Chapter 5

Digital Signal Processor
~ Infroduction

A system based on a singl has wide-ranging advantages over other

‘I /bly-ﬁme requirements greatly reduced,

but development and veri fforts ar ﬁtroted in software, where reliable

simulation tools and sﬁucf@me do@ employed to full effect. Further,

programmable systems are me ;| exis ions can be adapted to changing

approaches. Not only are power,

specifications with simple modi

A powerful new class sl nicropr \mmonly known as digital signal
processors or DSPs, has ‘ thin e 2ars. These devices have been designed

primarily for digital signa [ Most of these processors have been

digital signal processing. Nea oll".gﬂﬁem ple. allow computation of a running sum

of product (multiply/accumulate) _gfﬁag_msta »

Aot ) ift in memory of one of the multiplicand.
i- o R E

in this chapter en.ovendew ' ""'"'-““"‘ ,‘ nted fo discuss the meaning

and potential of digita proce ' e provide the information about ifs

architecture, instruction $€t and methodology for applicatich development. The instruction

summary of DSP is presented in.appendix E.

ﬂ UEINEY ‘ﬁ WyINT
,eﬁm ﬁﬁﬁ%mm*m I b i

sequence of numbers or symbols and the processing of these sequences. The purpose of
such processing may be to estimate characteristic parameters of a slgncl or to tfransform a
signal info a more desirable form. The classical numerical analysis fon'nulas, such as those
designed for inferpolation, infegration., and differentiation, are cer‘ra nly digital signal
processing algorithms. On the other hand. the availability of high speed digital computers has
promoted the development of increasingly complex and sophisticated signal processing
algorithms, and recent advances in integrated circuit technology promise economical

implementations of very complex digital signal processing systfems.
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Signal processing. its importance is evident in such diverse fields as biomedical
engineering, acoustics, sonar, radar, seismology. speech comrunication, data
communication, nuclear science, and many others. In many applications, we may wish to
exiract some characteristic parameters. Alternatively we may wish to remove interference,
such as noise, from the signal or to modify the signal to present it in a form which is more easily

interpreted. Signal processing problems are not confined to one-dimensional signals. Many

techniques.

Until recently, sIgn@ng ha been carried out using analog

equipment. In the 1950s, fhe f some g@ow which could be recorded on
magnetic tape for later pro oss Q ge '

image processing applications requir"r e use of two-dimensional signal processing

- ’l;:/ rJ % z"r. / - i @
As signals was ﬁing proc'ésised"’m digitat comput sre was a natural tendency to

experiment with inci sasingly sophisticatad siong 2ssing algorithms. Some of these

implementation in analag equipmen’r. applications of digital signal

processing are expanding @t.a, fremendous rater With the coming of large scale integration

and the resulﬁnﬁ%dﬁ&j i 434 il t6) ST g 2 4mAcnant) together wih increasing

speed, the class oflapplications of dlgltal signal processlng techniques is grownng
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Digital Signal Processing is concerned with the representation of signols (and fhe
information that they contain) by sequences of numbers, and the transformation or processing
of such signal representations by numerical computation procedures. '

Since the late 1950's, scientists and engineers in research labs have bee’n promoting
the advantage of digital signal processing. but practical considerations have prevented
application. Now, with the availability of integrated circuits, such as Texas Instrumants' TMS320,

digital signal processing is leaving the laboratory and entering the world of application. The
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reasons for this is that extremely sophisticated signal processing functions can be difficult or

l

impossible fo implement using analog methods.

