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About This Book

This manual describesthe DSP56824 16-bit digital signal processor (DSP), its memory and operating
modes, and its peripheral modules. This manual isintended to be used with the DSP56800 Family Manual
(DSP56800FM/AD), which describes the CPU, programming models, and instruction set details. The
DSP56824 Technical Data Sheet (DSP56824/D) provides electrical specifications aswell as timing,
pinout, and packaging descriptions.

Audience

The information in this manual is intended to assist design and software engineers with integrating the
DSP56824 digital signal processor into a design and with developing application software.

Organization

Information in this manual is organized into chapters by topic. The contents of the chapters are as follows:
Chapter 1, “DSP56824 Overview.” This section provides a brief overview of the DSP56824.

Chapter 2, “ Signal Descriptions.” This section provides a description of the pins on the DSP56824 chip
and how the pins are grouped into the various interfaces.

Chapter 3, “Memory Configuration and Operating M odes.” This section describes the on-chip
memory, structures, registers, and interfaces.

Chapter 4, “External Memory Interface.” This section describes the DSP56824 external memory
interface, which is also referred to as Port A.

Chapter 5, “Port B GPI1O Functionality.” This section describes the dedicated general-purpose
input/output (GPIO) interface, which is also referred to as Port B.

Chapter 6, “Port C GPIO Functionality.” This section describes the 16 dual-function pins that
constitute Port C and defines their GPIO functions. Chapters 7-9 describe these pins' alternate
functionality.

Chapter 7, “ Serial Peripheral Interface.” This section describes the serial peripheral interface (SPI),
which isapart of Port C and which communicates with externa devices, such asliquid crysta displays
(LCDs) and microcontroller units (MCUs).

Chapter 8, “ Synchronous Serial I nterface.” This section describes the synchronous serid interface
(SSl), which isa part of Port C and which communicates with devices such as codecs, other DSPs,
microprocessors, and peripherals to provide the primary datainput path.

Chapter 9, “ Timers.” This section describes the three internal timer/counter devices that are apart of Port
C.

Chapter 10, “On-Chip Clock Synthesis.” This section describesthe internal oscillator, phase lock loop
(PLL), and timer distribution chain for the DSP56824.
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Chapter 11, “COP and RTI Module.” This section describes the on-chip watchdog timer and the
real-time interrupt generator.

Chapter 12, “OnCE™ Module.” This section describes the specifics of the DSP56824' s On-Chip
Emulation (ONCE™) module, which is accessed through the Joint Test Action Group (JTAG) port.

Chapter 13, “JTAG Port.” This section describes the specifics of the DSP56824's JTAG port.

Appendix A, “Bootstrap Program.” This section provides a sample listing of bootstrap code that can be
used to start or reset the DSP56824.

Appendix B, “Boundary Scan Description Language Listing.” This section provides the Boundary
Scan Description Language (BSDL) listing for the DSP56824.

Appendix C, “Programmer’s Sheets.” This section provides programming references and master
programming sheets used to program the DSP56824 registers.

Suggested Reading

A list of DSP-related books is included here as an aid for the engineer who is new to the field of DSP:
Advanced Topicsin Sgnal Processing, Jae S. Lim and Alan V. Oppenheim (Prentice-Hall: 1988).
Applications of Digital Sgnal Processing, A. V. Oppenheim (Prentice-Hall: 1978).

Digital Processing of Sgnals. Theory and Practice, Maurice Bellanger (John Wiley and Sons. 1984).
Digital Sgnal Processing, Alan V. Oppenheim and Ronald W. Schafer (Prentice-Hall: 1975).

Digital Sgnal Processing: A System Design Approach, David J. DeFatta, Joseph G. Lucas, and William S.
Hodgkiss (John Wiley and Sons. 1988).

Discrete-Time Signal Processing, A. V. Oppenheim and R.W. Schafer (Prentice-Hall: 1989).
Foundations of Digital Sgnal Processing and Data Analysis, J. A. Cadzow (Macmillan: 1987).
Handbook of Digital Sgnal Processing, D. F. Elliott (Academic Press. 1987).

Introduction to Digital Sgnal Processing, John G. Proakis and Dimitris G. Manolakis (Macmillan: 1988).
Multirate Digital Signal Processing, R. E. Crochiere and L. R. Rabiner (Prentice-Hall: 1983).

Sgnal Processing Algorithms, S. Stearns and R. Davis (Prentice-Hall: 1988).

Sgnal Processing Handbook, C. H. Chen (Marcel Dekker: 1988).

Sgnal Processing: The Modern Approach, James V. Candy (McGraw-Hill: 1988).

Theory and Application of Digital Sgnal Processing, Lawrence R. Rabiner and Bernard Gold
(Prentice-Hall: 1975).

Conventions

The following conventions are used in this manual:
e Bitswithinregistersare alwayslisted from most significant bit (M SB) to least significant bit (L SB).

e Bitswithin aregister are formatted AA[n:0] when more than one bit is involved in a description.
For purposes of description, the bits are presented as if they are contiguous within aregister.
However, thisis not always the case. Refer to the programming model diagrams or to the
programmer’s sheets to see the exact location of bits within aregister.
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When abit is described as “set,” itsvalueis set to 1. When abit is described as “cleared,” its value
issetto 0.

Pinsor signalsthat are asserted low (made active when pulled to ground) have an overbar over their
name. For example, the SSO pin is asserted low.

Hex values are indicated with adollar sign ($) preceding the hex value, asfollows: $FFFB isthe X
memory address for the Interrupt Priority Register (IPR).

Code examples are displayed in amonospaced font, as follows:

BFSET #$0007, X: PCC ; Confi gure: line 1
; MSQ, MXBI0, SCKO for SPI naster line 2
; ~SS0 as PC3 for GPIO line 3

Pins or signals listed in code examples that are asserted low have atilde in front of their names. In
the previous example, line 3 refers to the SSO pin (shown as ~SS0).

Theword “reset” is used in three different contextsin this manual. There are areset pin that is
aways written as RESET, the processor state occurring when the RESET pin is asserted that is
aways written as Reset, and the word reset that refers to the reset function and iswritten in
lowercase (without theitalicsthat are used here for emphasis) or with aleading capital |etter asstyle
dictates, such asin headings and captions. Theword “pin” isageneric term for any pin on the chip.

The word assert means that a high true (active high) signal is pulled high to V ¢ or that alow true
(activelow) signal ispulled low to ground. Theword deassert meansthat ahigh truesignal ispulled

low to ground or that alow true signal is pulled highto V ¢c.

Signal/Symbol Logic State Signal State Voltage
PIN True Asserted Ground?!
PIN False Deasserted Vec?
PIN True Asserted Vee
PIN False Deasserted Ground

1. 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).

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

Definitions, Acronyms, and Abbreviations

The following terms appear frequently in this manual:

DSP digital signal processor
JTAG Joint Test Action Group
OnCE™ On-Chip Emulation
ALU arithmetic logic unit
AGU address generation unit
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References
Please consult the following for more information on the function and characteristics of the DSP56824
digital signal processor.
e DSP56800 Family Manual (order number DSP56800FM/D)
e DSP56824 Technical Data Sheet (order number DSP56824/D)

These documents, aswell as M otorola’ s DSP devel opment tools, can be obtained through alocal Motorola
Semiconductor Sales Office or authorized distributor. To receive the latest information, access the
Motorola DSP home page located at http://www.motorol a-dsp.com.
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Chapter 1
DSP56824 Overview

The DSP56824 is a member of the family of DSPs based on the DSP56800 core. This general-purpose
DSP combines processing power with configuration flexibility, making it an excellent, cost-effective
solution for signal processing and control functions. To achieve its design goals, the DSP56824 uses an
efficient MPU-style general-purpose 16-bit DSP core, program and data memories, and support circuitry.

The CPU (the DSP56800 core) consists of three execution units operating in paralel, alowing as many as
six operations during each instruction cycle. The MPU-style programming model and optimized
instruction set allow straightforward generation of efficient, compact DSP and control code. The
instruction set is also highly efficient for C Compilers.

The DSP56824 supports program execution from internal or external memories. Two data operands can be
accessed per instruction cycle from the on-chip data RAM. The programmabl e peripherals and ports
provide support for interfacing multiple external devices, such as codecs, microprocessors, or other DSPs.
The DSP56824 aso provides 16 to 32 general -purpose input/output (GPIO) lines, depending on how
peripherals are configured, and 2 external dedicated interrupt lines. Because of its configuration flexibility,
compact program code, and low cost, the DSP56800 core family is well suited for cost-sensitive
applications, including digital wireless messaging, digital answering machines and feature phones,
wireline and wireless modems, servo and AC motor control, and digital cameras.
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1.1 DSP56824 Architecture Overview

The DSP56824 consists of the DSP56800 core, program and data memory, and peripherals useful for
embedded control applications. Figure 1-1 on page 1-2 shows a block diagram of the DSP56824 chip.

LEEEE L

Program- S:rriiarl] PSe_riar! Ssy”‘?hl- Timer/ Program Data Data
mable ph. || Periph. eria Event ||CcOP/[| _Memory Memory | [ Memory
PLL GPIO||Interface||Interface||Interface 32K x 16 ROM || 3584 x 2048 x
Interrupt (SPIO) SPI1 Ss| Counters|| RTI
GPIO oePlb 0(r GPI)O (Gp?gr or GPIO 128 x 16 RAM || 16 RAM || 16 ROM
ATAAA A A T“ A A TAA YY) ATT A A AAA AT
Y
PAB »-| External Address
Clock 16-Bit Address XAB1 Address /
Generation »| Bus >
Gen. DSP56800 Uni > J 16
Core nit XAB2 Switch
. -
Bit- PDB External Data
Manipulation [ ¢ | Data
Unit CGDB Bus <'+>
- > Switch 16
A Y vy Y Y VY
ITAG/ Data ALU Control
OnCE™ Program Controller 16 x 16 + 36 —» 36-bit MAC Bus =
Port 9 Three 16-bit Input Registers Control U
Two 36-bit Accumulators 4

5 ‘|‘ L MODA/IRQA
MODB/IRQB
RESET AA1428

Figure 1-1. DSP56824 Functional Block Diagram
Features of the DSP56824 include the following:

e 35 million instructions per second (MIPS) with 70 MHz clock
e On-chip memory
e Off-chip memory expansion capability

— Off-chip expansion to 64K x 16 data memory

— Off-chip expansion to 64K x 16 program memory
e On-chip peripheras (listed in the following subsection)
e 2.7V t03.6V power supply
*  Very low-power complementary metal -oxide semiconductor (CMOS) design
«  Power management circuitry with power-saving wait and multiple stop modes
« Fully static logic with operating frequencies down to DC
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1.1.1 DSP56824 Peripheral Blocks

The DSP56824 provides the following peripheral blocks:
e On-chip memory
— 32K x 16 program ROM
— 128 x 16 program RAM
— 3.5K x 16 RAM for data and applications
— 2K x 16 data ROM
e Externa memory interface
*  GPIO module
e Programmable I/O module
e Serial peripheral interface (SPI—two provided)
e Synchronous serial interface (SSI)
e General-purpose triple timer module
e On-chip clock synthesis block (phase lock loop or PLL)
e Computer Operating Properly (COP) and real-time interrupt (RT1) module
+ JTAG/OnCE™ Port

1.1.1.1 On-Chip Memory

The DSP56824 uses a Harvard architecture, which provides independent data and program memory.
On-chip ROM is provided for both the X data (2K x 16-bit) and program (P) memory (32K x 16-hit). In
addition, on-chip RAM is provided for both the X data (3.5K x 16-hit) and P memory (128 x 16-bit). Both
the program and data memories can be expanded off-chip.

1.1.1.2 External Memory Interface (Port A)

The DSP56824 provides an external memory interface, also known as Port A. This port provides atotal of
36 pins—16 pinsfor an external address bus, 16 pins for an external data bus, and 4 pins for bus control.

1.1.1.3 General-Purpose Input/Output Port (Port B)

A dedicated general-purpose input/output (GPIO) port, al'so known as Port B, provides 16 programmable
I/0 pins. This port is configured so that it is possible to generate interrupts when a transition is detected on
any of itslower eight pins.

1.1.1.4 Programmable I/O Port (Port C)

Port C provides 16 multiplexed general-purpose programmable I/O pins. Each pin can be individually
selected as a GPIO pin or alocated to on-chip peripherals—the general -purpose timer module, two SPIs,
and an SSI. Unlike the GPIO pins on Port B, the Port C pins cannot be configured to provide GPIO
interrupts, but interrupts are available for the timer module, the two SPI ports, and the SSI port on Port C.
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1.1.1.5 Serial Peripheral Interface (SPI)

The seria peripheral interface (SPI) is an independent serial communications subsystem that allows the
DSP56824 to communicate synchronously with peripheral devices such as LCD display drivers, A/D
subsystems, and MCU microprocessors. The SPI is aso capable of interprocessor communication in a
multiple master system. The SPI system can be configured as either a master or a slave device with high
datarates. The SPI works in a demand-driven mode. In Master mode, atransfer isinitiated when datais
written to the SPI Data Register. In Slave mode, atransfer isinitiated by the reception of a clock signal.
Two separate SPIs are implemented on Port C.

1.1.1.6 Synchronous Serial Interface (SSI)

The synchronous serial interface (SSI) is a full-duplex seria port that allows the DSP56824 to
communicate with avariety of multiple serial devicesincluding industry-standard codecs, other DSPs,
microprocessors, and peripheral s that implement the Motorola SPI. It istypically used to transfer samples
in a periodic manner. The SSI consists of independent transmitter and receiver sections with independent
clock generation and frame synchronization. The SSI isimplemented on Port C.

1.1.1.7 General-Purpose Timer Module

The timer module provides three independently programmable 16-bit timer/event counters. All three
timer/counters can be clocked with clocks coming from one of three internal sources, including one of the
other timers. In addition, the counters can be clocked with external clocking from the timer 1/O pins
(T1001 or TIO2) on Port C to count external events when configured as inputs. The same pins can be used
as atimer pulse or for timer clock generation when used as outputs. The timer/event counters can be used
to either interrupt the DSP56824 or to signal an external device at periodic intervals. Thetimer I/O pinsare
implemented as part of Port C.

1.1.1.8 On-Chip Clock Synthesis Block

The clock synthesis module generates the clocking for the DSP56824. It generates three different clocks
used by the DSP56800 core and DSP56824 peripherals. It contains a PLL that can multiply up the
frequency or can be bypassed, and also contains a prescal er/divider used to distribute clocksto peripherals
and to lower power consumption on the DSP56824. It also selects which clock, if any, isrouted to the
CLKO pin of the DSP56824.

1.1.1.9 COP/RTI Module

The Computer Operating Properly (COP) and real-time interrupt (RT1) module provides two separate
functions: awatchdog timer and an interrupt generator. These two functions monitor processor activity and
provide an automatic reset signal if afailure occurs. Both functions are contained in the same block
because the input clock for both comes from a common clock divider.

1.1.1.10 JTAG/OnCE™ Port

The JTAG/OnCE port allows the user to insert the DSP56824 into atarget system while retaining debug
control. The JTAG port provides board-level testing capability that is compatible with the IEEE Standard
Test Access Port and Boundary-Scan Architecture (IEEE 1149.1a-1993) specification defined by the Joint
Test Action Group (JTAG). Five dedicated pins interface to atest access port (TAP) that contains a
16-state controller.
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The On-Chip Emulation (OnCE) module alows the user to interact in a debug environment with the
DSP56800 core and its peripherals non-intrusively. Its capabilities include examining registers, memory,
or on-chip peripherals; setting breakpoints in memory; and stepping or tracing instructions. It provides
simple, inexpensive, and speed-independent access to the DSP56800 core for sophisticated debugging and
economical system development. The JTAG/OnCE port allows access to the OnCE module and through
the DSP56824 to its target system, retaining debug control without sacrificing other user-accessible
on-chip resources.

1.1.2 DSP56824 Peripheral Interrupts

The peripherals on the DSP56824 use the interrupt channels found on the DSP56800 core. Each peripheral
has its own interrupt vector (often more than one interrupt vector for each peripheral) and can selectively
be enabled or disabled viathe interrupt priority level found on the DSP56800 core.

Chapter 3, “Memory Configuration and Operating Modes,” provides complete details on interrupt vectors.

1.2 DSP56800 Core Description

The DSP56800 core consists of functional units that operate in parallel to increase the throughput of the
machine. Mgjor features of the DSP56800 core include the following:

* Single-cycle 16-bit x 16-bit parallel multiply-accumulator (MAC)

e Two 36-bit accumulators including extension bits

» 16-bit bidirectional barrel shifter

e Highly parallel instruction set with unigue DSP and controller addressing modes
e Nested hardware DO loops

«  Software subroutine and interrupt stack with unlimited depth

e Instruction set that supports both DSP and controller functions for compact code
« Efficient C Compiler and local variable support

An overall block diagram of the DSP56800 core architecture is shown in Figure 1-2 on page 1-6. The
DSP56800 coreis fed by internal program and data memory, an external memory interface, and various
peripherals suitable for embedded applications. The blocks of the DSP56800 core include the following:

e Dataarithmetic logic unit (Data ALU)

e Address generation unit (AGU)

e Program controller and hardware looping unit
e Bit-manipulation unit

* Address buses

» Databuses
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Figure 1-2. DSP56800 Core Block Diagram

The program controller, AGU, and data ALU each contain a discrete register set and control logic, so that
each can operate independently and in parallel with the others. Likewise, each functional unit interfaces

with other units, with memory, and with memory-mapped peripherals over the core’s internal address and
data buses, as shown in Figure 1-3 on page 1-7.
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Figure 1-3. DSP56800 Bus Block Diagram

It is possiblein asingle instruction cycle for the program controller to be fetching a first instruction, the
AGU to generate two addresses for a second instruction, and the data ALU to perform amultiply in athird
instruction. In asimilar manner, the bit manipulation unit can perform an operation of the third instruction
described above instead of the multiplication in the data ALU. The architecture is pipelined to take
advantage of the paralel units and significantly decrease the execution time of each instruction.

1.2.1 Data Arithmetic Logic Unit (Data ALU)
The data arithmetic logic unit (data ALU) performs all of the arithmetic and logical operations on data
operands. It contains the following:

e Three 16-hit input registers

e Two 32-bit accumulator registers

«  Two 4-bit accumulator extension registers

e Oneparaléd, single cycle, non-pipelined MAC unit

e Anaccumulator shifter
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* Onedatalimiter
e One MAC output limiter
*  One 16-bit barrel shifter
Thedata ALU is capable of performing the following in one instruction cycle:
e Multiplication
e Multiply-accumulation with positive or negative accumulation

* Addition
e Subtraction
»  Shifting

e Logical operations

Arithmetic operations are done using two’ s-complement fractional or integer arithmetic. Support is also
provided for unsigned and multi-precision arithmetic.

Data ALU source operands can be 16, 32, or 36 bits and can originate from input registers or accumulators.
ALU results are stored in one of the accumulators. In addition, some arithmetic instructions store their
16-hit resultsin any of the three data ALU input registers or write directly to memory. Arithmetic
operations and shifts have a 16-hit or 36-bit result, and logical operations are performed on 16-bit operands
yielding 16-bit results. Data ALU registers can be read or written by the core global data bus (CGDB) as
16-hit operands, and the X0 register can also be written by the X databus 2 (XDB2) with a 16-bit operand.

1.2.2 Address Generation Unit (AGU)

The address generation unit (AGU) performs al of the effective address cal culations and address storage
necessary to address data operands in memory. This unit operatesin parallel with other chip resourcesto
minimize address-generation overhead. It contains two ALUSs, allowing the generation of up to two 16-bit
addresses every instruction cycle—one for either the XAB1 or PAB bus and one for the XAB2 bus. The
ALU can directly address 65,536 locations on the XAB1 or XAB2 bus and 65,536 locations on the
program address bus (PAB), for atotal capability of 131,072 words of 16-bit data. Hooks are provided on
the DSP56800 core to expand this address space. Its arithmetic unit can perform linear and modulo
arithmetic.

1.2.3 Program Controller and Hardware Looping Unit

The program controller performs instruction prefetching, instruction decoding, hardware loop control, and
interrupt (exception) processing. Instruction execution is carried out in other core units, such as the data
ALU or AGU. The program controller consists of a program counter (PC) unit, hardware looping control
logic, interrupt control logic, and status and control registers.

Two mode and interrupt control pins provide input to the program interrupt controller. The

Mode Select A/External Interrupt Request A (MODA/IRQA) pin and the

Mode Select B/External Interrupt Request B (MODB/IRQB) pin select the DSP56824 operating mode and
receive interrupt requests from external sources.

1-8 DSP56824 User’s Manual @ MOTOROLA

For More Information On This Product,
Go to: www.freescale.com



Freescale Semiconductor, INGs. o0 core Description

The RESET pin resets the DSP56824. When it is asserted, it initializes the chip and placesit in the Reset
state. When the RESET pin is deasserted, the DSP56824 assumes the operating mode indicated by the
MODA and MODB pins.

1.2.4 Bit-Manipulation Unit

The Bit Manipulation Unit performs bit-field manipulations on X memory words, peripheral registers, and
registers on the DSP56800 core. It is capable of testing, setting, clearing, or inverting any bits specified in
a 16-bit mask. For branch-on-bit-field instructions, this unit tests bits on the upper or lower byte of a 16-hit
word. In other words, the mask tests a maximum of 8 bits at atime.

Transfers between buses are accomplished in the bus unit. The bus unit is similar to a switch matrix and
can connect any two of the three data buses together without adding any pipeline delays. Thisisrequired
for transferring a core register to a periphera register, for example, because the core register is connected
to the core global data bus (CGDB) bus and the peripheral register is connected to the peripheral global
data bus (PGDB).

Asageneral rule, when reading any register less than 16 bits wide, unused bits are read as zero. Reserved
and unused bits should always be written with zero to ensure future compatibility.

1.2.5 Address and Data Buses

Addresses are provided to the internal X data memory on two unidirectional 16-bit buses— X address bus
1 (XAB1) and X address bus 2 (XAB2). Program memory addresses are provided on the unidirectional
16-hit program address bus (PAB). Note that the XAB1 can provide addresses for accessing both internal
and external memory, whereas the XAB2 can only provide addresses for accessing internal read-only
memory. The external address bus (EAB) provides addresses for external memory.

Data movement on the DSP56824 occurs over three bidirectional 16-bit buses—the core global data bus
(CGDB), the program data bus (PDB), and the peripheral globa data bus (PGDB)—and also over one
unidirectional 16-bit bus, the X databus 2 (XDB2). Datatransfer between the data ALU and the X data
memory occurs over the CGDB when one memory accessis performed, and over the CGDB and the
XDB2 when two simultaneous memory reads are performed. All other data transfers to core blocks occur
over the CGDB, and all transfers to and from peripherals occur over the PGDB. Instruction word fetches
occur simultaneously over the PDB. The external data bus (EDB) provides bidirectional accessto external
data memory.

The bus structure supports general register-to-register, register-to-memory, and memory-to-register
transfers, and can transfer up to three 16-hit words in the same instruction cycle. Transfers between buses
are accomplished in the bit-manipulation unit. Table 1-1 lists the address and data buses for the DSP56800
core.

Table 1-1. DSP56800 Address and Data Buses

Bus Bus Name Bus Width, Direction, and Use
XAB1 X address bus 1 16-bit, unidirectional, internal and external memory address
XAB2 X address bus 2 16-hit, unidirectional, internal memory address
PAB Program address bus 16-bit, unidirectional, internal memory address
EAB External address bus 16-bit, unidirectional, external memory address
CGDB Core global data bus 16-bit, bidirectional, internal data movement
@ MOTOROLA DSP56824 Overview 1-9
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Table 1-1. DSP56800 Address and Data Buses (Continued)

OSP56824 Overview

Bus Bus Name Bus Width, Direction, and Use
PDB Program data bus 16-bit, bidirectional, instruction word fetches
PGDB | Peripheral global data bus 16-hit, bidirectional, internal data movement
XDB2 X data bus 2 16-bit, unidirectional, internal data movement
EDB External data bus 16-bit, bidirectional, external data movement

1.2.6 On-Chip Emulation (OnCE) Module

The On-Chip Emulation (OnCE) module allows the user to interact in a debug environment with the
DSP56800 core and its peripheras non-intrusively. Its capabilities include examining registers, memory,
or on-chip peripherals; setting breakpoints in memory; and stepping or tracing instructions. It provides
simple, inexpensive, and speed-independent access to the DSP56800 core for sophisticated debugging and
economical system development. The JTAG port allows access to the OnCE module and through the
DSP56824 to its target system, retaining debug control without sacrificing other user-accessible on-chip
resources. This capability eliminates the costly cabling and the access to processor pins required by
traditional emulator systems. The OnCE interfaceis fully described in Chapter 12, “OnCE™ Module.”

1.3 DSP56800 Programming Model

The programming model for the registersin the DSP56800 core is shown in Figure 1-4 on page 1-11.
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Figure 1-4. DSP56800 Core Programming Model
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1.4 Code Development on the DSP56824

The DSP56824 instruction set, described in detail in the DSP56800 Family Manual, provides
assembly-level programming for this product. Thismanual provides a number of samples of source codeto
demonstrate the programming of certain features. These examples are not comprehensive; they are only a
sampling of what is possible. See the DSP56800 Family Manual for more information on development
hardware and software products for the DSP56824, including an Application Development System (ADS)
that allows access to most DSP56824 functions and peripherals.

Two mechanisms on the DSP56824 aid code devel opment—full access by all instructions to the external
data bus and OnCE module hooks. Thefirst is useful when codeisfirst being developed on a hardware
platform using external program memory. This section describes this first option. The OnCE module is
fully described in Chapter 12, “OnCE™ Module.”

Instructions on the DSP56824 can be executed without regard for whether the instruction fetch is on-chip
or off-chip and whether any data access is on-chip or off-chip. However, executing an instruction
(including parallel moves) may require as many as three memory accesses. If more than one of these
memory accesses occurs off-chip, an additional instruction cycleis required for every external access
because only one access to external memory can occur at atime. Thisis shown in Example 1-1 and in the
following discussion.

Example 1-1. On-Chip and Off-Chip Instruction Fetches

mac x0,y0,a x:(r0)+, y0 x: (r3)+, x0

The various permutations of memory accesses that may be represented in Example 1-1 are:
e Case 1—Instruction located on-chip, both x:() data accesses performed to on-chip memory

In this case, because all memories are located on-chip, no external accesses are performed and the
instruction runsin oneinstruction cycle, correctly performing al three accessesto on-chip memory.

e Case 2—Instruction located off-chip, both x:() data accesses performed to on-chip memory

In this case, only one external memory access occurs off-chip. Theinstruction fetch occurs over the
external bus, and the data accesses are made to on-chip memory. The instruction still runsin one
instruction cycle, correctly performing all three accesses.

e Case 3—Instruction located on-chip, one x:() data access performed to off-chip memory

In this case, only one external memory access occurs off-chip. The instruction fetch is doneto
on-chip memory, one data access occurs over the external bus, and one data access is done to
on-chip memory. The instruction still runsin one instruction cycle, correctly performing all three
accesses.

e Case4d—Instruction located off-chip, one x:() data access performed to off-chip memory

In this case, two external memory accesses occur off-chip. The instruction fetch occurs over the
external bus, followed by the external data access. A data access to internal memory also takes
place. The instruction now runsin two instruction cycles, correctly performing all three accesses.

Case 4 is often used during code development to provide the best visibility. This feature allows alogic
analyzer to be placed on the external bus during code development on target hardware so that all memory
accesses are visible. Separate PS and DS pins are provided to indicate whether the access is to external
program or data memory.
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NOTE:

In this mode, accesses to on-chip peripherals are not visible because these
memory-mapped registers are on-chip.

An example of asystem where all program and memory accesses are visible is shown in Figure 1-5.

DSP56824 64K SRAM
PS
| O MODA/IRQA Ds ] | A15
| MODB/IRQB ADR P A14-A0
DATA | P> DATA
To Logic Analyzer AA0127

Figure 1-5. Code Development with Visibility on All Memory Accesses

In this example, the DSP56824 is programmed for operating mode 3 (development mode) in the operating
mode register (OMR) to specify that all program accesses are performed externally. See Section 3.1,
“DSP56824 Memory Map,” on page 3-1 for a detailed description of the OMR. Likewise, the EX hit (in
the OMR) is set to specify that data accesses are performed externally. An exception to thisis the second
access on any instruction that performs two reads in asingle instruction. In this case, the second read using
the R3 pointer always occurs to on-chip memory. If thisis an issue, the instruction performing two data
memory reads can be replaced by two instructions, each performing one of the two data memory accesses.
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Chapter 2
Signal Descriptions

The input and output signals of the DSP56824 are organized into functional groups, as shownin Table 2-1

on page 2-2 and asillustrated in Figure 2-1. In Table 2-2 on page 2-3 through Table 2-14 on page 2-12,

each row describes the signal or signals present on an individual pin. Note that some pins can carry more
than one signal, depending on chip configuration.
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The interface signals have the following general characteristics:

« Thefollowing pins are pulled high with aweak on-chip resistor: TDI, TMS, and TRST/DE.
+ Thefollowing pinsare pulled high by the DSP during hardware reset (assertion of RESET): PS, DS,

RD, WR, and XCOLF/PB15.

« Thefollowing pins can be pulled high by the DSP during the JTAG EXTEST_PULLUP instruction:
EXTAL, DO-D15, PBO-PB15, PCO-PC15, MODA/IRQA, MODB/IRQB, and RESET.

e All unused port pins configured as inputs should be properly terminated through a pull-up resistor
except for pins that are tied to an internal pull-up or pull-down resistor. All power and ground pins
should be connected to the appropriate |ow-impedance power and ground paths.

The 1/O signals are organized into the functional groups, as summarized in Table 2-1.

Table 2-1. Functional Group Pin Allocations

Functional Group Nur;:it:g of Detailed Description
Power (Vpp of VpppLL) 10 Table 2-2 on page 2-3
Ground (Vgg or Vsgpy 1) 10 Table 2-3 on page 2-3
Clock and phase lock loop (PLL) 4 Table 2-4 on page 2-3
Address bus 16 Table 2-5 on page 2-4
Data bus 16 Table 2-6 on page 2-4
Bus control 4 Table 2-7 on page 2-4
Interrupt and mode control 3 Table 2-8 on page 2-5
Programmable interrupt general-purpose input/output 8 Table 2-9 on page 2-6
Dedicated general-purpose input/output 8 Table 2-10 on page 2-7
Serial peripheral interface (SPI) ports * 8 Table 2-11 on page 2-7
Synchronous serial interface (SSI) port * 6 Table 2-12 on page 2-10
Timer module* 2 Table 2-13 on page 2-11
JTAG/ONnCE 5 Table 2-14 on page 2-12
Note: *Alternately, general-purpose I/O pins
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2.1 Power and Ground Signals

Table 2-2. Power Inputs

Signal Name
(Number of Pins)

Signal Description

Vpp (9) Power—These pins provide power to the internal structures of the chip, and should all be
attached to Vpp
VpppLL (1) PLL Power—This pin supplies a quiet power source to the VCO to provide greater fre-

guency stability.

Table 2-3. Grounds

Signal Name
(Number of Pins)

Signal Description

Vss (9) GND—These pins provide grounding for the internal structures of the chip and should all
be attached to Vgg
VssprL (1) PLL Ground—This pin supplies a quiet ground to the VCO to provide greater frequency

stability.

2.2 Clock and Phase Lock Loop (PLL) Signals

Table 2-4. Clock and Phase Lock Loop (PLL) Signals

Signal Name

Signal
Type

State During

Reset Signal Description

EXTAL

Input External Clock/Crystal Input—This input should be connected to
an external clock or to an external oscillator. After being squared,
the input clock can be selected to provide the clock directly to the
DSP core. The minimum instruction time is two input clock periods
broken up into four phases named TO, T1, T2, and T3. This input
clock can also be selected as the input clock for the on-chip PLL.

When the low frequency mode of XCOLF is selected, EXTAL is in
phase with Phil, T1, and T3. When the default mode is selected,
EXTAL is in phase with CLKO, PhiO, TO, and T2.

XTAL Output Chip-driven Crystal Output—This output connects the internal crystal oscillator

output to an external crystal. If an external clock is used, XTAL
should not be connected.

CLKO Output Chip-driven Clock Output—This pin outputs a buffered clock signal. By program-

ming the CS[1:0] bits in the PLL control register 1 (PCR1), the user
can select between outputting a squared version of the signal applied
to EXTAL and a version of the DSP master clock at the output of the
PLL. The clock frequency on this pin can also be disabled by program-
ming the CS[1:0] bits in PCR1.
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Table 2-4. Clock and Phase Lock Loop (PLL) Signals (Continued)

. Signal State During . _
Signal Name Type Reset Signal Description
SXFC Input Input External Filter Capacitor—This pin is used to add an external fil-

ter circuit to the PLL.

2.3 External Memory Interface (Port A)

Table 2-5. Address Bus Signals

. Signal Stqte ; P
Signal Name During Signal Description
Type
Reset
AO0-A15 Output Tri-stated Address Bus—Signals AO—A15 change in TO and specify the
address for an external program or data memory access. The value
of the DRV bit in the bus control register (BCR) causes the address
bus to retain the last external address (DRV = 1) or to be tri-stated
(DRV = 0) during an internal access or in stop or wait mode. See
Section 4.2.1, “Bus Control Register (BCR),” on page 4-3.
Table 2-6. Data Bus Signals
. Signal S“"?te : -
Signal Name During Signal Description
Type
Reset
DO0-D15 Input/ Tri-stated Data Bus—Read data is sampled in on the trailing edge of T2, while
output write data output is enabled on the leading edge of T2 and tri-stated
on the leading edge of TO. DO-D15 are tri-stated when the external
bus is inactive.
Table 2-7. Bus Control Signals
. Signal Stgte ; ot
Signal Name During Signal Description
Type
Reset
PS Output Pulled Program Memory Select—PS is asserted low for external program
high memory access. If the external bus is not used during an instruction
internally | cycle (TO, T1, T2, or T3), PS is deasserted high in TO. During an
internal access in stop or wait mode, the value of the DRV bit in the
BCR determines whether the chip continues to drive PS (DRV = 1)
or tri-states PS (DRV = 0).
DS Output Pulled Data Memory Select—DS is asserted low during TO for external
high data memory access. If the external bus is not accessed during an
internally | instruction cycle (TO, T1, T2, or T3), DS is deasserted high in TO.
During an internal access in stop or wait mode, the value of the
DRV bit in the BCR determines whether the chip continues to drive
DS (DRV = 1) or tri-states DS (DRV = 0).
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Table 2-7. Bus Control Signals (Continued)

. Signal Stgte : -
Signal Name During Signal Description
Type
Reset
WR Output Pulled Write Enable—WR is asserted low during external memory write
high cycles. When WR is asserted low in T1, the data bus pins D0-D15
internally | become outputs and the DSP puts data on the bus during the lead-
ing edge of T2. When WR is deasserted high in T3, the external
data is latched inside the external device. When WR is asserted, it
qualifies the AO—A15, PS, and DS pins. WR can be connected
directly to the WE pin of a Static RAM. During an internal access in
stop or wait mode, the value of the DRV bit in the BCR determines
whether the chip continues to drive WR (DRV = 1) or tri-states WR
(DRV = 0).
RD Output Pulled Read Enable—RD is asserted low during external memory read
high cycles. When RD is asserted low during late TO or early T1, the
internally | data bus pins DO-D15 become inputs and an external device is
enabled onto the DSP data bus. When RD is deasserted high in
T3, the external data is latched in the DSP. When RD is asserted, it
qualifies the AO—A15, PS, and DS pins. RD can be connected
directly to the OE pin of a Static RAM or ROM. During an internal
access in stop or wait mode, the value of the DRV bit in the BCR
determines whether the chip continues to drive RD (DRV = 1) or
tri-states RD (DRV = 0).

2.4 Interrupt and Mode Control Signals

Table 2-8. Interrupt and Mode Control Signals
Signal State
Signal Name 9 During Signal Description
Type
Reset
MODA Input Input Mode Select A—During hardware reset, MODA and MODB select
one of the four initial chip operating modes latched into the operating
mode register (OMR). Several clock cycles (depending on PLL setup
time) after leaving the Reset state, the MODA pin changes to external
interrupt request IRQA. The chip operating mode can be changed by
software after reset.
IRQA Input External Interrupt Request A—The IRQA input is an asynchro-

nous external interrupt request that indicates that an external
device is requesting service. It can be programmed to be level-sen-
sitive or negative-edge triggered. If level-sensitive triggering is
selected, an external pull-up resistor is required for Wired-OR
operation.

If the processor is in the stop state and IRQA is asserted, the pro-
cessor will exit the stop state.
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Table 2-8.

Interrupt and Mode Control Signals (Continued)

Signal Name

Signal
Type

State
During
Reset

Signal Description

MODB

IRQB

Input

Input

Input

Mode Select B—During hardware reset, MODA and MODB select
one of the four initial chip operating modes latched into the OMR. Sev-
eral clock cycles (depending on PLL setup time) after leaving the
Reset state, the MODB pin changes to external interrupt request
IRQB. After reset, the chip operating mode can be changed by soft-
ware.

External Interrupt Request B—The IRQB input is an asynchro-
nous external interrupt request that indicates that an external
device is requesting service. It can be programmed to be level-sen-
sitive or negative-edge triggered. If level-sensitive triggering is
selected, an external pull-up resistor is required for Wired-OR
operation.

RESET

Input

Input

Reset—This input is a direct hardware reset on the processor.
When RESET is asserted low, the DSP is initialized and placed in
the Reset state. A Schmitt trigger input is used for noise immunity.
When the RESET pin is deasserted, the initial chip operating mode
is latched from the MODA and MODB pins. The internal reset sig-
nal should be deasserted synchronously with the internal clocks.

To ensure complete hardware reset, RESET and TRST/DE should
be asserted together. The only exception occurs in a debugging
environment when a hardware DSP reset is required and it is nec-
essary not to reset the JTAG/OnCE port. In this case, assert
RESET, but do not assert TRST/DE.

2.5 GPIO Signals

Table 2-9. Programmable Interrupt GPIO Signals

Signal State
Signal Name g During Signal Description
Type
Reset
PB0O-PB7 Input or Input Port B GPIO—These eight pins can be programmed to generate
output an interrupt for any pin programmed as an input when there is a

transition on that pin. Each pin can be configured individually to
recognize a low-to-high or a high-to-low transition. In addition,
these pins are dedicated GPIO pins that can individually be pro-
grammed as input or output pins.

After reset, the default state is GPIO input.

2-6
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Table 2-10. Dedicated GPIO Signals

Signal Name

Signal
Type

State
During
Reset

Signal Description

PB8-PB14

Input or
output

Input

Port B GPIO—These eight pins are dedicated GPIO pins that can
individually be programmed as input or output pins.

After reset, the default state is GPIO input.

XCOLF

PB15

Input

Input or
output

Input,
pulled
high
internally

XCOLF—During reset, the External Crystal Oscillator Low Frequency
(XCOLF) function of this pin is active. PB15/XCOLF is tied to an
on-chip pull-up transistor that is active during reset. When XCOLF is
driven low during reset (or tied to a 10 kQ pull-down resistor), the crys-
tal oscillator amplifier is set to the low frequency mode. In this low fre-
quency mode, only oscillator frequencies of 32 kHz and 38.4 kHz are
supported. If XCOLF is not driven low during reset (or if a pull-down
resistor is not used), the crystal oscillator amplifier operates in the
default mode, and oscillator frequencies from 2 MHz to 10 MHz are
supported. If an external clock is provided to the EXTAL pin, 70 MHz is
the maximum frequency allowed. (In this case, do not connect a
pull-down resistor or drive this pin low during reset.)

When the low frequency mode is selected, EXTAL is in phase with
Phil, T1, and T3. When the default mode is selected, EXTAL is in
phase with CLKO, Phi0, TO, and T2.

Port B GPIO—This pin is a dedicated GPIO pin that can individu-
ally be programmed as an input or output pin.

After reset, the default state is GPIO input. XCOLF is not resam-
pled for Computer Operating Properly (COP) reset.

2.6 Serial Peripheral Interface (SPI) Signals

Table 2-11. Serial Peripheral Interface (SPI0 and SPI1) Signals

. Signal Stgte : .
Signal Name During Signal Description
Type
Reset
MISOO0 Input/ Input SPI0 Master In/Slave Out (MISO0)—This serial data pin is an
output input to a master device and an output from a slave device. The
MISOQO line of a slave device is placed in the high-impedance state
if the slave device is not selected. The driver on this pin can be
configured as an open-drain driver by the SPI's Wired-OR mode
(WOM) bit when this pin is configured for SPI operation.
PCO Input or Port C GPIO 0 (PCO)—This pin is a GPIO pin called PCO when the
output SPI MISOO function is not being used.

After reset, the default state is GPIO input.
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Table 2-11. Serial Peripheral Interface (SPI0 and SPI1) Signals (Continued)

signal Descriptions

State
During Signal Description
Reset

Signal

Signal Name Type

MOSIO Input/ Input SPI0 Master Out/Slave In (MOSIO)—This serial data pin is an out-
output put from a master device and an input to a slave device. The mas-
ter device places data on the MOSIO line a half-cycle before the
clock edge that the slave device uses to latch the data. The driver
on this pin can be configured as an open-drain driver by the SPI's
WOM bit when this pin is configured for SPI operation.

PC1 Input or Port C GPIO 1 (PC1)—This pin is a GPIO pin called PC1 when the
output SPI MOSIO function is not being used.

After reset, the default state is GPIO input.

SCKO Input/ Input SPI0 Serial Clock (SCKO)—This bidirectional pin provides a serial
output bit rate clock for the SPI. This gated clock signal is an input to a
slave device and is generated as an output by a master device.
Slave devices ignore the SCK signal unless the SS pin is active
low. In both master and slave SPI devices, data is shifted on one
edge of the SCK signal and is sampled on the opposite edge
where data is stable. The driver on this pin can be configured as an
open-drain driver by the SPI's WOM bit when this pin is configured
for SPI operation. When using Wired-OR mode, the user must pro-
vide an external pull-up device.

PC2 Input or Port C GPIO 2 (PC2)—This pin is a GPIO pin called PC2 when the
output SPI SCKO function is not being used.

After reset, the default state is GPIO input.

SSo Input Input SPI0 Slave Select (SS0)—This input pin selects a slave device
before a master device can exchange data with the slave device.
SS must be low before data transactions and must stay low for the
duration of the transaction. The SS line of the master must be held
high.

PC3 Input or Port C GPIO 3 (PC3)—This pin is a GPIO pin called PC3 when the
output SPI SSO function is not being used.

After reset, the default state is GPIO input.

MISO1 Input/ Input SPI1 Master In/Slave Out (MISO1)—This serial data pin is an
output input to a master device and an output from a slave device. The
MISOL1 line of a slave device is placed in the high-impedance state
if the slave device is not selected. The driver on this pin can be
configured as an open-drain driver by the SPI’'s WOM bit when this
pin is configured for SPI operation.

PC4 Input or Port C GPIO 4 (PC4)—This pin is a GPIO pin called PC4 when the
output SPI MISOL1 function is not being used.

After reset, the default state is GPIO input.
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Table 2-11. Serial Peripheral Interface (SPI0 and SPI1) Signals (Continued)

Signal Name

Signal
Type

State
During
Reset

Signal Description

MOSI1

PC5

Input/
output

Input or
output

Input

SPI1 Master Out/Slave In (MOSI1)—This serial data pin is an out-
put from a master device and an input to a slave device. The mas-
ter device places data on the MOSIO line a half-cycle before the
clock edge that the slave device uses to latch the data. The driver
on this pin can be configured as an open-drain driver by the SPI's
WOM bit when this pin is configured for SPI operation. When using
Wired-OR mode, the user must provide an external pull-up device.

Port C GPIO5 (PC5)—This pin is a GPIO pin called PC5 when the
SPI MOSI1 function is not being used.

After reset, the default state is GPIO input.

SCK1

PC6

Input/
output

Input or
output

Input

SPI1 Serial Clock (SCK1)—This bidirectional pin provides a serial
bit rate clock for the SPI. This gated clock signal is an input to a
slave device and is generated as an output by a master device.
Slave devices ignore the SCK signal unless the SS pin is active
low. In both master and slave SPI devices, data is shifted on one
edge of the SCK signal and is sampled on the opposite edge
where data is stable. The driver on this pin can be configured as an
open-drain driver by the SPI's WOM bit when this pin is configured
for SPI operation.

Port C GPIO 6 (PC6)—This pin is a GPIO pin called PC6 when the
SPI SCK1 function is not being used.

After reset, the default state is GPIO input.

SS1

PC7

Input

Input or
output

Input

SPI1 Slave Select (SS1)—This input pin is used to select a slave
device before a master device can exchange data with the slave
device. SS must be low before data transactions and must stay low
for the duration of the transaction. The SS line of the master must
be held high.

Port C GPIO 7 (PC7)—This pin is a GPIO pin called PC7 when the
SPI SS1 function is not being used.

After reset, the default state is GPIO input.
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signal Descriptions

2.7 Synchronous Serial Interface (SSI) Signals

Table 2-12. Synchronous Serial Interface (SSI) Signals

Signal State
Signal Name g During Signal Description
Type
Reset
STD Output Input SSI Transmit Data (STD)—This output pin transmits serial data
from the SSI Transmitter Shift Register.
PC8 Input or Port C GPIO 8 (PC8)—This pin is a GPIO pin called PC8 when the
output SSI STD function is not being used.
After reset, the default state is GPIO input.
SRD Input Input SSI Receive Data (SRD)—This input pin receives serial data and
transfers the data to the SSI Receive Shift Register.
PC9 Input or Port C GPIO 9 (PC9)—This pin is a GPIO pin called PC9 when the
output SSI SRD function is not being used.
After reset, the default state is GPIO input.
STCK Input/ Input SSI Serial Transmit Clock (STCK)—This bidirectional pin pro-
output vides the serial bit rate clock for the transmit section of the SSI. The
clock signal can be continuous or gated and can be used by both
the transmitter and receiver in synchronous mode.
PC10 Input or Port C GPIO 10 (PC10)—This pin is a GPIO pin called PC10 when
output the SSI STCK function is not being used.
After reset, the default state is GPIO input.
STFS Input/ Input SSI Serial Transmit Frame Sync (STFS)—This bidirectional pin is
output used by the Transmit section of the SSI as frame sync I/O or flag
1/0. The STFS can be used by both the transmitter and receiver in
synchronous mode. It is used to synchronize data transfer and can
be an input or an output.
PC11 Input or Port C GPIO 11 (PC11)—This pin is a GPIO pin called PC11 when
output the SSI STFS function is not being used. This pin is not required by
the SSl in gated clock mode.
After reset, the default state is input.
SRCK Input/ Input SSI Serial Receive Clock (SRCK)—This bidirectional pin provides
output the serial bit rate clock for the receive section of the SSI. The clock
signal can be continuous or gated and can be used only by the
receiver.
PC12 Input or Port C GPIO 12 (PC12)—This pin is a GPIO pin called PC12 when
output the SSI STD function is not being used.
After reset, the default state is GPIO input.
2-10 DSP56824 User's Manual @ MOTOROLA
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Table 2-12. Synchronous Serial Interface (SSI) Signals (Continued)

Signal State
Signal Name g During Signal Description
Type
Reset
SRFS Input/ Input SSI Serial Receive Frame Sync (SRFS)—This bidirectional pin is
output used by the receive section of the SSI as frame sync I/O or flag I/O.
The STFS can be used only by the receiver. It is used to synchro-
nize data transfer and can be an input or an output.
PC13 Input or Port C GPIO 13 (PC13)—This pin is a GPIO pin called PC13 when
output the SSI SRFS function is not being used.
After reset, the default state is GPIO input.

