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Field programmable gate array comprising plurality of functional blocks, and
control device for a power plant

The present invention concerns a field programmable gate array comprising plurality
of functional blocks at least one of the functional blocks comprising at least one function,
at least one of the functions using a parameter, wherein the functional blocks are adapted
to perform the at least one function in a calculation phase.

Further, the present invention relates to a control device for a power plant, in
particular a nuclear power plant, wherein the control device includes such a field
programmable gate array.

WO 2008/138420 A1 discloses a device for the dynamic reconfiguration of a radio
communications system. The device comprises functional blocks which may be
reprogrammed to switch from a transmission mode to a receiving mode or vice versa.

In the nuclear industry, project specific engineering tasks currently are performed
using CPU based instrumentation and control platforms with the help of signal flow
oriented human readable diagrams, for example based on IEC 61131 function block
diagrams (FBDs). A toolchain automatically translates these diagrams into C-code that
can be compiled and run on a CPU based safety instrumentation and control system. The
binary result of the whole tool chain is highly predictable, so that the methodology can be
qualified for safety applications.

However, for field programmable gate arrays (FPGA), due to the nature of FPGAs
and their toolchains even small changes on the design entry level may lead to previously
unpredictable, completely different timing characteristics of the final chip. Therefore,
FPGAs are rarely used in the safety instrumentation and control industry using a diagram
based approach. Instead electronics experts are needed to do the FPGA design using
well known techniques based on hardware description languages such as VHDL (very
high speed integrated circuit hardware description language). This leads to fixed designs,
which may be reused under different circumstances only by performing very complex
project engineering tasks involving specialists not only from the application domain but
also from the FPGA design domain.

Furthermore, every FPGA design needs to be qualified very carefully by employing
complex development and verification processes. Typically, a qualification of an FPGA
needs a lot of effort.

Object of the invention is to provide a field programmable gate array that enables
proven diagram centric project specific engineering approach while still providing the
benefits of FPGA technology.
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In light of the above, the field programmable gate array comprising:
plurality of functional blocks at least one of the functional blocks comprising at least one
function, at least one of the functions using a parameter, wherein the functional blocks are
adapted to perform the at least one function in a calculation phase;
a data conveyor comprising a plurality of data slots, wherein each functional block is, in a
data transfer phase, adapted to receive input data from one or more predefined first slots
and/or to provide output data into one or more predefined second slots; and
a configuration circuit adapted to configure the parameter for the at least function using
the parameter and to define the one or more first slots and/or the one or more second
slots for at least one functional block, wherein
the field programmable gate array is adapted to cyclically repeat the data transfer phase
and calculation phase.

According to further embodiments, the invention may include one or more of the
following features in any technical possible combination:
- the configuration circuit is adapted to define the one or more first slots and/or the one or
more second slots of a plurality, in particular all functional blocks;
- at least one functional block is adapted to receive input data from at least two first slots
or to provide output data into at least two second slots, wherein at least two slots of the
first slots or the second slots are not adjacent to each other;
- at least one functional block is adapted to receive as input data output data of at least
two functional blocks;
- the first and/or second slots are time slots, and/or the functional blocks are, in at least
two subsequent data transfer phases, for example all data transfer phases, adapted to
receiving input data respectively from the same one or more predefined first slots and/or
providing output data into respectively the same one or more predefined second slots.
- the data conveyor includes a multiplexer and/or includes a central element of a
distributed multiplexer structure;
- the data conveyor includes at least one OR gate having a plurality of input ports,
wherein the output port of a plurality of a functional blocks is connected to the input ports
of the OR gate;
- each functional block includes at least one data inbox, in particular as input shift
register, for the input data and/or at least one data outbox, in particular as an output shift
register, for the output data;
- at least one function of the functional blocks is adapted to read the at least one input
data, in particular from the data inbox, to perform a task on the at least one input data,
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and to provide the result of the task as the at least one output data, in particular in the
data outbox;

- the at least one function an binary function for binary logic operations, a compare
function, a voting function, a calculation function and/or a binary memory;

- the field programmable gate array is adapted to perform the at least one function of all
functional blocks concurrently;

- at least one functional block, in particular a plurality of functional blocks, is a or are input
block(s), wherein each input block is adapted to receive data from devices external to the
field programmable gate array and to extract the data for at least one functional block
performing a function, and wherein at least one functional block, in particular a plurality of
functional blocks, is a or are output block(s) adapted to transform output data from at least
one functional block performing a function for devices external to the field programmable
gate array; and/or

- the configuration circuit is adapted to retrieve the configuration data from an external
memory being external to the field programmable gate array.

According to another aspect, a control device for a power plant, in particular a
nuclear power plant, wherein the control device includes a field programmable gate array
according to embodiments disclosed herein.

Using the FPGA design according to the invention results in significantly lower
engineering costs compared using individually programmed FPGAs. In particular, FPGA
based devices which may be programmed using diagram centric programming may be
used in a power plant, in particular a nuclear power plant.

In particular in contrast to typical FPGA use cases, the flexibility of the circuit is
reduced, but still great enough to adapt the FPGA to a specific project in the domain of
power plants, in particular nuclear power plants, instrumentation and control systems. For
a field programmable gate array according to the invention, the qualifying effort is
substantially reduced as it may be done before configuring the FPGA for a specific
project.

