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TIDA00322 TEST DATA

I. General Description

This document describes the setup and results for testing the TIDA00322EVM with an 88cm tank.
The TIDA00322EVM contains a TDC1000 ultrasonic analog-front-end, C2000 MCU to process
data, and a 5V-to-30V boost converter for the transmit (Tx) pulses. In test setup the EVM
interfaces with a IMHz transducer to measure the surface level of the water inside the tank. The
application for this TI Design includes automotive fluid level, identification, and concentration.

II. Equipment

List of equipment
* TIDAO00322 evaluation board with USB-to-TTL serial cable
* Test cylinder with IMHz transducer mounted on the bottom. This test uses STEMiNC’s
transducer (p/n: SMD10T2R111)
¢ RTD1000 or another accurate temperature sensor
e Tektronix Voltage Probe
* 20V DC Power Supply

A. Test cylinder:
34.64” (88 cm) tank with water and I MHz transducer mounted at the bottom of tank

Cylinder specifications

Diameter 6.9 mm

Base Height 4 mm

Cylinder Height 880 mm
Cylinder Material Acrylic (Perspex)

Table 1- Cylinder Specification



Transducer

Figure 1 - Cylinder tube

B. Tektronix Voltage Probe

Figure 2 - Transducer glued to the bottom of

tube

Tektronix P6243 1 GHz, TEKPROBE BNC Single-Ended Low Voltage Probe was used to
corroborate the STOP pulses with the echo signal at the COMPIN node at C32.
An active FET prove is needed to avoid offsetting the signal at the COMPIN node
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Figure 3 - Schematic COMPIN section
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Figure 4 - FET probe



III.  Block Diagram of Test Setup

88cm
Cylinder
with
Water

Figure 3 — Test Setup Block Diagram

1Vv. Test Setup

A. Getting Started with Software — refer to the “TIDA00322EVM — Quick Start Guide.pdf” to install
the TDC1000 GUI for this TIDA00322EVM.

B. Getting Started with Hardware
1. Connect a USB-to-TTL serial cable to the TIDA0O0322EVM’s J5 connector (for

instructions on how to install the driver for this cable, see TIDA00322EVM — Quick
Start Guide.pdf)

Figure 4 - FTDI connector

2. Connect the transducer TX/RX wire to J3.P8§, and the sensor’s ground to J3.P10
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Figure 6 — Transducer Connector

C. TIDA00322EVM Power

1. Connect 20V to pin 1 of J4 (J4.P1), and the supply’s ground to J4.P4. Limit the
power supply current to 0.10mA
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Figure 5 - EVM connections

D. Opening the GUI

1. Open the TDC1000 C2000EVM GUI software. By default it can be found by clicking
on Start >> All Programs >> Texas Instruments >> TDC1000_C2000.

2. In order to enable the high voltage TX on channel 1, follow the steps below:
a. In the “Setup” tab, select TDC 1000 -HV Driver EN1



Figure 6 - EVM GUI SETUP tap

b. Click on the “TDC1000” tab
c. Inthe “CH_SEL” register, select “CH1 (TX1)”
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Figure 7 - EVM GUI TDC1000 tap

. Slowly pour the tap water into the tube. On this test, we used random water levels (millimeters):
39,70, 98, 133, 164, 212.5, 271, 402, 457.5, 550, 630, 760, 781 and 876

. Before increasing the water levels, go to the “Graph” tab on the TDC1000-C2000EVM GUI and
click “Start Graph”. The time of flight (TOF) will be displayed in the window. Record the value
that appears on the TDC AVG VALUE window.

. Measure the level of the water in the tank using the measuring tape on the side of the tank, and
record this value.

. Use the equation on the next section to calculate the level using the TOF from the GUI



V.

Test Results

A. Test conditions
Test conditions Units
Average water temperature 23 C°
Substance in tube Tap Water
Speed of sound in tap water at 23 C° | 1,491.50 m/s
Transducer excitation pulse 30V
EVM C2000 D3 VDD 20V
Table 2 — Test Conditions
Note: The average temperature should be taken with a RTD1000 or another accurate
temperature sensor. Speed of sound was obtain from Journal of Rese arch of the National
Bureau of Standards http://nvlpubs.nist.gov/nistpubs/jres/59/jresv59n4p249 Alb.pdf
B. Measurements and test results- use the equations below to calculate for Calculated Height and
Percentage Error:
1. Calculated Height using the GUI TOF = (Time-of-Flight from GUI)*1491.50 /2
2. Percentage error (%) = [Measured ht. — calculated height| / (Measured height) * 100
Measured height | Time Of Flight Calculated Measured height - Percent
with tape ruler From GUI Height from experimental Error
[mm] [us] GUI’s TOF height [mm] [%e]
n [mm]
1 39 51.42 38.35 0.65 1.7%
2 70 93.05 69.39 0.61 0.9%
3 98 129.57 96.63 1.37 1.4%
4 133 175.85 131.14 1.86 1.4%
5 164 220.77 164.64 0.64 0.4%
6 212.5 285.57 212.97 0.47 0.2%
7 271 365.10 272.27 1.27 0.5%
8 402 53941 402.27 0.27 0.1%
9 457.5 613.59 457.58 0.08 0.0%
10 550 738.05 550.40 0.40 0.1%
11 630 845.89 630.82 0.82 0.1%
12 760 1018.77 759.75 0.25 0.0%
13 781 1047.61 781.26 0.26 0.0%
14 876 1174.43 875.83 0.17 0.0%
AVERAGE 0.38875038 [mm] 0.48%

