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Digital signal processors (DSPs), like
their FPGA counterparts, are proliferat-
ing into a broad range of compute-
intensive applications, including tele-
communications, networking, instrumen-
tation and computers. DSP functions
include adaptive finite impulse response
(FIR) filters, fast Fourier transforms
(FFT), interpolators and discrete-cosine
transforms (DCT). These functions are
required to implement the audio/video
compress ion and decompress ion,
encryption, convolution and other com-
puting functions found in multimedia,
digital switches, vision inspection equip-
ment ,  and  many  o the r  e lec t ron ic
systems. There are several general pur-
pose DSPs available today, from TI,
Motorola, Analog Devices, NEC and oth-
ers. Recently, specialized processors
have been int roduced for  speci f ic
classes of applications, such as com-
pression chips from C-Cube and 3D
graphics accelerators from S3. DSPs,
like FPGAs, have associated design
tools to assist in the development and
imp lemen ta t i on  o f  DSP-based
applications.

Stand-alone digital signal processors
(DSPs) support many on-chip functions
and  are  h igh l y  op t im ized  fo r  t he
demands of high-speed computing.
Many applications require functions to
be implemented that the DSP is not opti-
mized for, or require higher precision or
performance than the DSP is capable of.
In order to achieve the required function-
al i ty  and speed, three opt ions are
available to the designer: write software
code, use a faster, more expensive, or
different processor, or design a custom
gate array. For option 1, software code
must be written and executed in the

processor. The number of instructions
required to execute a function is propor-
tional to the decrease in execution time;
the more instructions the slower the data
output rate. Even though the DSP may
be clocked at 50 MHz, the data output is
a fraction of that speed. In order to
regain this lost speed an additional DSP
(either the same or another type), or cus-
tom ASIC must be used to achieve the
desired function and speed.   This
results in increased power consumption,
added cost for additional design tools,
non-recurring engineering expenses
(NRE), increased design time (due to
learning a new architecture and new
tools), and design risk. There is also a
loss of design flexibility with ASIC solu-
tions. Processors and ASICs are not
able to easily adapt in real-time to differ-
ent algorithms.

FPGAs can now be used in DSP appli-
ca t ions  e i the r  as  a  s tand -a lone ,
reconfigurable processor or as a copro-
cessor  t o  the  DSP.  Th is  2 -ch ip ,
embedded DSP/coprocessor solution
can effectively eliminate the problems
described above. A standard “core” can
be developed, with the DSP implement-
ing standard processing functions, and
the FPGA used to accelerate specialized
functions not easily implemented or
quickly executed in the DSP. An exam-
ple of this is the creation of adaptive
digital filters which can be implemented
in FPGAs, since the coefficients and the
filter structure can be changed through
reconfiguration of the FPGA. Register
rich FPGAs can implement complex
datapath logic functions using similar
pipelining and bit-serial processing
techniques as those found in today’s
advanced DSPs. 
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Cache Logic FPGAs are now available for use as a recon-
figurable DSP (or other processor) coprocessor. These
FPGAs consist of a fine grain architecture, meaning that
there are thousands of logic cells, each cell can be individ-
ually reprogrammed in system without loss of its register
content, and portions of the FPGA can be reconfigured
without disruption of the remainder of the array. This
enables compute-intensive or specialized tasks of a pro-
cessor to be off-loaded and executed in a dynamically
reconfigurable FPGA. By using the thousands of registers
and in-system reconfigurability of these FPGAs, new algo-
rithms and coefficients can be downloaded into the FPGA,
and high speed can be achieved by utilizing pipelining tech-
niques similar to those found in DSPs. The result is a
2-chip embedded DSP solution, achieving higher perfor-
mance designs, using less power and less board area.

Figure 1 shows a stage from an Infinite Impulse Response
(IIR) filter. The logic shown is representative of typical DSP
functions. There are multiple stages, and each stage
involves complex multiplication, addition and associated
coefficients.