The potential applications will be found in any area where signals arise as
representations of information. In many cases, the signals represent information about the state
of some physical system. Often, the objective in processing the signal is fo prepare the signal

for digital fransmission to a remote location or for digital storage of the information for later

reference. On the other hand, the signc¢ e processed fo remove distortions infroduced
by fransducers, the signal generaii opby a transmission system
TMS32010

The TMS32010 is the_jirsf amembe 48320 digital signal processor family,

designed fo support a
TMS32010 is capable of

comprehensive, efficien ' [ nme ruction seT Its key features are as -

eric-lnfenslve applications. The
per second. This is the result of the

follows

-8 lnpuf and 8 output chonnels
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- Slgned two's complement fixed-point arithmetic g »
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In the following sections, the information about ifs architecture, instruction set and
methodology for application development are presented.
1. Architecture

The TMS320 family utilizes a modified Harvard architecture for speed and fiexibility. in a
strict Harvard architecture, program and data memory lie in two separate spaces, permitting a

full overlap of the instruction fetch and execution. The TMS320 family's modification of the



29

Harvard architecture allows transfers between program and data spaces to increase the
fiexibility of the device. This modification permits coefficients stored in program memory fo be
read info the RAM, eliminating the need for a separate coefficient ROM. It also makes

available immediate instructions and subroutines based on computed values.

The TMS32010 utilizes hardware to implement functions that other processors typically
perform in software. For example, the TMS32010 contains a hardware multiplier to perform a
multiplication in a single 200 ns cycle. The o is qlls hardware barrel shifter for shiffing data on its

way into the ALU.

/
The TMS32010 utilizes gmog

e,
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data memory lie in two sepaiaie /
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ard architect re in which program memory and
e
permifs @ full overlap of instruction fetch and
NN
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x m w an be directly addressed is 4K X 16-
bit words. Instruction in pOgra e’mﬁ: dfe e

execution. A block diagram of

The maximum amount of Progra

full speed. Fast memories with

access times of under 100 ns de equired.
AL
- A‘i’ﬁ;’ i d
Data memory is the 14 $ F‘" -on-chi a RAM. Instruction operands are fetched

from this RAM; no instruction o “directly fetched from program memory.
However, data can be written intd the data’ a peripheral or read from program

memory.
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Fig. 5-1 Block diagram of TMS32010.
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CLKOUT '

Load

PC 1

- Fetch 1
-~ Execute 1
gt

Load
PC 2

Execute 2

Fig. 52 The ins

Fig. 5-2 outiines thé overiap of o and execution. Cn the falling b
edge of CLKOUT, the progrg o] ' Yids Ic witt the Insfrucf_ion (load PC2) to be
prefetched while the current ig ) e jecoded and is starfed to be executed.

The next instruction is then fe had (fe‘tﬁ@g \ ‘ ent instruction continues to execute

(execute 1). Even as another prefeigt o
—

and the previous instruction are sill &x

, both the current instruction (execute 2)

sccumulator, the multiplier, and

There are four bc@ et ’ a
the shiffers. All arithmetic cperations are performed using fwo omplement arithmetic.

o LY _

Most ari ﬁﬁ?%llﬂﬁ?ﬂﬁiﬂﬂ?ﬂ and pass it through the
barrel shifter. Thiﬂﬂer can leff-sh f'a Wo o1 , de| ding on the value specified by
the ins iO) data word then ent&s the ALU whéte it is loaded inté.6r added/subtracted
AR A ES IR SIRERTTatak i YE FY VA

RAM. A pcﬂcllel left-shifter is present at the accumulator output to aid in scaling results as they

are being moved to the data RAM.

1.2.1 ALU

The ALU is a general-purpose arithmetic logic unit that operates with a 32-bit data
word. The unit will add, subtract, and perform logical operations. The accumulator is always the

destination and the primary operand.
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1.2.2 Accumulator

The accumulator stores the output from the ALU and is also often an input fo the ALU. It
operates with a 32-bit word length. '

1.2.3 Multiplier

The 16x16-bit parallel multiplier cor

the multiplier array. The T register is @ 16 ‘ l / r.th
register is a 32-bit register that stoies 1o /

There are two shi ol ; q data: a barrel shiffer for shiffing data

fting the accumultor info the data

The barrel shifter pe > it ito 15 pla on all data memory words that

of three units: the T register, the P register, and
at stores the multiplicand,  while the P

are to be loaded info, subiracie mulator. The barrel shifter zero-

fills the low-order bits and sigprex ng; & 16-bit da nory word to 32 bits by what is called

instruction. This shifter lefi-
RAM, resumng in a loss of fhe cccumulafors hlgh-order bifs.

