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ABSTRACT

The PGA450-Q1 device must be optimized and fine-tuned for each particular application. All supporting
materials provided by TI for the PGA450-Q1 have been optimized for Texas Instruments' lab-bench setup.
The PGA450-Q1 device is not ensured to perform identically in an end-user’s test environment because of
varying environmental factors. These factors include temperature, humidity, air pressure, size and
clearance of room, size and material of the targeted object, unaccounted for reflective surfaces, and
external noise within the transducer range of operation that interferes with the bursting and return echoes.
To account for these factors, the majority of PGA450-Q1 device changes must be applied through the
software. Hardware changes are reserved for tuning of the transformer when using different transducers
or minimizing the decay time.
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1.1

1.2

Parameters for Short and Long Distance Optimization

TI's experiments define two general modes of operation: short-distance mode and long-distance mode.
When referring to short distance detection, the object is typically no more than 1.5 m from the transducer,
while a long distance detection is between 1.5 m to 6 m. Depending on the range of how far the targeted
object can be from the transducer, four registers must be adjusted to optimize this detectable range for a
custom mode as defined by the user. These registers are PULSE_CNTA, FIFO_CTRL,
BLANKING_TIMER, and FIFO_CTRL. Refer to PGA450 _isrs.c in the firmware sample project to see the
example short and long distance configurations.

PULSE_CNTA

A greater number of pulses improves the signal strength, but increases the decay time as well. The
increased decay time makes shorter distances more difficult to detect because the signal can be masked
by the initial transducer excitation signal. Figure 1 shows this tradeoff. In the sample firmware, 1 burst is
used for short distance measurements and 18 bursts are used for long distance measurements.
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Figure 1. Burst Count Comparison for Object at 50 cm

FIFO_CTRL

The digital datapath is a total of 12-bits, but there are four possible modes for how to store this data into
the FIFO RAM. Typically, either the lower 8-bits or the mid-8 bits are stored. Using the 8 LSBs allows for
the maximum resolution, which is important when targeting low return signal strengths. The trade-off is
that saturation occurs sooner for larger signals, which can result in a loss of information, especially when
trying to detect very short distances. Figure 2 shows the difference between FMODEX bit configurations.
Notice that the noise is higher in the 8 LSB mode; however, the SNR improves for low amplitude signals.
For high amplitude signals, the mid [10:3]-bits mode is helpful for minimizing saturation when optimizing
short distance detection.
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Figure 2. FIFO_CTRL Comparison for No Object
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1.3 BLANKING_TIMER

The data stored immediately after the transducer is excited is not usable because any echo signal will be
masked by the saturated decay signal. The BLANKING_TIMER can be set to delay in increments of 16 us
the time when the FIFO begins storing data. For the data shown in this document, the BLANKING_TIMER
was set to 0 so that all of the echo signal could be analyzed.

1.4 DOWNSAMPLE

The downsampling rate affects the time interval between each sample stored in the FIFO RAM. Consider
that the FIFO RAM can only store 768 bytes. As the downsample rate decreases, the maximum distance
that can be measured decreases, but greater resolution is made available for short distances. A
downsampling rate of 40 was used during these tests; however, this could be reduced if only short
distances are targeted.

2 Transducer Resonant Frequency Detection

To measure the resonant frequency of the transducer, a diagnostic test can be run by storing the ADC
output data directly to the FIFO RAM. To ensure the FIFO is loaded with the ADC output, set FIFO_ADC
(bit-2) of the DP_SCI_CTRL register to 1.

ESFR | EEPROM | INTERNAL RAM | EXTERNAL RAM | OTP | DEVRAM | FIFO/ECHO RAM | EVAL MONITOR |

ADDRESS HEX b7 b6 b5 b4 b3 b2 bl bO| =
7 (CONTROL_1) 0 (0 (0|0 0|0 O |0 D

B3 (BLANKING_TMR) 0 (0 (0|0 0|0 O |0 D

BA (FRT_MSE) 00 oo oo g o000 Soldered Device:

BB (FRT_LSE) 00 (0 (o [0 o |0 0 |0 D Microcortroller State

BC (GFIO_CTRL) 0 (0 o [0 (o0 0|0 D -

BD (CLK_SEL) 0 (0 o [0 (o0 0|0 D

BE (WD_EN) 0 (0 (0 [0 0|0 0 |0 D

BF (LIN_SCI) 0 (0 (0|0 oo 0 |0 D -

CO (EE_CTRL) 0 (0 (0|0 oo 0 |0 D

C1{STATUST) 00 0 0|0 (0 (D |0 |0 (O CRO IS IN RESET

C2 (STATUS2) 00 (0 (0 [0 0|0 0 |0 D

C3 (PWR_MODE) 62 [0 (oo o0 01 0§

¥ C4(DP_SCI_CTRL) o4 [0 o [o [0 [0 KMo (o Jf°

C5 (FIFO_CTRL) 7 o |0 jo |0 |0 |1 |1 |1

C8 (EN_CTRL) 9 [0 [0 [0 [0 [1 [0 [0 |1

C5iRY NATAM 0o 0 (0 |0 |0 [0 |0 [0 [0

Figure 3. DP_SCI_CTRL Register Change in PGA450Q1EVM GUI

To demonstrate this procedure using the EVAL MONITOR of the PGA450Q1EVM GUI, the evaluation
(EVAL) tab must be set with the following values:

