Introduction

The SIC3xDSP Board is a development tool that lets you exeaute and debug your applicaions
program by using the TMS320C3x C Source Debugger. When you connect analog input and output
(such as microphone and spe&ker) to the system, the SIC3XDSP becomes a smple signal analysis
tool. You can aso transfer your analog data to and from the host PC through the 16-bit
communications port of the SIC3XxDSP.

The shea power of the TM320C3x makes it a popular device for designing high-performance
systems that use megabytes of memory and elaborate communications subsystems. The same feaures
that make the TMS320C3x well suited for these high-end applications also make it appropriate for
products like the SIC3XxDSPBoard, which meets the goa of providing medium to high performance
with minimal logic and alow product cost.

The SIC3XxDSPBoard also sets the stage for a new era of emulation support by using embedded
in-system emulation (EISE).

An urprecedented amount of computing power has been packaged on afull size ISA card at a price
that eliminates all cost barriers for evaluating the TM S320C3x.

This manual describes the SIC3XDSP board, its features, design cetails, and the associated applicaion
interface software. Use this manual in conjunction with the TMS320C3x C Source Debugger User's
Guide, literature number SPRUOS3, and associated addenda for instructions on installing and setting
up the board.

1.1 Genera Description
Key Features

* The industry-standard TM S320C3x floating-point DSP, configured for 27-60 MFLOPS

* 64K-256K words of zero wait-state SRAM on the primary bus.

* Standard 9and 15 pn DSUB connedors, one 96 @n DIN connedor containing all C3x signals,
and two 16 gn headers containing both serial ports for expansion or prototyping.

* 32 hit bidiredional PC host communications port.

* |BM PC/AT compatible 16 bit full sizelSA card, mappable in one of four 1/O locations.

Functional Overview

The interconnectsinclude the emulation interface, the host interface an expansion interface for mostly
analog I/O daughtercards, a serial port interface and memory.

All code for the SIC3XDSP board can ke loaded through the TMS320C3x emulation port or by
means of the C31's onchip boot loader. This alows for the ommition of onboard boot
PROM/EPROM. Once ®de has been loaded, the host and TM S320C3x communicate by means of
ashared 32 hit bidiredional register.



The register-based interface between the host and TMS320C3x is smple, keeps costs low, and
provides a moderate transfer band-width of approximately 500K bytes per second (KBPS. This
interfacehas been tail ored for use with the TMS320C3x DMA channel and is fully interrupt driven.

Host 1/0 Map Requirements

The SIC3xDSPresides in the host 1/0 address pace. It requires three32-byte pages for atotal of
96 bytes. Eacdh page is 1K-bytes apart. PC/AT compatible machines deade only the first 1K of 1/0
space thus, the threepages appea to be mapped on top of one another.

NOTE: The SC3xDSP will not work in systems that do not conform to the 1K /O decoding
scheme.

IO Map Switch Settings

Y ou can map the SIC3XDSP into one of four |/O base aldress ranges by setting switches MAPSELO
and MAPSEL 1. Check your PC system documentation to make sure that the 1/0 space seleded does
not conflict with other 1/0 devices, such as disk controllers, loca areanetwork controllers, etc.
Below is Table 1 that shows the host 1/0 map usage for the default switch settings, and table 2 shows
the SIC3XxDSPregister addressoffsets.

Table 1
MAP&EL1 | MAPSELO Base I/O range
C A 0x240- 0x25F
C B 0x280- Ox29F
D A 0x320- 0x33F
D B 0x340- 0x35F
Table 2
Address Name Description Width (bits) Diredion
Base+0x00 CNTRLWD DSPFunction 8 R/W
Control
Base+0x04 | CONTROL/ST Hardware 8 R/W
ATUS Control/Status
Base+0x08 LO WORD Lower 16 bit 16 R/W
DSPData
Base+0x10 HI WORD Upper 16 bit 16 R/W
DSPData




Base+0x18 RESET Reset Line 8 W

I1/0O Base Address Generation

The host accesses the SIC3XDSP registers over the PC/AT 1/0 expansion bus with the x86 input and
output instructions. The addressof a given register is defined as an I/O base addressplus an offset.
Example 2-1 shows a program that generates a physicd 1/0 addressin Microsoft C code.

EXAMPLE 2-1. 1/0O AddressGeneration
#defineoutport outpw
#defineCOM_DATA 0x0808
unsigned short iobase 0x0240

{
}

Test Bus Controller (TBC) Interface

outport(iobase + COM_DATA, 0x1234);,

Complete details for the TBC interface ca be found in the TMS320C3x Evauation Module
Tednicd Reference manual, Tl document SPRUO69.

The most significant asped of the SIC3xDSPis the emulation support for the TMS320C3x that is
embedded into the target system. The SN74ACT8990 test bus controller (TBC) and the
TMS320C3x emulation port enable this novel approach to emulation. There ae severa related
fedures:

* Emulation is supported without external cabling, monitor software, or consumption of user
resources.

* Easy accessto the TMS320C3x supports high-level language (HLL ) debuggers, fadory testing,
field dagnostics, etc.

* System boot ROMSs are not neaded - the host can download all necessary program or data through
the emulation port.

The TBC provides a means for the host processor to communicate with atarget devicethrough the
device enulation port. Thisis done with the Texas Instruments modular port scan device (MP )
format.

The host interface to the TBC is quite simple and consists of two registered bidirectional 74FCT652
data transceivers (16 hit interface), two 74ALS245bidirectional transcevers (16 bit interface, and
three PALS.

