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1. 

PROGRAMMABLE LOGIC DEVICE 
PROVIDING ASERAL PERPHERAL 

INTERFACE 

TECHNICAL FIELD 

The present invention relates generally to integrated cir 
cuits and, more particularly, to configuration of program 
mable logic devices. 

BACKGROUND 

Programmable logic devices (PLDs), such as field pro 
grammable gate arrays (FPGAs) or complex programmable 
logic devices (CPLDS), may be programmed with configu 
ration data to provide various user-defined features. For 
example, it is often desirable for users to program PLDs with 
particular input/output (I/O) functionality to Support com 
munication and interfacing of the PLDs with other devices 
as may be desired. As a result, significant numbers of 
user-programmable I/O pins may be needed to Support Such 
user-defined functionality in particular applications. 

Unfortunately, certain conventional PLDS may use large 
numbers of I/O pins to implement manufacturer-specific 
programming interfaces to support the programming of the 
PLDS with configuration data from external computing 
devices. For example, such programming interfaces may be 
used to program non-volatile memory of a PLD with con 
figuration data to Support non-volatile storage and internal 
transfer to the PLD’s configuration memory. 

Nevertheless, such programming interfaces often require 
the use of dedicated I/O pins. Because of the limited number 
of pins available on a given PLD, the use of dedicated 
programming interface pins can significantly reduce the 
number of I/O pins available for user-defined operation. 
Moreover, existing PLDs that may support more simplified 
programming interfaces with lower pin counts typically do 
not provide convenient ways to selectively boot from vari 
ous available sources of configuration data (e.g., such as 
from internal non-volatile memory), or they require use of 
interfaces that may not conveniently interface with external 
non-volatile memories (e.g., a JTAG interface). Accord 
ingly, there is a need for an improved approach to the 
configuration of PLDs that, for example, provides users with 
ample I/O pins and permits configuration of the PLD to be 
performed through a convenient programming interface. 

SUMMARY 

In accordance with one embodiment of the present inven 
tion, a programmable logic device (PLD) includes volatile 
memory adapted to store configuration data to configure the 
PLD for its intended function; non-volatile memory adapted 
to store configuration data which is transferable to the 
volatile memory to configure the PLD for its intended 
function; and a serial peripheral interface (SPI) port adapted 
to receive configuration data from an external device for 
transfer into one of the volatile memory and the non-volatile 
memory. 

In accordance with another embodiment of the present 
invention, a method of configuring a programmable logic 
device includes providing a serial peripheral interface (SPI) 
port adapted to receive configuration data from an external 
device; providing non-volatile memory adapted to receive 
the configuration data from the SPI port and store the 
configuration data; and providing Volatile memory adapted 
to receive the configuration data from one of the SPI port 
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2 
and the non-volatile memory and to configure the program 
mable logic device for its intended function based on the 
configuration data. 

In accordance with another embodiment of the present 
invention, a programmable logic device (PLD) includes 
Volatile memory adapted to store configuration data to 
configure the PLD for its intended function; non-volatile 
memory adapted to store configuration data; means for 
receiving configuration data from an external serial periph 
eral interface (SPI) device; and means for transferring 
received configuration data into one of the Volatile memory 
and the non-volatile memory. 
The scope of the invention is defined by the claims, which 

are incorporated into this section by reference. A more 
complete understanding of embodiments of the present 
invention will be afforded to those skilled in the art, as well 
as a realization of additional advantages thereof, by a 
consideration of the following detailed description of one or 
more embodiments. Reference will be made to the appended 
sheets of drawings that will first be described briefly. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 shows a block diagram illustrating an exemplary 
programmable logic device in accordance with an embodi 
ment of the present invention. 

FIG. 2 shows a block diagram illustrating exemplary 
implementation details for a non-volatile memory and con 
figuration memory of the programmable logic device of 
FIG. 1 in accordance with an embodiment of the present 
invention. 

FIG. 3 shows a block diagram illustrating programming 
options of the programmable logic device of FIG. 1 in 
accordance with an embodiment of the present invention. 

FIG. 4 shows a block diagram illustrating exemplary 
implementation details of data ports of the programmable 
logic device of FIG. 1 in accordance with an embodiment of 
the present invention. 

