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Interfacing the ADS8320/ADS8325 to The
TMS320C6711 DSP

Lijoy Philipose Data Acquisition Applications

ABSTRACT

This application note presents a method for interfacing the ADS8320/ADS8325 16-bit
100 KSPS SAR analog-to-digital converter to the TMS320C6711 DSP. Software
developed for use in this application reads continuously from the converter. Explained
within is how to use the BIOS/CSL and the configuration tool in Code Composer Studio™
to set the McBSP and hardware interrupt vectors. The software can also be used for
interfacing the ADS8321 and ADS8324 analog-to-digital converters to any McBSP. In an
effort to reduce development time, the source code is available via TI's website.
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1 Introduction

The ADS8320/ADS8325 is a single-channel, 100-KSPS, 16-bit analog-to-digital converter. The
converter gluelessly interfaces to the TMS320C6711 digital signal processor (C6711 DSP). The
TMS320C6711 DSP starter kit (DSK) and DEM-MSOP8 EVM were used for system
development.

This application note explains the software interface, including how to set the McBSP register
settings and data recovery. The application code continously reads samples from the converter
and stores them in an array. Software written for this note is available for download from TI’s
website.

2 Hardware and Software Tools

The TMS320C6711 DSP starter kit is a low-cost medium for interfacing the TMS320C6711 DSP
to the ADS8320/ADS8325. Figure 1 shows how the digital lines should be connected together.
In this report the ADS8320/ADS8325 is interfaced to a C6711 DSP via multichannel buffered
serial port 1 (McBSP1).

The ADS8320/ADS8325 communicates with microprocessors via a synchronous 3-wire serial
interface. The DCLOCK signal synchronizes the data transfer, with each bit being transmitted
on the falling edge of DCLOCK. Therefore the McBSP is programmed to receive data on the
rising edge of CLKX1. A falling CS signal initiates the conversion and data transfer. As
mentioned above, FSX1 is wired to CS. The first 4.5 to 5.0 clock periods of the conversion cycle
are used to sample the input signal. After the fifth falling DCLOCK edge, Dour is enabled and
outputs a LOW value for one clock period. For the next 16 DCLOCK periods, Dout outputs the
conversion result—most significant bit first. After the least significant bit (BO) has been output,
subsequent clocks repeat the output data, but in a least significant bit first format. The full
conversion cycle is therefore ( 5+1+16) = 22 clocks, for this reason the McBSP transmit and
receive word size are set to 24 bits.

The transmit clock pin, CLKX1 of McBSP1 is wired to DCLOCK pin. The transmit frame sync,
FSX1 of McBSP1, is wired to CS. Finally, the receive-data register (DRR1) is wired to Dout pin.

'C6711 DSP
*n DCLOCK7—<— CLKX1
< ADS8320/5 ¢Cs ° o« Fsxi
-In Dour '6—>—‘ DRR1

Figure 1. Hardware Interface
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TMS320C6711 DSK

The TMS320C6711 DSP starter kit (DSK) not only provides an introduction to C6000™ DSP
technology, but is powerful enough to use for fast development of networking, communications,
imaging and other applications like data acquisition. Search TI's website ( www.ti.com ) for
more information on the C6711™ DSP starter kit or go to the link below:

http://focus.ti.com/docs/tool/toolfolder.jhtml?PartNumber=TMDS320006711

5-6K Interface Card

The 5-6K interface card provides data converter customers with a great amount of flexibility for
the evaluation of data acquisition products from Texas Instruments. The interface card provides
direct plugin of different analog-to-digital, (or digital-to-anlaog) converter evaluation modules
(EVMSs) onto this interface card, which then sits on the C5000™ DSP or C6000™ DSP starter
kit. This hardware stackup allows software coding to begin right away. The card consists of two
signal conditioning sites, two serial EVM sites, and a parallel EVM site. It enables rapid
prototyping of the complete signal chain. The link below provides more information on this
interface board.

