
DSP56300 Family Manual
24-Bit Digital Signal Processors

DSP56300FM
Rev. 5, April 2005



 to 
 
n 

 

Information in this document is provided solely to enable system and software implementers
use Freescale Semiconductor products. There are no express or implied copyright licenses
granted hereunder to design or fabricate any integrated circuits or integrated circuits based o
the information in this document.

Freescale Semiconductor reserves the right to make changes without further notice to any 
products herein. Freescale Semiconductor makes no warranty, representation or guarantee
regarding the suitability of its products for any particular purpose, nor does Freescale 

How to Reach Us:
Home Page:
www.freescale.com

E-mail:
support@freescale.com

USA/Europe or Locations not listed:
Document Order Number: DSP56300FM
Rev. 5
4/2005

Semiconductor assume any liability arising out of the application or use of any product or 
circuit, and specifically disclaims any and all liability, including without limitation consequential 
or incidental damages. “Typical” parameters which may be provided in Freescale 
Semiconductor data sheets and/or specifications can and do vary in different applications and 
actual performance may vary over time. All operating parameters, including “Typicals” must be 
validated for each customer application by customer’s technical experts. Freescale 
Semiconductor does not convey any license under its patent rights nor the rights of others. 
Freescale Semiconductor products are not designed, intended, or authorized for use as 
components in systems intended for surgical implant into the body, or other applications 
intended to support or sustain life, or for any other application in which the failure of the 
Freescale Semiconductor product could create a situation where personal injury or death may 
occur. Should Buyer purchase or use Freescale Semiconductor products for any such 
unintended or unauthorized application, Buyer shall indemnify and hold Freescale 
Semiconductor and its officers, employees, subsidiaries, affiliates, and distributors harmless 
against all claims, costs, damages, and expenses, and reasonable attorney fees arising out of, 
directly or indirectly, any claim of personal injury or death associated with such unintended or 
unauthorized use, even if such claim alleges that Freescale Semiconductor was negligent 
regarding the design or manufacture of the part.

Freescale™ and the Freescale logo are trademarks of Freescale Semiconductor, Inc. All other 
product or service names are the property of their respective owners.

 
© Freescale Semiconductor, Inc. 1996, 2005.

Freescale Semiconductor 
Technical Information Center, CH370
1300 N. Alma School Road
Chandler, Arizona 85224
+1-800-521-6274 or +1-480-768-2130
support@freescale.com

Europe, Middle East, and Africa:
Freescale Halbleiter Deutschland GMBH
Technical Information Center
Schatzbogen 7
81829 München, Germany
+44 1296 380 456 (English)
+46 8 52200080 (English)
+49 89 92103 559 (German)
+33 1 69 35 48 48 (French)
support@freescale.com

Japan:
Freescale Semiconductor Japan Ltd. 
Headquarters
ARCO Tower 15F
1-8-1, Shimo-Meguro, Meguro-ku,
Tokyo 153-0064, Japan
0120 191014 or +81 3 5437 9125
support.japan@freescale.com

Asia/Pacific:
Freescale Semiconductor Hong Kong Ltd.
Technical Information Center
2 Dai King Street
Tai Po Industrial Estate
Tai Po, N.T. Hong Kong
+800 2666 8080

For Literature Requests Only:
Freescale Semiconductor Literature Distribution Center
P.O. Box 5405
Denver, Colorado 80217
1-800-441-2447 or 303-675-2140
Fax: 303-675-2150
LDCForFreescaleSemiconductor@hibbertgroup.com



1

2

3

4

5

6

7

8

9

10

11

12

13

Introduction

Core Architecture Overview

Data Arithmetic Logic Unit

Address Generation Unit

Program Control Unit

PLL and Clock Generator

Debugging Support

Instruction Cache

External Memory Interface (Port A)

DMA Controller

Operating Modes and Memory Spaces

Guide to the Instruction Set

Instruction Set 13Instruction Set 13Instruction Set

AInstruction Timing and Restrictions

BBenchmark Programs

CFrom CDR Process to HiP Process

INDEXIndex



1

2

3

4

5

6

7

8

9

10

11

12

13

Introduction

Core Architecture Overview

Data Arithmetic Logic Unit

Address Generation Unit

Program Control Unit

PLL and Clock Generator

Debugging Support

Instruction Cache

External Memory Interface (Port A)

DMA Controller

Operating Modes and Memory Spaces

Guide to the Instruction Set

Instruction Set13 Instruction Set13 Instruction Set

A Instruction Timing and Restrictions

B Benchmark Programs

C From CDR Process to HiP Process

INDEX Index



 . 1-
. .

.
. . . 1-6
 .
 
 .

 . 1

 . . . 2-6

. . 2-11

. . 3-1
. 3
 . 3-3
Contents

1 Introduction
1.1 Core Overview  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1-2
1.1.1 Data Arithmetic Logic Unit (Data ALU). . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .2
1.1.2 Address Generation Unit (AGU) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 1-3
1.2 Program Control Unit (PCU)  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1-4
1.3 Instruction Cache  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1-4
1.4 Port A External Memory Interface . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . 1-5
1.5 Phase Locked Loop (PLL) and Clock Generator . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
1.6 Hardware Debugging Support  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1-6
1.7 Direct Memory Access (DMA). . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . 1-7
1.8 Introduction to Digital Signal Processing . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1-7
1.9 Summary of Features  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1-10
1.10 Manual Organization. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1-11
1.11 Manual Conventions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1-13
1.12 Manual Revision History for Revision 4  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .-14

2 Core Architecture Overview
2.1 Core Buses  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2-2
2.2 Core Processing. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2-3
2.3 Processing States. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2-4
2.3.1 Normal Processing State . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2-5
2.3.2 Exception Processing State (Interrupt Processing) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
2.3.2.1 Hardware Interrupt Source . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2-7
2.3.2.2 Software Interrupt Sources . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2-8
2.3.2.3 Interrupt Priority Structure . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2-9
2.3.2.4 Instructions Preceding the Interrupt Instruction Fetch . . . . . . . . . . . . . . . . . . . . . . . . . . . 
2.3.2.5 Interrupt Types . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2-12
2.3.2.6 Interrupt Arbitration . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2-12
2.3.2.7 Interrupt Instruction Fetch . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2-13
2.3.2.8 Interrupt Instruction Execution. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2-13
2.3.3 Reset Processing State . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2-15
2.3.4 Wait Processing State  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2-16
2.3.5 Stop Processing State. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2-16
2.3.6 Debug State . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2-17

3  Data Arithmetic Logic Unit
3.1 Data ALU Architecture. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3-1
3.1.1 Data ALU Input Registers (X1, X0, Y1, Y0)  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
3.1.2 Multiplier-Accumulator (MAC) Unit  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . -2
3.1.3 Data ALU Accumulator Registers (A2, A1, A0, B2, B1, B0)  . . . . . . . . . . . . . . . . . . . . . . . .
DSP56300 Family Manual, Rev. 5

Freescale Semiconductor v



Contents

 . .

. . .

 .
 . 3
 .
 . 3

. 3-14

. . 3-14

. . 3-16

 .

. 4-
 . 4-10
. 4-10
4-11
3.1.4 Accumulator Shifter. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3-4
3.1.5 Bit Field Unit (BFU) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3-4
3.1.6 Data Shifter/Limiter. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3-4
3.1.6.1 Scaling  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3-5
3.1.6.2 Limiting  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3-5
3.2 Data ALU Arithmetic and Rounding  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .3-6
3.2.1 Data Representation. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3-6
3.2.2 Rounding Modes . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3-7
3.2.2.1 Convergent Rounding. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3-7
3.2.2.2 Two’s Complement Rounding . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3-8
3.2.3 Arithmetic Saturation Mode  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3-9
3.2.4 Multi-Precision Arithmetic Support  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .3-10
3.2.4.1 Double-Precision Multiply Mode. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .-12
3.2.5 Block Floating-Point FFT Support  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .3-13
3.3 Data ALU Programming Model . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .-13
3.4 Sixteen-Bit Arithmetic Mode . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3-14
3.4.1 Moves in Sixteen-Bit Arithmetic Mode  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
3.4.1.1 Moves into Registers or Accumulators  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
3.4.1.2 Moves from Registers or Accumulators. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
3.4.1.3 Short Immediate moves . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3-17
3.4.1.4 Scaling and Limiting  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3-17
3.4.2 Sixteen-Bit Arithmetic. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3-18
3.5 Pipeline Conflicts . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3-19
3.5.1 Arithmetic Stall . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3-19
3.5.2 Status Stall . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3-19
3.5.2.1 Transfer Stall  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3-20

4 Address Generation Unit
4.1 AGU Architecture . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4-1
4.2 Sixteen-Bit Compatibility Mode. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4-3
4.3 Programming Model . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4-4
4.3.1 Address Register Files . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4-4
4.3.2 Stack Extension Pointer . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4-4
4.3.3 Offset Register Files  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4-5
4.3.4  Modifier Register Files . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4-5
4.4  Addressing Modes . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4-5
4.4.1 Register Direct Modes . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4-6
4.4.2 Address Register Indirect Modes. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4-7
4.4.3 PC-Relative Modes  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4-8
4.4.4 Special Address Modes . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4-8
4.5 Address Modifier Types . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4-9
4.5.1 Linear Modifier (Mn = $XXFFFF) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10
4.5.2  Reverse-Carry Modifier (Mn = $000000)  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
4.5.3 Modulo Modifier (Mn = Modulus – 1) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
4.5.4  Multiple Wrap-Around Modulo Modifier  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

5 Program Control Unit
5.1 Overview. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5-1
5.2 PCU Hardware Architecture . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5-2
DSP56300 Family Manual, Rev. 5

vi Freescale Semiconductor



Contents

 . 

 . . 5-16

 

 . . 5-20
 . 
.

. . 5-21

. . . . 6-2
 . 

. . 6-4

. . 6-4
 . . 6-4

 . 6-5
 . . 6-5
. . . 6-6

. . 6-1

. . . 7-

. . 7-6

. . 7-8
5.3 Instruction Pipeline . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5-3
5.4 PCU Programming Model  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5-4
5.4.1 Configuration and Status Registers . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . 5-5
5.4.1.1 Operating Mode Register . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5-5
5.4.1.2 Status Register (SR) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5-10
5.4.2 Stack and Stack Extension. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5-16
5.4.3 System Stack Configuration and Operation Registers. . . . . . . . . . . . . . . . . . . . . . . . . . . . .
5.4.3.1 Stack Pointer (SP) Register  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5-18
5.4.3.2 Stack Counter (SC) Register  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . 5-19
5.4.3.3 Stack Size (SZ) Register. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5-20
5.4.4 Program, Loop, and Exception Processing Control. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
5.4.4.1 Program Counter (PC) Register . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 5-20
5.4.4.2 Loop Address (LA) Register  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 5-20
5.4.4.3 Loop Counter (LC) Register. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5-21
5.4.4.4 Vector Base Address (VBA) Register . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

6 PLL and Clock Generator
6.1 PLL and Clock Signals . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-2
6.2 PLL Block . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-2
6.2.1 Frequency Predivider. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-2
6.2.2 Phase Detector and Charge Pump Loop Filter  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
6.2.3 Voltage Controlled Oscillator (VCO) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 6-3
6.2.3.1 Divide by 2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-3
6.2.3.2 Frequency Divider  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-3
6.2.3.3 PLL Control Elements . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-4
6.2.3.3.1 Clock Input Division . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
6.2.3.3.2 Frequency Multiplication. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
6.2.3.3.3 Skew Elimination. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
6.2.3.4 Clock Generator . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-4
6.2.3.4.1 Low-Power Divider (LPD)  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
6.2.3.4.2 Internal and External Clock Pulse Generator. . . . . . . . . . . . . . . . . . . . . . . . . .
6.2.3.4.3 Operating Frequency . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
6.3 PLL Programming Model . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-6
6.4 Clock Synchronization . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-10
6.5 Design Guidelines for Ripple and PCAP . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0

7 Debugging Support
7.1 JTAG Test Access Port . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7-2
7.1.1 Boundary Scan Architecture Overview . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2
7.1.2 TAP Controller  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7-3
7.1.3 Boundary Scan Register  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7-3
7.1.4 Instruction Register . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7-3
7.1.4.1 EXTEST (B[3–0] = 0000)  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7-6
7.1.4.2 SAMPLE/PRELOAD (B[3–0] = 0001) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
7.1.4.3 IDCODE (B[3–0] = 0010) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7-7
7.1.4.4 CLAMP (B[3–0] = 0011) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7-8
7.1.4.5 HI-Z (B[3–0] = 0100). . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7-8
7.1.4.6 ENABLE_ONCE(B[3–0] = 0110) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
DSP56300 Family Manual, Rev. 5

Freescale Semiconductor vii



Contents

 . . 7-8

 . 

 . . 7-12
.
 . . 7-14
 . 7-1
 . 7-18

. . 7-

 . . 7-24
 . 7-26
 . . 7-26
. . 7-

.
. 7-28
 . 7-29
 . 7-29
. . 7-3

 

. . . 8-4
. . . 8-4

. . .

. . 

 . . 8-8
 . . .
7.1.4.7 DEBUG_REQUEST(B[3–0] = 0111)  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
7.1.4.8 BYPASS (B[3–0] = 1111) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7-9
7.1.5 DSP56300 JTAG Restrictions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . 7-9
7.2 OnCE Module . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7-10
7.2.1 OnCE Controller  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7-11
7.2.1.1 OnCE Command Register (OCR)  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
7.2.1.2 OnCE Decoder (ODEC) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 7-14
7.2.1.3 OnCE Status and Control Register (OSCR). . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
7.2.2 OnCE Memory Breakpoint Logic . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .5
7.2.2.1 OnCE Memory Breakpoint Counter (OMBC) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
7.2.3 Cache Support . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7-18
7.2.3.1 OnCE Trace Logic . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7-20
7.2.4 Methods of Entering Debug Mode  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 21
7.2.5 Trace Buffer. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7-23
7.2.6 OnCE Commands and Serial Protocol  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
7.2.7 OnCE Module Examples . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
7.2.7.1 Checking Whether the Chip Has Entered Debug Mode. . . . . . . . . . . . . . . . . . . . . . . . . .
7.2.7.2 Polling the JTAG Instruction Register . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 26
7.2.7.3 Saving Pipeline Information. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7-26
7.2.7.4 Reading the Trace Buffer . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7-27
7.2.7.5 Displaying a Specified Register . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 7-28
7.2.7.6 Displaying X Memory Area Starting at Address $xxxxxx  . . . . . . . . . . . . . . . . . . . . . . . . 
7.2.7.7 Returning From Debug Mode to Normal Mode to Current Program. . . . . . . . . . . . . . . . .
7.2.7.8 Returning from Debug Mode to Normal Mode to a New Program . . . . . . . . . . . . . . . . . .
7.3 Examples of JTAG-OnCE Interaction  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0
7.3.1 Address Trace Mode . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7-32

8 Instruction Cache
8.1 Instruction Cache Architecture . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8-1
8.2 Cache Programming Model  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . 8-3
8.2.1 Cache Operation  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8-4
8.2.1.1 Program Fetch  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8-4
8.2.1.2 Cache Hit  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8-4
8.2.1.3 Cache Word Miss When Burst Mode Is Disabled . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
8.2.1.4 Cache Word Miss When Burst Mode Is Enabled. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
8.2.1.5 Sector Miss . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8-5
8.2.2 Default Mode After Hardware Reset . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8-5
8.3 Cache Locking  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8-5
8.4 Cache Unlocking. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8-6
8.5 Flushing the Cache . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8-6
8.6 Data Transfers to/from Instruction Cache. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8-7
8.6.1 DMA Transfers . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8-7
8.6.2 Software-Controlled Transfers  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8-7
8.7 Using the Instruction Cache in Real-Time Applications  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
8.8 Debugging Instruction Cache Operation. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .8-9

9 External Memory Interface (Port A)
9.1 Signal Description. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9-1
9.2 Port Operation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9-5
DSP56300 Family Manual, Rev. 5

viii Freescale Semiconductor



Contents

.

