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FIG. IA
(57) Abstract: In a printed circuit board, PCB (10, 30), a number of blind holes (16, 42, 44) are provided for soldering an end of
a lead (20) of a component without the end of the lead extending through the PCB. Thus, a substantially flat surface is obtained.
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(14) arranged at a first surface (12A) of the first layer. An electrically conductive trace (18) is arranged on the first layer. The hole
is arranged in the first layer, wherein the hole extends from the electrically conductive trace through the first layer, the hole being
closed at the first surface of the first layer by the second layer. The hole is configured for accommodating an end of the lead and
electrically connecting the lead and the trace.
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Printed circuit board with a blind hole for mounting a component

FIELD OF THE INVENTION

The present invention relates to a printed circuit board (PCB) and a method for

manufacturing such a printed circuit board. Further, the present invention relates to a method

for mounting, in particular soldering, an electrical component on such a printed circuit board,

and more in particular the present invention relates to a layered printed circuit board

comprising at least two layers.

BACKGROUND OF THE INVENTION

It is well known to mount electrical components of an electrical circuit on a

printed circuit board (PCB). Many electrical components have leads that are used to mount

the components on the PCB. Conventionally, the component is positioned at a first side of the

PCB. The leads protrude the PCB and the leads are soldered at an opposite second side of the

PCB to a conductive trace, or the like.

The above-described method of mounting a leaded component on a PCB

results in a problem with respect to miniaturization and heat transfer. With respect to

miniaturization, it is known to mount leaded components at the second side and SMD

components at the first side of the PCB. Soldering is then performed by wave soldering

leaded components and SMD components. However, this known method limits

miniaturization due to more fine-pitched SMD components. Reflow soldering of components

could break through this barrier, but is not suitable to be used with this known PCB. Further,

a conventional PCB containing protruding leads needs an insulating layer or sheet at a certain

distance in order to prevent a flash-over voltage or an undesired electrical contact to the

housing or other electrically conductive materials.

With respect to the heat transfer, the protruding leads make it difficult to

provide a suitable thermal contact between a component and a heatsink. Due to the

protruding leads, a heatsink is arranged at a certain distance from the surface of the PCB

having an insulating layer of air, or the like, therebetween.

In JP 09-05 1160 A a brazing method for mounting an electrical component on

a printed board is disclosed. The board is provided with a blind hole, in which a brazing



powder is provided. A terminal of a component is then inserted into the hole. The brazing

material is subsequently melted using laser light. Thus, a PCB having a flat second surface is

obtained, thereby overcoming the above problems. However, a disadvantage of such a

method is the difficult and relatively expensive soldering method that is required, compared

to known and commonly used soldering methods, such as wave soldering and reflow

soldering. A disadvantage of the board used by the method is the blind hole arranged in a

single layer. The hole made in a single layer requires an expensive manufacturing method

compared to the commonly used methods and devices for making a PCB. In the common

methods, the holes are through holes, allowing to be made by drilling a hole through a stack

of a number of PCBs. Making a blind hole in a single layer requires a drilling operation per

PCB instead of one drilling operation per stack of PCBs.

OBJECT OF THE INVENTION

It is desirable to have a PCB having blind holes on which leaded components

may be soldered using well-known and commonly used prior art soldering methods, and

which PCB may be manufactured using well-known and commonly used prior art

manufacturing methods.

SUMMARY OF THE INVENTION

The present invention is embodied in a PCB according to claim 1, a

manufacturing method according to claim 10 and a component mounting method according

to claim 14.

The PCB comprises at least two layers. A first layer may be regarded as a base

layer, such as a FR4 epoxy layer, as well known in the art. A second layer is an additional

layer arranged at a first surface of the first layer. On the first layer, at the first surface or at a

second surface opposite to the first surface, is at least one trace of a conductive material such

as copper arranged. From the conductive trace a hole is extending through the first layer. The

second layer closes the hole at the first surface of the first layer. Thus, a blind hole is

provided.

Advantageously, the PCB according to the present invention allows to use

reflow soldering for soldering leaded components without exposing the leaded components to

excessive heat.

As it is known in the art to manufacture multi-layered PCB's, the PCB

according to the present invention may be manufactured using well-known and commonly



used methods. Only a sequence of manufacturing steps may need to be changed. Instead of

first arranging the second layer on a surface of the first layer and then making a hole, first a

hole is made in the first layer and thereafter the second layer is provided.

