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5

DIGITAL SIGNAL PROCEBSING.

THE FOLLOWING TEXTS ARE RELEVANT TO THE
COURSE IN DIGITAL BIGNALFROCESSING.

1.
COMMUNICATION SYSTEMS

A.Bruce Carlson

McBraw Hill ISEN O-07-100560-9

2.

DIGITAL SIGNAL PROCESSING

Alan V. Oppenheim & Ronald W. Schafer
Frentice—Hall

ISEN O0~1%-214107-8 01

3.

DIGITAL AND ANALOG COMMUNICATION BYSTEMS
Leon W, Couch Il

Maxwell Macmillan

ISBN 0-02-9486042~X

4.
MODERN FILTERS
Simon Haykin
Maxwell Macmillan
ISEN 0-02-9456153-7

S

FRINCIFLES DF ANALOG AND DIGITAL COMMUNICATION
Jerry D. Gihson

Maxwell Macmillan

ISEN 0O-02-944300-9

b.
SIGNALS AND SYSTEMS: CDONTINLIOUS AND DISCRETE
Rodger E. Ziamer

William H. Tranter

D. Ronald Fannin

Maxwell Macmillan

ISEN 0~Q2-946104~9

7.

INTRODUCTION TO DIGITAL SIGNAL PROCESBING
John G. FProakils

Dimitris B. Manolakis

Maxwell Macmillan

ISENO-02-94A283-X

B.

INTRODUCTIONTD DIGITAL COMMUNICATION
Rodger E. Iiemer

Roger L.Peterson

Mazwell Macmillan

ISENO-0Z2-9456431-5

DIGITAL SIGNAL PROCESSBING Laboratories 1994
Course 84182

Lab 1
Response Magnitude, Phase and Group Delay, Pole-Zero Locations

Lab 2 :
Convolution Sums

Lab 3
DSP Hardware -~ ADSP-2101 Development Tools

Lab 4
Elementary DSP Operations with ADSP-2101

Lab 5

MATLAB and Signal Proceasing Toolbox
IIR Design Using Analogus Prototype
Diriqt I1IR Filter Damign

Lab 6
IIR Filter Implementations on ADSP-2101

Lab 7

MATLAB and Signal Processing Toolbox
Dirsct FIR Filter Design

Parkes-McClellan Cptimal FIR Filter Design

Lab 8
FIR Filter Implementations on ADSP-2101

Lab 9
MATLAB FFT
Spectral Analysis and Windows

Lab 10
Fast Fourier Transform and Spectrum Analysear based on ADSP-2101

Lab 11 & 12

DSP Applications

Use of FFT Algorithms in Spectral Analysis and Other Calculations
Professional DSP Hardware and Software - demonatration

Tima to completa each laboratory : 3 hours

Assignment:

Prepare a program in C language ( DOS snvironment ) performing a
256-point FFT using the Radix-2 Decimation-In-Time mathod.

The assignment is dus bafore you start the laboratory 10.



Laboratory 3

.MODULE/RAM/ABS=0 TALXTHRU:
DSP Hardwars ~ ADSP-2101 Davslopmant Tools

JUMP gtart; NOPF; NOP; NOP;
RTI; NOP; NOP; NOP: { External Pin Interrupt IRQZ }
RTI; NOP; NOP; NOP: { SPORTC Transmit Interrupt }
JUMP sampla; NOP; NOP; NOP:; { SPORT0 Receive Interrupt )}
INTRODUCTION: RYI: NOP; NOP; NOP; NOP; { SPORT] Transmit Interrupt )
RTI; NOP: NOP; NOP; NOP; { SPORT1 Receive Interrupt }

{ Beginning of TALKTHRU FProgram }
{ Start Interrupt }

The ADSP-2101 Development Tools appendix contains brief vyet
sufficient information on the ADSP-210]1 system that will be used
throughout the Digital Signal Processing Course.

Before you start the lab you have to be familiar with the Appendix

start: toggle flag out; { Lights FLAG LED}
- saction 1 and 3, and System Builder ~ attached to this lab sheet. AX0=02008B0;
DM(Ox3FFE ) <AX0; { All DM 2 Wait States }
AX0=020000; ;
FFB)=AX0; TIMER not used, clsared
Part A System Bullder %?g:gpfcj=ﬂg; t i
DM(Ox3FFD )=AX0;
Prepare a system specification file ( name.SYS )} for the system DM({Ox3FF$)=AX0; { Receive Multichannels }
to be used during all DSP labs, i.e.: DM({ 0x3FFA ) =AX0;
DM({Ox3FF7)=AX0; { Transmit Multichannels }
- boot sequence -enabled DM(0x3FF8)=AX0;
~ 32K EPROM { 8-bit ) containing boot memory is connected AX0=0x6B27; { Multichannel disabled )
- full internal Program Memory will be used DM/ Ox3IFF6 ) =AX0; { Int. gen perial clock }
- full internal Data Memory will be used { Receive frame sync required, width 0 ]
- 8 Kwords of external Data Memory { Transmit frame sync required, width 0 }
- 4 D/A converters at data memory locations 1000h through 1003h { Int trans, receive frame sync enabled }
- load DAC register at data amemory location 2000h { u-law companding, 8 bit word length }
The above file is your prework and will be checked by the lab AXO=0x0002;
demonstrator at the beginning of the lab. DM{Ox3IFF5)=AK0; { Generate 2.048 MHz serial clock }
AX0=255;
Full deocumentation about the target system can be found in the DM(0x3IFF4 | =AX0; { Divide by 256 for 8KHz sampling rate )}
Appendix - section 4. Ax0=0x0000;
DM(Ox3FF3)=AX0; { SPORTO AUTOBUFF disabled }
Generate an architecture file ( name.ACH ) by executing System DM{Ox3FF2)=AX0; { SPORT1 CNTL disabled }
Builder. This file will be required to run Linker and Simulator. DM{ 0x3IFF1}=AX0; { SPORT] timer not used ]
DM 0x3FF01=AX0; { SPORT1 timer not used }
DM{Ox3FEF )=AX0; { SPORT1 AUTOBUFF disabled }
AX0=0x1000; SPORTO anabled, PM Weit State 0, )
=AX0: RT0 enabled, a1 ate 0,
Part B Cross-Assamblar and Emulator DM{Ox3FFF ) sAX0 { gm Wait State 0, BOOT page 0 )
IMASK=b#001000; ( Enable SPORTO Interrupt }
Type in the below program. The comments can be skipped. ICNTL=b#00111; { Enable Edge Sensitive Interrupt }
In this program, an audio signal from a microphone is passed to a
speaker through the ADSP-2101 system. wait: IDLE: { Wait until next sample appears at }
JUMP wait; { SPORTO. }

{ ADSP-210] Talk Through FProgram TALKTHRU.DSP

This program takes an input sample from serial port ¢ receive register and

RTI; NOP; NOP; NOP;

{ initializations }

sample: AXO=RX0;

{ TIMER Interrupt )

{ Put received sample in AX0O }

TX0=AX0; { Transmit sample value ip AXD )
outputs it to serial port 0 transmit register. It is Intended for speech sigmals. RTI: { Return from Interrupt }
The serial clock is intermally generated and 12.288 Mz processor rate provides :
BOp0 Hx sampling rate. It can be used for testing the hardware. ENDMOD; { End of TALXTHRU Program )
} . ;



)

This program is written for EZ-ICE ( Emulator ) and the EZ-LAB
system with the architecture file you prepared in Part A.

Assemble the program using ASM21.EXE and link using LD21.EXE to
produce TALKTHRU.EXE.

Apply +12, -12 and +5V to EZ-LAB; connect ANALOG and DIGITAL
GROUND together.

NB: Nrong supply voltagss may result in damaging the board.

Connect the microphone and speaker to EZ-LAB, Load TALKTHRU.EXE
to EZ-ICE and exacute.

Part C PROM Splitter

For TALKTHRU.EXE, generate PROM burn files with the boot loader
option in Intel Hex data format. To program an EPROM ( 27256 ) use
the file with the .BNM extension. This EPROM will replace the
sxisting one on the board.

Turn power on and the program will be executed automatically.

Part D C Compiler
Type in the below program written in C language.

