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Description

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0001] The present invention relates to system-on-a-
chip architecture. More particularly, the present invention
relates to an field programmable gate array and a micro-
controller in a system-on-a-chip architecture.

2. The Background Art

[0002] An integrated circuit uses a network of metal
interconnects between individual semiconductor compo-
nents which are patterned with standard photolithograph-
ic processes during wafer fabrication. Multiple levels of
metallized patterns may be used to increase the flexibility
of the interconnects.
[0003] It has long been recognized that a user-pro-
grammable interconnect technique would allow lower
tooling costs, and faster delivery time. To such an end,
field programmable gate array (FPGA) circuits were de-
veloped. An FPGA is an array of uncommitted gates with
uncommitted wiring channels. To implement a particular
circuit function, the circuit is mapped into the array and
the wiring channels and appropriate connections are pro-
grammed to implement the necessary wiring connections
that form the circuit function.
[0004] A gate array circuit can be programmed to im-
plement virtually any set of functions. Input signals are
processed by the programmed circuit to produce the de-
sired set of outputs. Such inputs flow from the user’s sys-
tem, through input buffers, then through the circuit, and
finally back out to the user’s system via output buffers.
Such buffers provide any or all of the following input/out-
put (I/O) functions: voltage gain, current gain, level trans-
lation, delay, signal isolation, or hysteresis.
[0005] There are essentially two configurations of pro-
grammable circuit elements used to provide flexibility to
the user for programming the FPGA. In the first configu-
ration, example of which is disclosed by El Gamal, et al.
in U.S. Patent No. 4,758,745, the FPGA can be perma-
nently programmed by the user. In the second configu-
ration, an example of which is disclosed by Freeman in
U.S. Patent No. 4,870,302, the FPGA can be changeably
programmed by the user.
[0006] An application-specific integrated circuit
(ASIC), such as a microcontroller is a mask-programma-
ble gate array offers higher functionality and performance
and more efficient use of space than an FPGA which
offers lower design costs and greater user flexibility. Also,
an ASIC can implement any variety of I/O function and
often at a higher speed than an FPGA. Other dedicated
functional circuitry may also offer higher functionality and
performance than its equivalent configured from FPGA
components.
[0007] An integrated circuit according to the preamble

of claim 1 is known from "Mit programmierbarer Logik
verheiratet", Elektronik, Franzis Verlag GmbH
Muenchen, DE, vol. 47, no 7, p.38 or from US-A-5 970
254.
[0008] In a system-on-a-chip (SOC) with both an FP-
GA and an ASIC portion provides some portion of the
advantages of both designs. Of major concern in design-
ing an SOC is providing a suitable interface between the
FPGA and ASIC portions. In order for the IC to perform
its tasks properly, the FPGA and ASIC portions must be
able to communicate effectively with each other.

BRIEF DESCRIPTION OF THE INVENTION

[0009] In the present invention, an FPGA core tile may
be employed as a stand alone FPGA, repeated in a rec-
tangular array of core tiles, or included with other devices
in a system-on-a-chip (SOC). The core tile includes a
rectangular array of logic clusters, a column of random
access memory (RAM) modules, and I/O clusters. Hori-
zontal and vertical routing channels as well as clocking
resources provide interconnection between the logic
clusters, the RAM modules and the I/O clusters.
[0010] The horizontal routing resources include a hor-
izontal routing channel, output routing tracks, and hori-
zontal highway routing channels. The vertical routing re-
sources include vertical routing channel and vertical high-
way routing channels. The horizontal routing channels
and vertical routing channels each include sub-channels
having various numbers of tracks, and are segmented
with programmable elements at various lengths. Each of
the horizontal and vertical highway routing channels
spans the entire length of a core tile. The clocking re-
sources include routed and hardwired clocks that run the
width and length of a core tile, respectively.
[0011] The horizontal routing resources and routed
clock pairs extend into the columns of I/O clusters and
the RAM modules, and the vertical routing resources and
hardwired clocks extend into the rows of I/O clusters.
Each of the columns of I/O clusters and RAM modules
have their own vertical routing resources and hardwired
clocks, and each of the rows of I/O clusters have their
own horizontal routing resources, routed clock. Included
at the uppermost edge of the rows of logic clusters is a
channel that includes a horizontal routing channel and a
routed clock pair. Programmable connections are pro-
vided by programmable elements between the routing
resources. Preferably, the programmable elements are
antifuses.
[0012] The unit of segment length for the horizontal
routing channel is one-half a column of logic clusters,
and the tracks in the horizontal routing channel are seg-
mented in a pattern that repeats itself in every column of
logic clusters. The unit of segment length for the vertical
routing channel is one row of logic clusters, and the tracks
in the vertical routing channel are segmented in a pattern
which repeats itself after every two rows of logic clusters.
[0013] A logic cluster includes logic modules, flip-flop
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modules, a buffer module, transmitted modules, and re-
ceiver modules. A logic module is a combinatorial logic
unit and includes first, second, third and fourth multiplex-
ors each having first and second data inputs, an output,
and a select input. A FF module is sequential logic unit
that include a four-input multiplexor having first and sec-
ond select inputs, first, second, and three two-input mul-
tiplexors having a single select input, and a D-type flip-
flop. The buffer, transmitter and receiver modules include
buffers that may be programmably to connected routing
resources.
[0014] The RAM blocks are dual ported for simultane-
ous read and write operations and may be configured as
128 36-bit wide words, 256 18-bit wide words, 512 9-bit
wide words, 1K for 4-bit wide words, or 4K 1-bit wide
words. The RAM blocks can be selected to include col-
lision detection and parity generation and check, and may
be synchronous or asynchronous.
[0015] An I/O cluster includes I/O modules, a buffer
module, transmitter modules, and receiver modules. The
I/O module includes a FIFO, an input flip-flop, an output
flip-flop, and an enable flip-flop, and is coupled to an I/O
pad, by a boundary scan register module and input and
output buffers. The I/O pad may be programmed with
different options by an I/O options module. The input flip-
flop, an output flip-flop, and an enable flip-flop include a
four-input multiplexor, first, second and third two-input
multiplexors and a D-type flip-flop.
[0016] An LVDS core can be employed to input and
output signals between the I/O pads and a FIFO. The
LVDS core includes circuits for receiving data, and cir-
cuits for transmitting data.
[0017] In another aspect of the present invention a sys-
tem on a chip (SOC) architecture includes an FPGA core
tile and associated virtual component interface (VCI) log-
ic, a micro-controller and associated VCI logic, external
interface circuits JTAG and UART and associated VCI
logic and, respectively, and system/peripheral bus and
bridge and associated VCI logic.
[0018] The VCI logic associated with various compo-
nents is designed to translate the signals of each of the
components with which they are associated into univer-
sal signals that form a standard protocol which is under-
stood by the remaining components in the SOC. Com-
munication of the signals from a first component to a sec-
ond component requires that certain of the signals from
the first component be first translated to universal signals
by the VCI associated with the first component. These
universal signals are the translated by the VCI associated
by the second component to signals on which the second
component normally operates. Others of the signals from
a first component will be directly connected to the second
component. When the system/peripheral bus is em-
ployed in the communication of translated signals from
a first component to a second component using a bus,
the communication may also require translation of the
universal signals onto and off of the system/peripheral
bus.

