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MODULAR OPTICAL TOUCH PANEL 
STRUCTURES 

CROSS-REFERENCE TO RELATED 
APPLICATION 

This application claims priority to U.S. Provisional Patent 
Application Ser. No. 61/920,431, filed Dec. 23, 2013, the 
contents of which are incorporated herein by reference. 

FIELD OF INVENTION 

This invention relates generally to electronic devices. 
More particularly, this invention relates to modular optical 
touch panel structures. 

BACKGROUND OF INVENTION 

A number of systems in different fields can be represented 
as a sequence of repeated modules or units. For example, in 
the case of network topologies the units are referred to as 
nodes. Two typical examples of network topologies are the 
bus and the ring. 

In the prior art bus topology of FIG. 1, the nodes 10 of the 
network are connected via a shared communication line 12 
called a bus. This is the simplest and generally the easiest 
way to connect multiple nodes, although it requires man 
agement of collisions that happen when more than one node 
10 attempts to use the bus 12 at the same time. 

In the prior art ring topology of FIG. 2, each node 10 is 
connected to exactly two other nodes, forming a single loop 
14. It is possible to imagine a ring topology as formed 
starting from a bus topology by connecting the last node to 
the first. 

Either topology, or any different one, can be implemented 
on hardware, by physically connecting the nodes accord 
ingly, or on a virtual layer. The latter means that for example 
it is possible to implement a virtual ring topology even 
though the nodes are actually connected on a bus topology. 

It would be desirable to utilize new topologies for elec 
tronic components. More particularly, it would be desirable 
to provide new modular optical touch panel structures. 

SUMMARY OF THE INVENTION 

An apparatus has a first ring of infrared emitters and a 
second ring of infrared detectors positioned adjacent to the 
first ring. A controller applies signals to the first ring and 
collects signals from the second ring. 
A method includes forming a serial string of infrared 

emitters in a first ring and constructing a serial string of 
infrared detectors in a second ring. The first ring is posi 
tioned adjacent to the second ring. At least one controller is 
attached to the first ring or the second ring. 

BRIEF DESCRIPTION OF THE FIGURES 

The invention is more fully appreciated in connection 
with the following detailed description taken in conjunction 
with the accompanying drawings, in which: 

FIG. 1 illustrates a prior art bus topology. 
FIG. 2 illustrates a prior art ring topology. 
FIG. 3 illustrates a double ring topology in accordance 

with an embodiment of the invention. 
FIG. 4 illustrates a double ring topology with a control 

node utilized in accordance with an embodiment of the 
invention. 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

2 
FIG. 5 illustrates a double ring topology with multiple 

controller nodes utilized in accordance with an embodiment 
of the invention. 

FIG. 6 illustrates an emitter node configured in accor 
dance with an embodiment of the invention. 

FIGS. 7(A)-7(C) illustrate emitters utilized in accordance 
with embodiments of the invention. 

FIG. 8 illustrates emitter nodes connected in parallel. 
FIG. 9 illustrates a detector node configured in accor 

dance with an embodiment of the invention. 
FIGS. 10(A)-10(D) illustrate detectors utilized in accor 

dance with embodiments of the invention. 
FIG. 11 illustrates detectors connected in parallel in 

accordance with an embodiment of the invention. 
FIG. 12 illustrates an emitter node with a command 

decoding element. 
FIG. 13 illustrates a shift register architecture utilized in 

accordance with an embodiment of the invention. 
FIG. 14 illustrates a detector node with a command 

decoding element and the command-forwarding element. 
FIG. 15 illustrates a double ring configuration utilized in 

accordance with an embodiment of the invention. 
FIG. 16 illustrates a double ring configuration with a 

single controller. 
Like reference numerals refer to corresponding parts 

throughout the several views of the drawings. 

DETAILED DESCRIPTION OF THE 
INVENTION 

FIG. 3 illustrates a double ring topology of infrared (IR) 
emitting nodes 12 and IR detecting nodes 14 encased in a 
deformable material 15 that allows for the evaluation of 
haptic pressure. This topology allows one to sequentially 
activate the IR emitters, and to read in sequence from the IR 
detectors. 

