Office de la Proprieté Canadian CA 2458060 C 2009/09/22

Intellectuelle Intellectual Property

du Canada Office (11)(21) 2 458 060
Un organisme An agency of

d'Industrie Canada Industry Canada (12) BREVET CANADIEN

CANADIAN PATENT
13) C

(86) Date de depot PCT/PCT Filing Date: 2002/09/23 (51) Cl.Int./Int.Cl. HO3K 719/777 (2006.01)
(87) Date publication PCT/PCT Publication Date: 2003/04/10 | (72) Inventeurs/Inventors:

1 . DOUGLASS, STEPHEN M., US;
(45) Date de délivrance/lssue Date: 2009/09/22 YOUNG. STEVEN P. US:

(85) Entree phase nationale/National Entry: 2004/02/138 SOWARDS, JANE W., US;
(86) N® demande PCT/PCT Application No.: US 2002/030240 VASHI, MEHUL R, US;

L o HERRON, NIGEL G., US
(87) N° publication PCT/PCT Publication No.: 2003/030009

T (73) Proprietaire/Owner:
(30) Priorité/Priority: 2001/09/28 (US09/968,446) XILINX INC  US

(74) Agent: SMART & BIGGAR

(54) Titre : PREDIFFUSE PROGRAMMABLE A LOGIQUE DIINTERCONNEXION ASSURANT LE FONCTIONNEMENT
DE CIRCUIT LOGIQUE FIXE INTEGRE

(54) Title:. PROGRAMMABLE GATE ARRAY HAVING INTERCONNECTING LOGIC TO SUPPORT EMBEDDED FIXED
LOGIC CIRCUITRY

DCM 84 OB 86 bDlock RAM 90

multiplier 92
1 ;
ACCHLELPOLCETLCECF b EETFTCTETTIEETCEN o T TTTITIIOE

CLB 80

IR

BRI O | O [ R =
AN O N O 1 I [ R =
DOO0 |(([E000| ((Coog)| ||oooo| |00E
I O | | [ [ =
NN 1 =
NN N O =

Illlll D DDEE EII%%EI' E%

E / 5 ; ‘ f " i ; -E
//// mterfacung logic 94 - |___”:| I:”:”:”:I D:I
/A‘/ lnterconnectl D D L—_' |:| D L_"' D D E
tiles 96 ¥ I:”__— DI:”:ID |:”:|

| {0 =

adjacent CLB 98 ‘ DD DI:”:’D DI:I

1 O =

fixed logic circuit 32 | I:”:I DDDD I:”:I §
AU OO OE

] [ o o =

(57) Abréegée/Abstract:
Interconnecting logic provides connectivity of an embedded fixed logic circuit, or circuits, with programmable logic fabric of a
programmable gate array such that the fixed logic circuit functions as an extension of the programmable logic fabric. The

an ad a http://opic.ge.ca + Ottawa-Hull K1A 0C9 - attp://cipo.ge.ca OPIC 1\\\ C1PO
AW
OPIC - CIPO 191 TR ﬁﬁ&m’




CA 2458060 C 2009/09/22

anen 2 458 060
13) C

(57) Abrege(suite)/Abstract(continued):
Interconnecting logic includes interconnecting tiles and may further include interfacing logic. The interconnecting tiles provide

selective connectivity between Inputs and/or outputs of the fixed logic circuit and the interconnects of the programmable logic
fabric. The Interfacing logic, when included, provides logic circuitry that conditions data transfers between the fixed logic circuit and

the programmable logic fabric.



O 03/030009 A2

CA 02458060 2004-02-18

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization

International Bureau

(43) International Publication Date

10 April 2003 (10.04.2003)

(51) International Patent Classification”: GO6F 15/78

(21) International Application Number: PCT/US02/30240

(22) International Filing Date:
23 September 2002 (23.09.2002)

(25) Filing Language: English

(26) Publication Language: English

(30) Priority Data:

09/968,446 28 September 2001 (28.09.2001) US

(71) Applicant: XILINX, INC. [US/US]; 2100 Logic Drive,
San Jose, CA 95124 (US).

