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MARKET APPLICATIONS
B Radar/Sonar ‘
B Image Processing

B Communications

B Image/Dats Compression

B Spectra! Analysis

B Speech Processing

FUNCTIONAL APPLICATIONS
8 1-D and 2-D FFT

N 1-D and 2-D DCT

B Awo/Cross Correlation

& Convolution/Filtering

B Modulation/Demodulation

B Vector Multiply/Add

PERFORMANCE BENCHMARKS

Function time (usec)
1024-point block-floating compiex FFT

=Single VSP....... ... 3300

—Twoparallel VSPs ........................... 1900

—Four parallel VSPs ............... ... .. ... ..o 1200
1024-point integer complex FFT................... 2600
128-point block-floating complex FFT ............... 237
16 X I FCT . ...oii et aas 1100
8§x8point2-Dcomplex FFT...................... 164
64 x 64-point 2-D block-floating complex FFT ... ... 18000
128-point x 128-point complex vector multiply ......... 53
128-point magnitude-square/accumulate ............... 26
128-point complex modulation or demodulation ........ 52
4 x 4 matrix multiplication ................. ... ... 33

DESCRIPTION

The ZR34161 Vector Signal Processor (VSP™) is a member of
Zoran's family of high-performance Systems Processors™. The
"'SP is & 16-bit processor which introduces algorithm-level and
~#Ctor-oriented instructions to digital signal processing (DSP)
system design. it functions as the key element in high-perfor-
mance DSP applications. In coordination with a host controlier,
the VSP performs computation-intensive tasks while making
minimmndemndsonhostmourcamdsystemliOcapacity.

The block diagram shown in Figure 1 illustrates a systern which
is useful in a pumber of different applications, such as doppler
frequenqutimtionor"mom“FFTspeamlmlysis. It also
serv‘atoiﬂummﬂnmingpowerofﬂ\eVSP.ﬂxistype
of high-performance system is implemented very efficiently by
meVSP:mouoflheblocbinmedhmunbcimplemenwd
using a single instruction.

WHY THE VSP IS UNIQUE

The VSP achieves its high performance through a number ~f
unique architecrural features. Firstly, the VSP uses a “h__-
level’’, vector-oriented instruction set; for instance, *‘FFT"’ is
a single instruction within the VSP. These types of instructions
can greatly simplify the amount of programming effort required
to implement signal processing algorithms. Secondly, the VSP
provides a block floating-point arithmetic capability which will
help retain the original dynamic range of an input signal when
performing FFT operations. This typically provides dynamic-
range performance significantly greater than that of 16-bit fixed-
point integer machines. Finally, the nature of its architecture
and instruction set aliows additional VSPs to be paralieled on
the same bus to increase the signal processing throughput well

beyond that of a single VSP.

GENERAL FEATURES
8 High-performance 16-bit digital signal processor
-8 Architecture optimized for DSP operations
8 High-level Vector-oriented instructions
" Block floating-point arithmetic for FFT

Bl Concurrent /O and arithmetic processing

B Easily paralleled for greater throughput

B Fabricated in two micron DLM CMOS

B «<300mW power dissipation

B Powerful hardware and software development tools
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FIGURE 1. BLOCK DIAGRAM OF GENERAL COMPLEX DEMODULATION PROCESS IMPLEMENTED EFFICIENTLY BY THE V5P
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_?CBSOIO and PCB5011 ar a

S eepa g ey

glance

The PCB5010 and PCB5011 arr programmable digital
signal processors (DSPs) belonging to our new CMOS
SP 50 lamily of DSP ICs. With their highly parallel
archiwcture and extensive 1/0 capabilities, they can
provide all the processing power you could want.

The PCB5010 has on<chip RAM,

plus on-chip mask programmable ROM for daza

and program storage, giving a low chipcount by

' There are also

eliminating the need for external memories.