2.8 Timer Module Signals

Table 2-13. Timer Module Signals

Signal State
Signal Name g During Signal Description
Type
Reset
TIO01 Input/ Input Timer 0 and Timer 1 Input/Output (TIO01)—This bidirectional pin
output receives external pulses to be counted by either the on-chip 16-bit
Timer 0 or Timer 1 when configured as an input and external clock-
ing is selected. The pulses are internally synchronized to the DSP
core internal clock. When configured as an output, it generates
pulses or toggles on a Timer 0 or Timer 1 overflow event. Selection
of Timer O or Timer 1 is programmable through an internal register.
PC14 Input or Port C GPIO 14 (PC14)—This pin is a GPIO pin called PC14 when
output the Timer TIOO01 function is not being used.
After reset, the default state is GPIO input.
TIO2 Input/ Input Timer 2 Input/Output (TIO2)—This bidirectional pin receives
output external pulses to be counted by the on-chip 16-bit Timer 2 when
configured as an input and external clocking is selected. The
pulses are internally synchronized to the DSP core internal clock.
When configured as an output, it generates pulses or toggles on a
Timer 2 overflow event.
PC15 Input or Port C GPIO 15 (PC15)—This pin is a GPIO pin called PC15 when
output the Timer TIO2 function is not being used.
After reset, the default state is GPIO input.
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2.9 JTAG/OnCE Port Signals

Table 2-14. JTAG/OnCE Port Signals

Signal State
Signal Name 9 During Signal Description
Type
Reset
TCK Input Input, Test Clock Input (TCK)—This input pin provides a gated clock to
pulled synchronize the test logic and shift serial data to the JTAG/OnCE
high port. The pin is connected internally to a pull-down resistor.
internally
TMS Input Input, Test Mode Select Input (TMS)—This input pin is used to
pulled sequence the JTAG test access port (TAP) controller’s state
high machine. It is sampled on the rising edge of TCK and has an
internally | on-chip pull-up resistor.
TDI Input Input, Test Data Input (TDI)—This input pin provides a serial input data
pulled stream to the JTAG/OnCE port. It is sampled on the rising edge of
high TCK and has an on-chip pull-up resistor.
internally
TDO Output Tri-stated | Test Data Output (TDO)—This tri-statable output pin provides a
serial output data stream from the JTAG/OnCE port. It is driven in
the Shift-IR and Shift-DR controller states, and changes on the fall-
ing edge of TCK.
TRST Input Input, Test Reset (TRST)—As an input, a low signal on this pin provides
pulled a reset signal to the JTAG TAP controller.
high
DE Output internally | Debug Event (DE)—When programmed within the OnCE port as
an output, DE provides a low pulse on recognized debug events;
when configured as an output signal, the TRST input is disabled.
To ensure complete hardware reset, TRST/DE should be asserted
whenever RESET is asserted. The only exception occurs in a
debugging environment when a hardware DSP reset is required
and it is necessary not to reset the OnCE/JTAG module. In this
case, assert RESET, but do not assert TRST/DE.
This pin is connected internally to a pull-up resistor.
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Chapter 3
Memory Configuration and Operating
Modes

This section describes in detail the on-chip memories and the operating modes of the DSP56824. In
addition, the interrupt vectors, interrupt priority register (IPR), and peripheral memory map are provided.

3.1 DSP56824 Memory Map

The DSP56824 chip uses a Harvard memory architecture in which two independent memory spaces, X
data memory and program memory, are provided. RAM and ROM are used for the on-chip dataand
program memory. The DSP56824 has 3.5K words of on-chip data RAM, 2K words of on-chip data ROM,
128 words of on-chip program RAM, and 32K words of on-chip program ROM. Both the program and
data memories can be expanded off-chip. These memory spaces are shown in Figure 3-1 on page 3-2.

The operating mode control bits (MA and MB) in the operating mode register (OMR) control the program
memory map and select the reset vector address. The external X memory (EX) control bit inthe OMR
controls the data memory map.
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Figure 3-1. DSP56824 Memory Map

3.1.1 X Data Memory

The DSP56824 has 3.5K words of on-chip data RAM and 2K words of on-chip data ROM. Also, 128
additional data memory locations are reserved for on-chip peripheral registers (X:$FF80-$FFFF). The
internal data memory map contains a non-accessible segment at X:$1600-$1FFF. When the EX bit is
cleared, no memory can be accessed in these locations. When the EX bit is set, these locations are accessed
as external memory. Any access to these addresses does not access external memory, except when the EX
bit is set. These locations should be used by an application only when the EX bit is set exclusively.

For DSP56800 coreinstructionsthat perform two reads from the X datamemory in asingle instruction, the
second access using the R3 pointer always occurs to on-chip memory. The internal X data memories
decode only the upper 13 bits of XAB2, so the second read is Modulo 8192 to on-chip data memory x:$0,
asfollows:
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MOVE #$A000, R3
NCP
MOVE X: (RL) + YO X (R3)+, X0

The 2K on-chip X data ROM can only be accessed using the second access (that is, using the R3 pointer)
of instructions that perform two parallel reads. On-chip X data ROM is not accessible on the first read or
by instructions that perform single reads.

During development, the data that will finally be located in the X data ROM is often located off-chip. Data
that will be mapped into on-chip ROM on a factory-programmed production part should be accessed from
the external memory in the same manner asin the fina target. Because the second read of a dual read
instruction can never access off-chip memory, the -o dbl Assembler switch, which breaks a dual read into
two equivalent instructions, must be used. Thisis shown in Example 3-1.

Example 3-1. Breaking a Read Instruction in Two

; Oiginal instruction - X (R3) accesses the internal ROM
MOVE X (RO)+N Y1 X (R3)-,X0 ; X (R3) cannot access of f-chip nenory

; Breaking the instruction into two equival ent

; instructions -- X (R3) can access off-chi p nenory
MOVE X (RO)+N Y1
MOVE X (R3)-,X0 ; Now X (R3) can access of f-chi p nenory

The X memory can be expanded off-chip for atotal of 65,536 addressable locations when the EX hit in the
OMR is set. When the EX bit in the OMR is cleared, the X memory contains atotal of 62,848

(65,536 — 2,688) addressable memory locations, including both on-chip and off-chip memory. The 2,560
locations of the memory hole and the 128 locations of the dedicated on-chip peripheral registers account
for these 2,688 locations.

The external data memory bus accesstime is controlled by 4 bits of the bus control register (BCR) located
at X:$FFF9. Thisregister isshown in Figure 3-2 and described in detail in Chapter 4, “ External Memory
Interface.”

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

BCR—X:$FFF9
Bus Control Register DRV Wait State Field Wait State Field
Reset = $00'_:F * * * * * * * for External X Memory | for External P Memory
Read/Write
* Indicates reserved bits, written as zero for future compatibility AA0141

Figure 3-2. Bus Control Register Programming Model

Operation of the BCR is also controlled by the EX inthe OMR. The EX bit determines the mapping of the
X memory. Setting the EX bit completely disables the on-chip data memory and enables a full 64K
external memory map. When the EX bit is set, the access time to any data memory is controlled by the
BCR. The only exception to thisruleisthat if aMOVE or abit-field instruction (such as BFSET, BFCLR,
or BFCHG) is used with the I/O short addressing mode, the EX bit isignored. This alows on-chip
periphera registers to be accessed when the EX bit is set.

NOTE:

When the EX bit is set, only the upper 64 memory-mapped periphera
registers (X:$FFC0 —$FFFF) are accessible with the I/O short addressing
mode. The other 64 locations (X:$FF80-$FFBF) are not accessiblein this
case. An accessto thelower 64 addresses resultsin an access to external X
memory.
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3.1.2 Operating Mode Register (OMR)

The operating mode register (OMR) is a 16-bit register that defines the current chip operating mode of the
processor. The OMR bits are affected by processor reset, operations on the hardware stack (HWS), and
instructions that directly reference the OMR. A nested DO loop also affects the OMR.

During processor reset, the chip operating mode bits (MA and MB) are loaded from the external mode
select pins MODA and MODB, respectively. The OMR programming model is shown in Figure 3-3 and is
described in the following subsections.

NOTE:

When a bit of the OMR is changed by an instruction, a delay of one
instruction cycle is necessary before the new mode comes into effect.

A
o
£
Py
Y

OMR | 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Operating Mode
Register
Reset = $0000 | NL * * * * * + |CC| « | SD| R | SA | EX » | MB | MA

Read/Write

NL—Nested Looping
CC—cCondition Codes
SD—Stop Delay
R—Rounding
SA—Saturation Mode
EX—External X Memory
MA, MB—Operating Mode

* Indicates reserved bits, read as zero; should be written with zero for future compatibility AA1379

Figure 3-3. Operating Mode Register (OMR) Programming Model

3.1.2.1 Nested Looping (NL)—Bit 15

The nested looping (NL) bit displays the status of program DO looping and the hardware stack. When the
NL bitisset, it indicates that the program is currently in anested DO loop (that is, two DO loops are
active). When thisbit is cleared, it indicates that the program is currently not in anested DO |oop—there
may be asingle active DO loop or no DO loop active. This bit is necessary for saving and restoring the
contents of the hardware stack. REP looping does not affect this bit.

It isimportant that the user never puts the processor in the reserved combination specified in Table 3-1.
This can be avoided by ensuring that the LF bit is never cleared when the NL bit is set. The NL bitis
cleared on processor reset.

Table 3-1. Looping Status

NL (in OMR) LF (in SR) DO Loop Status
0 0 No DO loops active
0 1 Single DO loop active
1 0 (Reserved)
1 1 Two DO loops active
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If both the NL and LF bits are set (that is, two DO loops are active) and a DO instruction is executed, a
hardware stack overflow interrupt occurs because there is no more space on the HWS to support athird DO
loop.

The NL bit is also affected by any accessesto the HWS. Any MOVE instruction that writes this register
copiesthe old contents of the LF bit into the NL bit and then setsthe LF bit. Any reads of thisregister, such
asfromaMOVE or TSTW instruction, copy the NL bit into the LF bit and then clear the NL bit.

3.1.2.2 Reserved Bits—Bits 14-9

The OMR bits 14-9 are reserved. They are read as zero during DSP read operations and should be written
with zero to ensure future compatibility.

3.1.2.3 Condition Codes (CC)—Bit 8

The condition code (CC) bit selects whether condition codes are generated using a 36-bit result from the
multiply-accumulator (MAC) array or a 32-hit result. When the CC hit is set, the C, N, V, and Z condition
codes are generated based on bit 31 of the data arithmetic logic unit (data ALU) result. When cleared, the
C, N, V, and Z condition codes are generated based on bit 35 of the data ALU result. The generation of the
L, E, and U condition codes are not affected by the CC bit. The CC bit is cleared by processor reset.

NOTE:

The unsigned condition tests used when branching or jumping (HI, HS,
LO, or LS) can be used only when the condition codes are generated with
the CC bit set. Otherwise, the chip does not generate the unsigned
conditions correctly.

3.1.2.4 Reserved Bit—Bit 7

The OMR hit 7 isreserved. It isread as zero during DSP read operations and should be written with zero to
ensure future compatibility.

3.1.2.5 Stop Delay (SD)—Bit 6

The stop delay (SD) bit selects the delay that the DSP needs to exit the stop mode. When the SD hit is set,
the processor exits quickly from stop mode. When the SD bit is cleared, the processor exits slowly from
stop mode. Specific timeintervalsfor stop delay are provided in the DSP56824 Technical Data Sheet. The
SD hit is cleared by processor reset.

3.1.2.6 Rounding (R)—Bit 5

The rounding (R) bit selects between two’ s-complement rounding and convergent rounding. When the R
bit is set, two’ s-complement rounding (always round up) is used. When the R bit is cleared, convergent
rounding is used. The two rounding modes are discussed in detail in the DSP56800 Family Manual. The R
bit is cleared by processor reset.
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3.1.2.7 Saturation (SA)—Bit 4

The saturation (SA) bit enables automatic saturation on 32-bit arithmetic results, providing a user-enabled
saturation mode for DSP a gorithms that do not recognize or cannot take advantage of the extension
accumulator. When the SA bit is set, automatic saturation occurs at the output of the MAC unit for basic
arithmetic operations such as multiplication, addition, and so on. The saturation is performed by a special
saturation circuit inside the MAC unit.

The saturation logic operates by checking 3 bits of the 36-bit result out of the MAC unit—exp[3], exp[0],
and msp[15]. When the SA bit is set, these 3 bits determine if saturation is performed on the MAC unit’'s
output, and whether to saturate to the maximum positive or negative value as shown in Table 3-2. The SA
bit is cleared by processor reset.

Table 3-2. MAC Unit Outputs with Saturation Mode Enabled (SA = 1)

exp[3] exp[0] msp[15] Result Stored in Accumulator
0 0 0 (Unchanged)
0 0 1 $0 7FFF FFFF
0 1 0 $0 7FFF FFFF
0 1 1 $0 7FFF FFFF
1 0 0 $F 8000 0000
1 0 1 $F 8000 0000
1 1 0 $F 8000 0000
1 1 1 (Unchanged)
NOTE:

Saturation mode is always disabled during the execution of the following
instructions: ASLL, ASRR, LSLL, LSRR, ASRAC, LSRAC, MPY SU,
MACSU, AND, OR, EOR, NOT, LSL, LSR, ROL, and ROR. For these
instructions, no saturation is performed at the output of the MAC unit.

Care should be used when consulting the N, C, and E condition codes after an operation when the SA hit is
set. These condition codes are computed based on the value of the result prior to saturation. Thus, they
may nhot have the expected values.

3.1.2.8 External X Memory (EX)—Bit 3

The external X memory (EX) bit is necessary for providing a continuous memory map when using more
than 64K of external data memory. When the EX bit is set, all accessesto X memory on the X address
bus 1 (XAB1) and core global data bus (CGDB) or periphera global data bus (PGDB) are forced to be
external, except when aMOVE or bit-field instruction is executed using the I/O short addressing mode. In
this case, the EX bit isignored and the access is performed to the on-chip location. When the EX hit is
cleared, internal X memory can be accessed with all addressing modes.

The EX bit isignored by the second read of a dual read instruction, which uses the X address bus 2
(XAB2) and X databus 2 (XDB2) and always accesses on-chip X data memory. For instructions with two
parallel reads, the second read is always performed to internal on-chip memory. Refer to the DSP56800
Family Manual for a description of the dual read instructions.
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NOTE:

When the EX bit is set, only the upper 64 peripheral memory-mapped
locations are accessible (X:$FFCO-$FFFF) with the I/O short addressing
mode. The lower 64 memory-mapped locations (X :$FF80-$FFBF) are not
accessible when the EX bit is set. An access to these addresses results in
an access to external memory.

The EX bit is cleared by processor reset.

3.1.2.9 Reserved Bit—Bit 2

The OMR bit 2 isreserved. It isread as zero during DSP read operations and should be written with zero to
ensure future compatibility.

3.1.2.10 Operating Mode (MB, MA)—Bits 1-0

The chip operating mode (MB and MA) bits indicate the operating mode and memory maps of the
DSP56824. These bits are loaded from the external mode select pins MODB and MODA on processor
reset. After the DSP leaves the Reset state, MB and MA may be changed under program control. Operating
modes for the DSP56824 are shown in Table 3-5 on page 3-12.

3.1.3 DSP56824 Status Register (SR)

The status register (SR) isa 16-bit register consisting of an 8-bit mode register (M R) and an 8-bit condition
code register (CCR). The MR is the high-order 8 bits of the SR; the CCR isthe low-order 8 bits. A full
description of the SR is provided in the DSP56800 Family Manual. The programming model for the SR is
shown in Figure 3-4.

<€ MR ) CCR '
SR 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Status Register
Reset = $0300 LF| « | « | « | « | «|mn]wofsz|]L|E]U|lN]Z]|]V]C
Read/Write

LF—Loop Flag

I[1:0]—Interrupt Mask

SZ—Size

L—Limit

E—Extension

U—Unnormalized

N—Negative

Z—Zero

V—Overflow

C—cCarry
* Indicates reserved bits, read as zero and should be written with zero for future compatibility AA1433

Figure 3-4. Status Register Programming Model

Within the SR, the MR is of special concern to DSP56824 users, asit allows masking or enabling
interrupts for the on-chip peripherals. On reset, the SR is set to $0300, which enables interrupts having
IPL 1 (listed in Table 3-7 on page 3-16) but masks interrupts with level IPL 0. All the on-chip peripheral
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interrupts have IPL 0. To enable these interrupts, first selectively enable all desired interrupts for each
peripheral using the IPR. After enabling the interrupts, set the I[1:0] bitsin the SR to 01. This should be
done for all applications that use the on-chip peripheras. See Section 3.3.1, “DSP56824 | nterrupt Priority
Register (IPR),” for more information on the IPR.

Table 3-3 shows the valid values to use for initializing the SR, the values for the interrupt mask bits, and
the interrupt masking.

Table 3-3. Interrupt Mask Bit Definition

Value of SR 1[1:0] Exceptions Permitted Exceptions Masked
(Reserved) 00 (Reserved) (Reserved)
$0100 01 IPLO, 1 None
(Reserved) 10 (Reserved) (Reserved)
$0300 (reset value) 11 IPL1 IPLO

NOTE:

Unless IPL O interrupts are enabled for on-chip peripheral interruptsin the
SR, setting the IPR will have no effect.

For best results, use the following command to enable periphera interrupts (IPL 0) in the SR:
BFCLR #$0200, SR

Thiscommand changesthe 1[1:0] bitsfrom 11 to 01, clearing only the 11 bit and leaving al other bitsin the
SR unaffected. If it is hecessary to temporarily disable peripheral interrupts, issue the following command:

BFSET #$0200, SR

This command changes the 1[1:0] bits from 01 to 11, disabling all the peripheral interrupts. Afterwards,
re-enable interrupts using the BFCLR #$0200, SR command.

3.1.4 On-Chip Peripheral Memory Map

Table 3-4 shows the on-chip memory-mapped 1/0 registers on the DSP56824.
Table 3-4. X I/O Registers

Address Register
X:$FFFF OPGDBR—ONCE PGDB bus transfer register
X:$FFFE (Reserved) "
X:$FFFD (Reserved) "
X:$FFFC (Reserved) *
X:$FFFB IPR—interrupt priority register
X:$FFFA (Reserved) *
X:$FFF9 BCR—Ubus control register (Port A)
3-8 DSP56824 User's Manual @ MOTOROLA

For More Information On This Product,
Go to: www.freescale.com




g |

ARCHIVED BY FREESCALE SEMICONDUCTOR, INC. 2005

Freescale Semiconductor, Inc.
ARCHIVED BY FREESCALE SEMICONDUCTOR, INC. 2005

Table 3-4. X I/O Registers (Continued)

DSP56824 Memory Map

Address Register

X:$FFF8 (Reserved) "

X:$FFF7 (Reserved)

X:$FFF6 (Reserved) "

X:$FFF5 (Reserved) *

X:$FFF4 (Reserved) "

X:$FFF3 PCR1—PLL control register 1

X:$FFF2 PCRO—PLL control register O

X:$FFF1 COPCTL—COP/RTI control register

X:$FFFO COPCNT—COP/RTI count register (read-only)
COPRST—CORP reset register (write-only)

X:$FFEF PCD—Port C data register

X:$FFEE PCDDR—Port C data direction register

X:$FFED PCC—Port C control register

X:$FFEC PBD—Port B data register

X:$FFEB PBDDR—Port B data direction register

X:$FFEA PBINT—Port B interrupt register

X:$FFE9 (Reserved) "

X:$FFE8 (Reserved) *

X:$FFE7 (Reserved) "

X:$FFE6 SPCR1—SPI1 control register

X:$FFE5 SPSR1—SPI1 status register

X:$FFE4 SPDR1—SPI1 data register

X:$FFE3 (Reserved) "

X:$FFE2 SPCRO—SPIO control register

X:$FFE1 SPSRO—SPIO status register

X:$FFEO SPDRO—SPIO data register

X:$FFDF TCRO1—Timer 0 and 1 control register

X:$FFDE TPRO—Timer O preload register

X:$FFDD TCTO—Timer O count register
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Table 3-4. X I/O Registers (Continued)
Address Register
X:$FFDC TPR1—Timer 1 preload register
X:$FFDB TCT1—Timer 1 count register
X:$FFDA TCR2—Timer 2 control register
X:$FFD9 TPR2—Timer 2 preload register
X:$FFD8 TCT2—Timer 2 count register
X:$FFD7 (Reserved) "
X:$FFD6 (Reserved) "
X:$FFD5 STSR—SSI time slot register
X:$FFD4 SCRRX—SSI receive control register
X:$FFD3 SCRTX—SSI transmit control register
X:$FFD2 SCR2—SSI control register 2
X:$FFD1 SCSR—SSI control/status register
X:$FFDO SRX—SSI receive register (read-only)
STX—SSI transmit register (write-only)
X:$FFCF (Reserved) "
X:$FFCE (Reserved) *
X:$FFCD (Reserved) "
X:$FFCC (Reserved) *
X:$FFCB (Reserved) "
X:$FFCA (Reserved) *
X:$FFC9 (Reserved) "
X:$FFC8 (Reserved) "
X:$FFC7 (Reserved) "
X:$FFC6 (Reserved) "
X:$FFC5 (Reserved) "
X:$FFC4 (Reserved) "
X:$FFC3 (Reserved) *
X:$FFC2 (Reserved) "
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Table 3-4. X I/O Registers (Continued)

Address Register
X:$FFC1 (Reserved) *
X:$FFCO (Reserved) *

Note: *To ensure compatibility with other DSP56800 family members, these reserved
addresses should not be used.

3.1.5 Program Memory Map

The DSP56824 chip has 128 words of on-chip program RAM and 32K words of on-chip program ROM.
The first 128 locations of program memory can be either ROM or RAM locations, depending on the
operating mode selected and on whether the accessis aread or awrite. Program memory can be expanded
off-chip to amaximum of 65,536 addressable locations. The external data bus access timeis controlled by
4 bits of the BCR, shown in Figure 3-2 on page 3-6. On-chip program RAM can hold a combination of
interrupt vectors and program code, and this memory space can be dynamically modified by the
application being executed. In addition, this RAM can be used for program patching.

In the on-chip program ROM, locations P:$7F80-$7FBF are reserved for the bootstrap program. This
program can be used to load internal or external program RAM from SPI0 (see Chapter 7, “ Serial
Peripheral Interface”) or from Port A (see Chapter 4, “External Memory Interface”). After loading the
RAM, the bootstrap program transfers program control to a user-defined starting addressin RAM. See
Appendix A, “Bootstrap Program,“ for more information. Locations P:$7FC0-$7FFF of on-chip program
ROM are reserved for production test purposes and cannot be used.

L ocations P:$8000—$FFFF are always addressed as externa program memory, regardless of operating
mode. When Mode 3 is selected, the entire P memory space is composed of external memory, and the
reserved memory restrictions described in the previous paragraph do not apply. See Section 3.2,
“DSP56824 Operating Modes.”

NOTE:

When using Mode 3, the user should ensure that applications targeted for
other operating modes do not violate these P memory restrictions.

3.2 DSP56824 Operating Modes

The DSP56824 has four operating modes that determine the memory maps for program and data memories
and the startup procedure when the chip leaves the Reset state. Operating modes can be selected either by
applying the appropriate signalsto the MODA and MODB pins during reset, or by writing to the OMR and
changing the MA and MB bits, as shown in Table 3-5 on page 3-12.
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Table 3-5. DSP56824 Program RAM Chip Operating Modes

MB or MA or Chip Program Memory Configuration
MODB MODA Operating Reset Vector
Value Value Mode P:$7F-$0 P:$8000-$80
0 0 Mode 0 Internal program ROM | Read/fetch: internal pro- All accesses:
Single Chip P:$0000 or P:$0002 gram ROM internal program
Startup (COP reset) Write: internal program ROM
RAM
0 1 Mode 1 Internal program ROM | All accesses: internal pro- | All accesses:
Single Chip P:$7F80 or P:$7F82 gram RAM internal program
User (COP reset) ROM
8 1 0 Mode 2 External program Read/fetch: internal pro- All accesses:
8 Normal memory P:$E000 or gram ROM internal program
. Expanded P:$E002 Write: internal program ROM
<23 (COP reset) RAM
o 1 1 Mode 3 External program All accesses: external All accesses:
(©) Development memory P:$0000 or program memory external pro-
|_
O P:$0002 gram memory
= (COP reset)
(@]
pa

8 The MODA and MODB pins are sampled as the DSP56824 |eaves the Reset state, and theinitial operating
= mode of the chip is set accordingly. After the Reset state is exited, the MODA and MODB pins become
% interrupt pins, IRQA and IRQB. One of four initial operating modes is selected, based on the values

1 detected on MODA and MODB:
-

Single Chip mode (Mode 0 or Mode 1)
Normal Expanded mode (Mode 2)
Development mode (Maode 3)

REESCA

t Chip operating modes can aso be changed by writing to the MB and MA bitsin the OMR. Changing

0 operating modes does not reset the DSP56824. To prevent an interrupt from going to the wrong memory
a location, interrupts should be disabled immediately before changing the OMR. Also, one no-operation
% (NOP) instruction should be included after changing the OMR to allow for remapping to occur.

ARC

NOTE:

On a Computer Operating Properly (COP) reset, the MA and MB bits (in
the OMR) revert to the values originally latched from the MODA and
MODB pins on deassertion of RESET. These values determine the COP
reset vector. For example, if the DSP56824 |eft hardware reset in Mode 2
and the mode bits in the OMR were later changed to specify Mode 3, a
COP reset would use reset vector P:$E002 (for Mode 2) for its reset vector,
and not P:$0002 (for Mode 3).
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3.2.1 Single Chip Bootstrap Mode (Mode 0)

Mode 0 is the Single Chip bootstrap mode in which all the internal program and data memory spaceis
enabled (see Figure 3-1 on page 3-2). Mode 0 can be entered by either pulling the MODA and MODB pins
low before resetting the chip or by writing to the OMR and clearing the MA and MB bits. Writesto the
lower 128 words of internal program space will writeto the internal program RAM. The reset vector
location in Mode 0 is P:$0000 in the internal program ROM (P:$0002 for COP timer reset).

Mode 0 is useful when exiting the Reset state for applications that execute primarily from internal program
ROM. Write accessto the internal program RAM allows an application to copy interrupt vectors and
program code from program ROM to identically addressed locations in program RAM without changing
operating modes.

3.2.2 Single Chip User (Mode 1)

Mode 1 isthe Single Chip user mode in which 34,640 (32,768 — 128) words of internal program ROM are
enabled for reads and fetches. All accesses to the lower 128 words of internal program space are to the
internal program RAM. The reset vector location in Mode 1 is P:$7F80 in the internal program ROM
(P:$7F82 for COP timer reset). The user should observe that these reset vectors are located in the area
reserved for the bootstrap program.

Mode 1 isthe ordinary user mode for applications that execute primarily from internal program ROM or
for applications that must access the internal program RAM. The internal program RAM istypically
loaded in Mode 0 or by the bootstrap program in Mode 1. See Appendix A, “Bootstrap Program,” for more
information on loading the internal program RAM in this manner.

3.2.3 Normal Expanded Mode (Mode 2)

In the Normal Expanded mode (Mode 2), al 32,768 words of internal program ROM are enabled for reads
and fetches. Writes to the lower 128 words of internal program space will write to the internal program
RAM. The reset vector location in Mode 2 is at P:$E00O in the external program RAM (P:$E002 for COP
timer reset).

Mode 2 isidentical to Mode O except that the reset vectors are in external memory. This feature provides
additional flexibility for application development.

3.2.4 Development Mode (Mode 3)

Mode 3 isthe Development mode, in which the entire 65,536 words of program memory spaceis external.
No internal program memory space can be accessed. The reset vector location in Mode 3 is at P:$0000 in
the external program memory space (P:$0002 for COP timer reset). Mode 3 is the primary mode for
application development on the DSP56824.
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3.3 DSP56824 Reset and Interrupt Vectors

The interrupt vector map specifies the address to which the processor jumps when it recognizes an
interrupt or encounters areset condition. The instruction located at this address must be ajump to
subroutine (JSR) instruction for an interrupt or for areset. The interrupt vector map for agiven chipis
specified by all possible interrupt sources on the DSP56800 core, aswell as from the peripherals. No
interrupt priority level (IPL) is specified for hardware reset (assertion of the RESET pin) or for COP reset
because these conditions reset the chip, and areset takes precedence over al other interrupts.

Table 3-6 on page 3-16 provides the interrupt priority structure for the DSP56824, including on-chip
peripheras. Table 3-7 on page 3-16 lists the reset and interrupt vectors for the DSP56824. A full
description of interruptsis provided in the DSP56800 Family Manual.

NOTE:

In Mode 2, the hardware and COP reset vectors are both located at address
$EOQO in external memory. In Mode 1, the hardware reset vector islocated
at address $7F80 and the COP reset vector is at $7F82. In Modes 0 and 3,
the hardware reset vector is at $0000 and the COP reset vector is at $0002.

3.3.1 DSP56824 Interrupt Priority Register (IPR)

The interrupt priority register (IPR) is a read/write memory-mapped register located at X:$FFFB. The IPR
specifiesthe IPL for each of the interrupting devices, including the IRQA and IRQB pins, aswell as each
on-chip peripheral capable of generating interrupts. The interrupt arbiter on the DSP56800 core contains
seven interrupt channels for use by peripherals, in addition to the IRQ interrupts and the interrupts
provided by the core. The IPL for each on-chip peripheral device (interrupt channels 0-6) and for each
external source (IRQA and IRQB) can beindividually enabled or disabled under software control. In
addition, the IPR specifies the trigger mode of each external interrupt source and can enable or disable the
individual external interrupts. The IPR is cleared on hardware reset.

Peripheral interrupts are enabled or masked by writing to the IPR after enabling them using the SR.

Table 3-6 on page 3-16 shows the interrupt priority order. Figure 3-5 on page 3-15 shows the IPR, and
Figure 3-6 on page 3-15 shows how the IPR bits are programmed. Unused bits are read as zero and should
be written with zero to ensure future compatibility.
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15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

IBL |IBL| IB IAL | IAL| IA

* * *
CHO |CH1 |CH2 [CH3 |CH4 |CH5 |CH6 1 o lInv 1 o | inv

IRQA Mode

IRQB Mode
(Reserved)

Channel 6 IPL (SSI)

Channel 5 IPL (Reserved)
Channel 4 IPL (Timer Module)
Channel 3 IPL (SPI1)

Channel 2 IPL (SPI0)

Channel 1 IPL (Real-Time Timer)
Channel 0 IPL (Port B GPIO)

* Indicates reserved bits, read as zero and written with zero for future compatibility AA1381

Figure 3-5. DSP56824 IPR Programming Model

IBL1 | IBINV Trigger Mode IBLO Enabled? IPL
IAL1 | IAINV IALO
0 0 Low-level sensitive 0 No —
0 1 High-level sensitive 1 Yes 0
1 0 Falling-edge sensitive
— — CHO Enabled? IPL
1 1 Rising-edge sensitive CH1
0 No —
1 Yes 0 AA1435

Figure 3-6. Interrupt Programming

NOTE:

To avoid spurious interrupts, it may be necessary to disable IRQX
interrupts (by clearing the IXLO bit) before modifying IXL1 or IXINV.

If the trigger mode is programmed to be edge sensitive in the IPR and the chip enters stop mode, one of
two things could happen:

1. A valid level-sensitive value on the interrupt pin will bring the chip out of stop mode. The
chip executes the next instruction following the STOP instruction; the interrupt service
routine will not be executed.

2. A valid edge-sensitive interrupt will exit the chip from stop mode as well as service the
interrupt by executing the interrupt service routine.
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3.3.2 Interrupt Priority Structure

The following tables describe the programmabl e interrupt structure for the DSP56824. Table 3-6 on
page 3-16 shows the interrupt priority structure, and Table 3-7 on page 3-16 shows the reset and interrupt

vector map.

Table 3-6. Interrupt Priority Structure

Priority Exception IPR Bits

Level 1 (Non-maskable)

Highest Hardware RESET —
COP timer RESET —
Illegal instruction trap —
Hardware stack overflow —
OnCE module instruction trap —

Lower SWI —

Level 0 (Maskable)

Higher IRQA (external interrupt) 2,1
IRQB (external interrupt) 5,4
Channel 6 peripheral interrupt—SSiI 9
Channel 5 peripheral interrupt—Reserved 10
Channel 4 peripheral interrupt—Timer module 11
Channel 3 peripheral interrupt—SPI1 12
Channel 2 peripheral interrupt—SPI0 13
Channel 1 peripheral interrupt—Real-time timer 14

Lowest Channel 0 peripheral interrupt—Port B GPIO 15

Table 3-7. Reset and Interrupt Vector Map
Interrupt Starting Address IPL Interrupt Source

$0000/$7F80/$E000? — Hardware RESET
$0000/$7F821/$E0022 — COP timer RESET
$0004 — (Reserved)
$0006 1 lllegal instruction trap
$0008 1 Software interrupt (SWI)
$000A 1 Hardware stack overflow
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Table 3-7. Reset and Interrupt Vector Map (Continued)

Interrupt Starting Address IPL Interrupt Source
$000C 1 OnCE module instruction trap
$000E 1 (Reserved)
$0010 0 IRQA
$0012 0 IRQB
$0014 0 Port B GPIO interrupt
$0016 0 Real-time interrupt
$0018 0 Timer O overflow
$001A 0 Timer 1 overflow
$001C 0 Timer 2 overflow
$001E 0 (Reserved)
$0020 0 SSI receive data with exception status
$0022 0 SSI receive data
$0024 0 SSI transmit data with exception status
$0026 0 SSI transmit data
$0028 0 SPI1 serial system
$002A 0 SPI0 serial system
$002C 0 Available for program code
$007E 0

1. Interrupt starting address when in Mode 1

2. Interrupt starting address when in Mode 2
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Chapter 4
External Memory Interface

The DSP56824 provides a port for external memory interfacing. This section describes in detail the pins
and programming specificsfor this external memory interface, also known as Port A. This port provides 16
pinsfor an external address bus, 16 pins for an external data bus, and 4 pins for bus control. Together,
these 36 pins comprise Port A.

4.1 External Memory Port Architecture

Figure 4-1 on page 4-2 shows the general block diagram of the DSP56824 1/0O. It includes Ports A
(described above), B, and C.
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Figure 4-1. DSP56824 Input/Output Block Diagram
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Default
Eunction
External
A15-A0
Address MUX
External External
D15-DO
Data Switch Memory
RD Interface
Bus Control ﬂR (PortA)
PS
DS
PBO
PB1
PB2
PB3
PB4
PB5
General- PB6
Purpose PB7
PB8
1’0 PBY
PB10
PB11
PB12
PB13
PB14
XCOLF/PB15
) PCO w—>» MISOO
Peripheral PCl -«—» MOSIO
Communications PC2 «—» SCKO
Interfaces PC3 <«—— SS0
PC4 w— MISO1
PC5 w—» MOSI1
SPI (x2) PC6 w—» SCK1
PC7 -a«—— SS1
pcg —» STD
SSi PC9 <—— SRD
I PC10 -«—— STCK
PCll -«—— STFS
Ti PCl12 -«——> SRCK
Imers PC13 <e«—3» SRFS
| PC14 -«— TIOO1
PC15 w— TIO2 AAO131
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4.2 Port A Description

The external memory interface (also referred to as Port A) is the port through which all accessesto external
memories and external memory-mapped peripherals are made. This port contains a 16-bit address bus, a
16-bit data bus, and four bus control pinsfor strobes. The external memory interface uses one
programmable register for bus control, the bus control register (BCR).

External memory can be accessed at the maximum speed of the bus unit. In addition, software-controlled
walit states can be introduced when accessing slower memories or peripherals. Wait states are
programmable using registers. Figure 4-3 and Figure 4-4 on page 4-5 show examples of bus cycles with
and without wait states.

4.2.1 Bus Control Register (BCR)

The bus control register (BCR), located at X:$FFF9, is a 16-bit read/write register used for inserting
software wait states on accesses to external program or data memory. Two 4-bit wait state fields are
provided, each capable of specifying from 0to 15 wait states. On processor reset, each wait statefield is set
to $F so that 15 wait states are inserted, allowing slower memory to be used immediately after reset. All
other BCR bits are cleared on processor reset.

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

BCR—X:$FFF9
Bus Control Register Wait State Field Wait State Field
Reset = $00'_:F * * * * * * |DRV « ltor External X Memory|for External P Memory
Read/Write
* Indicates reserved bits, written as 0 for future compatibility AA0141

Figure 4-2. BCR Programming Model

4.2.1.1 Reserved Bits—Bits 15-10

Bits 15-10 arereserved and are read as zero during read operations. These bits should be written with zero
to ensure future compatibility.

4.2.1.2 Drive (DRV)—Bit 9

The Drive (DRV) control bit is used to specify what occurs on the external memory port pins when no
external accessis performed—whether the pins remain driven or are placed in tri-state. Table 4-2 on
page 4-6 and Table 4-3 on page 4-7 summarize the action of the DRV bit. The DRV bit is cleared on
hardware reset.

4.2.1.3 Reserved Bit—Bit 8

Bit 8 isreserved and is read as zero during read operations. This bit should be written with zero to ensure
future compatibility.
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4.2.1.4 Wait State X Data Memory (WSX[3:0])—Bits 7-4

The wait state X data memory (WSX[3:0]) control bits allow for the programming of the wait states for
external X data memory. Table 4-1 shows the wait states provided with these bits. The WSX[3:0] and the
WSP|3:0] bits are programmed in the same fashion but do not need to be set to the same value.

Table 4-1. Programming WSP[3:0] and WSX][3:0] Bits for Wait States

Bit String Hex Value Number of Wait States
0000 $0 0
0001 $1 1
0010 $2 2
0011 $3 3
0100 $4 4
0101 $5 5
0110 $6 6
0111 $7 7
1000 $8 8
1001 $9 9
1010 $A 10
1011 $B 11
1100 $C 12
1101 $D 13
1110 $E 14
1111 $F 15

4.2.1.5 Wait State P Memory (WSP[3:0])—Bits 3-0

The wait state program memory (WSP[3:0]) control bits allow for the programming of the wait states for
external program memory. These bits are programmed as shown in Table 4-1.

Figure 4-3 on page 4-5 shows an example of bus cycles without wait states, and Figure 4-4 on page 4-5
shows an example of bus cycles with wait states. For more information on wait states, see the DSP56824
Technical Data Sheet.
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|
T0 | T1 T2 T3 TO T1 T2 T3 TO
oo f\_/_\_/_\_/_\_/_L

| | | |
| | | | | | | |
| | | | | | | | |
| | | | | | | | |
A15-A0 |>< | | | | >< | | | | X |
| | | | | | | | | |
PS,DS |>< L] ><| L ><|
| | | | | | | | | |
- | : : : | | | |
WR | | | | | | w
| | | | | | | | | |
_ | | | I I I : I |
RD I\ | | / | | | | | |
| | | | | | | | | |
| | | E | | - |
D15-D0 T T | I Data Ir]

| | | | | | | AA0130

Figure 4-3. Bus Operation (Read/Write—Zero Wait States)

TO T1 T2 Tw T2 Tw T2 Tw T2 T3 TO T1 T2 Tw T2 Tw T2 Tw T2 T3 TO T1

[ | ! [ | [ [ | |
I 1 | | I I | | I I I
A15-A0 ><
PS, DS
I

I I I I I I I I I I
[ . [ | L
wr |1 AN /T
1 I 1
o N o
T |/ ol I
=5 |\| | | / | |
L L U/ [
I =" [ D |
. | [ oy, |
I I I
[ [ N T [ T T AA0133
Figure 4-4. Bus Operation (Read/Write—Three Wait States)
@ MOTOROLA External Memory Interface 4-5

For More Information On This Product,
Go to: www.freescale.com



P

ARCHIVED BY FREESCALE SEMICONDUCTOR, INC. 2005

: Freescale Semiconductor, Inc.
=xternal Memory Interface

ARCHIVED BY FREESCALE SEMICONDUCTOR, INC. 2005

4.2.2 Pins in Different Processing States

The DSP56800 core can be in one of six processing states (also called modes):
*  Normal

e Exception
* Reset

e Wait

e Stop

« Debug

In the normal mode, each instruction cycle has two possible cases—either the processor needs to perform
an external access, or all accesses are done internally. Exception processing is similar. For the case of an
external access, the address and bus control pins are driven to perform anormal bus cycle, and the databus

isalso driven if the accessis awrite cycle.

For the case where there is no external access on a particular instruction cycle, one of two things may
occur. The external address bus and control pins can remain driven with their previous values, or they can

be tri-stated.

The Reset maode always tri-states the external address bus and internally pulls control pins high. The stop
and wait modes, however, either tri-state the address bus and control pins or let them remain driven with
their previous vaues. This selection is made based on the value of the DRV hit in the BCR. Table 4-2 and
Table 4-3 describe the operation of the external memory port in these different modes. The debug modeis
aspecial state used to debug and test programming code. This state is discussed in detail in Chapter 9 of

the DSP56800 Family Manual, but is not described in the following tables.
Table 4-2. Port A Operation with DRV Bit =0

Pins
Mode -
AO0-A15 PS, DS, RD, WR D0-D15
Normal mode, external access Driven Driven Driven
Normal mode, internal access Tri-stated Tri-stated Tri-stated
Stop mode Tri-stated Tri-stated Tri-stated
Wait mode Tri-stated Tri-stated Tri-stated
Reset mode Tri-stated Pulled high internally Tri-stated
4-6 DSP56824 User's Manual @ MOTOROLA
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Table 4-3. Port A Operation with DRV Bit =1

Port A Description

Pins
Mode

AO0-A15 PS, DS, RD, WR D0-D15
Normal mode, external access Driven Driven Driven
Normal mode, internal access Driven Driven Tri-stated
Stop mode Driven Driven Tri-stated
Wait mode Driven Driven Tri-stated
Reset mode Tri-stated Pulled high internally Tri-stated

The data lines are driven during normal mode, external fetch, only during an external write cycle.
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Chapter 5
Port B GPIO Functionality

This section describes in detail the pins and programming specifics for Port B of the DSP56824. Port B isa
dedicated general-purpose input/output (GPIO) port that provides 16 programmable |I/O pins. Port B can
be configured to generate an interrupt when atransition is detected on any of its lower eight pins,
PB7-PBO, if they are configured as inputs. The upper eight pins, PB15—PB8, do not offer thisinterrupt
functionality. During reset, the XCOLF functionality of PB15 allows selecting alow-frequency clock. For
more information on X COLF, see the DSP56824 Technical Data Sheet. Figure 5-1 on page 5-2 shows a
block diagram of the 1/0O of the DSP56824.

NOTE:
After reset, al Port B pins are inputs.
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External
Address MUX

External
Data Switch

Bus Control

General-
Purpose
110

Peripheral
Communications
Interfaces

SPI (x2) |

SSI

Timers

Default Alternate
Function Function
A15-A0
D15-D0
RD
WR
PS
DS
PBO \
PB1 Interrupts
PB2 _
PB3 available
PB4 on these
PB5 .
PB6 pins
PB7 Port B
PB8
PB9
PB10
PB11
PB12
PB13
PB14 J
XCOLF/PB15
PCO w—» MISOO0
PCl a«—>» MOSIO
PC2 «—» SCKO
PC3 «—— SSO
PC4 a«—» MISO1
PC5 -=—>» MOSI1
PC6 -a—» SCK1
PC7 -e«—» SS1
pPCcg —» STD
PC9 <€—— SRD
PC10 -«—— STCK
PCl1ll -«——» STFS
PC12 -«—— SRCK
PC13 -«—>» SRFS
PCl14 -«— TIOO1
PC15 -w—» TIO2

Figure 5-1. DSP56824 Input/Output Block Diagram
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5.1 Port B Programming Model

Port B provides the following three read/write registers:
« Port B data direction register (PBDDR)
e Port B data (PBD) register
e Port B interrupt (PBINT) register

Figure 5-2 shows these the programming model for these registers. Bit-manipulation instructions can be
used to accessindividual bits.

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

PBINT—X:$FFEA
Port B Interrupt |MSK|MSK|MSK|MSK|MSK|MSK|MSK|MSK| INV | INV | INV | INV | INV [ INV | INV | INV
Register [ 7 | 6 | 5 | 4 |3 |2 1|o|7|e]|5s5]|a|[3]2]1]o0
Reset = $0000
Read/Write | | | | |

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

PBDDR—X:$FFEB
Port B Data |BDD|BDD|BDD|BDD|BDD|BDD|BDD|BDD|BDD|BDD|BDD|BDD|BDD|BDD|BDD |BDD
DirectionRegister | 15 | 14 | 13 |12 (12 |10 9 | 8 | 7 | 6 | 5 | 4 | 3| 2] 1|0
Reset = $0000
Read/Write | | | | |

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

PBD—X:$FFEC
PortBData | BD [ BD | BD | BD | BD | BD | BD | BD | BD | BD | BD | BD | BD | BD | BD | BD
Register 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Reset = Uninitialized
Read/Write

GPIO Interrupt Vector

Port B GPIO Interrupt P:$0014

Enabling GPIO Interrupts in the Interrupt Priority Register

Set Bit 15 to 1 in the Interrupt Priority Register (X:$FFFB)

AA0135

Figure 5-2. DSP56824 Port B Programming Model

5.1.1 Port B Data Direction Register (PBDDR)

The direction of each GPIO pin in Port B is determined by a corresponding control bit in the Port B data
direction register (PBDDR). The port pin is configured as an input if the corresponding data direction
register bit is cleared and is configured as an output if the corresponding data direction register bit is set.
The PBDDR is cleared on processor reset, which configures all port pins as general-purpose input pins.

Table 5-1. PBDDR Bit Definition

BDD Pin Direction
0 Input
1 Output
(M) moToroLa Port B GPIO Functionality 5-3
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5.1.2 Port B Data (PBD) Register

The Port B data (PBD) register is aread/write register used to access the Port B GPIO pins. The value of
each bit in the register is determined by the individual pin configuration. All 16 pins can be configured as
genera-purpose inputs (the default setting after reset) or as general-purpose outputs. When configured as
inputs, the lowest eight pins can also be configured as interrupts.

5.1.2.1 PBD Bit Values for General-Purpose Inputs

If aPort B pin is configured as a general-purpose input, the corresponding bit value reflects the value
driven into the pin when the register is read. Writing to the register transfers the written value through the
register to the output latch, but no value is transferred to the pin.

5.1.2.2 PBD Bit Values for General-Purpose Outputs

If aPort B pinis configured as a general-purpose output, writing avalue to the PBD register drives the
value to the output latch for that pin and to the pin itself. Reading the PBD register returns the value
latched to the pin.

5.1.2.3 PBD Bit Values for Interrupt Inputs

For pins PB7-PBO, if a pinis configured as an input, it can be configured as an interrupt. The method for
programming abit as an interrupt input is described in Section 5.1.3, “Port B Interrupt (PBINT) Register,”
on page 5-5. If apin is configured as an interrupt input, the respective bit in the PBD register reflects the
state of the pin when an interrupt event was detected. Detection of a defined interrupt event after the last
register read causes the values of al interrupt-enabled pins at the time the interrupt occurred to be locked
into their respective bitsin the PBD register. These values cannot be changed until aread of the register
occurs again. Once the value is read, the bit values are unlocked and the pins operate like general -purpose
input pins until the next interrupt occurs and locks the values for those pinsinto the register (until the next
register read).

Table 5-2. Reading the PBD Register

BDD MSK Read of PBD Register Bit
0 0 Value on pin
0 1 Value in PBD latch
1 0 Value in PBD latch (and on pin)
1 1 Value in PBD latch (and on pin)
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5.1.3 Port B Interrupt (PBINT) Register

The Port B interrupt (PBINT) register is a 16-bit read/write control register used to set up and control the
capahility of generating interrupts from the lower eight Port B GPIO pins. The bits of thisregister are
defined in the following subsections.

NOTE:

The GPIO interrupt can be masked using the CHO bit (bit 15) in the
interrupt priority register (IPR). See Section 3.3.1, “DSP56824 Interrupt
Priority Register (IPR),” on page 3-14 for information on the IPR.

5.1.3.1 Interrupt Mask (MSKJ[7:0])—Bits 15-8

The interrupt mask (MSK[7:0]) control bits are used to enable each of the lower eight Port B pinsthat can
generate a GPIO interrupt. The programming for each of these 8 bitsis described in Table 5-3 on page 5-5.
The MSK[7:0] bits are cleared on hardware reset.

Table 5-3. MSK Bit Definition

MSK Function
0 Pin masked from generating interrupt
1 Pin enabled for generating interrupt
NOTE:

Before any set MSK hit can enable a pin to generate an interrupt, the pin
must be configured as an input pin in the PBDDR.

Port B programmable interrupts have the lowest priority of maskable interrupts. Table 3-6 on page 3-16
lists the interrupt priority order for the DSP56824.

5.1.3.2 Interrupt Invert (INV[7:0])—Bits 7-0

Theinterrupt invert (INV[7:0]) bits are used to individually program whether arising or falling transition
is detected on apin. The programming for each of these 8 bitsisdescribed in Table 5-4. The INV[7:0] bits
are cleared on hardware reset.

Table 5-4. INV Bit Definition

INV Transition Detected
0 Rising Edge
1 Falling Edge
@ MOTOROLA Port B GPIO Functionality 5-5
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5.2 Port B Interrupt Generation

The following information describes the interrupt generation capabilities for the lower eight pins of Port B.

Pins PB7—PBO0 can be programmed to generate an interrupt by atransition on any of their input
signals.

Each pin can be programmed to detect arising or afalling transition.
Each pin can be individually enabled or masked.

Each pin must be configured as an input pin to generate an interrupt.
Any pin not used for generating an interrupt can be used as a GPIO pin.

When the correct transition occurs on any pin enabled for interrupts, all pins enabled for interrupts
are latched into the PBD register. Any pins not enabled for interrupt inputs are not latched.

Aswith al on-chip programmable peripheral interrupts for the DSP56824, the status register (SR) must
first be set to enable maskable interrupts (interrupts of level IPL 1). See Section 3.1.3, “DSP56824 Status
Register (SR),” on page 3-7 for more information about the SR. Next, the IPR must also be set to enable
the interrupt. See Section 3.3.1, “DSP56824 Interrupt Priority Register (IPR),” on page 3-14 for more
information about the IPR.

Set up the interrupt feature of Port B as follows:

1
2.
3.

Configure the SR to alow maskable interrupts.
Configure any pins desired for interrupt generation as inputs using the PBDDR.