(72) Imventors: DOUGLASS, Stephen, M.; 13754 Orleans
Court, Saratoga, CA 95070 (US). YOUNG, Steven, P.;
1180 Pintail Circle, Boulder, CO 80303 (US).

PCT

(10) International Publication Number

WO 03/030009 A2

(74) Agents: CHANROO, Keith, A. et al.; Xilinx, Inc., 2100
Logic Drive, San Jose, CA 95124 (US).

(81) Designated States (national): CA, JP.

(84) Designated States (regional): European patent (AT, BE,
BG, CH, CY, CZ, DE, DK, EE, ES, FI, FR, GB, GR, IE, IT,
LU, MC, NL, PT, SE, SK, TR).

Published:
without international search report and to be republished
upon receipt of that report

For two-letter codes and other abbreviations, refer to the "Guid-
ance Notes on Codes and Abbreviations" appearing at the begin-
ning of each regular issue of the PCT Gazette.

(54) Title: PROGRAMMABLE GATE ARRAY HAVING INTERCONNECTING LOGIC TO SUPPORT EMBEDDED FIXED

LOGIC CIRCUITRY

DCM 84 IOB 86 block RAM 90
CLB 80 u g / | — multiplier 82 |
[T T T T .\Q AT
[ T o o I [
N (. OIL I I R =
NN 0 , NI O O I =
| | I | LIL L I { I
N I L] HIREE =
sal eae sane] ance] aees
7/ : ”: / j”{//’/in/tferfaci,rfwa |/:)gil/}/5:/ gj/ /// ;; | | 1 SN | O | N | =
| e O IEEE IBEE
mtert(i;;:;:n;é:tmg | ] —| | —l r‘l —I
I O | O =
adjacent CLB 98 : |_|_J__J I —
TN | | |
fixed logic circuit 32 | I__; L L :I |:=
A I I
—— I o =

—_
30

\ interconnecting togic 34

(57) Abstract: Interconnecting logic provides connectivity of an embedded fixed logic circuit, or circuits, with programmable logic
fabric of a programmable gate array such that the fixed logic circuit functions as an extension of the programmable logic fabric.
The interconnecting logic includes interconnecting tiles and may further include interfacing logic. The interconnecting tiles provide
selective connectivity between inputs and/or outputs of the fixed logic circuit and the interconnects of the programmable logic fabric.
The interfacing logic, when included, provides logic circuitry that conditions data transfers between the fixed logic circuit and the

programmable logic fabric.



10

15

20

25

30

35

CA 02458060 2004-02-18

WO 03/030009 PCT/US02/30240

PROGRAMMABLE GATE ARRAY HAVING INTERCONNECTING LOGIC TO
SUPPORT EMBEDDED FIXED LOGLC CIRCUITRY

TECHNTCAL FIELD OF THE INVENTION

This invention relates generally to programmable gate

arrays and in particular to embedding fixed logic circuilts
within such programmable gate arrays.

BACKGROUND OF THE TINVENTION
Programmable devices are a class of general-purpose

integrated circuits that can be configured for a wide

variety of applications. Such programmable devices have

two basic versions, mask programmable devices, which are
programmed only by a manufacture, and field programmable
devices, which are programmable by the end user. In

addition, programmable devices can be further categorized

as programmable memory devices or programmable logic

devices. Programmable memory devices include programmable

read only memory (PROM), erasable programmable read only

memory (EPROM) and electronically erasable programmable

read only memory (EEPROM). Programmable logic devices
include programmable logic array (PLA) devices,
programmable array logic (PAL) devices, erasable
programmable logic devices (EPLD) devices, and programmable

gate arrays (PGA).

Field programmable gate arrays (FPGA) have become very

popular for telecommunication applications, Internet

applications, switching applications, routing applications,
and a variety of other end user applications. Figure 1
illustrates a generic schematic block diagram of a field
programmable gate array (FPGA) 10. The FPGA 10 includes

programmable logic fabric 12 (containing programmable logic

gates and programmable interconnects) and programmable
input/output blocks 14. The programmable input/output
hlocks 14 are fabricated on a substrate supporting the FPGA

10 and are coupled to the pins of the integrated circuilt,
allowing users to access the programmable logic fabric 12.
The programmable logic fabric 12 may be programmed to




CA 02458060 2004-02-18

WO 03/030009 PCT/US02/30240

10

15

20

25

30

35

2

perform a wide variety of functions corresponding to

particular end user applications. The programmable loglc

fabric 12 may be implemented in a variety of ways. For
example, the programmable logic fabric 12 may be
implemented in a symmetric array configuration, a row-based

configuration, a column-based configuration, a sea-of-gates

configuration, or a hierarchical programmable logic device

configuration.

