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1. HISTORICAL BACKGROUND 
 
According to the output signal, sensors and 
transducers can be divided into potential (amplitude), 
current, frequency, pulse-time and digital [1]. 
 
Separate types of frequency transducers, for example, 
string tensometers or induction tachometers, were 
known for many years ago. So, for example, patents 
for string distant thermometer (Pat. No.61727, USSR, 
Davydenkov N., Yakutovich M.) and string distant 
tensometer (Pat. No. 21525, USSR, Golovachov D., 
Davydenkov N., Yakutovich M.) were obtained in 
1930 and 1931 accordingly. However, the output 
frequency of such sensors (before digital frequency 
counters appeared) was measured by analogue 
methods and consequently substantial benefit from 
the usage of frequency output sensors practically has 
not been achieved [1]. 
 
The situation has dramatically changed since digital 
frequency counters appeared and frequency output 
sensors attracted the increasing attention. The first 
patent on the electronic ADC with narrow time 
interval was published in 1947 (Pat. 68785, Filipov 
and Negnevitskiy, 1941, USSR). 
 
As far back as 1961 professor P.V. Novitskiy wrote: 
"... In the future we can expect, that a class of 
frequency sensors will get such development, that the 
number of now known frequency sensors will exceed 

the number of now known amplitude sensors..." [2]. 
 
It has been predicted also in an old technology 
forecast [3]: “Many basic measurements will be 
related to or measured by time/frequency techniques. 
This situation will occur because of the increasing 
facility and accuracy provided through time 
frequency measurements… Frequency and computing 
counters can be expected to become smaller, lighter 
and cheaper, provide direct frequency readout and 
will be more universally used… Progress will 
continue in the field of time and frequency during the 
next five years and will contribute materially to the 
state of the art in electronics”. Although there are 
frequency (time) output sensors practically for any 
variables, this prognosis has not been fully justified in 
the full because of some objective and subjective 
reasons. 
 
 
2. OBJECTIVE AND SUBJECTIVE 

OBSTACLES 
 
Modern technologies allow to solve rather 
complicated tasks, concerned with creation of 
different sensors. Up to now, however, have still been 
some major obstacles preventing industries from 
largely exploiting frequency-time domain sensors. 
Most likely, there are only some subjective reasons: 
 
• The lacking awareness of the innovation potential 
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of modern methods for frequency-time 
conversion in many companies, as this processing 
techniques have mainly been developed in 
Former Soviet Union; 

• Tendency of the companies to return, first of all, 
major expenditures, invested in development of 
conventional ADC; 

• Lack of emphasis being placed on the business 
and market benefits, which such measuring 
technologies can bring to companies and etc. 

 
Today situation has been changed dramatically. The 
technological and cost factors were modified for the 
benefit of frequency output sensors and transducers. 
 
 
3. BENEFITS OF FREQUENCY-TIME 

SIGNALS AS INFORMATIVE 
PARAMETERS 

 
Frequency-time domain sensors are rather interesting 
from a technological and fabrication compatibility 
point of view, the simplifications of the signal 
conditioning circuitry and measurand-to-digital 
converter, as well as metrology performances and the 
hardware for realization. The last one essentially 
influences the chip area. 
 
Moving from the traditional analog (voltage and 
current) signal domain to the frequency-time signal 
domain (frequency, period, duty-cycle, time interval, 
phase-shift, etc.) lets achieve many benefits due to 
properties of frequency as the informative output 
signal for sensors and transducers. Main benefits are 
described below. 
 
3.1 High Noise Immunity 
This property is inherent to frequency modulation. 
The frequency signal can be transmitted by 
communication lines over longer distances than 
analog and digital signals, and need only two-wire 
lines. The signal transmitted by the frequency is 
equivalent to a serial digital signal. Therefore, it has 
all the advantages of digital systems. However, it 
does not need any synchronization, as opposed to 
common serial digital data transmission. Frequency 
signals are ideal for electrically noisy industrial 
environments where common ADCs are susceptible 
to interference and for remote sensing applications, 
including environmental monitoring. Voltage is 
inherently vulnerable to noise sources coupled to the 
desired signal and therefore it is less convenient in 
those applications. 
 
3.2 High Output Signal Power 
From the point of view of power, the section between 
a sensor and the subsequent amplifier is the most 

vulnerable part of the measurement channel. In that 
section the signal is transmitted by a very small 
power level and any power losses there cannot be 
compensated for by further signal processing. The 
output power of frequency sensors is in general 
considerably higher than that of voltage-output 
sensors. The stability of the frequency generated is 
determined by the oscillation (reactive) power of the 
feedback loop circuit and this power can be increased 
by designing an oscillating loop with a high quality 
factor [2]. For analog signals, the low-level voltage 
output from a bridge-type sensor, for example, must 
be amplified to a usable level and converted to a non-
amplitude-related encoding scheme in order to obtain 
a robust signal [4]. 
 
3.3 Wide Dynamic Range 
Since the information is in the frequency, the 
dynamic range is not limited by the supply voltage 
and voltage noise, so the dynamic range in excess of 
100 dB can be easily obtained. 
 
3.4 High Accuracy of Frequency References 
The frequency reference can be more stable than 
voltage references, for example by using a crystal 
oscillator. This can be explained from the same 
objective differences of information-carrying 
properties of amplitude-modulated and frequency-
modulated signals. 
 
