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A METHOD AND APPARATUS FOR CONFIGURING
PROGRAMMABLE LOGIC DEVICES

PRIORITY

[0001] This application claims priority to the provisional U.S. patent
application entitled, A Method and Apparatus for Configuring Programmable Logic
Devices, filed November 7, 2002, having a serial number 60/424,333, the disclosure

of which is hereby incorporated by reference.

FIELD OF THE INVENTION

The present invention relates generally to programmable logic devices. More
particularly, the present invention relates to using, configuring and identifying logic

devices with a minimum number of memory devices.

BACKGROUND OF THE INVENTION

[0002] The FPGA is an integrated circuit (IC) that can be programmed in
the field after manufacture. FPGAs are similar in principle to, but have vastly
wider potential application than, programmable read-only memory (PROM) chips.
FPGAs are used by engineers in the design of specialized ICs that can later be
produced hard-wired in large quantities for distribution to computer

manufacturers and end users. Ultimately, FPGAs might allow computer users to
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| tailor microprocessors to meet their own individual needs. However, there are
limitations in FPGAs that can affect a designers decision to use them.

[0003] FPGAs are not only used in the designing of specialized ICS,
FPGAs can also be incorporated into actual devices. One of the advantages in
using FPGA:s is that it enables the device to be multi-functional without having to
double the number of internal circuit cemponents. Another advantage in using
FPGA:s is that logic configured therein is upgradable. Instead of having to change
the integrated chip, the existing FPGA can be reprogrammed with a new
configuration. Therefore, FPGAs can be upgraded with logic that enables the
device to be compatible With latest devices on the market. In the computer
industry, this is a distinct advantage because the pace of the technology runs in
about a five year cycle.

[0004] One of the disadvantages of using FPGAs is that currently each
FPGA requires its own memory device. The memory device serves as the storage
area for the configuration logic. The logic is placed into the FPGA and activated
once the FPGA has been initialized. One disadvantage to having multiple
memory devices for the FPGA is the overall cost. Furthermore, memory prices
have a tendency to fluctuate. This cost factor has an affect on cost effective
design choices. The other disadvantage with the individual memory devices is the
amount of space required on the circuit board. Circuit board space is a never
ending battle especially in the view of multi-function devices within an enclosure
that is satisfactory with the consumer. The addition of multiple FPGAs has the

opposite effect by requiring each FPGA to have its own memory device.
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Furthermore, there.is a redundancy in the system with memory devices storing the
identical configuration logic for each FPGA.

[0005] Finally, integrated chips such as an FPGA can malfunction and
disrupt the operation of a system or device. With FPGAs, it is not possible to
check the status or condition of the FPGA without pulling the FPGA from its slot.
Further complicating the problem is the ability to detect whether the FPGA is the
cause of the malfunction.

[0006] Accordingly, it is desirable to provide a system and method to reduce
the number of storage devices used to configure an FPGA. The resulting benefit is
the reduction of component costs and the increase in availability of real estate on the
circuit board. There is an additional need to determine the status or functionality of

the FPGA:s.

SUMMARY OF THE INVENTION

[0007] The present invention provides a method and apparatus that enables
* a user to program multiple programmable logic devices with a minimum number of
memory devices.
[0008] The present invention to also provides a method and apparatus to
detect the condition or status of the programmable logic device.
[0009] The above can be achieved through the use of a novel combinatioﬁ of
a single memory device and a processor to program or configure multiple
programmable logic devices. The memory serves as the location where the
configuration code for the FPGAs is stored. This arrangement enables the user to

save and potentially open up valuable real estate on a circuit board within a system.
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In accordance with one embodiment of the present invention, an apparatus for
configuring a first programmable device includes a microprocessor, a second
programmable logic with an interface logié to link the microprocessor and the first
programmable logic device and a status check that is linked to the second
programmable logic device. The status check determines the condition of the first
programmable logic device. The final element is a memory device that is linked to
the microprocessor. The memory device provides a configuration code for the first
programmable logic device. In this embodiment, the first programmable logic device
is a computer programmable logic device (CPLD) while the second programmable
device is a field programmable gate array (FPGA).