BRIEF DESCRIPTION OF THE DRAWINGS

[0019]

FIG. 1 illustrates a block diagram of an FPGA core
tile according to the present invention.
FIG. 2 illustrates horizontal and vertical routing re-
sources, clock resources, and potentials that are pro-
vided to each row and column of a logic clusters in
an FPGA core tile according to the present invention.
FIG. 3A illustrates the segmentation of the tracks in
the sub-channels of the horizontal routing channels
in an FPGA core tile according to the present inven-
tion.
FIG. 3B illustrates the segmentation of the tracks in
the sub-channels of the vertical routing channels in
an FPGA core tile according to the present invention.
FIG. 4 illustrates a block diagram of a logic cluster
according to the present invention.
FIG. 5 illustrates a logic module according to the
present invention.
FIG. 6 illustrates a flip-flop module according to the
present invention.
FIG. 7 illustrates the buffer module according to the
present invention.
FIG. 8 illustrates a transmitter module according to
the present invention.
FIG. 9 illustrates the pattern of the disposition of the
transmitter modules among the horizontal and ver-
tical highway routing tracks according to the present
invention.
FIG. 10 illustrates a receiver module according to
the present invention.
FIG. 11 illustrates the pattern of the disposition of
the transmitter modules among the horizontal and
vertical highway routing tracks according to the
present invention.
FIG. 12 illustrates a random access memory block
according to the present invention.
FIG. 13 illustrates a block diagram of an I/O cluster
according to the present invention.
FIG. 14 illustrates a block diagram of an I/O module
according to the present invention.
FIG. 15A illustrates an input flip-flop module accord-
ing to the present invention.
FIG. 15B illustrates an output flip-flop module and
an enable flip-flop module according to the present
invention.
FIG. 16 illustrates a deserializer/serializer (LVDS)
core suitable for use according to the present inven-
tion.
FIG. 17 illustrates a system on a chip (SOC) archi-
tecture according to the present invention.

DETAILED DESCRIPTION OF A PREFERRED EM-
BODIMENT

[0020] Those of ordinary skill in the art will realize that
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the following description of the present invention is illus-
trative only and not in any way limiting. Other embodi-
ments of the invention will readily suggest themselves to
such skilled persons.
[0021] FIG. 1 illustrates a block diagram of an FPGA
core tile 10 that may be employed as a stand alone FPGA,
repeated in a rectangular array of core tiles 10, or includ-
ed with other devices in a system-on-a-chip (SOC) ac-
cording to the present invention. The core tile 10 includes
a rectangular array of logic clusters 12, a column of ran-
dom access memory (RAM) modules 14, a column of I/O
clusters 16 on the left side, a column of I/O clusters 16
on the right side (not depicted), first and second rows of
I/O clusters 16 on the upper side of the rectangular array
of logic clusters 12, and first and second rows of I/O clus-
ters 16 on the lower side of the rectangular array of logic
clusters 12 (not depicted). Horizontal and vertical routing
channels as well as clocking resources not shown in FIG.
1, but discussed below are included in the FPGA core
tile 10 to provide interconnection between the logic clus-
ters 12, the RAM modules 14 and the I/O clusters 16.
[0022] FIG. 2 illustrates horizontal and vertical routing
resources, clock resources, and potentials that are pro-
vided to each row and column of a logic clusters 12 ac-
cording to the present invention.
[0023] The horizontal routing resources include hori-
zontal routing channel (HT) 20, output routing tracks (OT)
22, and first through fourth horizontal highway routing
channels (LDH0-LDH3) 24-1 through 24-4, respectively.
The vertical routing resources include vertical routing
channel (VT) 26 and first through eighth vertical highway
routing channels (LDV0-LDV7) 28-1 through 28-8, re-
spectively.
[0024] The horizontal routing channels 20 and vertical
routing channels 26 each include sub-channels having
various numbers of tracks. The horizontal routing chan-
nel 20 has sub-channels having three, seven, nine, elev-
en, eight, and four tracks. The vertical routing channel
26 has sub-channels having three, seven, nine, eleven,
eight, eight, and four tracks. The tracks in the sub-chan-
nels of both the horizontal routing channels 20 and ver-
tical routing channels 26 are disposed across the width
and the length of a core tile 10, and are segmented with
programmable elements at various lengths in a manner
depicted in FIGS. 3A and 3B. The output routing tracks
22 span the width of a logic cluster 12. Each of the four
horizontal highway routing channels 24-1 through 24-4
spans the entire width of a core tile 10, and includes four
tracks. Each of the eight vertical highway routing chan-
nels 28-1 through 28-8 spans the entire length of a core
tile 10 and includes four tracks.
[0025] The clocking resources include a first and sec-
ond routed clock which form a routed clock pair (RCLK0
and RCLK1 or RCLK2 and RCLK3) 30, and first through
fourth hard wired clocks (HCLK0 through HCLK3) 32-1
through 32-4, respectively. The routed clock pairs 30
RCLK0/RCLK1 and RCLK2/RCLK3 are associated with
alternating rows of logic clusters 12, however, each of