The TBC provides adired connedion to the TMS320C3x emulation port.
The TBC supports four external events, EVTO through EVT3. They can be programmed asinterrupt

sources to the TBC or general purpose bit 1/0. The event pins are set up with the EVM_reset
function.



Data Transfer Synchronization

Data transfer synchronization between the TMS320C3x and the host is an integral part of the
communications protocol. SeeChapter 3 of TI's EVM manudl for details about the communications
protocol between the TMS320C3x and the host.

TBC eventsEVT1 and EVT2 provide the synchronization mechanism. Once EVT1 and EVT2 have
been set up with the EVM_reset function, they can be polled and cleared to provide synchronization.

Although polling is recommended, it is not required. The data transfer rate with polling is
approximately 200Kbytes per seaond (KBPS). The transfer rate more than doubles if you do not
poll. However you should analyze your applicaion code that is running on both the TM S320C3x
and the host to ensure that data is not lost in unsynchronized transfers.

CAUTION:  Remember that the primary purpose for the TBC is to support embedded
in-system emulation (EISE). Exercise caution when accessing the TBC. Improper usage can
adversely affect TMS320C3x operation. Access the TBC only with the software routines
provided in this manual or with compatible routines.

Stepsfor Synchronized Writes

Execute the following steps to synchronize writes to the SIC3xDSP comnunications register. Below
are the synchronized write parameters for eat step.

Step 11 Clea the previous EVT2 write a&knowledge.

Step 2 Write the data into the communications register.

Step 3 Update the TBC STATUSO register.

Step 4: If the EVT2 write a&knowledge bit is t, go to step 1, otherwise go to step 3.

Stepsfor Synchronized Reads

Execute the following steps to synchronize reads to the SIC3XDSP communications register. Below
are the synchronized read parameters for ead step.

Step 1 Update the TBC status register.

Step 2 If the EVT1 read adknowledge bit is st, proceel to step 3; otherwise go to step 1

Step 3 Clea the arrent EVT1 read adknowledge.

Step 4 Rea the datafrom the cmmunicaions register (COM_DATA).

Using the TBC to Reset The TM S320C3x

The TMS320C3x may be reset by toggdling the RESET hit in the hardware @ntrol/status register
(CONTROL/STATUS) when no TBC is present. If the TBC is present, resetting the TM S320C3x
viathe TBC isimplemented by inverting the EVT3 signd and generating the TMS320C3x reset sgnad
when EVT3 isadive. Below arethe required steps to reset the TMS320C3x through the TBC.



Step 1 St EVT3=1.
Step 2 Set EVT3=0.

Host/TM S320C3x Communications Port | nterface

In generd, host communicaionsto a system such as the SIC3xDSP are provided by means of FIFOs,
dual-port SRAMs, or dired interfaceto SIC3XDSP memory space These interfaces have there
strengths; however, they consume asignificant amount of hardware and printed circuit board red
estate. Further they are fairly expensive, depending on the implementation.

The SIC3xDSP has a smpler host port interface This reduces product cost, while maintaining
moderate throughput (upto 500 KBPS. One of the main reasons for having elaborate host interfaces
in a system such as the SIC3xDSPis for program loading. With either the TBC handling program
loading or the on chip TMS320C31 boot loader handling the COFF loading chores, the interface
requirements reduceto those of passng data to and from the goplication software.

On the SIC3xDSP, a 32 hit bidirectional register based host interface was implemented to meet these
interfacerequirements. Thisinterfaceis smilar to that of the TBC interface The major difference
between the TBC and TMS320C3x interfaceschemes is that communicaions to the TMS320C3x
can beinterrupt driven. Thismeansthat host acessesto the ammmunications register will generate
interrupts to the TMS320C3x by means of the INTO - INTZ2 interrupt flags. TMS320C3x accesses
to the ommunicaions registers generate the TBC EVT1 - EVT2 event flags, which the host polls
if the TBC is present. If not present, it can pole the CONTROL/STATUS register.

TM S320C3x Interrupts

When you implement an interrupt-driven interface you must dedde whether to have software or
hardware generated interrupts.

The SIC3XDSP board uses hardware driven interrupts on the TMS320C3x side of the
communicaions register to maximize performance. This alows the TMS320C3x DMA controller
to service dataread/write interrupts.

Software-driven interrupts cannot be used by the DMA controller, because the TMS320C3x DMA
does not exeaute wde that cleasthe interrupts.

Before an interrupt is generated, the interrupt generator waits for a host communicaions register
read/write signal to go adive and then inadive. Thisensures 1) that datain the register is properly
read or written before an interrupt is generated, and 2) that only one interrupt is generated per host
access

Host Event Polling

While the TM S320C3x side of the mommunications register isinterrupt driven, the host side is polled.
When the TM S320C3x reads or writes the communications register, the TBC generatesthe EVT1



- EVT2 event flags. Additionaly, the CONTROL/STATUS register emulates this event if the TBC
isabsent. The host reads and cleas these flags to provide synchronization.

Thereislittle benefit in having the host side of the communications interfacebe interrupt driven. In
general, most data passed to and from the SIC3XxDSPis passed in Hocks. Using host interrupts to
service individual aacesses to the communications register significantly reduces the data throughput.

TM S320C3x Communications Port M apping

Table 1 showed the SIC3xDSPregister address offsets mapping in the host address pace Table
2-11 shows the @mmunicaions register mapping in the TMS320C3x address pace The
COM_DATA register resides on the entire TMS320C30 1/0O expansion hus, while it resides in
OxFFO0000n the TMS320C3X.

