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Hardware & Software (TMS320C6416)Hardware & Software (TMS320C6416)

 600 MHz ‘C6416 DSP600 MHz ‘C6416 DSP 600 MHz ‘C6416 DSP600 MHz ‘C6416 DSP
 AIC23 Stereo CodecAIC23 Stereo Codec
 External MemoryExternal Memory

 16M Bytes SDRAM16M Bytes SDRAM
 512K Bytes Flash ROM512K Bytes Flash ROM

 4 user accessible LED’s and DIP Switches4 user accessible LED’s and DIP Switches
 Daughter card expansionDaughter card expansion
 Software Board Configuration through registers implemented in CPLDSoftware Board Configuration through registers implemented in CPLD
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 Software Board Configuration through registers implemented in CPLDSoftware Board Configuration through registers implemented in CPLD
 JTAG Emulation through onJTAG Emulation through on--board JTAG emulator with USB host board JTAG emulator with USB host 

interface or external emulatorinterface or external emulator
 Power Supply & Parallel Port CablePower Supply & Parallel Port Cable
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RSRRSR Receive Shift RegReceive Shift Reg
i ffi ffReceiveReceive RBRRBR Receive Buffer RegReceive Buffer Reg

DRRDRR Data Receive RegData Receive Reg

XSRXSR Transmit Shift RegTransmit Shift Reg
DXRDXR Data Transmit RegData Transmit Reg

SPCRSPCR Serial Port Control RegSerial Port Control Reg

ReceiveReceive

TransmitTransmit
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SPCRSPCR Serial Port Control RegSerial Port Control Reg
RCRRCR Receive Control RegReceive Control Reg
XCRXCR Transmit Control RegTransmit Control Reg
SRGRSRGR Sample Rate GeneratorSample Rate Generator
PCRPCR Pin Control RegPin Control Reg

ControlControl
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Determining Ready StatusDetermining Ready Status

•• TheThe RRDYRRDY andand XRDYXRDY bitsbits inin SPCRSPCR indicateindicate thethe readyready
statestate ofof thethe McBSPMcBSP receiverreceiver andand transmittertransmitter,,
respectivelyrespectively..

•• WritesWrites andand ReadsReads fromfrom thethe serialserial portport cancan bebe
synchronizedsynchronized byby wellwell knownknown existingexisting methodsmethods..
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Determining Ready StatusDetermining Ready Status

1.1. Polling Polling RRDYRRDY and and XRDYXRDY bits.bits.

2.2. Using the events sent to the DMA or EDMA controller Using the events sent to the DMA or EDMA controller 
((REVT &  XEVTREVT &  XEVT).).

3.3. Using the interrupts to the CPU (Using the interrupts to the CPU (RINT and XINTRINT and XINT) that the ) that the 
events generate.events generate.
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Importantly, Importantly, Reading DRR and writing to DXR affects RRDY Reading DRR and writing to DXR affects RRDY 
and XRDY bitsand XRDY bits..
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SPCRSPCR

TheThe receivereceive interruptinterrupt ((RINTRINT)) andand transmittransmit interruptinterrupt ((XINTXINT)) signalssignals informinform thethe CPUCPU
ofof changeschanges toto thethe serialserial portport statusstatus.. FourFour optionsoptions existexist forfor configuringconfiguring thesethesegg pp pp g gg g
interruptsinterrupts..

TheseThese optionsoptions areare setset byby thethe receive/transmitreceive/transmit interruptinterrupt modemode bitsbits ((RINTMRINTM andand
XINTMXINTM)) inin SPCRSPCR..