the rows of logic clusters 12 have access to both the
routed clock pair 30 with which it associated and the rout-
ed clock pair 30 associated with the row of logic clusters
12 directly above. The routed clocks pairs 30 and hard-
wired clocks 32-1 through 32-4 run the width and length
of a core tile 10, respectively.
[0026] The potentials include ground (NGND) 34 and
Vcc (NVCC) 36 which run the width of a core tile.
[0027] The horizontal routing resources 20, 22, and
24, routed clock pairs 30, and potentials 34 and 36 extend
into the columns of I/O clusters 16 and the RAM modules
14, and the vertical routing resources 26 and 28 and hard-
wired clocks 32 channels extend into the rows of I/O clus-
ters 16. Each of the columns of I/O clusters 16 and RAM
modules 14 have their own vertical routing resources 26
and 28 and hardwired clocks 32, and each of the rows
of I/O clusters 16 have their own horizontal routing re-
sources 20, 22, and 24, routed clock pairs 30, and po-
tentials 34 and 36. Included at the uppermost edge of
the rows of logic clusters 12 is a channel that includes a
horizontal routing channel 20, a routed clock pair 30, and
potentials 34 and 36.
[0028] Disposed at the intersection of the horizontal
routing channel 20 and the output routing tracks 22 with
the vertical routing channel 26 are programmable ele-
ments, depicted as open circles, one of which is indicated
by the reference numeral 40. The programmable ele-
ments 40 may be any of several types of programmable
elements, many of which are well known to those of or-
dinary skill in the art including antifuses, pass transistors,
SRAM cells, EEPROM elements or cells, and Flash el-
ements or cells. Preferably, the programmable elements
are antifuses. Antifuses are well known to those of ordi-
nary skill in the art, and accordingly will not be further
described herein to avoid overcomplicating the disclo-
sure and thereby obscure the present invention. For con-
sistency throughout this disclosure, programmable ele-
ments will be indicated by the reference numeral 40.
[0029] FIGS. 3A and 3B illustrate the segmentation of
the tracks in the sub-channels of the horizontal and ver-
tical routing channels 20 and 26 according to the present
invention. The unit of segment length for the horizontal
routing channel 20 is one-half a column of logic clusters
12, and the tracks in the horizontal routing channel 20
are segmented in a pattern that repeats itself in every
column of logic clusters 12. The unit of segment length
for the vertical routing channel 20 is one row of logic
clusters 12, and the tracks in the vertical routing channel
26 are segmented in a pattern which repeats itself after
every two rows of logic clusters 12. Programmable ele-
ments 40 are employed to segment the tracks in the hor-
izontal and vertical routing channels 20 and 26, respec-
tively. The direct address (DA) elements, one of which
is indicated by the reference numeral 50 in both FIGS.
3A and 3B are programming devices employed to pro-
gram an antifuse as the preferred programmable element
40.
[0030] FIG. 4 illustrates a block diagram of a logic clus-
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ter 12 according to the present invention. Each logic clus-
ter 12 includes four logic (LC) modules 60, two flip-flop
(FF) modules 62, one buffer (B) module 64, four trans-
mitter (TX) modules 66, and four receiver (RX) modules
68.
[0031] FIG. 5 illustrates a logic module 60 according
to the present invention. Logic module 60 is combinatorial
logic unit and includes first, second, third and fourth mul-
tiplexors 62, 64, 66, and 68, each having first and second
data inputs, an output, and a select input.
[0032] A first data input to multiplexors 62 and 64 may
be programmably connected to the horizontal routing
channel 20-1, output routing tracks 22-1, or potential 34-1
or 36-2 associated with the row of logic clusters 12 in
which the logic module 60 is disposed. A second data
input to multiplexors 62 and 64 may be programmably
connected to the horizontal routing channel 20-2, output
routing tracks 22-2, or potential 34-2 or 36-2 associated
with the row of logic clusters 12 directly above the row
of logic clusters 12 in which the logic module 60 is dis-
posed: Both first and second data inputs to multiplexors
62 and 64 may otherwise be programmably connected
through an inverter 70 to the horizontal routing channel
20-1, output routing racks 22-1, or potential 34-1 or 36-1.
[0033] Multiplexors 62 and 64 have a common select
input coupled to the output of a two-input AND gate 38,
and the outputs of multiplexors 62 and 64 form the first
and second data inputs of multiplexor 66, respectively.
The select input of multiplexor 66 is connected to the
output of a two-input OR gate 74, and the output of mul-
tiplexor 66 forms the first data input of multiplexor 68.
The second data input of multiplexor 36 is formed by the
output of a two-input exclusive-OR (XOR) gate 76 having
a first input connected to the output of multiplexor 66 and
a second input connected to a fast carry input (FCI) sig-
nal. The select input of multiplexor 68 may be program-
mably connected to the potential 34-2 or 36-2. The output
of multiplexor 36 HDOUT forms the output of the logic
module 20. The signal HDOUT is buffered by buffer 78
and hardwired to at least one of the output routing tracks
22-1. The signal HDOUT also forms an input to a FF
module 62 to be described below.
[0034] A first input to AND gate 72 may be program-
mably connected to the horizontal routing channel 20-1,
routed clock pair 30-1, output routing tracks 22-1, or po-
tential 34-1 or 36-1. A second input to AND gate 72 may
be programmably connected to the horizontal routing
channel 20-2, routed clock pair 30-2, output routing
tracks 22-2, or potential 34-2 or 36-2. The second input
to AND gate 72 may otherwise be programmably con-
nected through inverter 70 to the horizontal routing chan-
nel 20-1, output routing tracks 22-1, or potential 34-1 or
36-1.
[0035] A first input to OR gate 74 may be programma-
bly connected to the horizontal routing channel 20-1,
routed clock pair 30-1, output routing tracks 22-1, or po-
tential 34-1 or 36-1. A second input to OR gate 74 may
be programmably connected to the horizontal routing