FIG. 5 shows a block diagram illustrating further exem 
plary implementation details of data ports of the program 
mable logic device of FIG. 1 in accordance with an embodi 
ment of the present invention. 

Embodiments of the present invention and their advan 
tages are best understood by referring to the detailed 
description that follows. It should be appreciated that like 
reference numerals are used to identify like elements illus 
trated in one or more of the figures. 

DETAILED DESCRIPTION 

The various techniques disclosed herein are applicable to 
a wide variety of integrated circuits and applications. As an 
exemplary implementation, a programmable logic device 
(PLD) will be utilized to illustrate the techniques in accor 
dance with one or more embodiments of the present inven 
tion. However, it should be understood that this is not 
limiting and that the techniques disclosed herein may be 
implemented as desired, in accordance with one or more 
embodiments of the present invention, within various types 
of integrated circuits. 

FIG. 1 shows a block diagram illustrating an exemplary 
programmable logic device (PLD) 100 in accordance with 
an embodiment of the present invention. PLD 100 (e.g., an 
FPGA) includes I/O blocks 102 and programmable logic 
blocks 104. I/O blocks 102 provide I/O functionality (e.g., to 
Support one or more I/O and/or memory interface standards) 
for PLD 100. Programmable logic blocks 104 (e.g., also 
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referred to in the art as configurable logic blocks or logic 
array blocks) provide logic functionality for PLD 100, such 
as for example LUT-based logic typically associated with 
FPGA.S. 
PLD 100 may also include reprogrammable non-volatile 

memory 106 (e.g., blocks of EEPROM or flash memory), 
volatile memory 108 (e.g., block SRAM), clock-related 
circuitry 110 (e.g., PLL circuits), one or more data ports 112, 
configuration memory 114, and/or an interconnect 116. It 
should be understood that the number and placement of the 
various elements, such as I/O blocks 102, logic blocks 104, 
non-volatile memory 106, volatile memory 108, clock 
related circuitry 110, data port 112, configuration memory 
114, and interconnect 116, is not limiting and may depend 
upon the desired application. Furthermore, it should be 
understood that the elements are illustrated in block form for 
clarity and that certain elements, such as configuration 
memory 114 and interconnect 116, would typically be dis 
tributed throughout PLD 100, such as for example in and 
between logic blocks 104, to perform their conventional 
functions (e.g., storing configuration data that configures 
PLD 100 and providing routing resources, respectively). 

Data ports 112 are also provided which may be used for 
programming PLD 100. For example, data port 112(1) may 
represent a serial peripheral interface (SPI) port. As under 
stood by those skilled in the art, SPI is a serial interface 
standard established by Motorola Corporation of Schaum 
burg, Ill. Data port 112(2) may represent, for example, a 
joint test action group (JTAG) port employing standards 
such as Institute of Electrical and Electronics Engineers 
(IEEE) 1149.1 and/or IEEE 1532 standards. Data ports 
112(1) and 112(2) are not both required, but one or the other 
or both may be included to receive configuration data and 
commands. PLD 100 may also include additional data ports 
such as, for example, a CPU port. 

Non-volatile memory 106 may be used to store configu 
ration data within PLD 100 for transfer to configuration 
memory 114 of PLD 100 upon power up or during recon 
figuration of PLD 100. This may drastically reduce the time 
to reconfigure PLD 100 relative to an external bitstream 
(e.g., reduce the time from seconds to microseconds for 
loading of configuration data into configuration memory 
114). 

Non-volatile memory 106 may also be used to provide 
background programming and/or storage for PLD 100 in 
accordance with some embodiments of the present inven 
tion. For example, for storage functionality, non-volatile 
memory 106 may be used as non-volatile storage for a user 
or manufacturer to store various test data, System manage 
ment information, manufacturing control information, fail 
ure statistics information for board level diagnostics, Secu 
rity bits, identification codes, identification code selection 
bits (e.g., one or more custom ID fuses), and/or other 
information as desired. 

