contacts the outer conductor portion may be
thicker than an inner portion of the disc. The via in the substrate may be plated
with a conductor surrounding the plurality of substructures. A ratio between a
length of the center conductor and diameter of the center conductor may be
greater than 30:1. The center and outer conductors may be coupled to at least
one transmission line on at least one surface of the substrate.

An exemplary method of forming a transmission line via structure in a
substrate has been described. The method comprises: forming a via in the
substrate extending between top and bottom surfaces thereof along a
longitudinal axis; forming a plurality of sub-structures, each of the plurality of
sub-structures including an outer conductor portion separated from an center
conductor portion by dielectric support members and including sacrificial material
between the dielectric support members; stacking the plurality of sub-structures
in the via with conductive paste between the outer and center conductor portions
of successive ones of the dielectric sub-structures to form an outer conductor
and a center conductor; and removing the sacrificial material from each of the
plurality of sub-structures providing a non-solid volume between the center
conductor portion and the outer conductor portion.

In such a method, one or more of the following may apply. The dielectric
support members may have bores therethrough, and the sacrificial material may
be removed through the bores. A portion of the non-solid volume unoccupied by
dielectric support members may be occupied by air. The sacrificial material may
be removed from each of the plurality of sub-structures prior to the step of

stacking. The sacrificial material may be removed from each of the plurality of

9



10

15

20

WO 2015/175023 PCT/US2015/011216

sub-structures after the step of stacking. A ratio between a length and diameter
of the center conductor may be greater than 30:1. The method may further
comprise plating the via prior to insertion of the plurality of sub-structures.

Another exemplary method of forming a transmission line via structure in
a substrate comprises: forming a via in the substrate extending between top and
bottom surfaces thereof along a longitudinal axis; forming an outer conductor on
a wall of the via; establishing a dielectric structure in the via, the dielectric
structure including dielectric support members disposed along the longitudinal
axis with sacrificial material therebetween; forming a center via in the dielectric
structure; forming a center conductor in the center via; and removing the
sacrificial material from the dielectric structure providing a non-solid volume
between the center conductor and the outer conductor.

In such a method, one or more of the following may apply. The dielectric
support members may have bores therethrough, and the sacrificial material may
be removed through the bores. A portion of the non-solid volume unoccupied by
dielectric support members may be occupied by air. The establishing may
comprise forming the dielectric structure apart from the substrate and inserting
the dielectric structure into the via. The establishing may comprise forming the
dielectric structure in place in the substrate. A ratio between a length and
diameter of the center conductor may be greater than 30:1.

While the foregoing is directed to exemplary structures and methods,
other and further embodiments may be devised without departing from the basic

scope thereof, which is determined by the claims that follow.
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CLAIMS

What is claimed is:

1. A transmission line via structure in a substrate, comprising:
a plurality of sub-structures stacked in a via through the substrate along a
longitudinal axis thereof, each of the sub-structures including:
a center conductor portion extending along the longitudinal
axis;
an outer conductor portion disposed around the center
conductor portion; and
at least one dielectric support member separating the outer
conductor portion and the center conductor portion and providing a
non-solid volume between the outer conductor portion and the
center conductor portion; and
conductive paste disposed between the center and outer conductor
portions of successive ones of the plurality of sub-structures to form an outer

conductor and a center conductor.

2. The transmission line via structure of claim 1, wherein a portion of the non-
solid volume unoccupied by the at least one dielectric support member is

occupied by air.

3. The transmission line via structure of claim 1 or claim 2, wherein each of the
at least one dielectric support member comprises a disc of dielectric material

having a plurality of bores therethrough.
4. The transmission line via structure of claim 3, wherein for each of the at least
one dielectric support member, an edge of the disc that contacts the outer

conductor portion is thicker than an inner portion of the disc.

5. The transmission line via structure of any of claims 1-4, wherein the via in the

substrate is plated with a conductor surrounding the plurality of substructures.
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6. The transmission line via structure of any of claims 1-5, wherein a ratio
between a length of the center conductor and diameter of the center conductor is

greater than 30:1.

7. The transmission line via structure of any of claims 1-6, wherein the center
and outer conductors are coupled to at least one transmission line on at least

one surface of the substrate.

8. A method of forming a transmission line via structure in a substrate,
comprising:

forming a via in the substrate extending between top and bottom surfaces
thereof along a longitudinal axis;

forming a plurality of sub-structures, each of the plurality of sub-structures
including an outer conductor portion separated from an center conductor portion
by dielectric support members and including sacrificial material between the
dielectric support members;

stacking the plurality of sub-structures in the via with conductive paste
between the outer and center conductor portions of successive ones of the
dielectric sub-structures to form an outer conductor and a center conductor; and

removing the sacrificial material from each of the plurality of sub-
structures providing a non-solid volume between the center conductor portion

and the outer conductor portion.

9. The method of claim 8, wherein the dielectric support members have bores

therethrough, and the sacrificial material is removed through the bores.

10. The method of claim 8 or claim 9, wherein a portion of the non-solid volume

unoccupied by dielectric support members is occupied by air.

11. The method of any of claims 8-10, wherein the sacrificial material is

removed from each of the plurality of sub-structures prior to the step of stacking.

12
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12. The method of any of claims 8-10, wherein the sacrificial material is

removed from each of the plurality of sub-structures after the step of stacking.

13. The method of any of claims 8-12, wherein a ratio between a length and

diameter of the center conductor is greater than 30:1.

14. The method of any of claims 8-13, further comprising:

plating the via prior to insertion of the plurality of sub-structures.

13
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