* conv.¢ *)
{* calculates convolution : N points by M point #*)
#include <adsp2l0l.h>

#define N 5

#define M 5

int x[N] = { 6, 6, 6, 6, 6 )
int B[M] = { 6, 5, 4, 3, 2 );
int y[N+M-1];

void main()

{

int i,m,n;

for ( 1=0; I<N+M-1; J++ )
¥lil] = 0;

for  n=0; n<N; n++ )
for ( m=0; B<M; m++ )
{
lzp+m-1;
Fl1) += z[n}*h{n];

Compile the above program using CC21.EXE and link using LD21.EXE
tc produce an sxecutable file.

Invoke the simulator SIM 2101.EXE, run CONV.EXE, and check the
results.

51
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2

System Builder

Each memory space is addressed separately. Addresses in program
memory are different from addresses in data memory. Boot memory
addresses are unique and are used only by the processor during booting.
(Note: Boot memory does not exist for the ADSP-2100.)

You must write a system specification source file as input to the system
builder; this file describes your target hardware. The system builder
directives described in this chapter are used to write the file.

The system builder processes the input file and generates an architecture
description file with the filename extension .ACH. The architecture
description file is interpreted by the linker in order to place relocatable
code and data fragments in memory. The file is also read by the simulator
to model the system memory configuration and by the emulator to set up
target system memory-mapping. The system builder outputs error
messages if any are detected, otherwise a summary of the architecture is
displayed on the screen. You should use operating system commands to
capture this output into a file if you need to refer to it for debugging or
documentation purposes.

System Specification
File [.SYS]

SYSTEM BUILDER

>_.o==oo».c_.o Error Messages
Description or
File ((ACH) Architecture Summary

N W

(Use opersting system commands
to capture screen output)

Figure 2.2 System Builder 10
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2

System Builder ;

refer (in assembly language code) to a memory segment declared for the
systemn builder in lower-case, and the assembler is run in case-sensitive
mode, the segment name will not be recognized unless it’s case is
preserved by the system builder.

If you forget the syntax for invoking the system builder, type:
BLD21 -help

This will show you how the command must be entered. The -help switch
works with all of the development software tools.

23 SYMBOL USAGE & RESERVED KEYWORDS

In the system specification file you assign symbolic names to the target
system itself, to memory segments, and to memory-mapped /O ports.
You can use the memory segment names in your program to assign code
and data fragments to that segment. The assignments are passed from the
assembler to linker, which determines the exact placement of your
program in memory.

All symbolic names must be unique. A symbolic name is a string of letters,
digits, and underscores with a letter or underscore as the first character. A
small group of symbols are reserved for use as keywords by the system
builder—you may not use these symbols in your system specification file.
Table 2.1 lists the system builder keywords.

ABS CODE M
ADSP2100 CONST PORT
ADSP2101 DATA RAM
ADSP2105 DM ROM
ADSP2111 ENDSYS SEG
ADSP2150 MMAPQ SYSTEM
BOOT MMAPI

Table 2.1 System Builder Keywords

Assembler keywords, listed in Chapter 3, are also reserved for use by the
development software. Please consult this list also before you choose
names for your system components. If you use a reserved keyword the
linker will generate errors when you attempt to link your program.
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System Builder

The two .PORT directives declare memory-mapped 1/O ports for system
input and output. The port names ad_sample and da_data suggest external
connections to analog-to-digital and digital-to-analog converters. The
ports are located at the data memory addresses given with the ABS
(absolute address) qualifier. The port names become program symbols
which can be used in code to read or write to the ports.

The last statement in a system specification file is the ENDSYS directive.
The system builder stops processing when it encounters the ENDSYS
directive.

242  ADSP-2101 Example File
Figure 2.4 is an example of a system specification source file for an
ADSP-2101 system.

The first directive in the file is the SYSTEM directive. This directive
assigns the name fir_system to the architecture description and marks the
start of the file.

The .ADSP2101 statement identifies the processor type, here naming the
ADSP-2101 microcomputer. This statement is required.

The .MMAPO directive specifies the state of the MMAP pin on the
ADSP-2101 device in this system. Defining MMAP as 0 indicates that boot
memory is to be loaded into the chip’s internal program memory,
beginning at address 0x0000.

The .SEG directive declares the system memory segments and their
characteristics. The memory segments can be declared in any order. In this
example, the segments declared comprise the full on-chip and off-chip
program and data memory configuration of the ADSP-2101.

.SYSTEM fir_system: [system name!
.ADSF2101; {specifies processor)
MMAPO; {boot loading enable!
.SEG/ROM/BOOT=C boot_mem|[2048]; {boot page zerol
.SEG/PM/RAM/AES=0/CODE/DATA int_om[204%;; {internal grogram mem!
.SEG/PM/RAM/ABS=2046/CODE/DATA ext_pm|l143Z<7; {external program mem}
. SEG/DM/RAM/ABS=0/DATA ext_dml14336}; {external data mem]
.SEG/DM/RAM/ABS=14336/DATA int_dm{1C24]; {internal data mem}
.ENDSYS:

2-6

Figure 2.4 ADSP-210t System Specification File
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2-8

System Builder

The .ENDSYS directive must be the last statement in the file. System
builder processing terminates at the .ENDSYS directive.

The .ENDSYS directive has the form:

ENDSYS;

252  \dentitying The Processor (-ADSP21 XX)

This directive identifies which ADSP-2100 Family processor is used in
your system. This information is passed to the linker and simulator via the
"ACH output file. The linker is then able to allocate code and data storage
according to the addressable memory limits of each processor. This
directive takes one of the following forms:

ADSP2100; used for ADSP-2100 & ADSP-2100A
ADSP2101;

ADSP2105;

ADSP2111; :

"ADSP2150; used for ADSP-21msp50 & ADSP-21mspS5
ADSP2151; used for ADSP-21msp51 & ADSP-21 msp56

ADSP2101IMV;  used for ADSP-2101 memory-variant processor (¢.g. ADSP-2115)
ADSP2101P; used for ADSI-2101 paged memory system

When the ADSP-21msp50 Simulator is invoked with an ADSP-21msp51
architecture file, the simulator automatically configures itself for the on-
chip memory map of the ADSP-21msp51. If an ADSP-21msp51
architecture file is used and the ROMENABLE bit is set to 1, the simulator
configures program memory locations PM[0x800] - PM{0x1000] as ROM.
The ROMENABLE bit is displayed in the simulator’s Control Registers

window.

253  MMAP Pin {MMAP)

This directive is used only for the ADSP-2100 Family processors which
have on-chip memory, boot memory. and an MMAP pin (i.e. all except the
ADSP-2100). The directive specifies the logic state of the processor’s

MMAP pin in the target system.
This directive takes one of two forms:

MMAPO MMAP pin held low
MMAPI MMAP pin held high
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System Builder

The PM/DM/BOOT qualifier indicates which memory space the segment
is in: program memory, data memory, or boot memory. (Remember that
boot memory space does not exist for the ADSP-2100.) The remaining
qualifiers specify the memory type, the starting address of the segment,
what is stored (DATA and/or CODE), and how the emulator’s memory
map is preset.

If you are using one of the ADSP-21xx emulators, see “Segment Mapping
For Emulator” below.

Each memory space is addressed separately: address 16 in program
memory is different from address 16 in data memory. :

PM memory segments can store CODE only, DATA only, or both CODE
and DATA. If you give neither of these qualifiers the defautlt is to CODE.
For a PM segment to contain code and data, both qualifiers must be used.
The ADSP-21xx processors require that any data transfers to or from
program memory must be made with segments which have the DATA
attribute. If your system requires that executable code be written or read
by the processor, the segments to be accessed should be declared with
both the CODE and DATA qualifiers.

DM memory segments must be DATA only; this is the default if the
DATA qualifier is omitted. An error is generated if a DM segment is
assigned the CODE attribute.

BOOT memory segments default to both CODE and DATA since boot
memory will store both in most systems, and the qualifiers may be
omitted. The BOOT qualifier must specify one page number only: for
example, BOOT=0. You must have a separate segment declaration for cach
boot page of your system.

A system may have up to 8 boot pages, with page numbers from 0 to 7.
Each ADSP-2101, ADSP-2111, and ADSP-21msp50 boot page can store up
to 2K words of code and data. Each ADSP-2105 and ADSP-2115 boot page
stores up to 1K words. Do not use the ABS qualifier for boot pages—the
system builder assigns appropriate boundary addresses.

