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This invention relates to a scanner which utilizes asym-
metrical current devices and resistors to provide paths
rendered individually conductive by the concurrent open-
circuiting of scanned terminals and the application of
bias voltages to permutations of scanning control termi-
nals.

" In a variety of telephone switching apparatus, it is re-
quired to individually test the electrical condition of each
of a plurality of conductors or terminals. Devices which
have heretofore been used to perform such tests include
relays, stepping type switches, and circuits comprehend-
ing the completion of paths through networks of resistors
and asymmetrical current devices.

In complex telephone switching apphcatlons scanning
apcomphshed by relay circuits may, in someé instances, be
expensive in that many relays may be required. Similar-
ly, scanning stepping switches may be expensive and may
require considerable space for mounting.

Scanning networks of resistors and asymmetrical cur-
rent .devices have been devised to reduce the space and
power requirements of scanners utlhzmg relays and
stepping switches, illustrative of which is the scanner dis-
closed in Patent No. 2,563,589 granted to M. Den Hertog
on August 7, 1951. Such networks, however, have re-
quired two or more sources of synchronized voltage, one
being connected to the devices to be scanned, and an-
oOther connected to certain scanning control terminals.

It is an object of this invention to reduce the number
of synchronized scanning voltages required, and to pro-
vide for the scanning of terminals or devices without
connection of a voltage source thereto.

Another object of this invention is to simplify network
¢ircuitry, thereby to substantially minimize the number of
elements contained therein.

According to one feature of this invention, the mere
grounding or ungrounding of a scanned terminal is rec-
ognized by the absence or presence, respectively, of volt-
age at a scanner output terminal in response to the ener-
gization of a permutation of control terminals and their
associated control leads.

" 'In accordance with another feature of this invention,
résistors are advantageously included in the scanner net-
work and are connected to certain of the control leads,
thereby advantageously reducing the total number of
components required.

" Other objects and features of this invention will be
apparent from the following detailed description, by way
of example, with reference to the drawing in which:
~ Fig. 1 is a schematic diagram of an elementary em-
bodiment of the invention;

Fig. 2 is a schematic diagram of a 256 input point
émbodiment of the invention;

of each of the first stage scanning groups of Fig. 2;-

Fig. 4 is a schematic diagram of the circuitry of each
of the second stage groups of Fig. 2; and
* "Fig. 5 is a schematic diagram of the c1rcu1try of the
third stage of Fig. 2.
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Referring now to Fig. 1, it will be noted that eight in~
puts numbered 0 through 7, six controls terminals num-
bered 0 through 5, and one output terminal 39 are con:
nected to a three-stage progressive-binary-elimination
type network comprising pluralities of resistors and asym-
metrical current devices. The circuit therein illustrated
is a simplified embodiment of the invention and is oper-
able in accordance with the following description.

" As is well known in the art, certain devices possess the
property of asymmetry in electrical conduction, passage
of current through such devices being only slightly im-
peded in one direction but effectively prevented in the
opposite direction. Commercially available asymmetrical
devices, such as the Western Electric Company 400B
varistor for example, may have forward resistances of
only 250 ohms and reverse resistances of 125,000 ohms
or more.

In the drawing, asymmetrical current devices are rep:
resented by the conventional symbol of an arrowhead
at right angles to a line. Positive current will flow only
through the devices in the direction of the arrowheads:

Each of the eight inputs of Fig. 1 is positionable to
either of two electrical conditions, ground (as shown) or
open. The ‘condition of each input, together with its
identity, is presented to terminal 39 in the form of thé
presence or absence of an output thereat in response to

* the application of suitable negative biasing potentials to a
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permutation of the control terminals 0—S5, each input
point being specifically feferable to one, and only one,
such permutation. Thus if an input is grounded whea
the control terminals (control leads) of the permutatxon
referable to the input are negatively biased, no voltage
will appear at output terminal 39. On the other hand, if
such input is not grounded when the control ferminals of
the permutation are negatively biased, then a voltage will
appear at output terminal 39 regardless of the grounded
or ungrounded condition of all the other inputs.

