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REGISTER DATARETENTION SYSTEMIS 
AND METHODS DURING 

REPROGRAMMING OF PROGRAMMABLE 
LOGIC DEVICES 

RELATED APPLICATION DATA 

This application is a continuation of U.S. application Ser. 
No. 1 1/941,006, filed Nov. 15, 2007, which is incorporated 
herein by reference in its entirety. 

TECHNICAL FIELD 

The present invention relates generally to electrical circuits 
and, more particularly, to data retention, Such as for example 
for reprogramming of a programmable logic device. 

BACKGROUND 

A programmable logic device (PLD, e.g., a field program 
mable gate array (FPGA) or a complex programmable logic 
device (CPLD)) may be used in a variety of applications and 
may provide certain advantages over other types of devices. 
For example, a PLD offers the advantage of being reprogram 
mable in the field (e.g., a field update, with the PLD in its 
operational environment). 
A drawback of a conventional PLD is that, while its con 

figuration memory is being reprogrammed, the PLD typically 
cannot preserve data stored in its Volatile memory (e.g., vola 
tile embedded random access memory (RAM) blocks or reg 
isters) and, consequently, the data is lost during the repro 
gramming process (e.g., registers are reset with a global reset 
signal). However, depending upon the particular application, 
a user of the PLD may prefer to preserve the data stored in the 
volatile memory for use within the PLD after the reprogram 
ming (e.g., reconfiguration) of the PLD has been completed 
and the PLD is operating based upon the new configuration 
data provided during the reprogramming (e.g., a user mode of 
operation). 
A conventional approach to preserve the data stored in 

Volatile memory during the reprogramming process, for 
example, is to read from the PLD the data that a user desires 
to preserve and merge this data with the new configuration 
data prior to the reprogramming process. However, this pro 
cess is time consuming and complex and may be difficult to 
achieve for some types of applications. 
As a result, there is a need for improved reprogramming 

techniques for PLDs. 

SUMMARY 

In accordance with one embodiment of the present inven 
tion, a programmable logic device includes a plurality of 
logic blocks, the logic blocks adapted to generate user data 
during operation of the programmable logic device; a plural 
ity of registers adapted to store the user data during a repro 
gramming operation of the programmable logic device; and 
configurable routing resources adapted to provide a pro 
grammed data path between the logic blocks and the registers. 

In accordance with another embodiment of the present 
invention, a method of retaining user data during reprogram 
ming of a programmable logic device includes transferring 
user data from programmable logic to storage registers within 
the programmable logic device via a programmed data path of 
routing resources; reprogramming the programmable logic 
device; and storing the user data in the storage registers dur 
ing reprogramming of the programmable logic device 
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2 
The scope of the invention is defined by the claims, which 

are incorporated into this section by reference. A more com 
plete understanding of embodiments of the present invention 
will be afforded to those skilled in the art, as well as a real 
ization of additional advantages thereof, by a consideration of 
the following detailed description of one or more embodi 
ments. 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 example of a 
programmable logic device system in accordance with an 
embodiment of the present invention. 

FIG. 2 shows a block diagram illustrating an example of 
implementation details for register data retention, such as 
within the programmable logic device of FIG. 1 in accor 
dance with an embodiment of the present invention. 

FIG.3 shows a flowchart illustrating an example of register 
data retention operations for the programmable logic device 
of FIG. 1 in accordance with an embodiment of the present 
invention. 

Embodiments of the present invention and their advantages 
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 illustrated in one 
or more of the figures. 

DETAILED DESCRIPTION 

FIG. 1 shows a block diagram illustrating a programmable 
logic device (PLD) 100 in accordance with an embodiment of 
the present invention. PLD 100 (e.g., a field programmable 
gate array (FPGA), a complex programmable logic device 
(CPLD), a field programmable system on a chip (FPSC), or 
other type of programmable device) generally includes input/ 
output (I/O) blocks 102 and logic blocks 104 (e.g., also 
referred to as programmable logic blocks (PLBs), program 
mable functional units (PFUs), or programmable logic cells 
(PLCs)). I/O blocks 102 provide I/O functionality (e.g., Sup 
ports one or more I/O and/or memory interface standards) for 
PLD 100, while programmable logic blocks 104 provide 
logic functionality (e.g., LUT-based logic or logic gate array 
based logic) for PLD 100. PLD 100 also includes registers 
120, which are specific registers for storing desired data dur 
ing a reprogramming of PLD 100, as discussed further herein 
in accordance with one or more embodiments of the present 
invention. 
PLD 100 may also include blocks of memory 106 (e.g., 

blocks of EEPROM, block SRAM, and/or flash memory), 
clock-related circuitry 108 (e.g., PLL and/or DLL circuits), 
configuration logic 110 (e.g., for startup, decryption, encryp 
tion, multiple-boot Support, such as dual boot Support, and/or 
error detection), a configuration port 112, configuration 
memory 114, special function blocks 116 (e.g., DSP blocks or 
otherforms of multiply and accumulate circuit functionality), 
and/or routing resources 118. In general, the various elements 
of PLD 100 may be used to perform their intended functions 
for the desired application, as would be understood by one 
skilled in the art. 

