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An instrument pickup including a stack of thin laminated 
printed circuit boards. Each layer includes an etched coil 
conductor structure with narrow lines and spaces defining the 
coil structure. The layers are connected via through holes. 
The etched lines are smaller than the insulated copper wire 
(also sometimes called magnetic wire) of a conventional 
instrument pickup, which means that the size, Volume and/or 
height of the pickup may be reduced relative to a conventional 
wire wound instrument pickup. 
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1. 

MAGNETIC INSTRUMENT PICKUP 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to magnetic-to-electrical 

transducers, and more particularly to magnetic-to-electrical 
transducers Suitable for use as magnetic pickups for musical 
instruments having vibrating Strings. 

2. Description of the Related Art 
Magnetic pickups for musical instruments (for example, 

electric guitars, electric basses) are conventional. A conven 
tional magnetic pickup includes a permanent magnet (such as 
an AlNiCo magnet) wrapped with a coil of a few thousand 
turns of fine enameled copper wire. The instrument pickup 
can be mounted on the body of the instrument, the bridge, the 
neck and/or the pickguard. The vibration of the nearby soft 
magnetic strings modulates the magnetic flux linking the coil, 
thereby inducing an alternating current through the coil of 
wire around the magnet. This electrical signal is then carried 
to other components, such as an amplifier, a speaker, record 
ing equipment or the like. The operation of the pickup can be 
described using the concept of a magnetic circuit, in which 
the motion of the String varies the magnetic reluctance in the 
circuit created by the permanent magnet. 
A printed circuit boards (“PCBs) is conventional. A PCB 

is used to mechanically Support and electrically connect elec 
tronic components using conductive pathways. Tracks, or 
signal traces, etched from conductive sheets (for example, 
copper sheets) are laminated onto a non-conductive Substrate. 
PCBs are also sometimes referred to as printed wiring board 
(“PWB) or etched wiring board. A PCB formed with elec 
tronic components is sometimes referred to as a printed cir 
cuit assembly (“PCA), a printed circuit board assembly 
(“PCBA), or even sometimes simply as a printed circuit 
board (“PCB). 

Printed circuit board style conductor coils (“PCB coils) 
are conventional. PCB coils are conductive coils formed as 
tracks, or signal traces, on a printed circuit board. For 
example, US patent application 2004/0044382 ("Ibrahim’) 
discloses an auditory prosthesis that uses a PCB coil as a 
transmission coil. 

U.S. Pat. No. 7,601,908 (“Ambrosino”) discloses a musical 
instrument including an active pickup transducer, a passive 
pickup transducer and a Switch for allowing a user to select 
between the active pickup transducer and the passive pickup 
transducer. The transducers are disclosed to be conventional 
wire coil type transducers or piezoelectric transducers. As is 
widely conventional, the active transducer includes signal 
amplification of the transduced electrical signal, while the 
passive transducer does not. the Switch is disclosed to be 
mounted on a printed circuit board (“PCB). 
The following published documents may also include 

helpful background information: (i) US patent application 
2009/0085706 (“Baarman'). 

Description Of the Related Art Section Disclaimer: To the 
extent that specific publications are discussed above in this 
Description of the Related Art Section, these discussions 
should not be taken as an admission that the discussed pub 
lications (for example, published patents) are prior art for 
patent law purposes. For example, some or all of the dis 
cussed publications may not be sufficiently early in time, may 
not reflect Subject matter developed early enough in time 
and/or may not be sufficiently enabling so as to amount to 
prior art for patent law purposes. To the extent that specific 
publications are discussed above in this Description of the 
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2 
Related Art Section, they are all hereby incorporated by ref 
erence into this document in their respective entirety(ies). 

BRIEF SUMMARY OF THE INVENTION 

The present invention is directed to a magnetic instrument 
pickup that uses a PCB coil. Preferably, the PCB coil is in the 
form of a stack of PCB layers, with each layer including 
substrate and PCB-style windings (see DEFINITIONS sec 
tion). 