. .

 

 .

 . 9-14

 . 9-15

 . . 10-4
 . .

. . 10-5
 . . 10-6

. .
. . 10-7
 . 10-8

. . 10-8

. 10-9
. . 10-9
 . 10-9

10-10
10-11
10-12

10-13
10-14
10-14
10-20
9.2.1 External Memory Addressing . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . 9-5
9.2.2 SRAM Support  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9-6
9.2.3 DRAM Support . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9-8
9.2.3.1 DRAM In-Page Access  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9-10
9.2.3.2 DRAM Out-of-Page Access . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9-10
9.3 Port A Disable. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9-10
9.4 Bus Handshake and Arbitration  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . 9-11
9.5 Bus Arbitration Signals. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9-11
9.5.1 The Arbitration Protocol  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9-11
9.5.2 Arbitration Scheme . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9-13
9.5.3 Bus Arbitration Example Cases. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9-13
9.5.3.1 Case 1, Normal . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9-13
9.5.3.2 Case 2, Bus Busy . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9-13
9.5.3.3 Case 3, Low Priority. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9-14
9.5.3.4 Case 4, Default . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9-14
9.5.3.5 Case 5, Bus Lock during Read-Modify-Write Instructions . . . . . . . . . . . . . . . . . . . . . . . .
9.5.3.6 Case 6, Bus Parking . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9-14
9.6 Port A Control . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9-15
9.6.1 Address Attribute Registers (AAR[0–3])  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
9.6.2 Bus Control Register . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9-19
9.6.3 DRAM Control Register . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9-21

10 DMA Controller
10.1 DMA Operational Overview. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10-3
10.1.1 Basic Address Modes  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10-3
10.1.2 Special Address Modes . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10-4
10.1.3 Unmatched Source and Destination Dimensions  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
10.1.4 DMA Triggers (Request Sources) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .10-4
10.1.5 Transfer Mode . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10-5
10.2 Timing (Core Clock Cycles) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10-5
10.2.1 Non-Overlap Between DMA Channels . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
10.2.2 Overlap between DMA Channel and Core . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
10.3 Channel Priority  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10-6
10.3.1 Priority Between DMA Channels  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10-6
10.3.2 Priority Between a DMA Channel and the Core . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
10.4 Special Uses of DMA With the Bus Interface Unit  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
10.4.1 Byte Packing  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10-8
10.4.1.1 DRAM In-Page Accesses using DMA . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
10.4.1.2 End-of-Block-Transfer Interrupt  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10-8
10.5 DMA Controller Programming Model . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
10.5.1 DMA Source Address Registers (DSR[0–5]) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
10.5.2 DMA Destination Address Registers (DDR[5–0]) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
10.5.3 DMA Counters (DCO[5–0]) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10-9
10.5.3.1 DMA Counter Mode A—Single Counter. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
10.5.3.2 DMA Counter Mode B—Dual Counter . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
10.5.3.3 Circular Buffer (Length Less Than or Equal to 4096 Words) . . . . . . . . . . . . . . . . . . . . . .
10.5.3.3.1 DMA Counter Modes C, D and E—Triple Counter  . . . . . . . . . . . . . . . . . . . . 
10.5.3.4 Circular Buffer (Length Greater Than 4096 Words) . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
10.5.3.5 DMA Control Registers (DCR[5–0]) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
10.5.3.5.1 Non-3D Addressing Modes (D3D = 0) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
DSP56300 Family Manual, Rev. 5

Freescale Semiconductor ix



Contents

 10-21
10-23
. 1

. . 11-2

 . 11-4
. . 11-4

 . 11-5
. . 11-5

. . . 11-
 

. 

. 1

. 12-18
. 12-25
10.5.3.5.2 3D Modes (D3D = 1) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
10.5.3.6 DMA Offset Registers (DOR[3–0]) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
10.5.3.7 DMA Status Register (DSTR) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0-23
10.6 DMA Restrictions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10-25

11 Operating Modes and Memory Spaces
11.1 DSP56300 Family Core Memory Map . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
11.1.1 X Data Memory Space. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11-3
11.1.2 Internal X I/O Space  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11-3
11.1.3 Switchable Internal or External X I/O Memory  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
11.1.3.1 Reserved Space for X ROM or RAM. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
11.1.3.2 External X Data Memory . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11-5
11.1.3.3 Internal X Memory . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11-5
11.1.4 Y Data Memory Space. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11-5
11.1.4.1 Internal/External Y I/O Space  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11-5
11.1.4.2 Switchable Internal or External Y I/O Memory . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
11.1.4.3 Reserved Space for Y ROM or RAM. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
11.1.4.4 External Y Data Memory . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11-6
11.1.4.5 Internal Y Memory . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11-6
11.1.5 Program Memory. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11-6
11.1.5.1 Bootstrap ROM Space . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11-6
11.1.5.2 Reserved Space for Program ROM  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6
11.1.5.3 External Program Memory . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . 11-7
11.1.5.4 Internal Program Memory  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11-7
11.1.5.5 Internal Instruction Cache RAM  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11-7
11.2 Sixteen-Bit Compatibility Mode. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11-7
11.3 Memory Switch Mode  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11-8

12 Guide to the Instruction Set
12.1 Instruction Formats and Syntax  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12-1
12.2 Operand Lengths . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12-3
12.2.1 Data ALU Registers. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12-4
12.2.2 AGU Registers. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12-5
12.2.3 Program Control Registers  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12-5
12.2.4 Data Organization in Memory . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12-6
12.3 Instruction Groups. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12-6
12.3.1 Arithmetic Instructions  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12-7
12.3.2 Logical Instructions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12-8
12.3.3 Bit Manipulation Instructions  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12-9
12.3.4 Loop Instructions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12-10
12.3.5 Move Instructions  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12-10
12.3.6 Program Control Instructions  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12-11
12.3.7 Instruction Cache Control Instructions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2-12
12.4 Guide to Instruction Descriptions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12-13
12.4.1 Notation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12-13
12.4.2 Condition Code Computation  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12-17
12.5 Instruction Partial Encoding . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12-18
12.5.1 Partial Encodings for Use in Instruction Encoding . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
12.5.2 Parallel Instruction Encoding of the Operation Code . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
DSP56300 Family Manual, Rev. 5

x Freescale Semiconductor



Contents

12-

.

. A-14

. A-20

 . 

 A
.

A-25

. .B
 .B-6
12.5.2.1 Multiply Instruction Encoding . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12-25
12.5.2.2 Non-Multiply Instruction Encoding . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .25

13 Instruction Set

A Instruction Timing and Restrictions
A.1 Overview. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . A-1
A.2 Instruction Sequence Delays. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . A-8
A.2.1 External Bus Wait States . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . A-9
A.2.2 Instruction Fetch Delays  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . A-9
A.2.3 Data ALU Interlock . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . A-9
A.2.4 Address Register Interlocks . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . A-9
A.2.5 Stack Extension Delays . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . A-11
A.2.6 Program Flow Control Delays . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  A-12
A.2.6.1 JMP to LA or to LA – 1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . A-13
A.2.6.2 RTI to LA or to LA – 1  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . A-13
A.2.6.3 Conditional Instructions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . A-13
A.2.6.4 Interrupt Abort . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . A-13
A.2.6.5 Degenerated DO loop . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . A-13
A.2.6.6 Annulled REP and DO . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . A-13
A.3 Instruction Sequence Restrictions. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . A-14
A.3.1 Restrictions Near the End of DO Loops  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
A.3.2 General DO Restrictions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . A-16
A.3.3 ENDDO Restrictions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . A-20
A.3.4 BRKcc Restrictions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . A-20
A.3.5 RTI and RTS Restrictions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . A-20
A.3.6 SP/SC and SSH/SSL Manipulation Restrictions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
A.3.7 Fast Interrupt Routines  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . A-21
A.3.8 REP Restrictions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . A-21
A.3.9 Stack Extension Restrictions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . A-22
A.3.10 Stack Extension Enable Restrictions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .A-23
A.4 Peripheral Pipeline Restrictions  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . A-23
A.4.1 Polling a Peripheral Device for Write . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .-24
A.4.2 Writing to a Read-Only Register . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  A-24
A.4.3 XY Memory Data Move  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . A-24
A.5 Sixteen-Bit Compatibility Mode Restrictions. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

B Benchmark Programs
B.1 Real Multiply  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .B-2
B.2 N Real Multiplies  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .B-3
B.3 Real Update. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .B-4
B.4 N Real Updates . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .B-4
B.5 Real Correlation or Convolution (FIR Filter) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . -5
B.6 Real * Complex Correlation or Convolution (FIR Filter). . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
B.7 Complex Multiply . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .B-7
B.8 N Complex Multiplies. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .B-8
B.9 Complex Update . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .B-9
B.10 N Complex Updates  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .B-10
DSP56300 Family Manual, Rev. 5

Freescale Semiconductor xi



Contents

.B-12

.

B-16

-29
B-30
 .

. . .B
B.11 Complex Correlation or Convolution (FIR Filter)  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
B.12 Nth Order Power Series (Real) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .B-13
B.13 Second Order Real Biquad IIR Filter . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  .B-14
B.14 N Cascaded Real Biquad IIR Filter. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .B-15
B.15 N Radix-2 FFT Butterflies (DIT, In-Place Algorithm). . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
B.16 True (Exact) LMS Adaptive Filter . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .B-18
B.17 Delayed LMS Adaptive Filter. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .B-20
B.18 FIR Lattice Filter. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .B-22
B.19 All Pole IIR Lattice Filter . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .B-23
B.20 General Lattice Filter  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .B-25
B.21 Normalized Lattice Filter  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .B-27
B.22 [1 × 3][3 × 3] Matrix Multiplication . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .B
B.23 N Point 3 × 3 2-D FIR Convolution . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
B.24 Viterbi Add-Compare-Select (ACS). . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .B-32
B.25 Parsing a Data Stream. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .B-36
B.26 Creating a Data Stream . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .B-38
B.27 Parsing a Hoffman Code Data Stream  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . -40

C From CDR Process to HiP Process
C.1 Voltage  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .C-2
C.2 Operating Frequency. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .C-2
C.3 Port A Timings . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .C-2
C.4 Memory Block Size  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .C-3

Index
DSP56300 Family Manual, Rev. 5

xii Freescale Semiconductor



 
. A 

OM), 
ipheral 
tion to 

ip 
nt of the 
m 

ns, 
Introduction 1
The Freescale DSP56300 family of digital signal processors uses a programmable, 24-bit,
fixed-point core. This core is a high-performance, single-clock-cycle-per-instruction engine
variety of standard peripherals can be added around the DSP56300 family core (see Figure 1-1), 
such as serial ports, parallel ports, timers, different memory configurations (RAM and/or R
special-purpose coprocessors, and General-Purpose Input/Output (GPIO) ports. Each per
interfaces to the DSP56300 core through a standard peripheral bus, allowing easy connec
standard or custom peripherals.

Figure 1-1.  DSP56300 Family-Based DSP

The combination of powerful instruction set, multiple internal buses, DMA channels, on-ch
program and data memories, external buses, standard peripherals, and power manageme
DSP56300 family make it an excellent solution for wireless or wireline DSP applications fro
individual subscriber to infrastructure, as well as multimedia and high-end audio applicatio
including video conferencing.
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1.1 Core Overview
� One Million Instructions Per Second (MIPS) per MHz of operating speed
� Object code compatible with the DSP56000 core
� Highly parallel instruction set
� Data Arithmetic Logic Unit (Data ALU)
� Address Generation Unit (AGU)
� Program Control Unit (PCU)
� On-chip instruction cache controller
� External memory interface (Port A)
� Phase Locked Loop (PLL) 
� Hardware debugging support (JTAG TAP, OnCETM module, and Address Trace Mode)
� Six-channel Direct Memory Access (DMA) controller
� Reduced power dissipation

— Very low power CMOS design
— Wait and Stop low-power standby modes
— Fully-static logic

1.1.1   Data Arithmetic Logic Unit (Data ALU)

The Data ALU performs all the arithmetic and logical operations on data operands in the 
DSP56300 core. The components of the Data ALU are as follows:

� Fully pipelined 24 × 24-bit parallel Multiplier-Accumulator (MAC) unit
� Bit Field Unit, comprising a 56-bit parallel barrel shifter (fast shift and normalization;

stream generation and parsing)
� Conditional ALU instructions
� 24-bit or 16-bit arithmetic support under software control
� Four 24-bit input general purpose registers: X1, X0, Y1, and Y0
� Six Data ALU registers (A2, A1, A0, B2, B1, and B0) that are concatenated into two

general purpose 56-bit accumulators and accumulator shifters (A and B)
� Two data bus shifter/limiter circuits

The Data ALU registers can be read or written over the X Data Bus (XDB) and the Y Data
(YDB) as 24- or 48-bit operands. The source operands for the Data ALU, which can be 24,
56 bits, always originate from the Data ALU registers. The results of all Data ALU operation
stored in an accumulator. All Data ALU operations are performed in two clock cycles in pip
fashion so that a new instruction can be initiated in every clock, yielding an effective execu
rate of one instruction per clock cycle.
DSP56300 Family Manual, Rev. 5
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The MAC unit comprises the main arithmetic processing unit of the DSP56300 core and 
performs all of the calculations on data operands. For arithmetic instructions, the unit acce
many as three input operands and outputs one 56-bit result of the following form:

Extension:Most Significant Product:Least Significant Product (EXT:MSP:LSP)

The multiplier executes 24-bit × 24-bit, parallel fractional multiplies between two’s compleme
signed, unsigned, or mixed operands. The 48-bit product is right-justified and added to the
contents of either the A or B accumulator. A 56-bit result can be stored as a 24-bit operan
truncating or rounding the LSP into the MSP.