TheThe possiblepossible valuesvalues ofof thethe mode,mode, andand thethe configurationsconfigurations theythey representrepresent areare::

1.1. (R/X)INTM(R/X)INTM == 0000bb.. InterruptInterrupt onon everyevery serialserial elementelement byby trackingtracking thethe
(R/X)RDY(R/X)RDY bitbit ii SPCRSPCR
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(R/X)RDY(R/X)RDY bitsbits inin SPCRSPCR..
2.2. (R/X)INTM(R/X)INTM == 0101bb.. InterruptInterrupt atat thethe endend ofof aa subsub--frameframe ((1616 elementselements oror less)less)

withinwithin aa frameframe..
3.3. (R/X)INTM(R/X)INTM == 1010bb.. InterruptInterrupt onon detectiondetection ofof frameframe synchronizationsynchronization pulsespulses..
4.4. (R/X)INTM(R/X)INTM == 1111bb.. InterruptInterrupt onon frameframe synchronizationsynchronization errorerror..
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SPCRSPCR

RRDYRRDY == 11 indicatesindicates thatthat thethe RBRRBR contentscontents havehave beenbeen copiedcopiedRRDYRRDY == 11 indicatesindicates thatthat thethe RBRRBR contentscontents havehave beenbeen copiedcopied
toto DRRDRR andand thatthat thethe datadata cancan nownow bebe readread byby eithereither thethe CPUCPU
oror thethe DMA/EDMADMA/EDMA controllercontroller..

OnceOnce thatthat datadata hashas beenbeen readread byby eithereither thethe CPUCPU oror thethe
DMA/EDMADMA/EDMA controller,controller, RRDYRRDY isis clearedcleared toto 00..
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Also,Also, atat devicedevice resetreset oror serialserial portport receiverreceiver resetreset ((RRSTRRST == 00),),
thethe RRDYRRDY bitbit isis clearedcleared toto 00 toto indicateindicate thatthat nono datadata hashas beenbeen
receivedreceived andand loadedloaded intointo DRRDRR..
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RCRRCR
Single phase or double phase (0, 1)Single phase or double phase (0, 1)
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Determines the word length of the element:Determines the word length of the element:
8, 12, 16, 20, 24, 328, 12, 16, 20, 24, 32
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RCRRCR

TheThe (R/X)WDLEN(R/X)WDLEN11//22 fieldsfields inin thethe receive/transmitreceive/transmit controlcontrol
registerregister (RCR(RCR andand XCR)XCR) determinedetermine thethe elementelement lengthlength inin bitsbits perper
elementelement forfor thethe receiverreceiver andand thethe transmittertransmitter forfor eacheach phasephase ofof thethe
frameframe..

IfIf (R/X)PHASE(R/X)PHASE == 00 indicatingindicating aa singlesingle--phasephase frameframe
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IfIf (R/X)PHASE(R/X)PHASE == 00,, indicatingindicating aa singlesingle--phasephase frame,frame,
(R/X)WDLEN(R/X)WDLEN22 isis notnot usedused byby thethe McBSPMcBSP andand itsits valuevalue doesdoes notnot
mattermatter..
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RCRRCR
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XCRXCR
Single phase or double phase (0, 1)Single phase or double phase (0, 1)
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Determines the word length of the element:Determines the word length of the element:
8, 12, 16, 20, 24, 328, 12, 16, 20, 24, 32
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SRGR SRGR SAMPLE RATE GENERATOR REGISTERSAMPLE RATE GENERATOR REGISTER
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CLKGDV:CLKGDV:SRG clock divider value.SRG clock divider value.
FPER:FPER: Frame period value plus 1 specifies when the next frame sync Frame period value plus 1 specifies when the next frame sync 

signal  becomes  ready.signal  becomes  ready...
FSGM:FSGM: Sample rate generator transmit frame synchronization bit.Sample rate generator transmit frame synchronization bit.
CLKSM:CLKSM: Internal (CPU) or External (Pin) clock to derive.Internal (CPU) or External (Pin) clock to derive.
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PCR PCR PIN CONTROL REGISTERPIN CONTROL REGISTER