2.5.4.1 _SEG Directive Examples

The example

.SEG/PM/RAM/ABS=0/CODE/DATA restart{2048];
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System Builder

The PORT directive takes one of two forms:

PORT/DM/ABS=address port_namc;
or
PORT/PM/ABS=address port_name;

The DM qualifier indicates that the port is located in data memory; PM
indicates placement in program memory. If neither qualifier is used, the
default is to DM. The port is located at the absolute address you specify
(with the ABS qualifier), and is assigned the symbol port_name. This
symbol can be used in assembly language instructions to access the port.

For example,
.PORT/DM/ABS=0x0400  ad_sample;

declares a port named ad_saniple which is located at data memory address
1024 (decimal). Assembly code references to this symbol are interpreted
by the linker based on the contents of the ACH file.

Data memory-mapped ports allow 16-bit read / writes while program
memory-mapped ports allow either 16 or 24-bit transfers. (Refer to the
ADSP-2100 Family User's Manual for a description of 24-bit data transfers

in program memory.)

256  System Builder Constants (.CONST)
The .CONST directive defines system builder constants. Once you declare
a symbolic constant you may use it in place of the actual number. This

symbol definition is recognized only by the system builder, however—it is
not carried over to the assembler or simulator.

The .CONST directive has the form:
CONST constant_name = constant or expression, ... ;

Only an arithmetic or logical operation on two or more integer constants

may be given as an expression; symbols are not allowed. See ”“Assembler
Expressions” in Chapter 1 for an exact definition of allowed expressions.

A single .CONST directive may contain one or more constant declarations,
separated by commas, on a single line. A list of multiple declarations may
not be continued on the following line.
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and 12.288 MHz processor rate provides 8000 Hz sampling rate. The total
delay time = ( 1 / 8000 )} * 8000 second = 1.0 second.

}

+MODULE/RAM/ABS=0 DELAY;
. VAR/DM/CIRC

start:

dm buff[4000];

{ Beginning of DELAY Program }
{ Circular buffer with 4000 elements }

JUMP start; NOP; NOP; NOP; ( Start Interrupt )}

RTI; NOP; NOP; NOP;
RTI; NOP; NOP; NOP;

{ External Pin Interrupt IRQZ }
{ SPORT0 Transmit Interrupt }

JUMP gample; NOP; NOP; NOP; ({ SPORT0 Receive Interrupt )

RTI; NOP; NOP; NOP;
RTI; NOP; NOP; NOP;
RTI; NOP; NOP; NOP;

{ initializations }

AX0=0x00B0;
DM(Ox3FFE)=AX0;
AX0=0x0000;
DM(Ox3FFB }=AX0;
DM{0x3FFC}=AX0;
DM({Ox3FFD}=AX0;
DM(Ox3FF9)=AX0;
DM{0x3FFA)=AX0;
DM{Ox3FF7)=AX0;
DM(0x3IFF8)=AX0;
AX0=0x6B27;
DM{0x3FF6)=AX0;

AX0=0x0002;
DM{Ox3FF5 )=AX0;
AX0=255;
DM{O0x3FF4 }=AX0;
Ax0=0x0000;
DM{Ox3FF3)=AX0;
DM{(Ox3FF2 )=AX0;
DM{Ox3FF1)=AX0;
DM{0x3FF0 }=AX0;
DM(Ox3FEF }=AX0;
AX0=0x1000;
DM(Ox3FFF )=AX0,;

IMASK=0x08;
ICNTL=0x07;

I0="dm buff;
LO=§dm burff;
M0=0;
Ml=1;

NOP; { SPORT1 Transmit Interrupt }
NOP; { SPORT1 Receive Interrupt }

{ TIMER Interrupt }

{ All DM 2 Wait States }

{ TIMER not used, cleared )}

{ Receive Multichannels )
{ Transmit Multichannels }

{ Multichannel disabled }

{ Int. gen serial clock )}
{ Receive frame sync required, width 0 }
{ Transmit frame sync regquired, width 0 }
{ Int trans, receive frame sync enabled }
{ u-law companding, 8 bit word length )

{ Generate 2.048 MHz serial clock }
{ Divide by 256 for 8KHz sampling rate )

{ SPORTO AUTOBUFF disabled }
{ SPORT1 CNTL disabled )}
{ SPORT1 timer not used }
{ SPORT1 timer not used )
{ SPORT1 AUTOBUFF disabled )

{ SPORT0 enabled, PM Wait State 0, )}
{ BOOT Wajit State 0, BOOT page 0 )

{ Enable SPORT0 Interrupt )

{ Enable Edge Sensitive Interrupt )

{ Set up index for indirect addressing )}
{ Set up size of circular buffer }

{ No post-increment ) )

{ Post-increment by 1 )
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}

.MODULE/RAM/ABS=0 ECHO;
. VAR/DM/CIRC dm buff[4000];

- JUMP sample; NOP; NOP; NOP;

start:

JUMP start; NOP; NOP; NOP;
RTI; NOP; NOP; NOP;
RTI; NOP; NOP; NOP;

RTI; NOP; NOP; NOP; NOP;
RTI; NOP; NOP; NOP; NOP;
RTI; NOP; NOP; NOP;

{ initialisations }

AX0=0x00B0;
DM{Ox3FFE }=RX0;
AX0=0x0000;
DM(0x3FFB)=AX0;
DM{0x3FFC)=AX0;
DM(0x3FFD)=AX0;
DM({0x3FF9)=AX0;
DM(0x3FFA )=AX0,;
DM{Ox3FF7 )=AX0;
DM{0x3FF8)=AX0;
AX0=0x6B27;
DM(0Ox3FF6 )=AX0;

{ Beginning of ECHO Program }
{ Circular buffer with 4000 element »

{ Start Interrupt }

{ External Pin Interrupt IRQ2 }
{ SPORTO Transmit Interrupt }
{ SPORTO Receive Interrupt )

{ SPORT1 Transmit Interrupt )
{ SPORT1 Receive Interrupt }

{ TIMER Interrupt }

{ All DM 2 Wait States }

{ TIMER not used, cleared }

{ Receive Multichannels }
{ Transmit Multichannels }

{ Multichannel disabled }
{ Int. gen serial clock }

{ Receive frame sync required, width 0 }
{ Transmit frame sync required, width 0 }
{ Int trans, receive frame sync enabled }
{ u-law companding, 8 bit word length }

AX0=0x0002;
DM(0x3FF5)=AX0;
AX0=255;
DM{(0x3FF4)=AX0;
Ax0=0x0000;
DM(0x3FF3)=AX0;
DM(0x3FF2 }=AX0;
DM(0x3FF1)=AX0;
DM{O0x3FF0)=AX0;
DM(Ox3FEF)=AX0;
AX0=0x1000;
DM{Ox3FFF}=AX0;

IMASK=0x08;
ICNTL=0x07;

I0="dm buff;
LO=%dm_buff;
M0=0;
Mi=1;

CNTR=$DM_BUFF;
DO init_b UNTIL CE;

{ Generate 2.048 MHz serial clock }
{ Divide by 256 for 8KHz sampling rate }

{ SPORTO AUTOBUFF disabled }
{ SPORT1 CNTL disabled }

{ SPORT1 timer not used )

{ SPORT1 timer not used }

{ SPORT1 AUTOBUFF disabled }

{ SPORTO enabled, PM Wait State 0, }
{ BOOT Wait State 0, BOOT page 0 }

{ Enable SPORT0 Interrupt )

{ Enable Edge Sensitive lnterrupt }

{ Set up index for indirect addressing )}
{ Set up size of circular buffer }

{ No post-increment }

{ Post-increment by 1 }

{ Set up counter )}
{ Initialize ALL circ buff data to 0 }
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L3 =90
Return Value
AR = Y in 1.15 format
J
MODULE/RAM SINE_FUNCTION; { Beginning of SINE Program )}
.VAR/DM sin_coeff([5]; { Sine Polynomial Coefficients }

.INIT sin _coeff : H¥3240, H¥0053, H#AACC, R¥08B7, Hf{1CCE;
{ Initialize coefficients }

.ENTRY sin; { Entry point of sine function }
sin: I3="sin_coeff; { Index to coefficients }

M3=1; { Post-increment by 1 }

L3=0; { Linear buffer )

AYO=H¥4000; :