Figure 1.  An IIR Filter Stage

The execution of this type of function in a DSP is very fast,
typically around 30 - 50 MHz. A problem occurs when
higher precision is required or a specialized function must
be implemented without speed degradation. For example,
an 8-bit processor can perform 8-bit multiplication very
quickly using the pipelining abilities of the processor. If a
larger multiplication function is required, such as a 12 x 14
multiply, a larger processor must be used or additional
code written and executed in the DSP. This reduces or
eliminates the ability for the processor to take advantage of
its pipelined structure. For this example, let’s assume that it
takes 10 instructions to do implement the 12 x 14 multiplier.
If the DSP is clocked at 50 MHz, then each instruction
takes 20 ns (1/50 MHz) to execute. This means that it takes
200 ns for each multiplication, which results in an effective
data rate of 5 MHz, since data appears on every 10th clock
cycle.

Figure 2 shows the same function executed in both a DSP
and FPGA. The 12 x 14 multiplier is implemented in the
AT6010 FPGA, which has 6,400 registers and is dynami-
cally reconfigurable in-system. The 12 x 14 multiplier can
now be pipelined in the FPGA (the same technique that the
DSP uses for standard functions), and the FPGA can be
clocked at 50 MHz. Because the function is pipelined, the
time required to “fill the pipe”, or latency, is 10 clock cycles,
or 200 ns. After this, a result is produced at the output on
every clock cycle, or every 20 ns. This is equivalent to a
50 MHz data rate. The performance of this function has
been improved from 5 MHz to 50 MHz, or by 10 times.

Figure 2.  Specialized Functions Executed 10x Faster in an FPGA
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FPGA
Using the techniques described herein, performance
improvements are possible in many compute-intensive
applications, including those shown in Figure 3. Image pro-
cessing systems include scanning, processing and output
of data. The TMS320CXX is a popular, low-cost digital sig-
nal processor for these types of applications. Typical DSP
functions include pixel averaging, pattern recognition, and
edge detection. By using a 20,000 gate AT6010 as a pre-
processor to the TMS320C30-based system, the data rate
can be improved by a factor of 50. For pattern recognition,
patterns, or sequences of data can be loaded or pro-
grammed directly into the FPGA, giving the ability to

perform hardware searches, instead of software. The XOR
gate, or exclusive-OR, is the basic logic element for build-
ing compare functions. The AT6010 has 6,400 XOR gates.
The combination of the XOR gates, along with dynamic
reconfigurability of the FPGA, allows multiple patterns to be
loaded into the FPGA as required. This enables searches
and comparisons to be done in hardware, instead of soft-
ware .  The resul t  o f  th is  capab i l i t y  i s  a 30 t imes
improvement in speed for pattern recognition. Edge detec-
tion, the process of identifying when an object comes into
the field of view, can be improved by a factor of 100 by
using the AT6010 as a coprocessor. 

Figure 3.  The 20,000-gate AT6010 as a DSP Coprocessor

AT6000 FPGA Architecture
The AT6000 architecture consists of thousands of logic
cells as shown in Figure 4. Each cell contains a D-type reg-
ister and about 12 gates of logic. The specified data shift
frequency for the registers is 250 MHz. In the 20,000+ gate
AT6010, 6,400 registers can be combined to build a 6,400
bit serial shift register shifting data in excess of 250 MHz.
The registers are the building blocks for implementing pipe-
lined functions. By utilizing the thousands of registers, very
high speed, pipelined computing functions can be imple-
mented. For example, an 8 x 8 pipelined multiplier can be
implemented in the AT6000 and run at 54 MHz. A 16 x 16
multiplier can be executed at 36 MHz using pipelining. The
single level logic delays of the AT6000 FPGA are 2 ns, and
the input buffer delay is 1.2 ns; the output buffer delay is
3.5 ns. Data can be loaded into, processed and output at
extremely fast data rates. 

The AT6000 family is organized in rows and columns of
cells; the size of an array is determined by the specific
number of cells. The smallest member of the AT6000 fam-
ily, the AT6002, has 32 rows by 32 columns, for a total of
1,024 cells. This device can implement between 2,000 and
4,000 gates of logic. The largest member is the AT6010,
organized 80 x 80 cells, or 6,400 total cells. This device can
implement in excess of 20,000 gates of logic. 

