designfeature

NEW CONFIGURATION APPROACHES CAN LEAD TO EASIER
SYSTEM DESIGNS, BENEFITING A RANGE OF APPLICA-
TIONS. REDUCING THE OVERALL PIN COUNT, INTERFACE
COMPLEXITY, AND RESOURCE USAGE ALSO ENABLES
FPGAs TO BE A FLEXIBLE DIGITAL-SIGNAL-PROCESSING

ALTERNATIVE TO DSP ARCHITECTURES.

Creating quasistatic,

parameterized FPGA designs

(field-programmable gate arrays), either as

prototyping vehicles before moving designs to
ASICs or as production platforms in low-volume ap-
plications. Even in high-volume consumer-electron-
ics applications, you might decide to use FPGAs as
the production platform; their all-important in-the-
field-reconfigurability enables you to improve prod-
uct returns by providing new features in the form of
potentially revenue-generating updates. FPGAs also
enable a shorter time to market, because you can start
hardware design before you complete firmware.

FPGAs can also help you reduce hardware diver-
sity and maximize your company’s product portfo-
lio. A range of products might differ only in their
firmware, minimizing hardware-development costs.
To successfully employ FPGAs in consumer-elec-
tronics devices, though, you'll need to efficiently use
every possible on-chip resource. One way you can
make your designs more efficient is by eliminating
the control port, a circuit often considered funda-
mental to FPGAs, but not eliminating its flexibility.

Whatever the application, your FPGAs always
need an interface to the outside world, on either a
board or a system level. You can split this interface
into at least two parts: the actual data ports, which
move data into and out of the component, and the
control ports. In many designs, the control port is
active only immediately after power-up to set system
parameters inside the FPGA; it remains idle for the
duration of the device’s up-time. Although this ap-
proach is flexible, it results in inefficient logic use
that increases cost.

If your design belongs to this quasistatic catego-
ry, you may be better off using a more efficient ap-
proach that completely eliminates the control port,
thereby making gates and I/O pins available for oth-
er uses, and still retain the same functions and flex-
ibility of the design you originally had in mind.

Because RAM-based FPGAs require reprogram-

M any of today’s designs use RAM-based FPGAs
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ming each time you switch on their power, you must
always use them in combination with a design-spe-
cific configuration file containing the information
that gives the FPGA its desired functions. Usually,
this configuration file remains unchanged for the
duration of the product’s lifetime. Occasionally,
however, new product firmware releases update the
configuration file, bringing along new features, fix-
ing annoying bugs, or both. In general, however, the
ability to reconfigure the FPGA a virtually infinite
number of times is left largely unexploited. You
could even consider configuration a nuisance; it in-
creases system cost because the configuration file re-
quires extra storage space, and it takes time. But why
not turn this nuisance into a virtue?

Theoretically, you could make a collection of con-
figuration files for a range of settings, store them in
nonvolatile memory, and pick the one that best suits
your requirements at any given time. In this way, you
can forget about the control port. Storing a separate
configuration file for all possible control vectors,
though, is not an option. Doing so would rapidly re-
sult in highly inefficient and therefore unacceptable
use of costly and scarce embedded memory. You
need to develop a more sophisticated plan to be able
to remove the control port from the design.

If you know the structure of the configuration file
and the meaning of its contents, you

can alter those contents to change h

the design’s behavior and eliminate
the control port. You need to store

less information, pro-

vided that you approach Figure 1

the alteration intelligently. This ap- 's

proach is similar to a firmware up- 1
date, but the firmware changes Iy

every time you modify one or more

design parameters. How do you
change those parameters, once the
control port is gone?