For example, for background programming, PLD 100 
may remain in user mode, based on the configuration data 
stored in configuration memory 114 within PLD 100, while 
non-volatile memory 106 is programmed with new configu 
ration data (e.g., a new user defined pattern). Once the new 
configuration data is stored in non-volatile memory 106, this 
data can be transferred from non-volatile memory 106 to 
configuration memory 114 to reconfigure PLD 100, a pro 
cess sometimes referred to as refresh. The refresh process 
can be initiated by a signal or instruction provided to one of 
data ports 112 (e.g., sending an SPI-compliant instruction 
via data port 112(1) or providing a JTAG refresh instruction 
via data port 112(2)). 
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4 
As a specific example, FIG. 2 shows a block diagram 

illustrating additional exemplary implementation details for 
PLD 100 of FIG. 1 in accordance with an embodiment of the 
present invention. As illustrated, PLD 100 includes configu 
ration memory 114, non-volatile memory 106 (e.g., flash 
memory), and data ports 112 previously described in FIG. 1, 
and further includes control logic 202. 

Configuration memory 114 (e.g., volatile SRAM cells or 
other types of volatile or non-volatile memory) are used in 
a conventional manner to store configuration data, which 
determines the user defined functions of PLD 100 (e.g., 
determines programmable functions of I/O blocks 102, logic 
blocks 104, and interconnect 116). Control logic 202 con 
trols the internal transfer (for example, a massively parallel 
data transfer) of the configuration data from non-volatile 
memory 106 to configuration memory 114, as well as from 
data ports 112 to non-volatile memory 106 and configuration 
memory 114, as would be understood by one skilled in the 
art. Control logic 202 may represent core logic of PLD 100 
Such as FPGA-based logic circuits (e.g., lookup tables) or 
dedicated circuits. 

It should be understood that flash memory represents an 
exemplary type of memory for non-volatile memory 106 
which may be further implemented with appropriate security 
features. However, other types of non-volatile memory (e.g., 
EECMOS) that can be reprogrammed once or repeatedly 
may be substituted for non-volatile memory 106. Further 
more for example in accordance with one or more embodi 
ments of the present invention, either non-volatile memory 
106 or configuration memory 114 may be programmed (i.e., 
receive and store information in its memory) to store con 
figuration data for PLD 100, but the device functionality of 
PLD 100 is determined by the information stored in con 
figuration memory 114. Thus, PLD 100 may be configured 
(including reconfiguration or partial reconfiguration), for 
example, when information is programmed into configura 
tion memory 114. 

It should also be understood, in accordance with one or 
more embodiments of the present invention, that non-vola 
tile memory 106 and configuration memory 114 may each be 
programmed (including reprogrammed), for example, via 
data port 112(1) or data port 112(2), depending upon the 
desired application or design requirements. Further details 
regarding programming may be found in U.S. Pat. No. 
6,828,823 and U.S. Patent Publication No. 20050189962A1, 
published Sep. 1, 2005. 

FIG. 3 shows a block diagram illustrating programming 
options of PLD 100 in accordance with an embodiment of 
the present invention. As illustrated, PLD 100 includes 
configuration memory 114, non-volatile memory 106 (e.g., 
flash memory), and data ports 112 previously described in 
FIGS. 1 and 2. PLD 100 further includes FPGA logic 306 
which represents logic blocks 104 and other configurable 
aspects of PLD 100. 
As also previously described in FIG. 1, data port 112(1) 

may be implemented as an SPI port and data port 112(2) may 
be implemented as a JTAG port. In this regard, it will be 
appreciated that data port 112(1) may operate in a master 
mode (i.e., sending a synchronizing clock signal to an 
external SPI-compatible device) or in a slave mode (i.e., 
receiving a synchronizing clock signal from an external 
SPI-compatible device). Accordingly, PLD 100 further 
includes master and slave SPI interface blocks 302 and 304, 
respectively, which may be implemented by control logic 
202 of FIG. 2 to support data port 112(1) implemented as an 
SPI port. Control logic 202 may further support the imple 
mentation of data port 112(2) as a JTAG port. 
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In one embodiment, SPI port 112(1), master SPI interface 
block 302, and/or slave SPI interface block 304 may be 
implemented by one or more dedicated circuits. In another 
embodiment, SPI port 112(1), master SPI interface block 
302, and/or slave SPI interface block 304 may be imple 
mented by configurable logic (for example, programmable 
logic blocks 104) of PLD 100 to provide an SPI port. 
As shown in FIG. 3, nonvolatile memory 106 and con 