channel 20-2, routed clock pair 30-2, output routing
tracks 22-2, or potential 34-2 or 36-2. The second input
to OR gate 74 may otherwise be programmably connect-
ed through inverter 70 to the horizontal routing channel
20-1, output routing racks 22-1, or potential 34-1 or 36-1.
[0036] The outputs of AND gate 72 and OR gate 74
are also connected, along with the FCI signal, to dedi-
cated carry propagation logic implemented by first, sec-
ond and third two-input and gates 80, 82 and 84 and
three input OR gate 86. The output of AND gate 72 is
connected to first inputs of AND gates 80 and 82, the
output of OR gate 74 is connected to a second input of
AND gate 80 and a first input of AND gate 84, and the
signal FCI is connected to second inputs of AND gates
82 and 84. The outputs of AND gates 80, 82 and 84 form
the inputs of OR gate 86, and the output of OR gate 86
forms the fast carry output (FCO) signal. In the logic mod-
ule 60, the FCI signal is the FCO signal output of the logic
module 60 that is directly adjacent and above it in the
same column. The FCI and FCO signals are employed
to increase the rate of ripple style arithmetic functions.
[0037] FIG. 6 illustrates a FF module 62 according to
the present invention. FF module 62 is sequential logic
unit that includes a four-input multiplexor 90 having first
and second select inputs, first, second, and third two-
input multiplexors 92, 94, and 96 having a single select
input, and a D-type flip-flop 96.
[0038] The four inputs of four-input multiplexor 90 are
connected to the four hardwired clock signals 32-1
through 32-4, and each of the first and second select
inputs may be programmably connected to a potential
34-1 or 36-1 associated with the row of logic clusters 12
in which the FF module 62 is disposed.
[0039] First two-input multiplexor 64 has a first data
input that may be programmably connected to the hori-
zontal routing channel 20-2, output routing tracks 22-2,
or potential 34-2 or 36-2 associated with the row of logic
clusters 12 directly above the row of logic clusters 12 in
which the FF module 62 is disposed, a second data input
connected to a signal HDOUT, and a select signal that
may be programmably connected to the horizontal rout-
ing channel 20-2, output routing tracks 22-2, or potential
34-2 or 36-2.
[0040] Second two-input multiplexor 94 has a first data
input connected to the output of the four-input multiplexor
90, and a second data input that may be programmably
connected through a buffer 100 to the horizontal routing
channel 20-1, routed clock pair 30-1, output routing
tracks 22-1, or potential 36-1, or to the horizontal routing
channel 20-2, routed clock pair 30-2, output routing
tracks 22-2, or potential 36-2. Second two-input multi-
plexor 94 has a select input that may be programmably
connected to potential 34-1 or 36-1.
[0041] Third two-input multiplexor 96 has a first data
input connected to the output of the first two-input multi-
plexor 92, a second data input connected to the output
of the D-type flip-flop 70, and a select input that may be
programmably connected to the horizontal routing chan-
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nel 20-1, routed clock pair 30-1, output routing tracks
22-1, or potential 34-1 or 36-1.
[0042] D-type flip-flop 70 has a data input connected
to the output of third two-input multiplexor 68, a clock
input connected to the output of a two-input exclusive-
OR gate 102 having a first input connected to the output
of the second two-input multiplexor 66 and a second input
that may be programmably connected to the potential
34-2 or 36-2, active low clear and present inputs that may
be programmably connected to the horizontal routing
channel 20-1, routed clock pair 30-1, output routing
tracks 22-1, or potential 34-1 or 36-1, and an output buff-
ered by the buffer 104 that is hardwired to at least one
of the output routing tracks 22-1.
[0043] FIG. 7 illustrates the buffer module 64 according
to the present invention. The buffer module 64 includes
a buffer 120 having an input that may be programmably
connected to either the horizontal routing channel 20-1,
output routing tracks 22-1, or potential 36-1 associated
with row of logic clusters 12 in which the buffer module
64 is disposed, or to the horizontal routing channel 20-2,
output routing tracks 22-2, or potential 36-2 associated
with row of logic clusters 12 directly above the row of
logic clusters 12 in which the buffer module 64 is dis-
posed. The output of the buffer 120 is hardwired to at
least one of the output routing tracks 22-1.
[0044] FIG. 8 illustrates a transmitter module 66 ac-
cording to the present invention. Transmitter module 66
includes a buffer 130 having an input that may be pro-
grammably connected to either the horizontal routing
channel 20-1, output routing tracks 22-1, potential 36-1,
or the Vcc potential LDNVCC 132 associated with the
row of logic clusters 12 in which the transmitter module
66 is disposed, or to the horizontal routing channel 20-2,
output routing tracks 22-2, or potential 36-2 associated
with the row of logic clusters 12 directly above the row
of logic clusters 12 in which the transmitter module 66 is
disposed. The output of buffer 130 may be programmably
connected to a horizontal highway routing track 24-1-1
or to vertical highway routing track 28-1. Additionally, the
buffer 130 may be programmably connected to transfer
a signal from a horizontal highway routing track 24-1-1
to vertical highway routing track 28-1 or from a vertical
highway routing track 28-1 to horizontal highway routing
track 24-1-1. It should be appreciated that buffer 130 may
be employed to boost signal strength.
[0045] FIG. 9 illustrates the pattern of the disposition
of the transmitter modules 66 among the horizontal and
vertical highway routing tracks 24 and 28 associated with
adjacent rows and columns of logic clusters 12, respec-
tively, according to the present invention. As depicted,
the horizontal and vertical highway routing tracks 24 and
28 form intersections. In the disposition of the transmitter
modules 66 at these intersections, each horizontal high-
way routing channel 24 has a transmitter module 66 dis-
posed at the intersection with one of the vertical highway
channels 28-1 and one of the vertical highway routing
channels 28-2, and each vertical high routing channel 28