System Resets

System reset is essential for proper SIC3XDSP operation. The SIC3XDSP s reset by the host's
IRESET signal during system power up. However, you can also reset the SIC3xDSP with software
by writing to the SOFT_RESET 1/0O addresslocaion shown in table 2-12.

Protocol Overview

The TMS320C3x and the host have a register-based communications gructure. While the
communications interfaceis general purpose, its architecture is well suited for a protocol where the
host is the master and the TMS320C3x is the dave. Thisis becaise the TMS320C3x side of the
communicaionsis interrupt-driven, while the host side is polled.

NOTE: TMS320C3x interrupts indicate whether the host does a command (INTO) access or
a data (INT1-INT2) access. The host cannot distinguish between command and data
accesses, because of the limited number of event pins on the TBC. Consequently, a more
sophisticated communications protocol isrequired when the TMS320C3x is the master and
the host PC isthe dave.

The communications protocol presented in this manual capitalizes on the SIC3xDSP's best features.
Y ou may wish to modify or develop your own protocol to med your spedfic needs.

NOTE: The communications protocol provided in this manual assumesthat the host is the
master and that the TMS320C3x is the dave.

The basic dements of the protocol are & follows:

System initialization
Host
TMS320C3x

Command preprocessor



Command transfer

Command formeatting
Command exeaution

16 bit transfers

32 bit transfers

16 bit DMA transfers

32 bit DMA transfers

The examples given in this manual support data transfers, but they can be easily extended to suppart
any type of command.

System Initialization
The host initidizes the SIC3xDSPto support communications by doing the following:

* |t resets the SIC3xDSP, then holds the TM S320C3x in areset condition.

* |t initializes the TBC for default operation.

* It downloads the TM S320C3x monitor/communications code into the SIC3xDSP by means of the
TBC.

* |t removes the TMS320C3x reset condition.

The TMS320C3x debugger or the stand alone loader is used to acamplish these operations.

Once hogt initialization is completed, the TMS320C3x initializes the SIC3XDSP. The TMS320C3x
is initialized by the source @de implemented in the SICINIT.ASM routine. This code does the
following:

* |t cleasand dsablesinterrupts.

It initializes the data page pointer and the stack pointer.

It enables cade memory.

It initializes the memory interface

It cleas out the @mmunicaions command structure.

It enables TMS320C30 interrupt 0 and the global interrupt bit.

It goesto theidle state and awaits command interrupts.

* ok % kX F

The Command Preprocessor
The command preprocesor consists or two separate operations:

1) COMMAND TRANSFERS, transfer commands to the cmmand structure.
2) COMMAND FORMATTING, formats command parameters and starts command exeaution.

Host/TMS320C3x Command Transfer and Formatting

The following explains host/TM S320C3x command transfer and formatting sequences:



Step I The host initiates a command transfer by writing a cmmand send request to the SIC3xDSP.
This generates an INTO to the TMS320C3x, which prepares the TMS320C3x to accgpt command
parameters.

Step 2: The host sends command parameters to the SIC3xDSPas sandard datatransfers. Each data
transfer generatesan INT1 to the TMS320C3x. The TMS320C3x stores the command parameters
in the command structure.

Step 3 The host terminates the command parameter transfer by sending a coommand end to the
SIC3xDSP, which generates an INTO to the TM S320C3x.

Step 4 The TMS320C3x formats the command parameters. Command parameter formatting is
necessary becaise the host sends the parameters as 16-bit values; the TMS320C3x requires 32 bit
values.

Step 5: Once the command parameters are formatted, the TMS320C3x looks at the command code
in the parameter structure and prepares for command exeaution.

Step 6. When the command is st up and ready for exeaution, the TMS320C3x sends a coommand
ready adknowledge badk to the host. The host begins data transfer.

Host Writes

The host writes to the communications register. This generatesan INT1 to the TMS320C3x. The
TMS320C3x responds by reading the data from the communications register, which generates an
EVT2tothe TBC.

Host Reads

The host reals data from the communications register and generates an INT2 to the TMS320C3x.
The TMS320C3x responds by writing the next word of datato the communicaions register, which
generates an EVT1 to the TBC. The host must perform one dummy read to the cmmunications
register, at the beginning of ead dock transfer, to initialize the register.

SIC3xDSP Command Structure

The SIC3xDSP command structure is defined as follows:

com_stat .word 00000000 ;command status
com_cmd .word 0000000@ ;command code

com_counth .word 00000000 ;transfer count, high
com _countl .word 0000000@ ;transfer count, low

com saddrh .word 00000000 ;source aldress high
com saddrl  .word 00000000 ;source aldress low

com_daddrh .word 00000000 ;destination address high
com daddrl .word 00000000 ;destination address low



Transferring and Formatting Count Parameters

When count parameters are transferred, the low 16 bits are stored in the com_count!l word; the high
16 bits are stored in the com_counth word. When the @unt isformatted, com_counth is shifted |eft
16 bits, added to com_countl and stored in com_countl.

This procedure gopliesto source and destination addresses aswell. Formatting the parameters as a
semndary operation eliminates the neal for the transfer function to recognize the type of command
being transferred. This generalizes the transfer operation.

All data transfer commands are interrupt driven. The hwritel6, hread16, hwrite32, and hread32
commands require an interrupt serviceroutine (ISR) in order to transfer data; DMA commands do
not.