figuration memory 114 may each be programmed via data 
port 112(1) and data port 112(2). In particular, data port 
112(1) (e.g., SPI port) may program configuration memory 
114 through master SPI interface block 302, and may 
program and read back non-volatile memory 106 or con 
figuration memory 114 through slave SPI interface block 
304. Slave SPI interface block 304 may also be used to cause 
configuration data stored in non-volatile memory 106 to be 
copied into configuration memory 114 in response to a 
refresh command. Data port 112(2) (e.g., JTAG port) may 
program non-volatile memory 106 or configuration memory 
114. 

In general, programming non-volatile memory 106 may 
take longer (e.g., seconds) than programming configuration 
memory 114 (e.g., milliseconds). However, after non-vola 
tile memory 106 has been programmed with suitable con 
figuration data, non-volatile memory 106 can be employed 
to program configuration memory 114 much faster (e.g., 
microseconds) than would generally be possible via data 
ports 112 to provide essentially an instant-on capability 
(e.g., programming configuration memory 114 or logic 
blocks 104 approximately 200 microseconds after power 
up). Non-volatile memory 106 may also be programmed 
while PLD 100 is operating (e.g., background or transparent 
operation), with configuration data from non-volatile 
memory 106 being transferred to configuration memory 114 
when desired to reconfigure PLD 100. 
PLD 100 offers certain advantages over various conven 

tional PLDs which may lack non-volatile memory 106, 
configuration memory 114, and SPI interface support 
through data port 112(1). For example, by incorporating 
both non-volatile memory 106 and volatile configuration 
memory 114, PLD 100 can store configuration data in 
non-volatile memory 106 and not need external configura 
tion devices that are required for SRAM only-based PLDs, 
while configuration memory 114 allows for infinite recon 
figurability of PLD 100 that is generally not possible with 
non-volatile memory only-based PLDs (e.g., flash or EEC 
MOS memory). In addition, both non-volatile memory 106 
and configuration memory 114 (e.g., volatile memory) may 
be upgraded (i.e., programmed) via data ports 112 having 
low pin counts (e.g., an SPI port and/or a JTAG port). This 
contrasts with conventional non-volatile memory-based 
PLDs which may not allow programming of both volatile 
and non-volatile memories through such ports and may 
consequently necessitate programming through a manufac 
turer-specific programming port requiring a large number of 
dedicated I/O pins. 

Accordingly, in accordance with one or more embodi 
ments of the present invention, PLD 100 provides an essen 
tially instant-on, remotely upgradeable, non-volatile, and 
dynamically reconfigurable device (e.g., integrated circuit) 
with the ability to program non-volatile memory 106 or 
configuration memory 114 directly, for example, via an SPI 
interface or a JTAG interface. Moreover, it will be appre 
ciated that the implementation of an SPI port in particular 
can facilitate convenient interfacing with external SPI-com 
patible devices, such as non-volatile memories. 

FIG. 4 shows a block diagram illustrating exemplary 
implementation details of data ports 112 of PLD 100 in 
accordance with an embodiment of the present invention. In 
particular, data port 112(1) (e.g., SPI port) and data port 
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6 
112(2) (e.g., JTAG port) are provided, which are used to 
provide external data (i.e., information, which may include 
control signals, configuration data, security bits, or other 
types of data) to non-volatile memory 106 (labeled Flash 
Memory Space) and configuration memory 114 (labeled 
SRAM Memory Space). As also shown in FIG. 4, multiple 
techniques are provided to program and configure the 
memory spaces of PLD 100. 