Dr. D. M. Akbar Hussain

Department of Software Engineering & Media Technology
18

CLKRM: CLKRM: Receiver clock mode bit (Input or Output).Receiver clock mode bit (Input or Output).
CLKXM: CLKXM: Transmit clock mode bit (Input or Output).Transmit clock mode bit (Input or Output).
FSRM:FSRM: Receive frame synchronization mode bit (Internal ‘by sample rate Receive frame synchronization mode bit (Internal ‘by sample rate 

generator’ or  External).generator’ or  External).
FSXM:FSXM: Transmit frame synchronization mode bit (Internal or External).Transmit frame synchronization mode bit (Internal or External).
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Volatile VariableVolatile Variable
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InIn computercomputer programming,programming, aa variablevariable oror objectobject declareddeclared withwith
thethe volatilevolatile keywordkeyword maymay bebe modifiedmodified externallyexternally fromfrom thethe
declaringdeclaring objectobject..

ForFor example,example, aa variablevariable thatthat mightmight bebe concurrentlyconcurrently modifiedmodified
byby multiplemultiple threadsthreads (without(without lockslocks oror aa similarsimilar formform ofof mutualmutual
exclusion)exclusion) shouldshould bebe declareddeclared volatilevolatile..

MachinesMachines havinghaving memorymemory mappedmapped input/outputinput/output pointerpointer toto aa
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MachinesMachines havinghaving memorymemory mappedmapped input/output,input/output, pointerpointer toto aa
devicedevice maymay bebe declareddeclared volatilevolatile whichwhich willwill notnot bebe optimizedoptimized byby
thethe compilercompiler becausebecause theirtheir valuevalue cancan changechange atat anyany timetime..
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Programming the Serial Port:Programming the Serial Port:Programming the Serial Port:Programming the Serial Port:

•• Three methods available for programming the serial port:Three methods available for programming the serial port:

1.1. Writing directly to the serial port registers.Writing directly to the serial port registers.

2.2. Using the Chip Support Library (CSL).Using the Chip Support Library (CSL).

33 G hi ll  i  th  DSP/BIOS GUI fi ti  t lG hi ll  i  th  DSP/BIOS GUI fi ti  t l

Dr. D. M. Akbar Hussain

Department of Software Engineering & Media Technology
21

3.3. Graphically using the DSP/BIOS GUI configuration tool.Graphically using the DSP/BIOS GUI configuration tool.
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Writing directly to the serial port registers:Writing directly to the serial port registers:

– This method is straight forward however, it relies on a s et od s st a g t o a d o e e , t e es o a
good understanding of the serial port functionality.

– This method can be tedious and is prone to errors.

#include <c6416dsk.h>#include <c6416dsk.h>

void mcbsp0_init()
{  

*(unsigned volatile int *)McBSP0 SPCR = 0;
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*(unsigned volatile int *)McBSP0_SPCR = 0; 
*(unsigned volatile int *)McBSP0_PCR = 0; 
*(unsigned volatile int *)McBSP0_RCR = 0x10040;
*(unsigned volatile int *)McBSP0_XCR = 0x10040;
*(unsigned volatile int *)McBSP0_DXR = 0;
*(unsigned volatile int *)McBSP0_SPCR = 0x12001;

}



©Dr. D. M. Akbar Hussain

Lecture 4: (DE6 2011) 12

© Dr. D. M. Akbar Hussain

Using the Chip Support Library:Using the Chip Support Library:

–– TheThe CSLCSL providesprovides aa CC languagelanguage interfaceinterface forfor
configuringconfiguring andand controllingcontrolling thethe onon--chipchip
peripherals,peripherals, inin thisthis casecase thethe SerialSerial PortsPorts..