Various embodiments of the present invention may exhibit 
one or more of the following objects, features and/or advan 
tages: 

(i) Smaller musical instrument magnetic pickup; 
(ii) narrower profile musical instrument pickup; 
(iii) flexibility in regards to modifying lumped element 

parameters like inductance, capacitance and/or resonance 
frequency by use of a PCB coil (see DEFINITIONS section): 
and 

(iv) PCB platform allows integration of an amplifier to 
make an active pickup transducer according to the present 
invention. 

According to a first aspect of the present invention, a mag 
netic pickup is used with a musical instrument having a 
vibrating string. The pickup includes: a PCB coil; a magnet; 
a connection hardware set; and a line out. The magnet is 
located in proximity to the PCB coil. The connection hard 
ware set mechanically connects the magnet to the PCB coil. 
The magnet, the PCB coil and the connection hardware set are 
sized, shaped and/or connected so that when the magnet is 
placed in proximity to the vibrating string, an electrical signal 
will be induced in the PCB coil. The line out comprises at 
least one conductive path Suitable for conducting the induced 
electrical signal to an instrument-signal-receiving compo 
nent. 

According to a further aspect of the present invention, a 
musical instrument includes: an instrument body; a first 
vibrating string; and a first pickup. The first pickup includes: 
a PCB coil, a magnet, a connection hardware set, and a line 
out. The first vibrating string is mechanically connected to the 
instrument body so that a vibrating portion of the first vibrat 
ing string is free to vibrate. The magnet of the first pickup is 
located in proximity to the PCB coil of the first pickup and in 
proximity to the first vibrating string. The connection hard 
ware of the first pickup mechanically connects the magnet of 
the first pickup to the PCB coil of the first pickup. The magnet 
of the first pickup, the PCB coil of the first pickup and the 
connection hardware set of the first pickup are sized, shaped 
and/or connected so that vibration of the first vibrating string 
will induce an electrical signal will be induced in the PCB coil 
of the first pickup. The line out of the first pickup comprises 
at least one conductive path Suitable for conducting the 
induced electrical signal in the PCB coil of the first pickup to 
an instrument-signal-receiving component. 

According to a further aspect of the present invention, a 
musical instrument includes: an instrument body; a first 
vibrating string; and a first pickup. the first pickup includes: a 
PCB coil, a connection hardware set, and a line out. The first 
vibrating String is structured and/or connected to be magnetic. 
The first vibrating string is mechanically connected to the 
instrument body so that a vibrating portion of the first vibrat 
ing string is free to vibrate. The connection hardware of the 
first pickup mechanically connects the PCB coil in proximity 
to at least a portion of the vibrating string. The first vibrating 
string, the PCB coil of the first pickup and the connection 
hardware set of the first pickup are sized, shaped and/or 
connected so that vibration of the first vibrating string will 
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induce an electrical signal will be induced in the PCB coil of 
the first pickup. The line out of the first pickup comprises at 
least one conductive path Suitable for conducting the induced 
electrical signal in the PCB coil of the first pickup to an 
instrument-signal-receiving component. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention will be more fully understood and 
appreciated by reading the following Detailed Description in 
conjunction with the accompanying drawings, in which: 

FIG. 1 is a side view of a first embodiment of a musical 
instrument according to the present invention; 

FIG. 2 is a view of a PCB coil for use in the present 
invention; 

FIG. 3 is a magnified view of a portion of the FIG. 2 coil; 
FIG. 4 is a magnified view of a portion of the FIG.3 portion 

of the FIG. 2 coil; 
FIG. 5 is a perspective view of certain components of the 

musical instrument of FIG. 1; 
FIG. 6 is a schematic cross-sectional view of a PCB coil for 

use in the present invention; 
FIG. 7 is a perspective view of a portion of a PCB coil for 

use in the present invention; 
FIG. 8 is an orthographic top view of a portion of a PCB 

coil for use in the present invention; and 
FIG. 9 is a side view of a second embodiment of a musical 

instrument according to the present invention. 