Figure 2 i1llustrates the programmable logic fabric 12

implemented in accordance with a symmetrical array
configuration. As shown, a plurality of logic blocks 16 1is
configured as an array of rows and columns. Each of the

plurality of logic blocks 16 may be programmed by the end

user to perform a specific logic function. More complex

logic functions may be obtained by interconnecting
individually programmed logic blocks using a plurality of

programmable interconnections 18. Accordingly, between

pleiey

each of the logic blocks of each row and each column are

programmable interconnections 18.

The programmable interconnections 18 provide the

selective connectivity between the logilic blocks of the

array of logic blocks 16 as well as between the logic

blocks and the programmablé input/output blocks 14. The
programmable interconnections 18 may be implemented using
any programmable element, including static RAM cell
technology, fuse and/or anti-fuse cell technologies, EPROM

transistor technology, and/or EEPROM transistor technology.
If the FPGA utilizes static RAM programmable connections,

the connections can be made using a variliety of components,

including pass transistors, transmission gates, and/or

multiplexers that are controlled by the static RAM cells.

If the FPGA utilizes anti-fuse i1nterconnections, the

interconnections typically reside 1n a high impedance state
and can be reprogrammed into a low impedance, or fused,
state to provide the selective connectivity. If the FPGA
utilizes EPROM or EEPROM based interconnections, the
interconnection cells may be reprogrammed, thus allowing

the FPGA to be reconfigured.
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Figure 3 illustrates a schematic block diagram of the
programmable logic fabric 12 being implemented as a row

based configuration. In this configuration, the

programmable logic fabric 12 includes a plurality of logic

blocks 16 arranged in rows. Between each row of the logic
blocks are programmable interconnections 18. The
interconnections may be implementing utilizing any
programmable storage elements, including RAMS (static,
dyvnamic and NVRAM), fuse and/or anti-fuse technologies,
EPROM technology, and/or EEPROM technology.

Figure 4 illustrates a schematic block diagram of the

programmable logic fabric 12 being implemented as a column-

based configuration. Logic blocks 16 and programmable

interconnections 18 in Figures 3 and 4 are substantially

similar.
Figure 5 illustrates the programmable logic fabric 12

being implemented as a hierarchical programmable logic
device. In this implementation, the programmable logic

1l

fabric 12 includes programmable logic device blocks 22 and
programmable interconnections 18. As shown, four
programmable logic block devices 22 are in the corners with
an interconnection block 18 in the middle of the logic
device blocks. In addition, the interconnections include

lines coupling the programmable logic device blocks 22 to

the interconnection block 18.

As is known, field programmable gate arrays allow end

ors the flexibility of implementing custom integrated

us

circuits while avoiding the initial cost, time delay and
inherent risk of application specific integrated circuilts
(ASIC). While FPGAs have these advantages, there are some
disadvantages. For instance, an FPGA programmed to perform
a similar function as implemented in an ASIC can require

more die area than the ASTC. Further, the performance of a

|

design using a FPGA may in some cases be lower than that of

35 a degign implemented using an ASIC.

One way to mitigate these disadvantages 1s to embed
into an FPGA certain commonly used complex functions as
fixed logic circuits. Therefore, a need exists for a
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programmable gate array that includes embedded fixed logic

circults yet retains programmable components.