According to the invention, the FPGA implements a plurality of functional blocks,
which may be connected in a configurable way to each other according to the project, for
example via a time multiplexing circuit using fixed (configurable) slots for the input and
output of each functional block. However, this adapting of the FPGA does not need a
modification of the basic circuit based on VHDL. In other words, the FPGA circuits may be
qualified, and the detailed configuration may be performed in each project. The FPGA
may include a superset of all logic blocks needed for different projects.
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According to an embodiment, a small configuration circuit or memory may adapt
individually each functional block as specified for a respective project.

Further advantages, features, aspects and details are evident from the dependent
claims, the description and the drawings.

So that the manner in which the above recited features of the present invention can
be understood in detail, a more particular description of the invention, briefly summarized
above, may be read by reference to embodiments. The accompanying drawings relate to
embodiments of the invention and are described in the following:

Fig. 1 shows schematically a flow chart of an embodiment of an FPGA according to
the invention;

Fig. 2 shows a schematic block diagram of an embodiment of an FPGA according to
the invention;

Fig. 3 shows a schematic block diagram of an embodiment of a data conveyor;

Fig. 4 shows a schematic block diagram of a further embodiment of a data conveyor;

Fig. 5 shows a schematic block diagram of a another embodiment of a data
conveyor;

Fig. 6 shows in more detail a schematic block diagram of an embodiment of an
FPGA according to the invention using the data conveyor of Figure 5; and

Fig. 7 shows schematically a block diagram of a functional block of an FPGA
according to the invention using the data conveyor of Figure 5.

It is contemplated that elements of one embodiment may be advantageously utilized
in other embodiments without further recitation.

Figure 1 shows a schematic flow chart of an embodiment of an FPGA (field
programmable gate array) 1 according to the invention.

The FPGA 1 includes a plurality of functional blocks 10a, 10b, 10c, 10d. Further, the
FPGA 1 includes specific functional blocks, namely an input block 20 and an output block
30. Each functional block 10a-d, the input block 20 and the output block 30 includes at
least one function or operator 12a, 12b, 12c, 12d, 22, 32 to be performed on data
received.

The functional blocks 10a-d may implement instrumentation and control related
functions, such as voting 2004 digital input signals, one or more digital gates (AND, OR,
etc), one or more floating point units performing calculations such as a square root or
logarithm , one or more threshold comparators or calculations steps as a function 12a-d.

The function or operator 12a-d are provided as a hard coded circuit in the FPGA 1.
Each function 12a-d is adapted to calculate one or more output data from one or more
input data. The output data of the functional blocks 10a-d is provided to one or more data
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outboxes 14a, 14b, 14c, 14d. The input data of the functional blocks 10a-d is received or
read from one or more data inboxes 16a, 16b, 16c, 16d.

The input block 20 is, according to an embodiment, connected to a first external
communication line 26, which is external to the FPGA 1 and which provides data to be
treated to the FPGA 1. The data may be provided in an arbitrary protocol or it may be
even represent analogue data.

According to an embodiment, the input block 20 may comprise as a function or
operator 22 a converter to convert the format from the first external communication line 26
to the internal data format that are used by the functional blocks 10a-d. For example, the
converter may be a converter to extract data received from an optical fiber or from a bus,
or from different input formats or protocols, so that the data can be treated by the
functional blocks 10a-d. The converted data is put into at least one data outbox 24.

The output block 30 provides the output data read from at least one inbox 36 to a
second external communication line 34, which is external to the FPGA. For example, the
second external communication line may be a specific bus, for example an optical fiber. In
other embodiment, the second external communication line 34 may be an analog
connection. In other embodiments it is a binary connection. Thus, the output block 30 may
comprise as a function or operator 32 a converter to convert the data from the internal
data format to a data suitable for the first external communication line 34. For example,
the function 32 may include a packaging function for a specific protocol.

Further, the FPGA 1 includes a data conveyor 40. According to an embodiment,
which may be combined with other embodiments disclosed herein, the data conveyor
includes a plurality of slots 42. The number of slots is for example at least 256 for example
between 512 and 4096. Each slot 42 may convey one or more bits. According to an
embodiment, the data conveyor includes at least two groups of slots. A first group of slots,
for example between 512 to 4096 slots, are binary value slots and a second group of
slots, for example 64 to 2048 slots, are analog value slots. The analog value slots may
have a width of at least 32 bits. The binary value slots may have a width of one or two
bits.

Each functional block 10a-d and the output block 30 is configured to receive or to
read, during at least one first processing period, data from one or more predefined slots
42 into their respective one or more inboxes 16a-d, 36.

Each functional block 10a-d and the input block 20 is configured to provide, during at
least one second processing period, data from their one or more outboxes 14a-d, 24 into
one or more predefined slots 42 of the data conveyor 40.
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Thus, each functional block 10a-d, the input block 20 and the output block 30 are
adapted to receive input data, respectively to provide output data into a plurality of slots
42 of the data conveyor 40 according to their respective parametrization or configuration.
In other words, any functional block 10a-d, 20, 30 can be configured to use any slot of the
data conveyor 40 for the input data or output data.