The PCB5011, a ROMliess version, u "“’hblg br .
scale production runs, and for special situations wh;mﬁ..‘?
large program memory (up w 64 K) is required. '

There PCF versions of these chi i v
identical except for a higher opemingc u:m.:tv. :

-

+ Features of the PCB5010 and PCB5011

* Harvard architecture with t i
Up 0 6 basic operations performed simultancously
dunng exch instruction. The execution of a new
instruction can beyin ¢v 25 ns.
16 x 16-bit multiplications in a 40-bit hardware
mulnipbec/accumulator plus barrelshifter/formar
adtuster
2-uperand, J-operation ALU
Thne-port wrawhpad file containing fifteen 16-bi
nyisiers
Two 128 x 1e-bit static RAMS for data
Thnx independent address computacion units for the
data memorien

4 Two independent externallycancrolied serial input and

;¥

output channels (up to 4 million bite/s)
4+ 16-bit bidirectional parallel dara port
(up 10 8 million words/s)
-(lb-b’i(udd:mponinduding‘lw&u
64 K x 16-bit externai data memory addres
" Maskable interrupe o)
Pipelinad mode (P) and non-pipetined mode (NP) *
CMOS wchnaloyy .
Single 3 V power supply
Operating temperatune R
Cto 720 *C for PCB versions
~4C w0 85 *C for PCF wensions

3

oo A

Specific features of the PCBS010

512 x 16-but on-chip data ROM (mask programmable)
987 x 40-bit on<chip program ROM (mask programmable)

5 x 40-bi onchip ROM containing a “load-RAM®
program '

2 x 40-bit on<hip program RAM 68-pin PLCC package :
Spevific fatures PCB5011 1
A svond Je-bit bidinxtional parallel data port with a - (or 64 K x 40bit when some exweenal logic is adkied) :
9-bit addrem port : 144-pin grid arny package g
Direvt aueras 30 1024 x 40-bit external program memory :
"~ PR K s TR VR, Y
. N
=i .
o L T iy |
I _eutde i I | — e ! : .
i ! _:::::- . - Weelall g4 *.
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Fig 1 Sunplificd block diagram of the PCB5010 and PCBS011 llusirating v doulde bus scrvcinze, powerful anitbmet

et and on-board memory -
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NEC uPD7723

) ADVANCE!
NEC Electronics inc. SIGNAL PROCESSO!

Description Applications i
O Generai-purpose digital filtering (FIR, HIR, FFT)
O High-speed data modems
[J Adaptive equalization (CCITT)
O Echo cancelling
O High-speed controts
O Image processing
All instructions execute in one instruction cycle. The = Graphic transtormations
W' 77230 executes a 32-bit by 32-bit floating point = \nStrumentation electronics
muntiply with 85-bit product, sum of products, data = Numerical processmg
move, and multipie data pointer manipulations—ail in O Speech proce_ssmg .
one 150-ns instruction cycle. C Sonar/radar sugnal_ processing
=] Waveform generation

The 4PD77230 Advanced Signal Processor (ASP) is
the high-end member of a new third-generation tamily
of 32-bit digital signal processors. This CMOS chip
impiements 32-bit full ficating-point arithmetic, and is
intended for digitat signal processing and other ap-
plications requiring high speed and high precision. -

Features

Floating-Point Performance Benchmarl
C Fast inztruction cycle: 150 ns using 13.3-MHz ciock " -

