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(57) ABSTRACT 
A method and apparatus for forming a magnetic component 
on a printed circuit board. The printed circuit board has at 
least one layer including a trace that forms a Winding of the 
magnetic component. Another Winding of the magnetic 
component is formed by a length of Wire that is disposed 
externally to the printed circuit board. 
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METHOD AND APPARATUS FOR FORMING A 
MAGNETIC COMPONENT ON A PRINTED 

CIRCUIT BOARD 

[0001] This is a continuation-in-part of the inventor’s 
previous application Ser. No. 09/668,620, noW pending, 
incorporated by reference herein in its entirety. The present 
invention relates to a method and apparatus for forming a 
magnetic component on a printed circuit board, such as a 
transformer or inductor. 

BACKGROUND OF THE INVENTION 

[0002] The inventor’s US. Pat. No. 5,973,923, incorpo 
rated by reference herein in its entirety, describes a pack 
aging technology for poWer converters and poWer magnet 
ics, Wherein the Windings of a magnetic element or 
component are incorporated as traces on layers of a multiple 
layer printed circuit board. This concept has provided many 
advantages, including reducing the printed circuit board 
surface area that must be devoted to magnetic circuit com 
ponents, and reducing the reactance associated With the 
leads of the magnetic component. As just one example, a 
particularly advantageous application of the concept is 
described in the inventor’s US. Pat. No. 5,990,776, also 
incorporated by reference herein in its entirety. NotWith 
standing the concept’s many advantages, hoWever, there are 
some practical limitations. 

[0003] One limitation is that, especially Where the traces 
are long, there may need to be many layers in the printed 
circuit board to carry the traces. HoWever, the cost to 
fabricate the printed circuit board generally increases dra 
matically With the number of layers, so that it is usually 
desirable to minimize this number. 

[0004] Another limitation is that the traces, When etched, 
have a reduced cross-sectional area, so that a given desired 
conductance of the traces requires additional circuit board 
area. 

[0005] Yet another limitation is that the resistance of the 
traces may not be suf?ciently Well controlled in the standard 
printed circuit board fabrication process for a given appli 
cation of the magnetic component. Precise control of the 
dimensions of the traces is typically not critical in printed 
circuit board fabrication; hoWever it may become critical 
Where the traces are employed as part of the magnetic 
component, especially Where the Windings of the component 
are long and their combined resistance becomes appreciable. 

[0006] Accordingly, there is a need for a method and 
apparatus for forming a magnetic component on a printed 
circuit board that provides for reducing the cost of fabricat 
ing the circuit board as Well as the completed assembly, and 
that provides for increased control over the electrical resis 
tance of the magnetic components. 

SUMMARY OF THE INVENTION 

[0007] The method and apparatus for forming a magnetic 
component on a printed circuit board of the present inven 
tion solves the aforementioned problems and meets the 
aforementioned needs by providing a printed circuit board 
having at least one layer having a trace that forms a Winding 
of the magnetic component. At least one other Winding of 
the magnetic component is provided by a supplemental 
length of Wire formed in a loop that is disposed externally to 
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the printed circuit board. Each type of Winding provides 
advantages, and the proportion of each may be selected to 
optimiZe cost and circuit parameters. 

[0008] Therefore, it is a principal object of the present 
invention to provide a novel and improved method and 
apparatus for forming a magnetic component on a printed 
circuit board. 

[0009] It is another object of the present invention to 
provide a method and apparatus for forming a magnetic 
component on a printed circuit board that provides for 
decreasing the manufacturing cost of the printed circuit 
board as Well as the completed assembly. 

[0010] It is still another object of the present invention to 
provide a method and apparatus for forming a magnetic 
component on a printed circuit board that provides for 
increasing control of critical component parameters, such as 
the resistance of the magnetic component. 

[0011] It is yet another object of the present invention to 
provide such a method and apparatus that provides for 
decreasing parasitic electrical effects. 

[0012] The foregoing and other objects, features and 
advantages of the present invention Will be more readily 
understood upon consideration of the folloWing detailed 
description of the invention, taken in conjunction With the 
folloWing draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0013] FIG. 1 is a side elevation of an apparatus for 
forming a magnetic component on a printed circuit board, 
according to the present invention. 

[0014] 
[0015] FIG. 3 is a plan vieW of the apparatus of FIG. 1 
shoWing a shield according to the present invention. 

FIG. 2 is a plan vieW of the apparatus of FIG. 1. 