Configure the associated INV bitsfor these pins, but leave associated M SK bits cleared (in
the PBINT register).

Set the MSK bits for the associated pins.

Using the CHO bit, enable the GPIO interrupt in the IPR. (See Section 3.3.1, “DSP56824
Interrupt Priority Register (IPR),” on page 3-14.)

Figure 5-3 shows the Port B interrupt block diagram.
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PBDDRYi]

¢ PBDI[i]
PGDB]i
< = > Pad Port B [
. <€ e BEE—
Logic Data
Port B Latch
GPIO Pin
Rising .
Edge ) MSK{i]
petect —} . GPIO Interrupt
— Set
— Request
INVIi] —
MSK{i] Read of PBD Register —— Reset

MSKIi]

L

J

Figure 5-3. Port B Interrupt Block Diagram

5.3 Port B Programming Examples

Example 5-1 on page 5-8 through Example 5-4 on page 5-11 show how to use Port B pins for receiving
data (configured for input), sending data (configured as output), and generating interrupts (configured as

input).
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5.3.1 Receiving Data on Port B

Example 5-1 shows how to configure Port B pins as inputs and use them for receiving data.

Example 5-1. Receiving Data on Port B

ckkkkkhkkhkhkkhkhkhkhkhkhkhkhkhhkhkkk

;¥ I NPUT exanpl e

*
*

;* of DSP56824 chip *

ckkkkkkhkkhkhkkhkhkkhkhkkhkhkhkhhkhkkk

5* for Port B

START
BCR
PBD
PBDDR
PBI NT
data i

Ckkkkkkkkkkkkkk
)

;* Vector setup*
; kkhkhkkhkkhhkkhkkrkhkhkkkk*k
CRG
JMWP
CRG
JwP
CRG

ckkkkkkkhkhkkhkhkkhkkk

;* General setup*
BEE R R EEEEEE RS XS

’ NOVEP

chkkkkkhkkkkhkhkhkkk
)

;* Port B setup*

ckkkkkkhkkhkkkhkhkkhkkkk
3
MOVEP
MOVEP

s kkhkhkhkhkhkhkhkhkhkhkkk
1

;* Main routi ne*
IR EE SRR SR TR S LR

EQ $0040
EQU $FFF9
EQU $FFEC
EQU $FFEB
EQU $FFEA
EQU $0001
P: $0000

START

P: $E000

START

P: START
#$0000, X: BOR

#$0000, X: PBI NT
#$0000, X: PBDDR

Start of program

Bus Control Register

Port B Data

Port B Data Direction Register
Port B Interrupt Register
dat a i nput

Col d Boot

al so Hardware RESET vector (Mde 0, 1, 3)
War m Boot

Har dwar e RESET vector (Mde 2)

Start of program

External Programmenory has O wait states.
External data nermory has O wait states.
Port A pins are tri-stated when no
external access occurs.

D sable GPlOinterrupt requests on
all lower eight Port B pins (default).
Sel ect pins PBO-PB15 as input (default).

I NPUT I hput Loop
MOVEP X: PBD, X0 ' Read PBO-PBL5 into bits 0-15 of “data_i”.
MOVE X0, X: dat a_i ; Memory to nenory nove requires two MOVEs.
BRA | NPUT L
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5.3.2 Sending Data on Port B

E'Programming Examples

Example 5-2 shows how to configure Port B pins as outputs and use them for sending data.

Example 5-2. Sending Data on Port B

ckkkkkhkkhkhkkhkhkhkhkhkhkhkhkhhkhkkk

;¥ QUTPUT exanpl e

*
*

;* of DSP56824 chip *

ckkkkkkhkkhkhkkhkhkkhkhkkhkhkhkhhkhkkk

5* for Port B

START
BCR
PBD
PBDDR
PBI NT
data o

Ckkkkkkkkkkkkkk
)

;* Vector setup*
; kkhkhkkhkkhhkkhkkrkhkhkkkk*k
CRG
JMWP
CRG
JwP
CRG

ckkkkkkkhkhkkhkhkkhkkk

;* General setup*
BEE R R EEEEEE RS XS

’ NOVEP

chkkkkkhkkkkhkhkhkkk
)

;* Port B setup*

ckkkkkkhkkhkkkhkhkkhkkkk
3
MOVEP
MOVEP

s kkhkhkhkhkhkhkhkhkhkhkkk
1

;* Main routi ne*
IR EE SRR SR TR S LR

EQ $0040
EQU $FFF9
EQU $FFEC
EQU $FFEB
EQU $FFEA
EQU $0001
P: $0000

START

P: $E000

START

P: START
#$0000, X: BOR

#3$0000, X: PBI NT
#$FFFF, X: PBDDR

Start of program

Bus Control Register

Port B Data

Port B Data Direction Register
Port B Interrupt Register
dat a out put

Col d Boot

al so Hardware RESET vector (Mde 0, 1, 3)
War m Boot

Har dwar e RESET vector (Mde 2)

Start of program

External Programmenory has O wait states.
External data nermory has O wait states.
Port A pins are tri-stated when no
external access occurs.

D sable GPlOinterrupt requests on
all lower eight Port B pins (default).
Sel ect pins PBO-PB15 as input (default).

QUTPUT Qut put Loop
MOVE X data o, X0 Put bits 0-15 of “dat a_o” on pins PBO-PB15.
MOVEP X0, X PBD ; Memory to nenory nove requires two MOVEs.
BRA QUTPUT L
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5.3.3 Looping Data on Port B

Example 5-3 shows how to configure Port B pinsto allow looping data from an output back to an input.

Example 5-3. Loop-Back Example

ckkkkkhkkhkhkkhkhkhkhkhkhkhkhkhhkhkkk

;¥ LOOPBACK exanpl e*

;* for Port B *

;¥ of DSP56824 chip *

;*********************

START EQU $0040 ; Start of program
BOR EQU $FFF9 Bus Control Register

PBD EQU $FFEC ; Port B Data
PBODR EQU $FFEB ; Port B Data Drection Register
PBI NT EQU $FFEA ; Port B lInterrupt Register
data o EQU $0001 ; data out put
data i EQU $0001 ; data input
; kkhkkhkkkkkhkkhkkkkkhk*k
;* Vector setup*
; kkkkhkkkkkkkhkkkk*k
RG P: $0000 ; Col d Boot
JMP START ; al so Hardware RESET vector (Mdde 0, 1, 3)
aRG P: $E000 ; VMr m Boot
JMP START ; Hardware RESET vector (Mde 2)
RG P: START ; Start of program

ckkkkkhkkkkhkhkhkkk

;* General setup*
;**************

MOVEP #$0000, X BCR ; External Programmenory has O wait states.
External data nermory has O wait states.
Port A pins are tri-stated when no
external access occurs.

ckkkkkkhkkhkkkhkhkkhkkkk

;* Port B setup*

ckkkkkhkkkkhkhkhkkk
1

MOVEP #$0000, X: PBI NT ; Disable GPIOinterrupt requests on
; all lower eight Port B pins (default).
MOVEP #$FFOO, X: PBDDR ; Sel ect pins PBO-PB7 as input and

pi ns PB3- PB15 as out put.
chkkkkkkhkkkkkhkkhkhkkk
;* Main routine*
chkkkkkkhkkkkkhkkhkhkkk

LOOPBACK Test Loop
MOVE X data o, X0 ; Put bits 8-15 of “data_o0” on pins PB3-PB15.
MOVEP X0, X: PBD ; Bits going to input pins are ignored.
MOVEP X: PBD, X0 © Read PBO-PB7 into bits 0-7 of “data_i”.
MOVE X0, X: dat a_i ; Bits 8-15 get val ues of PB8-PB15 as wel |.
BRA LOOPBACK o
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g'Programming Examples

5.3.4 Generating Interrupts on Port B

Example 5-4 shows how to configure and use Port B for generating interrupts.

Example 5-4. Generating Interrupts on Port B

ckkkkkhkkhkhkkhkhkhkhkhkhkhkhkhhkhkkk

;¥ | NTERRUPT exanpl e*

*

;* of DSP56824 chip *

ckkkkkkhkkhkhkkhkhkkhkhkkhkhkhkhhkhkkk

5* for Port B

START
BCR

| PR
PBD
PBDDR
PBI NT
data o
data i

ckkkkkkkkkkkkkok
1

;* Vector setup*
; kkhkhkkhkkhhkkhkkrkhkkkkk*k

CRG

JwP

CRG

JMWP

CRG

JSR

CRG

ckkkkkhkkkkhkhkhkkk

;* General setup*
chkkkkkkhkkkkkhkkhkhkkk

’ NOVEP
BFCLR

;* Port B setup*

shkkkkkkhkkkkkhkhkhkkk
MOVEP
MOVEP
BFSET

IR R SRR SR TR S LS
;

- % 1 1 *
;* Main routi ne
IR R SRR SR TR S LS

EQ $0040
EQU $FFF9
EQU $FFFB
EQU $FFEC
EQU $FFEB
EQU $FFEA
EQU $0000
EQU $0001
P: $0000

START

P: $E000

START

P: $0014

&Pl A SR

P: START
#$0000, X: BOR
#$0200, SR

#$8000, X: PBI NT

#$FF00, X: PBDDR
#$8000, X | PR

MOVE #$0000, X data_o
TESTPAT
MOVE X data o, X0
MOVEP X0, X: PBD
ADD #$0100, X0
MOVE X0, X:data_o
MOVEP X: PBD, X0
MOVE X0, X dat a_i
BRA TESTPAT
&GPl A SR
RTI

Start of program

Bus Control Register

Interrupt Priority Register
Port B Data

Port B Data Direction Register
Port B Interrupt Register
dat a out put

dat a i nput

Col d Boot

al so Hardware RESET vector (Mde 0, 1, 3)
WWar m Boot

Har dwar e RESET vector (Mde 2)

@GPl O Interrupt vector
Start of program

External Programnmenory has O wait states.
External data nermory has O wait states.
Port A pins are tri-stated when no
external access occurs.

Alow IPL (Interrupt Priority Level) O.

-- Enabl e naskabl e interrupts.

-- (peripherals, and so Qn); *******xxkkxskx

Enable GPIOinterrupt requests for

rising transitions on PBY.

Sel ect PBO-PB7 as input, PB8-PB15 as out put
Enable GPIOinterrupts.

Initialize “data o”

Test Pattern Loop

Put bits 8-15 of “data_ 0" on pi ns PB8-PB15.
Bits going to input pins are | gnored.
Change out put pattern: increnent by 1.

I ncrenment upper byte by 1.

Read PBO-PB7 into bits 0-7 of “data i”.
Bits 8-15 get val ues of PB3-PB15 as well.

@GPl O Interrupt Service Routine
i nterrupt code
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Chapter 6
Port C GPIO Functionality

The peripheral communications port (Port C) provides 16 multiplexed programmable I/O pins. These pins
may be used as general-purpose input/output (GPIO) pins or allocated to on-chip peripherals—atimer
module, two seria peripheral interfaces (SPIs), and a synchronous serial interface (SSl). (See Figure 6-1
on page 6-2.) Each pinisindividually programmable.

This section describes how to program the pins for Port C and provides general information about their use
as GPIO pins. Specificsfor programming the various peripheral s represented on Port C are provided in the
appropriate sections, as follows:

e SPI module programming specifics are located in Chapter 7, “ Serial Peripheral | nterface.”
e SSI module programming specifics are located in Chapter 8, “ Synchronous Serial I nterface.”
e Timer module programming specifics are located in Chapter 9, “ Timers.”

The Port C I/O interfaces are intended to minimize system chip count and “glue” logic in many DSP
applications. Each 1/0 interface has its own control, status, and data registers that are treated as
memory-mapped peripheral registers by the DSP56824. Each interface has several dedicated interrupt
vector addresses and control bits to enable or disable interrupts. This minimizes the overhead associated
with servicing the device, since each interrupt source may have its own service routine.
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External
Address MUX

External
Data Switch

Bus Control

General-
Purpose
1/0

Peripheral
Communications
Interfaces

SPI (x2) |

SSI

Timers

Default
Function

A15-A0

D15-D0

RD
WR
PS
DS

PBO
PB1
PB2
PB3
PB4
PB5
PB6
PB7
PB8
PB9
PB10
PB11
PB12
PB13
PB14

XCOLF/PB15

PCO
PC1
PC2
PC3

PC4
PC5
PC6
PC7

PC8
PC9
PC10
PC11
PC12
PC13

PC14
PC15

Alternate
Function

MISOO0
MOSIO
SCKO
SS0

MISO1
MOSI1
SCK1
SS1

STD
SRD
STCK
STFS
SRCK
SRFS

TIOO01
TIO2

)

Figure 6-1. DSP56824 Input/Output Block Diagram
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6.1 Port C Programming Model

Port C provides three read/write registers:
e Port C control (PCC) register
« Port C data direction register (PCDDR)
e Port C data (PCD) register

These registers are shown in Figure 6-2. The PCC register allows the programming of Port C pinsas GPIO
pins or as dedicated on-chip peripheral pins. The PCDDR specifies whether a pin programmed as a GPIO
pinisan input or an output pin. The PCD register allows accessing data transmitted through a GPIO pin.
Bit-manipulation instructions can be used to access individual bits.

Port C pins associated with the SPI can aso be configured as open-drain drivers by the Wired-OR mode
(WOM) contral bit in the SPI control register (SPCR). More information on the SPCR is available in
Chapter 7, “ Serial Peripheral Interface.”

PCC_x$FFED 15 14 13 12 11 10 9 8 7 6

Port C Control Register | cc [cc|cc|cc|cc|cc|cc|cc|cc|cc|cec|lcec|ecc|cec|cec|cc
Reset=$0000 | 15 | 14 (13|12 |12 |10l 9 | 8 | 7|6 | 5] 4|3|2]1]o0
Read/Write

PCDDR—X:$FFEE 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Port C Data
Direction Register CDD|CDD|CDD|CDD|CDD|CDD|CDD|CDD|CDD|CDD|CDD|CDD|CDD|CDD|CDD|CDD

Reset = $0000 | 15 | 14 13|12 | 11| 10 9 8 7 6 5 4 3 2 1 0
Read/WriteI | | | |

PCD_X$FFEF 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1

Port C Data Register | cp | cp [ cp [cp|cp|cp|cp|cp|cp|cp|cp|cp|cp|cp|cD|cD
Reset = Uninitialized | 15 | 14 [ 13 |12 (12|10 9 | 8 | 7|6 | 5| 4| 3| 2] 1|0
Read/Write

Figure 6-2. DSP56824 Port C Programming Model

6.1.1 Port C Control (PCC) Register

Port C pins can be programmed under software control as GPIO pins or as dedicated on-chip peripheral
pins. The Port C control (PCC) register allows the port pins to be selected for one of these two functions.
Each Port C pin isindependently configured asa GPIO pin if the corresponding condition code (CC) bitis
cleared, and is configured as an SPI, SSl, or timer pinif the corresponding PCC register bit is set.

Table 6-1 shows how this bit is defined.

Table 6-1. PCC Bit Definition

CcC Pin Programmed As
0 General-purpose /O pin
1 Dedicated peripheral pin
@ MOTOROLA Port C GPIO Functionality 6-3
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Unlike the pins on Port B, none of the GPIO pins on Port C can be configured to provide interrupts when
configured as GPIO pins. When configured as peripheral pins, interrupts can be set within the peripheral.
For example, when PC8—PC13 are configured to access the SSI functionality, level 0 maskable interrupts
can be generated.

NOTE:
All CC bits are cleared on reset.

6.1.2 Port C Data Direction Register (PCDDR)

If aport pinisselected asa GPIO pin, the direction of that pin is determined by a corresponding bit in the
PCDDR. The port pin is configured as an input if the corresponding CDD hit is cleared, and is configured
as an output if the corresponding CDD bit is set. Table 6-2 shows how this bit is defined.

Table 6-2. PCDDR Bit Definition

CDD Pin Direction
0 Input
1 Output

All PCC register bits and PCDDR bits are cleared on processor reset, configuring all Port C pins as
general-purpose input pins. If the port pin is selected as an on-chip peripheral pin, the corresponding data
direction bit isignored and the direction of that pin is determined by the operating mode of the on-chip
peripheral.

NOTE:
All CDD bits are cleared on reset.

6.1.3 Port C Data (PCD) Register

The Port C data (PCD) register allows accessing data through a port pin that has been configured as a
GPIO pin. Data written to the PCD register is stored in an output latch. If the port pin is configured as an
output, the output latch datais driven out on the port pin. When the PCD register isread, the logic value on
the output port pinisread. If the port pin is configured as an input, data written to the PCD register is still
stored in the output latch but is not gated to the port pin. When the PCD register is read, the state of the port
pinisread. That is, reading the port data register will reflect the state of the pins regardless of how they
were configured.

When aport pin is configured as a dedicated on-chip peripheral pin (the corresponding CC bit is set), the
PCD register reads the state of the input pin or output driver.

6.2 Port C Programming Examples

Example 6-1 on page 6-5 through Example 6-3 on page 6-7 show how to configure Port C pins as GPIO
pins to use them for receiving data (configured as input) and for sending data (configured as output).
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6.2.1 Receiving Data on Port C GPIO Pins

Example 6-1 shows how to configure Port C pins as GPIO pins and how to use them for receiving data.

Example 6-1. Receiving Data on Port C GPIO Pins

ckkkkkhkkhkhkkhkhkhkhkhkhkhkhkhhkhkkk

;¥ I NPUT exanpl e

;¥ of DSP56824 chip

*
*
*

ckkkkkkhkkhkhkkhkhkkhkhkkhkhkhkhhkhkkk

5* for Port C

START EQU $0040 ; Start of program

BCR EQU $FFF9 ; Bus Control Register

PCC EQU $FFED ; Port C Control Register

PCD EQU $FFEF ; Port C Data

PCDDR EQU $FFEE ; Port CData Drection Register
data i EQU $0001 ; data input

;**************

;* Vector setup*

chkkkkkkhkkkkkhkkhkhkkk

B e T s +

|
| chip operating nmode for Mdde 2 (Nornal
[ junps to first |ocation of internal

Not e: Bootstrap RCM configures OMR (operating node register) to set |

Expanded Mbde), then |
pr ogr am RAM ( P: $0000) . |

e +
CRG P: $0000 ; Col d Boot
JWP START ; al so Hardware RESET vector (Mdde 0, 1, 3)
RG P: $E000 ; WWr m Boot
JMP START ; Hardware RESET vector (Mde 2)
CRG P. START ; Start of program
chkkkkkkhkkkkkhkkhkhkkk
;* General setup*
s kkkkkhkhkkhkkkhkhkkhkhkk
MOVEP #$0000, X: BCR ; External Programmenory has O wait states.
; External data menory has O wait states.
; Port Apins are tri-stated when no
; external access occurs.
chkkkkkkhkkkkkhkkhkhkkk
;* Port C setup*
chkkkkkkhkkkkkhkkhkhkkk
MOVEP #$0000, X: PCC ; Configures PQO-PC15 as GPlO pins (defaul t)
MOVEP #$0000, X: PCDDR ; Sel ects pins PQD-PCL5 as input (default)

IR R SRR SR TR S LR
;

;* Main routi ne*
skkhkhkhkhkhkhkhkhkhkhkkk
1

I NPUT I hbut Loop
MOVEP X: PCD, X0 © Read POD-PCL5 into bits 0-15 of “data i”
MOVE X0, X: dat a_i ; (menory to nenmory nove requires two moves)
BRA | NPUT Y
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6.2.2 Sending Data on Port C GPIO Pins

Example 6-2 shows how to configure Port C pins as GPIO pins and how to use them for sending data.

Example 6-2. Sending Data on Port C GPIO Pins

ckkkkkhkkhkhkkhkhkhkhkhkhkhkhkhhkhkkk

;* QUTPUT exanple *
;* for Port C *
;¥ of DSP56824 chip *

ckkkkkkhkkhkhkkhkhkkhkhkkhkhkhkhhkhkkk

START EQU $0040
BCR EQU $FFF9
PCC EQU $FFED
PCD EQU $FFEF
PCDDR EQU $FFEE
data o EQU $0000
skkhkhkhkhkhkhkhkhkhkhkhkkkk
;* Vector setup *
ERE R E RS EEEEE LT EEE LT

CRG P: $0000

JMWP START

CRG P: $E000

JwP START

CRG P: START
IR R SRR SR TR S LS
;* General setup*
IR R SRR SR TR S LR

MOVEP #%$0000, X: BCR
s kkhkhkhkhkhkhkhkhkhkhkkk
;* Port C setup*
IR R SRR SR TR S LS

MOVEP #$0000, X: PCC

MOVEP #$FFFF, X: PCODR

IR R SRR SR TR S LS
;

- % 1 1 *
;* Main routi ne
IR R SRR SR TR T LS

Start of program

Bus Control Register
Port C Control Register
Port C Data

Port C Data Direction Register
dat a out put

Col d Boot

al so Hardware RESET vector (Mde 0, 1, 3)
War m Boot

Har dwar e RESET vector (Mde 2)

Start of program

External Programmenory has O wait states.
External data nermory has O wait states.
Port A pins are tri-stated when no
external access occurs.

Configure PQD-PCL5 as GPI O pins (default).
Sel ect pi ns PQD-PC15 as output.

QUTPUT Qit put Loop
MOVE X: dat a_o, X0 ' Put bits 0-15 of “data_o” on pins PQO- PCL5.
MOVEP X0, X: PCD ; Menory to nenory nove requires two MOVES.
BRA QUTPUT o
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6.2.3 Looping Data on Port C GPIO Pins

Example 6-3 shows how to configure Port C GPIO pins and then use them to loop data back from an

output to an input.

Example 6-3. Loop-Back Example

ckkkkkkkhhkkhkhkhkhkkhkhkhkhkhkkhkhkk

;¥ LOOPBACK exanpl e *

*

;* of DSP56824 chip *

ckkkkkkkhkhkkhhkhkhkhkhkhkhkkhkkhkkk

5* for Port C

START
BCR
PCC
PCD
PCDDR
data o
data_i

Cokkk ok kkokkokokkokokokok ok
)

;* Vector setup *
;****************
CRG
JMWP
CRG
JWP
CRG

chkkkkkhkkkkhkhkhkhkkkkk
)

;* General setup *
BEE R E R EEEEEEEEEE SR

’ NOVEP

BEEEEEEEEEEEEEEE S

;* Port C setup *

BEEEEEEEEEEEEEE RS
1
MOVEP
MOVEP

skkhkhkhkhkhkhkhkhkhkhkhkkkk
1
;* Main routine *
skkhkhkhkhkhkhkhkhkhkhkhkhkkk
1

EQ $0040

EQU $FFF9

EQU $FFED

EQU $FFEF

EQU $FFEE

EQU $0000

EQU $0001

P: $0000

START

P: $E000

START

P: START

#$0000, X: BCR
#$0000, X: POC

#$FFO0, X: PCDDR

LOOPBACK ; Test Loop
X data o, X0
X0, X: PCD

MOVE
MOVEP

MOVEP
MOVE

X PCD, X0

X0, X: data_i

BRA LOOPBACK

Start of program

Bus Control Register

Port C Control Register

Port C Data

Port C Data Direction Register
dat a out put

dat a i nput

Col d Boot

al so Hardware RESET vector (Mde 0, 1, 3)
War m Boot

Har dwar e RESET vector (Mde 2)

Start of program

External Programnenory has O wait states.
External data nermory has O wait states.
Port A pins are tri-stated when no

ext ernal access occurs.

Configure PQD-PCL5 as GPI O pins (default).
Sel ect pins PQD-PC7 as input and
pi ns PC3- PC15 as out put.

Put bits 8-15 of “data 0" on pi ns PC3- PCL5.
Bits going to input pins are iIgnored.

Read PQD-PC7 into bits 0-7 of “data_i”.
Bits 8-15 get val ues of PC8-PCl5 as wel|.
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Chapter 7
Serial Peripheral Interface

This section discusses the architecture of the serial peripheral interface (SPI) provided on Port C, its pins,
and its programming model. The section includes information on SPI system errors, a discussion of
overrun on the SPI, correct programming of Port C when using the SPI, and low-power operation with the
SPI.

The SPI isan independent, serial communications subsystem that alows the DSP56824 to communicate
synchronously with peripheral devices such as LCD drivers, A/D subsystems, and microprocessors. More
sophisticated uses, such as interprocessor communication in a multiple master system, are aso easy to
implement. The SPI can be configured as either a master or a slave device with high datarates. In Master
mode, atransfer isinitiated when datais written to the SPI data register (SPDR). In Slave mode, atransfer
isinitiated by the reception of aclock signal.

Clock control logic alows aselection of clock polarity and a choice of two fundamentally different
clocking protocols to accommodate most available synchronous serial periphera devices. In some cases,
the phase and polarity are changed between transfers to allow a master device to communicate with
periphera slaves having different requirements. When the SPI is configured as a master, software selects
one of eight different bit rates for the clock.

Error-detection logic is included to support interprocessor communications. A write-collision detector
indicates when an attempt is made to write data to the serial shift register while atransfer isin progress. A
multiple-master mode-fault detector automatically disables SPI output driversif more than one
microcontroller unit (MCU) simultaneously attempts to become bus master.

The DSP56824 provides two identical SPIs—SPI0 and SPI1. Figure 7-1 on page 7-2 shows SPI0 and SPI 1.
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Default Alternate
c I Function Function
xternal
| e A15-A0
Address MUX
External
l@¢—» D15-D0
Data Switch
— RD
_>
Bus Control ﬂ?
—> BS
—» DS
l«—>» PBO
l«—>» PB1
l€«—>» PB2
<€«—>» PB3
[<«—>» PB4
l«—>» PB5
General- <—>» PB6
Purpose < > PB7
<«—>» PB3
I/0 l«—>» PR9
<€—>» PB10
<«—>» PB11
<€—>» PB12
<€—>» PB13
[<€—>» PpPB14
<€—>» XCOLF/PB15
) l@«—>» PCO €«—» MISO0
Peripheral < » PC1l < » MOSIO
Communications |l<«—>» PC2 «—» SCKO =2
Interfaces l«—>» PC3 <€—— SSO
l¢«—» PC4 a—>» MISO1
|l«—» PC5 «——> MOSI1 SPI1
SPI (x2) l«—» PC6 «——>» SCK1
l@«—>» PC7 «——>» SSl1
l——» PC8§ —» STD
SSI «—» PC9 ~——— SRD
| ¢«—» PC10 ««—» STCK
¢«—» PCll ««—» STFS
Ti l«—» PCl2 «—» SRCK
Imers l«—>» PC13 <€—> SRFS
| l«—>» PC14 <«—3 TIOO1
l@—» PCl5 «—» TIO2
Figure 7-1. DSP56824 Input/Output Block Diagram
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7.1 SPI Architecture

Figure 7-2 on page 7-3 shows a block diagram of the SPI subsystem. When an SPI transfer occurs, a byte
is shifted out one data pin, while a different byte is simultaneously shifted in a second data pin. Another
way to view thistransfer isthat an 8-bit shift register in the master device and another 8-bit shift register in
the slave are connected as a circular 16-bit shift register. When atransfer occurs, this distributed shift
register is shifted 8 bit positions; thus, the bytes in the master and slave are effectively exchanged.

PGDB Internal
Peripheral Data Bus Phi Clock
J sem v
\, 16 bit
Clock
| ] DESEEVEEEENS G QN
-¢——»| SPI Control Register Logic
1

-€«—»| SPI Status Register

Control and
State Machines

Slave _
Select <+>C> SS

8 Zeros and 8 Bits Data

- / Logic
o /
8-Bit Receive SPDR
Data Buffer M
A A »| s Pin <+>C> MISO
1 | Control 1
Transmit/Receive ., S Logic
8-Bit Shift Reg 4 ] \ ’ oS!
} 7 o
/
/
. AA0145

Figure 7-2. SPI Block Diagram

The central element in the SPI system isthe block containing the shift register and receive data buffer. The
system is single-buffered in the transmit direction and double-buffered in the receive direction. This means
that new data for transmission cannot be written to the shifter until the previous transfer is complete.
However, received datais transferred into a parallel read data buffer, so the shifter is free to accept a
second serial byte. Aslong as the first byte is read out of the read data buffer before the next seria byteis
ready to be transferred, no overrun condition occurs. A single memory address is used for reading data
from the read buffer and writing data to the shifter.

The SPI status block representsthe SPI status functions (transfer complete, write collision, and mode fault)
located in the SPI status register (SPSR). The SPI control block contains the SPI control register (SPCR)
used to set up and control the SPI system.

Figure 7-3 on page 7-4 and Figure 7-4 on page 7-4 illustrate the different transfer formats. SCK (the serial
clock) is shown for each polarity (selected by CPL). Both master and slave timing are shown. Master
in/slave out (MISO) and master out/dlave in (MOSI) pins are connected between the master and save.
MISO is the slave output and MOSI is the master output. The slave select pin (SS) shown is for the Slave.
The master’s SS pin is held high but is not shown.
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(to sla\?e? —| |_

SCK (CPL=0)
SCK (CPL=1)
MOSI
(from master) MSB LSB
MISO
(from slave) | MSB LSB i
* Not defined, but normally MSB of word just received AA1383

Figure 7-3. SPI Transfer with CPH =0

SS
(to slave) ’7

SCK (CPL=0)

SCK (CPL=1)

MOSI
(from master) MSB LSB

MISO
(fromslave) —| =« MSB LSB —

* Not defined, but normally LSB of word previously transmitted AA1384

Figure 7-4. SPI Transfer with CPH =1

7.2 SPI Programming Model

Each SPI peripheral provides the following registers:
e SPI control register (SPCR)
e SPI status register (SPSR)
e SPI dataregister (SPDR)

These registers are shown in Figure 7-5 on page 7-5. The descriptions of the registersin the following
paragraphs apply equally to the corresponding registers on SPI0 and SPI 1.
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SPCR1—X:$FFE6 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
SPCRO—X:$FFE2
SPI Control Register
Reset = $0000
Read/Write

SPR|SPIE| SPE|[WOM|MST| CPL [CPH|SPR|SPR

SPSR1—X:$FFE5 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

SPSRO—X:$FFE1 sPIE| wc MDF
SPI Status Register ) . . . N . N . oL % % * * *
Reset = $0000

Read-Only

SPDR1—X:$FFE4 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
SPDRO—X:$FFEO
SPI Data Register
Reset = Uninitialized
Read/Write

High byte Low byte
(Always reads as $00) (Contains 8-bit data)

* Indicates reserved bits, written as 0 for future compatibility

SPI Interrupt Vectors:

SPI1 Serial System

SPIO Serial System P:$0028

P:$002A
Enabling SPI Interrupts in the IPR:

SPI1: Set bit 12 to 1 in the IPR (X:$FFFB).
SPI0: Set bit 13 to 1 in the IPR (X:$FFFB).

AA0147
Figure 7-5. SPI Programming Model
NOTE:
To use SPI0, the CC[3:0] bitsin the PCC register must be correctly set. To
use SPI1, the CC[7:4] bitsin the PCC register must be correctly set. See
Section 7.5, “Configuring Port C for SPI Functionality,” for more
information.
@ MOTOROLA Serial Peripheral Interface 7-5
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7.2.1 SPI Control Registers (SPCR0O and SPCR1)

The SPI contral registers (SPCR0 and SPCR1) are 16-hit, read/write registers used to set up and control the
SPI0 and SPI1 peripherals, respectively. The bits within the registers are arranged and programmed
identically. The only differences are that the two registers have different addresses and control different
SPIs. Programming one register has no effect on the other register.

The WOM, MST, CPL, CPH, and the SPR[2:0] bits should not be changed when atransfer istaking place.
Typically, these bits are only modified in Slave mode when the SPE bit is cleared, when the deviceis not
selected, or in Master mode when no transfer isin progress.

NOTE:

When writing the SPCRO or the SPCRL, it is necessary to first write the
register with the SPE bit cleared. Then a second write is performed to the
SPCR with the same value except that the SPE hit is set. The BFSET
instruction can be used in place of this second writeto set the SPE bit. This
istrue for al bitsin the SPCR except the SPIE bit, which can be modified
withaBFSET or BFCLR instruction at any time, even when the SPE bit is
Set.

The SPCRO and SPCR1 are reset to $0000 on hardware reset. The bits of the SPCRO and SPCR1 are
described in Section 7.2.1.1, “Reserved Bits—Bits 15-9,” through Section 7.2.1.8, “Clock Phase
(CPH)—BIt 2.”

7.2.1.1 Reserved Bits—Bits 15-9

Bits 159 of the SPCRO and SPCRL are reserved and are read as zero during read operations. These bits
should be written with zero to ensure future compatibility.

7.2.1.2 SPI Clock Rate Select (SPR[2:0])—Bits 8, 1-0

The SPI clock rate select (SPR[2:0]) bits are used to program the divider of the Phi clock to generate a
seria bit clock for the SPI peripheral when the SPI is configured as a master device. For an SPI configured
asaslave, the serial clock isinput from the master and these bits have no meaning. The SPR bits are
cleared on hardware reset.

Table 7-1. SPR Divider Programming

SPR[2:0] Divider
000 1
001 2
010 4
011 8
100 16
101 32
110 64
111 128
7-6 DSP56824 User’s Manual @ MOTOROLA
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NOTE:

The maximum frequency of the serial bit clock islimited to 10 MHz. This
meansthat for a70 MHz DSP56824, the SPR bits must be programmed so
that the clocking frequency of the serid bit clock islessthan or equal to 10
MHz. Thus, setting the SPR[2:0] bitsto 000 (divide by 1) can be used only
when the frequency of the Phi clock is less than or equal to 10 MHz.
Likewise, SPR[2:0] = 001 can be used only when the Phi clock islessthan
or equal to 20 MHz, and SPR[2:0] = 010 requires a Phi clock frequency of
less than or equal to 40 MHz. All other combinations (divide by 8 through
divide by 128) can be used with any Phi clock frequency up to the
maximum freguency of 70 MHz.

7.2.1.3 SPlInterrupt Enable (SPIE)—Bit 7

The SPI interrupt enable (SPIE) control bit is used to enable interrupts from the SPI port. When interrupts
are disabled (the SPIE bit is cleared), any pending interrupt is cleared, and polling is used to sense the SPI
interrupt complete flag (SPIF) and mode fault (MDF) bits. When interrupts are enabled (the SPIE bit is
set), an SPI interrupt isrequested if either the SPIF or the MDF bit is set. The SPIE bit is cleared on
hardware reset.

Aswith all on-chip peripheral interrupts for the DSP56824, the status register (SR—bits 1[1:0] = 01) must
first be set to enable maskable interrupts (interrupts of level IPL 0). Next, the IPR must also be set to
enable the interrupt. Table 7-2 lists the appropriate bitsto set in the interrupt priority register (IPR) and the
corresponding interrupt vector.

Table 7-2. SPI Interrupt

SPI Port (Register) Bitin IPR Interrupt Vector Interrupt Priority
SPIO (SPCRO) Bit 13 (CH2) $002A 0
SPI1 (SPCR1) Bit 12 (CH3) $0028 0

Table 3-6 on page 3-16 liststhe interrupt priority order for the DSP56824. Finally, SPI interrupts are
configured within the SPI itself, using the SPIE bit.

7.2.1.4 SPI Enable (SPE)—Bit 6

The SPI enable (SPE) control bit is used to enable the SPI port functionality. Clearing the SPE bit disables
the SPI periphera and the shuts off the Phi clock signal provided to the SPI port to reduce power
consumption. The SPE bit is cleared on hardware reset.

7.2.1.5 Wired-OR Mode (WOM)—Bit 5

The Wired-OR mode (WOM) control bit is used to select the nature of the SPI pins. When enabled (the
WOM hit is set), the SPI pinsin Port C are configured as open-drain drivers with the P-channel pull-ups
disabled. When disabled (the WOM bhit is cleared), the SPI pins are configured as push-pull drivers. The
WOM bit is cleared on hardware reset.

@ MOTOROLA Serial Peripheral Interface 7-7
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7.2.1.6 Master Mode Select (MST)—Bit 4

The Master mode select (MST) control bit is used to select Master or Slave mode. The MST hit is cleared
on hardware reset. Table 7-3 shows how thismodeis set.

Table 7-3. SPI Mode Programming

MST SPI Mode
0 Slave
1 Master

7.2.1.7 Clock Polarity (CPL)—BIt 3

The clock polarity (CPL) control bit is used to define the polarity of the seria bit clock. When datais not
being transferred and this bit is cleared, the SCK pin of the master deviceidles as alogic low. When the
CPL bit is set, the SCK pinidlesasalogic high. The CPL bit is cleared on hardware reset.

7.2.1.8 Clock Phase (CPH)—BIt 2

The clock phase (CPH) control bit is used in conjunction with the CPL bit to control the clock-data
relationship between the master and slave. This bit selects one of two different clocking protocols. The
CPH bit is cleared on hardware reset.

7.2.2 SPI Status Register (SPSR0 and SPSR1)

The SPI status registers (SPSR0 and SPSR1) are 16-bit read-only registers used to indicate the status of the
SPI0 and SPI1 peripherals, respectively. The bits within these registers are arranged and interpreted
identically. The only differences are that the two registers have different addresses and represent the status
of different SPIs. The value of one register is not affected by the value of the other register. The bits of
these registers are defined in Section 7.2.2.1, “Reserved Bits—Bits 15-8,” through Section 7.2.2.6,
“Reserved Bits—Bits 3-0.”

7.2.2.1 Reserved Bits—Bits 15-8

Bits 15-8 of SPSR0 and SPSR1 are reserved and are read as zero during read operations. These bits should
be written with zero to ensure future compatibility.

7.2.2.2 SPI Interrupt Complete Flag (SPIF)—Bit 7

The SPI interrupt complete flag (SPIF) bit is set upon completion of data transfer between the processor
and the external device. If the SPIF bit goes high and the SPIE bit is set, an interrupt is generated. To clear
the SPIF bit, read the SPSR with the SPIF bit set, then access the SPDR. Unless the SPSR isread first (with
the SPIF hit set), attempts to write to the SPDR are not permitted. The SPIF bit is cleared on hardware
reset.
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7.2.2.3 Write Collision (WCOL)—Bit 6

The write collision (WCOL) flag bit is set when awrite collision condition is detected. This bit is cleared
by reading the SPSR (with MDF set) followed by an access of the SPDR. The WCOL flag is cleared on
hardware reset.

7.2.2.4 Reserved Bit—Bit 5

Bit 5 of SPSRO and SPSR1 isreserved and is read as zero during read operations. This bit should be
written with zero to ensure future compatibility.

7.2.2.5 Mode Fault (MDF)—Bit 4

The mode fault (MDF) flag is set when a mode fault has occurred. This bit is cleared by reading the SPSR
(with MDF set) followed by awrite to the SPCR. The MDF flag is cleared on hardware reset.

7.2.2.6 Reserved Bits—Bits 3-0

Bits 3-0 of SPSR0 and SPSR1 are reserved and are read as zero during read operations. These bits should
be written with zero to ensure future compatibility.

7.2.3 SPI Data Registers (SPDRO and SPDR1)

The SPI dataregisters (SPDRO and SPDR1) are 16-hit read/write registers used when the SPI devices are
transmitting or receiving data on the serial bus. Only awrite to one of these registers initiates the
transmission or reception of a byte, and this only occurs on the master device. At the completion of
transferring a byte of data, the SPIF status bit (in the corresponding SPSR) is set in both the master and
dave devices.

A read of an SPDR is actually aread of abuffer. To prevent an overrun and the loss of the byte that caused
the overrun, the first SPIF must be cleared by the time a second transfer of data from the shift register to
the read buffer isinitiated. Thisregister is double-buffered for input and single-buffered for output.

7.3 SPI Data and Control Pins

During an SPI transfer, datais simultaneously transmitted (shifted out serially) and received (shifted in
serialy). An SCK line synchronizes shifting and sampling of the information on the two serial datalines.
AnSSline allowsindividual selection of a slave SPI device. Slave devices that are not selected do not
interfere with SPI bus activities. On amaster SPI device, the select line can optionally be used to indicate a
multiple-master bus contention.

Each SPI device has four dedicated 1/O pins. The four pins on SPI0 are as follows:

e MISOOQ/PCO (SPI0 master in/dave out)—The MISOO pin carries one of two unidirectional serial
datasignals. It isan input to a master device and an output from aslave device. If aslave deviceis
not selected, the M1SOO0 line of the slave deviceis placed in the high-impedance state. M1SOO0 can
be programmed as a GPIO pin caled PCO when the SPI MISOO function is not being used.
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MOSI0/PC1 (SPI0 master out/slave in)—The MOSIO pin carries the second of the two
unidirectional seria datasignals. Itisan output from amaster device and an input to aslave device.
The master device places data on the MOSIO line a half-cycle before the clock edge that the slave
device usesto latch the data. MOSI 0 can be programmed as a general -purpose i nput/output (GPIO)
pin called PC1 when the SPI MOSIO function is not being used.

SCKO/PC2 (SPI0 serial clock)—SCKO, an input to a slave device, is generated by the master
device and synchronizes data movement in and out of the device through the MOSI0 and M1SO0
lines. Master and slave devices are capable of exchanging a byte of information during a sequence
of eight clock cycles. Slave devices ignore the SCK signal unless the slave select pin is active low.

Four possible timing relationships can be chosen by using the CPL and CPH control bitsin the
SPCR. Both master and slave devices must operate with the sametiming. The SPI clock rate select
bits, SPR[2:0], in the SPCR of the master device, select the clock rate. In aslave device, the
SPR[2:0] bits have no effect on the operation of the SPI. The SCKO pin can be programmed as a
GPIO pin (PC2) when the SPI SCKO function is not being used.

SS0/PC3 (SPI0 slave select)—The slave select (SS) input of a slave device must be externally
asserted before amaster device can exchange datawith the slave device. SSmust below before data
transactions and must stay low for the duration of the transaction. The SS line of the master must
be held high. If it goeslow, amode fault error flag (the MDF bit) is set in the SPSR. To disable the
mode fault circuit, program the SS pin as a GPIO pin in the PCC register. This inhibits the mode
fault flag, while the other three lines are dedicated to the SPI peripheral.

The state of the master and slave CPH bits (in the SPCR) affects the operation of SS. The CPH bit
settings should be the same for both master and slave. When the CPH hit is cleared, the shift clock
isthe OR of SSwith SCK. In this clock phase mode, SS must go high between successive bytesin
an SPI message. When the CPH bit isset, SS can beleft |ow between successive SPI bytes. In cases
wherethereisonly one SPI dave MCU, its SSline can betied to Vggaslong asonly CPH = 1 clock

mode is used. The SSO pin can be programmed as a GPIO pin (PC3) when the SPI SSO function is
not being used.

Thefour pins on SPI1 are as follows:

7-10

M1SO1/PC4 (SPI1 master in/dave out)—MISO1 isone of two unidirectional serial datasignals.
It isan input to a master device and an output from a dave device. If aslave deviceis not selected,
the MISOO0 line of the slave deviceis placed in the high-impedance state. MISO1 can be
programmed as a GPIO pin called PC4 when the SPI M1SO1 function is not being used.

MOSI 1/PC5 (SPI 1 master out/davein)—The MOSI 1 lineisthe second of the two unidirectional
serial datasignals. It is an output from a master device and an input to a slave device. The master
device places data on the MOSI 1 line a haf-cycle before the clock edge that the slave device uses
to latch the data. MOSI 1 can be programmed as a GPIO pin called PC5 when the SPI MOSI 1
function is not being used.

SCK1/PC6 (SPI 1 serial clock)—SCK 1, an input to a slave device, is generated by the master
device and synchronizes data movement in and out of the device through the MOSI1 and M1SO1
lines. Master and slave devices are capable of exchanging a byte of information during a sequence
of eight clock cycles. Slave devices ignore the SCK signal unless the SS pin is active low.

Four possible timing relationships can be chosen by using the CPL and CPH contral bitsin the
SPCR. Both master and slave devices must operate with the same timing. The SPI clock rate select
bits (SPR[2:0]), in the SPCR of the master device, select the clock rate. In aslave device, the
SPR[2:0] bits have no effect on the operation of the SPI. The SCK1 pin can be programmed as a
GPIO pin (PC6) when the SPI SCK 1 function is not being used.
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« SS1/PC7 (SPI1 slave select)—The SSinput of aslave device must be externally asserted before a
master device can exchange datawith the slave device. SS must be low before data transactions and
must stay low for the duration of the transaction. The SSline of the master must be held high. If it
goes low, the mode fault flag (MDF) bit is set in the SPSR. To disable the mode fault circuit,
program the SS pin asa GPIO pin in the PCC register. Thisinhibits the MDF bit, while the other
three lines are dedicated to the SPI.

The state of the master and slave CPH bits affects the operation of SS. The CPH bit settings should
be the same for both master and slave. When the CPH bit is cleared, the shift clock isthe OR of SS
with SCK. In this clock phase mode, SS must go high between successive bytesin an SPI message.
When the CPH bit is set, SS can be |eft low between successive SPI bytes. In cases where there is
only one SPI dave MCU, its SSline can betied to V g5 aslong asonly CPH = 1 clock modeis used.

SS1 can be programmed as a GPIO (PC7) when the SPI SS1 function is not being used.

SPI timing is described in the DSP56824 Technical Data Sheet. SPI output pins can be configured as
open-drain drivers. The WOM bit in the SPCR is used to enable this option in each SPI. An externa
pull-up resistor is required on each Port C output pin while this option is selected. In multiple-master
systems, this option provides extra protection against complementary metal-oxide semiconductor (CMOS)
latchup, because even if more than one SPI device triesto simultaneously drive the same busline, there can
be no destructive contention.

In some multiple SPI systems where one device is always the master device, it may make sense to bypass
the SS function and instead use this pin as a GPI O to drive the slave select of one of the slave SPI devices.

NOTE:
Bypassing SS disables the mode-fault detection capability.

7.4 SPIl System Errors

Two system errors can be detected by the SPI system. The first type of error arisesin a multiple-master
system when more than one SPI device simultaneoudly tries to be a master. Thiserror iscaled a
mode-fault error. The second type of error, awrite-collision error, indicates that an attempt was made to
write datato an SPDR while atransfer wasin progress.

7.4.1 SPI Mode-Fault Error

When the SPI system is configured as a master and the SSinput line goes to active low, a mode-fault error
occurs, usualy because two devices attempted to act as master at the same time. Only an SPl master can
experience amode-fault error. In cases where more than one device is concurrently configured as a master,
achance of contention between two pin drivers exists. For push-pull CMOS drivers, this contention can
cause permanent damage. The mode fault attemptsto protect the device by disabling the drivers. When this
error is detected, the following actions are taken immediately:

The SPI pins are reconfigured as all inputs.

NP

The MST control bit isforced to zero to reconfigure the SPI as aslave.
The SPE control bit isforced to zero to disable the SPI system.

The MDF flag is set and an SPI interrupt is generated subject to masking by the SPIE hit,
the appropriate bit in the IPR, and the |1 bit in the SR.

Eal
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NOTE:

The SPI pins are reconfigured as inputs regardless of the values of the
corresponding Port C data direction register (PCDDR) bits. This condition
is removed once the SPE bit is set again, and the pins resume their normal
SPI functionality.

After software has corrected the problems that led to the mode fault, the MDF bit is cleared and the system
returns to normal operation. The MDF bit is automatically cleared by reading the SPSR while the MDF hit
is set, followed by awrite to the SPCR.

Other precautions may need to be taken to prevent driver damage. If two devices are made masters at the
same time, mode fault does not help protect either one unless one of them selects the other as slave. The
amount of damage possible depends on the length of time both devices attempt to act as master.

Because the SS pin is used to detect mode fault, it should not be configured as a GPIO pin onan SPI
system where more than one SPI is capable of functioning as an SPI master. Maintaining the SS
functionality can help prevent driver damage if mode fault occurs.

7.4.2 SPI Write-Collision Error

A write-collision error occursif the SPDR is written while atransfer isin progress. Because the SPDR is
not double-buffered in the transmit direction, writes to the SPDR cause data to be written directly into the
SPI shift register. Because thiswrite corrupts any transfer in progress, awrite-collision error is generated.
The transfer continues undisturbed, and the write data that caused the error is not written to the shifter. A
write collision is normally a slave error because a slave has no control over when a master initiates a
transfer. A master knows when atransfer isin progress, so there is no reason for a master to generate a
write-collision error, although the SPI logic can detect write collisions in both master and slave devices.

The SPI configuration determines the characteristics of atransfer in progress. For a master, atransfer
begins when data is written to the SPDR and ends when the SPIF hit is set. For a dlave with the CPH bit
cleared, atransfer starts when the SS pin goes low and ends when the SS pin returns high. In this case, the
SPIF bit is set at the middle of the eighth SCK cycle (when datais transferred from the shifter to the
parallel data register), but the transfer is still in progress until SS goes high.

For aslave with the CPH bit set, transfer begins when the SCK line goesto its active level, which is the
edge at the beginning of thefirst SCK cycle. In this case, the transfer ends when the SPIF bit is set.

7.4.3 SPI Overrun

No mechanism is provided in the SPI for detecting overrun. Overrun is the condition where a second
sample has been shifted in and transferred to the receive data buffer before a first sample has been read
from the receive data buffer.