In other embodiments, the operation to provide the data to the one or more
predefined slots and to read the data from the one or more predefined slots 42 may in a
combined first and second processing period, which may be further divided in sub-
periods.

According to an embodiment, the performing of the calculations on the data in the
functions 12a-d, 22, 32 are performed in parallel. For example, the calculations in the
functions 12a-d, 22, 32 are performed in a third processing period.

The first, second (or combined first and second) processing period and the third
processing period are repeated in the same manner. In every first, second combined first
and second and third processing period, the functional blocks perform the same
operations, only using different values, which are provided or stored in the respective
slots.

For example, the data conveyor providing a number of slots 42 is written and read in
a strictly timed manner according to a central configuration. In other words, it is centrally
determined, when the data exchange between the data conveyor 40 and the inboxes 16a-
d, 36 and outboxes 14a-d, 24 take place and when the functions 12a-d, 22, 32 are
performed in the functional blocks 10a-d, and in particular in the input block 20 and the
output block 30. Therefore, there exist a data transfer phase, which includes the at least
one first and second processing period, and a calculation phase, which includes the third
processing period. According to an embodiment, the transfer phase and the calculation
phase are alternatingly performed in the FPGA 1.

According to an embodiment, a configuration circuit (not shown in Figure 1) is
adapted to set the parameters in the respective functional blocks 10a-d the output block
20 and the input block 30. For example, the configuration circuit is adapted to
parameterize the functions of the functional blocks 10a-d according to a predefined set of
parameters, such as, for example threshold values for a threshold comparator. Further,
the configuration circuit is adapted to define or set the slots 42 for the output data for each
functional block 10a-d, 20, 30. In other words, the configuration circuit is adapted to store
and to set the assignment of outboxes 14a-d, 24 to the respective slots 42 of the data
conveyor and the assignment of the slots 42 to the respective inboxes 16a-d, 36.
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For example, the configuration circuit is adapted to read from a memory, for example
a non-volatile memory, the configuration parameters, which include the parameter for the
functions 12a-d, 22, 32 and the assignments of the input data or data inboxes and output
data or data outboxes to the slots 42 of the data conveyor 40.

Thus, during a project, only the configuration parameters have to be modified,
whereas the FPGA remains unchanged, as well as the circuit in VHDL.

According to an embodiment, if a functional block 10a-d is not needed for a specific
project it is statically disabled to access the data conveyor 40. For example an AND gate
may be used for that purpose.

Figure 2 shows an embodiment of an FPGA 100, in which a data conveyor 140 is
represented in a different manner. The same features are provided with the same
reference signs as in Figure 1 increased by 100 unless designated otherwise. The
features of embodiment of Figure 2 may be combined with other embodiments disclosed
herein. Figure 2 shows a possible spatial distribution of the different blocks in the FPGA
100.

The FPGA 100 includes a plurality of functional blocks 110a-h. However, it should
be noted that the number of functional blocks is not limited to eight. The FPGA 100 may
also include more or less functional blocks 110a-h. Each functional block 110a-h is
connected with an input line 114a-h to the data conveyor or bus 140 to receive the input
data. Further, each functional block 110a-h is provided with an output line 116a-h to the
data conveyor 140 to provide output data to the data conveyor 140.

According to the embodiment shown in Figure 2, the FPGA includes four input
blocks 120a, 120b, 120c, 120d and four output blocks 130a, 130b, 130c, 130d. The
number of input blocks and output blocks is in an embodiment identical. In other
embodiments, the number of input blocks and output blocks may differ from each other. In
another example, the FPGA 100 may include more or less than four input blocks and/or
more or less than four output blocks.

Each input block 120a-d is provided with an output line 126a-d to provide data
received from input pins 128a-d of the FPGA 100 to the data conveyor 140. For example,
the data provided to the input pins 128a-d may come from another FPGA or from 1/O
modules. The input blocks 120a-d convert the data received from the input pins 128a-d for
the usage in the data conveyor 140, for example as described here-above with respect to
Figure 1.

In the opposite manner, each output block 130a-d is provided with an input line
134a-d to receive data from the data conveyor 140. The data is transformed or converted
to other formats or protocols, for example as described for the embodiment in Figure 1, to
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provide it to the output pins 138a-d of the FPGA. The data may be then used by other
external devices (not shown in Figure 2), for example another FPGA.

In an embodiment, the FPGA 100 includes a configuration circuit 150. The
configuration circuit is adapted to be connected to a configuration memory 152, for
example a non-volatile memory 152. In an example, which may be combined with other
embodiments disclosed herein, the configuration memory 152 is external to the FPGA
100.

The configuration circuit 150, is adapted to configure the parameters of all functional
blocks 140a-h, the input blocks 120a-d and the output blocks 130a-d. For example, the
configuration circuit 150 is adapted to provide the parameter of a function to be executed
by one or more, in particular all, functional blocks 140a-h. In some embodiments, the
configuration circuit 150 is adapted to assign the inboxes and outboxes of the functional
blocks 140a-h, the input blocks 120a-d and the output blocks 130a-d to the respective
slots of the data conveyor 140.

