Lecture 4

¢ What are interrupts?
¢ What is CSL and BSL?
¢ Using AD535 codec

+ Output sine to DSK codec via serial port

¢ Using Interrupts

« Use serial port interrupt to synchronize
sinewave sample output

Interrupts

¢ An event that causes processor to halt

what it is doing, and execute an interrupt
service routine (ISR)

¢ Sources of interrupts include:

+ Timers

« External interrupts

+ DMA (direct memory access)
+ McBSP transmit or receive
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Setting up interrupts

¢ Assign events to CPU

¢ Create the interrupt Tool

interrupts CCs _
Configuration

vector table

Interrupt service routines

B3P T %J —Interrupt events are |
CBSP 1 receive interrupt (RINTI mapped to internal '

1. Save registers
(context save)

2. Actual function to [N Use Dispatcher
perform in Configuration

/1 Tool

3. Restore registers o/
(context restore)

Enabling interrupts

¢ Individual interrupts can be turned
on or off (set appropriate bits in
Interrupt Enable Register)

& A master switch can be used to turn
all interrupts on or off (Global Enable
Interrupt bit in the Control Status
Register)

Tl Software Foundation Libraries

Board Support Library (BSL)
Higher-level routines supporting DSK-specific functionality
BSL routines make use of CSL routines

bsl _ad535. h| chip Support Library (CSL)

bsl _led. h Low-level routines supporfing on-chip peripherals
bsl _dip. h
o gf,g;phh C Compiler

) Runtime Support Library

These are defined in irg.h in the Chip Support
Library (CSL)

irg.h Standard ANSI C libraries

stdio. h
mat h. h TI DSP




Peripheral Support Libraries

General Procedure to

use BSL/CSL

‘C6000 CSL Modules

‘C6711 DSK BSL

CSL CSL initialization
CHIP  Specify device

BSL BSL initialization
BOARD specify board

CACHE Cache
DAT Device-independent data copyffill
DMA  Direct memory access

AD535 Access audio codec
DIP Read board DIP switches
FLASH Program FLASH ROM

1. Declare variables
+ Usually handle & configuration

EDMA Enhanced direct memory access LED Write LED’s

EMIF  External memory interface

HPI  Host port interface DSP/BIOS

MCBSP Multichannel buffered serial port
PWR  Power down

STDINC Standard include

TIMER Timer

IRQ Interrupt controller HWI Hardware interrupts

Example:

AD535_Handle myHandle;

AD535_Config myConfig ={
AD535_LOOPBACK_DISABLE,
AD535_MICGAIN_OFF,
AD535_GAIN_0DB,
AD535_GAIN_0DB };

General Procedure to use BSL/CSL

General Procedure to

use BSL/CSL

1. Declare variables
+ Usually handle & configuration

2. Open peripheral
+ Reserves resource
«+ Provides ‘handle’ to reference resource
(AD535_localld is a pre-defined pointer,
specifically for the codec on the DSK)

1. Declare variables
+ Usually handle & configuration

2. Open peripheral
+ Reserves resource
« Provides ‘handle’ to reference resource

3. Configure peripheral

+ Apply setup configuration to peripheral

. | AD535_Handle myHandle; . | AD535_Handle myHandle;
Example: AD535_Config myConfig ={ Example: AD535_Config myConfig = {
AD535_LOOPBACK_DISABLE, ... }; AD535_LOOPBACK_DISABLE, ... };
main() { myHandle = AD535_open(AD535_localld); main() { myHandle = AD535_open(AD535_localld);
AD535_config(myHandle, &myConfig);
General Procedure to use BSL/CSL * Agoritm Creating a Sine Wave
. D -ti t
1. Declare variables oo e evens

) . + Initialization

+ Usually handle & configuration ‘ A

2. Open peripheral
+ Reserves resource
+ Provides ‘handle’ to reference resource

3. Configure peripheral

+ Apply setup configuration to peripheral

4. Use peripheral

« Some periph’s use functions to read/write them

. | AD535_Handle myHandle;
Example: AD535_Config myConfig ={

AD535_LOOPBACK_DISABLE, ... };

main() { myHandle = AD535_open(AD535_localld);
AD535_config(myHandle, &myConfig);
AD535_write(myHandle, value);

#define SAMPLE_FREQ 8000.0
#define SINE_FREQ 3000.0

int sinegen(void)
{

float wave;

int D=256; /* size of wave table */

intk;
static int t=0;

I

Code from Lab 3 to generate

sine wave is here

axf

return((int)(32000*wave));
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Sine_gen.c

Generates a value
for each output
sample




Output Sine via AD535 Codec

DSK

sineGen

)

‘C6711

ADS535

@rll__

Send to Codec via McBSP

sineGen
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AD535 Codec McBSP Block Diagram
McBSPO Voice Channel
— RI NT
» DXR » DAC > XI NT
DRR ADC < CPU - D R
Fs = 8KH < Expand —
S ? g z s (optional) E 32 RSR OR
CLKR <
CLKX <« i 5
C
; g_ g SR Ox
e
i | AD535 BSL ;
*[ AD535_Config structure used to configure AD535 parameters | &> CLKR
such as input/output gains, e}c. B <« OLKX
AD535_Handle used to reference the AD535 in code PN lsl McBSP Control = CLKS
AD535_open() reserves resource and returns handle DVA L Registers
AD535_config() configures AD535 and McBSPO REVT <« FSR
AD535_read() reads from AD535 ADC thru McBSPO receive XEVT > FSX
AD535_write() writes to AD535 DAC thru McBSPO transmit »

AD535 write

DSK

sineGen
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ADS3!
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}

codecOut() )
{ AD535_write(handle, sineGen());

Synchronizing the Output Samples

Algorithm //%

Generates a single
sine sample

sineGen

t

Timing

sineGen sineGen

+ How often should
we output a sample?