http://focus.ti.com/docs/tool/toolfolder.jhtml?PartNumber=5-6KINTERFACE

DEM-MSOP8

The DEM-ADS-MSOP8 A/D converter evaluation fixture provides for quickly testing the
ADS8320/ADS8325 on the platform. This particular board does not plug directly into a 5-6k
interface card, so for this report three wires are used to connect the digital I/O from
ADS8320/ADS8325 to the McBSPa slot of the 5-6k interface card. Daughtercard EVMs are
currently being developed for plugging directly into the interface card. For more information on
the DEM-MSOP8 evaluation fixture go to the link below:

http://focus.ti.com/docs/tool/toolfolder.jhtml?PartNumber=DEM-ADS-MSOP8

Software Development Tool

The software is written using Code Composer Studio™. The Code Composer Studio
(CCStudio) development tools provide a fully integrated development environment (IDE)
supporting Texas Instruments industry-leading TMS320™ DSP platforms. Code Composer
Studio IDE is the first intelligent development environment to offer TMS320C2000™ DSP,
TMS320C5000™ DSP, TMS320C6000™ DSP, and OMAP™ application development for
multiprocessor, multiuser and multisite projects.

CCStudio integrates all host and target tools in a unified environment to simplify DSP system
configuration and application design. The unified environment includes TI's DSP/BIOS™ kernel,
code-generation tools, fast simulators, debugger, and real-time data exchange (RTDX)
technology. CCStudio also has an open architecture that allows TI and third party developers to
extend the IDE functionality by seamlessly plugging in additional specialized tools.

For more information, readers may search TI's website.

Interfacing the ADS8320/ADS8325 to The TMS320C6711 DSP 3
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3 Program

The code developed for this application note uses the sample rate generator of McBSP1 to
trigger conversions every 10 pys. The DSP, via an interrupt service routine, reads a 24-bit word,
and moves the sample into a 16-bit array called ad_buffer. BIOS/CSL is used to initialize all the
DSP and McBSP registers; therefore, all the registers are set before branching to the main
function. As a result, in the main function, only two actions need to be performed—first to
enable interrupts, and second to start McBSP port 1. The McBSP receiver interrupt service
routine is called to read the sample of the receiver and store the data.

3.1  McBSP Setting

The following sections highlight how to use the configuration tool to set up the McBSP and
hardware interrupts.

1. As shown in Figure 2, on the Operating Mode tab, place the McBSP in SPI mode by
selecting Delay (SPI) from the pulldown options in the Clock Stop Mode field.

mchspCfgl Properties X
R =
Estimated Data Size: 2589 Est. Min. Stack Size [MAUs): 540 Receiver FramehElt | Sample-Rate Generator
@ Systam tultichannel Operation | General-Purposze |0 I Advanced
(2 Instrumentation General | Operating Mode | Transmit Mode I Receiver Mode | Trarsmit FramehElt
138 Scheduling .
- Synchrorization Digital Loopback Mode [DLB]
Input/Output lﬁ
N 31 - Chip Support Library Clock Stop Mode [CLESTR) Drelay(SPI) hd
D 5L Extern Declaration Serial Clack Free Rurning [FREE] IFree Running hd
ﬂ' DMA Direct Memary Access
ﬂ EDMA Enhanced Direct Memory Access Serial Closk Emulation [SOET] Transmission Complete *

-

EMIFA - External Memory Interface A (64x devices «
EMIFE - External Memory Interface B (64x devices ¢
I MCBSP - Multichannel Buffered Serial Port
--WEﬂl MCESP Configuration Manager
i mebspCigl
..mj_ﬁil MCESP Resource Manager

- Turbo Decoder Coprocessar -TCP
+| i TIMER. - Timer Device

-

g EMIF - External Memary Interface
i

Witerbi Decoder Coprocessar - YCP
#BUS - Expansion Bus

-

oK I Cancel Spply Help

Frr Heln rrecs Fi

Figure 2. Operating Mode Tab
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2. As we see in the hardware interface diagram (Figure 1), the transmit portion of the
McBSP is used for DCLOCK and CS to the ADS8320/ADS8325. On the Transmit
Mode tab (Figure 3), CLKX1 is set as output, with rising-edge polarity. The first
edge after CS goes low is a rising edge. In this case the sample-rate generator is set
to trigger new conversion cycles. NOTE: The Sample-Rate Generator tab is where
the conversion frequency is set, described in greater detail in step 6. Also, use the
Transmit Mode tab to set the polarity of the CS. It must be set to Active Low to
ensure FSX1 goes low when a new cycle begins.

