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FPGA INTEGRATED CIRCUIT HAVING 
EMBEDDED SRAM MEMORY BLOCKS 

WITH REGISTERED ADDRESS AND DATA 
INPUT SECTIONS 

Matter enclosed in heavy brackets [ ] appears in the 
original patent but forms no part of this reissue speci? 
cation; matter printed in italics indicates the additions 
made by reissue. 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

The following copending US. patent applications are 
owned by the owner of the present application, and their 
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(A) Ser. No. 08/948,306 ?led Oct. 9, 1997 by Om P. 
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(B) (A) Ser. No. 08/996,049 ?led Dec. 22, 1997 by Om P. 
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INTEGRATED CIRCUITS; 
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(F) Ser. No. 08/995,612 ?led Dec. 22, 1997, by Om 
Agrawal et al. and originally entitled, “FLEXIBLE 
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OUTPUT BLOCKs (IOBS) AND VARIABLE GRAIN 
BLOCKs (VGBS) IN FPGA INTEGRATED CIR 
CUITS”; 
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CROSS REFERENCE TO RELATED PATENTS 

The disclosures of the following US. patent are incorpo 
rated herein by reference: 

(A) U.S. Pat. No. 5,212,652 issued May 18, 1993 to Om 
Agrawal et al, (?led as Ser. No. 07/394,221 onAug. 15, 
1989) and entitled, PROGRAMMABLE GATE 
ARRAY WITH IMPROVED INTERCONNECT 
STRUCTURE; 

(B) US. Pat. No. 5,621,650 issued Apr. 15, 1997 to Om 
Agrawal et al, and entitled, PROGRAMMABLE 
LOGIC DEVICE WITH INTERNAL TIME 
CONSTANT MULTIPLEXING OF SIGNALS FROM 
EXTERNAL INTERCONNECT BUSES; and 

(C) US. Pat. No. 5,185,706 issued Feb. 9, 1993 to Om 
Agrawal et al. 

BACKGROUND 

1. Field of the Invention 

The invention is generally directed to integrated circuits, 
more speci?cally to on-chip memory provided for run-time 
use with on-chip logic circuits. The invention is yet more 
speci?cally directed to on-chip memory provided for run 
time use within Programmable Logic Devices (PLD’s), and 
even more speci?cally to a subclass of PLD’s known as 

Field Programmable Gate Arrays (FPGA’s). 
2. Description of Related Art 

Field-Programmable Logic Devices (FPLD’s) have con 
tinuously evolved to better serve the unique needs of dif 
ferent end-users. From the time of introduction of simple 
PLD’s such as the Advanced Micro Devices 22Vl0TM 
Programmable Array Logic device (PAL), the art has 
branched out in several different directions. 

One evolutionary branch of FPLD’s has grown along a 
paradigm known as Complex PLD’s or CPLD’s. This para 
digm is characterized by devices such as the Advanced 
Micro Devices MACHTM family. Examples of CPLD cir 
cuitry are seen in US. Pat. Nos. 5,015,884 (issued May 14, 
1991 to Om P. Agrawal et al.) and 5,151,623 (issued Sep. 29, 
1992 to Om P. Agrawal et al.). 
Another evolutionary chain in the art of ?eld program 

mable logic has branched out along a paradigm known as 
Field Programmable Gate Arrays or FPGA’s. Examples of 
such devices include the XC2000TM and XC3000TM families 
of FPGA devices introduced by Xilinx, Inc. of San Jose, 
Calif. The architectures of these devices are exempli?ed in 
US. Pat. Nos. 4,642,487; 4,706,216; 4,713,557; and 4,758, 
985; each of which is originally assigned to Xilinx, Inc. 
An FPGA device can be characterized as an integrated 

circuit that has four major features as follows. 

(1) A user-accessible, con?guration-de?ning memory 
means, such as SRAM, EPROM, EEPROM, anti-fused, 
fused, or other, is provided in the FPGA device so as to 
be at least once-programmable by device users for 
de?ning user-provided con?guration instructions. 
Static Random Access Memory or SRAM is of course, 
a form of reprogrammable memory that can be differ 
ently programmed many times. Electrically Erasable 
and reprogrammable ROM or EEPROM is an example 
of nonvolatile reprogrammable memory. The 
con?guration-de?ning memory of an FPGA device can 
be formed of mixture of different kinds of memory 
elements if desired (e.g., SRAM and EEPROM). 

