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ALIGNMENT OF VIAS IN CIRCUIT BOARDS OR SIMILAR STRUCTURES

Field of the Invention

The present invention pertains to a method and apparatus for placing vias in circuit
boards or the like. More particularly, the present invention pertains to the positioning of vias
in adjacent layers of built-up multilayer type printed circuit boards, to allow more direct

electrical connections between devices coupled to such printed circuit boards.

Description of Related Art _
As is known in the art, printed circuit boards (PCBs) provide a support structure

allowing the interconnection of a plurality of devices coupled to the board. For example, in a
simple version ofa PCB, such as a so-called “FR4" PCB, an epoxy resin is provided that is
reinforced with woven glass fibre cloth and treéated to enhance its fire retardance. Conductive
material is deposited in specific areas on the PCB. Space is made available on the surface of
the PCB to allow components, such as integrated circuit (IC) chips, resistors, capacitors, etc.
to be inserted or otherwise electrically bonded to the surface of the PCB. The conductive
material, previously depasited on the PCB, provides an electrical connection between the
components as desired.

PCB technology has advanced beyond providing electrical connections in a single
layer. In so-called built-up multilayer (BUM) technology, a plurality of layers of conductive
connections are provided with an insulatinig material, such as a dielectric material disposed
between each layer. Individual layers are typically coupled together conductively with vias or
micro-vias and plated through holes. A via is a depression in a surface of a first layer of the
built-up PCB that penetrates through the insulating layer to a conductive area disposed on a
lower layer. Typically, the insulating layer is etched in a Qpeciﬁc area down to the level of the
lower layer. Then, a conductive matenial is deposited (e.g., sputtered) on the insulating layer
and into the etched area so as to create the electrical connection between the two conductive
layers.

A plated through hole (PTH) is typicaily a hole drilled through the substrate of the
PCB where the inner surface of the PTH is coated with a conductive material. A PTH

provides an electrical connection between a conductive layer on a first or front side of the
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substrate to a conductive layer on a second or back side of the substrate. Examples of built-up
multilayer (or high density multilayer) boards are sold by Ibiden USA Corp., and under the
DYCOstrate® and TWINflex® marks by WiirthElektronik GmbH (liot am See, Germany).

Referring to Fig. 1, a cross section of a built-up PCB as is known in the art is shown.
PCB surface layer 11 is the top surface of substrate 10-of a built-up PCB 1. A first conductive
layer 12 is placed upon an insulating layer 14, and second conductive layer 13 is placed over
first conductive layer 12 with an intermediate insulating layer 15. As seen in Fig. 1, a first via
21 electrically connects first layer 12 to PCB surface layer 11, a second via 22 electrically
connects second layer 13 to first layer 12.

In the built-up PCBs described above, the PTHs are typically placed at the same
distance away from one anbther. Thus, the term “PTH pitch” refers to the distance between
corresponding points of two adjacent PTHs. InFig. 1, the PTH pitch is set to 40 to 50 mils
(where one mil equals one thousandth of an inch). It is accepted practice that a via on a first
layer of a built-up PCB cannot be placed directly over a via in an adjacent layer. This is
because doing so would eleétrically connect three adjacent layers in the PCB. Another
accepted practice is that a via cannot be placed over a PTH. Th.ls is-because of an assumed -
danger that doing so may cause one or. more layers to collapse into the PTH. This practice is
changing, however, and vias are now being placed over PTH:s in the second or higher layer
over the PTH. '

Given the above limitations, the typical “via pitch™ (distance between the center points
of adjacent vias on a given layer) is typically set to twice the PTH pitch (e.g., 80 to 100 mils).
Referring to Fig. 1, the optimal placement for via 22 is midway between vias 21 and 23 as
further described below. Ifit is assumed that an IC circuit 30 (e.g., a controlled collapse chip
connection (CCCC) mounted processor such as a Pentium® processor) is placed on a bottom
side of PCB substrate 10, it is known in the art to provide a decoupling capacitor 25
electrically coupled to the IC circuit chip via PCB 1. Current travels from the IC chip through
plated through hole 31 to capacitor 25 through vias 21 and 22. Given a via pitch that is twice
the PTH pitch, the placement of via 22 midway between vias 21 and 23 provides the shortest
current path between IC chip 30 and capacitor 25. In this example, the current path includes
one-half of the PTH pitch (in layer 11) and one-half of the via pitch (in layer 12).

There are at least two problems that can occur with using the via system shown in Fig.

1. The first is an appreciable amount of so-called parasitic inductance and resistance that
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exists between IC chip 30'and capacitor 25. This is due in part to the length of the current
path from IC chip 30 an&'i'gggécitor 25 caused by the via pltch"f‘ﬁe second problem pertains
to a structure referred to as a power grid. Referring to Fig. 2, a top view of a built-up board is
shown as is known in the art. Large conductive pads 40a, b, c are provided in the uppermost
layer of the board and are coupled to a voltage supply or ground. When placing vias (e.g.,
vias 41a, b, c) in this uppermost layer, it is a general requirement that the via be placed
completely within the large pads 40a, b, ¢ so as to form a better electrical cennection with the
layer underneath this uppermost layer. Also, as stated above, the via is generally not to be
placed above a PTH (e.g., PTH 42) which can typically reside directly beldw one of the pads
40a, b, c in the PCB substrate. Placing such vias in precise locations presents difficulties to
the PCB manufacturer.