Receiver FramehElL I Sample-R ate Generator
Multichannel Operation I General-Purpoze [0 I Advanced
General I Operating Mode: Transmil fode | Receiver Mode I Transmit Frame“Elt
Interupt Mode (<INTM] |
Companding Made [XCOMPAND] [Ne Companding/Mse =]
Bit Syne. Error [¥STNCERR) [Cear =]
Clack Mods (CLKRM) [DuputMobspmastersP) =]
Clock Polarity [CLKXF) [FisingEcge =]
Frame Sync. Mods (F53M) [5ample-rate Bererstor 7]
Frame Sync. Palarity [FSXP) m
DX Enabler (5214571 #/84% anl] [Disabie =]
Unexpected Frame Pulsel<FIG] lm
Data Delay [(<DATOLY) fose =]
32bit reversal feature (AWDREVRS) (B21H/5714/54x anly] [Disable =]

’TI Cancel | Ll | Help |

Figure 3. Transmit Mode Tab
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3. As shown in Figure 4, the phase, number of words per frame, and word length are
set using the Transmit Frame tab. Set the options for 24-bit words per single-phase.

mcbspCfgl Properties
Multichannel Operation | General-Furpose [0 | Advanced |
Receiver Frame\Elk | Sample-Rate Generator

General I Dperating Made I Transmit Mode I Receiver Mode § Tiansmit FrameSER !

Phasefs) [XPHASE) [Single Phase. =]
‘Wword(s] per phase(1) : lW—
Element lsngth XWwDLEN(T) [asts =]
Word(s] penphiaselE] IT—
Eleimen: (e R DLEN(E] | =T |

aK I Cancel | Lpplly | Help |

Figure 4. Transmit Frame Tab

4. As shown in Figure 5 (Receive Mode tab), the receive register setting is ignored in
SPI mode. CLKR and FSR are internally tied to CLKX and FSX, respectively. The
polarity and phase of clock are set by CLKSTP and CLKXP bit fields in SPCR.

mcbspClgl Properties
Multichannel Operation I General-Purpose 10 I Advanced
Receiver FramesElt Sample-Rate Generator

General | Operating Model Transmit Mode

Intermupt Mode [RINTH) [rrov =]
Companding Mode (RCOMPAND) Mo Companding/MsE =]
Bit Syrc. Envor (RSYNCERR) [Cex =]
Clock Mode [CLKRM) [inpusriziotsr =]
Clack Folaity [CLKRF) [FisngEdge =]
Frame Syne. Mode [FSRM) [ ample-iate Generator =]
Frame Sync. Polarity [FSRP) lm
Data Justfication/sign-=+t, [RILST) [Righweamdi =]
Unespected Frame Pulse [RFIG] lm
Data Delay [RDATOLY] fos =]

32-bit reversal feature [RWDREYRSIE214/671:/64% only] Dizable 'I

2| Trarsmit Frame\ENt

oK I Cancel | Appl I Help |

Figure 5. Receive Mode Tab
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5. Set the Receive Frame tab as shown in Figure 6. Again, each conversion is a
single-phase, 24-bit word.

mcbspCigl Properties

Figure 6. Receive Frame Tab

Interfacing the ADS8320/ADS8325 to The TMS320C6711 DSP 7



{'z‘ TEXAS
SLAA175 INSTRUMENTS

6. Inthe Sample-Rate Generator tab, select the options shown in Figure 7. The
analog-to-digital converter used for developing this application note was sampled at
100 kHz. Set the Frame period to 25. This generates 24 clocks in each cycle. Set
Frame width to 1, (CS is high for only one cycle). There are two ways to trigger a
conversion cycle. The first is by writing data into the data transmit register, and the
second is by using the sample-rate generator. The sample-rate generator is used in
this report because it generates a periodic conversion rate—select Frame Sync
Signal from the dropdown menu. Using the Sample-Rate Generator Clock Mode
dropdown menu, set the sample-rate generator to be derived off the CPU clock.
The input clock to the C6711 DSP sample-rate generator is half the CPU clock; in
the case of the C6711 DSP starter kit it for this application note it was 80 MHz. The
clock frequency divider field is set to 30 to generate 2.5-MHz DCLOCK.

