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A Z-directed component for mounting in a mounting hole in 
a printed circuitboard according to one example embodiment 
includes a main body portion and a tapered end portion that 
facilitates insertion of the Z-directed component into the 
mounting hole in the printed circuit board. The tapered end 
portion is removably attached to the main body portion Such 
that the tapered end portion may be removed after the Z-di 
rected component is inserted into the mounting hole in the 
printed circuit board. A method for installing a Z-directed 
component having a removable tapered lead-in into the 
mounting hole according to one example embodiment 
includes inserting the Z-directed component into the mount 
ing hole in the printed circuit board with the removable 
tapered lead-in leading the insertion and after the Z-directed 
component is inserted into the mounting hole, removing the 
removable lead-in from the rest of the Z-directed component. 
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Z-DIRECTED PRINTED CIRCUIT BOARD 
COMPONENTS HAVING AREMOVABLE END 

PORTION AND METHODS THEREFOR 

CROSS REFERENCES TO RELATED 
APPLICATIONS 

0001. This patent application is related to U.S. patent 
application Ser. No. (Docket No. P399-US 1), filed 

, 2012, entitled “Process for Manufacturing a Z-Di 
rected Component for a Printed Circuit Board using a Sacri 
ficial Constraining Material.” U.S. patent application Ser. No. 
13/222,748, filed Aug. 31, 2011, entitled “Die Press Process 
for Manufacturing a Z-Directed Component for a Printed 
Circuit Board. U.S. patent application Ser. No. 13/222,418, 
filed Aug. 31, 2011, entitled “Screening Process for Manu 
facturing a Z-Directed Component for a Printed Circuit 
Board. U.S. patent application Ser. No. 13/222,276, filed 
Aug. 31, 2011, entitled “Spin Coat Process for Manufacturing 
a Z-Directed Component for a Printed Circuit Board.” U.S. 
patent application Ser. No. 13/250,812, filed Sep. 30, 2011, 
entitled “Extrusion Process for Manufacturing a Z-Directed 
Component for a Printed Circuit Board' and U.S. patent 
application Ser. No. 13/284,084, filed Oct. 28, 2011, entitled 
“Continuous Extrusion Process for Manufacturing a Z-Di 
rected Component for a Printed Circuit Board,” which are 
assigned to the assignee of the present application. 

BACKGROUND 

0002 1. Field of the Disclosure 
0003. The present invention relates generally to processes 
for manufacturing printed circuit board components and 
more particularly to a sacrificial constraining process for 
manufacturing a Z-directed component for a printed circuit 
board. 
0004 2. Description of the Related Art 
0005. The following United States patent applications, 
which are assigned to the assignee of the present application, 
describe various “Z-directed components that are intended 
to be embedded or inserted into a printed circuit board 
(“PCB'): Ser. No. 12/508,131 entitled “Z-Directed Compo 
nents for Printed Circuit Boards. Ser. No. 12/508,145 
entitled “Z-Directed Pass-Through Components for Printed 
Circuit Boards. Ser. No. 12/508,158 entitled “Z-Directed 
Capacitor Components for Printed Circuit Boards.” Ser. No. 
12/508,188 entitled “Z-Directed Delay Line Components for 
Printed Circuit Boards. Ser. No. 12/508,199 entitled “Z-Di 
rected Filter Components for Printed Circuit Boards.” Ser. 
No. 12/508.204 entitled “Z-Directed Ferrite Bead Compo 
nents for Printed Circuit Boards. Ser. No. 12/508,215 
entitled “Z-Directed Switch Components for Printed Circuit 
Boards. Ser. No. 12/508,236 entitled “Z-Directed Connector 
Components for Printed Circuit Boards.” and Ser. No. 
12/508.248 entitled “Z-Directed Variable Value Components 
for Printed Circuit Boards. 
0006. As densities of components for printed circuit 
boards have increased and to higher frequencies of operation 
are used. Some circuits designs have become very difficult to 
achieve. The Z-directed components described in the forego 
ing patent applications are designed to improve the compo 
nent densities and frequencies of operation. The Z-directed 
components occupy less space on the Surface of a PCB and for 
high frequency circuits, e.g. clock rates greater than 1 GHZ, 
allow for higher frequency of operation. The foregoing patent 
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applications describe various types of Z-directed components 
including, but not limited to, capacitors, delay lines, transis 
tors, Switches, and connectors. A process that permits mass 
production of these components on a commercial scale is 
desired. 

SUMMARY 

0007. A Z-directed component for mounting in a mount 
ing hole in a printed circuit board according to one example 
embodiment includes a main body portion and a tapered end 
portion that facilitates insertion of the Z-directed component 
into the mounting hole in the printed circuit board. The 
tapered end portion is removably attached to the main body 
portion Such that the tapered end portion may be removed 
after the Z-directed component is inserted into the mounting 
hole in the printed circuit board. 
0008. A method for installing a Z-directed component 
having a removable tapered lead-in into the mounting hole 
according to one example embodiment includes inserting the 
Z-directed component into the mounting hole in the printed 
circuit board with the removable tapered lead-in leading the 
insertion and after the Z-directed component is inserted into 
the mounting hole, removing the removable lead-in from the 
rest of the Z-directed component. 
0009. A method for forming a Z-directed component for 
insertion into a mounting hole in a printed circuit board 
according to one example embodiment includes filling a first 
cavity having a tapered Surface with a body material to form 
a tapered end portion of the Z-directed component. A first 
layer of a constraining material is provided on top of the first 
cavity. The first layer of the constraining material has a sec 
ond cavity having a width that is smaller than a width of the 
first cavity. The second cavity is filled with the body material. 
Successive layers of the constraining material are provided on 
top of the first layer of the constraining material. Each of the 
Successive layers of the constraining material has a cavity 
defining the outer shape of a corresponding layer of a main 
body portion of the Z-directed component. The cavities of the 
Successive layers of the constraining material are selectively 
filled with at least the body material to form the layers of the 
main body portion of the Z-directed component. The con 
straining material is dissipated to release the Z-directed com 
ponent from the constraining material and the Z-directed 
component is fired. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0010. The above-mentioned and other features and advan 
tages of the various embodiments, and the manner of attain 
ing them, will become more apparent and will be better under 
stood by reference to the accompanying drawings. 
0011 FIG. 1 is a perspective view of a Z-directed compo 
nent according to one example embodiment. 
0012 FIG. 2 is a transparent perspective view of the Z-di 
rected component shown in FIG. 1 illustrating the internal 
arrangement of elements of the Z-directed component. 
0013 FIGS. 3A-3F are perspective views showing various 
example shapes for the body of a Z-directed component. 
0014 FIGS. 4A-4C are perspective views showing vari 
ous example side channel configurations for a Z-directed 
component. 
(0015 FIGS. 5A-5H are perspective views showing vari 
ous example channel configurations for the body of a Z-di 
rected component. 
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0016 FIG. 6A is a perspective view of a Z-directed com 
ponent having O-rings for connecting to internal layers of a 
PCB and having a body having regions comprised of similar 
and/or dissimilar materials according to one example 
embodiment. 
0017 FIG. 6B is a top plan view of the Z-directed com 
ponent shown in FIG. 6A. 
0.018 FIG. 6C is a schematic side elevation view of the 
Z-directed component shown in FIG. 6A. 
0019 FIG. 7 is a schematic illustration of various example 
elements or electronic components that may be provided 
within the body of a Z-directed component in series with a 
conductive channel. 
0020 FIG. 8 is a schematic cross-sectional view of a Z-di 
rected component flush mounted in a PCB showing conduc 
tive traces and connections to the Z-directed component 
according to one example embodiment. 
0021 FIG. 9 is a top plan view of the Z-directed compo 
nent and PCB shown in FIG. 8. 
0022 FIG. 10 is a schematic cross-sectional view of a 
Z-directed component flush mounted in a PCB showing 
ground loops for the Z-directed component with the Z-di 
rected component further having a decoupling capacitor 
within its body according to one example embodiment. 
0023 FIG. 11 is a schematic cross-sectional view of a 
Z-directed component flush mounted in a PCB showing a 
Z-directed component for transferring a signal trace from one 
internal layer of a PCB to another internal layer of that PCB 
according to one example embodiment. 
0024 FIG. 12 is a perspective view of a Z-directed capaci 
tor having semi-cylindrical sheets according to one example 
embodiment. 
0025 FIG. 13 is an exploded view of another embodiment 
of a Z-directed capacitor having stacked discs according to 
one example embodiment. 
0026 FIG. 14A is a perspective view of a sheet of sub 
strate material used to form a Z-directed component accord 
ing to one example embodiment. 
0027 FIG. 14B is a perspective view of a sheet of substrate 
material according to another example embodiment having a 
rounded depression therein. 
0028 FIG. 14C is a perspective view of a sheet of substrate 
material according to another example embodiment having a 
chamfered depression therein. 
0029 FIG. 15A is a perspective view of a Z-directed com 
ponent having a dome formed on an end thereof according to 
one example embodiment. 
0030 FIG. 15B is a perspective view of a Z-directed com 
ponent having a chamfered end according to one example 
embodiment. 
0031 FIGS. 16-23 are sequential views showing the for 
mation of a Z-directed component according to one example 
embodiment. 
0032 FIG. 16 is a perspective view of an example screen 
for applying conductive material to the Substrate material. 
0033 FIG. 17 is a perspective view of the substrate mate 
rial having conductive applied thereon through the example 
screen shown in FIG. 16. 
0034 FIG. 18 is a perspective view showing a first layer of 
sacrificial constraining material applied to the Substrate mate 
rial according to one example embodiment. 
0035 FIG. 19 is a perspective view showing a cavity in the 

first layer of sacrificial constraining material filled with pho 
toresist material according to one example embodiment. 
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0036 FIG. 20 is a perspective view showing the photore 
sist material removed after the application of conductive 
material according to one example embodiment. 
0037 FIG. 21 is a perspective view showing body material 
applied to the first layer of sacrificial constraining material 
according to one example embodiment. 
0038 FIG. 22 is a perspective view showing additional 
conductive material applied to form a conductive plate for a 
Z-directed capacitor according to one example embodiment. 
0039 FIG.23 is a perspective view showing a second layer 
of sacrificial constraining material applied to form a second 
layer of the component according to one example embodi 
ment. 