–– TheThe librarylibrary isis modularmodular withwith eacheach modulemodule
correspondingcorresponding toto aa specificspecific peripheralperipheral.. ThisThis
hashas thethe advantageadvantage ofof reducingreducing thethe codecode sizesize..
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–– SomeSome modulesmodules relyrely onon otherother modulesmodules alsoalso beingbeing
included,included, forfor exampleexample thethe IRQIRQ modulemodule isis
requiredrequired whenwhen usingusing thethe EDMAEDMA modulemodule..
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CSL programming procedure:CSL programming procedure:CSL programming procedure:CSL programming procedure:

(1)(1) Create handles for the serial ports:Create handles for the serial ports:

MCBSP_Handle hMcbsp;MCBSP_Handle hMcbsp;
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(2)(2) Open the serial port:Open the serial port:

hMcbsp = MCBSP_open(MCBSP_DEV1, MCBSP_OPEN_RESET);hMcbsp = MCBSP_open(MCBSP_DEV1, MCBSP_OPEN_RESET);
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CSL programming procedure continues:CSL programming procedure continues:

(3) Configure the serial port:

(4)   Close the Serial Port after use:

MCBSP_config(hMcbsp,&MyConfiguration);
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(4)   Close the Serial Port after use:

MCBSP_close(hMcbsp);
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DSP/BIOSDSP/BIOS GUIGUI InterfaceInterface::

–– WithWith thisthis methodmethod thethe configurationconfiguration structurestructure
isis createdcreated graphicallygraphically andand thethe setupsetup codecode isis
generatedgenerated automaticallyautomatically..
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Procedure:

(1) Create a configuration using the McBSP ( ) g g
Configuration manager (eg. mcbspCfg0).
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Procedure:Procedure:
Right click and select “Properties”, see the figure Right click and select “Properties”, see the figure 
below, and then select “Advanced” and fill all below, and then select “Advanced” and fill all 
parameters as shown below:parameters as shown below:parameters as shown below:parameters as shown below:
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Procedure:Procedure:
Select the serial port you would like to use from the Select the serial port you would like to use from the 
MCBSP Resource manager (MCBSP Resource manager (egeg. Mcbsp_Port1).. Mcbsp_Port1).

Right click and select properties.Right click and select properties.

Select the Select the mcbspCfg0 mcbspCfg0 
configuration just created. configuration just created. 

Dr. D. M. Akbar Hussain

Department of Software Engineering & Media Technology
29

© Dr. D. M. Akbar Hussain

P dP dProcedureProcedure::
AA filefile isis thenthen generatedgenerated thatthat containscontains thethe
configurationconfiguration codecode.. TheThe filefile generatedgenerated forfor
thisthis exampleexample isis shownshown onon thethe nextnext slideslide..
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/*   Do *not* directly modify this file.  It was    */
/*   generated by the Configuration Tool; any  */
/*   changes risk being overwritten.                */

/* INPUT mcbsp1 cdb *//  INPUT mcbsp1.cdb /

/*  Include Header File  */
#include "mcbsp1cfg.h"

/*  Config Structures */
MCBSP_Config mcbspCfg0 = {

0x00008000,        /*  Serial Port Control Reg. (SPCR)   */
0x000000A0,        /*  Receiver Control Reg. (RCR)   */
0x000000A0,        /*  Transmitter Control Reg. (XCR)   */
0x203F1F0F,        /*  Sample-Rate Generator Reg. (SRGR)   */
0x00000000,        /*  Multichannel Control Reg. (MCR)   */
0x00000000,        /*  Receiver Channel Enable(RCER)   */
0x00000000,        /*  Transmitter Channel Enable(XCER)   */
0x00000A00         /*  Pin Control Reg. (PCR)   */

};
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};

/*  Handles  */
MCBSP_Handle hMcbsp1;

/*
*  ======== CSL_cfgInit() ========  
*/

void CSL_cfgInit()
{

hMcbsp1 = MCBSP_open(MCBSP_DEV1, MCBSP_OPEN_RESET);
MCBSP_config(hMcbsp1, &mcbspCfg0);

}
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Notice:Notice:

Values in the code generated are the same as the Values in the code generated are the same as the 
values inserted using the GUI interface.values inserted using the GUI interface.

