An LSI chip set for DSP hardware implementation
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ABSTRACT—This paper describes a new LSI chip set
developed to provide a simple and cost-effective means
for DSP hardware implementation. This chip set, con-
sisting of two NMOS LSIs, contains enough logic and
memory to perform such high level DSP functions as
biquad filters and FFT butterflies at a high throughput
rate, without any other external logic devices. It
mploys serial arithmetic and operates at a clock rate up
0 more than 5 MHz. Throughput rate can be traded-off
with processing accuracy. Architecture is designed to
pursue self-sufficient applicability to high level DSP
functions, while retaining generality in application.

INTRODUCTION

Thanks to the intensive studies made by many
researchers during the past one and a half decades,
digital signal procesing (DSP) now has a mature theoreti-
cal base.” Potential merits of using DSP are numerous
and- well recognized. Research and development on real
time telecommunication equipment utilizing the DSP
technique have been carried out extensively in recent
years. Nevertheless, its employment in the actual tele-
communication network has not gained much popularity
so far.

. One obvious reason why people have been reluctant
to put actual employment into effect is that the im-
plementation technology has not reached a satisfactory

‘el as yet, especially in view of cost and power

nsumption. In fact, déspite algorithmic optimizations,
the amount of real time arithmetic operations required
for various telecom equipment implementation is still a
burden on commercially available standard ICs.

. To cope with this problem, various LSIs for DSP
hardware implementation have been developed (1]-[5]
by integrating more functions on a single chip and
improving throughput rate with recent advance in semi-
conductor techniology. One of those LSIs developed
recently is a signal processor {3]-(5), which is now
gaining” a reputation among those who are going to
utilize DSP technology for  telecommunication equip-
ment. Because of software programmability, signal
. processors inherently have versatility in use. However,
“there are DSP applications wherein  a large amount of
data processing for one specific function at high speed is
- required. A TDM/FDM converter is a typical example.

A hardware-oriented device is highly efficient in these
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applications, compared ‘'with a signal processor.
Therefore, a new DSP chip set has been designed and
developed. It is designed to retain generality in applica-
tions in spite of a hardware-oriented device. -

This paper describes design concept and employed
architecture. Applications usihg the chip set are also
presented. ’

DESIGN CONSIDERATION

Throughout LSI design consideration, a main target
has been focused on both group and supergroup level
TDM/FDM converters [6] , for which high throughput
rate modular components are urgently required to
compete with conventional analog converters. In order
to achieve a high throughput raté in hardware-oriented
devices, there are two important factors to be con-
sidered, integration level on a chip and operating clock
rate. Generally, high throughput rate is obtained by
integrating many functions on a chip and/or by increas-
ing operating clock rate. However, merely increasing
the integration level on a chip would result in a lack of
versatility under a constraint in the number of package
pins andfor result in a very large chip area. Com-

_ patibility with external logic devices should be taken

into consideration for operating clock rate: To reduce
total equipment power consumption as well as to reduce
cost, it is desirable that the chip be designed compatible
with low power Schottky TTL ICs. ’

System consideration for TDM/FDM converters
shows that new LSIs to be employed should have the
ability to provide such high level functions as a biquad
filter’and an FFT butterfly module, which can process
time-division multiplexed signals. Since the amount of
memory required depends upon the number of processing
channels as well as data length in a functional module,
two chip configuration, wherein one chip serves as an
arithmetic processor and the other a memory element,
would be a good solution. Serial arithmetic is suitable to
minimize the number of package pins and also to be used
for any data length according fo system requirements.

DEVELOPED LSIs

A ﬁew DSP chip set, developed as a general-
purpose device, consists of an Arithmetic Processor Unit
(APU) and a Variable Delay Unit (VDU). The architec-
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(a) Blockdiagram

(b) Chip Photograph

Fig.l Arithmetic Processor Unit (APU),

ture is designed to pursue self-sufficient applicability to
high level DSP functions without losing generality in
applications. The chip set is designed to fit in such
applications as TDM/FDM conversion, where high pro-
cessing speed and high data accuracy. are required.

The APU and VDU are single power supply, TTL
compatible devices, and operate at a speed up to more
than 5 MHz. They are realized with a proven 4.4 pm rule
NMOS technology to guarantee high yield, high reli-
ability and low cost.

APU: The APU is a function selectable device
which contains enough logic to perform basic arithmetic
operations plus such auxiliary tasks as scaling, coef-
ficient polarity inversion, ovérflow correction, timing
adjust, etc. A blockdiagram and a chip photograph of
the APU are shown in Fig.l. The APU can realize one
function out of eight functions, including:
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(a) Blockdiagram

(b) Chip Photograph

Fig.2 Variable Delay Unit (VDU).

.