» Transducer frequency: 58 kHz
* BPF coefficient:

- B1=032D
— A2 =EC3D
— A3 =F9A5

» LPF coefficient:
— B1=2D68
- A2=253

 VREG voltage: 8 V
e LNA gain: 64 dB

SLDAQ37-June 2015 Optimizing Performance of the PGA450-Q1 3

Submit Documentation Feedback
Copyright © 2015, Texas Instruments Incorporated


http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SLDA037

i3 TEXAS
INSTRUMENTS

Transducer Resonant Frequency Detection www.ti.com

*  XFMR configuration: Push-pull
» Clock select: Internal clock

* Number of bursts = 18

» Downsample = 40

e Blanking timer = 64

* FIFO mode: 8 MSB
When the device is configured with the necessary register settings, click START in the EVAL tab. The
measurements should appear similarly to what is shown in Figure 4.
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Figure 4. ADC Output to FIFO Data Representation

Stop the measurements and export the FIFO data to Excel® using the Read and Save FIFO data to File
process. The resonant frequency can be measured by counting the number FIFO bytes logged between
zero-crossings while the transducer is ringing (after the 18 count burst-excitation has been applied). Every
data point plotted in Figure 5 represents a time interval of 1 ps because the downsample rate is irrelevant
when the digital data path is bypassed.
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Figure 5. FIFO Data Exported to Excel for Zero-Crossing Analysis

From the plot in Figure 5, 17 data-points (sample numbers 28 through 44) are measured from the time the
signal was equal to O to the time that the signal is equal to 0 again. The nominal resonant frequency of the
transducer is specified as 58 kHz, while the calculated equivalent yields the value shown in Equation 1.

fTRANSDUCER_RESONANT = l / (17 x 1 ps) = 588 kHZ (1)
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IMPORTANT NOTICE

Texas Instruments Incorporated and its subsidiaries (TI) reserve the right to make corrections, enhancements, improvements and other
changes to its semiconductor products and services per JESD46, latest issue, and to discontinue any product or service per JESDA48, latest
issue. Buyers should obtain the latest relevant information before placing orders and should verify that such information is current and
complete. All semiconductor products (also referred to herein as “components”) are sold subject to TI's terms and conditions of sale
supplied at the time of order acknowledgment.

TI warrants performance of its components to the specifications applicable at the time of sale, in accordance with the warranty in TI's terms
and conditions of sale of semiconductor products. Testing and other quality control techniques are used to the extent Tl deems necessary
to support this warranty. Except where mandated by applicable law, testing of all parameters of each component is not necessarily
performed.

Tl assumes no liability for applications assistance or the design of Buyers’ products. Buyers are responsible for their products and
applications using TI components. To minimize the risks associated with Buyers’ products and applications, Buyers should provide
adequate design and operating safeguards.

TI does not warrant or represent that any license, either express or implied, is granted under any patent right, copyright, mask work right, or
other intellectual property right relating to any combination, machine, or process in which TI components or services are used. Information
published by TI regarding third-party products or services does not constitute a license 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 significant portions of Tl 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. Tl is not responsible or liable for such altered
documentation. Information of third parties may be subject to additional restrictions.

Resale of TI components or services with statements different from or beyond the parameters stated by TI for that component or service
voids all express and any implied warranties for the associated TI component or service and is an unfair and deceptive business practice.
Tl is not responsible or liable for any such statements.

Buyer acknowledges and agrees that it is solely responsible for compliance with all legal, regulatory and safety-related requirements
concerning its products, and any use of TI components in its applications, notwithstanding any applications-related information or support
that may be provided by TI. Buyer represents and agrees that it has all the necessary expertise to create and implement safeguards which
anticipate dangerous consequences of failures, monitor failures and their consequences, lessen the likelihood of failures that might cause
harm and take appropriate remedial actions. Buyer will fully indemnify Tl and its representatives against any damages arising out of the use
of any Tl components in safety-critical applications.

In some cases, TI components may be promoted specifically to facilitate safety-related applications. With such components, TI's goal is to
help enable customers to design and create their own end-product solutions that meet applicable functional safety standards and
requirements. Nonetheless, such components are subject to these terms.

No Tl components are authorized for use in FDA Class Ill (or similar life-critical medical equipment) unless authorized officers of the parties
have executed a special agreement specifically governing such use.

Only those Tl components which Tl has specifically designated as military grade or “enhanced plastic” are designed and intended for use in
military/aerospace applications or environments. Buyer acknowledges and agrees that any military or aerospace use of TI components
which have not been so designated is solely at the Buyer's risk, and that Buyer is solely responsible for compliance with all legal and
regulatory requirements in connection with such use.

TI has specifically designated certain components as meeting ISO/TS16949 requirements, mainly for automotive use. In any case of use of
non-designated products, Tl will not be responsible for any failure to meet ISO/TS16949.
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