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3,081,416 
STEP-BY-STEP SWITCH 

Thomas W. Tuttle, Nutley, and George F. McCarthy, Tea 
neck, N.J., assignors to International Telephone and 
Telegraph Corporation, Nutiey, N.J., a corporation of 
Maryland 

Continuation of application Ser. No. 572,468, Mar. 19, 
1956. This application Apr. 19, 1961, Ser. No. 104,123 

8 Claims. (Cl. 317-—112) 

This invention relates to step-by-step switches used in 
automatic telephony and more particularly to a switch 
contact bank construction employing printed circuitry and 
is a continuation of application Serial Number 572,468 
?led March 19, 1956, and now abandoned. 

One of the objects of this invention is to provide a 
printed multiple for each level of the switch wherein a 
shield is provided between the multiples of adjacent levels. 
Another object of this invention is to provide means to 

make the distance between adjacent pairs of conductors 
as large as practical with respect to the distance between 
the two conductors forming the pair in order to minimize, 
without resort to transposition schemes, the electrostatic 
and electromagnetic interaction between pairs of con 
ductors in a line bank level and between pairs of. con 
ductors in adjacent levels. 

Another object is to provide a stacking arrangement for 
the printed multiples wherein the printed card of each level 
may be removed or replaced without requiring the dis~ 
assembly of any other level in the stack. . 
One of the features of the invention is the manner of 

preparing the cards for a series of selector ‘banks whereby 
a printed multiple is provided for the corresponding con 
tacts of adjacent banks and the multiples of adjacent levels 
are shielded one from the other. Each level includes a 
card of dielectric material having conductors in the form 
of narrow strips on one side to constitute the horizontal 
multiple and a layer of conductive material extending over 

, substantially the entire area of the other side to constitute 
an electrostatic shield between the horizontal multiple of 
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its level and the horizontal multiple oi the next adjacent . 
level. The contacts for each bank are provided in an are 
along one edge of the card preferably on both sides of the 
card with interconnections extending through the card. 
The contacts on the side containing. a layer of conductive 
material together with the leadstherefor are formed by 
narrow channels in the conductive layer. The leads thus 
formed extend crosswise of the card and are connected 
through the card to the corresponding conductors of the 
horizontal multiples on the opposite side. These cards 
together .with spacing cards of dielectric material are as 
sem‘bled and aligned wtih clamping means. To remove 
or replace any one card the aligning means are ?rst re 
moved and the clam-ping means loosened thereby per 
mitting such removal or replacement. 

Another of the features of the invention is the manner 
of preparing the cardsfor a series of line selector banks 
whereby a printed multiplee of all conductors forming 
one side o? the pairs of conductors within the level assem 
bly are the mirror image of all the conductors forming 
the other side of the pairs of conductors within the level 
assembly, thus bringing the two conductors of each pair in 

'very close proximity throughout the entire length of the 
conductor multiple. 
The above-mentioned and other features and objects of 

this invention will become more apparent by reference to 
the following description taken in conjunction with the ac 
companying drawings, in which: K ~ 

FIG. 1 is a view in plan of the end portion of a car 
printed for the private bank, the plan showing the side 
of, the card containing the conductive shield, and leads __ 
to the contacts; 
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FIG. 2 shows in plan the opposite side of the card illus 
trated in FIG. 1; 

FIGS. 3 and 4 show in plan two cards which are com 
bined to provide one unit of the line bank; 

FIG. 5 shows a bank stack assembly in longitudinal 
cross~section of printed cards and dielectric spacers, the 
section being taken along line SP-S of FIG. 1; and 

FIG. 6 is a view in vertical cross-section of a bank stack 
taken along line 646‘- of FIG. 1. 

In the prior art telephone bank switches are intercon 
nected by individual wire leads which have substantial 
loops to permit changes in connections, if errors have 
been made in the connections, as often happens. The 
result is that such wired apparatus present a clumsy and 
untidy appearance in addition to being susceptible to 
errors. It has been proposed to use in telephone switch 
board assemblies electrical connecting strip made from 
metallic ‘foil and folded over to provide a succession of 
multiple connections which may be used in telephone 
switchboard assemblies. However this proposed method, 
while it eliminates wires, does not have continuous strip 
conductors but provides connections from one switch group 

'_ to another in a repetitive fashion. 
Referring ‘to FIGS. 1, 2 and 6 of the drawings, each level 

of the private bank portion of the step-bystep switch is 
shown to comprise a dielectric card 1 which has on one 
side thereof a plurality of conductors 2 to 12 in the form 
of narrow strips extending lengthwise of the card which 
comprise the‘ horizontal multiple connecting correspond 
ing contacts of a plurality of banks, such as indicated by 
‘the two adjacent arcuate sections 13 and '14 in FIGS. 1_ 
and’ 2. Each bank section includes eleven contacts which 
are printed on the same side oi the card as the horizontal 

The contacts 15 of the end 
section 13- are connected directly to the ends of the con 
ductors 2-12 but the contacts 16 of the other sections, such 
‘as at 14, are connected to corresponding conductors of 
the horizontal multiple by leads formed in the conductive 
"shield 17 through contacts 16a on the other side of the 
card. These leads are indicated at ‘18. 