In an embodiment, all the parameters needed for the configuration of the FPGA 100
are usually stored in the configuration memory 152. The configuration circuit 150 is
adapted to read the configuration memory 152 and subsequently set all the parameters in
the functional blocks 140a-h, the input blocks 120a-d and the output blocks 130a-d. For
example, the parameters stored in the configuration memory 152 may be also changed
during runtime to change the parameters of the functional blocks 110a-h, 120a-d, 130a-d.
For example, a threshold may change during runtime.

The FPGA 100 may further include a clock 160. According to an embodiment, the
clock may provide a central time signal and may define the calculation and the data
transfer phases, as discussed here-above. Typically, the latency is the same or at least a
multiple of a fixed quantum for all functional blocks 110a-h. According to an embodiment,
the clock 160 provides to each functional block 140a-h, the input blocks 120a-d and the
output blocks 130a-d a time or clock signal.

According to an embodiment, the FPGA 100 includes a test logic 170. The test logic
170 is connected to a test pattern memory 172, which is external to the FPGA 100. The
test pattern memory 172 stores test data, for example in the form of test vectors or test
patterns.

Typically, in an embodiment, which may be combined with other embodiments
disclosed herein, each functional block has its own resources, for example one or more
memory elements, one or more logic operation units, and/or one or more floating point
units, which are separated from the resources of the other functional blocks. For example,

each functional block or function has its own memory elements or floating point units.
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However, it is not necessary the each functional block has all available resources. For
example not every functional block may have a floating point unit. In other words, the
functional blocks, the input block and the output block do not share resources to perform
their tasks.

In the following, several embodiments of the data conveyor are disclosed.

Fig. 3 shows an FPGA 200 including a first embodiment of a data conveyor 240. The
same features are provided with the same reference signs as in Figure 1 increased by
200 unless designated and described otherwise. The features of embodiment of Figure 3
may be combined with other embodiments disclosed herein.

The FPGA 240 comprises a plurality of functional blocks 210a, 210b, 210c, 210d,
210e and a data conveyor 240. The data conveyor 240 is connected to each functional
block 210a-e with an input line 214a-e and an output line 216a-e. The input line 214a-e
and the output line 216a-e may have, for example, a data width of 32 bit. Also other data
widths may be used. In some embodiments, every functional block 210a-e provides the
output information in a serialized form. From the point of view of a functional block the
data 240 conveyor behaves like a memory. The data conveyor 240 is configured to route
the data to the correct input line 214a-e and receiving functional block 210a-e. Thus,
every functional block 210a-e needs only to implement a simple memory interface. In this
embodiment, there is no obligation to obey a strict and constant cycle time over the whole
device.

Fig. 4 shows another FPGA 300 including a second embodiment of a data conveyor
340. The same features are provided with the same reference signs as in Figure 1
increased by 300 unless designated and described otherwise. The features of
embodiment of Figure 4 may be combined with other embodiments disclosed herein.

The FPGA 300 includes a plurality of functional blocks, wherein each functional
block includes a data outbox 314a, 314b, 314c and a data inbox 316a, 316b, 316c. In
other embodiments, the FPGA 300 may include more or less functional blocks. For the
sake of simplicity, the data outbox and the inbox for each functional block are shown on
the left side and the right side respectively.

The data outboxes 314a-314c are connected with output lines 315a-c to the bus
master 342, which in turn is connected with input lines 317a-c to the respective data
inboxes 316a-c. For example, the input lines 317a-c and/or the output lines 315a-c may
have a band width 8 bit. In other embodiments, the input lines 317a-c and/or the output
lines 315a-c may have another band width.
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The data conveyor 340 comprises a bus master 342, which is adapted to ask every
data outbox 314a, 314b, 314c for data. Thus, the data outboxes 314a-c act merely as
slave.

The bus master 342 is connected to a clock or counter 344. In an embodiment, the
bus master 342 includes a multiplexer. The bus master 342 is adapted to serve one
functional block after another. When the bus master 342 reads data from a functional
block it samples the data word present in the outbox or the output line and acknowledges
successful sampling by issuing a pulse to the respective functional block. This enables the
functional block to provide the next data onto the output line or in the output box.

The bus master 342 is adapted to provide the data to the respective functional
blocks functions in a similar way one after the other. The bus master 342 includes a
memory element, which is adapted to perform the routing with the help of a configurable
address generator that defines a target address or target data inbox 316a-c.

Figs. 5 and 6 show a schematic block diagram of another FPGA 400 including a
second embodiment of a data conveyor 440. The same features are provided with the
same reference signs as in Figure 1 increased by 400 unless designated and described
otherwise. The features of embodiment of Figures 5 and 6 may be combined with other
embodiments disclosed herein. Figure 6 shows a more detailed view of the FPGA 400. It
should be noted that even the input block and the output block are not shown in these
figures, they are also connected in a respective way to the data conveyer, the clock and
the configuration circuit as the functional blocks. Thus, most of the features described with
respect to the functional blocks also apply to the input block and output block.

According to embodiments disclosed herein, the input blocks and output blocks are
considered as a specific embodiment of a functional block.

