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ELECTRICAL CONNECTIONS TO CONDUCTORS 
HAVING THIN FILM INSULATION 

BACKGROUND OF THE INVENTION 

This invention relates to electrical connections be 
tween terminal members and conductors, particularly 
very small conductors having a thin insulating ?lm 
thereon. 
A type of conductor which is being used to an in 

creasing extent comprises an extremely thin ribbon-like 
metal strip having a thin ?lm of plastic insulation there 
over. Conductors of this type are used in ?exible ?at 
cables and in so called ?exible circuitry and the trend 
is towards thinner and more narrow conductors as the 
size of solid state electrical devices decreases. Another 
type of conductor having a ?lm type insulating coating 
is an extremely ?ne single strand wire, for example, 
AWG 36 or ?ner, having an insulating ?lm such as a 
polyvinyl formal resin thereon. These ?lm insulated 
wires have been widely used in the past for coil wind 
ings and are now being used for forming point-to-point 
interconnections among terminal members on a panel 
board, the terminals of which are extremely close to 
gether. 

It has long been recognized that the formation of 
electrical connections with conductors having thin 
polymeric ?lm insulating coatings thereon presents 
substantial problems which are not encountered where 
connections are to be made to relatively coarse con 
ductors. Film type insulation is extremely tough and te 
nacious and is removed only with considerable dif? 
culty. Mechanical stripping of these thin ?lm type insu 
lations as by the use of abrasive wheels is not satisfac 
tory for the reason that any abrasion of the ?lm is likely 
to damage a conductor. Some types of ?lm insulation, 
particularly the polyvinyl formal resins, can be chemi 
cally stripped but processes of this type are awkward 
and time consuming. 
When an electrical connection must be made to a 

?ne conductor having a thin ?lm insulation, further 
problems after the removal of the insulation because of 
the extremely small size of the conductor. Conven 
tional mechanical crimps are used to some extent, par 
ticularly for wires, but these become impractical for ex 
tremely ?ne wires for the reason that the ferrule of the 
terminal which is crimped onto the wire becomes ex 
tremely massive as compared to the diameter of the 
wire. Furthermore, the conductors are extremely deli 
cate and may be broken during the crimping operation. 

I have found that a good electrical connection with 
a ?lm insulated conductor can be obtained by provid 
ing abrasive particles on a terminal substrate in a man 
ner which is described below and sliding the conductor 
over the terminal surface while the two parts are held 
against each other. The abrasive particles on the termi 
nal substrate score the insulating ?lm and cause it to 
rupture so that the metallic conductor is exposed. 
When the terminal and conductor come to rest, contact 
is established through the ruptured areas of the ?lm. 
Connections in accordance with the invention can be 
provided for ?at conductors having insulating ?lm 
thereon such as the conductors of a flat conductor 
cable and for extremely ?ne ?lm insulated wires. 

It is accordingly an object of the invention to provide 
an improved electrical connection for ?lm insulated 
conductors. A further object is to provide an electrical 
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2 
connection for a ?at conductor having a ?lm type insu 
latingl coating thereon. A further object is to provide an 
electrical connection for a drawn wire having a film 
type insulating coating thereon. A further object is to 
provide a terminal member or connecting member hav 
ing a contact surface which can be electrically con 
nected to a conductor having a ?lm type insulating 
coating thereon by merely sliding the conductor over 
the surface. A further object is to provide a method of 
forming electrical connections with conductors having 
?lm-type insulated coatings. 
These and other objects of the invention are achieved 

in a preferred embodiment thereof which is brie?y de 
scribed in the foregoing abstract which is described in 
detail below and which is shown in the accompanying 
drawing in which: 
FIG. 1 is a perspective view of a ?xture for forming 

electrical connections in accordance with the inven 
tion. 

FIG. 2 is a perspective view of the terminal member 
of the ?xture of FIG. 1. 

FIG. 3 is a sectional view taken along the lines 3-3 
of FIG. 1. 

FIG. 4 is a cross-sectional view of the conductor 
shown in FIGS. 1 and 3. 
FIG. 5 is a sectional view, on a greatly enlarged scale, 

of the electrical connection formed with the ?xture of 
FIG. 1. 
FIG. 6 is a fragmentary sectional view on a greatly 

enlarged scale of the contact surface of the terminal 
shown in FIG. 2. 