DETAILED DESCRIPTION OF THE INVENTION 

FIG. 1 shows musical instrument 100, including: instru 
ment body 102; permanent magnet 104; PCB coil 106; vibrat 
ing string 108; line out 110; electrical terminal T1; and con 
nection hardware set 112. For clarity of illustration purposes, 
FIG. 1 is not drawn to scale (or even close to scale). The 
magnet and PCB coil are shown in cross-section. PCB coil 
106 surrounds magnet 104. FIGS. 2, 3 and 4 show the PCB 
coil. These Figures are drawn at least approximately to scale. 
While the magnet in this preferred embodiment is a perma 
nent magnet, it could alternatively be an electromagnet (of 
any type now known or to be developed in the future). As will 
be discussed below, in some embodiments of the present 
invention, the vibrating string may be magnet, and may obvi 
ate the need for a separate magnet. The vibrating string must 
be made of such a material that the vibration of the vibrating 
string will cause changes in the magnetic field that can be 
transduced into an electrical signal (or changes in a an elec 
trical signal) by the PCB coil. 
PCB coil 106 and magnet 104 are designed so that the 

vibrating string will induce the level of AC signal typical of a 
musical instrument. Line out 110 and electrical terminal are 
lines and terminals of a type suitable for carrying, and elec 
trically connecting to other components (not shown), the AC 
signal induced by the vibrating string in the magnetic pickup. 
Connection hardware set 112 mechanically connects (see 
DEFINITIONS section) the magnet to the PCB coil within 
which it resides. It is noted that the connection hardware may 
take many, many forms, such as (and without limitation)glue, 
screws, rivets, hook-and-latch fastener material, interference 
fits (for example, interference fits with recesses in the instru 
ment body itself, adhesive tape, and so on. To any extent that 
the magnet must move with respect to the coil, the connection 
hardware set should be designed to provide for that. While 
instrument 100 has just one string and one pickup, preferred 
musical instruments according to the present invention will 
generally have multiple strings and a corresponding number 
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4 
of respectively allocated pickups. In some embodiments of 
the present invention, magnetic pickups according to the 
present invention and conventional wire wound pickups may 
be employed in combination, according to space require 
ments and performance objectives. 

There are many possible variations with regard to the cor 
relation between pickups and strings. For example, some 
embodiments of the present invention will have but a single 
PCB coil transducer for transducing the vibration and asso 
ciated flux changes associated with all six vibrating strings of 
an electric guitar. In preferred electric guitar embodiments, 
there will be one or two or three pickups, with each pickup 
transducing the vibration of all six strings of the guitar as a 
single composite electrical signal. Other embodiments may 
have one (or more) transducer(s) per some Subset of strings of 
the instrument. Other embodiments may have multiple trans 
ducers for a common set of strings, and these transducers may 
or may not be user selectable in the alternative. Other embodi 
ments may exhibit a one-to-one correspondence between 
transducers and strings. Other embodiments may have mul 
tiple, dedicated transducers for each and every string. Gener 
ally speaking, the compact design of transducers according to 
the present invention may facilitate the design of musical 
instruments with a greater number of pickups than were 
present in analogous instruments having wire would coil 
pickups. 

Although PCB coil 106 has only a single PCB layer, pre 
ferred PCB coils according to the present invention include a 
stack of PCB coil layers. Preferably, the geometry of such a 
preferred multi-layer PCB coil is such that the narrow con 
ductive lines and spaces of each layer are connected with 
via's and/or through holes. 

In instrument 100, advanced PCB technology is used to 
fabricate a solenoid structure with a similar number of wind 
ings to the number of windings in a conventional wire wound 
pickup device. Conventional pickup devices, which are used 
for instance in electric guitars, have approximately 5000 to 
12000 windings and usually a 42 AWG (2.8 mil thick) insu 
lated copper wire. In conventional pickups the insulated cop 
per wire windings are used to wind a Solenoid onto a bobbin. 
Permanent magnets are arranged inside the bobbin to mag 
netize the strings of the instrument. The vibration of the string 
will induce a current of the vibrations frequency in the coil. 
The present invention replaces the conventional coil with a 
PCB coil. 