[0010] In this embodiment, the microprocessor upon reset or boot-up sets a

- command in the configuration register of the second programmable logic device. In
the instance of multiple FPGAs, the command instructs the second programmable
device which, if any of the first programmable devices to program.

[0011] The present embodiment can also include a second memory device
linked to the microprocessor. The second memory device contains the switching
logic to program the first programmable logic device in a different configuration.
The second memory device can be an individual memory device for each of the
FPGAs. In this configuration, the microprocessor can selectively choose among the
differing configuration codes that are currently present in any of the memory devices.

[0012] In an alternate embodiment of the present invention, a method for
configuring a first programmable device contains the steps of deasserting a reset line
of the first programmable logic device, toggling the pr(;gram reset line of the first

programmable logic device, transmitting an initialization signal from the first
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programmable device to a microprocessor, determining the status of the first
programmable logic device and downloading a configuration from the second
programniable device to the first programmable device.

[0013] In another aspect of the present invention, a further step includes
transmitting a completion status signal from the first programmable device to the
microprocessor after the step of downloading is completed. The completion status
signal indicates to the microprocessor that a successful download has been
accomplished. The completion status signal can also indicate whether a fault
condition is present or has occurred. If a fault condition is present, the alternate
embodiment includes the step of re-downloading a configuration from the second
programmable device to the first programmable device.

[0014] In the presence of a fault condition, the alternate embodiment includes
the step of transmitting an alarm status to a user interface. The user interface can be
an alphanumeric display, a light emitting diode or a serial port.

[0015] In this alternate embodiment, once a successful configuration is
downloaded, the invention includes the steps of activating the first programmable
logic device. One such method to activate the FPGA is to de-assert the logic-reset
line and set a command in the second programmable logic device. The command can
be an instruction to determine which first programmable logic device, if any, to
download the configuration.

[0016] In another alternate embodiment, an apparatus for configuring a first
programmable device includes means for deasserting a reset line of a first
programmable logic device, means for toggling the program line of the first

programmable logic device, means for transmitting an initialization signal from the
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first programmable device to a microprocessor, means for determining the status of
the first programmable logic device and means for downloading a configuration from
the second programmable device to the first programmable. This alternate
embodiment can also include means for transmitting a completion status signal from
the first programmable device to the microprocessor after the step of downloading
is completed. The completion status signal can indicate a successful download of the
configuration or a fault condition. If a fault condition is detected, then this alternate
embodiment can include means for re-downloading a configuration from the second
programmable device to the first programmable device.

[0017] Upon detecting the fault condition, the apparatus can contain means
for transmitting an alarm status to a user interface. The user interface can be an
alphanumeric display, a light emitting diode or a serial port.

[0018] Upon reset or boot-up of the microprocessor, the alternate
embodiment can include means for activating the first programmable logic device,
which in this alternate embodiment, is de-asserting the logic reset line.

[0019] The microprocessor also contains means for setting a command in the
second programmable logic device. The command can be an instruction to the
second programmable logic device which of the first programmable logic devices to
download the configuration.

[0020] There has thus been outlined, rather broadly, the more important
features of the invention in order that the detailed description thereof that follows
may be better understood, and in order that the present contribution to the art may be

better appreciated. There are, of course, additional features of the invention that will
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be described below and which will form the subject matter of the claims appended
hereto.

[0021] In this respect, before explaining at least one embodiment of the
invention in detail, it is to be understood that the invention is not limited in its
applicAation to the details of construction and to the arrangements of the components
set forth in the following description or illustrated in the drawings. The invention is
capable of other embodiments and of being practiced and carried out in various ways.
Also, it is to be understood that the phraseology and terminology employed herein,
as well as the abstract, are for the purpose of description and should not be regarded
as limiting.

[0022] As such, those skilled in the art will appreciate that the conception
upon which this disclosure is based may readily be utilized as a basis for the
designing of other structures, methods and systems for carrying out the several
purposes of the present invention. It is important, therefore, that the claims be
regarded as including such equivalent constructions insofar as they do not depart

from the spirit and scope of the present invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0023] FIG. 1 is a block diagram of the present invention illustrating a central
storage device for the programmable logic devices

[0024] FIG. 2 is a block diagram of an alternate embodiment of the preseht
invention illustrating a central storage device as well as individual storage devices
for programmable logic devices.