In the embodiment of Fig. 1, it is necessary to neganve—
1y bias one, and only one, of the two control terminals of
each stage in order to scan an input, the remaining con-
trol terminals being effectively connected to ground:
According to this requirement, eight different permuta-
tions of the control terminals 0—35 are possible., ‘Sources
of negative biasing potential (not shown).are not critical
in regard to magnitude, and if said to be unity for thé
first stage, may for example approximate one-half tha't
value for the second and third stagés. These sources may
take the form of a plurality of batteries or conventional
cathode follower circuits, and mdy be arranged to be
individually controlled by any suitable external device;

To illustrate operation of the embodiment of Fig. 1,
first consider the condition in which all-inputs are
grounded, as shown. . A voltage will appear at the output
terminal 39 only'in response to 2 current flowing through
resistor 38. However, with all inputs grounded, no cur-
rent will flow through resistor 38 in response to the
biasing of any of the aforementioned permutations of
control terminals 0—5 because the inputs and "asym-
metrical current devices respectively shunt and block
paths leading from the sources of bias potentlal to the
output terminal 39.

"To, demonstrate this circuit operation, any permuta—
tion of control terminals may be arbitrarily selected and
energized in the manner hereinbefore indicated. For
example, if control terminal 0 is among those selected,
the entire magnitude of first stage bias potential wil] be,

Fig. 3 is a schematic dlagram illustrating the mrcum'y o developed across resistors 10 through 13, whereas if ter-

minal 1 is thus included, the entire bias potentlal ‘will,
be developed across resistors 14 through 17.  The asym-
miétrical current devices 18 through 25 will be unaffected
by first stage biasing since each will have its reverse con-
- ducting terminal connected to ground through the inpuf
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grounding medium, If, therefore, any one of the asym-
metrical devices is to conduct current, it will bé neces-
sary to drive the forward conducting side, that is, the
side connected to the second stage, to a potential posi-
tive with respect to ground. This reqiiremént cannot
be met under the conditions stated bécaise, n6 such posi-
tive source of potential is connected to the fietwork.

Since no current can flow through asymmetrical cur-
rent devices 18 through 25, it would be necessary that
any current which might flow in or out of the network
through resistor 38 correspondingly flow within one or
more of the biasing control conductors connected to
control terminals 2, 3, 4 and 5. However, between these
conductors and the network aré connected asymmetrical
current devices 26 through 29 and 34 and 35 which are
arranged to prevent passage of current thercthrough ex-
cept under the condition in which the control terminals
are more positive than the network terminals to which
the asymmetrical devices are connected. Inasmuch as
the entire magnitude of first stage bias potential is shunted
across the aforementioned resistors 10-—17, and inas-
much as no other source of potential more negative than
the stage 2 and stage 3 negative bias voltages is con-
nected to the metwork, no current will flow within the
control terminal conductors connected to the control
terminals 2, 3, 4 and 5, and therefore no current will
flow- in resistor 38 coincident with the grounding of all
inputs.

It will now be demonstrated, by way of example, that
a voltage will appear at terminal 39 coincident with
opening of the path from any input to ground, coupled
with a. simultaneous application of negative biasing po-
tentials to the proper perinutation of control terminals,

If ground is disconnected from input No. 3, for ex-
ample, and control terminals 6, 2 and 5 are enérgized
with negative biasing potential (terminals 1, 3 and 4 be-
ing grounded), one, and only one, electrically conductive
path will exist from ground through resistor 38 and thence
through the network to control terminal 0. More spe-
cifically, the path will be extended through resistor 38,
asymmetrical current devices 37, 32 and 22, resistor 12,
and terminal 0 to negative biasing battery (not shown).
The continuity of this path is contingent upon proper
b:asing of the devices indicated, this being accomplished
in the manner next to be described.

If asymmetrical current devices 27 and 35 were dis-
connected from the network, it would be obvious that a
conducting path would lie from ground through resis-
tor 38, devices 37, 32 and 22, and thence through resis-
tor 12 to the source of megative potential connected to
terminal 0, all of the asymmetrical devices being poled
to permit flow of current from the source of positive
potential (ground) to the negative source connected to
terminal 0. Voltage appearing at any point along this
path of serially connected devices will, by Ohm’s law, be
a function of the magnitude of the terminal 0 bias poten-
tial and the parameters included in the path. In the
instant embodiment, the magnitudes of resistors 12 and
38, as hereinafter described, are many times greater than
the magnitudes of the forward resistance of devices 37,
32 and 22, and therefore the percentage of the bias volt-
age which will appear at points along the path connect-
ing these resistors will be effectively determined by their
ratio. The ratio of resistor 12 to resistor 38 is there-
“fore chosen to cause the voltages of the sources of bias
connected to terminals 2 and 5 to be more negative
than the negative potentials appearing at the network
points to which devices 27 and 35 are connected, there-
by reverse-biasing these devices to a non-conducting
state and effectively disconnecting them from the net-
work. Thus, the path remains established from con-
trol terminal- 0 via the network through resistor 38 to
ground. Current flowing through this resistor causes an
ISR drop which appears as an output voltage at terminal

