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Air ultrasonic ceramic transducers represent a cornerstone of modern industrial sensing and distance 

measurement technology. These devices, specifically the 400ST/R160series, utilize the piezoelectric effect to

convert electrical energy into mechanical ultrasonic waves and vice versa. This technical analysis explores the

engineering principles, performance characteristics, and practical implementation strategies for these high-

precision components.

1. Theoretical Foundation of Ultrasonic Transduction

The operational core of the 400ST/R160air ultrasonic transducer is the piezoelectric ceramic element.

Piezoelectricity is a reversible physical process where an applied electric field induces mechanical deformation in a

material (the converse piezoelectric effect), and mechanical stress induces an electrical charge (the direct

piezoelectric effect).

In air-coupled applications, the primary challenge is the acoustic impedance mismatchbetween the ceramic

element (high impedance) and the air (extremely low impedance). To bridge this gap, engineers utilize matching

layers and specific housing designs, such as the aluminum housing found in the 400ST/R160 series, to maximize

the efficiency of energy transfer into the gaseous medium.

1.1. Wave Propagation in Gaseous Media

Ultrasonic waves travel through air as longitudinal waves, consisting of alternating compressions and rarefactions.

The speed of sound in air is not constant; it is highly dependent on temperature, which must be accounted for in

any distance-measurement algorithm. The standard approximation for the speed of sound is:

c "H 331.3 + 0.606 × T (m/s)

Where Tis the temperature in degrees Celsius. For a transducer operating in the -30°C to 80°C range, as specified

for the 400ST/R160, this variation is significant and requires active compensation to maintain accuracy.

2. Technical Specifications Analysis: The 400ST/R160 Series

The 400ST/R160 series consists of a matched pair: the 400ST160 (Transmitter) and the 400SR160(Receiver).

Each is optimized for its specific role in the ultrasonic signal chain.

2.1. Sensitivity and Sound Pressure Level (SPL)

The 400SR160 receiver features a minimum sensitivity of -61dB. This value is measured relative to 1V/µbar. Higher

sensitivity allows for the detection of smaller objects or longer distances. Conversely, the transmitter is designed to

maximize sound pressure output to ensure a strong echo returns from the target.

2.2. Capacitance and Electrical Characteristics

The nominal capacitance for these units is 2400 pF ±20%at 1KHz. From an electronics design perspective, the



transducer acts as a capacitive load. This is critical when designing the driving stage, as the driver must be capable

of sourcing and sinking current into this capacitance at the resonance frequency of 40.0 KHz without significant

signal distortion or overheating.

2.3. Beam Angle and Directivity

The Total Beam Angleof 55° (typical at -6dB) defines the spatial volume where the transducer is effective. A 55°

beam is considered relatively wide, making it suitable for broad area detection and obstacle avoidance in robotics,

though it may require sophisticated signal processing to distinguish between multiple targets within the beam's

footprint.

3. Performance Metrics Comparison

To understand the specific advantages of the 400 series, it is helpful to compare it with other common ultrasonic

frequencies. The following table illustrates the differences between the 40kHz (400 series) and the 25kHz (250

series) transducers.



Parameter 400ST/R160 (40kHz) 250ST/R160 (25kHz)

Center Frequency 40.0 ± 1.0 KHz 25.0 ± 1.0 KHz

Nominal Capacitance 2400 pF 2400 pF (Typical)

Beam Angle (-6dB) 55° Typical higher for lower freq

Max Driving Voltage 20 Vrms 20 Vrms

Typical Application High resolution, Short-Mid range Long range, Lower attenuation

4. Detailed Analysis of Impedance and Phase Angle

For high-performance integration, the relationship between Impedance and Phase Angleversus Frequency is

paramount. In the 400ST/R160, the device is designed to operate near its resonance frequency where impedance

is at a minimum.

4.1. Resonant Frequency and Bandwidth

The resonance occurs where the capacitive and inductive reactances of the ceramic element cancel each other 

out. For the 400ST/R160, this is tightly controlled at 40.0 KHz. The bandwidth (typically measured at -6dB)

determines how quickly the transducer can start and stop vibrating (ringing). A narrow bandwidth provides higher

sensitivity but may lead to longer ring-down times, which increases the "blind zone" (the minimum measurable

distance).

4.2. Phase Angle Dynamics

At resonance, the phase angle ideally crosses zero. If the driving circuit frequency drifts away from the 40kHz

center, the phase angle increases, causing the transducer to behave more like a pure capacitor or inductor, which

reduces the efficiency of the power transfer. Precise oscillators or Phase-Locked Loops (PLLs) are often used in

high-end systems to lock onto the transducer's specific resonance point.