0040 FIGS. 24-27 are sequential views showing the for 
mation of a layer of a Z-directed component according to 
another example embodiment. 
0041 FIG. 24 is a perspective view showing conductive 
material applied to the Substrate material according to one 
example embodiment. 
0042 FIG.25 is a perspective view showing a first layer of 
the Z-directed component formed in the sacrificial constrain 
ing material according to one example embodiment. 
0043 FIG. 26 is a perspective view showing two sets of 
Vertical conductive plates formed according to one example 
embodiment. 
0044 FIG. 27 is a perspective view showing the body 
material applied according to one example embodiment. 
0045 FIG. 28 is a schematic view of an example array for 
constructing multiple Z-directed components at one time. 
0046 FIG. 29 is a side cutaway view showing radial Sup 
ports that extend between adjacent components across mul 
tiple component layers according to one example embodi 
ment. 

0047 FIG.30 is a perspective view showing the formation 
of a layer of a Z-directed component having multiple dielec 
tric materials according to one example embodiment. 
0048 FIG. 31 is a perspective view showing a sheet of 
Substrate material having a depression for forming an inden 
tation in the top or bottom surface of the Z-directed compo 
nent to facilitate removal of a rounded lead-in according to 
one example embodiment. 
0049 FIG.32 is a perspective view showing a release layer 
applied to the Substrate material and having a depression for 
forming an indentation in the top or bottom Surface of the 
Z-directed component according to one example embodi 
ment. 

0050 FIG.33 is a perspective view showing body material 
applied to the depression shown in FIG.31 according to one 
example embodiment. 
0051 FIG. 34 is a perspective view showing a layer of 
sacrificial constraining material applied to the Substrate mate 
rial and having cavities therein for connecting the removable 
lead-in to the component according to one example embodi 
ment. 

0.052 FIG. 35 is a perspective view showing an additional 
layer of sacrificial constraining material applied to form a 
layer of the Z-directed component according to one example 
embodiment. 
0053 FIG. 36 is a perspective view showing body material 
applied to the sacrificial constraining material shown in FIG. 
35. 
0054 FIG. 37 is a perspective view of a Z-directed com 
ponent having a removable rounded lead-in according to one 
example embodiment. 
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DETAILED DESCRIPTION 

0055. The following description and drawings illustrate 
embodiments sufficiently to enable those skilled in the art to 
practice the present invention. It is to be understood that the 
disclosure is not limited to the details of construction and the 
arrangement of components set forth in the following descrip 
tion or illustrated in the drawings. The invention is capable of 
other embodiments and of being practiced or of being carried 
out in various ways. For example, other embodiments may 
incorporate structural, chronological, electrical, process, and 
other changes. Examples merely typify possible variations. 
Individual components and functions are optional unless 
explicitly required, and the sequence of operations may vary. 
Portions and features of some embodiments may be included 
in or substituted for those of others. The scope of the appli 
cation encompasses the appended claims and all available 
equivalents. The following description is, therefore, not to be 
taken in a limited sense and the scope of the present invention 
is defined by the appended claims. 
0056. Also, it is to be understood that the phraseology and 
terminology used herein is for the purpose of description and 
should not be regarded as limiting. The use of “including.” 
“comprising,” or “having and variations thereof herein is 
meant to encompass the items listed thereafter and equiva 
lents thereofas well as additional items. Unless limited oth 
erwise, the terms “connected.” “coupled, and “mounted.” 
and variations thereofherein are used broadly and encompass 
direct and indirect connections, couplings, and mountings. In 
addition, the terms “connected” and "coupled and variations 
thereof are not restricted to physical or mechanical connec 
tions or couplings. 
0057. Overview of Z-Directed Components 
0058 An X-Y-Z frame of reference is used herein. The X 
and Y axes describe the plane defined by the face of a printed 
circuit board. The Z-axis describes a direction perpendicular 
to the plane of the circuit board. The top surface of the PCB 
has a Zero Z-value. A component with a negative Z-direction 
value indicates that the component is inserted into the top 
surface of the PCB. Such a component may be above (extend 
past), flush with, or recessed below either the top surface 
and/or the bottom surface of the PCB. A component having 
both a positive and negative Z-direction value indicates that 
the component is partially inserted into the surface of the 
PCB. The Z-directed components are intended to be inserted 
into a hole or recess in a printed circuit board. Depending on 
the shape and length of the component(s), more than one 
Z-directed component may be inserted into a single mounting 
hole in the PCB, such as being stacked together or positioned 
side by side. The hole may be a through hole (a hole from the 
top surface through to the bottom surface), a blind hole (an 
opening or recess through either the top or bottom Surface into 
an interior portion or internal layer of the PCB) or an internal 
cavity such that the Z-directed component is embedded 
within the PCB. 
0059 For a PCB having conductive traces on both external 
layers, one external layer is termed the top Surface and the 
other the bottom surface. Where only one external layer has 
conductive traces, that external Surface is referred to as the top 
Surface. The Z-directed component is referred to as having a 
top surface, a bottom Surface and a side Surface. The refer 
ences to top and bottom Surfaces of the Z-directed component 
conform to the convention used to refer to the top and bottom 
surfaces of the PCB. The side surface of a Z-directed compo 
nent extends between the top and bottom surfaces of the PCB 
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and would be adjacent to the wall of the mounting hole in the 
PCB where the mounting hole is perpendicular to the face of 
the PCB. This use oftop, bottom and side should not be taken 
as limiting how a Z-directed component may be mounted into 
a PCB. Although the components are described herein as 
being mounted in a Z-direction, this does not mean that Such 
components are limited to being inserted into a PCB only 
along the Z-axis. Z-directed components may be mounted 
normal to the plane of the PCB from the top or bottom sur 
faces or both Surfaces, mounted at an angle thereto or, 
depending on the thickness of the PCB and the dimensions of 
the Z-directed component, inserted into the edge of the PCB 
between the top and bottom surfaces of the PCB. Further, the 
Z-directed components may be inserted into the edge of the 
PCB even if the Z-directed component is wider than the PCB 
is tall as long as the Z-directed component is held in place. 
0060. The Z-directed components may be made from vari 
ous combinations of materials commonly used in electronic 
components. The signal connection paths are made from con 
ductors, which are materials that have high conductivity. 
Unless otherwise stated, reference to conductivity herein 
refers to electrical conductivity. Conducting materials 
include, but are not limited to, copper, gold, aluminum, silver, 
tin, lead and many others. The Z-directed components may 
have areas that need to be insulated from other areas by using 
insulator materials that have low conductivity like plastic, 
glass, FR4 (epoxy & fiberglass), air, mica, ceramic and oth 
ers. Capacitors are typically made of two conducting plates 
separated by an insulator material that has a high permittivity 
(dielectric constant). Permittivity is a parameter that shows 
the ability to store electric fields in the materials like ceramic, 
mica, tantalum and others. A Z-directed component that is 
constructed as a resistor requires materials that have proper 
ties that are between a conductor and insulator having a finite 
amount of resistivity, which is the reciprocal of conductivity. 
Materials like carbon, doped semiconductor, nichrome, tin 
oxide and others are used for their resistive properties. Induc 
tors are typically made of coils of wires or conductors 
wrapped around a material with high permeability. Perme 
ability is a parameter that shows the ability to store magnetic 
fields in the material which may include iron and alloys like 
nickel–zinc, manganese-zinc, nickel-iron and others. Transis 
tors such as field effect transistors (“FETs) are electronic 
devices that are made from semiconductors that behave in a 
nonlinear fashion and are made from silicon, germanium, 
gallium arsenide and others. 
0061. Throughout the application there are references that 
discuss different materials, properties of materials or termi 
nology interchangeably as currently used in the art of material 
Science and electrical component design. Because of the flex 
ibility in how a Z-directed component may be employed and 
the number of materials that may be used, it is also contem 
plated that Z-directed components may be constructed of 
materials that have not been discovered or created to date. The 
body of a Z-directed component will in general be comprised 
of an insulator material unless otherwise called out in the 
description for a particular design of a Z-directed component. 
This material may possess a desired permittivity, e.g., the 
body of a capacitor will typically be comprised of an insulator 
material having a relatively high dielectric constant. 
0062 PCBs using a Z-directed component may be con 
structed to have a single conductive layer or multiple conduc 
tive layers as is known. The PCB may have conductive traces 
on the top surface only, on the bottom Surface only, or on both 
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the top and bottom Surfaces. In addition, one or more inter 
mediate internal conductive trace layers may also be present 
in the PCB. 
0063 Connections between a Z-directed component and 
the traces in or on a PCB may be accomplished by soldering 
techniques, Screening techniques, extruding techniques or 
plating techniques known in the art. Depending on the appli 
cation, Solder pastes and conductive adhesives may be used. 
In some configurations, compressive conductive members 
may be used to interconnect a Z-directed component to con 
ductive traces found on the PCB. 
0064. The most general form of a Z-directed component 
comprises a body having a top Surface, a bottom Surface and 
a side Surface, a cross-sectional shape that is insertable into a 
mounting hole of a given depth D within a PCB with a portion 
of the body comprising an insulator material. All of the 
embodiments described herein for Z-directed components are 
based on this general form. 
0065 FIGS. 1 and 2 show an embodiment of a Z-directed 
component. In this embodiment, Z-directed component 10 
includes a generally cylindrical body 12 having a top Surface 
12t, a bottom Surface 12b, a side Surface 12s, and a length L 
generally corresponding to the depth D of the mounting hole. 
The length L can be less than, equal to or greater than the 
depth D. In the former two cases, Z-directed component 10 
would in one case be below at least one of the top and bottom 
surfaces of the PCB and in the other it may be flush with the 
two surfaces of the PCB. Where length L is greater than depth 
D, Z-directed component 10 would not be flush mounted with 
at least one of the top and bottom surfaces of the PCB. 
However, with this non-flush mount, Z-directed component 
10 would be capable of being used to interconnect to another 
component or another PCB that is positioned nearby. The 
mounting hole is typically a through-hole extending between 
the top and bottom surfaces of the PCB but it may also be a 
blind hole. When recessed below the surface of the PCB, 
additional resist areas may be required in the hole of the PCB 
to keep from plating the entire circumferential area around the 
hole. 