FIG. 4 illustrates a control node 20 connected to the 
double ring. The control node 20 is responsible for sending 
the signals to activate and deactivate the IR emitter nodes 12 
and to read from the IR detector nodes 14. Advantages of 
this configuration include: 

it is possible to count the IR emitter nodes 12 and the IR 
detector nodes 14; 

nodes can be seamlessly added to the system on either of 
the rings; and 

the controller node can be connected between any two 
nodes of either ring; 

As shown in FIG. 5, the controller node 21 for the ring of 
IR emitter nodes 12 can be considered distinct from the 
controller node 22 for the ring of IR detector nodes 14. In 
Some practical applications, however, the two controller 
nodes will need to communicate and/or be synchronized and 
thus it may be practical to implement them in a single 
device. 
An IR emitter node 12 needs to be able to communicate 

with the ring, receiving and forwarding commands. Further 
more, such node needs to be able to opportunely emit IR 
light. Hence, a basic IR emitter node 12 will comprise a 
command-decoding element 121, a command-forwarding 
element 122, and an IR emitting element 123, as shown in 
FIG. 6. 
The IR emitting element 123 will in general contain an IR 

emitter 1231, as shown in FIG. 7(a). A light emitting diode 
(LED) 1231 may be connected to a switching circuit 1232, 
such as a power transistor. The IR emitter 1231 may require 
a polarization circuit 1233, for example a resistive load. 
FIGS. 7(A)-(C) show three example configurations for an IR 
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emitting element 1231. In many cases, it will be advanta 
geous to use the configurations in FIG. 7(B) or FIG. 7(C), 
because the polarization circuit 1233 may be shared among 
many IR emitting elements, as shown in FIG. 8. 
An IR detector node 14 needs to be able to communicate 

with the ring, receiving and forwarding commands. Further 
more, such node needs to be able to detect IR light and 
convert it to an opportune signal, which the node needs to be 
able to send along the ring to the rest of the system. Hence, 
a basic IR detector node 14 will include a command 
decoding element 141, a command-forwarding element 142, 
and an IR converting element 143, as shown in FIG. 9. 
The IR converting element 143 will in general contain a 

circuit or structure 1431 that is able to convert the IR signal 
received to a signal that can be transmitted to the rest of the 
system. Often, this will be an electrical signal, and the 
structure 1431 may be a photodiode or a phototransistor, as 
shown in FIGS. 10(A) and 10(B). The IR converting element 
143 will in general also contain a switching circuit 1432, for 
example a power transistor, to selectively connect the output 
of the structure 1431 to the rest of the system. Moreover, the 
IR converting element 143 will often contain a polarization 
circuit 1433, for example a resistive load. FIGS. 10(A) 
through 10(D) show four example configurations for an IR 
converting element 143. In many cases, it will be advanta 
geous to use the configurations in FIG. 10(B) or FIG. 10(D), 
because the polarization circuit 1433 may be shared among 
many IR emitting elements, as shown in FIG. 11. 

In the simplest case, each IR emitter node 12 contains 
only one IR emitting element 123, and each IR detector node 
14 contains only one IR converting element 143. In those 
CaSS 

the command-decoding element 121 and the command 
forwarding element 122 of the IR emitter node 12 may 
be implemented together as a single flip-flop; 

the command-decoding element 141 and the command 
forwarding element 142 of the IR detector node 14 may 
be implemented together as a single flip-flop. 

Both these configurations would also use a timing, or 
clock, signal, shared among all nodes of each ring, and, 
optionally, a reset signal. 

Different configurations are of course possible, in which, 
for example, each IR emitter node 12 contains more IR 
emitting elements 123, and/or each IR detector node 14 
contains more IR converting elements 143. In these cases, 
the command-decoding element 121 and the command 
forwarding element 122 of the IR emitter node 12 may be 
implemented as separate circuits. Likewise, the command 
decoding element 141 and the command-forwarding ele 
ment 142 of the IR detector node 14 may be implemented as 
separate circuits. 

FIG. 12 shows an example configuration for an IR emitter 
node 12 in which the command-decoding element 121 and 
the command-forwarding element 122 have been imple 
mented together as a single flip-flop 1212. The configuration 
of the IR emitting element 123 is supposed to be similar to 
what was shown in FIG. 8, in which the polarization circuit 
1233 is shared among many IR emitting elements along the 
ring: as such, it is represented outside the IR emitter node 12. 
Upon receiving an opportune transition on the clock signal, 
the flip-flop 1212 outputs on its Q terminal the signal it has 
as input on its D terminal. When the Q output of the flip-flop 
1212 is at an opportune level (for example a logic high 
level), the switching circuit 1232 connects the IR emitter 
1231 to the polarization circuit 1233, causing its activation; 
on the other hand, when the Q output is at the other level (for 
example a logic low level), the switching circuit 1232 is 
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4 
open, and the IR emitter 1231 is deactivated. Assuming the 
ring to be a sequence of IR emitter nodes as those repre 
sented in FIG. 12, at each opportune transition of the clock 
signal, the signal at the Q output of the flip-flop 1212 of an 
IR emitter node 12 will appear at the Q output of the flip-flop 
1212 of the next IR emitter node 12. This is similar to a 
common implementation of a Single-Input-Single-Output 
(SISO) shift register, as shown in FIG. 13. 

