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57 ABSTRACT 
A miniaturized electric coil having a low self-capaci 
tance comprises a botton conductor pattern provided 
on a substrate, an insulating intermediate layer and a top 
conductor pattern which is connected to the bottom 
conductor pattern via windows in the intermediate 
layer. The bottom and top conductor layers each com 
prisen single spiral-like paths. The inner end of the first 
spiral of the bottom conductor layer contacts the outer 
end of the first spiral of the top conductor layer, while 
the inner end of the first spiral of the top conductor 
layer in its turn contacts the outer end of the second 
spiral of the bottom conductor layer, and so on. 

9 Claims, 4 Drawing Figures 
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FLATELECTRC COL 

The invention relates to a miniaturized multi-layer 
flat electric coil comprising a stack formed of a number 
of conductor layers each having a system of spiral-like 
electrically conductive tracks, in which adjacent con 
ductor layers are separated from each other by an elec 
trically insulating layer and in which adjacent conduc 
tor layers are interconnected electrically via windows 
in the electrically insulating layer. 

Flat electric coils having a number of conductor 
layers (so-called multi-layer coils) are disclosed in Brit 
ish Patent Specification No. 772,528. These known coils 
which may, for example, be manufactured by providing 
the material for the conductor layers in the form of 
pastes via a screen on separate electrically insulating 
substrates and stacking the substrates, have a first con 
ductor layer with a multiple spiral which spirals from 
the outside to the inside and the inner end of which is 
connected to the inner end of a multiple spiral in the 
second conductor layer which spirals from the inside to 
the outside, and so on. An advantage of such a multi 
layer coil over likewise known mono-layer coils is that 
when an even number of conductor layers is used the 
end connections are present on the outside so that no 
bridging wire is necessary to produce a connection with 
the centre of the coil. An additional advantage is that 
the inductance per surface unit is considerably larger. 
The use of two conductor layers is interesting in partic 
ular because a coil having two conductor layers can be 
provided on a substrate in the same manner and during 
the same (silk screening) steps as other elements of a 
miniaturized circuit, for example, capacitors and cross 
ing electric leads. A disadvantage of a two-layer coil 
having a design as described in the British Patent Speci 
fication, however, is that its self-capacitance is compar 
atively large. 

It is an object of the invention to provide a flat elec 
tric coil having two conductor layers and a low self 
capacitance. 

For that purpose, a coil of the kind mentioned in the 
opening paragraph is characterized according to the 
invention in that it comprises a substrate which carries 
a stack of conductor layers, the first conductor layer 
having a number of conductor tracks each forming a 
single spiral having an inner end and an outer end, the 
inspiral lying within the n-15 spiral. A second conduc 
tor layer if the coil also has a number of conductor 
tracks each forming a single spiral having an inner end 
and an outer end, the nth spiral also lying within the 
n-1 spiral. The single spirals of the first and second 
conductor layers are interconnected in a manner to 
form one multiple spiral having a uniform sense of rota 
tion of which successive single spirals are situated alter 
nately in the first and in the second conductor layer. 
Due to this construction of self-capacitance of the 

coil is relatively large between a first pair of adjacent 
turns, comparatively small between a second pair of 
adjacent turns, comparatively large between a third pair 
of adjacent turns, and so on, so that the self-capacitance 
of the total coil can be kept comparatively small. 
The invention further provides a miniaturized elec 

tric circuit having a planar substrate which carries at 
least a coil having turns spiraling once from the outside 
to the inside, a capacitor and/or a set of crossing con 
ductor paths, the elements of the circuit being formed 
from a bottom conductor layer, a dielectric intermedi 
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2 
ate layer and a top conductor layer. In this case the 
design of the coil according to the invention makes it 
possible to provide the various discrete elements of the 
above circuit via the same thick-film steps (silk screen 
ing). 
An embodiment of the miniaturized electric circuit in 

accordance with the invention is characterized in that a 
pattern for the coil having a number of single spiral-like 
paths each having an inner end and an outer end is 
formed from the bottom conductor layer, the nth path 
being situated within the n-1 path. A pattern for the 
coil also having a number of spiral-like paths each hav 
ing an inner end and an outer end is formed from the top 
conductor layer, the nth path being situated within the 
n-1 path. Connections are made via windows in the 
dielectric intermediate layer so that the inner end of the 
first path of the bottom conductor layer is connected to 
the outer end of the first path of the top conductor 
layer, and the inner end of the first path of the top con 
ductor layer in turn is connected to the outer end of the 
second path of the bottom conductor layer, and so on. 
The invention will be described in greater detail, by 

way of example, with reference to the drawing, in 
which: 