0066 Z-directed component 10 in one form may have at 
least one conductive channel 14 extending through the length 
of body 12. At the top and bottom ends 14t and 14b of 
conductive channel 14, top and bottom conductive traces 16t, 
16b are provided on the top and bottom end surfaces 12t, 12b 
of body 12 and extend from respective ends of the conductive 
channel 14 to the edge of Z-directed component 10. In this 
embodiment, body 12 comprises an insulator material. 
Depending on its function, body 12 of Z-directed component 
10 may be made of variety of materials having different 
properties. These properties include being conductive, resis 
tive, magnetic, dielectric, or semi-conductive or various com 
binations of properties as described herein. Examples of 
materials that have the properties are copper, carbon, iron, 
ceramic or silicon, respectively. Body 12 of Z-directed com 
ponent 10 may also comprise a number of different networks 
needed to operate a circuit that will be discussed later. 
0067. One or more longitudinally extending channels or 
wells may be provided on the side surface of body 12 of 
Z-directed component 10. The channel may extend from one 
of the top surface and the bottom surface of body 12 toward 
the opposite Surface. As illustrated, two concave side wells or 
channels 18 and 20 are provided in the outer surface of Z-di 
rected component 10 extending the length of body 12. When 
plated or Soldered, these channels allow electrical connec 
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tions to be made to Z-directed component 10, through the 
PCB, as well as to internal conductive layers within the PCB. 
The length of side channels 18 or 20 may extendless than the 
entire length of body 12. 
0068 FIG. 2 shows the same component as in FIG. 1 but 
with all the surfaces transparent. Conductive channel 14 is 
shown as a cylinder extending through the center of Z-di 
rected component 10. Other shapes may also be used for 
conductive channel 14. Traces 16t and 16b can be seen 
extending from ends 14t and 14b of conductive channel 14, 
respectively, to the edge of body 12. While traces 16t and 16b 
are shown as being in alignment with one another (Zero 
degrees apart), this is not a requirement and they may be 
positioned as needed for a particular design. For example, 
traces 16t and 16b may be 180 degrees apart or 90 degrees 
apart or any other increment. 
0069. The shape of the body of the Z-directed component 
may be any shape that can fit into a mounting hole in a PCB. 
FIGS. 3A-3F illustrate possible body shapes for a Z-directed 
component. FIG. 3A shows a triangular cross-sectional body 
40; FIG. 3B shows a rectangular cross-sectional body 42; 
FIG. 3C shows a frusto-conical body 44; FIG. 3D shows an 
ovate cross-sectional cylindrical body 46; and FIG.3E shows 
a cylindrical body 48. FIG. 3F shows a stepped cylindrical 
body 50 where one portion 52 has a larger diameter than 
another portion 54. With this arrangement, the Z-directed 
component may be mounted on the surface of the PCB while 
having a section inserted into a mounting hole provided in the 
PCB. The edges of the Z-directed component may be beveled 
to help with aligning the Z-directed component for insertion 
into a mounting hole in a PCB. Other shapes and combina 
tions of those illustrated may also be used for a Z-directed 
component as desired. 
0070 For a Z-directed component, the channels for plat 
ing can be of various cross-sectional shapes and lengths. The 
only requirement is that plating or solder material make the 
proper connections to the Z-directed component and corre 
sponding conductive traces in or on the PCB. Side channels 
18 or 20 may have, for example, V-, C- or U-shaped cross 
sections, semi-circular or elliptical cross-sections. Where 
more than one channel is provided, each channel may have 
the same or a different cross-sectional shape. FIGS. 4A-4C 
illustrate three side channel shapes. In FIG.4A, V-shaped side 
channels 60 are shown. In FIG. 4B, U- or C-shaped side 
channels 62 are shown. In FIG. 4C, wavy or irregular cross 
sectional side channel shapes 65 are shown. 
(0071. The numbers of layers in a PCB varies from being 
single sided to being over 22 layers and may have different 
overall thicknesses that range from less than 0.051 inch to 
over 0.093 inch or more. Where a flush mount is desired, the 
length of the Z-directed component will depend on the thick 
ness of the PCB into which it is intended to be inserted. The 
Z-directed component's length may also vary depending on 
the intended function and tolerance of a process. The pre 
ferred lengths will be where the Z-directed component is 
either flush with the surfaces or extends slightly beyond the 
surface of the PCB. This would keep the plating solution from 
plating completely around the interior of the PCB hole that 
may cause a short in Some cases. It is possible to add a resist 
material around the interior of a PCB hole to only allow 
plating in the desired areas. However, there are some cases 
where it is desired to completely plate around the interior of a 
PCB hole above and below the Z-directed component. For 
example, if the top layer of the PCB is a V, plane and the 
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bottom layer is a GND plane then a decoupling capacitor 
would have lower impedance if the connection used a greater 
Volume of copper to make the connection. 
0072 There are a number of features that can be added to 
a Z-directed component to create different mechanical and 
electrical characteristics. The number of channels or conduc 
tors can be varied from Zero to any number that can maintain 
enough strength to take the stresses of insertion, plating, 
manufacturing processes and operation of the PCB in its 
intended environment. The outer surface of a Z-directed com 
ponent may have a coating that glues it in place. Flanges or 
radial projections may also be used to prevent over or under 
insertion of a Z-directed component into the mounting hole, 
particularly where the mounting hole is a through-hole. A 
Surface coating material may also be used to promote or 
impede migration of the plating or Solder material. Various 
locating or orienting features may be provided Such as a 
recess or projection, or a visual or magnetic indicator on an 
end surface of the Z-directed component. Further, a connect 
ing feature such as a conductive pad, a spring loaded style 
pogo-pin or even a simple spring may be included to add an 
additional electrical connection (such as frame ground) point 
to a PCB. 

0073. A Z-directed component may take on several roles 
depending on the number of ports or terminals needed to 
make connections to the PCB. Some possibilities are shown 
in FIGS. 5A-H. FIG. 5A is a Z-directed component config 
ured as 0-port device 70A used as a plug so that if a filter or a 
component is optional then the plug stops the hole from being 
plated. After the PCB has been manufactured, the 0-port 
device 70A may be removed and another Z-directed compo 
nent may be inserted, plated and connected to the circuit. 
FIGS. 5B-5H illustrate various configurations useful for 
multi-terminal devices such as resistors, diodes, transistors, 
and/or clock circuits. FIG. 5B shows a 1-port or single signal 
Z-directed component 70B having a conductive channel 71 
through a center portion of the component connected to top 
and bottom conductive traces 72t, 72b. FIG. 5C shows a 
1-port 1-channel Z-directed component 70C where one 
plated side well or channel 73 is provided in addition to 
conductive channel 71 through the component, which is con 
nected to top and bottom conductive traces 72t and 72b. FIG. 
5D shows a Z-directed component 70D having two side wells 
73 and 75 in addition to conductive channel 71 through the 
component which is connected to top and bottom traces 72t, 
72b. The Z-directed component 70E of FIG.5E has three side 
wells 73, 75 and 76 in addition to conductive channel 71 
through the component, which is connected to top and bottom 
traces 72t, 72b. FIG. 5F shows Z-directed component 70F 
having two conductive channels 71 and 77 through the com 
ponent each with their respective top and bottom traces 72t, 
72b and 78t, 78b and no side channels or wells. Z-directed 
component 70F is a two signal device to be primarily used for 
differential signaling. FIG.5G shows a Z-directed component 
70G having one side well 73 and two conductive channels 71 
and 77 each with their respective top and bottom traces 72t, 
72b and 78t,78b. FIG.5H shows Z-directed component 70H 
having one conductive channel 71 with top and bottom traces 
72t, 72b and a blind well or partial well 78 extending from the 
top surface along a portion of the side surface that will allow 
the plating material or solder to stop at a given depth. For one 
skilled in the art, the number of wells and signals is only 
limited by the space, required well or channel sizes. 

Dec. 26, 2013 

0074 FIGS. 6A-C illustrate another configuration for a 
Z-directed component utilizing O-rings for use in a PCB 
having a top and bottom conductive layer and at least one 
internal conductive layer. Z-directed component 150 is 
shown having on its top surface 150t, a locating feature 152 
and a conductive top trace 154t extending between a conduc 
tive channel 156 and the edge of body 150d on its top surface 
150t. A conductive bottom trace (not shown) is provided on 
the bottom surface. Conductive channel 156 extends through 
a portion of the body 150d as previously described. Located 
on the side surface 150s of body 150d is a least one semi 
circular channel or grove. As shown, a pair of axially spaced 
apart circumferential channels 158a, 158b is provided having 
O-rings 160a, 160b, respectively disposed within channels 
158a, 158b. A portion of the O-rings 160a, 160b extend out 
beyond the side surface 150s of the body 150d. O-rings 160a, 
160b would be positioned adjacent one or more of the internal 
layers of the PCB to make electrical contract to one or more 
traces provided at that point in the mounting hole for the 
Z-directed component. Depending on the design employed, 
an O-ring would not have to be provided adjacent every 
internal layer. 
0075) O-rings 160a, 160b may be conductive or non-con 
ductive depending on the design of the circuit in which they 
are used. O-rings 160a, 160b preferably would be compres 
sive helping to secure Z-directed component 150 within the 
mounting hole. The region 162 of body 150d intermediate 
O-rings 160a, 160b may be comprised of different material 
than the regions 164 and 166 of the body 150d outside of the 
O-rings. For example, if the material of region 162 is of a 
resistive material and O-rings 160a, 160b are conductive then 
internal circuit board traces in contact with the O-rings 160a, 
160b see a resistive load. 

