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Introduction

The ADS8361 is a member of the Texas Instruments (TI)
motor control products family of serial analog-to-digital
converters (ADCs). The ADS8361 is a 2+2-channel, 16-bit
upgrade for the 2+2-channel, 12-bit ADS7861. Its 3.3- to
5-V digital interface is ideally suited for use with the entire
TMS320 series of digital signal processors from TI.

The device features two independent 500-kSPS ADC
channels, each with its own sample-and-hold circuits and
serial data output pin. A user-controllable multiplexer
(MUX) allows simultaneous sampling of two 2-channel
pairs (4 total channels) at 250 kSPS.

Hardware pins
The ADS8361 features three hardware pins (MO, M1, and
A0) that select various operating modes (see Table 1).

Mode I allows for 2-channel operation at speeds of up to
500 kSPS by utilizing both conversion channels. Mode 1I
reduces the maximum throughput to 250 kSPS by using a
single serial output pin (OUTA) to present the simultane-
ously sampled data from channel pairs Ax and Bx. Toggling
the address pin AO controls the selection of channel pair 0
or 1.

Modes III and IV allow the sequential output of both
simultaneously sampled channel pairs A0 and B0, followed
by Al and B1. Since Mode III uses both serial outputs A
and B, the maximum throughput can be maintained at 250
kSPS. Mode IV presents all 4 converted channels at the
OUTA pins, with a maximum throughput of 125 kSPS.

Single McBSP operation

With the interface method presented in Reference 1, appli-
cations that do not require simultaneous sampling but do
need two fast, independent ADCs can benefit from the
ADS8361’s 2-11s conversion time. An external MUX or bus

Table 1. Operating modes of ADS8361 hardware pins

switch between the serial outputs would allow 1- to 4-
channel operation of channel A or B through a single
multichannel buffered serial port (McBSP). Each channel
can be independently operated at 500 kSPS. This method
would require some sort of control over the state of one or
more of the hardware pins MO, M1, and A0, adding addi-
tional logic to the design.

Applications with 2 channels and simultaneous-sampling
rates of 250 kSPS or less also can use a single McBSP.
Hardware pins MO and M1 can be fixed at ground and V.,
with A0 controlling the channel pairs to be converted
(Mode II). This method uses the internal MUX to switch
the conversion results from the A and B channels through
OUTA. Tying both MO and M1 to Vi, permits 4-channel,
simultaneous-sampling applications to be realized. It also
allows sequential presentation of two simultaneously
sampled channel pairs, 4 channels in all (Mode IV), for
applications needing sampling rates of 125 kSPS or less.

If a second McBSP is available, 2- and 4-channel,
simultaneous-sampling operation can be realized with no
additional “glue logic” required, at 500-kSPS throughput
per channel for 2 channels and 250-kSPS for 4 channels.

Dual McBSP operation

The simultaneous conversion properties of the ADS8361
allow conversion data from channels Ax and Bx to be pre-
sented to the OUTA and OUTB pins at the same time.
Both channels use the same conversion start (CONVST)
signal and the same conversion clock so that data skew
between A and B outputs is minimized.

To achieve full-speed, 2- and 4-channel operation, the
transmitter portion (CLKX, FSX and DX lines) of one
McBSP can be used to control the conversion speed, tim-
ing, and channel selection of the ADS8361. The ADS8361’s
serial data outputs, along with clock and frame sync

wooe | WDWMEPNS | BOMMEL | SEAL | CWMES | o

Mo M1 A0 OUTPUTS (kSPS)
0 0 0 2-channel AandB A0 and B0 500

: 0 0 1 2-channel AandB Al and B1 500
0 1 0 2-channel Aonly A0 and B0 250

I 0 1 1 2-channel Aonly A1 and B1 250

11} 1 0 X 4-channel AandB Sequential 250

v 1 1 X 4-channel A only Sequential 125
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return, are then fed to the receiver portions of two
McBSPs as shown in Figure 1.

To enhance the control of the ADS8361 further,
the unused transmitter section of the second McBSP

Figure 1. Hardware interface example
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can be configured as GPIO and connected to the
control pins M0, M1, and A0 of the ADS8361. For
simultaneous, 2-channel operation at a 500-kSPS-
per-channel conversion rate, all that is required is a
single GPIO line to toggle AQ.