1.1.2   Address Generation Unit (AGU)

The Address Generation Unit (AGU) performs the effective address calculations for addre
data operands in memory and contains the integer arithmetic and registers used to genera
addresses. The AGU operates in parallel with the other core resource, and so minimizes 
address-generation overhead of instruction sequences. It implements four types of addres
arithmetic: 

� Linear
� Modulo
� Multiple wrap-around modulo
� Reverse-carry

These arithmetic types easily allow creation of data structures in memory for FIFOs (queu
delay lines, circular buffers, stacks, and bit-reversed FFT buffers. Data is manipulated by 
updating address registers (pointers) rather than moving large blocks of data. The content
address modifier register, Mn, define the type of arithmetic to be performed for addressing
calculations. For modulo arithmetic, the contents of Mn also specify the modulus. All addre
register indirect modes can be used with any address modifier. Each address register, Rn
associated modifier register, Mn. The following address modifier types are available.

� Linear addressing—Useful for general-purpose addressing
� Modulo addressing—Useful for creating circular buffers for FIFOs
� Multiple wrap-around modulo addressing—Useful for decimation, interpolation and 

waveform generation since the multiple wrap-around capability can be used for argu
reduction

� Reverse-carry (bit-reverse) addressing—Useful for 2k-point FFT addressing

The AGU is divided into halves, each with its own Address Arithmetic Logic Unit (Address
ALU), one to generate 24-bit addresses every cycle for the X space and one for the Y spac
Address ALU can update one address register from its respective address register file dur
instruction cycle. Each Address ALU has four sets of register triplets; each triplet is compo
an address register, an offset register, and a modifier register. The contents of the associa
DSP56300 Family Manual, Rev. 5
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modifier register specify the type of arithmetic to use in the address register update calcula
The modifier value is decoded in the Address ALU.

Each Address ALU contains a 24-bit full adder, which is an offset adder. A second full 
adder—which is a modulo adder—adds the summed result of the first full adder to a modu
value that is stored in its respective modifier register. A third full adder, which is a reverse-
adder, is also provided. The offset adder and the reverse-carry adder operate in parallel an
common inputs. The only difference between them is that the carry propagates in opposite
directions. The modifier value determines which of the three summed results of the full add
output. For details on the AGU, see Chapter 4, Address Generation Unit.

1.2 Program Control Unit (PCU)

The Program Control Unit (PCU) performs instruction fetch, instruction decoding, hardware
loop control, and exception processing. The PCU implements a seven-stage pipeline and c
the different processing states of the DSP56300 core. The PCU consists of three hardware

� Program Decode Controller (PDC): Decodes the 24-bit instruction loaded into the 
instruction latch and generates all necessary pipeline control signals

� Program Address Generator (PAG): Contains the hardware for program address 
generation, system stack, and loop control

� Program Interrupt Controller (PIC): Arbitrates among all interrupt requests (internal 
interrupts and the five external requests IRQA, IRQB, IRQC, IRQD, and NMI), and generates 
the appropriate interrupt vector address

PCU features include:

� Position independent code (PIC) support
� Addressing modes optimized for DSP applications (including immediate offsets)
� On-chip instruction cache controller
� On-chip memory-expandable hardware stack
� Nested hardware DO loops 
� Fast auto-return interrupts
� Program Address Trace mode support

1.3 Instruction Cache

The instruction cache functions as a buffer memory between external memory and the DS
processor. When code executes, the code words at the locations requested by the instruc
are copied into the instruction cache for direct access by the core processor. If the same c
used frequently in a set of program instructions, storage of these instructions in the cache
an increase in throughput, because external bus accesses are eliminated. In the DSP5630
DSP56300 Family Manual, Rev. 5
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instruction set are specific cache instructions that permit you to lock sectors of the cache a
flush the cache contents under software control. When enabled, the instruction cache has
24-bit words (1 K words) of instruction cache memory, with the following features:

� Software controlled Cache Enable (CE) bit in the Extended Mode Register (EMR) in
Status Register (SR)

� Instruction cache size of 1024 24-bit words
� Eight-way, fully associative instruction cache with sectored placement policy
� 1- to 4-word transfer granularity
� Least recently used (LRU) sector replacement algorithm
� Transparent operation (that is, no user management is required) 
� Individual sector locking/unlocking
� Global cache flush controlled by software
� Cache controller status observable via the JTAG/OnCE port 

For more information, refer to Chapter 8, Instruction Cache.

1.4 Port A External Memory Interface

Port A is an external memory interface for memory expansion or memory-mapped I/O. Its 
programmable nature supports a low part-count connection to fast or slow SRAMs, DRAM
devices, and multiple bus master systems. The Port A data bus is 24 bits wide with a sepa
address bus that is 24 bits wide in some DSP56300 processors and less than 24 bits in ot
External memory is divided into three possible 16 M × 24-bit spaces: X data, Y data, and 
program memory. Each or all spaces can be accessed to a given external memory under s
control. See the memory map in Chapter 11, Operating Modes and Memory Spaces for memory 
space that is not accessible over Port A. An internal wait state generator can be programm
statically insert up to 31 wait states for access to slower memory or I/O devices. A Transfe
Acknowledge (TA) signal allows an external device to dynamically control the number of wa
states inserted in a bus access operation. Bus arbitration signals allow an external device 
the bus while internal operations continue using internal memory. See the memory map in
device-specific user’s manual for memory space that is not accessible.

The Address Attribute (AA) lines operate as memory-mapped chip selects or as address li
external devices, depending upon the mode selected. Some DSP56300 chips have eighte
address lines. For these DSPs, if all four AA lines are used as address lines, the total addr
external memory per space (X data, Y data, and program) is 4 M × 24-bit. If all four AA lines are 
used, the memory must always be selected because no AA lines are available for chip sele
result, an external read or write outside the 4M range could still go to the external memory
(depending on the settings of the AA registers).
DSP56300 Family Manual, Rev. 5
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1.5 Phase Locked Loop (PLL) and Clock Generator 

The clock generator in the DSP56300 core is composed of two main blocks: 

� Phase Locked Loop (PLL): Clock-input division, frequency multiplication, and skew 
elimination

� Clock Generator (CLKGEN): Low-power division and clock pulse generation and chan
of low-power Divide Factor (DF) without loss of lock

The PLL allows the processor to operate at a high internal clock frequency using a low freq
clock input, a feature that offers two immediate benefits:

� A lower frequency clock input reduces the overall electromagnetic interference gene
by a system. 

� The ability to oscillate at different frequencies reduces costs by eliminating the need
add additional oscillators to a system.

1.6 Hardware Debugging Support

The DSP56300 core provides a dedicated user-accessible Test Access Port (TAP) based
IEEE 1149.1 Standard Test Access Port and Boundary Scan Architecture. Problems associated 
with testing high-density circuit boards have led to development of this standard under the
sponsorship of the Test Technology Committee of IEEE and the Joint Test Action Group 
(JTAG). The DSP56300 core implementation supports circuit-board test strategies based 
standard. The test logic includes a TAP consisting of four dedicated signal pins, a 16-state
controller, and three test data registers. A Boundary Scan Register (BSR) links all device s
pins into a single shift register. The test logic is implemented utilizing static logic design an
completely independent of the device system logic. 

An On-chip Emulation (OnCE) port supports hardware and software development on the 
DSP56300 core processor. It allows nonintrusive interaction with the core and its peripher
that developers can examine registers, memory, or on-chip peripherals. This facilitates ha
and software development on the DSP56300 core processor. OnCE module functions are
provided through the JTAG TAP pins. More information on the JTAG/OnCE port is provide
Chapter 7, Debugging Support. 

A third debugging feature is the Address Trace mode, which reflects internal Program RAM
accesses at the external port. This mode is invoked by setting the Address Tracing Enable
which is bit 15 in the Operating Mode Register (OMR)1. Once active, both internal and externa
program memory accesses are valid at the rising edge of CLKOUT. The BR signal distinguishes 
internal from external accesses.

1. For details on the Operating Mode Register (OMR), see Section 5.4.1.1, Operating Mode Register, on page 5-5
DSP56300 Family Manual, Rev. 5

1-6 Freescale Semiconductor



Direct Memory Access (DMA)

e 

tures:

rs a 
. Since 
ponse 
onent 
 is 
1.7 Direct Memory Access (DMA)

The Direct Memory Access (DMA) block permits data transfers without the interaction of th
core. It supports any combination of internal memory, internal peripheral I/O and external 
memory as source and destination during accesses. The DMA block has the following fea

� Six DMA channels supporting internal and external accesses
� One-, two-, and three-dimensional transfers (including circular buffering)
� End-of-block-transfer interrupts
� Triggering from interrupt lines and all peripherals

1.8 Introduction to Digital Signal Processing

Figure 1-2 shows an example of analog signal processing. The circuit in the illustration filte
signal from a sensor using an operational amplifier and controls an actuator with the result
the ideal filter is impossible to design, the engineer must design the filter for acceptable res
considering variations in temperature, component aging, power supply variation, and comp
accuracy. The resulting circuit typically has low noise immunity, requires adjustments, and
difficult to modify.

Figure 1-2.  Analog Signal Processing
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The equivalent circuit using a DSP is shown in Figure 1-3. This application requires an 
Analog-to-Digital (A/D) converter and Digital-to-Analog (D/A) converter in addition to the DS
Even with these additional parts, the component count can be lower using a DSP due to th
integration available with current components. Processing in this circuit begins by band-lim
the input signal with an anti-alias filter, eliminating out-of-band signals that can be aliased 
into the pass band due to the sampling process. The signal is then sampled, digitized with 
converter and sent to the DSP. The filter implemented by the DSP is strictly a matter of sof
The DSP can directly employ any filter that can also be implemented using analog techniq
Also, adaptive filters are easy to implement using DSP but very difficult to implement using
analog techniques.

Figure 1-3.  Digital Signal Processing
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The DSP output is processed by a D/A converter and is low-pass filtered to remove the eff
digitizing. The advantages of using the DSP include:

� Fewer components
� Stable, deterministic performance
� No filter adjustments
� Wide range of applications
� Filters with much closer tolerances
� High noise immunity
� Easily implemented adaptive filters
� Built-in self-test capability
� Better power supply rejection

The DSP56300 family is not a custom IC designed for a particular application; it is designe
general-purpose DSP architecture to efficiently execute commonly used DSP benchmarks
controller code in minimal time.

Figure 1-4 shows the following key attributes of a DSP:

� Multiply/Accumulate (MAC) operation
� Fetching up to two operands per instruction cycle for the MAC
� Program control to provide versatile operation
� Input/output to move data in and out of the DSP

The MAC operation is the fundamental operation used in DSP. The DSP56300 family of 
processors has a modified dual Harvard architecture optimized for MAC operations. Figure 1-3 
shows how the DSP56300 family architecture matches the shape of the MAC operation. T
operands, C( ) and X( ), are directed to a multiply operation, and the result is summed. Th
process is built into the chip using two separate memories (X and Y) to feed a single-cycle
unit. The entire process must occur under program control to direct the correct operands t
multiplier and save the accumulator as needed. Since the two memories and the MAC uni
independent, the DSP can perform two moves, a multiply and an accumulate, in a single 
operation. As a result, many DSP benchmarks execute very efficiently for a single-multiplie
architecture.
DSP56300 Family Manual, Rev. 5

Freescale Semiconductor 1-9



Introduction

eless 
ssing, 
hput 

ently 
U, 
 a 

ce 
), the 
rious 
1.9 Summary of Features

The high throughput of the DSP56300 family of processors makes them well-suited for wir
and wireline communication, high-speed control, efficient signal processing, numeric proce
and computer and audio applications. The main features that contribute to this high throug
include the following:

� Speed: The DSP56300 family supports most high-performance DSP applications.
� Precision: The data paths are 24 bits wide, providing 144 dB of dynamic range; 

intermediate results held in the 56-bit accumulators can range over 336 dB.
� Parallelism: Each on-chip execution unit, memory, and peripheral operates independ

and in parallel with the other units through a sophisticated bus system. The Data AL
AGU, and program controller operate in parallel so that the following can execute in
single instruction:
— An instruction pre-fetch
— A 24-bit × 24-bit multiplication
— A 54-bit addition
— Two data moves
— Two address-pointer updates using either linear or modulo arithmetic

� Flexibility: While many other DSPs need external communications circuitry to interfa
with peripheral circuits (such as A/D converters, D/A converters, or host processors
DSP56300 family provides on-chip serial and parallel interfaces that can support va

Figure 1-4.  Mapping DSP Algorithms Into Hardware
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configurations of memory and peripheral modules. The peripherals are interfaced to
DSP56300 family core through a peripheral interface bus that provides a common 
interface to many different peripherals.

� Sophisticated Debugging: On-Chip Emulation (OnCE) technology allows simple, 
inexpensive, and speed independent access to the internal registers for debugging.
the OnCE module, you can determine easily the exact status of the registers and m
locations and what instructions were last executed.

� Phase Locked Loop (PLL)-Based Clocking: The PLL allows the chip to use almost any 
available external system clock for full-speed operation, while also supplying an out
clock synchronized to a synthesized internal core clock. It improves the synchronou
timing of the external memory port, eliminating the timing skew common on other 
processors.

� Invisible Pipeline: The seven-stage instruction pipeline is essentially invisible to the 
programmer, allowing straightforward program development in either assembly lang
or high-level languages such as C or C++.

� Instruction Set: The instruction mnemonics are similar to those used for microcontroll
units, making the transition from programming microprocessors to programming the
as easy as possible. New microcontroller instructions, addressing modes, and bit fie
instructions allow for significant decreases in program code size. The orthogonal sy
controls the parallel execution units. The hardware DO loop instruction and the repe
(REP) instruction make writing straight-line code obsolete.

� Low Power: Designed in CMOS, the DSP56300 family consumes very little power. T
additional low-power modes, Stop and Wait, further reduce power requirements. Wa
low-power mode in which the DSP56300 family core is shut down, but the peripheral
interrupt controller continue to operate so that an interrupt can bring the chip out of 
mode. In Stop mode, even more of the circuitry is shut down for the lowest power 
consumption. Several different ways exist to bring the chip out of Stop mode: hardw
RESET, IRQA, and DE.