FIG. 1 is a plan view of a bottom conductor layer 
pattern for a coil according to the invention; 

FIG. 2 is a plan view of an insulation layer pattern for 
a coil according to the invention; 
FIG. 3 is a plan view of a top conductor layer pattern 

for a coil according to the invention; and 
FIG. 4 is a perspective view of the central part of a 

coil in which the conductor layers of FIGS. 1 and 3 and 
the insulation layer of FIG. 2 have been used. 
Two-layer coils according to the invention are manu 

factured by means of the same method as capacitors or 
crossing conductor paths. If crossing conductor paths 
and/or capacitors occur already on the substrate for the 
circuit to be made, this has the advantage that the coils 
can be made without extra thick-film process costs. 
A conductor paste (for example, a paste made by 

Dupont having the indication Dupont 9770) is provided 
in a desired pattern on an electrically insulating sub 
strate (which may be, for example, of aluminium oxide) 
by means of a first silk screen. With this print are 
formed, for example, lower conductor paths for cross 
ing conductors, connection pads for resistors, bottom 
conductor pads for capacitors and bottom conductor 
layers for coils, FIG. 1 shows the pattern 1 for a bottom 
conductor layer for a two-layer coil according to the 
invention. The pattern 1 comprises a connection pad 2 
which is connected to a first single spiral 3. Advancing 
towards the centre 4 of the coil to be made, there are 
placed successively a second spiral 5, a third spiral 6, a 
fourth spiral 7, a fifth spiral 8 and a sixth spiral 9. A 
second connection pad 10 is also present. The paste is 
dried and sintered at a temperature of approximately 
850 C. After sintering, the thickness of the spirals is 
approximately 12 um, their width is approximately 300 
um and their mutual distance is also approximately 300 
Im. 
A dielectric paste (for example, a paste made by Du 

pont having the indication Dupont 910) is provided 
over the conductive layer by means of a second silk 
screen. This print serves as an insulation layer for ca 
pacitors, crossing conductor paths and coils. FIG. 2 
shows the pattern 11 for an insulation layer for a two 
layer coil according to the invention. The pattern de 
fines a number of windows 12, 13, 14, 15 and so on, 
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through which the bottom conductor layer (FIG. 1) is 
electrically connected to a top conductor layer (FIG. 3) 
in a subsequent step. This paste is also dried and sintered 
at a temperature of 850 C. After sintering, the thickness 
of the insulation layer is approximately 40 am. It is 
often to be preferred to provide the insulation layer in 
two steps so as to prevent the occurrence of continuous 
holes in the layer. 
A second conductor paste (for example, again a paste 

made by Dupont having the indication Dupont 9770) is 
provided on the insulation layer by means of a third silk 
screen. With this print are formed top conductor sur 
faces for capacitors, upper conductor paths for crossing 
conductors and top conductor layers for coils. FIG. 3 
shows the pattern 16 for a top conductor layer for the 
two-layer coil according to the invention. Proceeding 
from the outside to the inside, the pattern 16 comprises 
a first single spiral 17, a second spiral 18, a third spiral 
19, a fourth spiral 20, a fifth spiral 21 and a sixth spiral 
22. Spiral 22 is connected to a conductor path 23 which 
is led out. This paste is also dried and sintered at a tem 
perature of approximately 850 C. As was the case with 
the bottom conductor layer, the thickness of the spirals 
after sintering is approximately 12 um, their width is 
approximately 300 um and their mutual distance is also 
approximately 300 um. 
By stacking the patterns shown in FIGS. 1, 2 and 3, 

the first spiral 3 of the bottom conductor layer is con 
nected to the first spiral 17 of the top conductor layer 
via a window 24 in the insulation layer. The first spiral 
17 of the top conductor layer is in its turn connected to 
the second spiral 5 of the bottom conductor layer via a 
window 12, and so on. Finally, the conductor path 23 of 
the top conductor layer is connected to the connection 
pad 10 of the bottom conductor layer. 