The FPGA 400 includes a plurality of functional blocks, wherein each functional
block includes a data outbox 414a, 414b, 414c and a data inbox 416a, 416b, 416¢. In
other embodiments, the FPGA 300 may include more or less functional blocks. For sake
of clarity, the data outboxes 414a, 414b, 414c and the inboxes 416a, 416b, 416¢ for each
functional block are shown separately on the left side and the right side of the figure
respectively.

Further, the FPGA 400 includes a clock or counter 460. The clock 460 is connected
to every functional block and in particular to the input blocks and the output blocks.

According to the embodiments disclosed herein, the data transmission is realized as
a distributed multiplexer structure. In another words, the function of the multiplexer is
distributed between different elements of the FPGA, namely a central element and at least
one element specific for each functional block, which controls the data to be provided to
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the central element. The functional block specific elements are connected to the central
element. For example, the functions of the multiplexer may be distributed between the
data conveyor 440 and the functional blocks.

The data conveyor 440 includes as a central element at least one OR gate 442. The
input ports 444a, 444b, 444c¢ of the OR gate 442 are respectively connected to the output
ports 415a, 415b, 415¢ of the respective outboxes 414a-c. An output port 445 of the OR
gate 442 is connected to the respective input ports 417a-c of the respective inboxes 416a-
C.

In an embodiment, the connections between outboxes 414a-c and the OR gate 442
has a data width of 1 bit. In other embodiments, also other data widths may be used, for
example 2 or 3 bits. Accordingly, the connection between the OR gate 442 and the data
inboxes 416a-c has the same data width as the connection between the data outboxes
414a-c and the OR gate, for example in this case a data width of 1 bit.

It should be noted that the data conveyor 440 or the central element of the
distributed data structure may include several stages of OR gates. For example, after a 20
input OR gate a flip-flop is placed, for example a D-flip flop, after which another OR gate is
placed. According to an example, a complete 100 input OR may thus include five 20 input
OR gqates, five flip-flops or other memory elements, respectively one connected to the
output of each OR gate, and one 5 input OR gate. In this case each stage of the OR gates
is included in the central element of the distributed multiplexer structure.

If only one input of the OR gate 442 is high, the output is also high. Thus, the
outputs of the functional blocks have to be controlled, for example by a functional block
specific element of a distributed multiplexer structure.

Each functional block 410a-b, is provided with at least one configuration device 500,
502 (see Figure 6) for each outbox 414a-c and each inbox 416a-c to control the data
provided to the data conveyor or received by the data conveyor. The configuration
devices 500, 502 may be seen as function block specific elements of the distributed
multiplexer structure.

According to the embodiment shown in Figures 5 to 7, the data conveyor 440 is
adapted to provide a plurality of time slots. In other words, the communication is split into
slots whereas every functional block 410a, 410b knows when it may drive its output during
a pre-assigned time slot. If during a time slot the respective source functional block 410a,
410b, wants to signal a low level, it does not drive its output and at the same time no other
functional block 410a, 410b considers driving the line. Therefore, the resulting signal after
the OR gate 442 remains low. In case the functional block 410a, 410b wants to signal a
high level, the output after the OR gate 442 gets high.
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The configuration devices 500, 502 and the functions 412a, 412b are configured by
the configuration circuit 450. Each configuration device 500, 502 is triggered by the
(central) clock or counter 460. The configuration circuit 450 reads cyclically or in regular
time intervals an external memory, as shown in Figure 2, to retrieve the parameters or
configuration data. In Figure 6 only two configuration devices 500, 502 are shown, in
particular for the functional block 410a. However, also the other functional blocks, in
particular the output block and the input block, include one or more configuration devices.

In particular, the configuration device 500 is adapted to assign for the data stored in
each data outbox 414a-c a specific time slot on the data conveyor. Accordingly, the
configuration device 502 is adapted to assign for each data inbox 416a a specific time slot
to receive input data from the data conveyor 440. In other words, the first configuration
device 500 is adapted to control two outboxes 414a of the functional block 410a and the
second configuration device 502 is adapted to control the two data inboxes 416a. Thus,
both configuration devices 500, 502 may be considered as functional block specific
element of the distributed multiplexer structure, as they control the time when the
functional block receives form or provides to the data conveyor.

According to an embodiment, the data inboxes 416a-c and the data outboxes 414a-c
are shift registers. The shift registers may be written in a parallel way and read in a serial
way or vice versa. Thus, the data inboxes 416a-c may provide one bit after the other of
the outbox 414a-c to the data conveyor. Further, each data inbox 416a-c and each data
outbox 414a-c is triggered by the clock or counter 460.

Further, in case a functional block 410a-b includes more than one data inbox 416a-c
and data outbox 414a-c, each data inbox and data outbox 414a-c, 416a-c includes a
select input port 503, 508 which defines whether the respective data inbox or outbox is
allowed to write data to or receive data from the data conveyor 440. According to an
embodiment, the configuration device 500, 502 sets the select input port according to its
configuration.

