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ABSTRACT OF DISCLOSURE

Driver circuitry for multiple combination LED/silicon

detector sensors arranged in an array Or gcattered in a machine,
wherein the LEDs and detectors are connected in a matrix arrange-

ment to common busses to reduce the numbexr of qonnections and

minimize interference.
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DRIVER CIRCUITRY FOR MULTIPLE SENSORS

FIELD OF THE INVENTION

This invention relates to driver circuitry for multiple
sensors, and in particular to circuitry for driving large numbers
of sensors.
BACKGROUND OF THE INVENTION

Combination light-emitting diode (LED) silicon photo-
detector components are commonly used as sensor units. A
commercially-available component places the LED and detector side
by side, both facing in the same direction from a common active
surface, with the LED when pulsed emitting a narrow cone of light
in one direction and the adjacent detector generating current
when illuminated from the same direction. The unit 1s commonly
used to sense the presence of a reflecting surface over the LED,

by reflecting some of the intercepted radiation back toward the

detector.

There are applications employing a large number of such
combination units, which applications require selective activa-
tion by a controller of one or more units. Moreover, it 1is some-
times desirable to align the multiple units near or adjacent one
another to form an array, and a problem then arises of minimizing
the effect of scattered reflected radiation on detectors remote
from the emitting LED. When large numbers of such combination
units are present in a system, the number of connections from the

controller to the units may become excessive.
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SUMMARY OF THE INVENTION

An object of an aspect of the invention is
circuitry for driving or operating a multiplicity of such
units which reduces the number of connections from a
driving or operating source to the units.

Another object of an aspect of the invention is
a driver or operating circuit for such units which
minimizes or reduces the effects of scattered light.

An object of an aspect of the invention is a
system comprising multiple LED-detector units operated by
a microcontroller enabling, with a relatively low number
of connections, selection of one or more LEDs for
activation, and selection of one or more detectors for
reading i1ts output current, for use as multiple sensors
in a closely arranged array in or scattered throughout a
system.

These and other objects and advantages as will
appear hereinafter are achieved by a novel multiplexing
scheme for the units. Each unit typically has four
leads, one each for the LED and the detector, respective-
ly, to provide power or source current, and two of which
are used for respective connection to a sink. Each LED
is activated when its source and sink lead are activated,
and each detector conducts current in its detector lead
when its source and sink leads are activated, and its
sink detector 1is connected to complete the circuit.

In accordance with one aspect of the invention,
the units are electrically arranged in a matrix in which
each row of the matrix corresponds to a bank of the
units, and each column of the matrix corresponds to units
whose detector sink leads are connected in common. In
this arrangement, each unit of a bank is alternately
connected to one of two detector sink busses, and each
LED sink lead is connected to one of four LED sink
busses. If more than four are present, then the pattern
repeats. All of the units in a column have their LED
source leads connected in common to a source bus.
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In accordance with another aspect of the
invention, the units in a column are also connected in
common to the same source bus.

In accordance with still another aspect of the
invention, other electrically driven sensors, such as
Hall-effect devices, can readily be added to the system
and driven by the same matrix circuitry.

Yet another aspect of this invention is as
follows:

Driver circuitry for multiple sensors comprising:

a plurality of sensors each comprising radiation
generating and radiation detecting means and source leads
for applying source current to the radiation generating
and detecting means and sink leads for the source
current, salid sensors being arranged in a matrix of rows
and columns, a plurality of source busses, a plurality of
sink busses,'a plurality of detector busses, means
connecting each of the source busses to the radiation
generating source leads of one of the columns of sensors,
means connecting the detector sink leads of alternate
sensors in a row in common to one of the detector busses.
SUMMARY OF DRAWINGS

These and other features and advantages of the
invention will be better understood from the following
detailed description of several preferred embodiments,
taken in conjunction with the accompanying drawings
wherein:

Fig. 1 1s a schematic side view of a combination
LED/light detector sensor;

Fig. 2 1s a schematic side view showing operation of
the sensor of Fig. 1 as a single unit;

Fig. 3 1s a schematic side view showing operation of
multiple sensors of the type shown in Fig. 1;

Fig. 4 is an electrical schematic of one form of
driver circuitry in accordance with the invention.
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DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

Fig. 1 illustrates a typical combination unit 10 compris-
ing in a single package 11 a LED 12, shown as a diode with a
source lead 13 and a sink lead 14, and a silicon detector 15,
shown as a base-less transistor with a collector lead 16 serving
as the source lead and an emitter lead 17 serving as the sink or
output 1ead.‘ The LED when pulsed emits a cone-shaped radiation
or light beam designated 18 through a window 19 from a common
package surface 20, and the detector transistor 1s exposed
through a window 21 at the same surface 20 to receive radiation
or light designated 22. 1In a typical commercial unit, the center
line spacing of the LED and detector, indicated by 23, 1s about
0.070 inches, and the widths or diameters of the LED and detector
package windows 19, 21, designated 24, is about 0.050 inches.