FIG. 14 shows an example configuration for an IR detec 
tor node 14 in which the command-decoding element 141 
and the command-forwarding element 142 have been imple 
mented together as a single flip-flop 1412. The configuration 
of the IR converting element 143 is similar to what was 
shown in FIG. 11, in which the polarization circuit 1433 is 
shared among many IR converting elements along the ring: 
as such, it is represented outside the IR detector node 14. 
Upon receiving the opportune transition on the clock signal, 
the flip-flop 1412 outputs on its Q terminal the signal it has 
as input on its D terminal. When the Q output of the flip-flop 
1412 is at an opportune level (for example a logic high 
level), the switching circuit 1432 connects the IR converting 
circuit 1431 to the output line: the information from the IR 
detector node is then available to be read on the ring. On the 
other hand, when the Q output of the flip-flop 1412 is at the 
other level (for example a logic low level), the switching 
circuit 1432 is open, and the IR converting circuit 1431 is 
not connected to the output line of the ring. Assuming the 
ring to be a sequence of IR detector nodes, at each opportune 
transition of the clock signal, the signal at the Q output of the 
flip-flop 1412 of an IR detector node 14 will appear at the Q 
output of the flip-flop 1412 of the next IR detector node 14. 
This is similar to a common implementation of a SISO shift 
register, as shown in FIG. 13. 

In general, the controller node 21 for the ring of IR emitter 
nodes 12 is able to determine the number of IR emitter nodes 
12 connected on its ring, by sending an opportune instruc 
tion sequence and analyzing the information returned by the 
ring. For example, in the case in which the IR emitter nodes 
12 are implemented as represented in FIG. 12, the controller 
node 21 may be able to determine the number of nodes by: 

a. Sending a single high value to the command input 
(corresponding to the D port of flip-flop 1212) of the 
first node: 

b. Counting the periods of the clock signal until it receives 
a single high value from the command output. 

Similarly, the controller node 22 for the ring of IR 
detector nodes 14 is able to determine the number of IR 
detector nodes 14 connected on its ring by sending an 
opportune instruction sequence and analyzing the informa 
tion returned by the ring. For example, in the case in which 
the IR detector nodes 14 are implemented as represented in 
FIG. 14, the controller node 22 may be able to determine the 
number of nodes in a process similar to the one described 
above. 

In many practical implementations of the double ring 
topology described here, IR emitter nodes 12 and IR detector 
nodes 14 may be implemented in a single double ring node 
16, as shown in FIG. 15. In this case, it would also be 
practical for the two controller nodes 21 and 22 to be 
implemented as a single controller circuit 20, as shown in 
FIG. 16. 

In the case described above, in which double ring nodes 
16 are used, it is possible to see that, starting from a 
controller node 20, it is possible to add double ring nodes 16 
one after the other seamlessly, and then close the ring by 
connecting the last double ring node 16 back to the control 
ler node 20. Likewise, it is possible to remove double ring 
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nodes 16 without destroying the ability of the system to 
operate as long as the ring is closed again afterwards. This 
is useful in a number of practical cases in which it might be 
useful to produce the double ring nodes 16 as single mod 
ules, and then add as many as are needed in the specific 
application. This has clear benefits where the cost or com 
plexity of designing and producing a whole system tailored 
for the specific application would be impractical. If the 
double ring is implemented as a virtual layer, a ring may be 
automatically closed upon addition or removal of nodes. 
The double ring topology may include processing nodes, 

either as part of the emitter or detector nodes, or as stand 
alone nodes. These processing nodes may take information 
from the control nodes, from the emitter nodes and from the 
detector nodes and perform operations using that informa 
tion, or part of it. These operations might be useful to reduce 
the computational load on the control nodes, or on process 
ing units in a larger system that the double ring is a part of. 
For example, the nodes can normalize the data read with 
respect to a known bias. Further examples may include, 
tuning an amplification or signal conditioning stage based on 
the signals read at previous times, tuning the characteristics 
of the polarization circuit of a node, or a set of nodes, or all 
nodes, and deriving some information from a combination 
of signals read, to ease the computational load from other 
components of a larger system. In another embodiment, the 
processing node removes or adds nodes from a double ring 
implemented as a virtual layer. This may be done in response 
to the detection of a fault or to change an operational mode. 

In the field of optical touch sensors, this architecture 
allows one to seamlessly scale the size of the system without 
changing fabrication steps. For different sizes, it is possible 
to use more or fewer double ring nodes 16, which can be 
produced simply and easily assembled one to the other. This 
can allow the production of touch layers of different shapes 
and form factors, without having the requirement to develop 
a specific fabrication process. Consequences of this are: 

a clear advantage in terms of cost, because there is no 
need to develop a different process or plant for different 
layer sizes; 

an advantage in terms of design options, because shapes, 
form factors and sizes for the touch layer are not limited 
to a restricted selection dictated by the usual require 
ments of the market and, ultimately, the need for a 
different process for each shape or size. 