Preferred PCB coils for use in the present invention are 
preferably made of a stack of PCB layers, with each layer 
preferably being ~1 to 5 mil thick. Preferably, the stack of 
layers is laminated together. Each layer preferably includes 
an etched spiral structure with narrow lines and spaces (~2 
mil thick). These layers are preferably connected via through 
holes. In preferred embodiments, starting from the outside, a 
copper trace winds in and is then connected to the next layer, 
where the trace winds outward in the same winding orienta 
tion. If, for example, 200 windings are realized on one layer, 
and the stack includes 40 PCB layers, then the PCB coil will 
have a total of 8000 windings. These 8000 windings can be 
realized in a package with an overall height of only ~40 mill to 
~500 mil. The spacing and width of the wire traces, as well as 
the dielectric properties of the PCB material can be tailored to 
achieve a required capacitance. The number of windings 
mainly impacts the total inductance of the pickup device. In 
this way, the present invention may allow for more design 
flexibility than a conventional wire wound pickup device. 
Furthermore, amplifier(s) can be directly integrated onto the 
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PCB structure used to support the traces making up the wind 
ings of the PCB coil so that the pickup is an active pickup, 
instead of a passive pickup. 

FIG. 5 shows a perspective view (generally a top view) of 
intermediate stage PCB coil portion 130. Portion 130 is an 
embodiment of a portion of a PCB coil for use in the present 
invention as it is being manufactured, but before the PCB coil 
is complete. Portion 130 includes: partial PCB coil stack 132: 
central copper guide segment 134; and corner copper guide 
segments 136. The copper guide segments help the PCB from 
warping due to thermal changes as it is being manufactured, 
as will be readily appreciated by those of skill in the art. In this 
embodiment, each portion 130 includes 13 or 14 layers, and 
three layers are stacked and electrically connected to each 
other (for example, in series, in parallel), in order to form final 
PCB coil 106. The possible relative positioning of coil 106 
and magnet 104 will now be discussed with reference to FIG. 
5. In the final instrument assembly, the magnet is preferable 
located where central copper guide is shown in FIG. 5, which 
is to say inside of an interior space defined by the coil. How 
ever, other relative positionings are possible, so long as the 
magnet and coil are mutually in vicinity. For example, the 
magnet could be placed over, under or to the peripheral side of 
the coil. As a further example, the magnet could be made in 
multiple segments and places at various locations around the 
coil. As a more specific variation on the foregoing example, 
segments of the magnet could be placed where corner copper 
guide segments are shown in FIG. 5. Also a common magnet 
may be located in proximity to more than one coil. 

FIG. 6 shows a schematic cross section of coil 104, with a 
few of the conductive traces shown as black dashes. Some 
exemplary dimensions are as follows: (i) D1=0.040 inches: 
(ii) D2=0.001 inches; and (iii) D3=0.001 inches. Although 
only six layers are shown in FIG. 6, a typical stack would 
preferably have about 40 layers. Although the coil is shown as 
having four lines across, a typical coil would preferably have 
about 200 lines across. 200 windings per layer multiplied by 
40 layers would yield 8000 windings in total. 

FIGS. 7 and 8 show a portion of a PCB coil for use in the 
present invention, including interconnects 120; input port 122 
and output port 124. The input ports, output ports and inter 
connects may be any type (now known or to be developed in 
the future) that is suitable for PCB applications. Rows of via 
connections will be wider according to the number of layers 
in the coil stack. Vias can be large (for example, 0.040 inches 
by 0.040 inches), either blind style or going through the entire 
height of the stack. The solenoid preferably winds in a clock 
wise (or counterclockwise) manner, in on one layer and back 
out on the next layer in an alternating fashion over the height 
of the stack. 

FIG. 9 shows musical instrument 200 including: instru 
ment body 202: PCB coil 206; vibrating magnetic string 208: 
line in/out 210; connection hardware set 212; and electrical 
connection terminal(s) T2. In the embodiment of FIG. 9. 
string 208 itself is made to be a magnet (that is, a permanent 
magnet or an electromagnet). The use of magnetic string may 
reduce or eliminate the need for a separate magnet (like 
magnet 104 in instrument 100). For example, instrument 200 
includes no magnet apart from its magnetic string. the vibra 
tions of this string cause changes in the magnetic field which 
are transduced into an electrical signal (or changes in an 
electrical signal) by PCB coil 206. 

DEFINITIONS 

Any and all published documents mentioned herein shall 
be considered to be incorporated by reference, in their respec 
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6 
tive entireties, to the fullest extent of the patent law. The 
following definitions are provided for claim construction pur 
poses: 

Present invention: means at least some embodiments of the 
present invention; references to various feature(s) of the 
“present invention' throughout this document do not mean 
that all claimed embodiments or methods include the refer 
enced feature(s). 

