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ABSTRACT: A distributed parameter electromagnetic delay 
line is obtained by superimposing insulating thin foldable sub 
strates carrying conductive patterns, which form, when folded 
in accordionlike fashion, a helicoidal winding composed of a 
plurality of turns interleaved with grounded conducting areas. 
As an alternate construction, a single insulating substrate car 
rying conductive patterns on both sides may be used. 
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DISTRIBUTED PARAMETERS DELAY LINE, ON FOLDED 
SUPPORT 

The present invention relates to distributed parameter delay 
lines. 

U.S. Pat. No. 3,543,194 ?led Oct. 24, 1968 by the same ap 
plicant disclosed electromagnetic delay lines built by alterna 
tively stacking insulating and conductive ?at elements, which 
are electrically connected together either by soldered or by 
pressure contacts. ' ' 

The present application discloses an electromagnetic dis 
tributed parameter delay line formed with continuous conduc 
tors, requiring neither soldered nor pressure connections 
between elements. This is obtained through the use of well 
known printed circuit techniques, to provide conductive pat 
terns on one or both sides of a dielectric substrate. 

One type of delay line, formed according to the invention, 
comprises a ?rst and a second thin ?at insulating substrate of 
foldable material. A continuous conductor of suitable shape is 
provided on one side of the first substrate and conductive in 
terconnected areas are provided on one side of the second 
substrate. Both substrates are placed in contact with one 
another, the side of the ?rst support carrying the continuous 
conductor being in contact with the side of the second sub 
strate not carrying the conductive areas. Both substrates are 
folded along predisposed suitable folding lines in a manner 
such that, when folded, the continuous conductor on the ?rst 
support forms a substantially helicoidal winding, therefore ex 
hibiting a well de?ned inductance, the conductive areas of the 
second substrate being interleaved between the single turns of 
the said helicoidal winding. The capacity between these con 
ductive areas, which are connected to ground, or any suitable 
reference voltage, and the winding, provides the distributed 
capacity of the line. 

According to an alternative form of the invention, the delay 
lines comprise a single insulating foldable thin substrate, car 
rying a continuous conductor on one side and properly shaped 
conductive regions on the opposite side. By folding the sub 
strate along predisposed suitable folding lines the continuous 
conductor forms a helicoidal winding, the conductive regions 
of the opposite side of the substrate being interleaved between 
single turns and insulated therefrom. 
The delay lines formed according to the invention are very 

compact, small and adapted to be mounted on standard 
printed circuit cards, like any other electronic component. 
These and other features and advantages of the present in 

vention will be better understood from the following detailed 
description of a number of preferred embodiments, with 
reference to the accompanying drawings in which: 

FIG. 1 shows two insulating strips supporting suitably 
shaped conductive patterns. 

FIG. 2 shows the insulating strip of FIG. 1 when folded and» 
interleaved. 

FIG. 3 shows the ?nal appearance of a delay line built ac 
cording to the invention. 

FIG. 4 and 5 represents two suitable shapes of the continu 
ous conductor. 

FIGS. 6, 7, 8 and 9 show alternative patterns of the conduc 
tive grounded areas. 

FIG. 10 represents a delay line provided with intermediate 
taps. 

FIG. 11 is an exploded view of a delay line provided with ad 
justable delay feature. 

FIG. 12 shows the pattern of continuous. conductors which 
are part of an assembly of series connected delay lines. 

FIG. 13 shows the ?nal aspect of such delay lines assembly. 
FIG. I4 shows another pattern which provides the same ef 

fect. 
FIG. 15 shows the ?nal aspect of the corresponding as 

sembly. 
FIGS. 16 and 17 show the opposite faces of a single insulat 

ing strip having conductive pattern on both faces. 
FIGS. 18 and '19 show the folded line of FIG. 16 and 17 as 

viewed from two different directions. 
FIG. 20 shows a possible pattern of a continuous conductor 

on a strip having double width. 
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2 
FIG. 21 shows the manner of folding said strip to obtain a 

winding. 
FIGS. 22, 23 and 24 show three possible patterns of the con~ 

tinuous conductor on one face of the insulating strips. 
FIGS. 25, 26 and 27. show respectively the manner for fold 

ing said strips. 
‘Referring now to FIG. 1 a delay line constructed according 

to the invention, is formed by assembling two continuous insu 
lating strips, 1 and 2, made from thin dielectric and easily 
foldable material subject to low dielectric losses, such as, for 
example, polytetrafluoroethylene, more commonly identi?ed 
by the trade name “Te?on " or other suitable similar material. . 
The thickness of the support, for example, may be 50 microns. 
Each one of these strips may be considered as divided in ad 

jacent regions, alternately identi?ed by reference letters a and 
11. These regions are bounded by the edges of the strips and by 
folding lines, perpendicular to the edges, alternately identi?ed 
by reference letters c and d. g 