125uSF——
A

+ Since sineGen is fasterithan 1 ps
how do we wait anothe

124+ ps?

MCcBSP transmit interrupt

McBSP AD535

=




+ Algorithm Real-time Sync to XINTO Turning Function inta an ISR
« Real-time events er— HWI_INTS Properties x|
+ Initialization
DSK Estimated Data Size: 2649 Est. Min, Gtack S Generd |
- 2 @ Global Settings o [defines the INT3 Tnterup.
¢ L: CLE - Clock M
C6711 HST - ot Channal Mansgr [MEsF et =]
p i sosasest | I - |\I|Wl_|-\:|a[:g§?-[lmewmSEWiCE Rou A = oul
ineG W %
S;e\/en . - "::’ i PeseRvED meriat Hating |
5 W Hil_ RESERVED o I
— = W Hp INT4
McBSP transmit interrupt W HWINTS |—_S‘gned -
XINTO et
(INTO) 8 e FerrT
- ::::: :x::m;g ¥ Use Dispatcher
/| Interrupt Service Routine ::::, :x:_mm /| Interrupt Service Routine
codec_out() W Nz codec_out() Note underscore
~—— { AD535_write(handle, sineGen()); [~ W W NTT3 { AD535_write(handle, sineGen()); | before C function
} W H_INT14 } name
W HWI_INTIS
& = @ DL - Idle Function M anagsr ﬂﬂ %
* Agorithm Codec Initialization + Agorthm Codec Initialization
« Real-time events «+ Real-time events
« Initialization DSK « Initialization *BSL bs! ad535.h +/
N AD535_Handle hAD535;
‘ AD535_Config myAD535 = {
) c6711 ) AD535_LOOPBACK_DISABLE,
HWI ApsgsBsL | H AD535_MICGAIN_OFF,
sineGen /' L si AD535_GAIN_ODB,
/\/ = AD535_GAIN_ODB };
t ’ -
transmit interrupt void CO(,j*eég'f'f,(s)f ad535.h
main() main() hAD535 :TAD535_open(AD535_IocaIId);
{CSL _Init(); /*cslh*/ {CSL_Init(); ﬁ AD535_reset(hAD535);
BSL init(); /*bslLh*/ BSL _init(); AD535_config(hAD535, &myAD535); }
codec_init n T
-Hnit: Defined in bsl6711dsk.lib
[l codec_out() P HWI A ——— (included in Linker:Options)
while(1); | { AD535_write(hADS35, sineGen()); while(1); | ??;;:;;u:v(Zite(hAbsas i e’G::;'»’
} [ } - ’ ;
B }
- . . =
+ Algorithm Enabling Interrupts Enabling Interrupts
+ Real-time events
« Initialization
DSK IFR IER CSRgE
A Interrupt | “Individual “Master
‘C6711 Occurs Switch” Switch”
| Hw sosasest | INT, {1}
@\/ ' . . -] — 6000
INT {1}
transmit interrupt + B
main() :
{CSL_Init(); Interrupt Enable Reg (IER)
BSL_init(); turns on individual
cod;n:n(i)t‘()- interrupts
_init(); .
init_HWI(); | RQ_enabl e( | NT) GIE bit in Control Status Reg (CSR)
i enables all enabled interrupts
codec_out() 1 HWI */ HW _enabl e(voi d)
while(1); | { AD535_write(hAD535, sineGen()); -
} } » »




 Algorithm Enabling Interrupts + Algorithm Enabling Interrupts

« Real-time events «+ Real-time events
« Initialization « Initialization
DSK

DSK

‘C6711 ‘C6711

THw I W :
% /| Remember, we used HWI 9 for McBSP transmit int (XINTO) S:ne/\sjn McBSP D /v o

IRQ_Map(IRQ_EVT_XINTO, 9); /* CSL irq.h */ R
IRQ_Enable(IRQ_EVT_XINTO); . T
transmit interrupt

/| Enable interrupts globally (this sets the GIE bit in CSR)

main() HWI_enable(); /* API function, Config Tool */ main()
{CSL_Init(); a {CSL_Init(); ﬁ /1 Output a sample to start generating interrupts I
BSL_init(); BSL_init();
codec_init(); codec_init(); |
init_HWI(); init_HWI();
AD535_write(hAD535, 0); [| codec_out() * XINTO_HWI */ AD535_write(hAD535, 0); || codec_out() % XINTO_HWI */
while(1); { AD535_write(hAD535, sineGen()); while(1); { AD535_write(hAD535, sineGen());
} } » } } @