DETAILED DESCRIPTION OF A PREFERRED 
EMBODIMENT 

[0016] Referring particularly to FIG. 1, an apparatus 10 
for forming a magnetic component 12 on a printed circuit 
board 14 according to the present invention is shoWn. The 
magnetic component is shoWn as a transformer; hoWever, 
the invention may be used for forming any magnetic com 
ponent, the characteristic feature of Which is a conductive 
pathWay for carrying an electric current for generating a 
magnetic ?eld of a controlled value for use in an electrical 
circuit. Typically, such magnetic components include a 
ferrite core element 16 to enhance the strength of the ?eld by 
con?ning it locally and the ?eld is produced for the purpose 
of storing energy in the circuit, as in an inductor, or to couple 
energy betWeen tWo parts of the circuit, as in a transformer. 

[0017] The printed circuit board (hereinafter “PCB”) 14 
has tWo external sides 11 and 13, and one or more conduc 
tive traces 22. The conductive traces may lie on top of one 
of the external sides as shoWn in FIG. 1, or may lie on one 
or more inner layers of a multilayer PCB. 

[0018] The traces 22 are formed in the usual manner, e.g., 
by forming a pattern of photo resist on copper that has been 
plated or deposited on a given layer, and etching the copper 
Where it is not protected by a covering of the photo resist. 
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[0019] The traces 22 are formed as loops Which may be 
spirals as discussed in US. Pat. No. 5,990,776. Each trace 
may be connected to another trace or to the external surfaces 
of the PCB through conductive vias, Which are plated holes 
that extend betWeen selected layers of the PCB. The traces 
are provided and coupled to one another through the vias so 
that a desired number of “turns” result in the magnetic 
component, the magnetic ?eld resulting generally being 
proportional to this number. 

[0020] Where all of the turns necessary in the magnetic 
component can be provided by traces 22 Without unduly 
compromising the cost of the circuit board or the perfor 
mance of the magnetic component in its intended applica 
tion, this is usually most desirable. 

[0021] HoWever, as mentioned above, the etching process 
generally creates a trapeZoid shaped cross-section for the 
trace as the etchant undercuts the photo resist, and results in 
reduced cross-sectional area for conduction. Since the spac 
ing betWeen the traces must be no less than a predetermined 
minimum, the decreased conductance of the traces results in 
more board space being consumed. Moreover, the etching 
process may not be sufficiently Well controlled to ?x the 
cross-sectional area of a given trace along its length to 
provide for use of the trace as part of a magnetic circuit 
component. These considerations may represent serious 
disadvantages to employing the traces 22 as the Windings of 
the magnetic component. 

[0022] Therefore, it may be that either or both the cost of 
the PCB 14 and the performance of the magnetic component 
are unsatisfactory When all of the turns are provided by the 
traces 22. In that case, according to the present invention, 
not all of the turns that are desired for the magnetic com 
ponent need be provided by traces on or in the PCB 14. 
Instead, some turns may be provided by the traces such that, 
e.g., the tolerance in the combined resistance of the traces, 
or the acceptable cost of the circuit board, is not exceeded. 
Remaining turns required to complete the Windings of the 
magnetic component are provided by supplemental Wiring 
30 external to the PCB. 

[0023] The supplemental Wiring 30 is preferably a length 
of insulated Wire 31 that is disposed on the surface 11 or 13 
in the form of a spiral as shoWn in FIG. 2. The Wire provides 
a uniform and controlled resistance for the turns Which it 
forms, and may do so at relatively loW cost Where, in the 
alternative, additional inner layers Would otherWise be 
required in the PCB 14. The proportion of the Windings of 
the magnetic component 12 that are provided on inner layers 
of the PCB With respect to Windings provided on external 
surfaces of the PCB may be selected to provide any desired 
balance of the advantages provided by each type. 

[0024] The Wire 31 may be tacked to the PCB 14 With an 
adhesive 7, or it may be ?xed With respect to the PCB With 
any appropriate fastening means, such as clamps or ties. 
Preferably, the Wire 31 is held against the sides of the PCB 
14 by a thin, rigid material 17 as shoWn in FIG. 3. The 
material 17 may be attached to the PCB With an adhesive or 
other appropriate fastening means, such as threaded or snap 
fasteners. 

[0025] Where the magnetic component 12 is a trans 
former, the traces may be formed on inner layers of the PCB 
14 and the supplemental Wiring 30 may be employed as one 
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or the other of the primary and secondary Windings. This is 
not essential to practice the invention, hoWever. It is also 
advantageous to solder electrical components associated 
With the magnetic component 12, such as the diode “D” 
shoWn in FIG. 3, directly to the end 33 of the Wire 31, to 
minimiZe parasitic effects. 