_ While the printing of the conductive material on the 
dielectric card'may follow any one of many different cir 
cuit printing techniques, the one described herein for 
purposes of illustration is commonly refer-red to as the 
etching method. The dielectric card 1 may be of any 
suitable dielectric, either polyethylene, polystyrene, 
“Te?on,” ?ber glass or laminations of ?ber glass and 
Te?on. The cards are originally clad with copper foil on 
each side'and the portions to be retained are coated with 
acid resisting material after which the card is subjected to 
an acid etching solution ‘which removes the unwanted por 
tions of the copper foil. The side ‘015 the card shown in 
FIG. 1 comprises the shield in which the contact areas 
-15a_.and 16a and the leads connected thereto are formed. 
Also formed on this side of the card are terminals 19 
which are provided with leads 20 extending crosswise of 
the card to conductive areas 21 surrounding openings 22 
extending [through the cardpto the cor-responding con 
’ductors of the horizontal‘ multiple on the opposite side. 
Each opening 22 is shown to be connected through the 
card to a corresponding horizontal conductor. The inter 
connection is usually formed by dipping the entire card in 
a bathof solder thereby forming all interconnections 

' simultaneously. The card 1 is also provided with narrow 
slots '23 ‘between adjacent contact areas so as to avoid 
wiping particles of dielectric onto the contacts. The 
corresponding contact areas 15, 15a and 16, 16a on cp 
posite sides of the card are interconnected by openings 24 
‘which are soldered during the solder~dipping operation. 
The leads 18 are similarly connected to corresponding 
conductors of the horizontal multiple as indicated by the 
interconnection 24. 
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From the foregoing description it will be clear that the 
card for the private bank comprises a dielectric member 
on which the conductors of the horizontal multiple are 
printed on one side together with corresponding contacts 
for each section. The other side of the card is covered 
with a layer of conductive material 17 in which contact 
areas and leads are formed by narrow Channels formed in 
the conductive material 17. This leaves that side of the 
card substantially covered with conductive material which 
when the card is assembled'with other cards in a stack, 
the layer 17 constitutes an electrostatic shield bteween the 
horizontal multiples of adjacent levels. This formation is 
clearly illustrated in FIG. 6‘ wherein cards 26 and 27 com 
prise adjacent levels separated by a layer of dielectric 28. 
The layer of conductive material 17 of the card 27 com 
prises the shield between the horizontal multiple of the 
card 27 and the horizontal multiple of the next adjacent 
card 26. ' 

FIGS. 3 and 4 show the construction of the cards of the 
line bank. They are formed similarly as described for 
the cards of the private bank. In the illustrations of 
FIGS. 3 and 4, the printing on the opposite sides in each 
view is shown in dotted lines. Each level of the line 
bank, however, comprises two such cards, FIG. 3 show 
ing card 29 and FIG. 4 showing card 30', the two being 
separated by a thin layer of dielectric as shown in cross 
section of FIG. ‘6. FIG. 3 shows the card 29‘ as viewed 
from the top in FIG. 6, while the card 30 shown in FIG. 
4 is viewed from the bottom of FIG. 6. 

Referring particularly to FIG. 3 the card 29 is shown 
to have contact areas 32 which are separated by dummy 
contacts 33‘. The space between each dummy contact 
and the adjacent active contact may include a slot 34 
which extends through the card. Each of the active con 
tacts 32 are connected by leads 35 formed on the op 
posite side of the card for connection with corresponding 
conductors 36 of the horizontal multiple. The end sec~ 
tion of the card is also provided with terminals 37 which 
are likewise provided with leads 38 formed in the electro 
static shield for connection through the card to corres 
ponding conductors of the horizontal multiple. 