8.
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No other path is established through the network upon
the emergization of terminals 0, 2 and 5. Any other
path will be shunted to ground via one of the remaining
grounded control terminals. For example, if input 7
were ungrounded, control terminal 0 negative bias would
be developed across resistor 10, and although current
would flow in respomse thereto, substantially no part
of such current would pass through resistor 38 because
of the direct path to ground via asymmetrical device 34
and control terminal 4.

1t will be apparent therefore from the above explana-
tion that an output voltage will appear at terminal 39
only if both of two conditions exist simultaneously, that
is, if an input is ungrounded and if the control terminals
of the referable permutation are energized from sources
of suitable negative bias potential.

The type of bias potential source is not important
to this invention. It may take the form of a plurality
of battéries, each individually connected through some
switching device to the control terminals; or it may take
the form of a common source having a plurality of
sw.tches connected therefrom to the aforementioned ter-
minals. Still another source of bias potential may com-
prise a plurality of conventional cathode follower cir-
cuits, well known in the art, which might be especially
advantageous in applications in which rapid switching
of bias potentials is desired.

Repressntative circuit parameters and bias potentials
applicable to Fig. 1 will now be given. Resistors 10
through 17 may approximate 20,000 ohms; asymmetrical
current devices 18 through 37 may be similar to the
Western Electric Company type 400B varistor; resistor
38 may approximate 13,000 ohms; and bias potentials
may be approximately 20 volts for the first stage and
10 volts for the second and third stages.

Now referring to Fig. 2, it will be noted that the
scanner of Fig. 1 is therein expanded to a total of 256
inputs and 20 control terminals. Operation of this cir-
cuit is similar to that of the embodiment of Fig. 1; that
is, a voltage will appear at terminal 93 in response to
the energization of one control terminal in each of the
three stages, concurrent with the ungrounding of the
corresponding input,

Except for numerical identification of the inputs, and
the fact that only one set of control terminals need
be provided, each of the thirty-two first stage selecting
circuits is identical to Fig. 3.

Fig. 3 reveals circuitry associated with eight inputs,
each of which is initially selected by energizing the
control terminal associated therewith. In Fig. 1, the
first stage inputs are divided into four groups of two
each, one or the other of the inputs in each group being
selected by energizing one or the other of the two first
stage control terminals, In Fig 3, however, a group
of e¢ight inputs is shown, the selection of which is an-
alogously accomplished through energization of one of
the eight control terminals.

Again, except for the control terminals of which only
one set is required, Fig. 4 depicts the circuitry of each
of the four second stage selecting groups. Selection
here is made of one of the eight incoming conductors
by energizing the appropriate control terminal; whereas
in the embodiment of Fig. 1, selection is made on a one-
out-of-two basis within each of the two second stage
groups.

In Fig. 5, circuitry of the third stage of Fig. 2 is set

forth, and selection is correspondingly accomplished on
2 one-out-of-four basis through energization of the ap-
propriate control terminal; whereas in Fig. 1, selection
is made on a one-out-of-two basis as hereinbefore de-
scribed.

Corresponding circuit parameters of the expanded ver-
sion depicted in Fig. 2 may be identical to those herein-
before set forth in conmection with Fig. 1. Similarly,
sourges of bias potential may take the form of any of
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thosé heretofore mentioned; however, it may be of inter-
est to note that in commercial embodiments, the use
of electronically controlled sources of bias may be espe-
cially advantageous in that rapid scanning of the entire
plurality of inputs may thereby be accomplished.

Devices contemplated for grounding and ungrounding
the inputs may comprise any suitable apparatus such as
the contacts of relays, electronic switches, or other cir-
cuit opening or closing devices.

Although the subject invention has been illustrated
by a particular embodiment thereof, the invention is
not limited to the specific circuits therein disclosed.
Various applications, modifications and arrangements of
the invention will readily occur to those skilled in the
art. For example, additional pluralities of input points
could be included through a logical expansion of the
circuit in accordance with the principles hereinbefore
disclosed. Similarly, input, output and intermediate
stages could be arranged to select one from any plu-
rality of conductors in the manner described, and cir-
cuit parameters could be substantially varied from those
suggested above.

