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IMPORTANT NOTICE

Texas Instruments (TI) reserves the right to make changes to its products or to discontinue any
semiconductor product or service without notice, and advises its customers to obtain the latest version
of relevant information to verify, before placing orders, that the information being relied on is current.

Tl warrants performance of its semiconductor products and related software to the specifications
applicable atthe time of sale in accordance with TI's standard warranty. Testing and other quality control
techniques are utilized to the extent Tl deems necessary to support this warranty. Specific testing of
all parameters of each device is not necessarily performed, except those mandated by government
requirements.

Certain applications using semiconductor products may involve potential risks of death, personal injury,
or severe property or environmental damage (“Critical Applications”).

TI SEMICONDUCTOR PRODUCTS ARE NOT DESIGNED, INTENDED, AUTHORIZED, OR
WARRANTED TO BE SUITABLE FOR USE IN LIFE-SUPPORT APPLICATIONS, DEVICES OR
SYSTEMS OR OTHER CRITICAL APPLICATIONS.

Inclusion of Tl products in such applications is understood to be fully at the risk of the customer. Use
of Tl products in such applications requires the written approval of an appropriate Tl officer. Questions
concerning potential risk applications should be directed to Tl through a local SC sales office.

In order to minimize risks associated with the customer’s applications, adequate design and operating
safeguards should be provided by the customer to minimize inherent or procedural hazards.

Tl assumes no liability for applications assistance, customer product design, software performance, or
infringement of patents or services described herein. Nor does Tl warrant or represent that any license,
either express or implied, is granted under any patent right, copyright, mask work right, or other
intellectual property right of Tl covering or relating to any combination, machine, or process in which
such semiconductor products or services might be or are used.

Copyright 0 1994, Texas Instruments Incorporated
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Introduction

The new Texas Instruments (TI) SN74ACT36xx 36-bit clocked FIFO family is designed to interface to 32-bit
floating-point digital signal processors (DSPs), such as TI's leadership TMS320C3x and TMS320C4x families of DSPs.
These FIFOs can significantly improve system throughput by permitting DSPs to run optimally, while allowing for
high-integrity data transfer. With depths ranging from 256 to 1024 words in unidirectional and bidirectional formats,

and features such as synchronous retransmit and mailbox-bypass registers, the DSP application FIFOs enhance the broad
spectrum of FIFOs available from TI.

This application report includes two examples of the use of DSP application-specific FIFOs in optimizing DSP-based
digital filtering systems. Digital filters such as the finite-length impulse response (FIR) filter are typically used inimage-

or voice-processing applications. In each example presented below, the patented synchronous-retransmit FIFO feature
is used with a DSP for FIR digital filtering. Descriptions of patented synchronous retransmit and digital filtering are
followed by the two applications. The TMS320C31 and TMS320C40 floating-point DSPs and the SN74ACT3641
(1024 x 36) unidirectional and SN74ACT3638 (5232 x 2) bidirectional clocked FIFOs are used to illustrate the
discussion.

Patented Synchronous Retransmit

The synchronous-retransmit feature of the SN74ACT3638 FIFO allows data stored within the device to be reread
starting at a user-selected position. Conventional retransmit, by way of comparison, only permits rereads from location
zero in the FIFO. The 512 x 32 dual port SRAM that buffers data from port A to port B on board the SN74ACT3638
die can be programmed for retransmit. Placing the device in the retransmit mode selects a beginning word and prevents
ongoing write operations from destroying the retransmit data. Data vectors with a minimum length of three words can
be reread repeatedly, starting at the selected word. The FIFO can be taken out of the retransmit mode at any time,
allowing normal operation to resume. The operation of synchronous retransmit is similar for the SN74ACT3641. The
primary difference is the size of the SRAM.

Digital Filtering

Many DSP-based systems require filtering. The FIR or delay filter is one type of digital filter that is commonly
implemented in such applications. The FIR filter in the time domain takes the general form of:
N -1
yn) = . hei) x x(n - i)
i=0
Where:

wherey(n) is the output sample at tinmgh(i) is theith coefficient or impulse response, at{d—i) is the(n—i)th input
sample.

The FIR filter, as described by this equation, and the synchronous-retransmit feature of the DSP application FIFOs form
the basis of the filtering examples described on the next page.