AvuGuUSsT 7, 2003 | EDN 69

Sl i

03

04

A parameterized barrel shifter is
an efficient LUT-based structure.
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The answer lies in the small
LUTS: (look-up tables) that are scat-
tered over the FPGA die. They con-
tain 2N bits of data and have N in-
puts—usually, four— to select
what bit appears at the output. An
interesting aspect of LUTs is that
their contents undergo an initial-
ization process upon configura-
tion, using a user-defined or—bet-
ter yet—engineer-defined value
that the configuration file contains.
If you can figure out which config-
uration bits correspond to which
LUT, you have all the information
you need to start building fully pa-
rameterized design elements.

begin

LISTING 1-TOP-LEVEL VHDL

entity top is
Port

( input

output : out std_logic)

end top;

architecture Behavioral of top is

component RAM16X1S
port (
D, WCLK, A0, Al, A2, A3, WE :
O : out std logic)’/
end component/

attribute INIT : string/
attribute INIT of inst LUT4 :

inst_LUT4 : RAMI16X1S
port map (

[¢] => output,
A0 => input (0),
Al => input (1),
A2 => input(2),
A3 => input(3),
D =>'0',
WCLK =>"'0"',
WE => '0");

end Behavioral;

in std logic_vector(3 downto 0);

in std_logic/

label is "X0001";

other efficient LUT-based struc-
ture. By using 4-bit LUTs as multi-
plexers, you can implement a 4-
bit-wide shifter (Figure 1). The
number of LUTs you need depends
on the shifter’s size, word width,
and shift range. Such an approach
could be useful, for instance, as a
programmable-gain block. Again,
merely changing the LUTS’ coeffi-
cients results in a different shift
distance.

With a variable-length-delay
line, a small extra block of logic can
provide you with the necessary
flexibility to change the delay, and
it fits perfectly into the LUT-bit-

The best way to explain the ap-
proach is to start with an example. Cer-
tain signal-processing applications re-
quire a constant adder or subtracter to,
for example, compensate for an offset
early in the signal-processing chain. Be-
cause that compensation value normal-
ly changes slowly with time, your design
need not consume logic in the imple-
mentation of an always-available control
port. Furthermore, getting rid of the con-
trol port would result in a smaller and
possibly even faster system, with no com-
promise in flexibility—exactly what
you're after. Indeed, if you store the off-
set value in a couple of LUTS, you can still
change the value by altering the right bits
in the configuration file.

The procedure boils down to trans-
forming the new settings in a series of bit
positions and bit values and then patch-
ing the original configuration file. The
only information you have to store is the
location of those LUT bits in the config-
uration stream. One drawback of the
scheme is that you need a system proces-
sor to do the necessary translation and
patching tasks that generate
your new configuration file, so
using EEPROM-based
systems is not an option.
However, because most systems
include a host processor to do
system housekeeping, and you
need its processing power only
when the system is not fully op-
erational (because you haven’t
yet configured your FPGA), the
additional cost is minimal.

Figure 2
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would normally be unable to change the
coefficient value without going back to
the software-design environment, be-
cause a distributed arithmetic multipli-
er uses LUTs. However, once you know
the relationship between the LUTs and
the configuration bits, the constant sud-
denly becomes a variable using the ap-
proach described earlier. You can then
use this multiplier in a range of applica-
tions, such as FIR and IIR filters, with the
same flexibility in frequency character-
istics (references 1 through 3).

A parameterized barrel shifter is an-

patching scheme (Figure 2). As
soon as the FIFO starts filling, the count-
er begins incrementing. When the count-
er reaches a certain value (for which the
bit in the LUT is set to 1), the flip-flop
switches and remains in the “1” position,
thereby enabling the read port of the
FIFO. From that point on, the FIFO re-
mains filled at this level, and you have
achieved the desired delay. If you increase
the counter width and the number of
LUTs in the design, you can set the max-
imum delay to any value, provided that
the FIFO is large enough. Two LUTs and
an AND gate are sufficient to support a
255-cycle delay.

By now, it should be clear that the
LUT-based approach can be useful. You
are still one step away from a workable
scheme, though, until you determine the
relationship between the LUT contents
and the corresponding configuration file.
Fortunately, this task is relatively easy.
First, you need to find out where the
LUTs will reside inside the FPGA. The de-
sign environment you are using normal-
ly outputs that information, generated
during the place-and-route step
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product documentation. At least
one FPGA vendor, Xilinx, has
published everything you need
to complete the described pro-
cedure.