1.10 Manual Organization

This manual describes the DSP56300 core in detail. Use this manual in conjunction with th
appropriate DSP56300 family member user’s manual, which describes the memory, opera
modes, and peripheral modules. The appropriate DSP56300 family technical data sheet de
timing, pinout, and packaging. This manual presents practical information to help you:

� Understand the operation and instruction set of the DSP56300 family 
� Write code for DSP algorithms
� Write code for general control tasks
� Write code for communication routines
� Write code for data manipulation algorithms
DSP56300 Family Manual, Rev. 5

Freescale Semiconductor 1-11



Introduction
Table 1-1 describes the contents of each chapter and each appendix.

Table 1-1.  DSP Family Manual Chapters 

Chapter/ 
Appendix

Title and Description

2 Core Architecture Overview—The DSP56300 family core architecture consists of an External 
Memory Interface (Port A), Data Arithmetic Logic Unit (Data ALU), Address Generation Unit 
(AGU), Program Control Unit (PCU), Direct Memory Access (DMA) controller, Phase Locked 
Loop (PLL) circuit, and a JTAG/On-Chip Emulation (OnCE) port. Chapter 2 describes each 
subsystem and the buses interconnecting the major components in the DSP56300 family central 
processing module. Chapter 2 also describes five of the six processing states (Normal, 
Exception, Reset, Wait, and Stop). The sixth processing state (Debug) is covered more 
completely in Chapter 7, Debugging Support.

3 Data Arithmetic Logic Unit—Data ALU architecture, its programming model, an introduction to 
fractional and integer arithmetic, and a discussion of other topics such as unsigned and 
multi-precision arithmetic on the DSP56300 family.

4 Address Generation Unit—AGU architecture, its programming model, addressing modes, and 
address modifiers.

5 Program Control Unit—Program controller architecture, its programming model, and hardware 
looping. Note, however, that the different processing states of the DSP56300 family core, 
including interrupt processing, are described in Chapter 2, Core Architecture Overview.

6 PLL and Clock Generator—Details the PLL, its programming model, and its general operation.

7 Debugging Support—Combined JTAG/OnCE port and its functions. These two are integrally 
related, sharing the same pins for I/O.

8 Instruction Cache—Operation of the instruction cache and memory space.

9 External Memory Interface (Port A)—The External Memory Interface, its programming model, 
and guidelines for interfacing SRAM and DRAM.

10 DMA Controller—The six-channel Direct Memory Access (DMA) controller, its programming 
model, and interactions with the core and peripherals.

11 Operating Modes and Memory Spaces—Operating modes and memory spaces in the 
DSP56300 family. 

12 Guide to the Instruction Set — The DSP56300 family instruction format as well as partial 
encodings for use in instruction encoding

13 Instruction Set — Each DSP56300 family instruction, its use, and its effect on the processor.

A Instruction Timing and Restrictions— Various aspects of execution timing analysis for each 
instruction, sequences that may cause timing delays or stalls, and programming restrictions.

B Benchmark Programs—DSP56300 family benchmark example programs and results.

C From CDR Process to HiP Process — General differences between DSP56300 family 
derivatives that use Communication Design Rules (CDR) process technology and derivatives 
that use the Freescale High-Performance (HiP) process technology; software and hardware 
design implications.
DSP56300 Family Manual, Rev. 5
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The latest electronic version of this document as well as other DSP documentation (includ
user’s manuals, product briefs, technical data sheets, and errata) can be found at the web
listed on the back cover of this manual.

1.11 Manual Conventions

This manual uses the following conventions:

� Bits within registers are always listed from most significant bit (MSB) to least signific
bit (LSB). 

� Bits within a register are indicated by AA[n – m], when more than one bit is involved
description. For purposes of description, the bits are presented as if they are contigu
within a register. However, this is not always the case. Refer to the programming m
diagrams in the device-specific user’s manual to see the exact location of bits within
register.

� When a bit is described as “set,” its value is 1. When a bit is described as “cleared,”
value is 0.

� The word “assert” means that a high true (active high) signal is pulled high to VCC or that 
a low true (active low) signal is pulled low to ground. The word “deassert” means tha
high true signal is pulled low to ground or that a low true signal is pulled high to VCC. See 
Table 1-2.

� Signals in a range are indicated by the first and last signals in the range enclosed in 
brackets, for example A[0 – 23].

 

� Pins or signals that are asserted low (made active when pulled to ground) are indicat
this:
— In text, they have an overbar: for example, RESET is asserted low.

Table 1-2.  High True/Low True Signal Conventions

Signal/Symbol Logic State Signal State Voltage

PIN1 True Asserted Ground2

PIN False Deasserted VCC
3

PIN True Asserted VCC

PIN False Deasserted Ground

1. PIN is a generic term for any pin on the device.
2. Ground is an acceptable low voltage level. See the appropriate data sheet for the range of acceptable 

low voltage levels (typically a TTL logic low).
3. VCC is an acceptable high voltage level. See the appropriate data sheet for the range of acceptable 

high voltage levels (typically a TTL logic high).
DSP56300 Family Manual, Rev. 5
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— In code examples, they have a tilde in front of their names. In Example 1-1, line 3 
refers to the SS0 signal (shown as ~SS0).

� Sets of signals are indicated by the last and first signals in the set, for instance HA[8
� “Input/Output” indicates a bidirectional signal. “Input or Output” indicates a signal tha

exclusively one or the other.
� Code examples are displayed in a monospaced font, as shown in Example 1-1.

� Hex values are indicated with a dollar sign ($) preceding the hex value, as follows: 
$FFFFFF is the X memory address for the core interrupt priority register.

� A Kilobyte (KB) is 1024 bytes.
� A Megabyte (MB) is 1024 x 1024 (1,048,576) bytes.
� A word is 24 bits.
� The word “reset” appears in four different contexts in this manual:

— the reset signal, written as RESET

— the reset instruction, written as RESET
— the reset operating state, written as Reset
— the reset function, written as reset

1.12 Revision History for Revisions 4 and 5

Table 1-3 lists the changes made in this manual from Revision 3 to Revision 4 and from Rev
4 to Revision 5.

Example 1-1.   Sample Code Listing 

BFSET#0x0007,X:PCC; Configure: line 1

 ;  MISO0, MOSI0, SCK0 for SPI master line 2

 ; ~SS0 as PC3 for GPIO line 3

Table 1-3.  Change History, Revision 3 to Revision 4 and From Revsion 4 to Revision 5  

Change Section Number
Revision 3 

Page Number
Revision 4 

Page Number
Revision 5 

Page Number

Change in required instructions to ensure that no 
maskable interrupts occur during a 
non-interruptible code sequence

Section 2.3.2 page 2-17 page 2-15

Modified stack extension description Section 4.3.2 page 4-5 page 4-4 to 
page 4-5

Operating Mode Register (OMR) bit 11 definition Section 5.4.1.1, 
Table 5-2

page 5-9 page 5-8

System stack configuration description Section 5.4.3 page 5-19 page 5-16
DSP56300 Family Manual, Rev. 5
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Revision History for Revisions 4 and 5
Added note about the DSP56321 DPLL and 
clock modules

Chapter 6 page 6-1 page 6-1

Updated VCO description Section 6.2.3 page 6-3 page 6-3

Modified design guidelines for ripple and PCAP Section 6.5
Figure 6-3

page 6-11 Figure 6-5, 
page 6-11

Modified Port A descriptions Section 9.1
Table 9-2

page 9-2 page 9-2

Added note about DRAM support Section 9.2.3 page 9-8 page 9-8

Clarified BLH bit description and modified trailing 
wait state definition for DSP56321 only

Section 9.6.2
Table 9-5

page 9-19 page 9-19

Added note for the DRAM control register Section 9.6.3 page 9-21 page 9-21

Redefined DMA end-of-block transfer operation Section 10.4.1.2
Table 10-5

page 10-9 to 
10-10

page 10-9
page 10-16

Modified X0 register description example for the 
INSERT instruction

Chapter 13 page 13-79 page 13-79

Replaced text and added scenarios in which a 
non-interruptable code sequence is desired.

Section 2.3.2.8 page 2-15

Table 1-3.  Change History, Revision 3 to Revision 4 and From Revsion 4 to Revision 5  

Change Section Number
Revision 3 

Page Number
Revision 4 

Page Number
Revision 5 

Page Number
DSP56300 Family Manual, Rev. 5
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Core Architecture Overview 2
This chapter describes the DSP56300 family core, a powerful DSP engine that can execu
instruction on every clock cycle. The parts of the DSP56300 core are described in the follo
chapters:

� Chapter 3, Data Arithmetic Logic Unit 
� Chapter 4, Address Generation Unit 
� Chapter 5, Program Control Unit 
� Chapter 6, PLL and Clock Generator
� Chapter 7, Debugging Support
� Chapter 8, Instruction Cache
� Chapter 9, External Memory Interface (Port A)
� Chapter 10, DMA Controller

To minimize the total system cost for customer applications, the DSP56300 core external 
memory interface, Port A, is powerful and versatile, providing a glueless interface to DRAM
some DSPs), SRAMs, and other memories via an on-chip DRAM controller (in some DSP
well as chip select logic. To assist with data movement over Port A and internally, the conc
six-channel DMA augments the data throughput that characterizes DSP applications. 

The core is designed for low power consumption in Normal and Wait and Stop modes. In N
mode, only the blocks demanded for processing are active. Wait and Stop modes take the
savings a step further by closing down large portions of the core during periods of system 
inactivity. The integrated on-chip peripherals and memory (including instruction cache) als
reduce power consumption by reducing the external bus accesses. As for the core executio
only the memory modules being accessed consume power, so on-chip memory expansion
not increase power significantly. Limiting the external bus accesses saves on system pow
Finally, the Phase Locked Loop (PLL) can scale power consumption down with lower cloc
frequencies under user software control.

Low-power features of the DSP56300 family core include the following:

� Very low-power CMOS design 
� Low-power Wait standby mode 
� Ultra-low power Stop mode
DSP56300 Family Manual, Rev. 5
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� Power management units for further power reduction 
� Fully static logic, with operation frequency down to DC 

Sixteen-bit Compatibility mode enables full compatibility to object code written for the 
DSP56000 family of DSPs. Sixteen-bit Compatibility mode, which invokes 16-bit addressin
capability, differs from the Sixteen-bit Arithmetic mode, which invokes 16-bit arithmetic 
operations. These modes are configured by two separate bits (SA and SC) in the Status R
(SR), which are described in Chapter 5, Program Control Unit.

2.1 Core Buses

The following 24-bit buses provide data exchange between the main core blocks:

Global Data Bus GBD Between Program Control Unit and other 
core structures

Peripheral I/O Expansion Bus PIO_EB To peripherals

Program Memory Expansion 
Bus

PM_EB To Program ROM

Program Data Bus PDB Carries program data throughout the core

Program Address Bus PAB Carries program memory addresses 
throughout the core

X Memory Expansion Bus XM_EB To X memory

X Memory Data Bus XDB Carries X data throughout the core

X Memory Address Bus XAB Carries X memory addresses throughout the 
core

Y Memory Expansion Bus YM_EB To Y Memory

Y Memory Data Bus YDB Carries Y data throughout the core

Y Memory Address Bus YAB Carries Y memory addresses throughout the 
core

DMA Data Bus DDB Transfers data with DMA channels

DMA Address Bus DAB Transfers address information with DMA 
channels
DSP56300 Family Manual, Rev. 5
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Figure 2-1 is a block diagram of the DSP56303, a member of the DSP56300 family. The 
diagram illustrates the core blocks of the DSP56300 family and shows representative perip
for a DSP56300 family chip implementation. 

Note: The registers in the core are discussed in detail in the chapters on the individual 
functional blocks.

2.2 Core Processing

As for all DSPs, the operation of the DSP56300 core is a combination of software and har
interactions. This processing environment consists of the following components:

� Instruction Set: The instruction set provides the programming language for processin
algorithms required by specific applications. Chapter 12, Guide to the Instruction Set, 
presents the DSP56300 instruction format as well as partial encodings for use in 

Figure 2-1.  DSP56303 Block Diagram
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instruction encoding. Chapter 13, Instruction Set, lists the instructions in alphabetical 
order and describes each instruction in detail.

� Core Modules: These circuits transfer and modify data. They are generally configure
through internal registers and activated or disabled by a combination of hardware si
(interrupts, request signals, and so on) and software. Chapters 3-10 of this docume
describe the structure and function of the various core modules.

� Processing States: Core processing states modify the operation of the core processor
the core modules that operate independently and in parallel to the core. These state
include:
— Normal: The typical operating mode in which code loads into the core processor 

executes.
— Exception: An event interrupts the normal execution flow. The processor halts nor

processing and, depending on the event, may store the current operating environ
load a special handler program to respond to the exception, execute the handler
program, and then return to normal execution flow. Typical exception causes can
software processing events or hardware service requests, such as peripheral or e
device interrupts.

— Reset: All execution halts and the processor and its registers in all peripherals are
restored to a predetermined value that allows reloading of the executing code an
reinitiation of the execution flow. Typically, if an operation has caused an 
unrecoverable error (that is, the handler cannot compensate for the exception eve
halted normal processing), invoking the Reset mode, either by software or by ass
the physical RESET signal, restores operational functioning.

— Wait: Typically invoked by the WAIT instruction; the application requires only 
minimal processing. To save power, most operations stop until an event occurs t
requires the processing to restart. Clock signals remain functional, so a quick res
possible.

— Stop: Typically invoked by using the STOP instruction; the application does not 
require immediate processing and a slow restart is acceptable (only if the PLL is 
disabled). All clock functions and operations halt, except for the ability to respond
an initiating event (that is, RESET, DE, or IRQA).

— Debug: Application developers can operate the system under the control of the JT
Test Access Port and Boundary Scan function or the OnCE module. In this mode
application can run a single instruction at a time, or sets of instructions at a time,
some defined event occurs, typically called a breakpoint. 

2.3 Processing States

The following paragraphs describe the DSP56300 core processing states.
DSP56300 Family Manual, Rev. 5
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2.3.1   Normal Processing State

The Normal processing state is associated with instruction execution. DSP56300 core 
instructions execute in a seven-stage pipeline, typically at a rate of one instruction every c
cycle. However, the following instructions require additional time to execute: 

� All double-word instructions
� Instructions with an addressing mode that requires more than one cycle for the addr

calculation
� Instructions causing a change of flow 

Instruction pipelining allows overlapping of instruction execution so that a pipeline stage o
given instruction occurs concurrently with pipeline stages of other instructions. Only one w
fetched per cycle, so for double-word instructions, the second word of an instruction is fetc
before the next instruction is fetched. Table 2-1 describes the seven stages of the DSP56300 c
pipeline. The first and second instructions in Table 2-1 are referred to as n1 and n2. The third 
instruction, n3, which contains an instruction extension word, n3e, takes two clock cycles t
execute. The extension word is either an absolute address or immediate data. Although it 
seven clock cycles for the pipeline to fill and the first instruction to execute, a further instru
usually completes on each clock cycle.