Overrun is avoided by reading the SPDR from the previous transfer before the start of the eighth cycle of
the current transfer. Any datafrom a previous transfer becomesinvalid at the start of the eighth cycle.

7-12 DSP56824 User's Manual @ MOTOROLA
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7.5 Configuring Port C for SPI Functionality

The PCC register is used to individually configure each pin as either an SPI pin or a GPIO pin. When the
SPI isused in Slave mode, all four SPI pins must be programmed as SPI pinsin the PCC register. When in
Master mode, the SCK, M1SO, and MOSI pins are configured as SPI pins, and the SS pin is optionally
configured as an SPI pin if mode-fault detection is desired. Otherwise, SS can be configured asa GPIO pin
in the PCC register. Thisis summarized in Table 7-4.

Table 7-4. PCC Register Programming for the SS Pin

Mode cc Bit! Functionality of the SS Pin
Slave 0 Not allowed

Slave 1 Used as SS pin

Master 0 Used as GPIO pin

Master 1 Used for mode-fault detection

1. For SPIO, use PCC[3]. For SPI1, use PCC[7].

When the PCC register bit is set for an SPI pin, it is not hecessary to program the corresponding PCDDR
bit. The SPI peripheral ensures the correct direction of this pin. Programming the PCDDR is necessary
only when apin is programmed as a GPIO pin.

In applications requiring minimum power consumption, the SPI module can be disabled by clearing the
SPE bit in SPCR. This also shuts off the Phi clock signal asit enters the block.

Stop mode automatically disables the SPI peripheral and any external clocks for devices configured in
Slave mode. The internal Phi clock is stopped in stop mode. If adeviceisin the middle of atransfer when
it enters stop mode, all internal state machines are reset so that, upon exiting stop mode, the device waits
for anew transfer to be initiated.

In wait mode, the SPI peripheral continues operation and can compl ete transfersin progress. If the SPI
interrupt is enabled in the SPCR, IPR, and SR, the SPI peripheral can generate an interrupt request in wait
mode that brings the DSP56824 out of wait mode.

7.6 Programming Examples

Example 7-1 through Example 7-3 on page 7-17 show how to configure one SPI port as a master, how to
configure one as aslave, and how to send data from master to slave.

7.6.1 Configuring an SPI Port as Master

Example 7-1 shows how to configure an SPI port as a master.
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Example 7-1. Configuring an SPI Port as Master

IEEEEE S EEEEEEEEREEEEEEEEEEEREEEEEEEEEEEEESEE S S

;* SPI naster *

;* for serial peripheral interface (SPI)*

;* of DSP56824 chip *
;******************************************

START EQU $0040 ; Start of program
BCR EQU $FFF9 ; Bus Control Register

I PR EQU $FFFB ; Interrupt Priority Register
PCC EQU $FFED ; Port C Control Register

PCDDR EQU $FFEE ; Port CData Drection Register
PCRO EQU $FFF2 ; PLL Control Register O

PCRL EQU $FFF3 ; PLL Control Register 1

SPCRO EQU $FFE2 ; SPIO Control Register

SPDRO EQU $FFEO ; SPIO Data Register

SPSRO EQU $FFEL ; SPI0 Status Register

ckkkkkhkkkkhkhkkkk
)

;* Vector setup*
chkkkkkkhkkkkkhkkhkhkkk
CRG P: $0000 ; Col d Boot
JMP START al so Hardware RESET vector (Mde 0, 1, 3)

ORG P: $E000 ;  \Wr m Boot

JMP START ; Hardware RESET vector (Mde 2)
; CRG P: $0028 ;
; JSR [ unused] ; SPI1 Serial Systemvector

CRG P. START ; Start of program

BE R R R RS EEEEEE R R R RS

;* General setup *
;*****************

MOVEP $0000, X: BCR ; External Programmenory has O wait states.
External data nermory has O wait states.
Port A pins are tri-stated when no
ext ernal access occurs.

ARCHIVED BY FREESCALE SEMICONDUCTOR, INC. 2005
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Example 7-1. Configuring an SPI Port as Master (Continued)

ckkkhkkhkkhhkhhkhhkhhkhhkhhkhhkhhkhhhhkkhhhhhkhhkdhkhhkkhkhhdhhhhhhkhhhkhhkhhkhhk

;* Phi Aock included for serial bit clock of SPI Master *

MOVEP #3$0180, X PCRL ; Confi gure:
; (PLLE) PLL di sabl ed (bypassed)
; -- Gscillator supplies Phi clock.
; (PLLD) PLL Power Down disabled (PLL active).
; -- PLL block active for PLL to attain | ock.
; (LPST) Low Power Stop disabl ed.
;(PS[2:0]) Prescaler dock disabled.
;(CS[1:0]) dockout pin sends Phi clock.

MOVEP #$0260, X PCRO ; Set Feedback D vider to 1/20

: i nsert del ay here: wait for PLL | ock
; as specified in data sheet

BFSET #$4000, X: PORL Enabl e PLL for Phi cl ock.

BEEEEEEEEEEEEEEEEEEEES
)

;* SPI Master setup *
chkkkkkkhkhkkkhkkhkhkhkhkhkhkhkhkhk Kk
BFCLR #$0040, X: SPCRO
MOVEP #$0116, X: SPCRO

(SPE) SPI di sabl ed

Conf i gure:

(SPR2:0]) SPI dock Rate Select at /64.
(SPIE) SPI Interrupt disabled.

(VWWOV) Wred- CR node di sabl ed:

- push-pul | drivers.

(MBT) Master node sel ect ed.

(CPL) serial Aock Polarity:

- SKpinides as logic | ow

(CPH d ock Phase protocol:

- ~SSline can be tied lowif only 1 slave.
Conf i gure:

M S0, MXSI0, SCKO for SPI master,

~SS0 as PC3 for GPlQ

QG her pins remain as previously set.
(reset default is GPIO.

Configure @GPl O pin PC3 as out put
Disable SPIO interrupts

(unnecessary but nentioned for

BFSET #$0007, X: PCC

BFSET #3$0008, X: PCDDR
BFCLR #%$2000, X | PR

conpl et eness) .
BFSET #$0040, X: SPCRO ; (SPE) SPI Enabl ed.

BEEEEEEEEEEEEEEE S

;* Main routine *
ERE R R RS EEEEE R EE LT

TEST ; Test Loop
BRA  TEST
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7.6.2 Configuring an SPI Port as Slave

Example 7-2 shows how to configure an SPI port as adave.

Example 7-2. Configuring an SPI Port as Slave

ckkkhkkhkhhkhhkhhkhhkhhkhhkhkhkhkhkhkhhkhkhkhhkhhkhhkhkhkhhkhkkhkhkk

;* for serial peripheral

;* SPl sl ave

;¥ of DSP56824 chip

*

interface (SPI) *
*

IEEE RS EEEEEEEEEEEEEEEEEREEEEEEEEEEEREEEEE S

START
BCR

I PR
PCC

; PCDDR
SPCR1L
SPDR1L
SPSR1

DR R R R EEEEEEEEEE S
)

;* Vector setup *
;****************
CRG
JMWP
CRG
JWP
; CRG
; JSR

CRG

ckkkkkkhkkhkhkkhkkhkhkhkhkhkk
1

;* General setup *

BE R R R R SRR EEE R R R RS

MOVEP

ckkkkkkhkkhkhkkhkhkkhkhkhkhkhkhkhkk
1

;* SPl 9 ave setup *

ckkkkkkhkkhkhkkhkhkhkhkhkhkhkhkhkk

’ BFCLR
MOVEP

7-16

P: $0000
START

P: $E000
START

P: $002A
[ unused]
P: START

#$0000,

#3$0040, X: SPCRL
#$0004, X: SPCRL

$0040
$FFF9
$FFFB
$FFED
$FFEE
$FFE6
$FFE4
$FFE5

X BCR

DSP56824 User’s Manual

Start of program

Bus Control Register

Interrupt Priority Register

Port C Control Register

Port C Data Direction Register [unused]
SPI1 Control Register

SPI 1 Data Register

SPI1 Status Register

Col d Boot

al so Hardware RESET vector (Mde 0, 1, 3)
War m Boot

Har dwar e RESET vector (Mde 2)

SPI0 Serial Systemvector
Start of program

External Programmenory has O wait states.
External data nermory has O wait states.
Port A pins are tri-stated when no
external access occurs.

(SPE) SPI di sabl ed.

Conf i gure:

(SPR SPI dock Rate Select at /1
[irrelevant; mentioned for conpl et eness]
(SPIE) SPI Interrupt disabled.

(VWOV) Wred- CR Mode di sabl ed:

- push-pul |l drivers

(MBT) Master node off (Sl ave node sel ect ed)
(CPL) serial dock Polarity:

- SXK pinides as logic | ow

(CPH d ock Phase protocol:

- ~SSline can be tied lowif only 1 slave.
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Example 7-2. Configuring an SPI Port as Slave (Continued)

BFSET #$00F0, X: PCC Confi gure:

MSOL, M1, SCK1, ~SS1 for SPI sl ave
(~SS0 required for slave node)

other pins remain as previously set

(reset default is GO

O €2

[ PCODR unused] ; SPl ensures correct direction of used SPI pins
BFCLR #$1000, X |1 PR Disable SPI1 interrupts

(unnecessary; mentioned for conpl et eness)
BFSET #$0040, X: SPCRL (SPE) SPI Enabl ed.

ckkkkkkkhkhkkhkhkkhkhkkhkhkkk

;* Main routine *

BEEEEEEEEEEEEEE RS
1

TEST

; Test Loop
BRA  TEST

7.6.3

Sending Data from Master to Slave

Example 7-3 shows how to send data from an SPI port configured as a master to an SPI port configured as

adave.

Example 7-3. Sending Data from Master to Slave

ckkkhkkhkhhkhhkhhkhhkhhkhhkhkhkkhkhkhkhhkhhkhhkhhkhhkhkhkhkhkhkhhkk

;* Transfer fromSPl master to SPl sl ave *
;* for serial peripheral interface (SPlI) *
;* of DSP56824 chip *

1
1
)
1
ckkkkkhkkhhkhhkhhkhhkhhkhkhkhkhkhkhkhkhhkhkhkhkhkhhkhhkhkhkhhkhkkhhk
1
)
1
3

;¥ SPIO: Master *

;* SPI L Y ave *

EEEEE SRS S SRS SRR EEEEEEEEEEEEEEEEEEEEEEEEEEES

START EQU  $0040 ; Start of program
BCR EQU  $FFF9 ; Bus Control Register

I PR EQU  $FFFB ; Interrupt Priority Register
PCC EQU  $FFED ; Port C Control Register
PCDDR EQU  $FFEE ; Port CData Direction Register
PCRO EQU  $FFF2 ; PLL Control Register O
PCRL EQU  $FFF3 ; PLL Control Register 1
SPCRO EQU  $FFE2 ; SPI0 Gontrol Register
SPCRL EQU  $FFE6 ; SPI1 Control Register
SPDRO EQU  $FFEO ; SPIO Data Register
SPDRL EQU  $FFE4 ; SPI1 Data Register
SPSRO EQU  $FFEL ; SPI0 Status Register
SPSR1L EQU  $FFE5 ; SPI1 Status Register
; kkkhkkkkkhkkhkhkkkkkhkk*x
;* Vector setup *
; kkkkhkkkkkkkikkkkkk*%
ORG P: $0000 ; Col d Boot
JMP START ; al so Hardware RESET vector (Mdde 0, 1, 3)
ORG P: $E000 ; VMér m Boot
JMP START ; Hardware RESET vector (Mde 2)
; ORG P: $0028 ;
; JSR ; SPI1 Serial Systemvector [unused]
; ORG P: $002A ;
; JSR ; SPIO Serial Systemvector [unused]
@ MOTOROLA Serial Peripheral Interface 7-17
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Example 7-3. Sending Data from Master to Slave (Continued)

CRG

ckkkkkkhkkhkhkkhkhkkhkhkhkhhkk

;* CGeneral setup *
BEE R E R EEEEEEEEEE SR

’ NOVEP

P: START

#$0000, X BCR

Start of program

External Programmenory has O wait states.
External data nermory has O wait states.
Port Apins are tri-stated when no external
access occurs.

EEEEE S SRS SRR EEEEEEEEEREREEEEEEEEREEEEEEEEEEEEEEEEEEEEEE]

;* Phi d ock included for serial

bit clock of SPI Master *

ckkkkkhkkhkhkhhkhhkhkhkhhkhhkhhkhhkhhhhkhhhhhkhhkdhhhkhkdhhhhhhhhkhhhhhkrhkhhk

; Confi gure:
; (PLLE) PLL di sabl ed (bypassed)

MOVEP

BFSET

#$0180, X: PCRL

#$0260, X: PCRO

#%$4000, X: PCRL

ckkkkkkkhkhkkhkhkhkhkkhkhkkhkhkkhkkhkhkk

5* SPl Master setup *

BEEEEEEEEEEEEREEEEEEEES

BFCLR
MOVEP

BFSET

BFSET
BFCLR

BFSET

7-18

#3$0040, X: SPCRO
#$0116, X: SPCRO

#$0007, X: PCC

#$0008, X: PCDDR
#$2000, X |1 PR

#$0040, X: SPCRO

- Gscillator supplies Phi O ock.

; (PLLD) PLL Power Down di sabl ed (PLL active)

- PLL bl ock active for PLL to attain | ock.

; (LPST) Low Power Stop disabl ed.

;(PS[2:0]) Prescaler dock disabl ed.
(CS[l 0]) A ockout pin sends Phi d ock.
Set Feedback Divider to 1/20.

i nsert del ay here: wait for PLL | ock
as specified in data sheet.

Enable PLL for Phi O ock.

(SPE) SPI di sabl ed.

; Confi gure:

;(SPR2:0]) SPI dock Rate Select at /64.
;(SPIE) SPI Interrupt disabled.

; (WM Wred- OR Mbde di sabl ed:

- push-pul | drivers.

; (MBT) Master node sel ect ed.
'(CPL) serial AQock Polarity:

- SK pinides as logic | ow
(CPI—D d ock Phase protocol:
- ~SSlineis tied lowif only one slave.

,Oonf|gure

;MSQ, MXBIO, SCKO for SPI nmaster,
;~SS0 as PC3 for GPIQ

;G her pins remain as previously set

(reset default is GPIO.

; Configure GPI O pin PC3 as output.
;Dsable SPIO interrupts

(unnecessary but here for conpl et eness).

; (SPE) SPlI Enabl ed.
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Example 7-3. Sending Data from Master to Slave (Continued)

ckkkkkkhkkhkhkkhkhkkhkhkhhkhkhkhkk
1

;* SPI 9 ave setup *
ckkkkkhkkkkhkkhkkhkkhkkhkkhkkhkkkk
BFCLR #$0040, X: SPCRL
MOVEP #$0004, X: SPCRL

; (SPE) SPI
; Confi gure:
;(SPR) SPI dock Rate Select at /1
; - [irrelevant but here for conpl et eness]
;(SPIE) SPI Interrupt disabled.
; (WM Wred- OR Mbde di sabl ed:
;- push-pul | drivers.
; (MBT) Master node of f (sl ave node sel ected).
(CPL) serial Adock Polarity:
; - SXKpinides as logic | ow
(CPI—D d ock Phase protocol:
; - ~SSlinetied lowif only one slave
; Confi gure:
;MSQOL, MBl1, SCK1, ~SS1 for SPI
; (~SS0 required for slave node).
;G her pins remain as previously set
; (reset default is GPO.
; [ PCODR unused] ; SPl sets correct direction of used SPI
BFCLR #$1000, X I PR ;D sable SPI1 interrupts.
; (unnecessary but here for conpl et eness).
; (SPE) SPlI Enabl ed.

di sabl ed.

BFSET #$00F0, X: PCC

sl ave

pi ns.

BFSET

BEEEEEEEEEEEEEEE S

;* Main routine *

BEEEEEEEEEEEEEEE S

#3$0040, X: SPCRL

Data is transferred one byte at a time, |ower byte first. |

|

;| Transfers can al so be done with interrupts instead of polling. |
I
| SPI data lines are connected via the Master Qut/Slave In pins. |

: Thi s exanple serves to illustrate the nechani cs of transfer.

#$0000, X0 ;Qear XOto initialize output pattern

XLOCP ; Transfer Loop

MOVE X0, Al ; Load out put pattern into Al
DO #2, XFER ;Send two bytes (lower byte goes first).
JSR TXBYTE ; Transnmit byte out on MXSIO |ine.
JSR RXBYTE ; Receive byte in fromMXSI1 |ine.
XFER
awP X0, BO ;D d the data come back all right?
BNE XLOCOP ; No, sonething is wong with connection.
; -- Try again until successful.
I NC X0 ;Increnent X0 for next output pattern.
BRA XLOCP
TXBYTE ; Transnit Byte
MOVEP X: SPSRO, A ;Read SPSRO to clear SPIF so SPl can wite
; to SPDRO, otherwise wite is inhibited.
MOVEP Al, X: SPDRO ; Transnit |lower byte of data from Al.
REP #8 ;Shift upper byte of data for next transfer
ASR A ; (only needed during first pass of |oop).
RTSRXBYTE ; Recei ve Byte
BFTSTH $0080, X: SPSRL ; Test for SPIF flag high in S ave
BCC RXBYTE Wit until data ready to be received
MOVEP X: SPSR1, Bl ;Read SPSR1 to clear SPIF flag (for status)
MOVEP X: SPDR1, Bl ; Receive data into Bl
REP #8 ;
ASR BO ;Shift data into BO
RTS
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Chapter 8
Synchronous Serial Interface

This section presents the synchronous serial interface (SSI) and discusses the SSI’ s architecture,
programming model, operating modes, and initialization.

The SSl isafull-duplex serial port that allows the DSP56824 to communicate with a variety of seria
devices, including industry-standard codecs, other DSPs, microprocessors, and peripherals that implement
the Motorola serial peripheral interface (SPI). It istypically used to transfer samplesin a periodic manner.
The SSI consists of independent transmitter and receiver sections with independent clock generation and
frame synchronization.

The capabilities of the SSI include:

» Independent (asynchronous) or shared (synchronous) transmit and receive sectionswith separate or
shared internal/external clocks and frame syncs

»  Normal mode operation using frame sync

»  Network mode operation allowing multiple devices to share the port with as many as 32 time slots
e Gated clock mode operation requiring no frame sync

e Programmable internal clock divider

*  Programmable word length (8, 10, 12, or 16 hits)

e Program options for frame sync and clock generation

e SS| power-down feature

« Completely separate clock and frame sync selections for the receive and transmit sections

@ MOTOROLA Synchronous Serial Interface 8-1
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8.1 SSI Architecture

Figure 8-1 shows the synchronous serial interface (SSI) provided on Port C of the SSI.

8-2

External
Address MUX

External
Data Switch

Bus Control

General-
Purpose
/10

Peripheral
Communications
Interfaces

SPI (x2) |

SSI

Timers

fr—

Default
Function

A15-A0

D15-DO0

RD
WR

PS

DS

PBO
PB1
PB2
PB3
PB4
PB5
PB6
PB7
PB8
PB9
PB10
PB11
PB12
PB13
PB14
XCOLF/PB15

PCO w-—>
PCl w-—>
PC2 w-—>
PC3 —-—

PC4 w—>
PC5 w—>»
PC6 w-—>
PC7 w-—
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Alternate
Function

MISO0

MOSIO
SCKo
SSO

MISO1
MOSI1
SCK1
SS1

Pcg —»
PC9 w-—
PC10 w-—>»
PCll w-—>»
PC12 w«—>»
PC13 w-—>»

STD
SRD
STCK
STFS
SRCK
SRFS

Figure 8-1. DSP56824 Input/Output Block Diagram
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Figure 8-2 shows a block diagram of the SSI. It consists of three control registers to set up the port, one

status register, separate transmit and receive circuits with buffer registers, and separate serial clock and

frame sync generation for the transmit and receive sections.
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8.1.1 SSI Clocking

The SSI uses the following three clocks:
e Bit clock—used to seridly clock the data bitsin and out of the SSI port
»  Word clock—used to count the number of data bits per word (8, 10, 12, or 16 bits)
»  Frame clock—used to count the number of wordsin aframe

The bit clock, used to serialy clock the data, isvisible on the serial transmit clock (STCK) and serial
receive clock (SRCK) pins. Theword clock isan internal clock used to determine when transmission of an
8-, 10-, 12-, or 16-bit word has completed. The word clock in turn then clocks the frame clock, which
counts the number of wordsin the frame. The frame clock can be viewed on the STFS and SRFS frame
sync pins, because aframe sync is generated after the correct number of words in the frame have passed.
The relationship between the clocks and the dividersis shown in Figure 8-3 on page 8-4. The bit clock can
be received from an SSI clock pin or can be generated from the Phi clock through a divider, as shown in
Figure 8-4 on page 8-5.

Serial < > ; Word Divider ) Word 3 Frame Divider ) Frame
Bit Clock (/8, 110, /12, /16) Clock (/2 t0 /132) Clock

AA0150

Figure 8-3. SSI Clocking

8.1.2 SSI Clock and Frame Sync Generation

Data clock and frame sync signals can be generated internally by the DSP56824 or can be abtained from
external sources. If the signals are internally generated, the SSI clock generator is used to derive bit clock
and frame sync signals from the Phi clock. The SSI clock generator consists of a selectable, fixed prescaler
and a programmabl e prescaler for bit-rate clock generation. In gated clock mode, the data clock isvalid
only when datais being transmitted. Otherwise the clock pinistri-stated. A programmable frame rate
divider and aword length divider are used for frame rate sync signal generation.

Figure 8-4 shows ablock diagram of the clock generator for the transmit section. The serial bit clock can
be internal or external, depending on the transmit direction (TXD) bit in the SSI control register 2 (SCR2)
control register. The receive section contains an equivalent clock generator circuit.
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PSR PM[7:0]

L L

Phi - Prescaler Divider

Clock (/1 or /8) | (1to/256) . |

12

< -

B WL[1:0]
TXD (1 = Output) + Control Reset
TXD (1 = Output) * *

.| Word Length
| - Divider

| | Word
I Clock
+ <> - Serial
TXD (0 = Input) Serial Bit Clock
Bit Clock AA0151

STCK |

Figure 8-4. SSI Transmit Clock Generator Block Diagram

Figure 8-5 on page 8-5 shows the frame sync generator block for the transmit section. When internally
generated, both receive and transmit frame sync are generated from the word clock and are defined by the
frame rate divider (DC[4:0]) bits and the word length (WL[1:0]) bits of the SSI transmit control register
(SCRTX). The receive section contains an equivalent circuit for the frame sync generator.

Word DC[4:0] FSI
Clock v H
Frame Frame FSL
- > - /. A
Rate Sync
TXD
(1 = Output)
TX Frame
Sync Out *
TX Frame FSl
> TX Sync In
L Control —(—G
\N < AA0152
Figure 8-5. SSI Transmit Frame Sync Generator Block Diagram
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8.2 SSI Programming Model

The registers associated with the SSI include the following:
eSSl transmit shift register (TXSR, not user accessible)
eSSl transmit data buffer register (not user accessible)
eSSl transmit data (STX, write-only) register
eSSl receive shift register (RXSR, not user accessible)
eSSl receive data buffer register (not user accessible)
eSSl receive data (SRX, read-only) register
eSSl transmit control register (SCRTX)
eSSl receive control register (SCRRX)
eSSl control register 2 (SCR2)
eSSl control/status register (SCSR, lower byte read-only)
eSSl time dot register (STSR, write-only)

The control registers associated with the SSI are shown in Figure 8-6 on page 8-7; Figure 8-7 on page 8-10
shows the programming information for SSI interrupts. Table 3-6, “Interrupt Priority Structure,” on
page 3-16 lists the interrupt priority order for the DSP56824.

The TXSR, RXSR, receive data buffer register, and transmit data buffer register are not user accessible.

NOTE:

To usethe SSI, the CC[13:8] bitsin the Port C control (PCC) register must
be correctly set. See Section8.6, “Configuring Port C for SSI
Functionality,” for moreinformation.
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SCRRX—X:$FFD4 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
ssi RxRiginsttrgr' psr|wL1{wio| bc [ pc | pc|pc|pe|pm|pPm|Pm|PM | PM | PV | PV | PV
Reset = $0000 4 3 2 1 0 7 6 5 4 3 2 1 0
Read/Write | | | |
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
STSR—X:$FFD5
SSI Time Sk\’;lﬁig'os:ﬁ; Dummy Register, Written During Inactive Time Slots (Network Mode)
SCRTX—X:$FFD3 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Ss TXR(;Z?SIIE: psr|wL1{wio| bc [ pc | pc|pc|pe|pm|pPm|Pm|PM | PM | PV | PV | PV
Reset = $0000 4 3 2 1 0 7 6 5 4 3 2 1 0
Read/Write | | | |
SCR2—X:$FFD2 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
SSI Control
Register 2 RIE| TIE| RE | TE |RBF|TBF|RXD|TXD|SYN| SH | SC | SSI |[NET| FSI | FSL | EFS
Reset = $0000 FD | KP | EN
Read/Write | | | |
SCSR—X:$FFD1 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
SSI Control/Status
Register RSH|RSC RF | RF | RE |RDF|TDE|ROE|TUE|RFS|TFS| RD | TD
Reset = $0041 | * FD | KP | * * SI | SL | FS BF | BE
[15:8]—Read/Write
[7:0]—Read-Only | | | |
SRX—X:$FFDO 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
SSI RX Register
Reset = Uninitialized High Byte Low Byte
Read-Only
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
STX—X:$FFDO
ssi T\i\(lfkiglos:j; High Byte Low Byte

* Indicates reserved bits, written as zero for future compatibility

Figure 8-6. SSI Programming Model—Register Set
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SSI Interrupt Vectors:

SSI Receive Data with Exception Status P:$0020
SSI Receive Data P:$0022
SSI Transmit Data with Exception Status P:$0024
SSI Transmit Data P:$0026

Enabling SSI Interrupts in the |IPR:

Set Bit 9 in the IPR (X:$FFFB)

AA0157

Figure 8-7. SSl Interrupt Vectors

8.2.1 SSI Transmit Shift Register (TXSR)

The SSI transmit shift register (TXSR) is a 16-hit shift register that contains the data being transmitted.
When a continuous clock is used, datais shifted out to the serial transmit data (STD) pin by the selected
(internal/external) bit clock when the associated (internal/external) frame sync is asserted. When a gated
clock is used, datais shifted out to the STD pin by the selected (internal/external) gated clock. The word
length control bits (WL[1:0]) inthe SCRTX, described in Section 8.2.7, “ SSI Transmit and Receive
Control Registers,” determine the number of bitsto be shifted out of the TXSR beforeit is considered
empty and can be written to again. Thisword length can be 8, 10, 12, or 16 bits. The data to be transmitted
occupies the most significant portion of the shift register. The unused portion of the register isignored.
Datais always shifted out of this register with the most significant bit (M SB) first when the SHFD bit of
the SCR2 is cleared. If thisbit is set, the least significant bit (L SB) is shifted out first.

8.2.2 SSI Transmit Data Buffer Register

The SSI transmit data buffer register isa 16-bit register used to buffer samples written to the STX register.
It iswritten by the contents of the STX register whenever the transmit buffer feature is enabled. When itis
enabled, the TX SR receivesits values from this buffer register. If the transmit buffer feature is not enabled,
this register is bypassed and the contents of the STX register istransferred into the TXSR.

When the transmit interrupt enable (TIE) bit in the SCR2 and TDE bit in the SCSR are set, the DSP56824
is interrupted whenever both the STX register and the SSI transmit data buffer register become empty.

8.2.3 SSI Transmit Data (STX) Register

The SSI transmit data (STX) register is a 16-bit, write-only register. Datato be transmitted is written into
thisregister. If the transmit buffer is used, datais transferred from this register to the transmit data buffer
register when it becomes empty. Otherwise, data written to thisregister is transferred to the TXSR when
shifting of previous data is completed. The data written occupies the most significant portion of the STX
register. The unused bits (least significant portion) of the STX register are ignored. The DSP56824 is
interrupted whenever the STX register becomes empty (when both the STX register and SSI transmit data
buffer register are empty, if buffering is enabled) if both the transmit data register empty (TDE) bit in the
SCSR and the TIE bit in the SCR2 are set.
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8.2.4 SSI Receive Shift Register (RXSR)

The SSI receive shift register (RXSR) is a 16-bit shift register that receives incoming data from the serial
receive data (SRD) pin. When a continuous clock is used, datais shifted in by the selected
(internal/external) bit clock when the associated (internal/external) frame sync is asserted. When a gated
clock is used, datais shifted in by the selected (internal/external) gated clock. Datais assumed to be
received MSB first if the SHFD bit of the SCR2 is cleared. If thisbit is set, the dataisreceived LSB first.
Dataistransferred to the SSI receive data (SRX) register or receive data buffer register (if the receive
buffer is enabled) after 8, 10, 12, or 16 bits have been shifted in, depending on the WL[1:0] control bits.

8.2.5 SSI Receive Data Buffer Register

The SSI receive data buffer register isa 16-bit buffer register used to buffer samplesreceived in thereceive
shift register. It iswritten by the receive shift register, whenever the receive buffer feature is enabled, by
setting the receive buffer enable (RBF) bit in the SCR2. When enabled, the receive data register then
receives its values from this buffer register. The DSP56824 is interrupted whenever both the SSI receive
dataregister and SSI receive data buffer register become full, if the associated interrupt is enabled. If the
receive buffer feature is not enabled, this register is bypassed and the receive shift register is automatically
transferred into the SRX register.

8.2.6 SSI Receive Data (SRX) Register

The SSI receive data (SRX) register is a 16-bit read-only register. It accepts data contained in the receive
databuffer register if receive buffering is enabled by setting the RBF bit in the SCR2. Otherwise, it accepts
data from the receive shift register (RXSR) asit becomes full. The data read occupies the most significant
portion of the SRX register. The unused bits (least significant portion) are read as zeros. The DSP56824 is
interrupted whenever the SRX register becomes full (when both the SRX register and receive data buffer
register are full if buffering is enabled), if the receive data full interrupt is enabled.

8.2.7 SSI Transmit and Receive Control Registers

The SSI transmit and receive control (SCRTX and SCRRX) registers are 16-bit read/write control registers
used to direct the operation of the SSI. These registers control the SSI clock generator bit and frame sync
rates, word length, and number of words per frame for the serial data. The SCRTX register is dedicated to
the transmit section, and the SCRRX register is dedicated to the receive section—except in synchronous
mode, in which the SCRTX register controls both the receive and transmit sections. DSP reset clears all
SCRTX and SCRRX bits. SS| reset and STOP reset do not affect the SCRTX and SCRRX bits. The
control bits are described in the following paragraphs.

Although the bit patterns of the SCRRX and SCTRX registers are the same, the contents of these two
registers can be programmed differently. See Figure 8-6 on page 8-7 for the programming models of the
SCRTX and SCRRX registers.
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8.2.7.1 Prescaler Range (PSR)—Bit 15

The prescaler range (PSR) control bit controls afixed divide-by-eight prescaler in series with the variable
prescaler. It extends the range of the prescaler for those cases where aslower bit clock isdesired. When the
PSR bit is cleared, the fixed prescaler is bypassed. When the PSR hit is set, the fixed divide-by-eight
prescaler isoperational. Thisallows a 128 kHz master clock to be generated for Motorola M C1440x series
codecs. The maximum internally generated bit clock frequency is F,s/4, and the minimum internally
generated bit clock frequency is Fye/(4 x 8 % 256).

8.2.7.2 Word Length Control (WL[1:0])—Bits 14-13

The word length control (WL[1:0]) bits are used to select the length of the datawords being transferred by
the SSI. Word lengths of 8, 10, 12, or 16 bits can be selected, as shown in Table 8-1.

Table 8-1. SSI Data Word Lengths

WwL1 WLO Number of Bits/Word
0 0 8
0 1 10
1 0 12
1 1 16

These bits control the word length divider shown in the SSI clock generator. The WL control bits also
control the frame sync pulse length when the FSL bit is cleared.

8.2.7.3 Frame Rate Divider Control (DC[4:0])—Bits 12-8

The frame rate divider control (DC[4:0]) bits control the divide ratio for the programmable frame rate
dividers. The divide ratio operates on the word clock. In normal mode, this ratio determines the word
transfer rate. In network mode, this ratio sets the number of words per frame. The divide ratio ranges from
1to 32 (DC[4:0] = 00000 to 11111) in norma mode and from 2 to 32 (DC[4:0] = 00001 to 11111) in
network mode. A value of 00000 in DC[4:0] in network modeisillegal.

8.2.7.4 Prescale Modulus Select (PM[7:0])—Bits 7-0

The prescale modulus select (PM[7:0]) control bits specify the divide ratio of the prescale divider in the
SSI clock generator. This prescaler is used only in internal clock mode to divide the internal clock of the
core. A divideratio from 1 to 256 (PM[7:0] = $00 to $FF) can be selected. The bit clock output is available
at the clock SCK. The bit clock on the SSI can be calculated from the Phi clock value using the equation in
Figure 8-8.
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SCK = Phi Clock Frequency + [4 X (7 X PSR + 1) X (PM + 1)]
where PM = PM[7:0]

SFS = (SCK) + [(DC + 1) X WL]
where DC = DC[4:0] and WL = (8, 10, 12, or 16) AA1385

Figure 8-8. SSI Bit Clock Equation

For example, in 8-bit word normal mode with DC[4:0] set to 1 (00001), PM[7:0] set to 71 (0100 0111), the
PSR bit cleared, and a 36.864 MHz Phi clock, abit clock rate of 36.864 Mhz + [1 x 4 x 72] = 128 kHz is
generated. Since the 8-bit word rate is equal to two, the sampling rate (FS rate) would then be

128 kHz + [2 x 8] = 16 kHz.

The bit clock output is also availableinternally for use as the bit clock to shift the transmit and receive shift
registers. Careful choice of the crystal oscillator frequency and the prescaler modulus allows the
telecommunication-industry-standard codec master clock frequencies of 2.048 MHz, 1.544 MHz, and
1.536 MHz to be generated. For example, a 24.576 MHz clock frequency can be used to generate the
standard 2.048 MHz and 1.536 MHz rates, and a 24.704 MHz clock frequency can be used to generate the
standard 1.544 MHz rate. Table 8-2 gives examples of PM[7:0] valuesthat can be used to generate
different bit clocks.

Table 8-2. SSI Bit Clock as a Function of Phi Clock and Prescale Modulus

) . PM[7:0] Values for Different SCK
Phi Max Bit

Clock Clock

(MHz) (MHz) 2.048 1.544 1.536 128 64
MHz MHz MHz kHz kHz

16.384 4.096 1 — — 31 ($1F) 63 ($3F)

18.432 4.608 — — 2 35 ($23) 71 ($47)

20.480 5.12 — — — 39 ($27) 79 ($4F)

26.624 6.656 — — — 51 ($33) 103 ($67)

24,576 6.144 2 — 3 47 ($2F) 95 ($5F)

24.704 6.176 — 3 — — —

32.768 8.192 3 — — 63 ($3F) 127 ($7F)

36.864 9.216 — — 5 71 ($47) 143 ($8F)

8.2.8 SSI Control Register 2 (SCR2)

The SSI control register 2 (SCR2) is one of three 16-bit read/write control registers used to direct the
operation of the SSI. The SSI reset is controlled by abit in SCR2. SCR2 controls the direction of the bit
clock and frame sync pins, STCK, SRCK, STFS, and SRFS. Interrupt enable bits for the receive and
transmit sections are provided in this control register. SSI operating modes are also selected in this register.
The DSP reset clears all SCR2 bits. However, SS| reset and STOP reset do not affect the SCR2 bits. The
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SCR2 bits are described in Section 8.2.8.1, “Receive Interrupt Enable (RIE)—Bit 15,” through
Section 8.2.8.16, “Early Frame Sync (EFS)—Bit 0.” See Figure 8-6 on page 8-7 for the programming
model of the SCR2.

Aswith al on-chip peripheral interrupts for the DSP56824, the status register (SR—bits 1[1:0 = 01) must
first be set to enable maskable interrupts (interrupts of level IPL 0). Next, the CH6 bit (Bit 9) in the
interrupt priority register (IPR) must be set to enable the interrupt. Finally, the interrupt can be enabled
from within the SSI.

8.2.8.1 Receive Interrupt Enable (RIE)—Bit 15

The SSI receive interrupt enable (RIE) control bit allows interrupting the program controller. When the
RIE bit is set, the program controller is interrupted when the SSI receive data register full (RDF) bit in the
SCSRis set.

When the receive buffer is enabled, two values are avail able to be read. If it is not enabled, then one value
can beread from the SRX register. If the RIE bitiscleared, thisinterrupt is disabled. However, the RDF bit
still indicates the receive data register full condition. Reading the SRX register clears the RDF bit, thus
clearing the pending interrupt.

Two receive data interrupts with separate interrupt vectors are available: receive data with exception
status, and receive data without exception. Table 8-3 shows these vectors and the conditions under which
these interrupts are generated.

Table 8-3. SSI Receive Data Interrupts

Interrupt Vector RIE ROE RDF
Receive data with exception status $0020 1 1 1
Receive data (without exception) $0022 1 0 1

8.2.8.2 Transmit Interrupt Enable (TIE)—Bit 14

The SSI transmit interrupt enable (TIE) control bit allows interrupting the program controller. When the
TIE bit is set, the program controller isinterrupted when the SSI transmit dataregister empty (TDE) flagin
the SCSR is set.

When the transmit buffer is enabled, two values can be written to the SSI. If it is not enabled, then one
value can be written to the STX register. When the TIE bit is cleared, thisinterrupt is disabled. However,
the TDE bit always indicates the STX register empty condition, even when the transmitter is disabled by
the transmit enable (TE) bit (in the SCR2). Writing datato the STX or STSR clears the TDE bit, thus
clearing the interrupt.

Two transmit data interrupts with separate interrupt vectors are available: transmit data with exception
status and transmit data without exceptions. Table 8-4 shows the conditions under which these interrupts
are generated and lists the interrupt vectors.

Table 8-4. SSI Transmit Data Interrupts

Interrupt Vector TIE TUE TDE
Transmit data with exception status $0024 1 1 1
Transmit data (without exception) $0026 1 0 1
8-12 DSP56824 User's Manual @ MOTOROLA
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8.2.8.3 Receive Enable (RE)—Bit 13

The SSI receive enable (RE) control bit enables the receive portion of the SSI. When the RE bit is set, the
receive portion of the SSI is enabled. When the RE bit is cleared, the receiver is disabled by inhibiting data
transfer into the receive (RX) buffer. If datais being received when this bit is cleared, the rest of the word
isnot shifted in, nor isit transferred to the SRX register. If the RE bit is reenabled during atime slot before
the second-to-last bit, then the word will be received.

8.2.8.4 Transmit Enable (TE)—Bit 12

The SSI transmit enable (TE) control bit enables the transfer of the contents of the STX register to the
transmit shift register and also enables the internal gated clock. When the TE hit is set and aword
boundary is detected, the transmit portion of the SSI is enabled. When the TE bit is cleared, the transmitter
continues to send the data currently in the SSI transmit shift register and then disables the transmitter. The
serial output is tri-stated and any data present in the STX register is not transmitted. In other words, data
can be written to the STX register with the TE bit cleared, and the TDE bit is cleared but datais not
transferred to the transmit shift register. If the TE bit is cleared and then set again during the same
transmitted word, the data continues to be transmitted. |f the TE bit is set again during a different time slot,
datais not transmitted until the next word boundary.

The normal transmit-enable sequenceis to write datato the STX register or to the STSR before setting the
TE bit. The normal transmit-disable sequenceisto clear the TE bit and the TIE bit after the TDE bit is set.
When an internal gated clock is being used, the gated clock runs during valid time slots if the TE bit is set.
If the TE bit is cleared, the transmitter continues to send the data currently in the SSI transmit shift register
until it isempty. Then the clock stops. When the TE bit is set again, the gated clock starts immediately and
runs during any valid time slots.

8.2.8.5 Receive Buffer Enable (RBF)—Bit 11

The receive buffer enable (RBF) control bit enables the buffer register for the receive section. When the
RBF bit is set, it allows for two samplesto be received by the SSI (athird sample can be shifting in) before
the RDF bit is set and for an interrupt request to be generated when enabled by the RIE bit. When the RBF
bit is cleared, the buffer register is not used, and an interrupt request is generated when asingle sampleis
received by the SSI. (Interrupts need to be enabled.)

8.2.8.6 Transmit Buffer Enable (TBF)—Bit 10

The transmit buffer enable (TBF) control bit enables the buffer register for the transmit section. When the
TBF hit is set, two samples can be written to the SSI (athird sample can be shifting out) before the TDE bit
is set, and an interrupt request can be generated when enabled by the TIE bit. When the TBF bit is cleared,
the buffer register is not used, and an interrupt request is generated when a single sample needs to be
written to the SSI.

8.2.8.7 Receive Direction (RXD)—Bit 9

Thereceive direction (RXD) control bit selectsthe direction and source of the clock and frame sync signals
used to clock the RXSR. When the RXD bit is set, the frame sync and clock are generated internally and
are output to the SRFS and SRCK pins, respectively, if not configured as general-purpose input/output
(GPIO). When the RXD bit is cleared, the clock source is external, the internal clock generator is
disconnected from the SRCK pin, and an external clock source can drive this pin to clock the RXSR. The
SRFS pinisan input, meaning that the receive frame sync is supplied from an external source. Table 8-5
shows the frame sync and clock pin configuration.
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Table 8-5. Frame Sync and Clock Pin Configuration

SYN RXD TXD SRFS STFS SRCK STCK
0 0 0 RFS in TFSin RCK in TCKin
0 0 1 RFS in TFS out RCK in TCK out
0 1 0 RFS out TFSin RCK out TCKin
0 1 1 RFS out TFS out RCK out TCK out
1 0 0 GPIO FSin GPIO CKiin
1 0 1 GPIO FS out GPIO CK out
1 1 0 GPIO GPIO GPIO Gated in
1 1 1 GPIO GPIO GPIO Gated out

8.2.8.8 Transmit Direction (TXD)—Bit 8

The transmit direction (TXD) control bit selects the direction and source of the clock and frame sync
signals used to clock the TXSR. When the TXD hit is set, the frame sync and clock are generated internally
and are output to the STFS and STCK pins, respectively, if not configured as GPIO. When the TXD bit is
cleared, the clock sourceis external, theinternal clock generator is disconnected from the STCK pin, and
an external clock source can drive this pin to clock the TXSR. The STFS pin is an input, meaning that the
transmit frame sync is supplied from an external source.

8.2.8.9 Synchronous Mode (SYN)—Bit 7

The synchronous mode (SY N) control bit enables the synchronous mode of operation. In this mode, the
transmit and receive sections share a common clock pin (STCK) and frame sync pin (STFS).

8.2.8.10 Transmit Shift Direction (TSHFD)—BIt 6

The transmit shift direction (TSHFD) control bit controls whether the MSB or LSB is transmitted first for
the transmit section. If the TSHFD bit is set, the LSB is transmitted first. If the TSHFD bit is cleared, the
dataistransmitted MSB first.

NOTE:

The codec device labels the MSB as bit 0, whereas the DSP56824 |abels
the LSB as hit 0. Therefore, when using a standard codec, the DSP56824
MSB (or codec bit 0) is shifted out first, and the TSHFD bit should be
cleared.

8.2.8.11 Transmit Clock Polarity (TSCKP)—Bit 5

Thetransmit clock polarity (TSCKP) control bit controlswhich bit clock edgeis used to clock out data and
latch in datafor the transmit section. If the TSCKP bit is set, the falling edge of the bit clock is used to
clock the data out. If the TSCKP bit is cleared, the datais clocked out on the rising edge of the bit clock.
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8.2.8.12 SSI Enable (SSIEN)—Bit 4

The SSI enable (SSIEN) control bit enables and disablesthe SSI. If the SSIEN bit is set, the SSI is enabled,
which causes an output frame sync to be generated when set up for internal frame sync, or causes the SS
to wait for the input frame sync when set up for external frame sync. If the SSIEN bit is cleared, the SSl is
disabled. When disabled, the STCK, STFS, and STFS pins are tri-stated, the status register bits are preset
to the same state produced by the DSP reset, and the control register bits are unaffected.

8.2.8.13 Network Mode (NET)—Bit 3

The network mode (NET) control bit sel ects the operational mode of the SSI. When the NET bit is cleared,
normal mode is selected. When the NET bit is set, network mode is selected.

8.2.8.14 Frame Sync Invert (FSI)—Bit 2

The frame sync invert (FSI) control bit selects the logic of frame sync I/O. If the FSI bit is set, the frame
syncisactive low. If the FSI bit is cleared, the frame sync is active high.

8.2.8.15 Frame Sync Length (FSL)—Bit 1

The frame sync length (FSL) control bit selects the length of the frame sync signal to be generated or
recognized. If the FSL bit is set, a one-clock-bit-long frame sync is selected. If the FSL bit is cleared, a
one-word-long frame sync is selected. The length of this word-long frame sync is the same as the length of
the data word selected by WL[1:0].

8.2.8.16 Early Frame Sync (EFS)—Bit 0

The early frame sync (EFS) control bit controls when the frame sync isinitiated for the transmit and
receive sections. When the EFS hit is cleared, the frame sync isinitiated as the first bit of datais
transmitted or received. When the EFS bit is set, the frame sync isinitiated 1 bit before the datais
transmitted or received. The frame sync is disabled after one bit-for-bit-length frame sync and after one
word-for-word-length frame sync.

8.2.9 SSI Control/Status Register (SCSR)

The SSI control/status register (SCSR) is a 16-bit register used to set up and monitor the SSI. The top half
of theregister (bits 15-8) isthe read/write portion and is used for SSI setup. The bottom half of the register
(bits 7-0) is read-only and is used by the DSP56824 to interrogate the status and serial input flags of the
SSl. The control and status bits are described in Section 8.2.9.1, “Reserved Bit—Bit 15,” through

Section 8.2.9.15, “Transmit Data Buffer Empty (TDBE)—BIit 0.” See Figure 8-6 on page 8-7 for the
programming models of the SCSR.

NOTE:

All the flagsin the status portion of the SCSR are updated after the first bit
of the next SSI word has completed transmission or reception. Some status
bits (ROE and TUE) are cleared by reading the SCSR followed by aread
or writeto either the SRX or STX register. Because of this, the control bits
in the top half of the SCSR should only be read when the SSI is disabled
(SSIEN = 0).
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8.2.9.1 Reserved Bit—Bit 15

Bit 15 isreserved and isread as zero during read operations. This bit should be written with zero to ensure
future compatibility.

8.2.9.2 Receive Shift Direction (RSHFD)—Bit 14

The receive shift direction (RSHFD) control bit controls whether the MSB or LSB isreceived first for the
receive section. |If the RSHFD bhit is cleared, datais received M SB first. If the RSHFD bitisset, theLSB is
received first.

NOTE:

The codec device labels the MSB as bit 0, whereas the DSP56824 |abels
the LSB as bit 0. Therefore, when using a standard codec, the DSP56824
MSB (or codec bit 0) is shifted out first, and the RSHFD bit should be
cleared.

8.2.9.3 Receive Clock Polarity (RSCKP)—Bit 13

Thereceive clock polarity (RSCKP) control bit controlswhich bit clock edgeis used to latch in datafor the
receive section. If the RSCKP bit is cleared, the datais latched in on the falling edge of the clock. If the
RSCKP hit is set, the rising edge of the clock is used to latch the datain.

8.2.9.4 Reserved Bits—Bits 12-11

Bits 12 and 11 are reserved and are read as zero during read operations. These bits should be written with
zero to ensure future compatibility.

8.2.9.5 Receive Frame Sync Invert (RFSI)—Bit 10

Thereceive frame sync invert (RFSI) control bit selects the logic of frame sync 1/O for the receive section.
If the RFSI bit is set, the frame sync is active low. If the RFSI bit is cleared, the frame sync is active high.

8.2.9.6 Receive Frame Sync Length (RFSL)—BIit 9

The receive frame sync length (RFSL) control bit selects the length of the frame sync signal to be
generated or recognized for the receive section. If the RFSL bit is set, then a one-clock-bit-long frame sync
isselected. If the RFSL bit is cleared, aone-word-long frame sync is selected. The length of thisword-long
frame sync is the same as the length of the data word selected by WL[1:0].

8.2.9.7 Receive Early Frame Sync (REFS)—Bit 8

The receive early frame sync (REFS) control bit controls when the frame sync is initiated for the receive
section. When the REFS bit is cleared, the frame sync isinitiated as the first bit of datais received. When
the REFS bit is set, the frame syncisinitiated 1 bit before the dataiis received. The frame sync is disabled
after one bit-for-bit-length frame sync and after one word-for-word-length frame sync.
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8.2.9.8 Receive Data Register Full (RDF)—Bit 7

The SSI receive dataregister full (RDF) flag bit is set when the SRX register isloaded with anew value. If
the receive buffer is enabled, the SRX register is loaded from the receive data buffer register. Otherwise,
the SRX register isloaded from the RXSR. RDF is cleared when the DSP56824 reads the SRX register. If
the RIE bit is set, a DSP receive data interrupt request is issued when the RDF bit is set. The interrupt
reguest vector depends on the state of the receiver overrun (ROE) bit (inthe SCSR). The RDF bit iscleared
by DSP, SSI, and STOP reset.