The second layer may be a prepreg layer, as such a prepreg layer is commonly

used in the manufacturing of PCB's. However, the second layer may be made of other

suitable materials. Preferably, the first and the second layer are of a similar material suitable

for growing an electrically conductive material on the first and the second layer.

The hole in the PCB according to the present invention has an inner surface. In

an embodiment, on at least a part of the inner surface of the hole, an electrically conductive

material may be provided, which allows for a stronger adhering of a lead in the hole after

soldering. Preferably, the conductive material, such as copper, is electrically connected to the

conductive trace at the second surface of the first layer such that a good electrical contact

may be obtained.

For soldering the end of a lead in the hole, a solder paste may be provided over

at least a part of the conductive trace and/or over or in the hole. By heating the solder paste

and inserting the end of the lead, the lead may be soldered thereby accommodating the lead

in the hole while providing an electrical connection between the lead and the conductive

trace. Prior to soldering, an end of a lead may be held in a hole using a suitable material like a

suitable adhesive. Such an adhesive may be provided in the hole or may be provided on the

lead prior to positioning the end of the lead in the hole.

In an embodiment, for good heat transfer, a heatsink may be arranged at the

free surface of the second layer. The heatsink is thus enabled to have a good thermal contact,

since the second layer is flat, i.e. without soldered lead ends protruding through and

extending from the PCB, while the electronic circuit is sufficiently insulated from ground and

other circuitry. Moreover, due to the electrical insulation, the heatsink may be the housing of

the circuit board.

In an embodiment, for miniaturization, the PCB according to the present

invention may be double sided. In such a case, the PCB may have a third layer. Thus, in such

an embodiment, the PCB comprises the first layer, a first surface of the first layer being

arranged at a first surface of the second layer; a third layer, a first surface of the third layer

being arranged at a second surface of the second layer, and a first conductive trace arranged

at the second surface of the first layer and a second conductive trace arranged at the second

surface of the third layer. A first hole extends from the first conductive trace to the second

layer and a second hole extends from the second conductive trace to the second layer, each



hole being closed by the second layer. Hence, two separate circuits may be arranged on a

single PCB.

It is noted that in accordance with the present invention the electrically

conductive traces may be arranged on the outer surface of the first layer or may be arranged

on the surface arranged on the second layer. In the latter embodiment, the conductive traces

are arranged between the first and the second layer. Moreover, on both surfaces conductive

traces may be arranged. The blind holes for accommodating an end of a lead of a component

may be used to connect the traces at the first surface and the traces at the second surface.

BRIEF DESCRIPTION OF THE DRAWINGS

Hereinafter the present invention is elucidated in more detail with reference to

the appended drawings illustrating non-limiting embodiments, wherein

Fig. IA shows a schematical view of a cross-section of an embodiment of a

PCB according to the present invention;

Fig. IB - 1C show in cross-section an embodiment of a method for connecting

a lead in a hole of the embodiment of the PCB according to Fig. IA;

Fig. 2A - 2D schematically illustrate an embodiment of a method for

manufacturing a PCB according to Fig. IA;

Fig. 3A - 3D schematically illustrate an embodiment of a method for

manufacturing a PCB according to Fig. IA;

Fig. 4 schematically illustrates a second embodiment of a PCB according to

the present invention;

Fig. 5A - 5B schematically show in cross-section a third and a fourth

embodiment of a PCB according to the present invention, respectively; and

Fig. 5C schematically shows in cross-section a fifth embodiment of a PCB

according to the present invention.

DETAILED DESCRIPTION OF EXAMPLES

In the drawings, same reference numerals refer to same or similar elements. In

Fig. IA, a layered PCB 10 is shown. The PCB comprises a first layer 12 and a second layer

14. The first layer 12 has a first surface 12A and a second surface 12B. The second layer 14

has a first surface 14A and a second surface 14B.

A hole 16 is present in the first layer 12. At the first surface 12A of the first

layer 12, the hole 16 is closed by the first surface 14A of the second layer 14. Thus, a blind



hole is constructed. The hole 16 has an inner surface 16A. On the first surface 12A of the first

layer 12, a trace 18 of electrically conductive material is arranged. The electrically

conductive material extends into the hole 16 and a layer of the electrically conductive

material is arranged on the inner surface 16A of the hole 16. Usually, the electrically

conductive material is copper, but other materials may be used as well. The traces 18 may be

manufactured in accordance with the prior art, e.g. by arranging a layer of copper on the

second surface 12B of the first layer 12 and then etching the copper layer such that the

desired trace pattern results.