SUMMARY

In accordance with one particular aspect of the
invention, there 1is provided a programmable gate array
comprising: programmable logic fabric; a first fixed logic
circult having at least one input and at least one output,
and the first fixed logic circuit 1is physically located
within the programmable logic fabric; and first
interconnecting logic operable to couple the at least one
input and the at least one output of the first fixed logic
circult to the programmable logic fabric, the first
interfacing logic comprises a first switch matrix connected
to the at least one input of the first fixed logic circuit,
a second switch matrix connected to the at least one output
of the first fixed logic circuit, a first term tile
connected to the first switch matrix and a second term tile

connected to the second switch matrix.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 illustrates a schematic block diagram of

a prior art field programmable gate array;

Figure 2 i1llustrates a schematic block diagram of
the programmable logic fabric of the programmable gate array
of Figure 1 being implemented in a symmetrical array

configuration;

Figure 3 illustrates a schematic block diagram of
the programmable logic fabric of the programmable gate array

of Figure 1 being implemented as a row based configuration;
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Figure 4 illustrates a schematic block diagram of

a programmable logic fabric of the programmable gate array
of Figure 1 being implemented as a column based

configuration;

Figure 5 illustrates a schematic block diagram of
the programmable logic fabric of the programmable gate array
of Figure 1 being implemented as a hierarchical programmable

logic device configuration;

Figure 6 illustrates a graphical diagram of a
programmable gate array in accordance with an embodiment of

the present invention;

Figure 7 illustrates a graphical diagram of an

alternate programmable gate array in accordance with an

P

embodiment of the present invention;

Figure 8 illustrates a graphical diagram of
another programmable gate array in accordance with an

embodiment of the present invention;

Figure 9 illustrates a more detailed graphical

diagram of the programmable gate array of Figure 3;

Figures 10A illustrates a schematic block diagram

P

of the interconnecting tiles and interfacing logic in

accordance with an embodiment of the present invention;

Figure 10B illustrates a schematic block diagram
of the interconnecting tiles and an embodiment of the

interfacing logic in accordance with the present invention;

Figure 11 illustrates a schematic block diagram of

the interconnecting tiles interfacing with the programmable
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logic fabric 1n accordance with an embodiment of the present

invention;

Figure 12 1llustrates a graphical diagram of vyet
another programmable gate array in accordance with an

embodiment of the present invention;

Figure 13 1llustrates a graphical diagram of a

variation of the programmable gate array of Figure 12; and

Figure 14 1llustrates a graphical diagram of a
further variation of the programmable gate array of

Figure 12.

DETAILED DESCRIPTION

Generally, some embodiments of the present

invention provide interconnecting logic that interfaces an

embedded fixed logic circuit, or circuits, with programmable

P

logic fabric of a programmable gate array. The

interconnecting logic enables any fixed logic circuit

(e.g., a digital signal processor, microprocessor, physical
layer interface, link layer interface, network layer
interface, audio processor, video graphics processor, and/or
applications specific integrated circuit) to be embedded
within the programmable logic fabric of a programmable gate
array. In addition, the interconnecting logic provides
connectivity between the fixed logic circuit and the
programmable logic fabric such that the fixed logic circuit

can be connected to any other blocks in the programmable

logic fabric.

The interconnecting logic includes interconnecting
tiles and may further include interfacing logic. The
interconnecting tiles provide programmable connectivity

between inputs and/or outputs of the fixed logic circuit and
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the interconnects of the programmable logic fabric. The
interfacing logic, when included, conditions signals between
the fixed logic circuit and the programmable logic fabric.
The signal conditioning can include data format changes,
parallel-to-serial conversion, serial-to-parallel
conversion, multiplexing, demultiplexing, performing logic
functions and/or control signal generation, etc. With such

interconnecting logic, any fixed logic circuit may be
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readily’embedded.within a programmable gate array to

provide additional functionality to the end users of FPGASs.

The present invention can be more fully described with
reference to Figures 6 through 18. Figure 6 1llustrates a
block diagram of a programmable gate array 30. The

programmable gate array may be a field programmable gate

array Oor a mask programmable gate array. In addition, the

programmable gate array may include programmable logic
device functionality, programmable array logilc
functionality, programmable logic arrays, et cetera. The
programmable gate array 30 includes the programmable logic

fabric 12, the programmable input/output blocks 14,

interconnecting logic 34, and a fixed logic circuit 32.