‘Referring to FIG. 4 the card is formed in a similar 
manner except that the printing is directly opposite to that 
shown in FIG. 3 whereby the two cards may be assembled 
with the horizontal multiples directly opposed as shown in 
FIG. 6. The active contacts for card 30‘ are indicated at 
39 and the horizontal multiples are indicated at 40. The 
conductive shields for the cards 29 and 30 are indicated 
at 41 and 42. In manufacture these cards 29 and 30 
are assembled with a thin intervening layer of dielectric 
31 and sealed together to form a single unit. In assembling 
cards 29 and 30 it is important to space them together as 
close as possible. This is accomplished by making the 
thickness of the sheet of dielectric 31 in the neighborhood 
of .005 inch. This brings the conductor strips into mirror 
image relationship throughout the lengths of the cards, 
and the conductive layers 41 and 42. form in effect a shield 
between the conductor pairs of the level, each conductor 

' pair being the two corresponding strips, such as 54 and 
55 (FIGS. 3, 4 and 6) of cards 29 and 30‘ on opposite 
sides of the dielectric 31. 

These units are assembled together with dielectric 
spacing layers 43 to form the assembled bank. The cards 
of the bankas indicated in FIG. 5 are aligned by threaded 
rods 44 and ‘45 which pass through alignment openings 
46, FIG. 1, and 47, FIG. 3. The cards are clamped be 
tween two frame members 48 and 49 by end bolts 50. 
The elements 44 and 45 are threadably received in the 
frame member 49. When it is desirable to remove or re 
place one of the cards or assembled units 29-30, the 
alignment rods 44 and 45 are removed and the clamping 
bolts 50 loosened. This permits the removal of any 
desired card without disassembling the other cards. 

In FIG. 6 the wipers are inlicated in dotted lines.‘ For 
the private bank a double contact wiper is shown at 5‘1 

10 

15 

20 

25 

30 

35 

45 

55 

60 

65 

70 

75 

4 
which engages the corresponding contact areas of the card 
as the wiper is moved along the arc containing the con 
tacts. The wipers '52 and 53 comprise the wipers for the 
line bank, the wiper 52 engaging the active contacts of 
card 29‘ while the wiper 53 engages active contacts of card 
30. - 

While we have described above the principles of our in 
vention in connection with speci?c apparatus, it is to be 
clearly understood that this description is made only by 
way of example and not as a limitation to the scope of our 
invention as set forth in the objects thereof and in the 
accompanying claims. 
We claim: ' 

1. A switch contact bank assembly comprising a plural 
ity of levels each provided with a plurality of conductors 
coupled as the horizontal multiple to successive groups of 
contacts, each of said levels comprising a card of dielectric 
material having continuous conductive strips extending 
lengthwise of said card constituting the horizontal multi 
ple and a plurality of ?rst groups of contacts on one side, 
and a separate layer of conductive material in a given 
plane on the other, extending over substantially the entire 
area thereof to constitute, in effect, an electrostatic shield 
relative to said conductive strips, said layer of conductive 
material having narrow channels therein to de?ne con 
ductive leads between adjacent channels separated by 
portions of said conductive material, said separating con 
ductive material constituting, in effect, an electrostatic 
shield between said leads, means conductively connecting 
said conductive leads through said card to corresponding 
ones of said conductive strips, a plurality of a second group 
of contacts on said other side opposite said plurality of 
?rst groups of contacts, each one of a second group of 
contacts being connected to a corresponding one of said 
oppositely disposed ?rst group of contacts through said 
card, and means connecting each coupled pair of op 
positely disposed contacts to a connected conductive lead 
and conductive strip, said ?rst and second group of contacts 
being adapted for engagement by a contact wiper. 

2. A switch contact bank assembly according to claim 1 
wherein said conductive leads extend substantially cross 
wise of said card, and said ?rst and second groups of 
contacts are disposed in arcuate portions along one edge“ 
of said card. 

3. A switch contact bank assembly comprising a plural 
ity of levels each provided with a plurality of conductors 
coupled as the horizontalmultiple to successive groups of 
contacts, each of said card-s comprising a card of dielectric 
material having continuous conductive strips on one side 
extending lengthwise of said card constituting said hori 
zontal multiple. and a plurality of ?rst groups of contacts 
on said side, and a separate layer of conductive material 
in a given plane on the other side extending over sub 
stantially the entire area thereof to constitute, in e?ect, an 
electrostatic shield between the horizontal multiple of its 
level and the horizontal multiple of the next adjacent level, 
said layer of conductive material having narrow channels 
therein to de?ne conductive leads between adjacent chan 
nels separated by portions of said conductive material, 
said separating conductive material constituting, in effect, 
an electrostatic shield between said leads, means conduc- ~ 
tively connecting said conductive leads through said card 
to corresponding ones of said conductive strips, a plurality 
of second groups of contacts on said other side opposite 
said plurality of ?rst groups of contacts, each one of a 
second group of contacts being connected to a correspond 
ing one of said oppositely disposed ?rst group of contacts 
through said card and means connecting each coupled pair 
of oppositely disposed contacts to a connected conductive 
lead and conductive strip, said contacts of said ?rst and 
second groups being adapted for engagement by a contact 
wiper. ‘ 