3.5 Simplicity of Signal Switching and Interfacing 
Parasitic electromotive forces (emf), transient 
resistances and channel crosstalk in analog 
multiplexers used with analog sensors result in errors. 
These errors can be reduced by using differential 
signals but this often results in more complex circuit 
designs. Frequency-modulated signals are insensitive 
to all the factors above. Multiplexers for frequency 
sensors and transducers are very simple and do not 
contribute any significant errors. 
 
3.6 Simplicity of Signal Integration and Coding 
The precise time integral of the output signal of 
frequency sensors is straightforward to implement. 
The pulse counter/adder is an ideal integrator that can 
operate for an unlimited time. The frequency signal 
can be processed by microcontrollers without any 
additional interface circuitry. 
 
Using the frequency as the output signal for sensors is 
both an extremely useful alternative to the 
conventional analog voltage output signal and is 
easily accomplished with relatively few components. 
By eliminating the need for an A/D converter, 
frequency output sensor schemes reduce the cost of 
sensor systems [4]. 
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4. OTHER INFORMATIVE PARAMETERS 

FROM FREQUENCY-TIME SIGNAL 
DOMAIN 

 
A duty-cycle output signal is also widely used as 
information-carrying parameter for different quasi-
digital sensors. It is quite immune to interfering 
signals, such as voltage spikes [5], and the ratio 
between time intervals does not depend on the 
absolute value of any component [6]. 
 
Phase–shift-to-digital conversion is used in the 
measurement of distances, small rotation angles, 
electric potentials difference, linear and angular 
displacements, strain and other variables [7]. 
 
The cost-effective processing of frequency-time 
domain sensor signals has become increasingly 
critical due to an increasing sensor accuracy of up to 
0.01 % and a frequency range extending from 
fraction of hertz up to some megahertz [1]. But what 
was the main demerits of frequency-time domain 
sensor output ? 
 
 
5. MAIN DEMERITS OF FREQUENCY-TIME 

DOMAIN SIGNALS 
 
In order to be objective it is necessary also mention 
here main demerits of frequency-time signals. First of 
all, from the customer or system integrator point of 
view the frequency-time – to – digital conversion 
(measurement) is not a trivial timing window task. 
Despite of intensive microcontrollers usage and an 
opportunity to measure frequency, period, duty-cycle, 
etc. by program-oriented ways, a designer must be an 
expert in frequency-time measurement. Such 
realization need very careful analysis of different 
addition errors due to software related effects [8]. 
 
Classical conversion methods (standard counting 
technique, indirect counting and its combination) 
cannot be used with modern sensors and transducers 
as do not provide the high accuracy in all range of 
converted frequencies neither the non-redundant 
conversion time. 
 
In order to use advanced conversion methods it is 
necessary to buy a license, forasmuch as methods 
have real authors and inventors. Besides the majority 
of them do not provide non-redundant  conversion 
speed. Frankly speaking, the usage of classical 
methods of measurement also needs to purchase 
licenses as there are its concrete authors. However, 
unfortunately, they are used all over the world from 
the moment of their occurrence (at the end of 40th) 

with infringement of copyrights because were offered 
at first in Former Soviet Union.  
 
How to overcome these non-technical but legal 
obstacles? Fortunately, a progress in microelectronics 
and International Frequency Sensor Association 
(IFSA) activity have made  a possibility to use 
frequency output sensors and transducers as standard 
voltage output sensors and transducers with ADC in 
order to produce digital output and use it in different 
sensor systems. 
 
 
6. UNIVERSAL FREQUENCY-TO-DIGITAL 

CONVERTER (UFDC-1) 
 
To target at a cost-driven industrial market, a low-
cost high-performance highly flexible universal 
Frequency-to-Digital Converter (UFDC-1) IC has 
been developed. It can be used for any frequency-
time domain signal like standard ADC for analog 
signal domain. Sensors manufacturers will be able 
simply integrate the UFDC-1 in microsystems and 
digital sensors in order to produce a serial output or 
bus capability [9]. Due to its programmable high 
accuracy and wide frequency range, the UFDC-1 can 
be used with any modern frequency output sensors 
and transducers [10]. 
 
 
CONCLUSIONS 
 
Today all old predictions [2-3] become a reality. 
Frequency-time domain sensors become more and 
more popular among manufacturers, users and system 
integrators. Its part (and digital output sensors on its 
basis) in the sensor market will be significantly 
increased during the next nearest years. 
 
Moving from traditional analog (voltage and current) 
signal domain to the frequency-time signal domain 
(frequency, period, duty-cycle, time interval, phase-
shift, etc.) lets achieve many benefits due to 
properties of frequency as informative parameters. 
No output standardization (signal unification) is 
necessary as in the case of analog signal domain. 
Many type of sensing elements and read-out circuitry 
can be merged by this way on a single chip or in SoC. 
In additional such approach gives an opportunity to 
create new self-adaptive smart sensors [9]. 
 
While the discussion is continuing some 
manufacturers have started produce sensors and 
transducers with both: analog and frequency output in 
the same device. Here is some examples: flow 
transmitters from ERDCO (series 3600 and 3700); 
solid state gyroscopes, tilt sensors and magnetometers 
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from Hoskin Scientific Ltd.; level sensors from 
Rechner Electronics Industries Inc. (series KF); Fiber 
Optic Photoelectric Sensor SA1C-FK from IDEC 
Corporation, etc. 
 
Of course, voltage output sensors and transducers are 
still very popular mainly due to applications in old 
automatic and remote control systems with analog 
feedback loops, but changes are coming very 
quickly… 
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