Each instruction requires a minimum of seven clock cycles to fetch, decode, and execute.
results in a delay of seven clock cycles from power-up to fill the pipeline. A new instruction
begin immediately following the previous instruction. Two-word instructions require a minim
of eight clock cycles to execute (seven cycles for the first instruction word to move through
pipe and execute and one more cycle for the second word to execute). For a complete des
of the execution timing of the various instructions, see Chapter A, Instruction Timing and 
Restrictions.

Table 2-1.  Instruction Pipeline 

Operation
Instruction Cycle

1 2 3 4 5 6 7 8 9 10 11

Fetch 1 n1 n2 n3 n3e n4 n5 n6 n7 n8 n9 n10

Fetch 2 n1 n2 n3 n3e n4 n5 n6 n7 n8 n9

Decode n1 n2 n3 n3e n4 n5 n6 n7 n8

Address Gen 1 n1 n2 n3 n3e n4 n5 n6 n7

Address Gen 2 n1 n2 n3 n3e n4 n5 n6

Execute 1 n1 n2 n3 n3e n4 n5

Execute 2 n1 n2 n3 n3e n4

n1 = first instruction; n2 = second instruction; and so forth
n3e = instruction extension word 
DSP56300 Family Manual, Rev. 5
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2.3.2   Exception Processing State (Interrupt Processing)

The Exception Processing state is associated with interrupts that are generated by conditi
inside the DSP or by external sources. There are many sources for interrupts to the DSP5
core, some generating more than one interrupt. An interrupt vector scheme with 128 vecto
defined priority provides fast interrupt service. Interrupt processing in the DSP56300 core 
proceeds as follows:

1. A hardware interrupt is synchronized with the DSP56300 core clock, and the inter
pending flag for that particular hardware interrupt is set. An interrupt source can h
only one interrupt pending at any given time.

2. All pending interrupts (external and internal) are arbitrated to select the interrupt to
processed. The arbiter automatically ignores any interrupts with an Interrupt Priori
Level (IPL) lower than the interrupt mask level in the SR and selects the remaining
interrupt with the highest IPL.

3. The interrupt controller freezes the Program Counter (PC) and fetches two instruc
at the two interrupt vector addresses associated with the selected interrupt.

4. The interrupt controller inserts the two instructions into the instruction stream and 
releases the PC, which is used for the next instruction fetch. The next interrupt 
arbitration then begins.

When a fast interrupt executes, the state of the machine is not saved on the stack if neithe
two instructions is a Jump To Subroutine (JSR) instruction (for example, a JSCLR). A long
interrupt executes if one of the interrupt instructions fetched is a JSR instruction. The PC i
immediately released, the SR and the PC are saved in the stack, and the jump instruction c
from where the next instruction is fetched.

Note: Any Jump to Subroutine (JSR) instruction makes the interrupt long (for example, J
BSSET, and so on.).

One of the main uses of interrupts is to transfer data between DSP memory or registers an
peripheral device. When such an interrupt occurs, a limited context switch with minimum 
overhead is often desirable. This limited context switch is accomplished by a fast interrupt
long interrupt is used when a more complex task must be accomplished to service the inte

Exceptions can be generated from one of two groups, core and peripherals, and can origin
from any of the 128 vector locations listed in Table 2-2. The table lists only the sources 
originating from the core. For sources originating from peripherals, see the device-specific 
manual. Table 2-2 shows the corresponding interrupt starting address for each interrupt sou
These addresses reside in the 256 locations of program memory to which the Vector Base
Address Register (VBA) in the PCU points. When an interrupt is serviced, the instruction a
interrupt starting address is fetched first. Because the program flow is directed to a differe
starting address for each interrupt, the interrupt structure of the DSP56300 core is said to 
DSP56300 Family Manual, Rev. 5
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vectored. A vectored interrupt structure has low overhead execution. If certain interrupts w
definitely not be used, their vector locations can be used for program or data storage.

The 128 interrupts are prioritized into four levels. Level 3, the highest priority level, is not 
maskable. Levels 0–2 are maskable. The interrupts within each level are prioritized.

2.3.2.1   Hardware Interrupt Source

Two types of hardware interrupts to the DSP56300 core exist: internal and external. The in
interrupts come from on-chip sources:

� Stack Error 
� Illegal Instruction 

Table 2-2.  Interrupt Sources 

Interrupt
Starting Address

Interrupt 
Priority 
Level 
(IPL)

Interrupt Source

VBA:$00 3 Hardware RESET

VBA:$02 3 Stack Error

VBA:$04 3 Illegal Instruction

VBA:$06 3 Debug Request Interrupt

VBA:$08 3 Trap

VBA:$0A 3 Non-Maskable Interrupt (NMI)

VBA:$0C 3 Reserved for Future Level—3 Interrupt Source

VBA:$0E 3 Reserved for Future Level—3 Interrupt Source

VBA:$10 0–2 IRQA

VBA:$12 0–2 IRQB

VBA:$14 0–2 IRQC

VBA:$16 0–2 IRQD

VBA:$18 0–2 DMA Channel 0

VBA:$1A 0–2 DMA Channel 1

VBA:$1C 0–2 DMA Channel 2

VBA:$1E 0–2 DMA Channel 3

VBA:$20 0–2 DMA Channel 4

VBA:$22 0–2 DMA Channel 5

VBA:$24 0–2 Peripheral interrupt request 1

VBA:$26 0–2 Peripheral interrupt request 2

: :

VBA:$FE 0–2 Peripheral interrupt request 110
DSP56300 Family Manual, Rev. 5
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� Debug Request 
� Trap 
� DMA
� Peripherals 

Each internal interrupt source is serviced if it is not masked. When serviced, the interrupt r
is cleared. Each maskable, internal interrupt source has independent enable control. The e
hardware interrupts are: NMI, IRQA, IRQB, IRQC, and IRQD. The NMI interrupt is an edge-triggered,
Non-Maskable Interrupt (NMI) for use in software development, watch-dog, power fail dete
and so on. The IRQA, IRQB, IRQC, and IRQD interrupts can be programmed to be level-sensitive
edge-triggered. Since the level-sensitive interrupts are not automatically cleared when the
serviced, they must be cleared by other means before the end of the interrupt routine beca
multiple interrupts must be prevented. Usually, external hardware detects the interrupt 
acknowledge of the core interrupt and removes the interrupt request source.

The edge-triggered interrupts are latched as pending on the high-to-low transition of the int
input and are automatically cleared when the interrupt is serviced. IRQA, IRQB, IRQC, and IRQD can 
be programmed to one of three priority levels: 0, 1, or 2, all of which are maskable. Addition
these interrupts have independent enable control.

When the IRQA, IRQB, IRQC, and IRQD interrupts are disabled in the interrupt priority register, th
pending request is ignored, regardless of whether the interrupt input was defined as 
level-sensitive or edge-triggered. Additionally, as long as an interrupt (edge or level sensit
disabled, its detection latch remains in the Reset state. If the level-sensitive interrupt is dis
while the interrupt is pending, the pending interrupt is cancelled. However, if the interrupt h
been fetched, it is not cancelled.

Note: On all external, level-sensitive interrupt sources, the interrupt should be serviced
is, the interrupt source cleared) by the instructions at the interrupt vector for a fas
interrupt, or by a long interrupt routine.

2.3.2.2   Software Interrupt Sources

There are two software interrupt sources:

� Illegal Instruction Interrupt (III): A Non-Maskable Interrupt (IPL 3) that is serviced 
immediately after the illegal instruction executes or attempts to execute (any undefin
operation code) 

� TRAP: A Non-Maskable Interrupt (IPL 3) that is serviced immediately after the TRAP
TRAPcc instruction executes (condition true)
DSP56300 Family Manual, Rev. 5
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2.3.2.3   Interrupt Priority Structure

Four Interrupt Priority Levels (IPLs) exist. IPLs are numbered from 0 (the lowest level) to 3
highest level). IPLs 0, 1, and 2 are maskable. Level 3 is non-maskable. The IPL 3 interrup

� Hardware Reset 
� Illegal Instruction Interrupt (III)
� Stack Error 
� TRAP 
� NMI
� Debug

The interrupt mask bits (I1, I0) in the SR reflect the current processor priority level and ind
the IPL needed for an interrupt source to interrupt the processor (see Table 2-3). Interrupts are 
inhibited for all priority levels less than the current processor priority level. However, level 
interrupts are not maskable and therefore can always interrupt the processor.

The DSP56300 core has two interrupt priority registers: IPRC that is dedicated for DSP56
core interrupt sources and IPRP that is dedicated for the peripheral interrupt sources spec
the chip. These control registers are mapped on the internal X I/O memory space. The Int
Priority Level (IPL) for each interrupt source is software programmable. Each on-chip or ext
peripheral device can be programmed to one of the three maskable priority levels (IPL 0, 1
IPLs are set by writing to the interrupt priority registers shown in Figure 2-2 and Figure 2-3. 
These two read/write registers specify the IPL for each of the interrupting devices. In addit
the IPRC register specifies the trigger mode of each external interrupt source and enables
disables the individual external interrupts. These registers are cleared on hardware reset o
RESET instruction. Table 2-4 defines the IPL bits. Table 2-5 defines the External Interrupt 
Trigger mode bit.

Table 2-3.  Status Register Interrupt Mask Bits 

I1 I0 Interrupts Permitted Interrupts Masked

0 0 IPL 0, 1, 2, 3 None

0 1 IPL 1, 2, 3 IPL 0

1 0 IPL 2, 3 IPL 0, 1

1 1 IPL 3 IPL 0, 1, 2

Note: For details on the Status Register, see Chapter 5, Program 
Control Unit.
DSP56300 Family Manual, Rev. 5
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If more than one exception is pending when an instruction executes, the interrupt with the h
priority level is serviced first. When multiple interrupt requests with the same IPL are pend
second fixed-priority structure within that IPL determines which interrupt is serviced. Table 2-6 
shows the interrupt priority for all interrupts.

Table 2-4.  Interrupt Priority Level Bits

IxL1 IxL0 Enabled IPL

0 0 No —

0 1 Yes 0

1 0 Yes 1

1 1 Yes 2

Table 2-5.  External Interrupt Trigger Mode Bit

IxL2 Trigger Mode

0 Level

1 Negative Edge

23 22 21 20 19 18 17 16 15 14 13 12

D5L1 D5L0 D4L1 D4L0 D3L1 D3L0 D2L1 D2L0 D1L1 D1L0 D0L1 D0L0

DxL[1–0] DMA 0/1/2/3/4/5 IPL

11 10 9 8 7 6 5 4 3 2 1 0

IDL2 IDL1 IDL0 ICL2 ICL1 ICL0 IBL2 IBL1 IBL0 IAL2 IAL1 IAL0

IxL2 (See Table 2-5) IRQ A/B/C/D mode

IxL[1–0] (See Table 2-4) IRQ A/B/C/D IPL

Figure 2-2.  Interrupt Priority Register C (IPRC)

23 22 21 20 19 18 17 16 15 14 13 12

PerCL1 PerCL0 PerBL1 PerBL0 PerAL1 PerAL0 Per9L1 Per9L0 Per8L1 Per8L0 Per7L1 Per7L0

11 10 9 8 7 6 5 4 3 2 1 0

Per6L1 Per6L0 Per5L1 Per5L0 Per4L1 Per4L0 Per3L1 Per3L0 Per2L1 Per2L0 Per1L1 Per1L0

Figure 2-3.  Interrupt Priority Register P (IPRP)
DSP56300 Family Manual, Rev. 5
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2.3.2.4   Instructions Preceding the Interrupt Instruction Fetch

The following conditions apply to instructions preceding an interrupt instruction fetch:

� Every instruction requiring more than one cycle to execute is aborted when it is fetch
the cycle preceding the fetch of the first interrupt instruction word. 

� Aborted instructions are fetched again when program control returns from the interru
routine. The PC is adjusted appropriately before the end of the decode cycle of the a
instruction.

Table 2-6.  Exception Priorities Within an IPL 

Priority Exception

Level 3 (Nonmaskable)

Highest Stack Error

Illegal Instruction

Debug Request Interrupt

Trap

Non-Maskable Interrupt (NMI)

Lowest Non-Maskable Peripheral Interrupt

Levels 0, 1, 2 (Maskable)

Highest IRQA (External Interrupt)

IRQB (External Interrupt)

IRQC (External Interrupt)

IRQD (External Interrupt)

DMA Channel 0 Interrupt

DMA Channel 1 Interrupt

DMA Channel 2 Interrupt

DMA Channel 3 Interrupt

DMA Channel 4 Interrupt

DMA Channel 5 Interrupt

Lowest Peripheral interrupt sources*

*See device-specific user’s manual
Note: The higher-priority interrupt is at the lower vector address.
DSP56300 Family Manual, Rev. 5
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� If the first interrupt word fetch occurs in the cycle following the fetch of a 
one-word-one-cycle instruction, that instruction completes normally before the start o
interrupt routine.

� During an interrupt instruction fetch, two instruction words are fetched — the first fro
the interrupt starting address and the second from the next address.

2.3.2.5   Interrupt Types

Two types of interrupt routines can be used: fast and long. The fast routine consists of the
automatically inserted interrupt instruction words. These words can be any unrestricted, si
two-word instruction or any two unrestricted one-word instructions, except RTI or RTS. Fa
interrupt routines are not interruptible.

Note: Status is not preserved during a fast interrupt routine; therefore, instructions that
modify status should not be used at the interrupt starting address or next addres

If one of the instructions in the fast routine is a JSR, then a long interrupt routine is formed
following actions occur during execution of the JSR instruction when it occurs in the interru
starting address or in the next address:

1. The PC (containing the return address) and the SR are stacked.

2. The Loop Flag is cleared.

3. The Scaling mode bits (S[1–0]) in the Status Register (SR) are cleared.

4. The Sixteen-bit Arithmetic (SA) mode bit is cleared.

5. The IPL is raised to disallow further interrupts of the same or lower levels.  
See Table 2-6.

Only the long interrupt routine should be terminated by an RTI. Long interrupt routines are
interruptible by higher-priority interrupts.