Digital-Image Filtering With the TMS320C31

DSPs such as the TMS320C31 can perform mathematically-intensive algorithms in real time. The FIR filter described
by the earlier equation is such an algorithm. To geng(ajeN multiplications and additions must be performed. The
product of sums computation is very demanding, particularly in the instanceMisderge. Real-time digital signal
processing requires that there is no user-discernable delay in a given process. As mentioned above, DSP-based FIR
filtering is often the principal component of image-processing applications. In this case, the DSP is required to complete
its real-time processing within a given frame update. If the process is not completed in this period, aberrations in the
final image, such as flicker, are likely to be detected by the observer.

The capability for parallel multiply/add operations and circular addressing permits easy implementation of this FIR filter
with the TMS320C31 DSP. The parallel multiply/add operation allows a multiplication and addition operation to
execute in one machine cycle, and the circular addressing generates a finite buffer of fentfte data(n).

The SN74ACT3638 is easily interfaced to the TMS320C31 (Figure 1) to provide buffering and storage of the FIR filter
coefficients h(i). The SN74ACT3638 is chosen for several reasons. The width of the FIFO matches that of the DSP
(32 bit). The FIFO also has bidirectional capability allowing for data flow from FIFO to DSP and vice versa, and the
FIFO has the retransmit feature required for this application. Utilized for coefficient storage, the FIFO serves as a
zero-wait-state SRAM. By using the FIFO retransmit feature (Figure 2), the filter coefficients are efficiently transferred
to the DSP on an as-required basis. This design provides significant savings in terms of complexity, cost, space
requirements, and overall chip count when compared with other methods such as storing the coefficients in either an
external SRAM or an EPROM. Using the DSP internal RAM to store the coefficients causes delay in transferring the
coefficients from the buffering FIFO to RAM. This overhead penalty and inefficient use of RAM is eliminated by using
the synchronous-retransmit feature of the DSP application FIFO.
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Figure 1. Bidirectional FIFO Interface for FIR Filtering
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Figure 2. Using a FIFO for Coefficient Storage in FIR Filtering

Two external input/output (1/0O) flags (XFO and XF1) of the TMS320C31 are configurable as inputs or outputs under
software control. For digital FIR filtering, the 1/O flags are used to control the retransmit function of the FIFO, providing
a programmable and seamless DSP interface.



Digital-Voice Filtering With the TMS320C40

Speech-recognition systems are another example of digital-processing applications that use FIR filtering techniques.
Like the image-processing systems mentioned previously, speech recognition also requires real-time operation. Obvious
delays between spoken and recognized words are unacceptable for the system to be considered real-time. Figure 3 shows
the essential components of a speech-recognition system that implements FIR filtering. The components of this system
are a TMS320C40 DSP, a multiply-accumulate (MAC) block, and two FIFOs. The filtering function is described by the
earlier equation. In this design, the TMS320C40 DSP is used to generate a series of coefficients or weighting factors
that are used by the FIR filter. The SN74ACT3641 FIFO is interfaced directly to the DSP. This FIFO is chosen for its
wide width, high speed (up to 67 MHz), and synchronous-retransmit feature. The fine-pitch packaging option, known
as the thermally enhanced thin quad flatpack (TQFP) package, also permits significant space savings for this single-chip
FIFO solution. Similar to the first example, the FIFO is used to store the filter coefficlgiits, The
synchronous-retransmit capability is used to transfer the coefficients to the MAC, as required. A second FIFO is needed
to provide rate matching between the incoming input samggles), and the MAC. The input samples are the digitized
results of a transducer or analog to digital (A/D) converter. The data, in this case, is voice information.
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Figure 3. Speech Recognition FIR Filter

This implementation of a one-dimensional FIR filter can be easily reconfigured to a two-dimensional filter by adding

a third FIFO in series with the FIFO that provides rate matching between the A/D converter and the MAC. The result
is a multistage delay FIR filter that is capable of handling two-dimensional data such as that generated by raster scanning
an image in both theandy directions.

Conclusion

As illustrated by the image- and voice-processing examples presented in this application report, TI's DSP application
FIFOs provide a seamless interface to DSPs such as the TMS320C31 and TMS320C40. The advantages of high-speed
performance, small packaging options, and wide bus widths, combined with a powerful feature set, permit optimum
solutions to be realized with these FIFOs. Although digital FIR filtering is just one example, there is a vast array of other
applications in which FIFOs can be used to optimize the performance of DSP-based systems.