The terms and expressions hereinbefore employed: in
reference to the invention are used as terms of descrip-
tion and not of limitation; and there is no intention in
the use of such terms and expressions of excluding equiv-
alents of the features shown and described or parts
thereof, but on the contrary it is intended to include
therein any and all equivalents, modifications and adap-
tations which may be employed without departing from
the spirit of the invention.

What is claimed is:

1. A scanning device comprising a plurality of input
conductors, means connecting each of said input con-
ductors to ground, an output conductor, a plurality of
control leads distinctive in different permutations to each
of said input conductors, passive means interconnecting
said input conductors with said output conductor and
a plurality of said control leads over a plurality of
paths, means rendering each of said paths selectively
conductive by the activation of one of said permutations
of said control leads and the disconnection of ground
from the input conductor to which said permutation is
distinctive.

2. A device according to claim 1 in which said means
interconnecting said input conductors with said output
conductor and a plurality of said control leads com-
prises a plurality of asymmetrical current devices.

3. A scanning device comprising a plurality of input
conductors, means activating each of said input conduc-
tors to open circuit and another electrical condition, an
output conductor, a first plurality of control leads, a
second plurality of control leads, said first plurality and
said second plurality of control leads being distinctive
in different permutations to each one of said input con-
ductors, passive means interconnecting said input con-
ductors with said output conductor and said first plu-
rality and second plurality of control leads over a plu-
rality of paths and resistors connected in said second
plurality of control leads rendering each of said paths
selectively conductive by the energization of one of said
permutations and by the activation of the input conduc-
tor to which said permutation is distinctive to said open
circuit condition.

4. A device according to claim 1 in which said means
interconnecting said input conductors with said output
conductor and said control leads comprises a plurality
of asymmetrical current devices.

5. A device according of claim 3 in which said first
plurality of control leads contain asymmetrical current
devices serially connected therein.

6. A scanning device comprising a plurality of control
leads, a phirality of input conductors each specifically
referable to a different permutation of said control leads,
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6 ;
an output conductor, means open circuiting and ground- : .
ing each of said input conductors, means applying elec- *
trical potentials to said control leads in said different
permutations, passive means interconnecting said output
conductor with said input conductors and said control
leads, and means including said last-mentioned means
responsive to the application of said electrical potentials
to said control leads in said permutations extending a plu-
rality of paths from said control leads to said output con-
ductor upon the application of said potentials to a per-
mutation of control leads and the concurrent open cir-
cuiting of the input conductor to which said permutation
is distinctive.

7. A scanning device comprising a plurality of control
leads, means applying electrical potentials to said control
leads in different preselected permutations thereby to en-
ergize said control leads in said different preselected
permutations, a plurality of input conductors each
specifically referable to a different one of said preselected
permutations of said control leads, an output conductor,
means open circuiting and grounding each of said input
conductors, and passive means interconnecting said out-
put conductor with said input conductors and said control
leads respomsive to the energization by said electrical
potentials of any of said permutations of control leads
and the concurrent open circuiting of the input conductor
to which the energized permutation of control leads is
referable for establishing a flow of electrical current from
one of the leads within the energized permutation of
control leads to said output conductor.

8. A scanning device comprising an output conductor,
a first and a second input conductor, a plurality of control
conductors, a source of activating potential, means selec-
tively activating said control conductors in different
permutations with said activating potential, each of said
permutations being representative of a different one of
said input conductors, a plurality of resistors each serially
interconnecting a different one of certain of said control
conductors with a different one of each of said input
conductors, means selectively grounding said input con-
ductors, a resistor serially interconnecting said output
terminal and ground, a plurality of passive asymmetrical
current devices each having a low impedance input ter-
minal and a low impedance output terminal, the low im-
pedance output terminals of said devices being severally -
connected each to a different one of said input conduc-
tors and all of the low impedance input terminals of said
devices being connected in common, and circuit means
interconnecting said output conductor with the common
connection of said asymmetrical devices.

9. A device according to claim 1 in which said means
rendering each of said paths selectively conductive by the
activation of one of said permutations of said control
leads and the disconnection of ground from the input con-
ductor to which said permutation is distinctive are a
plurality of asymmetrical current devices.
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