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On your mark, get set, go! Stopwatches are primarily known for their use at track or swim meets. Their accuracy
generally does not extend beyond a millisecond, and you only need such specificity when the winner isn’t clear
to the naked eye (also called a photo finish).

Several other applications need highly accurate stopwatches, however. In microelectronics, high-accuracy
time-to-digital converters (TDCs) serve as stopwatches to take time-of-flight measurements; most engineers
associate them with all-digital phase-locked loops (PLLs), where a TDC serves as phase detector. Various fields
such as particle and high-energy physics have used TDCs for more than 20 years to take precise time-interval
measurements.

There are several other use cases for TDCs. For example, radar systems require accurate stopwatches to
track the speed of cars. Other examples can be found in the ultrasonic sensing space. In conjunction with
ultrasonic sensors, stopwatches measure the time-of-flight (ToF) of an ultrasonic pressure wave passed through
a medium. The time it takes for that pressure wave to return can measure distance, identify a medium, or
detect contamination of a liquid. In other ultrasonic use cases such as flow meters, a stopwatch measures

the delta time-of-flight (AToF, the difference between the time of flight upstream versus the time of flight
downstream). Since you can derive critical information from a pressure wave’s AToF, the accuracy requirement
of the stopwatch increases tremendously. In general, flow meters require stopwatch precision in the tens of
picoseconds.

Magnetostrictive linear position sensors and light detection and ranging (LIDAR) sensors also use TDCs. In
magnetostrictive applications, two superimposed magnetic fields interact with each other to give the position

of the level sensor, which in this case is a magnet integrated into a float. The float is mounted upon a rigid

wire made of magnetostrictive material. The transmitter electronics in the magnetostrictive level/position sensor
generate pulses of current, thereby magnetizing the wire axially. The magnet on the float generates a torsional
wave when it interacts with the field generated by the wire. One wave runs directly to the probe head, while the
other is reflected at the bottom of the probe tube. The time-of-flight between the current pulse and the arrival

of the wave at the probe head helps determine the position of the float. TDCs then convert this time-of-flight to
digital signals to accurately measure the fluid level.

In LIDAR applications, you can measure the distance between objects by measuring the transit times between
the generation of transmitted optical pulses and the receipt of the reflected waves. The actual calculation for
measuring how far a returning light photon has travelsed to and from an object is quite simple (Equation 1):

Distance = (Speed of Light x Time of Flight) / 2 (1)

Since the speed of light is a constant in a medium, by measuring the time of flight you can easily measure the
distance.

But what else can you measure with an accurate stopwatch? Could you use a stopwatch to measure a voltage
or current accurately? If you have not guessed already, the answer is yes. There is a popular analog-to-digital
converter method called a slope integrator that entails the application of a voltage to an RC filter (a low-pass
filter comprising a series resistor and a shunt capacitor to ground). A stopwatch measures the time it takes

to charge the capacitor to a predetermined voltage level; you can compare that time to the time it takes for a
known voltage reference to charge the same capacitor to the same voltage level. In this example, an accurate
stopwatch and an accurate voltage reference yield high analog-to-digital conversion results.
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With 50ps resolution and self-calibration, TI's TDC7200 stopwatch supports ultrasonic sensing, magnetostrictive
distance measurements, LIDAR, and analog-to-digital conversion of voltages and currents. In addition to its
high accuracy, it is also very low power, which can benefit battery-operated applications such as ultrasonic flow
meters.

TDC7200 has two measurement modes. Mode 1 can be used to measure ToF between 12ns to 500ns. In

mode 1, TDC7200 performs this operation by counting from the START to the last STOP using its internal ring
oscillator plus coarse counter. Figure 1-1 explains the measurement of TDC7200 in measurement mode 1.
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Figure 1-1. Measurement Mode 1 in TDC7200

In measurement mode 2, the internal ring oscillator of TDC7200 is used to count the fractional parts of the

total ToF. The internal ring oscillator starts counting from when it receives the START signal until the first rising
edge of the CLOCK. Then, the internal ring oscillator switches off, and the Clock counter starts counting the
clock cycles of the external CLOCK input until a STOP pulse is received. The internal ring oscillator again starts
counting from the STOP signal until the next rising edge of the CLOCK. This is shown in Figure 1-2.
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Figure 1-2. Measurement Mode 2 in TDC7200

Does your application require you to measure distances or fluid level/concentration? If so, you will need
TDC7200 to perform the ToF measurements. Let us know by leaving a note in the comments section below.

Additional Resources

» Check out the ultrasonic TDC flowmeter Tl Design reference design.

* Learn more about TI's TDCs.

» Learn more about ultrasonic sensing.

* Read other blog posts about ultrasonic sensing.

» Search for answers, share knowledge and get help in the TI E2E™ Community Ultrasonic Sensing forum.
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