FIG. 7 is a photomicrograph of the surface of a con 
ductor of the type shown in FIG. 4 which has been elec 
trically connected to a terminal as shown in FIG. 5 and 
which was then removed. 
FIG. 8 is a fragmentary view illustrating an applica 

tion of the invention to the formation of electrical con 
nections between conductors on a panel board and 
conductors on a circuit unit having an integrated cir 
cuit therein. 
FIG. 9 is a fragmentary exploded view showing struc 

tural details of the metallic supporting panel, the ?exi 
ble circuit panel, and the circuit unit of FIG. 8. 

FIG. 10 is a cross-sectional view of the circuit panel 
of FIG. 9. 

FIG. 11 is a cross-sectional view of two terminal 
members in accordance with a further embodiment of 
the invention intended for making electrical connec 
tions to relatively ?ne wires having ?rm type insulating 
coatings thereon. 
FIG. 12 is a fragmentary perspective view of a panel 

board. having terminals of the type shown in FIG. 11 
therein. 

FIG. 13 is a fragmentary perspective view showing a 
portion of a memory frame of a computer having a con 
necting means in accordance with the invention 
thereon. 
FIG. 14 is a perspective view of the blank form which 

the connecting means is formed. ' 
FIG. 15 is a‘ perspective view of the formed connect~ 

ing, means. _ 

The principles of the invention are described below 
with reference to FIGS. 1 — 6 which show a testing jig 
for testing electrical connections in accordance with 
the invention and the structure of the contact terminal 
of a connection in accordance with the invention. Spe 
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ci?c applications of the invention are described herein 
below with references to FIGS. 9 — 12. 

In FIGS. 1 — 4, an electrical connection is formed be 
tween a conductor 2 and a terminal member 4 mounted 
on a ?xture generally indicated at 5. The conductor 
comprises a metallic foil 6 having a thin ?lm 8 of insula 
tion material on each side thereof. The foil is advanta 
geously of copper and has a thickness of about 0.0015 
inch while the insulating films 8 may be of polyamid 
imid or Mylar (polyethylene terephthalate) and have a 
thickness of about 0.0008 inch. The terminal 4 is of 
sheet metal and has an ear l2 and a depending ?ange 
10 on one side of which there is provided a contact 
zone which is described in detail below. The terminal 
is mounted on a pin 22 which in turn is mounted in a 
slidable block 18. The block 18 is contained in a cen 
tral opening 16 ofa rectangular frame 14 and adjusting 
screws 20 are threaded into the frame to permit adjust 
ment of the position of the block 18. 
The conductor 2 is wrapped over one side of a sup 

port block 24 so that one surface 34 of the conductor 
will be brought against the contact surface of the termi 
nal 4 when the block 24 is slid downwardly into the 
opening 16. The screws 20 are adjusted so that the 
contact surface of the terminal will bear against the sur 
face of the conductor with a relatively light pressure, 
the pressure being such that the thin ?lm conductor 
will not be torn or otherwise damaged. 
The contact surface, FIG. 6, comprises a substrate 26 

‘(the sheet metal of which the terminal is formed) hav 
ing a thin plating 28 of a hard metal such as nickel on 
its surface. When this plating 28 is deposited, deposi 
tion is carried out in the presence of ?ne particles 30 
of a hard abrasive material such as tungsten carbide so 
that the particles are embedded in the plating 28. As is 
apparent from FIG. 6, these particles project from the 
surface of the plating 28 but do not form a continuous 
layer; the surface thus has discrete particles thereon 
which are separated by ?at expanses. A softer metal 
such as tin is then electro-deposited over the entire 
contact surface and forms a continuous blanket 32 
which covers the particles 30 as well as the unin 
terupted surface areas of the contact surface. The sides 
of the particles and the thickness of the coatings 28, 32 
are discussed in some detail below. 

In order to form a connection in accordance with the 
invention, the block 24 is simply slid downwardly until 
it is in the opening 16 and during such movement, the 
surface 34 of the conductor is slid relatively over the 
contact surface of the terminal 4. During such sliding 
movement, the particles penetrate the coating 8 and 
score it as shown in FIG. 7 and the coating is broken 
or fractured in some areas to expose the conductor 6. 
The soft overplating 32 is displaced during this sliding 
movement and collects in those areas where the ?lm is 
broken. After the block 24 comes to rest, continuity is 
thus established between the terminal and the conduc 
tor by way of the discontinuities or openings in ?lm 8 
and the collected soft plating material 32. 