(2) Input/Output Blocks (IOB’s) are provided for inter 
connecting other internal circuit components of the 
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FPGA device With external circuitry. The IOB’s may 
have ?xed con?gurations or they may be con?gurable 
in accordance With user-provided con?guration instruc 
tions stored in the con?guration-de?ning memory 
means. 

(3) Con?gurable Logic Blocks (CLB’s) are provided for 
carrying out user-programmed logic functions as 
de?ned by user-provided con?guration instructions 
stored in the con?guration-de?ning memory means. 
Typically, each of the many CLB’s of an FPGA has at 
least one lookup table (LUT) that is user-con?gurable 
to de?ne any desired truth table, ito the extent 
alloWed by the address space of the LUT. Each CLB 
may have other resources such as LUT input signal 
pre-processing resources and LUT output signal post 
processing resources. Although the term ‘CLB’ Was 
adopted by early pioneers of FPGA technology, it is not 
uncommon to see other names being given to the 
repeated portion of the FPGA that carries out user 
programmed logic functions. The term, ‘LAB’ is used 
for example in Us. Pat. No. 5,260,611 to refer to a 
repeated unit having a 4-input LUT. 

(4) An interconnect netWork is provided for carrying 
signal traf?c Within the FPGA device betWeen various 
CLB’s and/or betWeen various IOB’s and/or betWeen 
various IOB’s and CLB’s. At least part of the inter 
connect netWork is typically con?gurable so as to alloW 
for programmably-de?ned routing of signals betWeen 
various CLB’s and/or IOB’s in accordance With user 
de?ned routing instructions stored in the con?guration 
de?ning memory means. Another part of the intercon 
nect network may be hard Wired or noncon?gurable 
such that it does not alloW for programmed de?nition of 
the path to be taken by respective signals traveling 
along such hard Wired interconnect. A version of hard 
Wired interconnect Wherein a given conductor is dedi 
catedly connected to be alWays driven by a particular 
output driver, is sometimes referred to as ‘direct con 
nect’. 

In addition to the above-mentioned basic components, it 
is sometimes desirable to include on-chip reprogrammable 
memory that is embedded betWeen CLB’s and available for 
run-time use by the CLB’s and/or resources of the FPGA for 
temporarily holding storage data. This embedded run-time 
memory is to be distinguished from the con?guration 
memory because the latter con?guration memory is gener 
ally not reprogrammed While the FPGA device is operating 
in a run-time mode. The embedded run-time memory may 
be used in speed-critical paths of the implemented design to 
implement, for example, FIFO or LIFO elements that bulfer 
data Words on a ?rst-in/?rst-out or last-in/?rst-out basis. 
Read/Write speed, data validating speed, and appropriate 
interconnecting of such on-chip embedded memory to other 
resources of the FPGA can limit the ability of a given FPGA 
architecture to implement certain speed-critical designs. 
Modern FPGA’s tend to be fairly complex. They typically 

offer a large spectrum of user-con?gurable options With 
respect to hoW each of many CLB’s should be con?gured, 
hoW each of many interconnect resources should be 
con?gured, and hoW each of many IOB’s should be con?g 
ured. Rather than determining With pencil and paper hoW 
each of the con?gurable resources of an FPGA device 
should be programmed, it is common practice to employ a 
computer and appropriate FPGA-con?guring softWare to 
automatically generate the con?guration instruction signals 
that Will be supplied to, and that Will cause an unpro 
grammed FPGA to implement a speci?c design. 
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4 
FPGA-con?guring softWare typically cycles through a 

series of phases, referred to commonly as ‘partitioning’, 
‘placement’, and ‘routing’. This softWare is sometimes 
referred to as a ‘place and route’ program. Alternate names 
may include, ‘synthesis, mapping and optimiZation tools’. 

In the partitioning phase, an original circuit design (Which 
is usually relatively large and complex) is divided into 
smaller chunks, Where each chunk is made suf?ciently small 
to be implemented by a single CLB, the single CLB being 
a yet-unspeci?ed one of the many CLB’s that are available 
in the yet-unprogrammed FPGA device. Differently 
designed FPGA’s can have differently designed CLB’s With 
respective logic-implementing resources. As such, the maxi 
mum siZe of a partitioned chunk can vary in accordance With 
the speci?c FPGA device that is designated to implement the 
original circuit design. The original circuit design can be 
speci?ed in terms of a gate level description, or in HardWare 
Descriptor Language (HDL) form or in other suitable form. 

