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TMS320C5000 DMA Applications
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ABSTRACT

A Direct Memory Access (DMA) controller is available on select members of the
TMS320C5000 family of digital signal processors (DSPs). The DMA controller is used to
transfer data to/from internal memory, internal peripherals, or external devices, independent
of the CPU. There are six independent DMA channels available, allowing six different
contexts for DMA operation.

This application report explains and provides source code for the following common DMA
applications:

* Data sorting

* Program paging

» Data transfer using a ping-pong scheme
* DMA interrupt service routines
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Introduction

Configuration and operation of the direct memory access (DMA) is achieved using a set of
memory-mapped control registers. The C5000 devices use a sub-addressing scheme to access
the DMA registers, which allows a large number of registers to be mapped into a small memory
space.

There are two types of sub-bank access registers. The first, Sub-bank Access Register with
Autoincrement (DMSDI), allows automatic increment of the sub-address. The autoincrement
feature is a convenient and efficient method to use when the entire set of DMA configuration
registers (or even a subset of consecutive configuration registers) needs to be configured. The
second, Sub-bank Access Register without Autoincrement (DMSDN), is used if only a single
register has to be accessed. Using DMSDN does not modify the sub-address.

To access a specific DMA sub-addressed register, the desired sub-address is written to the DMA
sub-bank address register (DMSA). Next, the desired value can be written to or read from one of
the two sub-bank access registers, DMSDI or DMSDN.

The entire register set used to program the DMA is contained in the four memory-mapped
registers: DMPREC (Channel Priority and Enable Control Register), DMSA, DMSDI, and
DMSDN. For a full list of all the DMA registers, see reference [3].

Each DMA channel has the following set of registers that must be configured prior to a data
transfer:

Source Address Register — the memory location that the element is transferred from
* Destination Address Register — the memory location that the element is transferred to
* Element Count Register — specifies the number of DMA transfers to be performed

e Sync Select and Frame Count Register — specifies the word size of an element to be
transferred, the number of frames to be transferred, and the synchronization events that can
be used to trigger a DMA transfer

* Transfer Mode Control Register — controls the transfer mode of the DMA channel

The element count register is a 16-bit register and must be initialized with one less than the
desired number of element transfers. The frame count register is an 8-bit field in the DMA Sync
Event and Frame Count register (DMSFC) and must be initialized with one less than the desired
number of frames. Therefore, every DMA channel can transfer a maximum of

64K elements x 256 frames = 16777216 elements or, 16M elements.

In addition to these registers, there are four global DMA registers that can be used to reload the
DMA configuration registers at the end of the current transfer:

* Global Source Address Reload Register
¢ Global Destination Address Reload Register
* Global Element Count Reload Register

* Global Frame Count Reload Register
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The DMA controller also has the ability to perform transfers to and from the extended program
memory space (capability to transfer to/from program memory is available only on select C5000
devices — consult the data sheet for the appropriate device). The two sub-addressed registers
used to provide this capability are:

* Source program page address register (DMSRCP)
e Destination program page address register (DMDSTP)

A DMA transfer can be programmed to be postincremented by 1 or postincremented by the
offset value contained in one of the two element index registers (DMIDX0 or DMIDX1), and/or
one of the two frame index registers (DMFRIO or DMFRI1).

At the time this application report and its examples were created, only the 5410, 5409, and 5421
devices support DMA accesses to internal and external memory; all the other C5000 devices
with DMA capability (5402, 5416, and 5420) support only internal DMA accesses. See reference
[1] for the DMA memory map of the appropriate C5000 device. The DMA memory map is not
affected by the state of the MP/MC, DROM, or OVLY bits.

2  System Structure

All the examples in this application report were tested on a 5410 simulator and a 5410 target
system from DSP Research. To adapt these examples to your specific C5000 device, consult
the relevant data sheets for the appropriate memory map, DMA memory map, and specific
mapping of interrupt vectors.

The dma.h header file included in the main() program contains a definition of the structures used
to program the DMA configuration registers. The structure, dma, is used to pass the following
arguments to the child assembly program that handles initialization of the DMA registers:

* DMA channel number

* Source address

* Destination address

* Element count

* DMA sync event and frame count (DMSFC)
* DMA transfer mode control (DMMCR)
e Extended source program page

e Extended destination program page

* Global source address reload

* Global destination address reload

* Global element count reload

* Global frame count reload

e DMA channel priority and enable control (DMPREC)

TMS320C5000 DMA Applications 3
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DMA events can be used to trigger interrupts to the CPU upon completion of a transfer. Due to a
limited number of interrupts in the C54x memory map, some of the DMA interrupts are
multiplexed with other interrupts on the device. This is controlled by the INTOSEL field (bits 7
and 6) in the DMPREC register.

Since the bit fields in the DMPREC register selectively enable/disable DMA channels and assign
priorities to them, it is important that this register be the last register to be written to, so that you
are assured that the rest of the configuration registers have already been written to.

3  Data Sorting

Data sorting is useful in applications requiring data in multiple data arrays to be arranged such
that the first elements of each array are contiguous, the second elements of each array are
contiguous, and so on. This means that the data is sorted and stored by element number
instead of frame number. Figure 1 demonstrates this concept. The input data could come from a
peripheral or could be arranged in memory with each array arranged as contiguous frames. In
these cases, the services of a DMA channel can be used to rearrange the data into the desired

format.

Data Recaive Crder oh Frame 0 elemant ) —
Fram O Elemant 0 —* 1h Framea 1 elament O E;;“;’f:'“"“ -
Frama & Elamant 1 ah Frama 2 elemeant 0 o
Frama 0 El -,
F':EE o ES:E::: ah Frarma 3 glaman O L]

dh Framea 0 alamanl 1
Frame 1 Element 0 sh | Frame 1 slement 1
Frame 1 Elgsmieng 1
Frame 1 Element 2 Frfarl-:-iﬁ '_'1'::‘5.:: = Bh Frama 2 slamant 1

&h (=11}

Frame 1 Elemend 3 : Th Framsa 3 alamant 1 +—
Frama 2 El@mam 0 8h Frame 0 ¢lemant 2
Frama 2 Elamant 1 ah Frama 1 elemant 2
Frame 2 Elamean 2 &h Frama 2 slamant 2
Framus 2 Elgman 3 Bh Frame 3 slemsnt 2
Frame 3 Elernent 0 —_—  Ch Frama O alamant 3
Frame 3 Element 1
Frama 3 Elamant 2 D Frame 1 alamant 3
Frama 3 Elgman 3 Eh Framea 2 slamant 3

Fh Frama 3 elamant 3

Figure 1. Demonstrating Data Sorting

Sorting is achieved by using the address modification capability of the DMA via the element
index and frame index registers. The following formula can be used to determine the values to
be loaded into the element and frame index registers:

Element Index = Number of frames programmed in Frame Count field + 1

Frame Index = —(Element Index X Number of elements programmed in Element Count
Register — 1)
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As an example, assume a data stream where the data is structured as four elements per frame
and four frames per block. The source data arrives in the order shown on the left in Figure 1. For
this example, the element count register and frame count field contain the following values:

Element count register = 3
Frame count field = 3

To sort this data, the element index register is programmed to increment the destination address
by 4 (= Element count register + 1) after each transfer, and the frame index register is
programmed to decrement the destination address by 11 (= 4 x 3 — 1) after each frame. When
the entire block of 16 transfers has been completed, the data is sorted by element number as
shown on the right in Figure 1.