[0026] Referring to either FIGS. 2 or 3, the PCB 14 
includes cut-out areas 24 for receiving portions of the core 
element 16. Typically the core element 16 is provided in tWo 
halves, one of Which is adapted to be installed from one of 
the external sides of the PCB, e.g., side 11 and protrude 
through the circuit board, through the cut-out areas 24, While 
the other half is adapted to mate thereWith, being installed 
from the other external side of the PCB, here side 13, to form 
a closed pathWay for the magnetic ?eld. The tWo halves of 
the core element may be attached to one another With, e.g., 
screWs or a clamp 3 shoWn. 

[0027] Referring to FIG. 4, a shorting ring 32 of a 
conductive material such as a copper foil is provided around 
the core element 16 to short the leakage ?eld emanating 
therefrom and thereby prevent it from affecting the operation 
of electrical or magnetic components disposed outside the 
ring. As is shoWn, the ring is spaced from the core element 
to prevent a direct electrical short. Preferably, the ring is 
provided on both sides of the PCB 14, and may be affixed 
to the PCB or directly to the insulated Wire 31, or to the rigid 
material 17, With any knoWn fastening means, such as any 
of the fastening means mentioned above. 

[0028] It is to be recogniZed that, While a particular 
method and apparatus for forming a magnetic component on 
a printed circuit board has been shoWn and described as 
preferred, other con?gurations and methods could be uti 
liZed, in addition to those already mentioned, Without 
departing from the principles of the invention. For example, 
traces on the external surfaces of the PCB 14 could be 
employed instead of the Wire 31 Where it is desired to 
minimiZe the number of inner layers, and the Wire 31 may 
be disposed partially or completely above the external 
surfaces Where it is desired to minimiZe the footprint of the 
magnetic component on the PCB. For example, the Wire 31 
may be coiled axially instead of or in addition to being 
coiled radially as in the spiral con?guration. 

[0029] The terms and expressions Which have been 
employed in the foregoing speci?cation are used therein as 
terms of description and not of limitation, and there is no 
intention of the use of such terms and expressions of 
excluding equivalents of the features shoWn and described 
or portions thereof, it being recogniZed that the scope of the 
invention is de?ned and limited only by the claims Which 
folloW. 

1. A method for forming a magnetic component on a 
printed circuit board, comprising providing the circuit board 
With at least one layer having a trace that forms a Winding 
for the magnetic component, forming a ?rst length of Wire 
into a loop that forms another Winding for the magnetic 
component, and disposing said ?rst length of Wire externally 
to the printed circuit board. 

2. The method of claim 1, Wherein said step of disposing 
said ?rst length of Wire includes placing said ?rst length of 
Wire on a ?rst external surface of the printed circuit board. 

3. The method of claim 2, further comprising tacking said 
?rst length of Wire to said external surface With an adhesive. 
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4. The method of claim 2, further comprising forming a 
second length of Wire into a loop that forms yet another 
Winding for the magnetic component, and disposing said 
second length of Wire on a second, opposite external surface 
of the printed circuit board. 

5. The method of claim 1, further comprising intercon 
necting electrical components to the magnetic component by 
soldering a lead of the electrical components directly to an 
end of said ?rst length of Wire. 

6. An apparatus for forming a magnetic component, 
comprising a printed circuit board having at least one layer 
having a trace that forms a Winding for the magnetic 
component, and a ?rst length of Wire that is formed in a loop 
that forms another Winding for the magnetic component, 
said ?rst length of Wire being disposed externally to said 
printed circuit board. 
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7. The apparatus of claim 6, Wherein said ?rst length of 
Wire is disposed on a ?rst external surface of said printed 
circuit board. 

8. The apparatus of claim 7, further comprising a second 
length of Wire that is formed as a loop that forms yet another 
Winding for the magnetic component, said second length of 
Wire being disposed on a second, opposite eXternal surface 
of said printed circuit board. 

9. The apparatus of claim 6, further comprising an elec 
trical shield element disposed over said length of Wire. 

10. The apparatus of claim 6, Wherein the magnetic 
component includes a ferrite core element, and Wherein said 
printed circuit board includes cut-out areas to permit at least 
a portion of said ferrite core element to eXtend through said 
printed circuit board. 

* * * * * 