After the partitioning phase is carried out, each resulting 
chunk is virtually positioned into a speci?c, chunk 
implementing CLB of the designated FPGA during a sub 
sequent placement phase. 

In the ensuing routing phase, an attempt is made to 
algorithmically establish connections betWeen the various 
chunk-implementing CLB’s of the FPGA device, using the 
interconnect resources of the designated FPGA device. The 
goal is to reconstruct the original circuit design by recon 
necting all the partitioned and placed chunks. 

If all goes Well in the partitioning, placement, and routing 
phases, the FPGA con?guring softWare Will ?nd a Workable 
‘solution’ comprised of a speci?c partitioning of the original 
circuit, a speci?c set of CLB placements and a speci?c set 
of interconnect usage decisions (routings). It can then deem 
its mission to be complete and it can use the placement and 
routing results to generate the con?guring code that Will be 
used to correspondingly con?gure the designated FPGA. 

In various instances, hoWever, the FPGA con?guring 
softWare may ?nd that it cannot complete its mission suc 
cessfully on a ?rst try. It may ?nd, for example that the 
initially-chosen placement strategy prevents the routing 
phase from completing successfully. This might occur 
because signal routing resources have been exhausted in one 
or more congested parts of the designated FPGA device. 
Some necessary interconnections may have not been com 
pleted through those congested parts. Alternatively, all nec 
essary interconnections may have been completed, but the 
FPGA con?guring softWare may ?nd that simulation 
predicted performance of the resulting circuit (the 
so-con?gured FPGA) is beloW an acceptable threshold. For 
example, signal propagation time may be too large in a 
speed-critical part of the FPGA-implemented circuit. More 
speci?cally, certain synchronization signals may need to 
propagate from one section of the FPGA to another accord 
ing to a particular sequence and architectural constraints of 
the FPGA device may impede this from happening in an 
ef?cient manner in so far as resource utiliZation is con 

cerned. 
Given this, if the initial partitioning, placement and rout 

ing phases do not provide an acceptable solution, the FPGA 
con?guring softWare Will try to modify its initial place and 
route choices so as to remedy the problem. Typically, the 
softWare Will make iterative modi?cations to its initial 
choices until at least a functional place-and-route strategy is 
found (one Where all necessary connections are completed), 
and more preferably until a place-and-route strategy is found 
that brings performance of the FPGA-implemented circuit to 
a near-optimum point. The latter step is at times referred to 
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as ‘optimization’. Modi?cations attempted by the software 
may include re-partitionings of the original circuit design as 
well as repeated iterations of the place and route phases. 

There are usually a very large number of possible choices 
in each of the partitioning, placement, and routing phases. 
FPGA con?guring programs typically try to explore a mul 
titude of promising avenues within a ?nite amount of time 
to see what e?fects each partitioning, placement, and routing 
move may have on the ultimate outcome. This in a way is 
analogous to how chess-playing machines explore rami? 
cations of each move to each chess piece on the end-game. 
Even when relatively powerful, high-speed computers are 
used, it may take the FPGA con?guring software a signi? 
cant amount of time to ?nd a workable solution. Turn around 
time can take more than 8 hours. 

In some instances, even after having spent a large amount 
of time trying to ?nd a solution for a given FPGA 
implementation problem, the FPGA con?guring software 
may fail to come up with a workable solution and the time 
spent becomes lost turn-around time. It may be that, because 
of packing ine?‘iciencies, the user has chosen too small an 
FPGA device for implementing too large of an original 
circuit. 

Another possibility is that the internal architecture of the 
designated FPGA device does not mesh well with the 
organization and/or timing requirements of the original 
circuit design. 