has a transmitter module 66 disposed at the intersection
with one of the horizontal highway channels 24-1 or one
of the horizontal highway routing channels 24-2.
[0046] FIG. 10 illustrates receiver module 68 accord-
ing to the present invention. Receive module 28 includes
a buffer 140 having an input that may be programmably
connected to first or second horizontal highway routing
channels 24-1-1 or 24-1-2, first or second vertical high-
way routing channels 28-1 or 28-2, or potential 132 as-
sociated with the row or column of logic clusters 12 in
which the receiver module 68 is disposed. The output of
buffer 140 is hardwired to at least one of the output routing
tracks 22-1.
[0047] FIG. 11 illustrates the pattern of the disposition
of the transmitter modules 66 among the horizontal and
vertical highway routing tracks 24 and 28 associated with
adjacent rows and columns of logic clusters 12, respec-
tively, according to the present invention. As depicted,
the horizontal and vertical highway routing tracks 24 and
28 form intersections. In the disposition of the receiver
modules 68 at these intersections, each horizontal high-
way routing channel 24 is associated with two receiver
modules 68 and each vertical highway routing channel
68 is associated with a single receiver module 68.
[0048] FIG. 12 illustrates a RAM block 14 according to
the present invention. In RAM block 14, the memory el-
ements are depicted as block 150. The description of the
memory elements in block 150 will not be described here-
in to avoid overcomplicating the disclosure and thereby
obscure the present invention. The RAM block 14 is dual
ported for simultaneous read and write operations. The
SRAM block 150 bit organization can be configured 128
36-bit wide words, 256 18-bit wide words, 512 9-bit wide
words, 1K for 4-bit wide words, or 4K 1-bit wide words.
All of the words widths are stored and retrieved such that
the lower order bits are at lower addresses.
[0049] Inputs to the SRAM block 150 include a write
address (S_WA), a read address (S_RA), write data (S_
WD), write enable (S_WE), write clock (S_WC), read en-
able (S_RE), block enable (BLK_EN) and collision de-
tection enable (COL_DET). Outputs from the SRAM
block 150 include read data (S_RD) and collision detec-
tion (S_COLL).
[0050] To write data to the RAM blocks 14, a 1-bit write
clock (WCK) data bus, a 5-bit write enable (WEN) data
bus, a 12-bit write address bus (WAD) and first through
fourth 9-bit write data buses (WDA, WDB, WDC, and
WDD) are provided. To read data to the RAM blocks 14
a 1-bit read clock (RCK) data bus, a 5-bit read enable
(REN) data bus, a 12-bit read address bus (RAD) and
first through fourth 9-bit read data buses (RDA, RDB,
RDC, and RDD) are provided. It should be appreciated
that the write data may be transmitted to the RAM block
14 by each of the four WD(A through D) busses, and the
read data from a RAM block 14 may be transmitted to
each of the four RD(A through D) busses.
[0051] The WCK bus is connected to the S_WC input
of the SRAM block 150. The polarity of the signal on the
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WCK bus can be selected by programmable inverter 152
or programmably connected to ground. The five signals
from the WEN bus are connected to an AND gate 154
whose output is connected to the S_WE input of the
SRAM block 150. The polarity of each of the signals on
the WEN bus can be selected by a programmable invert-
er, one of which is indicated by the reference numeral
152 or programmably tied high. The twelve signals on
the WA bus are connected to the S_WA inputs of the
SRAM 150. Each of these signals may be programmably
connected to ground.
[0052] The nine signals on each of the four WD(A
through D) buses are connected to the S_WD inputs of
the SRAM block 150. Each of these signal may be pro-
grammably connected to ground. The eight lowest sig-
nals from each of the four WD(A through D) buses are
also connected to the input of an exclusive-OR (XOR)
gate 156 forming a parity generator. The output of the
XOR gate 156 may be programmably connected to form
the highest signal from each of the four WD(A through
D) buses.
[0053] The nine signals from the WD(A through D) bus-
es are also connected to the inputs of a 16:8 collision
detector multiplexor 158. The nine output signals from
the S_RD outputs are also connected to the inputs of the
18:9 collision detector multiplexor 158. The S_COLL out-
put signal forms the select input to the collision detector
multiplexor 174 to select either the nine WD signals or
the nine RD signals. The output of the 18:9 collision de-
tector multiplexor 158 is coupled to the input of a flip-flop
160 which can be configured as being either transparent
or latched as will be described below. The output of the
flip-flop 160 is coupled to the read data RD(A through D)
buses. The nine output signals from the 18:9 multiplexor
158 are also connected to the input of an exclusive-OR
(XOR) gate 162 forming a parity check. The output of the
XOR gate 162 may be programmably connected to form
the highest signal being output from the 18:9 multiplexor
158.
[0054] The RCK bus is connected to the clock input of
a flip-flop 164 which can be configured as being either
transparent or latched as will be described below and
also to the flip-flop 160. The polarity of the signal on the
RCK bus can be selected by programmable inverter 152.
The five signals from the REN bus are connected to an
AND gate 166 whose output is connected to a first data
input of flip-flop 164. The polarity of each of the five sig-
nals on the REN bus can be selected by a programmable
inverter, one of which is indicated by the reference nu-
meral 152 or programmably tied high. The twelve signals
on the WA bus are connected to second through thir-
teenth data inputs of flip-flop 164. Each of these signals
may be programmably connected to ground. A first output
of flip-flop 164 corresponding to the first data input of flip-
flop 164 is connected to the S_RE input of SRAM 150
and to an enable input of flip-flop 160. Second through
thirteenth data outputs of flip-flop 164 corresponding to
the second through thirteenth data inputs of flip-flop 164

are connected to the S_RA inputs of SRAM 150.
[0055] The flip-flops 160 and 164 may be independ-
ently configured by the signals TLFF1 and TLFF1, re-
spectively to be either transparent or latched. The flip-
flop 164 synchronizes RA and REN, while 160 synchro-
nizes the data read from the SRAM 150. The combination
of flip-flops 160 and 164 may be employed in four different
modes.
[0056] When flip-flops 160 and 164 are both transpar-
ent, the read operation is asynchronous. This mode does
not require a RCK signal and the RCK signal is implicitly
tied off. The data from the RA appears at RD when all
RENs are high.
[0057] When flip-flop 160 is latched and flip-flop 164
is transparent, the read operation is a synchronous one-
stage pipeline. At the active edge of RCK, when all RENs
are high, the data from the RA appears at RD. The actual
memory access time is included with the setup time of
RA and REN, and the read time of the data is minimal
with respect to RCK.
[0058] When flip-flop 160 is transparent and flip-flop
164 is latched, the read operation is a synchronous one-
stage pipeline. At the active edge of RCK, when all RENs
are high, the data from the RA appears at RD. The setup
time of RA and REN are minimal with respect to RCK.
The actual memory access time is included with the read
time.
[0059] When flip-flops 160 and 164 are both latched,
the read operation is a synchronous two-stage pipeline.
Two active RCK cycles are needed to propagate data
from the RA to RD. The first RCK cycle sets up the RA
and REN, and the second RCK cycle accesses the mem-
ory to set up the read RD.
[0060] FIG. 13 illustrates a block diagram of an I/O
cluster 16 according to the present invention. I/O cluster
16 includes first and second I/O modules 200, buffer mod-
ule 202, first through fourth transmitter modules 204, and
first through fourth receiver modules 204. The buffer,
transmitter, and receiver modules 202, 204, and 206, re-
spectively, are like those depicted in FIGS. 7, 8, 10, and
will not be disclosed herein to avoid overcomplicating the
disclosure and thereby obscure the present invention.
[0061] FIG. 14 illustrates a detailed block diagram of
an I/O module 200 according to the present invention.
The I/O module includes a FIFO 210, an input flip-flop
(INFF) 212, an output flip-flop (OUTFF) 214, and an en-
able flip-flop (ENFF) 216. An I/O pad 218, which may be
placed in any of several different operating modes by an
I/O options module 220, and is associated with each I/O
module 200 is coupled to input and output buffers 222
and 224. A boundary scan register (BSR) module 226 is
coupled to the input and output buffers 222 and 224 and
to FIFO 210. The implementation of a BSR 226 and FIFO
210 are well within the level of skill of those of ordinary
skill in the art and will not be described herein to avoid
overcomplicating the disclosure and thereby obscure the
present invention. It should be appreciated that the FIFO
can buffer input data, output data, output enable or be
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bypassed.
[0062] The inputs of I/O options module 220 may be
programmably connected to potential 34-1 or 34-2 asso-
ciated with the row of I/O clusters 16 in which the I/O
module 200 is disposed to provide to the output buffer
222 hot insertion and 3.3 volt tolerance, a programmably
slew rate, weak pull-up or pull-down circuits, and four
different drive strengths, and to the input buffer 224 to
provide an input delay to guarantee a zero hold time for
input signals registered within the I/O.
[0063] The FIFO module 210 includes inputs DIR0,
DIR1, IENB, ICRB, OENB, OCRB, EENB, ECLRB, ICK,
OCLK, and ECLK. Additionally, the FIFO module 210
has a data inputs connected to the BSR module 226,
OUTFF 214 and ENFF 216, first and second data outputs
connected to the BSR module 226, and a data output
connected to the HDIN input of the INFF 212.
[0064] The FIFO 210 has four modes that are control-
led by the inputs DIR0 and DIR1. In a first mode the FIFO
210 is off and it bypasses all signals. In a second mode
the FIFO 210 will buffer the output enable, and bypass
input data and output data. In a third mode the FIFO 210
will buffer output data, and will bypass input data and
output enable. In a fourth mode the FIFO 210 will buffer
input data and bypass output data and output enable.
Each of the inputs DIR0 and DIR1 may be programmably
connected to the horizontal routing channel 20-1, or po-
tential 34-1 or 36-1. The remaining inputs to the FIFO
module 210 will be described along with the inputs and
outputs of INFF 212, the OUTFF 214, and ENFF 216.
[0065] INFF 212 has inputs CKS1, CKS2, RCLKA, SO,
CLRB, PSETB, RCLKB, S1, CKSO, CKP, HDIN, and
HCLK, and the outputs Y and COUT. Each of the inputs
CKS 1 and CKS2 may be programmably connected to
the potential 34-1 or 36-1. RCLKA may be programmably
connected to the horizontal routing channel 20-1, routed
clock pair 30-1, potential 36-1, or output routing tracks
22-1. Each of the inputs S0, CLRB and PSETB may be
programmably connected to the horizontal routing chan-
nel 20-1, routed clock pair 30-1, potential 34-1 or 36-1,
or output routing tracks 22-1. Each of the inputs CKS0
and CKP may be programmably connected to potential
34-2 or 36-2 associated with the I/O cluster 16 that is
directly above the I/O cluster 16 in which the INFF 212
is disposed. RCLKB may be programmably connected
to the horizontal routing channel 20-2, routed clock pair
30-2, potential 36-2, or output routing tracks 22-2. S1
may be programmably connected to the horizontal rout-
ing channel 20-2, potential 34-2 or 36-2, or output routing
tracks 22-2. Input HCLK is connected to HCLK0, HCLK1,
HCLK2, and HCLK3 32-1 through 32-4, respectively. The
output Y is hardwired to at least one of the output routing
tracks 22-1.
[0066] OUTFF 214 has inputs CKS1, CKS2, RCLKA,
SO, CLRB, PSETB, RCLKB, DIN, S1, CKSO, CKP, and
HCLK, and the outputs Y, COUT and YOUT. Each of the
inputs CKS1 and CKS2 may be programmably connect-
ed to potential 34-1 or 36-1. RCLKA may be program-