In order to achieve good results in the practice of the 
invention, the thicknesses of the platings 28, 32 and the 
size of the particles should be selected with reference 
to the thickness of the insulating ?lm 8, the thickness, 
and therefore the robustness, of the conductor 6 and 
the amount of surface area available for contact. For 
example, where the terminal has a substantial thickness 
(0.004 inch) as compared to the conductor (0.001 
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4 
inch) and the ?lm 8 has a thickness of 0.0008 inch, 
good results are obtained with particles having an aver 
age size of about 21 microns. The plating 28 may have 
a thickness of about 130 X 10-6 inches although the 
thickness of this plating will vary because of treeing ef 
fects which arise during the deposition. Larger particles 
are used if the coating 8 is relatively thicker than that 
of the conditions above and smaller particles might be 
used for thinner coatings. 
The particles 30 are suspended in the bath while the 

plating 28 is being deposited and these particles simply 
become mechanically embedded on the contact sur 
face. Alternatively, the particles might be sprayed 
against the surface as disclosed in US. Pat. No. 
3,697,389 if the surface is relatively soft so that it can 
be penetrated by the particles. The plating 32 may be 
of a soft metal other than tin, for example, a soft gold. 
Under some circumstances, the plating 32 may be elim 
inated and contact will be obtained by direct engage 
ment ofthe connector 6 with the contact surface of the 
terminal. As noted above, the particles 30 do not form 
a continuous layer on the contact surface and it has 
been found that for the size of conductors discussed 
above, a particle density of about l50 particles per 
square milimeter will give good results. 

Particles of the material other than tungsten carbide 
can be used in the practice of the invention. In general, 
the particles should be relatively hard and have sharp 
edges so that they will penetrate the insulating ?lm of 
the conductor and tungsten carbide particles are well 
suited to the practice of the invention since they have 
these characteristics. The particles need not be con 
ductive and ceramic particles can, therefore, be used. 
Nickel particles can also be used or other metal parti 
cles which are available in irregular shapes having 
sharp edges. 

It wil be understood from the foregoing that the prin 
ciples of the invention can be used to form electrical 
connections under a wide variety of conditions and the 
following speci?c examples merely illustrate the use of 
the invention for three commonly known situations in 
which a large number of connections must be made to 
relatively small conductors. 

Referring to FIGS. 8 — 10, it is necessary in solid state 
circuit devices to form connections to integrated cir 
cuit units or chips and these chips are commonly en 
capsulated in plastic with metallic leads extending from 
the sides of the plastic material. In the FIG. 8, a chip 
is encapsulated in a circuit unit 36 which has terminal 
members 40 on its edges. These terminal members are 
connected in any suitable manner to the chip or chips 
which are contained in the circuit unit and the surfaces 
of the terminal members 40 are prepared as contact 
surfaces as discussed above. When the circuit unit 36 
is to be connected to the conductors 38 of a thin circuit 
panel 41, the circuit panel is mounted on a ?rm support 
panel 44 having an opening 48 therein. The circuit 
panel, as shown in FIG. 10, has a plurality of conduc 
tors 38 contained in a film of insulating material and 
these conductors extend to the edges of a hole in the 
circuit panel. 
The circuit panel 41 is positioned on the surface of 

the panel 44 and the edge portions of the circuit panel 
are turned downwardly against the ?anges 48 of the 
support panel. The circuit unit 36 is then simply pushed 
downwardly into the opening 34 and the conductors of 
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the circuit panel ,38 will be connected to the terminals 
40 of the circuit unit. 
Where connections must be made to extremely ?ne 

wires 56 (FIG. 11) having a thin ?lm of insulation 
thereon, a cylindrical terminal member 50 is used 
which has a contact surface 52 in accordance with the 
teaching of the invention on its internal surface. The 
terminal member 50 of this embodiment has a contact 
pin 54 extending from its lower end so that the terminal 
can be disengageably coupled to a complementary re 
ceptacle. 
To connect the wire 56 to the terminal 50, the wire 

is pushed down into the interior of the terminal by a 
stuffer 58 so that sliding movement of the wire over the 
contact surface 52 takes place and electrical contact is 
established. Terminals of the type shown in F IG. 11 can 
be used in a panelboard 60, FIG. 12, with the contact 
pin portions 54 projecting beyond the under surface of 
the panel board. The terminals can then be intercon 
nected by routing wires between selected terminals and 
the inserted portions of each wire into the terminals as 
shown. Two or more wires can be connected to a single 
terminal by locating the wires at different positions on 
the plug 58. If the second wire must be connected to 
the terminal at a later time than the time at which the 
?rst wire is connected to the terminal, short plugs can 
be used as shown at 59 in FIG. 11. The panel 60 can 
be mated with a complementary panel board having 
contact sockets therein which are adapted to receive 
the ends 54 of the terminals or individual connectors 
having contact sockets therein can be mated with the 
rows of terminals on the underside of the panel board 
60. 
FIGS. 13 — 15 show application of the invention to 