Software interface

A project database for this article was developed
and compiled with Code Composer Studio™ version
2.20. The most involved portion of writing the code
for this simple interface was programming the
McBSP. If you wish to receive the project file used in

this example, please feel free to send an email to

datconvapps@list.ti.com with the title of this article
as the subject.

TMS320C54xx/
ADS8361 C67xx
Serial Data A » DRp
Serial Data B » DRg
CONVST <+—* FSXp
RD 4——] > FSRp
> FSRg
Clock [« CLKXp
BVoo » CLKRp
M1 » CLKRg
Mo
cs

Since the two converters in the ADS8361 share a
common interrupt, conversion clock, and conversion start
mechanism, the software requirements for the DSP are
quite simple. The first McBSP is configured to transmit a
frame sync pulse to act as the conversion start signal. F'SR,,
DX, (Serial Data A), and CLKR, are returned to the first
McBSP. The ADS8361’s BUSY pin acts as an interrupt to the
DSP, which in turn reads the serial data. When the second
serial output of the ADS8361 is used, F'SR, CLKR, and Serial
OUTB are returned to the receiver of the second McBSP.
This enables the user to configure the transmitter portion
as GPIO to control channel 0 or channel 1 selection of the
ADS8361 without the use of additional decode circuits.

Create a .CDB file

Code Composer Studio’s graphical user interface for the
DSP/BIOS™ configuration (.CDB file) and Chip Support
Libraries (CSL) have made it easier than ever to write
programs and set up the McBSP.

The first step in creating a project that accommodates
the ADS8361 with two McBSPs is to create a .CDB file,
then add it to the project. This process creates a .CMD file
for the linker, which also needs to be added to the project.
Additional DSP/BIOS files are created too, which are added
to the project automatically when the .CDB file is loaded.
All necessary files and libraries are loaded automatically,

based on the DSP/BIOS configuration

MCBSP_Confi g nthspCfgl = { options set. - .
0x0000, /* Serial Port Control Register 1  */ By expanding the CSL tab in the .CDB
0x0220, /* Serial Port Control Register 2  */ file, the user gains access to the McBSP
0x0060, /* Receive Control Register 1  */ Configuration Manager. A McBSP con-
0x0000, /* Receive Control Register 2 */ figuration is added, and the desired
0x0060, [* Transnit Control Register 1  */ values for clock speed, etc., are set.
0x0005, /* Transmt Control Register 2 */ Once the first configuration is done, it is
0x0109, /* Sanpl e Rate Generator Reg? ster 1 */ simply highlighted, copied, and pasted.
0x3014, /* Sarrp! e Rate Generator Regl ster 2 */ This creates two copies of the same
0x0000, /* Ml tichannel Control Register 1 */ configuration, each with its own name
0x0000, /* Ml tichannel Control Register 2 */ ’ ’
0x2a00, /* Pin Control Register */ McBSP settings

%\/’CBSP_Oonf i g nchspCigl = { The McBSPs are configured as shown in
0x0000, /* Serial Port Control Register 1  */ the sidebar at left.
0x0200, /* Serial Port Control Register 2  */ The McBSP is programmed as a serial
0x0060, /* Receive Control Register 1  */ port in nonstop clock mode (or DSP
0x0000, /* Receive Control Register 2 */ mode). Frame sync and serial clock sig-
0x0000, /* Transmit Control Register 1 */ nals are output pins. The receiver is set
0x0000, [* Transmt Control Register 2 */ for 16-bit transfers with a 2-bit delay on
0x010e, /* Sanple Rate Generator Register 1 */ data receive. The frame sync (FSX1) is
0x3013, /: Sanpl e Rate Cenerator Register 2 . *I' | generated by the sample-rate generator
0x0000, / Ml t! channel Control Reg! ster 1 / and is used for both the RD and CONVST
0x0000, /* Ml tichannel Control Register 2 */ . .
0x0200, /* Pin Control Register * ) signals on the AD88361 by jumper W2

b on the evaluation module (EVM).
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In the sample code (see sidebar), the ADS8361
is running at 469 kSPS with a serial clock of
9.375 MHz. The C6711 DSP Starter Kit clocks the
C6711 DSP at 150 MHz. The sample-rate genera-
tor clock source is half the CPU clock, or 75 MHz.