For example, non-volatile memory 106 and configuration 
memory 114 may be programmed via data port 112(1). As 
previously discussed, data port 112(1) may be implemented 
as a SPI port supported by master SPI interface block 302 
and slave SPI interface block 304. When data port 112(1) is 
operated in master mode, master SPI interface block 302 can 
be used to interface data port 112(1) with configuration 
memory 114 for programming. When data port 112(1) is 
operated in slave mode, slave SPI interface block 304 can be 
used to interface data port 112(1) for programming directly 
with non-volatile memory 106 or configuration memory 
114. In this mode, slave SPI interface block 304 can also 
program non-volatile memory 106 through a background 
mode (BKGND) 402 for programming while PLD 100 
continues to perform its system logic functions that are 
controlled or configured by configuration memory 114 (i.e., 
programming of non-volatile memory 106 is transparent to 
the device's logic operations). 

Non-volatile memory 106 and configuration memory 114 
may also be programmed via data port 112(2). For example, 
data port 112(2) (e.g. a JTAG port) may be implemented as 
an IEEE 1149.1 compliant test access port (TAP) and used 
to program non-volatile memory 106 or configuration 
memory 114 to allow in-system programmability or pro 
gramming through a device-programmer system. Appropri 
ate programming algorithms and circuitry may be designed 
to be fully IEEE 1532 compliant to allow programming via 
an IEEE 1532 programming mode 404, which allows for 
universal Support from general automated test equipment 
(ATE) and other types of test systems. Data port 112(2) may 
also be used to program non-volatile memory 106 in back 
ground mode 402. 

After non-volatile memory 106 or configuration memory 
114 is programmed, a standard verify cycle may be per 
formed by either of data ports 112. For example, background 
mode 402 or IEEE 1532 programming mode 404 may be 
used to read back the configuration data stored in non 
volatile memory 106 or configuration memory 114 to ensure 
or verify that the configuration data has been properly 
loaded. 

FIG. 5 shows a block diagram illustrating further exem 
plary implementation details of data ports 112 of PLD 100 
in accordance with an embodiment of the present invention. 
As illustrated, data port 112(1) may be implemented to 
support a plurality of pins 522 (labeled CSSPIN, CCLK, 
SOSPI, CSSPISN, and SISPI) for interfacing PLD 100 with 
one or more external devices, such as an external non 
volatile memory 524 (e.g., an SPI serial flash memory) and 
a CPU or master SPI device 534. In this regard, it will be 
appreciated that various pins 522 of data port 112(1) may be 
connected with conventional SPI pins 526 of external non 
volatile memory 524 or CPU or master SPI device 534. In 
addition, data port 112(2) may be implemented to Support a 
plurality of pins 512 (labeled TCK, TDI, TMS, and TDO) for 
interfacing PLD 100 with external devices supporting JTAG 
interfaces. 
As further illustrated in FIG. 5, the CCLK and SOSPI pins 

are connected with additional clock/logic circuitry 532, and 
the CCLK pin is further connected with master SPI interface 
block 302. The CSSPISN pin is also connected with master 
SPI interface block 302 and may optionally be used to 
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disable master SPI interface block 302 when data port 
112(1) is operated in slave mode in order to avoid contention 
between master SPI interface block 302 and slave SPI 
interface block 304. 
A subset 530 of pins 522 may connect with slave SPI 

interface block 304 through a multiplexer 516. Slave SPI 
interface block 304 is also connected with a common 
interface block (CIB) 528 of PLD 100 to facilitate the 
interfacing of pins 530 with non-volatile memory 106 and/or 
configuration memory 114. As illustrated, data port 112(2) 
may also connect with CIB 528 to facilitate the interfacing 
of pins 512 with non-volatile memory 106 and/or configu 
ration memory 114. 
A CIB select fuse 514 may be programmed to select 

between signals provided at pins 530 and a set of common 
interface block (CIB) signals 518. For example, in one 
embodiment, if CIB select fuse 514 corresponds to a first 
logic State (e.g., an unprogrammed State), multiplexer 516 
will be switched to provide slave SPI interface block 304 
with signals provided at pins 530 to provide an SPI port 
operating in slave mode. 

If CIB select fuse 514 corresponds to a second logic state 
(e.g., a programmed state), multiplexer 516 will be switched 
to provide slave SPI interface block 304 with CIB signals 
518 which may control SPI interface block 304 in a manner 
determined by user-defined logic 520. Advantageously, by 
operating slave SPI interface block 304 through CIB signals 
518, user-defined logic 520 may utilize slave SPI interface 
block 304 to program, read, and refresh non-volatile 
memory 106 and/or configuration memory 114. 
As shown below in Table 1, the specific behavior of pins 

522 can depend upon whether data port 112(1) operates in 
master mode or slave mode. 