0076 Regions 164 and 166 may also be comprised of a 
material having different properties from each other and 
region 162. For example, region 164 may be resistive, region 
162 capacitive and region 166 inductive. Each of these 
regions can be electrically connected to the adjoining layers 
of the PCB. Further, conductive channel 156 and traces 154t, 
154b do not need to be provided. So for the illustrated con 
struction, between the top layer of the PCB and the first 
internal layer from the top, a resistive element may be present 
in region 164, a capacitive element between the first internal 
layer and the second internal layer in region 162 and an 
inductive element between the second internal layer and the 
bottom layer of the PCB in region 166. Accordingly, for a 
signal transmitted from an internal trace contacting conduc 
tive O-ring 160a to a second internal trace contacting con 
ductive O-ring 160b, the signal would see an inductive load. 
The material for regions 162, 164, 166 may have properties 
selected from a group comprising conductive, resistive, mag 
netic, dielectric, capacitive or semi-conductive and combina 
tions thereof. The design may be extended to circuit boards 
having fewer or more internal layers than that described with 
out departing from the spirit of the invention. 
0077. In addition, regions 162, 164, 166 may have elec 
tronic components 167, 169,171 embedded therein and con 
nected as described herein. Also, as illustrated for component 
171, a component may be found within one or more regions 
within the body of a Z-directed component. Internal connec 
tions may be provided from embedded components to 
O-rings 160a, 160b. Alternatively, internal connections may 
be provided from the embedded components to plateable 
pads provided on the side surface 150s. 
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0078. The various embodiments and features discussed 
for a Z-directed component are meant to be illustrative and 
not limiting. A Z-directed component may be made of a bulk 
material that performs a network function or may have other 
parts embedded into its body. A Z-directed component may 
be a multi-terminal device and, therefore, may be used to 
perform a variety of functions including, but not limited to: 
transmission lines, delay lines, T filters, decoupling capaci 
tors, inductors, common mode chokes, resistors, differential 
pair pass throughs, differential ferrite beads, diodes, or ESD 
protection devices (varistors). Combinations of these func 
tions may be provided within one component. 
007.9 FIG. 7 illustrates various example configurations for 
a conductive channel in a Z-directed component. As shown, 
channel 90 has a region 92 intermediate the ends comprising 
a material having properties selected from a group compris 
ing conductive, resistive, magnetic, dielectric, capacitive or 
semi-conductive properties and combinations thereof. These 
materials form a variety of components. Additionally, a com 
ponent may be inserted or embedded into region 92 with 
portions of the conductive channel extending from the termi 
nals of the component. A capacitor 92a may be provided in 
region 92. Similarly, a diode 92b, a transistor 92c such as a 
MOSFET 92d, a Zener diode 92e, an inductor 92f a surge 
suppressor 92g, a resistor 92h, a diac 92i, a varactor 92i and 
combinations of these items are further examples of materials 
that may be provided in region 92 of conductive channel 90. 
While region 92 is shown as being centered within the con 
ductive channel 90, it is not limited to that location. 
0080. For a multi-terminal device such as transistor 92c, 
MOSFET 92d, an integrated circuit 92k, or a transformer 92l, 
one portion of the conductive channel may be between the top 
surface trace and a first terminal of the device and the other 
portion of the conductive channel between the bottom surface 
trace and a second terminal of the device. For additional 
device terminals, additional conductors may be provided in 
the body of the Z-directed component to allow electrical 
connection to the remaining terminals or additional conduc 
tive traces may be provided within the body of the Z-directed 
component between the additional terminals and channels on 
the side surface of the body of a Z-directed component allow 
ing electrical connection to an external conductive trace. Vari 
ous connection configurations to a multiple terminal device 
may be used in a Z-directed component. 
0081. Accordingly, those skilled in the art will appreciate 
that various types of Z-directed components may be utilized 
including, but not limited to, capacitors, delay lines, transis 
tors, switches, and connectors. For example, FIGS. 8 and 9 
illustrate a Z-directed component termed a signal pass 
through that is used for passing a signal trace from the top 
surface of a PCB to the bottom surface. 
0082 Z-Directed Signal Pass-Through Component 
0083 FIG.8 shows a sectional view taken along line 8-8 in 
FIG. 9 of a PCB 200 having 4 conductive planes or layers 
comprising, from top to bottom, a ground (GND) plane or 
trace 202, a Voltage Supply plane V, 204, a second ground 
GND plane 206 and a third ground GND plane or trace 208 
separated by nonconductive material such as a phenolic plas 
tic such as FR4 which is widely used as is known in the art. 
PCB 200 may be used for high frequency signals. The top and 
bottom ground planes or traces 202 and 208, respectively, on 
the top and bottom surfaces 212 and 214, respectively, of PCB 
200 are connected to conductive traces leading up to Z-di 
rected component 220. A mounting hole 216 having a depth D 
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in a negative Z direction is provided in PCB 200 for the flush 
mounting of Z-directed component 220. Here depth D corre 
sponds to the thickness of PCB 200; however, depth D may be 
less than the thickness of PCB 200 creating a blind hole 
therein. Mounting hole 216, as illustrated, is a through-hole 
that is round in cross-section to accommodate Z-directed 
component 220 but may have cross sections to accommodate 
the insertion of Z-directed components having other body 
configurations. In other words, mounting holes are sized so 
that Z-directed components are insertable therein. For 
example, a Z-directed component having a cylindrical shape 
may be inserted into a square mounting hole and Vice versa. In 
the cases where Z-directed component does not make a tight 
fit, resist materials will have to be added to the areas of the 
component and PCB where copper plating is not desired. 
I0084 Z-directed component 220 is illustrated as a three 
lead component that is flush mounted with respect to both the 
top surface 212 and bottom surface 214 of PCB 200. Z-di 
rected component 220 is illustrated as having a generally 
cylindrical body 222 of a length L. A center conductive chan 
nel or lead 224, illustrated as being cylindrical, is shown 
extending the length of body 222. Two concave side wells or 
channels 226 and 228, which define the other two leads, are 
provided on the side surface of Z-directed component 220 
extending the length of body 222. Side channels 226 and 228 
are plated for making electrical connections to Z-directed 
component 220 from various layers of PCB 200. As shown, 
the ground plane traces on layers 202, 206, and 208 of PCB 
100 are electrically connected to side channels 226 and 228. 
V, plane 204 does not connect to Z-directed component 220 
as shown by the gap 219 between V, plane 204 and wall 217 
of mounting hole 216. 
I0085 FIG. 9 illustrates a top view of Z-directed compo 
nent 220 in PCB 200. Three conductive traces 250, 252 and 
254 lead up to the edge of wall 217 of mounting hole 216. As 
illustrated, trace 252 serves as a high-frequency signal trace to 
be passed from the top surface 212 to the bottom surface 214 
of PCB200 via Z-directed component 220. Conductive traces 
250 and 254 serve as ground nets. Center lead or conductive 
channel 224 is electrically connected to trace 252 on the top 
surface 212 of PCB 200 by a top trace 245 and plating bridge 
230. Top trace 245 on the top surface of Z-directed compo 
nent 220 extends from the top end 224t of conductive channel 
224 to the edge of Z-directed component 220. Although not 
shown, the bottom side of Z-directed component 220 and 
bottom surface 214 of PCB 200 is configured in a similar 
arrangement of traces as shown on top surface 212 of PCB 
200 illustrated in FIG.9. Abottom trace on the bottom surface 
of Z-directed component 220 extends from bottom of con 
ductive channel 224 to the edge of Z-directed component 220. 
A plating bridge is used to make the electrical connection 
between the bottom trace and another high frequency signal 
trace provided on the bottom surface of PCB 200. The trans 
mission line impedance of the Z-directed component can be 
adjusted to match the PCB trace impedance by controlling the 
conductor sizes and distances between each conductor which 
improves the high speed performance of the PCB. 
I0086 During the plating process, wells 256 and 258 
formed between wall 217 of mounting hole 216 and side 
channels 226 and 228 allow plating material or solder pass 
from the top surface 212 to the bottom surface 214 electrically 
interconnecting traces 250 and 254, respectively to side chan 
nels 226 and 228, respectively, of Z-directed component 220 
and also to similarly situated traces provided on the bottom 
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surface 214 of PCB 200 interconnecting ground planes or 
traces 202,206 and 208. The plating is not shown for purposes 
of illustrating the structure. In this embodiment, V, plane 
204 does not connect to Z-directed component 220. 
0087. One of the challenges for high frequency signal 
speeds is the reflections and discontinuities due to signal trace 
transmission line impedance changes. Many PCB layouts try 
to keep high frequency signals on one layer because of these 
discontinuities caused by the routing of signal traces through 
the PCB. Standard vias through a PCB have to be spaced 
Some distance apart which creates high impedance between 
the signal via and the return signal via or ground via. As 
illustrated in FIGS. 8 and 9, the Z-directed component and the 
return ground or signals have a very close and controlled 
proximity that allow essentially constant impedance from the 
top surface 212 to the bottom surface 214 of PCB 200. 
0088 A Z-directed signal pass through component may 
also comprise a decoupling capacitor that will allow the ref 
erence plane of a signal to Switch from a ground plane, des 
ignated GND, to a Voltage Supply plane, designated V, 
without having a high frequency discontinuity. FIG.10 shows 
a cross-sectional view of a typical 4-layer PCB 300 with a 
signal trace 302 transferring between the top layer 304 and the 
bottom layer 306. Z-directed component 310, similar to that 
shown in FIG.5D, having body 312 connects signal trace 302 
through center conductive channel 314. Z-directed compo 
nent 310 also comprises plated side channels 316 and 318 
extending along the side surface 312s of the body 312. The 
top 314t and bottom 314b of conductive channel 314 are 
connected to conductive traces 318t and 318b on the top 312t 
and bottom 312b of body 312. These, in turn, are connected to 
signal trace 302 via top and bottom plating bridges 330t and 
330b. Side channels 316 and 318 are plated to GND plane 332 
and V, plane 334, respectively. Connection points 336 and 
338, respectively, illustrate this electrical connection. Sche 
matically illustrated decoupling capacitor 350 is internal to 
body 312 and is connected between side channels 316 and 
318. Decoupling capacitor 350 may be a separate capacitor 
integrated into the body 312 of Z-directed component 310 or 
it can be formed by fabricating a portion of the body 312 of 
Z-directed component 310 from the required materials with 
dielectric properties between conductive surfaces. 
I0089. The path for signal trace 302 is illustrated with 
diagonal hatching and can be seen to run from top layer 304 
to bottom layer 306. GND plane 332 and side channel 316 are 
electrically connected at 336 with the signal path return indi 
cated by the dark stippling 362. V, plane 334 and side 
channel 318 are electrically connected at 338 with the signal 
path return indicated by the light stippling 364. As is known in 
the art, where a signal plane or trace is not to be connected to 
the inserted part, those portions are spaced apart from the 
component as shown at 370. Where a signal plane or trace is 
to be connected to an inserted component, the signal plane or 
trace is provided at the wall or edge of the opening to allow the 
plating material or solder to bridge therebetween as illus 
trated at points 330t, 330b, 336, and 338. 
0090. The vertically hatched portion 380 shows the high 
speed loop area between the signal trace and return current 
path described by the signal trace 302 and the GND plane 332 
or V, plane 334. The signal trace 302 on the bottom surface 
306 is referenced to power plane V,334 that is coupled to 
the GND plane 332 through decoupling capacitor 350. This 
coupling between the two planes will keep the high frequency 
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impedance close to constant for the transition from one return 
plane to another plane of a different DC voltage. 
0091 Internally mounting Z-directed components in a 
PCB greatly facilitates the PCB technique of using outer 
ground planes for EMI reduction. With this technique, signals 
are routed on the inner layers as much as possible. FIG. 11 
illustrates one embodiment of this technique. PCB 400 is 
comprised of, from top to bottom, top ground layer 402. 
internal signal layer 404, internal signal layer 406 and bottom 
ground layer 408. Ground layers 402 and 408 are on the top 
and bottom surfaces 400t and 400b of PCB400. A mounting 
hole 410, shown as a through-hole, extends between the top 
and bottom surfaces 400t and 400b. Z-directed component 
420 is shown flush mounted in PCB 400. Z-directed compo 
nent 420 comprises body 422 having a center region 424 
intermediate the top 422t and bottom 422b of body 422 and 
two side channels 425 and 427 on side surface 422s. 