For the application example, we assume that the data is already preinitialized in data memory
beginning at location 1000h. This is achieved by using the load= option that loads the .data
section at address 1000h in the linker command file. We specify DMA channel 0, and operate
the DMA in the multiframe, unsynchronized mode with interrupts disabled. The source address
is programmed for no modification and the destination address is programmed to postincrement
with index offsets supplied by the DMIDX0 and DMFRIO registers. Since the data to be sorted is
structured as multiple elements in a frame and multiple frames in a block, the requisite DMA
channel must be used in the Multiframe mode. The global reload registers contain Os since we
assume that this is a one-time operation.

The following values are passed by the structure, dma:
DMA Channel number =0
Source address = 1000h
Destination address = 1FO0h
Element count = 3
DMSFCO (Figure 2) = 0000 0000 0000 0011b = 0003h

15-12 n 10-8 7-0
0000 0 000 0000 0011
DSYN[3:0] DBLW Reserved FRAME COUNT

Figure 2. DMSFC Register for Data Sort Example

DMMCRO (Figure 3) = 0000 0000 0101 0101b = 55h

15 14 13 12 n 10-8 7-6 5 4-2 1-0
0 0 0 0 0 000 01 0 101 01
AUTO DINM IMOD CTMOD Rsvd SIND DMS Rsvd DIND DMD

INIT

Figure 3. DMMCR Register for Data Sort Example
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Extended source program space = 00

Extended destination program space = 00

Global source address reload = 0

Global destination address reload = 0

Global element count reload = 0

Global frame count reload =0

DMPREC (Figure 4) = 0000 0001 0000 0001b = 0101h

15 14 13-8 7-6 5-0
0 0 000001 00 00 0001
FREE Resvd DPRC INTOSEL DE[5:0]

Figure 4. DMPREC Register for Data Sort Example

The child assembly program that handles data sorting loads the element and frame indices with
necessary values based on the previous equation. Enabling the DMA channel field in the
DMPREC register activates the DMA channel and starts the data sort process.

Program Paging

Program paging becomes necessary when all the code cannot be fitted into on-chip memory
and it is not desirable to operate the code from external memory. A DMA channel can be
programmed to bring in a block of code from external memory to internal program memory. For
efficient utilization of the CPU, it is necessary to have at least two sections of on-chip program
memory so that while the DMA channel is filling up one section, the CPU can execute from the
other section. Program paging is usually a low-priority task, so the priority of the DMA channel
can be programmed accordingly.

The blocks of code to be paged in are resident in external program memory. In this example,
there are four distinct blocks of code, each resident in its own section in external program
memory. The memory map for this example includes the following sections (as shown in the
linker command file for this example):

* Interrupt service table linked to run from internal overlaid single-access RAM at location
2000h. This section contains the interrupt vector table.

* A main block of code linked to run from P_DARAM in internal program memory. This section
contains the main() subroutine.

e The child assembly subroutine pgm_page.asm, linked to run from P_DARAM in internal
program memory. This section programs the DMA configuration registers.

* The assembly routine pgm_page_isr.asm, linked to run from P_DARAM in internal program
memory. This section contains the interrupt service routine, and determines the program
address of the block of code that the CPU must start executing.

TMS320C5000 DMA Applications
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* The section, testl, linked to load to external program memory address 0x1_0100h, and run
from internal program memory address 0x1_8000h.

* The section, test2, linked to load to external program memory address 0x1_0200h, and run
from internal program memory address 0x1_8100h.

* The section, test3, linked to load to external program memory address 0x1_0300h, and run
from internal program memory address 0x1_8000h.

* The section, test4, linked to load to external program memory address 0x1_0400h, and run
from internal program memory address 0x1_8100h.

The length of each section (testl, test2, test3, and test4) is computed at run time by using the
label directive in each of these sections (for more details on using this directive, see reference
[4]). The DMA channels are programmed to transfer each of these sections to their run-time
program space, sequentially. At the end of each of these sections, the CPU is programmed to
idle; the CPU wakes up from idle on receipt of a DMA interrupt that signals the successful
completion of the next section to internal program memory. Alternatively, you may also design to
have the program wait in an idle thread.

Particular attention must be paid to the location of the interrupt vector table, especially when
blocks of code that are paged in from external memory are scheduled to run from extended
on-chip program memory. In such a case, the interrupt vector table must be made visible to all
extended program memory pages by turning overlay on and relocating the interrupt vector table.
By the same token, since the program address of the section to branch to may reside in
extended on-chip program memory, Far instructions are used in the vector table. For more
information about creating and relocating interrupt vector tables and interrupt service routines,
see reference [5].

The global reload registers are reloaded at the beginning of each section, test1, test2, test3, and
test4, scheduled to be paged in. As an example, when the CPU is executing the section of code
testl.asm, the DMA global reload registers are programmed to reload the section test3, while
the DMA channel is already busy fetching the section test2. Similarly, when the CPU is
executing the section of code test2.asm, the DMA global reload registers are programmed to
reload the section test4, while the DMA channel is already busy fetching the section test3.

Since the blocks of code are loaded into one portion of memory and run from a different portion
of memory, you must use the load=, run=, option in the linker command file for each of the
blocks paged in. Since the sections testl and test3 run from the same on-chip address
0x1_8000, and the sections test2 and test4 run from the same on-chip address 0x1_8100, you
must also use the Union option in the linker command file.

Since program blocks are fetched from external memory, it is important that you initialize the
software wait-state register (SWSR) with the appropriate number of wait states depending on
the speed of the external memory used. The author initialized the SWSR in the initialization file,
init.gel, of Code Composer. For embedded applications, you must explicitly initialize the
wait-state register(s) inside your software.
The following values are passed via the structure, dma:

DMA Channel number =0

Source address = 0100h

TMS320C5000 DMA Applications 7
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Destination address = 8000h
Element count = computed at run time using the .label directives
DMSFCO (Figure 5) = 0000 0000 0000 0000b = 0000h

15-12 11 10-8 70
0000 0 000 0000 0000
DSYN[3:0] DBLW Reserved FRAME COUNT

Figure 5. DMSFC Register for Program Paging Example

DMMCRO (Figure 6) = 1100 0001 0000 0101b = C105h

15 14 13 12 n 10-8 7-6 5 4-2 1-0
1 1 0 0 0 001 00 0 001 01
AUTO DINM IMOD CTMOD Rsvd SIND DMS Rsvd DIND DMD
INIT

Figure 6. DMMCR Register for Program Paging Example

Extended source program space = 01

Extended destination program space = 01

Global source address reload = 200h

Global destination address reload = 8100h

Global element count reload = as computed at run time using the .label directives
Global frame count reload = 0

DMPREC (Figure 7) = 0000 0001 1000 0001b = 0181h

15 14 13-8 7-6 50
0 0 00 0001 10 00 0001
FREE Resvd DPRC INTOSEL DE[5:0]

Figure 7. DMPREC Register for Program Paging Example

This example only demonstrates the concept of using a DMA channel to perform program
paging without taking into account other system-level considerations. An important consideration
to keep in mind (that has not been covered in this example) is the handling of a DMA interrupt,
signaling the end of transfer of a block of code to on-chip memory, before the DSP finishes
execution of the current block of code. Another aspect is the initialization of the software
wait-state register, and the overlay (OVLY) and MP/MC bits in the PMST register that control the
memory map of the device.