8.2.9.9 Transmit Data Register Empty (TDE)—Bit 6

The SSI transmit data register empty (TDE) flag bit is set when thereis no data waiting to be transferred to
the STX register. If the transmit buffer is enabled, this occurs when the data in the STX register has been
transferred first into the transmit data buffer register and then into the TXSR before a new value has been
written to the STX register. If the transmit buffer is not enabled, this occurs when the contents of the STX
register istransferred into the TXSR. When set, the TDE bit indicates that data should be written to the
STX register or to the STSR before the transmit shift register becomes empty, which would cause an
underrun error.

The TDE bit is cleared when the DSP56824 writes to the STX register or to the STSR to disable
transmission of the next time slot. If the TIE bit is set, an SSI transmit datainterrupt request isissued when
the TDE bit is set. The vector of the interrupt depends on the state of the TUE bit (in the SCSR). The TDE
bit is set by DSP, SSI, and STOP reset.

8.2.9.10 Receiver Overrun Error (ROE)—Bit 5

The receiver overrun error (ROE) flag bit is set when the RXSR isfilled and ready to transfer to the SRX
register or the receive data buffer register (when enabled), and these registers are aready full, asindicated
by the RDF bit being set. The RXSR is not transferred in this case. A receiver overrun error does not cause
any interrupts. However, when the ROE hit is set, it causes a change in the interrupt vector used, alowing
the use of adifferent interrupt handler for areceiver overrun condition. If areceive interrupt occurs with
the ROE bit set, the receive data with exception status interrupt (vector $0020) is generated. If areceive
interrupt occurs with the ROE bit cleared, the receive data interrupt (vector $0022) is generated.

The ROE hit is cleared by DSP, SSI, or STOP reset and is cleared by reading the SCSR with the ROE bit
set, followed by reading the SRX register. Clearing the RE bit does not affect the ROE hit.

8.2.9.11 Transmitter Underrun Error (TUE)—BIt 4

Thetransmitter underrun error (TUE) flag bit is set when the TXSR is empty (no datato be transmitted), as
indicated by the TDE bit being set, and atransmit time slot occurs. When atransmitter underrun error
occurs, the previously sent data is retransmitted.

A transmit time slot in the norma mode occurs when the frame sync is asserted. In network mode, each
time slot requires data transmission and is, therefore, atransmit time slot (TE = 1).

The TUE bit does not cause any interrupts. However, the TUE bit does cause a change in the interrupt
vector used for transmit interrupts so that a different interrupt handler can be used for a transmit underrun
condition. If atransmit interrupt occurs with the TUE bit set, the transmit data with exception status
interrupt (vector $0024) is generated. If atransmit interrupt occurs with the TUE bit cleared, the transmit
data interrupt (vector $0026) is generated.

The TUE it iscleared by DSP, SSI, or STOP reset. The TUE bit is also cleared by reading the SCSR with
the TUE bit set, followed by writing to the STX register or to the STSR.

@ MOTOROLA Synchronous Serial Interface 8-17

For More Information On This Product,
Go to: www.freescale.com



. : Freescale Semiconductor, Inc.
synchronous Serial Interface

8.2.9.12 Transmit Frame Sync (TFS)—Bit 3

When set, the transmit frame sync (TFS) flag bit indicates that a frame sync occurred during transmission
of the last word written to the STX register. Datawritten to the STX register during the time slot when the
TFSbitis set is sent during the second time dlot (in network mode) or in the next first time slot (in normal
mode). In network mode, the TFS bit is set during transmission of the first slot of the frame. It isthen
cleared when starting transmission of the next slot. The TFS bit is cleared by DSP, SSI, or STOP reset.

8.2.9.13 Receive Frame Sync (RFS)—Bit 2

When set, the receive frame sync (RFS) flag bit indicates that a frame sync occurred during reception of
the next word into the SRX register. In network mode, the RFS bit is set while the first slot of the frame is
being received. It is cleared when the next slot of the frame begins to be received. The RFS bit is cleared
by DSP, SSI, or STOP reset.

NOTE:

In synchronous mode (the SCR2's SY N hit is set to one), the RFS bit is not
valid. In asynchronous mode (the SY N bit iscleared), the RFSbit indicates
the state of the SRFS pin. (See section Section 8.3, “SSI Data and Control
Pins,” for details on the SRFS pin.) When the SSI is being used in
synchronous mode, the TFS bit should be used to check the state of the
STFS pin, since that pin is used for both transmit and receive frame sync
in synchronous mode.

8.2.9.14 Receive Data Buffer Full (RDBF)—Bit 1

Thereceive data buffer full (RDBF) flag bit is set when the receive section is programmed with the receive
buffer enabled, and the contents of the RXSR are transferred to the receive data buffer register. When set,
RDBF indicates that data can be read from the SRX register. Notethat an interrupt is only generated if both
the RDF and RIE bits are set. The RDBF bit is cleared by DSP, SSI, or STOP reset.

8.2.9.15 Transmit Data Buffer Empty (TDBE)—Bit O

The transmit data buffer empty (TDBE) flag bit is set when the transmit section is programmed with the
transmit buffer enabled and the contents of the transmit data buffer register are transferred to the TXSR.
When set, the TDBE bit indicates that data can be written to the STX register. Note that an interrupt is
generated only if both the TDE and the TIE bits are set. The TDBE bit is set by DSP, SSI, or STOP reset.

8.2.10 SSI Time Slot Register (STSR)

The SSI time slot register (STSR) is used when data is not to be transmitted in an available transmit time
dot. For the purposes of timing, the time slot register is awrite-only register that behaves like an alternate
transmit data register, except that instead of transmitting data, the STD pinistri-stated. Using this register
isimportant for avoiding overflow or underflow during inactive time dots.
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8.3 SSI Data and Control Pins

The SSI has the following six dedicated 1/O pins.

Serial transmit data (STD/PCB)

Serial receive data (SRD/PC9)

Serial transmit clock (STCK/PC10)
Serial transmit frame sync (STFS/PC11)
Serial receive clock (SRCK/PC12)
Serial receive frame sync (SRFS/PC13)

Figure 8-9 on page 8-20 and Figure 8-10 on page 8-21 show the main SSI configurations. These pins
support all transmit and receive functions with a continuous or gated clock, as shown. Note that gated
clock implementations do not require the use of the frame sync pins (STFS and SRFS). In this case, these
pins can be used as GPIO pins, if desired.
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PC8 |——» STD >
PC9 |[€— SRD <€
PCl0 [—> sTCK > Any
DSP56824 pcli — sTrs > DSP or
PC12 > SRCK s R
PC13 [ SRFS >
SSiI Internal Continuous Clock (Asynchronous)
PC8 |—>» STD
PC9 |[€— SRD <€
PCl0 [—> sTCK > Any
DSP56824 pcl11 F—» STFS > DSP or
PC12 [ SRCK s R
PC13 [ ®  SRFS >
SSI External Continuous Clock (Asynchronous)
PC8 |——» STD >
PCY9 |€—— SRD <€
PCl0 [—> sTCK > AV
DSP56824 pcli F— sTrs > DSP or
PC12 [ SRCK =
PC13 [ SRFS >
SSI Continuous Clock (RX = Internal, TX = External, Asynchronous)
PC8 |——»  STD >
PCY9 |€—— SRD <€
PC10 [—® STCK > Any
DSP56824 ST — STFS » DSP or
PC12 [ SRCK > codec
PC13 [ SRFS >

SSI Continuous Clock (RX = External, TX = Internal, Asynchronous) AA1438

Figure 8-9. Asynchronous SSI Configurations—Continuous Clock
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PC8 |—>» STD >
PCY |€t—— SRD -
— > An
PC10 STCK > y
DSP56824 pcll ——> STFS > DSP or
codec
PC12
PC13
SSl Internal Continuous Clock (Synchronous)
PC8 |<*—— STD <
PC9 ——>» SRD >
A
PCI0 |[<—— sSTCK "
DSP56824 pCll [e—— STFS < DSP or
codec
PC12
PC13
SSI External Continuous Clock (Synchronous)
PC8 |—» STD >
PCO l«—— SRD = Any
PC10 [ > STCK > DSP or
DSP56824 .
PC11 MCU with
PC12 SPI
PC13
SSl Internal Gated Clock (Synchronous)
PC8 |—» STD >
PCO l«—— SRD = Any
PC10 [ > STCK > DSP or
DSP56824
PC11 MCU with
PC12 SPI
PC13
SSI External Gated Clock (Synchronous) AA1439

Figure 8-10. Synchronous SSI Configurations—Continuous and Gated Clock
The following paragraphs describe the configuration of the SSI pins.

e STD/PCB8 (serial transmit data)—The STD pin transmits data from the serial transmit shift
register. The STD pinisan output pin when datais being transmitted and is tri-stated between data
word transmissions and on the trailing edge of the bit clock after the last bit of aword istransmitted.
Connect an external resistor to this pin to prevent the signal from floating when not being driven.
(A floating pin may provide spurious edge transitions or may go into oscillation.) Since thispinis
tri-stated, the external resistor can be either high or low, depending on the circuit designer’s choice.

» SRD/PC9 (serial receivedata)—The SRD pinisused to bring serial datainto the receive data shift
register.
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STCK/PC10 (serial transmit clock)—The STCK pin can be used as either an input or an output.
This clock signal is used by the transmitter and can be either continuous or gated. During gated
clock mode, data on the STCK pin isvalid only during the transmission of data; otherwiseitis
tri-stated. In synchronous mode, this pin is used by both the transmit and receive sections. When
gated clock mode is being used, an externa resistor should be connected to this pin to prevent the
signal from floating when not being driven.

STFS/PC11 (serial transmit frame sync)—The STFS pin can be used as either an input or an
output. Theframe sync isused by the transmitter to synchronizethetransfer of data. Theframe sync
signal can be 1 bit or 1 word in length and can occur 1 bit before the transfer of data or right at the
transfer of data. In synchronous mode, this pin is used by both the transmit and receive sections. In
gated clock mode, frame sync signals are not used.

SRCK/PC12 (serial receive clock)—The SRCK pin can be used as either an input or an output.
Thisclock signal is used by the receiver and is always continuous. During gated clock mode, the
STCK pinisused instead for clocking in data. This pinis not used in synchronous mode.

SRFS/PC13 (serial receive frame sync)—The SRFS pin can be used as either an input or an
output. The frame sync is used by the receiver to synchronize the transfer of data. The frame sync
signal can be 1 bit or 1 word in length and can occur 1 bit before the transfer of dataor right at the
transfer of data.

An example of the pin signals for an 8-hit data transfer is shown in Figure 8-11. Continuous and gated
clock signals are shown, as well as the bit-length frame sync signal and the word-length frame sync signal.
Note that the shift direction can be defined as M SB first or LSB first, and that there are other options on the
clock and frame sync.

Continuous STCK, SRCK

STFS, SRFS

Juirtiriivuiuiuuuuuy

Gated STCK, SRCK

Early STFS, SRFS

” 0999099909 2009

—

—_—

- CRAKXRKANY 29099,

8-22

8-BitData = ------ Bit-Length Frame Sync
Word-Length Frame Sync
AA0155
Figure 8-11. Serial Clock and Frame Sync Timing
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8.4 SSI Operating Modes

The SSI has three basic operating modes, with the option of asynchronous or synchronous protocol, as
follows:

e Normal mode
— Asynchronous protocol
— Synchronous protocol
*  Network mode
— Asynchronous protocol
— Synchronous protocol
» Gated clock mode
— Synchronous protocol only

These modes can be programmed by several bitsin the SSI control registers. Table 8-6 lists these operating
modes and some of the typical applicationsin which they can be used:

Table 8-6. SSI Operating Modes

TX, RX Sections Serial Clock Mode Typical Applications
Asynchronous Continuous Normal Multiple synchronous codecs
Asynchronous Continuous Network TDM codec or DSP networks
Synchronous Continuous Normal Multiple synchronous codecs
Synchronous Continuous Network TDM codec or DSP networks
Synchronous Gated Normal SPI-type devices; DSP to MCU

The transmit and receive sections of the SSI can be synchronous or asynchronous. In synchronous mode,
the transmitter and the receiver use a common clock and frame synchronization signal. In asynchronous
mode, the transmitter and receiver each hasits own clock and frame synchronization signals. Continuous
or gated clock mode can be selected. In continuous mode, the clock runs continuously. In gated clock
mode, the clock is only functioning during transmission.

Normal or network mode can also be selected. In normal mode, the SSI functions with one data word of
I/O per frame. In network mode, any number from 2 to 32 data words of 1/O per frame can be used.
Network mode istypically used in star or ring time division multiplex networks with other processors or
codecs, alowing an interface to time division multiplexed networks without additional logic. Use of the
gated clock is not allowed in network mode. These distinctions result in the basic operating modes that
alow the SSI to communicate with awide variety of devices.

The SSI supports both normal and network modes, and these can be selected independently of whether the
transmitter and receiver are synchronous or asynchronous. Typically these protocols are used in a periodic
manner, where datais transferred at regular intervals, such as at the sampling rate of an external codec.

Both modes use the concept of aframe. The beginning of the frame is marked with aframe sync when
programmed with a continuous clock. The frame sync occurs at aperiodic interval. The length of the frame
is determined by the DC[4:0] bitsin either the SCRRX or SCRTX register, depending on whether dataiis
being transferred or received. The number of words transferred per frame depends on the mode of the SSI.

In normal mode, one data word is transferred per frame. In network mode, the frame is divided into
anywhere between 2 and 32 time slots, where in each time slot 1 dataword can optionally be transferred.
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8.4.1 Normal Mode

Normal mode is the simplest mode of the SSI. It is used to transfer one word per frame. In continuous
clock mode, aframe sync occurs at the beginning of each frame.
The length of the frame is determined by the following factors:
e Theperiod of the serial bit clock (PSR, PM[7:0] bits for internal clock or the frequency of the
external clock on the STCK pin)
e The number of bits per sample (WL[1:0] bits)
e The number of time dots per frame (DC[4:0Q] bits)

If normal mode is configured to provide more than one time slot per frame, datais transmitted only in the
first time dlot. No dataiis transmitted in subsequent time slots.

8.4.1.1 Normal Mode Transmit

The conditions for data transmission from the SSI in normal mode are:
1. SSl enabled (SSIEN =1)
2. Transmitter enabled (TE=1)
3. Frame sync active (for continuous clock case)
4. Bit clock begins (for gated clock case)

When the preceding conditions occur in normal mode, the next dataword is transferred into the TXSR
from the STX register, or from the transmit data buffer register, if transmit buffering is enabled. The new
dataword istransmitted immediately. If buffering is not enabled, the TDE bit is set (transmitter empty),
and the transmit interrupt occursif the TIE bit is set (transmit interrupt is enabled). If buffering is enabled,
the TDE bit is set (transmitter empty) and the transmit interrupt occurs, if the TIE bit is set (transmit
interrupt is enabled), when both values have been transferred to the TXSR. If buffering is enabled, a
second data word can be transferred and shifted before the DSP56824 must write new datato the STX
register.

The STD pinistri-stated except during the data transmission period. For a continuous clock, the optional
frame sync output and clock outputs are not tri-stated, even if both receiver and transmitter are disabled.

8.4.1.2 Normal Mode Receive

The conditions for data reception from the SSI are:
1. SSl enabled (SSIEN = 1)
2. Receiver enabled (RE = 1)
3. Frame sync active (for continuous clock case)
4. Bit clock begins (for gated clock case)

With the preceding conditions in normal mode with a continuous clock, each time the frame sync signal is
generated (or detected), a dataword is clocked in. With the preceding conditions and a gated clock, each
time the clock begins, adataword is clocked in. If buffering is not enabled, the data word, after being
received, is transferred from the RX SR to the SRX register, the RDF flag is set (receiver full), and the
receive interrupt occursif it is enabled (the RIE bit is set). If buffering is enabled, the data word, after
being received, is transferred to the receive data buffer register. The RDF flag is set if both the SRX
register and receive data buffer register are full, and the receive interrupt occursif it is enabled (the RIE bit
is sat).
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The DSP56824 program has to read the data from the SRX register before a new dataword is transferred

from the RXSR; otherwise the ROE hit is set. If buffering is enabled, the ROE bit is set when both the SRX
register and the receive data buffer register contain data and a new dataword is ready to be transferred to

the receive data buffer register.

Figure 8-12 showstransmitter and receiver timing for an 8-bit word with two words per time slot in normal
mode, continuous clock, with alate word length frame sync.

1A

\
/
\
4
\
4
\

STD > >7

SRD > >7
RX >_\

Data \ /

AA0161
Figure 8-12. Normal Mode Timing—Continuous Clock

Figure 8-13 shows a similar case for gated clock. Note that a pull-down resistor is required in the gated
clock case because the clock pin is tri-stated between transmissions.

Gated
CLK

TX
Data

\/

/
\
50— ) { —
svo— ) ( —
RX ; \
Data \ /
AA1440
Figure 8-13. Normal Mode Timing—Gated Clock
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8.4.2 Network Mode

Network modeis used for creating atime division multiplexed (TDM) network, such asa TDM codec
network or a network of DSPs. In continuous clock mode, a frame sync occurs at the beginning of each
frame. In thismode, the frame is divided into more than one time slot. During each time s ot, one data
word can be transferred. Each time slot is then assigned to an appropriate codec or DSP on the network.
The DSP can be amaster devicethat controlsits own private network, or aslave device that is connected to
an existing TDM network and occupies afew time dots.

The frame sync signal indicates the beginning of a new data frame. Each data frameis divided into time

dots, and transmission or reception (or both) of one data word can occur in each time slot (rather than in
just the frame sync time slot asin normal mode). The frame rate dividers, controlled by the DC[4:0] bits,
select 2 to 32 time slots per frame. The length of the frame is determined by the following factors:

e Theperiod of the serial bit clock (PSR, PM[7:0] bitsfor internal clock, or the frequency of the
external clock on the STCK pin)

e The number of bits per ssmple (WL[1:0] bits)
e The number of time slots per frame (DC[4:0] bits)

In network mode, data can be transmitted in any time slot. The distinction of the network mode is that each
time dlot is identified with respect to the frame sync (dataword time). This time slot identification allows
the option of transmitting data during the time slot by writing to the STX register or ignoring the time slot
by writing to STSR. The receiver istreated in the same manner, except that datais always being shifted
into the RXSR and transferred to the SRX register. The DSP56824 reads the SRX register and either uses
it or discardsit.

8.4.2.1 Network Mode Transmit

Thetransmit portion of SSI is enabled when the SSIEN and the TE bitsin the SCR2 are both set. However,
for continuous clock, when the TE hit is set, the transmitter is enabled only after detection of a new time
dot (if the TE bit is set during a slot other than the first). Software has to find the start of the next frame.

The normal startup sequence for transmission isto do the following:
1. Writethe datato be transmitted to the STX register. This clears the TDE flag.

2. Setthe TE bit to enable the transmitter on the next word boundary (for a continuous clock
case).

3. Enable transmit interrupts.

Alternatively, the programmer may decide not to transmit in atime slot by writing to the STSR. Thisclears
the TDE flag just asif datawere going to be transmitted, but the STD pin remains tri-stated during the time
dot.

When the frame sync is detected or generated (continuous clock), the first enabled dataword is transferred
from the STX register to the TXSR and is shifted out (transmitted). When the STX register is empty, the
TDE hit is set, which causes a transmitter interrupt to be sent if the TIE bit is set. Software can poll the
TDE hit or use interruptsto reload the STX register with new data for the next time slot or write to the
STSR to prevent transmitting in the next time slot. Failing to reload the STX register (or writing to the
STSR) before the TXSR is finished shifting (empty) causes atransmitter underrun and the TUE error bit to
be set, and the STD pin istri-stated for the next time slot.

The operation of clearing the TE bit disables the transmitter after the completion of the transmission of the
current data word. Setting the TE bit enables the transmission of the next word. During that time the STD
pinistri-stated. The TE bit should be cleared after the TDE bit is set to ensure that al pending datais
transmitted.
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To summarize, the network mode transmitter generates interrupts every enabled time slot and requires the
DSP program to respond to each enabled time dot. These responses may be one of the following:

»  Writethe data register with data to enable transmission in the next time slot.
»  Writethetime dot register to disable transmission in the next time slot.

« Do nothing—transmitter underrun occurs at the beginning of the next time slot and the previous
datais retransmitted.

8.4.2.2 Network Mode Receive

The receiver portion of the SSI is enabled when both the SSIEN and the RE bits in the SCR2 are set.
However, the receive enable only takes place during that time dlot if RE is enabled before the
second-to-last bit of theword. If the RE bit is cleared, the receiver is disabled immediately. Software hasto
find the start of the next frame.

When theword is completely received, it istransferred to the SRX register, which setsthe RDF bit (receive
dataregister full). Setting the RDF bit causes areceiveinterrupt to occur if the receiver interrupt is enabled
(the RIE bit is set).

The second data word (second time slot in the frame) begins shifting in immediately after the transfer of
thefirst dataword to the SRX register. The DSP program has to read the data from the receive data register
(which clears RDF) before the second data word is completely received (ready to transfer to RX data
register) or areceiver overrun error occurs (the ROE bit is set).

An interrupt can occur after the reception of each enabled data word, or the programmer can poll the RDF
flag. The DSP56824 program response can be one of the following:

* Read RX and use the data.

« Read RX and ignore the data.

« Do nothing—the receiver overrun exception occurs at the end of the current time dot.

NOTE:

For a continuous clock, the optional frame sync output and clock output
signals are not affected, even if the transmitter or receiver is disabled. TE
and RE do not disable the bit clock or the frame sync generation. The only
way to disablethe bit clock and the frame sync generation isto disable the
SSIEN bit in the SCR2.

Thetransmitter and receiver timing for an 8-bit word with a continuous clock, buffering disabled, and three
words per frame sync in network mode is shown in Figure 8-14 on page 8-28.
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Figure 8-14. Network Mode Timing—Continuous Clock

8.4.3 Gated Clock Operation

Gated clock mode is often used to hook up to SPI-type interfaces on microcontroller units (MCUS) or
external peripheral chips. In gated clock mode, the presence of the clock indicates that valid datais on the
STD or SRD pins. For thisreason, no frame sync is needed in this mode. Once the transmission of data has
completed, the clock pin istri-stated. Gated clocks are allowed for both the transmit and receive sections
with either an internal or external clock and in normal mode. Gated clocks are not alowed in network
mode.

The clock runswhen the TE bit, the RE bit, or both are appropriately enabled. For the case of aninternally
generated clock, all internal bit clocks, word clocks, and frame clocks continue to operate. When avalid
time slot occurs (such as the first time dot in normal mode), the internal bit clock is enabled onto the
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appropriate clock pin. Thisallows datato betransferred out in periodic intervalsin gated clock mode. With
an external clock, the SSI waits for a clock signal to be received. Once the clock begins, valid datais
shifted in.

NOTE:

In gated clock mode with the clock generated externaly, the receive
interrupt does not occur until the first serial clock of the following word.
This can appear in an application as aone-word shift in aseries of received
data words.

In general, the bit clock pinsmust be kept free of timing glitches. If asingle
glitch occurs, all ensuing transfers will be out of synchronization.

8.5 SSI| Reset and Initialization Procedure

The SSI is affected by three types of reset:

DSP reset—The DSP reset is generated by asserting either the RESET pin or the Computer
Operating Properly (COP) timer reset. The DSP reset clearsthe SSIEN bit in SCR2, which disables
the SSI. All other status and control bitsin the SSI are affected as described in Section 8.2, “SSI
Programming Model.”

SSI reset—The SSI reset is generated when the SSIEN bit in the SCR2 is cleared. The SS| status
bits are preset to the same state produced by the DSP reset. The SSI control bits are unaffected. The
control bitsin the top half of the SCSR are also unaffected. The SSI reset is useful for selective
resetting of the SSI without changing the present SSI control bits and without affecting the other
peripherals.

STOP reset—The STOP reset is caused by executing the STOP instruction. While in stop mode,
no clock is active in the SSI, which is aways powered down in stop mode. The SSI status bits are
preset to the same state produced by the DSP reset. The SSI control bits are unaffected. The control
bits in the top half of the SCSR are also unaffected.

The correct sequence to initialize the SSI is as follows:

1

Issue aDSP or SSI reset.

2. Program SSI control registers.
3. Setthe SSIEN bit in SCR2.

To ensure proper operation of the SSI, the DSP programmer should use the DSP or SSI reset before
changing any of the control bitslisted in Table 8-7 on page 8-30. These control bits should not be changed
during SSI operation.
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Table 8-7. SSI Control Bits Requiring Reset Before Change

Control Register

Bit

SCRRX
SCRTX

WLO
WL1

SCR2

TEFS
TFSI
TFSL
NET
RBF
RXD
TSCKP
TSHFD
SYN
TBF
TXN

SCSR

REFS

RFSI

RFSL
RSCKP
RSHFD

NOTE:

The SSI bit clock must go low for at least one complete period to ensure

proper SSI reset.

8.6 Configuring Port C for SSI Functionality

The Port C control (PCC) register is used to individually configure each pin as either an SSI pin or aGPIO
pin. Setting the corresponding CC bit in the PCC register configures the pin as an SSI pin. When the PCC
register bit is set, it is not necessary to program the corresponding PCDDR bit. The SSI peripheral ensures
the correct direction of this pin. Programming the Port C data direction register (PCDDR) is hecessary only

when apinis programmed as a GPIO pin.
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Chapter 9
Timers

This section describes the timer module provided on the DSP56824 as a part of Port C. The timer module
provides three independently programmable 16-bit timer/event counters, which are referred to as Timer O,
Timer 1, and Timer 2. All three timer/event counters can be clocked with signals coming from one of two
internal sources. Timer 1 and Timer 2 can also be clocked by the overflow events of Timer 0 and Timer 1,
respectively. In addition, when configured as inputs, the counters can be clocked with external signals
from the timer 1/O pins (T1O01 or TIO2) on Port C to count external events. The same pins, when
configured as outputs, can be used to provide atimer pulse or for timer clock generation. The timer/event
counters can be used either to interrupt the DSP56824 or to signal an external device at periodic intervals.
The capabilities of the timer module include the ability to do the following:

e Decrement atimer to zero and interrupt

e Decrement atimer to zero and apply apulseto aTIO pin

e Decrement atimer to zero and toggle a TIO pin (50 percent duty cycle)

e Generate awave form on aTIO pin with aduty cycle other than 50 percent using two timers

e Count events on an external T1O pin when selected as the input clock

e Operate timersindependently or cascade timers together

Each timer can be clocked from the following:
e ATIOpin
e A clock running at half the instruction rate of the chip
e A dow clock generated from the prescaler divider

In addition, Timer 1 can be clocked by the overflow events of Timer 0, and Timer 2 can be clocked by the
overflow events of Timer 1.

When atimer is clocked using the ower clock from the prescaler divider, it can continue counting even
when the DSP56800 coreisin stop mode. All threetimers are capable of operating in stop mode. However,
only Timer 2 is capable of bringing the DSP56800 core out of stop mode when it times out. Figure 9-1 on
page 9-2 shows the timers provided on Port C, and Figure 9-2 on page 9-3 shows a block diagram of the
timer module.
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Default Alternate
I Function Function
External
[ A15-A0
Address MUX
Ext |
xtermna l«—> D15-D0
Data Switch
_> @
Bus Control %
> PS
—» DS
l«—>» PB0
l«—>» PB1
l€—>» PB2
l«—>» PB3
l€«—>» PB4
<«—>» PB5
General- <«—>» PB6
Purpose < > PB7
<€«—>» PBS
Vo | l«—> pB9
<«—>» PB10
<€—>» PBl11
<€—>» PB12
<€—>» PB13
[<€—>» PpPBi14
<€—>» XCOLF/PB15
) <«—» PCO e—3» MISOO
Peripheral «—>» PCl -«—» MOSIO
Communications «—» PC2 «—>» SCKO
Interfaces <«—» PC3 <—— SS0
l«—» PC4 «——> MISO1
l«—» PC5 «——> MOSI1
l¢—» PC6 «—» SCK1
SPI (x2) =
l«—>» PC7 a«—— SS1
I
«—>» PC8 —» STD
Ssi «—» PC9 <€—— SRD
I «—» PCl10 «—» STCK
¢«—» PCll a«—>» STFS
Ti l«—>» PCl2 «—>» SRCK
Tl l<«—>» PC13 «—» SRFS
l«—> PCl14 <«—> TIOOL :ITimerS
l@—» PCl5 «—» TIO2
AA1235
Figure 9-1. DSP56824 Input/Output Block Diagram
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Peripheral Data Bus 16-Bit
Z
PGDB A 7 ¢
\
TCRO1 .51 TPRO
Control Register -
9 ES[1:0] 16-Bit
+ Preload Register
Phi Clock / 4 —p * TCTO
Prescaler Clock—®» 4to1l 16-Bit )
»| MUX l 3 it _>T|mer 0
Count Register Overflow
TIOO01- ;
INV Tied low
TPR1
ES[1:0] 16-Bit
* Preload Register
Phi Clock / 4 —3»]
TCT1
Prescaler Clock —» 4to1l * 16-Bit Ti 1
Timer 0 Overflow —3{ MUX 3 f —> _ |5, !IMer
. Count Register Overflow
TCR2 168t TPR2
Control Register 16-Bit
ESE':O] Preload Register
Phi Clock / 4 —3»] * - TCT2
Prescaler Clock—] 4tol [ o f - 16-Bit |, Timer2
Timer 1 Overflow —3 MUX Count Register Overflow
Synchr
INV ’ Y
TO[1:0] OIE
Timer0 Overflow—] i d — to TIO01 PIN
Timerl Overflow—] n an . 3 to TIO2 PIN
) Interrupt Logic .
Timer2 Overflow—»] —— Timer Interrupt Request AA0226

Figure 9-2. Timer Module

9.1 Timer Programming Model

The timer module contains eight read/write registers, al of which are memory-mapped in the X memory
space. These eight registersinclude three sets of two 16-hit registers, one set for each timer: the timer count
(TCT) register and the timer preload register (TPR). In addition, two timer control registers (TCRO1 and
TCR2) control the operations of the timers. The TCRO1 provides control for Timers 0 and 1. The TCR2
provides control for Timer 2 (the top 8 bits of the TCR2 are not used). The timer modul€e’s programming
mode! is shown in Figure 9-3 on page 9-4.
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TCRO1—X:$FFDF 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Timer C;ZZZLRZ%Sfé TE OIE|[TO1|TOO|ES1|ESO| TE | INV ole|To1lTOO|ES1|ESO
= * * .
ReadWrite | * 11|11 ]1]o0 oloflo]o|o
Timer 1 Timer 0
TCR2—X:$FFDA 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Timer Control Register & Liny oE ozl ool estleso
Reset = $0000 * * * * « . N . ) . , 5 ; : >
Read/Write

TPRO_X:$FFDE 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

TPR1—X:$FFDC
TPR2—X:$FFD9 Preload Register
Timer Preload Register
Reset = $0000 | |
Write-Only

TCTO—X:$FFDD 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

TCT1—X:$FFDB
TCT2—X:$FFD8 Count Register
Timer Count Register
Reset = $FFFF | | | |
Read/Write

* Indicates reserved bits, written as zero to ensure future compatibility AAD227

Figure 9-3. Timer Module Programming Model
NOTE:

To use the timer module, the CC[15:14] hits in the Port C control (PCC)
register must be correctly set.

9.1.1 Timer Control Registers (TCRO1 and TCR2)

Two 16-hit, read/write timer control registers (TCRs) contain the control bits for three 16-bit timers. The
upper byte controls one timer and the lower byte controls another timer, as shown in Table 9-1.

Table 9-1. Timer Control Registers (TCR01 and TCRO02)

Timer Control Register Used
0 TCRO1[7:0]
1 TCRO1[15:8]
2 TCR2[7:0]
(Unused) TCR2[15:8]
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Thetimer control bits are defined in Section 9.1.1.1, “ Timer Enable (TE)—BIt 15, Bit 7,” through
Section 9.1.1.6, “Reserved TCR Bits.”

9.1.1.1 Timer Enable (TE)—Bit 15, Bit 7

The timer enable (TE) control bit (bit 7in TCROL for Timer 0, bit 15in TCRO1 for Timer 1, or bit 7 in
TCR2 for Timer 2) is used to enable or disable the timer. Setting the TE bit to one enables the timer. The
counter starts decrementing from its preset value each time an event comes in. Clearing the TE bit disables
the timer. The count register is not affected by this operation. However, if adirect write to the count
register occurs after the last count register reload, the value written isloaded into the count register instead
of the preload value. The TE bit is cleared by reset.

9.1.1.2 Invert (INV)—Bit 6

When the invert (INV) control bit (bit 6 in TCRO1 for the TIOO01 pin, or bit 6 in TCR2 for the TIO2 pin) is
set, the external signal coming inthe T1O pin (T10O01 or TIO2, depending on which register hasitsINV bit
set) isinverted before being synchronized and entering the 16-bit counter. All one-to-zero transitions of the
TIO pin then decrement the 16-bit counter. When the INV bit is cleared, the external signal on TIO is not
inverted and the 16-bit counter is decremented on all zero-to-one transitions. The INV bit is cleared on
reset. See Table 9-2.

Table 9-2. INV Bit Definition

INV External Event on TIO Pin
0 Detects rising edges
1 Detects falling edges

9.1.1.3 Overflow Interrupt Enable (OIE)—Bit 12, Bit 4

When the overflow interrupt enable (OIE) control bit (bit 4 in TCRO1 for Timer O, bit 12 in TCRO1 for
Timer 1, or bit 4in TCR2 for Timer 2) is set, an interrupt is requested to the DSP56824 at the next event
after the count register reaches zero. When the OIE bit is cleared, the interrupt is disabled and any pending
interrupts are cleared. The OIE bit can be individually set for each timer, selectively enabling the interrupt
capability independently for each timer. The OIE bit is cleared on reset.

Aswith al on-chip peripheral interrupts for the DSP56824, the status register (SR) must first be set to
enable maskable interrupts (interrupts of level IPL 0). Next, the CH4 bit (bit 11) in the IPR (see

Section 3.3.1, “DSP56824 Interrupt Priority Register (IPR),” on page 3-14) must also be set to enable this
interrupt. Table 9-3 lists the interrupt vectors for the three timers.

Table 9-3. Timer Interrupt Vectors

Timer Interrupt Vector Interrupt Priority
0 $0018 0
1 $001A 0
2 $001C 0
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9.1.1.4 Timer Output Enable (TO[1:0])—Bits 11-10, Bits 3-2

The timer output enable (TO[1:0]) control bits (bits 32 in TCRO1 for Timer 0, bits 11-10 in TCRO1 for
Timer 1, or bits 3-2 in TCR2 for Timer 2) are used to program the function of the timer output (TI1O) pin.
Table 9-4 shows the relationship between the value of the TO[1:0] bits and the function of the TIO pin.
The TO bits are cleared on reset.

lmers

Table 9-4. TIO Pin Function

TO1 TOO Function of TIO Signal on TIO
0 0 TIO configured as input
0 1 (Reserved)
1 0 Overflow pulse mode, TIO Icyc/2
configured as output it [
1 1 Overflow toggle mode, TIO
configured as output

When the TO[1:0] bits are programmed for overflow pulse mode, the width of the pulseisthe period of the
internal Phi clock.

NOTE:

For the overflow pulse and overflow toggle modes, it is possible to have
more than onetimer enabled to drive the TIO pin. Inthis case, the TIO pin
is pulsed or toggled when either counter reaches zero. In this way, it is
possible with two timers to generate waveforms on the TIO pin with duty
cycles other than 50 percent. Both timers are programmed with the same
preload value, but their initial starting value differs. The amount by which
their starting values differs determines the duty cycle of the resulting
waveform.

It is also acceptable for all timersto be programmed such that no timer drivesthe TIO pin (TO[1:0] =00
for thetimers). The TIO pin is programmed in this manner when used as input.

NOTE:

If the overflow toggle mode is selected (TO[1:0] = 11) and the TE bit is
written as zero whilethe TIO piniseither high or low, the TIO pin remains
in the same state. If the TO1 bit or TOO bit is written as zero with the TE
bit equal to zero, the pin remains high and is driven low when the timer is
reenabled.

9.1.1.5 Event Select (ES[1:0])—Bits 9-8, Bits 1-0

The event select (ES[1:0]) control bits (bits 1-0 in TCRO1 for Timer 0, bits 9-8 in TCROL1 for Timer 1, or
bits 1-0 in TCR2 for Timer 2) select the source of the timer clock. If ES[1:0] is 11, an externa signal
coming from the T1O pin is used as input to the decrement register. The external signal is synchronized to
the internal clock as described in Section 9.4, “ Event Counting with the Timer Module.” The ES bits are
cleared by reset. See Table 9-5 on page 9-7.
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Table 9-5. ES[1:0] Bit Definition

ES[1:0] Clock Selected
00 Internal Phi clock/4
01 Internal prescaler clock
10 Previous timer overflow
11 External event from TIO pin
NOTE:

For Timer O, setting the ES[1:0] bits to 10 causes the clock source to be
pulled low, and no signal is applied to the timer. This is because no
previous timer is avail able.

When atimer is clocked using the sower clock from the prescaler divider, it can continue counting even
when the DSP56800 core isin stop maode.

9.1.1.6 Reserved TCR Bits

Bits 14, 13, and 5 of TCROL1 are reserved and are read as zero during read operations. These bits should be
written with zero for future compatibility. Bits 15-8 and 5 of TCR2 are reserved and are read as zero
during read operations. These bits should be written with zero for future compatibility.

9.1.2 Timer Preload Register (TPR)

The timer preload register (TPR) is a 16-hit write-only register that contains the value to be reloaded into
the count register when atimer is enabled and when the (TCT) register has decremented to zero. Three
preload registers are provided, one for each timer.

The timer must be disabled (its TE bit in TCRO1 or TRC2 is cleared) when the user program writes a new
value to its TPR. This new value transfers immediately into the TCT register (described in the following
section) unless adirect write to the TCT register has already been performed.

NOTE:

The TPR can be written only when the corresponding timer isdisabled (its
TE bit cleared) in the TCR.

Because the TPR is write-only and cannot be read, reading its value can be accomplished by writing the
TPR with the TE bit cleared and then reading the corresponding count register (with the TE bit cleared).
The TPRs are initialized to zero on reset.

9.1.3 Timer Count Register (TCT)

Thetimer count (TCT) register is a 16-bit read/write register that contains the count for atimer. Three
count registers are provided, one for each timer.

When atimer is enabled (its TE bit in the TCRO1 or TRC2 is set), its TCT register is decremented by one
with each clock. On the next event after the count register reaches zero, an overflow interrupt is generated
if the OIE bit is set in the timer control register. Also, the state of the T1O pin can then be affected
according to the mode selected by the TO[1:0] bits of the timer control register. If nisthe value stored in
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the count register when the timer is enabled, the overflow interrupt occurs after n + 1 input events. After
reaching zero, the count register is reloaded with the contents of the preload register. The count register is
loaded with a direct value when a direct write to the count register is executed.

lmers

The TCT register may also beread or written by auser program. When writing to the TCT register with the
corresponding timer disabled, the value isimmediately written to the count register and is not overwritten
by the value stored in the preload register when the timer is enabled (its TE bit is set). The value stored or
written in the preload register isloaded into the count register on the next event after it reaches zero, unless
another write to the count register is performed in the meantime. Refer to Section 9.6, “ Timer Module
Timing Diagrams,” for more details.

NOTE:
The count register can only be written when the corresponding timer is
disabled (the TE hit is cleared) in the timer’s control register.
The count register may be read only if one of the following conditionsis true:

e Thephaselock loop (PLL) isenabled (the PLL enable [PLLE] bit in the PLL Control Register 1
[PCR1] is set) and the prescaler clock is no more than half of the frequency of the Phi clock (that
is, the frequency of the prescaler clock is not the same as the frequency of the Phi clock).

e« ThePLL ishypassed (the PLLE bit in the PCRL1 is cleared) and the prescaler within the PLL is set
to divide by 1 (the PS[2:0] bitsin the PCR1 equal 000).

e Thetimer with the desired count register is disabled (the TE bit in the appropriate timer’s control
register is cleared).

See Section 10.2.1, “PLL Control Register 1 (PCR1),” on page 10-5 for information on the PCR1.

9.2 Timer Resolution

Table 9-6 shows the range of timer interrupt rates (overflow interrupt using the Phi clock) that are provided
by the timer count register (TCR2-TCTO0) and the timer preload register (TPR2-TCTO).

Table 9-6. Timer Range and Resolution

Inout Clock Period Timer Resolution Timer Range Two Cascaded
P (Preload = 0) (Preload = 216 — 1) Timer Range

Phi clock = 14.29 ns 57.14 ns 3.74 ms 245 s
(70 MHz) (approx. 4 minutes)
Phi clock = 25 ns 100 ns 6.55 ms 429 s
(40 MHz) (approx. 7 minutes)
Phi clock = 50 ns 200 ns 13.1ms 859 s
(20 MHz) (approx. 14 minutes)
Phi clock = 100 ns 400 ns 26.2 ms 1718 s
(10 MHz) (approx. 28 minutes)
Prescaler clock = 31 ps 31.25 pys 20s 134,218 s
(32.00 kHz) (approx. 37 hours)

Thevalue stored in the TPR is the preload count. The overflow interrupt occurs every time the input clock
provides a quantity of cycles equal to the preload count + 1.
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9.3 Timer Interrupt Priorities
Thetimer module has a simple interrupt-priority scheme among its different timers, as shown in Table 9-7.

It isimportant to service timer interrupts with higher prioritiesin atimely fashion to determineif any timer
interrupts with alower priority are also present.

Table 9-7. Timer Interrupt Priorities

Timer Priority
0 Highest
1 Middle
2 Lowest

9.4 Event Counting with the Timer Module

This section contains examples of how to program some of the timing and counting capabilities of the
genera-purpose timers. This set of examplesis by no means acomplete list of either the capabilities or the
programming techniques that can be used. Instead, it offers a representative range of what can be
accomplished. The timer module can be used as an event counter. Setting the ES bitsto 11 configures the
timer to count the number of edges (external events) detected on the specified TIO pin. An external event
is defined asarising edge when the INV bit is cleared or asafalling edge whenthe INV bit is set. After the
pinis conditionally inverted, it is synchronized to the Phi clock. Events on the T1O pin can be counted in
wait mode, but cannot be counted in stop mode.

NOTE:

The maximum allowed frequency on the TIO pin is the frequency of the
Phi clock divided by four.
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Example 9-1 shows how to count events on apin.
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Example 9-1. Counting Events on a Pin

ckkkkkhkhhkhhkhhkhhkhhkhhkhhkhkhkhkhhkhkhkhhhhhhkhhkhhkhhkhhkhhkhkhhkhhkhhkhhkhhkkx

5* Exanpl e of Counting Events on a pin (with interrupt) *
;* for Timer Mdul e *

;¥ of DSP56824 chip *
;********************************************************

START EQU $0040 ; Start of program

BOR EQU $FFF9 ; Bus Control Register

I PR EQU $FFFB ; Interrupt Priority Register
TCRO1 EQU $FFDF ; Timer 0 & 1 Control Register
TOR2 EQU $FFDA ; Timer 2 Control Register
TCTO EQU $FFDD ; Timer O Count Register

TPRO EQU $FFDE ; Timer O Preload Register

chkkkkkkhkkkkkhkkhkhkkk
;* Vector setup*

chkkkkkhkkkkhkhkhkkk
)

ORG P: $0000 ; Col d Boot

JMP START ;al so Hardware RESET vector (Mdde 0, 1, 3)
ORG P: $E000 ; Vr m Boot

JMP START ; Har dwar e RESET vector (Mde 2)

ORG P: $0018 ;

JSR TI SR ; Timer O Overfl ow vector

CRG P: START ; Start of program

chkkkkkhkkkkhkhkhkkk
)

;* General setup*
;**************
MOVEP #$0000, X BCR ; External Programnenory has O wait states.
;External data menory has O wait states.
;Port Apins tri-stated when no external
; access.
BFCLR #$0200, SR ;A lTow IPL (Interrupt Priority Level) O
; -- Enabl e nmaskable interrupts.
; -- (peripherals, and so on)

BEEEREEEEEEEEEEEEEEEE RS

;* Ti mer Modul e set up*

BEEEEEEEEEEEEEEEEEEE RS
1

MOVEP #$0013, X: TCRO1 ; Confi gure:
;Timer 0 & 1 di sabl ed.
;Timer O
; - don't Invert input: detect rising edges
; - Overflow Interrupt enabl ed
; - TIOpin configured as input
; - tiner clock Event source is TIO pin

MOVEP #3$0000, X TCR2 ; Timer 2 disabled

MOVEP #234, X: TCTO ;Set Tiner O Count Register to 234--235 events
MOVEP #234, X: TPRO ;Set Tiner O Preload Register to 234.

BFSET #$0800, X | PR ; Enabl e timer nodul e interrupts.

BFSET #$0080, X: TORO1 . Enabl e Tiner 0

ckkkkkkkhkhkkhkhkkhkkk Kk

;* Main routine*

ckkkkkhkhkkkhkhkhkkk

TEST ; Test Loop
BRA  TEST o
TI SR ; Timer Interrupt Service Routine
; interrupt code
RTI
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A timer can also be used to decrement to zero and generate an interrupt, as shown in Example 9-2.

Example 9-2. Decrementing to Zero and Generating an Interrupt

s kkkkkhkhkkhkhkhkhkhkhkhkhkhkhkhkhkhkhkk
;¥ | NTERRUPT exanpl e *
;* for Tinmer Module *
;* of DSP56824 chip *

BEEEREEEEEEEEEREEEEEEE RS

START EQU $0040 ; Start of program

BCR EQU $FFF9 ; Bus Gontrol Register

I PR EQU $FFFB ; Interrupt Priority Register
PCRO EQU SFFF2 ; PLL Control Register O

PCRL EQU $FFF3 ; PLL Gontrol Register 1
TCRO1 EQU $FFDF ; Timer 0 & 1 Control Register
TOR2 EQU $FFDA ; Timer 2 Control Register
TCTO EQU $FFDD ; Timer O Count Register

TPRO EQU $FFDE ; Timer O Preload Register

ckkkkkkkhkhkkhkhkkhkhkkhkhkkk

;* Vector setup *
s kkkkkhkhkkhkhkkhkhkhkhkkhkk
ORG  P:$0000 ; Col d Boot
JMP START al so Hardware RESET vector (Mde 0, 1, 3)

CRG P: START

BEE R R R SRR EEEREEE S
)

;* General setup *
;*****************
MOVEP #$0000, X: BCR ; External Programmenory has O wait states.
External data nermory has O wait states.
Port A pins tri-stated when no external access
Alow IPL (Interrupt Priority Level) O
-- Enabl e naskabl e interrupts.
-- (peripherals, and so on)

G P: $E000 ; V\r m Boot

JMP START ; Hardware RESET vector (Mde 2)
aRG P: $0018 ;

JSR TI SR ; Timer O Overfl ow vector

Start of program

BFCLR #$0200, SR

EEEE R EEEEEEEEEEEEEEEEEEEEE RS

;* PLL setup *
;* (to increase Phi dock) *

EEEE R EEEEEEEEEEEEEEEEEEEEE RS

MOVEP #$0180, X: PCRL ; Configure:
; (PLLE) PLL disabl ed (bypassed)
; -- Gscillator supplies Phi dock
; (PLLD PLL Power Down disabled (PLL active)
; -- PLL block active for PLL to attain | ock
; (LPST) Low Power Stop disabled
; (P9[2:0]) Prescaler dock disabled
; Select Phi dock for dockout pin (CLKO
MOVEP #$0260, X: PCRO ; Set Feedback D vider to 1/20
; insert delay here: wait for PLL | ock
; as specified in data sheet

BFSET #$4000, X: PCRL Enabl e PLL for Phi d ock.

@ MOTOROLA Timers 9-11
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Example 9-2. Decrementing to Zero and Generating an Interrupt (Continued)

ckkkkkkhkkkhhkkhkhkhkhkhkhkkhkkhkhkkhkkk

;* Ti mer Modul e setup *

BEEEEEEEEEEEEREEEEEEEEE
)

MOVEP #3$001C, X TCRO1 ; Configure:

; Timer 0 & 1 disabl ed

; Timer O

; -- don’t Invert TIOinput: detect rising edges

; (irrelevant but nentioned for conpl eteness)

; -- Overflow Interrupt enabl ed

; -- Timer Qutput toggles TIO pin on overflow

; -- tinmer clock Event source is Phi dock /4

MOVEP #3$0000, X: TCR2 ;
MOVEP #99, X: TCTO ;
MOVEP #99, X TPRO ;
BFSET #$0800, X: | PR ;

Ti mer 2 disabl ed

Set Timer O Count Register to 99 (100 events).
Set Timer O Prel oad Register to 99.

Enabl e Ti ner Modul e interrupts.