The fixed logic circuit 32, which may include any

logic function, such as a digital signal processor,

microprocessor, physical layer interface, link layer

interface, network laver interface, network processor,
audio processor, video graphics processor, logic cilrcultry,
and/or application specific integrated circuits, includes
at least one input and at least one output. Typically, the

fixed logic circuit 32 includes a plurality of i1nputs and a

plurality of outputs, which are represented by input/output
ports 36, 38, 40 and 42. The input/output ports 36-42 are

operably coupled to the interconnecting logic 34, which

provides connectivity between the input/output ports of the
fixed logic circuit 32 and the programmable logic fabric 12

of the programmable gate array 30, as well as between the

various logic functions in the interconnecting logic. It

should be noted that more than one fixed logic circult can

be included in the programmable gate array 30.
The programmable logic fabric 12 includes a plurality

of configurable logic blocks (CLB’s) and programmable
interconnects. The architecture of the programmable logic

fabric may be row or column based, hierarchical-PLD,

symmetrical array, and/or a sea of gates. The configurable

logic blocks may be of the type found in the XC4000E family
of FPGAs, Virtex and/or the Virtex-II FPGAs manufactured

and distributed by Xilinx, Inc. The interconnects may

{1

include a plurality of programmable switch matrices tha
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utilize static RAM cell technology, fuse and/or anti-fuse
cell technologies, EPROM transistor technology, EEPROM
transistor technology and/or any other programmable

~echnology. The switch matrices may be of the type found
in the XC4000E family of FPGAs, Virtex and/or the Virtex-II
FPGAs manufactured and distributed by Xilinx, Inc. The

i X

programmable I/0 blocks 14 may be of the type found in the
XC4000E family of FPGAs, Virtex and/or the Virtex-II FPGAS
designed and manufactured by Xilinx, Inc.

The programmable gate array 30 may be implemented as

an integrated circuit. In one embodiment, the circuitry of

each of these elements'l2, 14, 32 and 34, are implemented

using CMOS technology on a silicon substrate. However, as

one of average skill in the art will appreciate, other
integrated circuit technologies and substrate compositions

may be used.

In operation, the interconnecting logic 34 provides
coupling between the programmable logic fabric 12 and the
fixed logic circuit 32. As such, end users of the
programmable gate array 30 may program the PGA 30 treating

the fixed logic circuit 32 as a component of the

programmable logic fabric 12. For example, if the fixed
logic circuit 32 is a microprocessor, the interconnecting

logic 34 might include memory for storing programming

instructions and/or data for the microprocessor and may

further include logic functions (e.g., memory controller)

tro interface with other blocks of the PGA 30. Accordingly,
the programmable logic fabric 12 is programmed to perform

desired functions in combination with the fixed logic
functions of the microprocessor. Thus, with an embedded

microprocessor, the programmable gate array 30 offers the

flexibility of a FPGA with the processing efficiency of a
custom designed microprocessor. In addition, by embedding

"

a microprocessor within the programmable logic fabric, as

opposed to having two separate integrated circuits (one for

the microprocessor and another for the FPGA), power

consumption is reduced and performance increased due to the

elimination of interconnecting pins and traces between the
two separate integrated circuits. Other advantages 1nclude
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casier implementation of multi-processor designs and

support for a wider range of system level designs (e.g.,

processor systems with no external memory). Further, the
programmable gate array 30 requires less printed circuit
board real estate than separate integrated circuits for an
FPGA and a microprocessor.

Figure 7 illustrates a graphical diagram of an

alternate programmable gate array 50. The programmable

gate array 50 includes the programmable logic fabric 12,

the programmable input/output blocks 14, a 1%° fixed logic

circuit 32, 1°° interconnecting logic 34, a 2™ fixed logic

circuit 52 and 2™ interconnecting logic 54. In this

illustration, the interconnecting logic 34 and fixed logic
circuit 32 are as generally described with reference to

Figure 6.