The disclosed configuration may be used to form a 
touchscreen that a user controls through gestured applied to 
the touchscreen. For example, the double ring structure and 
associated controller may be encased in a deformable mate 
rial (e.g., a polymer). A user can deploy the touchscreen by 
reacting to what is displayed. Gestures applied to the touch 
screen can provide input to a system. Thus, the touchscreen 
enables a user to interact directly with what is displayed. 
Accordingly, the touchscreen may be used in game consoles, 
personal computers, tablet computers, Smartphones, per 
Sonal digital assistants, satellite navigation devices and 
electronic books. The deformable material allows for the 
evaluation of haptic pressure. A non-deformable material 
may also be used to for position sensing, but not pressure 
sensing. 
A specific example of an application of a touch sensor that 

would benefit from this architecture is in the automotive 
space. Supposing one wishes to use an optical touch sensor 
on a car's dashboard, for each car model one would have a 
different dashboard, hence one would have to build different 
touch sensors. Often, this requires modifications of equip 
ment and fabrication tools, at the very least in terms of their 
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6 
configuration, thus an increased cost. By using the architec 
ture proposed here, it would be possible to build double ring 
nodes 16 and just connect as many as are needed, in the 
position they are needed, and the controller node 20 would 
then take care of counting and operating them. The manu 
facturing of the double ring nodes 16 would be identical for 
each car model, thus decreasing the costs associated with 
setting up different production processes or lines. 

In Sum, the disclosed system has: 
a double ring topology of emitter and detector circuits, 
where each node includes the emitter (or detector) 
proper and further circuits to control it and transmit 
information along the ring; 

a controller with the ability to sit in the double ring 
topology, count the nodes of either kind, drive each 
emitter in a known fashion and read from each detector; 

the ability to seamlessly build double rings of any number 
of nodes, by adding or removing them, without destroy 
ing the functionality of the system. 

It is also noteworthy that: 
the concepts may be applied to any number of rings 

having nodes of 1, 2, 3, 4, . . . kinds; 
The nodes could be different from IR emitter or detectors 

(for example they could be microwave emitters and 
detectors); 

Implementing in the nodes more advanced functionalities 
(for example, IR detector nodes might include a circuit 
to normalize the data read with respect to a given bias). 

The foregoing description, for purposes of explanation, 
used specific nomenclature to provide a thorough under 
standing of the invention. However, it will be apparent to 
one skilled in the art that specific details are not required in 
order to practice the invention. Thus, the foregoing descrip 
tions of specific embodiments of the invention are presented 
for purposes of illustration and description. They are not 
intended to be exhaustive or to limit the invention to the 
precise forms disclosed; obviously, many modifications and 
variations are possible in view of the above teachings. The 
embodiments were chosen and described in order to best 
explain the principles of the invention and its practical 
applications, they thereby enable others skilled in the art to 
best utilize the invention and various embodiments with 
various modifications as are Suited to the particular use 
contemplated. It is intended that the following claims and 
their equivalents define the scope of the invention. 

The invention claimed is: 
1. An apparatus, comprising: 
a first ring of infrared emitters: 
a second ring of infrared detectors positioned within or 

around the first ring in a stationary relationship with the 
first ring; and 

a controller to apply signals to the first ring and to collect 
signals from the second ring, wherein the first ring of 
infrared emitters and the second ring of infrared detec 
tors are encased in a deformable material that allows 
for the evaluation of haptic pressure. 

2. The apparatus of claim 1 wherein the controller is 
configured to count the number of infrared emitters and the 
number of infrared detectors added to the first ring of 
infrared emitters and the second ring of infrared detectors. 

3. The apparatus of claim 1 wherein each infrared emitter 
has a command-decoding element, a command-forwarding 
element and an infrared emitting element. 

4. The apparatus of claim 1 wherein each infrared detector 
has a command-decoding element, a command-forwarding 
element and an infrared detecting element. 
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5. A method, comprising: 
forming a serial string of infrared emitters in a first ring; 
constructing a serial string of infrared detectors in a 

Second ring: 
positioning the first ring within or around the second ring; 5 
attaching at least one controller to the first ring or the 

second ring; and 
encasing the serial string of infrared emitters and the 

serial string of infrared detectors in a deformable 
material that allows for the evaluation of haptic pres- 10 
Sure and establishes a stationary relationship between 
the first ring and the second ring. 

6. The method of claim 5 further comprising adding an 
infrared emitter to the first ring and counting with the 
controller the infrared emitter added to the first ring. 15 

7. The method of claim 5 further comprising adding an 
infrared detector to the second ring and counting with the 
controller the infrared detector added to the second ring. 

k k k k k 