mably connected to the horizontal routing channel 20-1,
routed clock pair 30-1, potential 36-1, or output routing
tracks 22-1. Each of the inputs S0, CLRB and PSETB
may be programmably connected to the horizontal rout-
ing channel 20-1, routed clock pair 30-1, potential 34-1
or 36-1, or output routing tracks 22-1. Each of the inputs
CKS0 and CKP may be programmably connected to po-
tential 34-2 or 36-2. RCLKB may be programmably con-
nected to the horizontal routing channel 20-2, routed
clock pair 30-2, potential 36-2, or output routing tracks
22-2. Each of the inputs DIN and S1 may be program-
mably connected to the horizontal routing channel 20-2,
potential 34-2 or 36-2, or output routing tracks 22-2. Input
HCLK is connected to HCLK0, HCLK1, HCLK2, and
HCLK3 32-1 through 32-4, respectively. The output Y is
hardwired to at least one of the output routing tracks 22-1.
[0067] ENFF 216 has inputs CKS1, CKS2, RCLKA,
SO, CLRB, PSETB, RCLKB, DIN, S1, CKSO, CKP, and
HCLK, and the outputs Y, COUT and YOUT. Each of the
inputs CKS1 and CKS2 may be programmably connect-
ed to potential 34-1 or 36-1. RCLKA may be program-
mably connected to the horizontal routing channel 20-1,
routed clock pair 30-1, potential 36-1, or output routing
tracks 22-1. Each of the inputs S0, CLRB and PSETB
may be programmably connected to the horizontal rout-
ing channel 20-1, routed clock pair 30-1, potential 34-1
or 36-1, or output routing tracks 22-1. Each of the inputs
CKS0 and CKP may be programmably connected to po-
tential 34-2 or 36-2. RCLKB may be programmably con-
nected to the horizontal routing channel 20-2, routed
clock pair 30-2, potential 36-2, or output routing tracks
22-2. Each of the inputs DIN and S 1 may be program-
mably connected to the horizontal routing channel 20-2,
potential 34-2 or 36-2, or output routing tracks 22-2. Input
HCLK is connected to HCLK0, HCLK1, HCLK2, and
HCLK3 32-1 through 32-4, respectively. The output Y is
hardwired to at least one of the output routing tracks 22-1.
[0068] The SO and CLRB inputs of INFF 212, OUTFF
214, and ENFF 216, are also connected to the IENB and
ICLRB, OENB and OCLRB, and EENB and ECLRB in-
puts of FIFO 210, respectively. The outputs COUT of
INFF 212, OUTFF 214, and ENFF 216, are connected
to the ICLK, OCLK, and ECLK inputs, of FIFO 210, re-
spectively. The YOUT outputs of OUTFF 214 and ENFF
216 are connected as data inputs to the FIFO 210.
[0069] FIG. 15A illustrates INFF 212 in greater detail
according to the present invention. In INFF 212, a four-
input multiplexor 240 has four inputs HCLK0, HCLK1,
HCLK2, and HCLK3, and two selection inputs CKS1 and
CKS2. The clock input selected by four-input multiplexor
240 forms an output that is connected to the first input of
a two-input multiplexor 242. The second input of two input
multiplexor 242 is connected to the output of a buffer 244
which buffers either the clock signal RCLKA or RCLKB.
The two-input multiplexor 242 has a select input connect-
ed to the CKSO signal. The output of two input buffer 242
is connected to the first input of exclusive-OR (XOR) gate
246. The second input of XOR gate 246 is connected to
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the clock signals CKP. The output of XOR gate 246 is
connected to the clock input of the D-type flip-flop 248.
Further, the clock signal selected by the four-input mul-
tiplexor 240, buffer 244, two-input multiplexor 242, and
the XOR gate 246 forms the clock output COUT. The
data input of the D-type flip-flop 248 is connected to the
output of a two-input multiplexor 250 having a first input
connected to the data signal HDIN and a second input
connected to the data output of the D-type flip-flop 248.
Two-input multiplexor 250 has a select signal SO. The
data input signal HDIN is also connected to the first input
of a two-input multiplexor 252 along with the output of
the D-type flip-flop 248 connected to a second input. The
two-input multiplexor 252 has a select input S1, and the
output of two-input multiplexor 252 is buffered by buffer
254 to form the output Y.
[0070] FIG. 15B illustrates the output flip-flop 214 and
enable flip-flop 216 in greater detail according to the
present invention. It should be appreciated that FIG. 15B
differs from FIG. 14 and FIG. 15A in only three respects.
First, the data signal DIN replaces the data signal HDIN
as the input to two-input multiplexors 250 and 252. Sec-
ond, the output of D-type flip-flop 248 forms the buffered
Y output directly rather than as the output of two-input
multiplexor 252. Third, the output of two-input multiplexor
252 forms the output YOUT.
[0071] FIG. 16 illustrates a deserializer/serializer
(LVDS) core 260 suitable for use according to the present
invention. The LVDS core 260 can be employed to input
and output signals between the I/O pads 218 and a FIFO
210. The LVDS core 260 includes circuits 262 for receiv-
ing data, and circuits 264 for transmitting data. The LVDS
core 260 operates on six MODE[0:5] bits. The first two
bits of the MODE[0:5] determine the operating range of
the frequency of the LVDS I/O. The LVDS core 260 sup-
ports the external bandwidths of one transmit and one
receive channel at 2.5 Gbps, two transmit and two receive
channels at 1.25 Gbps, and four transmit and four receive
channels at 622 Mbps. The second two bits of the MODE
[0:5] determine the deserializing and serializing ratios of
the LVDS I/O. The received channels may be deserial-
ized into the ratios of 1:4, 1:8, and 1: 16. The transmitted
channels may be serialized into the ratios of 4:1, 8:1, and
16:1. The third two bits of the MODE[0:5] select a link
layer option that is bypass, 4B/5B, 8B/10B, or rapid I/O.
[0072] The receiver circuitry 262 includes input buffers
266, deserializer circuits 268, clock recovery circuits 270,
data decoders 272, and a phase aligner 274. Each input
buffer 262 is connected to LVDS I/O that includes four
I/O pads, two of which are for a differential pair, and two
of which are for Vcc and ground. Each input buffer 266
has an output connected to the input of a deserializer
268 that is controlled by the MODE[0:5]. The output of
each deserializer 268 is connected to the input of the
clock recovery circuit 270 and the data decoder 272.
Each clock recovery circuit has a reference clock as an
input running at 78 Mhz, and has an output connected
to the deserializer 268 and data decoder 272 pair, and