The output of the data outboxes 414a, in particular the shift registers, within a
functional block 410a-b are connected to the input ports of an OR gate 504, so that the
functional block 410a provides a single output. The output of the OR gate 504 is
connected to a first input of an AND gate 506. The second input of the AND gate 506 is
driven by the configuration device 500. Thus, the first configuration device 500 is adapted
to determine, depending on the clock input, in which time slot of the data conveyor 440
the data stored in each of the data outboxes 414a may be written by enabling one of the
two data outboxes 414a via the select input port 503 and by enabling or disabling the
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output using the AND gate 506. The output of the AND gate 506 is connected as input to
the data conveyor 440, in particular the OR gate 442 of the data conveyor 440.

Accordingly, the second configuration device 502 is adapted to determine,
depending on the clock input, in which time slot of the data conveyor 440 the data of the
data conveyor 440 should be provided to one of the data inboxes 416a by enabling one of
the two data outboxes 414a via the select input port 508.

The functional block 410a includes a function 412a which writes a result into the two
outboxes 414a. Further, the function 412a reads the data from the two data inboxes
4116a on which the subsequent calculations are performed.

In an embodiment, the data conveyor may further include a memory element 446,
which is connected to the output of the OR gate 442. For example, the memory element
446 may be a D-flip-flop.

According to an embodiment, the configuration devices, the data outboxes and the
data inboxes, the memory element(s) of the data conveyor are synchronized by a central
clock or counter.

In Figure 7, the functional block 410a is shown in another way compared to Figures
5 and 6. The functional block 410 includes only one data inbox 416a and one data outbox
414a. The data inbox 416a is adapted to receive data from the data conveyor 440 and the
data outbox 414a is adapted to provide data to the data conveyor 440. The function 412a
includes two subfunctions 510, for example a compare function, and 512, for example a
sort function. Parameters 514, 516 of the subfunctions 510, 512, for examples a
threshold, may be set by the configuration circuit 450. Further, the parameters 518, 520
for multiplexing, for example assigning a time slot on the data conveyor 440, and
demultiplexing, for example reading a specific time slot from the data conveyor 440 are
also set by the configuration circuit 450 via the configuration devices 500, 502.

In the following the functioning of the FPGA is explained using the functional block
410a. During a calculation phase, the function 412a reads the data from the data inboxes
416a and performs a calculation on the read data. The function 412a then provides the
results into the data outboxes 414a.

During the data transfer phase, the configuration device 500 enables at a first
predefined time slot or clock value of clock 460 the first data outbox to provide data to the
data conveyor 440 or OR gate using the select input port 503 of the first data outbox and
the second input port of the AND gate 506. Now, at each clock signal a bit of the first data
outbox is provided on the data conveyor 440, in this case the OR gate 442. The
configuration devices of the other functional blocks do not allow their respective circuits,
for example their shift registers or data outboxes, to write data on the data conveyor 440
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during this time slot. Then, during a second predefined time slot or clock value of clock
460, being different to the first predefined time slot, the configuration device 500 enables
the second data outbox 414a using the select input port 503 of the second data outbox
and the second input port of the AND gate 506. Now, at each clock signal a bit of the
second data outbox 414a is provided on the data conveyor 440, in this case the OR gate
442,

Accordingly, during the data transfer phase, the configuration device 502 enables at
a third predefined time slot or clock value of clock 460 the first data inbox 416a using the
select input port 508 of the first data inbox. Now, at each clock signal a bit of from the data
conveyor 440 is written into the first data inbox. At a fourth predefined time slot or clock
value of clock 460, being different to the third predefined time slot, the second data inbox
416a is enabled by the configuration device 502 using the select input port 508 of the
second data inbox. At each clock signal a bit of from the data conveyor is written into the
second data inbox. Thus, both data inboxes are filled with the data from the data conveyor
440.

Thus, according to embodiments disclosed herein, all functional blocks, as well as
the input blocks and the output blocks are connected to an OR gate 442 of the data
conveyor. The available time for communication is split into time slots which may last for
one bit, one byte or even a word. Every such slot is assigned to a clock value of the clock
460. The clock value can be read by all functional blocks, and also the input blocks and
output blocks. Thus, the configuration data for each functional block includes at which
time slot the block is allowed to provide data to data conveyor. For example, the
configuration devices 500, 502 are adapted to compare the current clock or counter value
to the configured input or output slots the functional block is allowed to use. This compare
signal is adapted to be provided to the second input port of the AND gate 506. The
configuration circuits 502 may select in a similar way, at which time slot the data should
be read from the data conveyor 440.

According to the embodiments disclosed herein, the functional blocks may be
interconnected in an arbitrary way by being able to statically configure for every functional
block where to send its output signals to. In other words, if the configuration does not
change, the allotted time slots for the respective functional blocks do not change. Thus,
during the data transfer phase, the writing into the time slots and respective reading from
the time slots is cyclically repeated.

This circuit arrangement allows it to use a very limited amount of configuration data
to customize instrumentation and control applications almost as flexible as it can be done

by using software based systems while preserving the advantages of FPGA technology.