To trandfer data, anon-DMA command requires that the entry point of the ISR reside a the interrupt
vedor locaion for the interrupt source. For example, to exeaute an hwritel6 command, its entry
point is placed at the interrupt veaor locaion for INT1, address0x000001

The oorred interrupt entry is gored in the vedor locaion after the host terminates the command
parameter transfer. These steps are caried out by the hcontrol (INTO) routine in sicinit.asm.

Command Execution
While this manua concentrates on the handing of data transfers, virtually any command is sipported
by the communications protocol. Command extension requires adding a new command code, a

command formatter, and the cmmand exeaution code itsdlf.

Adding a new command code and a command formatter is quite simple. However, writing the
exeaution code itself is as smple or as difficult asthe goplicaion requires.

Typesof Data Transfers

Four types of data transfers are supported by the communications protocol: 16 bit, 32 bit, 16 bit
DMA, and 32 bit DMA. In ead case, data is transferred to and from sequentia locdions in
TMS320C3x memory.

Non-DMA Commands

Non-DMA commands do not use the count value. Once anon-DMA command has been started, the
host continues to transfer data until the next command request is generated. Consequently,
non-DMA commands do not terminate on their own. Rather, the host is expeded to keep trad of
the number of words transferred.

For 16-bit commands, the upper 16 hits of the data word are set to 0 before being stored in memory.



DMA Commands

DMA transfers are well suited for SIC3XxDSP applications because data is generaly 16 bits or less
thereby allowing the @ncatenation of data into a single 32 bit word. Also, DMA cycles do not
consume valuable CPU exeaution time to transfer data.

DMA commands do use the count value to generate aCPU interrupt when the count is zero - thus,
disabling the DMA.. For example, the DMA is disabled by writing a 0 to the DMA global control
register (0x808000Q.

DMA cycles do not cause ade execution. 16 bit DMA data may require spedal processng lefore
amathematicd computation is performed.

Command Execution Examples

Example 3-1 through Example 3-6 show the command execution sequence for each of the commands
on the TMS320C3x side of the ommunicaions interface

Example 3-1. 16Bit Writes - hwritel6

This example shows the sequence for transferring data from the cmmunications register to the
TMS320C3x memory. The INT1 register drives the hwritel6 interrupt routine, which executes the
following sequence

Step 1 Load the ammmunicaions register address @hostport.

Step 2 Fetch the data word from the cmmunicaions register.

Step 3 Zero the upper half of the data value.

Step 4: Load the destination addressfrom the cmmand structure @com_daddrl.

Step 5 Store the data word at the locaion pointed to by the destination address increment the
destination address

Step 6. Store the destination address @com_addrl.

Example 3-2. 16Bit Reals - hread16

This example shows the sequence for transferring data from TM S320C3x memory and writing it to
the communications register. The INT2 register drives the hread16 interrupt routine, which executes
the following sequence

Step 1 Load the source aldressfrom the command structure @com_saddrl.

Step 2: Fetch the data word from the location pointed to by the source aldress; increment the source
address

Step 3 Store the source aldress@com_saddrl.

Step 4: Load the ammmunicaions register address @hostport.

Step 5 Store data to the cmmunicaions register.

Example 3-3. 32Bit Writes - hwrite32

This example shows the sequence for transferring data from the communications register to the
TMS320C3x memory. The INT1 register drives the hwrite32 interrupt routine, which executes the
following sequence



Step I Load the addressof the communicaions register @hostport.

Step 2 Fetch the data word from the cmmunicaions register.

Step 3 Load the destination addressfrom the cmmand structure @com_daddrl.

Step 4 Load the value @wordflag.

Step 5: Test the LSB of the wordflag, add 1 to the wordflag value, and store the value .@wordflag.
* |f the LSB was 0, the low word is loaded; zero out the upper half of the word.

* If the LSB was 1, the highword is loaded; shift the data left 16 bits and add it to the previous low
word.

Step 6. Store the data word at the locaion pointed to by the destination address increment the
destination address

Step 7: Store the destination address@com_daddrl.

Example 3-4. 32Bit Reals - hread32

This example shows the sequence for transferring data from TMS320C3x memory to the
communications register. The INT2 register drivesthe hread32 interrupt routine, which executes the
following sequence

Step 1 Load the source aldressfrom the command structure @com_saddrl.

Step 2 Load the value @wordflag.

Step 3: Test the LSB of the wordflag, add 1 to the wordflag value, and store the value @wordflag.
Step 4: Fetch the data word from the locaion pointed to by the source aldress

Step 5 If the LSB was 1, the high word is loaded; shift the dataright 16 bitsand add 1to the source
address

Step 6. Store the source aldress@com_saddrl.

Step 7. Load the aldressof the coommunicaions register @hostport.

Step 8 Store data value to the communications register.

Example 3-5. 16-Bit DMA Writes - dmawrite

This example shows the sequence for transferring data from the communications register to the
TMS320C3x memory. The dmawrite routine sets up DMA writes, which are driven by the INT1
register. The sequence follows:

Step 1 Set the DMA source aldressregister to @hostport.

Step 2 Set the DMA destination register addressto @com_daddrl.

Step 3 Set the DMA count to @com_countl.

Step 4 Set the DMA control register to increment the destination address sync off the source
interrupts, and generate aCPU interrupt on counter equal to zero.

Step 5 Enable INT1 asthe DMA interrupt source

Example 3-6. 16-Bit DMA Reads - dmaread

This example shows the sequence for transferring data from TMS320C3x memory to the
communicaions register. The dmaread routine sets up DMA reads, which are driven by the INT2
register. The sequence follows:

Step 1 Set the DMA source aldressregister to @com_daddrl.