The AT6000 family is completely symmetrical, enabling
logic blocks to be placed in the array without regard to chip
size or orientation (e.g. large blocks of logic can be placed
in a 2,000 gate device or a 20,000 gate device, rotated by
90, 180, 270 degrees or flipped over the X or Y axis without
impacting speed or function).
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Figure 4.  AT6000 Series Array

Automatic DSP Component Generators
The automatic component generator is a tool that is integral
to the Atmel FPGA design system, which works with tools
from Cadence/Verilog, ViewLogic, Synopsys, Mentor,
Exemplar, Integraph and others. This tool allows the
designer to specify the parameters of hundreds of different
complex logic functions, and quickly create fixed functional
layouts, as well as schematic library symbols and actual
schematics for the created function. The generated func-
t ion is ful ly def ined, including speed, size, power
consumption. These symbols can be called up from the
[ViewLogic, Mentor, etc.] schematic capture or synthesis
tool, and used just as any other macro library function.

These component generators have been designed to
exploit the AT6000’s register rich, dynamic reconfigurability
by creating reusable, high speed custom logic functions,
resulting in significantly improved performance for com-
pute-intensive and other logic applications. These function
generators are a powerful design tool because they can
quickly (1000 gate multiplier in 3 - 4 minutes) create the
schematic and physical layout (shape) of a function, and
report the speed, area and power consumption.

This capability is much more useful than providing bench-
mark data to the designer because with Atmel’s component
generators the user can create reusable, custom logic
functions based on the specific parameters associated with
them (e.g. an 8 x 12 multiplier optimized for speed, a 14-bit
adder optimized for minimum area, etc.). Until now, no
other tools or architectures have supported this unique
capability. Some tools exist that allow the user to specify
functional parameters (creating a netlist for the function),
but they can not report back the speed and area results
until the entire design has been physically placed and

routed. Because the AT6000 FPGA architecture is sym-
metrical, component-generated functions can be created
without any layout constraints, resulting in fully predictable
delay/speed calculations before place and routing the rest
of the design. This is particular useful in DSP design for
creating the DSP building blocks and facilitating the gener-
ation of hardware coefficients.

Cache Logic®

Cache logic is a cost-saving way of implementing logic
more efficiently. The active functions of an application are
performed by a field-programmable gate array (FPGA) that
can be reconfigured as it operates, while inactive functions
are stored in an inexpensive configuration memory – an
EPROM for example. As new functions are required, they
are written over old ones, as shown in Figure 6.

Cache logic implementation is similar to cache memory. In
cache memory, the highest speed memory (usually SRAM)
is used to store active data, while the bulk of data resides in
lower-cost storage, such as DRAM, or EPROM, disk etc.
Cache logic works in a similar fashion. Only a small fraction
of the circuitry is active in a system at any given time. Only
those functions which are loaded into the logic cache, while
unused functions, or variations reside in lower cost system
memory. It is even possible to compile variations in a
design in real time. As logic functions are required, they
can be loaded into cache logic, replacing, or complement-
ing the logic already present. This is particularly useful for
adaptive filter designs, where the algorithm is resident in
the FPGA, with the coefficients stored in configuration
memory. As a new coefficient is required in the filter, it is
loaded into the FPGA.
FPGA4
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Figure 5.  Automatic DSP Component Generators

Figure 6.  Cache Logic

Summary
By using cache logic FPGAs, specialized compute-inten-
sive functions can be directly in hardware. Reusable,
custom DSP parameterized functions can be created by
using the DSP component generator software.

The benefits of this approach are faster processing speeds,
reduced board space and power consumption, with shorter
time to market. As new algorithms are developed they can
be downloaded (remotely) into the configuration memory to
update the hardware. This in turn can extend the life of a
product, enabling companies to squeeze more life, and
money out of older products, without lengthily design
cycles and retooling processes.

Atmel AT6000 series FPGAs are the first to enable full
Cache Logic design implementation. The ability to fully or
partially reconfigure the FPGA in microseconds, without
loss of register data and disruption of the operation of the
unchanged logic enables real time datapath acceleration.
The symmetrical nature of the FPGA allows “standard cell”
functions to be placed in any size array, in any orientation
with affecting the speed or operation of the function. Com-
pute-intensive DSP applications can be executed in real
time hardware without increasing system overhead.
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