The first layer 12 may be made of a commonly known and used material such

as an epoxy material known as FR4 or any other suitable material. The second layer 14 may

be made of a commonly known and used material for adhering a number of layers of a PCB,

such as a prepreg material. However, other materials may be used as well. Thus, the second

layer 14 may as well be made of a FR4 epoxy material, for example. The material of the first

layer 12 and the second layer 14 may be selected depending on the application of the

PCB 10.

The hole 16 of the PCB 10 as shown in Fig. IA is suitable for accommodating

an end of a lead of an electrical component. The end of the lead does not extend through the

PCB 10 and hence, the second surface 14B of the second layer 14 remains substantially flat

after components have been arranged at the second surface 12B of the first layer 12. The

substantially flat surface allows a good thermal contact with a heatsink, for example. If a

heatsink is to be arranged at the second surface 14B of the second layer 14, the material of

the second layer 14 may be selected to have a good thermal conductivity. Without the

electrically conductive ends extending through the PCB 10, another electrical circuit may be

positioned near the second surface 14B of the second layer 14 without conventional problems

such as a possibility of a short circuit or a flash-over. Thus, a PCB according to the present

invention further enables miniaturization. For such miniaturization, the material of the second

layer 14 may be selected to be a good electrical insulator.

In Fig. IB - 1C an embodiment of a method of accommodating an end of a

lead 20 in the hole 16 is illustrated. As a first step, a layer of solder paste 22 is arranged over

the electrically conductive trace 18 and over the hole 16, as illustrated in Fig. IB. Heating the

solder paste 22 and inserting the end of the lead 20 in the hole 16 results in the lead being

soldered in the hole 16 as illustrated in Fig. 1C. The solder paste 22 may be screen printed on

the PCB 10, but other methods such as stencil printing or dispensing of a preformed structure



may be used as well. In general, a number of well known soldering methods may be

employed, e.g. wave soldering, hotplate soldering, and reflow soldering.

It is noted that the first layer 12 and the second layer 14 may each be

constructed of a number of layers, depending of the application requirements. For example,

the first layer 12 may be a multi-layer FR4 epoxy material, as known in the art.

Further, it is noted that the hole 16 may have a relatively large diameter

compared to a width of the lead 20, allowing a less accurately manufactured and thus a

cheaper PCB. Further, such a relatively large hole 16 makes assembling the PCB 10 with the

components easier, resulting in a cheaper assembling method.

Using a relatively flexible second layer 14 may reduce, or even avoid, thermal

stress in the PCB 10. Such thermal stress may be caused by hot components, for example.

A PCB according to the present invention may be manufactured using well

known and commonly used manufacturing methods. Referring to Fig. 2A, a first layer 12 has

a first surface 12A and a second surface 12B. The first surface 12A and the second surface

12B are usually opposite surfaces. At the second surface 12B an electrically conductive trace

18 is arranged by etching, for example, as known in the art and as mentioned above.

Referring to Fig. 2B, a hole 16 is drilled in the first layer 12. The hole extends

from the trace 18 to the first surface 12A of the first layer 12. As illustrated, the hole 16 may

extend through the trace 18, but the hole 16 may as well be arranged near an edge of the trace

18, for example.

Referring to Fig. 2C, a first surface 14A of a second layer 14 is arranged on

the first surface 12A of the first layer 12. The second layer 14 further comprises a second

surface 14B. The second layer 14 extends over the opening of the hole 16 in the first layer 12,

thereby closing the hole 16 at the first surface 12A of the first layer 12. The second layer 14

may be a prepreg layer as known in the art and thus any method known in the art may be

used to adhere the second layer 14 to the first layer 12.

Referring to Fig. 2D, the electrically conductive material of the trace 18 may

be arranged on the inner surface 16A of the hole 16. For example, the electrically conductive

material may be galvanicly grown on the inner surface 16A. However, any other suitable

method may as well be employed. In an embodiment, a layer of the electrically conductive

material may be arranged on the first surface 14A of the second layer 14 prior to adhering the

first surface 14A of the second layer 14 to the first surface 12A of the first layer 12. The

electrically conductive material on the inner surface 16A of the hole 16 may be provided to

obtain a sufficiently strong mechanical coupling between the end of the lead and the PCB



after soldering, since the solder paste may adhere to the electrically conductive material, but

not to the material of the first layer 12.