— A pair of 1D or 2D biquad filters
— An FFT butterfly

— Quad (AX+BY)

— Single ZAiXi (i=0-7)

— Complex (AX +Y)

To minimize the number of package pins, informa-
tion bits for scaling and polarity inversion are combined
with coefficient bits and then” supplied serially to the
chip through coefficient pins. Data length can be set at
greater than or equal to 16 bits, while coefficient lengta
is predetermined to be 14. The chip size is 20.39 mm
and is mounted on a 28 pin dual-in-line package.

VDU: The VDU is functionally a set of four
variable length (up to 519 bits) shift registers, which
includes auxiliary switches. Figure 2 shows a block-
diagram and a chip photograph. The chip is realized on a



20.79 mm2 area. It is mounted on a 2% pin dual-in-line
package.
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The switches, which interchange time slots be-
tween a pair of data streams, can provide a useful means
for an inter-stage buffer for a radix 2 FFT algorithm.
Length for the four shift registers is determined by a 9-
bit external code through two delay control circuits in
the chip.

APPLICATIONS

ouT2

A. Digital Filters

Since digital filtering is a fundamental operation
widely used in DSP applications, a chip set is designed to
provide any forms of digital filter structure, i.e. re-
cursive/non-recursive and 1D/2D. Figure 3 shows a pair
of 1D biquad filters. It can also be modified to a
complex biquad filter with purely real and imaginary
coefficients by changing its connections slightly.

Four sets of an eighth-order filter, including coef-

«ent memories, are rmounted on a printed cardboard,

as shown in Fig.4. Each set hardware can process 28

independent signals with 20 bit data word length at
4.48 MHz clock rate.

B. FFT Processors

The DSP chip set developed is also useful for FFT
processor implementation. Figure 5 shows an FFT
butterfly module implemented by the chip set. The
module can be used in three FFT structures, shown in
Fig. 6, which cover different speeds. System parameters
characterizing an FFT processor are the number of data
points (N), processing speed (T) and data word length (L).

The standard FFT processor, shown in Fig.6 (a), is

. based upon well-known pipeline FFT structure {7}, con-
sisting of cascaded butterfly modules, which perform
butterfly arithmetic for each stage in an FFT algorithm.

) The inter-stage buffer between m-th and (m+1)-st
stage can be realized by a VDU chip, in which variable
shift register length is set to be M(=2"'x L) bits. The
-~ “itches in a VDU chip are used so that "time slot

:rchange between a pair of complex data streams can APU VDU
be accomplished to output a new pair of data streams
prepared for the next stage.
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Since serial arithmetic is employed in an APU chip,
the number of data points and/or data word length can
be easily extended at the sacrifice of processing speed.
The relationship among these three parameters is given
by .
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T= (N/2)xL/C

where C denotes the operating clock rate,

!

. To obtain high throughput rate maintaining the
~number of data points and data word length, FFT arithr
metic operations ih each stage can be shared among 2P-

. FFT butterfly modules placed in parallel, where p=2,3, -
- -,log,N. Figure 6 (b) shows a high speed FFT pro-
cessor l;lockdiagram as an example of p-3. Inter-stage
buffers in the last p stages are replaced by wired

Fig.5 FFT Butterfly Module
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connections, which results in VDU chip count rﬁductjon.
Throughput rate for this structure gains 2P times,
compared with the standard pipeline FFT processor
shown in Fig.6 (a).

The FFT hardware for low processing speed appli-
cations can be minimized by eliminating the 2nd to the
last stage FFT butterflies in Fig. 6 (a), and by feeding
back a pair of output data streams from the last buffer
to the first stage FFT butterfly module. Figure 6 (c)
shows a compact FFT processor based upon the struc-
ture. One APU chip processes all the butterfly arith-
metic operations in an FFT algorithm. Each’ stage-
buffer not only interchanges time slots between a pair of
complex data streams but also operates as delay ele-
ments in time division.

Processing speed realized by the three FFT struc-
tures described above is summarized in TABLE 1.

CONCLUSION

A new LSI chip set, consisting of an APU and a
VDU chip, has been developed as' a general-purpose
device to provide high level DSP functions, such as a pair
of biquad filters and an FFT butterfly, which are widely
used in DSP applications. The chip set is suitable for a
time division multiplex applications use wherein a single
specific function is executed at high speed and at high
accuracy for a number of different signals. Applications
to digital filters and FFT processors show that the chip
set i very useful for DSP hardware implementation.
Using the chip set, a compact and cost-effective
'l['D]M'/FDM converter has been successfully developed

8].
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(c) Compact FFT Processor
A:APU, V:VDU

Fig. 6 FFT Processor Structure

TABLE 1. FFT Processor Speed (ms)

struc- Compact Standard | High
ture Speed
data (p=5)
| \dengthl 96 124 | 16 {24 | 16 |24
data
points
512 7.37|11.06 | 0.82}1.23 |0.05 | 0.08
1024 16.38{24.58| 1.64| 2.46 {0.10| 0.15
2048 36.04)54.07| 3.28{ 4.92 | 0.20} 0.31