8 TMS320C5000 DMA Applications
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5

Data Transfer Using a Ping-Pong Scheme

The standard circular buffer scheme that is often used to bring in data is inefficient because the
DSP CPU must always wait for the DMA channel to finish fetching a block of data before it can
start processing. You could work around this by letting the DSP and DMA access the same
buffer simultaneously by ensuring that the DSP does not read data faster than the rate at which
data is brought in by the DMA channel. A way of improving efficiency is to have a
double-buffered scheme. In this scheme, the DMA moves data to and from one pair of
input/output buffers, while the DSP CPU is operating on the second pair.

In the application example listed here, the DMA transfers 28 words from a table defined in the
.data section into a buffer starting at address 2000h. After this set of data is transferred, the
DMA starts transferring the same data buffer to address 4000h. The next pair of transfers will
return to address 2000h. The CPU uses the input data following the first transfer, and stores the
result to memory. Once completed, the CPU uses the second input buffer, and stores the result
to memory. Note that this example uses the same stored values from initialized memory as a
means to demonstrate the concept. In real-life applications, data would be brought in by way of
the serial port or external memory or the host port interface (HPI), for processing by the DSP,
before being written to another pair of output buffers serviced by another DMA channel in
ping-pong mode.

The following values are passed via the structure, dma:
DMA Channel number =0
Source address = 1000h
Destination address = 2000h
Element count = 31
DMSFCO (Figure 8) = 0000 0000 0000 0000b = 0000h

15-12 n 10-8 7-0
0000 0 000 0000 0000
DSYN[3:0] DBLW Reserved FRAME COUNT

Figure 8. DMSFC for Ping Pong Example

DMMCRO (Figure 9) = 1100 0001 0100 0101b = C105h

15 14 13 12 n 10-8 7-6 5 4-2 1-0
1 1 0 0 0 001 01 0 001 01
AUTO DINM IMOD CTMOD Rswvd SIND DMS Rsvd DIND DMD

INIT

Figure 9. DMMCR for Ping Pong Example

TMS320C5000 DMA Applications 9
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Extended source program space = 00
Extended destination program space = 00
Global source address reload = 1000h
Global destination address reload = 4000h
Global element count reload = 31
Global frame count reload = 0
DMPREC (Figure 10) = 0000 0001 1000 0001b = 0181h
15 14 13-8 7-6 50
0 0 000001 10 00 0001
FREE Resvd DPRC INTOSEL DE[5:0]

10

Figure 10. DMPREC for Ping Pong Example

DMA Interrupt Service Routines

The DMA interrupt service routines used in the examples in this application note are generic and
make assumptions about the final system. In practice, be sure to perform context saves and
restores of status registers and any other registers that are affected.

Particular attention must also be paid to the structure of the vector table, a generic version of
which is listed. Since the DMA interrupts are multiplexed with other peripheral interrupts, consult
references [1] and [3], or the data sheet for the vector table of the relevant C5000 DSP.
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Appendix A Source Code

This appendix contains source code for all the examples listed in this application note.

A.1 Data Sorting

/* FI LENAMVE: mai n. c */
/* */
/* DESCRI PTI ON: This is the main programthat passes */
[* argunments to the underlying asm program */
[* that handl es data sorting. */
[* */
/* ARGUMENTS: Argunments to the asm program are passed */
/* via Accumul ator A */
/* In this exanmple, all argunents are */
/* passed via the structure called "dm” */
[* Al so, source and destination addresses */
/* are hard-coded inside nain(). This is */
/* not necessarily good codi ng practi ce, */
/* but 1’ve used it neverthel ess. */
/* */
/* RETURN: None */
[* */
/* AUTHOR: Ramesh A. lyer */
/* */
/* CREATED: June 7, 1999 */
/* */
/* VERSI ON: 1.0 */
/* */

#i ncl ude "dma. h”
extern void datasort();
voi d main()

{

/* Assign a dma channel */
dma. dna_chan = dnma_channel _0;

/* Assign a starting address */
dma. src_address = 0x1000;

/* Assign a destination address */
dma. dst _address = 0x1f00;

/* Assign an el ement count */
dna. el enent _count = 3;

/* Initialize DVMSFC register */

dma. DMSFC. frame_count = 3;

TMS320C5000 DMA Applications 11
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dma. DMSFC. doubl e_word = O;

dma. DMSFC. dmasyncevent = 0;

drma. DMSFC. rsvd = 0;

/* Initialize DVMMCR register */

dma. DMMCR. dma_dest _addr _space_sel ect = 1;

dma. DMMCR. dma_dest _addr _i ndex_node = 5;

dma. DMMCR. dma_sr ¢c_addr _space_sel = 1;

dma. DMMCR. dma_sr ¢c_addr _i ndex_node = 1;

dnma. DMMCR. dna_transfer_cntr_node = 0;

dma. DMMCR. dma_i nt _gen_node 0;

dma. DMMCR. drma_i nt _gen_nask 0;

dma. DMMCR. drma_aut oi nit = O;

dma. DMMCR. rsvd = O;

dma. DMMCR. reserved = 0;

/* Initialize DVMPREC register */

dma. DMPREC. dna_chanO_enabl e =

dma. DMPREC. dna_chanl_enabl e =

drma. DMPREC. drma_chan2_enabl e =

dma. DMPREC. dna_chan3_enabl e =

dma. DMPREC. dna_chan4_enabl e =

dma. DMPREC. dna_chan5_enabl e =

drma. DMPREC. i nt _nmux_control = 0;

drma. DMPREC. drma_chanO_priority =1

drma. DMPREC. dnma_chanl_priority = 0

drma. DMPREC. dnme_chan2_priority = 0

drma. DMPREC. dne_chan3_priority = O;
0
0

e L Ler

dma. DMPREC. dma_chan4_priority =
dma. DMPREC. dnma_chan5 _priority =
dma. DMPREC. free = 0;
drma. DMPREC. rsvd = O;
/* Call the datasort function */

dat asort (dma);

/* Do sonething useful or wait forever */
for (;:);

}

/[* End of main() */
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; FUNCTI ON: dma_dat asort.asm

;  DESCRI PTI ON: This function uses one of the DVA channels to sort data
; as it is transferred to data nenory.

; The DVA sorts the incoming data by nodi fying the

; destination addresses with the el enent index register

; (DM DX0) and the frame index register (DVFRIO0).

; This routine calcul ates the necessary val ues of DM DXO0
; and DMFRI O based on the number of elements and franes.

; The resulting data is sorted by el ement nunber instead of
; franme nunber.

; Note that the DMA channels are progranmred with interrupts

; di sabl ed

; ARGUMENTS: None

; AUTHOR: Ramesh A. lyer
; CREATED: June 7, 1999

; VERSI ON: 1.0

.gl obal _datasort
.include "dmaregs. h”
. mr egs
.bss dmidx, 1
.bss dnfri, 1
.text
_datasort:
FRAVE #-—(frane) ; Allocate franme to save local vars
STLM A, ARO ; ARO contains the starting address of the
; structure that was passed
nop
nop
mac *ar(Q0+, offset, B
STLM B, DWMBA

LD *ARO+, B ;. CGet source address
stlm B, DwvsDI
| d *ARO+, B ; CGet destination address

TMS320C5000 DMA Applications 13
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stim B, DwvsSDI
Id *ARO+, B
stlm B, DwvSDI
stim B, T

Id *ARO+, B
stIm B, DWVsD
and #0ffh, B
add #1, B

st B, dm dx
mpyu dmdx, B
sub #1, B, B
neg B

st B, dnfri

Id *ARO+, B
stlm B, DMSD

stm DM DX0, DNMSA
nvdk dm dx, DMSDN
stm DMFRI O, DNMSA
mvdk dnfri, DMSDN
LD *ARO+, B
stim B, DWREC
FRAME #3

ret

TMS320C5000 DMA Applications

CGet el enment count

Save tenporary copy in T register also
Get DMSFC

Extract frane count

Actual nunber of franmes (numfranme) = frane
count + 1

B = numfrane * el ement count

B = (numfrane * elenent count) - 1
Conput e signed equivalent i.e. —(x)

Get DMMCR

Wite to DM DXO0

Wite to DMFRI O

Get DMPREC

Deal | ocate franme
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; FUNCTI ON: nmem nit.asm
;  DESCRI PTI ON: Contains only an initialization table that is used to

test the code..