- E . - Second-oroer digital filter (bivuou 1R
- Ailn3truchions execute in one cycle — - "
= 32- x 32-bit floating point arithmetic 32-1ap finite impuise response filter 5.¢t
—! Large on-chip memory (32-bit words) Fast Fourier transtorm (FFT)
— 1K data RAM (two 512-word blocks) 32-point complex (radix 2) 01
— 1K data coefficient ROM 512-point compiex FFT 47
- 2K instruction ROM " 1024-point comptex FFT 1075
2 BK-x 32-bitexternal memory; 4K may be instruction s oo T
memory quare roo :
— 1.5-um CMOS technology '
T 32-bit internal bus . Pin Configuration
— «bitALU bus
— Dedicated internal buses for RAM, muitiplier. and  68-Pin PGA
ALU
O Eight accumulators/working registers {55 bits) Top View
-] 47-bit bidirectional barrei shifter "
T Two independent data RAM pointers 6 o 5 o (’f\ ~ A ~ o
= Modulo 2n incrementing for circutar RAM buffers =
~ D
— Base and index addressing of internal RAM _ 'O Q Q 9 CRCRORORCRONOL
— Data ROM capable of 2n incrementing CO0O C C
3 Loop counter for repetitive processing _ 20O Om inoex in 2O O
0 Eight-level stack accessible to internai bus ~ ~
L] Two interrupts: maskabte and nonmaskable (NM) ON®; <o
3 Serial 170 (5 MHz) sO Qe 90 Ca
o Master/stave mode operation ~ oo
T Three-stage instruction pipeline OR® ~ =
O single —~5-volt power supply | 10 Qe s On
O Approximately 1.2 watts | OO0 ) ’ ] HC_ C
i lsr\ —~ pd Y ™ (“l
Ordering Information {ONCRORONONONORONS; 5 ow
Part Number Package Type 1 C Q O 9 O Q O n
uPDTT230R 68-pin PGA
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General Purpose Digital Signal Processor

The Fujitsy MB 8764 Is a peneral purpose
shcon-gate (.‘-M(:)S.mowo...gmI -

sx (DSP} integrated circut. The MB
sm features a high-speed pipetned
multiplier. SupPoOrts concurrent Opata-
tions with compound instructions and

mullipie Oala paths, T

sxpandable memory options and has an
on-ctwp OMA channe.,
VAR B high-speed operation, the MB
€784 gives high throughput in various
sppiications, such as telecommunics-
tions, sigha! processing and image pro-
m.

Being packaged In the =
nrrlv.houeuualwum'x'w
tom 10 be buik with the external program
ROM and data RAM accessed through
‘ecicaied aacreas and dats buses.

@ General purpose high-speed digital

sqnal processing
@. High speed operation
i
@ Paraliet pipsiined muitiply function
- 16 bits x 18 bits -26 bita
@ Divide function
+ 26 bits + 16 bita— 18 bits
o P Fow
1024 -
- Intemal (mask-programmaexd) and
exiemal ROM seleciabie
& Part of the program ROM can be used
for consiant dats storage
@ Two built-in 128 x 16 bits RAMs

‘@ Expansion RAM tunction

- Expandablé up 1o 1024 .
bits
- Two access speed n;ardm -
salected

@ Numerous VO functions
- 16-bit parabsl inleriace

+ Three input modes and two output
l'nodcsmmom

@ Powerhul insiruction set using com-

VB aTes 3 T

enabie comurrent \
- 15 prithmeticAogic INSiructions -~ “exz-
@ Addressing . :
- Direct addressing * .
- indexed addressing U‘:
immediate addressing :
- Virtual shifl addressing W{

@ Silicon-gate -3

o&wswm mw
lmmh'u“i'

packege ;
Support ioat. l 5
IBM-PC and VAX S

CERAMIC PACKAGE
Pl Pviapen

?
:
§
3
i

!
;
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§
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pa per)

3 Next Generation DSP {Oh
A ,

F3-DSP (Fastest Fujitsu Floatmg point DSP)

=~

Featlures

. | Cycie tme ﬁ:\

(Input 2x32 bit = resull 48 bit)
ALY FLOAT
(Input 32 bit/36 bit = result 36 bit)
M-ROM inmernat prog. mem. 4 Kwords x 32
E-ROM exiamal prag. Mernm. 04 Kwords x 32
AAM on-Chip-3-port 512 words x 32
RAM extemal DATA-RAM 1 MEGA worde x 32 )
Regiater lile 16 woros x 32 o
Ext RAM VO controlier
2imlemal DATA BUSES . W
Ext. RAM DATA BUS and common VO BUS are separsed %
17O controlier for cOMMOn VO operabions -
3 Independent Addressing Units for -9
DATA-RAM S
2 Senat Input and 2 Serial Output knee i
3-Siage PIPELINE operation —:"'1
4 subrouting levels LV
16 interrupts: il
>V e b § s— — ‘.j;‘,_,
= = Res
vy .
Fk
c= @
e | Lrmo
T ) ~.
—7 -‘::3‘3
et mad
ot -z
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USP MICroprocessoi-