Referring to Fig. 2A, instead of having an electrically conductive trace

arranged on the second surface 12B prior to drilling and attaching the second layer 14, the

first layer 12 may be free of conductive traces as shown in Fig. 3A. Then, in accordance with

the method illustrated in Fig. 2A - 2D, a hole 16 may be drilled (Fig. 3B) and the second

layer 14 may be arranged on the first surface 12A of the first layer 12 (Fig. 3C). Thereafter,

as illustrated in Fig. 3D, the conductive traces 18 are formed, thereby also providing the

conductive material on the inner surface 16A of the hole 16. Thus, a similar PCB 10 is

manufactured compared to the embodiment illustrated in Fig. 2D. A single difference is the

thickness of the conductive trace 18 near the edge of the hole 16 as illustrated. In the

embodiment of Fig. 2D the conductive trace 18 is near the hole 16 thicker than the

conductive trace 18 of the embodiment of Fig. 3D.

Fig. 4 illustrates a second embodiment of a PCB 10 according to the present

invention. In comparison with the embodiment of the PCB illustrated in Fig. IA, the second

embodiment comprises conductive traces 118A and 118B arranged between the first layer 12

and the second layer 14. The conductive traces 118A and 118B are part of a circuit of traces

arranged between the first and the second layers 12, 14. The circuit may be connected to a

circuit arranged on the second surface 12B of the first layer 12 through the conductive

material arranged on the inner surface 16A of the hole 16. For example, as illustrated, the

conductive trace 118B is electrically coupled to the conductive material arranged on the inner

surface 16A of the hole 16. Thus, using two levels of electrically conductive traces more

complex circuits may be arranged on the PCB 10.

The embodiment illustrated in Fig. 4 may be manufactured by first arranging

the conductive traces 118A, 118B on the first surface 12A of the first layer 12 or by

arranging the conductive traces 118A, 118B on the first surface 14A of the second layer 14

and thereafter arranging the first and the second layer 12, 14 on each other.

Referring to Fig. 5A, a hole 16 may take any kind of shape depending on the

application. As illustrated, the hole 16 may have a shape of a trapezium, having a larger

diameter at the first surface 12A of the first layer compared to the diameter at the second

surface 12B of the first layer 12. Using such a trapezoidal shape results in a relatively strong

mechanical coupling between a soldered end of a lead accommodated in the hole 16 and the

PCB. Therefore, in such an embodiment, the electrically conductive material may be omitted

from the inner surface 16A of the hole 16. Further, with respect to the shape of the hole 16 in



the embodiment of Fig. 5A as well as any other embodiment, the hole 16 may be

cylindrically shaped, or may have any other kind of shape such as square or elliptical.

Referring to Fig. 5B, the hole 16 may have such dimensions that a bent end of

a lead 22 may be accommodated in the hole 16 for obtaining a strong mechanical coupling.

Referring to Fig. 5C, a PCB 30 according to the present invention may be

double sided for supporting two possibly independent electrical circuits. The double sided

PCB 30 comprises a first layer 32, a first surface 32A of the first layer 32 being arranged at a

first surface 34A of a second layer 34. The PCB 30 further comprises a third layer 36, a first

surface 36A of the third layer 36 being arranged at a second surface 34B of the second layer

34. A first conductive trace 38 is arranged at the second surface 32B of the first layer 32 and

a second conductive trace 40 is arranged at the second surface 36B of the third layer 36. A

first hole 42 extends from the first conductive trace 38 to the second layer 34 and a second

hole 44 extends from the second conductive trace 40 to the second layer 34. Each hole is

closed by the second layer 34 The PCB 30 may support components on either side of the

PCB 30 and thus support two electrical circuits that may be independent from each other,

although using a via, for example, the circuits on both sides may be electrically coupled. The

double sided PCB 30 is in particular suitable for miniaturization purposes, for example.

Although detailed embodiments of the present invention are disclosed herein,

it is to be understood that the disclosed embodiments are merely exemplary of the invention,

which can be embodied in various forms. Therefore, specific structural and functional details

disclosed herein are not to be interpreted as limiting, but merely as a basis for the claims and

as a representative basis for teaching one skilled in the art to variously employ the present

invention in virtually any appropriately detailed structure.

Further, the terms and phrases used herein are not intended to be limiting; but

rather, to provide an understandable description of the invention. The terms "a" or "an", as

used herein, are defined as one or more than one. The term another, as used herein, is defined

as at least a second or more. The terms including and/or having, as used herein, are defined as

comprising (i.e., open language). The term coupled, as used herein, is defined as connected,

although not necessarily directly, and not necessarily by means of wires.