A continuous conductor 3, in the form of a narrow strip, is 
carried on a face of strip 1. It may be obtained, for example, 
by pressure rolling a thin metallic layer, for example copper, 
on a surface of the insulating support, and thereafter removing 
predetermined portions of said layer by photoetching, accord 
ing to processes which are well known in the printed circuit 
art. ' 

The pattern of the continuous conductor 3, which extends 
along the entire length of the insulating strip I, substantially 
exhibits a succession of curved segments 4 and 5, having their 
convexity alternately ‘oriented towards the opposite edges of 
the strip and alternately contained in regions a and b. 
A plurality of grounded areas 6 is obtained in the same 

manner on one side of strip 2. These grounded areas may, for 
' example, occupy only regions a, and be shaped in di?'erent 

35 

45 

50 

55 

60 

65 

70 

75 

forms, provided they do not form closed loops when the sub 
strate is folded, and do not comprise continuous conductive 
areas of relevant extension, which may become the source of 
eddy currents. The conductive areas 6 are connected together 
by rectilinear stretches 7 of the conductor, traversing regions 
b. 
As shown in FIG. 2, strips 1 and 2 are alternately folded in 

an opposite sense along lines 0 and a’, and the folds are inter 
leaved as shown in FIG. 2. The curved segments 4 and 5 of the 
conductor 3 then form a complete turn, but are insulated from 
one another, except for the stretch traversing lines d, by the 
double thickness of the folded insulating substrate 1, whereas 
the insulation between consecutive turns is provided by the 
double thickness of the folded interposed insulating substrate 
2. The turns are serially connected by lengths of conductor 
traversing lines 0. Grounded areas 6 are therefore interleaved 
between consecutive turns, being insulated therefrom by the 
thickness of the substrate 2. 
A delay line is thus obtained, having a substantially heli 

' coidal winding showing a well de?ned inductance, and a dis 
tributed capacity toward ground, or any suitable reference 
voltage. . 

FIG. 3 shows a ?nal version of the delay line, when con 
tained in a suitable casing, and provided with two terminal 
pins 8 and 9, connected to the ends of the continuous conduc 
tor, and a ground pin 10, connected to the grounded areas. 
The shape of the curved segments which form the turns of 

the winding may be different, being controlled by different 
conditions and requirements. 

FIG. 4 shows how to obtain square turns, different from the 
one illustrated by FIG. 1, and FIG. 5 shows a suitable shape of 
the continuous conductor 5 for obtaining circular turns. 

Likewise, the grounded areas may be differently shaped. 
They may occupy regions a only, either as a comblike pattern 
as shown in FIG. I, or by shapes similar to the shape of the 
turns they face, as shown in FIG. 6 for circular turns, and in 
FIG. 7 for square turns. They may also occupy opposite halves 
of regions a and b alternately, in a manner such that when the 
strips are folded and interleaved, the resulting grounded areas 
have a shape similar to the one of the facing turns, as shown in 
FIG. 8, wherein the dotted lines in region a indicate the posi 
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tion occupied by the conductive areas of region b, when the 
strip is folded. In the design of such areas care must be taken 
that, when folded, closed loops are not formed. 

In FIG. 9 the grounded areas are obtained by means of a 
continuous conductor which forms open turns serially con 
nected but wound alternately in opposite sense, when the strip 
is folded along the dotted lines, so that a noninductive winding 
results. To avoid closed loops, the portions of the conductor 
indicated by reference letter m in FIG. 9 must be separated by 
a small distance from the center line of the strip. As indicated 
in U.S. Pat. No., 3,543,l94 it may be convenient for the 

_ grounded regions not to completely shield consecutive turns, 
leaving a predetermined capacity between some of the con 
secutive turns, to compensate for the changes in inductance at 
different frequencies. This capacitive coupling between turns 
is obtained by proper design of the conductive areas, for ex 
ample, as shown in FIGS. 6, 7 and 9, wherein the width of the 
gap may be determined so as to obtain the required capacity 
between consecutive turns. 
A delay line constructed as described, having a volume of 1 

cubic centimeter, may exhibit a delay time ranging from ap 
proximately 5 to 20 nanoseconds, and having a maximum 
operating frequency of about 60-80 MI-Iz. 