5. Mechanical and Environmental Considerations

The physical housing of the transducer serves as both a protective shell and an acoustic baffle. The 400ST/R160 

utilizes an Aluminum Housing, providing a balance between weight, durability, and corrosion resistance.

•  Dimensions: Standard units are measured in mm, designed for PCB mounting or through-panel installation.

•  Operating Temperature: The range of -30°C to 80°C ensures reliability in both industrial refrigeration and 

automotive applications.

•  Driving Voltage: A maximum of 20 Vrms (continuous) is specified. Exceeding this can lead to mechanical 

stress that may crack the ceramic element or cause permanent depolarization.

6. Practical Implementation and Circuitry Guide

Integrating the 400ST/R160 into a functional system requires careful design of both the transmission and reception

stages.

6.1. Driving the Transmitter (400ST160)



To drive the transmitter effectively, a push-pull driver or an H-bridge is often employed. This allows for a 40V peak-

to-peak signal from a 20V supply, maximizing the sound pressure. It is vital to include a series resistor or current-

limiting mechanism to protect the driving stage from the initial inrush current caused by the 2400pF capacitance.

6.2. Signal Conditioning for the Receiver (400SR160)

The signal returning to the 400SR160 is often in the millivolt range. A multi-stage amplification process is required:

1.  Preamplifier: A high-impedance FET-input op-amp to match the transducer's output.

2.  Band-pass Filter: Centered at 40kHz to remove ambient noise and 50/60Hz interference.

3.  Gain Stage: Variable gain (often via a Digital Potentiometer) to account for signal attenuation over distance.

4.  Envelope Detector: To convert the 40kHz carrier into a pulse that can be timed by a microcontroller.

7. Case Study: Level Sensing in Harsh Environments

Consider an application where the 400ST/R160 is used for liquid level sensing in a sealed tank. The 55° beam

angle allows the sensor to ignore small build-ups on the tank walls, provided the sensor is mounted centrally.

However, if the tank contains volatile vapors, the speed of sound calculation must be adjusted for the gas

composition, as ultrasound travels at different speeds in CO2 or Methane compared to standard air.

7.1. Troubleshooting Common Operational Failures



Issue Potential Cause Engineering Solution

No Echo Received Transducer misalignment or 
exceeding 20Vrms.

Verify mechanical orientation; check 
driver voltage with an oscilloscope.

Erratic Distance Readings Acoustic interference or temperature 
fluctuations.

Implement a 40kHz band-pass filter 
and add a thermistor for 
compensation.

Long "Blind Zone" Excessive ringing after transmission. Introduce a damping resistor across 
the transmitter terminals.

Reduced Sensitivity Condensation or dust on the 
aluminum mesh.

Use a protective, acoustically 
transparent membrane or periodic 
cleaning.

8. Advanced Mathematical Modeling of Signal Attenuation

The signal strength of an ultrasonic pulse decreases as it travels through the air due to two main factors: geometric 

spreading and absorption. The Sound Pressure Level (SPL) at distance r can be modeled as:

P(r) = (P0 / r) * exp(-;�"•

Where:

  P0 is the initial sound pressure.

  r is the distance from the source.

  ;� is the attenuation coefficient (dB/m).

9. Integration with Modern Microcontrollers

Using the 400ST/R160 with platforms like Arduino, ESP32, or industrial PLCs involves utilizing high-speed timers.

The process generally follows this workflow:

1.  Trigger: The MCU sends a burst of 8 to 20 pulses at 40kHz to the transmitter driver.

2.  Blanking: The MCU ignores the receiver for a few milliseconds to allow transmission ringing to subside.

3.  Listen: The MCU starts a timer and waits for a logic HIGH from the receiver's comparator circuit.

4.  Calculation: Distance = (Time elapsed × Speed of sound) / 2.

10. Summary of Strategic Implications

The 400ST/R160 Air Ultrasonic Ceramic Transducersoffer a robust, reliable, and cost-effective solution for short-

to-medium range sensing. Their success in a design depends not just on the raw specifications of the transducer,

but on the engineer's ability to manage the electrical impedance, compensate for environmental variables, and

design sensitive analog front-ends. By adhering to the maximum driving voltage of 20Vrms and accounting for the

55° beam angle, developers can create high-precision systems for robotics, industrial automation, and level

monitoring.

As the demand for touchless sensing and autonomous navigation grows, the role of 40kHz ultrasonic technology

remains vital. The specific characteristics of the 400 series—its aluminum housing, stable capacitance, and

optimized phase response—position it as a gold standard for air-coupled ultrasonic applications. Continued



advancements in digital signal processing (DSP) will only further extend the capabilities of these versatile ceramic

components, allowing for even greater resolution and noise immunity in the most demanding environments.
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