0092. Side channels 425 and 427 and wall 411 of hole 410 
form plating wells 413 and 415 respectively. Center region 
424 is positioned within body 422 and extends a distance 
approximately equal to the distance separating the two inter 
nal signal layers 404 and 406. Side channel 425 extends from 
the bottom surface 422b of body 422 to internal signal level 
406 while side channel 427 extends from top surface 422t of 
body 422 to internal signal level 404. Here, side channels 425 
and 427 extend only along a portion of side surface 422s of 
body 422. Conductive channel 426 extends through center 
region 424 but does not extend to the top and bottom Surfaces 
422t, 422b of body 422. FIG. 5H illustrates a partial channel 
similar to side channel 427. Conductive channel 426 has 
conductive traces 428t and 428b extending from the top 426t 
and bottom 426b of conductive channel 426 to side channels 
427 and 425, respectively. While illustrated as separate ele 
ments, conductive channel 426 and traces 428t, 428b may be 
one integrated conductor electrically interconnecting side 
channels 425, 427. As shown, conductive trace 428b is con 
nected to internal signal layer 406 via plated side channel 425 
and well 413 while trace 428t connects to internal signal level 
404 via side channel 427 and well 415. Ground layers 402 and 
408 are not connected to Z-directed component 420 and are 
spaced away from mounting hole 410 as previously described 
for FIGS. 8 and 10. As shown by doubleheaded dashed arrow 
430, a signal on signal layer 406 can be viad to signal layer 
404 (or vice versa) via Z-directed component 420 through a 
path extending from well 413, side channel 425, trace 428b. 
conductive channel 426, trace 428t, side channel 427, and 
well 415 to allow the signal to remain on the inner layers of 
PCB400 with ground layers 402 and 408 providing shielding. 
0093 Z-directed Decoupling Capacitors 
(0094 FIGS. 12 and 13 illustrate two additional example 
Z-directed components in the form of decoupling capacitors. 
In FIG. 12, a Z-directed capacitor 500 is shown with a body 
502 having a conductive channel 504 and two side channels 
506 and 508 extending along its length similar to those pre 
viously described. Conductive channel 504 is shown con 
nected to a signal 526. Vertically oriented interleaved partial 
cylindrical sheets 510, 512 forming the plates of Z-directed 
capacitor 500 are connected to reference Voltages such as 
Voltage V, and ground (or any other signals requiring 
capacitance) and are used with intervening layers of dielectric 
material (not shown). Partial cylindrical sheet 510 is con 
nected to plated channel 506 which is connected to ground 
520. Partial cylindrical sheet 512 is connected to plated chan 
nel 508 which is connected to supply voltage V,522. Sheets 
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510,512 may be formed of copper, aluminum or other mate 
rial with high conductivity. The material between the partial 
cylindrical sheets is a material with dielectric properties. 
Only one partial cylindrical sheet is shown connected to each 
of V,522 and ground 520; however, additional partial cylin 
drical sheets may be provided to achieve the desired capaci 
tance/voltage rating. 
0095. Another embodiment of a Z-directed capacitor is 
shown in FIG. 13 using Stacked Support members connected 
to Voltage V or ground. Z-directed capacitor 600 is com 
prised of center conductive channel 601 and a body 605 
comprised of a top member 605t, a bottom member 605b, and 
a plurality of support members 610 (illustrated as disks) 
between the top and bottom members 605t, 605b. 
0096 Center conductive channel 601 extends through 
openings 615 in the assembled Z-directed capacitor 600 and 
openings 602t and 602b, all of which are sized to closely 
receive the center conductor. Center conductive channel 601 
is electrically connectable to conductive traces 603t and 603b 
on the top and bottom portions 605t, 605b forming a signal 
path for signal 626. This connection is made by plating or 
soldering. Center conductive channel 601 is connected to 
signal 626 via conductive trace 603t. The bottom end of 
conductive channel 601 is connected in a similar fashion to a 
signal trace (not shown) via conductive trace 603b. 
0097. Opposed openings 607tand 608t are provided at the 
edge of top portion 605t. Bottom portion 605b is of similar 
construction as top portion 605t having opposed openings 
607b and 608b provided at the edge. Between top and bottom 
portions 605t, 605b are a plurality of support members 610, 
which provide the capacitive feature. Support members 610 
each have at least one opening 613 at their outer edge and an 
inner hole 615 allowing for passage of conductive channel 
601 therethrough. As shown, two opposed openings 613 are 
provided in each support member 610. When assembled, the 
opposed openings 607t, 607b, 608t, 608b, and 613 align to 
form opposed side channels 604 and 608 extending along the 
side surface of Z-directed capacitor 600. Side channel 604 is 
shown connected to reference Voltage such as ground 620 and 
side channel 606 to another reference Voltage Such as V, 
622. Support members 610 may be fabricated from a dielec 
tric material and may be all of the same or varying thickness 
allowing for choice in designing the desired properties for 
Z-directed capacitor 600. 
0098 Annular plating 617 is provided on one of top and 
bottom surfaces of support member 610 or, if desired, on both 
Surfaces. Annular plating is shown on the top Surface of each 
Support member but location of the annular plating can vary 
from Support member to support member. Annular plating 
617 generally conforms to the shape of the support member 
and extends from one of the edge openings 613 toward the 
other if an additional opening is provided. The annular plate 
617 is of a diameter or dimension or overall size that is less 
than the diameter, dimension or overall size of Support mem 
ber 610 on which it is affixed. While the plate 617 is described 
as annular, other shapes may also be used provided that the 
plating does not contact the center conductive channel or 
extend to the edge of the support member on which it is plated 
or otherwise affixed. The annular plate does contact one of the 
edge openings 613 but is spaced apart from the other openings 
if more than one channel is present in the side surface of the 
body of Z-directed capacitor 600. Also, there is an opening 
619 in annular plate 617 having a larger diameter than open 
ing 615 in annular plate 617 through which conductive chan 
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nel 601 passes. Opening 619 has a larger diameter than that of 
conductive channel 601 leaving annular plate 617 spaced 
apart from conductive channel 601. 
0099. As illustrated, the support members 610 are sub 
stantially identical except that when stacked, alternate mem 
bers are rotated 180 degrees with respect to the member above 
or below it. This may be referred to as a 1-1 configuration. In 
this way, alternate members will be connected to one or the 
other of the two side channels. As shown in FIG. 13, the 
annular plating on the upper one of the two Support members 
610 is connected to side channel 608 and voltage V, 622 
while the annular plating on the lower one of the two support 
members 610 is connected to side channel 604 and ground 
620. Other support member arrangements may also be used 
Such as having two adjacent members connected to the same 
channel with the next Support member being connected to the 
opposite channel which may be referred to as a 2-1 configu 
ration. Other configurations may include 2-2, 3-1 and are a 
matter of design choice. The desired capacitance or Voltage 
rating determines the number of Support members that are 
inserted between top and bottom portions 605t, 605b. 
Although not shown, dielectric members comprised of 
dielectric material and similarly shaped to Support members 
610 may be interleaved with support members 610. Based on 
design choice, only a single channel may be used or more 
channels may be provided and/or the annular plating may be 
brought into contact with the center conductive channel and 
not in contact with the side channels. Again, the embodiments 
for Z-directed capacitors are for purposes of illustration and 
are not meant to be limiting. 
0100. With either design for a Z-directed capacitor, a sec 
ond conductive channel may be provided in parallel with the 
first conductive channel that is disposed within the conduc 
tive plates to create a differential decoupling capacitor. 
Another embodiment of a Z-directed capacitor can be con 
structed from FIG. 12 or FIG. 13 by connecting the center 
conductive channel to one of the reference Voltages at each 
Support member that also has its annular plating connected to 
the same reference Voltage. This may be accomplished sim 
ply by connecting the conductive channel to the annular plat 
ing as Schematically illustrated by the jumper 621. In prac 
tice, the annular opening 619 in the annular plate 617 would 
be sized so that the annular plate and conductive channel 601 
would be electrically connected. This component may be 
placed directly below a power pin or ball of an integrated 
circuit or other Surface mounted component for optimum 
decoupling placement. 
0101 Again, the Z-directed signal pass-through compo 
nents illustrated in FIGS. 8-11 and the Z-directed decoupling 
capacitors illustrated in FIGS. 12 and 13 provide merely a few 
example applications of a Z-directed component. Those 
skilled in the art will appreciate that various other types of 
Z-directed components may be utilized including, but not 
limited to, transmission lines, delay lines, T filters, decou 
pling capacitors, inductors, common mode chokes, resistors, 
differential pair pass throughs, differential ferrite beads, 
diodes, or ESD protection devices (varistors). 
0102 Process for Manufacturing a Z-Directed Compo 
nent using a Sacrificial Constraining Material 
0103) A process for manufacturing the Z-directed compo 
nents on a commercial scale is provided. The process employs 
a sacrificial constraining material used as a structure to define 
and Support the outer boundary and thickness of each layer 
being formed to construct the Z-directed component. The 
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constraining layer allows the component to be constructed in 
an unfired State (e.g., a "green” state where the component 
body is formed from ceramic) and then be fired to solidify its 
form. 

0104 FIG. 14A shows a sheet 700 of substrate material 
that is used as a base to assemble the Z-directed component on 
top of The substrate material is compatible with the firing of 
the Z-directed component Such that the firing temperature 
will not degrade the ability of sheet 700 to support the Z-di 
rected component. The substrate material may be, for 
example, ceramic, glass or a silicon wafer. In the embodiment 
shown in FIG. 14A, sheet 700 includes a flat top surface 702. 
Alternatively, top surface 702 may include a tapered depres 
sion or dimple such as a rounded dimple 704 (shown in FIG. 
14B) or a chamfered dimple 706 (shown in FIG. 14C). For 
simplicity, FIGS. 14B and 14C show a single dimple 704, 
706, respectively; however, it will be appreciated that top 
surface 702 may include an array of depressions or dimples in 
order to permit the construction of many components at one 
time to maximize manufacturing efficiency. The depressed or 
dimpled top surface 702 allows a Z-directed component to be 
constructed that includes a chamfered, domed or other form 
of tapered lead-in on at least one of the top and bottom end of 
the Z-directed component. Such a lead-in may be desired in 
order to ease insertion of the Z-directed component into the 
mounting hole in the PCB. For example, FIG. 15A shows a 
Z-directed component 800 having a dome 802 formed on an 
end thereof FIG. 15B shows a Z-directed component 810 
having a chamfered end 812. The dome 802 or chamfer 812 
may be part of the component or attached thereto. In one 
embodiment, the dome 802 or chamfer 812 is a separate part 
that is partially inserted into the mounting hole in the PCB. In 
this embodiment, the Z-directed component is then inserted 
behind the dome 802 or chamfer 812 to push it through the 
mounting hole causing the dome 802 or chamfer 812 to 
expand the mounting hole and prevent the component from 
cutting or tearing the PCB. Where the dome 802 or chamfer 
812 is attached to the Z-directed component, it may be con 
figured to remain attached to the Z-directed component fol 
lowing insertion into the mounting hole in the PCB or it may 
be used to facilitate insertion and then removed. 