AR=AX0, AF=AX0 AND AYO; { Check 2nd or 4th gquad. }

IF NE AR= -AXQ; { If yes, negate input }

AY0 = H§7FFF;

AR = AR and AYO0; { Remove sign bit )}

MY1:=AR,;

MF=AR*MY1 ( RND ), MXI1=DM( I3, M3 ); (MF=X*X}
 MR=MXI*MY1 ( 55 ), MX1=DM( I3, M3 ); {(MR=C1 *X }

CNTR=3;
DO approx UNTIL CE; { Calculate sine value )
MR=MR+MX1*MF (SS§);
approx: =AR*MF (RND ), MX1=DM( I3, M3 };
MR=MR+MX1*MF (58);
SR=ASHIFT MR1 BY 3 ( HI ); { Convert to 1.15 format }
SR = SR OR LSHIFT MRO BY 3 ( LO );
AR=PASS SR1;
IF LT AR=PASS AYO0.; { Saturate if needed )}
=PASS AX0;
IF LT AR=-AR; { Negate if needed }
RTS;
. ENDMOD; { End of SINE Program }

The routine accepts input values in 1.15 format; the coefficients
are in 4.12 format to achieve maximum range allowed by this format,
On this scale, 180 equals the maximum positive value, Ox7FFF, and
-180 - the maximum negative value, 0x8000, as shown in Figure 1.
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JUMP serv; NOP; NOP; NOP; { Timer Interrupt }

{ Initialization }

start: I0=0x3fef;

MO=1;

L0=0;

CNTR=17;

DO clr_reg UNTIL CE;
clr _reg:DM(I0,M0)=0;

{ Clear all the control reg )}

AX0=255;
DM(O0X3FF4 )=AX0;
AX0=0X0002;
DM(OX3FF5 )=AX0;
AX0=0X6B27;
DM{OX3FF6)=AX0;

{ Divide by 256 for 8KHz samp rate)
{ Generate 2.048 MHz serial clock)

{ Int. gen serial clock}

{ Receive frame sync regd, width 0}

{ Transmit frame sync regd, width 0}
{ Int trans, receive frame sync ena }
{ u-law companding, 8 bit word len}
AX0=260;
DM({OX3FFC)=AX0;
DM(OX3FFD ) =AX0;

{ set Tperiod to 260}
{ set TCOUNT to 260}

Il="sine data;
Ll1=3§sine data;

{ Index to circular buffer)
{ Length of circular buffer}

MI=1; { Post increment by 1)
IMASK=h#01; { Timer interrupt enable)}
ICNTL=h#07; { Enable edge sensitive interrupt}
ENA TIMER;

wait: IDLE; { Wait until next interrupt}
JUMP wait;

serv: AXO=DM(I1,M1}; { Get sine data from circular buff)}
call sin; { Compute sine value}
DM(write dac0}=AR; { Output to DAC}
DM({load dac)=AR;
TX0=AR;
RTI;

. ENDMOD; { End of Program)

Part D Uniform Random Number Generator

Although the generation of a random number is not a function, it is
a useful operation for many applications.
The implementation presented here is based on the linear congruence
method, which uses the following equation:
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Transmit Register. A 8 KWz random noise will be heard.The output
can also be displayed on scope through DACO.

}

.MODULE/RAM/ABS=0 MAIN;
.PORT WRITE DACO;

.PORT LOAD DAC;
.EXTERNAL urand;

.VAR/DM seed msw, seed lsw;

{ Beginning of MAIN Prorgam }

{ External sine wave generator }

{ MSW, LSW of the seed value }

JUMP start; NOP; NOP; NOP; { Jump to START label )}

RTI; NOP; NOP; NOP;
RTI; NOP; NOP; NOP;
RTI; NOP; NOP; NOFP;
RrI; NOP; NOP; NOP;
RTI; NOP; NOP; NOP;

{ Interrupt vectors ( not use ) }

JUMP rand; RTI; NOP; NOP; { Timer interrupt }

start: AX0=0x1000;
DM{Ox3FFF)=AX0;

AX0=0x00B0;

'DM{0x3FFE ) =AX0;
AX0=0x0000;

DM{0x3FFB ) =AX0;
DM{Ox3FFC)=AX0;
DM{0x3FFD )=AX0;
DM(0x3FF9 )=AX0;
DM(Ox3FFA ) =AX0;
DM(0Ox3FF7)=AX0;
DM{Ox3FF8 )=AX0;
AX0=0x6B27;

DM{O0x3FF6 )=AX0;

AX0 = 0;
DM{Ox3ffb) = AX0;
AX0 = 1562;
DM(0x3ffc) = AX0;
DM(0x3ffd) = AXO;

SR1 = h#1234;
dm({seed lsw)=SI;
dm(seed msw)=51;

{ SPORT0 enabled, PM Wait State 0, }
{ BOOT Wait State 0, BOOT page 0 }

{ All DM 2 Wait States 0 }

{ Receive Multichannels )
{ Transmit Multichannels }

{ Multichannel disabled )

{ Int. gen serial clock }
{ Receive frame sync required, width 0 }
{ Transmit frame sync required, width 0 }
{ Int trans, receive frame sync enabled }
{ u-law companding, 8 bit word length }

{ Set up timer to interrupt every }
{ 125 RHz for a 12.288 MHz clock }

{set TSCALE to 0 }
{set TPeriod to 1562}
{set TCOUNT to 1562 }

{ Initialize seed values }
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Laboratory 6
IIR Filter Implesentation

INTRODUCTION

IIR filters, compared to FIR filters, can be much more efficient in
terms of attaining better magnitude response with a given filter
order. This is because IIR filters incorporate feedback and are
capable of realising both poles and zeros of a system function,
whereas FIR filters are only capable of realising the zeros. This
means that IIR filters can run faster and hence must be considered
in applications where speed is important. They, however, have
stability problems and have nonlinear phase characteristics which
might make them unsuitable for some applications.

This lab deals with the realisation and design IIR filter based on
two most popular methods: Bilinear Transformation and Impulse
Invariant Transformation.

Part A Lowpass Filter

Specification of the filter to be designed:

Passband frequency 800 Hz
Stopband frequency 1000 H=z
Max attenuation in passband 0.5 dB
Min attenuation in stopband 30 dB
Sampling frequency 8000 Hz

The above filter must be designed using QEDesign software from
Momentum Data ( student version ).

QEDesign is entirely menu-driven for ease of use. There are no
commands to memorise. The menus are largely self-explanatory thus
allowing the system to be implemented with the minimum of
difficulty. The user needs select the option(s) required by
following the menu prompts. It should be remembered that
individual selections or fields are accepted by striking ENTER,
whereas entire screens by striking either Fl1 or F10.

Most fields have pop-up help screens. To obtain help on a
specific field, place the cursor in that field and type the ALT
and H keys simultaneously.

Before you start designing your filter ask your lab demonstrator
to explain each section of the main menu.

For the above specifications you have to design the following
types filters:

- Butterworth

- Tschebyscheff
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Laboratory 8
FIR Filter

INTRODUCTION

Digital signal processing comprises of two important areas: signal
filtering in the time domain and signal representation in the
frequency domain.

There are two types of digital filters namely FIR and IIR.

In practice, FIR filters are employed in filtering problems where
there is a requirement for a linear phase characteristic within the
passband of the filters. Using linear phase FIR filters it is
possible to implement such system as 'differentiators and Hilbert
transformers, which can not be implemented using IIR filters.
However, if phase distortion is unimportant then IIR filters are
generally preferable.

This lab deals with the design and implementation of FIR filters
using two basic methods: window design technique and the
Parks-McClellan algorithm.

Part A Lowpass Filter

Specification of the filter to be designed:

Passband frequency 800 Hz
Stopband frequency 1000 Hz
Max attenuation in passband 0.5 dB
Min attenuation in stopband 30 dB

Sampling frequency 8000 Hz

The above filter must be designed using QEDesign software from
Momentum Data ( student version ).

To invoke the system, type FILTER {( a batch file in the FDASZ2K1
directory ).

For the above specifications you have to design your filter using
any three out of six windows ( Rectangular, Triangular, Hanning,
Hamming, Blackman, Kaiser ).

For the chosen filters, make a hardcopy of each characteristic.