For example, configuration port 112 may be used for pro 
gramming PLD 100, such as memory 106 and/or configura 
tion memory 114 or transferring information (e.g., various 
types of data and/or control signals) to/from PLD 100 as 
would be understood by one skilled in the art. For example, 
configuration port 112 may include a first programming port 
(which may represent a central processing unit (CPU) port, a 
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peripheral data port, a serial peripheral interface, and/or a 
sysCONFIG programming port) and/or a second program 
ming port Such as a joint test action group (JTAG) port (e.g., 
by employing standards such as Institute of Electrical and 
Electronics Engineers (IEEE) 1149.1 or 1532 standards). 
Configuration port 112 typically, for example, may be 
included to receive configuration data and commands to Sup 
port serial or parallel device configuration and information 
transfer. 

In general, it should be understood that the number and 
placement of the various elements, such as I/O blocks 102. 
logic blocks 104, memory 106, clock-related circuitry 108, 
configuration logic 110, configuration port 112, configura 
tion memory 114, special function blocks 116, routing 
resources 118, and registers 120, are not limiting and may 
depend upon the desired application. For example, special 
function blocks 116 are optional and various other elements 
of PLD 100 may not be required or may be of a simplified 
version or related type of circuit based upon the desired 
application or design specification (e.g., for the type of pro 
grammable device selected), as would be understood by one 
skilled in the art. 

Furthermore, it should be understood that the elements are 
illustrated in block form for clarity and that certain elements, 
Such as for example configuration memory 114 or routing 
resources 118, would typically be distributed throughout 
PLD 100, such as in and between logic blocks 104, to perform 
their conventional functions (e.g., storing configuration data 
that configures PLD 100 or providing interconnect structure 
within PLD 100, respectively). As another example, registers 
120 may be implemented as a block of circuitry or may be 
distributed within PLD 100, such as within and/or near logic 
blocks 104 or throughout the programmable circuitry (e.g., 
user logic). It should also be understood that the various 
embodiments of the present invention as disclosed herein are 
not limited to programmable logic devices, such as PLD 100, 
and may be applied to various other types of programmable 
devices, as would be understood by one skilled in the art. 

In accordance with one or more embodiments of the 
present invention, registers 120 are used and controlled to 
store information within PLD 100 during a reprogramming 
operation (e.g., partial or complete reconfiguration of PLD 
100). For example, FIG. 2 shows a block diagram illustrating 
a circuit 200, which is an example of implementation details 
for register data retention using registers 120. Such as within 
PLD 100 of FIG. 1 in accordance with an embodiment of the 
present invention. 

Circuit 200 includes latches 204, which are separately ref 
erenced as latches 204(1) through 204(n), where “n” may 
represent any desired number. For this specific example, there 
are sixteen latches 204 (i.e., latches 204(1) through 204(16)), 
which may represent registers 120 (FIG. 1). In general, reg 
isters 120 may be implemented as any type of register or latch 
(e.g., latch 204 to provide persistent user storage or persistent 
user registers), as would be understood by one skilled in the 
art. 

As illustrated in FIG. 2, latches 204 are controlled by logic 
202, which may represent any type of logic for controlling 
latches 204 to store desired data prior to a reprogramming 
operation of PLD 100 and to provide the data within PLD 100 
for use after the reprogramming operation. For example, logic 
202 may represent logic gates (e.g., AND gates as shown) for 
receiving various control signals to control operation of 
latches 204, such as for receiving data signals (labeled D0 
through D15) to store prior to reprogramming and providing 
data signals (labeled Q0 through Q15) after the reprogram 
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4 
ming. The data signals (D0-D15, Q0-Q15) may be provided 
in a parallel fashion as shown or may be provided in a serial 
fashion, as would be understood by one skilled in the art. 

Furthermore, the data signals (D0-D15, Q0-Q15) may be 
provided to and from circuit 200, for example, via a common 
interface block (CIB) 206, which may form part of interface 
or interconnect circuitry (e.g., routing resources 118) within 
PLD 100. Thus for example, the data signals (D0-D15, 
Q0-Q15) may be provided to and from user logic 208 (e.g., 
representing logic blocks 104, memory 106, or other circuit 
elements within PLD 100) via CIB 206. 

