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With the entrance of the digital signal processor (DSP)
into commercial electronic equipment in the late ’80s, the
number of analog applications turning into digital applica-
tions has increased significantly. Technical solutions, pre-
viously accomplished using analog circuitry, have been
converted into data acquisition systems that translate
analog input signals into digital information and process
the binary data. In addition, the trend to portable equip-
ment (i.e., PDAs, cellular phones, camcorders) requires
electronic circuitry to be smaller and consume less power
in order to extend battery life. This application note
describes a low-power data acquisition system using the
TI TLV1572 10-bit analog-to-digital converter (ADC) and
the 16-bit, fixed-point TI TMS320C203 DSP. See Figure 1
for the system block diagram.

The power supply

The system power supply uses the TI TPS7101 adjust-
able low-voltage dropout regulator (LDO). The device
regulates input voltages between 6 to 10 V down to the
adjusted output level, providing a typical voltage drop
of 32 mV per 100-mA load current. The output voltage is
adjusted to 5 V via an external voltage divider consisting
of 562-kQ and 169-kQ resistors. For an output voltage of
3V, the 562-kQ resistor is replaced by a 218-kQ resistor.
The following low-ESR (equivalent series resistance)
4.7-pF solid tantalum capacitor and the 100-nF high-

Figure 1. Data acquisition sub-system

frequency ceramic capacitor are sufficient to ensure stabili-
ty, provided that the total ESR is maintained between 0.7 Q
and 2.5 Q. For more information on the selection and
type of low-ESR capacitors, refer to the TPS7101 Data
Sheet, literature number SLVS092F.

The analog input buffer

The analog input signal is buffered by the T1 TLV2772,
a fast, low-voltage, low-noise CMOS operational amplifier
(op amp). This device operates from 2.2 V to 5.5 V with a
typical slew rate of 10.5 V/us and a typical noise density
of 17 nVANVHz @ 1 kHz. In the configuration shown in
Figure 1, the op amp works as a non-inverting amplifier
with a gain of two. Before it is amplified, the analog input
signal in the range of 0 V to V,;/2 is band-limited by the
75-Q/2.2-nF input low-pass filter. The 100-Q/3.3-nF
low-pass filter at the output reduces the output noise sig-
nificantly and ensures a signal-to-noise ratio greater than
90 dB at the ADC input.

The analog-to-digital converter

The TLV1572 is a 10-bit, successive approximation ADC
operating within a supply voltage range of 2.7 V to 5.5 V.
The typical conversion time is ten SCLK cycles with the
specified maximum of SCLK = 20 MHz at 4.5-V supply
and 10 MHz at 3-V supply. The TLV1572 interfaces easily
to DSPs and microcontrollers via a 4-wire serial interface.
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Figure 2. TLV1572 block diagram

Vcc  VRErF
Y VRer+
_ <« SCLK
10-Bit »— Control < CS
AIN | SARADC | | Logic —<—FS
< »— DO
A VREF-
GND

The device features an auto-power-down mode that
becomes active whenever a conversion is not performed,
thus reducing the current consumption to 10 pA.

Figure 2 shows the block diagram of the device. The
actual converter employs switched-capacitor architecture to
perform successive approximations through charge redistri-
bution. The internal control logic synchronizes the serial
interface timing with the sampling and conversion process.

Serial interface timing

Figure 3 shows the interface timing between ADC and
DSP. The ADC distinguishes between the nC and DSP
modes by checking the frame sync (F\S) input level at the
falling edge of chip select. If F'S is low, DSP mode is set,
otherwise the pC mode is set.

With the rising edge of F'S, the ADC starts transferring
data to the DSP. Six zeros precede the 10-bit result to
comply with the 16-bit data format of the DSP. Sampling
occurs from the first falling edge of SCLK after F'S goes
low until the rising edge of SCLK when the sixth zero bit
is sent out. Thereafter, decisions are made on the rising
edges and data is sent out on the rising edges delayed by
1 bit. The DSP samples on the falling edge of SCLK.

DO goes into 3-state on the 17th rising edge and comes
out on a FS rising edge. The device goes into auto-power-
down on the 17th falling edge of SCLK. A rising edge of

Figure 3. ADC/DSP interface timing

Data Acquisition

F'S pulls it out of power-down and the next data transfer
begins.

Interface program

The C-callable assembler routine, which ensures the
timely sequence of the interface signals, is shown in
Figure 4.

TLV1572START (start assembler routine)

The main program (in C language) starts the assembler
routine via a call instruction. All pointers and registers
previously used in the C-program are saved and the DSP
and its serial port are initialized.

Any user-defined values such as memory start address,
number of samples and the used supply voltage are
copied from the C-program into the assembler program.
The DSP on-chip timer, used as the interface-clock gener-
ator, assumes a default value of 10 MHz if a 3-V supply is
used. If a 5-V supply is chosen, the timer value is over-
written for 20-MHz operation. Before the actual data
transfer starts, the DSP internal receive interrupt flag,
RINT, is enabled. The program status flag, END-BIT,
which signalizes the exit of the assembler routine, is set
to 1. Then the ADC is enabled via its chip-select input.
The DSP initiates a data transfer by sending an F'S pulse
to the ADC, then resides in idle mode and waits for a
RINT to occur.

RINT (receive interrupt routine)

On the 16th clock cycle of SCLK, a RINT is generated
that forces the CPU to execute the RINT service routine
(RINT-ISR). At the beginning of the RINT routine the
receive data is stored in the data memory and the memo-
ry address is increased by one. The following decision-
box decrements the number of samples and checks
whether all samples have been received. If all samples
were received, the ADC is disabled and the END_BIT is
set to zero. Then the timer is stopped and RINT is dis-
abled. The program leaves the RINT-ISR via the EXIT-
routine and returns to the C-program. If more samples
need to be acquired, the program clears the RINT flag
and returns to the Idle-mode where it sends the FS-pulse
and stays idle until the next RINT occurs.

Exit 1572 program

As long as END-BIT is
set to one, the CPU
diverts to the Start-
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Figure 4. Flowchart of the interface program
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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.

Following are URLs where you can obtain information on other
Texas Instruments products and application solutions:
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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.

Trademarks: All trademarks are the property of their
respective owners.
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