the formation of electrical connections in a computer 
memory frame. The frame 66 has extremely small 
memory cores 62 on its upper and lower sides and ?ne 
wires 64 are threaded through these cores as shown. A 
connector block 68 of suitable insulating material is 
mounted on_the end of the frame and has a strip con 
nector device on its side. This connector device is man 
ufactured by metallizing strip 70 of firm plastic at 
spaced apart locations 72 and preparing these metal 
lized surfaces as contact surfaces having grit particles 
therein as explained above. Strip 70 is then folded as 
shown in FIG. 15 so that slots are formed which are 
lined with contact surfaces in accordance with the in 
vention. The wires 64 are positioned in these slots and 
electrical connections are formed to the wires by virtue 
of the contact surfaces 72. 
Changes in construction will occur to those skilled in 

the art and various apparently different modi?cations 
and embodiments may be made without departing from 
the scope of the invention. The matter set forth in the 
foregoing description and accompanying drawings is 
offered by way of illustration only. 
What is claimed is: 
1. An electrical connection between a conductor 

member and a terminal member, said conductor mem 
ber comprising a metallic conductor having a thin poly 
meric coating thereon, said terminal member compris 
ing a metal member having a contact surface, 

said contact surface having thereon discrete ?ne par 
ticles of abrasive material, said particles covering 
a minor portion of said contact surface, and an 
electrodeposited coating of a soft conductive metal 
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extending continuously over said surface and blan 
keting said particles, 

said conductor member being against said contact 
surface, said polymeric coating being scored as a 
result of having been slid relatively over said 
contact surface, said coating being broken in dis 
crete areas and said metallic conductor in said 
areas being in electrical contact with said contact 
surface, and 

clamping means holding said conductor member 
against said contact surface. 

2. An electrical connection as set forth in claim 1, 
said coating of said soft conductive metal being of tin. 

3. An electrical connection as set forth in claim 1, 
said conductor member comprising a flat ribbon-like 
metallic conductor. 

4. An electrical connection as set forth in claim 1, 
said conductor member comprising a round wire, said 
terminal member comprising a hollow cylinder, said 
contact surface being on the interior of said cylinder, 
said wire extending into the interior of said cylinder, 
said clamping means comprising a member inserted 
into said cylinder. 

5. An electrical connection between a conductor 
member and a terminal member, said conductor mem 
ber comprising a metallic conductor having a thin poly 
meric coating thereon, said terminal member having a 
contact zone, 

said contact zone comprising a conductive metal sub 
strate, an electrodeposited ?rst coating of a hard 
conductive metal in said substrate, discrete parti 
cles of an abrasive material embedded in and ex 
tending beyond said first coating, and 

an electrodeposited second coating of a soft conduc 
tive metal extending continuously over said first 
coating and blanketing said particles, 

said conductor member being against said contact 
zone, said polymeric coating being scored as a re 
sult of having been slid relatively over said contact 
surface, said coating being broken in discrete areas 
and said metallic conductor in said areas being in 
electrical contact with said ?rst coating, and 

clamping means holding member against said contact 
zone. 

6. An electrical connection as set forth in claim 5, 
said ?rst coating being of nickel. 

7. An electrical connection as set forth in claim 5, 
said second coating being of tin. 

8. An electrical connection as set forth in claim 5, 
said ?rst coating being of nickel, said second coating 
being of tin. 

9. An electrical connection as set forth in claim 5, 
said conductor member comprising a ?at ribbon-like 
conductor. 

10. An electrical connection as set forth in claim 5, 
said conductor member comprising a round wire, said 
terminal member comprising a hollow cylinder, said 
contact zone comprising the interior surface of said cyl 
inder said wire extending into said cylinder, said clamp 
ing means comprising a member inserted into said cyl 
inder. 

11. An electrical terminal means intended for con 
nection to a conductor member, said conductor mem 
ber comprising a metallic conductor having a thin poly 
meric coating thereon, said terminal member compris 
ing: 
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a contact surface having thereon discrete ?ne parti_ 
cles of abrasive material, said particles covering a 
minor portion of said contact surface, and an elec 
tro-deposited coating of a soft conductive metal ex 
tending continuously over said surface and blan 
keting said particles whereby, 

upon positioning said conductor member against said 
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8 
surface and sliding said conductor member relatively 
over said contact surface, said particles penetrate said 
polymeric coating and said coating is broken, and elec 
trical contact is established between said metallic con— 
ductor and said contact surface. 
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