0105. With reference back to FIGS. 14A-14C, top surface 
702, including any dimples or depressions therein, is coated 
with a release layer 708 that prevents the Z-directed compo 
nent from adhering to the substrate material thereby allowing 
the component to be separated from sheet 700 without dam 
aging or deforming the component. Release layer 708 may be 
applied to top surface 702 of sheet 700 by any suitable method 
capable of applying a thin layer of Substantially equal thick 
ness to the substrate material. For example, release layer 708 
may be sprayed, squeegeed, spun, or laminated onto sheet 
700. Release layer 708 is formed from a polymer or other 
material that does not react with any of the chemicals or 
radiations used during the construction of the Z-directed 
component so that the structure of release layer 708 does not 
change during the manufacturing process. In one embodi 
ment, release layer 708 includes a polyimide (or a polyimide 
with glass fillers) due to its strength and resistance to etching 
chemicals. Suitable polyimides include, for example, 
UPILEXR available from Ube Industries, Ltd., Tokyo, Japan 
and KAPTONR) available from E.I. duPont de Nemours and 
Company (DuPontTM), Wilmington, Del., USA. Release 
layer 708 is expected to dissipate during the firing process 
allowing the Z-directed component to release from sheet 700. 
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0106 Each Z-directed component is then constructed one 
layer at a time on top surface 702 having release layer 708. If 
the bottom surface of the first layer built on sheet 700 (which 
may be the top or bottom Surface of the component) requires 
Surface conductors, the conductive material can be applied to 
top surface 702 having release layer 708 coated thereon. For 
example, FIG. 16 shows an example screen 710 that may be 
used to apply conductive material to top surface 702. Screen 
710 includes openings 712 that allow conductive material to 
be applied to top surface 702 having release layer 708 coated 
thereon. In the example embodiment shown in FIG. 16, 
screen 710 includes a first opening 712a sized and shaped to 
permit the formation of a conductive trace from a center 
portion of the top or bottom surface of the Z-directed com 
ponent to an edge of the component. In this embodiment, 
screen 710 also includes openings 712b and 712c sized and 
shaped to permit the formation of a conductive segment form 
ing a portion of a conductive side channel in the component. 
Any Suitable method may be used to apply the conductive 
material including, for example, etching, depositing (such as 
physical vapor deposition (PVD) or plating), spin coating, 
screen printing or jetting. 
0107 FIG. 17 shows sheet 700 having conductive material 
714 applied on top surface 702. Conductive material 714 is 
illustrated with diagonal hatching. Specifically, conductive 
material 714 includes a conductive trace 715 positioned to run 
from a center portion of the top or bottom surface of the 
Z-directed component to an edge of the component for elec 
trically connecting an interior conductive channel through the 
component to a trace on the PCB. Conductive material 714 
also includes conductive segments 716 and 717 that form a 
portion of a conductive side channel in the component. Con 
ductive material 714 may include binders to cause it to adhere 
to itself and to Subsequent layers of the component. In this 
embodiment, the binders are allowed to cure between succes 
sive steps of the manufacturing process so that Subsequent 
steps do not cause migration of material. Alternatively, where 
PVD or plating is used to apply conductive material 714, 
conductive material 714 may be pure metal or metal alloy. 
0108. As shown in FIG. 18, a first layer of a sacrificial 
constraining material 720 is applied to top surface 702 having 
release layer 708 coated thereon. Sacrificial constraining 
material 720 forms a cavity 722 that defines the outer shape of 
the component. In the example embodiment illustrated, cav 
ity 722 includes a generally cylindrical wall 724 defining a 
generally cylindrical shape of the first layer. Wall 724 
includes a pair of protrusions 726, 728 that define a corre 
sponding pair of side channels in the component. The thick 
ness of this layer of sacrificial constraining material 720 is the 
same as the desired height of the first layer of the Z-directed 
component. In some embodiments, the layers of the compo 
nent have a height that is between about 0.039 mil and about 
62 mil (about 1 um and about 1.57 mm), including all incre 
ments and values therebetween, depending on the application 
in which the Z-directed component will be used. It will be 
appreciated that the layers may be made thinner than about 1 
um as the technology advances. The heights of the layers 
making up a Z-directed component may be uniform or may 
vary within a single Z-directed component. In one embodi 
ment, sacrificial constraining material 720 is the same mate 
rial as release layer 708. Alternatively, sacrificial constraining 
material 720 may be any suitable material that will survive the 
chemicals and radiations used during the construction of the 
Z-directed component. Any Suitable method may be used to 



US 2013/0341078 A1 

apply sacrificial constraining material 720 including, for 
example, etching, depositing (Such as physical vapor deposi 
tion (PVD) or plating), spin coating, screenprinting orjetting. 
0109 The layer of sacrificial constraining material 720 
may also include various channels 730 therethrough that 
extend from cavity 722 outward. Channels 730 will be filled 
with the material forming the body of the component (or 
another suitable material) in order to provide structural Sup 
port for the component during the firing process while sacri 
ficial constraining material 720 dissipates as discussed in 
greater detail below. FIG. 18 shows four channels 730a,730b, 
730c, 730d, although more or fewer channels 730 may be 
used as desired depending on the amount of structural 
strength needed. For example, in one embodiment, six chan 
nels 730 are provided in sacrificial constraining material 720 
to maximize the structural strength. Channels 730 are prefer 
ably thin so that the radial support structures formed in chan 
nels 730 can be easily broken away to release the component 
after the component has been formed and fired. In the 
example embodiment illustrated, channels 730 are formed 
through wall portion 724 so as to connect with cavity 722. In 
this manner, the radial Support structures formed by channels 
730 are connected to the body of the Z-directed component. 
Alternatively, a thin layer of sacrificial constraining material 
720 may be positioned between channels 730 and cavity 722 
to prevent surface irregularities on the side surface of the 
Z-directed component when the component is separated from 
the radial support structures. Further, one or more of cavities 
730 may be omitted in order to indicate the orientation of the 
part (i.e., by arranging cavities 730 asymmetrically), to 
reduce the amount of wasted component body material and to 
simplify the separation of the component(s) from the Support 
Structures. 

0110. Cavity 722 and channels 730 are then filled with 
photoresist material, which may be any photo imageable 
epoxy or similar material. The photoresist material is then 
selectively exposed to a radiation source through a mask to 
create voids where conductive material is desired in the first 
layer of the component. Either positive or negative photore 
sist may be used as desired. FIG. 19 shows cavity 722 and 
channels 730 having photoresist material 732 (illustrated 
with X-hatching) therein after photoresist material 732 has 
been selectively etched to form voids 734 where conductive 
material is desired according to one example embodiment. 
Specifically, voids 734 include a center void 734a for forming 
a signal path through an interior portion of the component 
along the components length. A pair of voids 734b, 734c are 
formed at opposite edges of cavity 722 next to protrusions 
726,728 for forming a pair of conductive side channels in the 
component. An additional void 734d is formed where con 
ductive trace 715 meets the edge of cavity 722 for forming a 
conductive segment on the side Surface of the component 
along its length to establish a connection to conductive trace 
T15. 

0111 Voids 734 are then filled with conductive material 
714. Voids 734 may be filled, for example, by squeegeeing, 
depositing, spin coating, screen printing or jetting as dis 
cussed above. After the conductive material binders have 
cured, the remaining photoresist material 732 is removed as 
shown in FIG. 20. As discussed above, sacrificial constraining 
material 720 is selected to survive the etching process. In the 
example embodiment illustrated, a center conductive channel 
736 has been formed from void 734a that extends along the 
height of the layer of the component and electrically connects 
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to trace 715. Additional conductive material 714 has been 
added to conductive segments 716 and 717 through voids 
734b, 734c, respectively. An additional conductive segment 
739 has been formed from void 734d that extends along the 
height of the layer and electrically connects to trace 715 at the 
edge of cavity 722. In some instances, manufacturing varia 
tions in the thickness of the PCB and the length of the Z-di 
rected component may prevent the Z-directed component 
from being perfectly flush with both the top and bottom 
surfaces of the PCB. Conductive segment 739 forms a bridge 
between trace 715 and a corresponding trace on the PCB 
when the top or bottom surface of the Z-directed component 
extends past the corresponding top or bottom Surface of the 
PCB. As a result, conductive segment 739 permits trace 715 
on the Z-directed component to connect to the trace on the 
PCB even if the top or bottom surface of Z-directed compo 
nent is not flush with the corresponding top or bottom surface 
of the PCB. 

(O112 The remainder of cavity 722 is then filled with the 
material 740 forming the body 742 of the component as 
shown in FIG. 21. Body material 740 is illustrated with a 
dotted fill. At this stage, a first layer of the Z-directed com 
ponent is formed. Body material 740 may include a single 
dielectric material that has a relative permittivity from about 
3, e.g., polymers, to over 10,000, e.g., barium titanate (Ba 
TiO). For example, a material with a relatively high dielec 
tric value may be used in a Z-directed decoupling capacitor 
and a material with a relatively low dielectric value may be 
used in a Z-directed signal pass-through component. If a 
Z-directed component is desired to have an inductive function 
or a delay line then a ferrite material may be selected that has 
a low or high relative permeability with a range of about 1 to 
about 50,000. If a Z-directed component is desired to have 
Some degree of conductivity then a conductive material may 
be mixed with a dielectric material to create a desired resis 
tance. 