The 2™ fixed logic circuit 52 may include any logic

functions, such as a digital signal processor,

microprocessor, physical layer interface, link layer

interface, network layer interface, audio processor, video

graphics processor, logic circuitry, and/or an application
specific integrated circuit. The 2 fixed logic circulit 52
includes a plurality of input/output ports 56, 58, 60 and
62 that allow it to interface with the 2™ interconnecting

logic 54. The 2™ interconnecting logic 54 provides the
connectivity between the 2™ fixed logic circuit 52 and the

programmable logic fabric 12.

ad

Figure 8 illustrates a graphical diagram of another

programmable gate array 70. The programmable gate array 70
includes the programmable logic fabric 12, the programmable
input/output blocks 14, and four fixed logic circuits 32,
52, 72 and 76. The structure of each fixed logic circuit

ig similar to the fixed logic circuit shown in Fig. 7 (note

that the I/0s in each fixed logic circuit are not shown

because of the limited size of the drawings). Each fixed
logic circuit 32, 52, 72 and 76 has its own corresponding
interconnecting logic 34, 54, 74 and 78, respectively. The
interconnecting logic 34, 54, 74 and 78 provide 1its
respective fixed logic circuit connectivity to the

programmable logic fabric 12.
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The construct of interconnecting logic 34, 54, 74 and

78 will be dependent upon the type of fixed logic circuilt

B ety

it is supporting. For instance, if the fixed logilc circuit

is a simple fixed logic function, such as a state machine
5 or a combinational logic circuit to perform a particular

logic function, the interconnecting logic 34, 54, 74 and/or

78 would include interconnecting tiles. The

octing tiles will be described in greater detail

e

interconn

=t

, however, the

with reference to Figures 9 through 11. I:

10 fixed logic circuit is more complex, such as a digital
signal processor, microprocessor, physical layer interface,

1ink layer interface, network layer interface, audio

processor, video graphics processor, network processor,

and/or applications specific integrated circuit, the

15 interconnecting logic 34, 54, 74 and/or 78 may include a
plurality of interconnecting tiles and (optionally)

interfacing logic. The interfacing logic will be described
in greater detail with reference to Figures 9 and 10.
Figure 9 illustrates a more detailed graphical diagram
20 of a portion of the programmable gate array 30 of Figure 6.
While Figure 9 is illustrated with reference to the PGA 30
of Figure 6, the concepts regarding the interconnecting
logic 34 are equally applicable to the interconnecting
logic 54 of Figure 7, and the interconnecting logic 54, 74,

gy

25 and 78 of Figure 8. As one of average skill in the art

will appreciate, any number of fixed logic circults may be

embedded within the programmable logic fabric using

interconnecting logic.

As shown in Figure 9, the programmable logic fabric 12

30 includes a plurality of configurable logic blocks (CLB) 80,
a plurality of memory blocks (Block:RAM) 90, and a
plurality of multipliers 92. The programmable I/O block
section 14 includes a plurality of individual I/O blocks
(TOB) 86 and a plurality of digital clock managers (DCM)

35 84. The operations of the configurable logic blocks 80,
the digital clock managers 84, the input/output blocks 86,
the block RAM 90, and the multipliers 92 function in a
simiiar manner as corresponding components found in the
XC4000F family of field programmable gate arrays, Virtex

iy
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and/or the Virtex-ITI field programmable gate arrays
designed and manufactured by Xilinx, Inc.

As shown, the configurable logic blocks 80, the block
RAM 90 and the multipliers 92 are arranged in a series of
rows and columns. The fixed logic circuit 32 displaces
some of the components in programmable logic fabric 12

while at the same time igs able to integrate with the

remaining components in the programmable logic fabric. With

some of the programmable logic fabric displaced, regular
operation of the FPGA would be interrupted. This

interruption occurs as a result of discontinuity of
connectivity between the plurality of configurable logic
blocks 80, the block RAMs 90, and multipliers 92. One
aspect of the present invention is an architecture that

allows for full integration of the fixed logic circult 32

into the programmable logic fabric 12 without discontinuity

of connectivity.
Tn the FPGA 30, each CLB 80, IOB 86, block RAM 90, and

multiplier 92 is associated with at least one of the

plurality of programmable switch matrices. The plurality

of programmable switch matrices provides selective

connectivity throughout the programmable logic fabric.

with the. insertion of the fixed logic circult 32 and

F

interconnecting logic 34, the connectivity pattern of the

programmable logic fabric is interrupted. The present
invention uses a plurality of interconnecting tiles 96 to

provide programmable connectivity between (a) the

interfacing logic 94, when included, and the fixed logic
circuit 32 and (b) the plurality of CLBs 80, block RAM’'s 90
and/or multipliers 92 of the programmable logic fabric 12.