In view of the foregoing problenis in built-up board technology, there is a need for an
improved method and apparatus to electrically couple adjacent layers in a built-up PCB.

Summary of the Invention
According to an embodiment of the present invention, an apparatus is provided to

electrically couple a conductive layer to a conductive element. A first insulating layer is

disposed below a first, upper conductive layer, and a conductive element is disposed below

the first insulating layer. An elongated via in the first conductive layer and first insulating

layer has a length sufficient to electrically couple the first conductive layer to the conductive

element through the first insulating layer.

Brief Description of the Drawings:
Fig. 1 is a cross-sectional side view of a built-up PCB as is known in the art.

Fig. 2 is a plan view of a built-up PCB as is known in the art.

Fig. 3 is a cross-sectional side view of a built-up PCB constructed according to an
embodiment of the present invention. |

Fig. 4 is a plan view of the built-up PCB of Fig. 3.

Fig. 5 is a plan view of another built-up PCB constructed according to an embodiment

of the present invention.

Detailed Description

-3-



10

16

20

25

30

.WO 00/04753 " PCT/US99/16121

Referring to Fig. 3, a cross-sectional side view of a built-up PCB 2 constructed
according to an embodiment of the present invention is shown. A PCB substrate 50 is
provided which may include one or more plated through holes (e.g, -PTH 52). Layer54isa
top surface of PCB substr,a;_e. 50. First layer 55 is separated ﬁ'dm; layer 54 by insulating layer
56 except at elongated via.s.ﬁi_Oa, b, c. According to an embodiment of the present invention,
the length of an elongated via of layer 55 that extends through diélectric layer 56 to layer 54 is
appreciably larger than.a comparable length for the vias shown m Fig. 1. These elongated vias
can be made using the same methods as with the vias of Fig. 1.. For example, after a first
conductive layer is provided having a via to a lower layer, an insulating layer is disposed on
top of the conductive layer.  Then, an elongated area is etched into the insulating layer so that
it overlaps the via. Disposing conductive material on top of the insulating layer and the
elongated etched area forms a second conductive layer and an elongated via. The elongated
via couples the second conductive layer i_o__ the via in the first conductive layer.

In a first embodiment of the present invention, the elongated via in a first, upper layer,
has a length sufficient to electrically couple the first layer directly to an edge of a viaina -
second, lower layer. For example, referring to Fig.' 3, the length of elongated via 62b is
sufficient so as to directly connect layer 57 to an edge of via 60b in layer 55. In a second
embodiment .of the present invention, the elongated via in a first, upper layer, has a length
sufficient to electrically couple the first layer directly to an edge .of plated through hole under
the first layer, For example, referring to Fig. 3, the length of elohgated via 60b is sufficient so
as to directly connect layer 55 to an edge of PTH 52. Thus, apqdrding to. embodiments of the
present invention, the elongated via has a sufficient length so as to electrically and directly
couple a first conductive layer to a conductive element such as an edge of a via or plated
through hole, a point on a conductive trace in an adjacent layer, etc.

Using the elongated vias of the present invention, a. m'&re direct electrical connection
can be made from an IC circuit 70 (e.g., a processor) through jPCB 2 to capacitor terminal 65.
In providing via 60b to couple layer 55 and layer 54, it is not known precisely where PTH 52
is on the PCB due to manufacturing tolerances. By elongating the via as described above, the
electrical connection between the via 60b and the walls of PTH 52 is practically assured. In
effect, via 60b “self-aligns” with PTH 52, even though the location of PTH 52 is only known
approximately. Likewise, the elongation of via 62b of layer 57 ensures contact with via 60b

in layer 55. Elongated via 62b “self aligns™ with via 60b in layer 55 to provide a more direct .
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flow of current from layer 55 to components coupled to layer 57. Accordingly, the flow of
current from PTH 52 to éicitor terminal 65 is essentially stifiight th}ough PCB 2
substantially reducing pafasitic inductance resulting from the current flow.

Referring to Fig. 4, a plan view of a portion of PCB 2 is shown. Capacitor terminal 65
is coupled to layer 57 which may extend laterally from this component. Via 62b does not
sever conductive layer 57, but extends downward to electrically couple layer 55 with layer 57.
As seen in Fig. 4, via 62b is coupled directly to an edge of via 60b in layer SS. Accordingly,
in this embodiment, current flows from via 60b in layer 55 and up any of the walls of via 62b
to layer 57.