;. ARGUVENTS: None

; AUTHOR: Ranesh A. lyer
; CREATED: June 27, 1999
; VERSI ON: 1.0

.def memnit

_memnit:
.dat a
.word 0d000h, 0d001h, 0d002h, 0d003h
.word 0d004h, 0d005h, 0d006h, 0d007h
.word 0d008h, 0d009h, 0d00ah, 0d0Obh
. word 0d00ch, 0d00dh, 0d00eh, 0dOOfh

TMS320C5000 DMA Applications 15
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/ * FlI LENAME: drma. cnd */
/* */
/* DESCRI PTI ON: This is the linker command file */
/* for the datasort exanple */
/* */
/* AUTHOR Ranmesh A. lyer */
/* */
| * CREATED: June 7, 1999 */
/* */
/* VERSI| ON: 1.0 */
/* */
MEMORY
{
PAGE O:
P_DARAM org = 80h l en = 1000h
VECS: org = 0ff80h | en = 80h
PAGE 1:
D SPRAM org = 0060h I en = 0020h
D DARAM org = 80h len = 3f7fh
}
SECTI ONS
{
. text D> P_DARAM PACGE O
. bss D_DARAM PAGE 1
. stack D> D_DARAM PAGE 1
.data | oad = 0x1000 PACE 1
vectors :> VECS PAGE O

16 TMS320C5000 DMA Applications
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A.2 Program Paging

/* FI LENAME: mai n. c */
/* */
/* DESCRI PTI ON: This is the main programthat passes */
/* argunents to the underlying asm program */
/* t hat handl es program pagi ng. */
/* */
/* ARGUMENTS: Argunments to the asm program are passed */
/* via Accumul ator A */
/* In this exanple, all argunents are */
/* passed via the structure called "dm” */
/* Al so, source and destination addresses */
/* are hard-coded inside main(). This is */
/* not necessarily good codi ng practi ce, */
/* but I’ve used it neverthel ess. */
/* */
/* RETURN: None */
[ * */
/* AUTHOR: Ramesh A. lyer */
[* */
/* CREATED: June 17, 1999 */
/* */
/* VERSI ON: 1.0 */
/* */

#i ncl ude "dma. h”

extern void pgm page();
extern test2 _start;
extern test2_end;
extern testl start;
extern test1l end;

voi d main()

{

/* Assign a dma channel */
dma. dna_chan = dnma_channel _0;

/* Assign a starting address */
dma. src_address = 0x0100;

/* Assign an extended page to source address */
dma. ext _src_pgm page = 1

/* Assign an extended page to destination address */
dma. ext _dst_pgm page = 1

/* Assign a destination address */
dma. dst _address = 0x8000;

/* Assign an el ement count */

dma. el enent _count = (& estl end — & estl start — 1);
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/* Initialize DMBFC register */

dna.
dna.
dna.
dna.
/*
dna.
dnma.
dma.

dna.
dna.
dna.
dna.
dna.
dna.
dna.
/*
dna.
dna.
dma.
dma.

dna.
dnma.
dna.
dna.
dna.
dna.
dna.
dna.
dna.
dna.
dma.
/*
dna.
dna.

DVSFC. franme_count = O;
DVBFC. doubl e_word = O;
DVSFC. dmasyncevent = O;
DVSFC. rsvd = 0;
nitialize DMMCR register

DMVCR. dma_dest _addr _space_select =1
DMVCR. dma_dest _addr i ndex_node = 1
DMVCR. drma_sr ¢_addr _space_sel = 0;
DVMMCR. dma_src_addr i ndex_node = 1
DMMCR. dma_transfer _cntr_node = O;

DMVCR. dma_i nt _gen_node = O;
DWCR. dre_i nt _gen_mask = 1;
DMVCR. dma_autoi nit = 1;
DMVCR. rsvd = O;
DMVCR. r eserved = O;
nitialize DMPREC register
DVPREC. dnma_chanO_enabl e =
DVPREC. dnma_chanl_enabl e =
DMPREC. dna_chan2_enabl e =
DMPREC. dna_chan3_enabl e =
DVPREC. dma_chan4_enabl e =
DMPREC. dna_chan5_enabl e =
DVPREC. i nt _mux_control = 2;
DMPREC. dna_chanO_priority =
DMPREC. dna_chanl priority
DMPREC. dma_chan2_priority =
DMPREC. dma_chan3_priority =
DVPREC. dna_chand_priority =
DVPREC. dnma_chanb_priority =
DVPREC. free 0;

DVPREC. r svd 0;

eLeLeeeekr

nitialize global reload regi ster val ues

gl obal _src_addr _rel oad = 0x
gl obal _dst _addr _rel oad = 0x

eeeeLer

200;
8100;

*/

*/

*/

dnma. gl obal el enent _cnt _reload = (& est2 end — & est2 start -1);

dma. gl obal _frane _cnt _rel oad = 0;

pgm page(dma) ;
/* Do sonething
for (;;);

}

/* End of main()

18 TMS320C5000 DMA Applications
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; FUNCTI ON: pgm page. asm

;  DESCRI PTI ON: Handl es the transfer of code from external program

; menory to on—chip program menory via a dedi cated

; DMA channel, in the background. This scheme is

; al so cal |l ed program pagi ng.

; The calling program passes all the necessary

; argunents via the structure called "dna”

; Thi s program does a few additional things besides

; initializing the DVA specific registers:

; a) Turn on interrupts

; b) Saving a copy of the destination address,

; destination address page, gl obal rel oad

; destination address and gl obal rel oad destination
; addr ess page.

; AUTHOR: Ramesh A. lyer

i CREATED: June 17, 1999

; VERSI ON: 1.0

.gl obal _pgm page

.include ”"dmaregs. h”

.ref testl

.bss dst_addr, 2, 1

.bss gl obal dst_addr, 2, 1

. gl obal dst_addr

. gl obal gl obal dst_addr

.ref vec_tbl_start, vec_tbl_end
. T egs

.sect ”"pgm page”

_pgm_page:

Enabl e interrupts before you start doing anything

stm  #0040h, | MR ; Turn on interrupt for dnma channel 0

rsbx intm

Initialize AR2 and AR3 which will be used to keep track of the
destination addresses — this will help the program determ ne where to
branch to as soon as the DMA signals an interrupt to the CPU

i ndi cating conpletion of transfer of the existing block of code.