Generate the assemble code for each filter using the ADSP-2100
Family Code Generator. The output of the code generator results in
the creation of two files:

- a .DAT file with the coefficients

- a .DSP file containing the assembly code.
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Laboratory 10
Fast Fourier Transform

INTRODUCTION

Signal representation and analysis in the frequency domain is an
important area in digital signal processing. It is performed using
the discrete Fourier transform ( DFT ) on the data sequence. The
DFT is widely used in applications to determine spectral contents,
to perform correlation analysis and to implement linear filtering
in the frequency domain. This widespread use is due to the
existence of efficient algorithms for computing the DFT.

The architecture and the instruction set of the ADSP-2101
processor is well suited for implementation of the FFT algorithms.
These algorithms repeatedly perform a core multiply/add operation,
called a butterfly, on ordered pairs of data points and either
require a scramble order of the input data or result in a scramble
order of the output data. This requires a very efficient address
generation which can be accomplished by two data address
generators ( DAGO and DAGl ) of ADSP-2101. Further more, DAGl
contains a bit-reversal hardware which can be used to scramble or
unscramble the data on the fly.

Part A DFT and Window Functions

Using MatLab run the DFTDEMO.M file.

This program has two pop-up menus. The Signal and Window menu
allows vyou to change the waveform and window functions
respectively. The fundamental frequency of the waveform is given in
the editing box. You can change the fundamental £freguency by
editing the value in the box or by clicking and dragging the
waveform. The sampling rate,used in the program, is 200 Hz.

For each waveform at three different frequencies , within the range
0 - 50 Hz ( e.g. 5, 10 and 20 Hz ), perform FFT.
Compare the results for different window functioms.

Part B Spectrum Analyser based on ADSP-2101

Generate the machine code of the file FFT.DSP ( see the listing
attached ).

This program performs a 256-point FFT (radix-4 complex algorithm)
on the data from the function generator or the microphone and then
displays its spectrum on an oscilloscope ( DACO ).
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Part C FFT
Adapt your program to be compiled using CC21.EXE

Take advantage from the following hints:

- place the ADSP2101.H header file at the beginning of your
program and before other preprocessor directives

- define your own functions performing complex scsvonn operations

- don't use 1I/0 operations

Link using LD21.EXE to produce an executable file.

Invoke the simulator SIM_2101.EXE, run your program, write down
the results and compare them with the results produced by your
program working under DOS.
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State 1 Speech is encoded and decoded in a talk-trough mode.

' This mode demonstrates the need for comfort noise
insertion. The intelligibility of speech in a noisy
background is reduced. Frames are encoded as speech or
comfort noise, depending on the state of the voice
activity flag. If a frame is encoded as speech, it is
decoded as speech. If a frame is encoded as comfort
noise, the output is muted. The voice activity flag is
determined for each frame.

State 2 Speech is encoded and decoded in a talk-through mode.
This mode is the normal mode of the GSM system. Frames
are encoded and decoded as speech or comfort noise,
depending on the state of the voice activity flag. The
voice activity flag is determined by each frame.

State 3 Speech is encoded and decoded an example mode. Each
frame is encoded and decoded as comfort noise. The
voice activity flag is forced inactive.

State 4 No input or encoding. The last valid silence discriptor
frame ( comfort noise insertion ) is continuously
decoded. The voice activity flag is forced inactive.

To show the difference between State 1 and State 2, mix a random
noise source with the microphone input. This will demonstrate the
adaptation of the noise threshold for voice activity detection and
the loss of intelligibility in State 1 compared to State 2 in a,
noise environment.

Part D Computer Graphics

This part presents an example of graphics application.

The GRAPH.DSP file contains the actual ADSP-2101 source code. The
graphics routine uses two DAC channels ( DACO and DACl) to generate
an X-Y offset on the oscilloscope.

Generate the executable file and run it using the EZ-LAB emulator.
Set the oscilloscope to X-Y mode. Set both channels to 0.5 V/div (
X - DACO, Y - DAC1l ). Connect the probe ground wires to the analog
ground terminal ( J3 ). The demonstration works best if the signals
are AC coupled.

The screen image is a 3-D projection of "2101" rotating in real

time. The main loop of this program includes all the functions
necessary to rotate the image and display it on the oscilloscope.

Part E Professional DSP Hardware and Software - Demonstration

Presentation of TMS320C40 and DSPower
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Figure 1. ADSP-2101 Block Diagram

Additional Information

This data sheet provides a general overview of ADSP-2101 func-
tionality. For sdditional information on the architecture and
instruction set of the processor, refer 1o the ADSP-2I00 Family
User’s Manual. For more information about the Development
System and ADSP-2101 programmer’s reference information,
refer 10 the ADSP-2100 Family Development Software Manuals.

ARCHITECTURE OVERVIEW

Figure 1 is an overall block diagram of the ADSP-2101. The
processor conmains three independent computational units: the
ALU, the multiptier/faccumulator (MAC) and the shifter. The
computational units process 16-bit data directly and have provi-
sions to support multiprecision computations. The ALU per-
forms a standard set of arithmetic and logic operarions; division
primitives are also supported. The MAC performs single-cycle
muitply, muitiply/add and multiply/subtract operations. The
shifter performs logical and arithmetic shifts, normalization,
denormalization, and derive exponent operations. The shifter
can be used 1o efficiendy implement numeric format control
including multiword floating-point representations.

The internal result (R) bus directly connects the computational

units 50 that the output of any unit may be the input of any unit
on the next cycle.

A powerful program sequencer and two dedicated data address
generators ensure efficient use of these computational units. The
sequencer supports conditional jumps, subroutine calls and
returns in a single cycle. With internal loop counters and loop
stacks, the ADSP-2101 executes looped code with zero over-
head; no explicit jump instructions are required to maintain

the loop.

Two data address generators (DAGs) provide addresses for
simultaneous dual operand fetches (from data memory and pro-
gram memory). Each DAG maintains and updates four address

pointers. Whenever the pointer is used tc access data (indirect
addressing), it is post-modified by the value of one of four possi-
ble modify registers. A length value may be associated with each
pointer to implement automatic modulo addressing for circular
buffers. The circular buffering feature is also used by the serial
ports for automatic data transfers; these are described on the
next page in “Serial Ports.”

Efficient data transfer is achieved with the use of five internal
buses.

@ Program Memory Address (PMA) Bus
@ Program Memory Data (PMD) Bus

¢ Data Memory Address (DMA) Bus

¢ Daw Memory Data (DMD) Bus

¢ Result (R) Bus

The two address buses (PMA and DMA) share a single external
sddress bus, allowing memory to be expanded off-chip, and the
two data buses (PMD and DMD) share a single external dats
bus. The BMS, DMS and PMS signals indicate which memory
space the external buses are being used for.

Program memory can store both instructions and datz, permit-
ting the ADSP-2101 to ferch two operands in a single cycle, one
from program memory and one from dats memory. The ADSP-
2101 can fetch an operand from on-board program memory and
the next instruction in the same cycle,

The memory interface supports slow memories and memory-
mapped peripherals with programmable wait state generation.
External devices can gain control of buses with bus request/
grant signals (BR and BG). One execution mode allows the
ADSP-2101 to continue running from internal memory. A sec-
ond execution mode requires the processor to halt while buses
are granted.

The ADSP-2101 can respond to six interrupts. There can be up
1o three external interrupts, configured as edge or level sensi-

-2 ) REV.C
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ADSP-2101

Interrupts

The interrupt controller allows the processor to respond to the
six possible interrupts with a minimum of overhead. The
ADSP-2101 provides up to three external interrupt input pins,
IRQ0, IRQ1 and IRQ2. TRQ2 is always availsble as a dedicated
pin; IRQI and TRQO may be ahiernately configured as part of
serial port 1. The ADSP-2101 also supports internal interrupts
from the timer and the two serial ports. The interrupt levels are
internally prioritized and individually maskable. The input pins
can be programmed to be cither level- or edge-sensitive, The
priorities of ali six interrupts are shown in Table II.

Table Il. Interrupt Priority & Interrupt Vector Addresses

Source of Interrupt Interrupt Vector Address (Hex)
TRQZ (external pin) 0004 (highest priority}
SPORTO Transmit (internal) | 0008
SPORTO Receive {internal) | 000C
SPORT1 Transmit (internal)

or IRQ1 (external) 0010
SPORT1 Receive (internal)
or TRQO (external) 0014
Timer {internal) 0018 (Jowest priority)

The ADSP-2101 supports a vectored interrupt scheme: when an
interrupt is acknowledged, the processor shifts program control
10 the interrupt vector address corresponding to the interrupt
level. Interrupts can optionally be nested so that a higher prior-
ity interrupt can preempt the currently executing interrupt ser-
.vice routine. Each interrupt vector location is four instructions
-in-jength, so that simple service routines can be coded entirely
in this space. Longer routines require an additional JUMP or
CALL instruction.