The interconnecting tiles 96 will be discussed 1in greater
detail with reference to Figure 11l.

The interfacing logic 94 conditions signal transfers
between the fixed logic 32 and the CLBs 80, block RAM 20

35 and/or multipliers 92 of the programmable logic fabric 12.

Such conditioning is dependent upon the functilionality of
the fixed logic circuit 32. For example, 1f the fixed

logic circuit 32 processes video and/or audio signals in

ogic 94 could include

the analog domain, the interfacing
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analog to digital converters and digital to analog

converters. If the fixed logic circuit 32 1s a

microprocessor, the interfacing logilic generates and

il

conditions the signals for interfacing the FPGA with the

microprocessor (e.g., address buses, data buses and/or

control signals of the microprocessor, and FPGA control

pr—

signals for various modes of operations, such as power-up

and configuration). The interfacing logic 94 may include

test circuitry for testing the embedded fixed logic circuit
and the surrounding programmable logic fabric. In addition,
hard peripherals of the microprocessor may also be included

in the interfacing logic.

I

Figure 10A illustrates a schematic block diagram o:

microprocessor 100 being embedded in the FPGA 30 as an
example of a fixed logic circuit. It should be noted that
the present invention is applicable to processors of any
design, and is not limited to a particular type of

processor. As one of average skill in the art will

appreciate, the physical design of the microprocessor 100

can have a variety of geometric configurations. The
microprocessor 100 is surrounded by the interconnecting

logic 34 (shown in Fig. 9) that includes the interfacing

logic 94 and a plurality of interconnecting tiles 96. The
microprocessor 100 may be connected to block RAMs 96
through memory controllers (not shown). The microprocessor
100 may be directly connected to the block RAMs 90. By
providing coupling between the microprocessor 100 and the
block RAMs 90, the block RAMs 90 may be shared by the
microprocessor 100 and the programmable logic fabric 12.

gsuch direct sharing eliminates the need for programming the
programmable logic fabric to provide the microprocessor

with access to the RAMs 90.
The interface logic 94 may contain one or more blocks

of logic gates. These blocks may be designed to perform any

logic function, and may communicate in any manner with the
microprocessor 100, the block RAMs 90, and the

interconnecting tiles 96. In Fig. 10A, only one such block
(114) of logic functions is shown. The interface logic 94

may also contain one or more blocks of configurable logic
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gates; These blocks may be configured to perform any logic
function, and may communicate in any manner with the
microprocessor 100, the block RAMs 90, and the

interconnecting tiles 96. In Fig. 10A, only one such block
(116) of configurable logic functions 1s shown. The

int

.

oarface logic 94 may further contain a test module 103

that controls the manufacturing testing of the

microprocessor 100, interconnecting tiles 96, and/or

‘o d

various parts of the interfacing logic 94. In Fig. 10A,

even though the test module 103 is shown as an 1solated

"block to simplify the diagram, in reality it will be

connected to some or all of the above mentioned components.
A control module 105 can be used to control the operations
of the microprocessor 100 and various components in the
interfacing logic 94. The interface logic 94 may also
contain a timing module 107 that generates various timing

signals for the microprocessor 100 and other components in

the interface logic 94. The timing module 107 may contain

clock generation circuits (such as osclllators), or may use

p—

some of the clock signals of the programmable logic fabric.

In Fig. 10A, even though the control module 105 and timing
module 107 are shown as isolated blocks, they are in
reality connected to some or all of the above mentioned
components. In addition, modules performing other functions

may also be included.

Th
the interfacing tiles 96 (which are programmably connected

to the CLBs 98 shown in Fig. 9). The microprocessor 100 may

o microprocessor 100 may communicate directly with

v -

also communicate with the interfacing tiles 96 through the
blocks of logic gates 114 and blocks of programmable logic

gates 116. The connections -shown in Figure 10A could be

unidirectional and/or bidirectional.
The block RAM 90 may store at least a portion of the
executable instruction code for the microprocessor 100. In

35 addition, such memory may store the data to be processed by

the microprocessor 100 and the data already processed by

the microprocessor 100. Because the memory 1s shared

between the microprocessor 100 and the programmable logic
fabric 12, configured portions of the programmable logic
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fabric 12 may retrieve the data to be processed and/or the

data already processed to perform a certain function upon
the data.