WO 2016/202734 PCT/EP2016/063482

15

Thus, the FPGA according to embodiments disclosed herein may be used for
programming using a diagram approach for configuring the FPGA.
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CLAIMS

1.- Field programmable gate array (1, 100, 200, 300, 400) comprising:

plurality of functional blocks (10a-d, 20, 30, 110a-h, 120a-d, 130a-d, 210a-e, 410a,
410b) at least one of the functional blocks comprising at least one function (12a-d,
412a, 412b), at least one of the functions using a parameter (514, 518), wherein the
functional blocks are adapted to perform the at least one function in a calculation
phase;

a data conveyor (40, 140, 240, 340, 440) comprising a plurality of data slots (42),
wherein each functional block (10a-d, 20, 30, 110a-h, 120a-d, 130a-d, 210a-e, 4104,
410b) is, in a data transfer phase, adapted to receive input data from one or more
predefined first slots (42) and/or to provide output data into one or more predefined
second slots (42); and

a configuration circuit (150, 450) adapted to configure the parameter for the at least
function using the parameter and to define the one or more first slots and/or the one
or more second slots for at least one functional block, wherein

the field programmable gate array is adapted to cyclically repeat the data transfer
phase and calculation phase.

2.- Field programmable gate array according to claim 1, wherein the configuration
circuit is adapted to define the one or more first slots and/or the one or more second
slots of a plurality, in particular all functional blocks (10a-d, 20, 30, 110a-h, 120a-d,
130a-d, 210a-e, 410a, 410b).

3.- Field programmable gate array according to claim 1 or 2, wherein at least one
functional block (10a-d, 20, 30, 110a-h, 120a-d, 130a-d, 210a-e, 410a, 410b) is
adapted to receive input data from at least two first slots or to provide output data
into at least two second slots (42), wherein at least two slots of the first slots or the
second slots are not adjacent to each other.

4.- Field programmable gate array according to any one of the preceding claims,
wherein at least one functional block (10a-d, 20, 30, 110a-h, 120a-d, 130a-d, 210a-
e, 410a, 410b) is adapted to receive as input data output data of at least two
functional blocks.

5.- Field programmable gate array according to any one of the preceding claims,
wherein the first and/or second slots (42) are time slots, and/or

the functional blocks (10a-d, 20, 30, 110a-h, 120a-d, 130a-d, 210a-e, 410a, 410b)
are, in at least two subsequent data transfer phases, for example all data transfer
phases, adapted to receiving input data respectively from the same one or more
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predefined first slots (42) and/or providing output data into respectively the same
one or more predefined second slots (42).

6.- Field programmable gate array according to any one of the preceding claims,
wherein the data conveyor (40, 140, 340, 440) includes a multiplexer and/or includes
a central element (442) of a distributed multiplexer structure.

7.- Field programmable gate array according to any one of the preceding claims,
wherein the data conveyor (40, 140, 440) includes at least one OR gate having a
plurality of input ports, wherein the output port of a plurality of a functional blocks is
connected to the input ports of the OR gate (442).

8.- Field programmable gate array according to any one of the preceding claims,
wherein each functional block includes at least one data inbox (16a-d, 36, 316a-c,
416a-c), in particular as input shift register (416a), for the input data and/or at least
one data outbox (14a-d, 24, 314a-c, 414a-c), in particular as an output shift register
(414a), for the output data.

9.- Field programmable gate array according to any one of the preceding claims,
wherein at least one function (12a-d, 412a, 412b) of the functional blocks is adapted
to read the at least one input data, in particular from the data inbox (16a-d, 36, 316a-
c, 416a-c), to perform a task on the at least one input data, and to provide the result
of the task as the at least one output data, in particular in the data outbox (14a-d, 24,
314a-c, 414a-c).

10.- Field programmable gate array according to any one of the preceding claims,
wherein the at least one function (12a-d, 412a, 412b) an binary function for binary
logic operations, a compare function, a voting function, a calculation function and/or
a binary memory.

11. Field programmable gate array according to any one of the preceding claims,
wherein the field programmable gate array is adapted to perform the at least one
function (12a-d, 412a, 412b) of all functional blocks (10a-d, 20, 30, 110a-h, 120a-d,
130a-d, 210a-¢, 410a, 410b) concurrently.

12.- Field programmable gate array according to any one of the preceding claims,
wherein at least one functional block (20, 120a-d), in particular a plurality of
functional blocks (120a-d), is a or are input block(s), wherein each input block is
adapted to receive data from devices external to the field programmable gate array
and to extract the data for at least one functional block (10a-d, 110a-h, 210a-e,
410a, 410b) performing a function (12a-d, 412a, 412b), and wherein at least one
functional block (30, 130a-d), in particular a plurality of functional blocks (130a-d), is
a or are output block(s) adapted to transform output data from at least one functional
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block (10a-d, 110a-h, 210a-e, 410a, 410b) performing a function (12a-d, 412a, 412b)
for devices external to the field programmable gate array.

13. - Field programmable gate array according to any one of the preceding claims,
wherein the configuration circuit (150, 450) is adapted to retrieve the configuration
data from an external memory (152) being external to the field programmable gate
array.

14.- Control device for a power plant, in particular a nuclear power plant, wherein the
control device includes a field programmable gate array according to any one of the
preceding claims.