BFSET #$0080, X: TORO1 Enabl e Tiner 0

skkhkhkhkhkhkhkhkhkhkhkhkkkk
1

- % 1 1 *
;* Main routine
ERE SRR EEEEEEEEEE LT

TEST ; Test Loop
BRA  TEST
TI SR ; Timer Interrupt Service Routine
; interrupt code
RTI
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Example 9-3 shows how to program Timer 0 and Timer 1 to generate atiming signal with a 25 percent

duty cycle.

Example 9-3. Timer Using 25% Duty Cycle

BEEEEEEEEEEEEREREEEEEEEEEEEE

;% for Tinmer

;* 25%duty cycl e exanple *

Modul e*

;¥ of DSP56824 chip

BEEEEEEEEEEEEREEREEEEEEEEEEEE
1

START
BCR

I PR
PCRO
PCRL
TCRO1
TCR2
TCTO
TCT1
TPRO
TPRL

BEEEEEEEEEEEEEEE S

;* Vector setup *
chkkkkkkhkkkkkhkkhkhkkkkhk Kk

*

$0040
$FFF9
$FFFB
SFFF2
$FFF3
$FFDF
$FFDA
$FFDD
$FFDB
$FFDE
$FFDC

Start of program

Bus Control Register
Interrupt Priority Register
PLL Control Register O

PLL Control Register 1
Timer 0 & 1 Control Register
Timer 2 Control Register
Timer 0 Count Register
Timer 1 Count Register
Timer O Prel oad Regi ster
Timer 1 Prel oad Regi ster

i chip operating node for Mbdde 2 (Nornmal Expanded Mdde), then |
i junps to first location of internal program RAM (P: $0000). |

;| Not e: Bootstrap RCM configures OMR ((perating Mbde Register) to set |

e +
ORG  P:$0000 ; Col d Boot
JMP START ; al so Hardware RESET vector (Mdde 0, 1, 3)
ORG P $E000 ; WWr m Boot
JMP START ; Hardware RESET vector (Mde 2)
CRG P. START ; Start of program

ckkkkkkhkkhkhkkhkkhkhhkhkkk
1

;* General setup *

BE R R R RS EEEEEEEEEE S

MOVEP  #$0000, X: BCR

ckkkkkhkkhkhkkhhkkhkhkhkhkhhkhkhkkhkhkhkhkhkhkhkkk

;* PLL setup

;* (to increase Phi
BEE R EEEEEEEEEEEEEEEEEEEEEEE S

*

a ock)

MOVEP #%$0180, X: PCRL

MOVEP #$0260, X: PCRO

BFSET #3$4000, X: PCRL

@ MOTOROLA

External Programmenory has O wait states.
External data nermory has O wait states.
Port A pins tri-stated when no external access.

Conf i gure:

(PLLE) PLL disabl ed (bypassed)

-- Gscillator supplies Phi dock

(PLLD PLL Power Down disabled (PLL active)
-- PLL block active for PLL to attain |ock
(LPST) Low Power Stop di sabl ed

(PS[2:0]) Prescal er dock disabled

Sel ect Phi Qock for dockout pin (CLKO.
Set Feedback Divider to 1/20.

i nsert del ay here: wait for PLL | ock
as specified in data sheet

Enabl e PLL for Phi O ock
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Example 9-3. Timer Using 25% Duty Cycle (Continued)

ckkkkkkhkkkhhkkhkhkhkhkhkhkkhkkhkhkkhkkk

;* Timer Mdul e setup *
;**********************
MOVEP #3$0Q0C, X: TCRO1 ; Configure:
; Timer 0 & 1 disabled
; Timer 0 &1
; -- don’t Invert TIOinput: detect rising edges
; (irrelevant but nentioned for conpl eteness)
; -- Overflow Interrupt disabled
; -- Timer Qutput toggles TIO pin on overflow
; -- tinmer clock Event source is Phi dock /4
MOVEP #3$0000, X: TCR2 ; Timer 2 disabled
; Setup Timer 0 & 1 for 25%duty cycl e:
; high for first 25 of 100 events
MOVEP #00, X: TCTO ; Set Timer O Count Register to 00.

MOVEP #99, X TPRO ; Set Timer O Preload Register to 99.
MOVEP #25, X TCT1 ; Set Timer 1 Count Register to 25.
MOVEP #99, X: TPRL ; Set Timer 1 Preload Register to 99.
BFCLR #$0800, X: | PR ; Disable Timer Mdule interrupts.

(superfluous but done for thoroughness)

BFSET #$8080, X: TORO1 * Enable Tiner 0 & 1

ERE SRR EEEEEEEEEE LT

;* Main routine *

skkhkhkhkhkhkhkhkhkhkhkhkhkkk

TEST ; Test Loop
BRA TEST

9.5 Timer Module Low-Power Operation

In applications requiring minimum power consumption, there are several options for lowering the power
consumption of the chip using the timer module:

*  Turn off the entire timer module.
*  Turn off timers not in use.

e Lower thetimer frequency.

* Runatimer in wait mode.

e Runatimer in stop mode.

The following sections discuss these options individually.

9.5.1 Turning Off the Entire Timer Module

If the timer moduleis not required by an application, it is possible to shut off the entire module for the
lowest power consumption by clearing al the TE bitsin TCRO1 and TCR2 and setting all the ES[1:0] bits
to 01 in these same registers. This provides the prescaler clock to the timers, which is the lowest power
setting possible when using the ES bits.

If no other module on the DSP56824 is using the prescaler clock, it is possible to further reduce the overall
power consumption by shutting down the prescaler divider that generates this clock. See Section 10.2.1.6,
“Prescaler Divider (PS[2:0])—Bits 10-8,” on page 10-6 for more information.
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9.5.2 Turning Off Any Timer Not in Use

For applications not requiring al of the timers, it is possible to turn off any timer not in use. Individual
timers are shut off by resetting the TE bit to zero for that individual timer and setting the ES[1:0] bitsto 01
for that individual timer. These bits arelocated in register TCRO1 or TCR2, depending on which timer isto
be turned off.

9.5.3 Lowering the Timer Frequency

For applications requiring atimer to execute at alow frequency, less power is consumed if the timer is
clocked using the prescaler clock instead of the Phi clock.

9.5.4 Running the Timer in Wait Mode

Overall power consumption on the DSP56824 can be reduced by using the wait mode of the DSP56800
core. It is possible to place the chip in wait mode for a predetermined amount of time. A timer is enabled
and begins counting immediately before executing a WAIT instruction. When the timer reaches zero, a
signal is generated that interrupts the DSP56800 core and brings it out of wait mode. All modes of
operation in the timer module are available in wait mode.

9.5.5 Running the Timer in Stop Mode

Overall power consumption on the DSP56824 can be greatly reduced using the stop mode of the
DSP56800 core. It is possible to place the chip in stop mode for a predetermined amount of time by setting
up Timer 2 using the prescaler clock asinput. Thistimer is enabled and begins counting. Then the
DSP56800 core executes a STOP instruction. When Timer 2 reaches zero, asignal is generated that wakes
up the DSP core and brings it out of stop mode.

NOTE:

The prescaler clock is the only clock available to the timer module that is
activein stop mode. The TI1O pin cannot be used as an event counter in stop
mode. Also, only Timer 2 is capable of bringing the DSP56824 out of stop
mode, and it performs this function independently of the bits in the
IPR—see Section 3.3.1, “DSP56824 Interrupt Priority Register (IPR),” on
page 3-14—or the value of the OIE control bit—see Section 9.1.1.3,
“Overflow Interrupt Enable (OIE)—Bit 12, Bit 4.”

9.6 Timer Module Timing Diagrams

Thefiguresin this section illustrate configurations in which the timer can be enabled, disabled, and used.
Figure 9-4 on page 9-16 shows the standard timer operation, and Figure 9-5 on page 9-16 shows awriteto
the count register after writing the preload register when the timer is disabled.
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Write Enable
Preload Timer
|
TE |
|
| : | | !
Event :
: | | |
| | | |
Preload Preload : : :
Register I : :
: I I I
| | | (C |
Count >< X 2 ><
. Preload Preload — 1 Preload -2 . .. 0 Preload
Register I (¢ !
I | )) I
| I I
Overflow ! : : |
Interrupt | |
! ! AA0228
Figure 9-4. Standard Timer Operation with Overflow Interrupt
Write Write Write  Enable
Preload Count Preload Timer
| | |
TE | | |
| | |
T [ I
| | | ! 1 1
| | | — — —
Event : I I
I : : 1 - -
I | | I I I
|
Pre!oad >< Preload >< Preload
Register I
| | | ] | |
| | | | |
Value I { count ") : : :
to Write I :\—V I I I
o he ? | ' ' ——$——\
Count >< Preload >< Co!unt >< Count-1 >< Count—2...0 >< Preload2
Register : : | : SS :
! | | I I
l | | | |
Overflow | | | | |
Interrupt ! ' ! ! AA0229
Figure 9-5. Write to the Count Register with Timer Disabled
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9.7 Configuring Port C for Timer Functionality

The Port C control (PCC) register is used to individually configure each pin as either atimer pin or a
general-purpose input/output (GPIO) pin. Setting the corresponding CC bit in the PCC register configures
the pin as atimer pin. When the PCC register bit is set, it is not necessary to program the corresponding
Port C data direction register (PCDDR) bit. The triple timer peripheral ensures the correct direction of this
pin. Programming the PCDDR is necessary only when apin is programmed as a GPIO pin.
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Chapter 10
On-Chip Clock Synthesis

The clock synthesis modul e generates the clocking for the DSP56824. This section describes the module' s
architecture, programming model, and different low-power modes of operation. The module generates
three clock signals for use by the DSP56800 core and DSP56824 peripherals. It also contains a phase lock
loop (PLL) that can multiply the frequency, aswell as a prescaler divider used to distribute
lower-frequency clocks to peripherals, leading to lower power consumption on the chip. It also selects
which clock, if any, is routed to the clock output (CLKO) pin of the DSP56824.

10.1 Timing System Architecture

The DSP56824 timing system, shown in Figure 10-1 on page 10-2, has the clock synthesis module at its
core. Thismodule is composed of the following five blocks:

e Oscillator
e Phaselock loop (PLL)
e  Prescaler

e Clockout multiplexer (MUX)
e Control registers

Together, these five blocks generate the following three clock signals used for core and peripheral
operation:

e Oscillator clock
* Phi clock
* Prescaler clock

@ MOTOROLA On-Chip Clock Synthesis 10-1
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@ PLL @ Phi Clock
— osC X— —E CPU
-1 _x_ (X1 to X1024)
@ , DSP56800 Core
Phi
Clock
c 1 N N 7 D
- p- CLKOUT =6 (rorg) || ¢1tor256)
Oscillator MUX
Clock :
SSI Peripheral
& Prescaler | ¢
(1, 124, 126, 128)
® e [
Prescaler (/20 to /27)
Clock
PGDB SPI Peripheral
Peripheral Data Bus
16-Bit
- 1 L]
/ 14 4t01
L=
MUX
PCR1 PCRO Timer Module
Register Register
1
To [} sc RP DV
<€— OSC Clock /8 /2 to /256
CLKOUT |<&— phj Clock
CLKO []'_ ~€— Prescaler Clock
MUX CT
Q7 /8 or /64 -
Clock Synthesis Module COP & Real-Time
@ All clocks can be disabled at this point in stop mode by the LPST control bit.
@ Clocks are disabled beyond this point in stop mode if the PLL is powered down.
@ Clocks are disabled beyond this point in stop mode.
@ Clocks beyond this point can be powered down by the PS[2:0] control bits.

AA0170

Figure 10-1. DSP56824 Timing System

Typically, the oscillator is attached to an external crystal. It can also be driven by an external oscillator.
The output of the oscillator, called the oscillator clock signal, is provided to the prescaler, the PLL blocks,
and the CLKOUT MUX.

The prescaler divides the oscillator clock signal and provides it to the Computer Operating Properly and
real-time interrupt (COP/RTI) module, discussed in Chapter 11, “COP and RTI Module,” to the
general-purpose timer module, and to the clockout MUX. Thissignal is called the prescaler clock.

The PLL multiplies up the oscillator clock signa and provides it to the DSP56800 core, to the SSI, to the
SPI modules, to the general-purpose timer module, and to the clockout MUX. This multiplied signal is
called the Phi clock.

The clockout MUX delivers one of these three signals (or none) to the CLKO pin.
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The two control registers PCRO and PCR1 control PLL multiplication, powering down, and MUX selects
aswell as other PLL-related options.

10.1.1 Oscillator

The DSP56824 supports frequencies from 32 kHz to the maximum specified frequency of the chip. The
oscillator derives aclock signal from an external crystal. It is aso possible to input an external clock
directly to the EXTAL pin. In this case, no crystal isused and the XTAL pin can be left floating. The
output of the oscillator drives the prescaler and the PLL inputs. This output also can provide an input for
the clockout MUX. Detailed information and design guidelines are furnished in the DSP56824 Technical
Data Sheet.

10.1.2 Phase Lock Loop (PLL)

The PLL isused to multiply up the oscillator clock frequency to the frequency needed by the core and
peripherals for operation. For basic operation, the PCR1 is configured with the PLL power down (PLLD)
bit cleared and the PLLE bit set to 1. When the PLLD bit is cleared, the PLL loop is powered on, and the
oscillator clock is multiplied by the value of the bitsin YD[9:0] + 1 at the voltage controlled oscillator
(VCO). (The YD hitsare contained in the PCR0.) When the PLL enable (PLLE) bit is set to one, the output
of the VCO drives the Phi clock.

By setting the PLLE bit to zero, the PLL is bypassed and the Phi clock is driven directly by the oscillator
clock. The bitsin PCRO and PCR1 are described in Section 10.2, “ Clock Synthesis Programming Model.”
Figure 10-2 shows a block diagram of the PLL.

At
| I | - | S—
SXFC GNDS VDDS

Osc.

Phase - 1 PLLE=1
Clock Coms, [~>{Fiter |—=vco | 0

T~o—» phiclock
YD[9:0]
+1t0 +1024 PLLE=0

10-Bit PLL Down Counter

PLL

AA1442

Figure 10-2. PLL Block Diagram
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10.1.3 Prescaler

The prescaler is used when a higher frequency input clock or crystal (1 MHz or more) isrequired in an
application. The prescaler provides a dower clock signal asinput to the RTI and COP timer. In addition,
this low-frequency clock signal can be used as input to the timers in the timer module. When a 32 kHz or
38.4 kHz crystal is used with the DSP56824, it is appropriate to set the prescaler to divide by one
(effectively bypassing the prescaler).

The prescaler clock is generated by adivider clocked on the oscillator output. The following divide ratios
are supported: /1, /16, /64, and /256. The prescaler can aso be disabled. The divide ratio is determined by
the value of the PS[2:0] bitsin the PCR1. See Section 10.2.1.6, “Prescaler Divider (PS[2:0])—Bits 10-8,”
for detailed information on PS bit values and corresponding divide rates.

NOTE:

The maximum frequency of the prescaler clock is limited to one-sixteenth
of the maximum clocking frequency of the part. This means that for a
70 MHz DSP56824, the clocking frequency of the prescaler clock must be
less than or equal to 4.375 MHz.

10.1.4 Clockout Multiplexer (MUX)

The clockout multiplexer (MUX) selects which clock is provided to the CLKO pin. Disable this pin for
lowest power operation using the control bitsin PCR1. For testing and some user applications, itis
desirable to provide the Phi clock on this pin. In some cases, it may be desirable to provide the oscillator
clock on the CLKO pin.

10.1.5 Control Registers

The PCRO and PCRL1 control registers provide the majority of the user control over the clock synthesis
module. Individual bits and their functions are described in Section 10.2, “ Clock Synthesis Programming
Model.”

10.2 Clock Synthesis Programming Model
The clock synthesis module provides two control registers to manage the frequency, signal paths, and
outputs of the DSP56824 clocks:

e PCR1—PLL control register 1

e  PCRO—PLL control register O
Clock signal control isalso provided by additional registers within the following peripherals:

e Synchronous seria interface (SSI)

e Serial peripheral interface (SPI)

* COP/RTI

NOTE:

Clock signal's used within the peripheral s can be provided as clock outputs.
Users should be reminded that changing a clock may change the behavior
of another peripheral.
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The clock synthesis programming model is shown in Figure 10-3 on page 10-5.

PCR1_X:$FFF3 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

PLLCO”FEE’;SE’_QE';% . |peelpuio| e |TsT| Ps | Ps|Ps|cs|es| |, fves| L | . | .
o stlen| 2 2fof2]o 0

PCRO—X:$FFF2 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

P'-'-CO”FEZ’S'?_Q';(;EBS ||y ||| |[yo|vo|w|w|vw]| | .|.|.].
Read/Write ° 8 ! 6 ° 4 3 2 ! 0

* Indicates reserved bits, written as zero for future compatibility AA0173

Figure 10-3. Clock Synthesis Programming Model

10.2.1 PLL Control Register 1 (PCR1)

The PLL control register 1 (PCR1) isa 16-bit read/write register used to direct the operation of the on-chip
clock synthesizer. The PCR1 control bits are defined in Section 10.2.1.1, “Reserved Bit—Bit 15,” through
Section 10.2.1.10, “Reserved Bits—Bits 2-0.”

10.2.1.1 Reserved Bit—Bit 15

Bit 15 isreserved and isread as zero during read operations. This bit should be written with zero to ensure
future compatibility.

10.2.1.2 PLL Enable (PLLE)—Bit 14

The PLL enable (PLLE) control bit and the PLLD control bit (bit 13) interact to control PLL operation.
When PLLE is set, the DSP56824 system clock (Phi clock) is generated by the on-chip PLL, using the YD
bits to sdlect the PLL multiplication factor (MF).

The state of the PLL is defined by the PLLD control bit (bit 13). The interaction of PLLE and PLLD is
shown in Table 10-1 on page 10-6.

10.2.1.3 PLL Power Down (PLLD)—Bit 13

The state of the PLL is defined by the PLL power down (PLLD) control bit (bit 13). The PLLE and PLLD
bits work together to control PLL operation, as shown in Table 10-1 on page 10-6. When the PLLE bitis
set, the DSP56824 system clock (Phi clock) is generated by the on-chip PLL.

When the PLLD bit is set, the PLL isin the power down mode, a low-current mode in which the VCO is
inactive. When the PLLD bit is cleared, the PLL isin the active mode. Before turning the PLL off, clear
the PLLE bit to bypass the PLL. Then put the PLL in power down mode by setting the PLLD hit. Setting
the PLLD bit powers down the complete PLL block, including the PS and Y D registers, described in
Section 10.2.1.6, “Prescaer Divider (PS[2:0])—Bits 10-8,” and Section 10.2.2.2, “Feedback Divider
(YDJ[9:0])—Bits 14-5," respectively.
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The PLLD bit should not be set when the PLLE hit is set. Both the PLLD bit and the PLLE bit are cleared
when the chip isreset.

NOTE:

The STOP instruction does not power down the PLL if the PLL is not
powered down (PLLD = 0) when entering stop mode.

Table 10-1. PLL Operations

PLLE PLLD Phi Clock PLL Mode
0 0 Oscillator clock Active
0 1 Oscillator clock Power down
1 0 Oscillator clock x [YD + 1] Active
1 1 (Reserved) (Reserved)

10.2.1.4 Low Power Stop (LPST)—Bit 12

The low power stop (LPST) control bit is used to place the chip in the lowest power configuration when
entering stop mode. If the LPST bit is set when entering stop mode, the clock is disabled at the crystal
oscillator. If the LPST hit is cleared when entering stop mode, the oscillator continues running in stop
mode. The LPST bit is cleared on DSP reset.

10.2.1.5 Test Enable (TSTEN)—Bit 11

The test enable (TSTEN) control bit allows the prescaler output to drive the CLKO pin when setin
conjunction with the CS[1:0] bits, as shown in Table 10-3 on page 10-7. The TSTEN bit is cleared on DSP
reset.

10.2.1.6 Prescaler Divider (PS[2:0])—Bits 10-8

The prescaler divider (PS[2:0]) control bits are used to pass, disable, or divide the oscillator clock by
several different divideratios: 16, 64, and 256. The output of the divider can be used as the operating clock
for the timer module or for the COP and real -time timers. On reset, the PS[2:0] bits are set to 010,
providing adivide-by-16 prescaler rate. This ensures that implementations using a high-speed clock will
function properly, because the general -purpose and COP timers are not designed to work at frequencies
higher than one-sixteenth of the maximum frequency of the DSP56824.

The prescaler divider is used for systems with higher frequency crystals to provide a slower clocking
frequency near 32 kHz for the RTI and COP timers discussed in detail in Chapter 11, “ COP and RTI
Module.” Typically auser would set the divider to divide by one for systemswith a32.0 kHz or 38.4 kHz
crystal, but would use the divider when a higher frequency crystal is used. Likewise, it is possible to
disable this divider and its output clock for low-power applications that do not require a real-time or COP
timer and do not require alow-frequency clock for the timer module.

The prescaler should always be set up with the correct division ratio before any peripheral using the
prescaler clock is enabled. Table 10-2 on page 10-7 shows how to program the PS[2:0] bits.
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Table 10-2. PS Divider Programming

PS[2:0] Function Comments
000 Divide by 1 Used for 32.0 kHz and 38.4 kHz crystals
001 Disabled For low-power applications not requiring real-time or COP timers
010 Divide by 16 Reset value; also, typically used for higher frequency crystals
011 (Reserved) (Reserved)
100 Divide by 64 Typically for higher frequency crystals
101 (Reserved) (Reserved)
110 Divide by 256 Typically for higher frequency crystals
111 (Reserved) (Reserved)

NOTE:

The maximum frequency of the prescaler clock is limited to one-sixteenth
of the maximum clocking frequency of the part. This means that for a
70 MHz DSP56824, the clocking frequency of the prescaler clock must be
less than or equal to 4.375 MHz.

Changing the prescaler control bits when the COP timer is enabled viathe CPE bit (in the COPCTL
register) does not result in achange of the prescaler divider. This prevents an application from accidentally
disabling the COP timer by disabling the prescaler clock. If the COP enable (CPE) bit is set, then the PS
bits can still be written, but the prescaler division ratio is not changed. See Section 11.2.1, “COP and RTI
Control Register (COPCTL),” on page 11-4 for a description of the COPCTL register.

NOTE:

There is arestriction when setting the prescaler’s division ratio. The case
where the prescaler is set to divide by one and the PLL is set for an MF of
one when the PLL provides the Phi clock (PLLE=1) is not allowed.
Violating this restriction results in faulty prescaler clock synchronization
in the peripherals.

10.2.1.7 CLKO Select (CS[1:0])—Bits 7-6

When programmed in conjunction with the TSTEN bit, the CLKO select (CS[1:0]) control bits are used to
enable one of three different clocks to the CLKO pin or to disable all clocksto this pin. After DSP reset,
the Phi clock output is provided on the CLK O pin. The other options are presented in Table 10-3. The
CY1:0] bits are cleared on DSP reset.

Table 10-3. CLKOUT Pin Control

TSTEN CS[1:0] CSO CLKO
0 0 0 Phi clock
0 0 1 (Reserved)
0 1 0 Oscillator clock

@ MOTOROLA

On-Chip Clock Synthesis 10-7
For More Information On This Product,

Go to: www.freescale.com



ARCHIVED BY FREESCALE SEMICONDUCTOR, INC. 2005

3n-Chip Clock Synthesis Freescale Semiconductor, Inc.

ARCHIVED BY FREESCALE SEMICONDUCTOR, INC. 2005
Table 10-3. CLKOUT Pin Control (Continued)

TSTEN CS[1:0] CSO CLKO
0 1 1 Disabled
1 0 0 (Reserved)
1 0 1 (Reserved)
1 1 0 (Reserved)
1 1 1 Prescaler output

10.2.1.8 Reserved Bits—Bits 5—4

Bits 54 are reserved and are read as zero during read operations. These bits should be written with zero to
ensure future compatibility.

10.2.1.9 VCO Curve Select (VCS0)—Bit 3

The VCO curve select 0 (VCS0) control bit optimizes the VCO for the desired frequency range to provide
better lock time and stability, as shown in Table 10-4. The VCSO bit is cleared on DSP reset.

Table 10-4. VCSO Programming

VCSO0 PLL Output Frequency
0 40 MHz to 70 MHz
1 10 MHz to 40 MHz

10.2.1.10 Reserved Bits—Bits 2-0

Bits 2-0 are reserved and are read as zero during read operations. These bits should be written with zero to
ensure future compatibility.

10.2.2 PLL Control Register 0 (PCRO)

The PLL control register 0 (PCRO) is a 16-bit read/write register used to direct the operation of the on-chip
clock synthesis. The PCRO controls the frequency programming of the PLL. The PCRO control bits are
defined in Section 10.2.2.1, “Reserved Bit—Bit 15,” through Section 10.2.2.3, “ Reserved Bits—Bits 4-0.”
All bits of PCRO are cleared by DSP hardware reset.

10.2.2.1 Reserved Bit—Bit 15

Bit 15isreserved and isread as zero during read operations. This bit should be written with zero to ensure
future compatibility.
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10.2.2.2 Feedback Divider (YD[9:0])—Bits 14-5

The feedback divider (Y D[9:0]) bits control the down counter in the feedback loop, causing it to divide by
thevalue YD + 1, where YD is the value contained in the Y D[9:0] bits. The Y D[9:0] bits are cleared on
DSP reset.

The resulting Phi clock signal must be within the limits specified in the “ Specifications” section of the
DSP56824 Technical Data Sheet. The frequency of the VCO should also remain higher than the specified
minimum value. Recommended PLL MFsfor the DSP56824 are also provided in the DSP56824 Technical
Data Sheet.

10.2.2.3 Reserved Bits—Bits 4-0

Bits 4-0 are reserved and are read as zero during read operations. These bits should be written with zero to
ensure future compatibility.

10.3 Low-Power Wait and Stop Modes

The DSP56824 can be configured for very low-power consumption in wait mode or minimal power
consumption in stop mode, based on application needs. In wait mode, all internal core clocks are gated off,
but the Phi clock continues to operate so that peripheral s continue to function and can bring the chip out of
wait mode by using a peripheral interrupt. In stop mode, the Phi clock and all internal core clocks are gated
off. Stop mode uses less power than wait mode. Before entering either stop or wait mode, it is possible to
enable or disable the following blocks individually:

e CLKOpin

e PLL module

* COP/RTI module
e Timer module

e SPI module
eSSl module

In addition, it is also possible to disable the prescaler block, but thisin turn disables the COP/RTI and the
timer module blocks. All blocks left enabled continue to run in stop mode, except the SPI and SSI. The
timer module and COP/RTI can bring the chip out of stop mode. The SPI and SS| are always powered
down in stop mode.

Several options for the clock synthesis block are available to the user in stop mode.
e Leave PLL enabled—Ilow power, short wake-up time since PLL already stabilized
e Disable PLL—Ilower power, long wake-up time for PLL to stabilize
« Leave prescaler enabled—allows COP and real-time timers to continue operating
« Disable prescaler—Ilower power, disables clock to COP and real-time timers
« Disable oscillator—lowest power, all internal clocks disabled, longest wake-up time

Leaving the PLL enabled in stop or wait mode avoids the need to wait for the PLL to relock upon exiting.
Examples of low-power configurations in stop mode follow in Section 10.3.1, “PLL, COP, Real-Time
Clock, Timers, and CLKO Enabled,” through Section 10.3.5, “Everything Disabled.”
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10.3.1 PLL, COP, Real-Time Clock, Timers, and CLKO
Enabled

In this stop mode, the DSP56800 core and the SPI and SSI peripherals are placed in low-power stop mode,
in which all clocks are gated off. The PLL remains running and locked, the COP and real-time clock timers
can till continue functioning, and a clock waveform can be provided on the CLKO pin, if desired. In this
mode the oscillator is still running.

NOTE:

It is aso possible to leave the timer module running if clocked with the
prescaler clock. This stop mode consumes the most power.

Thismode is entered by executing a STOP instruction with the PLL, COP/RTI, and timer module
peripherals still enabled. The timer module must be clocked with the prescaler clock.

NOTE:

The CLKO pin can be disabled independently using the CS[1:0] control
bits in the PCR1, described in Section 10.2.1.7, “CLKO Sdlect
(CY1:0])—Bits 7-6.”

10.3.2 COP, Realtime Clock and CLKO Pin Enabled

In this stop mode, the DSP56800 core and the PLL, SPI, SSI, and timer-module peripherals are placed in
low-power stop mode where all clocks are gated off. The PLL loses lock in this condition. The COP and
real-time clock timers can still continue functioning, and a clock waveform can be provided on the CLKO
pin, if desired. In this mode the oscillator is still running.

Thismode is entered by executing a STOP instruction with the PLL disabled and the COP/RTI periphera
still enabled. The CLKO pin can also be disabled independently using the CS[1:0] control bitsin the
PCR1.

10.3.3 PLL and CLKO Pin Enabled

In this stop mode, the DSP56800 core and the COP/RTI, SPI, SSI, and timer-modul e peripherals are placed
in low-power stop mode where al clocks are gated off. The PLL remains locked and running in this
condition. A clock waveform can be provided on the CLKO pin, if desired. In this mode the oscillator is
still running.

Thismode is entered by executing a STOP instruction with the PLL enabled and the COP/RTI peripheral
disabled. The CLKO pin can aso be disabled independently using the CS[1:0] control bitsin the PCR1.

10.3.4 CLKO Pin Enabled

In this stop mode, the DSP56800 core and the COP/RTI, PLL, SPI, SSI, and timer-module peripherals are
placed in low-power stop mode where all clocks are gated off. The PLL loseslock in this condition. A
clock waveform is provided on the CLK O pin. In this mode the oscillator is still running. It may be
necessary to wait for the PLL to relock after exiting stop mode.

This mode is entered by executing a STOP instruction when the PLL and COP/RTI peripherals are both
disabled and the CLK O pin is enabled.
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10.3.5 Everything Disabled

In this stop mode, the DSP56800 core and the COP/RTI, PLL, SPI, SSI, and timer-module peripherals are
placed in low-power stop mode where all clocks are gated off. The PLL loseslock in this condition. The
CLKO pinisdisabled and the oscillator is disabled aswell. If an external crystal is used, the processor
must wait for the crystal to stabilize before exiting stop mode. It may also be necessary to wait for the PLL

to relock.

Thismode is entered by executing a STOP instruction when the LPST bit in the PCR1 is set. Thisisthe
lowest power stop mode available.

10.4 PLL Lock

There are several conditions when it is necessary to wait for the PLL to lock:
«  When the chip first powers up
«  Whenthe PLL istaken out of its power-down state (clearing the PLLD bit when it had previously
been set)
«  When the frequency of the PLL is changed by modifying the Y D bitsin the PCRO

NOTE:
Changing the PLL frequency may require changing external filter
components and is not recommended. See the DSP56824 Technical Data
Sheet for more information.

In each of these cases, it is necessary to wait until the PLL locks on its final frequency before the PLL
clock is sent to the DSP56800 core and the peripherals (PLLE = 1). PLL lock timeis provided in the
DSP56824 Technical Data Sheet. Failure to wait until the PLL locks can result in improper processing
states, software errors, and other problems.
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10.4.1 PLL Programming Example

Example 10-1 on page 10-12 provides an example of how to program the PLL to multiply by afactor of 20
and wait for the PLL to stabilize.

Example 10-1. Programming the PLL

ckkkkkkkhhkkhkhkhkhkkhkhkhkhkhkkhkhkk
1

;¥ PLL Setup exanpl e*
;* of DSP56824 chip *

ckkkkkkkhkkhkhkhkhkkhkhkhkhkkhkkhkkk
3

PCRO EQU $FFF2 ; PLL Control Register O
PCRL EQU $FFF3 ; PLL Control Register 1
BEEEEEEEEEEEEEEEEEEE S
;* PLL setup *

;* (to increase Phi dock) *
;********************
MOVEP  #$0180, X: PCRL ; Configure:
; (PLLE) PLL disabl ed (bypassed)
; -- Gscillator supplies Phi dock
; (PLLD) PLL Power Down disabled (PLL active)
; -- PLL block active for PLL to attain |ock
; (LPST) Low Power Stop disabled
; (PS[2:0]) prescal er clock disabled
; (CY1:0]) dockout pin sends Gscillator O ock
MOVEP #$0260, X: PCRO ; Set Feedback D vider to 1/20

i nsert del ay here: wait for PLL | ock
; as specified in data sheet

BFSET #$4000, X: PORL * Enable PLL for Phi O ock

10.4.2 Changing the PLL Frequency
To change the output frequency of the PLL (by reprogramming the Y D bits) while the PLL output is used
by the DSP56800 core (PLLE = 1; PLLD = 0), perform the following sequence of operations:

1. Clear the PLLE hit to switch back to the oscillator clock.

2. Program the YD bits (only after clearing PLLE).

3. Wait until the PLL has locked. See the DSP56824 Technical Data Sheet for settling time
specifications.

4. SetthePLLE bit.

NOTE:

Changing the PLL frequency may require changing external filter
components and is not recommended. See the DSP56824 Technical Data
Sheet for more information on supported PLL frequencies and
recommended externa filter component values.
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10.4.3 Turning Off the PLL Before Entering Stop Mode

To turn off the PLL before entering stop mode, execute the following sequence before issuing the STOP
instruction:

1. Clear the PLLE bit to switch back to the oscillator clock.
2. Setthe PLLD bit to oneto power down the PLL.
3. Execute the STOP instruction.

NOTE:

ThePLL can beleft running when entering stop mode. Thisallows afaster
exit to normal mode. There is no wait for PLL lock because the PLL
continues to run in stop mode.

10.5 PLL Module Low-Power Operation

In applications requiring minimum power consumption, there are several options for lowering the power
consumption of the chip within the clock synthesis module in stop or wait mode. These are discussed
individually below.

10.5.1 Turning Off the Entire Clock Synthesis Module

If no internal clocks are required by an application in stop mode, shut off the entire module for lowest
power consumption. Thisis done by resetting the PLLD bit to 1 (PLLE must already be cleared), setting
the PS[2:0] bits (in the PCR1) to 001, setting the CY[1:0] bits (in the PCR1) to 11, and setting the LPST bit
(inthe PCR1) to 1. See Section 10.2.1, “PLL Control Register 1 (PCR1),” for details on the PCR1.

When the LPST bit is set to 1, an additional period of timeisrequired for crystal oscillator stabilization.
Upon exiting stop mode, it is necessary to wait for the PLL to stabilize again (relock). Both these times are
specified in the DSP56824 Technical Data Sheet.

10.5.2 Turning Off the Prescaler Divider When Not in Use

For applications not requiring a prescaler clock to any peripherals, turn off the prescaler divider by setting
the PS[2:0] bitsin PCR1 to 001.

NOTE:
The prescaler divider can be turned off independently from the PLL or
CLKO pin.
@ MOTOROLA On-Chip Clock Synthesis 10-13
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10.5.3 Turning Off the PLL When Not in Use

For applications in which the time required for the PLL to relock when exiting stop mode is not an issue,
the PLL can be turned off by setting the PLLD bit in the PCR1 to one. (See Section 10.2.1, “PLL Control
Register 1 (PCR1),” on page 10-5.) This can be done only after the PLLE bit in PCR1 has been cleared.

NOTE:

The PLL can be turned off independently from the prescaler divider or
CLKO pin. Upon exiting stop mode, the PLL must be reenabled and it is
necessary to wait for the PLL to stabilize again (relock).

10.5.4 Turning Off the CLKO Pin When Not in Use

For applications where no external clockout pinisrequired, it is recommended to turn off the CLKO pinto
lower power and reduce switching on the pins. This can be accomplished by setting the CS[1:0] bitsto 11.
See Section 10.2.1, “PLL Control Register 1 (PCR1).”

NOTE:
The CLKO pin can be turned off independently from the PLL or prescaler
divider.
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Chapter 11
COP and RTI Module

This section describes the Computer Operating Properly (COP) and real-time interrupt (RT1) module
(COP/RTI) provided on the DSP56824.

The COP/RTI module provides two separate functions; a watchdog-like timer and a periodic interrupt
generator. The COP timer guards processor activity and provides an automatic reset signal if afailure
occurs. Both functions are contained in the same block because the input clock for both comes from a
common clock divider.

11.1 COP and Real-Time Timer Architecture

The COP timer protects against system failures by providing a means to escape from unexpected input
conditions, external events, or programming errors. Once started, the COP timer must be reset by software
on aregular basis so that it never reaches its time-out value. When the COP timer reaches its time-out
value, an internal reset is generated within the chip and the COP reset vector is fetched. It is assumed that
if the COP reset is not received from the program, a system failure has occurred.

The COP functionality istypically used by software to ensure that the chip is operating properly. Software
must periodically service the COP timer by correctly writing to the COP reset (COPRST) register before
the COP timer times out. The COP timer has its own reset vector. This allows the reset recovery from a
COP time-out to differ from the reset procedure done after a hardware reset.

A COP reset isvery similar to a hardware reset through the RESET pin. The minor differences are the
address from which the reset vector is fetched and the length of the period during which reset is asserted.

The RTI capability provides a periodic interrupt in an application. It consists of along decrementing
counter chain that runs continuously when enabled. When it reaches zero, a status flag is set and an
interrupt is generated (optionally, when enabled by the user). The RTI hasits own interrupt vector location
to reduce overhead in interrupt servicing.

Figure 11-1 on page 11-2 shows a block diagram of the COP/RTI timer module. This module contains a
programmable divider chain for dividing the prescaler clock to a periodic rate that can be used as an RTI.
Thisreal-time clock is further divided down to get a COP timer reset. The COP and RTI control
(COPCTL) register isused to set up the periphera and program the divide ratios.

(M) moToroLa COP and RTI Module 11-1

For More Information On This Product,
Go to: www.freescale.com



~0P and RTI Module Freescale Semiconductor, Inc.

Peripheral Data Bus (PGDB) 16-Bit
Z.
A '\
Yy COPCTL COPCNT Y COPRST
16-Bit - 3 13-B|t‘ 16-Bit
Control Register Count Register $5 Detect
A
SC[2:0] RP[1:0] DVI[7:0]
Prescaler

Clock Real-Time
RTE — /23 % /1or/4a [ /2t0/256 4 >
Interrupt
| A A
/8 or/64 [ COP
+ |— Reset
CT

OnCE
CPE AA1386

Disable RP DVI[7:0]

Figure 11-1. RTI and COP Timer Block Diagram
NOTE:

The maximum frequency of the prescaler clock is limited to one-sixteenth
of the maximum clocking frequency of the part. This means that for a
70 MHz DSP56824, the clocking frequency of the prescaler clock must be
less than or equal to 4.375 MHz.

The RTI timer and the COP timer share the scaler (SC), real-time prescaler (RP), and COP/RTI divider
(DV) dividersin the clock divider chain. The current value of the RTI timer can be determined at any time
by reading the COP/RTI count (COPCNT) register, the bits of which reflect the shared components of the
COP/RTI divider chain. These shared components comprise the RTI timer.

The COP timer is atimer whose clock source is cascaded from the RTI timer. It consists of the COP timer
(CT) divider. The COP timer countsfrom either 7 or 63 down to 0, and then providesthe COP reset signal,
which resets the DSP chip. The COP timer cannot be read. Its only function isto count down to 0 and send
aCOP reset signal, unlessthe COPtimer itself isreset. The COP reset sequence, provided in Example 11-1
on page 11-9, must be programmed to run periodically. Sending this reset sequence is ana ogous to
renewing alibrary book beforeit is due.

The COPCTL register reflects the control status of both the RTI timer and the COP timer. The COP/RTI
peripheral is enabled by the RTI enable (RTE) bit in the COPCTL register. In addition, the On-Chip
Emulation (OnCE™) module within the DSP56800 core can disable the counting in the RTI and COP
timersto prevent counting when the chip is no longer executing instructions, but instead isin debug mode.
Thisisuseful for debugging real-time systems.

When the COP timer expires and a COP reset occurs, the following sequence takes place:
1. DSPreset occurs.

2. Theorigina MODA and MODB values that were captured on RESET deassertion are
reloaded into the MA and MB bits of the OMR.

3. Program control istransferred to the appropriate COP reset vector determined by the values
in MA and MB.

MODA, MODB, and XCOLF are not resampled on COP reset.
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For example, if Mode 2 was entered on RESET deassertion and the OMR was |ater altered to select Mode
1, an ensuing COP reset would change program flow to reflect the change to Mode 1. In this case, the reset
vector at P:$E002 would be used.

11.2 COP and RTI Timer Programming Model

The COP/RTI block contains the following registers:

e COPIRTI control (COPCTL) register

e COP/RTI count (COPCNT) register

e COPreset (COPRST) register
These three registers are shown in Figure 11-2 and explained in Section 11.2.1, “COP and RTI Control
Register (COPCTL),” through Section 11.2.3, “COP Reset (COPRST) Register.”

COPCTL—X:$FFF1 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

COP/RTI Control cpg| cr| | | |RTE|RTIE|RTIF| RP [ DV [DV [DV | DV |DV|DV|DV|DV
Register 76|55 |a]l3|2|2]0
Reset = $0000

Read/Write | | | | |

COPCNT—X:$FFFO 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

COP/RTICount [ | | |py|pv|Dpv|bv|pv |pv |bv |bv [RP |RP |sc [sc |sc
Register 7165|4322 |o]|rfof2]1]0
Reset = Uninitialized
Read-Only | | | | |

* Indicates reserved bits, written as zero for future compatibility

COPRST—X:$FFFO 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

COP Reset Register
Write-Only

COP and Real-Time Reset and Interrupt Vectors:

RTI P:$0016
COP RESET in Modes O or 3 P:$0002
COP RESET in Mode 1 P:$7F82
COP RESET in Mode 2 P:$E002

Enabling RTls in the Interrupt Priority Reaqister:

Set CH1 bit (bit 14) to 1 in the IPR (X:$FFFB).
(COP time-out resets the part internally and is not an interrupt.)

AA1443

Figure 11-2. RTI and COP Timer Programming Model
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11.2.1 COP and RTI Control Register (COPCTL)

The COP and RTI Control (COPCTL) register is a 16-bit read/write register used to program both the COP
timer and the RTI timer. The COPCTL register is reset to $0000 on hardware reset. When changing the
bitsin thisregister, it isimportant to follow the guidelinesin Section 11.3, “ Programming the COP and
RTI Timers.” The bits of this register are defined in Section 11.2.1.1, “COP Enable (CPE)—Bit 15,”
through Section 11.2.1.8, “RTI/COP Divider (DV[7:0])—Bits 7-0.”

NOTE:

The COPCTL register cannot be written unless preceded by the sequence
documented in Section 11.3, “Programming the COP and RTI Timers.”
Thisensuresthat the COPCTL register cannot be modified if the computer
is not operating properly. The COPCTL register can be read at any time.

11.2.1.1 COP Enable (CPE)—Bit 15

The COP enable (CPE) control bit enables the COP timer functionality. Both the RTE bit and the CPE bit
must be set for the COP timer to function. The CPE bit is cleared on hardware reset.

NOTE:

When set, the COP timer disable (COPDIS) hit in the OnCE control
register (OCR) overrides the CPE bit. See Section 12.4.4.1, “COP Timer
Disable (COPDIS)—BiIt 15,” on page 12-14 for more information.

11.2.1.2 COP Timer Divider (CT)—Bit 14

The COP timer divider (CT) control bit is used to program the division ratio for the COP timer. The CT bit
is cleared on hardware reset. Table 11-1 shows how this bit is set.

Table 11-1. COP Timer Divider Definition

CT Division
0 /8
1 /64

11.2.1.3 Reserved Bits—Bits 13-12

Bits 13—12 arereserved and are read as zero during read operations. These bits should be written with zero
for future compatibility.

11.2.1.4 RTI Timer Enable (RTE)—Bit 11

The RTI timer enable (RTE) control bit is used to enable the RTI and COP timer functionality. The RTI
timer can operate without the CPE bit being set, but both the RTE bit and the CPE bit must be set for the
COP timer to operate. The RTE hit is cleared on hardware reset.

NOTE:

Clearing the RTE bit disables the input clock to both the RTI timer and
COP timer, and can be used to reduce power consumption in systems that
do not require these functions.
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11.2.1.5 RTI Enable (RTIE)—Bit 10

The RTI enable (RTIE) control bit is used to enable interrupts from the real-time timer. When the RTIE bit
is cleared, the interrupt is disabled and any pending RTI is cleared. The RTIE bit is cleared on hardware
reset.

The interrupt vector for the RTI is $0016. As with al on-chip peripheral interrupts for the DSP56824, the
status register (SR) must first be set to enable maskable interrupts (interrupts of level IPL 0). Next, the
CH1 bit (bit 14) in the IPR must also be set to enable this interrupt. (See Section 3.3.1, “DSP56824
Interrupt Priority Register (IPR),” on page 3-14 for more information.) Finally, set the RTIE bit to enable
the RTI.

11.2.1.6 RTI Flag (RTIF)—Bit 9

The RTI flag (RTIF), bit 9, is automatically set to one at the end of every RTI period—that is, when the
RTI timer reaches zero. Thisread-only bit is cleared by writing aoneto bit 9, RTIF, in the COPCTL
register. The RTIF bit is cleared on hardware reset.

11.2.1.7 RTI Prescaler (RP)—Bit 8

The RTI prescaler (RP) control bit is used to program the prescaler for the RTI timer. Table 11-2 showsthe
different available selections. The RP bit is cleared on hardware reset.

Table 11-2. Real-Time Prescaler Definition

RP Division
0 1
1 14

11.2.1.8 RTI/COP Divider (DV[7:0])—Bits 7-0

The RTI/COP divider (DV[7:0]) control bits are used to program the last divider in the RTI clock chain.
When the COPCNT register decrementsto zero, the 8 bits of this register are reloaded with the value in the
DV|[7:0] bits. To set the COPCNT register for division by n counts, load the DV bitswith the value (n —1).
The DV bits are cleared on hardware reset.

NOTE:

Dividing by 1 (DV[7:0] =$0) is not alowed for this divider. All other
divider values from 2 to 256 are allowed. Since the value of the DV[7:0]
bits is $0 upon reset (an illegal vaue), this register must be written to
before the real-time or COP timer isfirst used.
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11.2.2 COP and RTI Count (COPCNT) Register

The COP and RTI Count (COPCNT) register is a 16-hit read-only register reflecting the value of the
COP/RTI divider chain. The COPCNT register is written by the divider chain on the edge of the prescaler
clock opposite that used to clock the divider chain. The COPCNT register can be read at any time.

11.2.2.1 Reserved Bits—Bits 15-13

Bits 15-13 are reserved and are read as zero during read operations.

11.2.2.2 RTI/COP Divider (DV[7:0])—Bits 12-5

When the COPCNT register isread, the RTI /COP divider (DV[7:0]) bits show the current value of the last
divider in the RTI clock chain.

11.2.2.3 RTI Prescaler (RP[1:0])—Bits 4-3

When the COPCNT register isread, the RTI prescaler (RP[1:0]) bits show the current value of the
prescaler portion of the RTI clock chain.

11.2.2.4 Scaler (SC[2:0])—Bits 2-0

When the COPCNT register isread, the scaler (SC[2:0]) bits show the current value of the scaler portion of
the RTI clock chain.

11.2.3 COP Reset (COPRST) Register

The COP reset (COPRST) register isa 16-bit write-only register and is used for two purposes. The first use
of thisregister isfor resetting the COP timer before it times out. The COP timer, once enabled, can only be
reset by writing a sequence in the correct order to the COPRST register. The required sequenceis
described in Section 11.3, “Programming the COP and RTI Timers.” This resets the COP timer to its
maximum value, and it begins counting down again. The COP timer isthe last divide-by-8 or divide-by-64
portion of the counter chain.

NOTE:

Writing to this register does not affect the portion of the timing chain
shared by both the RTI and the COP timers.

The second use of this register is to enable writes to the COPCTL register. It isvery important that the
COPCTL register is not accidentally overwritten if the computer is not operating properly, so writesto this
register are enabled only after a correct sequence is written to the COPRST register.
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11.3 Programming the COP and RTI Timers

Accidental writesto COPCTL are prevented by requiring the user to write a specific sequence to COPRST
before writes to the COPCTL register are enabled.

NOTE:
Writing this sequence also has the effect of resetting the COP timer.

The exact sequence is as follows:

N o gk~ w DN

9.

Write the value $5555 to the COPRST register.
Execute a NOP instruction.

Write the value SAAAA to the COPRST register.
Execute a NOP instruction.

Write the value $5555 to the COPRST register.
Execute a NOP instruction.

At this point in the sequence, it is now possible to write the COPCTL register. Use the
following sequence to modify the bitsin the COPCTL register.

Writethevalue SAAAA to the COPRST register. At this point, the COP timer isreset to its
maximum value—7 if CT = 0and 63 if CT = 1. Thisfinal write also resets the sequence
mechanism and disables writing to the COPCTL register, so it is necessary to begin again
at step 1.

Execute a NOP instruction.

It is also important to modify the COPCTL bitsin the proper order when programming the COPCTL

register:
1.

o~ DN

Write the correct sequenceto the COPRST register to enable writesto the COPCTL register,
as shown in the previous procedure.