[0025] FIG. 3 is a flow diagram of the present invention.
7
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DETAILED DESCRIPTION OF PREFERRED

EMBODIMENTS OF THE INVENTION

[0026] A preferred embodiment of the present invention provides a method
and apparatus that enables a user to check the status of a programmable logic device
and program or configure this device ip a manner that is intended or that the user
desires. A preferred embodiment of the present inventive apparatus and method is
illustrated in FIG. 1. In FIG. 1, the present invention includes a microprocessor 10,
which is linked to storage device 12. The storage device 12 contains the application
computer executable code, such as the boot code, and the configuration computer
code for the field programmable gate arrays (FPGA) 14,16,18.

[0027] In the preferred embodiment, the storage device is non-volatile
memory such as static random access memory (SRAM). SRAM (static RAM) is
random access memory (RAM) that retains data bits in its memory as long as
power is being supplied. Unlike dynamic RAM (DRAM), which stores bits in
cells consisting of a capacitor and a transistor, SRAM does not have to be
periodically refreshed. Static RAM provides faster access to data and is more
expensive than DRAM. SRAM is used for a computer's cache memory and as part
of the random access memory digital-to-analog converter on a video card. One of
ordinary skill in the art recognizes that the invention is not limited to a
configuration of SRAM storage devices. Any storage device capable of storing
the configuration code is within the scope of the invention.

[0028] The preferred embodiment is connected to a communications port

20. In the preferred embodiment, the microprocessor 10 is linked to the
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communications port 20. The communications port 20 enables differing FPGA
configurations to be downloaded to the storage device 12 via the microprocessor
10. From the storage device 12, the configuration code is downloaded to the
various FPGAs 14,16,18.

{0029] In order to allow the FPGAs 14, 16, 18 to communicate with
microprocessor 10, a computer programmable logic device (CPLD) 22 is located
between the two devices. The CPLD 22 contains the interface logic to enable the
two devices to communicate. The CPLD 22 also contains the switching logic to
program the multiple FPGAs 14,16,18.

[0030] The microprocessor 10 communicates over a local data bus 24 to
the FPGAs 14, 16, 18 and to the CPLD 22. Through the bus line 24, the
microprocessor 10 has the ability to update, change and/or reconfigure the FPGAs
logical functions. |

[0031] After a system is initialized or through a boot-up, the initial
condition of the reset lines 26,28,30 of the FPGAs 14,16,18 are held de-asserted.
The rnicrqprocessor 10 then sets a command in a configuration register of the
CPLD 22 to instruct which of the FPGAs 14,16,18 are to be programmed. After
the CPLD 22 is instructed as to which of the FPGAs 14, 16, 18 to program, the
CPLD 22 directs the appropriate control signals to that FPGA 14, which includes
toggling the FPGA’s program reset signal. Note that the program-reset signal is
different from the FPGA’s logic reset.

[0032] In response to the program reset signal, the FPGA 14 transmits an
initialization status bit to the microprocessor 10 through the CPLD 22. Once this

is received, the microprocessor 10 begins to start downloading the configuration
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sequence to the FPGA 14 from the storage device 12. Upon completion of this
configuration sequence, the microprocessor 10 receives a completion or done bit
from the FPGA 14 via the CPLD 22. The completion bit informs the
microprocessor 10 that the FPGA 14 was properly programmed. If the
completion bit shows a fault condition, the microprocessor 10, in the preferred
embodiment, performs another download of the sequence configuration from the
storage device.

[0033] At some point in the downloading process, the microprocessor 10
is instructed to report the error. In the preferred embodiment, the microprocessor
10 reports the error after two unsuccessful downloads that result in a fault
condition that cannot be corrected. The report sends an alarm status to a user
interface such as an alphanumeric display, LED or a serial port or a terminal.