0113 Channels 730 are also filled with body material 740 
to form radial supports 744. Body material 740 may include a 
binder material as necessary. Cavity 722 and channels 730 are 
filled so that body material 740 is flush with the top surface of 
sacrificial constraining material 720. As discussed above, this 
may be done, for example, by Squeegeeing, depositing, spin 
coating, screen printing or jetting. Further, as discussed 
above, many different materials are contemplated for the 
body of the component, such as an insulator material, which 
may be a dielectric material. Conductive channel 736, con 
ductive segments 716, 717 and 739 are shown exposed 
through the top surface of the layer of body 742. It will be 
appreciated that instead of first selectively applying conduc 
tive material 714 in cavity 722 and then applying body mate 
rial 740, this sequence may be reversed as desired to instead 
selectively apply body material 740 prior to applying conduc 
tive material 714. 

0114. Once the binder material in body material 740 cures, 
additional layers may be formed on top of the first layer 
according to the same sequence. That is, additional layers of 
sacrificial constraining material 720 are applied one at a time 
each forming a cavity that defines the shape of the next layer. 
Conductive material 714, body material 740 and/or any other 
desired material(s) are selectively applied as desired to form 
the next component layer. This process is repeated until the 
entire component is formed. For example, FIG. 22 shows 
additional conductive material 714 applied on top of center 
conductive channel 736 and conductive segments 716, 717 of 
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the conductive side channels. Conductive segment 739 does 
not need to be extended further as this element is provided to 
ensure that a connection can be made between conductive 
trace 715 and a corresponding trace on the top or bottom 
surface of the PCB. Further, additional conductive material 
714 has been applied to form a conductive plate 746 on a top 
surface of the first layer in order to form a Z-directed capaci 
tor having horizontal plates as discussed above with respect to 
FIG. 13. Conductive plate 746 is connected to conductive 
segment 717 but not conductive segment 716. As each layer of 
the capacitor is built, this sequence is reversed Such that the 
connection to each conductive plate alternates between con 
ductive segment 716 and conductive segment 717. The con 
ductive plates may alternate in any pattern desired Such as 
1-1, 2-1,3-1, 3-2, etc. 
0115. As shown in FIG. 23, additional sacrificial con 
straining material 720 may then be applied on top of the first 
layer of sacrificial constraining material 720 to define a cavity 
748 for forming a second layer of the Z-directed component. 
The second layer of sacrificial constraining material 720 may 
or may not include channels 730 extending from cavity 748 
depending on whether additional structural Support is needed. 
If additional channels are included, they may be provided in 
the same number and locations as the first layer or in a dif 
ferent number and/or at different locations. Preferably, as few 
channels 730 as possible are used in order to minimize the 
occurrence of defects on the side Surface of the component 
when the component is separated from radial Supports 744. 
After each layer of the Z-directed component has been 
formed, conductive material 714 may applied to the top sur 
face of the top layer as desired. A thin layer of body material 
740 may also be applied to the top surface of the top layer so 
that body material 740 is flush with conductive material 714 
to match the geometry of the bottom surface of the bottom 
layer. 
0116. The configuration of conductive material 714 shown 
in FIGS. 20-23 is meant to provide an example of the forma 
tion of a layer of the Z-directed component and it will be 
appreciated that any suitable amount, shape, size and place 
ment of conductive material 714 may be used depending on 
the component desired. Specifically, while FIGS. 18-20 illus 
trate the formation of two conductive side channels, any num 
ber of conductive side channels may be formed as desired 
including no conductive side channels. Similarly, although 
one interior conductive channel 736 is shown, any number of 
conductive channels through an interior portion of the com 
ponent may beformed as desired. Further, although generally 
cylindrical cavities 722, 748 are shown, many different com 
ponent body shapes may be used as discussed above. 
0117. Although the formation of a Z-directed capacitor 
having horizontal plates is illustrated in FIGS. 22 and 23, a 
Z-directed capacitor may also be formed having vertical 
plates similar to the component shown in FIG. 12. To form a 
vertical plate capacitor, conductive material 714 may first be 
screened onto top surface 702 of sheet 700 having release 
layer 708 coated thereon to form a pair of conductive seg 
ments 750, 751 as shown in FIG. 24. Each conductive seg 
ment 750, 751 forms a portion of a respective conductive side 
channel in the component. A first layer of sacrificial con 
straining material 720 is then added and a cavity therein is 
filled with body material 740 as shown in FIG.25. Conductive 
segments 750, 751 extend through the layer of body material 
740. Another layer of sacrificial constraining material 720 is 
then added forming another cavity 755. Conductive material 

Dec. 26, 2013 

714 is applied in cavity 755 in an alternating pattern as shown 
in FIG. 26 to form segments of two sets 752, 753 of vertical 
conductive plates. Set 752 is illustrated with heavy diagonal 
hatching while set 753 is illustrated with light diagonal hatch 
ing. In the example embodiment shown, sets 752, 753 of 
conductive segments forming vertical conductive plates are 
positioned in a 1-1 pattern; however, the plates may be 
arranged in any pattern desired. Set 752 of conductive plate 
segments is connected to conductive segment 750 forming a 
first conductive side channel in the component but spaced 
from conductive segment 751. Similarly, set 753 of conduc 
tive plate segments is connected to conductive segment 751 
but not conductive segment 750. 
0118. As shown in FIG. 27, cavity 755 may then be filled 
with body material 740 to complete the layer of the compo 
nent. Body material 740 is flush with the tops of conductive 
segments 750, 751 and sets 752, 753 of the conductive seg 
ments forming the vertical plates. The rest of the component 
is then built layer by layer on top of the first formed layer as 
discussed above. Conductive segments 750, 751 extend along 
the length of the component and form conductive side chan 
nels in the component. Similarly, sets 752,753 of conductive 
segments extend along the length of the component and form 
the vertical conductive plates of the capacitor. While the 
vertical plates in the example embodiment illustrated are 
relatively straight, as shown in FIG. 12, curved plates may 
also be used as desired. Further, although FIGS. 22 through 
27 illustrate the formation of two different types of Z-directed 
capacitors, many different types of components are contem 
plated as discussed above including, but not limited to, trans 
mission lines, delay lines, T filters, decoupling capacitors, 
inductors, common mode chokes, resistors, differential pair 
pass throughs, differential ferrite beads, diodes, and ESD 
protection devices (varistors). 
0119 FIG. 28 shows an example array 770 for construct 
ing multiple Z-directed components 772 at one time. Array 
770 positions the components 772 as close together as pos 
sible to maximize manufacturing efficiency. Radial Supports 
744 are shown linking pairs of components 772 together. In 
the example embodiment shown, concave triangles 774 
formed from either sacrificial constraining material 720 or 
body material 740 are left between the components 772. 
These triangles 774 will be waste material when the manu 
facturing process is complete. 
I0120 Radial supports 744 may extend between compo 
nents 772 along one layer as illustrated in FIGS. 21 and 22. 
Alternatively, some or all of radial supports 744 may extend 
across multiple layers. For example, FIG. 29 shows a side 
cutaway view of array 770 having layers 771a, 771b, 771c, 
771d. Body material 740 is illustrated with a dotted fill and 
sacrificial constraining material 720 is illustrated without a 
fill. In this example, radial Support 744 ascends in a stepped 
manner from near the bottom of one component 772a to near 
the top of an adjacent component 772b in array 770. Each 
segment of radial Support 744 overlaps with the segment on 
the previous layer. An array 770 that incorporates both radial 
Supports 744 that extend across a single layer and radial 
Supports 744 that extend across multiple layers may be used 
to provide increased mechanical stability. 
I0121. After the Z-directed component has been formed, a 
firing process is applied to Solidify the part. The firing process 
also shrinks the part to its final dimensions. Accordingly, the 
component is formed larger than the final desired size to 
account for this shrinkage. As the component is fired, sacri 
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ficial constraining material 720 dissipates leaving radial Sup 
ports 744 to hold the component in place. Alternatively, sac 
rificial constraining material 720 may be dissolved using a 
solvent or a plasma treatment before or after firing. Where the 
firing process is performed after dissolving sacrificial con 
straining material 720, the component may be prebaked prior 
to performing the solvent or plasma treatment in order to 
stabilize the component during the treatment and firing. The 
components can then be easily removed from radial Supports 
744 using a punching method to break the components away 
from radial supports 744. For example, array 770 of compo 
nents can be positioned above and then punched into an array 
of cavities in a packaging plate that can assist with singling 
the components. Each cavity can help align the component as 
it is punched out of radial supports 744. The punched com 
ponents can then be packaged using an automated device that 
pushes the part out of the packaging plate into a tape and reel 
system or a similar packaging system. To facilitate singula 
tion, radial Supports 744 connecting adjacent components 
may be attached part way up the side walls of the components 
(spaced from the top or bottom Surface of the components) to 
permit more of each component to be constrained in its cor 
responding cavity during separation from radial Supports 744. 
0122. Using a sacrificial constraining material that dissi 
pates during firing to Support the component as it is built 
eliminates the need to eject the component from a fixed con 
straining structure prior to firing which could result in Smear 
ing, tearing or otherwise damaging the structure of the com 
ponent. The constraining material in combination with radial 
Supports 744 prevents the components from moving during 
the firing process which could deform the parts or cause them 
to touch and stick together. Further, the process described 
herein is compatible with thick or thin film processes. 
0123. The Z-directed components can be tested for yield 
and performance while they are still connected to radial Sup 
ports 744 or after they are separated. Conductive material 714 
exposed on an outer Surface of the components may be over 
plated using electrolysis techniques to provide a different 
surface conductive material from the conductive material 714 
present in the interior of the component. Electrolysis tech 
niques may also be used as each layer is formed to alter the 
surface characteristics of conductive material 714 if desired. 
Further, exterior portions of conductive material 714 may be 
applied after the component has been formed instead of as 
each layer is formed. For example, conductive material 714 
may be applied to the side channels in the component after the 
component is formed. Resist areas may be added to the Z-di 
rected components to keep the conductive material from 
Sticking to areas that are not intended to be conductive. Glue 
areas may be applied to the components to assist with retain 
ing them in a PCB. Visible markings and/or locating features 
may also be added to the Z-directed components to assist with 
assembly into a PCB. 
0.124. Once production of a Z-directed component is com 
plete, it is ready to be inserted into the mounting hole of the 
PCB. As discussed above, the component may be mounted 
normal to the plane of the PCB from the top or bottom sur 
faces or both Surfaces, mounted at an angle thereto or inserted 
into the edge of the PCB between the top and bottom surfaces 
of the PCB. In some embodiments, the Z-directed component 
is press fit into the mounting hole. This press fit may be in the 
form of an interference fit between the component and the 
mounting hole. After the Z-directed component is positioned 
in the mounting hole, a conductive plating bridge may be 
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applied to connect one or more traces on the top and/or 
bottom Surface of the component to a corresponding trace on 
the PCB. Further, where the Z-directed component includes 
side channels therein, additional conductive plating may be 
applied to these side channels to form the desired signal 
connections between the Z-directed component and the PCB. 
(0.125 While FIGS. 18-23 illustrate the use of a singlebody 
material 740 to form the Z-directed component, it will be 
appreciated that multiple body materials may be used as 
desired such as, for example, multiple dielectric materials 
each having a different dielectric constant. For example, FIG. 
30 shows a first layer of a Z-directed capacitor formed from a 
first body material 740a having a relatively low dielectric 
constant (e.g., between about 6 and about 100) Surrounding 
conductive channel 736 and a second body material 740b 
having a relatively high dielectric constant (e.g., between 
about 2,000 and about 25,000) surrounding the first body 
material 740a. Body material 74.0a is illustrated with a light 
dotted fill and body material 740b is illustrated with a heavy 
dotted fill. Each body material 740a, 740b may be selectively 
applied using the process discussed above. 
I0126. In some embodiments, the tapered end of the com 
ponent formed using the depressions or dimples discussed 
above with respect to FIGS. 14B and 14C may be removable. 
In these embodiments, the tapered end may serve as a lead-in 
to ease insertion of the Z-directed component into the mount 
ing hole in the PCB and then be removed after the component 
is mounted in the PCB. The top or bottom surface of the 
component may include a projection or indentation to facili 
tate removal of the tapered end portion of the component. For 
example, FIG.31 illustrates an example sheet 700 of substrate 
material for forming an indentation in the top or bottom 
surface of the component to facilitate removal of a rounded 
lead-in. In the example embodiment illustrated, a portion of 
rounded dimple 704 formed in top surface 702 of sheet 700 
includes a protrusion 776 that forms a corresponding inden 
tation in the bottom surface of the bottom layer of the com 
ponent (which again may be the top or bottom surface of the 
component in use in the PCB). Top surface 702 including 
rounded dimple 704 and protrusion 776 are coated with 
release layer 708 as discussed above. The indentation in the 
top or bottom surface of the component allows the lead-in to 
be twisted and separated from the component as discussed in 
greater detail below. 
I0127. In another embodiment, a tapered end portion may 
be formed on the component using sheet 700 shown in FIG. 
14A having a flat top surface 702. With reference to FIG.32, 
a thick coat of release layer 708 is applied to flat top surface 
702 and a depression 778 (e.g., rounded or chamfered) having 
the desired profile is formed in release layer 708 using gray 
scale lithography. Specifically, depression 778 is formed 
using a diffused radiation exposure to selectively and par 
tially etch release layer 708. For example, using a positive 
etching process, the intensity of the radiation exposure is 
directly proportional to the depth of the etch. Full exposure 
may be used to etch the deepest portion of depression 778. 
The rounded or chamfered portion of depression 778 is 
formed by decreasing the amount of radiation exposure. It 
will be appreciated that this process is reversed if a negative 
etching process is used. Further, a protrusion 780 may also be 
formed in depression 778 by selectively altering the radiation 
exposure. 