Referring to Fig. 5, a plan view of a portion of another PCB 80 is shown having a
power grid 81. Power grid 81 includes one or more relatively large pads 81a, 81b adapted to
be coupled to a voltage supply, ground, etc.. An elongated via 83 electrically couples pad 81a
and a layer below power grid 81. As seen in Fig. 5, elongated via 83 can be moved in the
directions indicated without losing contact with pad 81a, making the coupling of pad 8lato a
layer below power grid 81 much easier.

Although severat embodiments are specifically illustrated and described herein, it will
be appreciated that modifications and variations of the present invention are covered by the
above teachings and within the purview of the appended claims without departing from the

spirit and intended scope of the invention.
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What is claimed is: _
1. An apparatus to electrically couple a conductive layer to a co_ﬁductive element
comprising: _ -

a first upper conductive layer, |

a first insulating layer disposed below said first conductive layer;

a conductive element:disposed below said first insulating layer; and * -

an elongated via in said first conductive layer and said ﬁi’st?:insulatirx'g layer, said
elongated via having a length sufficient to electrically couple the first conductive layer directly

to said conductive element.

2. The apparatus of claim 1, further comprising:
. a second lower conductive layer disposed below said first insulating layer;

a second insulating layer disposed below said second conductive layer, wherein said

_conductive element is a via in said second conductive layer and said second insulating layer

and said elongated via has a length sufficient to electrically couple the first conductive layer -
directly to an edge of the via.

3. An apparatus of claim 2 further comprising:

a substrate including a plated through hole disposed beneath said second insulating
layer, said via in said second conductive layer and said second insulating layer is an elongated
via having a length sufficient to electrically couple the second conductive layer to an edge of

said plated through hole.

4 The apparatus of claim 3 further comprising:

a component electrically coupled to said first conductive layer.
5. The apparatus of claim 4 wherein said component is a capacitor.

6. The apparatus of claim 4 further comprising:
‘a processor coupled to said plated through hole of said substrate.
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7.

and

The apparatus of claim 5 further comprising:
a processor coupléd to said plated through hole of saif Stibstrate.

An apparatus to electrically couple conductive layers of a circuit board oomprising:
a first upper conductive layer; ' '
a substrate including a plated through hole disposed below said first conductive layer;

a first insulating layer disposed between said first conductive layers and said substrate;

an elongated via in said first conductive layer and said first insulating layer having a

sufficient length to electrically couple said first conductive layer directly to an edge of said
plated through hole.

9.

The apparatus of claim 8 further comprising:

a component electrically coupled to said first conductive layer.

10.  The apparatus of claim 9 wherein said component is a capacitor.
11.  The apparatus of claim 8 further comprising:
a processor coupled to said plated through hole of said substrate.
12.  Anapparatus to electrically couple a conductive layer to a conductive element
comprising:

a first upper conductive layer;

a first insulating layer disposed below said first conductive layer;

a second lower conductive layer disposed below said first insulating layer;
a second insulating layer disposed below said second conductive layer;

a via in said second conductive layer and said second insulating layer;

an elongated via in said first conductive layer and said first insulating layer, said

elongated via having a length so as to overlap said via in said second conductive layer and

said second insulating layer.

A



© © N ™ G & W N -

o A W N -

© O N OO A W N =

LY

WO 00/04753 PCT/US99/16421 -

13. A method for electrically coupling a first conductive layer to a conductive element,
comprising: -

providing a bonductive element;

disposing a first insulating layer on top of said conductiv:e' element;

etching an elongated area in said first insulating layer over said conductive element;
and _ _

dlsposmg conductive material on said first insulating layer and the etched area to form
a ﬁrst conductive layer and an elongated via electrically coupling the first conductive layer

directly to said conductive element.

14.  The method of claim 13 wherein said conductive element is an edge of aviain a
second conductive layer and a second insulating layer, said step of providing a conductive
element includes

providing the second insulating layer and the second conductive layer on top of said
second insulating layer; and

providing a via in said second insulating layer and said second conductive layer.

15.  The method of claim 14 further comprising;

coupling a component to said first conductive layer.

16. A method for electrically coupling a first conductive layer to a plated through hole in a
circuit board, comprising:

providing a plated through hole in a substrate;

disposing a second insulating layer on top of said substrate;

etching a first elongated area in said second insulating layer over said plated through
hole; and o

disposing conductive material on said second insulating layer and the first elongated
area to form a second conductive layer and a first elongated via electrically coupling said

second conductive layer to an edge of the plated through hole.

17 The method of claim 16 further comprising:

disposing a first insulating layer on top of said second conductive layer;

-8-
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etching a second elongated area in said first insulating layer over said via in said
second conductive layer;.and : a3 -

disposing conductive material on said first insulating layer ami the second elongated
area to form a first conductive layer and a second elongated via electrically coupling the first
conductive layer directly to an edge of the first elongaied via in said second conductive layer

and said second insulating layer.

18.  The method of claim 17 further comprising:

coupling a component to said first conductive layer.