FEATURES

Separate Program and Data Buses, Extended ON-Chip

Single-Cycle Direct Access to 18K x 18 of Dsts Memory

SingieCycie Direct Accesa to 16X x 24 (Expandable
to 32K x 24) of Program Memory

Dual Purpose Program Memeory for Both Instruction
snd Data Storage L.

Three independent Computational Units: ALU,
Multiplier/Accumuiator and Barrel Shifter

Two independent Dats Address Generstors

Powertul Program Sequencer

intarnal iInstruction Cache

Provisions for Multiprecision Computation and

600mW Maximum Power Dissipation with CMOS
Technoilogy
100-Pin Grid Array

APPUCATIONS

Optimized for DSP Algorithms Including
Digital Filtering
Fast Fourier Transforms

Applications include
image Processing
Radar, Sonar
Speech Processing
Telecommunications

GENERAL DESCRIPTION

The ADSP-2100 is & single-chip mictoprocessor opumized for
digital signal processing (DSP) and other high-speed numeric
processing spplications. It integrates computationsl unirs, dats -
address generstors and s program sequencer in a single device.
The ADSP-2100 makes efficient use of external memories for
vgram and data storage, freeing silicon area for increased
processor performance. The resulting architecture combines the
functions and performance of a bit-slice/building block system
with the exse of design and development of a general-purpose
microprocessor. The ADSP-2100 (K Grade) operstes at
8.192MHz. Every instruction executes in a single 125ns cycle.

Fabricated in » high-speed 1.5 micron double-layer metai CMOS

process, the ADSP-2100 dissipates less than 600mW.

ADSP-2100- 7}

The ADSP-2100’s flexible architecture and mpnhmn in-
struction set support & high degree of operational parallelism.
one cycie the ADSP-2100 can:

¢ generate the next program address

- @ fetch the pext instruction

® perform one or two data moves
® updase one or two data address pointers
& perform a computationsl operstion.

DEVELOPMENT SYSTEM" -

The ADSP-2100-is supported by a compicte set of tools for
software and hardware system development. The Cross-Software
System provides 3 System Builder for defining the architecture
of systems under development, an Assembler, s Linker and »
Simuiator. The Simulator provides an interactive instruction-level
simulstion. A PROM Splitter generstes PROM burner compatible
files. An Emulator is available for hardware debugging of
ADSP-2100 systems. '

ADDITIONAL INFORMATION

- For additional informstion on the architecture and instruction

set of the processor, refer to the ADSP-2/00 User's Manual.

For more information sbout the Development System, refer to
the ADSP-2100 CrosmSoftoare Mamual and the ADSP-2100
Emsiator Monusl. For examples of & variery of ADSP-2100
applications routines, refer to the ADSP-2100 Applicasions Hand-
book, Vohane 1. Maouals arc available from your jocal Analog

DSP Microprocessors 2-15
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FEATURES

» Full 16 bit, 32 stage, transversal filter

» Fully cascadable with no speed degradation or
reduction in dynamic range.
+ Coefficients selectable as 4, 8, 12, or 16 bits wide

+ Data throughput to 10 MHz

~ = High speed microprocessor compatible interface.
+ Data input and output through dedicated ports or

via the microprocessor interface .

Fully static high speed CMOS implamentation

» TTL compatible

« Single +5V 10 % power supply

« Power dissipation < 1.5 Watts

» Standarg 84-pin ceramic PGA

DESCRIPTION

The IMS A100 is a high speed, high accuracy 32
stage digital transversal filter. i's flexible architecture
allows it to be used as a "bullding block” In a wide

range of Digita! Signal Processing (DSP) applications.