the phase aligner 274. The ouputs of the phase aligner
274 are connected to the FIFOs. Each clock recovery
circuit 270 also has an output that is connected to an
AND gate 276, which forms a part of an AND chain to
provide a LOCK signal. With the clock recovery circuits
270, the embedded clock is recovered from the received
channel.
[0073] The transmitter circuitry 264 includes output
buffers 280, serializer circuits 282, a clock synthesis cir-
cuit 284, and data encoders 286. Each output buffer 280
is connected to a four pad LVDS I/O, and has an input
that is connected to the output of the serializer 282. Each
serializer 282 has an input connected to the output of a
data encoder 286. The serializer 282 and data encoder
286 are both controlled by the MODE[0:5], and also are
connected to the output of a clock synthesis circuit 284
having as an input a SYS_CLK running at 155 Mhz. The
data encoders have inputs connected to the outputs of
the FIFOs.
[0074] FIG. 17 illustrates a system on a chip (SOC)
architecture 300, according to the present invention, that
includes an FPGA core tile 10 and associated virtual com-
ponent interface (VCI) logic 302, a micro-controller 304
and associated VCI logic 306, external interface circuits
JTAG 308 and UART 312 and associated VCI logic 310
and 314, respectively, and system/peripheral bus and
bridge 316 and associated VCI logic (not shown). It
should be understood that the I/O structures associated
with the FPGA core tile 10 may not be included. To better
illustrate connections within the SOC 300, the routing
resources of the FPGA core tile 10 are depicted on the
edges of the drawing figure connected by busses 318. It
will be appreciated that these routing resources are within
the FPGA core tile 10. The external interface circuits
JTAG 308 and UART 312 and associated VCI logic 310
and 314 communicate external to the SOC 300 with ded-
icated I/O modules 320 and 322.
[0075] The VCI logic 302, 306, 310 and 314 associated
with each of the components 10, 304, 308, 312, and 316
are designed to translate the signals of each of the com-
ponents with which they are associated into universal
signals that form a standard protocol which is understood
by the remaining components in the SOC 300. Commu-
nication of the signals from a first component to a second
component requires that certain of the signals from the
first component be first translated to universal signals by
the VCI associated with the first component. These uni-
versal signals are the translated by the VCI associated
by the second component to signals on which the second
component normally operates. Others of the signals from
a first component will be directly connected to the second
component. When the system/peripheral bus 316 is em-
ployed in the communication of translated signals from
a first component to a second component using
busses324, the communication may also require trans-
lation of the universal signals onto and off of the system/
peripheral bus 316. A system/peripheral bus 316 suitable
for use according to the present invention has been pro-
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posed as the Advanced Microcontroller Bus Architecture
(AMBA) by ARM at www.arm.com.
[0076] In a typical communication between a first com-
ponent and a second component, the first component
known as an initiator and the second component known
as a target, perform a simple hand-shake and the initiator
issues one or more requests which are responded to by
the target. A request typically consists of an address,
write data, and a few flags. A response is made by the
target to the requests by the initiator in the same order
as the requests were made by the initiator. A virtual com-
ponent interface standard setting forth the VCI parame-
ters, handshaking, requests and responses suitable for
use according to the present invention has been pro-
posed by the VSI alliance™ at http:/www.vsi.org.
[0077] According to the virtual component interface
standard, the hand-shake is first performed between an
initiator and a target to synchronize the initiator and the
target prior to passing a request from an initiator to the
target and passing a response from the target to the in-
itiator. Once a hand-shake has occurred, the requests
and responses are transferred as cells between initiators
and targets. These cells may be arranged into packets,
and the packets may be arranged in a packet chain.
[0078] The contents of a request are partitioned into
three signal groups. The first group contains an op-code
to specify the type of request that is being made. The
second group includes control signals for packet length
and chaining. The third group includes address and data
information. The op-code group includes a command
field to indicate whether there is no operation, a read
operation, a write operation, or a read-locked operation.
The op-code field can also include flags for addressing
information. The packet length and chaining group in-
cludes packet length, and of packet, and chain length
and chain fixed information. The address and data group
includes address information, write data, and byte enable
information. The contents of a response include a re-
sponse error field that indicates whether the response
can be handled, and read data that is returned as a result
of a read request, and an end of packet signal.
[0079] In a specific embodiment according to the
present invention, a micro-controller 302 implemented
by an M8051 micro-controller from Mentor Graphics,
Wilsonville, OR is interfaced to the FPGA core 10 in SOC
300. The micro-controller 302 includes the 8051 MC 330,
random access memory (RAM) module 332, read-only
memory (ROM) module 334, register file 336, and input
and output FIFOs 338 and 340, respectively. The 8051
MC 330, RAM 332, ROM 334, and register file 336 are
coupled to an internal CPU bus 342 which communicates
with VCI 306. Busses 344 are employed by the micro-
controller 302 to connect directly to the FPGA routing
channels.
[0080] The 8051 micro-controller has three classes of
signals, namely, processor inputs, processor outputs,
and functional interconnect signals that may be translat-
ed into universal VCI signals or be direct signals.