Individua] interrupt requests are logically ANDed with the bits
in IMASK; the highest priority unmasked interrupt is then
selected.

The interrupt control register, ICNTL, allows the external
interrupts to be set as either edge- or level-sensitive. Depending
on Bit 4 in ICNTL, interrupt routines can either be nested
with higher priority interrupts taking precedence or processed
sequentially with only one interrupt service active at a time.
The 12-bit interrupt force and clear register, IFC, is a write-
only register that contains a force bit and a clear bit for each of
the six possible interrupts.

‘When responding to an interrupt, the status registers ASTAT,
MSTAT, IMASK are pushed onto the starus stack, and the PC
counter is loaded with the appropriate vector address, The sta-
tus stack is seven levels deep to allow interrupt nesting. The
stack is sutomatically popped when & return from the interrupt
is executed.

SYSTEM INTERFACE

Figure 4 shows a basic system configuration with the ADSP-
2101, two serial devices, a boot EPROM and optional external
program and data memories. Up to 15K words of data memory

and 16K woards of program memory can be supported. Program-
mable wait state generation aliows the processor to interface eas-

ily to slow memories.

The ADSP-2101 also provides one external interrupt and two
serial ports or three external interrupts and one serial port.

Clock Signals
The ADSP-210]1 may be clocked by either a crystal or by a

" TTL-compatible clock signal.

The CLKIN input may not be halted, changed during opera-
tion, or operated below the specified frequency.

H an external clock is used, it should be 8 TTL-compatible
signal running at the instruction rate. The signal is connected to
the processors’s CLKIN input. When an external clock is used,
the XTAL input must be left unconnected.
Because the ADSP-2101 includes an on-chip oscillator circuit,
an external crysial may be used. The cryseal should be con-
nected across the CLKIN and XTAL pins, with two capacitors
connected as shown in Figure 2. A parallel-resonant, fundamen-
tal frequency microprocessor grade crystal should be used.

A clock output (CLKOUT) signal is generated by the processor,
synchronized to the processor’s internal cycles.

T

. ADSP-2101

Figure 2. External Crystal Connections

Reset

The RESET signal initiates a master reset of the ADSP-2101.
The RESET signal must be asserted when the chip is powered
up to assure proper initialization. RESET during initial power-
up must be held long enough to allow the internal clock to sta-
bilize. If RESET is activated at any time after power-up, the
clock continues and does not require this stabilization time.

The power-up sequence is defined as the total time required for
the crystal oscillator circuit to stabilize after a valid Vpp, is
applied to the processor and for the internal phase-locked loop
(PLL) to lock onto the specific crystal frequency. A minimum
of 1000 tcx cycles will ensure that the PLL has locked but does
not include the crystal oscillator start-up time. During this
power-up sequence the RESET signal should be held Jow. On
any subsequent resets, the RESET signal must meet the mini-
mum pulse width specification, tpep.

The RESET input contains some hysteresis; however, if you use
an RC circuit to generate your RESET signal, the use of an
external Schmidt trigger is recommended.

The master reset sets all internal stack pointers to the empty
stack condition, masks all interrupts and clears the MSTAT reg-
ister. When RESET is released, if there 15 no pending bus
request and the chip is configured for booting (MMAP = (),
the boot-loading sequence is performed. Then the first instruc-
tion is fetched from internal program memory location 0x0000.
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ADSP-2101

Program Memory Interface

The on-chip program memory address bus (PMA) and the
on-chip program memory data bus (PMD) are multiplexed with
on-chip DMA and DMD buses, creating a single external data
bus and a single external address bus. The 14-bit address bus
directly addresses up to 16K words, of which 2K are on-chip.
The dara bus is bidirectional and 24 bits wide to external pro-
gram memory. Program memory may contain code and dara.

?ggﬁﬂgﬁg.gg
g&ﬁnﬂzeﬁgﬁ!ﬂga&agﬂ
memory and can be used as & chip select signal. The write (WR)
signal indicates & write operation and is used a5 a write strobe.
The read (RD) signal indicates a read operation and is used as a
read strobe or output enable signal.

The ADSP-2101 writes data from its 16-bit registers to the
Nfggggnﬁan-&uﬁsuacﬁn&o
lower eight bits. When it reads data (not instructions) from
24-bit program memory to a 16-bit data register, the lower eight
bits are placed in the PX register.

Frogram Memory Maps

Program memory can be mapped in two ways, depending on the
state of the MMAP pin. Figure $ shows the two configurations.
When MMAP = 0, internal RAM occupies 2K words beginning
at address 0x0000; external program memory uses the remaining
14K words beginning at address 0x0800. In this configuration,
the boot Joading sequence (described in “Boot Memory Inter-
face™) is automatically initiated whea RESET is released.

When MMAP = 1, 14K words of external-program memory
_begin at address {x0000 and interna! RAM is located in the
-upper 2K -words, beginning at address 0x380¢. In this configu-
ration, program memory is not loaded although it can be written
to and read from under program control.

The program memory interface can generate 0 to 7 wait states
for external memory devices; default is to 7 wait states after

RESET.

INTERNAL | 0000 0000
RAM
RAM
LOADED from
EXTERNAL
STORAGE OTFF
0800
EXTERNAL EXTERMAL
37FF
INTERNAL  |3800
RAM
NOT
LOADED
IEFF IFFF
MMAP=0 MMAP=1

Figure 5. ADSP-2101 Program Memory Maps

Data Memory Interface

The data memory address (DMA) bus is 14 bits wide. The bi-
directional external data bus is 24 bits wide, with the upper 16
bits used for data memory data (DMD) transfers.

The data memory select (IDMS) signal indicates access to the
data memory and can be used as a chip select signal. The write
(WR) signal indicates a write operation and can be used as &
write strobe. The read (RD) signal indicates a read operation
and can be used as a read strobe or output enable signal.

The ADSP-2101 supports memory-mapped 1/O, with the
peripherals memory mapped into the data memory address space
and accessed by the processor in the same manner as data
memory.

Datz Memory Map

The on-chip data memory RAM resides in the 1K words of data
memory beginning at address 0x3800, as shown in Figure 6. In
addition, data memory locations froin 0x3C00 to the end of data
memory at 0x3FFF are reserved. Control registers for the sys-
tem, tmer, wait state configuration and serial port operations
are Jocated in this region of memory.

Address (Hex}

$ 1K Extemal

DWAITO

1K Extermnal
DWAIT

EXTERNAL
RAM 10K External
DWAIT2

§

1K External
DWAIT3

§

1K Extemal
] DWAIT4

3800

+ 1K internat
INTERNAL JC00
RAM
b Memory Mapped

Registers
And Reserved

3IFFF

Figure 6. ADSP-2101 Data Memory Map

The remaining 14K of dara memory is external. External data
memory is divided into five zones, each associated with its own
wait state generator. This allows slower peripherals to be mem-
ory mapped into data memory for which wait states are speci-
fied. By mapping peripherals into different zones, you can
accommodate peripherals with different wait state requirements.
All zones default to 7 wait states after RESET.

Boot Memory Interface

The boot memory space consists of an external 64K by 8 space,
divided into eight separate 8K by 8 pages. Three bits in the sys-
tem control register select which page is loaded by the boot
memory interface. Another bit in the system control register
allows the user to force & boot loading sequence under software
control. Boot loading from page 0 after RESET is initiated auto-
matically if MMAP = 0.

The boot memory interface can gencrate 0 10 7 wait states; it
defaults to 3 wait states after RESET. This allows the ADSP-
2101 10 boot from a single, low cost EPROM such as a 27256.
Program memory is booted one byte at a time and converted to

24-bit program memory words.