stm #dst_addr, AR2
stm  #gl obal dst_addr, AR3
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; The actual usage of the argunents passed via the structure "dma”
; starts from here...
STLM A, ARO ; ARO contains the starting address of
; the structure that was passed
nop
nop
mac *ar 0+, offset,
STLM B, DNMSA ; Wite effective offset i.e. starting
; address into DVBA
LD *ARO+, B ; Get source address
stim B, DwVSDI
I d *ARO+, B ; CGet destination address
stlm B, DwvsSDI
st B, *AR2+ ; Save a copy of the destination address
Id *ARO+, B ; Get element count
stIm B, DWwVsDI
Id *ARO+, B ; Get DMSFC
stilm B, DwvSDI
Id *ARO+, B ; Get DMMCR
stim B, DwVSDI
stm DVMSRCP, DNMSA ; Initialize to point to DVSRCP
LD *ARO+, B ; CGet extended src. pgm address
STLM B, DwsDI
LD *ARO+, B ; Get extended dest. pgm address
STLM B, DwsDI
st B, *AR2+ ; Save a copy of the extended destination
; program address
st B, *+AR3 ; Keep a copy of the extended pgm address
stm DMSSA, DMVBA ; Initialize to point to DMGSA
LD *ARO+, B ; Get global src. address rel oad val ue
STLM B, DWMsDI
LD *ARO+, B ; Get gl obal dest.address reload val ue
STLM B, DwsDI
mar * AR3— ; Save a copy of the global dest. Address
; too...
st B, *AR3
LD *ARO+, B ; Get global elenment count rel oad val ue
STLM B, DwsDI
LD *ARO+, B ; CGet global frame count rel oad val ue
STLM B, DWMSDI
LD *ARO+, B ; Get DWMPREC
stIm B, DWMPREC
idle 1 ; The CPU idles until it is interrupted
; by the DMVA

20
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7 FUNCTI ON(s): testl.asm test2.asm test3.asm test4. asm
;. DESCRI PTI ON: These are test files that are used to

; denonstrate the program pagi ng schene.

; Remenber to acconplish the following in each of the
; files:

; a) Make sure that interrupts are still on...

; b) Rel oad the DVA gl obal reload registers

; c) Keep a copy of the global reload destination address

; in nmenory
; AUTHOR: Ramesh A. |lyer
;. CREATED: June 18, 1999
;. VERSI ON: 1.0
;. FUNCTI ON: testl.asm
.sect "testl”
.ref test2
.def testl

.include ”"gl obal rel oad.h”
.include "dnaregs. h”

.global _testl start, _testl end
.ref test3 start, test3 end

.ref gl obal dst_addr

. MmT egs

.label _testl start

test 1:

rsbx | NTM ; Turn on the interrupts...
; Initialize global reload registers for source and destination addresses for
; test3.asm

stm DMGSSA, DMVBA ; Initialize to point to DMGSA

stm #SRC 3, DMSD
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stm #DST_3, DwVSDI

stm  #gl obal _dst_addr, AR3

st #DST_3, *AR3 ; Copy to gl obal _dst_addr placehol der
stm #(test3 end — test3 start -1 ), DWVBDI
Proceed with the rest of the code & do sonething...

stm #10h, BRC

stm  #2000h, AR2

STM  #1234h, T

nop
Id #ODEADh, A
idle 1 ; Idle until DVA interrupts CPU

.label _testl end

FUNCTI ON: test2.asm

.sect "test2”

.def test2

.ref test3

.include "gl obal reload.h”
.include "dnaregs. h”

.global _test2 start, _test2 end
.ref test4_start, test4_end

.ref gl obal dst_addr

. mT egs
.label _test2 start

test 2:
rsbx | NTM ; Turn interrupt on..

; Initialize global reload registers for source and destination
addresses for test4.asm
stm DMGSA, DMSA ; Initialize to point to DMGSA
stm #SRC 4, DWVsDI
stm #DST_4, DVSDI
stm #gl obal _dst_addr, AR3
st #DST_4, *AR3 ; Copy to gl obal _dst_addr placehol der
stm #(test4 end — test4 start — 1), DWVSDI;
Actual test code starts here...do sonething
stm  #1400h, ar2
stm #0060h, arl
stm  #0CCCCh, *arl+
stm  #0AAAAh, *arl+
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stm  #5555h, *arl+
stm  #0000h, *arl
stm #3h, BRC
rptb error-1
I d *arl, T
st T, *ar2
I d *ar2+, A
sub *arl—, A
bc out, AEQ
nop

error:
I d #0deadh, A

out :
idle 1 ; ldle until DVA interrupts CPU
.label _test2 end
; FUNCTI ON: test 3. asm
.sect "test3”
.ref test4
.def test3
.include "gl obal _rel oad. h”
.include "dnaregs. h”
.def test3 start, test3 end
.ref _testl start, _testl end
.ref gl obal dst_addr
. T egs
.l abel test3 start
test 3:
rsbx |NTM ; Turn interrupt on..

; Initialize global reload registers for testl.asm
stm DMGSA, DMSA ; Initialize to point to DMGSA
stm #SRC 1, DMVSDI
stm #DST_1, DwMSDI
stm  #gl obal _dst_addr, AR3
st #DST_1, *AR3 ; Copy to gl obal _dst_addr placehol der
stm #(_testl end — testl start — 1), DMVSDI
; Actual test code starts here...do sonething
stm  #1400h, AR2
stm #0060h, ARl
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stm 1234h, *AR1
idle 1 ; Idle until DVA interrupts CPU...
.l abel test3 end
;. FUNCTI ON: test4. asm
.sect "test4”
.ref testl
.def test4

.include "gl obal reload.h”
.include "dmaregs.h”

.def test4 start, test4 _end
.ref

_test2 start, _test2 end

.ref gl obal dst_addr

Turn interrupts on..

Initialize to point to DMGSA

Copy to gl obal dst_addr
D\VSDI

pl acehol der

Idle until DVA interrupts CPU...

. MT egs
.l abel test4 start
test 4:
rsbx | NTM ;
; Initialize global
; test2.asm
stm DMGSA, DVMSA ;
stm #SRC 2, DWwVSDI
stm #DST_2, DVSDI
stm  #gl obal _dst_addr, AR3
st #DST_2, *AR3 ;
stm #(_test2 end — _test2 start - 1),
; Actual test code starts here...do sonething
stm #1400h, AR2
STM  #0060h, ARl
stm  #5555h, *ARl+
stm  #0AAAAh, *ARL
idle 1 ;
.label test4 end
24 TMS320C5000 DMA Applications
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;7 FUNCTI ON: pgm page_i sr.asm
; DESCRI PTI ON: This is the interrupt service routine for the program

; pagi ng schene. The procedure is as follows:

; a) Copies of the latest destination address (16 bits of
; ext ended destination and 16 bits of destination

; addresses) are used to deternine the address to branch
; to

; b) Copy the gl obal reload destination addresses (base

; and extended) to the nenory space previously occupied
; by the destination addresses. These will be used to

; compute the effective address to branch to the next tine
; an interrupt occurs..