Embodiment: a machine, manufacture, system, method, 
process and/or composition that may (not must) meet the 
embodiment of a present, past or future patent claim based on 
this patent document; for example, an "embodiment’ might 
not be covered by any claims filed with this patent document, 
but described as an "embodiment to show the scope of the 
invention and indicate that it might (or might not) covered in 
a later arising claim (for example, an amended claim, a con 
tinuation application claim, a divisional application claim, a 
reissue application claim, a re-examination proceeding claim, 
an interference count); also, an embodiment that is indeed 
covered by claims filed with this patent document might cease 
to be covered by claim amendments made during prosecu 
tion. 

First, second, third, etc. (“ordinals’): Unless otherwise 
noted, ordinals only serve to distinguish or identify (e.g., 
various members of a group); the mere use of ordinals shall 
not be taken to necessarily imply order (for example, time 
order, space order). 

Electrically Connected: means either directly electrically 
connected, or indirectly electrically connected, such that 
intervening elements are present; in an indirect electrical 
connection, the intervening elements may include inductors 
and/or transformers. 

Mechanically connected: Includes both direct mechanical 
connections, and indirect mechanical connections made 
through intermediate components; includes rigid mechanical 
connections as well as mechanical connection that allows for 
relative motion between the mechanically connected compo 
nents; includes, but is not limited, to welded connections, 
solder connections, connections by fasteners (for example, 
nails, bolts, screws, nuts, hook-and-loop fasteners, knots, riv 
ets, quick-release connections, latches and/or magnetic con 
nections), force fit connections, friction fit connections, con 
nections secured by engagement caused by gravitational 
forces, pivoting or rotatable connections, and/or slidable 
mechanical connections. 

Receive/provide/send/input/output: unless otherwise 
explicitly specified, these words should not be taken to imply: 
(i) any particular degree of directness with respect to the 
relationship between their objects and subjects; and/or (ii) 
absence of intermediate components, actions and/or things 
interposed between their objects and subjects. 

PCB-style windings: any sort of conductive path (now 
known or to be developed in the future) that in suitable for 
forming in and/or on a PCB substrate by PCB forming tech 
niques; PCB-style windings include, but are not necessarily 
limited to, traces, tracks, etched conductive pathways, via's, 
etc. 
PCB coil: a conductive coil that is made of PCB substrate 

material and PCB-style windings, regardless of coil geom 
etry, number of layers, etc.; a PCB coil may have other elec 
tronic components on and/or in it, in addition to the PCB style 
windings; a PCB coil may be a single layer, but is preferably 
a multiple layer stack. 
To the extent that the definitions provided above are con 

sistent with ordinary, plain, and accustomed meanings (as 
generally shown by documents such as dictionaries and/or 
technical lexicons), the above definitions shall be considered 
supplemental in nature. To the extent that the definitions 
provided above are inconsistent with ordinary, plain, and 
accustomed meanings (as generally shown by documents 
Such as dictionaries and/or technical lexicons), the above 
definitions shall control. 
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Unless otherwise explicitly provided in the claim lan 
guage, steps in method steps or process claims need only be 
performed in the same time order as the order the steps are 
recited in the claim only to the extent that impossibility or 
extreme feasibility problems dictate that the recited step order 
be used. This broad interpretation with respect to step order is 
to be used regardless of whether the alternative time 
ordering(s) of the claimed Steps is particularly mentioned or 
discussed in this document in other words, any step order 
discussed in the above specification shall be considered as 
required by a method claim only if the step order is explicitly 
set forth in the words of the method claim itself. Also, if some 
time ordering is explicitly set forthin a method claim, the time 
ordering claim language shall not be taken as an implicit 
limitation on whether claimed Steps are immediately con 
secutive in time, or as an implicit limitation against interven 
ing steps. 