FIG. 4, in which the same reference numerals are 
used for the same components as in FIGS. 1, 2 and 3, 
shows for explanation a perspective view of the centre 
of a two-layer coil manufactured in the above-described 
manner in which the distance between the two conduc 
tor layers is greatly exaggerated. 
A moisture-tight coating layer (for example an epoxy 

layer of ESL having the indication 240 SB) may be 
provided over the top conductor layer. 
A two-layer coil manufactured in the above de 

scribed manner and having an area of 84 mm2 showed 
the following properties: 

inductance: 0.94 uH self-resonance: 138 MHz 
self-capacitance: 1.41 pH Q-factor at 49 MHz: 32 
What is claimed is: 
1. A miniaturized multi-layer flat electric coil com 

prising a substrate which carries a stack formed of a 
number of conductor layers, a first conductor layer 
having a number n of conductor tracks each forming a 
single spiral having an inner end and an outer end, the 
nth spiral being situated within the n-15 spiral, a second 
conductor layer having a number n of conductor tracks 
each forming a single spiral having an inner end and an 
outer end, the nth spiral being also situated within the 
n-1 spiral, and an electrically insulating layer having 
windows and interposed between the first and second 
conductor layers to separate said conductor layers from 
each other, said windows being located to provide elec 
tric interconnections between the adjacent first and 
second conductor layers such that the single spirals of 
the first and second conductor layers are intercon 
nected to form one multiple spiral having a uniform 
sense of rotation in which successive single spirals are 
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4. 
situated alternately in the first and in the second con 
ductor layer. 

2. An electric coil as claimed in claim 1, wherein the 
coil includes two electric connections, one of which is 
connected to the outer end of the outer spiral of the first 
conductor layer and the other one is connected to the 
inner end of the inner spiral of the second conductor 
layer. 

3. An electric coil as claimed in claim 2, wherein the 
electric connection to the inner end of the inner spiral is 
formed by an electrically conductive track in the sec 
ond conductor layer. 

4. An electric coil as claimed in claim 3, characterized 
in that the electrically conductive track extends be 
tween the innermost end and the outermost end of the 
single spirals of the second conductor layer. 

5. A miniaturized electric circuit comprising a planar 
substrate having a bottom conductor pattern provided 
on a planar surface of the substrate, a dielectric interme 
diate layer over the substrate and a top conductor pat 
tern over the dielectric layer, an inductor comprising a 
helical continuous conductive path having individual 
spirals which, going from the outside to the inside, 
alternately lie in the bottom conductor pattern and in 
the top conductor pattern, and a capacitor element 
formed from a top and a bottom conductor pattern and 
an intermediate dielectric layer. 

6. A miniaturized electric circuit comprising a planar 
substrate having a bottom conductor pattern provided 
on a planar surface of the substrate, a dielectric interme 
diate layer over the substrate and a top conductor pat 
tern over the dielectric layer, an inductor comprising a 
helical continuous conductive path having individual 
spirals which, going from the outside to the inside, 
alternately lie in the bottom conductor pattern and in 
the top conductor pattern, and at least one pair of cross 
ing conductors formed from a top and a bottom conduc 
tor pattern and an intermediate dielectric layer. 

7. An electric circuit as claimed in claims 5 or 6 
wherein the conductor patterns and the dielectric layer 
are provided by a thick-film technique. 

8. An electric circuit as claimed in claims 5 or 6 
wherein a pattern for the inductor having a number of 
single spiral-like paths each having an inner end and an 
outer end is formed from the bottom conductor pattern, 
in which the nth path is situated within the n-1 path, 
said pattern for the inductor further comprising a num 
ber of spiral-like paths each having an inner end and an 
outer end formed from the top conductor pattern, in 
which the nth path is situated within the n-1 path, and 
means including windows in the dielectric intermediate 
layer connecting the inner end of the first path of the 
bottom conductor pattern to the outer end of the first 
path of the top conductor pattern and the inner end of 
the first path of the top conductor pattern in its turn to 
the outer end of the second path of the bottom conduc 
tor pattern, and so on. 

9. A miniature inductor comprising a substrate, a 
bottom conductor pattern provided on the substrate, an 
insulating intermediate layer over the bottom conduc 
tor pattern and provided with windows, a top conduc 
tor pattern over the insulating layer and electrically 
connected to the bottom conductor pattern via the 
windows in the intermediate layer, the bottom conduc 
tor pattern comprising a plurality n of single spiral-like 
paths each having an initial portion and an end portion, 
the nth spiral-like path being situated within the n-1 
spiral-like path, the top conductor pattern also compris 
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ing a plurality n of single spiral-like paths each having helical pathis formed, successive single spirals of which 
an initial portion and an end portion, the nth spiral-like 
path being situated within the n-1 spiral-like path, and 
wherein the single spirals of the top and bottom conduc- conductor patterns. 
tor patterns are connected such that one continuous 5 st it k . . P 

are situated alternately in the bottom and in the top 
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