ﬂ%%wﬂmwmm

Data memory consists of the 144 words of lb—gwdfh of RAM n’r on-chip. All non-

e} HAHRRIAEUANTINGT a d

1.4 Registers

wiatofiend places 16 bifs info the data

. 1.4.1 Auxiliary Reqgisters

.
There are two 16-bit hardware registers, the auxiliary registers, that are not part of the
data RAM. These auxiliary registers can be used for three functions: temporary storage, indirect

addressing of data mernory, and loop confrol.
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1.4.2 Auxiliarv Register Pointer

The auxiliary register pointer is a single bit which Is part of the status register. It indicates

which auxiliary register is current.

1.5 Program Memory

Program memory col 6-bit width. After reset, the TMS32010
will begin execution at location 0. Usial oranchir struction to the reset routine is contained in

locations 0 and 1. Upon inte n execution at location 2. -

)

us%o perform branches, subrouﬁné

1.6 Pr¢

The program coger (P
calls, and inferrupfs. P

-9 L
Fl & JNEINT
U
The program counter (PC) :sﬁ 12-bit regisi®m that contains %e program memory
cter/ &) WA BVHIF B B FE. 1o d e B Bicten o e
program n‘lemory location addressed by the PC and increments the PC in preparation for the
next instruction prefetch. The PC is initialized to zero by activating the reset line.

5

/ Program memory is always addressed by the contents of the PC. The contents of the
PC can be changed by a branch instruction if the particular branch condition being fested is
true. Otherwise, the branch instruction simply increments the PC.
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1.6.2 Stack

The stack is 12 bifs wide and four layers deep. The PUSH instruction pushes the twelve
LSBs of the accumulator onto the top of stack (TOS). The POP instruction pops the TOS info the

twelve LSBs of the accumulator.

1.7 Status Register

1.8 Input/OutpuirFlnetions N\

Input and output @

instructions. Data is fransferrad

ccomplished by the IN and OUT
from the data memory. 128 |/O
bits are available for interfaci eight 16-bit multiplexed input ports and

eight 16-bit multiplexed oulp

Table Write (TRLW)

The TBLR and the TBLW ns allow Words to be.transferred between program
is used to write words from de
|

19 m
BOPR

peso it 443 B4 HATAY AL oo

present on this pirfiexecution of the BIOZ instruction will cause a bronch to occur. The BIO pinis

ek Sk in aios 02015

1.10 Infermupt

The TMS32010's inferrupt is genero’red either by applying a negaﬁve—going edge fo
the inferrupt ( INT ) pin or by holding the INT pin low. [
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1.11 Reset

The reset function is enabled when an active low is placed on the RS pin. The data
bus is tristated. The PC and the address bus are then cleared. The RS pin also disables the

interrupt.
1.12 Clock and Oscillator

The TMS32010 can use either | lliator or an external frequency source for a

clock. Use of the internal oscilla

CLKOUT and the cycle tim

frequency. An external frequen- re
CLKIN. /

1.13 Pi

nnecting a crystal. The frequency of

Vis3201€ surth of the crystal fundamental

ijcﬁng the frequency directly info

riptions of the function of each

] | P| ﬁons

SIGNAL PIN 1/0 L _1 . DESCRIPTION
Vee 30
c \ :)t
Vss 10 !
iy 4
X2/CLKIN 8 I Crystal input pin for infemal liator (X2).

ut iin for.éxtemnal oscillator (CLKIN).