Step 2 Set the DMA destination addressregister to @hostport.

Step 3 Set the DMA count to @com_countl.

Step 4. Set the DMA control register to increment the source aldress sync off of destination



interrupts, and generate aCPU interrupt on counter equal to zero.
Step 5 Enable INT2 as the DMA interrupt source



ADDENDUM
Overview

In the enhanced SI-C3xDSPISA cads from Sheldon Instruments, there ae two distinct DSP
communicéaion protocols: discrete Interrupt based transfers and DMA based transfers. However,
both of these DSP protocols are implemented with programmed 1/0 on the host sde, without the use
of DMA or IRQ resources.

Discrete Interrupt transfers usually take placeduring transfers of function commands, or during
transfers involving small amounts of data, usualy less than ten 32hit data words, or transfers of data
that is not mapped contiguoudly in the DSP s memory. A discrete DSPInterrupt must be invoked
every time the host completes a transfer, which helps ensure areiable communications link.
However, the overhead may be substantial when transfers require more than ten 32 bit words. Al
communicaions are initiated by the host, which setsthe C3xRDY bit to a“HI”, and will remain “HI”
until the DSPresponds by cleaing this bit. The host must pole this bit before proceeding with the
next transfer.

DMA based transfers are performed with the DSP s DMA controller. First, the DMA controller is
configured with discrete Interrupt transfers, but the actual transfer of datais performed by the DSP's
DMA controller. DMA based transfers are useful for transfers of at least more than ten 32 bit words.
The host must perform the first transfer in order to invoke aDSP DMA transfer cycle, and may
continue to accessboth the high and lower parts of the DSP's 32 bit word without any software
polling. Before aDMA transfer isto take placehowever, the host must enable the hardware wait
signal on the ISA bus (IORDY) in order to avoid software polling.

Since the ISA busis 16 hitswide, and the DSP has a 32 hit wide interface, two I SA bus cycles must
take place. The host must aways access the upper haf of the DSP s 32 bit word (Base +0x10 = Hl
WORD), and then accessthe lower half of the DSPs 32 bit word (Base +0x08 = LO WORD).

Notice that synchronization with the DSPis implemented by interrupting the DSP every time the host
performs an access to the LO WORD regigter. The host is s/nchronized by paling the C3xRDY hit.

When using dscrete Interrupt transfer, the DSPis interrupted on every host accessto LO WORD.
When this interrupt occurs, the DSP performs one 32 hit read/write operation. In order to
acommodate the 32 bit access the host first accesses the HI WORD, then the LO WORD. This
ensures that the DSP gets the full 32 bits of information when the interrupt occurs upon the host’s
accessto the LO WORD.

The mapping for the board can be jumper configured to support four distinct 1/0 mapped base
addresslocations. All registers are 16 bits wide.

/O Mapping Base Address

MAP&EL1 | MAPSEELO Base /O range




0x240- Ox25F

0x280- Ox29F

0x320- Ox33F

OO0 [0 |0

@ |> |m|>

0x340- Ox35F




Register Summary

Address Name Description Width (bits) Diredion
Base+0x00 CNTRLWD DSPFunction Control 8 R/W
(causes DSPINTO)
Base+0x04 CSR Board Logic 8 R/W
Control/Status
Register
Base+0x08 LO_WORD Lower 16 bit DSP 16 R/W
Data (causes DSP
INT1 for Host writes
and DSPINT?2 for
host reals)
Base+0x10 HI_WORD Upper 16 bit DSP 16 R/W
Data
Base+0x18 RESET Reset Line 8 W
Register Details

1) Base +0x00=CNTRLWD register.
DSPFunction Control; 8 bit wide, R/W. Host accessesto this |/O addresscauses DSPINTO.

2) Base +0x04 = CSR register.

Board Logic CONTROL/STATUS register; 8 bit wide. CSR:CONTROL register during a host
write, but CSR:STATUS register during a host read. No DSP interrupts are generated by host
acessesto this1/O address. However, host writes to this register controls the onboard logic where
writing cetain hits are used to diredly RESET the DSP, put the DSP into
microcomputer/microprocesor mode (for COFF file loading), or control DSP interrupt handling
during initialization and duing the cmmand phase of a data transadion. On the other hand, host
reads to this register provides a method of software handshaking to ensure proper synchronization
during data transfers between the host and the DSP.

CSR:CONTROL Register Write only bits at Base +0x04:
Bit [7:5] = unused.
Bit [4:3] = TMC[1:0]; Transfer Mode Configuration hits.

00= NULL: Normal operation, set during the data phase of a mmunicaions cycle
between the DSP and host. Allows DSP INT1 and INT2 during host accesses to the
LO WORD.

01= CLEAR_EN: Enables the Cleaing of the control logic that arbitrates the



communicaions. By cleaing the communications logic, the abitration is st to a
known initial state so asto avoid any fase device status signals before atrandfer isto
take place

NOTE: The CLEAR_EN does not place the DSP into a reset condition. The DSP
is placed into a reset condition by toggling CSR_RES bit instead, as described
bel ow.