When such details are un-

Constant coefficient multi-
pliers implemented in distrib-
uted arithmetic can also bene-
fit from this approach. You
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Increasing the counter width and the number of LUTs enables you
to set the maximum delay of the variable-delay line to any value.

available, it’s easy to extract the
LUT-to-bit relationship by ana-
lyzing a couple of wisely chosen

www.edn.com



designfeature Quasistatic-FPGA designs

designs. To be on the safe side, though, be ‘
sure to first ask the vendor’s
permission. Finally, compile
the placement and bit-location info into
one file, which serves as the blueprint of
your design. You now have two files. The
first is the original configuration file, and
it contains some default settings. The
second file contains a list of records of
LUT instance names that your design
uses, along with their bit positions. From
now on, whenever you want to change
some or all of the design parameters, a
merging tool will combine the new pa-
rameters with the two design files into a
new configuration file that you can sub-
sequently use to program the FPGA (Fig-
ure 3).

The Xilinx ISE 5SP3 environment,
with a Virtex XCV50-5PQ240 as the de-
sign target, illustrates these steps. The de-
sign comprises just one instantiation of
the entity RAM16X1S, called inst_LUT4,
with its input and output pins routed to
five package pins (Listing 1). The entity
RAM16X1S, is a primitive, mapped onto
one LUT. The end goal is to modify the

Figure 3
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contents of this RAM module by chang-
ing the appropriate bits in the configu-
ration file. Simple as the design may be,
it demonstrates all of the necessary steps
of the process.

As indicated, the knowledge you need
to get going is the LUT placement. In the

ISE design environment, the Floorplan-
ner provides this information. In this ex-
ample, it generates a file named top.fnf
containing a list of records that describe
the primitives used, their location on the
die, and their interconnection. From one
record, you can see that the instantiated
RAM module is using the LUT “G” lo-
cated in row 1, column 1, slice 1 (Listing
2). The design includes a placement con-
straint; hence, the “pref” line.

A number of formulas provide the re-
lationship between the LUTs” contents
and their positions in the configuration
file (references 4 through 6). These for-
mulas take device- and design-specific
values, such as FPGA type, LUT location,
and bit index, as an input, and generate
bit positions as an output. In this exam-
ple, bit 3 in byte 54,098 of the first con-
figuration frame of the configuration file
sets bit 0 of the inst_LUT4 (Table 1).

At this point, you can change the con-
tents of the LUT without ever again us-
ing the design environment; you just
change the listed bits. Don’t forget that
you must also recalculate the CRC values

72 EpN | AUGUST 7, 2003

www.edn.com



designfeature Quasistatic-FPGA designs

embedded in the configuration file. Be-
cause the configuration file has changed,
the configuration will fail unless you also
update the CRC. This job is straightfor-
ward, because Xilinx specifies in its pub-
lic documents the CRC algorithm that it
uses to guarantee file integrity. After this
last step, the new configuration file is
ready for use.

The novelty of this approach lies in its
use of the small LUTSs as patchable storage
containers, or static-control ports, whose
contents you can modify without return-
ing to the design suite. Each time you
want to change the parameters, you just
set or clear the appropriate bits in the con-
figuration file and generate a new config-
uration file on the fly. As such, the use of
the FPGA’s reconfigurability feature ex-
tends beyond the well-known concept of
firmware updates. The approach impos-
es no restrictions on the type of structures
you want to design. You can build up
every parameterized design using LUTs,
although some structures will use re-
sources more efficiently than others. Even
for less efficient structures, low efficiency

may be a small price to pay, considering
the design’s inherent flexibility.

The technique is applicable to any
FPGA family that uses LUTs as its basic
building blocks; it is not limited to one
FPGA vendor’s product range. The
firmware engineer needs to know only
how the LUT data relates to the contents
of the configuration file. However, bear

BIT-POSITION EXAMPLE
Bit offset

Bit Byte offset within byte
54,098 3
54,050
54,002
53,954
53,906
53,858
53,810
53,762
53,714
53,666
53,618
53,570
53,522
53,474
53,426
53,378
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in mind that, if you change the wrong bits
in the configuration file and correspond-
ingly update the CRC values, you create
a syntax-valid file that might destroy
parts of the component, for example, due
to an internal short circuit. (The vendors’
design software employs self-checks to
guard against such possibilities.)O
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