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Abstract— A time domain based capacitance measurement is 

a method for wide range applications is presented in this paper. 

The measurements are based on analog capacitance to time 

converter circuit and a high precision time to digital converter 

technology. The method makes use of the time delay that 

occurs in charging a capacitor with a fixed voltage and a 

resistor. Due to its ratio metric nature, the measurement results 

are not affected by variation in the voltage source of the 

circuit. It also does not have a critical dependence on the probe 

length and the associated phase shift. The time-to-digital 

converter is so compact that it can be embedded in the probes 

itself. This greatly reduces the cost of measurement. This 

method is implemented using the commercially available time 

to digital converter and an analog circuit. 
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I. INTRODUCTION 

Measurement of capacitance is widely used in the 

characterization of material and devices. It is used in 

instrumentation and sensor development etc.  
Common methods of measurement for capacitance 

are AC impedance measurement, quasistatic measurement 

and radio frequency(RF) techniques. These methods so far 

used are either not perfectly suitable or very expensive. For 

example, the connection probes used in AC measurement 

induce stray capacitance which is difficult to estimate and 

causes a phase shift of unknown angle. These make it less 

accurate for measurements. The RF techniques, though 

perfected, are very expensive.  
In time domain based measurements, the phase shift 

can easily be corrected by short-circuiting the connection 

leads. It is also proposed that due to the compactness of the 

time-to-digital circuit, it can be embedded in the probe itself.  
The theory of a time domain measurement is far 

more simple and can be designed with fewer constraints. It 

requires a capacitance to time converter circuit built from 

analog comparators and a time-to-digital converter which are 

available commercially.  
The proposed method is based on measuring RC 

time constant where the resistor R is fixed. The unknown 

capacitor is charged through this resistor and the charging 

time is measured with high-resolution TDC and the capacitor 

value can be determined.  
This time domain conversion of capacitance 

measurement has a number of advantages. 
This method does not require passing high-

frequency signal through the test material and hence it does 

not affect its property or cause any damage. The AC method 

of impedance measurement requires a source with highly 

stable frequency for testing material, on the other hand, no 

such sources are required in the proposed method. In time 

domain method instead of voltage, the time is measured with 

fewer constraints. The TDC measurement produces a 

digitized data that can be recorded automatically in a data file. 

II. CIRCUIT DESCRIPTION 

A. Architecture 

 
Fig. 1: Capacitance to time converter circuit 

The capacitance to time converter circuit is made from ultra-

low current voltage comparator IC LP339. 

The key features of the LP339 ICs are single supply 

operation, ultra-low input biasing current of 3 nA , input 

offset current: 0:5nA, low input offset voltage: 2mV, high 

output sink current capability (30 mA at VO = 2VDC) 

Referring to the figure1, the three out of the four comparators 

in the LP339 package is used in the capacitance to time 

circuit. As shown in figure 1, two of the comparators in the 

circuits are used to generate the START and STOP signals. A 

third comparator is configured as square wave generator. The 

voltage divider circuits consist of precision resistors of 100K 

Ohms values each and generate a reference voltage of V0/2. 

The charging resistor of 1K is also a precision resistor used 

to increase the accuracy in the experiment.  

B. Theory of Operation 

Schematic design of a capacitance to time converter circuit is 

shown in figure 1. 

 
Fig. 2: Timing diagram of start and stop event 

This circuit mainly consists of a pair of comparators 

(LP339B and LP339C) and an RC circuit. A third comparator 

(LP339A) is configured as square wave generator. The square 

wave is used to charge and discharge a capacitor. The output 

of the two comparators (B and C) are used to generate the 

START and STOP signals for the TDC, see figure 2. 

A comparator, which is a three terminal device, has 

two inputs (inverting and noninverting) and an output. When 

the voltage on non-inverting input is higher than the inverting 

input, the output of the comparator goes high. In this circuit, 

the inverting input of both the comparators B and C are fixed 

at half of the supply voltage V0. The output of the comparator 

A, which generates a square wave, is connected directly to the 

non-inverting input of comparator B, thus when it is digital 

low the output of the comparator-B is also digital low and 
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when it is high the output of the comparator-B gets high 

immediately with negligible delay. This has been pictorially 

shown in figure 2. This output is connected to the START pin 

of the TDC-GP22 IC kit. 