10=CMD_EN: Enable Command Mode, adive during the fina transadion in the
command phese of a ommunications transfer between the host and DSP. Before aty
communication is to take place, the host mugt initiate the command phase before the
DSPcan participate in the data phase portion of the transfer. This command phase
has a unique cmmunications protocol in the final transaction, which must be dearly
distinguished by the communications logic in order to avoid any false device status
signals. Spedficdly, the DSPmust not be interrupted by INTO, thus allowing it to
proceed parsing the ommand parameters without misinterpreting this last host acoess
asaCNTRLWD access. Hogt aaessesto CNTRLWD do NOT cause DSP interrupt
in this mode.

11=IORDY_EN: Enable IORDY line onthe|SA bus. If software paling isnot used
to synchronize transfers, the | SA bus neads to be held in cases where the DSP has not
completed a transfer before the ISA bus proceals with the next transfer cycle.
Normally, the ISA bus sgnal IORDY is held “HI” to force hardware wait states;
when “LO”, the | SA bus operates with no wait states. This mode is only available
during the data phase of a communicéions cycle and is a substitute for software
polling of the CSR:STATUS register.

Bit 2 = BLSRC: Boot loader Interrupt source. This sgna must be togged LO-HI-LO when
the DSPis in microcomputer mode. Toggling this line adivates the DSPs on-chip Boot
Loader used to load a COFF file to DSP memory. Please refer to the C3x reference manual
for more details.

1= To be toggled HI for a single g/cle only. Causes an Interrupt to the DSPin

microcomputer mode only, thus adivating the on-chip Boot Loader.

0=To beleft LO while DSPisin processor mode for normal operation.
Bit 1 = MC/BLMP: DSP operatingmode. Please refer to the C3x reference manud for more
details.

1= C3x isin Microcomputer mode, which adivates the DSPon-chip boot loader for

COFFfile loading.

0= Setsthe DSPinto Processor mode for normal operation.
Bit 0 = CSR_RES: Reset C3x DSP.

1= Reset C3x DSP.

0= Remove C3x DSPreset for normal operation.
NOTE: The CSR_RES only resets the DSP; not the communicationslogic. Initializing
of the control logic is done by setting the TMC[1:0] bits to the CLEAR_EN mode
described above.



CSR:STATUS Register Real only bits at Base +0x04:
Bit [7:1] = unused, always “0".
Bit 0= C3xRDY: Statusbit to indcae if the DSP isrealy for another transfer. Thislineis
set HI by ahost accessto the LO WORD (triggering either aDSP INT1 or INT2), and then
cleaed to aLO by a subsequent DSPresponse.
1= C3x isbusy.
0= C3x isready for another transfer.

3) Base +0x08=LO_WORD register.

Lower 16 bit dataword, R/W. During data phase, the DSPisinterrupted every time this register is
accesxd by the host. Additionally, all host accesses to the LO WORD register set the CSR Status
bit 0 to aHI, which indicates to the host that the DSPis busy, where the host must wait until it is
cleared to aL O by a DSPresponse.

4) Base +0x10=HI_WORD register.

High 16 bit data word, R/W. No DSP interrupt is caused by host accesses. In order for the host to
complete a32 hit transfer, it must accessthis register before the LO WORD in order to avoid data
being overwritten by a DSPinterrupt.

5) Base +0x18= RESET register.
8 hit reset byte invoked exclusively by the TBC, whose functionality is also duplicated in bit O of the
CSR: CONTROL Register located at Base +0x04. Not to be used if the TBC is absent.

Examples of Host Accesses

To accessthe DSP, the mmunication cycle congists of two phases: @) command plese, and b) data
phase. During the command phase, the communications parameters must first be established using
the discrete steps, which includes the host writing each parameter separately, thereby invoking DSP
interrupts on every parameter word transferred. After every host parameter write, the host must poll
the CSR:STATUS register in order to ensure proper synchronization. Note that pollingis smply the
host chedking to seeif the DSP has responded by cleaing the C3xRDY hit in the CSR:STATUS
register.

Example of Host to DSP Transfer (Host Write)

1. Clea the communication link between the host and the DSP, by writing TMC[1:0]:01=
CLEAR_EN mode in the CSR:CONTROL register. This is just a command to clea the
onboard arbitration logic, place the hardware into a known state, and does not affect the DSP
in any way.

2. Return to normal operating mode, by writing TMC[1:0]:00= NULL mode in the CSR:
CONTROL register. Thiscommand does not affed the DSPin any way.

3. Alert the DSPthat the command phase of a ammunication cycle isto begin, by writing
the BEGIN_CMD_SEND/BEGIN_CMD_SEND_ 32 value (0x1/0x4) to the CNTRLWD



register. ThiscausesaDSPINTO to occur.
NOTE: Check if the DSP isready (C3xRDY bit) after sending this message.

4. Send thefirst half of the Command Type to the DSP, by writing the upper 16 bits of the
32 bit Command Typeto the HI_WORD register. For the SI example program, the ommand
types for host to DSP transfers (host writes) are i) CMD_HOST_MW16 (d12/0xC), ii)
CMD_HOST MW32 (d140xE), ii) CMD_HOST DMAW (d160x10), iv)
CMD_HOST_DMAW32 (d16/0x10), andv) CMD_HOST_MW32W (d32/0x20), as shown
inthe table below. Therefore, the vaue '0x0000' should aways be written to the HI_ WORD
register. Note that this access does NOT cause any interrupts to the DSP, and is only
intended to clear any residue that may be present in the upper 16 bit registers when the DSP
reals the command type dter the next step.