It is possible to provide intermediate taps, by interposing, in 
predetermined turns of the winding, thin connecting metal 
tongues contacting the conductor and projecting outside the 
line, as shown in FIG. 10. 
Continuous variability of the delay time may be obtained, as 

shown in FIG. 1 l by providing means for subjecting the folded 
line to variable compression, thus changing the capacity of the 
single turns toward ground. FIG. 11 shows a screw 13 of insu 
lating material, provided with a square head 14 and a threaded 
stem 15, inserted in a central aperture traversing the folded 
line. An insulating plate is superposed on the line, and a 
threaded nut 18 is screwed onto the stem 15, thus subjecting 
the line to an adjustable compression. As a consequence, the 
distance between winding turns is changed slightly and the 
capacitive coupling between turns and grounded areas 
changes correspondingly. 

FIGS. 12 and 13 show the manner for obtaining an assembly 
of delay lines, to obtain a total delay time which is a multiple 
of the elementary line, without reducing the maximum operat 
ing frequency. As is known, this may be obtained by serially 
connecting elementary delay lines which are not inductively 
coupled together. 

FIG. 12 shows a preferred form of continuous conductor 
pattern 19, located on a face of the insulating foldable sub 
strate 20, of a width, as to contain several elementary strips 
like the strip of FIG. 1. A plurality of windings, series con 
nected, and placed side by side are obtained by folding the 
substrate alternately in opposite sense along lines I and f. A 
folded substrate, carrying a corresponding plurality of 
grounded areas, is then interleaved between the folds of the 
first substrate. FIG. 13 shows the folded multiple delay line. 
Reference number 21 indicates the continuous conductor 
forming the turns of the windings. Reference number 22 in 
dicates the grounded areas, partially cut away to show the un 
derlying turns. FIG. 14 indicates an alternate pattern of a con 
tinuous conductor, suitable for obtaining a greater number of 
elementary delay lines serially connected, when the substrate 
is folded alternately in opposite direction around lines g and h, 
and a second substrate, not shown, carrying the grounded 
areas is interleaved therein. 

If cylindrical bores are pierced through the whole assembly, 
as shown in FIG. 15, cylindrical cores 25 of ferromagnetic low 
loss material may be inserted into said bores, thus increasing 
the inductance of the line and the delay time, which may reach 
about ten microseconds, or more. 
A modi?ed form of the invention makes use of a single insu 

lating strip, having on one face the continuous conductor 
originating the winding, and on the other the grounded areas. 
No dif?culty arises in the use of the grounded areas, which 

may be shaped as previously described. As far as the turns of 
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4 
the winding are concerned, attention must be given to the fact 
that folding the substrate, the conductive pattern of regions a 
and b may come in contact with one another thus forming 
closed loops. 

FIG. 16 represents side 26 of an insulated strip, which sup 
ports the continuous conductor 27 forming the winding. The 
strip is divided into regions a and b by folding lines c and :1. 
Folding the uppermost region a over the following region b, a 
rectangular turn is formed as shown by the dotted lines drawn 
on region b. This turn is open, due to the fact that a small gap z 
exists between the terminal points 27 and 28 of the turn. The 
terminal point 28 is connected to the point 29 of the next turn 
by a short stretch of conductor crossing the folding line d. To 
avoid the closure of the turn, the terminal point 30 of this turn 
is shifted to the right by a small quantity with respect to point 
29, to provide the small gap 2 between terminal points of the 
turn. The same occurs for the following turns, causing a 
progressive shifting of terminal points to the right, until the 
terminal point 31 of a turn reaches the extreme right position. 
Then the conductor is brought back to the left edge of the 
strip by means of a straight stretch, 32, normal to the folding 
lines and extending through two regions a and b, and a stretch 
33, parallel to the folding line d. This portion 33 of the con 
tinuous conductor faces portion 35, but is insulated therefrom 
by the thickness of regions a and b immediately preceding it. 