Effectively, the TDC begins counting as soon as the 

square wave signal goes high. The square wave output is also 

connected to the RC charging circuit, see figure 1. 

The Capacitor C is charged through the resistor R 

when square wave signal is high and discharged when it goes 

low. The node between R and C is also connected to the non-

inverting input of the comparator-C. The rise of voltage on 

this node of the capacitor is delayed as the resistor restricts 

the current flowing to the capacitor. The voltage on the 

capacitor lags behind the voltage of the charging square-wave 

signal. 

Thus the output of the comparator-C shows a 

corresponding time delay before it goes high. The output of 

this comparator is connected to the STOP pin of the TDC-

GP2 IC and halts the time counting process. 

The time delay is recorded by the TDC with a 

resolution of 65 pico second (or even 22 picoseconds 

depending on the mode of operation) and displayed on the 

screen. 

This process is repeated a large number of times and 

the data recorded in a file on the computer. 

The time period of the square-wave is much larger 

than the time constant of the RC circuit, which allows 

complete discharge of the capacitor before each charging 

cycle. The measurable value of time t using the present TDC 

is from 65 picoseconds to few milliseconds. 

C. TDC – GP2 evaluation kit 

The term time-to-digital converter is used when time interval 

measurements in the range of 1 nanosecond down to the 

picosecond range are involved. The modern CMOS-

technology makes it is possible to integrate fully digital time-

to-digital converters into a single chip. The high precision of 

the time measurement - down to 22 ps - in combination with 

the large dynamic range (up to 4 ms, see datasheet), the high 

stability over temperature and supply voltage are some of the 

advantages of modern CMOS technology. 

The TDC-GP2 IC has a resolution of 45ps and a 

range of 2.5 microseconds in double resolution mode. It 

works on a power supply of 2.5 to 3.6 Volts. More details can 

be seen in the datasheet. 

TDC GP2 - evaluation kit is a complete ready to use 

hardware and software setup. It has a complete circuit board 

and a software for configuration and data recording from the 

hardware. All the measurements can be made from a PC using 

MS windows OS. More details can be seen from the ACAM 

website www.acam.de. 

III. OBSERVATION AND RESULT 

A set of readings has been taken with RC circuit and the time 

delay recorded as given in table 1. The RC circuit consist of 

a fixed precision resister of 1k. These resisters have a 

tolerance value of 0.05 % and a temperature variation 

resistance value of 10 parts per million per degree celcius 

(ppm/oC). The RC circuit consist of a precision resistor of 1K 

and a ceramic capacitor with unknown value. The reference 

voltage is obtained using a voltage divider circuit consisting 

of two 100 Kilo Ohms precision resistors. 

The relation between time delay and the capacitance 

is given as 

 
and the error can be given by the relation 

 
The first value in table 1 is the parasitic capacitance. 

The value is obtained by removing any capacitor connected 

to the RC circuit. The value of the parasitic capacitor turns 

out to be 2.047pF. Now subtracting this value from the other 

capacitance values we obtain. 
1) C1 = 2.939 ± 0.094 
2) C2 = 5.982 ± 0.094 
3) C3 = 6.012 ± 0.094 
4) C4 =14.772 ± 0.009 

Sl. No R (K Ohm) t(ns) C(pF) C Error 

1 1 1.42 2.05 0.09 

2 1 3.46 4.99 0.09 

3 1 5.57 8.03 0.09 

4 1 5.59 8.06 0.09 

5 20000 233167.57 16.82 0.01 

Table 1:  

IV. CONCLUSION 

A capacitance to time converter circuit was designed to 

measure capacitance in time domain. Commercially available 

time to digital converter GP2 IC was used to measure the time 

delay of an RC charging and discharging circuit. The delay 

time was measured with a resolution of 45ps and the 

capacitance of several capacitors was estimated. This results 

were well within the values provided by the manufacturer. 

Thus, an experimental verification of the proposed method 

was done. 
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