/*   Do *not* directly modify this file.  It was    */
/*  Config Structures */
MCBSP_Config mcbspCfg0 = {

0x00008000,        /*  Serial Port Control Reg. (SPCR)   */
0x000000A0,        /*  Receiver Control Reg. (RCR)   */
0x000000A0,        /*  Transmitter Control Reg. (XCR)   */
0 203 1 0 / ( ) /
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0x203F1F0F,        /*  Sample-Rate Generator Reg. (SRGR)   */
0x00000000,        /*  Multichannel Control Reg. (MCR)   */
0x00000000,        /*  Receiver Channel Enable(RCER)   */
0x00000000,        /*  Transmitter Channel Enable(XCER)   */
0x00000A00         /*  Pin Control Reg. (PCR)   */

};
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#include <c6416dsk.h>#include <c6416dsk.h>

void void mcbsp_initmcbsp_init()()
{{{  {  

/* Reset the /* Reset the McBSPMcBSP */*/
*(unsigned volatile *(unsigned volatile intint *)*)McBSP_SPCRMcBSP_SPCR = 0;= 0;

/* Setting Pin Control Register; Default *//* Setting Pin Control Register; Default */
*(unsigned volatile *(unsigned volatile intint *)*)McBSP_PCRMcBSP_PCR = 0; = 0; 

/* Setting RCR, 16 bit receive, No /* Setting RCR, 16 bit receive, No CompandingCompanding, 1 bit delay */, 1 bit delay */
*(unsigned volatile *(unsigned volatile intint *)*)McBSP_RCRMcBSP_RCR = 0x10040;= 0x10040;

/* Setting TXR, 16 bit transmit, No /* Setting TXR, 16 bit transmit, No CompandingCompanding, 1 bit delay */, 1 bit delay */
*( i d l il*( i d l il ii *)*) 0 100400 10040
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*(unsigned volatile *(unsigned volatile intint *)*)McBSP_XCRMcBSP_XCR = 0x10040;= 0x10040;

/* Clear Data Transmission Register *//* Clear Data Transmission Register */
*(unsigned volatile *(unsigned volatile intint *)*)McBSP_DXRMcBSP_DXR = 0;= 0;

/* Now Enabling the port operation through SPCR *//* Now Enabling the port operation through SPCR */
*(unsigned volatile *(unsigned volatile intint *)*)McBSP_SPCRMcBSP_SPCR = 0x12001;= 0x12001;

}}
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/* Writing to /* Writing to McBSPMcBSP */*/

void void mcbsp_writemcbsp_write ((intint out_dataout_data))
{  {  

intint output_regoutput_reg;;
output_regoutput_reg = *(unsigned volatile = *(unsigned volatile intint *)*)McBSP_SPCRMcBSP_SPCR & 0x20000;& 0x20000;
while (while (output_regoutput_reg == 0)== 0)
{{{{
output_regoutput_reg = *(unsigned volatile = *(unsigned volatile intint *)*)McBSP_SPCRMcBSP_SPCR & 0x20000;& 0x20000;

}}
*(unsigned volatile *(unsigned volatile intint *)*)McBSP_DXRMcBSP_DXR = = out_dataout_data;;

}

/* Reading from /* Reading from McBSPMcBSP */*/

intint mcbsp_readmcbsp_read ()()
{  {  

intint input_reginput_reg;;
input_reginput_reg = *(unsigned volatile = *(unsigned volatile intint *)*)McBSP_SPCRMcBSP_SPCR & 0x2;& 0x2;
while (while (input_reginput_reg == 0)== 0)
{{
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input_reginput_reg = *(unsigned volatile = *(unsigned volatile intint *)*)McBSP_SPCRMcBSP_SPCR & 0x2;& 0x2;
}}
input_reginput_reg = *(unsigned volatile = *(unsigned volatile intint *)*)McBSP_DRRMcBSP_DRR;;
return return input_reginput_reg;;

}}

main()main()
{{
………………………………
}}
For m Own Reference: For m Own Reference: MCBSP_DRR_DR_symvalMCBSP_DRR_DR_symval