The part is capable of performing high speed DFTs,
convolution, and correlation, s well as many filtering
functions.

The input data word length is 16 bits, and coefficients
are programmabile to be 4, 8, 12, or 16 bits wide;
two's complement numerical formats are used for

Preliminary

APPLICATIONS

« Digita! FIR filtering

» High speed adaptive filtering

= Correlation and Convolution

* Discrewe Fourier Transform

«» Speech processing using Linear Predictive Coding
+ Image processing '

* Waveform synthesis

» Adaptive and fixed equalizers and echo canceliers
» Spread spectrum communication

» Beamforming and beamscanning in sonar and

radar
¢ Pulse compression

» High speed fixed point matrix multiplication

both data and coefficients. The coefficients can be
updated asynchronously to the system clock during
normal operation, allowing the chip to be used in a
variety of adaptive systems. The IMS A100 can also
be cascaded to construct longer transversa! filters
with no additional logic or degradation in Speed,
whilst preserving a high degree of accuracy. The
device is controlied through a standard memory
interface, allowing use with any general purpose

- microprocessor. Data communications can be either

through the memory interface, or through dedicated

BLOCK DIAGRAM

data ports.
Contrat igic ::ul
E Clesk
Errer

Cascace 32 cycle deiuy (24 bie)

H

72TEN100 02

APRIL 1987



2.1.7 Harvard Architecture

The TMS32010 utilizes a moditied Harvard architecture in which program memory gnd data memory he g - .
Two separate spaces. This permits a full overlap ol instruction fetch and execution. e

»
|

Program memory can lie both on-chip (in the form of the 1536 X 16-word ROM! and off-thip. The-
maximum amount of program memory that can be directly addressed is 4K X 16-bit words. - ;
Instructions in off-chip program memory are executed at full speed. Fast memories with access times of.»
under 100 ns are required. ' . .

Data memory is the 144 X 16-bit on-chip data RAM. Instruction operands are fetched from this RAM; ne .
instruction operands can be directly fetched from off-chip. However, data can be read into the dats RAM
from 8 peripheral by using the IN instruction or read from program memory by using the TBLR {table readt
inatruction. The OUT instruction will write a word from the data RAM to a peripheral, while a TBLW-
instruction will write a data RAM word to program memory (presumably, off-chip).

Figure 2-2 outlines the overiap of the instruction prefetch and execution. On the falling edge of CLKOUT,
the program counter (PC) is loaded with the instruction {ioad PC2) to be prefetched while the currest .. . -
instruction {execute 1) is decoded and is started to be executed. The next instruction is then fetched {fetch. h
1 2} while the current instruction continues 10 execute {execute 1). Even as anather prefetch occurs (fetch .
. 3), both the currant instruction (execute 2) and the previous instruction are both stil executing. This is =
} possible because of a highly pipelined internal operation. : '

.
CLKOUT | .
R
LOAD
PC 1
Gt FETCH 1
EXECUTE 1
.l
‘ LOAD
PC 2
=—pge FETCH 2
EXECUTE 2
- —
LOAD
3
fercna EXECUTE 3
- - -
FIGURE 2-2 -~ HARVARD ARCHITECTURE
KEY FEATURES
{40us or , ;
* 16-bit instruction/data word : * 200-ns instruction cycle |
* 32-bit ALU/sxumutator . * 288-byte on-chip data RAM
# 16 x 16-bit multiply in 200 ne * ROMisss version - TMS32010

* 010 15-bit barrel shifter * 2.7-micron NMOS technology or C HOS

* Eight input and eight output channels - * Single 5-V supply
* 40-pin DIP
* 16-bit bidirectional data bus with 40-megabits-per-second transfer rate