CLAIMS:

1. A layered printed circuit board, PCB, (10) for mounting a component having a

lead (20), the PCB comprising:

a first layer (12) having a first surface (12A) and a second surface (12B);

a second layer (14) having a first surface (14A) and a second surface (14B), the second layer

with its first surface being arranged at the first surface of the first layer and

an electrically conductive trace (18) arranged on the first layer,

wherein a hole (16) is arranged in the first layer, the hole extending from the electrically

conductive trace through the first layer, the hole being closed at the first surface of the first

layer by the first surface of the second layer and the hole being configured for

accommodating an end of the lead and electrically connecting the lead and the trace.

2 . The PCB according to claim 1, wherein the electrically conductive trace is

formed on the first surface of the first layer.

3 . The PCB according to claim 1, wherein the electrically conductive trace is

formed on the second surface of the first layer.

4 . The PCB according to claim 1, wherein the hole has an inner surface (16A)

and an electrically conductive material is arranged on at least a part of the inner surface of the

hole.

5 . The PCB according to claim 4, wherein the conductive material arranged on

the inner surface of the hole is in electrical contact with the conductive trace arranged on the

first layer.

6 . The PCB according to claim 1, wherein a solder paste (22) is arranged over at

least a part of the conductive trace and/or over at least a part of the hole and/or in the hole for

enabling to solder the end of the lead in the hole.



7 . The PCB according to claim 1, wherein the first layer and/or the second layer

is made from an epoxy FR4 material.

8. The PCB according to claim 1, wherein the first layer and/or the second layer

is made of a prepreg material.

9 . The PCB (30) according to claim 1, the PCB (30) comprising:

the first layer (32), the first surface (32A) of the first layer being arranged at

the first surface (34A) of the second layer (34);

- a third layer (36) having a first surface (36A) and a second surface (36B), the

first surface (36A) of the third layer being arranged at the second surface (34B) of the second

layer,

a first conductive trace (38) arranged on the first layer and a second

conductive trace (40) arranged on the third layer;

- a first hole (42) extending from the first conductive trace through the first

layer and a second hole (44) extending from the second conductive trace through the third

layer, each hole being closed by the second layer.

10. The PCB according to claim 1, wherein the PCB further comprises a heatsink,

the heatsink being arranged at the second surface of the second layer and being in good

thermal contact with the second layer.

11. The PCB according to claim 1, wherein the PCB further comprises an

electrical component, the electrical component comprising at least one component lead, an

end (20) of the component lead being held in the hole and being in electrical contact with the

electrically conductive trace.

12. Method of manufacturing a printed circuit board, PCB (10), the method

comprising:

- making a hole (16) in a first layer (12);

arranging a second layer (14) on a first surface (12A) of the first layer, thereby

closing the hole at the first surface of the first layer; and

arranging a conductive trace (18) on the first layer;

wherein the hole in the first layer extends from the conductive trace through the first layer.



13. Method according to claim 12, the method further comprising:

arranging a conductive material on at least a part of an inner surface (16A) of the hole.

14. Method according to claim 12, wherein the method further comprises:

arranging a solder paste (22) over at least a part of the conductive trace and/or over at least a

part of the hole and/or in the hole.

15. Method according to claim 14, wherein the method further comprises:

soldering an end of a lead (20) in the hole using the solder paste.

16. Method according to claim 12, wherein arranging a conductive trace on the

first layer comprises:

arranging a conductive trace on a first surface of the second layer; and

- arranging the first surface of the second layer on the first surface of the first

layer.

17. Method according to claim 12, wherein the conductive trace is arranged on the

first layer prior to arranging the second layer on the first layer.

18. Method according to claim 12, wherein the conductive trace is arranged on

the first layer after arranging the second layer on the first layer.

19. Method of mounting a component provided with a lead (20) on a printed

circuit board PCB (10) according to claim 1, the method comprising:

arranging a solder paste (22) over at least a part of the conductive trace (18)

and/or over at least a part of the hole (16) and/or in the hole (16); and

soldering an end of the lead in the hole.

20. Use of a circuit housing as a heatsink for an electrical component comprised in

an electrical circuit arranged on a PCB (10) according to any one of the claims 1 - 11, the

circuit housing being in good thermal contact with the second surface (14B) of the PCB, and

being electrically insulated from the electrical circuit.
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