TABLE 1. 

Data Port 112(1) Pins Behavior 
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PLD 100 further includes a PROGRAM pin 502, a DONE 

pin 504, and an INIT pin 506, each of which is connected 
with master SPI interface block 302. PROGRAM pin 502 
can be used to trigger master SPI interface block 302 to 
reboot PLD 100 and therefore cause configuration data to be 
loaded from external non-volatile memory 524 into configu 
ration memory 114 or from non-volatile memory 106 into 
configuration memory 114. DONE pin 504 indicates 
whether a refresh operation (i.e., a loading of configuration 
data into configuration memory 114) has been performed. 
INIT pin 506 indicates whether such a refresh operation is 
Successful. 

Advantageously, PLD 100 can be configured to boot from 
non-volatile memory 106 or external non-volatile memory 
524 interfaced with data port 112(1). For example, in one 
embodiment, PLD 100 may further include a configuration 
pin 508 (labeled CFGO) which may be used to determine the 
response of PLD 100 to a power-on reset operation. For 
example, if configuration pin 508 is set to a logical high 
value, then master SPI block 302 may be disabled and 
configuration data may be loaded from non-volatile memory 
106 into configuration memory 114 when PLD 100 is 
powered on. If configuration pin 508 is set to a logical low 
value, then configuration data may be loaded into configu 
ration memory 114 through master SPI interface block 302 
or slave SPI interface block 304 of data port 112(1), or 
through data port 112(2) (e.g., JTAG port) when PLD 100 is 
powered on. 

In another embodiment, PLD 100 may further include 
another configuration pin 510 (labeled CFG1) which, in 
combination with configuration pin 508, may determine the 
particular boot sequence performed by PLD 100. In one 
embodiment, configuration pin 508 may be implemented as 

(SPI Interface) CCLK CSSPIN CSSPISN. SISPI SOSPI Applications 

Master Output Output User I/O Output Input Clock data out of SPI 
device to boot up FPGA 

Slave Input User I/O Input Input Output Access SRAM fuses and 
Flash fuses in FPGA 

For example, when data port 112(1) is operated in master 
mode, configuration data can be received from external 
non-volatile memory 524 and programmed into configura 
tion memory 114. In this mode, the CCLK, CSSPIN, and 
SISPI pins operate as outputs to provide clock, master chip 
select, and data output signals, respectively to external 
non-volatile memory 524. In addition, the SOSPI pin oper 
ates as a data input to receive data input signals (e.g., 
configuration data) from external non-volatile memory 524. 
As also shown in Table 1, the CSSPISN pin remains 
available to be used as a user I/O pin by PLD 100. 
When data port 112(1) is operated in slave mode, con 

figuration data can be received from external non-volatile 
memory 524 or CPU or master SPI device 534 to be 
programmed into configuration memory 114 or non-volatile 
memory 106 as previously described herein. In this mode, 
the CCLK, CSSPISN, and SISPI pins operate as inputs to 
receive clock, slave chip select, and data input signals (i.e., 
configuration data), respectively. In addition, the SOSPI pin 
provides data output signals. As also indicated in Table 1, the 
CSSPIN pin remains available to be used as a user I/O pin 
by PLD 100 while in slave mode. 
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a dedicated pin and configuration pin 510 may be imple 
mented as a shared pin (i.e., may be recovered as a user I/O 
pin). Table 2 below identifies the corresponding boot modes 
of PLD 100 as determined by exemplary signal values 
applied to configuration pins 508 and 510. 