4. A switch contact bank assembly comprising a plu~ 
rality of levels each provided with a plurality of conduc 
tors coupled as the horizontal multiple to successive 
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groups of contacts, at least certain of said levels compris_ 
ing two cards of dielectric material each said card having 
conductive ‘strips on one side constituting said horizontal 
multiple and a ?rst group of contacts on said side, and a 
separate layer of conductive material in- a given plane on 
the other, extending over substantially the entire area 
thereof to constitute, in effect, an electrostatic shield rela 
tive to said conductive strips, a layer of dielectric material 
disposed between said cards with the sides carrying said 
horizontal multiple strips facing each other to form con 
ductor pairs, the layer of conductive material of each of 
said cards having narrow channel-s therein to de?ne con 
ductive leads between adjacent channels separated by por 
tions of said conductive material, ‘said separating conduc 
tive material constituting in effect an electrostatic shield 
between said leads, the conductive layers of said card-s 
constituting, in effect, also an electrostatic shield between 
the horizontal multiple of its level and the horizontal mul 
tiple of the next adjacent level and between conductive 
pairs in the level, mean-s in each card conductively con 
necting said conductive leads through said card to corre 
sponding ones of said conducting strip, a second group of 
contacts on said other side opposite said ?rst group of 
contacts, each of said second group of contacts being con 
nected to a corresponding one of said ?rst group of con 
tacts through said card, and means connecting each cou 
pled pair of oppositely disposed contacts to a connected 
conductive lead and conductive strip, said contacts of said 
?rst and second group being adapted for engagement by 
a contact wiper. ' - 

5. A switch contact bank assembly according to claim 4 
further comprising ‘a plurality of spacer cards of dielectric, 
means for aligning the cards of said level with spacer 
cards therebetween and means z?or clamping all of said 
cards together. 

6. A switch contact bank assembly comprising a plu 
rality of levels each provided with a plurality of conduc 
tors coupled as the horizontal multiple to successive 
groups of cont-acts, each of said levels comprising a pair 
of cards of dielectric material, each said cards having con 
ductive strips constituting said horizontal multiple and a 
?rst group of contacts on one side, a separate layer of 
conductive material in a given plane on the other side, ex 
tending over substantially the entire area thereof to con 
stitute, in effect, an electrostatic shield relative to said con 
ductive strips, said layer of conductive material having 
narrow channel-s therein to de?ne conductive leads be 
tween adjacent channels separated by portions of said con 
conductive material, said separating conductive material 
constituting, in effect, an electrostatic shield between said 
leads, means conductively connecting said conductive leads 
through said card to corresponding ones of said conduc 
tive strips, a second group of contacts on said other side 
opposite said ?rst group of contacts, each of said second 
group of contacts being connected to a corresponding one 
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of said ?rst group of contacts through said card, and means 
connecting each coupled pair of oppositely disposed con 
tacts to a connected conductive lead and conductive strip, 
said contacts of said ?rst and second groups being adapted 
for engagement by a contact wiper, means disposing said 
pair of cards in parallel dielectrlcally spaced relation with 
the conductive strips of each card facing each other as a 
mirror image of the corresponding conductive strips of the 
other card whereby the conductor pairs comprise one top 
conductor and one bottom conductor disposed parallel 
and in close proximity throughout their length, thus mini 
mizing electrostatic ‘and electromagnetic interaction ‘be 
tween pairs of conductors in the levels. ' 

7. A multiple conductor card comprising a card of di 
electric material having continuous conductive strips ex 
tending lengthwise of said card and a plurality of ?rst 
groups of contacts on one side, and a separate layer of 
conductive material in a given plane on the other side, ex 
tending over substantially the entire area thereof to con 
stitute, in effect, an electrostatic shield relative to said con 
ductive strips, said layer of conductive material having 
narrow channels therein de?ning conductive leads between 
adjacent channels separated by portions of said conductive 
material, said separating conductive material constituting, 
in effect, an electrostatic shield between said leads, means 
conductively connecting said conductive leads through 
said card to corresponding ones of said conductive strips, 
a plurality of second groups of contacts on said other side 
opposite said plurality of ?rst groups of contacts, each- one 
of a second group of contacts being connected to a corre 
sponding one of said oppositely disposed ?rst group of 
contacts through said card, and means connecting each 
coupled pair of oppositely disposed contacts to a connected 
conductive lead and conductive strip, said contacts of said 
?rst and second groups being adapted for engagement by a 
contact wiper. 

8. A multiple conductor card according to claim 7 
wherein said conductive leads extend substantially cross 
wise of said card, and said ?rst group and second group 
of contacts are disposed in arcuate portions along one edge 
of said card. ' 
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