. | AL D RESHERRS

CLKOUT é‘qﬁI ouT Clock %u'rpuf signal. The frequency of CLKOUT is one-fourth

RN T e T

WE 31 OuT Write Enable. When active (low), WE indicates that valid

output data from the TMS32010 is available on the bus.
DEN 32 ouT Data Enable. When active (low). DEN indicates that the

TMS32010 is accepting data from the data bus.

b3

1130 40 2°)

oL
A



Table 5-1 TMS32010 Pin Descriptions (continued)
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SIGNAL | PIN | 11O DESCRIPTION
"MEN 33 ouT Memory Enable. "MEN will be active low on every machine
cycle except when "WE and DEN are active.
RS 4 IN Resef n active low is placed on the RS pinfora
- minimg ﬂ\ }?/ cycles, DEN , WE ,and MEN are
DICE w., g bus (D15 through DO) is tristated.
e pio ron!co nd the address bus (A11
onously cleared.
INT 5 s generafed by applying a
T pin.
BIO- 9 sachive (ow) upon execution |
ce will branch fo the
D15 18 '-f DO (LSB). The data busisolwaysinfhe
D14 17 ' > except when WE is active (low).
. D13 16
D12 15
D11 14
D10 13
D9 12 /O da o
o [ ERINENINYING
D7 1 q 3 -
D6 20 | 10 ¢ o o/
s ARNBEINIUURIINYIAY
D4 22 /1O
D3 23 I/O
D2°. 24 /O
D1 25 /O
DO 26 I/O
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Table 5-1 TMS32010 Pin Descriptions (confinued)

SIGNAL PIN 1/0 DESCRIPTION
T U

All 27 ouTt Program memory A11 (MSB) through AO (LSB) and port
Al10 28 ouT addresses PA2 (MSB) through PAO (LSB). Addresses Al1
A9 29 ouTt through AO are always active and never go to high
A8 34 out
A7 35 ouT
Ab 36 ouT
AS 37 out
A4 38
A3 39
A2/PA2 40
A1/PA1 1 W
AD/PAC 2

2. Instructions

The TMS32010's com e insfractio t supports both numeric-intensive

operations, such as signal proci%g g purpose operations, such as high-speed

“control. The insi'rucﬁor: 31’ consists primari
execution rates of up 19 five-miliioninst
O instructions are multicyeie. The TMS: nu ‘ ber of insiructions that shift data
as part of on- arithmetic ﬁeroﬁon. These all execute in a siLiﬁle cycle and are very useful for

scaling data in pargliel with Sﬂﬁ :ﬁmﬁons. Thélifstructions suijroiis listed in appendix E.

e AL VLYV A L) e s

operations and shiffers, these instructiohs permit theit manipulation@hd bit test capability
rossod ok e i cptirt] V1 14 V1 0 161
q %

The TMS32010's hardware mulfiplier allows the MPY instruction to be executed in a single
cycle. Two special instructions, TBLR (fable read) and TBLW (table write), allow crossover
between data memory and program memory. The TBLR instruction transfers words stored in
program memory fo the data RAM. This eliminates the need for a coefficient ROM separate
from the program ROM.

When a very large amount of external data must be addressed necessary to address

external data RAM or peripheral by using the IN and OUT instructions; these instructions permit a
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data word fo be read into the data RAM in only two éycles. This procedure requires a minimal
amount of extemnal logic and permits the accessing of almost unlimited amounts of data RAM.

3. Methodology for Application Development

A number of development tools are required for designing a system with a
microprocessor. This section describes the facilities which are available for the TMS32010 in

developing an application. A typical app ion development flowchart is shown in Fig. 5-4.

After defining the specl - \\.‘

the designer should draw a flowchart of
the h :

the software and a block d em.,h,___:k e processor's performance is then
evaluated o determine the feasibllity of implemeniing the q Igorithm. The full algorithm is coded
nd then verlfied using the T™MS32010

JIRS \1\\,

using assembly language. The«pro
Macro Assembler and Lifker aff ulator. Several iterations of the
program are usually reg . The verified program is then

integrafed into the hardware

\‘".

ﬂ‘HEJ’J‘V]EJVIiWEJ'\ﬂﬁ
QWWMﬂ‘iﬂJ UA1ANYIAY

ry (ROM). ' i



Fig. 5-4 Flowchart of application development.
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