Note: Do not use RTI for fast interrupts.

2.3.2.6   Interrupt Arbitration

External interrupts are internally synchronized with the processor clock before their 
interrupt-pending flags are set. Each external interrupt and internal interrupt has its own fla
After each instruction executes, all interrupts are arbitrated (that is, all hardware interrupts
have been latched into their respective interrupt-pending flags and all internal interrupts). D
arbitration, each interrupt’s IPL is compared with the interrupt mask in the SR, and the inte
is either allowed or disallowed. The remaining interrupts are prioritized according to the pr
shown in Table 2-6, and the highest priority interrupt is chosen. The interrupt vector is then 
calculated so that the program interrupt controller can fetch the first interrupt instruction. T
interrupt-pending flag for the chosen interrupt is not cleared until the second interrupt vect
DSP56300 Family Manual, Rev. 5
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the chosen interrupt is fetched. A new interrupt from the same source is not accepted for th
interrupt arbitration until the interrupt-pending flag is cleared.

2.3.2.7   Interrupt Instruction Fetch

The interrupt controller generates an interrupt instruction fetch address, which points to th
instruction word of a two-word interrupt routine. This address is used for the next instructio
fetch, instead of the contents of the PC, and again for the subsequent address after that. W
interrupt instructions are being fetched, the PC is not updated. After the two interrupt words
been fetched, the PC is used for any subsequent instruction fetches.

2.3.2.8   Interrupt Instruction Execution

Interrupt instruction execution is considered “fast” if neither of the instructions of the interru
service routine cause a change of flow. A JSR within a fast interrupt routine forms a long 
interrupt, which is terminated with an RTI instruction to restore the PC and SR from the stac
return to normal program execution. Reset is a special exception that normally contains on
JMP instruction at the exception start address. Almost any instruction can be used in a fas
interrupt routine. A fast interrupt routine may contain either two single-word instructions or
double-word instruction. Table 2-7 shows the effect of a fast interrupt routine on the instructi
pipeline. The fast interrupt executes only two instructions (ii1 and ii2) and then automatica
resumes execution of the main program. Table 2-8 shows the effect of a long interrupt routine o
the instruction pipeline. A short JSR (ii1) is used to call the long interrupt routine which incl
the four instructions sr1, sr2, sr3, and an rti. Instructions ii2, n3, sr5, and sr6 are neither de
nor executed.

Table 2-7.  Fast Interrupt Pipeline 

Operation
Instruction Cycle

1 2 3 4 5 6 7 8 9 10 11 12

Fetch 1 n1 n2 ii1 ii2 n3 n4

Fetch 2 n1 n2 ii1 ii2 n3 n4

Decode n1 n2 ii1 ii2 n3 n4

Address Gen 1 n1 n2 ii1 ii2 n3 n4

Address Gen 2 n1 n2 ii1 ii2 n3 n4

Execute 1 n1 n2 ii1 ii2 n3 n4

Execute 2 n1 n2 ii1 ii2 n3 n4

Notes: 1. n = normal instruction word

2. ii = interrupt instruction word
DSP56300 Family Manual, Rev. 5
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Execution of a fast interrupt routine always conforms to the following rules:

� The processor status is not saved.
� The fast interrupt routine can modify the status of the normal instruction stream (for 

example, use the DO instruction, but such instructions should not be used in order t
assure proper operation).

� The PC, which contains the address of the next instruction to be executed in norma
processing, remains unchanged during a fast interrupt routine.

� The fast interrupt returns without an RTI.
� Normal instruction fetching resumes using the PC following the completion of the fa

interrupt routine.
� A fast interrupt is not interruptible.
� A JSR instruction within the fast interrupt routine forms a long interrupt routine.

Execution of a long interrupt routine always adheres to the following rules:

� A JSR to the starting address of the interrupt service routine is located at one of the
interrupt vector addresses.

� During execution of the JSR instruction, the PC and SR are stacked. The interrupt m
bits of the SR are updated to mask interrupts of the same or lower priority. The Loop
and Scaling mode bits in the Status Register are cleared.

� The interrupt service routine can be interrupted (that is, nested interrupts are suppo
but can only be interrupted by a higher priority interrupt.

� The long interrupt routine, which can be any length, should terminate with an RTI, w
restores the PC and SR from the stack.

Table 2-8.  Long Interrupt Pipeline 

Operation
Instruction Cycle

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

Fetch 1 n1 n2 ii1 ii2 n3 sr1 sr2 sr3 sr4 sr5 sr6 n3 n4 n5 n6 n7

Fetch 2 n1 n2 jsr ii2 n3 sr1 sr2 sr3 rti sr5 sr6 n3 n4 n5 n6

Decode n1 n2 jsr — — sr1 sr2 sr3 rti — — n3 n4 n5

Addr. Gen 1 n1 n2 jsr — — sr1 sr2 sr3 rti — — n3 n4

Addr. Gen 2 n1 n2 jsr — — sr1 sr2 sr3 rti — — n3

Execute 1 n1 n2 jsr — — sr1 sr2 sr3 rti — —

Execute 2 n1 n2 jsr — — sr1 sr2 sr3 rti —

Notes: 1. n = normal instruction word

2. ii = interrupt instruction word

3. sr = service routine word
DSP56300 Family Manual, Rev. 5
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Either of the two instructions of the fast interrupt can be the JSR instruction that forms the 
interrupt. 

Note: A REP instruction is treated as a single two-word instruction, regardless of how m
times it repeats the second instruction of the pair. Instruction fetches are suspend
will be reactivated only after the LC is decremented to one. During the execution o
repeated instruction, no interrupts are serviced. When LC finally decrements to o
the fetches are reinitiated, and pending interrupts are serviced. 

If a non-interruptible code sequence is desired, change the IPL bits to the desired mask lev
to pipeline latency, the number of cycles required after the IPL is masked in the status reg
depends on the following.

� The number of levels of maskable interrupts for long interrupts only. Fast interrupts 
not an issue because they execute differently.

� The number of cycles required to execute the first instruction that is fetched in the c
preceding the fetch of the first interrupt instruction word.

In scenarios 1 and 2, the status register (SR) change occurs in the main program flow or wi
interrupt routine, and then one higher-level interrupt occurs. 

Scenario 1. A 3-cycle ORI instruction using a double-cycle instruction in the protected regio
requires four NOP instructions, as follows:

1. ORI - First cycle.

2. - Second cycle.

3. - Third cycle.

4. NOP.

5. NOP.

6. NOP.

7. NOP.

8. First instruction in protected region - 2 cycles.

In scenario 1, if an interrupt occurs immediately after the first instruction in the protected re
is fetched and that instruction is a two-cycle instruction, then that instruction is removed fro
pipeline and not executed until after the interrupt service routine completes. Therefore, the 
remains protected. 

Scenario 2: A 3-cycle ORI instruction using a single-cycle instruction in the protected regio
requires five NOP instructions:

1. ORI - First cycle.

2. - Second cycle.
DSP56300 Family Manual, Rev. 5
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3. - Third cycle.

4. NOP

5. NOP

6. NOP

7. NOP

8. NOP

9. First instruction in protected region - 1 cycle.

Scenario 2 requires a fifth NOP since a one-cycle instruction executes normally before the 
the interrupt service routine. 

Scenarios 3–5 use multiple levels of maskable interrupts. In addition to the requirements fro
first two scenarios, 5 cycles are required for every level of interrupt change that can occur.

Scenario 3: After a status register change in the main program flow, an IPL0 and IPL1 inter
sequence occurs:

4 –5 NOPs (for IPL0) + 5 NOPs (change from IPL0 to IPL1).

Scenario 4: After a status register change in the main program flow, an IPL0, IPL1, and IPL
interrupt sequence occurs:

4–5 NOPs (for IPL0) + 2 × 5 NOPs (change from IPL0 to IPL1 and change from IPL1 to IPL

Scenario 5: After a status register change in an IPL0 service routine, an IPL1 and IPL2 inte
sequence occurs:

4–5 NOPs (change from IPL0 to IPL1) + 5 NOPs (change from IPL1 to IPL2)

2.3.3   Reset Processing State

The DSP device enters reset processing state when the external RESET pin is asserted (a hardware
reset). In the Reset state:

� Internal peripheral devices are reset.
� The modifier registers (M[0–7]) are set to $FFFFFF.
� The interrupt priority registers are cleared.
� The Bus Control Register (BCR), the Address Attribute Registers (AAR[3–0]) and th

DRAM Control Register (DCR) are set to their initial values as described in Chapter 9, 
External Memory Interface (Port A). The initial value causes a maximum number of wa
states to be added to every external memory access. 

� The Stack Pointer (SP) and the Stack Counter (SC) are cleared.
� The following bits of the SR are cleared: 
DSP56300 Family Manual, Rev. 5
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— Rounding mode (RM) bit (bit 21) 
— Arithmetic Saturation mode (SM) bit (bit 20) 
— Cache Enable (CE) bit (bit 19) 
— Sixteen-bit Arithmetic (SA) mode bit (bit 17) 
— DO Forever (FV) flag bit (bit 16) 
— DO Loop Flag (LF) bit (bit 15) 
— Double Precision Multiply (DM) mode bit (bit 14) 
— Sixteen-bit Compatibility (SC) mode bit (bit 13) 
— Scaling (S[1–0]) bits (bit 11 and bit 10)
— Condition Code bits (SR[7–0])

� The following bits of the SR are set:
— Core Priority (CP[1–0]) bits (bit 23 and bit 22)
— Interrupt (I[1–0]) mask bits (bit 9 and bit 8) 

� The Instruction Cache Controller is initialized as described in Chapter 8, Instruction 
Cache.

� The Cache Enable (CE) bit in SR and the Burst mode bit in OMR are cleared.
� The PLL Control register is initialized as described in Chapter 6, PLL and Clock 

Generator.
� The Vector Base Address Register (VBA) is cleared.

The DSP56300 core remai.ns in the Reset state until RESET is deasserted. Upon leaving the Res
state, the Chip Operating mode bits of the OMR are loaded from the external mode select
(MOD[A–D]), and program execution begins at the program memory address as described
Chapter 11, Operating Modes and Memory Spaces.

2.3.4   Wait Processing State

The Wait processing state is a low-power consumption state that occurs when the WAIT 
instruction executes. In the Wait state, the internal clock is disabled from all internal circuit
except the internal peripherals. All internal processing halts until an unmasked interrupt oc
the DSP is reset, or DE is asserted. If the exit from Wait state is caused by asserting DE, the 
processor enters the Debug mode.

2.3.5   Stop Processing State

The Stop processing state is the lowest power consumption mode that occurs when the S
instruction executes. In Stop mode, the clock oscillator activity depends on the PSTP bit in
PLL control register. If this bit is cleared, the clock oscillator is turned off. If the bit is set, th
VCO remains active and the global clock to the entire chip is disabled. All activity in the 
processor halts until one of the following actions occurs:

� A low level is applied to the IRQA pin (IRQA asserted).
DSP56300 Family Manual, Rev. 5
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� A low level is applied to the RESET pin (RESET asserted).
� A low level is applied to the DE pin.

Any of these actions enables the oscillator. After a clock stabilization delay, clocks to the 
processor and peripherals are re-enabled. If re-enabled, one of the following occurs:

� If the exit from Stop state was caused by a low level on the RESET pin, then the processor
enters the Reset processing state.

� If the exit from Stop state was caused by a low level on the IRQA pin, then the processor 
services the highest-priority pending interrupt. If no interrupt is pending (that is, IRQA was 
negated before interrupts were arbitrated), or if no interrupt is enabled, the processo
resumes execution at the instruction following the STOP instruction that caused the
into the Stop state. 

� If the exit from Stop state was caused by a low level on the DE pin, then the processor 
enters the Debug mode.

For minimum power consumption during the Stop state at the cost of longer recovery time
the PSTP bit of the PLL Control Register. To enable rapid recovery when exiting the Stop 
at the cost of higher power consumption, set PSTP. PSTP is cleared by hardware reset.

2.3.6   Debug State

Debug state is invoked and used with the JTAG/OnCE port. See Chapter 7, Debugging 
Supportfor a description of the Debug state.
DSP56300 Family Manual, Rev. 5
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 Data Arithmetic Logic Unit 3
This chapter describes the architecture and the operation of the data arithmetic logic unit (
ALU), the block where all the arithmetic and logical operations on data operands are perfo

3.1 Data ALU Architecture

The data ALU contains the following components:

� Four 24-bit input registers
� A fully pipelined Multiplier-Accumulator (MAC)
� Two 48-bit accumulator registers
� Two 8-bit accumulator extension registers
� A Bit Field Unit (BFU) with a 56-bit barrel shifter
� An accumulator shifter
� Two data bus shifter/limiter circuits

Figure 3-1 is a block diagram of the data ALU. The data ALU registers can be read or writt
over the X Data Bus (XDB) and the Y Data Bus (YDB) as 24- or 48-bit operands. The sou
operands for the data ALU, which can be 24, 48, or 56 bits, always originate from data AL
registers. The results of all data ALU operations are stored in an accumulator. The data AL
in 16-bit Arithmetic mode when the SA bit in the Status Register (SR) is set. For details on
SR, see Chapter 5, Program Control Unit.

All the data ALU operations are performed in two clock cycles in pipeline fashion so that a
instruction can be initiated in every clock, yielding an effective execution rate of one instru
per clock cycle. 

3.1.1   Data ALU Input Registers (X1, X0, Y1, Y0)

X1, X0, Y1, and Y0 are four 24-bit, general-purpose data registers. They can be treated as
independent 24-bit registers or as two 48-bit registers called X and Y, formed by concatena
X1:X0 and Y1:Y0, respectively. X1 is the most significant word in X, and Y1 is the most 
significant word in Y. The registers serve as input buffers between the X Data Bus (XDB) o
Data Bus (YDB) and the MAC unit or barrel shifter. They are used as data ALU source ope
allowing new operands to be loaded for the next instruction while the current contents are 
by the current instruction. The registers can also be read back out to the appropriate data 
DSP56300 Family Manual, Rev. 5
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3.1.2   Multiplier-Accumulator (MAC) Unit

The multiplier-accumulator (MAC) unit is the main arithmetic processing unit of the DSP56
core. It accepts up to three input operands and outputs one 56-bit result of the following fo

Extension:Most Significant Product:Least Significant Product (EXT:MSP:LSP) 

The operation of the MAC unit occurs independently and in parallel with XDB and YDB acti
and its registers facilitate buffering for both data ALU inputs and outputs. Latches on the M

Figure 3-1.  Data ALU Block Diagram
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unit input permit writing new data to an input register while the data ALU processes the cu
data. The input to the multiplier can come only from the X or Y registers. The multiplier exe
24-bit x 24-bit, parallel fractional multiplies, between two’s-complement signed, unsigned, 
mixed operands. The 48-bit product is right-justified into 56 bits and added to the 56-bit con
of either the A or B accumulator.