HMultichannel Operation | GeneraHPurpose 10 | Advanced |
General | OperatingMode | Transmit Mods | Recsiver Mode | Transmit FrametEl |

Receiver Frame\Elt 2ample-Fate enerator

Sample-Fate Gen.Clack Made [CLKSM] | Intemal Clack hd

SamplEFiste sk Sune. [EETHE] Free x

Epteinal Clock Pty [CUKER) [RisingEdze =]
Transmit Frame Sync. Mode [FSGM] [Frame Syne signal 7]
Frame Period (1-4095) E
Frame 'idth (1-256) - f—
Clock freq Divider (1-256) E

0K | ceneal | ApRly | Help |

Figure 7. Sample-Rate Generator Tab
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7. After the McBSP configuration object is set, the object then must be mapped into the
McBSP_Port1. To do this, right-click on the Mcbsp_Port1 and select the options
shown in Figure 8.

== ADS8320 cdb -0 x|

I Estimated Data Size: 2689 Est. Min. Stack Size [Malls): 640 Mcbzp_Portl properties
@ System a | | Property | Value |
--[_H Instrumentation cornmerk Mchbsp 1
- (38 Scheduling Open MCBSP Port True
.. Sunchronization . Handle htcbzol
.. Input/Output Mcbhsp_Portl Properties Ed |
= C5L - Chip Support Librany

! G I
{27 C5L Extern Declaration S |

E’ Db, Direct Meman Access
-5 EDMA Enhanced Direct Memary & Earmenk:
EMIF - External Memony Interface
EMIFA - External Memamn Interface
EWIFB - Extermnal kMemaorn [nterface Handle : IhMu:I:usm
=g MCBSP - Multichannel Buffered Sen

=i MCBSP Configuration Manager ¥ Enable Pre-ritialization
5----"14_[71' mcbspCigl
If_l--"u_I MCESPF Resource Manager

E----WJ_I Mcbzp Port

E----WJ_I Mchsp Portl

5----"14_1 tcbep_Paort?
Eg..i Turbo Decoder Coprocessaor -TCP 1]4 I Cancel | Aoy | Help
[+-Me® TIMER - Timer Device
Eﬂ--% iterbi Decoder Coprocessar - WCP LI I

Pre-ritialize with; I mchbepCigl j

Figure 8. McBSP1 Configuration Object Mapping
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3.2 HWI Setup

The only remaining item to set up via the configuration tool is the McBSP receive Hardware Interrupt.

1. Chose to map the McBSP1 Receive interrupt to HWI_INT13. Type the name of the interrupt
service function with an underscore, as shown in Figure 9.

=" ADS8320.cdb -0 x|
I Estimated Data Size: 26689 Eszt. Min. Stack Size [MAlz): 540 Hw_IMT13 properties

@ System ;l Property | " alue |

--[M' [nztrumentation comment defines the [MT1..

=3 Scheduling HWI_INT13 Properties B IE‘E

:4;': CLE. - Clack M anager

o £2) PRD - Periodic Function Manager General | Dispatcherl

= '"L Hiwfl - Hardware Interupt Service B
..... '"l- Hwil RESET GammEnt: Idefines the [MT13 [nterw
----- M Hw_MbA
,,,,, M 4wl EESERVEDD (VI = A CS P 1 Heceive
..... |II|
..... . :m—ﬁﬁsfwm st [ McBSPIRCy ISR
----- M Hw_INTS 3 ; -
..... ||IL HWl:INTE rrotibar INDthlng J
----- M Hy_INT7 addr: |0+00000000
----- M Hw_INTS -
..... W Hw_INTS tpe Imgned "I
..... |II|
..... |"r :EHE:HD iEEratian ISTS_add[*addr] j
----- M Hw_INT12
----- M Hw_INT13 | Ok, I Cancel | Ll | Help
----- M Hw_INT14
----- W i _INT15 L||

Figure 9. McBSP1Rcv_ISR General Tab

2. Select Dispatcher tab, and select options as shown in Figure 10. BIOS enables the interrupt
and handles branching to and from the McBSP1Rcv_ISR function.

10 Interfacing the ADS8320/ADS8325 to The TMS320C6711 DSP
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3.3

HWI_INT13 Properties

General  Dispatcher I

Arg: ID:-:IJEIDDDDDEI

Interrupt M azk I zelf - l

| termupt Bit b Esk: ID:-:2EIDD

¥ Don't modify cache control

Eragram Cactie Eontol Mash Icache enable Yl
[ata Eache Eattna fask Icache ehable 'l

QK I Cancel | Apnly | Help |

Figure 10. McBSP1Rcv_ISR Dispatcher Tab

Software Flow

BIOS/CSL initializes all the DSP and registers of the peripherals discussed in the previous
sections before branching to the Main function. In the Main function, the user needs only to
enable interrupts and start the McBSP. The McBSP sample-rate generator triggers conversions
at 100 kHz. Each conversion cycle generates an interrupt from the McBSP receiver. This
interrupt is serviced by McBSP1Rcv_ISR, which reads the 24-bit word, captures the 16-bit
sample, and stores it in ad_buffer. When the ad_buffer array is full, the index to the buffer is
reset and the sample index vector is reset to 0. A flow chart of the functions is shown as
Figure 11. The user program is shown in Appendix A.