5. Send second haf of the Command Type to the DSP, by writing the lower 16 hits of 32 bit
Command Typeto the LO_WORD regigter. For the SI example program, the acual values
should be written, depending on what type of accessis desired. Note that this causesaDSP
INT1 to occur after pladng the data into the lower 16 ht registers, thereby aerting the DSP
of their presence. The DSPaways performs a 32 bit access and will use the 32 bit Command
Type valueit just real to be interpreted inits ISR1.

NOTE: Sincethe DSP wasinterrupted, check for DSP ready (C3xRDY hit) after sending
thisword.

The following values are valid types:

Command Type Value | Description
CMD_HOST_MR16 11* 16/32 bit, DSPto host transfer (host read), W or H/W
(OxB) polled, 16/32 bit wide registers
CMD_HOST_MW16 12 16 bit, host to DSPtransfer (host write), S/'W or H/W
(0xC) polled, 16/32 bit wide registers
CMD_HOST_MR32 13 32 bit, DSPto host transfer (host read), polled mode, 16
(OxD) | bit wide registers
CMD_HOST_MW32 14 32 hit, host to DSPtransfer (host write), polled mode,
(OXE) 16 bit wide registers
CMD_HOST_DMAR 15* 16/32 bit,' DSPDMA' to host transfer (host read), DSP
(OxF) DMA enabled, S’'W or H/W polled, 16/32 bit wide
registers
CMD_HOST_DMAW 16* 16/32 hit, host to 'DSPDMA" transfer (host write), DSP
(0x10) | DMA enabled, S/W or H/W polled, 16/32 bit wide
registers




CMD_HOST DMAR32 | 15

32 bit,' DSPDMA' to host transfer (host read), DSP

(OXF) DMA enabled, S/W or H/W polled, 32 bit wide registers

CMD_HOST_DMAW32 | 16 32 hit, host to 'DSPDMA' transfer (host write), DSP

(0x10) | DMA enabled, S/W or H/W polled, 32 bit wide registers

CMD_HOST_MR32W | 11* 32 hit, DSPto host transfer (host read), S'W or H/W

(OxB) polled, 32 bit wide registers

CMD_HOST_MW32W | 32* 32hit, host to DSPtransfer (host write), S/'W or H/W

(0x20) | polled, 32 bit wide registers

6. Send the first half of the Count value or quantity of 32 bit words (Dwords) to be
transferred to the DSP, by writing the upper 16 hits of the Count to the HI_WORD register.
This is equivalent to the total number of DSP accesss to take place &er all command
parameters are sent. The DSPis not affeded in any way during this gep.

7. Send the second half of the Count value or quantity of 32 bit words (Dwords) to be
transferred to the DSP, by writing the lower 16 bits of the Court to the LO_WORD register.
NOTE: Sincethe DSP was interrupted, check for DSP ready (C3xRDY bit) after sending
thisword.

8. Sendthefirst half of the DSP Source Addressto the DSP, by writing the upper 16 bits of
the DSP Surce Addressto the HI_WORD register.

NOTE: The DSP Source Addressis only useful for DSP to host transfers (host reads).
The entire 32 bits of the DSP Source Address is ignored by the DSP for host to DSP
transfers (host write).

9. Send the second half of the DSP Surce Address to the DSP, by writing the lower 16 bits
of the DSP Surce Addressto the LO_WORD register.

NOTE: Sincethe DSP wasinterrupted, check for DSP ready (C3xRDY) after sending this
word.

10. Sendthefirst half of the DSP Destination Addressto the DSP, by writing the upper 16
bits of the DSP ®urce Addressto the HI_WORD register.

NOTE: The DSP Dedtination Address is only useful for host to DSP transfers (host
writes). Theentire 32 bits of the DSP Destination Addressisignored by the DSP for DSP
to host accesses (host read).

11. Send the second half of the DSP Destination Addressto the DSP, by writing the lower
16 bits of the DSP Destination Addressto the LO_WORD register.

NOTE: Sincethe DSP wasinterrupted, check for DSP ready (C3xRDY) after sending this
word.

12. Alert the DSPthat the command phase of a cmmunicaion cycle isto end, by writing



the END_CMD_SEND/END_CMD_SEND_3? vaue (0x2/0x8) to the CNTRLWD regigter.
This causesa DSPINTO to occur, after which all parameters real by the DSPare to take
effed.

NOTE: Check if the DSP isready (C3xRDY) after sending this message.

13. Temporarily disable DSP interrupt INTO, by writing TMC[1:0]:10= CMD_EN modein
the CSR:CONTROL register. This command dsables interrupt to the DSPwhile the host
accesses the CNTRLWD register in order to verify that the DSPhas properly processed all
parameters, as defined in the next step. This command does not affed the DSP in any way.

14. Veify that the DSP has properly processed the coommand parameters, by reading the
CNTRLWD register at Base+0x0. The DSP should return a Ox0 to this register if the
parameters have been properly processed. If thisvalue is anything other than Ox0, the DSP
has deteded an error in reading the coommand perameters.

15. Clear the communication link between the host and the DSP, by writing TMC[1:0]:01=
CLEAR_EN mode in the CSR:CONTROL register. This is just a command to clea the
onboard arbitration logic, place the hardware into a known state, and does not affect the DSP
in any way. At this point, the entire command phase of a cmmunicéion cycle has been
completed.