The 56-bit sum is stored back in the same accumulator. The multiply/accumulate operatio
fully pipelined and takes two clock cycles to complete. In the first clock the multiply is 
performed and the product is stored in the pipeline register. In the second clock the accum
is added or subtracted. If a multiply without accumulation (MPY) is specified in the instruct
the MAC clears the accumulator and then adds the contents to the product. When a 56-bit r
to be stored as a 24-bit operand, the LSP can simply be truncated, or it can be rounded in
MSP. Rounding is performed if specified in the DSP instruction, for example, in the signed
multiply-accumulate and round (MACR) instruction; the rounding is either convergent roun
(round-to-nearest-even) or two’s-complement rounding. The type of rounding is specified b
rounding bit in the Status Register (SR). The bit in the accumulator that is rounded is specif
the scaling mode bits in the SR.

The arithmetic unit’s result going into the accumulator can be saturated so that it fits into 4
(MSP and LSP). This process is commonly referred to as arithmetic saturation. It is activat
the Arithmetic Saturation Mode (SM) bit in the SR. The purpose of this mode is to provide 
algorithms that do not recognize or cannot take advantage of the extension accumulator (E
For details, refer to Section 3.2.3, Arithmetic Saturation Mode, on page 3-9.

3.1.3   Data ALU Accumulator Registers (A2, A1, A0, B2, B1, B0)

The six data ALU registers (A2, A1, A0, B2, B1, and B0) form two general-purpose, 56-bit
accumulators, A and B. Each of these two accumulators consists of three concatenated re
(A2:A1:A0 and B2:B1:B0, respectively). The 24-bit MSP is stored in A1 or B1; the 24-bit LS
stored in A0 or B0. The 8-bit EXT is stored in A2 or B2. If an ALU operation results in overf
into A2 (or B2), reading the A (or B) accumulator over the XDB or YDB substitutes a limitin
constant in place of the value in the accumulator. The content of A or B is not affected if lim
occurs; only the value transferred over the XDB or YDB is limited. This process is common
referred to as transfer saturation and should not be confused with the Arithmetic Saturation

The overflow protection is performed after the contents of the accumulator are shifted acco
to the Scaling mode. Shifting and limiting is performed only when the entire 56-bit A or B 
register is specified as the source for a parallel data move over the XDB or YDB. When A2
A0, B2, B1, or B0 is the source for a parallel data move, shifting and limiting are not perfor
When the 8-bit wide accumulator extension register (A2 or B2) is the source for a parallel 
move, it is sign-extended to produce the full 24-bit wide word. The accumulator registers (
B) serve as buffer registers between the arithmetic unit and the XDB and/or YDB. These re
are used as both data ALU source and destination operands.
DSP56300 Family Manual, Rev. 5
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Automatic sign extension of the 56-bit accumulators occurs when the A or B register is wri
with a smaller operand. Sign extension can occur when A or B is written from the XDB and
YDB or with the results of certain data ALU operations such as the Transfer Conditionally 
or Transfer Data ALU Register (TFR) instructions. If a word operand is to be written to an 
accumulator register (A or B), the most significant product (MSP)—A1 or B1—of the 
accumulator is written with the word operand, the least significant product (LSP)—A0 or B0
zero-filled, and the extended (EXT) portion —A2 or B2—is sign-extended from MSP. 
Long-word operands are written into the low-order portion, MSP:LSP, of the Accumulator 
Register, and the EXT portion is sign-extended from MSP. No sign extension is performed
individual 24-bit register is written (A1, A0, B1, or B0). Test logic in each accumulator regis
supports operation of the data shifter/limiter circuits. This test logic detects overflows out o
data shifter so that the limiter can substitute one of several constants to minimize errors du
overflow. 

3.1.4   Accumulator Shifter

The accumulator shifter is an asynchronous parallel shifter with a 56-bit input and a 56-bit o
that is implemented immediately before the MAC unit accumulator input. The source 
accumulator shifting operations are as follows:

� No shift (unmodified)
� 24-bit right shift (arithmetic) for DMAC
� 16-bit right shift (arithmetic) for DMAC in Sixteen-bit Arithmetic mode
� Force to zero

3.1.5   Bit Field Unit (BFU)

The BFU contains a 56-bit parallel bidirectional shifter with a 56-bit input and a 56-bit outp
mask generation unit and logic unit. The BFU is used in the following operations:

� Multi-bit left shift (arithmetic or logical) for ASL, LSL
� Multi-bit right shift (arithmetic or logical) for ASR, LSR
� 1-Bit rotate (right or left) for ROR, ROL
� Bit field merge, insert and extract for MERGE, INSERT, EXTRACT and EXTRACTU
� Count leading bits for CLB
� Fast normalization for NORMF
� Logical operations for AND, OR, EOR, and NOT

3.1.6   Data Shifter/Limiter

The data shifter/limiter circuits provide special post-processing on data read from the ALU
accumulator registers A and B out to the XDB or YDB. Each of the two independent 
DSP56300 Family Manual, Rev. 5
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shifter/limiter circuits (one for XDB and one for the YDB) consists of a shifter followed by a
limiting circuit.

3.1.6.1   Scaling

The data shifters in the shifters/limiters unit can perform the following data shift operations

� Scale up—shift data one bit to the left 
� Scale down—shift data one bit to the right 
� No scaling—pass the data unshifted 

Each data shifter has a 24-bit output with overflow indication. These shifters permit dynam
scaling of fixed-point data without modifying the program code. For example, this permits b
floating-point algorithms such as Fast Fourier Transforms (FFTs) to be implemented in a r
fashion. The data shifters are controlled by the Scaling Mode bits (S0 and S1, bits 11 and 
the SR. 

3.1.6.2   Limiting

In the DSP56300 core, the data ALU accumulators A and B have eight extension bits. Lim
occurs when the extension bits are in use and either A or B is the source being read over X
YDB. The limiters in the DSP56300 core place a shifted and limited value on XDB or YDB
without changing the contents of the A or B registers. Having two limiters allows two-word
operands to be limited independently in the same instruction cycle. The two data limiters ca
be combined to form one 48-bit data limiter for long-word operands.

If the contents of the selected source accumulator are represented without overflow in the
destination operand size (that is, signed integer portion of the accumulator is not in use), th
limiter is disabled, and the operand is not modified. If the contents of the selected source 
accumulator are not represented without overflow in the destination operand size, the data
substitutes a limited data value having maximum magnitude (saturated) and having the sam
as the source accumulator contents:

� $7FFFFF for 24-bit positive numbers
� $7FFFFF FFFFFF for 48-bit positive numbers
� $800000 for 24-bit negative numbers
� $800000 000000 for 48-bit negative numbers 

This process is called transfer saturation. The value in the accumulator register is not shift
limited and can be reused within the data ALU. When limiting does occur, a flag is set and
latched in the SR.
DSP56300 Family Manual, Rev. 5
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3.2 Data ALU Arithmetic and Rounding

The following paragraphs describe the data ALU data representation, rounding modes, an
arithmetic methods.

3.2.1   Data Representation

The DSP56300 core uses a fractional data representation for all data ALU operations. Figure 3-2 
shows the bit weighting of words, long words, and accumulator operands for this represen
The decimal points are all aligned and are left-justified. For words and long words, the mo
negative number that can be represented is –1.0 whose internal representation is $80000
$800000000000, respectively. The most positive word is $7FFFFF or 1–2–23, and the most 
positive long word is $7FFFFFFFFFFF or 1–2–47. These limitations apply to all data stored in 
memory and to data stored in the data ALU input buffer registers. The extension registers 
associated with the accumulators allow word growth so that the most positive number is 
approximately 256, and the most negative number is –256. To maintain alignment of the r
point when a word operand is written to accumulator A or B, the operand is written to the m
significant accumulator register (A1 or B1), and its most significant byte is automatically 
sign-extended through the accumulator extension register (A2 or B2). The least significant
accumulator register (A0 or B0) is automatically cleared. When a long-word operand is writ
an accumulator, the least significant word of the operand is written to the least significant 
accumulator register (see Figure 3-2).

Figure 3-2.  Bit Weighting and Alignment of Operands
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The number representation for integers is between ± 2 (N–1); whereas, the fractional 
representation is limited to numbers between ± 1. To convert from an integer to a fractional 
number, the integer must be multiplied by a scaling factor so the result is always between ± 1. 
The representation of integer and fractional numbers is the same if the numbers are adde
subtracted, but it is different if the numbers are multiplied or divided. An example of two 
numbers multiplied together is given in Figure 3-3.

The key difference is in the alignment of the 2N–1 bit product. In fractional multiplication, t
2N–1 significant product bits are left-aligned, and a zero is filled in the Least Significant Bi
(LSB), to maintain fractional representation. In integer multiplication, the 2N–1 significant 
product bits are right-aligned, and the sign bit should be duplicated to maintain integer 
representation. 

Note: Be aware when multiplying integer numbers that since the DSP56300 core 
incorporates a fractional array multiplier, it always aligns the 2N–1 significant prod
bits to the left. 

3.2.2   Rounding Modes

The DSP56300 core data ALU rounds the accumulator register to single precision if reque
the instruction. The upper portion of the accumulator is rounded according to the contents
lower portion of the accumulator. The boundary between the lower portion and the upper p
is determined by the Scaling Mode bits S0 and S1 in the Status Register (SR). Two types 
rounding are implemented: convergent rounding and two’s-complement rounding. The typ
rounding is selected by the Rounding Mode (RM) bit in the EMR portion of the SR. 

3.2.2.1   Convergent Rounding

Convergent rounding (also called round-to-nearest even number) is the default rounding m
The traditional rounding method rounds up any value greater than one-half and rounds dow
value less than one-half. The question arises as to which way one-half should be rounded
always rounded one way, the results are eventually biased in that direction. Convergent ro

Figure 3-3.  Integer/Fractional Multiplication
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solves the problem by rounding down if the number is even (LSB = 0) and rounding up if th
number is odd (LSB = 1). Figure 3-4 shows the four cases for rounding a number in the A1 (
B1) register. If scaling is set in the SR, the rounding position is updated to reflect the align
of the result when it is put on the data bus. However, the contents of the register are not s

3.2.2.2   Two’s Complement Rounding

When two’s complement rounding is selected by setting the Rounding Mode (RM) bit in the
all values greater than or equal to one-half are rounded up, and all values less than one-h
rounded down. Therefore, a small positive bias is introduced. Figure 3-5 shows the four cases for
rounding a number in the A1 (or B1) register. If scaling is set in the SR, the rounding posit

Figure 3-4.  Convergent Rounding (No Scaling)
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updated to reflect the alignment of the result when it is put on the data bus. However, the co
of the register are not scaled.

3.2.3   Arithmetic Saturation Mode

Setting the Arithmetic Saturation Mode (SM) bit in the SR limits the arithmetic unit’s result t
bits (MSP and LSP). The highest dynamic range of the machine is then limited to 48 bits. 
purpose of the SM bit is to provide a saturation mode for algorithms that do not recognize 
cannot take advantage of the extension accumulator. The arithmetic saturation logic opera
checking 3 bits of the 56-bit result after rounding: two bits of the extension byte (EXT[7] an

Figure 3-5.  Two’s Complement Rounding (No Scaling) 
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55 48 47 24 23 0

A2 A1 A0
1

X X . . X X X X X . . . X X X 0 1 1 0 0 0 0 . . . . . . . . . 0 0 0
55 48 47 24 23 0

A2 A1 A0*
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EXT[0]) and one bit on the MSP (MSP[23]). The result obtained in the accumulator when S
1 is shown in Table 3-1.

The two saturation constants $007FFFFFFFFFFF and $FF800000000000 are not affected
Scaling mode. Similarly, rounding of the saturation constant during execution of MPYR, MA
and RND instructions is independent of the scaling mode: $007FFFFFFFFFFF is rounded
$007FFFFF000000, and $FF800000000000 is rounded to $FF800000000000.

In Arithmetic Saturation mode, the Overflow bit (V bit) in the SR is set if the data ALU resu
not representable in the 48-bit accumulator (that is, an arithmetic saturation has occurred)
also implies that the Limiting bit (L bit) in the SR is set when an arithmetic saturation occur

Note: The Arithmetic Saturation mode is always disabled during execution of the following
instructions: TFR, Tcc, DMACsu, DMACuu, MACsu, MACuu, MPYsu, MPYuu, 
CMPU, and all BFU operations. If the result of these instructions should be satura
MOVE A,A (or B,B) instruction must be added after the original instruction if no 
scaling is set. However, the “V” bit of the SR is never set by the arithmetic satura
of the accumulator during execution of a MOVE A,A (or B,B) instruction. Only the
“L” bit is set. 

3.2.4   Multi-Precision Arithmetic Support

A set of data ALU operations facilitate multi-precision multiplications. When these instructi
are used, the multiplier accepts some combinations of signed two’s-complement format an
unsigned format. Table 3-2 shows these instructions.

Table 3-1.  Actions of the Arithmetic Saturation Mode (SM = 1)

EXT[7] EXT[0] MSP[23] Result in Accumulator

0 0 0 Unchanged

0 0 1 $00 7FFFFF FFFFFF

0 1 0 $00 7FFFFF FFFFFF

0 1 1 $00 7FFFFF FFFFFF

1 0 0 $FF 800000 000000

1 0 1 $FF 800000 000000

1 1 0 $FF 800000 000000

1 1 1 Unchanged
DSP56300 Family Manual, Rev. 5
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Figure 3-6 shows how the DMAC instruction is implemented inside the data ALU.

Figure 3-6.  DMAC Implementation

Figure 3-7 illustrates the use of these instructions for a double-precision multiplication. The
signed × signed operation multiplies or multiply-accumulates the two upper signed portions
two signed double-precision numbers. The unsigned × signed operation multiplies or 
multiply-accumulates the upper signed portion of one double-precision number with the lo
unsigned portion of the other double-precision number. The unsigned × unsigned operation 
multiplies or multiply-accumulates the lower unsigned portion of one double-precision num
with the lower unsigned portion of the other double-precision number.