McBSP1Rcv ISR()

BIOS/CSL initializes DSP
interrupt and McBSP
registers
main() ¢ N
Enable Interrupts
Enable McBSP1 Y

Read 24-bit word
Recover 16-bit sample
Store sample in ad_buffer

<>

Y

¢ Reset array index
Flush McBSP

[ Return fromISR |

Figure 11. Flow Chart

Interfacing the ADS8320/ADS8325 to The TMS320C6711 DSP 11
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4 Conclusion

This application note explained the software interface, including how to set the McBSP register
settings and data recovery. The application code provided continously reads samples from the
converter and stores them in an array. Software written for this note is available for download
from TI's website.
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Appendix A — MAIN.C

/************************************************************/

/* FILENAME: main.c */
/* DESCRIPTION: This program uses McBSP1l to read 1024 */
/* samples continuously from the ADS8320/ADS8325 16-bit 100KSPS */
/* Analog-to-Digital Converter. The samples are stored in */
/* the buffer called ad buffer. Code developed using */
/* 'C6711 DSK and DEM-MSOP8 EVM. */
/* AUTHOR : DAP Application Group, L. Philipose, Dallas */
/* CREATED 2002 (C) BY TEXAS INSTRUMENTS INCORPORATED. */
/* VERSION: 1.0 */

/************************************************************/

/* Header file */
#include "csl.h"
#include "csl _irg.h"
#include "csl_mcbsp.h"

/*Declarations*/
#define BLOCK SZ 1024 /* size of data buffer */

/*DSP/BIOS variables*/
extern far MCBSP_Handle hMcbspl;

/*Global variables*/
unsigned short ad buffer[BLOCK SZ], 1i=0;

/******************************************************************************\

* Function: main()

* Description: Enables McBSP1l receive interrupt and McBSP1l
\******************************************************************************/

void main() {

/*Enable McBSP1 Recieve Interrupt*/

IRQ enable (IRQ EVT RINT1) ;
/*McBSP is pre-initialize as SPI by BIOS/CSL before entering into main() */
/*Sample-rate generator will trigger conversions at 100KSPS, assuming */
/*code is running on 150MHz C6711%*/
/*Start McBSP1 */

MCBSP_start (hMcbspl,MCBSP_RCV_START | MCBSP_XMIT_START | MCBSP_SRGR_START|
MCBSP_SRGR_FRAMESYNC, 0) ;

/*McBSP1 Receive Interrupt Service routine will extract 16-bit and store in data array
ad bufferx/

}

/******************************************************************************\
* Function: McBSP1Rcv_ISR()

* Description: McBSP1 Receive Interrupt Service Routine. Reads sample out of

* receive register. extracts 16-bit data from 24-bit read and stores it

* in array call ad _buffer. When the buffer table is full, it resets the
*
\

pointer to the beginning and flushs receive buffer.
******************************************************************************/

Interfacing the ADS8320/ADS8325 to The TMS320C6711 DSP
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void McBSP1Rcv_ISR(void)
{ unsigned int data;

/* Wait until a value is received then read it */
while (!MCBSP_rrdy (hMcbspl)) ;
data = (MCBSP_read (hMcbspl) & 0x0003FFF6) >> 2;

/*Store sampled data into 16-bit array ad buffer*/

ad buffer[i++] = data;

if (1 >= BLOCK_SZ ) /*Reset index? */

{

i=0;

// MCBSP_read (hMcbspl) ; /*Flush McBSP Receiver*/
// MCBSP_read (hMcbspl) ; /*Flush McBSP Receiver*/
// MCBSP_read (hMcbspl) ; /*Flush McBSP Receiver*/
// MCBSP_reset (hMcbspl) ; /*Uncomment to reset McBSP1l*/

14  Interfacing the ADS8320/ADS8325 to The TMS320C6711 DSP
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