Clear the RTE bit in the COPCTL register using a BFCLR instruction.
Change any of the following COPCTL bits as desired: CPE, CT, RTIE, RP, or DV[7:0].
Set the RTE bit in the COPCTL register using a BFSET instruction.

Disable writes once again to the COPCTL register by writing the value $AAAA to the
COPRST register, as described in step 8 in the preceding procedure.

NOTE:

If RTE isset, bitsinthe COPCTL register can bewritten, but amalfunction
inthe COP/RTI module can occur. Always clear the RTE bit beforewriting
to the COPCTL register to ensure proper operation of this module.
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Table 11-3 shows the resolution and range of the RTI timer for different prescaler clock frequencies.

Table 11-3. COP Timer Range and Resolution

Prescaler RP Prescaler Resolution Range
Frequency (Preload = 0) (Preload = 28 — 1)
32.00 kHz /1 250 ms 64 ms
(31.25 ps) /4 1ms 256 ms

38.4 kHz /1 208.3 us 53.3ms
(26.04 ps) /4 833.3 us 213.3ms

The RTI occurs every 23 x 4R x (DV[7:0] + 1) prescaler clock cycles.

The COP time-out occurs every 22 x 4RP x (DV[7:0] + 1) x 8(CT + 1) prescaler clock cycles.

11.3.2 COP/RTI Timer Low-Power Operation

The COP/RTI module can be shut off to reduce power consumption when the module is not required by an
application. To shut off this module, set the RTE bit in the COPCTL register to O; see Section 11.2.1,
“COP and RTI Control Register (COPCTL).” This gates off all clocks to the COP/RTI module. If either

the COP or RTI function is required, the RTE bit must remain set.

Itisalso possible to run the RTI or COP timer when the chip isin stop mode. When the RTI timer reaches
zero, asignal is generated that wakes up the DSP56800 core and bringsit out of stop mode. Caution should
be taken that the COP timer is not allowed to time out when the DSP56824 isin stop mode. The DSP56824
is reset whenever the COP timer times out, regardless of the operating mode it isin when COP time-out

occurs. Both timers can continue to operate in wait mode.

NOTE:

The RTI timer can bring the DSP56824 out of stop mode independently of
the value of the RTIE bit in the COPCTL register or of the bitsin the IPR
(described in Section 3.3.1, “ DSP56824 Interrupt Priority Register (IPR),”
on page 3-14).

11.3.3 Programming Example
Example 11-1 shows how to set up the COP timer.
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Example 11-1. Sending a COP Reset

BEEEEEEEEEEEEEEEEEEEEEE

;* OOP Timer exanple *

“* for COP/RTI Modul e *
;* of DSP56824 chip

*

ckkkkkkkhkkhkhkhkhkhkhkhkhkkhkhkhkkkk

START

BCR

QCPCTL

CCPRST

; PCRO [ unused]
PCRL

ckkkkkkkhkhkkhkhkkhkkkk
1

;* Vector setup*
;**************

CRG

JWP

CRG

JMP

CRG

JMP

CRG

ckkkkkhkhkkkhkhkkkk

;* CGeneral setup*
BEE R R EEEEEEEEE S

’ NOVEP

@ MOTOROLA

EQU  $0040 ; Start of program

EQU  $FFF9 ; Bus Control Register

EQU $FFF1 ; OCP/IRTI Control Register

EQU $FFFO ; OOP Reset Register [wite-only]

EQU $FFF2 ; PLL Control Register O

EQU $FFF3 ; PLL Control Register 1

P: $0000 ; Col d Boot

START ; al so Hardware RESET vector (Mdde 0, 1, 3)

P: $E000 ; Vér m Boot

START ; Hardware RESET vector (Mde 2)

P: $E002 ;

aoPaUT ; OCP Wt chdog RESET vector (Mde 2)

P: START ; Start of program

#$0000, X: BCR ; External Programmenory has O wait states.

; External data menory has O wait states.

; Port Apins tri-stated if no external access.
COP and RTI Module 11-9
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Example 11-1. Sending a COP Reset (Continued)

ckkkhkkkhkkhkhkkhkhkkhkhkkhkhkhkkhkkkhhkhhkhkhkhkhhk

;* Prescaler dock setup *

ckkkhkkkhkkhkhkkhkhkkhkkhkhkhhkkhkkhhkhhkhkhkhkhkk

5* (source for divider chain)*

MOVEP

[ PCRO unused]

#$06Q0, X: PCRL

ckkkkkkhkkhkhkkhkhkkhkkkhkhkhkhhkhkkk

5* QCP Timer setup

*

ckkkkkhkkhkhkkhkhkkhkhkhkhkhkhkhhkhkkk

BFSET

MOVEP
NCP

skkhkhkhkhkhkhkhkhkhkhkkk
1

- % 1 1 *
;* Main routine
IR SRR RS SR TR S LS

TEST

#$5555, X: COPRST
H#SAAAA, X COPRST
#$5555, X: CCPRST
#3$0800, X: COPCTL

#$CLFF, X GOPCTL

#$0800, X: COPCTL

#SAAAA, X COPRST

OCPCLR
TEST

Conf i gure:

(PLLE) PLL disabl ed (bypassed)

-- Gscillator supplies Phi dock

(PLLD PLL Power Down disabl ed (PLL active)
-- PLL block active for PLL to attain |ock
(LPST) Low Power Stop di sabl ed

(PS[2:0]) Set Prescaler Dvider to /256
(CY1:0]) Aockout pin (CQLKO disabl ed
Feedback D vider unused (PLL bypassed)

Begi n OCP reset sequence

OCPCTL wri te-enabl ed

(RTE) RTI Timer disabled

-- OOP/RTI divider chain disabled, thus
-- QP tiner (and RTI tiner) disabled
Conf i gure:

(CPE) QCP time-out (chip reset) Enabl ed
(CT) Set QP Tiner divider to /64.
(RTIE) RTI disabl ed

(RTIF) RTl flag remnains.

(RP) Set OQCP/ RTI Prescaler to /4.
(DV7:0]) Set OCOP/RTI Dvider to /256.
(RTE) RTI Timer Enabled

-- OOP/RTI divider chain enabled, thus
-- QP Tiner (and RTI Timer) enabl ed
Reset (disable) wite nechani smfor OOPCIL
and reset QOP Tiner.

-- End OCP reset sequence.

Téét Loop

code to be watched for potentially wayward
execution

Let the OCP know we have not |eft town.

OCP CLEAR -- OCP Tinmer Reset Routine

IEEEEE S EEEEEEEEREEEEEEEEEREEEEEEEEEEEEEEESEE S S

;* O ear the CCP Tiner:

code execution is still valid*

ckkkhkkhkkhhkhhkhhkhhkhhkhhkhkhkkhkhkhkhhkhkhkhhkhhkhkhkhhkhhkhhkhkxk

11-10

#$5555, X: COPRST
#SAAAA, X OCPRST
#$5555, X: COPRST
H#SAAAA, X COPRST

DSP56824 User’s Manual

Begi n OCP reset sequence.

COPCTL write-enabl ed

Reset (disable) wite nechani smfor OOPCIL
and reset QOP Tiner.

-- End OCP reset sequence.
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Example 11-1. Sending a COP Reset (Continued)

CCP time QUT -- QCP Wat chdog RESET Routi ne
; the CP tinmed out: systemfailure has
; occurred

error recovery code

@ MOTOROLA
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Chapter 12
OnNnCE™ Module

The DSP56824 provides board and chip-level testing capability through two on-chip modulesthat are both
accessed through the JTAG/ONCE port. These modules are as follows:

e On-Chip Emulation (OnCE) module
e Test access port (TAP) and 16-state controller, also called the Joint Test Action Group (JTAG) port

The presence of the JTAG/ONnCE port alows the user to insert aDSP56824 chip into atarget system while
retaining debug control. This capability is especialy important for devices without an external bus, sinceit
eliminates the need for a costly cable to bring out the footprint of the chip, as required by atraditional
emulator system. In addition, the JTAG/OnCE port can be used to program the internal flash memory.

NOTE:

The easiest way to program the DSP56824 flash memory iswith the use of
the DSP56824 Application Development System (ADS). Contact your
Motorola sales representative for more information on this product.

The On-Chip Emulation (OnCE) module is a Motorol a-designed module used in DSP chips to debug
application software. The module is a separate on-chip block that allows non-intrusive interaction with the
DSP and is accessible through the pins of the JTAG interface. The OnCE module makes it possible to
examine the contents of registers, memory, or on-chip peripheralsin a special debug environment. This
avoids sacrificing any user-accessible resources to perform debugging.

The capabilities of the ONCE modul e include the ability to do the following:
e Interrupt or break into debug mode on a program memory address (fetch, read, write, or access)
e Interrupt or break into debug mode on a data memory address (read, write, or access)
e Interrupt or break into debug mode on an on-chip peripheral register access (read, write, or access)
e Enter debug mode using a DSP microprocessor instruction
» Display or modify the contents of any core or memory-mapped peripheral registers
» Display or modify any desired sections of program or data memory
e Trace up to 256 instructions
e Saveor restore the current state of the execution pipeline
» Display the contents of the real-time instruction trace buffer (whether in debug mode or not)
* Return to user mode from debug mode
e Set up breakpoints without being in debug mode

e Set hardware breakpoints, software breakpoints, and trace occurrences (OnCE events) that can force
the chip into debug mode, force a vectored interrupt, force the real-time instruction buffer to halt,
or toggle a pin, based on the user’s needs

@ MOTOROLA OnCE™ Module 12-1
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See Section 12.3, “OnCE Module Architecture,” for a detailed description of this port.

12.1 Combined JTAG/OnCE Interface Overview

The JTAG and OnCE blocks are tightly coupled. Figure 12-1 shows the block diagram of the JTAG/OnCE
port with itstwo distinct parts. The JTAG port is the master; it must enable the OnCE module before the

ONCE module can be accessed.

JTAG OnCE
Pins L
OnCE Command,
™ X > > Status & Control
DO & Test <
Access XAB1
™s DF—>
Port PAB
|Z| » — CGDB
-E( Controller Y i
TRST/DE
Breakpoint Logic
Trace Logic
Event Counter
» PDB
— PGDB
Y ¥
Pipeline
Registers
v PAB
FIFO
History
Buffer
AA0093

Figure 12-1. JTAG/OnCE Port Block Diagram
There are three different programming models to consider when using the JTAG/OnCE interface:
e OnCE programming model—accessible through the JTAG port
e OnCE programming model—accessible from the DSP core
e JTAG programming model—accessibl e through the JTAG port

The programming models are discussed in more detail in Section 12.3, “OnCE Module Architecture,” and
Section 13.2, “JTAG Port Architecture,” on page 13-2.
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12.2 JTAG/OnCE Port Pinout

Asdescribed in the IEEE 1149.1a-1993 specification, the JTAG port requires a minimum of four pinsto
support TDI, TDO, TCK, and TMS signals. The DSP56824 also uses the optional test reset (TRST) input
signal and multiplexesit so that the same pin can support the debug event (DE) output signal used by the
OnCE interface. The pin functions are described in Table 12-1.

Table 12-1. JTAG/OnCE Pin Descriptions

Pin Name Pin Description

TDI Test Data Input—This input provides a serial data stream to the JTAG and the OnCE module. It is
sampled on the rising edge of TCK and has an on-chip pull-up resistor.

TDO Test Data Output—This tri-statable output provides a serial data stream from the JTAG and the OnCE
module. It is driven in the Shift-IR and Shift-DR controller states of the JTAG state machine and changes
on the falling edge of TCK.

TCK Test Clock Input—This input provides a gated clock to synchronize the test logic and shift serial data
through the JTAG/OnCE port. The maximum frequency for TCK is one-eighth the maximum frequency
of the DSP56824 (that is, 5 MHz for TCK if the maximum CLK input is 40 MHz). The TCK pin has an
on-chip pull-down resistor.

TMS Test Mode Select Input—This input sequences the TAP controller's state machine. It is sampled on
the rising edge of TCK and has an on-chip pull-up resistor.

TRST/DE Test Reset/Debug Event—This bidirectional pin, when configured as an input, provides a reset signal
to the TAP controller. When configured as an output, it signals debug events detected on a trigger condi-
tion. Pin operation is configured by bit 14 of the OnCE control register (OCR). The TRST/DE pin has an
on-chip pull-up resistor.

The TRST/DE pin can be configured for one of two functions. It can be used as areset for the JTAG port
or can provide auseful event-acknowledge feature. This selection is performed through appropriate control
bitsin the OCR. The two functions available are as follows:

e TRST—When enabled, thisinput resets the JTAG TAP controller state machine.

+  DE—When enabled, this open-drain output provides asignal that indicates that an event has
occurred in the OnCE debug logic. This event can be any of the following occurrences:

— Hardware breakpoint
— Software breakpoint

— Traceor entry into debug mode caused by aDEBUG_REQUEST instruction being decoded in
the JTAG port instruction register (IR)

Events cause TRST/DE to be asserted only if DE = 1 and DRM = 0 (in the OCR), as shown in Table 12-2.
Table 12-2. DE and DRM Encoding for TRST/DE Assertion

DE DRM Function
0 X Input: JTAG reset when TRST pulled low
1 0 Output: pulled low on OnCE events
1 1 Output: disabled (weak on-chip pull-up)
@ MOTOROLA OnCE™ Module 12-3
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Figure 12-8 on page 12-16 shows the internal configuration of the TRST/DE pin. The open-drain output
function indicates that a OnCE event has occurred. For example, atrace or breakpoint occurrence causes
the pin to go low for aminimum of 8 Phi clocks. This pin is further described in Section 12.4.4.6, “ Event
Modifier (EM[1:0])—Bits 6-5.”

When the JTAG IR does not contain an ENABLE_ONCE instruction, the OCR control bits are reset only
by assertion of RESET or COP timer reset. If the ENABLE_ONCE instruction isin the JTAG IR at the
time of reset, the OCR bits are not modified.

NOTE:

Although this implementation is not in strict accordance with IEEE
1149.1a-1993, a JTAG user can confidently use this pininits TRST mode
by ensuring that RESET is asserted on power up. Setting OCR[14] requires
avery specific and lengthy JTAG sequence. OCR[14] cannot be set by any
other sequence. Similarly, to guarantee full hardware reset, both RESET
and TRST should be asserted.

12.3 OnCE Module Architecture

While the JTAG port described in Section 13.2, “JTAG Port Architecture,” on page 13-2 provides board
test capability, the OnCE module provides emulation and debug capability to the user. The OnCE module
permits full-speed, non-intrusive emulation on a user’ starget system or on a Motorola Application
Development Module (ADM) board.

A typical debug environment consists of atarget system where the DSP resides in the user-defined
hardware. The DSP's JTAG port interfaces to a command converter board over a seven-wire link,
consisting of the five JTAG serial lines, aground, and reset wire. The reset wireis optional and is only
used to reset the DSP and its associated circuitry. Refer to your development system’s documentation for
information on debugging using the JTAG port interface.

The OnCE module is composed of four different sub-blocks, each of which performs a different task:
» Command, status, and control
e Breakpoint and trace
» Pipdineregisters
* FIFO history buffer

12.3.1 OnCE Port Block Diagram

A block diagram of the OnCE moduleis shown in Figure 12-2 on page 12-5. Information is shifted serially
in and out of the OnCE port logic viathe TDI and TDO signals. Typically the source and destination of this
information is one or more OnCE port registers. An overview of the registersis given in the following
section.
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In&fCE Module Architecture

TDI/TDO -<€—— OSHR »| OCMDR
OnCE
Command
Decoder
OnCE
| State
Machine
& Control
L OCR A
OSR
> OBAR
I Y
—>| OBAR2 —> .
Breakpoint
XAB] ————— | &Trace
Logic

Y

PAB
CGDB — >

Y

A

- »| OCNTR
—3
PDB
Y
<> OPDBR
PGDB
Y
- OPGDBR
PAB
Y
- OPABFR
] OPABDR
] OPABER

Change-of-Flow

A

Figure 12-2. DSP56824 OnCE Block Diagram
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12.3.2 OnCE Programming Model

The programming model for the OnCE port consists of the registers which control all emulation and
debugging tasks. These consist of command, status, and control registers, as well as breakpoint and bus
status registers. The registers in the OnCE port programming model are shown in Figure 12-3 and
Figure 12-4.

OJnCE™ Module

OCMDR 7 6 5 4 3 2 1 0

OnCE Command
Register

Reset: Not modified
Write-Only

R/W | GO | EX | RS4 [ RS3 | RS2 | RS1 | RSO

OSR 7 6 5 4 3 2 1 0
OnCE Status

Register OS1|0S0| TO |HBO|SBO
OnCE Reset* = $00 * * *
Read-Only

OCR_$02 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

OnCE Control
Register COP| DE | BK | BK | BK | BK | BK |DRM| FH |EM1|EMO|PWD| BS1|BSO | BE1 | BEO
ONCE Reset = $0010 | DIS 41312 |1fo0
Read/Write

OCNTR—$03 7 6 5 4 3 2 1 0

OnCE Count
Register

OnCE Reset = $0000
Read/Write

8-bit event counter

OBAR—$04 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

OnCE Breakpoint
Address Register 16-bit breakpoint address register
Reset: Not modified (program or data memory breakpoints)
Write-Only

* Indicates reserved bits, written as zero for future compatibility

ONCE reset occurs when hardware or COP reset occurs, and an ENABLE_ONCE instruction
is not latched into the JTAG instruction register (IR) AA1389A

Figure 12-3. OnCE Module Registers Accessed Through JTAG
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OPGDBR_$08 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

OnCi:g(?sl?els; 16-bit register used to read registers and memory values
Reset: Not modified from the DSP core
Read-Only

OPDBR_$09 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Ongsgli:s?e? 16-bit register used to execute instructions in debug mode
Reset: Not modified and restore pipeline upon exit
Read/Write

OPABFR—$0A 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

OnCE PAB

Fetch Register
Reset: Not modified
Read-Only

16-bit program fetch address

OPABER—$10 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
OnCE PAB
Execute Register
Reset: Not modified
Read-Only

16-bit program execute address

OPABDR—$13 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

OnCE PAB
Decode Register
Reset: Not modified

16-bit program decode address

Read-Only
I I |
AA1389B
Figure 12-3. OnCE Module Registers Accessed Through JTAG (Continued)
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OBAR>—g05 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

OnCE Breakpoint
Address Register 2
Reset: Not modified

Read/Write

OJnCE™ Module

16-bit breakpoint address register
(address or data breakpoints)

OBMSK2—s$06 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

OnCE Breakpoint
Mask Register 2
Reset: Not modified
Read/Write

16-bit breakpoint mask register
(address or data breakpoints)

OBCTL2—%07 2 1 0
OnCE Breakpoint
Control Register 2
OnCE Reset = $0

Read/Write

EN | INV | DAT

OnCE reset occurs when hardware or Computer Operating Properly (COP) reset occurs, and an ENABLE_ONCE instruction
is not latched into the JTAG port instruction register (IR) AA1389C

Figure 12-3. OnCE Module Registers Accessed Through JTAG (Continued)

OPGDBR—X:$FFFF 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

OnCE PGDB 6-bi . d d reai d |
Register 16-bit register used to read registers and memory values

Reset: Not modified from the DSP core
Write-Only

OPDBR
oncCEPDB 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Register . ) . . .
Reset: Not modified 16-bit register used to execute instructions in debug mode

Write-Only and restore pipeline upon exit

ONnCE Port interrupt vector:
OnCE TRAP P:$000C
OnCE TRAPs are Level 1 interrupts and not programmable in the IPR

Note: OPGDBR and OPDBR are not dedicated OnCE module registers. They share functionality with the core. If used

incorrectly, they can give unexpected results.
AA1390

Figure 12-4. OnCE Module Registers Accessed from the Core

The OnCE module has an associated interrupt vector $000C. The user can configure the event modifier
(EM) bits of the OCR such that a OnCE event other than trace generates alevel 1 non-maskable interrupt.
Thisinterrupt capability is described in Section 12.4.4.6, “ Event Modifier (EM[1:0])—Bits 6-5.”
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12.3.3 OnCE State Machine and Control Block

The OnCE state machine has the following states:

IDLE—Do nothing

STATCOM—Poll status and get command
DEC1—Decode 1

DEC2—Decode 2

RWREG—Read/write a OnCE register
WPDBR—Write OPDBR

Figure 12-5 shows the possible paths through the OnCE state machine. Table 12-3 on page 12-11 gives a
description of each state transition (as shown in Figure 12-5).
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(Poll Status &
Get Command)

RWREG
(Read/Write a
OnCE Register)

() j
( WPDBR
(Write OPDBR)

AA0116

Figure 12-5. OnCE State Machine
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Table 12-3. OnCE State Machine Transitions

Transition Description

1 Chip is in normal mode.

2 Chip enters debug mode. Go to STATCOM state.

3 Get command. Wait for the external controller to finish sending an 8-bit command.

4 External controller has finished sending the command. Start decoding OnCE command.

5 OnCE will not access any registers. The core is to repeat executing the previous instruction.

6 OnCE is to access a dedicated register. This is the default state when the OnCE command
selects a reserved option.

7 Read or write any OnCE dedicated register besides the PDB register, OBDBR. The core will not
be asked to execute any instruction.

8 Read OPDBR. The core will not be asked to execute any instruction.

9 Write to the OPDBR. The core will eventually be asked to execute an instruction.

10 OnCE is to clear either the OnCE breakpoint counter (OMBC) or the OnCE trace counter (OTC).

11 Read or write the OnCE dedicated register. Wait for 16 input or output bits to be shifted.

12 Finished writing a OnCE register. Send an acknowledge pulse.

13 Finished writing a OnCE register. Do not send an acknowledge pulse.

14 Write to the OPDBR. Wait for the 16-bit core command or operand to be shifted.

15 Finished writing to the OPDBR. Execute a one-word core instruction, but do not exit from debug
mode.

16 Finished writing to the OPDBR. Execute a two-word core instruction, but do not exit from debug
mode.

17 Finished writing to the OPDBR. Transfer its contents to the PDB. This is the first word of a
two-word instruction. Get the second word.

18 Finished writing to the OPDBR. Execute a one-word core instruction while exiting the OnCE
debug mode.

19 Finished writing to the OPDBR. Execute a two-word core instruction while exiting the OnCE
debug mode.

20 The core has finished executing the current instruction. Get the next OnCE command.

@ MOTOROLA
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12.4 Command, Status, and Control Registers
The OnCE command, status, and control registers are described in Section 12.4.1, “OnCE Shift Register
(OSHR),” through Section 12.4.6, “ OnCE Status Register (OSR).” They include these registers:

e OnCE shift register (OSHR)

e OnCE command register (OCMDR)

e OnCE decoder (ODEC) register

e OnCE control register (OCR)

e OnCE breakpoint 2 control (OBCTL?2) register

e OnCE statusregister (OSR)

OJnCE™ Module

12.4.1 OnCE Shift Register (OSHR)

The OnCE shift register (OSHR) is a JTAG shift register that samplesthe TDI pin on the rising edge of
TCK in Shift-DR and provides output to the TDO pin on the falling edge of TCK. During OCMDR and
OSR transfers, thisregister is 8 bitswide. During al other transfers, thisregister is 16 hitswide. The input
from TDI is clocked first into the MSB of the OSHR. The TDO pin receives data from the least significant
bit (LSB) of the OSHR.

12.4.2 OnCE Command Register (OCMDR)

The OnCE module hasits own instruction register and instruction decoder, the OnCE command register
(OCMDR). After acommand is latched into the OCMDR, the command decoder implements the
instruction through the OnCE state machine and control block. There are two types of commands: read
commands that cause the chip to deliver required data, and write commands that transfer datainto the chip
and write it in one of the on-chip resources. The commands are 8 bits long and have the format shown in
Figure 12-6. The lowest 5 bits (RS[4:0]) identify the source for the operation, defined in Table 12-4. Bits 5,
6, and 7 define the exit (EX) command bit (Table 12-5 on page 12-13), the execute (GO) bit (Table 12-6
on page 12-13), and the read/write (R/W) bit (Table 12-7 on page 12-14), respectively.

ocMDR 7 6 5 4 3 2 1 0
OnCE Command Register
Reset: Not modified | R/w [ GO | EX | RS4 | RS3 | RS2 [ RS1 | RSO

Write-Only
| | AA0106
Figure 12-6. OnCE Command Format
Table 12-4. Register Select Encoding
RS[4:0] Register/Action Selected Mode Read/Write
00000 No register selected All Not applicable
00001 OnCE breakpoint and trace counter (OCNTR) All Read/Write
00010 OnCE debug control register (OCR) All Read/Write
12-12 DSP56824 User's Manual @ MOTOROLA
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RS[4:0] Register/Action Selected Mode Read/Write
00011 (Reserved) All N/A
00100 OnCE breakpoint address register (OBAR) All Write-only
00101 (Reserved) All N/A
00110 (Reserved) All N/A
00111 (Reserved) All N/A
01000 OnCE PGDB bhus transfer register (OPGDBR) Debug Read-only
01001 OnCE program data bus register (OPDBR) Debug Read/Write
01010 OnCE program address register—fetch cycle (OPABFR) FIFO halted Read-only
01011 (Reserved) N/A N/A
01100 Clear OCNTR All N/A
01101 (Reserved) N/A N/A
01110 (Reserved) N/A N/A
01111 (Reserved) N/A N/A
10000 OnCE program address register—execute cycle (OPABER) FIFO halted Read-only
10001 OnCE program address FIFO (OPFIFO) FIFO halted Read-only
10010 (Reserved) N/A N/A
10011 OnCE program address register—decode cycle (OPABDR) FIFO halted Read-only
101xx (Reserved) N/A N/A
11xxx (Reserved) N/A N/A

Table 12-5. EX Bit Definition
EX Action
0 Remain in the debug processing state
1 Leave the debug processing state
Note: Bit 5 in the OnCE command word is the exit command. To leave debug mode and reenter the normal

mode, both the EX and GO bits must be asserted in the OnCE input command register.

Table 12-6. GO Bit Definition

GO Action
0 Inactive—no action taken
1 Execute DSP instruction

@ MOTOROLA
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Table 12-7. R/W Bit Definition

RIW Action
0 Write to the register specified by the RS[4:0] bits
1 Read from the register specified by the RS[4:0] bits

12.4.3 OnCE Decoder (ODEC)

The OnCE decoder (ODEC) decodes all OnCE instructions received in the OCMDR. The ODEC generates
al the strobes required for reading and writing the selected OnCE registers. This block prohibits accessto
the OnCE program data bus register (OPDBR) and the OnCE PGDB bus transfer register (OPGDBR) if the
chip is not in debug mode. Accessing the program address bus (PAB) pipeline registers from user mode
when the FIFO is not halted gives indeterminate results. The ODEC works closely with the OnCE state
machine on register reads and writes.

12.4.4 OnCE Control Register (OCR)

The 16-bit OnCE control register (OCR) contains bit fields that determine how breakpoints are triggered
and what action occurs when a OnCE event occurs, and it also controls other miscellaneous OnCE
features. Figure 12-7 illustrates the OCR and its fields.

OCR—$02 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

OnCE Control
Register COP| DE | BK | BK | BK | BK | BK |DRM| FH |EM1|EMO|PWD| BS1|BSO | BE1 | BEO
OnCE Reset = $0010 | DIS 4 3 2 1 0
Read/Write

AA0107

Figure 12-7. OCR Programming Model

12.4.4.1 COP Timer Disable (COPDIS)—Bit 15

The COPtimer disable (COPDIS) bit is used to prevent the COP timer from resetting the DSP chip when it
times out. When COPDIS s cleared, the COP timer is enabled. When COPDIS is set, the COP timer is

disabled.
NOTE:

When the COP enable (CPE) bit in the COP/RTI control (COPCTL) register is cleared, the COP
timer is not enabled. In this case, the COPDI S bit has no effect on the deactivated COP timer. (No
COP reset can be generated.) However, the COPDI S bit overrides the CPE bit when both are set.
See Section 11.2.1.1, “COP Enable (CPE)—BIt 15,” on page 11-4 for more information.

12.4.4.2 DE Pin Output Enable (DE)—Bit 14

The DE pin enable (DE) bit configures the TRST/DE pin as an output. When DE is set, the TRST
capahility is disabled. When DE is cleared, the pin is configured as the TRST input. To avoid the
accidental reset of JTAG, the user should change DE only when DRM = 1. DE and DRM should not be
changed simultaneously. See Section 12.4.4.4, “Debug Request Mask (DRM)—Bit 8,” for details on how
DE and DRM bits control TRST/DE functionality.
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12.4.4.3 Breakpoint Configuration (BK[4:0])—Bits 13-9

The breakpoint configuration (BK[4:0]) bits are used to configure the operation of the OnCE module when
it enters the debug processing state. In addition, these bits can aso be used to set up a breakpoint on one
address and an interrupt on another address. Table 12-8 lists the different breakpoint combinations
available.

Table 12-8. Breakpoint Configuration Bits Encoding—Two Breakpoints

BKJ[4:0] Final Trigger Combination and Actions

00000 Breakpoint 1 occurs the number of times specified in the OCNTR. Then the trigger is generated.

00001 Breakpoint 1 or breakpoint 2 occur the number of times specified in the OCNTR. Then the trigger is
generated.

00010 Breakpoint 1 and breakpoint 2 must occur simultaneously the number of times specified in the OCNTR.
Then the trigger is generated.

00100 Breakpoint 1 generates a trigger; breakpoint 2 generates a OnCE Interrupt.

01011 Breakpoint 2 occurs once, followed by breakpoint 1 occurring the number of times specified in the
OCNTR. Then the trigger is generated.

01111 Breakpoint 2 occurs the number of times specified in the OCNTR, followed by breakpoint 1 occurring
once. Then the trigger is generated.

10000 Breakpoint 1 occurs once, followed by trace mode using the instruction count specified in the OCNTR.
Then the trigger is generated.

10001 Breakpoint 1 or breakpoint 2 occurs once, followed by trace mode using the instruction count specified
in the OCNTR. Then the trigger is generated.

10010 Breakpoint 1 and breakpoint 2 occur simultaneously, followed by trace mode using the instruction count
specified in the OCNTR. Then the trigger is generated.

10100 Breakpoint 1 occurs once, followed by trace mode using the instruction count specified in the OCNTR.
Then the trigger is generated; breakpoint 2 generates a OnCE interrupt.

10111 Trace mode using the instruction count specified in the OCNTR.

11011 Breakpoint 2 occurs once, followed by breakpoint 1 occurring once, followed by trace mode using the
instruction count specified in the OCNTR. Then the trigger is generated.

Note: All other encodings of BK[4:0] are illegal and may cause unpredictable results.

Breakpoint 2 is asimple address compare. It is unaffected by BS/BE bits, except that BE = 00 disablesiit.
BE = 00 disables al of the preceding BK settings except pure trace mode (BK[4:0] = 10111). See
Section 12.4.5, “OnCE Breakpoint 2 Control Register (OBCTL2),” for more information.

12.4.4.4 Debug Request Mask (DRM)—DBit 8

The debug request mask (DRM) bit is used to mask DE, the external debug request signal. When this bit is
cleared, a pulse on the DE input pin causes the DSP to enter the debug mode of operation. When thisbitis
set, the DSP does not enter debug mode when apulseis placed on the DE input.

This bit is also used to enable or disable TRST/DE pin drive when the DE bit is set. When DRM = 0 and
DE = 1, event occurrences assert TRST/DE low. When DRM = 1, TRST/DE is not asserted even if
DE = 1. Figure 12-8 shows how these 2 bits affect the TRST/DE pin.
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VCC

Internal JTAG Reset

o——
OCR[14] (DE) ] TRST/DE
_ p Pad
RESET
OCRI8] (DRM) :>_{
TO | HBO | SBO |JTAG_ debug_ack

Figure 12-8. Debug Event Pin

AA1387

12.4.45 FIFO Halt (FH)—Bit 7

The FIFO halt (FH) bit allows the user to halt address capture in the OnCE change-of-flow FIFO
(OPFIFO) register, the ONCE PAB fetch register (OPABFR), the OnCE PAB decode register (OPABDR),
and the OnCE PAB execute register (OPABER) when the bit is set. The FH bit is set only by writesto the
OCR, never automatically by on-chip circuitry (that is, it is acontrol bit, never a status hit). This givesthe
user asimple method to halt the PAB history capture without setting up event conditions using the EM bits
and breakpoint circuitry.

NOTE:

The FIFO ishalted immediately after the FH bit is set. This meansthat the
FIFO can be halted in the middle of instruction execution, leading to
incoherent OPFIFO register contents.

12.4.4.6 Event Modifier (EM[1:0])—Bits 6-5

The event modifier (EM[1:0]) bits allow different actions to take place when a OnCE event occurs. OnCE
events are defined to be occurrences of hardware breakpoints, software breakpoints, and traces. Each event
occurrence sets the respective occurrence bit (HBO, SBO, or TO) in the OnCE status register (OSR),
regardless of EM encoding. In addition, when the DE pin is enabled, each event occurrence drives DE low
until the event is rearmed, again regardless of EM encoding.

The first trigger condition of a breakpoint sequence does not set a bit in the OSR. Only completion of the
final trigger condition sets the respective bit in the OSR (hardware breakpoint occurrence, HBO, for all but
one BK encoding).

When EM[1:0] = 00, a OnCE event halts the core and the chip enters debug mode. The core is halted on
instruction boundaries only. When the core is halted, the user has access to core registers aswell as data
and program memory locations, including peripheral memory-mapped registers. The user also has the
ability to execute core instructions forced into the instruction pipeline via OnCE modul e transfers.

If EM[1:0] = 01, the core does not halt when an event occurs (that is, debug mode is not entered), but the
OPFIFO, OPABFR, OPABDR, and OPABER registers stop capturing. This allows the user to access the
PAB history information while the application continues to execute.

If EM[1:0] = 10, the core does not halt when an event occurs, but alevel 1 interrupt occurs with avector at
location P:$000C. This alows the user to execute diagnostic subroutines upon event occurrences or even
to patch program memory by setting a breakpoint at the beginning of the code to be patched. Note that
trace occurrences do not trigger vectored interrupts. Only hardware and software breakpoints are allowed
ONCE events for this EM encoding.
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If EM[1:0] = 11, the core does not halt and no other action is taken other than the pulsing low of DE (when
enabled). This encoding serves to produce an externa trigger without changing OnCE module or core
operation.

EM encodings 11 and 10 enable automatic event rearming. This means that 8 Phi clock cycles after the
event occurrence flag (HBO, TO, or SBO) is set, it is reset, thus rearming the event. If DE isenabled, it is
asserted (driven low) for 8 Phi clock cycles, and then released. If another event occurs within those 8 Phi
clock cycles or directly after, the occurrence flag is set immediately and DE remains low.

Torearm an event in EM encoding 00, debug mode must be exited (typically by executing acore
instruction when setting EX and GO in the OCMDR), thereby clearing the status bits and releasing DE.

Torearm an event in EM encoding 10, the OCR must be written. If the user does not wish to change the
value of OCR, writing OCR with its current value rearms the event successfully. DE, if enabled, isreleased
when this occurs.

Enabling trace for EM = 11 or EM = 10 is not particularly useful. Since atrace event occurs on every
instruction execution once OCNTR reaches zero, the event is continuously set, meaning that DE stays low
after the first event. For EM = 10, vectoring is disabled on trace occurrences, though DE goes low and
stays low after the first trace occurrence. The appropriate event occurrence bit is not reset in this case
(tracing and OCNTR = $0000) until trace mode is disabled and an event-clearing action takes place, such
as exiting debug mode or writing the OCR while in user mode.

NOTE:

Any OCR write in user mode resets the event flags, while OCR writesin
debug mode do not reset the event flags.

Table 12-9 on page 12-17 summarizes the different EM encodings.
Table 12-9. Event Modifier Selection

EM[1:0] Function Action on Occurrence of an Event
00 Enter debug The core halts and debug mode is entered. FIFO capture is automatically halted.
mode The event is rearmed by exiting debug mode.
01 FIFO halt Capture by the OPABFR, the OPABDR, the OPABER, and FIFO is halted. The

user program is unaffected. The event is rearmed by writing to the OCR.

10 Vector enable The user program is interrupted by the OnCE event. Program execution goes to
P:$000C, FIFO capturing continues, the event is automatically rearmed, and the
user program continues to run. Trace occurrences do not cause vectoring, though
the TO bit is set and DE is asserted.

11 Rearm The event is automatically rearmed. FIFO capture continues, and the user program
continues to run.

NOTE:

When events are rearmed, OCNTR is not reloaded with its original value.
It remains at zero, and the next triggering condition generates an event.

Care must be taken when changing the EM bits. It is recommended that the particular event (trace,
hardware, or software breakpoint) is disabled first. On the next OCR write, the EM bits can be modified
and the event reenabled. Thisis only required when the chip is not in debug mode. Improper operation can
occur if thisis not followed. For example, if the FIFO has halted due to an event occurrence with

EM[1:0] = 01 and the next OCR write changes EM[1:0] to 00, the chip enters debug mode immediately.
Automatic rearming is desirable if the 10 encoding is being used for a ROM patch or the 11 encoding is
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used for profiling code. The EM[1:0] bits add some powerful debug techniques to the OnCE module. Users
can profile code more easily with the 01 encoding or perform specia tasks when events occur with the 10
encoding.

The most attractive feature of the 10 encoding is the ability to patch the ROM. If a section of codein ROM
isincorrect, the user can set a breakpoint at the starting address of the bad code and vector off to aprogram
RAM location where the patch resides. There are also BK encodings that can be used for this purpose.

The 11 encoding is useful for toggling the DE pin output. The user can count events on the DE output and
determine how much time is being spent in a certain subroutine or other useful things. DE is held low for
two instruction cyclesto avoid transmission line problems at the board level at high internal clock speeds.
This restricts event recognition to no more than one event every three instruction cycles, limiting its
usefulness during tracing.

12.4.4.7 Power Down Mode (PWD)—Bit 4

The power down mode (PWD) bit is a power-saving option that reduces running current for applications
that do not use the ONnCE module. The user can set or reset the PWD bit by writing to the OCR. On
hardware reset (deassertion of the RESET signal), this bit is set (low power mode) if the JTAG TAP
controller is not decoding an ENABLE_ONCE command. If the ENABLE_ONCE command is being
decoded, the bit can be set or cleared only through a OnCE module write command to the OCR. To ensure
proper operation, breakpoints should be completely disabled before setting PWD.

When the OnCE module is powered down (PWD = 1), much of the OnCE module is shut down, although
the following two things can still occur:
« A JTAG DEBUG_REQUEST instruction still halts the core.

* The OnCE module state machineis still accessible so that the user can write to the OCR.

NOTE:

DEBUG instructions executed by the core are ignored if PWD is set, and
no event occurs.

12.4.4.8 Breakpoint Selection (BS[1:0])—Bits 3-2

The breakpoint selection (BS[1:0]) control bits select whether the breakpoints are recognized on program
memory fetch, program memory access, or first X memory access. These bits are cleared on hardware
reset, as described inTable 12-10. These bits are used only in determining triggering conditions for
breakpoint 1, not for additional future breakpoint comparators.

The BS and BE bits apply only to the breakpoint 1 mechanism. Breakpoint 2 and future breakpoint
mechanisms are unaffected by BS or BE bit encodings, except for the fact that all breakpoint mechanisms
are disabled when BE[1:0] = 00.

12-18 DSP56824 User’s Manual @ MOTOROLA

For More Information On This Product,
Go to: www.freescale.com



ARCHIVED BY FREESCALE SEMICONDUCTOR, INC. 2005

Freescale semlcon%%lrﬁr%gwrd, !,!2185, and Control Registers

ARCHIVED BY FREESCALE SEMICONDUCTOR, INC. 2005
Table 12-10. BS[1:0] Bit Definition

BS[1:0] Action on Occurrence of an Event

00 Breakpoint on program memory fetch (fetch of the first word of instructions that are actually executed,
not of those that are killed, not of those that are the second word of two-word instructions, and not of
jumps that are not taken)

01 Breakpoint on any program memory access (any MOVEM instructions, fetches of instructions that are
executed and of instructions that are killed, fetches of second word of two-word instructions, and
fetches of jumps that are not taken)

10 Breakpoint on the first X memory access—XAB1/CGDB access

11 (Reserved)

NOTE:

It isnot possibleto set abreakpoint onthe XAB2 buswhenitisused in the
second access of adual read instruction.

The BS[1:0] bits work in conjunction with the BE[1:0] bits to determine how the address breakpoint
hardwareis set up. The decoding scheme for BS[1:0] and BE[1:0] is shown in Table 12-11.

Table 12-11. Breakpoint Programming with the BS[1:0] and BE[1:0] Bits

Function BS[1:0] BE[1:0]
Disable all breakpoints? All combinations 00
(Reserved) 00 01
Program instruction fetch 00 10
(Reserved) 00 11
Any program write or fetch 01 01
Any program read or fetch 01 10
Any program access or fetch 01 11
XAB1 write 10 01
XABL1 read 10 10
XAB1 access 10 11
(Reserved) 11 01
(Reserved) 11 10
(Reserved) 11 11

1. When all breakpoints are disabled with the BE[1:0] bits set to 00, the full-speed instruction tracing capa-
bility is not affected. See Section 12.9.2, “Entering Debug Mode.”
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12.4.4.9 Breakpoint Enable (BE[1:0])—Bits 1-0

The breakpoint enable (BE[1:0]) control bits enable or disable the breakpoint logic and select the type of
memory operations (read, write, or access) upon which the breakpoint logic operates. Access means either
aread or write can be taking place. These bits are cleared on hardware reset. Table 12-12 describes the bit
functions.

OJnCE™ Module

Table 12-12. BE[1:0] Bit Definition

BE[1:0] Selection
00 Breakpoint disabled
01 Breakpoint enabled on memory write
10 Breakpoint enabled on memory read
11 Breakpoint enabled on memory access

The BE[1:0] bits work in conjunction with the BS[1:0] bits to determine how the address breakpoint
hardwareis set up. The decoding scheme for BS[1:0] and BE[1:0] is shown in Table 12-11. Breakpoints
should remain disabled until after the OBAR isloaded. See Section 12.5.5, “OnCE Breakpoint and Trace
Section,” and Section 12.9.2, “Entering Debug Maode,” for a more complete description of tracing and
breakpoints. Breakpoints can be disabled or enabled for one memory space.

12.4.5 OnCE Breakpoint 2 Control Register (OBCTL?2)

The OnCE breakpoint 2 control register (OBCTL2) isa 3-hit register used to program breakpoint 2. It can
be read or written by the OnCE unit. It is used to set up the second breakpoint for breakpoint operation.
This register is accessed as the lowest 3 bits of a 16-bit word. The upper bits are reserved and should be
written with zero to ensure future compatibility.

12.4.5.1 Reserved OBCTL2 Register Bits

Bits 15-3 are reserved and are read as zero during read operations. These bits should be written with zero
to ensure future compatibility.

12.4.5.2 Enable (EN)—Bit 2

The enable (EN) bit is used to enable the second breakpoint unit. When EN is set, the second breakpoint
unit is enabled. When EN is cleared, the second breakpoint unit is disabled.

12.4.5.3 Invert (INV)—Bit 1

Theinvert (INV) bit is used to specify whether to invert the result of the comparison before sending it to
the breakpoint and trace unit. When INV is set, then the second breakpoint unit inverts the result of the
comparison. When INV is cleared, no inversion is performed.
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12.4.5.4 Data/Address Select (DAT)—Bit 0

The data/address select (DAT) bit determines which bus is selected by the second breakpoint unit. When
DAT is set, the second breakpoint unit examines the core global data bus (CGDB). When DAT iscleared,
the program address bus (PAB) is examined.

12.4.6 OnCE Status Register (OSR)

The OnCE statusregister (OSR) is shown in Figure 12-9. By observing the values of the 5 status bitsin the
OSR, the user can determine if the core has halted, what caused it to halt, or why the core has not halted in
response to a debug request. The user can see the OSR value when shifting in anew OnCE command
(writing to the OCMDR), allowing for efficient status polling. The OSR (and all other OnCE registers) are
inaccessible in stop mode.

OSR 7 6 5 4 3 2 1 0
OnCE Status
Register
ONCE Reset = $00 * * * 0Os1 0S0 TO HBO SBO
Read-Only

l l l AA0108

Figure 12-9. OSR Programming Model

12.4.6.1 Reserved OSR Bits—Bits 7-5

Bits 7-5 of the OSR are reserved for future expansion and are read as zero during DSP read operations.

12.4.6.2 ONnCE Core Status (OS[1:0])—Bits 4-3

The OnCE core status (OS] 1:0]) bits describe the operating status of the DSP core. It isrecommended that
the user read JTAG IR for OS] 1:0] information, because OSR is unreadable in stop mode. Table 12-13
summarizes the OS[1:0] descriptions. On transitions from 00 to 11 and from 11 to 00, thereis asmall
chance that intermediate states (01 or 10) may be captured.

Table 12-13. DSP Core Status Bit Description

0OS[1:0] Instruction Description
00 Normal DSP core executing instructions or in reset
01 STOP/WAIT DSP core in stop or wait mode
10 Busy DSP is performing external or peripheral access (wait states)
11 Debug DSP core halted and in debug mode
NOTE:

The OS bits are also captured by the JTAG instruction register (IR). See
Section 12.10.3, “Loading the JTAG Instruction Register,” for details.
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12.4.6.3 Trace Occurrence (TO)—Bit 2

The read-only trace occurrence (TO) status bit is set when atrace event occurs. This bit is cleared by
hardware reset if ENABLE_ONCE is not decoded in the JTAG IR and aso by event rearm conditions
described in Section 12.4.4.6, “Event Maodifier (EM[1:0])—Bits 6-5.”

12.4.6.4 Hardware Breakpoint Occurrence (HBO)—Bit 1

The read-only hardware breakpoint occurrence (HBO) status hit is set when a OnCE hardware breakpoint
event occurs. Thishit is cleared by hardware reset if ENABLE_ONCE is not decoded in the JTAG IR and
aso by the event rearm conditions described in Section 12.4.4.6, “Event Modifier (EM[1:0])—Bits 6-5.”
See Section 12.4.4.3, “Breakpoint Configuration (BK[4:0])—Bits 13-9,” to determine which encodings
are defined to generate hardware breakpoint events.

12.4.6.5 Software Breakpoint Occurrence (SBO)—Bit O

The read-only software breakpoint occurrence (SBO) status bit is set when aDSP DEBUG instruction is
executed (for example, a software breakpoint event) except when PWD = 1 in the OCR.The SBO bitis
cleared by hardware reset provided that ENABLE_ONCE is not decoded inthe JTAG IR. It isalso cleared
by the event rearm conditions described in Section 12.4.4.6, “Event Modifier (EM[1:0])—Bits6-5." The
EM[1:0] bits determine if the core or the FIFO is halted.

12.5 Breakpoint and Trace Registers

Section 12.5.1, “OnCE Breakpoint/Trace Counter Register (OCNTR),” through Section 12.5.5, “OnCE
Breakpoint and Trace Section,” describe these OnCE breakpoint and trace registers.

*  OnCE breakpoint/trace counter register (OCNTR)
e OnCE memory address latch (OMAL) register

*  OnCE breakpoint address register (OBAR)

e OnCE memory address comparator (OMAC)

12.5.1 OnCE Breakpoint/Trace Counter Register (OCNTR)

The OnCE breakpoint/trace counter register (OCNTR) is an 8-bit counter that allows for as many as 256
valid address compares or instruction executions (depending on whether it is configured as a breakpoint or
trace counter) to occur before a OnCE event occurs. In its most common use, OCNTR is $00 and the first
valid address compare or instruction execution halts the core. If the user prefersto generate a OnCE event
on n valid address compares or n instructions, OCNTR isloaded with n — 1. Again, if trace mode is
selected and EM[1:0] is not cleared, only n — 1 instructions must execute before an event occurs.

When used as a breakpoint counter, the OCNTR becomes a powerful tool to debug real-time interrupt
seguences such as servicing an A/D or D/A converter or stopping after a specific number of transfers from
aperipheral have occurred. OCNTR is cleared by hardware reset provided that ENABLE_ONCE is not
decoded in the JTAG IR.

When used as a trace mode counter, the OCNTR allows the user to single step through code, meaning that
after each DSPinstruction is executed, debug mode is reentered, allowing for display of the processor state
after each instruction. By placing larger valuesin OCNTR, multiple instructions can be executed at full
core speed before reentering debug mode. Trace mode is most useful when the EM bits are set for debug
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mode entry, but the user has the ability to halt the FIFO or auto rearm the events (with a DE toggle). The
trace feature hel ps the software devel oper debug sections of code that do not have anormal flow or are
getting hung up in infinite loops. Using the trace counter also enables the user to debug areas of code that
aretimecritical.

It isimportant to note that the breakpoint/trace logic is only enabled for instructions executed outside of
debug mode. Instructions forced into the pipeline viathe OnCE module do not cause trace or breakpoint
events.

12.5.2 OnCE Memory Address Latch (OMAL) Register

The OnCE memory address latch (OMAL) register is a 16-bit register that latches the PAB or XAB1 on
every cycle. Thislatching isdisabled if the OnCE module is powered down with the OCR’s PWD bit.