In a typical application for the specific example given
above, as depicted in Fig. 2, a reflecting surface on a member 25
positioned over the unit 10 will cause a significant increase 1n
detector current, over its background current in the absence of
the reflector 25, when the member 25 is positioned a distance 26
which is at least about one-eighth inches to about seven-eighths
inches of the center line spacing 23. For the specific example
given above, this amounts to about 0.02-0.125 inches.

Fig. 3 shows an array of five of such sensors 10 arranged
in a line, the LEDs béing designated by E1-E5, and the detectors
by D1-D5, and with a reflecting member 25 positioned above the

active surface. As will be observed, each emitter E, when emit-
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ting a cone-shaped beam, will cause reflections to be incident
not only on its own detector D, but also on the adjacent detector
D. Thus, for the position of the member 25 shown, D1 and D2 will
detect radiation from E1, D2 and D3 from E2, but D3 and D4 will
receive no radiation from E3, and so on. The outputs from D1l..D5
will thus indicate the location of the edge 28 of member 25. By
arranging the units in an array as shown, double the resolution
is obtained, due to the presence of detectors on opposite sides
of each emitter.

But, a problem in this arrangement is that the reflected
radiation scatters and thus D4 may receive some radiation scat-
tered from member 25 even though the latter is not positioned
above it. Similarly, D1 may receive additional radiation from E2
even though located remote from EZ2.

A further problem is the presence of ambient light, from
artificial or natural sources, such as sunlight. Though the
radiation from an artificial source may be significant, 1f the
LED is pulsed hard, the reflected radiation will generally exceed

the ambient level from an artificial source. But, when the am-

bient or background radiation is from sunlight, the current gen-

erated in the detector can mask and even exceed that produced by

the LED.
A feature of the invention 1is to reduce the effects of

scattered and ambient radiation by activating only one LED at a
time in an array, and only reading the currents in the adjacent

detectors; thus, for E1, D1 and D2. But from Fig. 1, activation
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of four leads are necessary for selected LED activation and
selected detector readings. The brute force solution for the

five unit array of Fig. 2 1is to provide 5X4=20 connections to the

controller. For an array of 20 units, 80 connections would be

necessary.

In accordance with one aspect of the invention, a multi-
plexing scheme is provided which allows selected activation of
LEDs, and selected reads of detectors, with fewer connections,
and without compromising on scatter and ambient light inter-
ferences.

A preferred multiplexing scheme 1s illustrated 1in Fig. 4,
which comprises 32 units designated U1l-U32, electrically arranged
in a 4X8 matrix comprising 4 rows 50-53 of 8 columns 54-61 of
units, with the first row 50, sometimes referred to as the first
bank, comprising units Ul-U8, and the second row 51 comprising
units U9-U16, and so on. Each unit has four leads designated as
follows: 1 to the anode side of the LED, 4 to the cathode side,
3 to the collector of the detector transistor and 2 to the emit-
ter. Arrows are present to show the optical connection, which
exist only when a reflector is located above the unit.

For the 4X8 array shown, 8 source busses Source l-5Source
8 are provided. In accordance with the invention, each source
bus is connected to the source lines 1 and 3 of each unit 1n a
column. Thus, Source 1 bus 1is connected to the source leads 1, 3
of units Ul, U9, Ul7, U25. The other source bus connections are

evident from Fig. 4.
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Sink busses 1-4 are provided for the LEDs, but connected
to the LEDs in a pattern to space the connected LEDs apart,
preferably as far apart as possible. Thus, the Sink 1 bus is
connected to the LED Sink leads 4 of units Ul, U5, Ul1l2, Ulé6, Ul9,
U23, U26, and U30; Sink 2 bus to units U2, U6, U9, Ul3, U20, U24,
U27 and U31l; and so on. In addition, 8 detector busses Det 1-8
are provided, each detector bus being connected to alternate
units in a row, i.e., two detector busses per row. Thus, Det 1
bus is connected to the detector sink leads 2 of units Ul, U3, U5
"and U7 in'row 50; Det 2 bus to units U2, U4, U6 and U8 in row 51;
Det 3 and 4 busses to rows 52 and 53 1in a simlilar arrangement.