Table 3-2.  Acceptable Signed and Unsigned Two’s-Complement Multiplication  

Instruction Description

MPY/MAC su Multiplication and multiply-accumulate with signed times unsigned operands 

MPY/MAC uu Multiplication and multiply-accumulate with unsigned times unsigned operands

DMACss Multiplication with signed times signed operands and 24-bit arithmetic right shift of the 
accumulator before accumulation

DMACsu Multiplication with signed times unsigned operands and 24-bit arithmetic right shift of 
the accumulator before accumulation

DMACuu Multiplication with unsigned times unsigned operands and 24-bit arithmetic right shift of 
the accumulator before accumulation

Multiply

+

Accumulate

Accumulator Shifter

>> 24
DSP56300 Family Manual, Rev. 5

Freescale Semiconductor 3-11



Data Arithmetic Logic Unit

he 
 in 

 
line 
 the 

 
ot 
he 

do 
LU 

nts of 
them 
Figure 3-7.  Double-Precision Multiplication Using the DMAC Instruction

3.2.4.1   Double-Precision Multiply Mode

Double-precision multiply operations can also be performed within a dedicated 
“Double-Precision Multiply” mode using a double-precision algorithm with four multiply 
operations. Select the Double-Precision Multiply mode by setting Bit 14 (DM) of the SR. T
mode is disabled by clearing the DM bit. The double-precision multiply algorithm is shown
Figure 3-8. The ORI instruction sets the DM mode bit, but due to the instruction execution 
pipeline the data ALU enters the Double-Precision Multiply mode after only one cycle. The
ANDI instruction clears the DM mode bit in the MR, but due to the instruction execution pipe
the data ALU leaves the mode after one cycle. To allow for the pipeline delay, do not follow
ANDI instruction immediately with a restricted data ALU instruction.

In Double-Precision Multiply mode, the behavior of the four specific operations listed in the
double-precision algorithm is modified. Therefore, in Double-Precision Multiply mode, do n
use these operations with the specified register combinations for any purpose other than t
double-precision multiply algorithm. Also, in this mode, do not use any other data ALU 
operations (or the four listed operations with other register combinations). 

Note: Since the double-precision multiply algorithm uses the Y0 register for all stages, 
not change Y0 when running the double-precision multiply algorithm. If the data A
is required by an interrupt service routine, save the contents of Y0 with the conte
the other data ALU registers before processing the interrupt routine, and restore 
before leaving the interrupt routine.

48 bits

96 bits

B0B1A0A1A2

X0X1

Y1 Y0

XLXH

YH YL

×

=

S Ext

+

+

+

XL × YL

XH × YL

YH × XL

XH × YH

Signed × Unsigned

Signed × Signed

Unsigned × Unsigned
x0,y0,a
a0,b0

x1,y0,a

y1,x0,a
a0,b1

x1,y1,a

mpyuu
move

dmacsu

macsu
move

dmacss
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3.2.5   Block Floating-Point FFT Support

The Block Floating Point FFT operation requires the early detection of data growth betwee
butterfly passes. If data growth is detected, suitable down-scaling must be applied to ensu
no overflow occurs during the next butterfly calculation pass. The total scaling applied is th
block exponent of the FFT output. Data growth detection is implemented as a status bit in t
The FFT scaling bit S, bit 7 of the SR, is set when a result moves from accumulator A or B 
XDB or YDB Bus (during an accumulator to memory or accumulator to register move) and
remains set until explicitly cleared (that is, the “S” bit is a “sticky” bit). 

3.3 Data ALU Programming Model

The data ALU features 24-bit input/output data registers that can be concatenated to 
accommodate 48-bit data and two 56-bit accumulators, which are segmented into three 24
pieces that can be transferred over the buses. Figure 3-9 illustrates how the registers in the 
programming model are grouped. 

Figure 3-8.  Double-Precision Multiply Algorithm

Y:X:

R5MSP2

LSP2

MSP1

LSP1

R1

DP2

DP0

DP3

DP1
R0R0

DP3_DP2_DP1_DP0 = MSP1_LSP1 x MSP2_LSP2

ori#$40,mr ;enter mode

move x:(r1)+,x0 y:(r5)+,y0;load operands

mpyy0,x0,ax:(r1)+,x1 y:(r5)+,y1;LSP*LSP->a

macx1,y0,a a0,y:(r0);shifted(a)+

;   MSP*LSP->a

macx0,y1,a ;a+LSP*MSP->a

macy1,x1,aa0,x:(r0)+ ;shifted(a)+
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Figure 3-9.  Data ALU Core Programming Model

3.4 Sixteen-Bit Arithmetic Mode

Setting the SA bit in the SR enables the Sixteen-bit Arithmetic operating mode. In this mod
16-bit data is right-aligned in the 24-bit memory word, that is, in the 16 LSBs of the 24-bit w
You can use 16-bit wide data memories either by leaving the eight MSBs unconnected or 
tying these bits to GND. In Sixteen-bit Arithmetic mode, the source operands can be 16-bit, 32
or 40-bit. The numerical results have a 40-bit accuracy. These 40 bits consist of a 16-bit L
16-bit MSP, and an 8-bit EXT. Figure 3-10 shows the bit positions in the memory and data AL
registers in Sixteen-bit Arithmetic mode.

3.4.1   Moves in Sixteen-Bit Arithmetic Mode

In Sixteen-bit Arithmetic mode, the data ALU registers are still read or written as 24- or 48
operations over the XDB and the YDB. No 16- or 32-bit moves are supported. The mappin
the 16-bit data to the 24-bit buses is described in the following paragraphs. Table 3-3 shows the 
result of moving data into registers or accumulators. Table 3-4 shows the result of moving data
from registers or accumulators.

3.4.1.1   Moves into Registers or Accumulators

When XDB or YDB are moved into a full data ALU accumulator (A or B), the 16 LSBs of th
bus are placed in bits 32–47 of the accumulator (16 MSBs of A1 or B1). Bits 8–23 of the 
accumulator (16 MSBs of A0 or B0) are cleared and the EXT of the accumulator (A2 or B2
loaded with the sign extension. When XDB and YDB (48 bits) are moved into a full data A
accumulator (A or B), the 16 LSBs from XDB are placed into bits 32–47 of the accumulato
MSBs of A1 or B1). The 16 LSBs from YDB are placed into bits 8–23 of the accumulator (
MSBs of A0 or B0). The EXT of the accumulator (A2 or B2) is loaded with the sign extensi

D a t a  A L U  

Data ALU

* A2 A1 A0

Input Registers

Accumulator Registers

*Read as sign extension bits, written as either 0 or 1.

X Y

A B

X1 X0

* B2 B1 B0

Y1 Y0

47

23

0

00 23

47

23

0

00 23

55

23

0

00 230723

55

23

0

00 230723
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When XDB or YDB is moved into a register (X0, X1, Y0, or Y1) or partial accumulator (A0, 
B0 or B1), the 16 LSBs of the bus are loaded into the 16 MSBs of the destination register.
other portion of the accumulator is affected. 

When XDB or YDB is moved into the accumulator extension register (A2 or B2), the eight L
of the bus are loaded into the eight LSBs of the destination register and the 16 MSBs of th
are not used. The remaining parts of the accumulator are not affected. 

When XDB and YDB are moved into a 48-bit register (X or Y) or partial accumulator (A10 
B10), the 16 LSBs of XDB bus are loaded into the 16 MSBs of the MSP (X1, Y1, A1, or B1)
the 16 LSBs of YDB bus are loaded into the 16 MSBs of the LSP (X0, Y0, A0, or B0). The 
part of the accumulator (A2 or B2) is not affected. 

Figure 3-10.  Sixteen-Bit Arithmetic Mode Data Organization

Table 3-3.  Moves into Registers or Accumulators  

Data Source Destination Result

XDB or YDB Full data ALU accumulator (A 
or B)

• 16 LSBs of bus into bits 32-47 of accumulator
• Accumulator bits 8–23 cleared
• EXT of accumulator (A2 or B2) loaded with sign extension

Data ALU 

Data ALU

* A2 A1 A0

Input Registers

Accumulator Registers

*  Read as sign extension bits; written as either 0 or 1.

X Y

A B

X1 X0

Undefined

* B2 B1 B0

Y1 Y0

Memory Locations

Memory Word Memory Long Word
and Non-Data-ALU Registers

Notes: 1. When switching to and from Sixteen-bit Arithmetic mode, no arithmetic instruction or a MOVE 
instruction should be performed for two instruction cycles. The programmer must insert two NOP 
instructions. There is no automatic stall insertion for this change.

2. Be cautious about exchanging data between Sixteen-bit Arithmetic mode and 24-bit arithmetic mode 
via write-read operations on data ALU registers and accumulators. Since the write operations in 
Sixteen-bit Arithmetic mode corrupt the information in the least significant bytes of the registers or 
accumulators, do not use these registers or accumulators for 24-bit data without some processing.

Data Data Data
23 15 0 23 15 0 23 15 0

47 0

23 7 0 23 7 0

47 0

23 7 0 23 7 0

55 0

23 7 0 23 7 0 23 7 0

55 0

23 7 0 23 7 0 23 7 0
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3.4.1.2   Moves from Registers or Accumulators

When a partial accumulator (A0, A1, B0, or B1) is moved to the XDB or YDB, the 16 MSBs of 
the source are transferred to the 16 LSBs of the bus with eight zeros in the MSBs. No sca
limiting is performed. When the source is the accumulator extension register (A2 or B2), it 
occupies the eight LSBs of the bus while the next 16 bits are the sign extension of bit 7.

When a partial accumulator (A10 or B10) is moved to XDB and YDB, the 16 MSBs of the M
of the source (A1 or B1) are transferred to the 16 LSBs of XDB with eight zeros in the MSB
while the 16 MSBs of the LSP of the source (A0 or B0) are transferred to the 16 LSBs of Y
with eight zeros in the MSBs. No scaling or limiting is performed. 

When a full data ALU accumulator (A or B) is moved to XDB or YDB, scaling and limiting i
performed, and then the 16-bit scaled and limited word is placed on the 16 LSBs of the bu
the sign extension is placed in the eight MSBs on the bus. 

When a full data ALU accumulator (A or B) is moved to XDB and YDB, scaling and limiting
performed, and then the 16 MSBs of the 32-bit scaled and limited double word are placed
XDB 16 LSBs, and the sign extension is placed in the eight MSBs on the bus. The 16 LSBs
32-bit scaled and limited double word are placed on the 16 LSBs of the YDB with eight zer
the eight MSBs of the bus.

When a register (X0, X1, Y0, or Y1) is moved to XDB or YDB, the 16 MSBs of the source 
transferred to the 16 LSBs of the bus with eight zeros in the MSBs. 

When a 48-bit register (X or Y) is moved to XDB and YDB, the 16 MSBs of the high regist
(X1 or Y1) are placed on the 16 LSBs of the XDB, and eight zeroes are placed on the eight
of the bus. The 16 LSBs of the low register (X0 or Y0) are placed on the 16 LSBs of the Y
with eight zeros on the eight MSBs of the bus.

XDB and YDB Full data ALU accumulator (A 
or B)

• 16 LSBs of XDB into bits 32-47 of accumulator
• 16 LSBs of YDB into bits 8–23 of the accumulator
• EXT of accumulator (A2 or B2) loaded with sign extension

XDB or YDB Register (X0, X1, Y0, or Y1) or 
partial accumulator (A0, A1, B0, 
or B1)

• 16 LSBs of bus into 16 MSBs of destination register
• Remaining parts of accumulator not affected

XDB or YDB Accumulator extension register 
(A2 or B2)

• Eight LSBs of bus into eight LSBs of destination register
• 16 MSBs of bus not used
• Remaining parts of accumulator not affected

XDB and YDB 48-bit register (X or Y) or partial 
accumulator (A10 or B10)

• 16 LSBs of XDB into 16 MSBs of MSP 
• 16 LSBs of YDB into 16 MSBs of LSP
• EXT of accumulator (A2 or B2) not affected

Table 3-3.  Moves into Registers or Accumulators  (Continued)

Data Source Destination Result
DSP56300 Family Manual, Rev. 5
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Note: When a read operation of a data ALU register (X, Y, X0, X1, Y0, or Y1) immediat
follows a write operation to the same register, the value placed on the eight MSB
the XDB or YDB is undefined.

3.4.1.3   Short Immediate moves

When an Immediate Short Data MOVE is performed in Sixteen-bit Arithmetic mode and th
destination register is A0, A1, B0, or B1, the 8-bit immediate short operand is interpreted a
unsigned integer and is therefore stored in bits 15–8 of the register (which correspond to th
LSBs of a 16-bit number). If the destination register is A2 or B2, the 8-bit immediate short 
operand is stored in bits 7–0 of the register.

When the destination register is A, B, X0, X1, Y0, or Y1, the 8-bit immediate short operand
interpreted as a signed fraction and is stored in bits 47–40 of the accumulator or bits 23–1
register (which correspond to the eight MSBs of a 16-bit number).

3.4.1.4   Scaling and Limiting

If scaling is specified, the data shifter virtually concatenates the 16-bit LSP to the 16-bit MS
provide a numerically correct shift.

Table 3-4.  Moves From Registers or Accumulators  

Data Source Destination Result

Partial accumulator (A0, 
A1, B0, or B1)

XDB or YDB • 16 MSBs of source into 16 LSBs of bus with eight zeros in MSBs
• No scaling or limiting

Accumulator extension 
register (A2 or B2)

XDB or YDB • Source occupies eight LSBs of bus
• Next 16 bits are sign extension of bit 7

Partial accumulator (A10 
or B10)

XDB and YDB • 16 MSB of MSP of source (A1 or B1) transferred to 16 LSBs of XDB 
with eight zeros in MSBs

• 16 MSBs of the LSP of source (A0 or B0) transferred to 16 LSBs of 
YDB with eight zeros in the MSBs.

• No scaling or limiting

Full data ALU 
accumulator (A or B)

XDB or YDB • Scaling and limiting performed
• 16-bit scaled word placed on 16 LSBs of bus
• Sign extension placed in eight MSBs of bus

Full data ALU 
accumulator (A or B)

XDB and YDB • Scaling and limiting performed
• 16 MSBs of 32-bit scaled and limited double word placed on XDB 16 

LSBs
• Sign extension placed in eight MSBs on bus
• 16 LSBs of 32-bit scaled and limited double word placed on 16 LSBs of 

YDB with eight zeros on the eight MSBs of bus

Register (X0, X1, Y0 or 
Y1)

XDB or YDB • 16 MSBs transferred to 16 LSBs of bus with eight zeros in MSBs

48-bit register (X or Y) XDB and YDB • 16 MSBs of high register (X1 or Y1) placed on 16 LSBs of XDB with 
eight zeros on eight MSBs of bus

• 16 LSBs of low register (X0 or Y0) placed on 16 LSBs of YDB with eight 
zeros on eight MSBs of bus
DSP56300 Family Manual, Rev. 5
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