Tt should be noted that the block RAM 90 may be at any
position relative to the microprocessor 100 (top, down,
left or right).

A specific implementation of an interface logic 1is

F

shown in Figure 10B. To efficilently input and output

signals from microprocessor 100, which may include more
than nine hundred input and/output connections, the
interfacing logic 94 includes a plurality of multiplexers
118, 128, 132, 136, 142, 146, and 150 and/or a plurality of
demultiplexers 120, 130, 134, 138, 140, 144, and 148. The
multiplexers 118, 128, 132, 136 142, 146, and 150 function

to transmit two or more signals over a single path, to

]

serialize parallel data, and/or to select one of multiple
input signals. The demultiplexers 120, 130, 134, 138, 140,
144, and 148 function to separate multiple signals on one

path into separate signals on multiple paths or to convert
serial data into parallel data. It should be noted that
multiplexers/demultiplexers may have inputs and outputs of
multiple signal widths (i.e., the output of a multiplexer

may have more than one signal and the input of a

demultiplexer may have more than one signal).

As shown, demultiplexer 134 facilitates reading data

‘and/or instructions from memory 108. Memory 108 may be

single or multi port memory. For example, demultiplexer 134

receives a serial stream of data from memory 108 and

provides it in parallel to an address bus interface, data

bus interface, and/or an instruction bus interface of the

microprocessor 100. Multiplexer 132 facilitates writing

data to memory 108. In this example, multiplexer 132

receives parallel data from the microprocessor 100 and

converts the parallel data into serial data for storing in

memory 108. As one of average skill in the art will

appreciate, the microprocessor 100 may also have one or

more direct connections to memory 108 exclusive of the

multiplexer 132 and demultiplexer 134 or in combination

therewith. As one of average skill in the art will further
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appreciate, the microprocessor 100 may have more or less

multiplexers and demultiplexers coupling it to memory 108.
Multiplexer 128 provides multiplexing of multiple
signals from the BRAM 90 to the left of the microprocessor

100 into a single stream of data to memory 108. As such,
data and/or instructions from the BRAM 90 may be delivered

to the microprocessor 100. Demultiplexer 130 provides

d
in to a plurality of separate signals, which are coupled to

P
juy
e

a single stream of data from memory 108

cmultiplexing o:

N

BRAM 90. As such, the microprocessor 100 may write data to
the BRAM 90 via memory 108. As one of average skill in the

art will appreciate, multiplexer 128 may include direct
coupling to the microprocessor 100, such that data being

retrieved from BRAM 90 does not have to be intermediately

stored in memory 108. As one of average skill in the art

will further appreciate, demultiplexer 130 may be directly

coupled to the microprocessor 100 such that data may be

directly written to the BRAM 90. As one of average skill
in the art will also appreciate, the microprocessor 100 may

have a direct connection to the BRAM 90 or through a memory

controller.
Tt should be noted that memory 108 may be connected to

the microprocessor 100 without the use of multiplexer 132

and demultiplexer 134. It should also be noted that memory

gl

108 may be of any width (generally up to the width of the

microprocessor 100). Further, memory 108 may be used for
storing instructions, data or a combination of both.

Multiplexers 136 and 142 and demultiplexers 138 and
140 provide the microprocessor 100 with similar access to
memory 122 and the BRAM 90 on the right of the
microprocessor 100 as multiplexers 128 and 132 and
demultiplexers 130 and 134 provided the microprocessor 100
access to memory 108 and the BRAM 90 on the left. As one
of average skill in the art will appreciate, the

interconnecting logic 94 may include more are less memory

than the memory shown (i.e., memory 108 and memory 122) and

phey

that such memory may be of any size to support the

microprocessor. In addition, the memory 108 and 122 may be
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static RAM, dynamic RAM, and/or erasable programmable read
only memory. |
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