What is claimed is: 
1. A magnetic pickup for use with a musical instrument 

having a vibrating string, the pickup comprising: 
a PCB coil; 
a magnet; 
a connection hardware set; and 
a line out; 
wherein: 
the magnet is located in proximity to the PCB coil; 
the connection hardware set mechanically connects the 

magnet to the PCB coil; 
the magnet, the PCB coil and the connection hardware set 

are sized, shaped or connected so that when the magnet 
is placed in proximity to the vibrating string, an electri 
cal signal will be induced in the PCB coil; and 

the line out comprises at least one conductive path Suitable 
for conducting the induced electrical signal to an instru 
ment-signal-receiving component. 

2. The pickup of claim 1 wherein: 
the PCB coil comprises a plurality of PCB-style windings: 

and 
the plurality of PCB-style windings are arranged as at least 

one layer of concentric, generally-rectangular-shaped 
profile windings, with the general rectangular shape 
being characterized by a pair of relatively long sides and 
a pair of relatively short sides. 

3. The pickup of claim 2 wherein the pair of relatively short 
sides are each rounded. 

4. The pickup of claim 1 wherein the PCB coil further 
comprises at least one amplifier. 

5. The pickup of claim 1 wherein: 
the PCB coil defines an interior space; and 
the magnet is located at least Substantially within the inte 

rior space of the PCB coil. 
6. The pickup of claim 1 wherein the PCB coil comprises a 

plurality of PCB coil layers arranged in a stack, with each 
layer comprising a PCB substrate and a plurality of PCB-style 
windings. 

7. The pickup of claim 6 wherein the windings of adjacent 
layers are connected via conductive through holes in the PCB 
substrate. 

8. The pickup of claim 6 wherein the stack of layers is 
laminated. 

9. The pickup of claim 1 wherein the magnet comprises at 
least one permanent magnet segment. 

10. A musical instrument comprising: 
an instrument body; 
a first vibrating string; and 
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8 
a first pickup comprising: 

a PCB coil, 
a magnet, 
a connection hardware set, and 
a line out; 

wherein: 
the first vibrating string is mechanically connected to the 

instrument body so that a vibrating portion of the first 
vibrating string is free to vibrate; 

the magnet of the first pickup is located in proximity to the 
PCB coil of the first pickup and in proximity to the first 
vibrating string; 

the connection hardware of the first pickup mechanically 
connects the magnet of the first pickup to the PCB coil of 
the first pickup; 

the magnet of the first pickup, the PCB coil of the first 
pickup and the connection hardware set of the first 
pickup are sized, shaped or connected so that vibration 
of the first vibrating string will induce an electrical sig 
nal will be induced in the PCB coil of the first pickup: 
and 

the line out of the first pickup comprises at least one con 
ductive path suitable for conducting the induced electri 
cal signal in the PCB coil of the first pickup to an instru 
ment-signal-receiving component. 

11. The instrument of claim 10 wherein: 
the first vibrating string is one of a plurality of vibrating 

Strings; and 
the first pickup is one of a plurality of pickups constructed 

similarly to the first pickup. 
12. The instrument of claim 11 wherein the instrument 

body and the plurality of vibrating strings are sized, shaped or 
connected so that the instrument is an electric guitar. 

13. The instrument of claim 11 wherein the instrument 
body and the plurality of vibrating Strings are sized, shaped or 
connected so that the instrument is an electric bass. 

14. The pickup of claim 10 wherein: 
the PCB coil of the first pickup defines an interior space: 

and 
the magnet of the first pickup is located at least Substan 

tially within the interior space of the PCB coil. 
15. A musical instrument comprising: 
an instrument body; 
a first vibrating string; and 
a first pickup comprising: 

a PCB coil, 
a connection hardware set, and 
a line out; 

wherein: 
the first vibrating string is structured or connected to be 

magnetic; 
the first vibrating string is mechanically connected to the 

instrument body so that a vibrating portion of the first 
vibrating string is free to vibrate; 

the connection hardware of the first pickup mechanically 
connects the PCB coil in proximity to at least a portion of 
the vibrating string; 

the first vibrating string, the PCB coil of the first pickup and 
the connection hardware set of the first pickup are sized, 
shaped or connected so that vibration of the first vibrat 
ing string will induce an electrical signal will be induced 
in the PCB coil of the first pickup; and 

the line out of the first pickup comprises at least one con 
ductive path suitable for conducting the induced electri 
cal signal in the PCB coil of the first pickup to an instru 
ment-signal-receiving component. 

k k k k k 