FIG. 17 shows a preferred shape of the grounded areas 
located on the opposite face of the same insulating strip, as 
viewed through the substrate. The relative positions of the 
continuous conductor 27 and of the grounded areas may be 
realized by superimposing FIG. 16 upon FIG. 17 by means of a 
parallel translation. FIG. 18 and FIG. 19 are two views, from 
different directions, of a delay line obtained by folding the 
described strip. The delay line is represented partially un 
folded in order to show the conductor and the areas on regions 
a and b. 

It is clear that the varied shapes and construction arrange 
ments described with reference to the above-described em 
bodiment, which involved two separate substrates, one for the 
continuous conductor and one for the grounded regions, are 
generally applicable to the second embodiment involving one 
substrate only, carrying on one face the continuous conductor 
and on the other the grounded areas; therefore it is not neces 
sary to describe in detail the forms of application of the varied 
shapes and construction arrangements for the said second em 
bodiment. 

FIG. 20 shows an embodiment wherein the continuous con 
ductor is carried on a double width strip. Every single turn is 
obtained by ?rst folding the strip along the central line X~—X, 
and then along the transverse folding lines, as shown in FIG. 
21. The stretches of the continuous conductor, which cross 
the central line are suitable shifted in the downward direction 
in order to avoid contact between them. 
The same effect, of avoiding the contact between connect 

ing stretches of conductor across the folding lines may be at 
tained by using folding lines alternately inclined ?rst in one 
direction and then in the other with respect to the edges of the 
strip. 
By reason of the inclination of these lines, each of the turns 

obtained by folding the substrate are rotated a de?nite degree 
with respect to the adjacent ones, so that the connecting 
lengths are shifted and do not come in contact with one 
another, as shown in FIG. 25. 
Other alternate forms based on the same idea are shown in 

FIG. 23 and FIG. 24, in which the oblique folding lines result 
in triangular regions. Each one of these regions contains a 
one-third part of a complete turn. windings having triangular 
or circular turns may be obtained, according to the shape of 
the continuous conductor, by alternately-folding the strip in 
opposite direction along the oblique folding lines. (FIG. 26 
and 27). The resulting assembly has the shape of a triangular 
prism. The connections traversing the folding lines are 
reciprocally insulated. 
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In FIGS. 21 to 27 the grounded areas are not represented 
for reasons of clearness, as from the preceding descriptions it 
is easy to understand how they may be formed and shaped. 

It is believed useful to indicate that the described technique, 
may be used for fabricating inductors, if no grounded areas 
are provided, or for fabricating transformers, by juxtaposing 
and interleaving two or more windings and providing no 
grounded areas. ' 

What is claimed is: 
1. An electromagnetic delay line comprising: 
a thin flat elongated insulating substrate, 
a continuous conductor on one surface thereof forming a 

series of repetitive patterns, . 

said substrate being folded in alternate directions relative to 
the plane thereof along lines transverse to and spaced 
apart along the length of said substrate, said conductor 
forming a respective segment of the turn of a coil in each 
one of a set of successive regions along said substrate, 
each of said regions comprising the portions of said sub 
strate between adjacent ones of said transverse lines, 
wherein all of said segments in each one of said sets form 
a complete coil turn, wherein all of said segments of said 
substrate form a multiturn coil, 

a plurality of grounded areas on the other surface thereof, 
a ?rst terminal connected to one end of said conductor, 
a second terminal connected to the other end of said con 

ductor, 
means for connecting to said grounded areas, 
means for adjusting the spacing between adjacent regions of 

said substrate, 
said means for adjusting the spacing between regions com 

prising an aperture through each region of said substrate, 
a tensioning member including a threaded portion at one 
extremity thereof extending through said aperture and 
having the other extremity thereof in pressure contact 
with one end of the folded assembly and threaded means 
riding on said threaded portion of said tensioning member 
for adjusting the tension between the ends of the folded 
assembly. ' 

2. An electromagnetic delay line comprising: 
a thin ?at elongated insulating substrate, 
a continuous conductor on one surface thereof forming a 

series of repetitive patterns, 
said substrate being folded in alternate direction relative to 

the plane thereof along lines transverse to and spaced 
apart along the length of said substrate, said conductor 
forming a respective segment of the turn of a coil in each 
one of a set of successive regions along said substrate, 
each of said regions comprising the portion of said sub 
strate between adjacent ones of said transverse lines, 
wherein all of said segments 'in each one of said sets form 
a complete coil turn, wherein all of said segments of said 
substrate form a multiturn coil, 5 

a ?rst terminal connected to one end of said conductor and 
a second terminal connected to the other end of said con 
ductor, ‘ 

a plurality of conductive areas noninductively intercon 
nected, capacitively coupled to, insulated from and-inter 
leaved between facing pairs of said regions, and 

a third terminal connected to said plurality of conductive 
areas. 