I0128. Where a removable end portion is desired, the 
depression (either in the substrate material 700 or release 
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layer 708) is filled with body material 740 as shown in FIG.33 
to form the removable tapered end portion. With reference to 
FIG.34, a layer of sacrificial constraining material 720 is then 
applied to top surface 702 having release layer 708 coated 
thereon. This layer of sacrificial constraining material 720 
includes at least one (and preferably a few) cavities 782 that 
connect to the tapered end portion formed from body material 
740. For example, FIG. 34 shows four small cavities 782. 
Cavities 782 are then filled with body material 740 to estab 
lish a connection between the body of the Z-directed compo 
nent and the removable tapered end portion. Cavities 782 are 
sized so that the connection is sufficiently strong to hold the 
tapered end portion in place during insertion of the compo 
nent into the mounting hole in the PCB but weak enough that 
the tapered end portion can be selectively fractured after 
insertion. The geometry of cavities 782 may be chosen to 
provide a desired between insertion strength and ease of 
removal. For example, cavities 782 illustrated in FIG.34 have 
a circular cross-section. Alternatively, rectangular cavities 
may provide connectors that are strong along their length but 
possess low strength to shear forces along their width. 
0129. After cavities 782 are filled, as shown in FIG. 35, a 
layer of sacrificial material 720 is added having cavity 722 
sized to form the first layer of the Z-directed component as 
discussed above. This layer of sacrificial material 720 may 
also include cavities 730 extending radially from cavity 722 
as discussed above. Cavity 722 is then selectively filled with 
conductive material 714, body material 740 and/or any other 
desired materials as discussed above. For example, FIG. 36 
shows cavity 722 filled with body material 740. The connec 
tors formed from body material 740 in cavities 782, which are 
positioned at the bottom of cavity 722 as shown in FIG. 35. 
establish a connection between the tapered end portion and 
the first layer of the component body. The Z-directed compo 
nent is then formed layer by layer as discussed above using 
additional layers of sacrificial constraining material 720 to 
define the outer structure of the component. 
0130 FIG. 37 shows the resulting Z-directed component 
820. Component 820 includes a main body portion 822 hav 
ing a pair of side channels 824 (one of which is not shown). 
Component 820 also includes a rounded end portion 826 
formed from depression 704. End portion 826 includes a 
narrow indentation 828 formed from protrusion 776. End 
portion 826 is connected to body portion 822 by four connec 
tors 830 formed from cavities 782. In this manner, main body 
portion 822, rounded end portion 826 and connectors 830 are 
formed integrally with each other. The remaining area 
between end portion 826 and body portion 822 is open. The 
gap 832 between end portion 826 and body portion 822 is 
preferably very small but is shown enlarged in FIG. 37 for 
illustration purposes. After component 820 is inserted into the 
mounting hole in the PCB, end portion 826 may be removed 
using a tool shaped to engage indentation 828 and configured 
to twist end portion 826 to break connectors 830 and separate 
end portion 826 from body portion 822. 
0131 The foregoing description of several embodiments 
has been presented for purposes of illustration. It is not 
intended to be exhaustive or to limit the application to the 
precise forms disclosed, and obviously many modifications 
and variations are possible in light of the above teaching. It is 
understood that the invention may be practiced in ways other 
than as specifically set forth herein without departing from 
the scope of the invention. It is intended that the scope of the 
application be defined by the claims appended hereto. 
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What is claimed is: 
1. A Z-directed component for mounting in a mounting 

hole in a printed circuit board, comprising: 
a main body portion; and 
a tapered end portion that facilitates insertion of the Z-di 

rected component into the mounting hole in the printed 
circuit board, the tapered end portion being removably 
attached to the main body portion such that the tapered 
end portion may be removed after the Z-directed com 
ponent is inserted into the mounting hole in the printed 
circuit board. 

2. The Z-directed component of claim 1, further compris 
ing at least one breakable connector connecting the main 
body portion to the tapered end portion. 

3. The Z-directed component of claim 2, further compris 
ing a gap formed between the main body portion and the 
tapered end portion, the at least one breakable connector 
bridging the gap. 

4. The Z-directed component of claim 2, wherein the 
tapered end portion is removable from the main body portion 
by twisting the tapered end portion to sever the at least one 
breakable connector. 

5. The Z-directed component of claim 2, wherein the main 
body portion, the tapered end portion and the at least one 
breakable connector are formed integrally with each other. 

6. The Z-directed component of claim 1, further compris 
ing an engagement feature positioned on an end Surface of the 
tapered end portion, the engagement feature being keyed to 
engage a tool for removing the tapered end portion after the 
Z-directed component is inserted into the mounting hole in 
the printed circuit board. 

7. The Z-directed component of claim 6, wherein the 
engagement feature includes an indentation formed in the end 
Surface of the tapered end portion. 

8. The Z-directed component of claim 1, wherein the main 
body portion includes a channel formed in a side Surface of 
the main body portion. 

9. The Z-directed component of claim 1, wherein the main 
body portion includes a conductive channel that extends 
along the length of an interior portion of the main body 
portion. 

10. A method for installing a Z-directed component having 
a removable tapered lead-in into a mounting hole in a printed 
circuit board, comprising: 

inserting the Z-directed component into the mounting hole 
in the printed circuit board with the removable tapered 
lead-in leading the insertion; and 

after the Z-directed component is inserted into the mount 
ing hole, removing the removable lead-in from the rest 
of the Z-directed component. 

11. The method of claim 10, wherein removing the remov 
able tapered lead-in from the Z-directed component includes 
severing a connector between the removable tapered lead-in 
and the rest of the Z-directed component. 

12. The method of claim 11, wherein the connector is 
severed by twisting the removable tapered lead-in relative to 
the rest of the Z-directed component. 

13. The method of claim 12, wherein the removable 
tapered lead-in is twisted by a tool that engages with an 
engagement feature on an end Surface of the removable 
tapered lead-in. 

14. A method for forming a Z-directed component for 
insertion into a mounting hole in a printed circuit board, 
comprising: 
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filling a first cavity having a tapered Surface with a body 
material to form a tapered end portion of the Z-directed 
component; 

providing a first layer of a constraining material on top of 
the first cavity, the first layer of the constraining material 
having a second cavity having a width that is Smaller 
than a width of the first cavity; 

filling the second cavity with the body material; 
providing Successive layers of the constraining material on 

top of the first layer of the constraining material, each of 
the Successive layers of the constraining material having 
a cavity defining the outer shape of a corresponding 
layer of a main body portion of the Z-directed compo 
nent; 

selectively filling the cavities of the successive layers of the 
constraining material with at least the body material to 
form the layers of the main body portion of the Z-di 
rected component; 
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dissipating the constraining material to release the Z-di 
rected component from the constraining material; and 

firing the Z-directed component. 
15. The method of claim 14, wherein the first cavity 

includes a protrusion on a bottom Surface thereofthat forms a 
corresponding indentation in an end Surface of the tapered 
end portion of the Z-directed component for engaging a tool 
for removing the tapered end portion after the Z-directed 
component is inserted into the mounting hole in the printed 
circuit board. 

16. The method of claim 14, wherein the first cavity is 
formed in a Substrate that Supports the layers of the constrain 
ing material. 

17. The method of claim 14, wherein the first cavity is 
formed in a release layer coated on a Substrate that Supports 
the layers of the constraining material. 

18. The method of claim 17, wherein the first cavity is 
formed in the release layer by gray Scale lithography. 
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