[0081] The processor inputs that are directly connect-
ed to the routing channels of the FPGA core tile 10 include
a not external access signal (NEA), a clock input from
oscillator (NX1), a clock input from oscillator that is stop-
pable in idle mode (NX2), a reset status flags signal
(RST), and first and second download mode selects
(ALEI and PSEI). The processor inputs that are commu-
nicated by the VCI 306, the system/peripheral bus 316,
the VCI 302 and the routing channels of the FPGA core
tile 10 include four 8-bit input ports (A[7:0], B[7:0], C[7:
0], and D[7:0]) that are translated to universal signals
WDATA.
[0082] The processor inputs that are directly connect-
ed to the routing channels of the FPGA core tile 10 include
four sets of 8-bit bidirectional control lines for port data
ports (AE[7:0], BE[7:0], CE[7:0], and DE[7:0]), an ad-
dress latch enable (ALE), an external program memory
enable (NPSEN), a bidirectional control line for ALE and
PSEN (NALEN), an oscillator disable control signal
(XOFF), and an idle mode clock qualifier (IDLE). The
processor inputs that are communicated by the VCI 306,
the system/peripheral bus 316, the VCI 302 and the rout-
ing channels of the FPGA core tile 10 include four 8-bit
output ports (OA[7:0], OB[7:0], OC[7:0], and OD[7:0])
that are translated to universal signals RDATA.
[0083] The functional interconnect signals include both
input and output signals. The functional interconnect in-
put signals that are directly connected to the routing chan-
nels of the FPGA core tile 10 include a not external special
function register acknowledge (NESFR). The functional
interconnect input signals that are communicated by the
VCI 306, the system/peripheral bus 316, the VCI 302 and
the routing channels of the FPGA core tile 10 include an
8-bit program memory data bus (MD[7:0]) and register
file data inputs (FI[7:0]) that are translated to the universal
signals WDATA. The functional interconnect output sig-
nals that are directly connected to the routing channels
of the FPGA core tile 10 include a program memory out-
put enable (NMOE), a program memory write strobe
(NMWE), a program memory download mode (DLM), a
register file output enable (NFOE), a register file write
strobe (NFWE), an external special function output ena-
ble (NSFROE), and an external special function write
strobe (NSFRWE). The functional interconnect output
signals that are communicated by the VCI 306, the sys-
tem/peripheral bus 316, the VCI 302 and the routing
channels of the FPGA core tile 10 include register file
data outputs (FO[7:0]) that are translated to the universal
signals RDATA, and register file address lines and pro-
gram memory address lines (FA[7:0] and M[15:0]) that
are translated to the universal signals ADDRESS.
[0084] While embodiments and applications of this in-
vention have been shown and described, it would be ap-
parent to those skilled in the art that many more modifi-
cations than mentioned above are possible without de-
parting from the inventive concepts herein. The invention,
therefore, is not to be restricted except in the spirit of the
appended claims.
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Claims

1. An integrated circuit comprising:

a field programmable gate array core (10) hav-
ing logic clusters (12), static random access
memory modules (14), and routing resources
(20, 22, 24, 26, 28);
a field programmable gate array virtual compo-
nent interface translator (302) having inputs and
outputs, said inputs connected to said field pro-
grammable gate array core (10) ;
a microcontroller (304);
a microcontroller virtual component interface
translator (306) having input and outputs, said
inputs connected to said microcontroller (304);
and
a system bus (316) connected to said outputs
of said field programmable gate array virtual
component interface translator (302) and to said
outputs of said microcontroller virtual compo-
nent interface translator (306); characterized
by
direct connections between said microcontroller
(304) and said routing resources (20, 22, 24, 26,
28) of said field programmable gate array core
(10).

Patentansprüche

1. Integrierte Schaltung, die umfasst:

einen Kern (10) eines im Feld programmierba-
ren Gate Arrays, der Logikcluster (12), Module
(14) mit statischem Speicher mit wahlfreiem Zu-
griff, und Routing Ressourcen (20, 22, 24, 26,
28) aufweist;
einen Umsetzer (302) einer virtuellen Kompo-
nentenschnittstelle des im Feld programmierba-
ren Gate Arrays mit Eingängen und Ausgängen,
wobei die Eingänge mit dem Kern (10) des im
Feld programmierbaren Gate Arrays verbunden
sind;
einen Mikrocontroller (304);
einen Umsetzer (306) einer virtuellen Kompo-
nentenschnittstelle des Mikrocontrollers mit Ein-
gängen und Ausgängen, wobei die Eingänge
mit dem Mikrocontroller (304) verbunden sind;
und
einen Systembus (316), der mit den Ausgängen
des Umsetzers (302) der virtuellen Komponen-
tenschnittstelle des im Feld programmierbaren
Gate Arrays und den Ausgängen des Umset-
zers (306) der virtuellen Komponentenschnitt-
stelle des Mikrocontrollers verbunden ist;

gekennzeichnet durch

direkte Verbindungen zwischen dem Mikrocontroller
(304) und den Routing Ressourcen (20, 22, 24, 26,
28) des Kerns (10) des im Feld programmierbaren
Gate Arrays.

Revendications

1. Circuit intégré, comprenant :

un coeur de circuit logique programmable in situ
(10) ayant des groupes logiques (12), des mo-
dules statiques de mémoire à accès aléatoire
(14), et des ressources de routage (20, 22, 24,
26, 28) ;
un traducteur interface pour composant virtuel
de circuit logique programmable in situ (302)
ayant des entrées et des sorties, lesdites en-
trées étant connectées audit coeur de circuit lo-
gique programmable in situ (10) ;
un microcontrôleur (304) ;
un traducteur interface pour composant virtuel
de microcontrôleur (306) ayant des entrées et
des sorties, lesdites entrées étant connectées
audit microcontrôleur (304) ; et
un bus système (316) connecté auxdites sorties
dudit traducteur interface pour composant vir-
tuel de circuit logique programmable in situ (302)
et auxdites sorties dudit traducteur interface
pour composant virtuel de microcontrôleur
(306), caractérisé par
des connexions directes entre ledit microcontrô-
leur (304) et lesdites ressources de routage (20,
22, 26, 28, 24) dudit coeur de circuit logique pro-
grammable in situ (10).
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