3. A electromagnetic delay line as de?ned in claim 1 and in~ 
cluding taps at predetermined turn positions of said coil. 

4. An electromagnetic delay line as de?ned in claim 2 in 
cluding means for adjusting the spacing between adjacent re— 
gions of said substrate. 

5. An electromagnetic delay line as de?ned in claim 4 said 
means for adjusting the spacing between regions comprising 

15 

20 

25 

30 

35 

45 

55 

60 

65 

70 

75 

6 
an aperture through each region of said substrate, a tensioning 
member including a threaded portion at one extremity thereof 
extending through said aperture and having the other extremi 
ty thereof in pressure contact with one end of the folded as 
sembly and threaded means riding‘on said threaded portion of 
said tensioning member for adjusting the tension between the 
ends of the said fan-fold assembly. 

6. An electromagnetic delay line as de?ned in claim 5 and 
wherein said tensioning member is of a material having mag 
netic properties. 

7. An electromagnetic delay line comprising: 
a thin flat elongated insulating substrate, 
a continuous conductor on one surface thereof forming a 

series of repetitive patterns, 
said substrate being adapted to be folded in alternate 

directions relative to the plane thereof along lines trans 
verse to and spaced apart along the length of said sub 
strate, said conductor forming a respective segment of the 
turn of a coil in each one of a set of successive regions 
along said substrate, each of said regions comprising the 
portion of said substrate between adjacent ones of said 
transverse lines, wherein all of said segments in each one 
of said sets form a complete coil turn, wherein all of said 
segments of said substrate form a multiturn coil, and 

a plurality of grounded areas on the other surface thereof. 
8. The electromagnetic delay line formed by folding the 

substrate of claim 7 in alternate directions relative to the plane 
thereof along said transverse lines. 

9. The electromagnetic delay line of claim 8 further includ 
ing a ?rst tenninal connected to one end of said conductor, a 
second terminal connected to the other end of said conductor, 
and means for connecting to said grounded areas. 

10. An electromagnetic delay line as de?ned in claim 9 and 
including taps at predetermined turn positions of said coil. 

11. An electromagnetic delay line as de?ned in claim 9 in 
cluding means for adjusting the spacing between adjacent re 
gions of said substrate. ' v 

12. An electromagnetic delay line as de?ned in claim 1 and 
wherein said tensioning member is of a material having mag 
netic properties. , 

13. An electromagnetic delay line comprising a ?rst non 
conductive substrate, said substrate having a ?rst repetitive 
plurality of conductive segments thereon forming a continu 
ous conductor, a second nonconductive substrate having a 
second repetitive plurality of conductive areas thereon form 
ing a continuous conductor, said second substrate being su 
perimposed'in suitable relationship on said ?rst substrate, said 
?rst and second substrate being plicated in accordionlike 
fashion along selected plication lines, whereby said ?rst plu 
rality forms a multiturn coil of serially connected turns having 
at least ?rst and second terminals and said second plurality 
forms a set of parallel connected ground planes interleaved 
between said turns and insulated therefrom. 

14. An electromagnetic delay line comprising a nonconduc 
tive two-sided substrate, said substrate having a ?rst repetitive 
plurality of conductive segments being serially connected 
forming a ?rst continuous conductor on one side thereof and a 
second repetitive plurality of conductive areas being parallel 
connected forming a second continuous conductor on the 
other side thereof in predetermined relationship with said ?rst 
conductor, said ?rst and second conductors being insulated 
from one another by said substrate said substrate being 
plicated in accordionlike fashion along selected plication 
lines, whereby said ?rst plurality forms a multiturn coil of seri 
ally connected turns having at least ?rst and second terminals 
and said second plurality forms a set of parallel connected 
ground planes interleaved between said turns and insulated 
therefrom. 
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