PCT/EP2016/063482

WO 2016/202734

1/5

26

#i+
3

d
—

#‘i;
124

#i+) [Hie] [HiH] [ [H
I118[17]]16]]5
T

i



WO 2016/202734

PCT/EP2016/063482

100 b
14 114 T4 [ T14d
A Y I DAL B N T FRGA
1162 {_~116b f~116c |{~116d
Mde~_] T14f~_] THg~_[ Ti4h_ 160
0e || 1I0F || 110g | | 110k
116e ] 116f—_] 1169-_] 116h—_ 170 172
120a 1| 1206 | f120c | 1200 e | 152
(_—126a] f~126b] {~126c] |~
el (1380 T34 |_3ad
1302 11| 130 ||| 130c | ) 130d
LARE I AR FiG.2
138a 138 138c 138
210¢ 210d 210e
|2l | [L-214d || -2l4e
Nee— || 216d-|| 216e~_j 200
214b
Ty - =240
216b2]/4a FIG.3
210 7

216a




WO 2016/202734 PCT/EP2016/063482

3/5
300
N [
315a
315b 7b
314b \ 316b
3T4c 316c
315¢
340J
FIG. 4
/\400
460
4152 4172
Hda 416a
4442 OR 417b
414b 442 416b
A5 aa4b 445 417¢
Hdc C 416¢

L AISC 40

FIG.5



PCT/EP2016/063482

WO 2016/202734

4/5

T T 7 ". |||||||||||||
_ oty " Iy _ q0Lp
R _ f | —
| | qcly — | % Qviy “ qzLy
_ 1
i L
e o o e e I
IIIIIIIII B 0 a V ? e e e
| 1 _ﬂ ) -
| egly _ : 141187
_ _ \/.mtv | Bply—A
| BT~ 7 “ Y0 _ \ ¢
_ N2y 53— | DEN
_ \ L _ 3
H — L KTH — [epbp | [ yo LS B2l
|| ez1y 805 b = ~~—ep |y
" _ “ . " p0s 1 )
_ N3 ¢ > 90 | vH_z wm
_ ﬂ-:_xm _ _ L4IHS
_ 180§ _
_ o 94 “ — N4
|
_ NI _ " [ 110
N _ 1n0
_ ¢0s _ _ 005
| Y N R . I S E o
099

0S¥




WO 2016/202734 PCT/EP2016/063482

5/5

(5) (52
410a

b | v

510

440 —
416a 4143

512

R P

4122

(5] (25)




INTERNATIONAL SEARCH REPORT

International application No

PCT/EP2016/063482

A. CLASSIFICATION OF SUBJECT MATTER

INV. HO3K19/177 GO6F9/44
ADD.

According to International Patent Classification (IPC) or to both national classification and IPG

B. FIELDS SEARCHED

HO3K GO6F GOIR GOSF

Minimum documentation searched (classification system followed by classification symbols)

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

EPO-Internal, WPI Data

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category*

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

figures 1-3

25 May 2006 (2006-05-25)
23 March 2006 (2006-03-23)
figures 3-27b

paragraph [0071]; figures 1-15

paragraph [0002] - paragraph [0125];

A US 2613/049803 Al (ASAKURA YOSHIHIRO [JP] 1-14
ET AL) 28 February 2013 (2013-02-28)
paragraph [0002] - paragraph [0057];

A US 2006/112382 Al (GLASS JOHN [US] ET AL) 1-14

A US 2006/064292 Al (CLUNE MICHAEL I [US]) 1-14

D Further documents are listed in the continuation of Box C.

See patent family annex.

* Special categories of cited documents :

"A" document defining the general state of the art which is not considered
to be of particular relevance

"E" earlier application or patent but published on or after the international
filing date

"L" document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

"Q" document referring to an oral disclosure, use, exhibition or other
means

"P" document published prior to the international filing date but later than
the priority date claimed

"T" later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

"X" document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

"Y" document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

"&" document member of the same patent family

Date of the actual completion of the international search

9 August 2016

Date of mailing of the international search report

23/08/2016

Name and mailing address of the ISA/

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswik

Tel. (+31-70) 340-2040,

Fax: (+31-70) 340-3016

Authorized officer

Kassner, Holger

Form PCT/ISA/210 (second sheet) (April 2005)




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/EP2016/063482
Patent document Publication Patent family Publication
cited in search report date member(s) date
US 2013049803 Al 28-02-2013  NONE
US 2006112382 Al 25-05-2006  EP 1817646 A2 15-08-2007
JP 5028268 B2 19-09-2012
JP 2008521138 A 19-06-2008
US 2006112382 Al 25-05-2006
US 2009012773 Al 08-01-2009
WO 2006078345 A2 27-07-2006
US 2006064292 Al 23-03-2006  EP 1817700 A2 15-08-2007
US 8812283 Bl 19-08-2014
us 8855992 Bl 07-10-2014
US 2006064292 Al 23-03-2006
US 2008052060 Al 28-02-2008
WO 2006034353 A2 30-03-2006

Form PCT/ISA/210 (patent family annex) (April 2005)




	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - claims
	Page 18 - claims
	Page 19 - claims
	Page 20 - drawings
	Page 21 - drawings
	Page 22 - drawings
	Page 23 - drawings
	Page 24 - drawings
	Page 25 - wo-search-report
	Page 26 - wo-search-report