TABLE 2 

Configuration Mode First Boot Second Boot CFGO CFG1 

Dual Boot Mode SPI Internal Flash O O 
Internal Flash SPI O 1 

Self Download Internal Flash NA 1 X 
Mode (SDM) 
1149.1 TAP NA NA X X 

For example, if both of configuration pins 508 and 510 are 
set to logical low values when PLD 100 is powered on (i.e., 
when a power-on-reset operation is performed), PLD 100 
may first attempt to boot from external non-volatile memory 
524 through data port 112(1) and, if the first boot attempt is 
unsuccessful, then PLD 100 may attempt to boot from 
non-volatile memory 106. It will be appreciated from Table 
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2 above that this order may be reversed if configuration pin 
510 is set to a logical high value. In addition, a single attempt 
to boot from non-volatile memory 106 will be made if 
configuration pin 508 is set to a logical high value. As also 
set forth in Table 2, the values of configuration pins 508 and 
510 do not bear upon the booting of PLD 100 from data port 
112(2) when under JTAG control. 

In view of the present disclosure, it will be appreciated 
that a programmable logic device having for example one or 
more data ports Supporting a convenient programming inter 
face (an SPI port) can provide a variety of flexible options 
for loading configuration data into onboard memory. Such as 
non-volatile flash memory and SRAM memory cells. It will 
further be appreciated that a programmable logic device 
implemented in accordance with one or more of the embodi 
ments described herein allows an SPI interface block, used 
to Support a programming interface (e.g., a data port), to also 
Support user-defined operation. 

Embodiments described above illustrate but do not limit 
the invention. It should also be understood that numerous 
modifications and variations are possible in accordance with 
the principles of the present invention. Accordingly, the 
scope of the invention is defined only by the following 
claims. 

We claim: 
1. A programmable logic device (PLD) comprising: 
Volatile memory adapted to store configuration data to 

configure the PLD for its intended function; 
non-volatile memory adapted to store configuration data 
which is transferable to the volatile memory to config 
ure the PLD for its intended function; 

a serial peripheral interface (SPI) port adapted to receive 
configuration data from an external device for transfer 
into one of the volatile memory and the non-volatile 
memory; 

a master SPI interface block adapted to transfer configu 
ration data from the external device through the SPI 
port to the Volatile memory; and 

a slave SPI interface block adapted to transfer configu 
ration data from the external device through the SPI 
port to the volatile memory or the non-volatile memory. 

2. The programmable logic device of claim 1, wherein the 
SPI port is a dedicated circuit. 

3. The programmable logic device of claim 1, further 
comprising control logic adapted to selectively transfer 
configuration data from the non-volatile memory to the 
volatile memory and from the external device to the volatile 
memory in response to a power-on-reset operation. 

4. The programmable logic device of claim 1, wherein 
configuration data is transferred from the SPI port to the 
volatile memory directly, to the non-volatile memory 
directly, and/or to the non-volatile memory via a background 
programming mode. 

5. A programmable logic device (PLD) comprising: 
Volatile memory adapted to store configuration data to 

configure the PLD for its intended function; 
non-volatile memory adapted to store configuration data 
which is transferable to the volatile memory to config 
ure the PLD for its intended function; 

a serial peripheral interface (SPI) port adapted to receive 
configuration data from an external device for transfer 
into one of the volatile memory and the non-volatile 
memory; 

a slave SPI interface block; 
user logic adapted to provide a plurality of user signals; 
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10 
a plurality of input/output pins of the SPI port adapted to 

receive a plurality of external signals from the external 
device; and 

a multiplexer coupled at its input to the input/output pins 
of the SPI port and to the user logic and coupled at its 
output to the slave SPI interface block, the multiplexer 
adapted to selectively provide the slave SPI interface 
block with one of the user signals and the external 
signals. 

6. The programmable logic device of claim 5, wherein the 
user signals are adapted to program one of the Volatile 
memory and the non-volatile memory through the slave SPI 
interface block. 

7. A programmable logic device (PLD) comprising: 
Volatile memory adapted to store configuration data to 

configure the PLD for its intended function; 
non-volatile memory adapted to store configuration data 

which is transferable to the volatile memory to config 
ure the PLD for its intended function; 

a serial peripheral interface (SPI) port adapted to receive 
configuration data from an external device for transfer 
into one of the volatile memory and the non-volatile 
memory; 

a master SPI interface block adapted to transfer configu 
ration data from the external device through the SPI 
port to the volatile memory; 

a slave SPI interface block adapted to transfer configu 
ration data from the external device through the SPI 
port to the volatile memory or the non-volatile 
memory; 

user logic adapted to provide a plurality of user signals; 
a plurality of input/output pins of the SPI port adapted to 

receive a plurality of external signals from the external 
device; and 

a multiplexer coupled at its input to the input/output pins 
of the SPI port and to the user logic and coupled at its 
output to the slave SPI interface block, the multiplexer 
adapted to selectively provide the slave SPI interface 
block with one of the user signals and the external 
signals in response to a programmable fuse. 