It should be understood that the control signals for this 
specific example are not limiting and that the type and number 
of control signals may be modified, depending upon the spe 
cific implementation, application, and/or PLD, as would be 
understood by one skilled in the art. For this specific example, 
logic 202 receives a PROGRAMN signal, a latch enable (LE) 
fuse signal, a DONE signal, and a reset (power on reset) 
signal. The reset signal may be controlled (e.g., via logic 202 
or by signal application logic) to reset latches 204, but in 
general the reset signal would not be applied to latches 204 
during reprogramming of PLD 100 if it is desired for latches 
204 to store information during the reprogramming operation 
(e.g., latches 204 would not receive a global reset signal 
during reprogramming). 
The PROGRAM N signal may be provided to PLD 100 

(e.g., by a user via an external device) to command a repro 
gramming operation of PLD 100. For this example as shown, 
a reprogramming operation of PLD 100 may be initiated by 
driving the PROGRAMN signal to a logical low level. The 
DONE signal (e.g., an internal signal) may be driven to a 
logical low level to maintain the information in latches 204 
and may be driven to a logical high level once reprogramming 
(e.g., configuration) has been completed to allow the infor 
mation to be transferred from latches 204 to the desired cir 
cuits (e.g., user internal logic fabric (PLD fabric) within PLD 
100, such as logic blocks 104 or other circuit elements within 
user logic 208). The latch enable (LE) fuse signal may be 
provided to indicate whether a user desires to capture and 
preserve information during a reprogramming operation of 
PLD 1 OO. 

As a specific example, Table 1 Summarizes various register 
(e.g., latches 204, also referred to as persistent user latches or 
persistent user registers) and signal behavior and Table 2 
Summarizes further details of various signals in accordance 
with an embodiment of the present invention. An INITN 
signal is included in Table 1, with this signal representing, for 
example, an output signal from PLD 100 to provide repro 
gramming (e.g., reconfiguration) status to an external device 
and to clear/reset various circuitry for the reconfiguration of 
PLD 1 OO. 

In general as an example, latches 204 allow a user of PLD 
100 to store desired information prior to reprogramming (e.g., 
before toggling the PROGRAMN signal pin to reconfigure 
PLD 100). During the reconfiguration, the content in latches 
204 (e.g., the persistent user registers) is kept intact. After 
reprogramming (e.g., configuration or reconfiguration) of 
PLD 100, the content in latches 204 is available for a user to 
use (e.g., the content is transferred to the user fabric (user 
logic 208, also referred to as internal fabric, programmable 
logic, or PLD fabric)). 
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TABLE 1. 

User Device 

Drive If the Latch Enable Fuse and DONE signals are 
PROGRAMN high, capture the CIB input into the registers 
Pin Drive the DONE signal low to keep the content in 
Low the register 

Drive INITN signal low to start the Clear All 
Drive INITN signal high when Clear All complete 

Drive Drive the INITN signal to the INITN pin 
PROGRAMN Configuration starts then completes 
Pin Drive DONE signal to high to enter user mode 
High 

TABLE 2 

Signal Type Description Function 

DO-D15 CIB Parallel Provide parallel data from 
Input Data In he PLD fabric to the latch 

Q0-Q15 CIB Parallel Provide parallel data to 
Output Data Out he PLD fabric from the 

atch 
PROGRAMN Control High to Low Latch in the data from 

Signal Edge on DO:15 
PROGRAMIN pin 

DONE Internal DONE Signal Prohibit multiple latching 
Signal due to transitional 

glitches on the PROGRAMN 
pin 

Latch Fuse Enable the Allow users a choice as to 
Enable atch action whether to use the 

persistent latches 

FIG. 3 shows a flowchart 300 illustrating an example of 
general register data retention operations for a programmable 
logic device (e.g., PLD 100 of FIG. 1) in accordance with an 
embodiment of the present invention. Specifically, prior to 
reprogramming (block 302), information within the PLD that 
is desired to be retained through the reprogramming opera 
tion is transferred to persistent registers (e.g., registers 120, 
Such as latches 204) via programmed data paths. This infor 
mation (e.g., which may include data from lookup tables or 
registers within the logic blocks, from memory blocks, or data 
from data lines or other circuit elements within the PLD 
fabric) is then maintained in the persistent registers during the 
reprogramming operation (block 304). Such as discussed for 
example in reference to FIG. 2. After reprogramming the 
PLD, the information may be transferred (e.g., via newly 
programmed data paths) from the persistent registers for use 
within the PLD, as desired for a specific requirement or 
application (block 306). Note that this transfer process may 
occur after the reprogramming operation has been completed 
and a user mode of operation has begun or, alternatively, this 
transfer process may occur as a later stage of the reprogram 
ming process (e.g., at a point when the information may be 
transferred out of the persistent registers and maintained 
within the PLD after the reprogramming operation has been 
completed for use during the user mode of operation). 
As discussed previously (e.g., in reference to FIG. 2), the 

PLD may be programmed to retain information within the 
persistent registers during a Subsequent reprogramming 
operation of the PLD (e.g., by setting a latch enable fuse. Such 
as a configuration memory cell of configuration memory 
114)). The PLD, which includes the persistent registers, may 
be initially programmed, for example, by a user via a PLD 
design tool (e.g., a Software design tool such as a computer 
program stored on a computer-readable medium for execu 
tion by a computer), which may be used during the PLD 
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6 
design process to generate configuration data and program 
the PLD, as would be understood by one skilled in the art. 