16. Before proceeding with the data phase of the communication cycle, the synchronization
mode must be first configured so asto ensure @rrect data transfers between the host and the
DSP. The synchronizaion mode may be performed either in software or in hardware, by
writing one of two commands into the TMC[1:0] bits of the CSR:CONTROL register.
Writing TMC[1:0]: 00= NULL enables ftware synchronization, in which the host MUST
poll the CSR:STATUS register after every single data acces ® as to wait for the DSPto
respond, before the host may procee to the next data acces Writing TMC[1:0]:11=
IORDY _EN enables hardware synchronization, in which the host is autometically held by ISA
bus hardware logic if it tries to proceeal to the next data transfer before the DSP has had a
chance to respond. Hardware synchronization is generaly more desirable than software
polling as their is no software overhead.

17: Begin the actual data phase by sending the upper half of the first data word to the DSP,
by writing the upper 16 bits of the data to the HI_WORD register. This gep doesNOT cause
DSPinterrupts.

NOTE: Thissepisto beignored if the host to DSP transfers (host writes) isonly 16 bits.

18. Send the lower half of the first dataword to the DSP, by writing the lower 16 bits of the
datato the LO_WORD register. This gep causesa DSPinterrupt and servesto aert the DSP
that the first data word is realy to be accesd.

NOTE: Sincethe DSP wasinterrupted, check for DSP ready (C3xRDY) after sending this
word, before proceeding to the next data transfer.

19 Reped steps 17 and 18for the number of words (count) spedfied in DSP command



parameter.
Summary for host to DSPtransfers (host writes):

1. Perform the cmmand phase by sending the coommand parameters to the DSP.

2. For 32 bit host writes, write upper 16 bits of datato HI_WORD. Ignore this gep
when performing 16bit transfers.

3. Write lower 16 bits of datato LO_WORD. Notethat aDSPINT1 is caused and the
C3xRDY bit must be chedked.

4. Reped steps 2 and 3for the number of words edfied in DSPcommand parameter.

Example of a DSP to Host Transfer (Host Read)

The number of stepsin the cmmmand phase ae identica to those outlined above, except the
command types for DSPto host transfers (host reads) arei) CMD_HOST_MR16 (d11/0xB), ii)
CMD_HOST_MR32 (d130xD), i) CMD_HOST_DMAR (d150xF), iv)
CMD_HOST_DMAR32 (d150xF), and v) CMD_HOST_MR32W (d11/0xB), as $rown in the
table éove.

NOTE: Beforethe data phaseisto begin, a" dumby" or additional host read of the
LO_WORD register isrequired to generate a DSP interrupt, which alerts the DSP to initiate
thefirst data transfer. Note that a host access must always precede a DSP response, sinceit is
the host accessto the LO_WORD register that causesa DSP interrupt. Secondly, for the
unique case of DSP DMA to host transfers (host reads), the transfer Count (in the command
phase) must be incremented by a single value in order to account for this host dumby access.

Summary for DSPto host transfers (host reals):

1. Perform the command phase by sending the coommand parameters to the DSP.
Remember to increment the Count by one (1) when using the DSPs DMA to perform the
transfer.

2. Host must perform a"dumby" or additional read to the LO_WORD register, in order
to cause aDSPinterrupt. Notethat aDSPINT2 is caused and the C3xRDY bit must be
chedked.

3. For 32 bit host reads, read upper 16 bits of data from HI_WORD. Ignore this gep
when performing 16bit transfers.

4. Rea lower 16 bits of datafrom LO_WORD. Notethat aDSPINTZ2 is caused and the
C3xRDY bit must be hedked.

5. Reped steps 3 and 4 for the number of words gedfied in DSPcommand parameter.

DSP Reset Function
There ae two methods by which the DSPcan be placal into a REST condition:

1) If TBCispresent, the RESET register located at Base+0x18 will be available to placethe DSP



in aREST condition. If the TBC is absent, this register isignored.

2) The DSPcan always be place into areset condition by accessng Bit O of the
CSR:CONTROL register asindicated above.

NOTE: When the DSP has been placed into a reset condition, be sure to clear the onboard
logic by writing a TMC[1:0]:01= CLEAR_EN to the CSR:CONTROL register as described
above.

Writing DSP code to Communicate with the Host.

The DSPprogram must be written to handle dl conditions for communicaing with the host. This
requires reset, DSPINTO, DSPINT1, DSPINT2, and DSPDMA interrupt. On ead interrupt,
the DSP should examine the data on addressOxFFO00Q which isthe DSP s addresswhere the
onboard registers are mapped.

The reset portion of the cde should be written to set all interrupt vedorsto appropriate values,
and then and enable the interrupts.

I SRO should be written to take the command parameter from the host. Thisistriggered by a host
writeto CNTLWD. If BEGIN_CMD_SEND/BEGIN_CMD_SEND32isreceved, the DSPISR
should prepare the interrupt serviceroutines for the WRITE function (ISR1) to receve four 32
bits of data: 1) Command Type, 2) Count, 3) Source Address and 4) Destination Address

When END_CMD_SEND/END_CMD_SEND32isreceaved, the | SR should examine the
command parameters and prepare the ISR1, ISR2, and DMA ISR acmrding to the recaved
parameters.

ISR1 should take the data receved on the Host Port and copy it to another DSP memory location
spedfied by the Destination Addressfield. 1t should increment the Destination Address ® asto
have the next interrupt write to the new destination address

I SR2 should take the data in the Source Addressfield and copy it to the Host Port. It should
increment the source aldress ® the next interrupt will read from the new source aldress

The DSP s DMA interrupt should be set to occur once dl the data transadion is complete with
DMA. ThelSR should dsable ay existing DMA transfers and disable the DMA controller. It
should reset the Interrupt Enable field so asto alow a new command phase of a new command
cycleto take place