NOTE:

The OMAL register does not latch the XAB2 bus. As a result, it is not
possible to set an address breakpoint on any access done on the
XAB2/XDB2 bus pair used for the second read in any dua read
instruction.

12.5.3 OnCE Breakpoint Address Register (OBAR)

The OnCE breakpoint address register (OBAR) isa 16-bit OnCE register that stores the memory
breakpoint address. OBAR is available for write operations only through the JTAG/OnCE serial interface.
Before enabling breakpoints (by writing to OCR), OBAR should be written with its proper value. OBAR is
for breakpoint 1 only and has no effect on breakpoint 2.

12.5.4 OnCE Memory Address Comparator (OMAC)

The ONCE memory address comparator (OMAC) isa 16-bit comparator that compares the current memory
address (stored by OMAL) with the memory address register (OBAR). If OMAC is equal to OMAL, then
the comparator delivers a signal indicating that the breakpoint address has been reached.

12.5.5 OnCE Breakpoint and Trace Section

Two capabilities useful for real-time debugging of embedded control applications are address breakpoints
and full-speed instruction tracing. Traditionally, processors had set a breakpoint in program memory by
replacing the instruction at the breakpoint address with an illegal instruction that causes a breakpoint
exception. Thistechniqueislimiting in that breakpoints can only be set in RAM at the beginning of an
opcode and not on an operand. In addition, this technique does not allow breakpoints to be set on data
memory locations. The DSP56824 instead provides on-chip address comparison hardware for setting
breakpoints on program or data memory accesses. This allows breakpoints to be set on program ROM as
well as program RAM locations. Breakpoints can be programmed for reads, writes, program fetches, or
memory accesses using the OCR’s BS and BE bits. See Section 12.4.4.8, “ Breakpoint Selection
(BS[1:0])—Bits 3-2."
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The breakpoint logic can be enabled for the following:
e Program instruction fetches
e Program memory accesses viathe MOV E(M) instruction (read, write, or access)
e X datamemory accesses (read, write, or access)
e On-chip peripheral register accesses (read, write, or access)
e On either of two program memory breakpoints (that is, on either of two instructions)
e Onasinglebit or field of bitsin adatavalue at a particular address in data memory
e Onaprogram memory or data memory location (on XAB1)
e On asequence of two breakpoints

Breakpoints are al so possible during on-chip peripheral register accesses because these are implemented as
memory-mapped registersin the X data space.

In addition, the DSP56824 OnCE module provides a full-speed tracing capability—the capability to
execute as many as 256 instructions at full speed and then reenter the debug processing state, or simply
generate aONCE event. Thisallows the user to single step through a program in the simplest case when the
counter is set for one occurrence or to execute many instructions at full speed before returning to the debug
mode.

The breakpoint logic and the trace logic have been designed to work together so that it is possible to set up
more sophisticated trigger conditions that combine as many as two breakpoints and trace logic. The
individual events and conditions that lead to triggering can also be modified.

During debugging, it is sometimes the case that not enough breakpoints are available. In this case, the
core-based DEBUG ingtruction can be substituted for the desired breakpoint location. The JTAG
instruction DEBUG_REQUEST (0111) can be used to force debug mode.

12.6 Pipeline Registers

The OnCE module provides the user with the ability to halt the DSP core on any instruction boundary.
Upon halting the core, the user can execute certain instructions from debug mode, giving accessto on-chip
memory and registers. These register values can be brought out through the OnCE module by executing a
sequence of DSP instructions that move values to peripheral global data bus (PGDB), followed by OnCE
commands that read the OPGDBR. This register is described in detail in Section 12.6.6, “OnCE PGDB
Register (OPGDBR).”

Executing instructions from debug mode destroys the pipeline information. The OnCE module provides a
means to preserve the pipeline upon entering debug mode and restoring it upon leaving debug mode.

A restricted set of one- and two-word instructions can be executed from debug mode. Three-word
instructions cannot be forced into the pipeline. However, the pipeline can be restored regardless of whether
the next instruction to be executed is one, two, or three words long.
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The OnCE module provides the following pipeline registers:
*  OnCE PAB fetch register (OPABFR)
e OnCE PAB decode register (OPABDR)
e OnCE PAB execute register (OPABER)
« OnCE PDB register (OPDBR)
e OnCE PGDB register (OPGDBR)
e OnCE PAB change-of-flow FIFO (OPFIFO) register

12.6.1 OnCE PAB Fetch Register (OPABFR)

The OnCE PAB fetch register (OPABFR) is aread-only 16-bit latch that stores the address of the last
instruction that was fetched before debug mode was entered. It holds both opcode and operand addresses.
OPABFR isavailable for read operations only through the serial interface. This register is not affected by
the operations performed during debug mode.

12.6.2 OnCE PAB Decode Register (OPABDR)

The 16-bit OnCE PAB decode register (OPABDR) stores the opcode address of the instruction currently in
the instruction latch, which is the program counter (PC) value. Thisisthe instruction that would have been
decoded if the chip had not entered debug mode. OPABDR is available for read operations only through
the JTAG/ONCE port. This register is not affected by the operations performed during debug mode.

12.6.3 OnCE PAB Execute Register (OPABER)

The 16-bit OnCE PAB execute register (OPABER) stores the opcode address of the last instruction
executed before entering debug mode. OPABER is available for read operations only through the
JTAG/ONCE port. Thisregister is not affected by operations performed during debug mode.

12.6.4 OnCE PAB Change-of-Flow FIFO (OPFIFO)

The OnCE PAB change-of-flow FIFO (OPFIFO) register consists of multiple 16-bit register locations,
though all locations are accessed through the same address (RS[4:0] in the OCMDR). The registers are
serialy availablefor read to the command controller through their common OPFIFO address. The OPFIFO
is not affected by the operations performed during debug mode, except for the shifting performed after
reading a OPFIFO value.

12.6.5 OnCE PDB Register (OPDBR)

The OnCE PDB register (OPDBR) is aread/write 16-bit |atch that stores the value of the program data bus
(PDB) generated by the last program memory access of the DSP before debug mode is entered. OPDBR is
available for read/write operations only through the JTAG/OnCE serial interface and only when the chipis
in debug mode. Any attempted read of OPDBR when the chip is not in debug mode resultsin the JTAG
shifter capturing and shifting unspecified data. Similarly, any attempted write has no effect.
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Immediately upon entering debug mode, OPDBR should be read out via a OnCE command selecting
OPDBR for read. This value should then be saved externally if the pipeline is to be restored (whichis
typically the case). Any OPGDBR access corrupts PDB, so if OPDBR isto be saved, it must be saved
before OPGDBR read/writes.

To restore the pipeline, regardless of where debug mode was entered in the instruction flow, the same
sequence must take place. First, the value read out of OPBDR upon entry to debug mode is written back to
OPDBR with GO = EX = 0. Next, that same value is written again to OPDBR, but this time with

GO = EX = 1. Thefirst write is necessary to restore PAB. The old PAB valueis saved in the FIFO and
restored on the first write. It is not restored directly by the user. The second write actually restores
OPDBR, and the GO = EX =1 restartsthe core.

To force execution of a one-word instruction from debug mode, write the OPDBR with the opcode of the
instruction to be executed and set GO = 1 and EX = 0. Theinstruction then executes. During the execution,
0S[1:0] = 00. Upon completion, OS[1:0] = 11 (debug mode). The user can poll JTAG IR to determine
whether the instruction has completed. Typically, the period of time that OS[1:0] = 00 is unnoticeably
small. By thetime JTAG IR polls status and isread, OS[1:0] = 11. Theonly casein which thisisnot trueis
on chips with mechanisms to extend wait states infinitely (for example, transfer acknowledge pins). In that
case, polling is necessary. Only arestricted set of one-word instructions can be executed from debug mode.

To force execution of a two-word instruction from debug mode, write the OPDBR with the opcode of the
instruction to be executed and set GO = EX = 0. Next, write OPDBR with the operand with GO = 1 and
EX = 0. Theinstruction then executes. Asin the one-word case, JTAG IR should be polled for status. Only
arestricted set of two-word instructions can be executed from debug mode.

The set of supported instructions for execution from debug mode (GO but not EX) are:
e JMP #XXXX

e  MOVE #xxxX, register

e MOVE register,x: $ffff
e MOVE register,register
e MOVE register,x:(r0)+
e MOVE x:(r0)+, register
e MOVE register,p:(r0)+
e MOVE p:(r0)+, register

Note that rO can be any of ther registers. The execution of other DSP instructions is possible, but only the
preceding ones are specified and supported. Three-word instructions cannot be executed from debug mode.

12.6.6 OnCE PGDB Register (OPGDBR)

The OnCE PGDB register (OPGDBR) is aread-only 16-bit latch that stores the value of the global data
bus (GDB) upon entry into debug mode. The OPGDBR is available for read operations only through the
serial interface. The OPGDBR isrequired as a means of passing information between the chip and the
command controller. It istypically used by executinganmove r eg, X: $FFFF from debug mode. The value
in“reg” isread out onto PGDB. The value can then be accessed viaa OnCE command, selecting the
OPGDBR for read.

The OPGDBR is atemporary register that stores the last value written to the PGDB. Executing

MOVE r eg, X: $FFFF loads the OPGDBR with the correct value. When the next DSP instruction is
executed that modifies the PGDB after executing the nove r eg, X: $FFFF instruction, the OPGDBR
holds the newly modified PGDB value. An example of an instruction that maodifies the PGDB busis any
instruction that writes to any of the peripheral memory-mapped registers on a DSP chip.
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The OPGDBR is available for read operations only through the JTAG/OnCE seria interface and only
when the chip isin debug mode. Any attempted read of the OPGDBR when the chip is not in debug mode
resultsin the JTAG shifter capturing and shifting unspecified data.

NOTE:

The OPGDBR accesses corrupt PDB. Therefore, if the user needs to save
the value on PDB, an OPDBR read should be executed before the first
OPGDBR access in any debug session.

12.6.7 OnCE FIFO History Buffer

To aid debugging activity and keep track of the program flow, aread-only FIFO buffer is provided. The
FIFO stores PAB values from the instruction flow. The FIFO consists of fetch, decode, and execute
registers aswell as an optional (peripheral) change-of-flow FIFO. Figure 12-10 illustrates ablock diagram
of the OnCE FIFO History Buffer.
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(OPABFR) via OnCE
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Figure 12-10. OnCE FIFO History Buffer
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The following instructions are considered to be change of flow:

BRA JMP
Bcc (with condition true) Jcc (with condition true)
BRSET BRCLR
RTS RTI
JSR
NOTE:

Addresses of JSR instructions at interrupt vector locations are not stored in
the change-of-flow FIFO.

When one of the listed instructions is executed, its opcode addressisimmediately placed in the top
location of the change-of-flow FIFO (aswell as being placed in OPABER). Previous addresses placed in
the OPFIFO are shifted down one location, and the oldest address is overwritten. The OPABDR holds the
PC value. If the core has been halted, the next opcode to be executed resides at the memory location
pointed to by OPABDR.

Reads of the OPFIFO register return the oldest value in the OPFIFO first. The next read returns the next
oldest. The nth read in an n-deep OPFIFO returns the latest change-of-flow address. It is recommended
that all OPFIFO locations are read (that is, n reads for an n-deep OPFIFO) so that the oldest-to-newest
ordering is maintained when address capture resumes.

The change-of-flow aspect of the FIFO begins after the OPABER and not the fetch, decode, or execute
registers (OPABFR, OPABDR, or OPABER). Thus, changes of flow affect only the contents of the
OPFIFO.

When the OPFIFO is halted in response to setting the FH bit, PAB capture haltsimmediately. Transfersin
progress can be interrupted, meaning that while determinate values are in the registers, these values may
not provide entirely coherent information regarding the recent history of program flow.

In addition, the state of the OPFIFO can be different when it is halted due to an event occurring when
EM = 01 than when it is halted with the core due to an event occurring when EM = 00.

12.7 Breakpoint 2 Architecture

All DSP56800 chips contain a breakpoint 1 unit. The DSP56824 provides a breakpoint 2 unit that allows
greater flexibility in setting breakpoints. Adding asecond breakpoint greatly increases the debug capability
of the device. It allows the following additional breakpoints for the detection of more complex events:

*  On either of two program memory breakpoints (that is, on either of two instructions)
e Onadatavalue at a particular address in data memory

e Onabhit or field of bitsin a datavalue at a particular address in data memory

e Onaprogram memory or data memory location (on XAB1)

e On aseguence of two breakpoints
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Upon detecting avalid event, the OnCE module then performs one of the following four actions:
e Halt the DSP core and enter the debug processing state
e Interrupt the DSP core
e Halt the OnCE FIFO but let the DSP core continue operation
« Rearm the trigger mechanism (and toggle the DE pin)

The breakpoint 1 unit is used in conjunction with the breakpoint 2 unit for the detection of more complex
trigger conditions. The breakpoint 1 unit is the same as found on other DSP56800 chips. The breakpoint 2
unit allows specifying more complex breakpoint conditions when used in conjunction with the first
breakpoint. In addition, it is possible to set up breakpoint 2 for interrupts while leaving breakpoint 1
available to the JTAG/OnCE port. Note that when a breakpoint is set up on the CGDB with the
breakpoint 2 unit, the breakpoint condition should be qualified by an X memory access with the
breakpoint 1 unit.

Figure 12-11 shows how the two breakpoint units are combined in the breakpoint and trace counter unit to
specify more complex triggers and to perform one of several actions upon detection of a breakpoint. In
addition to simply detecting the breakpoint conditions, this unit allows the first of the two breakpointsto be
qualified by the BS and BE bits found in the OCR. This allows a breakpoint to be qualified by aread,
write, or access condition. The second breakpoint is unaffected by these bits and merely detects the value
on the appropriate bus. A counter is also available for detecting a specified occurrence of a breakpoint
condition or for tracing a specified number of instructions.

Breakpoint 1 JTAG
DEBUG_REQ
Breakpoint 2 EM[1:0]
End of +
Instruction Enter DEBUG
Y i Final

. Final FIFO Halt
Trigger
BS[1:0] - ) > 99 »| Logic | E

Breakpoint and FH
BE[1:0] -
Trace Control DEBUG
BK[4:0] —» Instruction _Z>—> Interrupt
A Breakpoint 2 Interrupt
Event Count
Detected is Zero
Y ,
Read/Write
Event via OnCE
Counter
OCNTR ITAG DE Pin Logic [ DE Control
DEBUG_REQ
AA1392
Figure 12-11. Breakpoint and Trace Counter Unit
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12.8 Breakpoint Configuration

The breakpoint 1 unit is programmed in the OCR using the BS and BE bits. The breakpoint 2 unit is
programmed by the OnCE breakpoint 2 control (OBCTL2) register, located within the breakpoint 2 unit.
The manner in which the two breakpoints are set up for generating triggers and interrupt conditionsis
specified by the BK bitsin the OCR. The action that is performed when afinal trigger is detected is
specified by the EM bits in the OCR. Figure 12-12 shows the breakpoint programming model for the dual
breakpoint system.
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OCR_g02 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

O”CERCEZES: cop| pe | Bk | BK | BK | BK | BK [DRM| FH |EM1|EMO|PWD|BS1 | BSO | BEL | BEO

OnCE Reset = $0010 | PIS 41312 |1]0
Read/Write
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Register

OnCE Reset = $0000
Read/Write

8-Bit Event Counter

OBAR—$04 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

OnCE Breakpoint
Address Register
Reset: Not modified
Write-Only

16-Bit Breakpoint Address Register
(Program or Data Memory Breakpoints)

OBAR?—$05 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

OnCE Breakpoint
Address Register 2
Reset: Not modified

Read/Write

16-Bit Breakpoint Address Register
(Address or Data Breakpoints)

OBMSK2—s$06 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

OnCE Breakpoint
Mask Register 2
Reset: Not modified
Read/Write

16-Bit Breakpoint Mask Register
(Address or Data Breakpoints)

OBCTL2—$07 2 1 0
OnCE Breakpoint
Control Register 2
OnCE Reset = $0

Read/Write

EN [ INV | DAT

OnCE Port Interrupt Vectors:
OnCE TRAP P:$000C
Enabling OnCE port interrupts in the IPR:

OnCE TRAPs are level 1 interrupts and not programmable in the IPR.

AA1396

Figure 12-12. OnCE Breakpoint Programming Model

The breakpoint 1 unit’s circuitry containsthe OMAL, OBAR, OMAC, and OCNTR. The OMAC, an
address comparator, and the OBAR, its associated breakpoint address register, are useful in halting a
program at a specific point to examine or change registers or memory. Using the OMAC to set breakpoints
enables the user to set breakpointsin RAM or ROM while in any operating mode. The OBAR is dedicated
to breakpoint 1 logic. Figure 12-13 illustrates a block diagram of the breakpoint 1 unit.
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XAB1 PAB
l l OMAL OBAR
Memory Address Breakpoint Write-Only
<€— Pwd . .
MUX & Latch Address Register via OnCE
16 16
OMAC
Comparator
1 %
Breakpoint 1

AA0837
Figure 12-13. Breakpoint 1 Unit

For breakpoint 1, avalid address compare is defined as follows: the value in OBAR matches the value on
PAB or XAB1 while meeting the breakpoint conditions specified by the BE/BS bit combination. A valid
address compare for breakpoint 1 can then do a few things based on BK encodings and the state of
OCNTR. BK could dictate that the first valid address compare enables trace to decrement OCNTR. BK
could also dictate that a valid address compare directly decrements OCNTR. If OCNTR = 0 (because of
previous decrements or a direct OCNTR write), one more valid address compare can be set to generate a
hardware breakpoint event. In this case, HBO is set, the DE pin is asserted (if enabled), and the EM bits
determine whether to halt the core or only the FIFO.

Figure 12-14 provides a block diagram of the breakpoint 2 unit. This unit also hasits own address register
OBAR2 (similar to breakpoint 1's OBAR) and address comparator OMAC2 (similar to breakpoint 1's
OMAQC). If BE =00, the breakpoint 2 unit is disabled. Other BE encodings and all BS encodings refer only
to breakpoint 1 functionality. The BK encoding selects which, if any, breakpoint unit or combination of
units (OR/AND) decrements OCNTR. The breakpoint 2 unit operatesin asimilar manner. A valid
breakpoint 2 address compare occurs when the value on the PAB or CGDB matches the value in the
OBAR2 for the hits selected with the OnCE breakpoint mask register 2 (OBMSK2).
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PAB CGDB
l l OMAL2 OBAR2
Memory Address Breakpoint 2 Read/write
<€— PWD P . .
MUX & Latch Address Register via OnCE
16 1 16 A
v OMAC?2 v OBMSK?2
Breakpoint 2 Read/write
| ————
Comparator Mask Register via OnCE
4
16 4 16 %
Mask OBCTL2
Breakpoint 2 i
p |« Read/write
1.4 Control via OnCE
Y
Optional Invert
1 %
Breakpoint 2 AA0838

Figure 12-14. Breakpoint 2 Unit
A valid breakpoint 2 address compare can do the following based on BK and the state of OCNTR:
e If OCNTR > 0, the OCNTR is decremented directly.
« If OCNTR =0, one more valid address compare can generate an HBO event.

e Thefirst valid address compare can trigger breakpoint 1 valid address compares to begin
decrementing the OCNTR.

e A valid address compare when OCNTR = 0 can trigger a breakpoint 1 valid address compare to
generate an HBO event.

» A valid address compare can generate a OnCE module interrupt. Thisis not considered an event,
since no event flag is set. It isuseful for programmable ROM (PROM) code patching.

e Thefirst valid address compare can trigger trace to decrement the OCNTR.

e Thefirst valid address compare can trigger the first valid address compare on breakpoint 1 to allow
trace to decrement the OCNTR.

NOTE:

When abreakpoint is set up on the CGDB buswith this unit, the breakpoint
conditionisqualified by an X memory accesswith thefirst breakpoint unit.

The BE/BS hits alow the user to define the conditions that determine avalid breakpoint. Using these bits,
breakpoints could be restricted to occur on first data memory reads or only on fetched instructions that are
executed. Again, these bits pertain only to breakpoint 1. See Section 12.4.4.8, “Breakpoint Selection
(BS[1:0])—Bits 3-2,” and Section 12.4.4.9, “Breakpoint Enable (BE[1:0])—Bits 1-0,” to understand
various encodings.
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Perhaps the most important breakpoint capability is the ability to break on up to two program memory
locations, on a sequence where afirst found breakpoint isfollowed sequentially by a second breakpoint, on
a specified data memory location when a programmed value is read or written as datato that location, and
on a specified data memory location where a programmed value is detected only at masked bits in a data
value. Upon detecting a valid event, the OnCE modul e then performs one of four actions currently
available in the OnCE module:

e Halt the DSP core and enter the debug processing state.

e Interrupt the DSP core.

e Halt the OnCE FIFO, but let the DSP core continue operation.
+ Rearm the trigger mechanism (and toggle the DE pin).

If abreakpoint is set on the last instruction in aDO loop (even if BS =00 and BE = 10), a breakpoint
match occurs during the execution of the DO instruction as well as during the execution of the instruction
a the end of the DO loop.

12.8.1 Programming the Breakpoints

Breakpoints and trace can be configured while the core is executing DSP instructions or whilethe coreisin
reset. Complete access to the breakpoint logic (OCNTR, OBAR, and OCR) is provided during these
operating conditions. The user could hold the chip in reset; set OCNTR, OBAR, and OCR such that debug
mode is entered on a specific condition; release reset; and debug the application. Similarly, the application
can be running while the user configures breakpoints to toggle DE on each data memory access to a certain
location, allowing the user to gather statistical information.

In general, to set up a breakpoint, the following sequence must be performed:
1. JTAG must be decoding ENABLE_ONCE to alow OnCE module register reads and writes.

2. The PWD bit in the OCR must be cleared to power up the OnCE module, and the BE[1:0]
bits in the OCR should be set to 00.

3. The breakpoint address must be written into the OBAR.

4. Thevauen -1 must bewritten into the OCNTR, where n is the number of valid address
compares that must take place before generating a OnCE event.

5. The OCR must be written to set the BE, BS, and BK hits for the desired breakpoint
conditions, EM to choose what happens when an event occurs, and DE to enable or disable
the DE pin.

If these steps are completed while in debug mode, debug mode must be exited to restart the core. If these
steps are done in user mode, the breakpoint is set immediately. Note that OnCE events can occur even if
ENABLE_ONCE isnot latched in the JTAG IR. Thisis useful in multiprocessor applications.

Thefirst breakpoint unit is programmed in the OCR using the BS and BE bits. The second breakpoint unit
is programmed by the OnCE breakpoint 2 control (OBCTL2) register, located within the second
breakpoint unit. The manner in which the two breakpoints are set up for generating triggers and interrupt
conditionsis specified by the BK bitsin the OCR. The action which is performed when afinal trigger is
detected is specified by the EM bitsin the OCR.
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12.8.2 OnCE Trace Logic Operation

Thetrace logic istightly coupled with the breakpoint logic, sharing resources where necessary. When
BK[4:0] = 10111, OCNTR is decremented each time an instruction is executed from normal mode.
Instructions executed from debug mode do not decrement the OCNTR. The event occurrence mechanism
isdightly different for trace than for breakpoints. For breakpoints, the event occurs when OCNTR =0, and
another valid address compare happens. For trace, the event occurs (TO is set) when OCNTR first reaches
zero. If the EM bits are set for entry to debug mode, one more instruction is executed after TO is set.
Therefore, if the user wants to halt the DSP after executing n instructions, n — 1 should be placed in
OCNTR (much like the breakpoint case). But if the user would like to halt only the FIFO after n
instructions, n should be placed in OCNTR. Thisis different from the breakpoint case and occurs because
the TO flag is set when OCNTR first reaches zero. Trace events cannot cause OnCE interrupts, although
TOisset and DE is asserted (pulled low) for this EM (that is, EM = 10 actsjust like EM = 11 for trace).

Since trace events occur when OCNTR reaches zero and trace mode is enabled by one of the BK settings,
rearming trace events acts differently than rearming breakpoint events. For example, EM = 10 and

EM = 11 encodings attempt to rearm the trace event, but since the conditions are still valid for trace, TO
remains set and DE remains low. Similarly, for EM = 01 (FIFO halt), an OCR write attempts to clear the
TO, but again the flag remains set since conditions are still valid for trace. To clear TO and capture
additional FIFO values, do the following:

1. Write OCR to disable trace (FIFO begins capturing).
2. Write OCNTR with the desired value.

3. Write OCR to enable trace.

4. Poll forTO=1.

If the first step isomitted, TO is never reset and the FIFO does not begin capturing because the conditions
for valid trace are still present.

Notethat there are sequential breakpoints that enable trace mode. Their trace mode operation isidentical to
the BK[4:0] = 10111 operation, except that the HBO bit is set.

A common use of the trace logic is to execute a single instruction (OCNTR = 0) and then immediately
return to debug mode. Upon returning to debug mode, the user can display registers or memory locations.
When this process is repeated, the user can step through individual instructions and see their effect on the
state of the processor.

12.9 The Debug Processing State

A DSP56800 chip in a user application can enter any of six different processing modes:
¢ Reset mode
e Normal mode
e EXxception mode
e Wait mode
e Stop mode
» Debug mode

Thefirst five of these are referenced in Chapter 7, “ Interrupts and the Processing States,” in the DSP56800
Family Manual. The last processing mode, the debug mode, is described in this subsection.
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The debug mode supports the on-chip emulation features of the chip. In this mode, the DSP coreis halted
and is set to accept ONCE commands through the JTAG port. Once the OnCE moduleis set up correctly,
the DSP leaves the debug mode and returns control to the user program. The DSP reenters the debug mode
when the previously set trigger condition occurs, provided that EM = 00 (OnCE events cause entry to
debug mode).

Capabilities available in the debug mode include the following:
» Reading and writing the OnCE registers
» Reading the instruction FIFO
* Resetting the OnCE event counter
e Executing asingle DSP instruction and returning to this mode
» Executing asingle DSP instruction and exiting this mode

12.9.1 OnCE Normal, Debug, and Stop Modes

The OnCE module has three operational modes. normal, debug, and stop. Whenever aSTOP instruction is
executed by the DSP, the OnCE module is no longer accessible. The OnCE moduleisin the normal mode
except when the DSP enters the debug mode or is in stop mode. The OnCE module isin debug mode
whenever the DSP enters the debug mode. The magjor difference between the states is register access. The
following ONCE module registers can be accessed in normal or debug mode:

e OnCE control register (OCR)
e OnCE statusregister (OSR)
e OnCE breakpoint and trace counter (OCNTR)
e OnCE breakpoint address register (OBAR)
*  OnCE program address bus fetch register (OPABFR) (if FIFO halted)
*  OnCE PAB decode register (OPABDR) (if FIFO halted)
e OnCE PAB execute register (OPABER) (if FIFO halted)
e OnCE PAB change-of-flow FIFO (OPFIFO) (if FIFO halted)
The following OnCE registers can only be accessed when the module isin debug mode:
e OnCE peripheral global data bus register (OPGDBR)
e OnCE program data bus register (OPDBR)

If a STOP is executed while the user is accessing OnCE in user mode, problems may occur since few or no
internal clocks are running anymore. This should be avoided. The user can recognize the occurrence by
capturing the OS bitsin the JTAG IR in Capture-IR. The user can then choose to send a
DEBUG_REQUEST to bring the core out of STOP.
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12.9.2 Entering Debug Mode

There are seven ways to enter debug mode:
e JTAG DEBUG_REQUEST during hardware reset
e JTAG DEBUG_REQUEST during Stop or Wait
e JTAG DEBUG_REQUEST during wait states
«  Software breakpoint (DEBUG) during normal activity with PWD =0 and EM = 00
e Trigger events (breakpoint and trace modes) when EM = 00
e DSPinstruction executed from debug mode with EX =0
« External DE request pin assertion
NOTE:

The DE pin, when asserted, causes the DSP to finish the current instruction
being executed, save the instruction pipeline information, enter debug
mode, and wait for commands to be entered from the JTAG/OnCE seria
input line. A request from the DE pin is treated the same way as a JTAG
DEBUG_REQUEST.

The status bits provide information about the chip status when the debug mode cannot be entered in
response to an external request to enter it. Table 12-14 shows the status of the chip as a function of the two

status bits OS] 1:0].
Table 12-14. Function of OS[1:0]
OS[1:0] Status
00 Normal mode
01 Stop or wait mode
10 DSP busy state (external accesses with wait state)
11 Debug mode

12.9.2.1 JTAG DEBUG_REQUEST and the Debug Event Pin

The core reactsin the same way to a debug request by aJTAG DEBUG_REQUEST or the assertion of the
debug event (DE) pin. To send aJTAG DEBUG_REQUEST, the 0111 opcode must be shifted into the
JTAG IR, and then Update-1R must be passed through. This instructs the core to halt and enter debug
mode. Asserting the debug event (DE) pin produces the same effect. When the DSP enters debug mode in
response to these requests, the DE pin is asserted (pulled low) if it is enabled.

The JTAG/OnCE interface is accessible when RESET is asserted, provided that TRST is hot asserted (that
is, the JTAG port is not being reset). The user can load DEBUG_REQUEST into the JTAG IR while
RESET isheld low. If RESET is then deasserted, the chip exits hardware reset directly into debug mode.
After sending the DEBUG_REQUEST instruction, the user should poll the JTAG IR to see whether the
chip has entered debug mode.
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If the chip isin either wait or stop mode, either type of debug request, much like an external interrupt,
brings the chip out of these modes. Upon leaving wait or stop mode, the chip enters debug mode. As
aways, the user should poll JTAG IR for status after sending the debug request. It isimportant to
remember that the OSR cannot be polled during stop mode, since no OnCE module access is allowed.
However, JTAG accessis alowed.

If the chip isin wait states (because of a non-zero value in BCR or transfer acknowledge deassertion on
chips having this function), the debug request is latched and the core halts upon execution of the
instruction in wait states. The period of time between the debug request and the OS bits being set to 11
(debug mode) is typically much shorter than the time it takesto poll statusin JTAG IR, meaning that

0OS =11 on thefirst poll. The only time thisis not the case is when atransfer acknowledge is generating a
large or infinite number of wait states. For this reason, polling for OS = 11 is always recommended.

Sending a debug request when the chip isin norma mode resultsin the chip entering debug maode as soon
astheinstruction currently executing finishes. Again, the JTAG IR should be polled for status. See
Section 13.2, “JTAG Port Architecture,” on page 13-2 for information about using the JTAG TAP
controller and itsinstructions.

12.9.2.2 Software Request During Normal Activity

Upon executing the DEBUG instruction, the chip enters the debug processing state provided that PWD =0
and EM = 00.

12.9.2.3 Trigger Events (Breakpoints and Trace Modes)

The DSP56824 dlows the user to configure specific trigger events. These events can include breakpoints,
trace modes, or combinations of breakpoints and trace mode operations. The following conditions must
occur to halt the core due to breakpoint or trace:

« EM=00.

e |f OCNTR = 0, breakpoints are enabled (BE is not 00) and the next valid address compare causes
the core to halt, provided it is not the initial enabling breakpoint in a sequential breakpoint.

« |f OCNTR =0, trace mode is selected (one of the BK encodings with BK4 = 1) and the next
instruction executed causes the core to halt.

12.9.2.4 Reentering Debug Mode with EX=0

If aDSP instruction is executed from debug mode with EX = 0, debug mode is automatically reentered
after the instruction finishes executing. When the instruction is being executed, the core is not in debug
mode, and the OS[1:0] bits reflect this state. This changein statusis typically not observable, because the
core leaves and reenters debug mode in avery short time. Still, polling for statusin JTAG IR is
recommended to guarantee that the chip is in debug mode.
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12.9.2.5 Exiting Debug Mode

There are three ways to exit debug mode:

« Restore the pipeline by writing the original OPDBR value back to OPDBR twice, first with
GO = EX =0andlast with GO = EX = 1. PAB isrestored from OPABFR so that fetching continues
from the correct address.

e Change program flow by writing aj np opcode to OPDBR with GO = EX = 0 and then writing the
target address to OPDBR with GO = 1 and EX = 0. Next, write aNOP to OPDBR with
GO=EX =1

e Apply ahardware reset (assert RESET), which brings the chip out of debug mode provided
DEBUG_REQUEST is not decoded in the JTAG IR.

12.10 Accessing the OnCE Module

This section describes useful example sequences involving the JTAG/OnCE interface. The sequences are
described in a hierarchical manner. Low-level sequences describe basic operations (for example, JTAG
instruction and data register accesses). Building on this, the second group of sequences describe more
complicated sequences (for example, ONCE command entry and status polling). Thefinal set builds further
on the lower-level sequences to describe how to display core registers, set breakpoints, and change
memory.

12.10.1 Primitive JTAG Sequences

The JTAG/ONCE serial protocol isidentical to the protocol described in the IEEE Standard Test Access
Port and Boundary-Scan Architecture (1149.1a-1993). It involves the control of four input pins—TRST
(actually bidirectional), TDI, TMS, and TCK—and the observance of one output pin, TDO. TDI and TDO
arethe serial input and output, respectively. TCK isthe seria clock and TMSisan input used to selectively
step through the JTAG state machine. TRST is an asynchronous reset of the JTAG port. It is multiplexed
with the DE output function.

The following descriptions refer to statesin the JTAG state machine diagram in Figure 13-5 on
page 13-13. Please refer to this diagram or to the IEEE 1149.1a-1993 document.

12.10.2 Entering the JTAG Test-Logic-Reset State

The test-logic-reset state is the convenient starting point for primitive JTAG/OnCE modul e sequences.
Whilein this state, JTAG is reset. Thismeansthat TDO is disabled, no shifting is taking place, and the
JTAG IR isdecoding the IDCODE instruction. This state is entered only on power up or during theinitial
phase of a series of ONCE module sequences. In addition, this state can be entered to get JTAG into a
known state. To enter the test-logic-reset state on power up, both TRST and RESET should be asserted, as
shown in Figure 12-15. See the DSP56824 Technical Data Sheet for minimum assertion pulse widths.
TRST can change at any time with respect to TCK.
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JTAG
State

Test-Logic-Reset

TRST
RESET
TMS
T
Power Up AA0840

Figure 12-15. Entering the JTAG Test-Logic-Reset State

At any other time, the test-logic-reset state can be entered by holding TMS high for five or more TCK
pulses, as shown in Figure 12-16. TMSis sampled by the chip on the rising edge of TCK. To explicitly
show thistiming, TMSis shown to change on the falling edge of TCK. The JTAG state machine changes
state on the rising edges of TCK (or on TRST assertion and power up). This sequence provides asimple
way of resetting JTAG into aknown state.

JTAG
State

Shift-DR Test-Logic-Reset

Exitl-DR
Update-DR
Select-DR-Scan
Select-IR-Scan

TCK |’|||’

T™MS

I_I
I_I
I_I
I_I

HUUIuuuuuuL

AA0841

Figure 12-16. Holding TMS High to Enter Test-Logic-Reset State
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12.10.3 Loading the JTAG Instruction Register

JTAG instructions are loaded in viathe IR path in the state machine. Shifting takes place in the Shift-IR
path, while the actual instruction register update occurs on Update-IR.

OJnCE™ Module

NOTE:
The bit order for JTAG/ONCE shifting isalways as shownin Figure 12-17.

TDI —»{ MSB... OnCE Shifter ...LSB — TDO Logic

Figure 12-17. Bit Order for JTAG/OnCE Shifting

The following sequence shows how to load the instruction DEBUG_REQUEST into the JTAG IR, as
shown in Figure 12-18.

© o % c
o[ 2 ]
me £ 2|5(8]¢ ol
4 ) . =3
State ol 2|lx|ax| s Shift-IR a2 Run-Test/Ildle
els|2|Z |5 |3
Slels|8 | af e
slels|z|” >
[<5]
) n
- "

TMS —|
TDI
DO - — — — — — — ] loF——— — — — —m — — — — — — — -
(e}l le©)
=Don't Care - — — - =Tri-State AA0S42

Figure 12-18. Loading DEBUG_REQUEST

During Shift-IR, a4-hit shifter is connected between TDI and TDO. The opcode shifted inisloaded into
the JTAG IR on Update-IR. The data shifted out is captured on Capture-IR. TDI, like TMS, is sampled on
the rising edge of TCK and changes on the falling edge of TCK. TDI isfirst sampled on the TCK rising
edge, following entry into the Shift-IR state, and is last sampled on the TCK rising edge when entering
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Exitl-IR. TDO changes on the falling edges of TCK in Shift-IR. It switches back to tri-state on the falling
edge of TCK in Exitl-IR. Thefirst 2 bits shifted out of TDO are constant: first 1, then 0. The following 2
bits are the OnCE status bits, OS] 1:0].

NOTE:

The value in OS[1:0] is shifted out whenever a new JTAG instruction is
shifted in. This provides a convenient means to obtain status information.

12.10.4 Accessing a JTAG Data Register

JTAG dataregisters are loaded viathe DR path in the state machine. Shifting takes place in the Shift-DR
state, and the shifter connected between TDI and TDO is selected by the instruction decoded in the JTAG
IR. Datais captured (if applicable) in the selected register on Capture-DR and shifted out on Shift-DR
while new datais shifted in, and finally the new datais loaded into the selected register on Update-DR.

Assume that BY PASS has been loaded into the JTAG IR and that the state machine isin the run-test/idle
state. In BY PASS, a 1-bit register is selected as the data register. The following sequence shows how data
can be shifted through the BY PA SS register, as shown in Figure 12-19.

c
Q ]
e |2]8]6 . z|2
() - T -
State § x| 2 Shift-DR o 2 Run-Test/Idle
: L | a x| ©
|88 &2
g|ls]|©°
%)
TMS |
TDI
TDO - - - - ‘l I_ _____________

=Don't Care = — — = =Tri-State

AA0843

Figure 12-19. Shifting Data through the BYPASS Register

The first bit shifted out of TDO is a constant zero because the BY PASS register captures zero on
Capture-DR per the |IEEE standard. The ensuing bits are just the bits shifted into TDI, delayed by one
period.
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12.10.4.1 JTAG/OnCE Interaction: Basic Sequences

JTAG controls the OnCE module viatwo basic JTAG instructions: DEBUG_REQUEST and
ENABLE_ONCE. DEBUG_REQUEST provides a simple way to halt the DSP core. The halt request is
latched in the OnCE module so that a new JTAG instruction can be shifted in without waiting for the
reguest to be granted. After DEBUG_REQUEST has been shifted in, JTAG IR status polling takes place to
seeif the request has been granted. This polling sequence is described in Section 12.10.4.5, “JTAG IR
Status Polling.” Like any other JTAG instruction, DEBUG_REQUEST selects a data register to be
connected between TDI and TDO in the DR path. The 1-bit BY PASS register is selected. Values shifted
into the BY PASS register have no effect on the OnCE logic.

ENABLE_ONCE is decoded in the JTAG IR for most of the time during a OnCE sequence. When
ENABLE_ONCE isdecoded, accessto the OnCE registersis available through the DR path. Depending on
which register is being accessed, the shifter connected between TDI and TDO during Shift-DR can be
either 8 or 16 bits long. The shifter is 8 bitslong for OCMDR and OSR accesses and 16 bits long for all
other register accesses. This meansthat if the OnCE module is expecting a command to be entered (to be
loaded into the OCMDR), an 8-hit shifter is selected. If the ONCE command then loaded into the OCMDR
has a 16-bit read or write associated with it, a 16-bit shifter is connected between TDI and TDO during
Shift-DR. The OnCE shifter selection can be understood in terms of the state diagram in Figure 12-20.

.

UPDATE-IR:ENABLE_ONCE

8-Bit Shifter Selected
(OCMDR/OSR)
UPDATE_DR
16-Bit Read/Write?

( 16-Bit Shifter Selected

Figure 12-20. OnCE Shifter Selection State Diagram

Aslong as ENABLE_ONCE isdecoded in JTAG IR, one of the two shiftersis available for shifting. If a
different JTAG instruction is shifted in, the BY PASS register is selected.

UPDATE_DR
AA0844

12.10.4.2 Executing a OnCE Command by Reading the OCR

The following sequence shows how to read the OCR, assuming that ENABLE_ONCE is being decoded in
JTAG IR, the JTAG state machine is at run-test/idle, and the DR path has not yet been entered, meaning
that the ONCE modul e has selected the 8-hit shifter. See Figure 12-21.
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Register 16-bit read/write? — yes, 16-bit read 8-bit shifter selected
Select 8-bit shifter selected + 16-bit shifter selected *
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Figure 12-21. Executing a OnCE Command by Reading the OCR

In the first shift sequence, the 8-bit shifter is selected. Whenever the 8-bit shifter is selected, the OCMDR
iswritten (on Update-DR) with the value shifted into TDI. In this case, $82 is shifted in. Thisisthe OnCE
opcode for Read OCR. Similarly, whenever the 8-bit shifter is selected, it captures the value of the OSR
when passing through Capture-DR. This value is then shifted out of TDO in the ensuing shift. In this case,
$18 was shifted out, indicating that the DSP isin debug mode.

When Update-DR is passed through in an OCMDR write, the OnCE module begins decoding the opcode
in the OCMDR. During command decoding, the OnCE module determines whether a 16-bit shift isto
occur (in this case, yes) and, if so, whether it isaread or write. If it isaread, the register selected by the RS
field in the OCMDR is captured in the 16-bit shifter on Capture-DR. If it isalegal write, the selected
register iswritten on Update-DR following the 16-bit shift.

-
|

12.10.4.3 Executing a OnCE Command by Writing the OCNTR

In this sequence, the 8-bit OCNTR is written. First the Write OCR opcode is entered, followed by a 16-bit
shift sequence, even though the OCNTR is only 8 bitslong. If a selected register isless than 16 bits, it
aways reads to or writes from the LSB of the 16-bit shifter. The initial setup isidentical to the previous
example. See Figure 12-22.
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Figure 12-22. Executing a OnCE Command by Writing the OCNTR

In this sequence, $00 was read out from the OSR, indicating that the chip isin normal mode (the DSP core
isrunning). The OnCE opcode shifted in is $01, which correspondsto Write OCNTR. In the ensuing 16-bit
shift, $0003 is shifted in. Since the OCNTR is only 8 bits wide, it loads the 8 least significant bits, or $03.
The bits coming out of TDO are unspecified during 16-bit writes.

12.10.4.4 OSR Status Polling

Asdescribed in the previous examples, statusinformation from the OSR is made available each time anew
OnCE command is shifted in. This provides a convenient meansfor status polling. The following sequence
shows the OSR status polling. Assume that a breakpoint has been set up to halt the core. See Figure 12-23.
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Figure 12-23. OSR Status Polling

On thefirst 8-bit sequence, $00 is shifted into the OCM DR, which corresponds to no register selected.
Next, $00 is read out from the OSR, indicating the DSP core is still in normal mode. The OnCE module
decodes the $00 opcode and again selects the 8-bit shifter, since no 16-bit accessis associated with this
opcode. On the second 8-bit sequence, $1A isread from the OSR, indicating that the chip isin debug mode
and a hardware breakpoint has occurred.

12.10.4.5 JTAG IR Status Polling

OSR ¢tatus polling has some disadvantages. First, the OSR is not accessible when the DSP is executing a
STOP instruction. OSR access (and all other OnCE register accesses) can continue only after the stop state
has been exited, either by an interrupt or aby DEBUG_REQUEST. Second, 8-hit shifts are required.
Polling the JTAG IR provides a more efficient and more reliable means of gathering status information.
The following sequence shows how the JTAG IR can be polled. Again, assume a breakpoint has been set
up to halt the core. See Figure 12-24.
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Figure 12-24. JTAG IR Status Polling

On thefirst 4-bit shift sequence, $6 (ENABLE_ONCE) is shifted into the JTAG IR. Thefirst 2 bits coming
out of TDO are the standard constants, and the last two are output shifter (OS) bits. OSis 00, indicating
that the DSP isin normal mode. On the second 4-bit shift sequence, ENABLE_ONCE is again shifted in.
The OS hits are now 11, indicating that the chip isin debug mode. ENABLE_ONCE does not have to be
shifted in for JTAG IR polling. After reading proper status, the DR path can be entered directly for OnCE
register accesses.

12.10.4.6 TRST/DE Pin Polling

The TRST/DE pin can also be used to provide information about the processor state. When the DE output
function is enabled, TRST/DE goes low upon entry into debug mode. The pin is not released until debug
mode is exited.

12.10.5 Serial Protocol Description

In order to permit an efficient means of communication between the command controller and the DSP
chip, the following protocol has been adopted. Before starting any debugging activity, the command
controller has to wait for an acknowledge from the chip that informs the command controller that it has
entered the debug mode.
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NOTE:

In case of abreakpoint, trace, or software DEBUG/DEBUGcc instruction,
the acknowledge itself initiates the debug session. The command
controller communicates with the chip by sending 8-bit commands that
may be accompanied by 16-bit data. After sending a command, the
command processor starts waiting for the chip to acknowledge execution
of the command. The command processor may send a new command only
after the chip has acknowledged execution of the previous command.

12.10.5.1 Entering Debug Mode from User Mode

When shifting in the ENABLE_ONCE command, the OS bits will be shifted out so the user can determine
if the core has acknowledged the request and halted. To enter the debug mode from the JTAG port, the user
must issue the JTAG DEBUG_REQUEST instruction and then enter the ENABLE_ONCE instruction to
begin programming the ONCE module.

12.10.5.2 Entering Debug Mode from DSP Reset

The JTAG state machine will be reset viaa POR signal. JTAG will therefore be accessible soon after the
DSP powers up. The OnCE state machine will be placed at the IDLE state at reset assertion by apulse. The
pulse would be valid for only afew cycles just after reset assertion, allowing for access to the OnCE state
machine when the DSP is still in reset. The user can then execute the JTAG instruction
DEBUG_REQUEST followed by ENABLE_ONCE. After de-asserting DSP reset, the chip will bein
debug mode.

NOTE:

Providing OnCE access in DSP reset allows the user to set breakpoints
whilein reset. This aids in debugging when the DSP has problems leaving
reset.

12.10.5.3 Polling for OnCE Status

It is necessary to poll for OnCE status in the following three situations:
e After loading the JTAG instruction DEBUG_REQUEST
e Afterissuing a DSP instruction while in debug mode
*  When breakpoints are enabled in user mode

In these situations the user must have some way of knowing if the core has halted. Since the TDO pin
(which replaces the existing DSO pin) can no longer provide the acknowledge pulse, it has been proposed
that the new OSR contain the OS] 1:0] bits (aswell asthe JTAG IR on Capture-IR) that provide this sort of
status information.

NOTE:

If the core is executing a STOP or WAIT instruction, the OSR will not be
readable (loss of internal clocks) and status must be read viathe JTAG IR.
Alternately, the user can use the DE output to indicate that a debug event
has occurred and that the OnCE modul e needs servicing.
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The user can poll the OSR in debug or user mode provided that the OnCE state machineisin the
STATCOM state and the JTAG state machine isin Shift-DR. The OSR will capture new status only when
traversing to the STATCOM state from a state other than STATCOM itself; see Section 12.3.3, “OnCE
State Machine and Control Block.”

OJnCE™ Module

12.10.5.4 Setting Breakpoints in User Mode

Setting breakpointsin user mode is done the same way as in debug mode, except that it is recommended
that the user disable breakpoints before writing to the OMAC, OBAR, or the BK4-BKO0 bitsin OCR. This
avoids generating any indeterminate resultsthat could arise if abreakpoint is occurring while the preceding
registers are being modified.

12.10.5.5 Reading Pipeline Information in User Mode

The user can access pipeline information while the program is still executing. One way of doing thisis for
the user to follow these steps:

Make sure breakpoints and trace are disabled.

Write 01 to the EM bitsin OCR.

Set the OCNTR to 1.

Set BK4-BKO0 in the OCR to 10111 to enable trace mode.
Poll the OSR until TO equals 1.

Read the FIFO.

o 0k~ W N

12.10.5.6 Displaying a Specified Register

The multiple DSP configuration shown in Figure 12-25 is used for Example 12-1. The user must assume
before the procedure begins that all three DSPs are running and that their JTAG ports are executing the
BYPASS instruction. The user wishes to display the value of aregister (“reg”) of DSP#2.

DSP#1 DSP#2 DSP#3
Serial In TDI TDO TDI TDO TDI TDO Serial Out
T™S TCK T™S TCK T™S TCK
T™S
TCK AA0112
Figure 12-25. Multiple DSP Configuration for Example Procedures
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NOTE:

“Shift-IR,” “Shift-DR,” “Update-IR,” and “Update-DR” in the following
example refer to operating states in the JTAG module. The TAP controller
in the JTAG module uses the current operating state of the TAP controller
combined with the level of the TMS input to transition between the
operating states. A detailed description of the TAP controller state machine
is presented in Section 13.3, “TAP Controller.”

BYPASS, DEBUG REQUEST, and ENABLE ONCE ae JTAG
instructions. (See Table 13-2 on page 13-5 for alist of JTAG instructions.)

Example 12-1. Display a Specified Register—Serial

1. Enter Shift-IR, shiftin BY PASSto DSP#1 and DSP#3, and DEBUG_REQUEST to DSP#2
(12 clocks in Shift-IR). Pass through Update-IR. OnCE