Organizations of original circuit designs can include 
portions that may be described as ‘random logic’ (because 
they have no generally repeating pattern). The organizations 
can additionally or alternatively include portions that may be 
described as ‘bus oriented’ (because they carry out nibble 
wide, byte-wide, or word-wide, parallel operations). The 
organizations can yet further include portions that may be 
described as ‘matrix oriented’ (because they carry out 
matrix-like operations such as multiplying two, multidimen 
sional vectors). These are just examples of taxonomical 
descriptions that may be applied to various design organi 
zations. Another example is ‘control logic’ which is less 
random than fully ‘random logic’ but less regular than ‘bus 
oriented’ designs. There may be many more taxonomical 
descriptions. The point being made here is that some FPGA 
structures may be better suited for implementing random 
logic while others may be better suited for implementing bus 
oriented designs or other kinds of designs. In cases where 
embedded memory is present, the architecture of the embed 
ded memory can play an important role in determining how 
well a given taxonomically-distinct design is accommo 
dated. Compatibility between the embedded memory archi 
tecture and the architecture of intertwined CLB’s and inter 
connect can also play an important role in determining how 
well a given taxonomically-distinct design is accommo 
dated. 

If after a number of tries, the FPGA con?guring software 
fails to ?nd a workable solution, the user may choose to try 
again with a di?‘erently-structured FPGA device. The user 
may alternatively choose to spread the problem out over a 
larger number of FPGA devices, or even to switch to another 
circuit implementing strategy such as CPLD or ASIC (where 
the latter is an Application Speci?c hardwired design of an 
IC). Each of these options invariably consumes extra time 
and can incur more costs than originally planned for. 
FPGA device users usually do not want to sulfer through 

such problems. Instead, they typically want to see a fast 
turnaround time of no more than, say 4 hours, between the 
time they complete their original circuit design and the time 
a ?rst-run FPGA is available to implement and physically 
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6 
test that design. More preferably, they would want to see a 
fast turnaround time of no more than, say 30 minutes, for 
successful completion of the FPGA con?guring software 
when executing on a 80486-80686 PC platform (that is, a 
socommercially speci?ed, IBM compatible personal 
computer) and implementing a 25000 gate or less, design in 
a target FPGA device. 
FPGA users also usually want the circuit implemented by 

the FPGA to provide an optimal emulation of the original 
design in terms of function packing density, cost, speed, 
power usage, and so forth irrespective of whether the 
original design is taxonomically describable generally as 
‘random logic’, or as ‘bus oriented’, ‘memory oriented’, or 
as a combination of these, or otherwise. 
When multiple FPGA’s are required to implement a very 

large original design, high function packing density and 
ef?cient use of FPGA internal resources are desired so that 
implementation costs can be minimized in terms of both the 
number of FPGA’s that will have to be purchased and the 
amount of printed circuit board space that will be consumed. 
Even when only one FPGA is needed to implement a 

given design, a relatively high function packing density is 
still desirable because it usually means that performance 
speed is being optimized due to reduced wire length. It also 
usually means that a lower cost member of a family of 
di?ferently sized FPGA’s can be selected or that unused 
resources of the one FPGA can be reserved for future 
expansion needs. 

In summary, end users want the FPGA con?guring soft 
ware to complete its task quickly and to provide an 
ef?ciently-packed, high-speed compilation of the function 
alities provided by an original circuit design irrespective of 
the taxonomic organization of the original design. 

In the past, it was thought that attainment of these goals 
was primarily the responsibility of the computer program 
mers who designed the FPGA con?guring software. It has 
been shown however, that the architecture or topology of the 
unprogrammed FPGA can play a signi?cant role in deter 
mining how well and how quickly the FPGA con?guring 
software completes the partitioning, placement, and routing 
tasks. 
As indicated above, the architectural layout, 

implementation, and use of on-chip embedded memory can 
also play a role in how well the FPGA con?guring software 
is able to complete the partitioning, placement and routing 
tasks with respect to using embedded memory; and also how 
well the FPGA-implemented circuit performs in terms of 
propagating signals into, through and out of the on-chip 
embedded memory. 

SUMMARY OF THE INVENTION 

An improved FPGA device in accordance with the inven 
tion includes one or more columns of multi-ported SRAM 
blocks for holding run-time storage data. 

In each such SRAM block, at least a ?rst of the multiple 
ports is a read/write port (Portil) which can receive ?rst 
address signals and respond by directing the writing of 
further-received ?rst data to an address-de?ned ?rst area of 
the SRAM block and which can alternatively respond by 
directing the reading of stored data from an address-de?ned 
area of the SRAM block. A second of the multiple ports 
(Porti2) has at least an independent read-capability such 
that the second port can receive respective second address 
signals and can respond independently of the ?rst port by 
reading stored second data from a respective address-de?ned 
area of the SRAM block. 

The address signals that drive the multiple ports of each 
SRAM block generally come from respective signal sources 




















