Thus, for the 32 units shown, instead of 128 connections,
only 8+4+8=20 lines to the external system controller 60 are re-
quired, a saving of 108 lines to the controller.

In a typical operation, the controller 60 would activate
Source bus 1 by applying 5 volts to it. Either the detector
busses would be selected depending on position and function of

the unit, or all detector busses could be connected to a suitable

circuit for reading analog currents, or for converting the analog
currents via an A/D converter to a digital value and then reading
the digital value. These circuits typically would be connected
between the detector busses and the controller, with the
resultant digital value passed on to the controller. 1In eilther
case, at this point in time, none of the LEDs are activated,

since none of the sink busses are grounded. Even though all of

the detectors may be active, the only current flowing 1n the 8
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‘detector busses is that due to ambient or ﬁackground radiation.

Desirably, this value 1s measured during a first time interval,
to be used as a reference.

Next, one LED sink bus 1s activated, as by grounding, say
Sink 1. The only LEDs emitting would be those whose source lead
and sink lead are both activated. For the case illustrated,
Source 1 bus activates units Ul, U9, Ul7, U25; Sink 1 bus ac-
tivates units U1, U5, Ul1l2, Uleé, Ul9, U233, U26, U30; it is thus
evident that only unit Ul has its LED source and sink lines si-
multaneously activated; thus only the LED in Ul turns on. Assum-
ing, as 1is typical, that the background current in the detector
bus Det 1 connected to unit Ul only comes from one unit in the
row, namely Ul, this would amount to about 1uA of current, be-
cause U3, U5, U7 do not have any source power. With, say, a
white document positioned over unit Ul as shown in Fig. 2, and
with the diode pulsed hard, which 1s possible 1f the pulse width
is short, the current generated by detector D1 is of the order of
10mA providing an excellent signal with excellent signal/noise
(S/N) ratio.

Summarizing, even though the number of connections has
been drastically reduced, it is possible to turn on any single
LED or detector desired in the 32 unit matrix, and it is possible
to read the current 1in its adjacent detector and obtain a high
S/N ratio by activating only a subset of the detectors in the

matrix.
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As explained in connection with the Fig. 3 arrangement,
it is sometimes desirable to read the current in the detectors on
opposite sides of the selected LED, thus detectors D1 and D2 when
El is turned on. This 1s easily aéhieved in the circuit con-
figuration shown in Fig. 4, because alternate units 1n a row are
connected to different detector lines. Thus, assuming Ul cor-
responds to the first unit in the Fig. 3 array, and U2 cor-
responds to the second unit, Det bus lines 1 and 2 if separately
or sequentially read when Source 1, Source 2 and Sink 1 busses
are activated, will enable the controller 60 to read just the
currents from the detectors i1n units Ul and U2 and thus be able
to determine the position of member 25. This may require the se-
quential activation of several LEDs and the sequential reading of
several detectors.

The selected activation and reading would typically be
done by the controller 60, typically a programmed or programmable
microcontroller, by applying, for example, a 5 volt pulse to the
desired source busses, ground or a negative voltage to the
desired sink busses, and 1f desired ground via a series load
resistor to each of the detector busses. Thus, by appropriate
programming of the controller, for example a microcontroller such
as the 8051, the units can be selectively activated and read 1in
any desired sequence or pattern.

While the problems are most severe when the units are
stacked together in an array, when the units are scattered

throughout a machine, such as a document handling or mail hand-
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ling machine, each performing separate functions, such as detect-
ing the leading and trailing edges of documents, or the presence
of documents in a hopper or at a particular station, it greatly
simplifies the circuitry if for the 32 units 1llustrated only 20
busses are necessary, and thus the LED of each unit can be selec-
tively turned on and the detector of that unit read on a cyclical
basis over a time interval reserved by the microcontroller for
that function.

The number of detector lines shown 1n Figure 4 could be
reduced to two if ambient light is not present, and could even be

reduced to one if there were no requirement to turn on one LED

and look at two detectors. The invention 1s not limited to the
4X8 dimensional array shown. It obviously can be applied to as
few as 4 units, connected 1n one row or 1in a 2X2 matrix. In the
single row arrangement, 4 source busses, 2 detector busses and 2-
4 sink busses would be required, still well below the 16 connec-
tions needed. In the 2X2 matrix, the bus count could be reduced
to 8, with 2 source busses, 4 detector busses, and 2 sink busses.
There is no upper limit to the number of units possible, provided
that the detector lines are grouped to avoid excessive background
current. Another implementation for mapping the profile of an
envelope flap in a high speed mixed mail handling machine employs
23 units arranged in 3X8 array (with the 24th unit omitted)
employing 8 source busses, 4 sink busses and 2 detector busses.
Also, the units involved are not limited to LEDs and

silicon transistors, though such units are commonly available
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'nowadays at low cost. Obviously, other radiators, activated by
current or voltage, can be substituted for the LEDs, and other
radiation sensitive detectors for the silicon transistors. The
dimensions given in the specific example are not limiting. Other
geometries of such units exist for detecting the presence of a
reflector surface at a closer or a further distance.