;. ARGUVENTS: None

; AUTHOR: Ranesh A. lyer
; CREATED: July 12, 1999
; VERSI ON: 1.0

.def pgm page_isr
.include "gl obal reload.h”
.ref dst_addr, global dst_addr
. MmT egs
.sect "dma_isr”
pgm page_i sr:
stm #dst_addr, AR2
stm  #gl obal dst_addr, AR3

Id *AR2, B

MDD *AR3+, *AR2+

add *AR2, 16, B ; Create the final address that we branch to.
FBACCD B

MWDD *AR3+, *AR2+ ; G obal _dst_addr has been copied to dst_addr
nop
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[ * FI LENAVE: dma. cnd */
/* */
/* DESCRI PTI ON: This is the linker conmand file */
/* for the program pagi ng exanpl e */
/* */
/* AUTHOR: Ranmesh A. lyer */
/* */
| * CREATED: June 17, 1999 */
/* */
/* VERSI ON: 1.0 */
/* */
MEMORY
{
PAGE O:
P_DARAM org = 800h len = 017ffh
PDARAML: org = 010100h I en = 0100h
PDARAMZ: org = 010200h I en = 0100h
PDARAMB: org = 010300h I en = 0100h
PDARAMA: org = 010400h I en = 0100h
PSARAML: org = 18000h | en = 100h
PSARAMZ: org = 18100h I en = 100h
VECS: org = 2000h | en = 80h
PAGE 1:
D SPRAM org = 0060h I en = 0020h
D DARAM org = 80h | en = 780h
D SARAM org = 2000h, I en = 6000h
}
SECTI ONS
{
. text D> P_DARAM PAGE 0O
UNI ON: run = PSARAML PAGE 0
{
test 1: | oad = PDARAML PAGE O
t est 3: | oad = PDARAMB PAGE O
}
UNI ON: run = PSARAM2 PAGE 0O
{
t est 2: | oad = PDARAM2 PAGE O
t est 4: | oad = PDARAMA PAGE O
}
pgm page : > P_DARAM PAGE 0O
dme_isr :> P_DARAM PAGE 0
. bss D> D _DARAM PAGE 1
. stack D> D _DARAM PAGE 1
vectors > VECS PAGE 0O
}
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7 FI LENAME: gl obal _rel oad. h
;. DESCRI PTI ON: This header file contains the source, extended source,

; destination and extended destination addresses.

; For sinplicity, we shall assume that extended source

; and extended destination page nunbers do not change

; t hroughout this exanple. This is not necessarily true
; in a real system

; It is also inportant to renenber that the val ues

; assigned to each of the quantities in this file nust

; match with the correspondi ng source and destination

; addresses specified in the conmand file (dma.cnd, in

; this case). As an exanple, if the .cnd file specifies
; the nmodule “testl.asni is to be | oaded i n PDARAML

; (origin = 0x1_0100h) but run from PSARAML (origin =

; 0Ox1 _8000h), the follow ng values are assigned:

; EXT_DST .set  0Ox1 ; Destination extended page 1

; DST 1 .set 8000h ; Destination address

; EXT_SRC .set  0Ox1 ; Source extended page 1

; SRC 1 .set 0100h ; Source address

7 ARGUMENTS: None

;. AUTHOR: Ramesh A. lyer

;  CREATED: June 17, 1999

; VERSI ON: 1.0

EXT _DST .set O0x1 ; Extended destinati on DVA address

DST 1 .set 8000h ; Destination DVA address for testl.asm
DST 2 .set 8100h ; Destination DVA address for test2.asm
DST 3 .set 8000h ; Destination DVA address for test3.asm
DST 4 .set 8100h ; Destination DVA address for test4.asm
EXT_SRC .set 0x1 ; Extended source DVA address

SRC 1 .set 0100h ; Source DMA address for testl.asm

SRC 2 .set 0200h ; Source DVA address for test2.asm

SRC 3 .set 0300h ; Source DVA address for test3.asm

SRC 4 .set 0400h ; Source DMVA address for test4.asm
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A.3 Data Transfer Using a Ping-Pong Scheme

I * FI LENAME: main. c */
/* */
/* DESCRI PTI ON: This is the main programthat passes */
/* argunents to the underlying asm program */
/* that handles dma initialization & */
/* t he pi ng—pong schene. */
/* */
/* ARGUMENTS: Arguments passed to the asm program */
/* fol |l ow G-t o—asm conventi ons. */
/* Al'l argunents are passed via the */
/* structure called "dma” */
/* */
/* RETURN: None */
/* */
/* AUTHOR: Ranesh A. lyer */
/* */
| * CREATED: July 27, 1999 */
/* */
/* VERSI ON: 1.0 */
/* */

#i ncl ude "dnma. h”
extern voi d pingpong();
voi d main()

{

/* Assign a dna channel */
dma. dnma_chan = dnma_channel _0;

/* Assign a starting address */
dma. src_address = 0x1000;

/* Assignh an extended page to source address */
dma. ext _src_pgm page = 0;

/* Assign an extended page to destination address */
dma. ext _dst_pgm page = 0O;

/* Assign a destination address */
dnma. dst _address = 0x2000;

/* Assign an el ement count */
dma. el ement _count = 31;

/* Initialize DMSFC register */

dma. DMSFC. frame_count = 0

dnma. DMSFC. doubl e_word = 0;

dma. DMSFC. dmasyncevent = 0;
dma. DMSFC. rsvd = 0;
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/* Initialize DVMCR register

dra.
dra.
dra.
dra.
dra.
dra.
dra.
dra.
dra.
dra.
| *
dra.

dra.
dra.
dra.
dra.
dra.
dra.
dra.
dra.
dra.
dra.
dra.
dra.
dra.
dra.
| *
dra.

dma.
dma.
dma.

DMMCR. dma_dest _addr _space_sel ect
DMMCR. dma_dest _addr i ndex_node

DMMCR. dma_sr ¢c_addr _space_sel
DMMCR. dma_sr ¢c_addr _i ndex_node

DMMCR. dnma_t ransfer_cntr_node
DMMCR. dna_i nt _gen_node = O;
DMMCR. dna_i nt _gen_mask = 1

DMMCR. dma_autoinit =1
DMMCR. rsvd = O;
DMMCR. reserved = O;

nitiali
DVPREC.
DVPREC.
DVPREC.
DVPREC.
DVPREC.
DWVPREC.
DVPREC.
DVPREC.
DWVPREC.
DVPREC.
DVPREC.
DVPREC.
DVPREC.
DVPREC.
DWVPREC.

nitiali

gl obal _src_addr _rel oad = 0x1000;
gl obal _dst _addr _rel oad = 0x4000;
gl obal el ement_cnt _reload = 31

gl obal
/* Call

ze DWVPREC regi ster
dma_chanO_enabl e =
dma_chanl_enable =
dma_chan2_enabl e =
dma_chan3_enabl e =
dma_chan4_enabl e =
dma_chan5_enabl e =

i nt_nmux_control = 2

dma_chanO _priority
dma_chanl _priority
drme_chan2_priority
dma_chan3 priority
dma_chan4 _priority
dma_chan5 priority
free = 0;

rsvd = 0;

ze gl obal reload register val ues

frame_cnt_rel oad =

the application

pi ngpong(dna) ;
/* Do sonething

for

(;3);

/* End of main()

}

" oo r
Lo r

0;

*/

*/

*/

*/

*/

*/
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7 FUNCTI ON: pi ngpong. asm
; DESCRI PTI ON: Handl es the ping pong schene...
;. AUTHOR Ranmesh A. lyer
;  CREATED: June 27, 1999
7 VERSI ON: 1.0
. gl obal _pi ngpong
.include ”"dnaregs. h”
.bss addr, 1, 1
. bss global _addr, 1, 1

. gl obal addr

. gl obal gl obal _addr

. nmT egs

.sect "circ_buffer”

_pi ngpong:

; Enable interrupts before you start doing anything

stm  #0040h, | MR

rsbx intm
; Initialize AR2 and
; addresses

stm #addr, AR2

AR3 which will

stm  #gl obal addr, AR3

;. The actual
;. here...
STLM A, ARO

nop
nop

nmac *ar0+, offset, B

STLM B, DWMBA
LD *ARO+, B
stim B, DMSD
Id *ARO+, B
stim B, DMSD
st B, *AR2
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I d *ARO+, B
stlm B, DvsDI
I d *ARO+, B
stlm B, DvsDI
| d *ARO+, B
stlm B, DwvsDI
stm DVMSRCP, DMSA
LD *ARO+, B
STLM B, DWMSDI
LD *ARO+, B
STLM B, DWMVSDI
stm DMGSA, DVSA
LD *ARO+, B
STLM B, DWVBDI
LD *ARO+, B
STLM B, DwMSDI
st B, *AR3
LD * ARO+, B
STLM B, DWVSDI
LD * ARO+, B
STLM B, DWMVSDI
LD *ARO+, B
stim B, DWMPREC
ret

CGet el enent count

Get DMVBFC

Get DMMCR

Initialize to point to DVSRCP
CGet extended src. pgm address

CGet extended dest. pgm address

Initialize to point to DMGSA
Get gl obal src. address rel oad val ue

Get gl obal dest.address rel oad val ue
Save a copy of the gl obal dest. address
too. ..