[0034] After a successful download configuration to the FPGA 14, the
FPGA 14 is activated. In the preferred embodiment, the microprocessor 10
activates the FPGA 14 with the new logic configuration by de-asserting the logic
re-set line 26. Once activated, the microprocessor 10 tests the FPGA 14 and, if
applicable, its surrounding circuitry by sending command sequences to the FPGAs
interface register. The FPGAs 14,16,18 are assessed as to their status by using
handshake/status signals 32,34,36. The microprocessor 10 requests status back
through the predetermined registers in the FPGA 14. If the status is not what is
expected, the microprocessor 10 transmits an alarm status indicating what section
of the circuitry failed via the user interface.

[0035] The above configuration is also beneficial in a system where the

power source is not large enough to program large multiple FPGAs concurrently.
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The microprocessor 10 can selectively program the FPGAs in a sequence, which
is beneficial in reducing overall drain on a power supply during configuration. In
other words, the present invention can program the FPGAs 14, 16, 18 either
simultaneously or one at a time.

[0036] FIG. 2 is a block diagram of an alternate embodiment of the
present invention illustrating a central storage device and individual storage
device for each programmable logic device. In this alternate embodiment as with
the preferred embodiment in FIG.1, the microprocessor 10 is linked to the FPGAs
14, 16, 18 through the CPLD 22. Attached to the microprocessor 10 is a storage
device 10 and a communications port 20. The difference in this alternate
embodiment is the inclusion of FPGA storage devices 38, 40, 42 with the FPGAs
14,16,18. In this alternate embodiment, the microprocessor 10 is able to control
where the FPGAs 14,16,18 obtain its configuration code. The configuration code
can be pulled from the FPGAs 14,16,18 own storage device 38,40,42 or from a
central location as such the storage device 12 that is attached to the
microprocessor 10.

[0037] This alternate embodiment enables the FPGAs 14,16,18 to have the
ability to have a primary cqnfiguration stored in it’s storage device 38,40,42 and
then be able to switch to a secondary configuration logic by downloading the
configuration data stored in the storage device 12, which is attached to the
microprocessor 10. The alternate embodiment can also be configured so that the
FPGAs 14,16,18 are initialized with the configuration data stored in its own
storage device 38,40,42. The alternate embodiment can also be programmed to

initialize the FPGAs 14,16,18 with the configuration data stored in the storage
11
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device 12 attached to the microprocessor 10. The benefit of such a configuration
enables a device to be multifunctional without the need for a different component
set.

[0038] FIG. 3 is a flow diagram of the present invention. - The present
invention begins the process by the step 44 of deasserting a reset line of a FPGA.
This steps ensures that the FPGA is not initialized with any configuration data
already within it. In other words, the FPGA is instructed to withhold initializing any
configuration logic until another instruction is given. This enables the present
invention to begin the process of programming the FPGA is a manner desired. To
accomplish this task, the step 46 of toggling the program-reset line of the
programmable logic device is undertaken. From this point, the step 48 of
transmitting an initialization signal is received by the microprocessor 10 from the
FPGA. The initialization signal enables the present invention to perform the step 50
of determining the status of the first programmable logic device from the
initialization signal. After a determination is made and no fault is detected, the
present invention proceeds to the step 52 of downloading a configuration from a
CPLD or second programmable device to a FPGA or a first programmable logic
device. Once the download has been completed, the FPGA completes the step 54 of
transmitting a completion status signal to the microprocessor. If the status signal
indicates a successful download, then the present invention proceeds to the step 56
of activating the first programmable logic device. If the status signal does not
indicate a successful download, then the present invention proceeds to the step 58 of
re-downloading a configuration data from the CPLD. The present invention further

includes the step 60 of alerting a user of the unsuccessful download. The alert can
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be through a user interface such as alﬁhanumeric display, and LED or a serial port.

[0039] The many features and advantages of the invention are apparent from
the detailed specification, and thus, it is intended by the appended claims to cover all
such features and advantages' of the invention which fall within the true spirits and
scope of the invention. Further, since numerous modifications and variations will
readily occur to those skilled in the art; it is not desired to limit the invention to the
exact construction and operation illustrated and described, and accordingly, all
suitable modifications and equivalents may be resorted to, falling within the scope

of the invention.
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What is claimed is:
1. An apparatus for configuring a first programmable device comprising:
a miCroprocessor;

a second programmable logic comprising an interface logic, which links the
microprocessor and the first programmable logic device;

a status check that is linked to the second programmable logic device, the
status check determines the condition of the first programmable logic device; and

a memory linked to the microprocessor, the memory comprises a

configuration code for the first programmable logic device.