Table 3- Measurement Results



C.

Data Plot — the plot below shows the Measured Height (in blue) and Calculated Height (in red)
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Figure 8 — Measured Height vs. Calculated Height




IMPORTANT NOTICE FOR TI REFERENCE DESIGNS

Texas Instruments Incorporated ("TI") reference designs are solely intended to assist designers (“Buyers”) who are developing systems that
incorporate Tl semiconductor products (also referred to herein as “components”). Buyer understands and agrees that Buyer remains
responsible for using its independent analysis, evaluation and judgment in designing Buyer’s systems and products.

Tl reference designs have been created using standard laboratory conditions and engineering practices. Tl has not conducted any
testing other than that specifically described in the published documentation for a particular reference design. Tl may make
corrections, enhancements, improvements and other changes to its reference designs.

Buyers are authorized to use Tl reference designs with the Tl component(s) identified in each particular reference design and to modify the
reference design in the development of their end products. HOWEVER, NO OTHER LICENSE, EXPRESS OR IMPLIED, BY ESTOPPEL
OR OTHERWISE TO ANY OTHER TI INTELLECTUAL PROPERTY RIGHT, AND NO LICENSE TO ANY THIRD PARTY TECHNOLOGY
OR INTELLECTUAL PROPERTY RIGHT, IS GRANTED HEREIN, including but not limited to 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.

TI REFERENCE DESIGNS ARE PROVIDED "AS IS". TI MAKES NO WARRANTIES OR REPRESENTATIONS WITH REGARD TO THE
REFERENCE DESIGNS OR USE OF THE REFERENCE DESIGNS, EXPRESS, IMPLIED OR STATUTORY, INCLUDING ACCURACY OR
COMPLETENESS. TI DISCLAIMS ANY WARRANTY OF TITLE AND ANY IMPLIED WARRANTIES OF MERCHANTABILITY, FITNESS
FOR A PARTICULAR PURPOSE, QUIET ENJOYMENT, QUIET POSSESSION, AND NON-INFRINGEMENT OF ANY THIRD PARTY
INTELLECTUAL PROPERTY RIGHTS WITH REGARD TO TI REFERENCE DESIGNS OR USE THEREOF. TI SHALL NOT BE LIABLE
FOR AND SHALL NOT DEFEND OR INDEMNIFY BUYERS AGAINST ANY THIRD PARTY INFRINGEMENT CLAIM THAT RELATES TO
OR IS BASED ON A COMBINATION OF COMPONENTS PROVIDED IN A TI REFERENCE DESIGN. IN NO EVENT SHALL TI BE
LIABLE FOR ANY ACTUAL, SPECIAL, INCIDENTAL, CONSEQUENTIAL OR INDIRECT DAMAGES, HOWEVER CAUSED, ON ANY
THEORY OF LIABILITY AND WHETHER OR NOT TI HAS BEEN ADVISED OF THE POSSIBILITY OF SUCH DAMAGES, ARISING IN
ANY WAY OUT OF TI REFERENCE DESIGNS OR BUYER’S USE OF TI REFERENCE DESIGNS.

Tl reserves the right to make corrections, enhancements, improvements and other changes to its semiconductor products and services per
JESDA46, latest issue, and to discontinue any product or service per JESD48, 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 are sold
subject to TI's terms and conditions of sale supplied at the time of order acknowledgment.

Tl 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 for TI components 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.

Reproduction of significant portions of Tl information in Tl data books, data sheets or reference designs 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.

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 that
anticipate dangerous failures, monitor failures and their consequences, lessen the likelihood of dangerous failures and take appropriate
remedial actions. Buyer will fully indemnify Tl and its representatives against any damages arising out of the use of any TI components in
Buyer's 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 Il (or similar life-critical medical equipment) unless authorized officers of the parties
have executed an agreement specifically governing such use.

Only those Tl components that 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 that
have not been so designated is solely at Buyer's risk, and Buyer is solely responsible for compliance with all legal and regulatory
requirements in connection with such use.

Tl 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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