For example in accordance with an embodiment and refer 
ring generally to FIGS. 1-3, a device 150 (e.g., a computer as 
shown in FIG.1) may be used to run PLD design tool software 
stored in memory 152 (FIG. 1) to perform the PLD design 
process and to generate configuration data and program the 
PLD according to the techniques disclosed herein, as would 
be understood by one skilled in the art. Memory 152 may be 
a permanent memory (e.g., a fixed hard drive) within device 
150 or may represent portable memory (e.g., portable hard 
drive, compact disk, flash memory, or other type of memory) 
capable of storing the PLD design tool software and cou 
plable to device 150 to allow access to its information. The 
PLD design tool software would incorporate the techniques 
disclosed herein, as would be understood by one skilled in the 
art, to permit a user to set the latch enable fuse, generate the 
desired internal signals (e.g., the DONE signal), and provide 
routing resources (e.g., via routing resources 118) between 
the user logic (e.g., user logic 208) and the persistent registers 
(e.g., latches 204) via the CIBs (e.g., CIBs 206) or other 
programmable routing resources. 

Systems and methods are disclosed herein to provide reg 
ister data retention techniques for a programmable logic 
device in accordance with one or more embodiments of the 
present invention. For example, in accordance with an 
embodiment of the present invention, a method of maintain 
ing data during a field update of the PLD is disclosed, with the 
PLD having persistent user registers that may be used to store 
data from one reprogramming operation (e.g., partial or com 
plete configuration or reconfiguration) to the next. For 
example in accordance with an embodiment, the PLD, with 
the persistent user registers, allows a user to retain desired 
information through a reprogramming operation so that the 
information stored within the PLD prior to the reprogram 
ming operation is maintained and is available after the repro 
gramming 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. 
What is claimed is: 
1. A programmable logic device comprising: 
a plurality of logic blocks, the logic blocks adapted to 

generate user data during operation of the program 
mable logic device; 

a plurality of registers adapted to store the user data during 
a reprogramming operation of the programmable logic 
device; and 

configurable routing resources adapted to provide a pro 
grammed data path between the logic blocks and the 
registers before the reprogramming operation and a 
reprogrammed data path between the logic blocks and 
the registers after the reprogramming operation. 

2. The programmable logic device of claim 1 including a 
logic circuit adapted to control transfer of the user data from 
the logic blocks to the registers via the routing resources. 

3. The programmable logic device of claim 2, wherein the 
routing resources comprise common interface blocks, and 
wherein the logic circuit controls the registers to receive the 
user data from the common interface blocks prior to the 
reprogramming operation. 

4. The programmable logic device of claim 2, wherein the 
logic circuit is further adapted to maintain the user data trans 
ferred to the registers during the reprogramming operation. 
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5. The programmable logic device of claim 1, further com 
prising: 

a volatile memory block adapted to receive and store data 
during operation of the programmable logic device; 

input/output blocks adapted to transfer data into and out of 
the programmable logic device; and 

wherein the routing resources are further adapted to pro 
vide a programmed data path between the Volatile 
memory block, the input/output blocks, the logic blocks, 
and the registers. 

6. A method of retaining user data during reprogramming 
of a programmable logic device having programmable logic 
and configurable routing resources, the method comprising: 

transferring user data from the programmable logic to stor 
age registers within the programmable logic device via a 
programmed data path of the routing resources; 
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8 
reprogramming the programmable logic device, including 

providing as part of the reprogramming a reprogrammed 
data path between the programmable logic and the stor 
age registers; 

storing the user data in the storage registers during repro 
gramming of the programmable logic device; and 

transferring the user data from the storage registers via the 
reprogrammed data path to the programmable logic after 
the reprogramming of the programmable logic device. 

7. The method of claim 6, wherein the programmable logic 
comprises logic blocks and at least one memory block. 

8. The method of claim 6, wherein the programmed data 
path and the reprogrammed data path each comprises a par 
allel data path. 

9. The programmable logic device of claim 1, wherein the 
programmed data path and the reprogrammed data path each 
comprises a parallel data path. 

k k k k k 


