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Ultrasonic Liquid Level Sensing 
  

Presenter: Leo Estevez – MSP430 Applications 
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Agenda 
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TI’s Solution 

Test fixtures  

Transducers 

Adverse operating conditions 

Additional applications and demo 



Technology/Cost comparisons 
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• In liquid sensors are prone to corrosion/mechanical failure and can’t work with 

arbitrary containers. (drink dispensers, coffee machines, etc.) 

• The additional cost of a transducer can be 50 cents(in high volumes). 

– The transducer can often be fit directly into the chassis of the tank or machine and 

doesn’t require modification to the container itself. 

• Ultrasonic level sensing enables resolutions(~20 microns) which could enable 

feedback for flow control while dispensing fluid from a container(or to a 

container). 

• Average current consumption is <20uA per measurement per second. 

 



TI’s ultrasonic sensing solution (MSP43FR604x) 

5 



ADC based correlation vs. TDC zero crossing 
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TDC 

Zero-Crossing 

(Amplitude 

Dependent) 

ADC Based 

Correlation 

(Amplitude 

Independent) 

6 

Peak value = 15729.26 

Peak index = 332 

Crossing threshold 

value = 3460.44 

Above value = 3479.74 

Above index = 290 

Below value = 3410.58 

Below index = 289 

1. Perform full correlation of input with 

binary transmit pattern 

2. Compute Hilbert transform 

3. Find envelope peak value and index 

4. Calculate threshold using the peak 

value 

5. Interpolate to find threshold 

crossing. 

1. Stop timer when 

threshold exceeded. 

2. Find subsequent zero 

crossings. 



Ultrasonic configuration 
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MSP430

FR6043 

http://www.ti.com/lit/an/slaa951a/slaa951a.pdf 

 

http://www.ti.com/lit/an/slaa951a/slaa951a.pdf


OpenSCAD test fixtures 
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http://www.openscad.org/ 

 

175kHz 200kHz 500kHz 

http://www.openscad.org/


Tradeoffs in transducers 
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Freque

ncy 

3.3V 

Excitation 

Range 

8 Pulse 

Standard 

Deviation 

Minimum 

Distance 

175kHz > 100 cm  100-500 ns 3.5 cm 

200kHz 20 cm 50-400 ns 1.5 cm 

500kHz 15 cm 10-300 ns 1 cm 

The standard deviation in measurements 

Increases with distance. 

Increasing excitation voltage and/or a 

collimating waveguide can extend range. 

The attenuation of the ultrasonic wave 

Increases with frequency and can vary based on the gas mixture. 



500kHz @12cm 
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0.2us * 343m/s = 68.6um 

(34.3um one way) 



200kHz @10cm 
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0.4us * 343m/s = 137.2um 

(68.6um one way) 



175kHz @10cm 
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0.13us * 343m/s = 44.6 um 

(22.3um one way) 



200kHz foam  
experiments 

13 No Foam Some Foam More Foam 



200kHz condensation effects 
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175kHz condensation  
effects 
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4us * 343m/s = 1.37mm 

(0.68 mm one way) 



Additional applications/demo 
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www.ti.com/tool/evm430-fr6043 

(Technical Documents) 

http://www.ti.com/tool/evm430-fr6043
http://www.ti.com/tool/evm430-fr6043
http://www.ti.com/tool/evm430-fr6043


Automated tools make capacitive 
sensor design quick and easy  

Presenter: Dennis Lehman – MSP430 Applications 
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Agenda 
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CapTIvateTM Technology 

 

Automating Sensor Designs  

 

CapTIvate Design Center 

 

OpenSCAD Demo 



19 



Agenda 
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CapTIvateTM Technology 

 

Automating Sensor Designs  

 

CapTIvate Design Center 

 

OpenSCAD Demo 
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CapTIvate Technology Guide highlights 

• https://ti.com/captivatetechguide 

– MSP430 CapTIvate MCU selection 

– CapTIvate Technology 

– Sensor design guidelines 

– CapTIvate Design Center GUI 

– Development Tools 

– Getting Started Workshop 

– Video 

• Tune capacitive sensors in 5mins or less 

 

 

https://ti.com/captivatetechguide
https://training.ti.com/captivate-training-series-part3
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CapTIvate tools 
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Agenda 

CapTIvateTM Technology 

 

Automating Sensor Designs  

 

CapTIvate Design Center 

 

OpenSCAD Demo 
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Automating PCB sensor design 

• CapTIvate Tech Guide – Design Guide Chapter 

• SLAA891- OpenSCAD auto-generates electrode patterns in seconds 

• Scripts for sliders, curved sliders, wheels and touchpads provided by TI 
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Automating PCB sensor design 

• OpenSCAD 

– https://www.openscad.org 

• Open Source (free) 

• 2D/3D CAD 

• Programming script controls 

sensor design 

https://www.openscad.org/
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Automating PCB sensor design 

• Scripts can be customized by user 

• Requires only a few parameters to 

define a sensor design 
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OpenSCAD design process 

• Live Demo at end of presentation 
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Agenda 

CapTIvateTM Technology 

 

Automating Sensor Designs  

 

CapTIvate Design Center 

 

OpenSCAD Demo 
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• Select MCU 

CapTIvate Design Center GUI 
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• Select and configure keypad sensor 

CapTIvate Design Center GUI 
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• Repeat for all sensors 

CapTIvate Design Center GUI 
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CapTIvate Design Center GUI 
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CapTIvate Design Center GUI 

• Configuration MCU connections to sensors 

• Generate MSP430 starter project firmware 
Generates 100% of the code 

to get started. 

 (no need to write code) 
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CapTIvate Design Center GUI 

• Build and program MSP430 
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CapTIvate Design Center GUI 

• Enable communications 

• View sensor data 
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CapTIvate Design Center GUI 

• View sensor output 
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CapTIvate Design Center GUI 

• Tune sensor’s sensitivity and thresholds 

Detachable 
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CapTIvate Design Center GUI 

• Generate final code 
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Agenda 

CapTIvateTM Technology 

 

Automating Sensor Designs  

 

CapTIvate Design Center 

 

OpenSCAD Demo 



40 

Design Touchpad using OpenSCAD 

• Touchpad is a 2D sensor 

• Remote Controls, headphones, earbuds 

• Use OpenSCAD to generate diamond patterns 

 

 

 

 

 

• OpenSCAD Demos 



SLYP712 
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