—-6- REV.
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AQ ALU Quotient

, MV MAC Overflow
SS Shifter Input Sign
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SSTAT (Read-Only)

aaaaaaaa

:m!
= , 1 = sscondery
!g;mﬁa‘a )
ALU Overflow Latch Mode Ensble
AR Ssturstion Mode Enable
MAC Resuit Placement
0 = fractional, 1 = integer
e Timar Enable
, Go Mode Enable
System Controt Register
O3IFFF
1514 13 12 11 10 8 7 6 5 &4 3 2 1
load o_aea_,__ﬂ ._.
1 1 1 i ]
SPORTO Enable L
1 = snabled, 0 = dissbiled {{{
PWAIT
SPORT1 Enable Program Memory
1 = enabied, 0 = disabled . Wailt States
SPORT1 Configu BWAIT
1 = seriat port Boot Wakt States
= Fl, FO, IRQO, SCLK
BFORCE AGE
Boot Force Bit  Boot Page Select
Timar Registers
Oats Memory Wek State Control Register 8 7T 8 5 & 13
§m ---------------
TR TON * 8 7 6 5 4 3 LD A
T T TCOUNT Cusatar Regiater SIFFC
1 t 1 1 1 1 1 e . s. n N 4
.L L — 1 TECALE Scaluy Register s
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ADSP-2101

SPORT! Control Register
Ox3FF2

15 14 13 12 11 10 9 & 7 6 5 4 3 2 1 0
ooeoooeeee.eede.o.e

I i 1 ]

[}I\
DTYPE Data Format

Receive Frame Sync Required RFSA .Suigiiﬁa

'olccm.l-l@i.n; RFSW
Transmit Frame Sync Requined TFSA
Tranamit Frase Sync Wiith TFSW

S

7S internsl Tranemit Frame Sync Enable

Serial Clock Divide Modulus
Ox3FF1 /
aﬂ,—hnﬂu»d.—uﬂ.bvﬂu

--------------

...............

---------------

______________

INSTRUCTION SET DESCRIPTION

The ADSP-2100 family assembly langusge uses an algebraic syn-

tax for ease of coding and readability. The sources and destina-
tions of computations and data movements are written explicitly
in each assembly statement, eliminating cryptic assembler mne-
monics. Every instruction assembles into a single 24-bit word
and executes in a single cycle. The instructions encompass a
wide variety of instruction types along with a high degree of
cvﬂuaop-_ paralielism. There are five basic categories of instruc-
tions: data move instructions, computational instructions, mult-
function instructions, program flow control instructions and
miscellaneous instructions. Each of these instruction types is
described briefly. The complete instruction set is summarized
on the following page. The ADSP-2100 Family User'’s Manual
and the ADSP-2100 Family Assembler Manual contain a com-
plete reference to the instruction set.

15 14131211108 8 7 6 5 4 3 2 t @
T T L} L) L L]

"TIREG TMREG RIREG RMREG

TBUF Transmit Autobuftering Enable
RBUF Recelve Autobufiering Enable

ADSP-2100 Family Compatibility

The ADSP-210] instruction set is a superset of the ADSP-2100
instruction set. The ADSP-2101 is source and object code com-
patible with all processors of the ADSP-2100 family. An ADSP-
2100 program may need to be relocated to utilize internal
memory and conform to the ADSP-2101"s interrupt vector and
Teset vector map.

The TRAP instruction of the ADSP-2100, however, is not sup-
ported since the ADSP-2101 does not have the TRAP/HALT
signals. The TRAP instruction executes as a NOP on the
ADSP-2101.
Condition Codes
The condition codes are used to determine whether a conditional
inswuction, such as s jump, trap, call, return, MAC saturation
S-:EBnanouﬂES is performed. ?Eﬁﬂggg
¢ status conditions and their derivations are shown in Table III.
mﬁﬂsgagﬁ?ﬁ__on_hn ASTAT attheend of 2
processor cycle, the condition logic represents conditions gener-
ated on the previous cycle.

-10- REV.C
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TMS320 family

The TMS320 family consists of five generations: TMS320C
TMS320C2x, TMS320C3x, TMS320C4x, and TMS320C5x (s€
Figure 1-1). The expansion includes enhancements of earlier generatior
and more powerful new generations of digital signal processors.

TMS320 Device Evolution

Floating-point DSP
Fixed-point DSP

*

TMS320C4x

(MIPS/MFLOPS) -

TMS320C30
TMS320030-27
v MS320C31 TMS320C5x
TMS320C2x
TMS320C1x TMS320C50
TMS32010 TMS32020 TMS320C51
TMS320C10 TMS320C25
TMS320C10-14 TMS320E25
. TMS320C25-50
TMS320C 10-25
TMS320C15/E15 Hz_mumoomm.uu
TMS320C15-25 MS320C26
TMS320E15.25
TMS320C16
TMS320C17/E17 , .\K
emewes ) —
Generation

~/2~
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MEMORY
DATA RAM PROGRAM AOM
144X 16 buls 1.5Kx16 bets
CPU
18-bit 16-bit T-Reg
Barrel Shiftar INPUTS
32-bit ALL §6316-bit
Mutupty 8x16 bits
32-bit ACC
0.1.4-bit S | 320 P-Reg
2 Auziliary Regesters OUTPUTS
4 lavel HW Slack
816 bits
Status Register

TMS320C10 Block Diagram

L MEMORY i
-’ AAN-BLOCK
RAM-BLOCK | RAM-BLOCK
B2DATA | BODATA | B)DATA/
A2>16 bds mu_m.x_m tuts 256X16 bits
CPU MEMORY-MAPPED
PERIPHERALS
16-but 16-but T-Aeg Serial
Barrel Stuher Fon
16X16-bit p
32-but ALL Mutiply ol
3264 ACC | 32.64 P-Reg Interrupt Mask
0.1.004 bt Shit | 0.5.4.6b Shet Giobal Memory
5 Ausdiary Registers
PORTS
4 lgve HV Stack
16X 16 Input,
2 Status Repeat Coun: SX16 Inputs
Regisiers Instrucion R 1616 Outputs
%]

TMS32020 Block Diagram

. i MEMORY
| Ram-sLOCK | RAM-BLOCK RV BLOCK | RoWEPROM
] Bz2paTa B0 DATA PRoL PROGRAM
A2x16 ils 25616 bits 256X 16 bits 4KX16 bils
cPU MEMORY-MAPPED
PERIPHERALS
16:bit 16-bit T-Reg Ny
Barrel Shitter Seriai Po
16X 16-bit pa
32-bit AL Muttiply et
JBIACC | 32:b1 P-Reg Interrupt Mask
0-76u Shit | 0.1.4.-65 Shift Giobal Memary
8 Auxiliary Registers .
- PORTS
8 level KW Stack
2 Stalus Repeat Count 16X16 inpuls
Regssters | uction fleg 16X 16 Outputs

TMS320C25/E25 Block Diagram

-14 -

Al
3 ROM BLOCK | PROGRAM
] 0 CACnE
3 4KX3I2 s | B4X32 bits
: N AR
PMA
Integers Integer’ Address
Floating Point | Figating Point
Mutipher ALY Oo.aoi—o_ﬁ
Control
8 Extended Precision Regislers
Regislars
Adad ! Add poli o el
ress ) ress PERI ALS: .
Generaic: & _. Genarator * Rk v:m:»
Senal Pen 0
& Auxmiary Registers
Serna! Pont
12 Conirol Registers
Tumer O
Timet 1

TMS320C30 Block Diagram
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Define Target
Hardware
(Systam Bulider)

% (Optionaliy)

C Language
Modules

.
llllllllllllllllllll

LINK

SIMULATE

Repent As Necessary

-

EMULATE
PROM SPLIT
Repeat As Necessary
Bum PROMS
. tqo_o:“uo Test 1\

v

ADSP-2101 System Devefopment Flow
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Incluce Flle(s)

C Saurce Code File
()

if —p switch
used, bypass
preprocessor

(Normally deleted)

C COMPILER

_ ASSEMBLER -

The Assembler List tile (.LST) will
contain C source in comment lines
# an interlist merge lite was requested.
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—crom
~Dmacro[=exp]
—dmo

—-dsppa

-

—gpm

-help
~I=path

~Ipm
-lrom
-m
-noopt
-P

-pmstack
~PP

-W

: C Compiler

Action

Save preprocessor output file (.P0)
Save compiler output file (.DSP)

Do not invoke assembler

Specify absolute address for module

Specify boot page(s) destination

Code module placed in ROM
Define a macro
Modify —gpm switch action

Invoke assembler’s C preprocessor
Call floating-point emulation routines

Force all global variables into
program memory (PM)