One of the features of the invention is that it is pos-
sible to add to the circuit other electrically activated detec-
tors that can be selected as desired. For instance, a common
sensor is a Hall-effect detector, activated by a magnetic field,
which comprises an IC containing a Hall-effect device and an
amplifier, and typically contains three leads, of which one
receives power of for example 5 volts, the second ground, and the
third 1s the output lead which carries a current dependent upon
the presence or absence of a local magnetic field. Such a unit
is depicted in Fig. 4 at 40, as S1, with 41 the power lead, 42 a
permanent ground, and 43 the output. In the configuration shown,
unit 40 can be activated when U25 1s activated by activating the
source 1 bus. By reading the current on lead 43, the state of
the Hall-effect detector 40 can be determined. Thus, the system
readily accommodates not only a multiplicity of combination units
Ul-U32, but also one or more other electronically activated
sensors such as 40.

Different types of detectors may require different types
of signal processing and it may be desirable for certain applica-

tions to group different types of detectors together. For exam-
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“ple, the Hall device 40 could have an analog output but in the
present application it has a digital output and is connected to a
separate detector line. But, seven more Hall devices could 1if
desired be conhected to the saﬁe detector line as long as eéch
one used a different source voltage by being connected to another
of the eight available source lines in the particular circuit 11-
lustrated in Fig. 4.

As mentioned above, the sensors can be arranged closely
adjacent one another to form a single array performing a single
function, such as the flap profiler described in the copending
application, or the sensors can be performing different functions
in a single system under control of the controller 60. Sensing
need not be continuous, but can be periodic if the period is
chosen smaller than the expected event time. ‘The multiplexing
scheme described not only reduces connections but also reduces
the controller overhead. Moreover, by pulsing the LEDs with a
small duty cycle, they can be driven harder thus emitting more
light to increase the S/N ratio. The common connection of both

source leads 1, 3 in Fig. 3 to the same source bus also helps
reduce connections. Typically, these would be turned on first,
together with the desired detector bus, and the detector current
due to ambient light recorded, following which the desired LED
sink line would be grounded to produce LED radiation, and a sec-
ond reading of the detector current made and compared with the
ambient value. The above sequence would take place each cycle,

say once each millisecond, and would consume only, say, about 20
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uS. Thus, many sensors could be activated and read during each
millisecond interval. As an alternative, the detector lines can
be maintailned active continuously, and read just before and dur-
ing the adjacent LED activation, by polling under the control of
the controller.

While the invention has been described and illustrated in
connection with preferred embodiments, many variations and modi-
fications as will be evident to those skilled in this art may be
made therein without departing from the spirit of the invention,
and the invention as set forth in the appended claims is thus not
to be limited to the precise details of construction set forth
above as such variations and modifications are intended to be in-

cluded within the scope of the appended claims.
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what is claimed is:

1. Driver circuitry for multiple sensors comprising:

a plurality of sensors each comprising radiation generat-
ing and radiation detecting means and source leads for applying
source current to the radiation generating and detecting means
and sink leads for the source current,

said sensors being arranged in a matrix of rows and
columns,

a plurality of source busses,

a plurality of sink busses,

a plurallty of detector busses,

means connecting each of the source busses to the radia-
tion generating source leads of one of the columns of sensors,

means connecting the detector sink leads of alternate
" gensors in a row in common to cne of the detector buases.

2. The circuit of claim 1 wherein the number Of sourcs
busses equals the number of columns.

3. The circuit of claim 1 wherein the source leads of
the detector are connected to the same bus as the source leads of
the generator.

4. The circuit of claim 1 wherein the sink leads of ad-
jacent generators are connected to different sink busses.

5. The circuit of claim 4 wherein the connections to the

generator sink leads are configured such that generators in ad-

jacent rows and columns never generate at the same time.
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6. The circult of claim 1 wherein the generators are

LEDs, and the detectors are silicon deteactors.

7 The circuit of claim 6 wherein Hall-effect detectors

are connertad to the matrix.

8. The circuit of claim 6 wherein the LEDs and gilicon

detectors are packaged together and face a common gsurface.
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