2. The apparatus as in claim 1, wherein the second programmable logic device

is a computer programmable logic device (CPLD).

3. The apparatus as in claim 1, wherein the first programmable device is a field
programmable gate array (FPGA).
4. The apparatus as in claim 1, wherein the microprocessor sets a command in

a configuration register of the second programmable logic device.

5. The apparatus as in claim 4, wherein the command instructs the second

programmable device which, if any, first programmable device to program.

14
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6. The apparatus as in claim 1, further comprising a second memory device

linked to the microprocessor.

7. The apparatus as in claim 6, wherein the second memory device comprises

an alternate configuration code for the first programmable logic device.

8. The apparatus as in claim 1, wherein the status check directs control signals

to the first programmable logic device.

9. The apparatus as in claim 8, wherein the control signal is an initialization

status.

10. The apparatus as in claim 9, wherein the initialization status is transmitted to

the microprocessor.

11. A method for configuring a first programmable device comprising the steps

of:
deasserting a reset line of a first programmable logic device;
toggling the program reset line of the first programmable logic device;
transmitting an initialization signal from the first programmable device to a
microprocessot;

determining the status of the first programmable logic device from the

initialization signal; and

15
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downloading a configuration from a second programmable device to the

second programmable device if there is no fault.

12. The method as in claim 11, further comprising the step of transmitting a
completion status signal from the first programmable device to the microprocessor

after the step of downloading is completed.

13. The method as in claim 12, wherein the completion status signal indicates a

successful download of the configuration.

14.  The method as in claim 12, wherein the completion status signal indicates a

fault condition.

15.  The method as in claim 14, further comprising re-downloading a

configuration from the second programmable device to the first programmable.

16.  The method as in claim 14, further comprising the step of transmitting an

alarm status to a user interface.

17.  The method as in claim 16, wherein the user interface is an alphanumeric

display.

18.  The method as in claim 16, wherein the user interface is a light emitting
diode.
16
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19.  The method as in claim 16, wherein the user interface is a serial port.

20.  The method as in claim 11, further comprising the step of activating the first

programmable logic device.

21.  The method as in claim 20, wherein the step of activating is accomplished by

the step of de-asserting the logic reset line.

22.  The method as in claim 11, further comprising the step of setting a command

in the second programmable logic device.

23. The method as in claim 22, wherein the command is an instruction which first

programmable logic device to download the configuration.

24.  An apparatus for configuring a first programmable device comprising;
means for deasserting a reset line of the first programmable logic device;
means for toggling the program resent line of the first programmable logic
device; |
means for transmitting an initialization signal from the first programmable
device to a microprocessor;

means for determining the status of the first programmable device from the
initialization signal; and

means for downloading a configuration code from a second programmable

device to the first programmable.
17
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25.  The apparatus as in claim 22, further comprising means for transmitting a
completion status signal from the first programmable device to the microprocessor

after the step of downloading is completed.

26.  The apparatus as in claim 23, wherein the completion status signal indicates

a successful download of the configuration.

27.  The apparatus as in claim 23, wherein the completion status signal indicates

a fault condition.

28.  The apparatus as in claim 25, further comprising means for re-downloading

a configuration from the second programmable device to the first programmable.

29.  The apparatus as in claim 25, further comprising means for transmitting an

alarm status to a user interface.

30.  The apparatus as in claim 26, wherein the user interface is an alphanumeric

display.

31.  The apparatus as in claim 27, wherein the user interface is a light emitting

diode.

32.  The apparatus as in claim 27, wherein the user interface is a serial port.

18
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33.  The apparatus as in claim 22, further comprising means for activating the first

programmable logic device.

34.  The apparatus as in claim 31, wherein means for activating de-asserts the

logic reset line.

35.  The apparatus as in claim 22, further comprising means for setting a

command in the second programmable logic device.

36.  The apparatus as in claim 33, wherein the command is an instruction which

first programmable logic device to download the configuration.
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