Figure 2. Software flow chart
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Interrupt Service Routine

Main () McBSP1Rcv_ISR()

The 9.4-MHz clock on CLKX is achieved by setting
the CLKGDV bit field in the sample-rate genera-
tor register to 8. The formula for calculating the
serial clock is

Enable Interrupt (RINT1)

Set DSP Read DRR1

Store Sample in ad_buffer

CPUCLOCK

Start McBSP1

2

CLOCK = —F=——.
CLKDIV +1

By this equation, each clock’s cycle is approxi-
mately 106.6 ns, triggering a frame-sync pulse
every 20 serial clock cycles, which gives a sample
rate of 468 kHz. The frame period (FPER) field,
in the sample-rate generator register, is where the
20-cycle period is set.

Software flow

The software presented in this article reads 1024
samples at 469 kHz continuously. As selected in

Reset Pointer and
Flush Receive
Buffers

—

Return from ISR

the configuration tool, all the register and periph-

eral programming is done during initialization.

DSP/BIOS pre-initializes all the McBSP registers and other
DSP registers before arriving in the main function. As a
result, the main function simply enables the interrupt
service routine and McBSP1; from then on, the DSP/BIOS
and McBSP receive ISR do all the work. When a McBSP1
receive interrupt occurs, McBSP1Rcv_| SRreads the port
and stores the data in ad_buf f er . When the buffer is
full, it resets the index, i , to the beginning and flushes the
receive buffer (see Figure 2).

Conclusion

An EVM is available that provides a platform to demon-
strate the functionality of the ADS8361 ADC with various
TI DSPs and microcontrollers, while allowing easy access
to all analog and digital signals for customized end-user
apphcatlons For more mformatlon on the EVM, visit

Development Tools.
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IMPORTANT NOTICE

Texas Instruments Incorporated and its subsidiaries (Tl) reserve
the right to make corrections, modifications, enhancements,
improvements, and other changes to its products and services at
any time and to discontinue any product or service without notice.
Customers should obtain the latest relevant information before
placing orders and should verify that such information is current
and complete. All products are sold subject to Tl's terms and
conditions of sale supplied at the time of order acknowledgment.

Tl warrants performance of its hardware products to the
specifications applicable at the time of sale in accordance with Tl's
standard warranty. Testing and other quality control technigues are
used to the extent Tl deems necessary to support this warranty.
Except where mandated by government requirements, testing of
all parameters of each product is not necessarily performed.

Tl assumes no liability for applications assistance or customer
product design. Customers are responsible for their products and
applications using Tl components. To minimize the risks
associated with customer products and applications, customers
should provide adequate design and operating safeguards.

Tl does not warrant or represent that any license, either express or
implied, is granted under any Tl patent right, copyright, mask work
right, or other Tl intellectual property right relating to any
combination, machine, or process in which Tl products or services
are used. Information published by Tl regarding third-party
products or services does not constitute a license from Tl to use
such products or services or a warranty or endorsement thereof.
Use of such information may require a license from a third party
under the patents or other intellectual property of the third party, or a
license from Tl under the patents or other intellectual property of TI.

Reproduction of information in Tl data books or data sheets is
permissible only if reproduction is without alteration and is
accompanied by all associated warranties, conditions, limitations,
and notices. Reproduction of this information with alteration is an
unfair and deceptive business practice. Tl is not responsible or
liable for such altered documentation.

Resale of Tl products or services with statements different from or
beyond the parameters stated by Tl for that product or service
voids all express and any implied warranties for the associated Tl
product or service and is an unfair and deceptive business
practice. Tl is not responsible or liable for any such statements.
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Safe Harbor Statement: This publication may contain forward-
looking statements that involve a number of risks and
uncertainties. These “forward-looking statements” are intended
to qualify for the safe harbor from liability established by the
Private Securities Litigation Reform Act of 1995. These forward-
looking statements generally can be identified by phrases such
as Tl or its management “believes,” "“expects,” “anticipates,”
“foresees,” “forecasts,” “estimates” or other words or phrases
of similar import. Similarly, such statements herein that describe
the company's products, business strategy, outlook, objectives,
plans, intentions or goals also are forward-looking statements.
All such forward-looking statements are subject to certain risks
and uncertainties that could cause actual results to differ
materially from those in forward-looking statements. Please
refer to Tl's most recent Form 10-K for more information on the
risks and uncertainties that could materially affect future results
of operations. We disclaim any intention or obligation to update
any forward-looking statements as a result of developments
occurring after the date of this publication.
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