* Interrupt with ﬁ:ll context save

* Signed two’s complement fixed-paoint arithmeti,



Architectural Overview
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Figure 3-1. TMS320C30 Block Diagram
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DSP56001 GENERAL BLOCK DIAGRAM

NN PREPACGRAMMED ROMs
24 ‘
ON-CHIP 1O
HOST
1’0 $81.5C1
PO
7 | BuscmAL x

INTERNAL DATA
BUS SWITCH

control

g

.a -
ADDRESS
I
—r>
ig 18
PRAM XRAM YRAM E
256x24| |256x24 ,
512x24 X \% SINE WavE TASLE
N €xp-t\le for felkomm.
XDB " .
.s .
VDB 24 EE DATA 3US
PDB A 2% e
GDB A Eﬁ “

ADD x¢,A Bx{ Yg 4:$IFEF
ADPD  xg 8 xi,x:(R3)4 ¥:(Ré)~,B
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ANTOROT A NSPARNN? STMUI ATOR:

THE SPS GROUP HAS PURCHASED:

MOTOROLA DSP96000

- SIMULATOR PROGRAM
-MACRO CROSS ASSEMBLER
- LINKER/LIBRARIAN

“ama TFST

s>ading fil1e:TEST.10d

Jisassemble

VFRSION

1.0 3-27-29

*

~:$00000000 Q1b003F4 00000005 = do #<§1f4,56
~:$00000NN2 «9480b2a = fmpy d6,d8.d2 fadd.s d3,d0 *x:(r0),d4.s d2.s,y:"
.—5)-.- ’
21606000003 mae6Eclf = fmpy d7,dB,d3 faddsub.s da.40 x:{r1)+,d6.s d5.s
yi(rad)+
2:$00000004 000000CD = nop
5:$00000005 00000000 = nop
»:$00000006 0000D000 = nop
D)
a<m break change copYy disassemble display {spaced=more

o= SEFFFFFEF nbe  SNN000000  rb=  S0AONNGOO

. CFFFEFEFF nG = 500000000 rem SONN0000E

md= SFfFEFFFF nid= 00000000 rq= SNNON0000

mi= SFrfffffef n3= $00000000 ri= $00000000

m2=  SFEFEFFFF n2e= $00000000 r2=  $00000000

mle SFEFFFFFF ni= $00000000 rl= $000N0000

mo= SFFEFFFff n0= $N0N00000 ro= $00000000
39.h= $00000000 d9.m= $00000000 d9.1= $00000000 do=0.
1f . h= $4N0000280 d8.m= $00000800 48.1= $0000000C0 dB-l.?g?ggggggsgggggg:tgg
47 . h= S4ggggggg dZ-m- §00000700 d7.1= $00000000 d7=9.8090892502737190e-45
16 .he $4n d6 . me $00000600 dE.1 = §00000000 d6=8. -
45 . h= $40000380 d5.m= $00000500 d5.1= $00000000 dg-g.ggzzgg;g?zgggggg:-:g
44 .h= $40000380 d4.m= $00000500 da.1 . $00000000 d4-7.0064923216240850#-45
53.h= $40000380 d3.m= $00000400 d3.71= $00000000 d3=5.6051938572992680e-45
12 .h= 540000380 d2.m= $00000200 d2.1= $00000000 dZ-Z.8025969285496340e-4$
il.h= £4000038N0 d1.m= 00000200 41.1= $00000000 d1=2.8025969285496340e-45
30.h= $40000380 d0.m= $00000200 d0.1= $00000000 dO-Z.80259692854963409-4%

pe= $00000000 sr= $70000000 Ta= $000Q00000 le= so000000N ’
tah= $00000000 ss1= $00000000 sp= $00000000 omr= $OOOOOOOi

cye= NQOO0D000Q0 ictr= 00000000000 cntl= NOOOODOCO00 cnt2w 00000000000

2:%00000000C 01bO0O3f4 00000005

Ch

asm

break

change

copy

= do #<$1f4,$6

disassemble

display

Cspaced=more
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