Display list of switches
Specify a unique search path for #includes

String literals & switch tables in PM
String literals & switch tables in ROM
Produce a merged listing file
Optimizing features disabled

Invoke compiler without preprocessor

Stack placed in PM
Invoke preprocessor without compiler

Suppress warning messages

* Do not use the -b switch with the ADSP-2100

Table 2.1 Compiler Switches

...NO —_

Default

Delete .PO file

Delete .DSP file
Assembler invoked
Location determined by
linker

No boot page information
generated in assembly
module

Code module in RAM

No such definition

—gpm switch forces all
globals into PM, despite
initial declaration
Assembler invoked witho
its C preprocessor
Floating-point routines
placed as inline code
Globals placed in data
memory (DM), or as specii
in initial declaration
Compile program

Only current directory &
ADII path is searched
Placement in DM
Placement in RAM

No merged listing file
Optimizing features enabl
Preprocessor and compiler
invoked

Stack placed in DM
Preprocessor and compiler
invoked

Display warning messages
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PMDMBM

Memory image
File (.EXE)

[
Fite (SYM)

Linker 110
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Memory
Image File
(.EXE)

PROM SPLITTER

Output may be any one of:

=ui, -us, —us2

—pm swilch, —dm switch, ui:n:ﬂu..
3 usable files: 2 usable files: byte-stream file:

Output

PROM Splitter /0

Five command line switches are used with the PROM splitter, one
required and four optional:

switch possible fornis

Memory space —pm, -dm, ~bm required

PROM file format =S, -1, -us, —us2, ~ui  optional: defaults to —s
Boot page size -bs pagesize optional: default=2K
Boot page boundaries -bb boundary optional: default=2K
Boot loader -loader optional

The memory space and PROM file format switches are defined as follows:

-pm program memory
—~dm -data memory
-bm boot memory not used in ADSP-2100 systems

lm goﬁou.o_mm_,mnoa .%\n::
~i Intel Hex record _

—us  Motorola 5 record byte-stream  used with —pm or —dm only
=us2 Motorola 52 record byte-stream  used with —pm or -dm only

-ui  Intel Hex record byte-stream used with —pm or -dm only

~24-~
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Block Diagram o
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FIGURE 1

Pin Description

Symbol
VBB

GNDA

Vee

FSg

Or

Function -

Negative power supply pin. Vgg = —5V
+5%.

Analog ground. All signals are referenced
to this pin.

Analog output of the receive power ampli-
fier.

Positive power supply pin. Voo = +5V
+5%.

Receive frame sync puise which enables
BCLKR to shift PCM data into Dp. FSp is
an 8 kMz pulse train. See Figures 2and 3
for timing details.

Receive data input. PCM data is shifted
into Dy following the FSp leading edge.

BCLKR/CLKSEL The bit clock which shifts data into Dg at-

MCLKr/PDN

ter the FSg leading edge. May vary from
64 XHz to 2.048 MHz. Altematively, may
be a logic input which selects either 1.536
MHz/1.544 MHZ or 2.048 MHz for master
clock in synchronous mode and BCLKy is
used for both transmit and receive direc-
tions (see Table 1).

Receive master clock. Must be 1.536
MHz, 1.544 MHz or 2.048 MHz. May be
asynchronous with MCLKy, but should be
synchronous with MCLKy for best per-
formance. When MCLKg & connected
continuously fow, MCLKy is selected for
all intemal timing. When MCLKg is con-
nected continuously high, the device is
powered down.

Symbol
SFR

SIGR

SiGy

SFy

MCLKy

FSy

BCLKy

TSx
GSy
VFxl—

Vit

! Ml M
TL/H/8510-2

. Function
When high during FSg, this input indicates
a raceive signal frame.
The eighth bit of the PCM data appears at
this output after each receive signalling
frame.
Signal data input. Data at this input is in-
serted into the 8th bit of the PCM word
during transmit signaling fraines.
Whan high during FSx, this input indicates
a transmit signaling frame.
Transmit master clock. Must be 1.536
MHz, 1.544 MHz or 2.048 MHz. May be
asynchronous with MCLKR. Best perform-
ance is realized from synchronous opera-
tion.
Transmit frame syne pulse input which en-
ables BCLKy 1o shift out the PCM dala on
Dy. FSy is an 8 kHz puise train, see Fig-
ures 2 and 3 for timing details.
The bit clock which shifts out the PCM
data on Dy. May vary from 64 kHz to
2.048 MHz, but must be synchronous with
MCLKx.
The TRI-STATE® PCM data output which
is enabled by FSy.
Open drain output which pulses low during
the encoder time siot.
Analog output of the transmit input amplifi-
er. Used to externally set gain.
fnverting input of the transmit input ampliti-
er.
Non-inverting input of the transmit inpul
amplifier.
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Functional Description (continued)
Signaling for the TP3052 is accomplished by applying a
frame sync pulse two bit clock periods long, as shown in
Figure 2. With FSy two bit clock periods long, the data pres-
oau.wﬁxwgia_uogin-ugrmwmaaivn!
data transmitted during that frame. With FSq two bit clock
periods long, the LSB of the PCM data read into the Dp
input will be laiched and appear on the SiGp output pin until
updated following the next signaling frame. The decoder will
then interpret the lost LSB as 14" to minimize noise and
distortion. This short frame signaling may also be imple-
mented using the TP3053, providing SFp and SFx are left
open circuit or tied low. The TP3052 is not capable of insert-
ing or extracting signaling information in the tong frame
mode. °

Signaling for the TP3053 may be accomplished in either
short or ong frame sync mode. The short mode signaling is
the same as the TP3052. For long frame signaling, two addi-
tional frame sync puises are required, SFy and SFg, which
indicate transmit and receive signaling frames, respectively.
Wwith an SFy signaling frame sync, the data present at the
SiGy input will be inserted as the LSB in the PCM data
transmitted during that frame. With an SFp signaling frame
sync, the LSB of the PCM data at Og will be latched and
appear on the SIGg output pin until the next signaling frame.
The decoder wifl also do the “V4" step interpretation o
compensate for the loss of the L.SB.

‘b TAANSMIT SECTION
- The transmit-section input is an operational amplitier with

provision for gain adjustment using two external resistors,

i  see Figure 4. The low noise and wide bandwidth allow gains

in excess of 20 dB across the audio passband to pe real-

. ized. The op amp drives a unity-gain filter consisting of AC

active pre-filter, followed by an sighth order switched-ca-

pacitor bandpass filter clocked at 256 kHz. The output of
this fiter directly drives tha encoder sample-and-hold circuit.
The A/D is of companding type according to u-law
(TP3052, TP3053, TP3054) or A-dsw (TP3057) coding con-
ventions. A precision voltage reference is trimmed in manu-
facturing to provide an input overioad (tuaax) of nominalty
2.5V peak (see table of Transmission Characteristics). The
_"mxg&:n!...oooo:qotcliiso.&o«g.
put, and then the successive-approsimation encoding cycle
uon!a.;oo.gooa-rg.o&ﬂ!s-ac:!!&az?
&oﬁgcx-.nigﬂmx?!.i.oﬁ..:oo&:c
delay will be approximately 165 us (due to the transmit fil-
i_g.nuta.&osgg.é-oiunoo
E.Zﬂ%%ﬂiﬁnﬂi!«ﬁoo:ﬁ-iﬁw
cancelied by sign bit integration.

RECEIVE SECTION

The receive section consists of an expanding DAC which
dives a filth order switched-capacitor low pass filter
clocked at 256 kHz. The decoder is A-law (TP3057) or
p-law (TP3052, TP3053, TP3054) and the 5th order low
pass filter comects for the sin x/x attenuation due to the B
kHz sampie/hold. The filter is then followed by a 2nd order
RC active post-fiter/power amplifer capable of driving a
8001} load 1o a level of 7.2 dBm. The receive section is
unity-gain. Upon the occurrence of FSg, the data at the Dr
input is clocked in on the falfing edge o! the next eight
BCLKg (BCLKx} periods. At the end of the decoder time
slot, the decoding cycle begins, and 10 us later the decoder
DAC ovilput is updated. The totai decoder delay is ~ 10 ps
(decoder update) plus 110 us (filter delay) plus 62.5 ps ('3
frame), which gives approximatety 180 us.
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