CGet gl obal el enent count reload val ue

Get gl obal frane count rel oad val ue

Get DMPREC
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;. FUNCTI ON: vector.asm
; DESCRI PTI ON: This is the interrupt vector table specific to the

32

VC5410 device. |If you plan on using this table for

ot her C54x/ C54xx devices, please refer to the data sheet
for information on the vector table structure of the
speci fic device

ARGUMENTS: None
AUTHOR: Ramesh A. lyer
CREATED: June 20, 1999
VERSI ON: 1.0

.ref _c_int00
.ref pingpong_isr
. mT egs

.sect "vectors”

b _c_int00 ; Reset vector

nop

nop

. Space 84*16

b pingpong isr ; DMA channel 0O nultiplexed with McBSP2 Rx
nop

nop
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7 FUNCTI ON: pi ngpong_i sr.asm
;  DESCRI PTI ON: This is the interrupt service routine for the ping—pong

; buf fer schene, and acconplishes the follow ng:

; a) Use the data in the input buffer for conputation
; b) Switch the destination address and the gl obal

; destination address. Also wite to the DVA gl obal
; rel oad destination register before exiting.

;. ARGUVENTS: None

AUTHOR: Ranesh A. lyer
; CREATED: July 27, 1999
VERSI ON: 1.0

. def pingpong_ isr

.ref addr, gl obal _addr
.bss tenmp, 1, 1
.include "dnaregs. h”

. mT egs
.sect "dma_isr”
pi ngpong_i sr:

mvdm #addr, AR5
; The destination address needs to be swapped with the correspondi ng
; global rel oad val ues, so that:
; @) The location "addr” has the | atest destination address the next
; tinme the ISR is executed
;b)) The DMA gl obal destination address can be rel oaded
stm #addr, AR2
stm DMGDA, DMBA
Id *AR2, B
stIm B, DWMSDN ; Rel oad gl obal dest. address
; Swap destination and gl obal reload destination
stm  #gl obal _addr, AR3
stm #tenp, AR4
mvdd *AR2, *AR4 ; copy dst_addr to tenp
mvdd *AR3, *AR2 ; copy global dst_addr to dst_addr
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34

mvdd *AR4, *AR3 ; copy tenp to gl obal dst_addr
; Do something useful with the data fromone of the input buffers
stm  #3000h, ARl

Id #0, A

r pt #31

add *ARS+, A

st A *ARL ; wite result
rete
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; FUNCTI ON: nmem nit.asm
;  DESCRI PTI ON: Contains only an initialization table that is used to

test the code..

;. ARGUVENTS: None

; AUTHOR: Ranesh A. lyer
; CREATED: June 27, 1999
; VERSI ON: 1.0

.def _meninit

_memnit:
.data
.word 0000h, 0001h, 0002h, 0003h
.word 0004h, 0005h, 0006h, 0007h
.word 0008h, 0009h, 000ah, 000bh
.word 000ch, 000dh, 000eh, 000fh
.word 0010h, 0011h, 0012h, 0013h
.word 0014h, 0015h, 0016h, 0017h
.word 0018h, 0019h, 001ah, 001bh
.word 001ch, 001dh, 001eh, 001fh
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/ * FlI LENAME: drma. cnd */
/* */
/* DESCRI PTI ON: This is the linker command file */
/* for the ping pong exampl e */
/* */
/* AUTHOR Ranmesh A. lyer */
/* */
| * CREATED: July 27, 1999 */
/* */
/* VERSI| ON: 1.0 */
/* */
MEMORY
{
PAGE O:
P_DARAM org = 800h len = 017ffh
PSARAML: org = 2000h I en = 1000h
PSARAM2: org = 3000h I en = 1000h
VECS: org = 0ff80h | en = 80h
PAGE 1:
D SPRAM org = 0060h I en = 0020h
D _DARAML: org = 80h l en = 780h
D DARAMZ: org = 800h | en = 1800h
D SARAM org = 2000h I en = 6000h
}
SECTI ONS
{
. text D> P_DARAM PAGE 0
pi ngpong : > P_DARAM PAGE O
dme_isr :> P_DARAM PAGE 0
. bss 1> D_DARAML PACGE 1
. stack D> D_DARAML PAGE 1
vectors :> VECS PAGE O
.data : | oad = 0x1000 PAGE 1
}
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Appendix B Header Files

This appendix contains a listing of the header files used in the application examples and a
sample vector table file.

/* FI LENAME: drma. h */
[* */
/* DESCRI PTI ON: Contains a definition of the */
[* structures used to access the */
/* DVA registers in the datasort exanple */
[* */
/* ARGUMENTS: None */
/* */
/* AUTHOR: Ramesh A. |yer */
/* */
/* CREATED: June 17, 1999 */
/* */
/* VERSI ON: 1.0 */
/* */
/* Structure definition for DVSFC */
struct dnsfc_reg
{

unsi gned i nt dmasyncevent 4,

unsi gned i nt doubl e_word 1;

unsi gned i nt rsvd 3;

unsi gned i nt franme_count 8;
b
[* Structure definition for DMMCR */
struct dnmcr_reg
{

unsi gned i nt dma_aut oi ni t 1;

unsi gned int dme_i nt _gen_mask 1;

unsi gned i nt dma_i nt _gen_node 1;

unsi gned i nt dma_transfer_cntr_node 1;

unsi gned i nt rsvd 1;

unsi gned i nt dma_src_addr _i ndex_node 3;

unsi gned i nt dma_src_addr _space_sel 2;

unsi gned i nt reserved 1;

unsi gned i nt dnma_dest _addr _i ndex_node 3;

unsi gned i nt dma_dest addr _space_sel ect 2;
1
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/* Structure definition for DVMPREC */
struct dnprec_reg
{

unsi gned int free 1;

unsi gned int rsvd 1;

unsi gned int dma_chan5 _priority 1;

unsi gned int drme_chan4_priority 1;

unsi gned int drma_chan3_priority 1,

unsi gned int dma_chan2_priority 1;

unsi gned int drme_chanl_priority 1;

unsi gned int drme_chanO_priority 1,

unsi gned int i nt_mux_control 2;

unsi gned int dma_chan5_enabl e 1;

unsi gned int dma_chan4_enabl e 1;

unsi gned int dma_chan3_enabl e 1;

unsi gned int dma_chan2_enabl e 1;

unsi gned int dma_chanl_enabl e 1;

unsi gned int dma_chanO_enabl e 1;
b
/* This structure is used by the calling programto pass argunments to */
/* the child assenbly program */
struct dma_param
{

unsi gned int dma_chan

unsi gned int src_address;

unsi gned int dst _address;