8. The programmable logic device of claim 1, wherein the 
external device is an SPI flash device adapted to interface 
with the SPI port, wherein the volatile memory comprises 
static random access memory, and wherein the non-volatile 
memory comprises flash memory. 

9. The programmable logic device of claim 1, further 
comprising a JTAG port adapted to receive configuration 
data for transfer into the volatile memory or the non-volatile 
memory. 

10. A method of configuring a programmable logic 
device, the method comprising: 

providing a serial peripheral interface (SPI) port adapted 
to receive configuration data from an external device; 

providing non-volatile memory adapted to receive the 
configuration data from the SPI port and store the 
configuration data; 

providing volatile memory adapted to receive the con 
figuration data from one of the SPI port and the 
non-volatile memory and to configure the program 
mable logic device for its intended function based on 
the configuration data; 

providing a clock signal from the SPI port to the external 
device; and 

receiving the configuration data at the SPI port from the 
external device. 

11. The method of claim 10, wherein the SPI port is a 
dedicated circuit. 
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12. The method of claim 10, further comprising selec 
tively transferring the configuration data from the non 
volatile memory to the volatile memory and from the 
external device to the volatile memory in response to a 
power-on-reset operation. 

13. A method of configuring a programmable logic 
device, the method comprising: 

providing a serial peripheral interface (SPI) port adapted 
to receive configuration data from an external device; 

providing non-volatile memory adapted to receive the 
configuration data from the SPI port and store the 
configuration data; 

providing volatile memory adapted to receive the con 
figuration data from one of the SPI port and the 
non-volatile memory and to configure the program 
mable logic device for its intended function based on 
the configuration data; 

receiving a clock signal at the SPI port from the external 
device; and 

receiving the configuration data at the SPI port from the 
external device. 

14. The method of claim 10, further comprising transfer 
ring the configuration data from the SPI port directly to the 
volatile memory, directly to the non-volatile memory 
directly, and/or to the non-volatile memory via a background 
programming mode. 

15. The method of claim 10, further comprising: 
providing a plurality of user signals; 
receiving a plurality of external signals from the external 

device through the SPI port; and 
Selectively providing one of the user signals and the 

external signals to a slave SPI interface block, wherein 
the user signals are adapted to program one of the 
Volatile memory and the non-volatile memory through 
the slave SPI interface block. 
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16. A programmable logic device (PLD) comprising: 
Volatile memory adapted to store configuration data to 

configure the PLD for its intended function; 
non-volatile memory adapted to store configuration data; 
means for receiving configuration data from an external 

serial peripheral interface (SPI) device; 
means for transferring received configuration data into 

one of the volatile memory and the non-volatile 
memory; 

means for transferring configuration data from the non 
volatile memory to the volatile memory; and 

means for selectively transferring configuration data from 
the non-volatile memory to the volatile memory and 
from the external device to the volatile memory in 
response to a power-on-reset operation. 

17. The programmable logic device of claim 5, wherein 
configuration data is transferred from the SPI port to the 
volatile memory directly, to the non-volatile memory 
directly, and/or to the non-volatile memory via a background 
programming mode. 

18. The programmable logic device of claim 5, wherein 
the external device is an SPI flash device adapted to interface 
with the SPI port, wherein the volatile memory comprises 
static random access memory, and wherein the non-volatile 
memory comprises flash memory. 

19. The programmable logic device of claim 7, wherein 
configuration data is transferred from the SPI port to the 
volatile memory directly, to the non-volatile memory 
directly, and/or to the non-volatile memory via a background 
programming mode. 

20. The programmable logic device of claim 7, wherein 
the external device is an SPI flash device adapted to interface 
with the SPI port, wherein the volatile memory comprises 
static random access memory, and wherein the non-volatile 
memory comprises flash memory. 

k k k k k 
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