unsi gned int el enent _count;

struct dnsfc_reg DVBFC,

struct dmmcr_reg DMMCR

struct dnprec_reg DVPREC
}dma;
/* DMA channel s. .. */

#defi ne dma_channel 0O
#define dnma_channel _1
#define dna_channel _2
#defi ne dma_channel _3
#define dnma_channel _4

g A W N P O

#defi ne dma_channel 5
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/* FI LENAME: dma. h */
/* */
/* DESCRI PTI ON: Contains a definition of the */
/* structures used to access the */
/* DVA registers in the program pagi hg and */
/* pi ng—pong exanpl es. */
/* */
/* ARGUMENTS: None */
/* */
/* AUTHOR: Ramesh A. lyer */
/* */
[ * CREATED: June 17, 1999 */
/* */
/* VERSI ON: 1.0 */
/* */
/* Structure definition for DMSFC */
struct dnsfc_reg
{

unsi gned i nt dmasyncevent 4,

unsi gned i nt doubl e_word 1;

unsi gned int rsvd 3;

unsi gned i nt franme_count 8;
i
[* Structure definition for DMMCR */
struct dnmmcr_reg
{

unsi gned i nt dma_aut oi ni t 1;

unsi gned i nt dma_i nt _gen_mask 1;

unsi gned i nt dma_i nt _gen_node 1;

unsi gned i nt dma_transfer_cntr_node 1;

unsi gned i nt rsvd 1;

unsi gned i nt dma_src_addr _i ndex_node 3;

unsi gned i nt dma_src_addr_space_sel 2;

unsi gned i nt reserved 1;

unsi gned i nt dnma_dest _addr _i ndex_node 3;

unsi gned i nt dnma_dest _addr _space_sel ect 2;
b
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/* Structure definition for DVMPREC */
struct dnprec_reg
{

unsi gned int free 1,

unsi gned int rsvd 1;

unsi gned int dma_chan5 _priority 1;

unsi gned int dma_chan4 _priority 1;

unsi gned int drme_chan3_priority 1,

unsi gned int drme_chan2_priority 1;

unsi gned int dma_chanl_priority 1;

unsi gned i nt dna_chanO_priority 1;

unsi gned int i nt_mux_control 2;

unsi gned i nt dma_chan5_enabl e 1;

unsi gned int dma_chan4_enabl e 1;

unsi gned int dma_chan3_enabl e 1;

unsi gned i nt dna_chan2_enabl e 1;

unsi gned int dma_chanl_enabl e 1;

unsi gned int dma_chanO_enabl e 1;
s
/[* This structure is used by the calling programto pass argunents to */
/* the child assenbly program */
struct dma_par am
{

unsi gned int dma_chan

unsi gned int src_addr ess;

unsi gned int dst _addr ess;

unsi gned int el ement _count ;

struct dmsfc_reg DVBFC,

struct dnmcr_reg DVMCR

unsi gned int ext _src_pgm page

unsi gned int ext _dst_pgm page

unsi gned int gl obal _src_addr _rel oad

unsi gned int gl obal _dst _addr _rel oad

unsi gned int gl obal _el ement _cnt _rel oad

unsi gned int gl obal _frame_cnt_rel oad

struct dnprec_reg DVPREC
}dma;
/* DMA channel s. .. */

#defi ne dma_channel _0
#define dnma_channel _1
#defi ne dma_channel 2
#define dnma_channel 3
#defi ne dma_channel _4
#defi ne dma_channel 5

g b W N PP O
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;. FI LENANME: dmaregs. h
;. DESCRI PTI ON: Cont ai ns DMA regi ster definitions

; for Co4xx and ot her gl obal val ues used
; in the exanpl es.

7 ARGUMENTS: None
AUTHOR: Ramesh A. lyer
CREATED: June 17, 1999
VERSI ON: 1.0

DMPREC .set 0054h ;Channel Priority and Enabl e Control Register

DVBA .set 0055h ; Sub-bank Address Regi ster
DVSDI .set 0056h ; Sub-bank Data Regi ster with autoi ncrenent
DVSDN .set 0057h ; Sub-bank Data Regi ster wi thout nodification

DVSRCO .set 00h ; Channel
DVDSTO .set 01h ; Channel
DMCTRO .set 02h ; Channel
DVBFCO .set 03h ; Channel
DMMCRO .set 04h ; Channel
DVSRC1 .set 05h ; Channel
DVDST1 .set 06h ; Channel
DMCTR1 .set 07h ; Channel
DVSFC1 .set 08h ; Channel
DMMVCR1 .set 09h ; Channel
DVBRC2 .set  0Ah ; Channel
DVDST?2 .set 0Bh ; Channel
DMCTR2 .set 0Ch ; Channel
DVBFC2 .set 0Dh ; Channel
DMMCR2 .set OEh ; Channel
DVSRC3 .set OFh ; Channel
DMVDST3 .set 10h ; Channel
DMCTR3 .set 11h ; Channel
DVBFC3 .set 12h ; Channel
DMMCR3 .set 13h ; Channel
DVBRCA .set 14h ; Channel
DVDST4 .set 15h ; Channel

Source Address Register

Destination Address Register

El ement Count Regi ster

Sync Sel ect and Frame Count Register
Transfer Mde Control Register
Source Address Regi ster

Desti nati on Address Regi ster

El ement Count Regi ster

Sync Sel ect and Frane Count Register
Transfer Mde Control Register

Sour ce Address Register

Destinati on Address Regi ster

El ement Count Regi ster

Sync Sel ect and Frame Count Register
Transfer Mdde Control Register

Sour ce Address Register

Destinati on Address Regi ster

El ement Count Regi ster

Sync Sel ect and Frame Count Register
Transfer Mdde Control Register

Sour ce Address Register

Destinati on Address Regi ster

A A W W W W WDNDNMNNMMNMDMNMREPRPPRERPPRP P OOOOO
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DMCTR4 .set 16h ; Channel 4 El enent Count Register
DVBSFC4 .set 17h ; Channel 4 Sync Sel ect and Franme Count Regi ster
DVMCR4 .set 18h ; Channel 4 Transfer Mde Control Register
DVBRCS .set 19h ; Channel 5 Source Address Register
DVDST5S .set 1Ah ; Channel 5 Destination Address Register
DMCTR5 .set 1Bh ; Channel 5 El enment Count Register
DVBFC5 .set 1Ch ; Channel 5 Sync Sel ect and Frame Count Register
DMMCR5 .set 1Dh ; Channel 5 Transfer Mdde Control Register
DMSRCP  .set 1Eh ; Sour ce Program Page Address
DVMDSTP  .set 1Fh ; Destinati on Program Page Address
DM DX0 .set 20h ; El enent Address Index Register 0
DM DX1 .set 21h ; El ement Address | ndex Register 1
DMFRI O .set 22h ; Frame Address | ndex Register 0O
DVFRI 1 .set 23h ; Frame Address | ndex Register 1
DMGSA .set 24h ; @ obal Source Address Rel oad Regi ster
DMGDA .set 25h ; @ obal Destination Address Rel oad Regi ster
DMCECR .set 26h ; @ obal El enent Count Rel oad Regi ster
DMGFR .set 27h ; @ obal Franme Count Rel oad Regi ster
; Also contains other global initialized variables for sone of the
; exanpl es
of f set .set 5 ; Used in all the exanples to deternine which

; DMA channel registers need to be progranmed
franme .set 3 Used in the datasort exanple as an offset to

the Stack Pointer (SP) to save |ocal variables.
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